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0 INTRODUCTION 
 
Planning and implementing a river engineering project in modern times requires a different 
approach than the traditional one. It is hardly possible these days to have separated water-
related project objectives, focusing only on one sector, whether it is navigation, 
environment, flood protection, energy, or something else. A new, integrated approach is 
necessary, in order to properly assess and evaluate costs and benefits for all areas of 
interests, which means for the whole society. 
 
Project “River training and dredging works on critical sectors on the Danube River in 
Serbia” was kicked-off in May 2011. The project is 100% funded by the European Union, 
under the IPA 2010 Programme. The Terms of Reference were defined in such a way that 
application of both Serbian and EU legislation is needed. 
 
The main objective of the project is preparation of documentation for river training and 
dredging works in order to enable and improve safety of navigation along the critical 
sectors of the Danube River in Serbia during periods of low water levels. In order to 
achieve this objective, the following basic steps have been taken: 
1. 1D hydraulic modeling in order to determine critical sectors, by using hydrographical 

data from the last 25 years (long data series ensures proper assessment and forecasts 
of navigation conditions) 

2. Defining a basic project orientation (in relation to the Joint statement on Guiding 
Principles for the Development of Inland Navigation and Environmental Protection in 
the Danube River Basin), summarized in the following: 

a. Preserving connectivity conditions of water bodies 
b. Preferable application of detached structures 
c. Preserving sediment balance 
d. Ensuring compensation and mitigation measures 

3. 2D hydraulic and morphological modeling, in order to evaluate hydro-morphological 
impacts of different alternative options 

4. Enabling public participation within the Stakeholders’ Forum as a framework for the 
public participation without any restrictions (nine meetings of the Forum have been 
organized, all Forum documents are instantly available to the public, in Serbian and 
English language, at the Plovput’s web site, section Stakeholders’ Forum). Details are 
given in Appendix XII and Appendix XIII. 

5. Collection of primary and secondary data related to biodiversity, water quality, sediment 
quality, etc. 

6. Multi-criteria analysis (MCA), where basic criteria are: 
a. Impact to navigation conditions 
b. Impact to environment 
c. Technical feasibility 
d. Costs 

7. Preparation of the Feasibility Study 
8. Preparation of the EIA Study 
 
In the preparation of the EIA study, different tools have been used and different analyses 
have been performed: 
1. Data collection and integrated mapping of all protected areas (of all levels of 

protection) in project designs and layouts 
2. Identification and integrated mapping of important habitats of different protected 

species in project designs and layouts 
3. Primary data collection on sediment quality focusing on identified critical sectors (as 

available official data on sediment quality are limited to the locations of gauging 



 

 

Preparation of Documentation for River Training and Dredging Works on Selected Locations along the Danube River 

A project funded by the European Union 

Consortium Witteveen+Bos, EIA Study - Main Text 2

stations), needed for the proper assessments and implementation of the sediment 
balance principle 

4. Analysis of the hydrography (25 years) and hydrology (60 years) data series of the 
Danube River, in order to properly determine current status and likely future trends  

5. Project conditions issued by the relevant governmental institutions, related to 
environmental and nature protection, in order to identify potential conflict areas and 
time and location related limitations for river training and dredging works 

6. Assessment of hydro-morphological impacts of different alternative options 
7. In-depth analysis of the environmental criteria in the MCA. 
8. Excluding and overriding capacity of the environmental criteria compared to 

navigation and cost criteria within the MCA 
9. Establishment of the Stakeholders’ Forum as a framework for the unrestricted public 

participation 
10. 3D modeling and filed trips in order to assure wider understanding of the issue within 

the general public. 
 
Development of 2D hydraulic and morphological models and analyses of impacts of 
different alternative options have taken the most time during the project preparation, as this 
is the critical part for assessment of hydro-morphological impacts. 
 
A lot of efforts have been invested in the last two years in preparation of this project by the 
Directorate for Inland Waterways (as the project beneficiary and the investor defined by the 
Government of the Republic of Serbia), consulting team led by Witteveen+Bos (including 
Danish Hydraulic Institute and Energoprojekt), and especially a number of governmental 
institutions and NGOs involved in the work of the Stakeholders’ Forum, to whom all we owe 
a great acknowledgement and gratitude.  
 
After finalization of the EIA procedure, next steps in implementation of the project will 
include: 
1. Preparation of main designs for works on 6 critical sectors on the Danube River in the 

Republic of Serbia, downstream of Backa Palanka 
2. Technical control of main designs 
3. Preparation of tender documentation for: 

a. river training and dredging works on 6 critical sectors, containing budget 
allocation for compensatory measures 

b. supervision and environmental monitoring of works, in order to ensure 
proper data collection and analysis during and after river training and 
dredging works, so that the need for compensatory and mitigation 
measures is instantly recognized and proper measures taken 

 
The process briefly described is our interpretation of the Serbian and EU complex 
strategic and legal framework for river engineering projects. Serbian strategic and legal 
framework, as the project is being implemented in the Republic of Serbia by the 
responsible governmental institution. EU strategic and legal framework, as the project is 
being funded by the EU and as the Republic of Serbia is the candidate country for the EU 
membership about to start negotiation process on the EU accession. 
 
  



 

Graph 0.1 Basic steps in the project implementation process 
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1. DATA ABOUT PROJECT DEVELOPER 
 
The preparation of the EIA Study is financed by the EU (under IPA 2010 Programme), 
within the Project “Preparation of Documentation for River Training and Dredging Works on 
Selected Locations along the Danube River” 
 
The Project Developer/Investor is the Ministry of Transport - Directorate for Inland 
Waterways, in accordance with the Conclusion adopted by the Government of the Republic 
of Serbia No. 342-8061/2012-1 of 20 November 2012 (Appendix 0). 
 
The Directorate for Inland Waterways is a government administration body competent for 
the maintenance and development of inland waterways in the Republic of Serbia subject to 
international and interstate navigation regimes (the Danube, Sava and Tisa rivers). It was 
founded in 1963. The competences and institutional position of the Directorate for Inland 
Waterways are specified in the Law on Navigation and Ports on Inland Waterways (“Official 
Gazette of the Republic of Serbia” No. 73/10). Starting from 31 December 2012 the 
Directorate for Inland Waterways is an administration body within the Ministry of Transport, 
in accordance with the Law on Amendments to the Law on Navigation and Ports on Inland 
Waterways (“Official Gazette of the Republic of Serbia” No. 121/12). 
 
Contact data of the Project Developer/Investor: 
 
Republic of Serbia 
Ministry of Transport 
Directorate for Inland Waterways 
Francuska 9 
11000 Belgrade 
Serbia 
 
 
Contact person: Ljubisa Mihajlovic, Director 
Tel: +381 11 3029 801 
Fax: +381 11 3029 808 
E-mail: ljmihajlovic@plovput.rs 
 
Contact person: Ivan Mitrovic, M.Sc., Project Manager 
Tel: +381 11 3029 842 
Fax: +381 11 3029 808 
E-mail: imitrovic@plovput.rs 
 ……………………………….. 
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2. DESCRIPTION OF LOCATION OF PLANNED WORK EXECUTION 
 
The project area is located on the Danube stretch Bačka Palanka down to Belgrade (km 
1,295 - 1,170) as presented in Figure 2.1. The EIA Study concerns protection of the 
Danube River and riparian areas that may be influenced by the proposed river training and 
dredging works.  
 
Within the project stretch the Danube River passes through environmentally protected 
areas as well as by urbanised and farm areas. On the project river stretch several towns 
and settlements are located, covering various areas. 
  
Upstream of Backa Palanka (km 1,295) the Danube is the border between Serbia and 
Croatia. As from Backa Palanka the Danube flows through Serbian territory only. 
 
The river Tisa flows into the Danube in the project stretch (km 1215). The Sava River flows 
into the Danube at the downstream boundary of the project area in Belgrade (km 1,170).  
 
Figure 2.1.  Project area - km 1295- km 1170  
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3. PROJECT DESCRIPTION 
 

3.1. Project scope 
The project purpose is to identify the “critical navigational Sectors of the Danube River”, 
and to prepare technical documentation for river training and dredging works on selected 
Sectors of the Danube River between Backa Palanka and Belgrade. 
 
To prepare valid and representative documents for the current project, the Consortium has 
used international and national regulations, conditions for the assignment of consulting 
team defined in the Terms of Reference, as well as pre-design and design conditions 
received from various institutions. The main aim of the project is to ensure a safe and 
navigable fairway on the Danube in the periods of low water levels. Presently, various 
Sectors on this river stretch cause limitation to navigation in the periods of low water levels. 
These limitations can be reduced by executing river training works. 
 

3.2. Project study phases 
The project carried out is carried out in three phases: 
- Phase 1: Pre-feasibility study, in which the Master Plan and Feasibility Study for IWT in 

Serbia (2006) was reviewed, additional data were collected and analysed, 1D-hydraulic 
model was prepared, critical Sectors for navigation were identified and verified, 
Environmental Report was prepared for the considered river stretch; 

- Phase 2, Feasibility Study, in which options were analysed by 2D hydrodynamic 
modelling, together with a financial-economic analysis of proposed alternatives, as well 
as EIA Study for the whole stretch with an accent on environmental conditions in each 
Sector where river training and dredging works were proposed. Within this phase, MCA 
of the options was performed for each critical Sector. This phase also included an 
environmental assessment for the entire project stretch assuming that all selected 
options will be implemented, as well as detailed conditions regarding environmental 
status for each of the 6 critical sectors for which main designs were to be prepared; 

- Phase 3, Preparation of main designs and tender documentation for 6 critical sectors 
on the Danube River in Serbia. The tender documentation includes documents related 
to work execution and documents related to supervision and environmental monitoring 
of the works.  
 

3.3. Document scope 
The Environmental Impact Assessment Study concerns the Sectors for which main designs 
are to be prepared, including the following: 
- characteristics (or features)of the environment in each critical Sector along the river 

stretch between Bačka Palanka and Belgrade (chainage: km 1,290 - 1,170), and  
- options developed to enhance navigation conditions in the critical Sectors. 
 

3.4. Methodology  
The framework for the methodology applied for this report is defined within the following 
documents: 
- the Law on Environmental Impact Assessment (“Official Gazette of the Republic of 

Serbia” No. 135/04 and 36/09), and  
- the Rulebook on Contents of the Environmental Impact Assessment Study (“Official 

Gazette of the Republic of Serbia” No. 69/05).  
 
Having in mind the legal aspect of the EIA Study, the main goal is to prepare the project 
documentation that will fulfil the requirements of the Ministry of Energy, Development and 
Environmental Protection (MEDEP) of the Republic of Serbia, in accordance with the 
Serbian national regulations. The Decision of the Ministry of Energy, Development and 
Environmental Protection from Belgrade, No. 353-02-00696/2012-05, issued on January 



 

 

Preparation of Documentation for River Training and Dredging Works on Selected Locations along the Danube River 

A project funded by the European Union 

Consortium Witteveen+Bos, EIA Study - Main Text 10

28th, 2013 prescribes the scope and content of the Environmental Impact Assessment 
Study. The instructions within this Decision were completely respected. The decision is 
presented in Appendix I. 
 
All data of relevance for the project have been compiled and analysed by contacting the 
institutions and organisations listed in Section 3.7 as well as from the documents listed in 
section 3.6. Data, information and design conditions have been processed to achieve a 
description of the existing situation and condition. This has constituted the basis for the 
environmental impact assessment. The assessments have been based on available 
knowledge about responses of environment to the proposed activities. 
 
Impacts of the analysed river training and dredging works on river hydraulics and hydro-
morphology have been quantified through 1-D and 2-D modelling and post processing of 
these modelling results. Relevant technical references have been consulted and combined 
with the expert knowledge within the project team in order to analyse adequately the 
environmental impacts of the proposed works. During this process, the options for each 
critical Sector have undergone a detailed optimisation procedure with the objective to 
minimize the environmental impact, taking into account the limitations defined for each 
option.  
 
Recommendations for mitigating environmental impacts during execution of works are also 
presented. 
 

3.5. Contents of Environmental Impact Assessment Report  
Chapters 1 and 2 of this EIA Study briefly present the data on the investor and an overall 
description of the project area. Chapter 3 gives the project description including approach, 
general methodology, overview of documents consulted, conditions and opinions issued by 
competent governmental institutions and finally the legal framework – national as well as 
international. 
 
In Chapter 4 the description of the main alternatives for each Sector critical for navigation is 
given together with a short description of the existing conditions. 
 
The current environmental conditions are described in Chapter 5.  
 
Chapter 6 describes the environmental impacts of the envisaged works at the project 
locations. The impacts presented are related to potential alterations of environmental 
conditions compared to the present state in particular stretches i.e. Sectors.  
 
Chapter 7 contains the evaluation of the cumulative impact of implementation of the 
proposed river training and dredging works in the critical sectors, while Chapter 8 outlines 
the environmental monitoring and management plan 
 
Conclusions of the Study are presented in Chapter 9, while a brief non-technical summary 
is given in Chapter 10.   
 
Graphic documentation, conditions and opinions issued by competent governmental 
institutions are attached to this Study, as well as documents related to the work of the 
Stakeholders’ Forum (Appendices). The list of consulted documents is given in the Section 
3.6. 
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3.6. Consulted documents  
The following documents were consulted: 
- Spatial Plan of Republic of Serbia, („Official gazette of Republic of Serbia” No.88/2010); 
- Spatial Plan of Vojvodina Provence, Draft Spatial Plan, November 2011; 
- Spatial Plan of the Special-Purpose area of International Waterway E-80 – the Danube 

(Pan European Corridor VII) –Concept of Spatial Plan, December 2010; 
- Spatial Plan of the Special-Purpose Area of Special Nature Reserve “Koviljsko-

Petrovaradinski” rit, Draft version, October 2011; 
- The Report on Strategic Impact Assessment Study for the Spatial Plan of the Special-

Purpose Area of Special Nature Reserve “Koviljsko-Petrovaradinski” rit, October 2011; 
- The Programme of Protection and Development of Special Nature reserve „Gornje 

Podunavlje“, 2007-2011; 
- Danube River Basin Management Plan, Part 1 - Draft, December 2011; 
- Master Plan and Feasibility Study Inland Waterway Transports for Serbia, November 

2005; 
- Preparation of Documentation for River Training and Dredging Works on Selected 

Sectors along the Danube River, Phase 1 – Pre-Feasibility Study, 2010; 
- Preparation of Documentation for River Training and Dredging Works on Selected 

Sectors along the Danube River, Phase 2 –Feasibility Study, 2011; 
- Manual on Good Practices in Sustainable Waterway Planning, Platina, July 2010; 
- Waste Management for Inland Navigation on the Danube, WANDA. 
 
For For the purpose of implementing the project, several documents were prepared. In 
2006, Master Plan and Feasibility Study for Inland Waterway Transport in Serbia were 
developed. Based on that, it was concluded acceptable to continue with the waterway 
upgrade projects. In December 2010, Draft Spatial Plan of the Special-Purpose Area of 
International Waterway E-80 – the Danube (Pan-European Corridor VII) was prepared, as 
well as the Concept of the Spatial Plan (2013). 
 
In order to provide proper description of existing condition, several sources of data were 
used. They include data from the above-mentioned documents, data collected twice within 
field survey investigations and official data obtained from various institutions competent for 
the subject issues. One of the most used documents was Danube River Basin 
Management Plan, Part 1 Analysis of Danube Basin Characteristics in Serbia, Draft Report 
(ICPDR document). DRBMP was published as a Draft report at the website of the Ministry 
of Agriculture, Forestry and Water Management. General characteristics of the Danube 
River, natural features of the river, climate, hydrography, geology, pedology, water quality 
and quantity, industry, agriculture and settlements were described using this source of 
data. Also, data from the Annex to this DRBMP were used for describing main polluters of 
the Danube (see Section 5.5.5). 
 
 

3.7. Conditions and opinions issued and information and data provided by Competent 
Institutions 
The following institutions and institutes have provided information of importance for the 
project:  
- Institute for Nature Conservation of Vojvodina Province; 
- Institute for Nature Conservation of Serbia; 
- SEPA - Agency for Environmental Protection; 
- Institute for Protection of Cultural Monuments of Serbia; 
- Republic Hydro-meteorological Service of Serbia; 
- Provincial Secretariat for Agriculture, Water Management and Forestry; 
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- Port Master’s offices; 
- Directorate for Inland Waterways. 
 

3.8. Environmental framework and Legal condition 
 
The legal framework considered during preparation of this Study includes relevant 
international regulations with particular accent on the EU regulations and national legal 
framework of the Republic of Serbia. 
 

3.8.1. International regulations 
EU-regulations 
 
EIA Directive 
The EU has laid down its procedures regarding Environmental Impact Assessment (EIA) in 
the Council Directives 85/337/EEC and 97/11/EC. Member States have to adopt all 
measures necessary to ensure that, before consent is given, projects likely to have 
significant effects on the environment by virtue inter alia of their nature, size or location are 
made subject to an assessment with regards to their effects. 
 
The EIA Directive defines two classes of projects: 
- Annex I projects: Projects listed in Annex I of the EIA Directive shall be made subject to 

an EIA; 
- Annex II projects: Projects of the classes listed in Annex II of the EIA Directive shall be 

made subject to an assessment, where the EU Member States consider that their 
characteristics so require. To this end, Member States may inter alia specify certain 
types of projects as being subject to an assessment or may establish the criteria and/or 
thresholds necessary to determine which of the projects of the classes listed in Annex II 
of the EIA Directive are to be subject to an EIA. 

 
When set against the EIA Directive, the current project falls under Annex I projects, which 
makes an EIA mandatory for the project. Consortium considered and evaluated the 
following two categories: 
 
 8.(a): Inland waterways and ports for inland-waterway traffic which permit the 
  passage of vessels of over 1 350 tonnes. 
 10.(f): Inland-waterway construction not included in Annex I, canalization and flood-
  relief works. 
 
Given the fact that the project concerns vessels with over 1,350 DWT and given the 
amount of river training and dredging works foreseen for the Danube River it can be 
concluded that the current project falls within Annex I. 
 
This study contains an EIA for the works in individual critical sectors, as well as 
assessment for the entire river stretch that is the subject of the main designs. 
 
The EIA identifies, describes and assesses in an appropriate manner, the direct and 
indirect effects of the project on the following factors: 
- human beings, fauna and flora; 
- soil, water, air, climate and the landscape; 
- material property and the cultural heritage; 
- interaction between the above factor. 
 
The EIA Directive states that the following information should be supplied in an EIA Study: 
1. description of the project, including in particular: 
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⋅ a description of the physical characteristics of the project area and the land-use 
requirements during the construction and operation phases; 

⋅ a description of the main characteristics of the construction processes, for instance, 
nature and quantity of the materials used; 

⋅ an estimate, by type and quantity, of expected residues and emissions resulting 
from the operation of the proposed project; 

2. an outline of the main alternatives and an indication of the main reasons for the 
selection of the best alternatives, taking into account the environmental effects; 

3. a description of the aspects of the environment likely to be significantly affected by the 
proposed project, including, in particular: population, fauna, flora, soil, water, air, 
climatic factors, material property, including architectural and archaeological heritage, 
landscape and interaction between the above factors; 

4. a description of the likely significant environmental impacts of the proposed project 
resulting from: 
⋅ the existence of the project; 
⋅ the use of natural resources; 
⋅ the emission of pollutants, the creation of nuisances and the elimination of waste; 
⋅ the description of the forecasting methods used to assess the effects on the 

environment; 
5. a description of the measures envisaged for preventing, reducing and where possible 

offsetting any significant adverse effects on the environment; 
6. a non-technical summary of the information provided under the above headings; 
7. an indication of any difficulties (technical deficiencies or lack of know-how) encountered 

in compiling and processing the required information. 
 
Public participation 
Following the Aarhus Convention, the EU has elaborated on public participation in Directive 
2003/35/EC. The objective of this Directive is to contribute to the implementation of the 
obligations arising under the Aarhus Convention, in particular by: 
- providing for public participation in respect of the drawing up of certain plans and 

programmes relating to the environment; 
- improving the public participation and providing for provisions on access to justice 

within Council Directives 85/337/EEC and 96/61/EC. 
The EU Member States have to ensure that the public is given early and effective 
opportunities to participate in the preparation and modification or review of the plans or 
programmes required to be drawn up. To that end, the EU Member States have to ensure 
that: 
- the public is informed, whether by public notices or other appropriate means such as 

electronic media where available, about any proposals for such plans or programmes 
or for their modification or review and that relevant information about such proposals is 
made available to the public including inter alia information about the right to participate 
in decision-making and about the competent authority to which comments or questions 
may be submitted; 

- the public is entitled to express comments and opinions when all options are open 
before decisions on the plans and programmes are made; 

- in making those decisions, due account shall be taken of the results of the public 
participation; 

- having examined the comments and opinions expressed by the public, the competent 
authority makes reasonable efforts to inform the public about the decisions taken and 
the reasons and considerations upon which those decisions are based, including 
information about the public participation process. 
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Water Framework Directive 
The EU Water Framework Directive (WFD) specifies that the aquatic environment should 
not further deteriorate and that efforts have to be made (through a programme of 
measures) to ensure “good ecological quality” in all natural aquatic ecosystems (surface 
waters) before the year 2015 
 
Protection and improvement of all surface water bodies is a major aim of the WFD. The 
WFD states that the best model for a single system of water management is management 
by river basin - a natural geographical and hydrological unit - instead of according to 
administrative or political boundaries. There are a number of objectives in respect of which 
the quality of water is protected. The key ones are general protection of the aquatic 
ecology, specific protection of unique and valuable habitats, protection of drinking water 
resources and protection of bathing water. All these objectives must be integrated for each 
river basin. 
 
Although the WFD specific that no further deterioration of ecological status can be 
accepted, according to Art. 4.7, some deterioration of the ecological status can be 
acceptable in some cases. However, such deterioration can only be accepted if the change 
is within the classes of the WFD (high, good, moderate, poor and bad ecological status) or 
if the failure to prevent deterioration from high status to good status of a body of surface 
water is the result of new sustainable human development activities and if all the following 
conditions are met: 
 

(a)  all practicable steps are taken to mitigate the adverse impact on the status of the 
water body; 

(b)  the reasons for those modifications or alterations are specifically set out and 
explained in the Danube River Basin Management Plan and if the objectives are 
reviewed every six years; 

(c)  the reasons for those modifications or alterations are overriding public interest 
and/or benefits to the environment and to the society in achieving the objectives 
set out in Paragraph 1 (of the WDF), which are outweighed by the benefits of new 
modifications or alterations to human health, to the maintenance of human safety 
or to sustainable development, and  

(d)  the beneficial objectives that served for those modifications or alterations of the 
water body cannot for reasons of technical feasibility or disproportionate cost be 
achieved by other means, which are a significantly better environmental option. 

 
The WFD-art. 4.7 is of special relevance for the subject project. The overall purpose of the 
project is to fulfil the recommendation of the Danube Commission for navigation standards 
with the objective to stimulate, inter alia, a more sustainable transport of goods and 
material and to reduce the risk of accidents and thereby the risk of human casualties and 
environmental damage. For those activities of this project where a deterioration of the 
ecological status may occur, the impact will among others be evaluated against the above 
mentioned conditions. 
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Habitats Directive 
A specific additional requirement for environmental impact assessment arises under Article 
6(3) of the Habitats Directive. The EU Member States must implement legislation requiring 
an assessment to be made of any project which is likely to have significant effects on a 
Natura 2000 site: a Special Protection Area (SPA) designated under Directive 79/409/EED 
or a Special Area of Conservation (SAC) designated under Directive 92/43/EEC. In many 
cases this assessment can be achieved through the EIA procedure, but in some cases, for 
example where the project does not fall under either Annex I or Annex II of the EIA 
Directive, a separate procedure is needed. 
 
The EIA Study carried out for the actual project in this report follows the principles and four 
stages outlined in the EU Habitats Directive art. 6.3. 
 
The stage one, the screening process, was carried out during the Master Plan for IWT in 
Serbia, as well as during the Phase 1 and phase 2 of the current project when the 
Feasibility Study was prepared. Additionally, the current EIA Study has mapped potential 
conflict zones with respect to habitats and populations of protected species that could be 
affected by the subject project. 
 
As a part of the EIA Study, the integrity of sites with special protection interest in relation to 
the project activities is evaluated. This is performed with respect to the structure and 
function of the sites and their conservation objectives. Furthermore, where there are 
potential adverse impacts, an assessment of possible mitigation measures of assessed 
potential impacts has been proposed. These activities correspond to the stage 2 of 
assessment recommended for evaluation of impact related to the Habitats Directive. 
 
The EIA Study carried out includes furthermore an assessment of several alternative 
solutions for the purpose of selecting the optimum options that as far as possible reduce or 
avoid adverse impacts on the environment in general and more specifically on the special 
nature protected sites. This corresponds to the recommended stage 3 of impact 
assessment related to the Habitat Directive. 
 
Based on experiences from the evaluation of a number of options and mitigation measures 
made site by site, final solutions have been selected. Mitigation measures to reduce 
impacts have been evaluated for the final options. For those cases where adverse impacts 
remain even after implementation of mitigation measures, it has been evaluated whether it 
is possible to create compensatory measures. This last part of the EIA Study (Chapter 6) 
corresponds to the stage 4 of the assessment procedure according to the Habitats 
Directive Art. 6.3. 
 
Birds Directive 
The Birds Directive relates to the conservation of all bird species naturally occurring in the 
wild state in the territory of the EU Member States to which the treaty applies. It covers the 
protection, management and control of these species and lays down rules for their 
exploitation. It applies to birds, their eggs, nests and habitats. The EU Member States shall 
take the requisite measures to maintain the population of the species referred to in Article 1 
of the Birds Directive at a level which corresponds in particular to ecological, scientific and 
cultural requirements, while taking account of economic and recreational requirements, or 
to adapt the population of these species to that level. The EU Member States shall take the 
requisite measures to preserve, maintain or re-establish a sufficient diversity and area of 
habitats for all the species of birds referred to in Article 1 of the Birds Directive.  
 
Natura 2000 
The European Union operates with an ecological network called Natura 2000. Natura 2000 
is very central in the EU’s nature & biodiversity conservation and protection policy. Natura 
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2000 applies to Habitats Sites, which are divided into biogeographical regions. It is a 
network of natural habitats protection areas established under the 1992 Habitats Directive. 
The aim of the network is to assure the long-term survival of Europe's most valuable and 
threatened species and habitats. It comprises Special Areas of Conservation (SAC) 
designated by the EU Member States under the Habitats Directive, and also incorporates 
Special Protection Areas (SPAs) which they designated under the 1979 Birds Directive. 
 
Natura 2000 is not a system of strict nature reserves where all human activities are 
excluded but within these areas emphasis should be given to ensure that future 
management is sustainable, both ecologically and economically. 
  

3.8.2. The Danube Environment Convention 
The Danube Environment Convention, which is administered by the International 
Commission for the Protection of the Danube River (ICPDR), specifically mentions that the 
following aspects have to be addressed: 
 monitoring of the water environment during the execution of the works; 
 reporting to the Commission and thereby to the EU member states; 
 making information available to the public; 
 use of best available techniques in the execution of the works; 
 use of best environmental practice in the execution of the works; 
 special attention to hazardous substances. 
 

3.8.3. Other international conventions and used documents 
In addition, the following international conventions are to be respected: 
- Bern Convention, which amongst others established the Emerald network of protected 

areas in non-EU countries - in parallel with the Natura 2000 network for the EU 
countries; 

- Bonn Convention, which requires the contracting parties to work together to conserve 
migratory species and their habitats; 

- Espoo Convention, which deals with activities causing a significant adverse trans-
boundary impact - particularly related to special environmental sensitive or important 
sites such as Ramsar sites, national parks, nature reserves, and other protected sites; 

- The Convention on Wetlands of International Importance, called the Ramsar 
Convention; 

- Convention on International Trade in Endangered Species of Wild Flora and Fauna 
CITES); 

- UN (Rio) Convention on Biological Diversity (adopted at the UN Conference on 
Environment and Development);  

- Waste Management for Inland Navigation on the Danube, WANDA (trans-national 
project co-financed by the EU); 

- Montreal Protocol on Substances that Deplete the Ozone Layer; 
- the Kyoto Protocol and the follow-up protocols on greenhouse gases and climate 

change; 
- The Equator Principles (EPs), ), a voluntary set of standards for determining, assessing 

and managing social and environmental risk in project financing. 
The following documentation was used: 
- Danube parks – project report 2009-2012 (web site: http://www.danubeparks.org/) 
 

3.8.4. National Regulations 
 

3.8.4.1. General 
Having in mind that the Republic of Serbia has defined the activities and the projects of 
special importance for the Republic, and that the Decree on the Establishment of the List of 
Projects for Mandatory Environmental Impact Assessment and the List of Projects for which 
Environmental Impact Assessment may be requested (Official Gazette of the Republic of 
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Serbia No. 114/08) are in force, it can be concluded that this project falls within projects for 
which preparation of the Environmental Impact Assessment Study is mandatory. 
 
The Republic of Serbia has paid a lot of attention to environment protection in recent years. 
Apart from laws, regulations and by-laws, which have already been ratified by the 
Parliament, the Resolution on Environment Protection Policy in the Federal Republic of 
Yugoslavia was adopted in 1993 as well as the Resolution on Biodiversity Protection 
Policy. Important documents in the field of water management are the “Bases of Water 
Management 2002-2013“. The Ministry competent for nature resources and environmental 
protection and Environmental Protection Agency issued the “Report on the State of 
Environment for the Year 2000 with Priority Tasks in the Next Period“, Belgrade 2002. 
 
Based on the content of the above documents, the tasks prioritised by the Republic of 
Serbia for the coming period are as follows: 
- providing conditions to protect the environment; 
- enabling sustainable development; 
- preserving the existing ecological balance; 
- prevention of “dirty technology” import; 
- development of waste water treatment plants; 
- resolving serious pollution problems in environment black spots; 
- Improvement of water supply in rural and urban environment. 
 
The most relevant objectives for environmental protection outlined in the above mentioned 
documents are: 
- adoption of systemic laws related to ecology; 
- establishing an integral pollution control system; 
- adoption of national standards and norms in the field of environmental protection; 
- organisation of environmental monitoring system; 
- regulation of handling and use of chemicals; 
- concessions for reconstruction programmes; 
- rational consumption of energy and natural resources; 
- improvement of bilateral cooperation with neighbouring countries; 
- application of integral policy and decision-making procedures in all interested sectors, 

which are to stimulate compatibility and balance in the usage of water resources. The 
ministry competent for environmental protection should prepare instructions related to 
methods and procedures for making decisions on capital investment works that involve 
water resources; 

- preparation of methodology for the evaluation of water resources and water 
management balance; 

- long-term programmes of surface and ground water protection; 
- improvement of biodiversity; 
- natural heritage protection; 
- cultural monuments; 
- waste control. 
 
The first steps in the preparation of an environmental protection outline include: 
- Capacity building in the environment status monitoring system, including training, 

technical assistance, strengthening of institutions and establishing of a ministry 
competent for integral environmental protection, as well as harmonisation of legislation 
and economic instruments in this field in concert with the EU legislature; 

- Rehabilitation and technological development of environmental black spots as a 
precondition for the development of the agriculture sector, economy sector and 
sustainable development in general; 
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- Waste, wastewater and hazardous waste control; 
- interest in protected areas with high bio-diversity and nature protection. 
 

3.8.4.2. Legal/Procedural Background 
The basic procedure for a formal EIA in line with international as well as national 
regulations for evaluation and assessment of environmental impacts is described in the EU 
legislation: Directive No. 85/337/EEC – OJ No. L175, 05/07/1985, as amended by Directive 
No. 97/11/EC – OJ No. L073, 14/03/1997, as well as the recently updated Serbian laws: 
- the Law on Environmental Protection, Official Gazette of RS, No. 135/04, 36/09, 72/09, 

43/11; 
- the Law on Estimate of the Influence to the Environment, Official Gazette of RS, No. 

135/04, 36/09; 
- the Law on Strategic Estimate of the Influence to the Environment, Official Gazette of 

RS, No. 135/04, 88/10; 
- the Law on Integrated Prevention and Control of Polluting the Environment, Official 

Gazette of RS No. 135/04. 
 
In general, an EIA procedure has to address direct and indirect effects of a project 
regarding: 
- human beings, flora and fauna; 
- soil, water, air, climate and landscape; 
- material property and the cultural heritage, and 
- interaction of the above factors. 
 
Furthermore, the information that has to be made available in the EIA should include: 
- a description of the project comprising information about the site and size of the project; 
- a description of the measures envisaged in order to avoid, reduce and if possible, 

remedy significant adverse effects; 
- the data required to identify and assess the main effects which the project is likely to 

have on the environment; 
- an outline of the main alternatives studied by the developer and an indication of the 

main reasons for his choice of the best alternatives, taking into account the 
environmental effects. 

 
This Environmental Impact Assessment Study has been prepared in accordance with the 
provisions of the Law on Environmental Impact Assessment (“Official Gazette of the 
Republic of Serbia” No. 135/04 and 36/09) and the Rulebook on Contents of the 
Environmental Impact Assessment Study (“Official Gazette of the Republic of Serbia” No. 
69/05). In addition to this, the following regulations concerning or related to environment 
and water management were used:  
- Law on Environmental Protection (“Official Gazette of the Republic of Serbia” No. 

135/04, 36/09 and 72/09); 
- Law on Water (“Official Gazette of the Republic of Serbia” No. 30/10); 
- Law on Amendments to the Law on Water (“Official Gazette of the Republic of Serbia” 

No. 30/10 and 93/12); 
- Law on Planning and Construction of Facilities (“Official Gazette of the Republic of 

Serbia” No. 47/03, 72/09, 81/09 and 64/10); 
- Law on Air Protection (“Official Gazette of the Republic of Serbia” No. 36/09, 11/2010 

and 75/2010); 
- Law on Nature Protection (“Official Gazette of the Republic of Serbia” No. 36/09, 88/10 

and 91/10); 
- Law on Fire Protection (“Official Gazette of the Republic of Serbia” No. 111/09), 
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- Rulebook on Emission Limit Values, Methods and Time-Limits for Data Measurement 
and Recording (“Official Gazette of the Republic of Serbia” No. 30/1997 and 35/1997); 

- Rulebook on Methods of Determining and Maintaining Sanitary Protection Zones 
around Water Supply Source Areas (“Official Gazette of the Republic of Serbia” No. 
92/2008); 

- Rulebook on Emission Limit Values and Methods of Measurement, Criteria for 
Establishing the Measuring Points and for Data Recording (“Official Gazette of the 
Republic of Serbia” No. 54/1992, 30/1999 and 19/06); 

- Rulebook on Parameters of Ecological and Chemical Status of Surface Waters and 
Parameters of Chemical and Quantitative Status of Groundwater (“Official Gazette of 
the Republic of Serbia” No. 74/2011); 

- Directive on Limit Values of Priority and Priority Hazardous Substances Which Pollute 
Surface Waters and Time-Limits for Reaching Such Values (“Official Gazette of the 
Republic of Serbia” No. 35/2011);  

- Rulebook on Referent Conditions for Surface Water Types (“Official Gazette of the 
Republic of Serbia” No. 67/2011);  

- Directive on Waters Classification (“Official Gazette of the Republic of Serbia” No. 5/68 
and 33/75); 

- Directive on Classification of Inter-Republic Watercourses, Interstate Waters and 
Waters of Yugoslav Coastal Sea (“Official Gazette of the SFRY” 6/78), 

- Rulebook on Hazardous Substances in Water (“Official Gazette of the Republic of 
Serbia” No. 31/82); 

- Rulebook on the Method and Minimum Number of Wastewater Quality Tests (“Official 
Gazette of the Socialist Republic of Serbia” No. 47/83, 13/84); 

- Rulebook on Permitted Quantities of Hazardous and Deleterious Substances in Soil 
and in Water Intended for Irrigation and on Methods of Their Testing (“Official Gazette 
of the Republic of Serbia” No. 23/94); 

- Law on Waste Control (“Official Gazette of the Republic of Serbia” No. 36/09, 88/10); 
- Rulebook on Handling of Waste That Has Properties of Hazardous Substances 

(“Official Gazette of the Republic of Serbia” No. 12/95); 
- Rulebook on Methods of Storing, Packing and Marking of Hazardous Waste („Official 

Gazette of the Republic of Serbia” No.  92/10); 
- Rulebook on Conditions, Methods and Procedures for Waste Oil Management (“Official 

Gazette of the Republic of Serbia“ No. 71/10); 
- Law on Safety and Health at Work („Official Gazette of the Republic of Serbia“ No. 

101/05), 
- Rulebook on Permitted Environmental Noise Levels („Official Gazette of the Republic of 

Serbia“ No. 72/10); 
- Rulebook on Noise Measurement Methods, Contents and Scope of the Report on 

Noise Measurement („Official Gazette of the Republic of Serbia“ No. 71/10),  
- Directive on Limit Values of Emissions of Air Pollutants (“Official Gazette of the 

Republic of Serbia” No. 23/94); 
- Directive on Environmental Noise Indicators, Limit Values, Methods for Evaluation of 

Environmental Noise Indicators, Disturbance Indicators and Detrimental Effects of 
Noise in Environment (“Official Gazette of the Republic of Serbia” No. 75/2010); 

- Law on Protection against Noise in Environment (“Official Gazette of the Republic of 
Serbia” No. 36/09 and 88/2010); 

- Rulebook on Methodology for Chemical Accident and Environment Pollution Risk 
Assessment, Measures for Preparation and Measures for Elimination of Consequences 
(“Official Gazette of the Republic of Serbia” No. 41/10);  

- Law on Cultural Properties (“Official Gazette of the Republic of Serbia” No. 71/94).  
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The Conditions and Opinions issued by the competent institutions, which are described in 
Section 3.7 were used for the preparation of the EIA Study for the current project. 
 

3.8.4.3  Harmonization and Regulation of National Legislation Governing Ecological 
Networks 
Protected nature resources in Serbia have been included in ecological networks and 
internationally important areas, which are generally accepted environmental protection 
models. This network corresponds to some extent to the European Natura 2000 network. 
Table 3.1 presents the sites within the project river stretch that could be assigned as Natura 
2000 areas in the future. More details are given in Section 5.8. 
 
Environmental protection in the Republic of Serbia has its legislative foundation in the 
Constitution of the Republic of Serbia and in laws that govern management of nature 
resources and healthy natural environment; the Republic of Serbia ensures that its 
environmental protection system is harmonized with European and global systems. 
 
Following the ratification of the Convention on Biological Diversity (CBD) in 2001, the 
Republic of Serbia has adopted the majority of important global and regional conventions 
and passed a set of new laws regarding environment and environmental protection (Mijović 
2010 and Stavretović 2011). The first out of four sets of laws on environment was adopted 
in 2004 and the second set was passed in 2009. 
 
The environmental protection system in Serbia is governed by the following laws and 
regulations: 
- Law on National Parks (ceases to be in force with 36/09, except provisions of Articles 6 

and 7 and description of the areas of national parks - Law on Nature Protection); 
- Law on Environmental Protection (135/04, 36/09, 36/09,72/09, 43/11); 
- Law on Strategic Environmental Impact Assessment (135/04, 88/10); 
- Law on Environmental Impact Assessment (135/04, 36/09); 
- Law on Nature Protection (36/09, 88/10 and 91/10). 
 
The Law on Nature Protection harmonized Serbian national legislation with the EU 
directives on nature conservation – Council Directive 92/43/EEC of 21 May 1992 on the 
conservation of natural habitats and of wild fauna and flora (OJ L 206, 22.07.1992), Council 
Directive 79/409/EEC of 02 April 1979 on the conservation of wild birds (OJ L 103, 
25.04.1979) and Council Directive 1999/22/EZ related to the keeping of wild animals in 
zoological gardens (OJ L 94). 
 
Bylaws that define more accurately relevant laws related to environmental protection are: 
- Decree on Ecological Network (2010); 
- Rulebook on Proclamation and Protection of Strictly Protected and Protected Wild 

Flora, Fauna and Fungi Species (2010 and 2011); 
- Rulebook on Criteria for Habitat Type Identification, Habitat Types, Sensitive, 

Endangered, Rare and Protection Priority Habitat Types and Protection Measures for 
Their Conservation (2010). 

 
The Law on Nature Protection, Rulebook on Proclamation and Protection of Strictly 
Protected and Protected Wild Flora, Fauna and Fungi Species and Rulebook on Criteria for 
Habitat Type Identification, Habitat Types, Sensitive, Endangered, Rare and Protection 
Priority Habitat Types and Protection Measures for Their Conservation Decree are the legal 
implementation of the EU Habitats Directive. 
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Ecological Networks in Serbia  
There are National Ecological Network, Emerald Network, Pan-European Ecological 
Network in South-Eastern Europe, European Green Belt, Ecological Network along the 
Sava River Basin and the Carpathian Ecological Network in the Republic of Serbia. 
 
Areas of International Importance in Serbia  
 
Areas of international importance in Serbia include Ramsar areas, Biosphere Reserve, 
Important Plant Areas, Selected Prime Butterfly Areas and Important Bird Areas 
 
NATURA 2000 in Republic of Serbia 
 
The EU accession requires implementation of all commitments stemming from the EU 
Directives. By fulfilling these commitments, a country meets a precondition for becoming a 
member state. One of the largest challenges involves the establishment of the national part 
of European ecological network NATURA 2000. 
 
The main commitments specified in the EU Directives related to NATURA 2000 network 
have been implemented in the legislation of the Republic of Serbia, as discussed above. 
The following laws and conventions have to be considered: 
- the Law on Nature Protection, which confirms the Convention on Biological Diversity 

(CBD Convention, 2001),  
- the Convention on Biological Diversity (CBD Convention, 2001),  
- the Convention on Wetlands of International Importance (Ramsar, 1977),  
- the Convention on International Trade in Endangered Species of Wild Fauna and Flora 

(CITES, 2001),  
- the Convention on Conservation of European Wild Flora and Fauna and Natural 

Habitats (Bern Convention, 2007), 
-  the Convention on the Conservation of Migratory Species of Wild Animals (Bonn 

Convention, 2007),  
- the Framework Convention on the Protection and Sustainable Development of the 

Carpathians (2007),  
- the Convention on the Protection of Cultural and Natural Heritage,  
- the UN Convention to Combat Desertification in Countries Experiencing Serious 

Drought and / or Desertification, particularly in Africa,  
- the UN Framework Convention on Climate Change.  
 
The Decree on Ecological Network establishes the national ecological network of the 
Republic of Serbia and the management manner for the purpose of preserving biological 
and landscape diversity, priority habitat types i.e. habitat types of particular importance for 
the conservation, regeneration and/or improvement of disturbed habitats, preservation of 
some species of national and international importance. 
 
Ecologically important areas EU NATURA 2000 were identified based on the Habitats 
Directive and Birds Directive, Law on Nature Protection, bylaws and Decree on Ecological 
Network. These will be established until accession of the Republic of Serbia to the 
European Union at the latest. 
 
NATURA 2000 is the centrepiece of European Union nature and biodiversity policy. It is a 
European network of nature protection areas established under the 1992 Habitats 
Directive. The term NATURA 2000 symbolizes the conservation of precious natural 
resources for the year 2000 and beyond into 21st century.  
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The aim of the network is to assure the long term survival of Europe’s most valuable and 
threatened species and habitats. It comprises Special Areas of Conservation (SAC) 
designated by the EU Member States under the Habitats Directive, and also incorporates 
Special Protection Areas (SPAs) which they designated under the 1979 Birds Directive.  
 
To ensure that activities related to the development and management of inland waterways 
are compatible with EU environmental policy in general and nature legislation in particular, 
the “Guidance Document on Inland Waterway Transport and Natura 2000” was used and 
considered in the current study. It concerns the “Sustainable Inland Waterway 
Development and Management in the Context of the EU Birds and Habitats Directives”. 
 
Outside the EU Member States, elsewhere in Europe, sites of equivalent priority for 
protection and management are referred to as the Emerald Network. This network 
stretches from the Canaries to the Caucasus and from Turkey to Scandinavian Lapland. 
Sites can be designated both on land and water.  
 
Presently, together with the rapidly developing Emerald network, NATURA 2000 sites cover 
more than 20% of the EU territory.  
 
Protection Measures Measures Derived from Regulations 
 
The Rulebook stipulates the following protection measures for water and wetland habitats 
(terrestrial surface waters, marshes, peatlands, wetlands and salt marsh habitats): 
- preserve water and wetland habitats in as natural condition as possible and revitalize 

such habitats, if required; 
- preserve biological species of importance for habitat types, do not introduce 

allochthonous species and genetically modified organisms; 
- preserve and improve connection between watercourses; 
- ensure sufficient water quantity necessary for survival of water, marsh and peat 

habitats, maintain water regime favourable for the preservation of water and wetland 
habitats; 

- preserve physical-chemical and biological properties of water favourable for the given 
habitat type or improve them if they are unfavourable for habitat survival; 

- preserve favourable composition and concentrations of mineral and organic nutrients in 
water and soil in water and wetland habitats; 

- prevent further transformation processes of natural and semi-natural water and wetland 
habitats to suit other purposes; 

- ensure diversity of habitats on watercourses by preserving unprotected banks, bars, 
rapids, waterfalls etc. and favourable water dynamics (meandering, sediment transport 
and deposition, periodical natural flooding of branches etc.). 

 
Table 3.1. Potential Special Protected Areas (SPA) for Conservation of Bird 

Species and Migratory Species within the project areas identified so 
far as potential Natura 2000 Areas 

IBA 
Number of Nominated 

Species from Annex I 

Number of Nominated 

Migratory Species 

vrsta 

Total Number of 

Nominated Species 

Project area / 

Wide Area 

Koviljski rit 4 0 4 Project area 

Fruška Gora 9 2 11 Project area 

Danube Loess 

Escarpment 
5 3 8 Project area 

Source: Data provided by Institute for Nature protection of Vojvodina Province 
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3.9. List of critical Sectors 
The river Sectors identified as critical for navigation are presented in Table 3.2. The EIA 
Study will analyze environmental impacts of different options envisaged to upgrade the 
navigation conditions in these Sectors. 
 

 

Table 3.2. Sectors critical for navigation 

No Sector 

Chainage (km) 

(defined critical 

Sector) 

Chainage (km) 

(river stretch where 

training works could 

be proposed) 

Area (m2) 

(area where 

training works 

could be 

proposed) 

18 Susek 1,285.6 - 1,281.4 1,287.0 - 1,281.0 5,911,047 

19 Futog 1,267.0 - 1,262.0 1,267.4 - 1,261.6 4,287,280 

20 Novi Sad 1,255.4 - 1,254.2 1,255.4 - 1,254.2  

21 Arankina Ada 1,246.6 - 1,245.4 1,247.0 - 1,244.8 1,404,200 

22 Čortanovci 1,240.4 - 1,235.0 1,241.6 - 1,235.0 3,854,548 

23 Beška 1,230.4 - 1,227.6 1,232.0 - 1,226.6 3,660,456 

24 Preliv 1,197.8 - 1,197.6 1,207.0 - 1,195.0 9,782,537 

Source: Consortium 

 

 

 
3.10. River training works  

Any river training work will to some extent impact the river dynamics, ecology and diversity. 
The impact on biodiversity can be both negative and positive depending on the existing 
conditions and environment status. Over the years a code of good practice has been 
developed, which can reduce the environmental impacts of river training works. 
 
The “Manual on good practices in sustainable waterway planning” (ICPDR, PLATINA 
project 2010) and the “Working with Nature” document from PIANC (2008), as well as other 
similar literature describe principles and provide specific examples of river training 
activities, which take environmental aspects into account. 
 
From the ecological point of view, the proposed river training structures should maintain the 
dynamic nature of the river and they should not affect significantly the existing physical 
diversity in the given river stretch. Therefore, it is necessary not only to look at local effects 
of the river training works but also at the global impact on the entire river stretch. 
 
Some river training works can be designed in such a way to create a habitat outside the 
fairway as a compensation for similar habitat type that has been removed from the fairway 
for the purpose of improving navigation safety. 
 
An overview of commonly used training structures and examples of river training works that 
are considered environmentally acceptable is given below. Comments and examples refer 
to the manner in which each measure for upgrading the navigation capability of the river 
can be optimized to reduce adverse ecological impact and to potentially compensate for 
altered habitat conditions. In Phase 3 of the Project, principles and recommendations for 
the mitigation of impacts and compensation measures were defined. 
 
 
The following types of river training works are considered: 
- bank protection; 
- guiding bunds; 
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- groynes; 
- sills; 
- side branch closures (closure bunds); 
- chevrons; 
- dredging/excavation. 
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Bank protection 
In the conditions stipulated within the Draft Spatial Plan of the Special-Purpose Area of 
International Waterway E-80 – the Danube (Pan-European Corridor VII) – Concept of 
Spatial Plan, December 2010, issued by the Institute for Nature Conservation of Vojvodina 
Province (dated 04.10.2010), it is specified that bank pavement and bank construction 
works should be minimized as much as possible and that environmental solution of bank 
protection should be applied by using natural vegetation and enabling movement of 
animals. It is further pointed out that paved or constructed stretches should be interrupted 
at the intervals of 200-300 m (optimally 100 m) by green areas, which constitutes an 
integral part of protective vegetation. It is also mentioned that marsh and forest vegetation 
belts should be preserved as the main element of the environmental corridor. 
 
The requirements considered are to be fully in line with good environmental practices when 
designing up-to-date bank protection measures. 
 
Furthermore, it is of importance for the project stretch to ensure that the bank protection 
measures do not reduce connectivity with the water environment i.e. free passage between 
the river and riparian wetlands and side branches has to be ensured. 
 
Instead of bank protection works consisting of concrete pavements or steep stone 
embankments, flattening of embankment and establishing of a foreland that allows more 
natural vegetation and fauna to access the river should be consideredFigure 3.1 to Figure 
3.3 show examples of river bank restoration projects in Austria and Germany. 
 
 
Figure 3.1  Example of a renaturated river bank  

 

 
 

Source: ICPDR, 2010. 
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Figure 3.2  Example of environmental friendly bank protection 

 

 
 

Source: ICPDR, 2010. 

 
Figure 3.3  Example of river bank restoration project 

 

 
 

Source: ICPDR, 2010. 

 
 
Guiding bunds 
The purpose of a guiding bund is primarily to direct the flow towards the fairway, which 
could result in calm water areas behind the guiding bund. Siltation and a change of the 
habitat (biotope) can be the result. It is recommended to ensure water flow behind the 
guiding bund in order to avoid formation of stagnant water bodies at all water levels. This 
will in addition allow migration of fish larvae and fry, as well as invertebrate animals along 
the bank lines.  
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Restricted siltation and growth of benthic vegetation in such areas may in addition result in 
increased biodiversity due to conditions that allow build-up of food supply and shelter/cover 
for organisms, ensuring at the same time sufficient renewal of water that prevents oxygen 
sacs and other detrimental environmental conditions to develop. 
 
Groynes  
Groynes are constructed to guide water into the fairway and to increase the velocity and 
riverbed erosion at such locations, which results in an increase of water depth for 
navigation. Groynes are typically built with a crest level well above the average low water 
level, perpendicularly to the embankment and attached to the river bank. 
 
Eroded sediment from the main channel is often trapped between the groynes. Flow and 
substrate changes between the groynes will be followed by changes in flora and fauna and 
potentially building up of land and moving of the river bank into the river course. This may 
result in a canalisation process of the river. Furthermore, traditionally constructed groynes 
inhibit migration of fish larvae and fry and invertebrate animals along the natural bank line. 
At the outer tip of groynes velocity increases and increased water depth may prevent 
passage of animals and as a result they avoid such a location. 
 
The following measures are available for mitigating adverse impacts of groynes on the 
ecosystem: 
- allow flow between the groynes and land; 
- reduce the crest level as much as possible;  
- construct downstream facing groynes instead of the ones perpendicular to the bank for 

the purpose of reducing settlement of material between the groynes and very high 
velocities and scouring at the groyne tip.  

 
Reducing of the groyne crest level to allow more flow over the structure will often result in 
increased periodical scouring behind the groynes and together with the flow along the river 
banks it will prevent movement of the bank line into the river course. Temporary or 
permanent sandbars may be formed between the groynes which can to some extent 
compensate for sand bars eroded in the fairway zone. 
 
Figure 3.4 and Figure 3.5 give examples from the “Manual on Good Practices in 
Sustainable Water--way Planning” ICPRD (2010) for more environmental friendly designs 
of groynes. 
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Figure 3.4  Example of reconstruction of groynes 

 

 
 

Source: ICPDR, 2010. 

 
 
Sills 
At some locations traditional groynes can be substituted with sills. These sills can stabilise 
the river bottom and prevent further erosion and lowering of bed level, which can be critical 
for ensuring connectivity between the river and the riparian wetland areas. Sills may have a 
positive effect not only on navigation but also on ensuring sufficient water levels in the river 
course and riparian wetland habitats. 
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Figure 3.5  Examples of environmentally friendly constructed groynes 

 

 

 
Source: ICPDR, 2010. 

 
 
High sills extended over the entire deepest part of the river may have negative impact on 
migration of large fish species, such as surgeons, which seek shelter and safe migration 
routes in the deepest parts of the river. This can be especially evident if water velocity 
becomes very high. According to Webber (2007), velocities should not exceed approx. 2.5 
m/s.  
 
The impact of the proposed sills is to be assessed taking into account both their effect on 
water levels and water velocities at the sill top. Creation of environment friendly sills has to 
take these impacts into consideration so that they do not inhibit potential migration of fish. 
 
Side branch closure (closure bunds) 
Closure of side branches during low and mean water levels may result in the accumulation 
of fine sediments and progressive silting. At the same time it reduces the sizes of original 
floodplains and stops the creation of new water bodies. Mean water level regulation may be 
an obstacle for natural fish migration between the floodplain waters and the main stream 
(WWF, 2002). If more side branches are closed, it may also have significant consequences 
for the entire river ecology as it will reduce physical diversity of the whole river system. 
 
Furthermore, complete closure of side branches will facilitate accessibility to the former 
islands in the river. This can have critical consequences for the island function as resting 
and nesting sites for birds, because humans as well as predators will have easier access 
and disturbances will be increased. 
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Complete closure of side branched should be avoided. As presented in Figure 3.6, this can 
be achieved by creating openings in the closure bund and by reducing the crest level as 
much as possible. In this way, the periods with stagnant water will be limited.  
 
Figure 3.6  Example of opening in a closure bund  

 

 
 

Source: ICPDR, 2010. 

 
 
Chevrons 
At certain locations chevrons can substitute a closure bund and groynes as a more 
environment friendly measure. These structures are placed in the shallow parts of the main 
river channel, pointing upstream. Their effect is to improve water flow in the main river 
channel. When dredging is required to improve the fairway condition, dredged sediment 
can be deposited behind the chevron.  
 
The combination of scouring at the tip and along the legs of a chevron and the settling of 
sediment behind the chevron can potentially create a sandbar downstream of the chevron. 
This may result in the maintenance or even improvement of the physical river diversity. 
 
Examples of chevrons are shown in Figure 3.7. These structures allow water to flow along, 
around and behind the structures. Sediment can accumulate in the area behind the 
chevron and eventually a small island may be formed. This may have a positive ecological 
function as a resting site and refuge area for birds. The extent of island formation depends 
on the height of the structure. Crest level is an important factor. If the chevron is 
overtopped regularly by water flow, scouring behind it will hamper formation of an island. 
Most likely it will create dynamic sandbars, which is a habitat type that is under threat at the 
sites where dredging activities are carried out for the purpose of maintaining the fairway 
dimensions necessary for safe navigation. 
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It is highly recommended that the structures used for river training are varied in designs so 
that their impact on river morphology and river dynamics varies and creates a physical 
diversity as high as possible.  
 
Figure 3.7  Examples of construction of chevrons 

 

 
Source: ICPDR, 2010. 

 
 
Dredging and Excavation 
Dredging can have several negative impacts on the river ecosystem. Removal of sandbars 
can result in the removal of organisms living here, burial of habitats at the locations where 
the material is deposited, as well as in increased turbidity and re-suspension of previously 
deposited environmentally deleterious substances. 
 
A distinction is made between capital dredging and maintenance dredging. Capital 
dredging requires normally larger amount of material to be dredged at once, while 
maintenance dredging concerns less volume of material but has a certain recurrence 
frequency, for example between 1 to 3 years (depending on the local sediment transport 
rate). 
 
If large capital dredging is to be carried out, it may be necessary to remove the dredged 
material from the river system because it will expose the river to a detrimental load of 
removed material in case it is dumped into the river again. In general and especially in case 
of maintenance dredging it is highly recommended to refill dredged material into the river in 
order to maintain the sediment balance of the river and to prevent degradation of the 
riverbed during water level lowering. Ideally from the environmental point of view, the 
sediment should be refilled upstream of the dredging location. The location and the 
disposal rate for such sediment refilling have to be carefully examined and defined based 
on the amount and quality of the dredged sediment. 
 
It is important that the concentration of environmentally deleterious substances from 
dredging spills and from the disposal of dredged sediment does not exceed the limit values 
defined by the water quality criteria. Of special interest is oxygen consuming organic 
matters, reduced compounds, heavy metals and organic toxic compounds that may have 
accumulated in the deposited sediment. The river ecology generally adapts to a largely 
varying concentration of removed material.  
 
If the material is not polluted, it can be disposed back into the river at appropriate sites. If it 
is polluted material, it might be required that the material is transported to a land site 
prepared for deposition and storage of such material.  
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Removal of a large number of sandbars by dredging can affect some animals that depend 
on this type of environment. Especially a number of fish species utilises this habitat type 
during different parts of their life cycle. The fish species using such a habitat as a spawning 
area will be affected in case the dredging is performed during their spawning period. A 
number of other animals are especially dependent on sand and gravel substrate. Presently 
locally endangered river mussel (Unio sp.) is an example of animal species that can be 
seriously affected by dredging activities.  
 
In case of excavation on the riverbank, it would have a significant impact on the terrestrial 
flora and fauna. The extent to which this is critical depends on the specific environmental 
interests that exist at that location and the design of embankment reestablishment. A 
general guideline for the design of bank protection works has to be considered and 
followed. 
 
The general recommendations for an environmental friendly way of performing dredging 
and excavation activities are: 
- use equipment that minimizes sediment spill; 
- restrict dredging as much as possible and only address the sandbars within the fairway 

corridor;  
- maintain the sediment balance of the river through dredged material refilling in the river; 
- carry out dredging activities out of the main fish spawning and egg-hatching / fish 

larvae development periods and respect the birds nesting periods and sites as well as 
bird wintering areas; 

- return the threatened river mussels species (especially Unio.sp) into the river. As these 
mussels are relatively big and not buried deep into the sediment, in the course of 
dredging activities due care should be taken to return the mussels to the river alive. 
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4. EXISTING SITUATION AND MAIN OPTIONS  
 
This part of the Study contains an overview of present navigation conditions in each critical 
sector, as well as analyzed solutions for the improvement of navigation conditions. 
 

4.1. Sector 18: Susek (km 1,287.0 - 1,281.0) 
 

4.1.1. Existing situation 
Susek is characterised by two considerable side channels that withdraw water from the 
main channel. The upstream end of the largest side channel is between km 1,290.8 – 
1,290.0 and a closure bund is present. Further downstream at the right bank near km 
1,286.2 also a side channel is present. A large river bend is present in the Sector, turning 
right with a radius of 1,460 m. Two islands are present along the left bank at the 
downstream end of the Sector. 
 
The Sector is characterised by the presence of a very large sediment volume that hinders 
navigation. Figure 4.1 presents two pictures taken during the field survey. P1020366 shows 
the left bank at km 1,284.0 and turbulent water, which is likely caused by the existing 
groynes along the left bank. P1020393 shows the eroding right bank at km 1,282.0. 
 
Figure 4.1 Sector 18 - Field survey images 

 
P1020366.JPG (LB) 

 
P1020393.JPG (RB) 

Source: Consortium 

 
4.1.2. Evaluation of existing situation and proposed measures 

Table 4.1 presents the cross-sections that do not comply with the Danube Commission 
recommendations: 
- the point bar along the right bank upstream in the sharp bend (NO_0738-NO_0745) 

protrudes into the right side of the fairway; 
- the river widens in the downstream end (NO_0756-NO_0759), which causes bar 

formation, as well as islands, and a bar protrudes into the left side of the fairway. 
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Table 4.1. Sector 18 - Critical cross sections 
Chainage (km) Critical cross-sections 

1,285.6 Crossing point bar right (side channels) 
1,285.4 Crossing point bar right (side channels) 
1,285.2 Crossing point bar right (side channels) 
1,285.0 Crossing point bar right (side channels) 
1,284.8 Crossing point bar right (side channels) 
1,284.6 Crossing point bar right (side channels) 
1,284.4 Crossing point bar right (side channels) 
1,284.2 Crossing point bar right (side channels) 

  
1,282.0 Crossing point bar left (side channel) 
1,281.8 Crossing point bar left (side channel) 
1,281.6 Crossing point bar left (side channel) 
1,281.4 Crossing point bar left (side channel) 

Source: Consortium 

 
Layouts showing the arrangement of the structures for each analyzed and modelled option 
are given in Appendix VIII.  
 
The lay-out drawings and the cross-sections show that: 
- There is a closure bund in the large side channel. However, this channel is still 

morphologically active, which can be concluded based on sandbars present along the 
entire side channel.;  

- The smaller channel contains a closure bund which is not effective; based on the cross 
section taken at the downstream-most part of the channel in the period 2008-2011, it 
can be concluded that the depth amounts to DLNL-2 m (Figure 4.2b);  

-  Closure of the side channel at the downstream end around NO_0759, which is located 
on the left side of the riverbed, is ineffective because the depth of this side channel is 
around DLNL-2 m (Figure 4.2d), which is typical for an active side channel; 

- In the last 25 years the riverbed remained critical, as can be seen in Figure 4.3a, due to 
a point bar which is located along the right edge of the fairway. 

 
Sector Susek is hence characterized by less effective existing river training works. 
Therefore rehabilitation of the existing closure bunds will (partly) solve the problem of the 
bar that forms in the inner bend and hinders navigation.  
 
It is noted that the downstream conflict (NO_0756-NO_0759) worsens when the side 
channels are closed i.e. when the flow in the main channel increases. This results in the 
formation of a large number of bars in the downstream part of the sector. Therefore, 
structural measures are required at the downstream area of the Sector to prevent 
navigation problem.  
 
At the downstream end of the Sector the flow is divided into 3 paths due to the presence of 
an island and a mid channel bar (Figure 4.2d). The mid channel bar grew considerably in 
height from 2008 - 2011 resulting in unfavourable navigation conditions. Based on Figure 
4.3b, it can be concluded that this part of the Sector is highly dynamic. EP cross sections 
presented in Figure 4.3 show that this is a highly dynamic sector and that it is critical for 
navigation safety. 
 
The following measures were considered: 
- construction of groynes and reparation of the closure bund along the left bank from 

NO_753 - NO_759 is foreseen to stop the flow division and confine the flow to the main 
channel; 

- on the opposite bank a bank protection is applied to prevent the right bank from eroding 
due to the increased current attack. 
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Figure 4.2. Sector 18 - Selected NO cross-sections 

a

 

b 

 
c

 

d 

 
Source: Prepared by Consortium 

 
Figure 4.3.  Sector 18 - Selected EP cross-sections 

a b

Source: Prepared by Consortium 

 
 

4.1.3. Considered options 
Layouts showing the arrangement of the structures for each analyzed and modelled option 
are given in Appendix VIII. The total of 5 options was analyzed. These options are 
presented below. 
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Option 1: Groynes, bank protection works and the reconstruction of the closure 
bunds 1 and 2  
- reconstruction of the existing bank protection works along the left bank between 

NO_733 and NO_747 (km1286.6 - km 1283.8); 
- reconstruction of two closure bunds in the two side channels as partially open, i.e. 

closure bund no.1 located in the large side channel (at km 1286.6) and closure bund  
no. 2 in the small side channel (at km 1285.4); 

- construction of bank protection works along the right bank, km 1282.4 - km 1282.0; 
- construction of three groynes at NO_753, NO_755 and NO_757; 
 
Option 2: Dredging at two locations 

- dredging along the right edge of the fairway for NO_0738-NO_0745 (km 1285.7-km 
1284.1);  

- dredging along the left edge of the fairway for NO_0756-NO_0759 (km 1282.1- km 
1281.3).  

 
Option 3: Sills at left bank, chevron at right bank and left bank, guiding bund and 
bank protection works  
- construction of three sills along left bank at the stretch NO_0738 and NO_0742 (km 

1285.6 - km 1284.8); 
- construction of a guiding bund along left bank at the stretch NO_0753 and NO_0754 

(km 1282.4 - km 1282.6); 
- construction of two chevrons at left bank at NO_0755-NO_0756 (km 1282.2 - km 

1282.0); 
- reconstruction of the existing bank protection works along the left bank between 

NO_0733 and NO_0747 (km 1286.6 - km 1283.8). 
 
During the modelling process the option 4 has been developed, as described below. 
 
Option 4: similar as option 3 but with partial closure bunds in the side channels 
Upstream area: 
- construction of three sills along left bank at the stretch NO_738 and NO_742 (km 

1285.6 - km 1284.8); 
- reconstruction of closure bunds in the side channels at km 1286.6 and km 1285.4; 
 
Downstream area: 
- construction of two chevrons at left bank at NO_0755-NO_0756 (km1282.2-1282.0); 
- reconstruct of the existing bank protection works along the left bank between NO_0733 

and NO_0747 (km1286.6-1283.8); 
- reconstruction of closure bund at left bank at km 1281.4. 
 
Option 5: Dredging at two locations 
Dredging will be executed as follows: 
- Susek - location A (km 1284.94 - km 1284.35); 
- Susek - location B (km 1284.30 - km 1284.05) 
 

4.1.4. General remarks and notes 
Note:  
- Area of “Begečka Jama” Park of Nature is located at the downstream end of Sector 18. 
- Area of “Fruška Gora” National park is located in the vicinity of Sector 18. 
 
Habitats of protected species: 
- Sector 18: Susek is located in a registered habitat of strictly protected species BEO22b 

(“Neštinska Ada”). 
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Archaeology:  
- several archaeological sites are present upstream and downstream of Sector #018. 
 

4.2. Sector 19: Futog (km 1,267.4 -1,261.8) 
 

4.2.1. Existing situation 
At Futog the Danube is very wide, which causes a sand bar to form along the left bank. 
This bar is protruding into the fairway on the left side. Figure 4.4 presents two pictures 
taken during the field survey. A sand deposition site, storage and unloading site is located 
on the left bank with a concrete factory next to it (P1020592 and P1020603). The left bank 
is protected by means of a block wall (concrete units on top of each other) while the right 
bank is unprotected and afforested.  
 
Figure 4.4. Sector 19 - Field survey images 

 
P1020592.JPG (LB) 

 
P1020603.JPG (LB) 

Source: Consortium 

 
4.2.2. Evaluation of existing situation and proposed measures 

Table 4.2 presents the critical cross-sections in the critical Sector where the fairway does 
not comply with the Danube Commission Recommendations: 
- a detached bar along the left bank protrudes into the fairway at NO_0835-NO_0841. 
 
Layouts showing the arrangement of the structures for each modelled option are given in 
Appendix VIII. The selected NO and EP cross-sections in the Sector are presented in 
Figure 4.5 and Figure 4.6. The Danube is fairly wide in this Sector and comparable cross-
sections show that this stretch is morphologically very dynamic. 
 
Table 4.2. Sector 19 - Critical cross sections 

Chainage (km) Critical cross-sections 
1266.2 Crossing point bar left 
1266.0 Crossing point bar left 
1265.8 Crossing point bar left 
1265.6  
1265.4 Crossing point bar left (channel developing left) 
1265.2 Crossing point bar left (channel developing left) 
1265.0 Crossing point bar left (channel developing left) 

Source: Consortium 

 
The cross sections of Figure 4.5b-d show that a channel is developing along the left bank. 
This might occur partly due to ongoing dredging, and / or due to a natural behaviour of the 
river in this stretch with this large width. The developing of the side channel causes the 
main channel to fill up (3 m in three years, see Figure 4.5d). At present this does not 
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hamper the vessels much, however the increase of this additional left channel might cause 
navigation problems in the main channel in the future. 
 
From Figure 4.6a it is derived that this stretch is highly morphologicaly dynamic. A sand bar 
formed in the middle of the river at km 1266.445 in 1997 but eroded the years after. The 
river has a tendency to form a bar along the left bank between km 1265.810 and km 
1,264.460 (Figure 4.6b-c). It is observed that sand mining (existing concession) is carried 
out at the downstream tip of this bar along the left bank. This is also evident from the typical 
cross-sections (Figure 4.5c-d). Figure 4.6d shows that the cross-section EP_163 was 
critical in 1987 and 1997 due to a point bar protruding into the right side of the fairway, 
which eroded in 2004 and 2007. Based on the results of hydrographic survey carried out in 
2011, it can be concluded that the point bar along the right bank is growing again. 
 
The following measures are proposed: 
- a short term solution to the navigation conflict would be to relocate the sand mining 

operation to the left edge of the bar or to shift the fairway closer to the right bank. 
However, it is essential to sustain the upstream part of the bar along the left bank, as 
complete removal of this bar can cause more severe navigation conflicts by attracting 
the flow that keeps the main channel sufficiently deep and wide; 

- construction of sills and chevrons along the right bank was analyzed. This would 
confine the flow to the main channel and prevent the forming of side channels. Further 
downstream in the stretch NO_850 - NO_855 a number of groynes is analyzed, which 
would extend the existing groyne field towards the downstream direction to prevent the 
point bar from protruding into the fairway. Although this part of the Sector was not 
critical in 2011, it was critical in 1987 and 1997. 
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Figure 4.5. Sector 19 - Selected NO cross sections 

a 

 

b

 
c

 

d 

 
Source: Prepared by Consortium 

 

0 100 200 300 400 500 600 700 800 900 1000
62

64

66

68

70

72

74

76

78

80

82

84

86
NO_836_km_1266.000

distance from reference point left bank (m)

be
d 

le
ve

l (
m

.a
.s

.l.
)

 

 

NO 2008

NO 2009
NO 2010

NO 2011

0 100 200 300 400 500 600 700 800 900 1000
62

64

66

68

70

72

74

76

78

80

82

84

86
NO_837_km_1265.800

distance from reference point left bank (m)

be
d 

le
ve

l (
m

.a
.s

.l.
)

 

 

NO 2008

NO 2009
NO 2010

NO 2011

0 100 200 300 400 500 600 700 800 900 1000
62

64

66

68

70

72

74

76

78

80

82

84

86
NO_840_km_1265.200

distance from reference point left bank (m)

be
d 

le
ve

l (
m

.a
.s

.l.
)

 

 

NO 2008

NO 2009
NO 2010

NO 2011

0 100 200 300 400 500 600 700 800 900 1000
62

64

66

68

70

72

74

76

78

80

82

84

86
NO_841_km_1265.000

distance from reference point left bank (m)

be
d 

le
ve

l (
m

.a
.s

.l.
)

 

 

NO 2008

NO 2009
NO 2010

NO 2011



 

 

Preparation of Documentation for River Training and Dredging Works on Selected Locations along the Danube River 

A project funded by the European Union 

Consortium Witteveen+Bos, EIA Study - Main Text 40

Figure 4.6.  Sector 19 - Selected EP cross sections  

a b

c

 

d

Source: Prepared by Consortium 

 
4.2.3. Considered options 

Layouts showing the arrangement of the structures for each modelled option are given in 
Appendix VIII. The total of 4 options was analyzed and they are presented below. 
 
Option 1: Bank protection at left bank, chevrons at right bank, sills, groynes  

- construction of two sills km 1265.8 - km 1265.2; 
- construction of two chevrons along right bank at km 1267.2 and km 1266.4; 
- extension of the existing groyne field further downstream up to NO_851-854 (km 

1263.0 - km 1262.4) with two detached groynes;  
- reconstruction of bank protection at left bank NO_831 - NO_838 (km 1267.0 - km 

1265.6). 
 
Option 2: Dredging 
- dredging along the left side of the fairway NO_0834-NO_0837 (km 1266.4 - km 

1265.8);  
- dredging along the left side NO_839-NO_841 (km 1265.5 - km 1264.9). 
 
Option 3: Bank protection at left bank, chevrons at right bank upstream, sills and 
chevrons at right bank downstream 
- construction of two sills km 1265.8 - km 1265.2; 
- construction of two chevrons along right bank at km 1267.2 and km 1266.5; 
- extension of the existing groyne field further downstream up to NO_851-855 (km 

1263.0 - km 1262.2) with two chevrons; 
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- reconstruction of bank protection on the left bank NO_831 - NO_838 (km 1267.0 - km 
1265.6). 

 
Option 4: Dredging, detached groyne and chevron 
- dredging from km 1282.604 - km 1282.087; 
- detached groyne at km 1263.35; 
- chevron at km 1262.75. 
 

4.2.4. General remarks and notes 
 
Note:  
- Area of Special nature reserve - Ritske šume na Mačkovom sprudu is located in Sector 

Futog; 
- Area of Fruška Gora National park is located in the vicinity of Sector 19. 
 
Habitats of protected species: 
- Sector 19: Futog is located in a registered habitat of strictly protected species BEO23a 

(“Wetlands from Beočin to Rakovac”). 
 
Archaeology:  
- Several archaeological sites are present upstream and downstream of Sector 19. 
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4.3. Sector 21: Arankina Ada (km 1,247.0 - 1,244.8) 
 

4.3.1. Existing situation 
The Danube is relatively straight and wide in this Sector and is characterised by large 
island in the middle of the Danube that divides the main flow into two parts. Figure 4.7 
shows two pictures taken during the field survey. P1020909 shows the downstream tip of 
the island at km 1,245.0 and P1020895 shows the eroding left bank at km 1,246.0. 
 
Figure 4.7. Sector 21 - Field survey images 

 
P1020909.JPG (island)  P1020895.JPG (LB) 
Source: Consortium 

 

4.3.2. Evaluation of existing situation and proposed measures 
Table 4.3 presents the critical cross-sections where the fairway does not comply with the 
Danube Commission Recommendations: 
- a mid-channel island is present over the entire length of Sector NO_0933-NO_0939 

(km 1,245.4 - km 1,246.6), which protrudes into the left side of the fairway. 
 
Table 4.3. Sector 21 - Critical cross-sections 

Chainage (km) Critical cross-sections 

1246.6 Mid bar grows into left side of fairway 
1246.4 Mid bar grows into left side of fairway 
1246.2 Mid bar grows into left side of fairway 
1246.0 Mid island grows into left side of fairway 
1245.8 Mid island grows into left side of fairway 
1245.6 Mid island grows into left side of fairway 
1245.4 Mid island grows into left side of fairway 

Source. Consortium 

 

Layouts showing the arrangement of the structures for each modelled option are presented 
in Appendix VIII. The selected NO and EP cross-sections in this Sector are presented in 
Figure 4.8 and Figure 4.9. The two channels that are present on both sides of the island 
have similar dimensions (Figure 4.8b-d), which implies that similar discharges passes 
through the two channels. In the future one channel may become dominant leading to 
sedimentation in the neighbouring channel.  
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Figure 4.8. Sector 21 - Selected NO cross sections 

a

 

b 

 
c

 

d 

 
Source: Prepared by Consortium 

 
Figure 4.9.  Sector 21 - Selected EP cross sections 

a 

 

b

Source: Prepared by Consortium 

 
For the period 2008-2011 the situation appears to be fairly stable but the EP cross-sections 
suggest that this Sector is morphologically dynamic. Figure 4.9a presents the cross-section 
at km 1,247.470. This cross-section was not critical in 2011 but the situation might worsen 
in the future if water levels drop. From Figure 4.9b it is derived that the channel on the left 
side of the island deepened considerably from 1987 to 2011 (6 m) and that the island at km 
1,245.7 remained stable after 2004. 
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The following measures were analysed: 
- construction of a series of sills in the left channel between the mid-channel island and 

the left bank in the stretch NO_0933 - NO_939. This will increase the resistance of the 
left channel and divert more flow to the right channel. The right channel will widen due 
to the increased discharge; 

- dredging along the right side of the mid-channel island (left side of the fairway). 
 

4.3.3. Considered options 
Layouts showing the arrangement of the structures for each modelled option are presented 
in Appendix VIII. The total of 3 options have been analyzed and they are presented below. 
 
Option 1: Sills at left bank, starting from km 1246.6 
- construction of a series of four sills (km 1246.6 - km 1245.4) in the left channel to 

increase the resistance in this channel which will divert more flow to the right main 
channel causing the main channel to widen. 

 
Option 2: Dredging 
- dredging of the left side of the fairway in the stretch NO_933-NO_939 (km 1246.6 - km 

1245.4). 
 
Option 3: Sill more upstream together with two chevrons upstream of existing island  

- construction of a sill at km 1246.8; 
- construction of two chevrons at NO_933 and NO_935 (km 1246.7 - km 1246.2). 
 

4.3.4. General remarks and notes 
Note:  
- Sector 21 is located adjacent to the Area of Special Nature Reserve - “Koviljsko - 

Petrovaradinski Rit”; 
- Sector 21 is located in the vicinity of “Fruška Gora” National park. 
 
Habitats of protected species: 
- An area registered as habitat of strictly protected species is close to Sector 21. The 

exact location is not known but in order to take it into account, it was listed as SKA 01 - 
Puckaros.  

 
Archaeology:  
- Several archaeological sites are present in wide area of Sector 21, in the left bank 

hinterland. 
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4.4. Sector 22: Čortanovci (km 1,241.6 - 1,235.0) 

 
4.4.1. Existing situation 

At the upstream end of this Sector the river is relatively wide (600 m). The minimum river 
width is about 320 m at approx. km 1239. The Danube turns slightly left in this Sector (bend 
radius is 2,600 m). The banks on both sides of the river are unprotected and afforested 
(Figure 4.9). 
 
In the downstream direction up to km 1,235.0 the river shows unstable behaviour with two 
sand bars making it difficult for vessels to navigate this river stretch. The stretch from km 
1,239.0 – 1,235.0 is presently not critical due to recently carried out dredging but was 
problematic for navigation during the last few years. The NO cross-sections of the years 
2008, 2009, 2010 and 2011 and EP cross-sections from 1987 - 2011 have been analysed 
to assess the morphological development of this Sector. 
 
Figure 4.10. Sector 22 - Field survey images. 

 
P1020986.JPG (LB) 

 
P1020989.JPG (RB) 

Source: Consortium 

 
4.4.2. Evaluation of existing situation and proposed measures 

Table 4.4 presents the cross-sections where the fairway does not comply with the Danube 
Commission Recommendations: 
- in the upstream end (NO_0964-NO_0966) the point bar along the left bank protrudes 

into the fairway; 
- in the downstream end (NO_0969) the point bar along the left bank protrudes into the 

fairway. 
 

 

Table 4.4. Sector 22 - Critical cross-sections 
Chainage (km) Critical cross-sections 

1240.4 Crossing point bar left 
1240.2 Crossing point bar left 
1240.0 Crossing point bar left 
1239.8  
1239.6  
1239.4 Crossing point bar left 

Source: Consortium 
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Layouts showing the proposed structures per each modelled option are presented in 
Appendix VIII. At NO_966 and NO_969 the main flow is located along the right bank. 
Downstream of NO_969 the river widens (maximum width of about 900 m) and the main 
flow spreads out over the entire width of the river.  
 
The selected NO and EP cross sections in this Sector are presented in Figure 4.11 and 
Figure 4.12. From Figure 4.11a it can be derived that a point bar protrudes into the fairway 
on the left side. The river scoured to a depth of DLNL - 12 m into the river bed and thereby 
creating a V-shaped river bed profile. A large volume of sand has been redistributed in the 
cross-section of NO_969 from 2008 - 2009 (Figure 4.11b); the point bar along the left bank 
increased with 4 m in height, while the river bed scoured with 4 m during that period. The 
situation remained stable for the years 2009 - 2011. 
 
Further downstream at NO_980 (Figure 4.11c) the morphology becomes highly dynamic; 
the right side of the island along the left bank was eroded (possibly dredged) from 2008 - 
2009 and a mid-channel bar was formed in 2009. From 2009 - 2011 the mid-channel bar 
increased in height to about the DLNL and migrated laterally towards the right at the cost of 
the flow width of the right channel. The main channel at the left side of the island increased 
in depth and width, a positive development from navigation point of view.  
 
Figure 4.11d shows the cross-section NO_0986. The Danube in this stretch has a braiding 
tendency with three channels separated by an island on the right side of the river and a 
mid-channel sand bar. The right channel between the island and the right bank remained 
quite stable during the period 2008-2011 while the part between the left side of the island 
and the left bank is characterised by an unstable riverbed. 
 
Figure 4.12 presents the EP cross-sections in the critical Sector. From these cross-sections 
it is derived that the Sector has been highly morphologically dynamic over the period 1987 - 
2011 and that although the critical cross-sections are presently located at the upstream part 
of the critical Sector, the stretch downstream km 1,239 has been critical in the past. 
 
From the above it is concluded that the Sector from km 1,240.4 to km 1,235.0 is 
characterised by a highly unstable riverbed making it for vessels difficult to navigate in this 
river stretch during low water levels. The flow paths have been assessed with 2-D 
hydrodynamic model. 
 
The following measures were analyzed: 
- at present the protrusion into the fairway is limited (Figure 4.11a-b), and a short term 

solution to the navigation problem in the stretch km 1,240.4 – 1,235.0 can be resolved 
by dredging; 

- a long-term solution to the navigation problem is the construction of a series of sills in 
the deeper part of the bend in the stretch NO_959 - NO_966. This will enhance 
widening of the river by depriving the river of the ability to deepen;  

- further downstream in the stretch NO_976 - NO_986 sills could be constructed in the 
side channel along the right bank to increase the resistance of this channel and divert 
more flow to the main channel. 
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Figure 4.11. Sector 22 - Selected NO cross-sections 

a 

 

b 

 
c 

 

d 

 
Source: Prepared by Consortium 

 
 

4.4.3. Considered options 
Layouts showing the arrangement of the structures for each modelled option are presented 
in Appendix VIII. The total of 5 options was analyzed. These options are presented below. 
 
Option 1: Sills at right bank from km 1240.8 - km 1237.2 

- construction of three sills in the stretch NO_962 - NO_965 (km 1240.8 - km 1240.2); 
- construction of two sills in the stretch NO_976 - NO_980 (km 1238 - km 1237.2). 
 
Option 2: Dredging: 
- dredging along the left side of the fairway NO_964 -NO_966 (km 1240.4 - km 1240.0);  
- dredging along NO_0969 (km 1239.5 - km 1239.3). 
 
Option 3: Chevrons downstream of km 1238 in combination with dredging 
- construction of chevrons along stretch NO_976 - NO_986 (km 1237.8 - km 1236.4); 
- dredging along the left side of the fairway NO_964  -NO_966 (km 1240.4 - km 1240.0);  
- dredging along NO_0969 (km 1239.5 - km 1239.3). 
 
Option 4: Dredging upstream part and sills downstream 

- dredging along the left side of the fairway NO_964  -NO_966 (km 1240.4 - km1239.4);  
- dredging along NO_0969 (km 1239.5 - km 1239.3); 
- construction of two sills in the stretch NO_976 - NO_980 (km 1238 - km 1237.2). 
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Option 5: Dredging and sills  

- dredging location A from km 1240.267 - km 1240.140; 
- dredging location B from km 1239.996 - km 1239.365; 
- sills at km 1237.70, km 1237.15, km 1236.15, km 1236.00. 
 
Figure 4.12.  Sector 22 - Selected EP-cross-sections 
a

 

b

 
c

 

d

 
Source: Prepared by Consortium 

 
4.4.4. General remarks and notes 

 
Note: 
- Critical Sector 22 is located in the vicinity of the Special Nature Reserve - “Koviljsko - 

Petrovaradinski Rit” and identified fish hatchery;  
- Critical Sector 22 is located in the vicinity of “Fruška Gora” National park. 
 
Habitats of protected species: 

- the following area registered as habitats of strictly protected species is close to Sector 
22. The exact location is not known but in order to take it into account, it was listed as 
SKA 05 - Karlovačka Bara  

 
Archaeology:  
- Several archaeological sites are present along the right bank of the Critical Sector 22. 
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4.5. Sector 23: Beška (km 1,232.0 - 1,226.6) 
 

4.5.1. Existing situation 
The Danube at Beška is characterized by a large width and presence of several river 
islands. Beška is a relatively straight critical Sector, but the navigation problems are 
significant. 
 
Figure 4.13 shows two pictures taken during the field survey. A new bridge next to the 
existing bridge has been constructed upstream of the critical Sector at km 1,232.2 
(P1030104.JPG). The bridge piers cause bed instabilities downstream of the bridge due to 
a change in the flow pattern.  
 
Figure 4.13. Sector 23 - Field survey images 

P1030104.JPG (LB) P1030168.JPG (RB) 
Source: Consortium 

 
4.5.2. Evaluation of existing situation and proposed measures 

Table 4.5 presents the critical cross-sections where the fairway does not comply with the 
Danube Commission Recommendations:  
- the fairway is very shallow In the upstream end (NO_1013 and NO_1017), which 

causes a few protrusions into the fairway; 
- a mid-channel bar protrudes into the right side of the fairway in the stretch NO_1020-

NO_1023; 
- a mid-channel bar protrudes into the right side of the fairway In the stretch NO_1025-

NO_1028. 
 

Table 4.5. Sector 23 - Critical cross-sections 
Chainage (km) Critical cross-sections 

1230.4 Bar in left side of fairway (right side channel) 
1230.2  
1229.6 Crossing point bar right (right side channel) 
1229.4  
1229.2 Crossing point bar right (right side channel) 
1229.0 Crossing point bar right (right side channel) 
1228.8 Crossing point bar right (right side channel) 
1228.6 Crossing point bar right (right side channel) 
1228.4  
1228.2 Crossing point bar right (right side channel) 
1228.0 Crossing point bar right (right side channel) 
1227.8 Crossing point bar right (right side channel) 
1227.6 Crossing point bar right (right side channel) 

Source: Consortium 
Layouts with indicated structures per modelled option are given in Appendix VIII. The 
Beska bridge is located at the upstream side of the Sector.  
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The layouts with indicated structures and selected NO and EP cross sections given in 
Figure 4.14 were analysed in order to evaluate the present condition of this Sector: 
- the main channel downstream of the bridge is situated on the right side of the Danube, 

while the navigation fairway lies on the left side; this is an unfavourable condition for 
navigation. The situation is further complicated by a wide point bar (lying within the 
fairway) by the bank on the left side of the river, with bed levels around 2-3 m below 
DLNL (Figure 4.14a), which does not fulfil conditions for safe navigation. Figure 4.14a 
shows that the bar protruded into the fairway in the period 2008-2010, while this 
protrusion was not present in 2011; 

- the river narrows downstream and the fairway with full dimensions necessary for safe 
navigation cannot be positioned in this part of the river. This river narrowing also results 
in reduced discharge. Further downstream, a mid-channel bar directs the fairway to the 
right; 

- the side channel along the right bank is large with bed levels around DLNL -5 m (Figure 
4.14c-d), which appears to be the deepest for side channels in the whole project 
stretch; 

- from the EP cross-sections presented in Figure 4.15 it is derived that the present 
situation with two channels already existed in 1987 (see Figure 4.15c-d); Figure 4.15a 
shows that the cross-section at km 1,230.325 was critical in 1997 and 2007. A sand bar 
with a height of about 0.5 m above DLNL was present at the right side of the fairway in 
2004 but eroded the years after (Figure 4.15b). 

 
Figure 4.14. Sector 23 - Selected NO cross-sections 

a

 

b

 

c

 

d
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Figure 4.15. Sector 23 - Selected EP cross-sections 

a b

 

c d

 

Source: Prepared by Consortium 

 
The analyzed measures for resolving navigation limitations in this Sector include the 
following structures:  
- a guiding bund can be constructed at the upstream end to divert flow to the left side of 

the river. This would also improve navigation conditions at the upstream end where the 
depth is currently insufficient and improve the central part of the critical Sector a shoal 
as a result of a better flow alignment in the fairway; 

- a guiding bund alone might not be sufficient to solve the problem in the fairway, 
although discharge in the right channel at the downstream end of the Sector would be 
reduced. Therefore, this measure could be combined with sills or chevrons immediately 
downstream of the guide bund, in the right channel between the right side of the island 
and the right bank in order to ensure and increase of the flow in the main channel;  

- dredging of the right side of the island might be required. 
 

4.5.3. Considered options 
Layouts with indicated structures for each modelled option are presented in Appendix VIII. 
A total of 6 options have been analyzed and they are listed below. 
 
Option 1: Guiding bund in combination with sills  
- construction of a guiding bund along the right bank NO_1010-NO_1013 (km 1231.2 - 

km 1230.6) to guide the flow to the left channel; 
- construction of sills on the riverbed to deflect the flow to the left and right at km 1230.4, 

km 1230, km 1229.2, km 1228.2 and at km 1227.8. 
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Option 2: Dredging 
- dredging at km 1230.4 - km 1230.0; 
- dredging km 1229.7 - km 1229.5; 
- dredging of the right side of the fairway in the middle of the Sector (NO_1020-

NO_1023) km 1229.2 - km 1228.6; 
- dredging of the right side of the fairway (NO_1025-NO_1028) km 1228.2 - km 1227.6. 
 
Option 3: Chevrons and dredging 

- construction of two chevrons at km 1229.4 and km 1228.8 in the central part of the river 
to deflect the flow to the left and right; 

- dredging at km 1230.4 - km 1230.0;  
- dredging at km 1229.7 - km 1229.5.  
 
Option 4: sills upstream at right bank, chevrons, dredging 

- construction of two sills on the riverbed to deflect the flow to the left and right at km 
1229.2, and km 1228.2; 

- construction of two chevrons at km 1229.4 and km 1228.8 in the central part of the river 
to deflect the flow to the left and right; 

- dredging at km 1230.4 - km 1230.0; 
- dredging at km 1229.7 - km 1229.5. 
 
During the modelling process an additional options were developed, as described below. 
 
Option 5: sills at right bank, chevrons, dredging and a guiding bund in the upstream 
area 

- construction of three sills on the riverbed to deflect the flow to the left and right at km 
1230.2, km 1229.2, and km 1228.2; 

- construction of two chevrons at km 1229.4 and km 1228.8 in the central part of the river 
to deflect the flow to the left and right; 

- construction of a guiding bund at km 1229.8; 
- dredging at km 1230.4 - km 1230.0; 
- dredging at km 1229.7 - km 1229.5. 
 
Option 6: Dredging  
- dredging at location A: km 1228.349 - km 1227.900; 
- dredging at location B: km 1227.85 - km 1227.474. 
 
 

4.5.4. General remarks and notes 
 
Note: Sector Beška is located in the vicinity of the Special Nature Reserve - “Koviljsko-
Petrovaradinski Rit” 
 
Habitats of protected species:  
- Sector 23 includes a part of the registered habitat of strictly protected species IND16e 

(“Danube Loess Escarpment”); 
- the following area registered as habitats of strictly protected species is close to Sector 

23. The exact location is not known but in order to take it into account, it was listed as 
INDJ 06 - Kosevac. 

 
Archaeology:  

- remains of 3 sunken ships are present in the vicinity of Sector 23.  
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4.6. Sector 24: Preliv (km 1,207.0 - 1,195.0) 

 
4.6.1. Existing situation 

The river widens at the Sector Preliv. An island with unprotected banks diverts the flow into 
the main channel and a side channel (P1030550.JPG). The main channel is located along 
the left bank and the side channel is located along the right bank. The left bank of the main 
channel is protected with riprap (P1030577.JPG). The side channel is wider and shallower 
than the main channel. Due to the presence of the side channel in this Sector, vessels have 
major navigation limitations. 
 
 
Figure 4.16. Sector 24 - Field survey images  

 
P1030550.JPG (island) P1030577.JPG (LB) 
Source: Consortium 

 
4.6.2. Evaluation of existing situation and proposed measures 

Table 4.6 presents the conflicting cross-sections where the fairway does not comply with 
the Danube Commission Recommendations. 
 

Table 4.6. Sector 24 - Critical cross-sections 

Chainage (km) Critical cross-sections 

1197.6 Crossing point bar right (significant right side channel) 

1197.8 Crossing point bar right (significant right side channel) 

Source: Consortium 

 
Layouts with indicated structures for each modelled option are presented in Appendix VIII. 
The selected NO and EP cross sections in this critical Sector are presented in Figure 4.17 
and Figure 4.18. It is observed in Figure 4.17a that the bed level of the main channel 
decreased more than 1 m from 2008 - 2011. Figure 4.17b-c show that the main channel is 
very narrow and that it is protruding into the fairway at km 1197.6 and km 1,197.8. The 
main channel remained morphologically stable but the side channel on the right side of the 
island appears to migrate in lateral direction (Figure 4.17c-d).  
 
The presence of the significant side channel results in a too narrow main channel. The 
radius of curvature is 2,700 m at the critical cross sections and 1,600 m a in the upstream 
part of the bend (where the side channel starts).  
Figure 4.18 presents the EP cross-sections in this Sector and just upstream of it. It is 
observed that the river stretch in the critical Sector and upstream is highly morphological 
dynamic.  
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The following observations from Figure 4.18 are made: 
- at EP_236 (Figure 4.18a) a point bar built up along the right bank while the bed level of 

the main channel lowered 3 m from 2007 to 2011. An island exists along the left side 
which is detached from the bank by a significant side channel. The depth of the side 
channel increased over the period 2004 - 2011; 

- the cross-sections at EP_237 show unsteady behaviour of the river bed: a side channel 
with sufficient depth and width to accommodate the fairway was located along the left 
bank in 1997. The 2004 cross-section shows that the side channel was completely filled 
and the left channel became dominant again. The situation with one dominant channel 
remained up 2011. Therefore the fairway should not be relocated to the right side of the 
island because the tendency of the main flow is along the left side of the island; 

- the relationship between the volume of water flowing along the right side of the island 
and the size of the channel along the left side of the island is clearly observed in the 
cross-sections of EP_238 and EP_240: the more water is flowing along the right side of 
the island, the shallower the channel along the left side of the island becomes. In 1997 
a large part of the total flow flowed along the right of the island resulting in less flow 
along the left side of the island resulting in the filling in of the channel there; 

- the cross-sections at EP_240 were critical at the time of the surveys in 1987 - 2011. 
 
The bed level in the side channel is about DLNL -2 m, which appears to be a common level 
for active side channels in the project stretch. The side channel is wider than the main flow 
channel, which is not a common feature in the project stretch. 
 
The following measures were analyzed: 
- diversion of more flow to the main channel by decreasing the flow in the side channel 

by making use of river training structures in the side channel. Some level of closure of 
the side channel was considered as a long-term solution to the problem. Full closure of 
the side channel is unnecessarily expensive and intrusive on the habitat diversity of the 
river, but partial closure could improve navigation conditions (e.g. underwater groynes, 
chevrons (see option 3) or closure bunds with openings); 

- dredging along the downstream outer edge of the island (NO_1177 and NO_1178); 
- increasing of the resistance of the side channel by construction of a series of chevrons 

to divert more flow towards the main channel. This allows flow in the side channel with 
all water levels, which is considered an environment friendly option. 
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Figure 4.17. Sector 24 - Selected NO cross-sections 

a 

 

b 

 
c 

 

d 

 
Source: Prepared by Consortium 

 
4.6.3. Considered options 

Layouts with indicated structures for each modelled option are presented in Appendix VIII. 
However, a total of 4 options have been analysed and they are listed below. 
 
Option 1: Closure bund 
- construction of a (partially closed) closure bund in the side channel at NO_1172 (km 

1198.8).  
 
Option 2: Dredging 

- dredging along the outer edge of the island around NO_1177 (km 1197.9 - km 1197.7); 
- dredging along the left bank at NO_1178 (km 1197.7 - km 1197.5). 
 
Option 3: Chevrons 
- construction of two chevrons located at the entrance of the side channel at km 1200 

and km 1199.8.  
 
Option 4: Chevrons and guiding bund 

- construction of two chevrons located at the entrance of the side channel at km 1200 
and km 1199.8;  

- guiding bund on right bank km 1200.6. 
 
Option 5: Chevrons  
- chevron at km 1201.00; 
- chevron at km 1199.90. 
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Figure 4.18. Sector 24 - Selected EP cross-sections 

a b 

 
c d 

 
Source: Prepared by Consortium 

 
4.6.4. General remarks and notes 

 
Habitats of protected species: 
- Sector 24 Preliv is located in registered habitats of strictly protected species STP01a 

and STP01b (“Danube Loess Escarpment”); 
- the following area registered as a habitat of strictly protected species is close to Sector 

24. The exact location is not known but in order to take it into account it was listed as 
ZR02 - Surdučka Ada. 

 
Archaeology: 
- Remains of 3 sunken ships and a sunken vessel from the year 1782 are present 

upstream and downstream of Sector 24. 
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5. DANUBE - EXISTING ENVIRONMENTAL CONDITIONS  
 

5.1. Introduction 
This Chapter contains the information regarding the existing environmental conditions. The 
information presented relates to the period 2006 up to 2011.  
 

5.2. Macro and micro location 
 
Macro location  
With a total length of 2857 km, the Danube is the second longest river in Europe. It falls into 
the category of largest rivers in the world, according to its length and the size of the river 
basin area. The Danube basin comprises considerable areas of a number of European 
countries: Germany, Austria, Slovakia, Czech Republic, Hungary, Slovenia, Croatia, Bosnia 
& Herzegovina, Serbia, Montenegro, Romania, Bulgaria, Moldavia and Ukraine.  
 
With regard to the Project macro location, the area of interest stretches from the Hungarian 
border to Belgrade.  
 
In its mid-course, the Danube flows through the Republic of Serbia with a length of 588 km, 
about 20.6% of its total length. The Danube River basin area in Serbia amounts to about 
80,948 km2, which is about 92% of the territory of the Republic of Serbia and stretches 
approximately between 42°12′12′′ and 46°11′25′′ of north latitude and between 18°49′13′′ 
and 23°00′43′′ of east longitude.  
 
Micro location 
The envisaged works will be performed on the Danube within the sectors listed in the Table 
5.1 
 

5.3. Climate characteristics 
Due to its long course, the Danube flows through different forms of relief, the climate 
characteristics are conditioned by a number of geographic characteristics and by the relief 
of the terrain through which the river flows.  
 
The wind direction is during the summer period predominantly from the north-west and in 
the winter period predominantly from the east and the south-west. The wind direction varies 
during the transition seasons and it is conditioned by the changes in distribution of the air 
pressure, as well as by the relief. The south-east and east winds are predominant in the 
Danube River Basin due to the orientation of the river valley.  
 
Table 5.1. Danube Sectors along project area with envisaged works 

No Sector 
Chainage (km) 

(defined critical Sector) 

Chainage (km) 
(river stretch where 
training works are 

proposed) 
18 Susek 1,285.6 - 1,281.4 1,287.0 - 1,281.0 
19 Futog 1,267.0 - 1,262.0 1,267.4 - 1,261.6 
21 Arankina Ada 1,246.6 - 1,245.4 1,247.0 - 1,244.8 
22 Čortanovci 1,240.4 - 1,235.0 1,241.6 - 1,235.0 
23 Beška 1,230.4 - 1,227.6 1,232.0 - 1,226.6 
24 Preliv 1,197.8 - 1,197.6 1,207.0 - 1,195.0 

Source: Consortium 

 
In the upper course of the Danube through Vojvodina, the climate is moderately 
continental, with characteristic cold winters and warm summers and with the average 
annual temperature fluctuations which exceed 22°C in the period January – July. 
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The autumn is warmer than the spring and the transition from winter into summer is sharper 
than vice versa. (Source: The Danube River Management Plan). 
 
A brief description of the climatic characteristics for the period 1946-2006, based on the 
data from the Danube River Management Plan, part 1: Analysis of the Danube Basin 
characteristics in Serbia, Draft Report, is given further below 
 
It can be concluded that the average annual air temperatures in the area of interest for the 
current Project, range from 10.8 to 11.5 °C and these decrease linearly with increasing of 
the altitude - the vertical gradient amounts to 0.6°C/100 m. Figure 5.1 shows the average 
multi year air temperature and Figure 5.2 shows the average multi year air humidity 
distribution within Serbia. 
 
The average precipitation sum in the Danube river basin in Serbia is approximately 730 
mm/year. Figure 5.3 shows the average multi year spatial precipitation sum in Serbia. 
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Figure 5.1. Average Temperature in Serbia 

 

 
Source: Danube River Basin Management Plan - Part 1: Analysis of the Danube Basin characteristics in Serbia, Draft 

Report 2011 
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Figure 5.2. Average Humidity in Serbia 

 

 
Source: Danube River Basin Management Plan - Part 1: Analysis of the Danube Basin characteristics in Serbia, Draft 

Report, 2011. 
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Figure 5.3. Average multi year precipitation sum 

 

 
 

Source: Danube River Basin Management Plan - Part 1: Analysis of the Danube Basin characteristics in Serbia, Draft 

Report, 2011. 
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5.4. Geology, pedology, and seismology 

 
5.4.1. Geology 

The Danube River Basin, from Hungarian border to Belgrade, is geologically complex as it 
has different lithofacies characteristics, as well as tectonic properties. 
 
The oldest rocks encountered in the Danube River basin are from the Precambrian period 
and from the lithological aspect, these are represented by a series of crystal schists. Such 
deposits have been recorded in the area of Neogene Pannonian Basin, in the underlying 
formations of Cenozoic and Mesozoic sediments. Also, such deposits have been noticed 
on the territory of eastern and central Serbia and in the region of Vršačke Mountains.  
 
Deposits from Palaeozoic age are rather frequently encountered, but they have been 
predominantly registered in the region of eastern and central Serbia. Deposits from 
Mesozoic age have also been encountered, but mainly on the territory of eastern and 
western Serbia and they comprise the deposits from Triassic, Jurassic and Cretaceous 
age.  
 
Deposits from Cenozoic age have been rather frequently encountered on the territory of the 
Danube River basin in Serbia and they comprise Tertiary and Quaternary deposits. 
Palaeogene deposits have been less frequently encountered than the deposits from 
Neogene age and they comprise Miocene and Pliocene deposits.  
 
Exactly such Miocene and Pliocene deposits have been predominantly encountered within 
the Neogene Pannonian Basin. From the lithological aspect, these deposits are 
represented by a wide range of sediments (sand, gravel, silt, clay, marls, marly sandstone, 
breccia, conglomerate, limestone, as well as a igneous rock series). Quaternary deposits 
have been most frequently encountered on the territory of Vojvodina, where they occur on 
the surface of the terrain, down to the depths of about 200 m, except in the region of 
Fruška Gora and Vršačke mountains.  
  



 

 

Preparation of Documentation for River Training and Dredging Works on Selected Locations along the Danube River 

A project funded by the European Union 

Consortium Witteveen+Bos, EIA Study - Main Text 63

Figure 5.4. Geological map 

 
Geological Map, Source: Danube River Basin Management Plan – Part 1 (Based on Geological Map of Republic of 

Serbia, Scale  1:2 000 000 ) 
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5.4.2. Pedology 
The basic information related to characteristics of soil in the Danube River basin are given 
in this section, for the purpose of defining the current status of environment and all its 
factors.  
 
It is commonly known fact that many factors have an impact on characteristics of the soil in 
a certain area and first of all this refers to the climatic characteristics, geological stratum, 
relief, hydrographic and hydrogeological conditions, as well as the altitude.  
 
According to water-related properties and physical characteristics, the soil within the 
Danube River Basin is classified into three categories: automorph soils, hydromorph soils 
and halomorphic soils as presented in Table 5.2 and Figure 5.5 (Source: Danube River 
Basin Management Plan - Part 1: Analysis of the Danube Basin characteristics in Serbia, 
Draft Report, 2011.) 
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Table 5.2. Properties of soils types 

Soil type  Properties Locality/Presence   

Automorph soils 

• Moisture in these soils originates solely from 

precipitation, 

• Percolation of water through soil is free 

• There isn’t any other type of water retention 

• They are heterogeneous, they occur on 

different  substrates and vary by their mineral-

petrographic composition and geological age 

• They require hydro and agromelioration 

protective measures or elimination of negative 

properties which cause degradation 

• They fall into very light to medium heavy soil 

types 

• This is predominant soil type 

within the Danube River Basin 

• They can also be encountered 

within the sub-watersheds of the 

Morava, the Sava, the Danube, 

the Tisa and the Tamiš Rivers 

Hydromorph soils 

• They are characterized by occasional or 

permanent excessive humidity, originating 

from the surface or ground waters, which 

occur combined or individually 

• Draining waters and flood waters contributed 

to additional moisture of these soils  

• They are characterized by high levels of 

ground water, particularly in spring 

• Geological stratum of these soils is marsh 

loess and alluvial deposits of different 

mineralogical and physical composition or 

lacustrine deposits  

• These soils fall into medium-heavy or heavy 

soils 

• There are epigley-pseudogley soils, hypogley 

– swamp gley soils, as well as fluvial and 

fluviogley soils  

• They are predominantly located 

at lower elevations of the terrain 

• They can be found in 

depressions of loess, river and 

lake terraces  

• They are particularly 

encountered in the valleys of 

large rivers: the Danube, the 

Tisa, the Sava and the Morava 

Rivers and in the valleys of their 

major tributaries 

• Considerable areas are under 

fluvial and fluviogley soils 

Halomorphic soils 

• They have been created under the impact of 

easily soluble salts 

• These are defective soils – saline soils 

• Accumulation and diffusion of toxic salts by 

cross-section of the soil is conditioned by 

hydrogenetic, relief and climate factors 

• Concentration and origin of salts in ground 

water depends on lithogenic factor, i.e. on 

mineralogical composition of geological 

sediments through which the waters flow 

•  These soils fall into light or medium heavy 

soils 

• This type of soils is rarely 

encountered, but their presence 

is considerable on the territory of 

Vojvodina  

• Irrigation and dewatering should 

be applied to this type of soils  

Source: The Danube River Management Plan, Part 1: Analysis of the Danube Basin characteristics in Serbia. 

 
Based on the above explanations, as well as on the basis of the available data, it can be 
concluded that on the territory which is interesting for the current Project – from Hungarian 
border to Belgrade, the automorph soils have been mostly encountered - first of all humus-
accumulative soils, then the cambic (brown) soils, whereas the eluvial-illuvial soils have 
been most rarely encountered. All three types of hydromorph soils are present in the 
Project area, out of which the fluviatile and fluvigley soils occur most frequently, then come 
the hypogley-swamp gley soils, whereas the pseudogley soils are quite rare.  
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Figure 5.5. Pedological Map of Republic of Serbia 

 

 
 
 

Source: Danube River Basin Management Plan – Part 1: Analysis of the Danube Basin characteristics in Serbia, Draft 

Report, 2011. 

 
The Table 5.3 presents the informative overview of the soils most frequently encountered in 
the Project area.  
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Table 5.3. Soil types in project stretch 

The Danube River on the Stretch from Bezdan to Zemun 

Automorph soils 

Undeveloped soils 

Stony ground-lithosol, sirozem-regosol, 

eolian sand, deeply ploughed sand, 

colluvial-diluvial soil 

Rather rarely encountered on 

the entire territory of 

Vojvodina, particularly on the 

territory of the future Project 

Humus-

accumulative soils 

Rendzina, ranker (humus- 

silicate soil), smonitza- vertisol, eroded 

smonitza, smonitza which is turning into 

gajnjaca, smonitza which is turning into 

loess, carbonate chernozem, degraded 

chernozem which is turning into 

gajnjaca, carbonate meadow 

chernozem, noncarbonated chernozem, 

alkaline-saline chernozem 

All types of this soil are very 

frequently encountered, 

particularly all types of 

smonitza and chernozem 

soils. This is a soil of 

exceptionally high quality 

 

Cambic (brown) 

soils 

Gajnjaca (eutric cambisol), eroded 

gajnjaca, gajnjaca  

which is turning into loess, dystric 

cambisol, brown soil on limestone – 

forest soil (calcocambisol), terra rossa 

 

Encountered in insignificant 

share atthis territory (gajnjaca 

soil types), predominantly in 

the area of Fruška Gora  

Eluvial –illuvial soils 

Soil which is turning into loess 

(ilimerized) soil – luvisol 

 

It occurs very rarely at the 

stretch from Novi Sad to 

Belgrade, in the Danube 

valley, as well as in the 

vicinity of Fruška Gora 

 

Hydromorph 

soils 

Epigley 

(pseudogley) soils 
Pseudogley soils 

Insignificantly represented  

Hypogley-swamp 

gley soils 
Swamp-gley soils 

Insignificantly represented 

Fluviatile and 

fluvigley soils 

Alluvial soil (fluviosol), alluvial (clayey, 

swampy saline soil turning into 

gajnjaca), alluvial-diluvial soil, fluvial 

meadow (humofluviosol), marsh 

chernozem-carbonate fluvigley 

(humogley), marsh chernozem-

carbonate free fluvigley, marsh 

chernozem-alkaline-saline fluvigley, 

subaqual soil   

They are encountered quite 

often, particularly in the 

immediate vicinity of the 

Danube riverbed, alluvial soil 

and march chernozem occur 

most often  

 

Halomorphic 

soils 

 

Solonchak, solonetz, soloth soil 

They are rarely encountered 

on the territory of entire 

Vojvodina, except in the area 

nearby the Tisa River. They 

are also insignificantly 

encountered at Bačka, but 

outside the zone interesting 

for the current Project.  
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5.4.3. Seismology 
Serbia is prone to moderate up to strong seismic activity, especially in the central belts of 
Vardar zone and Serbian Massif. Major earthquakes in the 20th century ranged between 5.0 
and 6.0 on the Richter scale. The last major earthquake occurred in 2010, near Kraljevo. 
 
From the Figure 5.6 can be derived that the expected Intensity for a 100-year return period 
in MSK scale is: 
- zone 6 - From Hungarian border to 2,5 km downstream from Hungarian border; 
- zone 7- From 2,5 km downstream from Hungarian border up to cca Confluence of 

Drava; 
- zone 6 - From cca Confluence of Drava to cca Croatian Border; 
- zone 7 - Form cca Croatian Border up to Novi Sad (just upstream border of city); 
- zone 8 - From Novi Sad (just upstream border of city) to Bridge Beska; 
- zone 7 - Bridge Beska to Belgrade. 

 
Figure 5.6. Seismological map (1/100 year, M-scale)  

 

 
 

Source: Seismological Survey of Serbia 

 
 

5.5. Water Quality and water bodies 
 

5.5.1. Introduction 
Water quality depends on the series of natural processes, such as: precipitation, geological 
formations and soil properties, level of mineral and organic substance washed off, pollution 
sources, level of organic production in aquatic ecosystems. Intensive development of 
industry, energy Sector, agriculture and urban areas can be favourable for the improvement 
of the total living standard but it can be considered a positive progress only if it is in 
accordance with environment protection. If environment protection guidelines, 
recommendations and criteria are not abided by, economic development could largely add 
to the deterioration of living quality despite its financial benefits. 
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Phenomena that could lead to the deterioration of water quality are predominantly of 
anthropogenic nature and they are often related to pollution with organic and non-organic 
substances, induced processes of eutrophication, acidification, etc. Presence of oil 
derivatives, heavy metals, oils and substances used in agriculture, such as pesticides, 
herbicides, insecticides etc., is of particular significance. 
 
Presence of agricultural related substances can be expected in the areas with developed 
agriculture, where increased quantities of phosphates and/or nitrates can be found in water, 
which largely speeds up the eutrophication process. Development of urban areas could 
result in pollution of watercourses due to uncontrolled disposal of waste substances in the 
form of household waste or household wastewater. If these pollutants reach a watercourse, 
they frequently affect the water quality negatively. 
 
Water quality can however not only be influenced by introduction of polluting substances. 
Significant changes in physical, hydrological, hydrodynamic and hydro-morphological 
conditions may also influence the water quality directly or indirectly. 
 
The current project (improvement of navigation conditions by providing fairway dimension 
in accordance with the recommendations of the Danube Commission) involves a potential 
risk of alteration of physical and hydro-morphological conditions, of impact on water quality 
due to movement of dredged sediments in river and temporary alternations of environment 
condition in the construction phase. Additionally, it may influence the effect of the already 
introduced pollutants due to locally changed flow conditions. 
 
In case the project activities result in any type of adverse impacts, mitigation measures 
then alternative options should be proposed according to the EU Water Framework 
Directive (EU WFD) and Habitat Directive. As described in section 3.8.1 art.4.7 of the WFD 
allow for limited deterioration of the water quality and ecological status under certain 
condition. Similarly, according to the Habitat Directive some impact can be tolerated under 
specific condition and if possible mitigation measures and/or compensation habitat have to 
be implemented. 
 
To be able to evaluate to which extent the proposed project activities including proposed 
mitigation measures will result in impacts beyond acceptable limits it is important to have 
information of the existing situation. The impact evaluation and discussion of whether the 
assessed impact violates the limit and principles and whether there is a need for any 
derogation of water quality of any water bodies is given in Chapter 6. 
 
In order to present the state of the Danube water quality, data from the Republic Agency for 
Environment Protection for the period 2006-2010 were analysed and relevant comments 
were made as presented below. The water quality of the Danube River in the Republic of 
Serbia in this period was determined and used as basis for an evaluation of potential water 
quality impacts and necessary protection measures against such impacts that might be 
caused by this project. In addition, applied regulations and main information about 
important processes registered in the Danube River are presented in this Chapter. 
 

5.5.2. Applied regulation of the Republic of Serbia related to water quality analysis  
The regulations applied to water quality analyses listed hereunder are numbered. These 
regulations include the following: 

1. Law on Waters (“Official Gazette of the Republic of Serbia” No. 30/10);  
2. Rulebook of the Parameters of Environmental and Chemical Statuses of Surface 

Waters and Parameters of the Chemical Quantitative Statuses of Groundwater 
(“Official Gazette of the Republic of Serbia” No. 74/2011), which prescribes 
parameters of environmental and chemical statuses for rivers and lakes; 
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3. Decree on Water Classification (“Official Gazette of SR Serbia” No. 5/68) which 
provides general classification of waters in four classes; 

4. Decree on Classification of Waters in Inter-Republic Watercourses, Interstate 
Waters and Waters of Yugoslav Coastal Sea (“Official Gazette of SR Serbia”, No. 
6/78) which also classifies inter-republic waters and interstate waters into four 
classes; 

5. Rulebook of Reference Conditions for Surface Water Types (“Official Gazette of 
the Republic of Serbia”, No. 67/2011), which prescribes conditions for each 
watercourse type, except man-made watercourses, in excellent environmental 
status; 

6. Decree on  water quality criteria for Priority and Hazardous Substances in 
Surface Waters and Deadlines for Their Achievement (“Official Gazette of the 
Republic of Serbia” No. 35/2011)  

7. Rulebook of Hazardous Substances Not to Be Imported in Water (“Official 
Gazette of SFR Yugoslavia” No. 3/66 and 7/66), which prescribes boundary 
values of hazardous substances that must not be imported in water, was 
consulted as well. 

8.  Decree on the Limit Values of Pollutants in Surface Waters, Groundwater and 
Sediments and the Deadlines for their Achievement (Official Gazette of the RS, 
2012). 

 
5.5.3. The Danube typology and water body delineation in Serbian stretch 

In Serbia the following three Danube section-types as presented in the Table 5.4 are 
present: 
- Pannonian Plain Danube: from the Serbian-HU State border at km 1433 to Bazias at 

km 1075. The Danube has all characteristics of lowland rivers, with a lot of meanders 
and various widths, depths and velocities. There are levees on both banks at this 
section (about 340 km on the left bank and about 70 km on the right bank, totally). 
Indicated as type code RS_D_Section Type 6 in Table 5.4 

- Iron Gate Danube: from the mouth of the Nera River at km 1075 to the Iron Gate I Dam 
at km 943. On this section the Danube River is confined in the Iron Gate (Djerdap) 
Gorge, which consists of 4 ravines (Golubac, Gospodjin vir, Kazan and Sip) and 3 
valleys (Ljupkovo, Donji Milanovac and Orsava). The Iron Gate Gorge is 300-600 m 
deep. Before construction of the Iron Gate I dam, velocities up to 5 m/s were present at 
this section). Indicated as type code RS_D_Section Type 7 in Table 5.4. 

 
Western Pontic Danube: from the Iron Gate I dam to the mouth of the Timok River at km 
845.5. The Danube is at this section a typical lowland river with higher plains of terraced 
accumulation). Indicated as type code RS_D_Section Type 8 in Table 5.4. 
 
Table 5.4. Danube section types in Serbia 

type code 
upstream border 

(km) 

downstream border 

(km) 
remarks 

RS_D_Section Type 6 1433 1075 
Upstream border at RS-HU State border 

downstream border at Bazias 

RS_D_Section Type 7 1075 943 
Upstream border at at Bazias  

downstream border Iron Gate 

RS_D_Section Type 8 943 845 

Upstream border Iron Gate 

Downstream border at RS-RO-BG State 

border 

Source: IBISS Report (2012) 
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The following data regarding the project stretch are derived from the Appendix VII to this 
report: 
- in the considered project stretch the Danube passes through a floodplain landscape, 

having a meandering and plain floodplain valley with a branching channel (mainly cut-
off loops) and meandering sections (degree of sinuosity: 1.06 - 1.25 and partially more 
than 2); 

- the main channel substrates are dominated by sand, and frequently fine to medium-
sized gravel occurs. Mud, sludge, silt, loam, and clay are rare and could be found along 
the shoreline, especially in the Sectors that is influenced by Iron Gate dam backwater 
effect; 

- the average slope value remains 0.04 ‰, while it varies between Baja and Drava from 
0.07 ‰ to 0.05 ‰; 

- mixed native forests represent the frequent vegetation types in the floodplain. The 
vegetation in few sections is sporadically composed by meadow, wetland (mire) and 
reeds; 

- the average current velocity is 0.4 m/s; 
- the dominant aquatic habitat is the eupotamon, frequently accompanied by para- and 

palaeopotamon. Area of terrestrial habitats (e.g. banks, islands) represents approx. 20 
percent of the entire eupotamon; 

- biotic microhabitats are frequently at location with debris sludge and other types of 
organic material are present, such as submerged plants, filamentous algae, 
macrophytes, living parts of terrestrial plants, as well as dead wood (tree trunks); 

- the large floodplain (max. width: 30 km) is characterised by a diversity of water bodies 
close to the stream: lotic side arms and dead arms, cut off channels, oxbow lakes and 
standing water bodies fed by the tributaries.  

 
The Table 5.5 presents an overview of water bodies in Serbian part of the Danube. The 
water bodies (WB) have been coded RS_D1 to D10. The water bodies RS_D6 to RS_D10 
are relevant for the considered project stretch. 
 
The Figure 5.7 presents for the project stretch the section types and relevant water bodies 
(WB). The water bodies (WB) coded RS_D6 to RS_D D10 are relevant for the considered 
project stretch. 
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Table 5.5. Water Bodies within Serbian stretch of the Danube 

Code 
Upstream border 

(km) 

Downstream border 

(km) 

Danube 

Section Type 
Description 

RS_D1 862.8 845.5 8 

Free-flowing river section between HEPS 

Iron Gate II Dam and RS-RO-BG State 

border  

RS_D2 943 862.8 8 Iron Gate II Reservoir 

RS_D3 1075 943 7 Deep part of Iron Gate I Reservoir  

RS_D4 1105 1075 6 

Iron Gate I Reservoir - section between 

the mouth of Velika Morava River and the 

mouth of the Nera River (RO State border) 

RS_D5 1170 1105 6 

Iron Gate I Reservoir - section between 

the mouth of Sava River and the mouth of 

the Velika Morava River 

RS_D6 1215 1170 6 
Section between the mouth of Tisa River 

and the mouth of the Sava River 

RS_D7 1255 1215 6 

Section between the confluence of the 

Tisa River and Novi Sad (Channal DTD 

Confluence) 

RS_D8 1295 1255 6 
Free-flowing river section between Novi 

Sad and border with Croatia;  

RS_D9 1382 1295 6 

Free-flowing river, common RS_HR 

stretch downstream the mouth of the 

Drava River 

RS_D10 1433 1382 6 

Free-flowing river section between the RS 

State border with Hungary and the mouth 

of the Drava River; common water bodies 

with HR 

Source: IBISS Report (2012) 
 
The Danube section between the mouth of the Sava and the mouth of the Tisa (km 1215) is 
defined as the RS_D6. The Tisa is the largest tributary of the Danube by its catchment size 
and length. It significantly changes the flow and sediment regime of Danube. The average 
Danube discharge value upstream of the Tisa river mouth is about 2970 m3/s and about 
3700 m3/s downstream.  
 
The WB RS_D7 is the most upstream section of the Iron Gate I reservoir backwater effect. 
It is located between the mouth of the Tisa River and city of Novi Sad (km 1255, confluence  
with the DTD channel).  
 
Serbian WB RS_D8 reaching from Novi Sad to the Croatian border, where common RS/HR 
stretch starts (km 1295).  
 
WB RS_D9 is located between RS/HR border (km D 1295) and mouth of the Drava (km 
1382) which is also a significant tributary of Danube (changing the average Danube 
discharge from 2390 to about 2970 m3/s). This WB is characterized by numerous river 
training structures and continuous levels on left river bank. 
 
The most upstream WB at Serbian section of the Danube is RS_D10 (from the mouth of 
the Drava to the Serbian-Hungarian State border at km 1433). The whole water body (WB) 
is common with Croatia (HR D1). This WB is also characterized by numerous river training 
structures and continuous levees on both river banks.  
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Figure 5.7. Danube - section types and relevant water bodies along the project 
stretch 

 

 
 

Source: IBISS Report (2012) 
 
 

5.5.4. Processes induced by pollutants  
During the Phase 1 of the current Project it was observed that the water quality of the 
Danube did not fully satisfy the required criteria at some locations. Some parameters were 
beyond or very close to the thresholds values.  
 
The overview of the most frequent encountered parameters that show changes, the cause 
of their occurrence, as well as the consequences of their presence, is presented hereunder.  
 
Suspended, colloid and settled particles may deteriorate water quality whenexceeding 
allowable values. High concentrations of suspended particles adsorb light and can affect 
plant production in the water. Furthermore, it can have direct impact on fish. At locations of 
settling suspended materials it can affect both benthic flora and fauna. The surface of 
suspended particles (particles of waste substances in water larger than 1 µm) can absorb 
heavy metals, toxins or pesticides. Accumulation of these particles leads to the 
deterioration of sediment quality. 
 
Colour and turbidity are optical properties of water and in practice it is often difficult to 
draw a clear line between the colour and turbidity of water. Colour results from the 
presence of substances of various origins. Colour as a parameter is not a toxic substance 



 

 

Preparation of Documentation for River Training and Dredging Works on Selected Locations along the Danube River 

A project funded by the European Union 

Consortium Witteveen+Bos, EIA Study - Main Text 74

but it is included in EPA (Environment Protection Agency) list of secondary parameters and 
it is expressed in the degrees of cobalt-platinum scale. Turbidity of water results from the 
presence of suspended substances (clay, silt, finest organic and non-organic substances, 
dissolved and coloured organic substances, plankton and microorganisms). It is expressed 
in Nephelometric Turbidity Units (NPU) and it represents the intensity of light scatter 
caused by interference.  
 
In rivers, water turbidity is usually small in the periods of low water levels and water has a 
clear and clean transparent colour as a difference to rain periods when particles on the 
riverbanks are washed off, dissolved and imported in water, which leads to increased NTU 
values and water turbidity. Apart from that, increased turbidity could occur in snow melting 
periods, in early spring. As a result of raising water levels the related larger water velocities 
cause easier and faster wash-off of suspended substances from the river bottom and river 
banks. 
 
Biochemical oxygen demand (BOD) is an oxygen equivalent to bio-decomposable 
organic substance in water i.e. it is the amount oxygen used for biochemical oxidation of 
organic substance present in one litre. The organic substance in water can serve as a food 
source for microorganisms, when it is oxidized or mineralized i.e. carbon is transformed into 
carbon-dioxide, hydrogen into water, nitrogen into nitrates, sulphur into sulphates and 
phosphorus into phosphates. During this oxidation process of the organic matter oxygen is 
consumed and can result in oxygen depletion from the water. BOD is a quite reliable 
indicator of organic pollution. Analytically the BOD is globally accepted to be determined as 
the O2 consumption over a 5 days period despite the fact that all substances do not oxidize 
in that time period. 
 
Chemical oxygen demand from KMnO4 (oxygen quantity necessary for the full oxidation 
of organic substance). Determination of used KMnO4 in standardized conditions could 
provide information about concentration of organic substances in water. This quantity of 
used reagent depends both on the quantity of organic substances and on their structure. 
Itis one of the oldest and most reliable methods for determining organic substances in 
water. It should be pointed out that some non-organic substances are also susceptible to 
such oxidation. Therefore used KMnO4 cannot be considered an absolute measurement of 
only organic substance, but more indicators should be introduced as well. Industrial, 
agricultural and household wastewaters that have not been adequately treated will radically 
increase the quantities of organic substances in watercourses. This phenomenon has direct 
effects on oxygen quantity in water and consequently on the entire aquatic life. Substances 
found in water that are not susceptible to oxidation with potassium-permanganate are some 
paraffins and their halogenic derivatives, aromatic hydrocarbons, amino acids, tertiary 
aromatic amines and some alcohols and ketones.  
 
Eutrophication is a process triggered by increased concentrations of nutrients in water. 
This primarily refers to increased concentrations of nitrates and phosphates. Increased 
nutrient concentrations can stimulate growth of algae and other aquatic flora, which 
unavoidably leads to increased levels of organic substances followed by intensified 
degradation process and consumption of oxygen. This can result in oxygen deficit i.e. 
creation of anaerobic conditions, which can cause death of fish and other aquatic 
organisms. Eutrophication can often be seen with naked eye as green colour of the 
watercourse and sometimes with visible algae formed on the water surface. Metabolites of 
these algae could be toxic both for aquatic organisms and for people and are not easily 
removed. Slow flowing watercourses are epically at risk of being exposed to eutrophication, 
as well as  watercourses influenced by anthropogenic impacts caused by pollution with 
nitrate fertilizers from agriculture, decomposition of waste or discharge of wastewater from 
the nearby settlements. The eutrophicated watercourses show increased BOD5 values. 
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Oxygen regime and availability of oxygen in water is determined based on the 
concentration of dissolved O2 (mg O2/l). Sufficient oxygen in water is necessary to obtain  
good water quality. Natural purification of a watercourse is a process demanding sufficient 
quantity of oxygen for all aerobic organisms. Below 5 mg/l oxygen the most sensitive living 
organisms are hampered and will try to escape, while oxygen quantities below 1-2 mg/l 
could cause fish death. 
 
Pollutants can under microbial degradation consume larger quantity of oxygen. The oxygen 
deficit due to such consumptions can to some extent be substituted through re-aeration 
process i.e. by dissolving of oxygen from the air or following the process of photosynthesis 
by plants. Re-aeration efficiency depends inter alia on the degree of oxygen deficit, 
temperature and vapour pressure as well as on the flow regime i.e. turbulence between 
water surface and atmosphere. Re-aeration and degradation of organic matter (BOD) are 
among the most important processes in the self-purification of rivers and provide basis for 
defining time and spatial distribution of dissolved oxygen i.e. oxygen balance.  
 
Concentration of ammonia nitrogen NH4-N, nitrate NO3-N and total nitrogen N are 
important parameters of water quality. Compounds containing nitrogen act as nutrients in 
watercourses because nitrogen is an element necessary for the formation of peptide bonds 
between amino-acids in proteins. It is the most important element in proteins. Nitrogen is 
one of the most widely spread elements and it is contained in the cells of all living 
organisms.  
 
Non-organic nitrogen can be found or as dissolved in water or elementary in the form of 
gas, in the form of ammonia gas NH3 or as a dissolved ion (ammonium ion NH4

+) or as the 
ions of nitrates NO3

- and nitrites NO2
-. Nitrogen is contained in a large number of organic 

compounds. The sources of nitrogen compounds can be multiple, from the atmosphere 
through, decomposition of organic substances, from nitrogen fertilizers, domestic as well as 
industrial pollution and many other sources. Microorganisms in water can assimilate 
nitrogen in various forms and thus transform it into new forms that later can be difficult to 
eliminate. Many of these reactions, such as reaction with ammonium for example, can 
result in the lack of oxygen and consequently affect survival of water organisms. Ammonia 
can be toxic to fish and other aquatic fauna. The inorganic nitrogen components 
(ammonium, nitrite and nitrate) are basic nutrients for algae and plant growth and stimulate 
eutrophication processes. Nitrogen often reaches watercourses as a consequence of 
anthropogenic impact, where household and industrial wastewater, septic tanks, animal 
waste, runoff from agricultural fertilisation and pollution resulting from the use of internal 
combustion engines. These are the main sources of pollution.  
 
Concentration of orthophosphates PO4

3-P and total phosphorus P is a reliable 
parameter of water quality. Phosphorus is together with nitrogen one of the key elements 
for the development and growth of plants and animals. 
Phosphorus in nature is encountered in three forms: orthophosphates, polyphosphates and 
organic bound phosphorus. Their occurrence in nature can be caused by pollution primarily 
from household, industrial sewage and as runoff from agricultural fertilisation. Phosphorus 
can be found diluted in water, bound to inorganic and organic particles and in bodies of 
organisms. 
Phosphates stimulate growth of plankton and water plants that fish feed on. This growth 
could lead to increased number of fish. If excessive quantities of phosphates reach a 
watercourse, algae and water plants will grow uncontrollably (eutrophication) and 
consequently “the watercourse will suffocate due to consumption of excessive quantities of 
oxygen from the water. 
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5.5.5. Pollution sources 
As mentioned above there are several sources of pollution to the Danube River along the 
project stretch ranging from domestic and industrial point sources to non-point sources 
often originating from agricultural sources.  
 
These agricultural sources are difficult to quantify and can be assumed to enter the Danube 
more or less equally distributed along the project river stretch. Along project stretches with 
extended riparian wetland, the inflow from these non-point sources is expected to be less 
due to the buffering effect of the wetland areas. 
 
It relation to the impact assessment of activities that potentially have to be performed to 
upgrade the navigation conditions, it is evaluated not to be important to have any details 
about these non-point sources. The general impact from the sources is reflected in the 
water quality condition described by the available monitoring data. 
 
The same is to some extent the situation for the urban and industrial pollution sources. 
However it is of value to have information of the location and approximately size of the 
main industrial and urban (domestic) pollution sources. It will improve the understanding of 
the monitoring data and in case significant pollution sources are present in the close vicinity 
of  river training sites, this may have implications for the works to be executed at the critical 
sectors. The information about the main pollution sources will in addition be used for a 
relative evaluation on the potential increased pollution levels due to increased shipping on 
the Danube. 
 
Furthermore, it may be relevant to have information on existing landfills especially if these 
are located close to the river course. 
 
The major sources for pollution from industrial and urban sources and location of land fill 
along the project stretch are indicated in Figure 5.8. 
 
The pollution load from these sources is given in Table 5.6. For the municipalities of Apatin, 
Backa Palanka and Novi Sad the loadings include point as well as non-point sources. The 
listed sources do not give a complete estimate of the loading to the river stretch but it is 
evaluated as sufficient for the purpose of the assessment in relation to the EIA for the river 
training activities.  
 
The city of Belgrade has not been included as it is located at the most downstream border 
of the project stretch and will as such not have an impact on the potential project areas. 
However, it can be mentioned that the city is the biggest polluter with approx. 43,500 ton 
BOD/year. 
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Figure 5.8. Major sources of pollution along the project stretch 

 

 
 

Source: Danube River Basin Management Plan – Part 1: Analysis of the Danube Basin characteristics in Serbia, Draft 

Report, 2011. 
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From this Table 5.6 can be derived that the municipality loads dominate over the industrial. 
However, industrial loads can locally have a significant impact and may also contribute with 
other environmentally harmful substances such as heavy metals and toxic organic 
compounds. 
 
Table 5.6. Main polluting sources along the project river stretch 

SOURCES ton BOD / year ton N / year ton P / year 

Apatin (municipality) 1,514.3 517.3 179,5 

B. Palanka (municipality) 2,880.2 1049.5 374.9 

Novi Sad (municipality) 8,416.7 2196.5 525.5 

NIS Petrol at Novi Sad 59.9 **257.8 *0.1 

PD Panonske TE-TO at 

Novi Sad 
70.0 *46,0 *0.3 

IM Matijevic 68.8 **10.3 *0.6 

DUGA 0,8 *0.02 no data 

AD Vrenje 1.6 **1.5 no data 

Neoplanta 24.3 no data no data 

Source: Danube River Basin Management Plan 

*Ton of N is calculated as sum of NO3-N + NH4-N. Ton of P only includes PO4-P. Organic N from these sources is not 

included. 

**Ton N includes NO3-N + NH4-N. Organic N and P from these sources is not included. 

***Ton N includes only Ammonium-N. No data on Nitrate and Nitrite. Organic N from these sources is not included. 
 
The pressures on the project stretch have been described based on Danube River Basin 
Management Plan – Part 1: Analysis of the Danube Basin characteristics in Serbia, Draft 
Report, 2011. The most important pressures within the project stretch are communal 
landfills, significant industrial facilities and pressures on water quality. These pressures are 
presented in the Appendix VI, Figure 6.2.13. From this figure can be derived that there are 
pressures close to the river as well as at more distances, like Indija, Stara Pazova and 
Sremski Karlovci. 
 

5.5.6. Water Quality 2006- 2011 
 
General 
The Danube water quality is controlled on regular basis by Serbian Environment Protection 
Agency (SEPA) and the results are published in annual reports on environment state as 
well as at the official web site of the Agency. Until recently the subject analyses were 
performed and published by the Republic Hydrometeorological Service of Serbia (RHMZ). 
 
Water quality analyses are being performed by an authorized and accredited institution 
within the aforementioned authorities. Measuring stations have been retained, which 
enable the control and comparison of data in time.  
 
The measuring stations along the project stretch on the Danube within the state monitoring 
programme of water quality that are of interest for the current project are presented in 
Figure 5.9 and include the stations: Bezdan, Bogojevo, Bačka Palanka, Novi Sad, 
Slankamen, Čenta and Zemun. Data obtained from SEPA are commented on below and 
they are analyzed for the period 2006-2011 
 
In accordance with the laws and regulations listed in the previous chapter, the numeration 
of enactments applied in the analysis is given in the sections below. The number in 
between brackets in the text below relates to the number of regulation (i. e. 1, 2, 3, 4, 5, 6, 
7 and 8 or a combination of these regulations) given in section 5.5.2. 
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Figure 5.9. State water quality monitoring station on project river stretch 

 

 
 

Source: Annual Report of the Republic Hydrometeorological Service of Serbia for the year 2007 - Map of profiles on 

which testing of water quality is preformed in the Republic of Serbia 
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Analysis Year 2006 
For 2006 analyses all the above-mentioned measuring stations on the Danube were 
analysed and the following conclusions were reached:  
 
pH was in the range of allowable values for the given class (6.5 - 8.5) with some exceptions 
at the following sections: Bezdan (2 samples), Bogojevo (1 sample) and Novi Sad and 
downstream in autumn months (regulation 2, regulation 3). 
 
Dissolved oxygen concentrations was satisfactory, within the values allowable for Class 
II, particularly at downstream sections, and even Class I at Bezdan, Apatin and Bogojevo 
sections (regulation 2, regulation 3). However, the oxygen saturation percentage was out of 
range prescribed for Class II at the majority of sections, except at Bačka Palanka and Novi 
Sad section where it was within the allowable values. For instance, over 100% oxygen 
saturation was registered at Bezdan (131%), Apatin (126%) Bogojevo (136%) and Zemun 
(131%) section in December 2006 (regulation 4).  
 
BOD5 was mostly within the values prescribed for Class II-III. It can be concluded that the 
values were in the allowable range, in line with the regulation 2, and that individual values 
at all sections even fulfilled Class I. COD was at all sections in 2006 within the allowable 
values even for Class I (regulation 4).  
 
Suspended solids exceeded the maximum allowable values at Bezdan, Apatin, Bogojevo, 
Bačka Palanka, Novi Sad and Zemun sections where they varied in the range of Class III 
and at Apatin and Čenta sections where they were in Class IV, with the maximum values of 
126 and 101 mg/l, respectively (regulation 3, regulation 4). 
 
Visible waste substances at all sections were in accordance with the regulations (none) 
except at Zemun section in April, where visible presence of waste substances was 
registered during one measurement. Having in mind that visible waste substances were 
registered only during one measurement and at only one section, they were not further 
considered. Colour was slightly noticeable in March and April 2006 at Zemun section, while 
it fulfilled Class I at all other sections. Odour was not registered at any section in 2006. 
 
Heavy metals mostly (at the majority of sections and during several measurements) 
fulfilled the values prescribed for Class II, in line with regulations 6 and 7, except in the 
case of Fe, Mn, Ni, Hg, Cu and Cd. The majority of such cases were registered during only 
one measurement and rarely at more than one section. Pb fulfilled the prescribed criteria at 
all sections and during all measurements. Increased values of Fe and Mn at Bezdan 
sections are characteristic and they were in Classes III and IV and out of class. 
Exceedance of allowable Cu values (out of class) was registered at Bačka Palanka section. 
Occasionally increased concentrations of mercury, according to regulation 6, were 
registered at all sections. Occasionally increased concentrations of cadmium were 
registered at the following sections: Bezdan, Apatin and Bogojevo. According to regulation 
6, exceedance of allowable Hg values (limit values) was registered at all sections. It is 
pointed out that the measured values were in the allowable ranges according to regulation 
7. 
 
Among the nutrients, the of ammonium ion NH4-N (2) exceeded the maximum allowable 
values at almost all sections. Limit values for the given class (0.3 mg/l) were exceeded in 
two samples taken at Bezdan and Bogojevo sections (0.36 mg/l) and in only one sample 
taken at Bačka Palanka section (0.35 mg/l). In Zemun only one exceedance was registered 
in 24 measurements with the maximum value of 0.39 mg/l. At Novi Sad section 25% of the 
total number of samples showed exceedance with the maximum value of 0.47 (min= 
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0.14mg/l) and at Čenta section 45% of the total number of measurements in 2006 showed 
exceeded values with the maximum value of 0.44 mg/l and minimum value of 0.11 mg/l. 
The periodically high ammonium concentration at several stations indicates impacts from 
pollution sources. 
 
Nitrite concentrations at all sections varied in the range of allowable values (regulation 7). 
Nitrates were mostly within the prescribed allowable values of 3.0 mg/l (regulation 2). No 
exceedance was registered at Bačka Palanka, Novi Sad and Čenta sections and 
exceedance in around 40% of analyses was registered at Zemun section with the 
maximum value of 7.32 measured in December. These exceedances are occurring at the 
same location as ammonium exceedance, which confirm the above mentioned indication of 
pollution impacts. Minor exceedances of nitrate values (3.1 mg/l) were registered at the 
following sections: Bezdan (2 samples), Apatin (1 sample) and Bogojevo (1 sample). 
 
Exceedance of orthophosphates was not registered at any of the sections except at 
Zemun section during one measurement when the value of 0.152 mg/l was registered. In all 
other samples, measured values of this parameter varied in the range of allowable values 
for Class II (regulation 2). The total dissolved phosphorus in all analyzed samples was 
within the allowable values (regulation 2), but it has to be noted that no measures of this 
parameter were taken at Apatin and Čenta sections. 
 
Measurements of organo-chlorine pesticides, triazine-based herbicides and PCB were 
carried. Although PAH is a part of the standard control programme it was not analysed. 
Among the allowable values prescribed in the relevant regulations, hexachlorobenzene, 
aldrin, endrin, DDE, dieldrin, p,p’-DDT were analyzed, as well as atrazine, simazine among 
herbicides and the PCB number 28, 52, 101, 138, 153 and 180.  
 
Exceedances of PCB values were not registered at any section in 2006. 
 
Among the analyzed substances specified in the law (regulations 6 and 7), 
hexachlorobenzene varied within the allowable values, as well as aldrin, endrin and 
dieldrin, expect at Zemun section in November and December. Values of p,p’-DDT were in 
the allowable range. Triazine-based herbicides did not exceed the allowable values.  
 
From the above can be concluded in general that these parameters were within the 
allowable values or below the detection limit with several exceptions that do not affect the 
total picture of the Danube water quality in 2006. 
 
Exceedance of the values prescribed for surface active substances (III/IV - source: 
Republic Hydrometeorological Service) was detected at Novi Sad section. 
Among hazardous substances, phenols were detected but they showed only slightly 
increased limit values for Class II. 
 
Year 2007 
pH value at the analysed sections on the Danube river in 2007 was in general in the 
allowable range for Class II, expect at the following sections: Bogojevo (once), Novi Sad 
(three times) and Čenta (once), when pH value amounted to 8.4 (at Novi Sad and Čenta 
sections) in summer months (regulations 2 and 3). Increased pH levels in summer time 
where the alge production is highest can indicate that eutrophication. 
 
Dissolved oxygen was within the values allowable for Class I at the majority of sections, 
except at Novi Sad (Class II) and Zemun (Class III) sections with the values below 6 mg/l in 
July and October (regulations 2 and 3). Oxygen saturation percentage at the majority of 
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sections was out of the values prescribed for Class II. Values within Class III were 
registered at all sections, while the value of this parameter at Bezdan, Bogojevo and Čenta 
sections was out of class (regulation 4). 
 
BOD5 was mostly within the values prescribed for Class II-III (limit values for Class II-III is 
5.0 mg/l) and it can be concluded that the values varied in the allowable range, according 
to regulation 2. The only exceptions were Bezdan section where exceedance was 
registered in two samples (5.7 mg/l) and Bačka Palanka section where exceedance was 
also registered in 2 samples (5.1 mg/l).These values indicates either organic pollution or 
eutrophication. At all sections COD was within the allowable values, even for Class I 
(regulation 4). 
 
Suspended sediments exceeded the maximum allowable values for Class II (3); they 
were in Class III at all sections and in Class IV at Čenta section with the maximum value of 
269 mg/l measured in February (regulation 3 and 4). It should be noted that similar situation 
was registered in 2006 at this section but in the latter case the increased value was 
measured in July. 
 
Visible waste substances were within the prescribed values (none) at all sections i.e. the 
state was characteristic for Class I. Colour fulfilled Class I at all sections. Odour was not 
registered at any of the sections in 2007. 
 
Among hazardous and deleterious substances, slight exceedance of the maximum 
allowable values for Class II was registered in the case of phenol. 
 
Exceedance of allowable Fe values was registered at all sections. At Bezdan, Bogojevo 
and Bačka Palanka sections, increased concentrations of iron were registered in the 
majority of analyzed samples (over 80%) with the maximum value of 2.48 mg/l (Bačka 
Palanka). At Novi Sad section exceedance was registered in around 70% of samples with 
the maximum value of 3.4 mg/l measured in September 2007. At Zemun section increased 
values were registered in one fourth of samples with the maximum exceedance amounting 
to 1.98 mg/l in March. The average annual concentrations of lead were increased at 
Bezdan (8.8 µg/l) and Bogojevo (9.2 µg/l) sections, according to regulation 6. The 
prescribed criteria were fulfilled at the remaining sections. 
 
At Bezdan, Bogojevo and Bačka Palanka sections, increased concentrations of mercury 
were registered with the maximum values of 0.7 µg/l (Bezdan), 1.5 µg/l (Bogojevo) and 0.3 
µg/l (Bačka Palanka). Exceedance of the allowable values was registered at Novi Sad and 
Zemun with the maximum value of 0.2 µg/l measured at Novi Sad. Other values were 
below the detection limit (<0.1 µg/l), and it cannot be concluded whether they exceeded the 
limit values according to regulation 6. At Zemun the maximum value of this parameter was 
0.4 µg/l. According to regulation 7, the allowable value was exceeded only in one analysis 
at Bogojevo. 
 
Cd concentrations at Bezdan, Bogojevo, Bačka Palanka, Novi Sad and Zemun exceeded 
the allowable values in almost 40% of samples. The maximum value of 9 µg/l was 
registered at these sections. 
 
Increased Ni value (Class III/IV) was registered at Novi Sad in June 2007. Increased 
concentration of zinc was registered in May 2007 at Bezdan, Bogojevo and Bačka Palanka. 
At Novi Sad section exceedance was registered in four cases with the maximum value of 
392 µg/l, while at Zemun section exceedance was registered in 5 samples with the 
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maximum value of 394 µg/l. The Cu level was slightly increased in several samples at: 
Bezdan, Bogojevo, Bačka Palanka, Novi Sad and Zemun. 
 
Arsenic did not exceed the maximum allowable values at any section (regulation 7). 
 
In the case of nutrients, exceedance of the maximum allowable values of ammonium ion 
NH4-N (regulation 2) was registered at Bezdan, Apatin, Bačka Palanka and Zemun in one 
measurement, respectively. It can be concluded that this parameter was within the values 
allowable for Class II-III (regulation 2). 
 
Nitrates mostly varied within the prescribed allowable values at all sections in 2007 
(regulation 2). In the case of orthophosphates, no exceedance was registered at Bezdan, 
Apatin, Bogojevo, Bačka Palanka and Čenta.. Exceedance was registered in Novi Sad in 
only one measurement (0.740 mg/l) and it was not further considered, as well as at Zemun 
section in three cases, in January, March and August 2007. The maximum registered value 
of this parameter was 0.169 mg/l. Total dissolved phosphorus in the analyzed samples 
exceeded in some cases the allowable values: in one measurement at Novi Sad section 
(0.246 mg/l), in one case at Čenta (0.226 mg/l) and in three cases at Zemun, in January, 
July and August with the maximum registered value of 0.496 mg/l. Exceedance of the 
maximum allowable concentration were not registered at other sections. 
 
Measurements of organo-chlorine pesticides, triazine-based herbicides and PCB were 
carried out excluding PAH. Among allowable values prescribed in the relevant regulations, 
hexachlorobenzene, aldrin, endrin, DDE, dieldrin, p,p’-DDT were analyzed, as well as 
atrazine, simazine among herbicides and PCB 28, 52, 101, 138, 153 and 180 among PCB. 
 
Exceedance of PCB values were not registered at any section in 2007. 
 
Among the analyzed organo-chlorine pesticides specified in the law (regulations 6 and 7), 
hexachlorobenzene varied within the allowable values, as well as aldrin, endrin and 
dieldrin. Values of p,p’-DDT were in the allowable range, expect at Zemun in one 
measurement. However, the general conclusion is that these values were in the allowable 
range as they were below the detection limit in all samples.  
 
Triazine-based herbicides did not exceed the maximum allowable values in general and for 
atrazine, simazine or propazine in particular. These values were often below the detection 
limit. 
 
Among hazardous substances, phenols were detected at Bezdan section in 30% of 
samples with the maximum value of 0.003 mg/l, at Apatin section in 40% of samples with 
the maximum value of 0.002 mg/l, at Bogojevo section in 20% of samples with the 
maximum value of 0.002 mg/l, at Novi Sad section in 20% of samples with the maximum 
value of 0.003 mg/l and at Zemun section in three measurements (35%) with the maximum 
value of 0.003 mg/l. 
 
Year 2008 
 
pH value at the analyzed sections on the Danube in 2008 was in general in the allowable 
range for Class II, expect at Bačka Palanka where pH value in one sample amounted to 8.6 
(regulation 2). 
 
Dissolved oxygen was in the range allowable for Class I-II at all sections, with highly 
values. Oxygen saturation percentage at the majority of sections was out of the values 



 

 

Preparation of Documentation for River Training and Dredging Works on Selected Locations along the Danube River 

A project funded by the European Union 

Consortium Witteveen+Bos, EIA Study - Main Text 84

prescribed for Class II, except at Bezdan section (Class II) (regulations 2 and 3). Values 
within Class III were registered at Bačka Palanka and Zemun sections, at Novi Sad and 
Bogojevo sections the value of this parameter was in the range prescribed for Class IV and 
at Čenta section the value was out of class (regulation 4). 
 
BOD5 was mostly within the values prescribed for Class II-III (limit value for Class II-III is 
5.0 mg/l) and it can be concluded that the values varied in the allowable range, according 
to regulation 2. The only exceptions were Bogojevo section in one sample (5.2 mg/l) and 
Čenta section in two measurements, where the maximum value was 5.8 mg/l and belonged 
to Class III-IV. At all sections COD was within the allowable values, even for Class I 
(regulation 4). 
 
Suspended sediments mostly exceeded the maximum allowable values for Class II (3); 
they were in Class III at all sections except at Bezdan section - Class II (regulations 3 and 
4). At Novi Sad Section exceedance was registered in one fourth of the total number of 
samples with the maximum value of 60 mg/l measured in April. At Čenta section 
exceedance was also registered in 25% of samples with the maximum value of 51 mg/l. At 
Zemun section exceedance was registered in around 20% with the maximum value of 60 
mg/l measured in August 2008. 
 
Visible waste substances were within the prescribed values (none) at all sections i.e. the 
state was characteristic for Class I. Colour fulfilled Class I at all sections. Odour was not 
registered at any of the sections in 2008. Such a state was registered at all sections in the 
previous year as well. 
 
Exceedance of allowable Fe values was registered at Bezdan, Bogojevo, Bačka Palanka, 
Novi Sad and Zemun sections. At Bezdan section exceedance was registered in around 
65% of samples with the maximum value of 3.3 mg/l. At Bogojevo section only one analysis 
of iron was made in January and the concentration amounted to 0.79 mg/l. At Bačka 
Palanka section exceedance was not registered in only one sample, while all other samples 
contained increased Fe concentrations with the maximum value of 2.19 mg/l. At Novi Sad 
section exceedance was registered in as much as 91% of samples (Class III-IV) with the 
maximum value of 1.68 mg/l measured in July 2008 (twice out-of-class). At Zemun section 
exceedance was registered in 100% of samples with the maximum exceedance amounting 
to 1.28 mg/l in March (similarly to previous year). 
 
Lead exceeded the average annual concentrations prescribed in regulation 6 (7.2 µg/l) at 
Bezdan, Bačka Palanka and Novi Sad sections. The average annual concentrations at 
Bezdan and Bačka Palanka sections were 8.1 µg/l and 9.6 µg/l, respectively. The 
maximum measured value in Novi Sad amounted to 23.9 µg/l in April, while at all other 
sections it fulfilled the criteria prescribed in regulations 6 and 7 in all measurement. 
 
Occasional exceedance of allowable Hg values were registered at Bezdan, Bogojevo, 
Bačka Palanka, Zemun and Novi Sad sections, while in all other measurements the 
registered values were below 0.1 µg/l and thus it cannot be concluded with certainty 
whether there was an exceedance. At Bezdan section the maximum registered 
concentration was 0.7 µg/l. At Zemun section exceedance were registered in 20% of the 
total number of samples with the maximum value of 0.3 µg/l measured in March 2008 
(regulation 6). According to regulation 7, the concentrations did not exceed the allowable 
values at any of the subject sections. 
 
COD concentrations exceeded the allowable values at Bačka Palanka, Novi Sad and 
Zemun sections: in 30% of samples at Bačka Palanka section with the maximum registered 
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concentration of 4 µg/l, in almost 40% of samples at Novi Sad section and at Zemun 
section where the values of 2.87 µg/l and 1.27 µg/l were registered in March and 
September, respectively. At Novi Sad section exceedance with maximum value of 3.09 µg/l 
was registered in August 2008 (regulation 6). 
 
Exceedance of Ni values was not registered at any section in 2008 (regulations 6 and 7). 
Increased Cu values were registered only in one sample taken at Bačka Palanka section, 
where the concentration amounted to 0.107 mg/l (the limit value is 0.100 mg/l) and at 
Zemun section in two cases when the values of 167 µg/l and 112.3 µg/l were measured in 
May and June, respectively, according to regulation 7. No exceedance of Zn values was 
registered in 2008. 
 
In the case of nutrients, exceedance of the maximum allowable values of ammonium ion 
NH4-N (regulation 2) was registered only in two measurements at Zemun section. Similar 
situation was registered in the previous year. Exceedance were registered in April (0.32 
mg/l) and December (0.33 mg/l) 2008. For other sections and measured values it can be 
concluded that this parameter was within the values allowable for Class II-III (regulation 2). 
 
Nitrates mostly varied within the prescribed allowable values at all sections in 2008 (2), 
except at Novi Sad section (one measurement, 3.10 mg/l in February) and Čenta section 
(one measurement, 3.40 mg/l in December) (regulation 2). In the case of orthophosphates, 
exceedance was registered only in one measurement at Zemun section in May (0.120 mg/l) 
(regulation 2). Total dissolved phosphorus in the analyzed samples exceeded in some 
cases the allowable values: in two measurements at Novi Sad section (0.229 mg/l in March 
and 0.207 mg/l in July) and in one case at Zemun section, being 0.413 mg/l in October 
(regulation 2).  
 
Arsenic did not exceed the maximum allowable values in any measurement at any of the 
subject sections (regulation 7). 
 
Measurements of organo-chlorine pesticides, triazine-based herbicides and PCB were 
carried out excluding PAH. Among allowable values prescribed in the relevant regulations, 
hexachlorobenzene, aldrin, endrin, DDE, dieldrin, p,p’-DDT were analyzed, as well as 
atrazine, simazine among herbicides and PCB 28, 52, 101, 138, 153 and 180 among PCB. 
 
Exceedance of PCB values were not registered at any section in 2008 or in previous years. 
 
Among the analyzed organo-chlorine pesticides specified in the law (regulations 6 and 7), 
hexachlorobenzene varied within the allowable values, as well as aldrin, endrin and 
dieldrin. Values of p,p’-DDT were in the allowable range.  
Triazine-based herbicides did not exceed the maximum allowable values in general and for 
atrazine, simazine or propazine in particular. These values were often below the detection 
limit. 
 
Among hazardous and deleterious substances, maximum allowable phenols values for 
Class II were exceeded at Bezdan, Bogojevo, Novi Sad and Čenta sections. At Bezdan 
section exceedance was registered in around 60% of samples with the maximum value of 
0.003 mg/l. At Bogojevo section exceedance was registered in around 40% of samples with 
the maximum value of 0.002 mg/l. At Novi Sad section exceedance was registered in 
around 70% of samples with the maximum value of 0.002 mg/l. At Čenta section 
exceedance was registered in around 80% of samples with the maximum value of 0.006 
mg/l. 
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Year 2009 
 
pH value at the analyzed sections on the Danube river in 2009 was in general in the 
allowable range for Class II, expect at Bezdan, Apatin, Bogojevo and Čenta sections where 
pH values were within Class III (2, 3). At Bezdan section exceedance was registered in two 
samples (8.7), at Apatin and Bogojevo sections in one respective sample (8.7 and 8.6) and 
at Čenta section exceedance was registered in two measurements in May and Jun 2009 
with the values of 8.7 and 8.6, respectively. As for the former analysed years the 
exceedance indicates periodically slight eutrophication impacts. 
 
Dissolved oxygen was in the range allowable for Class I-II at all sections, with highly 
favourable values (regulation 2). Oxygen saturation percentage at the majority of sections 
was out of the values prescribed for Class II, except at Apatin, Bačka Palanka and Zemun 
sections (Class II) (regulation 3). Values within Class III were registered at Bezdan, 
Bogojevo and Novi Sad sections and at Čenta section the value was out of class 
(regulation 4). The exceedance on the oxygen saturation confirmed impacts of 
eutrophication. 
 
BOD5 was mostly within the values prescribed for Class II-III (limit value for Class II-III is 
5.0 mg/l) and it can be concluded that the values varied in the allowable range, according 
to regulation 2. At all sections COD was within the allowable values, even for Class I 
(regulation 4). 
 
Suspended sediments exceeded the maximum allowable values for Class II (regulation 3) 
and they were in Class III at all sections. They varied in the range of 6–54 mg/l at Bezdan 
section, 9–46 mg/l at Apatin section, 10–65 mg/l at Bogojevo section and 3–66 mg/l at 
Bačka Palanka section. At Novi Sad Section exceedance was registered in one fourth of 
the total number of samples with the maximum value of 49 mg/l measured in September. 
Similar situation was registered in the previous year. At Čenta section exceedance was 
registered in one sample with the maximum value of 33 mg/l. At Zemun section 
exceedance was registered in two samples with the maximum value of 60 mg/l measured 
in June 2009. 
 
Visible waste substances were within the prescribed values (none) at all sections i.e. the 
state was characteristic for Class I. Colour fulfilled Class I at all sections. Odour was not 
registered at any of the sections in 2009. Such a state was registered at all sections in 
previous years as well in almost 100% of analyses. 
 
In 2009 Total Fe and Total Mn were not analyzed at any section and only their dissolved 
forms were measured. These parameters were occasionally exceeded. 
 
Measurements of Pb involved only dissolved Pb and they were made at Bezdan, Apatin, 
Bogojevo, Bačka Palanka, Novi Sad and Zemun sections. The values were far below the 
allowable ones and it was concluded that this parameter was satisfactory in 2009. 
 
Measurements of Hg also involved only its dissolved form. One exceedance was registered 
at Bezdan, Apatin and Novi Sad with the maximum value of 0.1µg/l and at Bačka Palanka 
section exceedance was registered in three samples with the same maximum value 0.1 
µg/l. At Bogojevo section exceedance was registered in 45% of samples with the maximum 
concentration of 0.3 µg/l, while at Zemun section exceedance was registered in 30% of 
samples with the maximum value of 0.4 µg/l. This parameter was not measured at Čenta 
section (regulation 6). 
 



 

 

Preparation of Documentation for River Training and Dredging Works on Selected Locations along the Danube River 

A project funded by the European Union 

Consortium Witteveen+Bos, EIA Study - Main Text 87

Concentration of Cd (dissolved) was exceeded only in one sample taken at Bogojevo 
section (2.2 µg/l) and it was within the maximum allowable values at all other sections 
(regulation 6). Measurements were not performed at Čenta section. 
 
Exceedance of Ni values was not registered at any section in 2009 (regulations 6, 7). Zinc 
and copper were measured only in dissolved form and exceedance was registered only at 
Bogojevo section (2 samples) and Bačka Palanka (one sample) (Measurements were not 
performed at Čenta section) (regulation 7).  
 
Arsenic did not exceed the maximum allowable values in any measurement at any of the 
subject sections (regulation 7). 
 
In the case of nutrients, the exceedance of the maximum allowable values of ammonium 
ion NH4-N (regulation 2) was registered only in one sample at Bogojevo and Bačka 
Palanka sections, respectively.  
 
Nitrates mostly varied within the prescribed allowable values at all sections in 2009 
(regulation 2). Minimal exceedance was registered in one sample at Bezdan, Apatin, 
Bogojevo and Bačka Palanka sections, respectively.  
 
In the case of orthophosphates, exceedance was registered only at Zemun section in three 
measurements: 0.101 mg/l in February and August and 0.113 mg/l in March (regulation 2). 
Total dissolved phosphorus was not measured in the analyzed samples but the values of 
total phosphorus did not exceeded the maximum values allowable for total dissolved 
phosphorus (0.2 mg/l), except in one sample taken at Bezdan section (0.204 mg/l) and at 
Bačka Palanka section (0.210 mg/l) and it can concluded that presence of this parameter is 
insignificant (regulation 2).  
 
Generally it seams that the nutrient exceedance was less in 2009 that the former years. 
 
Measurements of organo-chlorine pesticides, triazine-based herbicides and PCB were 
carried out. Although PAH is a part of the standard control programme it was not analysed.  
 
Among allowable values prescribed in the relevant regulations, hexachlorobenzene, aldrin, 
endrin, DDE, dieldrin, p,p’-DDT were analyzed, as well as atrazine and simazine among 
herbicides. 
 
Among the analyzed organo-chlorine pesticides specified in the law (regulations 6 and 7), 
hexachlorobenzene varied within the allowable values, as well as aldrin, endrin and 
dieldrin. Values of p,p’-DDT were in the allowable range.  
 
Triazine-based herbicides did not exceed the maximum allowable values in general and for 
atrazine, simazine or propazine in particular.  
 
All these values were often below the detection limit. 
 
Among hazardous and deleterious substances, maximum allowable phenols values for 
Class II were exceeded at Bezdan, Bačka Palanka and Novi Sad sections. At Bezdan 
section exceedance was registered in around 50% of samples with the maximum value of 
0.006 mg/l. At Novi Sad and Bačka Palanka sections exceedance was registered in one 
sample respectively with the values of 0.002 mg/l and 0.004 mg/l. At Apatin and Čenta 
sections this parameter was not measured. At Zemun section the majority of samples were 
within the values allowable for this parameter (regulation 7).  
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Year 2010 
pH value at the analyzed sections on the Danube river in 2010 was in general in the 
allowable range for Class II, expect at Bezdan, Apatin, Novi Sad and Čenta sections where 
pH values were within Class III (regulations 2 and 3). For instance, at Novi Sad section 
exceedance was registered in one sample in April and it amounted to 8.7. At Čenta section 
exceedance were registered in two measurements in April and July 2010 with the values of 
8.6 and 8.7, respectively. Similar results were obtained in the previous year as well at this 
section and this confirms that there is a general tendency to slightly eutrophication of 
Danube on the project stretch. 
 
Dissolved oxygen was in the range allowable for Class I-II in the majority of 
measurements and at almost all sections, with highly favourable values (regulation 2). The 
only exceptions were one measurement at Čenta section when the value of this parameter 
was 5.3 and three measurements at Zemun section where the following values were 
registered: 5.8 mg/l (in June and July) and 6.8 mg/l in August. Oxygen saturation 
percentage at the majority of sections was out of the values prescribed for Class II and 
super-saturation was registered at all sections and almost each year: Bezdan with the 
maximum value of 134 %, Apatin 129% and Bačka Palanka 116%, Novi Sad (25%, with the 
maximum value of 114 %), Čenta (around 50%, with the maximum value of 103%) and 
Zemun section (50%, with the maximum value of 116%) (4). Again it is the same tendency 
as seen for the other years and it further confirms the impression of eutrophication. 
 
BOD5 was mostly within the values prescribed for Class II-III (limit value for Class II-III is 
5.0 mg/l) and it can be concluded that the values varied in the allowable range, according 
to regulation 2. At all sections COD was within the allowable values, even for Class I 
(regulation 4). 
 
Suspended sediments exceeded the maximum allowable values for Class II (regulation 3) 
and they were in Class III at all sections (regulations 3 and 4). The maximum values were 
78 mg/l at Bezdan section, 56.9 mg/l at Apatin section, 66 mg/l at Bogojevo section and 63 
mg/l at Bačka Palanka section. At Novi Sad Section exceedance was registered in one 
fourth of the total number of samples with the maximum value of 41 mg/l measured in May 
and July. Similar situation was registered in previous years. At Čenta section exceedance 
was registered in almost 30% of samples with the maximum value of 77 mg/l (August). At 
Zemun section exceedance was registered in three samples (25%) with the maximum 
value of 64 mg/l measured in January 2010. 
 
Visible waste substances were within the prescribed values (none) at all sections i.e. the 
state was characteristic for Class I. Colour fulfilled Class I at all sections. Odour was not 
registered at any of the sections in 2010. Such a state was registered at all sections in 
previous years as well in almost 100% of analyses. 
 
In 2010 phenol analyses were not performed expect at Bezdan section where exceedance 
with the maximum value of 0.005 mg/l was registered. 
 
Fe was not analyzed at Čenta section and only its dissolved form was measured at other 
sections. One exceedance of allowable values was registered at almost all sections where 
this parameter was measured: 0.57 mg/l and 0.39 mg/l at Bezdan section (January and 
February), 0.39 mg/l in Apatin in February, 0.36 mg/l in Bačka Palanka in September, 0.61 
mg/l in Novi Sad in February and 0.38 mg/l at Zemun section in November. It can be 
concluded that Fe pollution spread and in February 2010 it was registered in the entire river 
stretch. 
 
Measurements of Pb involved only dissolved Pb and they were made at Bezdan, Apatin, 
Bogojevo, Bačka Palanka, Novi Sad and Zemun sections. The values were far below the 
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allowable ones and it can be concluded that this parameter was satisfactory in 2010. The 
same situation was registered in the previous year. 
 
Measurements of Hg also involved only its dissolved form. At Bezdan section exceedance 
was registered in 25% of samples with the maximum value of 6 µg/l measured in January. 
At Apatin section exceedance was registered in around 55% of samples with the maximum 
value 0.3 µg/l also measured in January. At Bogojevo section one exceedance of 0.1 µg/ 
was registered in May and at Bačka Palanka section exceedance of 0.2 µg/l was registered 
in two measurements, in March and August. At this section the allowable values were 
exceeded in almost 50% of samples. One exceedance was registered in Novi Sad in April 
with the maximum value of 0.1 µg/l, similarly to the previous year, and at Zemun section 
exceedance was registered in two measurements with the value of 0.1 µg/l. At Čenta 
section this parameter was not measured in 2010 or in the previous year (regulation 6). 
Other measured values were below the detection limit. 
 
Concentration of Cd (dissolved) was within the maximum allowable values at all sections, 
even below the detection limit at a number of the sections (regulation 6). The only 
exception is one measurement at Novi Sad section (3.0 µg/l in January). Measurements 
were not performed at Čenta section. 
 
Exceedance of Ni values was not registered at any section in 2010 (regulations 6 and 7) 
except individual exceedance (Apatin, Bogojevo, Bačka Palanka etc.). Copper was 
measured only in dissolved form and exceedance was registered at Bačka Palanka section 
with the maximum value of 109.6 µg/l and at Novi Sad section with the value of 197.6 µg/l 
measured in June (measurements were not performed at Čenta section) (regulation 7). 
Significant exceedance of Zn values was registered at the same section (Novi Sad) and in 
the same month (June) amounting to 804.6 µg/l and additional exceedance of 293.3 µg/l 
was registered at this section in December 2010. Zn was not measured at Čenta section 
and at Bezdan, Apatin, Bogojevo and Zemun section exceedance was not registered in any 
analyzed sample. At Bačka Palanka section exceedance was registered in two 
measurements with the values of 288.8 and 375.5 µg/l measured in March and September, 
respectively. 
 
In the case of nutrients, exceedance of the maximum allowable values of ammonium ion 
NH4-N (2) was not registered in any measurement at any section (regulation 2). 
 
Nitrates mostly varied within the prescribed allowable values at all sections in 2010 
(regulation 2), except one measurement at Bezdan (3.77 mg/l, March), Apatin (3.31 mg/l, 
March) and Bogojevo (3.20 mg/l, also in March) and two measurements in Novi Sad (in 
March and December) where the values of 3.21 mg/l and 3.71 mg/l, respectively, were 
registered. One exceedance was registered at Čenta section with the value of 3.36 mg/l 
measured in March (regulation 2). No exceedance was registered at other sections. 
 
For orthophosphates, exceedance was registered only at Bačka Palanka and Čenta 
sections at the measurement campaign in June with the values of respectively 0.168 mg/l 
and 0.132 mg/l (regulation 2). Total phosphorus did not exceed the maximum values 
allowable (0.2 mg/l). Compared to regulation 2 the present concentration of phosphorus 
was within the allowed values, but the results might implicate a potential eutrophication.  
Similar condition for this parameter was registered in the previous year.  
 
Although the concentration levels of nutrients only at a few measurements are exceeding 
the allowable values the observed levels is sufficient high to initiate a eutrophication 
reaction within the water masses of Danube which also is indicated by the pH and oxygen 
saturation levels. 
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Organo-chlorine pesticides, triazine-based herbicides, nonyl and octylphenol were 
measured. For allowable values prescribed in the relevant regulations, it can be concluded 
that they varied in the allowable range and that exceedances were not registered in almost 
any case at any section. All these values were often below the detection limit. 
 
Year 2011 
 
For 2011 analyses of all the above-mentioned measuring stations on the Danube were 
analysed, including Slankamen. The following conclusions can be drawn. 
 
pH was in the range of allowable values for the given II class (6.5 - 8.5) with some 
exceptions at the following sections: Bezdan (2 samples with maximum value 8.8 in June), 
Bogojevo (1 sample – 8.5 in March) and Apatin (2 samples with maximum value 8.6 in 
March and April). At the downstream stations pH was within prescribed values in all 
measurements and months (regulation 2). 
 
TOC was not analysed in all samples, nor at each station. It was measured occasionally 
and this parameter had over prescribed values at Bezdan in almost all cases, with 
maximum value 9.4 mg/l, also at Apatin in 2 samples, at Bogojevo one sample was over 
prescribed values and at Zemun it was four times over allowable value with a maximum 
value 8.4 mg/l. Other stations did not show exceedance of this parameter. 
 
Dissolved oxygen concentrations was satisfactory, within the values allowable for Class 
II, particularly at downstream sections, and even Class I at Bezdan, Apatin and Bogojevo 
sections (regulation 2). However the oxygen saturation percentage was out of the range 
prescribed for Class II at the majority of sections, expect at Bačka Palanka, Novi Sad and 
Slankamen section where it was within the allowable values. At Čenta, it was within values 
prescribed for Class I. For Bezdan and Apatin, it was out of class, and for Zemun Class II. 
For instance, over 100% oxygen saturation was registered at Bezdan (maximum 143%), 
Apatin (155%) Bogojevo (129%) and Zemun (101%) (regulation 2). 
 
BOD5 was mostly within the values prescribed for Class II. It can be concluded that the 
values were in the allowable range, in line with the regulation 2, and that individual values 
at all sections even almost fulfilled Class I. Three stations had results over prescribed for 
Class II , being: Bezdan (with 5.8 mg/l), Bogojevo once (5.5 mg/l) and at Apatin twice with 
5.6 and 6.0 mg/l. COD was at all sections in 2011 within the allowable values even for 
Class I (regulation 4). 
 
Suspended solids exceeded the maximum allowable values at Bogojevo (once, 31 mg/l in 
June), Bačka Palanka (four times in summer months with maximum value 59 mg/l), 
Slankamen (once, 37 mg/l in February), in Čenta (once, 34 mg/l, in February too what was 
expected in early spring months) and Zemun (once, 130 mg/l also in February). The same 
situation occurred at three stations, suspended solids were over prescribed values in 
February. This can be expected in early spring months. It was remarkable that exceedance 
for this parameter occurred in summer months at Bačka Palanka. It may be explained with 
additional pollution or beginning of the summer season (regulation 3, regulation 4). 
 
Visible waste substances, colour and odour at all sections were in accordance with the 
regulations, even for Class I.  
 
Conductivity and total dissolved salts were below prescribed values given in the 
regulation 8. 
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Heavy metals were measured at nearly all stations, except in  Slankamen and Čenta.  The 
concentrations were in general below allowed values for class II (regulation 8) in all 
samples.  
Cu was also below prescribed values for class II, and even for total hardness 100<T<300 
mg/l CaCO3 in all samples. It is interesting having in mind that this parameter was 
exceeding allowable value in sediment, even remediation value.  
Ni is given as an annual average value (20 µg/l) and at all stations it was below this value. 
Only in one sample at one station it was over this value, but ataverage it is far below limits 
(regulation 7). 
Cd was also far below prescribed values for class II, and for hardness 100<T<300 mg/l 
CaCO3, except at Bogojevo in February, in one sample a value of 0.220 µg/l was 
measured. 
Cr (total) was far below prescribed values for class II (regulation 8). 
Pb was also far below prescribed values for class II, except at Bogojevo in Februaryi. For 
one sample a value of 7.6 µg/l was measured but the limitation value is given as an 
average annual value and it is 7.2 µg/l (regulation 7).  
Hg was below value of detection in all samples at all stations in this year.  
Fe was below prescribed value for Class II (0.5 mg/l) in all samples (regulation 8).  
Mn was also below prescribed values, except in one sample in Novi Sad, with 0.17 mg/l. 
 
Based on these results, it can be concluded that the Danube was not polluted with heavy 
metals in 2011. 
 
Among the nutrients, the ammonium ion NH4-N (regulation 2) did not exceed the 
maximum allowable values along the Danube project stretch.  
 
Nitrate concentrations varied at all sections within the range of allowable values 
(regulation 2). This is related to the fact that there is no registered exceedance of 
ammonium.  
 
Exceedance of orthophosphates was not registered at any of the sections except at 
Zemun section during one measurement when the value of 0.218 mg/l was registered and 
it happened in June. In all other samples, measured values of this parameter varied in the 
range of allowable values for Class II (regulation 2). The total dissolved phosphorus in all 
analysed samples was within the allowable values (regulation 2), but it has to be noted that 
the same occurredwith orthophosphates, which was expected. This parameter was within 
allowed values for class II, except in one measurement, at Zemun, in June 2011, when it 
was 0.279 mg/l. 
 
Chlorides were under prescribed values within this year at all stations, in all samples 
(regulation 2). 
 
Measurements of organo-chlorine pesticides, triazine-based herbicides, and PAH were 
carried out, but mostly at Bezdan only. Although these parameters are a part of the 
standard control programme they were not analysed at all stations in this year. PAHs were 
performed only at Bezdan. All samples showed significantly small value of these 
parameters, except one sample (benzo(g,h,i)perilene – 0.002 µg/l in October. 
Among the allowable values prescribed in the relevant regulations, hexachlorobenzene, 
aldrin, dieldrin endrin, atrazine, simazine among herbicides were analysed mostly once at 
each station, except at Bezdan, where almost all samples showed no pollution with these 
parameters. 
 
p,p’-DDE, p,p’-DDD, p,p’-DDT were measured occasionally and all results showed that 
there were no exceedance at all stations (regulation 7).  
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From the above can be concluded that in general these parameters at Bezdan were within 
the allowable values or below the detection limit with several exceptions that do not affect 
the total picture of the quality at this station. These parameters were not measured 
continuously downstream from Bezdan. Therefore,  it is difficult to draw 
conclusions.However, when values were measured these values did not exceed the 
prescribed ones.  
 
Among hazardous substances, phenols were detected with over prescribed values (1 µg/l 
for Class II, regulation 8) at Bezdan and Apatin with maximum value 0.003 mg/l. However, 
at Novi Sad, Backa Palanka and Zemun measured values were below prescribed values. 
At Centa and Zemun these parameter were not measured. 
 

5.5.7. General water quality 2006- 2011 
The Table 5.7 represents the summary of water quality classes detected in the Danube, 
during the period 2006- 2011. 
 
It can be concluded that significant changes of water quality compared to previous years 
were not registered. Some parameters were over prescribed class II, and those were 
mostly at Bezdan station (Bezdan station provides most of information), Apatin and 
Bogojevo.  Downstream from this upper part, the water quality was better resulting from 
measurements analysed at Backa Palanka, Novi Sad, Slankamen, Čenta and Zemun). But 
there were also parameters with over prescribed values for class II. The parameters that 
were mostly exceeded were suspended solids (downstream part), pH and BOD (upper 
part). 
 
The main reasons are that the following variables exceed limited of class II at one or more 
locations, being: 
- total dissolved solids; 
- saturation level for oxygen; 
- BOD5 (occasional); 
- phenol; 
- several heavy metals (with Hg, Cd, Ni as some of the most critical). 
 
Table 5.7. Water Quality Classes detected at control sections 

Danube control 

sections 

water quality classes detected 

2006 2007 2008 2009 2010 2011 

Bezdan, border 

area section 
IV IV III III 

III/IV III/IV 

Apatin III/IV III/IV / III III III/IV 

Bogojevo IV IV III III III III/IV 

Bačka Palanka III/IV III/IV III III III/IV III 

Novi Sad III/IV III III II/III III/IV III 

Slankamen - III - - - III 

Čenta - III/IV - - - III 

Zemun III/IV III/IV III III III III 

Source: SEPA, Serbian Environmental Protection Agency 

 

5.5.8. Water quality and status assessment 
The assessment of the water mainly covered the period 2007-2011, but for the biological 
quality elements (BQE), the year 2011 was taken into the consideration as well. 
 
Biological status assessment 
According to analyses of available data on biological quality elements, the status within the 
target area was assessed as good to moderate, with medium confidence level. 
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Similarly, according to the results of parameters supporting biological quality elements, the 
status is assessed as good to moderate. 
 
Hydromorphological status 
Hydromorphology is a new term that has been created within the Water Framework 
Directive (WFD, 2000) with a specific meaning being “the physical characteristics of the 
shape, the boundaries and the content of a water body”.  
Thehydromorphological quality elements to be used for the assessment of ecological 
status/potential (Appendix V, 1.1 and 1.2 of the WFD) are:  
- (a) Hydrological regime: quantity and dynamics of water flow, connection to ground 

water bodies;  
- (b) River continuity; 
- (c) Morphological conditions: river depth and width variation, structure and substrate of 

the river bed, and structure of the riparian zone.  
 
The introduction of hydromorphological quality as a measure of the condition of waters 
requires a new (or, at least, innovative) way of thinking. 
 
The WFD (2000) requires that the EU Members States carry out the identification of 
significant hydromorphological alterations of water bodies. For the Danube River basin it 
was done within the International Commission for the Protection of the Danube River -
ICPDR). This report (SCG ICPDR National Report (2004), National Report of Serbia and 
Montenegro - ICPDR Roof Report, Part B, www.icpdr.org) states that the evaluation of 
hydromorphological alterations in combination with biological assessment is a new territory 
for the Danube River Basin countries as well as for many countries in Europe.  
Although information on hydrology and morphology has been recorded in many countries, 
interrelationship between hydromorphological alterations and ecological status of rivers 
was hardly considered. Only a few countries have already developed systems/criteria to 
integrate hydromorphological alterations into the ecological assessment. For that reason, 
the report (SCG ICPDR Roof report, 2004) presents abiotic/physical effects of 
hydromorphological alterations separately from biological and ecological impacts. 
 
The results of the channel survey are showing that still good conditions (slightly to 
moderately modified channel) are identified within the lowland stretches, upstream of the 
Sava River confluence, as presented in Table 5.8 and Figure 5.9. 
 
In the Serbian stretch of the Danube, the river banks are totally reinforced only in the area 
of Novi Sad, while the rest of the river banks are just slightly to moderately modified, as 
presented in Table 5.8 and Figure 5.9. 
 
Only a few reaches along the Danube have nearly intact or still remaining floodplains, two 
of which are at the Serbian territory: the Gornje Podunavlje Nature park (together with 
Kopački Rit in Croatia covers about 40,000 ha) and floodplain forests upstream of Tisa 
confluence (about 20,000 ha). The results of assessment of hydromorphological status are 
presented in Table 5.8 and the Figure 5.10. 
 
The total status presented in Table 5.8 is calculated as the sum of the values for the 
channel, banks and flood plain. The value range for each individual parameter is from 1 -5, 
respectively from high to low status. 
The colour green means that the status is good, yellow means moderate and red is bad. 
For the Figure 5.10 these colours apply as well. The colour blue indicates that the status is 
high.  
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Table 5.8. Assessment of hydromorphological status within the project stretch 

km Segment length Channel Banks Floodplain Total Description 

1480-1400 80 3 4 2 3 Moderately modified 

1400-1382 18 2 2 1 2 Slightly modified 

1382-1308 74 2 2 3 2 Slightly modified 

1308-1297 11 3 3 3 3 Moderately modified 

1297-1260 37 2 2 3 2 Slightly modified 

1260-1251 9 3 4 4 4 Severely modified 

1251-1215 36 2 3 2 2 Slightly modified 

1215-1170 45 3 2 3 3 Moderately modified 

Source:  
1)  Liška I., Wagner F. & Slobodnik J. 2008. Joint Danube Survey 2 – Final Report ICPDR – International Commission 
for the Protection of The Danube River, 235 pp. 
2)  Babić Mladenović, M., Kolarov, V. (2010). Hydromorphology pp. 97-110, In: Paunović, M., Simonović, P., Simić, V. & 
S. Simić (eds.). Danube in Serbia – Joint Danube survey 2. Directorate for Water Management, Belgrade.  
 

Figure 5.10. Overall hydromorphological status assessed for project stretch 

 
Source:  
1)  Liška I., Wagner F. & Slobodnik J. 2008. Joint Danube Survey 2– Final Report ICPDR – International Commission for 
the Protection of The Danube River, 235 pp. 
2)  Babić Mladenović, M., Kolarov, V. (2010). Hydromorphology pp. 97-110, In: Paunović, M., Simonović, P., Simić, V. & 
S. Simić (eds.). Danube in Serbia – Joint Danube survey 2. Directorate for Water Management, Belgrade.  
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Chemical status 
The analyses of the chemical status indicated a moderate and lower status, aspresented in 
the Table 5.9. The value range for each individual parameter is from 1 -5, high to low 
status. The colour green means that the status is good and yellow means moderate (M). 
 
Table 5.9. Assessment of ecological and chemical status within the project stretch 
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D6 HMWB 1) 3 3 3 3 M 2 2 M 3 M 3 M 3 

D7 HMWB 3 3 3 3 M 2 2 M 3 M 3 M 3 

D8 

HMWB 

Candidate 
2) 

3 2 2 2 M 2 2 M 2 M 3 M 3 

D9 
HMWB 

Candidate 
3 2 2 2 M 2 2 M 2 M 3 M 3 

D10 
HMWB 

Candidate 
3 2 2 2 M 2 2 M 2 M 3 M 3 

Source: IBISS Report (2012) 
Note 1) HMWB = Highly Modified Water Body  
Note 2) HMWB Candidate= Candidate for Highly Modified Water Body 

 

Overall status 
According to the data presented, the overall status of the target stretch could be assessed 
as moderate. 
 

5.6. Sediment Quality 
 

5.6.1. Introduction 
Sediment is the main component of all water systems and it has a high ability of binding 
toxic and pollutant substances, particularly the ones imported in water as a result of 
anthropogenic impact (USEPA, 2001a). These pollutants trapped in sediments can have 
various effects on ecosystems. Sometimes, theseare easily noticeable and the connection 
between the negative action of pollutant concentration and the condition of the ecosystem 
can be identified. On the other hand, the chemistry of the sediment inside does not always 
indicate the level of toxic action.  
 
Approximately the same concentrations of toxic substances in sediments do not always 
produce the same results. This primarily depends on the interaction between organic and 
non-organic substances in the sediment-water balance system. It has positive or negative 
effects on the state of the ecosystem and bioavailability. The binding capacity of sediments 
varies and consequently the extent of exposure to toxic substances depends on the total 
quantity of pollutants. 
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In general, sediment is the essential, dynamic solid component of water ecosystems. It is a 
reservoir of toxic and persistent compounds of anthropogenic origin due to its strong 
tendency to bind such pollutants. 
 
Pore (interstitial) water present in the interstitial space between sediment particles is an 
integral part of sediments. It is quite static and this fact allows balance between sediments 
and pore water to be established. The distribution of concentrations of individual 
substances depends on the kinetics of balance reactions, with sorption and distribution 
being the most important ones. This enables to obtain a picture of the quantity of individual 
substances in the water-sediment system  by analyzing pore water (individual 
components). It has been proposed recently to use pore water for defining sediment quality 
criteria (SQC). 
 
It is obvious that when removing and disturbing naturally accumulated sediments, the 
substances dissolved in pore water are easily diffused in surface water, thus polluting it as 
result. 
 

5.6.2. Legal Framework 
Until recently the Republic of Serbia did not have developed mechanisms of control, 
monitoring, classification and categorization of river sediments. Basic information about 
their quality and pollution conditions was obtained based on the regulations applied in the 
EU member states. A picture of sediment state in Serbian rivers can be formed based on 
the Water Framework Directive. It should be noted that even some of the EU member 
states have not yet developed sediment control mechanisms so far and for that purpose 
they use directives of the EU or other countries that have recently intensively dealt with this 
problem.  
 
The Republic of Serbia has passed the Decree on the Limit Values of Pollutants in Surface 
Waters, Groundwater and Sediments and the Deadlines for their Achievement. This was 
used in this analysis. 
 
Continuous monitoring of sediment quality is implemented in the Republic of Serbia only at 
some stations, but with a tendency to perform control in a continuous manner. Lately, the 
Republic of Serbia has increasingly devoted attention to sediment quality control. The 
analyses are performed by the Republic Hydrometeorological Service (RHMZ) and since 
recently data are collected and published by SEPA (Serbian Environment Protection 
Agency). 
 
Due to the fact  that Serbia does not have regulations that could be applied in determining 
the conditions of river sediments, it was a common practice to use the EU Framework 
Directive, which, inter alia, defines the maximum allowable values of individual parameters, 
based on Dutch and Canadian recommendations that should be abided by. In this analysis 
both Dutch and Canadian recommendations were used, as well as the newly passed 
Decree. 
 
It should be noted that a number of Danube countries have not yet defined their legislation 
governing sediment quality control. For the purpose of comparing the sediments conditions 
in Serbia with sediments in other Danube countries, the available data used by other 
Danube countries has been used as well. It is usual practice in almost all Danube countries 
to analyze on regular basis the contents of heavy metals, as one of the main indicators of 
pollution, organic pollution, and in some counties to analyze the presence of pesticides and 
oil residues as the main indicator of the impact of river transport on river sediments. 
Samples are usually taken once to twice a year depending on the country.  
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The control method of sediment quality in the Danube countries is presented below as an 
overview: 
- Austria – sediments are analyzed once a year, without adequate scheme. Only for 

having an orientation, heavy metals are being compared with threshold values for 
geoaccumulation index and with regulative for agriculture (soil); 

- Bulgaria – sediment sampling and analysis in not an obligation, nor it is given in 
regulative. Some international programs give information about sediment quality, but 
only on specific points and locations; 

- Czech Republic – national agricultural regulative with criteria for soil. Three levels of 
pollution. Roughly, target, medium and dangerous values; 

- Germany – uses regulations for sludge produced in waste water treatment plants. It is 
mostly referred to dangerous thresholds values for heavy metals and others 
substances with high toxicity. They also use and determine sediment quality index, 
which is based on values for eight metals with five classes of pollution; 

- Hungary – nor routine monitoring for sediment quality neither specific regulation too. 
They use regulation for maximum values for soil pollutants and Canadian regulation 
too, but only for protection of aquatic organisms; 

- Romania – routine monitoring includes fifteen parameters, and for classification they 
use Dutch, Belgian and Canadian regulation; 

- Slovakia – measures values twice a year (Danube and confluents), physic-chemical 
analyses as well as toxicity measured in organic and non-organic substances. They 
use Dutch regulations.  

 
Based on the above explanations, it can be concluded that the majority of the Danube 
countries apply Dutch and Canadian regulations for defining sediment state and quality. 
Therefore apart from Serbian national regulations, the same recommendations will be used 
in this EIA Study having in mind that such data are comparable. 
 
To enable easy reference, the following regulations and the related maximum allowable 
values were used for the sediment analysis: 
 
- A – Decree on the Limit Values of Pollutants in Surface Waters, Groundwater and 

Sediments and the Deadlines for their Achievement (Official Gazette of the Republic of 
Serbia, 2012); 

- B – Water Framework Directive and Netherlands Government Gazette 2000, Dutch 
recommendations (Dutch “target” value and Dutch intervention value); 

- C – Water Framework Directive, Canadian recommendations (Canadian theoretically 
possible impact value and Canadian empirically probable impact value); 

- D – Limit concentrations (MDK) of heavy metals in soil (Official Gazette of the Republic 
of Serbia, 1994); 

- E – Limit values of heavy metal concentrations in soil (Directive 86/278/EEC); 
- F – Limit values of heavy metal concentrations in sediments for application in 

agriculture (Directive 86/278/EEC).  
 
 

5.6.3. Sediment Analyses along the project stretch 
According to the available data about sediment quality obtained from the Serbian 
Environment Protection Agency (SEPA), which are of interest for the subject project, 
analyses are performed at Bezdan, Bogojevo, Bačka Palanka, Čenta, Novi Sad, being the 
monitoring stations within Serbia. Data were obtained and analyzed for the period 2006-
2011. 
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The available data vary in time and location and samples are not taken at each location at 
the same time for the same parameter.  
Based on relevant international regulations (Dutch and Canadian recommendations) and 
Decree on Limit Values of Pollutants in Surface and Groundwater and Sediments and Time 
Limits for their Achievement (“Official Gazette of the Republic of Serbia”, 2012), it can be 
concluded that the quality of river sediments was as follows: 
 
Year 2006 
Data from Bezdan, Bogojevo and Čenta monitoring stations were available for the year 
2006. Analyses were made in the period March-November. 
 

Based on the results of the analyses, it can be concluded that in 2006 only Ni exceeded the 
maximum allowable values (Bezdan, 48 mg/kg, sample taken in March 2006), as well as 
Dutch target value and Canadian theoretically possible value. The values of this parameter 
did not exceed the values implying intervention. 
 
None of the heavy metals (including As, which is not a heavy metal) exceed the maximum 
allowable values prescribed in the relevant regulations, but it can be mentioned that Zn, Cu 
and Hg exceeded the target values (RS, Dutch). According to Canadian recommendations, 
exceeded values were registered in the cases of Zn, Hg, Pb and As. 
 
Based on the data and regulation (regulation A), it can be concluded that by the parameter 
of heavy metals including As, sediments can be removed from this location without any 
protection as  these are slightly polluted. Sediments may be removed from the area having 
a width up to 20 m around the watercourse. However, having in mind that the final 
evaluation of sediment quality is made based on the worst evaluated pollutant, which is Ni 
in this particular case, and having in mind that the value of this parameter exceeded the 
verification level (45 mg/kg) and that it consequently belongs to Class 3, it can be 
concluded that adequate protection measures have to be undertaken since these 
sediments are polluted. Their deposition into the river is not allowed but they have to be 
stored in order to prevent dissipation of pollutants in the environment. 
 
On the other hand and as comparison, based on the additional regulations (D, E, F), 
applied for these purposes it can be concluded that the values of this parameter do not 
exceed the values prescribed for Ni (DMDK=50 mg/kg, EMDK=30-75 mg/kg, FMDK=300-400 
mg/kg). 
 
The final conclusion about sediment quality can only be reached based on and using the 
results for later years, having in mind that this exceedance in 2006 was registered in one 
measurement only. 
 
Year 2007 
The results obtained for Bezdan, Bogojevo and Novi Sad were analyzed. In 2007 the 
majority of critical exceedances were related to copper, nickel, zinc and mercury.  
 
In 2007 the most critical exceedance was registered in the cases of Cu, Ni, Zn and Hg. The 
Cu (155 mg/kg) even exceeded the verification level (90 mg/kg) at Novi Sad section and 
the limit value (regulation A) at Bezdan section (37 mg/kg). In general, this parameter 
exceeded all the allowable values prescribed in regulations A, B, C, D, and E but it did not 
exceed the values prescribed in regulation F. According to Directive 86/278/EEC, the 
measured Cu value exceeds the maximum allowable value (reg. E, MDK 50-140 mg/kg), 
while other parameters meet the prescribed intervals. 
 
Exceeded values were registered for Ni (Novi Sad, sample taken in September, 41 mg/kg) 
and Hg (three times at Bezdan section in 2007, the max. measured value amounted to 0.71 
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mg/kg, and one exceedance in Novi Sad, 0.40 mg/kg). The concentrations exceeded the 
limit value but were far below the verification level (regulation A). In addition, the values 
prescribed in Dutch or Canadian recommendations were exceeded as well. 
Cd and Zn exceeded the target value (A, B) and the Canadian theoretically possible value, 
but they were far below the maximum allowable value and intervention value. 
 
DDT exceeded also prescribed values (target value, Dutch and Serbian) in three samples, 
at Bezdan and Bogojevo stations. Maximum value of 0.7712 mg/kg was measured at 
Bezdan, in March. 
 
Year 2008 
Results obtained from Bezdan and Bogojevo for the period February-November 2008 were 
analyzed. 
 
The results show that parameters such as zinc, mercury and cadmium exceeded the 
allowable values prescribed by Dutch recommendations (B) and national regulations 
(regulation A).  
Zn, Cd, Cr, Hg and As exceeded the values prescribed in Canadian recommendations (C) 
with respect to the prescribed theoretically possible impact value. 
As for Zn, exceedance was registered in two samples taken at Bezdan (147 mg/kg) and 
Bogojevo (157 mg/kg). Exceedance at Bezdan was registered in November and at 
Bogojevo in August 2008.  
Exceedance of Hg was registered in two samples, also taken at Bezdan in February (0.43 
mg/kg) and at Bogojevo in August (0.38 mg/kg). 
Exceedance of Cd was registered in one sample at Bogojevo section (1 mg/kg), while the 
values measured at Bezdan were at the very limit (0.8 mg/kg) in three out of four 
measurements. 
It should be noted that the measured values were far below the intervention values and 
limit values. According to regulations D, E and F, the maximum allowable values of these 
parameters were not exceeded. 
 
The measured DDT values in this year also exceedaed in all samples thetarget values, 
(both Serbian and Dutch) at Bezdan and Bogojevo, similar to previous years.  Maximum 
value was 0.0946 mg/kg, at Bogojevo, in August. 
 
Year 2009 
Results obtained from Bezdan and Bogojevo for the period February-November 2009 were 
analyzed. 
According to national regulations (A) and Dutch recommendations (B), the largest 
exceedances were registered for Cu in 4 samples. Three exceedance of this parameter 
were registered at Bezdan (110 mg/kg in June, 115 mg/kg in September and 75 mg/kg in 
November) and the value measured at Bačka Palanka in September amounted to 213 
mg/kg. 
 
The measured values exceeded the verification level prescribed in regulation A and this 
parameter should be considered as one of the most important indicators in evaluating the 
quality of sediments and the allowable method of dredged sediment handling. According to 
the Decree (A), if the value of verification level is exceeded, the sediment is considered 
polluted and its disposal is not allowed without special safety measures. 
 
As for other parameters of heavy metals (including As), exceedance was registered only 
with respect to target values in the cases of Zn, Cd and Ni, while Zn, Cu, Cd, and Hg 
exceeded the allowable values according to Canadian recommendations. 
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Exceedance of allowable Cd values was registered in four samples, where three samples 
were taken at Bezdan and one (September, 1 mg/kg) at Bačka Palanka.  The values 
measured in Bezdan also amounted to 1 mg/kg and they were registered in three 
measurements (February, March and June).  
 
Exceedance of Zn was registered in three measurements (two in Bezdan and one in Bačka 
Palanka) with the values of 175 and 148 mg/kg measured in Bezdan (June, September) 
and 151 mg/kg measured in Bačka Palanka in September. 
Exceedance of Ni was registered in one sample (36 mg/kg) taken at Bačka Palanka section 
in September 2009. 
 
Other measured values of these and other heavy metals, including As, were in the 
allowable range. According to regulations D, E and F, the maximum allowable values were 
exceeded in the case of Cu (reg. E, Directive 86/278/EEC, MDK 50-140 mg/kg), while other 
parameters were in the allowable range. 
 
DDT was an exception. This parameter exceeded the prescribed values (target value, 
Dutch and Serbian) in all samples taken at the Bezdan and Bačka Palanka monitoring 
stations. The maximum value (29.8 µg/kg) was observed at Bezdan in September. 
 
Year 2010 
Data obtained for the year 2010 refer to Bezdan (left bank) and Novi Sad. 
 
In 2010 the remediation value prescribed in the Decree (A) for Cu was exceeded. The 
measured Cu values exceeded the target values prescribed in regulations A, B, and C in all 
seven measurements taken at Bezdan and Novi Sad, while the remediation value was 
exceeded in four measurements at Bezdan. Exceedance of the remediation values at 
Bezdan was registered in February (415 mg/kg), in September (191 mg/kg) and two in 
October (195 and 302 mg/kg). 
 
Target values were also exceeded in the cases of Zn, Pb, Hg and Ni. Exceedance of Zn 
was registered at both stations for all the measurements having the maximum registered 
value amounting to 260 mg/kg (Bezdan, October). 
 
Exceedance of Ni was registered in five measurements, four measurements taken at 
Bezdan section and one measurement taken at Novi Sad section, with the maximum 
measured value amounting to 82 mg/kg (Bezdan in October and Novi Sad in November). 
 
Exceedance of Pb and Hg was registered in one measurement at Novi Sad section (Pb, 
102 mg/kg) and one measurement at Bezdan section (Hg 1,100 mg/kg, October). 
According to Canadian recommendations, exceedances were registered with respect to Zn, 
Cu, Cr, Pb, Hg and As parameters. 
 
In 2010 the Cu concentration at Bezdan exceeded the remediation value prescribed in the 
Decree and this fact is one of the most important criteria for sediment handling. This 
measured value implies that the sediment is extremely polluted in terms of this parameter 
and that it has to be remedied or stored in strictly controlled conditions, undertaking special 
safety measures. 
 
Having in mind the Directive 86/278/EEC, i.e. regulations D, E and F, it can be concluded 
that Cu exceeded almost all maximum allowable values. As for other parameters (Pb, Hg, 
Cr, As), it can be concluded that the measured values were in the allowable intervals or 
below the prescribed values. Ni and Zn values exceeded the allowable values stipulated in 
regulations D and E. 
 



 

 

Preparation of Documentation for River Training and Dredging Works on Selected Locations along the Danube River 

A project funded by the European Union 

Consortium Witteveen+Bos, EIA Study - Main Text 101

The DDT values also exceeded in almost all samples the target values (both Serbian and 
Dutch) at Bezdan and Novi Sad. The maximum measured value was 279.1 µg/kg at 
Bezdan in February 2010. 
 
Year 2011 
Only data from Bezdan and Novi Sad were available for this year and only for the period 
March-September. Analyses were made for the period March-September. 
The results show that in 2011 several heavy metals exceeded the maximum allowable 
values, as well as oils and DDT (total). 
 
Particularly, the exceedance of Zn and Cu in all samples occurred for both parameters 
according to Serbian and Dutch regulation. Maximum value for Zn was registered at 
Bezdan in September, with 350 mg/kg, and maximum value for Cu was 1095 mg/kg, in 
March at Bezdan. 
 
It has to be mentioned that nor one result for Zn exceeded limit value according to Serbian 
regulation, but values of Cu exceeded even remediation value in almost all samples (three 
of five samples showed exceedance of the remediation value). 
 
Value for Cd was also exceeded in September both in Bezdan and in Novi Sad, with 
maximum value of 1.0 mg/kg. 
Ni and Hg exceeded prescribed values (target value) in three of five measured samples 
and the maximum value for Ni was 40 mg/kg and for Hg 0.4 mg/kg (target value).  
 
Oils exceeded the target value, according to the Serbian and Dutch regulation, in two of 
five samples and maximum value was 286.6 mg/kg. 
 
PCB’s and PAH’s concentrations were below the prescribed values in this year. 
 
DDT total was exceeded in four of five samples, at each of the stations. The worst case 
was with p,p’-DDT exceeded  in almost each sample, with maximum value 311.1 µg/kg in 
September, at Bezdan.  
Occasionally, exceedance was registered for p,p’-DDE (all samples, with maximum value 
16.4) and p,p’-DDD (only in one case) at Bezdan and Novi Sad.  
 
The remaining parameters with their prescribed values for the year 2011 are presented 
below. 
 

5.6.4. Analyses of Sediments at Characteristic Locations  
Results of the analyses show no increased values of heavy metals, such as Cu, Zn, Pb, Cr, 
Ni, and Hg, including As. The measured values of the above parameters in the samples of 
the Danube river sediments at characteristic locations were in the intervals far below the 
prescribed ones, even in terms of the order of magnitude. The values of the above 
parameters were also far below Serbian values (Decree from May, 2012), Dutch “target” 
value and theoretically possible impact value (Canadian) i.e. these were far below the 
intervention values prescribed in Serbian or Dutch standard, but these were also 
significantly below Canadian empirical probable impact value. 
 
The measured values of oil residues were <1.0 mg/kg. None of the above standards 
(Serbian, Dutch and Canadian) prescribe the maximum allowable, target or intervention 
values of this parameter. However, concentrations of oil residues should be monitored in 
the Danube countries having in mind that the Danube is a navigation river. In some 
countries this parameter is measured occasionally, together with other prescribed 
parameters, particularly heavy metals. 
 



 

 

Preparation of Documentation for River Training and Dredging Works on Selected Locations along the Danube River 

A project funded by the European Union 

Consortium Witteveen+Bos, EIA Study - Main Text 102

The measured values of total polycyclic aromatic hydrocarbons were below 0.5 mg/kg. The 
parameter of PAH sum included anthracene, benzo(a)anthracene, benzo(k)fluoranthene, 
benzo(a)pyrene, chrysene, phenanthrene, fluoranthene, indeno((1,2,3)-cd-pyrene, 
naphthalene and benzo(g,h,i)perylene and the measured value (0.5 mg/kg) was below the 
target value (1 mg/kg). 
 
The measured values of total polychlorinated biphenyls (PCB) were below all prescribed 
values, being less than 0.01 mg/kg, and the value of measured total hydrocarbons was 
below 1 mg/kg. 
 
Based on the above-presented results, it can be concluded that the samples of the Danube 
river sediments show low values of individual heavy metals (Cu, Zn, Pb, Cr, Ni and Hg, 
including As), total PAHs and total PCBs. It should be noted that the analyses were made 
on samples that represent the conditions of sediments at one instant at the locations of 
interest. For a more detailed evaluation and valid presentation of the sediment conditions at 
these locations, results of systematic analyses performed over a longer period of time have 
to be taken into account.  
 

5.6.5. Results of field investigations July 2011 
To obtain a more detailed and precise analyses of the sediment quality, at the locations 
which are interesting for the current project (critical Sectors and their vicinity) a specific 
survey was carried out to enable a local, indicative analyses. The results of the sediment 
sampling for the project stretch km 1295 - km 1180 are presented hereunder 
 
During the field survey carried out in July 2011 samples were taken and a grain size 
distribution analysis was performed on all the samples, whereas the quality analysis 
(physical-chemical analysis) was also performed on the most representative samples.  
The sediment sampling was performed according to the prevailing regulations to preserve 
the samples integrity. These samples were analyzed at the accredited laboratory of the 
Institute of Chemistry, Technology and Metallurgy in Belgrade.  
 

The analyzed parameters include:  
- % of dry substance; 
- % of annealing losses; 
- COD; 
- the contents of: ammonia; 
- Kjeldahl nitrogen; 
- total nitrogen; 
- organic nitrogen; 
- phosphates; 
- Na, K, Fe, Mn, Cu, Zn, Pb, Cr, Ni, As and Hg; 
- polycyclic aromatic hydrocarbons; 
- total hydrocarbons; 
- polychlorinated biphenyls; 
- oil residues.  
 

The purpose of the performed analyses was to obtain the informative picture about the 
sediment quality at the subject locations, having in mind that these these locations are not 
included in the systematic testing of quality performed by the relevant authority (RHMZ, 
SEPA). For an adequate identification of the sediment quality at these locations, the 
analyses should be performed on representative samples and in the intervals defined and 
determined in advance, during a longer period of time.  
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Description of the locations from which the sediment samples were taken: 
 
Chainage km 1,280 
A river island is present in the middle of the river course. There is a sand beach on that 
river island where the sediment samples were taken. At this stretch of the river course, in 
upstream direction, there are some industrial facilities (Borovo, Vukovar), as well as some 
settlements.  
The following samples were taken: 
- D8 (km 1,280 nr 1): the grain size distribution analysis was performed, 
- D9 (km 1,280 nr 2): the grain size distribution analysis was performed; 
- D10 (km 1,280 nr 3): the grain size distribution analysis and the sediment quality 

analysis were performed; 
- D11 (km 1,280 nr 4): the grain size distribution analysis was performed; 
- D16 (km 1,280 nr 5): the grain size distribution analysis was performed. 
 

Chainage km 1,245 
There is a river branch and a river island on the left bank of the Danube and also a sand 
deposit at the upstream and downstream tip of the river island. The sample was taken from 
the downstream tip of the river island. At this stretch of the Danube course, in upstream 
direction, the city of Novi Sad is located, as well as the developed industrial facilities and 
settlements along the river bank and in its vicinity. 
 
The following samples were taken:  
- D12 (km 1,245 nr 1): right bank of the river island; 
- D13 (km 1,245 nr 2): from the top of the river island, the grain size distribution analysis 

was performed; 
- D14 (km 1,245 nr 3): left side of the river bank; 
- D15 (km 1,245 nr 4): left side of the river bank, soft sand, at its very contact with water.  
 

The regulations that prescribe the required satisfactory sediment quality have been enacted 
in the Republic of Serbia recently. For the purpose of the current project, the regulations 
and the rules of the Republic of Serbia, as well as countries which have developed the 
stronger mechanisms for sediment quality assessment will be applied.  
 
Comparing various regulations of different countries, it appears that the most complete 
regulations and most frequently used are the Dutch and the Canadian regulations. The 
characteristics for these two standards are available respectively at the following web site: 
www.esdat.net/Environmental_Standards.aspx. 
  
The reasoning behind the selection is also that these countries have a long legislation 
tradition in this field and have a leading position in development of the criteria and 
regulations related to sediment quality.  
 
Table 5.10 presents the values of sediment quality parameters according to Serbian, Dutch 
and Canadian regulations, as well as the values of the parameters obtained after 
performing the analyses on the above mentioned samples. 
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Table 5.10. Danube - Results of sediment quality analyses (2011) 

analysed parameter  unit 

Serbian 

target 

values 

[mg/kg] 

Dutch 

“target” 

value 

[mg/kg] 

Dutch 

intervention 

value  

[mg/kg] 

Canadian 

theoretically 

possible 

impact 

value 

[mg/kg] 

Canadian 

empirically 

probable 

impact 

value 

[mg/kg] 

D12 

km 

1,245 

Arankina 

Ada 

D10 

km 

1,280 

Susek 

% of dry substance %      97.1 47.6 

% of annealing losses %      1.8 2.9 

COD mg/kg      100.2 - 

Ammonia  mgN/kg      3.76 - 

Kjeldahl nitrogen mgN/kg      4.00 - 

Total nitrogen mgN/kg      42.3 - 

Organic nitrogen  mgN/kg      0.24 - 

Phosphates  mgP/kg      0.62 - 

Na mg/kg      175.4 17.2 

K mg/kg      45.8 3.93 

Fe mg/kg      228.0 1.30 

Mn mg/kg      70.2 2.7 

Cu mg/kg 36 36 190 35.7 197 <0.060 <0.03 

Zn mg/kg 140 140 720 123 315 0.076 0.022 

Pb mg/kg 85 85 530 35 91.3 <0.480 <0.24 

Cr mg/kg 100 100 380 37.3 90 <0.240 <0.12 

Ni mg/kg 35 35 210   <0.120 <0.06 

As mg/kg 29 29 55 5.9 17 0.011 0.023 

Hg mg/kg 0.3 0.3 10 0.17 0.486 0.008 <0.0005 

Total hydrocarbons  mg/kg      <1.0 <1.0 

Oil residues  mg/kg      <1.0 - 

Polycyclic aromatic 

hydrocarbons  (total 

PAHs) 

mg/kg 1* 1** 40**   <0.5 - 

Acenaphthene  mg/kg    0.00671 0.0889 <0.2 - 

Acenaphthylene  mg/kg    0.00587 0.128 <0.1 - 

Anthracene  mg/kg    0.0469 0.245 <0.4 - 

Benzo(a)anthracene mg/kg    0.0317 0.385 <0.4 - 

Benzo(a)pyrene mg/kg    0.0319 0.782 <0.2 - 

Benzo(b)fluoranthene mg/kg      <0.4 - 

Benzo(g,h,i)perylene mg/kg      <0.4 - 

Benzo(k)fluoranthene mg/kg      <0.4 - 

Chrysene mg/kg    0.0517 0.862 <0.2 - 

Dibenzo(a,h)anthracene mg/kg    0.00622 0.135 <0.4 - 

Fluoranthene mg/kg    0.111 2.355 <0.2 - 

Fluorene mg/kg    0.0212 0.144 <0.4 - 

Indeno(1,2,3-cd)pyrene mg/kg      <0.5 - 

Naphthalene mg/kg    0.0346 0.391 <0.1 - 

Phenanthrene mg/kg    0.0419 0.515 <0.2 - 

Pyrene mg/kg    0.0530 0.875 <0.4 - 

Polychlorinated 

biphenyls (total PCBs) 
mg/kg 0.02*** 0.02 1 0.0341 0.277 <0.01 - 

2,2’,5,5’-

Tetrachlorobiphenyl 
mg/kg      <0.01 - 
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analysed parameter  unit 

Serbian 

target 

values 

[mg/kg] 

Dutch 

“target” 

value 

[mg/kg] 

Dutch 

intervention 

value  

[mg/kg] 

Canadian 

theoretically 

possible 

impact 

value 

[mg/kg] 

Canadian 

empirically 

probable 

impact 

value 

[mg/kg] 

D12 

km 

1,245 

Arankina 

Ada 

D10 

km 

1,280 

Susek 

2,2’,4,5,5’-

Pentachlorobiphenyl 
mg/kg      <0.008 - 

2,2’,3,4,4’,5,5’-

Hexachlorobiphenyl 
mg/kg      <0.005 - 

2,2’,4,4’,5,5’-

Hexachlorobiphenyl 
mg/kg      <0.008 - 

2,2’,3,4,4’,5,5’-

Heptachlorobiphenyl 
mg/kg      <0.005 - 

* sum of PAH (RS): Naphthalene, Anthracene, Phenanthrene, Fluoranthene, Benzo(a)anthracene, 
Benzo(k)fluoranthene, Benzo(a)pyrene, Benzo(g,h,i)perilene, Indeno(1,2,3-cd)pyrene 
* *sum of PAHs: Anthracene, Benzo(a)anthracene, Benzo(k)fluoranthene, Benzo(a)pyrene, Chrysene, Phenanthrene, 
Fluoranthene, Indeno(1,2,3-cd)pyrene, Naphthalene and Benzo(g,h,i)perylene. 
*** sum of PCB 28, 52, 101, 118, 138, 152, 180. 

 

 

5.6.6. Results of field investigations September 2012 
During the execution of the Phase 3 of the project stretch the following field surveys were 
carried out: 
- Consortiums Field Survey (September, 2012); 
- Field investigations executed by Hidrozavod DTD (September and October, 2012); 
- Bathymetrical survey executed by DIW/Plovput (May - September, 2012). 
 
Field investigations executed by Hidrozavod DTD consisted of geomechanical 
investigations at the Sectors 18, 19, 21, 22, 23 and 24. This survey consisted of a detailed 
geotechnical survey including a field survey drilling program and a related laboratory 
testing, as well as the execution of CPTs at the river banks.  
 
Hidrozavod DTD performed grain size analysis of the river bed samples at the Sectors 18 - 
24 and prepared grain size curves (incl. d50 grain size) together with the reporting. In 
addition Hidrozavod DTD has performed out of all samples (boring of riverbed) collected for 
grain size analyses in Sectors 18 - 24. In total twelve samples (take at river bed surface 
level and at a depth of 0.5-1m) were analysed in the Laboratory for Soil and Agro-Ecology, 
Institute of Field and Vegetable Crops, Novi Sad. The laboratory which provided chemical 
analyses is certified and the results are official. 
 
The Table 5.11 presents the locations where sediment samples were taken and 
subsequently analysed at the laboratory. The analyses and results are given in the 
Appendix IX, including comments. 
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Table 5.11. Sediment sample locations 

Laboratory number Location Depth Sonde 

1 Arankina Ada 0.0-3.0 BA-1 

2 Arankina Ada 2.3-2.6 BA-2 

3 Susek 0.0-2.6 BS-1 

4 Susek 2.0-2.3 BS-2 

5 Preliv 0.0-5.0 BP-1 

6 Preliv 1.0 VBP-1 

7 Čortanovci 2.0-2.3 BC-1 

8 Čortanovci 0.8-5.0 BC-2 

9 Beška 0.0-6.0 BB-2 

10 Beška 0.0-5.5 BB-1 

11 Futog 0.0-5.3 BF-1 

12 Futog 0.8-1.1 BF-2 

Source: Hidrozavod DTD/ Laboratory for Soil and Agro-Ecology, Institute of Field and Vegetable Crops, Novi Sad 
 
The Table 5.12 presents the concentration of heavy metals in sediment, measured at one 
moment at 12 most specific project locations. Based on these analyses, it can be said that 
none parameter was over detection level or target value (both Serbian and Dutch 
regulation). Each parameter was significantly less that target value, and few times less than 
remediation value. Based on above, it can be concluded that sediment samples were not 
polluted with heavy metals. 
 
 

Table 5.12. Heavy metals in sediment samples in mg/kg 

Lab No Cd Cr Cu Ni Pb Zn Hg* As Co Mo 

1 <MDL 9.4 3.2 12.5 3.8 30.8 <MDL 3.5 4.4 <MDL 

2 <MDL 10.3 2.6 10.7 3.0 38.0 <MDL 2.0 4.0 <MDL 

3 <MDL 7.9 2.3 8.3 2.1 23.4 <MDL 2.5 3.3 <MDL 

4 <MDL 9.3 8.0 8.9 2.6 25.5 <MDL 2.5 3.5 <MDL 

5 <MDL 11.1 2.8 11.9 4.2 40.4 <MDL 3.3 4.7 <MDL 

6 <MDL 27.4 14.8 21.0 13.4 117.0 <MDL 4.0 8.5 <MDL 

7 <MDL 13.8 3.3 12.4 2.8 41.0 <MDL 1.5 4.5 <MDL 

8 <MDL 21.5 6.7 16.5 6.1 43.9 <MDL 2.8 6.0 <MDL 

9 <MDL 14.0 4.6 12.1 6.2 42.6 <MDL 3.6 4.9 <MDL 

10 <MDL 10.3 3.4 10.8 5.6 38.8 <MDL 2.5 4.2 <MDL 

11 <MDL 8.6 2.8 10.7 3.0 33.9 <MDL 2.7 3.8 <MDL 

12 <MDL 8.0 2.8 9.8 1.2 17.5 <MDL 1.1 3.9 <MDL 

*MDL Method Detection Limit (0.1 mg/kg) 

 

Source: Hidrozavod DTD/ Laboratory for Soil and Agro-Ecology, Institute of Field and Vegetable Crops, Novi Sad 
 

 
In addition, the organochlorine pesticides, PCBs and PAHs were analysed and the results 
are presented in the Table 5.13, Table 5.14, Table 5.15 and Table 5.16. The results show 
that sediment’s values for PAHs mostly were not even detected. Therefore, it can be 
concluded that these sediment samples were not polluted with PAHs. 
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Table 5.13. PAHs in sediment samples in mg/kg – part 1 - 6 

PAH (mg/kg) Laboratory No 

 1 2 3 4 5 6 
Napthalene n.d n.d n.d n.d n.d n.d 

Acenapthylene n.d n.d n.d n.d n.d n.d 
Acenapthylene n.d n.d n.d n.d n.d n.d 

Fluorene 0.0017 n.d n.d n.d n.d 0.0095 
Phenanthrene n.d n.d 0.0057 n.d 0.0079 n.d 

Anthracene n.d 0.006 n.d n.d n.d 0.0429 
Fluoranthene 0.0044 0.0039 0.0068 n.d 0.0057 0.0627 

Pyrene 0.0030 0.006 n.d n.d n.d n.d 
Benzo(a)anthracene n.d n.d n.d n.d n.d n.d 

Chrysene n.d n.d 0.0095 n.d n.d 0.0337 
Benzo(b)fluoranthene n.d n.d n.d n.d n.d n.d 
Benzo(k)fluoranthene n.d. n.d. n.d. n.d. n.d. n.d. 

Benzo(a)pyrene n.d. n.d. n.d. n.d. n.d. n.d. 
Indeno(1,2,3-cd)pyrene n.d. n.d. n.d. n.d. n.d. n.d. 
Dibenzi(a,h)anthracene n.d. n.d. n.d. n.d. n.d. n.d. 

Benzo(g,h,i)pyrelene n.d. n.d. 0.0047 n.d. n.d. n.d. 

Note:  n.d. - not detected 

Source: Hidrozavod DTD/ Laboratory for Soil and Agro-Ecology, Institute of Field and Vegetable Crops, Novi Sad 
 

Table 5.14. PAHs in sediment samples in mg/kg – part 7 - 12 

PAH (mg/kg) Laboratory No 

 7 8 9 10 11 12 
Napthalene n.d n.d n.d n.d n.d n.d 
Acenapthylene n.d n.d n.d n.d n.d n.d 
Acenapthylene n.d n.d n.d n.d n.d n.d 
Fluorene n.d n.d n.d n.d n.d n.d 
Phenanthrene n.d n.d n.d n.d n.d n.d 
Anthracene 0.0048 n.d n.d n.d n.d 0.0048 
Fluoranthene n.d n.d n.d 0.0037 n.d n.d 
Pyrene 0.0021 0.006 n.d n.d n.d 0.0021 
Benzo(a)anthracene n.d n.d n.d n.d n.d n.d 
Chrysene n.d n.d n.d n.d n.d n.d 
Benzo(b)fluoranthene n.d n.d n.d n.d n.d n.d 
Benzo(k)fluoranthene n.d. n.d. n.d. n.d. n.d. n.d. 
Benzo(a)pyrene n.d. n.d. n.d. n.d. n.d. n.d. 
Indeno(1,2,3-cd)pyrene n.d. n.d. n.d. n.d. n.d. n.d. 
Dibenzi(a,h)anthracene n.d. n.d. n.d. n.d. n.d. n.d. 
Benzo(g,h,i)pyrelene n.d. n.d. 0.0047 n.d. n.d. n.d. 

Note:   n.d. - not detected 

Source: Hidrozavod DTD/ Laboratory for Soil and Agro-Ecology, Institute of Field and Vegetable Crops, Novi Sad 
 

Table 5.15. PCBs in sediment samples 

Lab. No. 
PCB 28 

LOD 0.0005 
mg/kg 

PCB 52 

LOD 0.0005 

mg/kg 

PCB 101 

LOD 0.0005 

mg/kg 

PCB 138 

LOD 0.0005 

mg/kg 

PCB 153 

LOD 0.0005 

mg/kg 

PCB 180 

LOD 0.0005 

mg/kg 
1 0.004 0.010 <LOD <LOD <LOD <LOD 
2 n.d. 0.042 <LOD <LOD n.d 0.0003 
3 0.002 0.031 n.d. <LOD <LOD <LOD 
4 0.003 0.018 <LOD n.d n.d <LOD 
5 <LOD 0.037 <LOD <LOD <LOD <LOD 
6 0.011 0.005 <LOD <LOD <LOD <LOD 
7 <LOD 0.037 <LOD <LOD <LOD <LOD 
8 0.003 <LOD <LOD <LOD <LOD <LOD 
9 0.005 <LOD <LOD <LOD <LOD <LOD 

10 0.002 n.d. <LOD <LOD <LOD <LOD 
11 <LOD <LOD <LOD <LOD <LOD <LOD 
12 <LOD <LOD <LOD <LOD <LOD <LOD 

Note: LOD - below limit of detection;    n.d. - not detected 

Source: Hidrozavod DTD/ Laboratory for Soil and Agro-Ecology, Institute of Field and Vegetable Crops, Novi Sad 
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Based on the above and based on the regulation (Serbian and Dutch), it can be concluded 
that sediment samples were not polluted with PCBs. 
 

Table 5.16. Organochlorine pesticides in sediment samples in mg/kg 

mg/kg 1 2 3 4 5 6 7 8 9 10 11 12 
BHC alpha 

isomer 
0.001 n.d n.d n.d <LOD 0.005 <LOD <LOD <LOD <LOD <LOD <LOD 

BHC beta 
isomer 

0.004 <LOD n.d <LOD <LOD 0.0010 <LOD <LOD <LOD <LOD <LOD 0.001 

Lindan 0.007 <LOD 0.001 <LOD <LOD 0.02 <LOD 0.001 <LOD <LOD <LOD 0.001 
BHC delta 

isomer 
0.002 <LOD 0.002 <LOD <LOD n.d. 0.002 0.001 n.d <LOD 0.001 <LOD 

Heptachlor <LOD <LOD <LOD <LOD n.d. n.d. n.d. <LOD <LOD <LOD 0.001 0.001 
Heptachlor 

exo-
epoxide 

n.d. n.d. n.d. n.d. <LOD n.d. n.d. <LOD n.d. n.d. <LOD n.d. 

Endrin <LOD <LOD n.d. n.d. <LOD n.d. <LOD n.d. <LOD <LOD <LOD <LOD 
Aldrin n.d. <LOD <LOD <LOD n.d. <LOD n.d. <LOD <LOD <LOD <LOD <LOD 

Dieldrin <LOD <LOD <LOD n.d. <LOD n.d. <LOD n.d. <LOD <LOD <LOD <LOD 
Endrin 

aldehyde 
<LOD <LOD <LOD <LOD <LOD n.d. n.d. <LOD <LOD <LOD <LOD <LOD 

Endosulfan n.d. n.d. n.d. n.d. <LOD 0.001 n.d. n.d. n.d. n.d. n.d. n.d. 
p,p’-DDE <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 
p,p’-DDD n.d. <LOD n.d. <LOD <LOD 0.001 n.d. <LOD <LOD <LOD n.d. <LOD 
o,p’-DDT 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

Note:  LOD - below limit of detection;    n.d. - not detected 

Source: Hidrozavod DTD/ Laboratory for Soil and Agro-Ecology, Institute of Field and Vegetable Crops, Novi Sad 
 
 

Most of parameters presented in the table were far below prescribed values, less of 
detection or even not detected. Occasionally, some parameters were detected and 
measured, but they were not taken into consideration as these were not significant. 
 

5.6.7. Conclusions on Sediment Quality 
 
Conclusion 1: using the SEPA data 
Data about sediments obtained from SEPA (Serbian Environment Protection Agency) 
for the period 2006-2011 refer to Bezdan, Bogojevo, Bačka Palanka, Čenta and Novi Sad 
stations. Data were not available for all stations and for all years continuously in this time 
period and the majority of data refer to Bezdan station. In the case of other stations, data 
were given for only one year and mostly one measurement. Having this in mind, the most 
complete picture can be formed about the state of sediments at Bezdan station, while the 
results related to other stations have more an informative character. 
 
It can be concluded that Ni and Cu vary within the year depending on the season, as well 
as during the indicated period. Results presented above show that values for Ni were low 
compared to 2010. Values in 2010 were over the allowed values (Serbian, Dutch and 
Canadian regulation) for both parameters. 
 
Based on the presented results, it can be concluded that sediments in this stretch of the 
Danube river are predominantly unpolluted with organic substances and no significant 
exceedance of PAH and PCB values have been registered except during some 
measurements. However, exceedances of the maximum allowable values of heavy metals 
have been registered, as well as DDT and even the values implying intervention and 
demanding implementation of protection measures. 
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Significant exceedance of Cu and Ni was registered at Bezdan station, while exceedances 
of Zn, Cr, As, Pb, Hg, DDE, p,p’-DDT, DDT total, PAH (fluoranthene and benzo(a)pyrene) 
and some PCBs were registered only occasionally. 
 
At Bogojevo station, significant exceedances of Cr were registered, while other 
parameters (Zn, Pb, As, DDE, DDT total and p,p’-DDT, PAH – fluoranthene and 
benzo(a)pyrene) exceeded the allowable values only during some measurements. 
 
At Novi Sad station, significant exceedance was registered in the case of Zn, Cu, Hg and 
Ni, while Pb, Cr and Cd exceeded the allowable values only during some measurements. 
There was exceedance of p,p’-DDT and p,p’-DDE, as well as DDT total. 
 
Conclusion 2: using the data collected during the field survey in July 2011 
The results of the performed analyses show that increased values of heavy metals, such as 
Cu, Zn, Pb, Cr, Ni, As and Hg do not occur. 
 
The measured values in the sediment samples are considerably lower than the prescribed 
values, even in terms of the order of magnitude. These values are considerably lower than 
the Serbian or Dutch target values and the Canadian theoretically possible impact values, 
i.e. these are far below the intervention values prescribed by the Serbian or Dutch 
regulations and these are significantly below the Canadian empirically probable impact 
value. 
 
Regarding the oil residues, the measured values were <1.0 mg/kg. None of the mentioned 
regulations (Serbian, Dutch or Canadian regulation) prescribe the maximum allowed, target 
or intervention values for this parameter. However, monitoring of oil residue concentrations 
is necessary in the Danubian countries, as the Danube is a navigable river. This parameter 
is occasionally measured in some of the countries, together with the other prescribed 
parameters, especially with the heavy metals parameters.   
 
As for the value of total polycyclic aromatic hydrocarbons (PAH) the measured values were 
below 0.5 mg/kg. 
 
The sum of PAHs parameter comprised: Anthracene, Benzo(a)anthracene, 
Benzo(k)fluoranthene, Benzo(a)pyrene, Chrysene, Phenanthrene, Fluoranthene, 
Indeno(1,2,3-cd)pyrene, Naphthalene and Benzo(g,h,i)perylene. The target value (1 mg/kg) 
was higher than the measured value (0.5 mg/kg). 
 
The measured values for total Poly Chlorinated Biphenyls (PCB) were below all prescribed 
values and below 0.01 mg/kg, while the value of measured total hydrocarbons was below 1 
mg/kg. 
 
On basis of the above mentioned results, it can be concluded that the specific samples 
have low values of some heavy metals (Cu, Zn, Pb, Cr, Ni, As and Hg), as well as the 
values of total PAHs and the total PCBs. 
 
Conclusion 3: Conclusion made after Joint Danube Survey 2007 
During this national programme, concentration of organic pollutants and heavy metals were 
measured in the sediment samples from Danube (3 profiles). Organic pollutants were 
measured, especially organic matter of artificial origin and priority substances 
(organochlorine insecticides, polychlorinated byphenyls, polycyclic aromatic hydrocarbons). 
 
Based on the results of organochlorine insecticides, in the sediment samples from the 
Danube, the DDE concentration varied from 0.001 to 0.022 mg/kg, pp-DDD from 0.002 to 
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0.026 mg/kg, and pp-DDT from 0.360 to 1.152 mg/kg. Triazine pesticides have not been 
detected in any analysed sample. 
 
Total PCBs were identified in two samples from the Danube river (0.008 and 0.084 mg/kg). 
PAH were detected in all sediment samples. Total concentration ranged between 0.023 
and 0.262 mg/kg. 
 
During the execution of this survey, the legal background for sediment quality in Serbia did 
not exist, and the data were compared with European Directive, as well as Dutch 
recommendations. According to the regulation of the Republic of Serbia (Maximum 
Allowable Concentration of heavy metals in soil, Official gazette of Serbia, 1994), exceeded 
concentrations were found for chromium, nickel, lead and copper, in 2007. 
From the analysis of the sediment using the target values defined in the Directive 
86/278/EEC, only nickel and copper occasionally exceeded the allowed limits, whereas the 
rest of the metals have allowable values. 
 
According to the Directive 86/278/EEC, sediment from the Danube can be used in 
agriculture (conclusion from JDS2, 2007.) since the values for all metals in sediment are 
way below the standards valid for sludge originating from communal waste water treatment. 
 
According to the Dutch regulations, results from this year show that the sediment from 
Danube exceeds the Dutch target values, especially pesticides. As for heavy metals, only 
cadmium and copper significantly exceed the target values, whereas other metals are 
within the limits of tolerable concentrations. 
 
The general conclusion mentioned in the Danube River Management Plan, is that the entire 
pollution  generated on the territory of the Danube watershed in Serbia is either retained or 
it completely decomposes, before the Danube leaves the territory of Serbia. As explained in 
this Plan, the Danube is capable of accepting the pollution that is being generated in Serbia 
and at the same time, the quality of the Danube water and sediment does not considerably 
change.  
 
This phenomenon is certainly significantly supported by the fact that the reservoir of HEPS 
Djerdap 1 acts as a huge bioreactor, in which the organic matters are intensively 
decomposed and also, the organic matters and nutrients are eliminated from the system, 
mainly by means of the sedimentation process, following the decomposition process. It can 
be generally concluded that larger watercourses in Serbia have considerable capacity of 
self-purification.  
Based on the above results, it can be concluded that increased pollution of the Danube 
sediment by some heavy-metals has been recorded (particularly by Cu, Ni and Cd,) 
whereas presence of the other heavy-metals only sporadically indicated pollution. The 
occasional presence of organic pollution of artificial origin (insecticides, PAH, PCB, etc.) 
has also been recorded.  
 
Conclusion 4: using the data collected during the field survey September 2012 
 
During the Phase 3 of the current project, field works were performed sediment samples 
were taken at the critical sectors of the project stretch, being Bačka Palanka up to 
Belgrade. The samples for chemical examination were taken at 12 locations and sent to the 
laboratory for the analyses. Laboratory which provided chemical analyses is certified and 
the results are official. The results are given in the previous chapters as well as in appendix 
of this report.  
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The general conclusion is that samples that were sent to the laboratory, are not polluted 
with heavy metals (as well with As), PAHs, PCBs or with organochlorine pesticides.  
Most of these parameters could not even be detected, or values were less of detection. 
But, almost all measured were far from target value (Serbian and Dutch regulation), and 
were far from the remediation value.  
These are the results from a moment in time, at specific locations and places.  
 
General conclusion: using the data from Conclusion 1-Conclusion 4 
 
Based on the results from the Conclusion 1, it can be concluded in general that the largest 
exceedances of allowable values were registered in the case of Cu and Ni, as well as DDT 
total and some PAH and PCB, while the values of other parameters during particular 
measurements exceeded the target values but were far below the values envisaged for 
intervention. 
 
Based on the results from 2011 field survey presented in Conclusion 2 measured values 
were lower than prescribed, even in the terms of magnitude. There were no exceedances 
of heavy metals, was no exceedance of PAH or PCB and oil residuals were not detected.  
 
Based on the results presented in Conclusion 3 (Joint Danube Survey 2007), 
organochlorine insecticides have been detected, p,p’-DDE, p,p’-DDD and p,p’-DDT, PAH 
were detected in almost all samples.  
Total PCBs were detected in two samples.  
Cr, Ni, Cd, Pb and Cu were also detected having over prescribed values.  
Cd and Cu were the most critical parameters.  
The conclusion is that sediment is polluted with these parameters, but according to the 
regulation (Directive 86/278/EEC) it can be used for agriculture purposes. 
 
Based on analyses that were performed within the field survey investigation in September 
2012 (Conclusion 4), it can be concluded that sediment, from 12 specific spots cannot be 
considered as a source of pollution. The sediment could be returned into the river when 
carrying out dredging works. Specific remediation measures would not be needed. Based 
on the analyses performed within field investigations in September 2012, (Conclusion 4), it 
can be concluded that sediments originating from 12 specific locations cannot be a source 
of pollution and that they can be returned into the river after completion of works without 
undertaking any special remedy measures. This, however, should be considered with a 
reservation. 
 
This conclusion can only be valid if the main fact is taken into consideration, and that is that 
these are results from one moment, and from one spot. Also, it should be emphasized that 
the most important fact is that SEPA analyses show even 10 times extensive values for the 
same parameters at almost the same places in the Danube.  
 
SEPA’s analyses show that sediment at the Danube (project stretch) can be extremely 
polluted, for the time period of previous six years. This fact confirms Joint Danube Survey 
which was done in 2011. At the other side, indicative analysis show that there were no 
pollution at specific locations, for constriction and river training works.  
To draw conclusions sampling over a  longer period has to be available and analysed, 
more information should be provided, new analyses and results should be performed. This 
should be done during the construction phase, but also during to be included in the future 
monitoring programme.  
Protective measures shall be provided if dredging is the selected option and monitoring 
shall be significant for the future period.  
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So far, it can be said that sediment on the Danube is polluted with some heavy metals 
(almost all of them, but the most critical are Ni and Cu), and with DDT total (p,p’-DDE, p,p’-
DDD and p,p’-DDT) occasionally. The remaining parameters were mostly within prescribed 
intervals or below maximum values. Because of the above and differences between the 
results from SEPA and JDS at one side, and field survey analysis in 2011 and in 2012 at 
the other side, dredging can be executed  and the sediment can be returned into the river 
only if parameters are within the prescribed values given by the regulation. This implicates 
that new, indicative analysis should be done when dredging activities start and during 
construction period. This could be done for example by taking one sample for every 10 000 
m3 of dredged material. 
 
The material to be dredged at the critical Sectors in the Serbian project stretch of the 
Danube from the Hungarian border to just upstream of Belgrade is expected primarily to 
consist of sand and fine gravel, which normally only include low concentration of such 
substances. The immediate and direct impact of the dredging activities on river water 
quality is expected to be limited primarily due to an increased concentration of suspended 
material. 
 
 

5.7. Biological Status 
The biological status is given for the different main groups of biota found in the area: 
- Phytoplankton (algae in the water masses); 
- Phytobenthos (algae living at the bottom);  
- Aquatic macrophytes (bigger plants growing in the water and in riparina wetland areas); 
- Macroinvertebrates (smaller animal living in or on the bottom and among plants); 
- Insects (Enterofauna); 
- Fish (Icththyofauna); 
- Amphibians (Batrachofauna); 
- Reptiles (Herpetofauna); 
- Birds (Ornithofauan); 
- Mammals (Theriofauna). 

 
Focus will be on those that have most relevance in relation to the possible impact from the 
river training works. 
 
Phytoplankton 
Phytoplankton data for the Danube indicates high qualitative similarity down along the 
project area. The greatest species richness is identified among Bacillariophyta and 
Chlorophyta with participation of 45% and 33% in total phytoplankton community.  
At the section from the Tisa confluence to the Novi Sad, the highest number of species is 
detected (192) – all present taxa in entire explored Sector. Diatoms Navicula and Nitzschia 
are the most diverse phytoplankton genera, also Fragillaria and Cymbella are significantly 
rich in species. Among division Chlorophyta genera Closterium, Pediastrum and especially 
Scenedesmus are prominent in regard to species diversity. Diatoms Stephanodiscus 
hantzschii and S. minutulus are found to be very abundant according to available data. The 
most frequent species along Pannonian Plane of the Danube are Cyclotella meneghiniana, 
Fragillaria ulna, Melosira varians, Stephanodiscus hantzschii and S. minutulus 
(Bacillariophyta) and among Chlorophyta: Scenedesmus quadricauda, S. acuminatus and 
Pediastrum duplex. 
 
Decreasing of phytoplankton diversity after inflow of tributaries, urban or industrial waste 
waters are not always followed by decreasing of algal abundance, as outcome of some 
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phytoplankton species overgrowth. It is interesting to underline that in contrary to qualitative 
composition, quantitative participation varies considerably. 
 
Generally a declining biomass of phytoplankton (measured as Chlorophyll) is observed 
from Hungarian board to Belgrade. This could be due to self-purification process and a 
relatively restricted load along the majority of the river stretch combined with effect of inflow 
of from tributaries. 
 
Phytobenthos 
Phytobenthos predominantly occur in more shallow parts and side branches as these algae 
require that light can penetrate to the bottom. There are big similarities in the population 
that is found along the project stretch. Bacillariophyta dominate with between 50 and 70 % 
of identified taxa. Also Chlorophyta is quite common.  
Within the stretch from the Hungarian border to the Drave confluence the two groups were 
however found equally represented. Among the most dominating spices were found several 
diatoms Naviclua and Nitschia. 
 
Near Belgrade a critical endangered phytobenthos species have been found: Thorea 
hispida (Rodophyta). 
 
Aquatic marophytes and riparian littoral vegetation 
Important Plant Areas (IPAs) are natural or semi-natural sites exhibiting exceptional 
botanical richness and/or supporting an outstanding assemblage of rare, threatened and/or 
endemic plant species and/or vegetation of high botanical value. The mapping of IPAs in 
Serbia is still in preparation. Initial assessments indicate that 222 potential IPAs and 12 
cross border IPA sites may be delimited within Serbia. Drawings have been prepared by 
Consortium using the available information. 
 
Several IPAs exist along the river corridor of the project area and in adjacent riparian 
wetland areas that potentially can be influenced by the proposed river training activities. 
 
Flowering plants, mosses and liverworts, a few species of encrusting lichens, and other 
large algal species constitute the macrophytes of flowing waters. Most groups can also be 
found in standing water, but as one proceeds to faster flows the flora becomes restricted to 
the small number of species able to withstand current. In the side braches of the river and 
especially in the dead ends the species only living in standing water will be found. 
Four major growth forms of macrophytes are:  
- emergent occur on river banks and shoals. They are rooted in soil that is close to or 

below water level during much of the year; 
- floating-leaved, taxa occupy margins of slow rivers, where they are rooted in 

submerged soils; 
- free-floating plants usually are not attached to the substrate and can form large mats, 

often entangled with other species and debris, in the zone of slow turbidity; 
- submerged taxa are attached to the substrate, their leaves are entirely submerged, and 

they typically occur in midstream unless the water is too deep. Particular species occur 
in specific habitats based on growth form and attachment characteristics, as well as 
other environmental factors. 

 
In addition to these plant communities that live directly in the aquatic environment, littoral 
riparian communities exist with high species richness that are highly depending on the 
water and water level fluctuations in the Danube. These include among others littoral 
vegetation of tall herbaceous plants (Phragmitetea communis), which is widely distributed 
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in the investigated region and area. It includes littoral vegetation of dwarf plants or 
amphibian vegetation, different types of meadows and forest types.  
 
The main types of ecosystems in the Danube and neighbouring flooding zones include all 
the above groups of directly aquatic vegetation and littoral vegetation highly depending of 
water from the river system. The lists of general occurring species as well as threatened 
species are outline in the attached IBISS report Appendix VII, Chapter 9.1.1 Aquatic 
ecosystem and Chapter 9.2 Flora including Table 4 with a list of strictly protected species in 
Serbia. 
 
The most important plant habitats are located outside the main course in flooded and 
wetland zones and these are highly dependent on the water levels and water level 
fluctuation in the main course.  
 
The habitats along the main course that could be characterised as most interesting are 
distributed along the entire stretch, as mosaic; therefore the identification of specific areas 
of macrophytes and littoral plant interest, except from the assigned IPAs cannot be made 
based on available information.  
 
Aquatic macroinvertebrates 
A total of 88 macroinvertebrate taxa from 13 taxa groups were recorded within the stretch 
from the Hungarian border to Belgrade. The greatest taxa richness was recorded among 
Mollusca (21), Diptera (19) and Oligochaeta (17). Species richness of the Crustacea (10 
taxa) and Hirudinea (7) were also significant, while diversity of the other macroinvertebrate 
groups are lower: Odonata (4), Trichoptera (3), Spongilidae and Planaria (two species of 
each group), followed by Hydrozoa, Polychaeta and Ephemeroptera which were 
represented with only one species. 
 
In regard to current preference, a small number of species (0.13%) could be characterized 
preferring standing waters. The recorded community is dominated (73 %)by species 
preferring slow-flowing streams and lentic zones (rheo- to limnophilous taxa). A smaller 
amount (18.1%) of species was indifferent to current conditions. 
  
The majority of the identified species (44.7%) are adapted to the bottom substrate types 
typical of large lowland rivers (with fine substrate types such as sand, clay and mud). The 
taxa that prefer lager fraction of the substrate were represented with 9.5% while the taxa 
characterized as phytophilous (living among and feed on plants) counted for 4.9% of the 
total number of identified species. The taxa characteristic for substrate type with particulate 
organic matter, such as woody debris counted for 4.8% in the total macroinvertebrate 
community.  
 
In regard to a preferred zone within the river continuum (longitudinal zonation) the greatest 
part of recorded species (84.8%) is characteristic for the lower stretches of the rivers 
(hypopotamal, epipotamal, metapotamal) – potamal species (AQEM, 2002). The rest of the 
taxa belong to the littoral (8%) and rhithral type (3.9%).  
 
Within the water body D 6 from Belgrade to Tisa (km 1170- 1215) nine faunistical groups 
with 32 taxa were identified. Molluscs were the principal component (89% of the bottom 
fauna). Crustacean make up 3.5% of the species where as the ligochaeta and Trichoptera 
make up 2.5% respectively 2.3%, while the group Diptera was represented with 1.4%. 
Participation of the other groups is lower than 1%.  
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In this section, in terms of quantity, representatives of thе Mollusca Litoglyphus naticoides 
(Gastropoda) as well as Unio tumidus (Bivalvia) are the most significant. 
 
In the water body D_7 from Tisa to Novi sad (km1215-1255) 30 taxa belonging to seven 
groups was found. Molluscs were found to be the principal components of the 
macroinvertebrate community in regard to relative abundance (95% of the total 
community).The snails L. naticoides and Theodoxus fluviatilis were the most abundant in 
this Sector. 
 
The macroinvertebrate fauna of the water body D_8 upstream Novi Sad (km 1255-1295) is 
composed of 57 taxa from eight groups. Molluscs (77%) and Crustacea (19%) was 
dominant within the bottom fauna. The snail species L. naticoides was again dominant. As 
the subdominant species the mussel Dreissena polymorpha and crustacean Asellus 
aquaticus was found. 
 
Within the investigated sites along the stretch of water body D_9- downstream confluence 
with Tisa (km 1295-1382), seven group with 27 taxa were detected. The most significant 
benthic groups were Crustacea (52%), followed by Mollusca (35%) and Diptera (7.5%). 
Beside the dominant species L. naticoides, the second most important species was the 
freshwater shrimp Dikerogammarus villosus. 
 
Along the water body D_10 from confluence with Tisa to Hungarian border (km 1382- 1433) 
was found 27 macroinvertebrates taxa from nine groups. Crustacea was found to be the 
most dominant taxa group (74%). Asellus aquaticus, Joera istri and D. villosus from the 
group Crustacean as well as the mussel D. polymorpha were the most frequent. 
 
The most frequent species, along the examined part of the Danube, were the crustacean D. 
villosus and mussels L. naticoides, Corbicula flumine and D. polymorpha (Molluscs group). 
 
The lowest diversity indexes were observed in water body D 9 downstream of the Drava 
mouth, whereas the highest were observed index was found at sampling sites Bačka 
Palanka (water body  D_8) and Belegiš (water body D_6).  
 
A high degree of faunistic similarity with regard to macroinvertebrats was found between 
water bodies D_6 and D_7, while the least similarity were between D_8 and D_9. 
 
Considering natural characteristics of this Sector with respect to macro- and microhabitats 
the invertebrate species richness was expected to be higher. Besides registered taxa 
Appendix VII gives a number of species that are potentially present in this stretch of the 
Pannonian Plain of Danube.  
Significant decline in population density of the mussel Unio crassus, the snail Theodoxus 
transversalis and the crustacean Astacus astacus was detected in last few decades. 
 
Besides hydromorphological degradation and general pollution, one of the possible reasons 
for the population density decline could be a competition with exotic (non-indigenous, alien) 
species.  
 
It is important to emphasize that U.crassus, A. astacus as well as leech species Hirudo 
medicinalis are on the list of endangered and protected species according to national 
regulation (Official gazette, 05/2010). 
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As said some alien, invasive species were found along the examined stretch. For example, 
percentage participation of alien invasive freshwater shrimp D. villosus in the sample from 
site – Downstream of the Drava confluence (D_9) was up to 90%. 
Invasive species: Dikerogammarus haemobaphes, Dikerogammarus bispinosus, 
Obesogammarus obesus, Corophium curvispinum (Crustacea); Synanodonta woodiana, 
Corbicula fluminea, Corbicula fluminalis, Dreissena polymorpha (Bivalvia) and Hypania 
invalida (Polychaeta) were also found along the investigated Sector.  
 
Insects (Enthomofauna) 
The area of interest for this Study along the Danube between Bezdan and Belgrade are 
situated in the northern part of Serbia. Because of the location, altitude, climatic factors, 
complex pedological structure and other characteristics of the terrain this region has 
heterogeneous plant associations and consequently large diversity of insects. Pronounced 
microrelief, (depression, plateaus, high places, and beams) frequent changes of water 
regime and edaphic conditions have made this area is characterized by many different 
types of biotopes: continental inland, salt steppes with dominant grasses and herbaceous 
plants, riparian and gallery woodland, with dominant Alnus, Betula, Populus or Salix, and 
also steppe Quercus, Ulmus, Carpinus woods habitat that make possible the large 
numbers of insect species, i.e. high entomodiversity. Mentioned habitats are the most 
important for entomofauna.  
 
The natural areas, close to Danube (between Bezdan and Belgrade) include the Prime 
Butterfly Areas with some target species require specific habitat conditions and specific 
management regimes (Gornje Podunavlje, Fruška Gora), including Begečka jama -  nature 
park, Koviljsko Petrovaradinski rit - special nature reserve, Veliko ratno ostrvo - protected 
natural resource). The area is indication on the maps in the flowing section on special 
protected areas and sits. A Prime Butterfly Area is a natural or semi- natural site with an 
exceptionally rich entomofauna, especially with butterfly fauna with particular species, as 
well as the target species of European and Serbian concern. 
  
The Prime Butterfly Area Gornje Podunavlje is in the place where the Pannonian plain 
meets the Danube resulting in an area with marshland, floodplains, steppes, forests and 
seminatural habitats. The dominant habitat types are mixed riparian floodplain and gallery 
woodland and steppe, with Quercus forests as very important for butterfly fauna. In many 
years of investigations 84 butterfly species have been recorded, which can be considered 
as a good level of fauna knowledge. The target species for this area are: Zerynthia 
polyxena, Lyacena dispar, Glaucopsyche alexis, Euphydryas aurinia, Apatura metis, 
Euphydryas maturina. Besides these species other insect species have been found: 
Calopteryx splendens, Sympecma fusca, Lastes barbarus, Platycnemis pennipes, Ichnura 
elegans, Erythromma najas, Gomphus vulgatissimus, Brachytron pratense, Aeschna 
isosceles, Aeschna mixta, Sympetrum striolatum. The borders of The Prime Butterfly Area - 
Fruška Gora, are defined by the mountain, which is oriented from Sremski Karlovci in the 
east to Šid in the west, and from the Danube in the North to Ležimir in the South. The 
protected butterfly areas (IBA) do not extend fully down to the banks of Danube as 
described in the section 5.8. However, even then it can be excluded that location along the 
Danube next to Fruška Gora is of interest in relation to the butterfly population. 
 
The coastal and wet habitats along the Danube where there exist aquatic and semiaquatic 
vegetation and wet meadows are in general suitable for insect families from the order: 
Coleoptera (Carabidae, Buprestidae, Cerambycidae, Chrysomelidae, Coccinelidae, 
Curculionidae, Elateridae, Melolonthidae, Scolytidae, Dytiscidae, Gyrinidae, Hydropilidae, 
Hydraenidae atc.), Diptera (Culicidae, Simuliidae, Tipulidae, Syrphidae, Tabanidae, 
Tachinidae, Muscidae, etc.), Hemiptera (Notonectidae, Nepidae, Corixidae, Gerridae, 
Veliidae), Hymenoptera (Symphyta), Ephemeroptera (Polymitarcidae, Ephemeridae, 
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Baetidae etc.) and Odonata (Aeschnidae, Libellulidae, Calopterygidae, etc.). The insect 
species that are characteristic of lowland rivers are abundant.  
 
Particularly important family of insects are Syrfidae (hoverfly), whose habitats were under 
the strict protection regime (Natura, 2000). They have characteristics important for the 
conservation of ecosystems. Syrfidae are pollinators and some of them eat decomposed 
organic matter. The larvae of some hoverfly are predators of pest insects. Close to Danube 
river at mesophilic meadow habitats it is expected that rare species of Syrfidae will live. 
This include: Epistrophe melanostoma, Neoascia interrupta. Syrfidae, which is difficult to 
adapt to changing environmental conditions in the habitat are: Cheilosia clama, Cheilosia 
griseifacies, Brachiopa bicolor, Brachiopa insenillis, Neoascia interrupta, Platycheirus 
angustatus, Eumerus sogdianus. In addition important species of ordo Odonata inhabit 
these areas. Among the protected species according to the Habitats directive 92/43 Annex 
II and IV are Stylurus flavipes (Odonata), which were found in the area (Vujić and Glumac, 
1994). The list of rare and endangered species from this region (IUCN) includes both Anax 
imperator and Crocothemis erythrea. The first species (A. imperator) could be found in 
most habitats (wetlands, lakes, bares), but the other species (C. erythrea) live in drier 
habitats. 
 
Fish (Icththyofauna) 
As outlined in more details in Appendix VII, the Danube fish fauna include at 71 species of 
lamprey (o. Petromyzontiformes) and fish (o. Acipenseriformes , o. Salmoniformes, o. 
Cypriniformes, o. Siluriformes, o. Gadiiformes, o. Perciformes, o. Syngnathiformes).  
 
Some of those fish species, e.g., bream Brama sp., blue and whiteye bream Ballerus spp., 
wells Silurus sp., ruffe Gymnocephalus spp., zander (Sander spp.), etc., are common and 
form the majority of fish communities occurring in the complex array of habitats (in the 
meaning of water current speed, bottom type, vegetation types, level in water column and 
position related to the main river channel etc.).  
 
Many fish species shift between several types of habitats (e.g., carp Cyprinus carpio, ide 
Idus idus, bream Brama spp., etc.), depending on their intrinsic needs (e.g., spawning 
season, food availability, period of activity, type of feeding and orientation, demands for 
oxygen and bottom type), or environmental and other external circumstances (e.g., flooding 
or drop of water level, strong and abrupt cooling or heating of water, increase in turbidity or 
clearing of water, etc.). 
 
Certain fish species are common only in particular types of habitat. For example Sturgeon 
species Acipenser spp., especially sterlet (Acipenser ruthenus), nase Chondrostoma sp. 
and barbel Barbus spp., as well as zingel Zingel zingel, streber Zingel streber and striped 
ruffe Gymnocephalus schraetser commonly live in deep parts with the fast water current 
(above 0.5 m s-1, commonly up to, or even over 1 m s-1) in the main channel. 
 
Gobies Neogobius spp. and Proterorhinus semilunaris lives in the shallow inshore areas 
with irregular current and eddies near the rip-rap, sand, or clay bottom and dense aquatic 
plant cover. Several gudgeon species Gobio spp., as well as ruffe Gymnocephalus cernuus 
and G. baloni live in the moderately deep inshore areas with the moderate water current 
(less than 0.5 m s-1, but over 0.2 m s-1) and bottom of sand, or gravel. 
 
Bleak Alburnus alburnus, chekon Pelecus cultratus, both bighead species 
Hypophthalichthys mollitrix and Arystichthys nobilis, asp Aspius aspius and in the most 
downstream Danube section of Serbia both species of shad Alosa spp. inhabit the surface 
layers with the slow to moderate water current (0.2 – 0.5 m s-1), either in open water, or 
within the cover of natural and artificial shelters. 
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Rudd Scardinius erythrophthalmus, roach Rutilus rutilus, tench Tinca tinca, weather loach 
Misgurnus fossilis and grass carp Ctenopharyngodon idella occur in shallow and weedy 
inshore sections at the mouth of tributaries, oxbows and side-arms, with the slow flowing 
water (less than m s-1) and bottom of mud. 
 
Northern pike Esox lucius, and Eurasian perch Perca fluviatilis are common in all inshore 
habitats with still water and either dense weed, or other sorts of natural and artificial 
shelters. 
 
Therefore, it is very difficult to make the precise characterization (i.e., typology) of fish 
communities in the Danube. Each community is dynamic and depends on a high numbers 
of environmental factors that for some change significantly over time (day, month, 
seasons).  
 
The main hydrological features of the Danube in its upper stretch in Serbia from the river 
km 1433 to the mouth of the Tisa at the river km 1214 determine that some difference 
occurred in the composition of fish fauna between different localities. The locality Bačka 
Palanka differentiated as the boundary between the upper stretch, with the localities 
Bezdan (river km 1430) and Aljmaš (river km 1380) and downstream middle section of the 
Danube in Serbia represented by localities Petrovaradin (river km 1253) and Belegiš (river 
km1202). Though, the difference occurring between the localities in that upper stretch, the 
downstream middle one and especially the lower stretch of the Danube for their fish 
community structure was remarkably greater. 
 
Two main biotic determinants of distribution of particular fish species in the Danube are 
their features that fit them into particular feeding and reproductive guilds. Tables describing 
the guilds for most species are presented in Appendix VII. 
 
Feeding guild of each fish species related to its activity period dependent on their prime 
sensory orientation, determines the place and role in the fish community they belong to. 
Many of fish species pass through several feeding guilds during their life cycle.  
 
The reproductive guild is a determinant that corresponds to the general pattern of the 
community) including the abiotic features of habitat such as water current speed and 
bottom type) to which the fish species belong.  
 
For instance, pike and many carp species (including Cruccian and Prussian carp) and racer 
goby Neogobius gymnotrachelus is characteristic in still water habitats and muddy bottom 
are phitophylous spawners (lay roe on the aquatic weed).  
 
Sterlet and sturgeons, as well as bighead goby Neogobius kessleri are lithophylous 
spawners (lay roe beneath stones and into gravel). Roach are phytolitophyls (either on 
stones, or on aquatic weed). Monkey or sand goby Neogobius fluviatilis is a psamophylous 
spawners laying roe in the nest excavated in sand.  
 
As outlined the different fish species do not spawn anywhere, which emphasizes the 
necessity for the conservation of a high diversity of aquatic habitats. Therefore, the 
conservation of the natural spawning sites either those officially declared for Serbia (Figure  
6.2.11), e.g., Baračka (r. km 1427 – 1425), Stari Dunav (r. km 1418 – 1416), Harčaš (r. km 
1405 – 1403), Mišvald side arm (r. km 1398 – 1394), Staklara side arm (r. km 1385 – 
1383), Mladenovo (r. km 1314 – 1308), Tikvara (r. km 1308 - 1298), Kovilje-Petrovaradin 
reed (r. km 1245 - 1236), for Croatia, e.g. Kopačevo reed (r. km 1402 - 1383), or 
undeclared ones, is of the prime concern in relation to any construction activities related to 
waterway transport and engineering.  
 



 

 

Preparation of Documentation for River Training and Dredging Works on Selected Locations along the Danube River 

A project funded by the European Union 

Consortium Witteveen+Bos, EIA Study - Main Text 119

The spawning season that starts usually at the end of February, when northern pike enters 
into spawning and lasts upon to late July, when wells spawn. For fish species that spawn in 
the Danube the following periods are of special concern: 
- Sterlet from April 1 to May 31; 
- Danubian sturgeon and beluga from March 30 to September 30; 
- Beluga from March 1 to September 30; 
- Huchen from March 1 to June 1; 
- Northern Pike from February 1 to March 31; 
- Brook Barbel from May 1 to July 15; 
- Cruccian carp from May 1 up to May 31; 
- Carp from April 1 to May 31; 
- Tench from April 15 to June 30; 
- Wells from May 1 to June 15; 
- Zander and Volga Zander from March 1 to April 30; 
- streber and zingel from March 1 to May 15; 
- large mouth bass from March 15 to June 15. 
 
Moreover, it was noticed in the last two decades that water regime and climatic alterations 
causing multiple and sudden floods ad retreats of water from the flooding area that occur 
globally altered the basic spawning pattern. Namely, fish were forced to stop the spawning 
either on sudden floods of cold water and drop of its temperature at spawning sites, or on 
sudden and quick retreat of water and drying of flooded areas. Therefore, the delayed 
spawning may sometimes even extent into the beginning of September. 
 
Special attention is to be addressed to particular non-native, i.e., alien fish species that 
were introduced for either aquaculture, ornamental, or recreation and commercial fishery 
purposes and subsequently established (i.e., acclimatized and naturalized) in the Danube 
ecosystem, reference to Appendix VII. 
 
There are 17 fish species in the fish fauna of the Danube that are assigned strictly 
protected and ten assigned protected at the national legislative level (Appendix VII). The 
national list of protected species is in agreement with the fish species listed in the EU 
Habitat Directive and roughly stick to the IUCN categorization. 
 
Fish species with the currently narrowest dispersal area in Serbia are mudminnow and 
Crussian carp, as well as the migratory sturgeon species. Mudminnow and Crussian carp 
are of very limited dispersal area due to the reduction of swampy areas, which are naturally 
dominates in the floodplain zones. Migratory sturgeon species (sim sturgeon, stellate 
sturgeon and Danubian sturgeon) are limited in dispersal to the lower Danube downstream 
of the “Iron Gate Two“ hydropower plant's dam. However, their native habitat were recently 
further threatened mostly by channelization, construction of dikes, groynes and other 
navigation means and commercial fishery. 
 
Amphibians (Batrachofauna) 
Wetlands along the Danube are an essential habitat for survival of amphibians within the 
project area. Within the wetlands live several protected and threaten species including Fire 
salamander, Smooth Newt, Crested Newt, Green Toad, Fire bellied Toad, Common 
Spadefoot, Tree frog, Agile frog, Water frog. The areas and the specific habitats are 
significantly dependent of regular flooding, which appears as a result of periodical changes 
in Danube water level. These wetlands are recognised as important centres in general of 
local biodiversity and regarded fragile due to their depending of sufficient water allocation.  
 
The checklist of amphibian species diversity (Appendix VII) in the area of concern was 
prepared according to the databases collected from the official web-sites of protected areas 
in Vojvodina  
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(www.gornjepodunavlje.info/index.php/flora-i-fauna/fauna/najvanije-vrste-u-rezervatu; and 
www.npfruskagora.co.rs/eng/natural-values/animals/rare-animal-species.html),  
as well as relying on general knowledge of amphibian and reptile fauna of Serbia, including 
local species distribution, their ecological requirements and threats. 
 
The Danubeparks project report 2009-2012. indicated besides number also the location of 
the characteristic species of the Little Ringed Plover (Charadrius Dubius) and the Sand 
Martin (Riparia Riparia), along the project stretch.  
 
All amphibian species has requirements for water bodies that last at least until the eggs 
hatch and larvae complete the aquatic life phase. Most of the species from the list in 
Appendix VII require water bodies only during reproductive period and in first phases of 
their juvenile life. Amphibians in area in concern begin with their breeding activities at 
earliest from the last week of February. Maintenance of water bodies is required at least 
until the beginning of July, but there is no precise information about duration of larval 
development of either of these species in the area in question and the climate variation 
from year to year. Some tadpoles even overwinter in water. More detail for individual 
species is found in Appendix VII. Thus, it is extremely important to recognise and mark 
these water bodies within flooded area as these is a risk that proposed regulation 
measures can disturb period important for development. 
 
Reptiles (Herpetofauna) 
As in the case of amphibians, the checklist of reptile species diversity in the area of 
concern was prepared according to the databases collected from the official web-sites of 
protected areas in Vojvodina, as well as relying on general knowledge of herpetofauna of 
Serbia.  
 
Among recorded species of reptiles in the area of concern, primarily two species could 
directly suffer from change in dynamics of Danube water flow and water level. The 
complete lack of flooding would cause this suffers. These species are the European pond 
terrapin Emys orbicularis and Dice snake Natrix tessellata. 
 
European pond terrapin is adapted on life in aquatic environment. Nesting and hatching 
both occur on land, water bodies are necessary as source of shelter and food.  
The Dice snake is contrary depending of the aquatic environment for search of food. This 
species preys almost completely on fish living in shallow parts of the river as well as river 
branches, near-by water bodies and flooded areas. Increase of river flow could be 
dangerous for juvenile and subadult Dice Snakes. 
 
Another species related to wetlands are Grass Snake - Natrix natrix, which indirectly could 
be affected because to some extent these live on amphibians.  
  
Birds 
The bird fauna of Fruška Gora national park comprises 211 species, of which 130 species 
are nesting species, which makes this National Park one of the most important nesting 
areas for rare birds of prey in Serbia and the Pannonian Plane. Among those, particularly 
distinct is the most threatened species from the IUCN Red List, the golden eagle (Aquila 
heliaca), to which the Fruška Gora Mt. is the only active nesting area in the entire Serbia at 
present. 
 
The forests of Karadordevo offer optimal conditions for the survival of white-tailed eagle 
(Haliaeetus albicilla), and black stork (Ciconia nigra). 
  
The Special Nature Reserve "Gornje Podunavlje" is a significant biodiversity centre of 
Serbia. This area is inhabited by 230 species of birds, and 51 species of mammals. It is 
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an important nesting site of the white-tailed eagle (Haliaeetus albicilla} and black stork 
(Ciconia nigra). 
 
A list of bird species living in the area of Donje Podunavlje, Fruška gora and Koviljsko-
Petrovaradinski rit is given in Appendix VII together with some additional description. 
 
Species that are associated with aquatic habitats are Phalacrocorax carbo-the great 
cormorant, Ardea cinerea-the grey heron, Anas platyrhynchos-wild duck, Botaurus stellaris.  
 
Mammals 
The mammal fauna within investigated area is rich. A list of mamal species found in the 
areas of Donje Podunavlje, Fruska Gore and Koviljsko-Patrovaradinski rit is give in 
Appendix VII. Of small mammals, the most interesting are the European souslik 
(Spermophilus citelhis) and lesser mole rat (Spalax leucodon). The most important among 
large mammals are the jackal (Canis aureus), wild cat (Felis silvestris), roe deer 
(Capreolus capreolus). The forests of Karadordevo offer optimal conditions for the survival 
of the red deer (Cervus elaphus), wild boar (Sus scrofa), pine and stone marten (Martes 
martes, Martes foina), otter (Lutra lutra) 
 
The otter is most likely the mammal that directly might be affected by river training works as it 
seeks food in the water such as fish, shellfish, other invertebrates and amphibians. 
 

5.8. Protected areas and special protected species  
Information has been collected about protected areas covered by the international and 
national conventions mentioned in section 3.8 and additional described in Appendix VII 
(Report form IBISS, 2012). The locations of these areas are illustrated in Figures 6.2.2 - 
6.2.9, 6.2.10a and 6.2.11 in Appendix VI. 
 
The archeologically sites (Fig 6.2.12, in Appendix VI) are addressed in section 5.9. 
 
It has been evaluated that some of the protected areas indicated in the figures and 
mentioned in Appendix VII are located at a distance from the river. These are out of risk of 
being affected by the proposed river training works.  
  
Short descriptions of the areas that may conflict with the proposed activities in the Master 
Plan and Feasibility Study for Inland Waterway Transport in Serbia are presented in Table 
5.17. Each nature reserve has been assigned a number that refers to Figure 6.2.2. in 
Appendix VI. 
 
The following documentation and reporting was considered and analysed: 
- Spatial Plan of the Special-Purpose Area of International Waterway E-80 - the Danube 

(Pan-European Corridor VII) - CONCEPT OF SPATIAL PLAN (Appendix III, Parts 1 
and 2); 

- Conditions and Opinions as well as Information received from various Institutes for the 
Project Preparation of Documentation for River Training and Dredging Works on 
Selected Sectors along the Danube River – Phase 1 and the Phase 2 1 (Appendix II). 

 
The National Park Fruška Gora (Figure 6.2.2) does not approach the river and will therefore 
not directly be influenced by the proposed projects. However the Fruška Gora i Koviljsko-
Petrovaradinski rit, which is assigned as an Important Plant Area (Figure 6.2.6, Appendix 
VI), approach the river along a stretch where the critical Sector 18-23 is located. Within the 
stretch several areas registered as habitat of strictly protected species are located.The area 
registered as habitat of strictly protected species - BEO22b - Neštinska Ada is in the vicinity 
of Sector 18 (Figure 6.2.8). The area registered as habitat of strictly protected species - 
BEO23a - Wetlands form Beočin to Rakovac and Skenderat is in the vicinity of the critical 
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Sector no. 19 (Figure 6.2.8). At this location also the Special Nature Reserve: Mackov 
Sprud (Figure 6.2.2) is present. 
 
The Special Nature Reserve Kovilsko-Petrovaradinski rit, assigned as an Important Bird 
Area, Ramsar Area Emerald Area, approaches the river (Figure 6.2.3, 6.2.4, 6.2.5) where 
the critical Sectors no. 21, 22, 23 are located. 
 
At critical Sector 23 an area registered as habitat of strictly protected species IND16e - 
Danube loess escarpment is located in the vicinity of the river (Figure 6.2.8). 
 
The critical Sector 24 is located within a river stretch that is assigned as an Important Bird 
area (Figure 6.2.3). In addition, areas registered as habitat of strictly protected species 
STP01a and STP01b are in the vicinity of this Sector. 
 
In addition to the nature parks, reserves and monuments, the Serbian stretch of the 
Danube is an important bird wintering area in Europe. Of special interest in relation to the 
proposed river training activities and increased traffic is the stretch Susek - Sremska 
Kamenica, which includes the Sectors 18 and 19 and the stretch from the confluence with 
the Tisa and Danube up to approx. 2 km downstream of Sector 24. 
 
Based on the documents submitted to the Institute by the Directorate for Inland Waterways 
of the Ministry of Transport, insight in the documents and Register of Protected Natural 
Resources maintained by the Institute, the following is concluded: 
1. The locations where the subject project envisages dredging of river sediments for the 

maintenance of the Danube fairway are not within protected areas. 
2. The Danube River is an international ecological corridor and an integral part of national 

ecological network (Decree on Ecological Network, “Official Gazette of the Republic of 
Serbia” No. 102/2010). The enactment on the proclamation of ecological network 
prescribes a ban on the alteration of morphological and hydrological characteristics of 
the area that corridor functionality depends on, which in addition to vegetation type in 
the riparian belt also depends on water and flooding regime. Based on the insight in the 
submitted documents, it is concluded that the subject works will not cause the above 
alterations, being of local character, as well as considering the fact that dredged 
material will be returned to the Danube riverbed. 

 
As can be derived from the above description and the Figures 6.2.2 - 6.2.10 (Appendix VI) 
all critical Sectors are located within or adjacent to areas with special protection interest. 
This implies that there could be an inconsistency between the importance of nature 
protection and proposed river training and dredging works. 
 
Furthermore, the national and international assigned protected areas do not completely 
cover all important habitat or locations from a nature conservation point of view. More 
general important habitats and sites are:  
- ecological nodes as islands, side branched and confluences; 
- fish spawning areas; 
- birds nesting and resting sites; 
- riparian wetlands. 
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Table 5.17. Danube - Main Nature Protected areas that may conflict with the 
critical Sectors of the details design project (Phase 3) 

name of nature 

resource 

international 

status 

protection act Description 

Koviljsko–

Petrovaradinski 

Rit (Kovilj–

Petrovaradin 

Marsh) (No.12 

on Figure 6.2.2) 

IUCN – IV, IBA 

YU037 

SER005 

Official Gazette 

No. 27/1998 

The area is an important floodplain area in the Danube middle 

course (km 1,230 – 1,250), characterised by well preserved 

ecosystems, diversity of species and their communities with a 

large number of endangered, rare, endemic and relict species. It 

is also an area of extreme beauty. The whole area has a direct 

impact of the Danube waters and consequently its vegetation is 

highly depended of the open water and/or high humidity in the 

soil. The area is important as a habitat, feeding ground and 

refuge of over 172 bird species of which 103 are protected by 

law as nature rarities (e.g. grey and brown heron, black and 

white stark etc.). The area is also an important spawning and 

feeding ground of 46 Danube fish species such as the sterlet 

Aciperser rutuenus, jack/pike Esox lucius, barbel Barbus 

barbus, weaterfish - Misgurnus fossilis, Danube streber - Zingel 

streber and Zingel - Zingel zingel. 

Mackov Sprud 

(No. 8 on Figure 

6.2.2) 

(not known) Decision Novi 

Sad City 

Assembly No. 

03-6/25-74,  

This is a preserved inborn marsh forest in the Pannonian 

region, enabling bird nesting. It is a nature monument and 

protected for the purpose of scientific research and is of interest 

for tourism. 

Fruška Gora - 

IPA 

National park 

IPA 

IBA 

Official Gazette 

of RS, No. 

39/93, Law on 

National Parks 

The National park of Fruska Gore is located primarily along the 

right bank of Danube from km 1295 to approx. km 1210. The 

national park include several protection zones of which only the 

Important Plant Area (IPA) of the park extends down to the river 

embankment. Downstream Novi Sad the IPA include the entire 

river and the embankment on both side of the river. 

Source: Consortium 
 
 
The special protected species in the entire project area are described in Appendix VII. In 
section 5.7 the most relevant species in relation to the possible impact and protection 
measures are described. The description of the impact of the protection and mitigation 
measures that may counter act the impact on such species will be addressed in Chapter 6 
and 7 of this report. 
 
The possible environmental impacts of the river training works on nature protection issue 
are generally: 
- mobilisation of environmental harmful substances from the sediment and river banks 

due to dredging and excavation activities; 
- reduction of the physical diversity of the river and thereby also the biodiversity within 

the river; 
- disturbances or destroying fish spawning and rearing habitat;  
- disturbance of fish spawning and birds nesting due to activities during sensitive periods; 
- disturbance of birds wintering areas; 
- removal of isolated sandbars and establishing the connection to isolated islands 

(closure bonds) which presently have a function as nesting and resting location for 
birds;  

- disturbance and change of vegetation along the river due to bank erosion protection 
(results in reduced biodiversity); 

- closure of side branch channels may change the environment from riverine to lake like 
ecosystem; 
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- decreased connectivity between river and riparian wetland; 
- lowering of the low flow water level in the river, which may have significant negative 

impact on riparian wetland biodiversity due to drying-up of certain parts and reduction 
of connectivity between wetland elements. Already a water level reduction of 5-10 cm 
may be critical for biodiversity in some areas. 

 
To which extend the above mentioned environmental impacts of the river training works will 
occur depend on how, where and to which extent the works at Sector 18 - 24 will be carried 
out.  The overall screening of the potential conflict between the integrity of special 
protection areas in relation to of the project activities is outlined in Table 5.18. 
 
In Chapter 6 the environmental impact assessment is performed to determine and evaluate 
the local impacts using the available data and information of the proposed works. 
 

5.9. Cultural Heritages 
To determine the archaeological sites and the submerged objects with preliminary 
protection according to the Serbian legislation, the conditions were obtained from the 
Institute for Protection of Monuments of Culture of the Republic of Serbia within the Phase 
1 and the Phase 2 of the current project. 
 
Based on this data the drawings 6.2.12 (Appendix VI) were prepared showing the overview 
of the Sectors defined within the current project together with the submerged properties 
with preliminary protection, as well as archaeological sites along the project area. In 
addition, the detailed data within the Master Plan and Feasibility Study for Inland Waterway 
Transport in Serbia (2006), also received from the Institute for Protection of Monuments of 
Culture of the Republic of Serbia, was used. 
 
The drawings of appendix VI show more details of the sites with the submerged objects 
that require protection, as well as of the archaeological sites along the project area. 
 

Table 5.18 presents an overview (screening) of potential risk of disturbing integrity of areas 
of special interest by the proposed project activities. 
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Table 5.18. Overview (screening) of potential risk of disturbing integrity of areas 
of special interest by the proposed project activities 

Sector  Areas of special interest  

18 Susek - Area of Begecka Jama Parks of nature along Serbian side of Danube at the downstream end 

of Sector 18. 

- Area of Fruška Gora National Park (proposed nature 2000 area) in the vicinity of Sector 18. 

- Sector 18 is located in a registered habitat of strictly protected species BEO22b (“Neštinska 

Ada”). 

- Several archaeological sites are present upstream and downstream of Sector 18. 

19 Futog - Area of Special nature reserve - Ritske sume na Mackovom sprudu  

- Area of Fruška Gora National Park (proposed nature 2000 area)  in the vicinity of Sector 19 

- Sector 19 is located in a registered habitat of strictly protected species BEO23a (“Wetlands 

from Beočin to Rakovac”). 

- Several archaeological sites are present upstream and downstream of Sector 19. 

21 Arakina Ada - Area of Special nature reserve - Koviljsko - Petrovaradinski rit, (proposed Nature 2000 area); 

- Area of Fruška Gora National Park (proposed nature 2000 area) in the vicinity of Sector 21. 

- The following area registered as habitats of strictly protected species is close to Sector 21. 

The exact location is not known but in order to take it into account the SKA 01 - Puckaros is 

listed.  

- Several archaeological sites are present in wide area of Sector 21, in the left bank hinterland. 

22 Cortanovci - Area of Special nature reserve - Koviljsko - Petrovaradinski rit (proposed Nature 2000 area);  

- Area of Fruška Gora National park (proposed Nature 2000 area)  in the vicinity of Sector 22. 

- The following area registered as habitats of strictly protected species is close to Sector 22. 

The exact location is not known but in order to take it into account the SKA 05 - Karlovacka 

Bara is listed. 

- Several archaeological sites are present along the right bank of Sector 22. 

23 Beska - Area of Special nature reserve - Koviljsko - Petrovaradinski Rit (proposed Nature 2000 area) 

- Sector 23 includes a part of the registered habitat of strictly protected species IND16e 

(“Danube Loess Escarpment”) - (proposed Nature 2000 area). 

- An area registered as habitats of strictly protected species is close to Sector 23. The exact 

location is not known but in order to take it into account the INDJ 06 - Kosevac is listed. 

- Remains of 3 sunken ships are present in the vicinity of Sector 23.  

24 Preliv - Sector 24 Preliv is located in registered habitats of strictly protected species STP01a and 

STP01b (“Danube Loess Escarpment”), (proposed Nature 2000 area). 

- The following area registered as habitats of strictly protected species is close to Sector 24. 

The exact location is not known but in order to take it into account the ZR02 - Surdučka Ada / 

Surducka Ada is listed 

- Remains of 3 sunken ships and a sunken vessel from Year 1782 are present upstream and 

downstream of Sector 24. 

Source: Prepared by Consortium 
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5.10. Traffic Intensity 
From the General Transport Master Plan (2009) the traffic intensity on the project stretch of 
the Danube for the years 2002 and 2025 has been derived as given in Table 5.19. 
 
The evaluation of the impact of the increase of traffic intensity on the environment will be 
addressed in Chapter 7. 
 

Table 5.19. Traffic density (in moves per year) within the IWT network 

river section year 2002 year 2025 

Danube 

Hungarian border to Drava confluence 1,504 7,237 

Drava confluence to Vukovar 1,507 7,250 

Vukovar to Novi Sad 1,514 7,285 

Novi Sad to Tisa confluence 1,849 8,898 

Tisa confluence to Belgrade/Sava 1,976 9,511 

Source: General Transport Master Plan (2009) 

 

 

5.11. Sediment balance 
The sediment transport in rivers consists of bed material load and wash-load. Wash-load is 
the fine material (often silt and clay + organic material), which is carried in suspension 
through the river without contributing to channel forming processes (deposition and 
erosion), and typically will settle out in the river delta or in backwaters from dams (e.g. 
Djerdap I). Wash-load will be more or less uniformly distributed in the water column. Bed 
material load is the transport of the sediment which also is found in the riverbed, and does 
contribute to channel forming processes.  
 
Bed material load is transported as bed-load or in suspension with a distinct gradient from 
the water level surface to the riverbed. Most sediment measurements are suspended load 
measurements and will thus consist of both wash load and suspended bed material load. 
 
For the design of river training works or assessing maintenance dredging requirements the 
wash-load is not of importance. 
 
The most comprehensive analyses of the sediment transport regime in the Serbian part of 
the Danube is carried out by Marina Babic et all (2007). Therefore this reference is being 
used. Details of this reference on the sediment transport are presented in Table Error! 
Reference source not found..  
 
According to this reference the suspended sediment discharge is in the range of 203-230 
kg/s upstream of the Tisa and 333 kg/s in the reach Tisa - Sava, while the proportion of 
wash-load is in the range 55-80%. From the data in Table Error! Reference source not 
found. it appears that the sediment transport decreases slightly in downstream direction 
from Bezdan to Bogojevo and Novi Sad. A likely explanation for this might be inaccurate 
measurements. 
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Table 5. 20. Estimation of suspended bed material load in the Danube 

 total load minus wash load 

reach 
measurement 

profile 
Qs (kg/s) Qs (m

3
/year) 

Lower limit 

(20%) in 

(m
3
/year) 

Upper  limit 

(45%) in 

(m
3
/year) 

Hungarian border - Drava Bezdan 230 2,737,087 547,417 1,231,689 

Drava - Novi Sad Bogojevo 220 2,618,083 523,617 1,178,137 

Novi Sad - Tisa Novi Sad 203 2,415,777 483,155 1,087,099 

Tisa - Sava Zemun 333 3,962,826 792,565 1,783,272 

Source: Babic (2007) 

 
 
After construction 
During a period after completion the river will adapt to the new situation. After this period 
the sediment transport conditions will be the same as before the implementation (“what 
goes in has to go out”). The adaptation will consists of local redistribution of sediment and 
more general erosion/deposition. The local redistribution will typically consist of scouring in 
one part of the cross-section and deposition in other parts and this will not impact the 
overall sediment transport conditions. More general erosion/deposition will be very small, if 
any (we are only considering relative small structures that are relatively scattered along the 
river). The impact on the sediment transport conditions will certainly be insignificant. 
  
During construction the works may induce increased suspended sediment concentration 
(due to e.g. excavation/dredging) but that depends on how the construction is carried out. 
 
 

5.12. Hydrology and trends 
 

5.12.1. Mean hydrograph 
Figure 5.11 presents the mean hydrograph for the gauging station Bogojevo for the period 
1972-2012. From this figure it is derived that the highest discharges occur in the period 
April up to July. The lowest discharges are experienced in the period October to November. 
 
 Figure 5.11. Bogojevo - Mean hydrograph (1972 - 2012) 

 

 
Source: Consortium 
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5.12.2. Trends in hydrology 

 
Discharges 
Figure 5.12 presents the mean annual discharge at the gauging station Bezdan fitted with a 
linear trend line for the period 1950-2010. From this figure can be derived that no clear 
trend exists for this gauging station. 
 
Figure 5.12. Bezdan - Mean annual discharges (1950-2010) 

 

 
Source: DIW/Plovput 

 

 

Water levels 
Figure 5.13 presents the mean annual water levels fitted with a linear trend line at the 
gauging stations Bezdan, Bogojevo, Backa Palanka and Novi Sad. The trend analysis 
shows that the mean annual water level is: 
- decreasing with about 1 cm per year for the upstream located gauging stations Bezdan 

and Bogojevo; 
- decreasing further downstream at Backa Palanka but with a pace of about 0.5 cm per 

year; 
- slightly increasing at Novi Sad with about 0.2 cm per year. 
 
The mean annual water level is decreasing because of the deepening of the river bed 
which is most profound in the upstream part of the project stretch. The deepening process 
slows down going further downstream towards Novi Sad where the river bed increased in 
height due to the backwater effect from Djerdap I.  
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Figure 5.13. Mean annual water level (1972 - 2012) 
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6. ENVIRONMENTAL IMPACT OF THE PROPOSED WORKS AND MITIGATION 
MEASURES 
 
In the following sections the existing environmental conditions within each one of the 6 
critical Sectors are described. This is based on the general description presented in 
Chapter 5 and the available knowledge about local conditions within the Sector. Together 
with this description, the environmental issues are highlighted which are of special interest 
for the river as well as for the riparian areas.  
 
The impacts have been evaluated and referred to the existing situation, the so-called ´zero 
condition´. This zero condition may change over time and this could potentially influence 
the impact. The factors that could affect the zero condition (e.g. without implementation of 
the project) could among other be changes in: 
- pollution load to the river from non-point sources (ex. Agriculture) and point sources 

(ex. domestic and industrial); 
- flow hydrograph due to climate change, abstraction  or construction of additional 

upstream hydropower dams; 
- sediment transport due to implementation of river training works and dam construction 

upstream; 
- traffic intensity on the river. 
 
In a 10 years period the pollution loads are not expected to increase dramatically. They 
may even decrease. This is due to an expected relativly low growth rate and a potential 
expansion of water treatment facilities. A reduction in pollution load will for a future situation 
not enforce the assessed impacts. 
 
Changed hydrographs due to climate change is not expected within a 10 years period to be 
of an extent that will significantly influence the impact from the proposed structures.  
 
Reduced sediment transport could worsen impacts because a more “sediment hungry river” 
will increase erosion and lower the bed levels and the water levels. The structures may 
further worsen the situation. This may result in more pronounced negative impacts, 
especially in the riparian wetland areas. 
 
A smaller increase in traffic intensity will be expected over the next 10 year also if the 
upgrade of the river corridor is not implemented. The increase in traffic due to the project 
implementation will therefore be less if it relates to a 10 year ahead prognosis zero 
situations. 
 
It is very uncertain how the conditions all together will develop overtime. Some potential 
developments will reduce the impacts while other will enhance the impacts. The balance 
between these factors will govern the overall impact. Because of the high uncertainties on 
these development trends only the existing zero situations have been used as reference for 
the EIAs carried out. 
 
The existing environmental conditions have been described based on the general 
knowledge and available data and information from the project areas and of areas as close 
as possible to the considered Sector.  
 
The monitoring programme presented in the Chapter 8 includes the description of each 
proposed activity. The monitoring programme for this project has already started during the 
Phase 1 (field survey carried out in 2011) and continued in Phase 3 (field survey carried out 
in 2012), and the details for the future monitoring and related activities are presented in 
Chapter 8. 
 



 

 

Preparation of Documentation for River Training and Dredging Works on Selected Locations along the Danube River 

A project funded by the European Union 

Consortium Witteveen+Bos, EIA Study - Main Text 132

For each of the Sectors the description of the impact and the mitigation measures is given 
for the different options that are proposed to solve the navigation problems of the Sector. 
The impact is evaluated in relation to the zero conditions. The lack of precise and local data 
on environmental conditions introduces an uncertainty on the assessment. However, an 
evaluation of the main potential impacts of the considered activities is made and described. 
 
In assessing the environmental impacts it is assumed that the majority of the construction 
works are carried out from the river side and not from the land side, by using barges and 
boats and that all construction materials are transported to the site via the river. This means 
that there will be no (new) access roads through riparian areas. In case of implementing 
bank protection works and construction of groynes attached to the river banks there will be 
a need for work on the river banks and the river shore area within a zone of maximum 20 
meter into land from the bank´s top.  
 
For each Sector, the modelled options selected through the MCA of the Feasibility Study 
Phase 2 have been evaluated compared to each other. Selected environmental issues are 
used to differentiate the options. This does not necessary mean that the option might not 
have other potential important impact. All important impacts are described in this report.  
 
The environmental criteria that have been selected are: 
- fish population (spawning, migration, rearing, living); 
- bird life (nesting, wintering); 
- flora (in river, on embankment, in riparian wetland); 
- water quality (incl. effect from dredging polluted sediments); 
- river dynamics and water level (including physical diversity, canalisation, connectivity, 

closure bunds, guiding bund, etc.). 
 

The ranking of impacts on each of these overall issues area assigning values 2, 1, 0,-1 -2, 
where 2 is the score for the most environmental friendly solution and -2 is the score for the 
relative most harmful environmentally solution. The scoring is given in a way that it only can 
be used as a relative scoring within the Sector with the objective to rank the different 
options against each other. It cannot be used to compare impacts from Sector to Sector. 
 
The application of the Multi Criteria Analysis (MCA) and resulting scores are described in 
Volume 4 of the Feasibility Study - Phase 2 report. 
 
Based on this overall screening of different options, the option was selected for further 
modelling and environmental impact assessment. The EIA for these options includes: 
description of impacts, relative rating of the impacts of the different options within the each 
Sector and proposals of mitigation measures to reduce adverse impact. This assessment 
was presented in the Feasibility Study Phase 2 and is as well is included in the present 
report in the following sections of this Chapter 6.  
 
Based on the experiences from this exercise and a re-evaluation of the needs for river 
training works to improve the transportation and navigational challenges according to the 
recommendations of the Danube Commission, a final option has been selected. EIAs have 
been carried for these final options for each sector individually and separately.  These final 
options have been further modelled and the environmental impact has been assessed as 
described in this Chapter 6. 
 
The EIA carried out follows the principles of both the Serbian legislation and the EU 
Directives. The Serbian legislation and regulations are an adaptive approximation process 
against the EU directives. 
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In relation to the EU directives special attention has been paid to address the requirements 
and procedures of the Habitat Directive, the Bird Directive and the Water Framework 
Directive.  
 
Because of its high relevance in relation to the proposed activities the procedures of the 
Habitat Directive article 6.3 and the Water Framework Directive article 4.7 are described 
and are followed and utilised during this EIA. 
 
A four stage procedure for EIAs is to be followed in order to fulfill the recommendation from 
the Habitat Directive art. 6.3. This can be summarised in relation to the assessment carried 
out as follows: 
- Stage 1: Screening of risk of disturbing integrity of areas of special interest. This was 

carried out during the Master Plan and Feasibility Study for Inland Waterways in Serbia 
(2006) and the Phase 1 and 2 of the current project. This screening is among other 
included in section 5.8 of this report together with the description of the special 
protected sites along the river stretch; 

- Stage 2: Further evaluation of areas having integrity of special protection interest in 
relation to the project activities. Impact evaluation is carried out. Mitigation measures 
are proposed to reduce impacts; 

- Stage 3: Several alternative solutions (options) have been evaluated site by site 
including mitigation measures for each option; 

- Stage 4: For the final selected option that can solve the transportation and navigation 
challenges according the recommendation from the Danube Commission, mitigation 
measures have been proposed. In cases where it is assessed that after implementation 
of these mitigation measures still adverse impacts remain, the possibility has been 
evaluated to create compensatory measures and habitats. 

 
The Water Framework Directive aims generally on avoiding any further deterioration of 
ecological status and water quality. For new sustainable human development activities like 
the river training works in question, it is however under certain circumstances possible to 
accept restricted deteriorations according article 4.7. This article requires among other, as 
described in section 3.8.1, that deterioration either at a maximum should bring the 
ecological status from Excellent Ecological Status to Good Ecological Status or only 
change the ecological status within the EU status classes (high, good, moderate, poor and 
bad ecological status). 
 
For those cases where the final selected project option after implementation of mitigation 
measures is assessed still to result in or have adverse impacts on the environment, the 
degree of the adverse impacts is evaluated. The main purpose is to evaluate whether the 
adverse impact will result in violation of the principles in the EU WFD art. 4.7.  
 
The problem in relation to such an assessment is that Serbia has not yet fully adapted the 
EU legislation and therefore has no final definition of the ecological classes for the water 
bodies. However, the Serbian classification divides the water quality into five classes (I, II, 
III, IV and VK (out of classes)). For the final selected option it will be evaluated whether the 
proposed activities will result in a change in water quality classification. It will further be 
evaluated whether the general ecological status of the critical sectors and the entire river 
stretch will be significant negative impacted. 
 
The cumulative impacts of the implementation of the considered river training activities are 
summarised in Chapter 7. This is not taken into account in the preparation of the individual 
EIA. The Chapter 7 also addresses other issues of a more general character that might 
occur during the construction phase, as well as during the operation phase such as waste 
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and waste water, risk of spills accidence. Potential transboundry impacts are in addition 
considered in Chapter 7. 
 
If polluted sediment is excavated and transported it may cause spreading of pollution and 
the pollution can be disposed on places that were not polluted earlier. Sediment is 
supposed to be dredged at some of the critical Sectors in order to fulfil the navigation 
requirements. At other sectors changes in flow conditions as a result of river training works 
can result in erosion and spreading of sediment that might be polluted. 
 
One of the important purposes of the proposed monitoring programme (Chapter 8) is to 
detect possible polluted sediment and finally assess whether it is acceptable to dredge the 
material, and whether it is acceptable to return it back into the river. Alternatively it can be 
necessary to move it to land at controlled sites on land. Such conclusion is to be based on 
the specific sediment quality, compared with allowed values given by the regulations. If the 
sediment is polluted, it is forbidden to return it into the river and even some remediation 
measures could be necessary. 
 
During data collection for the current project indicative sediment samples have been 
collected at specific locations where dredging is supposed to be performed.  
 
During the construction period, additional monitoring of sediment has to be carried out.  
Details are given in the Chapter 8. The already collected indicative analysis can contribute 
to the evaluation of the risk of mobilisation of polluted substances due to dredging and 
eroding of sediment material, and whether it most probably can be returned into the river or 
has to be brought and stored on land. 
 
During the construction phase the contractor will be obliged to ensure the proper collection 
of all solid waste and waste water produced in line with the Serbian regulation and 
conditions that may be given by relevant authorities. On-board collection systems for 
floating equipment during the construction phase for both solid waste and waste water are 
a requirement in the tender documents. This will minimise the pollution originating from 
these sources to a non-harmful and most likely undetectable level.  
 
In case of accidental spill or other accidents the relevant authorities have to be informed 
immediately. Detailed action plans for such incidents have to be an element of the 
environmental management plan that is to be described during the detailed design phase 
and as a part of the tender documentation for the proposed works.  
 
 

6.1. Sector 18: Susek (km 1,285.6-1,281.4) 
 

6.1.1. Existing (zero) condition 
Water quality monitoring data are not available at this sector. The water quality is assumed 
to be similar to the measured levels at Backa Palanka, as presented in the Sections 5.5.5 
and 5.5.6. No further details are available about the existing environmental condition at the 
Susek location. 
At Backa Palanka the water quality was general assessed as class III and did not fulfil 
target values with respect to oxygen saturation (due to over saturation), phosphate and in 
some of the samples phenol and the trace metal Cu, Ni and Zn. 
 
The sediment quality data for sandy sediment types collected in 2001 at Susek showed no 
indication of pollution. The analysed sample does not show exceedance of the verification 
level where special precaution for handling the sediment has to be taken according the 
Serbian law from May 2012 (regulation 8) on sediment assessment. The sample from 2009 
contains approx. 9 % organic material which is higher than expected in the sediment that 
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potentially has to be dredged. During the current project (year 2011 and year 2012) 
samples were taken in the sandy material that potentialy have to be dredged. The sediment 
here contained only 2.9 % organic material and all the parameters measured showed 
unpolluted background levels. It is therefore assessed that the sediment to be dredged or 
eroded in this Sector is most likely not polluted. This means that no special action is likely 
to be obligatory to prevent spreading of pollutants. 
 
Concerning sediment quality, the nearest station to the Sector 18 – Susek and that belongs 
to the official state monitoring programme (published by SEPA), is Bačka Palanka located 
upstream (km 1288.66, Latitude 45 15 17 and Longitude 19 32 14). Station Bačka Palanka 
is considered to be representative for this Sector. 
 
Existing data that can be used regarding sediment in this Sector are: 
- SEPA data from station 42030 - Backa Palanka; 
- data from Field survey, 2011 – sample D10 (km 1280), and 
- data from Phase 3 - Geotechnical Field Investigation, 2012 (Hidrozavod DTD) – 

samples BS-1 and BS-2. 
 
The sediment at Bačka Palanka, analysed during the official annual monitoring programme 
show that some parameters exceeded prescribed values (Serbian regulation No.8, see 
Chapter 5.5.2.). Some of these were over target values (Zn, Cd and Ni), and some of these 
were even over remediation level (Cu) or maximum allowed value (DDT, DDD, DDE). 
There was no continuous official monitoring for this station in the previous period. Available 
information is from 2009. For the previous 6 years (except 2009) data are not available for 
station Bačka Palanka (see Figure 6.2.1.). Therefore, an indicative analysis is made.  
 
During the 2011 field survey, sample D10 is consuidered representative for this Sector. The 
conclusion was that there was no exceedance of heavy metals, no exceedance of organic 
substances of artificial origin and a low concentration of organic material (2.9%).  
During the Phase 3 Geotechnical Field Investigation in 2012, samples BS-1 and BS-2 show 
that no parameters were over prescribed values and no exceedance of heavy metals, no 
organic substances, no organochlorine pesticides, no PAH and no PCB. 
 
Generally, it can be concluded that these indicative analysis from this Sector (field survey 
2011 and Phase 3 Geotechnical Field Investigation) on specific locations where river 
training works or dredging will be executed, do not show significant pollution with heavy 
metals. In addition, no organic substances have been detected. On the other side, official 
monitoring analyses showed that there was pollution detected in 2009. However, the exact 
location of collection of the sample for 2009 is not known and therefore the sample may not 
be fully representative for the material that potentially will be dredged or otherwise 
disturbed. 
 
The pollution detected in Bačka Palanka gives a picture of the surface sediment at a 
location approximately 15 km upstream of Sector 18. Therefore, the indicative analysis 
from 2001 and 2012 that was done more locally is probably more representative for the 
sediment for the Sector Susek. 
 
Based on the above evaluation there is no need to make specific calculations which will 
show future pollution caused by dredged and returned sediment. There is a low risk of 
pollution distribution with transport of sediment from places where the indicative analyses 
were made. It should be pointed out that this conclusion is based on few specific sediment 
samples taken at one instantaneous moment. This might not be sufficient to draw 
conclusions. If any conditions change over time or in space, or if official monitoring 
programme shows other information, new analyses and new decision can be relevant. To 
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be sure and on the safe side monitoring should continuously be executed and especially 
during the construction phase. 
 
Although concentration of pollution in the sediment is low, spills of dredged material during 
dredging and disposal of sediment into the river may result in increased concentration of 
suspended matter, which can have a negative impact on ecology. This is assessed in the 
next sections for the relevant options. 
 
To obtain a realistic picture of water and sediment quality of the specific sediment at risk of 
being disturbed it is recommended to carry out indicative analysis during the construction 
period. In order to decide whether the excavated sediment can be returned into the river, or 
specific mitigation measures should be applied. Then these sediment results should be 
compared with the ones given in the regulation.  
 
It is expected that a relatively healthy flora and fauna in the river system exists at this 
Sector. Minor impact of periodically trace metal pollution in the water cannot be excluded 
and may have some impact on the ecology. 
 
This sector has been subject to a relatively intense training programme for navigation 
purposes. This includes the construction of groynes up- and downstream of the Sector as 
well as extensive bank protection works. The latter is in relatively poor condition. The side 
branch has at an earlier stage been fully or partly closed by a closure bund. Presently, the 
closure bund is not functioning efficiently. 
 
It was earlier screened that there might be a conflict between the project activities within 
the Sector and the protected areas that needs special protection according to Serbia 
regulation and assessment according to the EU Habitat Directive, being: 
- area of Begecka Jama Parks of Nature at the downstream end of Sector 18; 
- area of Fruška Gora National park in the vicinity of Sector 18. The Important Plant 

Aarea (IPA) of Fruška Gora covers the project area; 
- Sector 18 is located in a registered habitat of strictly protected species BEO22b 

(“Neštinska Ada”). The strictly protected area is located in upper part of the Sector; 
- several archaeological sites are present upstream and downstream of Sector 18. 
 

6.1.2. Sector 18 - Option 3: Sills, Chevrons, Guiding Bund and Bank Protection Works 
(Hydrodynamic modelling phase) 
 
Impacts 
This option includes at the upstream left bank 3 km the construction of bank protection 
works and of three sills between km 1285.5 -1284.7, in combination with a more 
downstream guiding bund and two chevrons at km 1282.5 -1281.5. Drawings are presented 
in Appendix VIII (drawings 18.3.A and 18.3.B). 
 
The sills will slightly increase flow velocities in the side channels. This will have no negative 
impact on the environment. In the cross section next to the sills the velocities will also 
increase. The proposed sills have a height of 4 – 5.5 meter above the river bed level with 
approx. 12 meter water depth. As mentioned in Section 3.10 there may be a risk that high 
sills may hamper the migration of larger fish (such as sturgeons) that seek the deepest part 
of the river for migration routes. This is especially a risk when high flow velocities are 
created at the crest of the sills. However, with the downstream slope of 1:3 at the sills and 
an increase in flow velocities of max. 0.4-0.5 m/s, it is evaluated that the proposed sills will 
not hamper the potential fish migration to any significant extent. 
 
Erosion will occur in the cross-section next to the sill e.g. in the right half of the cross-
section of 2.5 meter. Because of the high velocities coarser bed material can be expected 
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here. Just downstream of the sills the velocities will be decreased compared to the existing 
situation. Overall, this will result in a changed distribution of bed material and may locally 
have an impact on the benthic fauna as well as the distribution of some fish species.  
 
The deeper part of the river is presently most likely used by bigger fish to hide and for 
shelter. As a result of the construction of the sills these deeper parts will partly be filled up 
with rocky material. However, just downstream of the sills scouring will occur and still 
ensure some deeper river bed sections although the total depth in the longer time 
perspective most likely will be reduced. In front of the sills an accumulation of river bed 
material is expected to occur. The deeper part of the river where the sills are constructed 
may not fully function as a shelter as under the existing conditions. However, a few 
hundred meters downstream sufficient deep sections are expected to remain. Therefore, 
the function of the river stretch as such is not expected to change completely. Overall, 
these changes in the fairway are not expected to have a significant impact on the river 
ecology because at other locations in the vicinity of the sector still deeper parts are present. 
 
The immediate impact of the sills on the water level ranges between 5 and 20 cm upstream 
of the structures. An increase of 20 cm may have a positive as well as a negative impact in 
the riparian areas. The increase will reduce after morphological adaption (erosion) of the 
other half of the cross-section within about a year. Due to this temporal impact, the sills are 
not expected to induce significant ecological consequences. Furthermore, the sills will 
prevent the on-going bed erosion and the lowering of the water levels at least locally. This 
may have a positive impact on the connectivity and the riparian areas. The long term 
impact on the water levels of this option 3 in combination with the selected options for the 
other Sectors is presented in Chapter 7. 
 
Some older closure bunds are present in the side branches on the right side of the 
Nestinska Ada. In case the proposed works ensure a more permanent flow at all water 
levels, the project will result in a more natural flow dynamic than presently. The more 
downstream proposed, guiding bund and chevrons tend to interact with the existing island 
at the left bank. The river flow will be significantly reduced in the area along the shore line 
and between the island and left river bank. In a longer perspective there is a risk that the 
guiding bund, the chevrons and the island will develop into one unit and perhaps be 
attached to the river banks. In that case, there is a significant risk that the connectivity to 
the adjacent wetland will be reduced. The result in the long time perspective may be a local 
canalisation of the river and a loss of river bed. Even if the areas are not completely lost 
from the river the area behind the guiding bund and the chevrons will be exposed to 
siltation and will significantly change its character. The benthic fauna at and in the river 
bottom in these areas will change for more robust organisms. 
 
The bank protection works along the left bank are at risk of negatively influencing the 
natural vegetation along the river and hamper the accessibility of fauna towards the river. 
 
The proposed activities are not expected to conflict with the Fruška Gora IPA or with the 
protection of habitats for strictly protected species at the Nestinska Ada. The results of the 
MCA are presented in the table below. 
 

 

MCA Score (-2, -1, 0, 1, 2) 

Fish population (spawning, migration,  rearing,  living) -2 

Bird life (nesting, wintering, foraging) 0 

Flora (in river and on embankment) -2 

Water quality (incl. effect from dredging polluted sediments) 0 

River dynamics and water level (including physical diversity, 

canalisation, closure bunds, longitudinal dike etc 

-1 
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Mitigation measures 
- optimisation of the bank protection works along left bank from an environmental point of 

view (see Section 3.10); 
- further environmental optimisation of the sill is proposed during the detailed design 

phase; 
- the most severe negative impact is expected from the most downstream part of the 

proposed structures. The crest level of the chevron is proposed to be reduced from the 
standard design of 2.5 m above ENR to the lowest possible level so that the chevrons 
are overtopped as often as possible; 

- lowering of the crest level of the guiding bund and to ensure flow between the land and 
the guiding bund will reduce the impact. Environmental optimisation is highly 
recommended during the detailed design phase; 

- all construction activities are to be performed outside the fish spawning period and 
birds nesting period e.g. outside the period February - medium July.  

 
6.1.3. Sector 18 - Option 4: Similar to Option 3 plus partial closure bund in side branch 

(Hydrodynamic modelling phase) 
 
Impacts 
The overall principles and layout is close to that described for option 3. Drawings are 
presented in Appendix VIII (drawings 18.4.A and 18.4.B). Compared to option 3 the option 
4 also includes the partial closure of the side branches on the right side of the Nestinska 
Ada. This will divert more water through the fairway at the left side of the island resulting in 
an increase of velocities at this location. 
 
This change will generally increase the impact in the fairway, although the velocities are not 
expected to be increased to levels that will block or significantly hamper the fish migration. 
Within the side branches some siltation is expected to occur in some areas. This is 
expected to impact the population of benthic fauna and probably also the fish population. 
Structures already exist in the side branches. In case of implementing permanent openings 
in these structures so that these will function at all water levels, limited impact is expected.  
 
At the downstream part of the sector the two chevrons have been moved away from the left 
bank and the island. The guiding bund has been substituted with a closure bund to the 
most upstream island on the left bank. This will have an immediate negative impact on flora 
and fauna in the river and most likely on the birds fauna at the islands. In the longer time 
perspective significant siltation will occur and there is a risk that the two most upstream 
islands will be interconnected and finally connected to the land. Active river branches will in 
such case disappear and the canalisation of the river will be enforced. 
 
The changed positions of the chevrons will most likely reduce the impacts described for 
option 3. However, the closure bund will reduce the dynamics in the side branch and will 
change the conditions here significantly. Although an old existing structure is present the 
new closure bund will permanently prevent the river flow here. This will result in a change 
of the area from a river ecosystem with standing water to a more lake like ecosystem. The 
island will become attached to the shore and its function of refuge for birds will to some 
extent be reduced as more easy access will be possible both for humans and predators. 
 
Overall the impacts of option 3 and 4 will not be much different. The environmental 
advantages as well as disadvantages of both in relation to each other do not differ. More 
detailed information about the local ecological condition will be needed to distinguish the 
two options from each other. However, it is evaluated that option 4 is slightly less preferable 
that option 3. 
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MCA Score (-2, -1, 0, 1, 2) 

Fish population (spawning, migration,  rearing,  living) -1 

Bird life (nesting, wintering) -2 

Flora (in river and on embankment) -1 

Water quality (incl. effect from dredging polluted sediments) 0 

River dynamics and water level (including physical diversity, 

canalisation, closure bunds, longitudinal dike etc 

-2 

 
Mitigation measures 
- further environmental optimisation of the sill can be proposed during the detailed design 

phase; 
- the crest level of the chevrons are proposed to be reduced from the standard design of 

2.5 m above ENR to the lowest possible level, so that the chevrons are overtopped as 
often as possible; 

- lowering of the crest level of the closure bund or establish it as a partial closure 
allowing for some flow at all water levels; 

- all construction activities are to be performed outside the fish main spawning period 
and birds nesting period e.g. outside the period February - medium July.  

 
 

6.1.4. Sector 18 - Final Selected Option 5: Dredging (Morphological modelling phase) 
 
The above described options have been environmentally assessed during the Phase 2 of 
the project. Based on the experiences from these assessments and through a further 
optimisation process that took into account navigation, technical as well as environmental 
issues, the final option was selected for detailed design. This optimisation and selection 
process is summarised in Appendix XI. 
 
Impacts 
The option includes dredging within two areas as outlined in Appendix VIII (Drw. No Drw. 
18.5.A & 18.5.B i.e. SER.2.6.1801 and SER.2.6.1806). The proposed dredging will remove 
up to 1.8 meter of the sediment and an amount of approx. 113,179.10 m3. 
 
Dredging of the sandbars have a potential of  reduce habitat areas and potentially 
spawning areas for fish species such as Sturgeon (Acipenser sturio), Sterlet (Acipenser 

ruthenus), Zingel (Zingel Zingel), Streber (Zingel streber), Asp (aspinus aspinus) and 
Common Barbel (Barbus barbus). Dredging in the spawning period may remove and 
destroy fish eggs, larvae and fry present in the sediment. 
 
However, after dredging new sediment surfaces will relatively shortly built up most likely 
similar to the existing surface. This is based on the fact the significant changes in the 
section have been determined over relative short time (e.g. from year to year) and that the 
Geotechnical Field Investigation shows relatively uniformed grain size distribution over the 
dredging depth. 
 
The dredging is furthermore at risk of removing individuals of organisms living in the 
existing sediment as well as habitat for such species. Of special interest for protection is 
the threatened native mussel living in these sandy environments, namely the river mussel 
(Unio sp.). The local population is at risk of being significant negatively influenced by the 
proposed activity. 
 



 

 

Preparation of Documentation for River Training and Dredging Works on Selected Locations along the Danube River 

A project funded by the European Union 

Consortium Witteveen+Bos, EIA Study - Main Text 140

Through the dredging and excavation operation a spill of sediment will occur. A part of this 
spill can result in surplus concentration of suspended material in the water. Another part will 
be spilled and settled very quickly or just be left at the bottom close to the dredging site 
without any increase in suspended concentration in the water.  
 
Because dredging is at risk of disturbing the sediment balance of the river in case the 
sediment is taken out of the river system, it is according to Platina Manual on Good 
Practice in Sustainable Waterway Planning, proposed to dispose of the material at an 
upstream location. During this operation an additional spill will occur and give rise to the 
creation of a surplus of suspended material in the water.  
 
The dredged material will be piped or barged upstream within a distance of 2 km. The 
proposed disposal sites are indicated in Appendix VIII (Drw. 18.5.A & 18.5.B i.e. 
SER.2.6.1801 and SER.2.6.1806). The material will be disposed in the deeper part of the 
river. 
 
For this Sector 18 it is expected that recurrent dredging is to be done every 3rd year for the 
upstream dredging area Susek A (Appendix VIII, Drw. 18.5.A i.e. SER.2.6.1801) and every 
2nd year for the downstream area Susek B (Appendix VIII, 18.5.B i.e. SER.2.6.1806). 
 
Experiences from dredging operation in other rivers indicate that maximum suspended 
concentration of up to 200 mg/l TSS in a distance of 200 meter from the cutter head of the 
dredger is possible. At the disposal sites a maximum of up to 200 mg/l TSS may occur up 
to approx. 400 meter from the site. However, a more typical level of 10-50 mg/l from the 
cutter operation and 40-100 mg/l from the disposal operation has been observed from such 
operations. For the disposal operation even lower concentration may be expected in this 
specific case. Finer particles in sandbars of Danube only constitute a less dominant part 
and because these particles to a high extend already will be lost during the dredging 
operation the spill during disposal can be expected to settle relatively quickly and locally 
and will most probably be at the lower end of the interval observed during other similar 
operations e.g. up to 40-50 mg/l. 
 
The water quality criteria for class I is less than 10 mg/l and for class II 10-30 mg/l. The 
background concentrations (according to the monitoring data for Danube) in this part of the 
Danube are often significantly higher and often within the range of class III, corresponding 
to values between 30-80 mg/l. Even higher levels of natural suspended concentration can 
occur during high discharges events, where concentration of up to approximately 250 mg/l 
TSS can occur in Middle Danube (Ref.: Rivers of Europe. 2009. Elsevier Ltd. Authors: 
Klement Tockner, Urs Uehlinger and Christopher T. Robinson). 
 
Serbian requirements for acceptable concentration of total suspended materials induced by 
dredging activities do not exist. The EU Water Framework Directive has either such specific 
requirement to suspended concentrations. The EU Freshwater Directive gives as a general 
recommendation of maximum 25 mg/l. Standards from US and Canada are typically within 
a range of 25 to 100 mg/l. The lower end is valid for more sensitive species and juvenile life 
stages and the higher end for adult fish. 
 
Compared to these levels a surplus of up to 200 mg/l TSS due to dredging may be 
regarded as significant. Even the more general expected increment of up to 50 mg/l TSS 
may potentially impact the environment. However, it has to be taken into account that these 
high concentrations will only occur in restricted periods during the dredging operation. 
Additionally, the impacts from the plumes will only occur very locally downstream of the 
activity. A typical plume width of between 20 and 100 meter is expected. The width 
depends highly on the turbulence and the flow velocity in the Danube during the dredging 
operations. 
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Due to the restricted spatial extension of the plumes only minor impacts on the general 
river ecology are expected from the induced surplus concentration of suspended material. 
Adult fish can escape the plumes. However, in case the operation occurs in the fish 
spawning period the induced concentration can impact the more sensitive fish egg, fish 
larvae and fry.   
 
High concentrations of suspended material will also reduce the transparency of the water 
and thereby the penetration of light down to the vegetation in the river. In the central part of 
the river where the suspended sediment plumes is expected no or only very restricted 
vegetation exist. 
 
With a dredging capacity of approx. 2000 m3/day the dredging operation will be on-going 
for a period of approximately 2 months. This is a substantial periods of time. To minimise 
the ecological impacts from increased suspended concentrations, it is recommended that it 
is carried out in the less sensitive time period from late summer and into the autumn/ winter 
period. Dredging operations are recommended to occur as late in the year as possible, for 
example in September-December. 
During the disposal of dredged material only very little spill is expected, because the finer 
particle to a high extend already have been lost already during the dredging operation and 
because is material in brought into calmer area, where it will settle quickly. 
 
No significant amount of oxygen consuming substances is expected to be released from 
the sediment during dredging or disposal, because it is assumed that the material to be 
dredged mainly consists of sand with low content of organic materials (of about 2-3 %). 
No other polluting substance is expected to be released during dredging or disposal of 
sediment. These activities are not expected to change the Serbian defined water quality 
class of the Sector with respect to other parameter than suspended material.  
 
The areas with special protection interest that have been screened regarding its potential to 
be in conflict with the project activities have been evaluated to be without significant impact 
for the following reasons: 
- the area of Begecka Jama Parks of Nature at the downstream end of Sector 18 will not 

be touched by the dredging activity and it is not likely that the water in that area will be 
affected by significant surplus of suspended material because this primarily will follow 
the main current further downstream; 

- the IPA of Fruška Gora National will not be impacted as no activity will occur on land 
and no plant exists in the dredged areas; 

- the registered habitat of strictly protected species BEO22b (“Neštinska Ada”) is located 
upstream of the dredging areas. Disposal of dredged sediment is assumed to occur at 
deeper section with 2 km upstream the dredging areas. This will not impact the 
protection interests at Neštinska Ada; 

- the archaeological sites are present upstream and downstream. These are at such a 
distance that the dredging activity cannot have an impact. 

 

It is not clear whether the activity will impact the population of threaten native river mussel 
Unio sp. 
 
Mitigation measure 
The following mitigation measures are proposed to reduce or avoid the described adverse 
impacts resulting from the proposed project activities: 
- dredging is to be performed outside the main fish spawning season February – medium 

July and preferable restricted to the late summer – autumn / winter period from 
September to December; 
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- disposal of dredged material into the river upstream the dredging site to counter act the 
creation of a sediment hungry river, eroding river bed and subsequent the lowering of 
water levels; 

- determine the presence of the river mussel (Unio sp.) in the area to be dredged. 
Separate the mussels from the dredged material before disposing of the material to 
avoid that the mussel will be buried deep into the sediment. As the mussel is relatively 
big it could be possible at least to ensure that a part of the dredged population is 
returned to the river alive at a suitable habitat location. However, a detailed method for 
such procedure and method has to be developed; 

- determine the presence of the river mussel (Unio sp.) in the disposal area where the 
dredged sediment is to be disposed. In case the mussel is living there the only 
mitigation measure is to find another disposal site. An alternative could be to dispose 
the dredged material in a deeper part of the river; 

- reduce spills as much as possible through selection of the most environmental friendly 
methods for excavation, dredging and disposal of material; 

- perform monitoring of spills and suspended concentration during the execution of the 
works. If exceedance of a critical concentration (above 100 mg/l TSS outside an initial 
dilution plume 200 m long and 50 m wide) is observed, the work intensity shall be 
reduced or other measures to be taken to reduce the spill rate. 

 
Conclusion on impact after implementation of mitigation measures 
 
The proposed activities including implementation of recommended mitigation measures will 
not change the Serbian defined water quality class of the area - except for the total 
suspended material during the dredging/disposal operation. The impact is of temporal 
nature and restricted in size.  
As the hydro-morphological dynamics of the Sector will be maintained, it is expected that 
the general ecological status will not be significant impacted by the activities.  
Because of the highly dynamic character of the Sector, extended habitats of similar type as 
the impacted will remain untouched within the area.  
The activities are therefore not expected to be in conflict the WFD although minor temporal 
negative impact may occur. There is uncertainty whether the activity can influence the 
threatened population of the native river mussel (Unio sp). 
 
Because no special protected habitat areas are directly and significantly impacted, it is 
evaluated there is no need to propose the creation of compensation habitats according to 
the principles outlined in the EU Habitat Directive. Furthermore, the dynamic nature of the 
Sector will in addition over time counteract the induced adverse impact.  
 
The proposed action for the protection of the common river mussel (Unio sp) is evaluated 
as the maximum effort that possibly can be taken to reduce the impact on the population of 
this threatened species. When upgrading the transport and navigation conditions these 
have to be carried out in line with the recommendation of the Danube Commission. 
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6.2. Sector 19: Futog (km 1,267.4-1,261.6) 
 

6.2.1. Existing (zero) condition 
Water quality monitoring data are not available for this Sector. The RHMZ station at Bačka 
Palanka (km 1288.66, Latitude 45 15 17 and Longitude 19 32 14) is the nearest station with 
official data. The water quality is assumed to be similar to the measured levels at Backa 
Palanka and as described for the upstream Sector 18-Susek.  
 
Water quality class III is expected at Futog, which is below the target class for the Danube. 
At Backa Palanka this was due to oversaturation with oxygen saturation and due to the 
increased concentrations of phosphate and in some of the samples of phenol and the trace 
metals Cu, Ni and Zn. 
 
Data that can be used regarding the sediment in Sector 19 are: 
- SEPA data from station 42030 - Backa Palanka; 
- data from Field survey 2011 – sample D10 (km 1280); 
- data from Geotechnical Field Investigation 2012 (Hidrozavod DTD) – samples BF-1 and 

BF-2. 
 
The sediment in this Sector was analysed during both field surveys carried out in 2011 and 
in the Geotechnical Field Investigation carried out in 2012. It is assumed that sediment 
quality in Sector 19 is in general similar to the sediment in Bačka Palanka. The results are 
described in Sector 18 (see Figure 6.2.1.). This monitoring station is approx 25 km 
upstream of the sector; therefore it is uncertain how representative it is for the Futog area. 
 
From the field survey in 2011, the sample D10 is the most representative for this Sector, 
and the conclusion is given in Sector 18. However, this sample was taken 10 km upstream 
the Futog area, therefore the representativeness of this sample may be considered 
doubtful.  
 
During the 2012 Field Investigation, the samples BF-1 and BF-2 were collected within the 
Futog area and are considered the most representative sediment samples available. Data 
from these samples show that no parameters have over prescribed values. No exceedance 
was observed with respect to heavy metals, organic substances, organochlorine pesticides, 
PAH or PCB. 
 
Generally, it can be concluded that these indicative analysis (Field survey in 2011 and 
Geotechnical Field Investigation in 2012) at the specific locations where works or dredging 
potentially will be executed, do not show significant pollution with heavy metals. Organic 
substances have not been detected. On the other hand, official monitoring analyses from 
Bačka Palanka showed pollution of surface sediment water in 2009. It is mentioned that 
this was at a station approx. 25 km upstream of Futog and only gives a picture of the 
surface sediment at a relatively far distance from Sector 19. 
 
According to most local available data, specific calculations on future pollution caused by 
dredging and disposal of sediment will not be required. There are low risks of pollution 
distribution due to transport of sediment from places similar to the indicative local analysis. 
To be sure and on the safe side, monitoring is recommended to be continued especially in 
the construction phase.  
 
It should be pointed out that this conclusion is based on a few specific samples of sediment 
taken at one instantaneous moment. Therefore, the representativeness of these samples is 
somewhat uncertain. If any conditions change over time or in space, or if official monitoring 
programme shows other information, new decision can be relevant. To be sure and on the 
safe side additional monitoring should be carried out in the construction phase. 
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Although concentration of pollution in the sediment is low, spills of material during dredging 
and disposal of sediment into the river as well as from other type of construction activities 
can result in increased concentration of suspended matter, which can have a negative 
impact on ecology. This analysis has been made for the selected options and it has been 
described in the following Chapter. 
 
From general knowledge about the river ecology described in Chapter 5 and the described 
water quality and sediment quality conditions this location has the basis for supporting a 
relatively healthy flora and fauna corresponding to good ecological status. 
 
Activities within this sector have been screened whether these are in potential conflict with 
the integrity of the following areas with special protection interest according to the Serbian 
regulation and according to the EU Habitat Directive, being: 
- area of Special nature reserve - Ritske šume na Mačkovom Sprudu (Swamp forests on 

Mackovo sandbar); 
- area of Fruška Gora National park in the vicinity of Sector 19. The IPA of Fruška Gora 

covers the project area; 
- Sector 19 is located in a registered habitat of strictly protected species BEO23a 

(“Wetlands from Beočin to Rakovac”); 
- several archaeological sites are present upstream and downstream of Sector 19. Next 

to the downstream part of the Sector is an area of archaeological interest with remains 
from a sunken ship dating back till 1872. Along the left bank several archeological sites 
exist. None of these sites are however at risk of being influence by the proposed river 
training works, because these all are situated outside the Sector. 

 
6.2.2. Sector 19 - Option 1: Chevron, Sills, Bank Protection and Groynes (Hydrodynamic 

modelling phase) 
 
Impacts 
This option 1 includes at the upstream part of the Sector the construction of chevrons and 
sills at the right bank and bank protection works at the left bank. In the downstream part it 
includes the construction of groynes along the right bank. Reference is made to Appendix 
VIII (drawings 19.1.A and 19.1.B.). 
 
The bank protection works may negatively influence the natural vegetation here and the 
accessibility to the river for animals. 
 
The proposed chevrons are detached from the land. These are designed to remain 
detached also in the long term perspective. If this is the case, these will not directly interact 
with the left bank where the Fruška Gora Important Plant Area (IPA) is located, being the 
wetland assigned as the habitat for strictly protected species. 
 
Implementing chevron and sills will increase the water levels and reduce the on-going bed 
erosion. This will benefit the riparian wetland area and facilitate the connectivity of the 
water bodies. 
 
The chevrons will form new islands which depending on their crest levels can be covered to 
a greater or smaller extent with vegetation. Such islands can support birdlife. It is expected 
that scouring and a harder river bottom will occur at the tip of the chevrons and along the 
legs. Scouring is also calculated to occur 25 m downstream of the upstream located 
chevrons, thus lowering the river bed level with approx. 5 cm. Within the chevron legs fine 
material is expected to settle. Further downstream sandbars are expected to develop due 
to the reduced velocities. Such sandbars can compensate for sandbars that at other 
locations have eroded within the fairway due the presence of river training works. Overall, 
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the option will increase the physical diversity of the Sector and an increase of the 
biodiversity within the river is expected. This particularly refers to the situation when the 
material which will be used for construction, has been optimized from the ecological aspect. 
A positive impact to the benthic fauna and fish population is expected. 
 
The proposed sills have dimensions that have no risk to hamper fish migration. The change 
in bed levels and flow velocities in the remaining part of the cross section is expected to be 
minimal and will not have significant negative impact on the environment. 
 
The groynes proposed for the downstream part of the Sector may potentially have a 
significant negative impact on the environment and may negatively impact the mentioned 
protected areas located along the left bank of the river. There is a risk of siltation between 
the groynes and that the shore line over time will move towards the fairway. The proposed 
groyne is an extension of an existing groyne field. The new groynes are proposed as 
detached groynes. The impact of these groynes is highly dependent on the design crest 
level. This determines to which extent these can be detached and the groyne angel 
towards the river. In case it can be ensured that these groynes in future will remain 
detached and have angels so that the velocities and scouring at the tip is reduced, the 
negative impact can be reduced. 
 
 
MCA Score (-2, -1, 0, 1, 2) 

Fish population (spawning, migration,  rearing,  living) 1 

Bird life (nesting, wintering) 1 

Flora (in river and on embankment) -1 

Water quality (incl. effect from dredging polluted sediments) 0 

River dynamics and water level (including physical diversity, 

canalisation, closure bunds, longitudinal dike etc 

1 

 

Mitigation measures 
- lowering of the crest level at least of the upstream chevron reducing the risk of being 

attached to the shore over time. The second chevron can be kept at the proposed crest 
level allowing developing into an island that can support nesting birds; 

- lowering the crest of the detached groynes to the lowest possible level. Ensure that the 
groynes also in the longer time perspective will remain detached. Reduce velocity and 
scouring at the outer tip of the groyne by angling the groyne in downstream direction. 
Use stones of different dimensions for the groyne construction. During the preparation 
of the detailed design further optimization of these groynes from an environmental point 
of view; 

- bank protection to be environmental friendly (see Section 3.10) by using non 
homogeneous material as far as possible; 

- all construction activities are to be performed outside the fish main spawning period 
and birds nesting period e.g. outside the period February - medium July.  
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6.2.3. Sector 19 - Option 3: Chevrons, Sills, Bank Protection (Hydrodynamic modelling phase) 
 
Impacts 
In this option 3 the downstream located two groynes have been substituted by two 
chevrons. Reference is made in Appendix VIII (drawings 19.3.A and 19.3.B.). The first of 
these is relatively close to the river banks whereas the second one is located at a distance 
where direct interaction is not likely. The impact will therefore be similar to the description 
of option 1. 
There is a risk that the first groyne over time may be attached to the island and to the 
wetland area along the right bank. 
 
In general this option 3 has a reduced risk of affecting the protected areas along the right 
bank. The results of the MCA are presented in the table below. 
 

MCA Score (-2, -1, 0, 1, 2) 

Fish population (spawning, migration,  rearing,  living) 1 

Bird life (nesting, wintering) 2 

Flora (in river and on embankment) -1 

Water quality (incl. effect from dredging polluted sediments) 0 

River dynamics and water level (including physical diversity, 

canalisation, closure bunds, longitudinal dike etc 

2 

 

Mitigation measures 
- for the upstream part of the Sector the same mitigation measures as mentioned for 

option 1 are valid; 
- for the downstream part it is recommend to reduce the crest level of the first chevron 

closest to the protected area, so that it is frequently overtopped and will not develop 
into an island with permanent vegetation. This will amongst others reduce the risk of 
becoming attached to the protected areas. The proposed crest of the second chevron 
of the downstream part is fully acceptable. When fully developed into an island it can 
support birds life;  

- all construction activities are to be performed outside the fish main spawning period 
and birds nesting period e.g. outside the period February - medium July.  

 
 

6.2.4. Sector 19 - Final Selected Option 4: Dredging, Groyne, Chevron (Morphological 
modelling phase) 
 
The above described options 1 and 3 have been environmentally assessed during the 
phase 2 of the project. Based on the experiences from these assessments and through a 
further optimisation process taking into account navigation, technical as well as 
environmental issues, the final option was selected for detailed design. This optimisation 
and selection process is summarised in Appendix XI. 
 
Impacts 
The option includes the river training outlined in Appendix VIII (Drw. No. 19.4 A and 19.4.B 
i.e. SER2.6.1901). These activities include dredging in the central part of the river between 
km 1266 and km 1265 of approx. 157,456.90 m3 sediment and the construction of a 
detached downstream facing groyne at km 1263.35 and a chevron at km 1262.8-1262.7 
both located along the right bank. 
 
As described for the dredging at Sector 18 the removal of the sandbars have a potential of 
reducing habitat areas and potentially spawning sites for the fish species such as Sturgeon 
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(Acipenser sturio), Sterlet (Acipenser ruthenus), Zingel (Zingel Zingel), Streber (Zingel streber), 
Asp (aspinus aspinus) and Common Barbel (Barbus barbus). Dredging in the spawning 
period may remove and destroy fish eggs and larval in the sediment. 
 
However, after dredging new sediment surfaces are relatively shortly building up that most 
likely will be similar to the existing as discussed for Sector 18. 
 
As described for Sector 18 the dredging is furthermore at risk of removing individuals of the 
threatened native mussel living in these sandy environments, namely the river mussel (Unio 

sp.). The local population is at risk of being significantly negatively influenced by the 
proposed activity. 
 
As discussed for Sector 18, the dredging, excavation and disposal operations will result in a 
spill. This may result in surplus concentration of suspended material in the water.  
 
The dredged material will be piped or barged upstream within a distance of 2 km. The 
proposed disposal sites are indicated in Appendix VIII (Drw. No. 19.4.A and 19.4.B i.e. 
SER.2.6.1901). The material will be disposed in the deeper part of the river. 
 
For this Sector 19, repeating of dredging works, for the purpose of technical maintenance 
of the fairway, is expected to be performed to a smaller extent, every second year. 
 
As discussed for Sector 18 the surplus concentration of suspended material varies between 
10 and 50 mg/l TSS, but in general a maximum concentration of up to 200 mg/l is 
expected.   
 
The water quality criteria for class I is less than 10 mg/l and for class II 10-30 mg/l. The 
background concentrations (according to the monitoring data for Danube) in this part of the 
Danube are often significantly higher and often within the range of class III, corresponding 
to values between 30-80 mg/l. Even higher levels of natural suspended concentration can 
occur during high discharges events, when concentrations of up to approximately 250 mg/l 
TSS may occur in Middle Danube (Ref.: Rivers of Europe. 2009. Elsevier Ltd. Authors: 
Klement Tockner, Urs Uehlinger and Christopher T. Robinson). 
 
Serbian requirements for acceptable concentration of total suspended materials induced by 
dredging activities do not exist. The EU Water Framework Directive has also not such 
specific requirement to suspended concentrations. The EU Freshwater Directive specifies 
maximum 25 mg/l as a general recommendation. Standards from US and Canada are 
typically within the range of 25 to 100 mg/l. Lower boundary value is valid for more 
sensitive species and younger individuals, whereas a higher boundary is valid for adult fish 
individuals. 
 
Compared to these levels a surplus of up to 200 mg/l TSS due to dredging may be 
considered as significant. Even the more general expected increment of up to 50 mg/l TSS 
may potentialy impact the environment. However, it has to be taken into account that these 
high concentrations will only occur in restricted periods during the dredging operation. 
Additionally, the impacts from the plumes will only be very local downstream of the activity. 
A typical plume having a width of between 20 and 100 meter is expected. The width will 
highly depend on the turbulence and the flow velocity in the Danube. 
 
Because of the restricted spatial extension of the plumes only minor impacts on the general 
river ecology is expected from the induced surplus concentration of suspended material. 
Adult fish can escape the plumes. However, in case the operation occur in the fish 
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spawning period the induced concentration can impact the more sensitive fish egg, fish 
larvae and fry. 
 
High concentration of suspended material will also reduce the transparency of the water 
and thereby the penetration of light down to vegetation in the river. In the central part of the 
river where the suspended sediment plumes is expected no or only very restricted 
vegetation exist. 
 
With a dredging capacity of approx. 2000 m3/day the dredging operation will be on-going 
for a period of approximately 2.5 months. 
 
A long period of time between the expected repeated dredging works will enable the 
ecosystem to recover, which will reduce a negative ecological impact. 
 
It is recommended to carry out dredging works in the less sensitive time period from late 
summer and into the autumn / winter period to minimise the ecological impacts from 
increased suspended concentrations. The dredging operation on this stretch is 
recommended to occur as late in the year as possible for example in September-
December. 
 
No significant amount of oxygen consuming substances is expected to be released from 
the sediment during dredging or disposal, as it is assumed that the material to be dredged 
mainly consists of sand with low content of organic materials (of 2-3 %). 
 
No other polluting substance is expected to be released during dredging or disposal of 
sediment. 
 
The proposed groyne is designed as a detached groyne with an opening of approx. 20 
meter wide at the shore and depth down to DLNL-1 m. This means that a flow through this 
opening will occur most of the time. The crest elevation is DLNL + 1 meter and will be 
flooded more than approximate 75% of the time. These design modifications compared to 
more traditional groynes significantly reduces the negative environmental impacts. 
However, there is a risk of siltation downstream the central part of the groyne. 
 
The groyne is location within the boundary of the Fruška Gora Important Plant Area (IPA). 
Locally where it is approaching land it will directly impact the plant vegetation. There is no 
specific information on whether there are special plant interests exactly in this area. In the 
river where it is located no higher plant vegetation is expected to occur due the dynamic 
character of this area. 
 
The groyne will together with the downstream proposed chevron modify the flow conditions 
as well as the bed levels in the area. This impact, as well as the impacts for the entire area 
described further in the text, is based on the results of 2D hydrodynamic and morphological 
modelling. 
 
A chevron will be located approximately 500 m downstream from the groyne. This chevron 
will be separated from the land and during the water levels lower than DLNL + 1, it shall 
form a sand bar. Such a sand bar can support birdlife. It will not directly interact with the left 
bank and not impact the littoral vegetation of the Fruška Gora Important Plant Area (IPA). 
As for the groyne location it is not expected that at the location of the chevron higher 
vegetation in the river exists, because of the dynamic character of the river. The chevron is 
therefore not expected to negatively impact the IPA of Fruška Gora. 
 
The modelled velocities of the existing situation as well as for the projected situation are 
shown in Appendix X, Figures X.7 – X.14 for a 100 year discharge, DHNL, MWL and DLNL. 
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For these different discharge levels also the differences between project and baseline 
condition (Figure X.15 – X.18) are presented. In the same Appendix the simulated bed level 
changes after 1, 2 and 3 years after construction (Figure X.49) are shown. 
 
From these figures it can be derived that the combined impact of the groyne and the 
chevron is a slight increase of the velocities in the main part of the river with approximately 
5 %. In the main river the changes along the island belonging to the protected wetland 
areas from Beočin to Rakovac nearly no change in flow velocities will be generated. This is 
due to the fact that the construction of the groyne is a detached groyne and that the 
chevron is located at a distance from the land. The result is that most likely there will be 
only a minor or no impact at all on the ecology here. Migrating fish will not be affected by 
changes in velocities to this size. The calculated erosion of the bed level in the central parts 
of the river is small (max 0.2 m) and will have no impact on ecological conditions. The 
erosion effect shall appear only in the immediate vicinity of the groyne and chevron. The 
riverbed can erode there by approximately 1 m. Having in mind that this will occur on a 
local level, it has been assessed that it will not have a negative ecological effect. The result 
could even be increased river bed diversity in the area, which could stimulate some spices 
groups. 
 
From Figures X.7 – X.14 it is derived that specifically the groyne will increase the flow 
through the side channel and to the area behind the island (at the right bank). The flow 
increase is limited and will not dramatically change the condition within the protected 
wetland areas from Beočin to Rakovac. However, it can bring more fresh water in here and 
act as a vitalization measure for the areas that back in time had more flow – i.e. before the 
upstream existing traditional groynes were built. The impact in the area will most probably 
act as positive stimulation to the ecosystem in this restricted part of the protected wetland 
areas from Beočin to Rakovac.  
 
The flow velocities both within the protected wetland areas from Beočin to Rakovac as well 
as along the outer side of the island will change little and therefore it will not negatively 
influence the migration of fish or other aquatic organisms that utilize shallow water and 
calmer river sections for migration upstream. 
 
At the southern tip of the upstream island next to the groyne an area of special interest 
exists, namely a part of the Swamp forests on Mackovo Sandbar (Ritske šume na 
Mačkovom sprudu). Part of the sandbar that goes in between the two islands may be 
somewhat eroded due to increased velocities here. The part of the sandbar exposed 
directly to the main river will remain unchanged. 
 
Between the proposed groyne and the chevron as well as downstream of the chevron a 
reduction of flow velocities will occur. This will result in sedimentation of about 1 meter and 
in very restricted areas up to 2 meters. Because the crest level of the structures is relative 
low (DLNL +1m) the structures will often be overtopped. This will counteract the tendency 
of siltation. The sand bar that is built up here is therefore expected to continue to act as 
habitat site for fish and other organisms that are closely related to clean sand bars within 
the river. Near to the structures siltation may occur periodically. 
 
Mitigation measure 
The following mitigation measures are proposed to reduce or avoid the described adverse 
impacts resulting from the proposed project activities: 
 
- dredging as well as other construction activities are to be performed outside the main 

birds nesting and sand fish spawning season February – medium July and preferable 
restricted to the late summer – autumn / winter period from September to December; 
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- backfill (disposal) of dredged material into the river upstream the dredging site to 
counter act the creation of a sediment hungry river, eroding river bed and subsequent 
the lowering of water levels; 

- determine the presence of the river mussel (Unio sp.) in the area to be dredged. 
Separate mussels from the dredged material before back fill to avoid that the mussel 
will be buried deep into the sediment. As the mussel is relatively big it could be possible 
at least to ensure that a part of the dredged population is returned to the river alive at a 
suitable habitat location. However, a detailed method for such procedure and method 
has to be developed; 

- reduce spills as much as possible through selection of the most environmental friendly 
methods for excavation, dredging and disposal of material; 

- perform monitoring of spills and suspended concentration during the execution of the 
works. If exceedance of the critical concentration is observed the work intensity is to be 
reduced or other measures to be taken to reduce the spill rate; 

- it has to be assessed whether special plant and habitat interest are present within the 
restricted area where the proposed groyne approaches the bank of the island within the 
Nature Reserve of IPA in Fruška Gora and the protected Wetland from Beočin to 
Rakovac. In case such area of special interest exists, action is to be taken either to 
protect the interest during construction or if possible to relocate the organisms to similar 
habitat or reconstruct a habitat for that purpose. Evaluation of the needs for such a 
mitigation measure requires detailed local investigations that are to be carried out 
before the construction work starts; 

- similar assessment and action is to be taken in case special interest is threatened at 
the Swamp Forests on Mackovo Sandbar (Ritske šume na Mačkovom Sprudu ) at the 
entrance to the Wetland from Beočin to Rakovac upstream the proposed groyne. 
Evaluation of the needs require detailed local investigations that are to be carried out 
before the construction work starts. 

 
Since the proposed groyne and chevron have been modified to a great extent, in order to 
be acceptable from the ecological aspect, additional mitigation measures have not been 
proposed. During the construction of the groyne and the chevron it is however 
recommended as far as possible to use stones of different dimensions. This will create 
more substrate diversity and can thereby stimulate the biodiversity of the area. 
 
Conclusion on impact after implementation of mitigation measures 
 
The proposed activities include the implementation of recommended mitigation measures 
and these will not change the Serbian defined water quality class of the area or significantly 
negatively affect the ecological condition of the Sector. The hydro-morphological dynamics 
of the Sector will be somewhat reduced but a diverse environment can be maintained.  
 
Two additional specific local investigations are recommended before a final evaluation can 
be made and whether the activity is in conflict with Serbian legislation as well as the EU 
WFD and Habitat Directive. 
 
The proposed action for protection of the common river mussel (Unio sp) is evaluated as 
the maximum effort that possible can be taken to reduce the impact on the population of 
this threatened species in case an upgrade of the transport and navigation condition will be 
carried out in line with the recommendations of the Danube Commission. 
 
If all stated mitigation measures would be included, discrepancy with the legislation of the 
Republic of Serbia, EU WFD or the Habitats Directive is not expected, although minor 
negative impacts may occur, particularly during the period of execution of works. 
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6.3. Sector 21: Arankina Ada (km 1,247.0-1,244.8) 

 
6.3.1. Existing (zero) condition 

Specific data are not available for the water quality at this location. The official monitoring 
station which is the nearest to the Sector 21 – Arankina Ada is Novi Sad (km 1254.98, 
Latitude 45 13 28 and Longitude 19 50 31). In case similar conditions prevail at this Sector 
as at Novi Sad (upstream) the water quality is to be characterised as significantly impacted 
from different pollution sources. 
 
The existing data that can be used for sediment in this Sector are: 
- SEPA data from station 42035 – Novi Sad; 
- data from Field survey 2011 – sample D12 (km 1245); 
- data from Geotechnical Field Investigation 2012 (Hidrozavod DTD) samples BA-1 and 

BA-2. 
 
The sediment in this Sector was analysed during both field surveys in 2011 and 2012. Also, 
it is assumed that sediment quality in this Sector 21 is somewhat similar to the sediment in 
Novi Sad, although the sediment at Novi Sad is probably slightly more heavely polluted 
from local sources. The results from Novi Sad show that there were exceedances of some 
parameters, such as Cu, Ni, Hg, Cd, Zn and Pb, as well as identified exceedance of oil 
residuals. This occured three times during the years 2007, 2010 and 2011. The data from 
other years were not available (see Figure 6.2.1.).  
 
During the field investigation works performed in 2011, D12 sample was taken as the 
representative sample for this Sector. The data show no exceedances of heavy metals, 
organic substances, organochlorine pesticides, PAH or PCB. 
 
Based on the field investigation works performed in 2012, BA-1 and BA-2 samples are also 
considered representative for this Sector. These show that no parameters levels were over 
the prescribed values. No exceedance of heavy metals, organic substances, 
organochlorine pesticides, PAH or PCB. 
 
Generally, it can be concluded that these indicative analysis (field survey 2011 and 
Geotechnical Field Investigation 2012) on specific locations where works or dredging will 
be done, do not show significant pollution with heavy metals, or organic substances. At the 
other hand, official monitoring analyses showed that there was pollution detected in 2007, 
2010 and 2011 in sediment samples taken at Novi Sad approximately 10 km upstream of 
this sector. 
 
Based on the above, it can be concluded that surface sediment is polluted at Novi Sad 
located approximately 10 km from Sector 21. At more local locations, where indicative 
analyses have been executed (BA-1 and BA-2, as well as D12) no critical concentration 
was detected.  
 
Therefore, it is not required to make specific calculations to show future pollution caused by 
dredged and disposed sediment. There is a low risk of pollution distribution due to sediment 
transport from places where the indicative analyses were made.  
 
To be on the safe side, additional monitoring should be done during the construction phase. 
It should also be pointed out that this conclusion is based on relative few specific sediment 
samples only representing specific moment in time and not necessary the special variation. 
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If conditions change in time or vary in space and if additional official monitoring data shows 
other information, new evaluations have to be made.  
 
At this location the river widens and has a very dynamic nature with appearing and 
disappearing sandbars and temporal islands. No direct observation or data have been 
available with regard to the present biological function of these. But such temporary islands 
and sandbars are likely to have high importance as fish spawning sites and as resting 
places for birds, especially in the migration season.  
 
The sector is situated within the special nature reserve Koviljsko- Petrovaradinski Rit, 
where according to Official gazette of the republic of Serbia No 66/91, 83/92, 53/93, 67/93, 
48/94, 44/95 and 53/95, in general it is forbidden to: 
- build structures and perform water engineering works that would make periodically 

inundations impossible, that would cause reduction of the groundwater level (especially 
building of Renny wells), that would cause permanent changes of orographical (e.g. 
groundwater levels) and hydrographical characteristics of the nature resource (estate), 
transferring of bog pool and swamp ecosystem into land ecosystem and that would 
endanger the zones of natural spawning areas; 

- exploitation of sand; 
- building of dikes along the left bank from km 1,251 to 1,231 and along the right bank 

from km 1,251 to 1,245. 
 
In addition the left bank of the river is under 3rd degree of protection, which implies that 
-  “It is forbidden to build temporary and permanent structures, except structures for the 

requirements of protection and managing of the natural resources, researching, 
education and tourist-recreation and sport activities, fishing, cattle pasturing (huts), 
provided that the natural environment and local tradition when building new and 
reconstruction the existing structures, must not be disturbed”. 

 
Within the wetland of the special nature reserve Koviljsko- Petrovaradinski Rit not far from 
the river bank, areas under the 2nd and 1st degree of protection are located. These areas 
are under the highest protection level in Serbia and shall not be disturbed in any way from 
the implementation of river training activities. 
 
The area includes a typical habitat of high value for amphibian, insects, birds and wetland 
plant species. Most likely endangered species belonging to these as well as other groups 
are living in the area. The area is assigned as Ramsar area, Important Bird Area (IBA), 
Emerald Area and it is a part of the Fruška Gore IPA. The area is proposed to be assigned 
as a future Natura 2000 Area. 
 
A spawning area exists along the left bank just downstream of the proposed dredging area. 
 

6.3.2. Sector 21 - Option 1: Sills (Hydrodynamic modelling phase) 
 
Impacts 
Four sills are proposed in the left branch diverting water into the fairway located in the right 
river branch. This results in a decrease of the river bed level of 1 m on both sides of the 
sills. Reference is made to Appendix VIII (drawing 21.1.A). 
 
It is expected that the island will partly erode along the left and right side, inclusive at the 
upstream tip. 
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Since the left bank has steepened over the last 25 years it is considered to extend the sills 
about 20 meters into the river bank. 
 
The erosion of the island will reduce or may erode the existing sandy shorelines and the 
upstream tip of the island. The more open and vegetated part of the island may potentially 
also disappear. This may change the habitat for a number of birds and reduce the 
recreational values of the island. 
 
The potential extension of the sills of about 20 meter into the left bank may be in conflict 
with the protection of the special nature reserve Kovilsko - Petrovaradinski Rit. To examine 
and further evaluate this issue a more detailed biological field investigation is required 
together with a more detailed description of how the construction works are to be carried 
out. It is however anticipated that the construction can be carried out in a way that the 
embankment can be re-established and no critical damages to the vegetation of the 
embankment will occur. A final assessment can only be made if more detailed information 
is available and biological field investigations are carried out. 
 
2D hydrodynamic model shows that water levels will rise immediately after execution of the 
works even up to 5 cm in upstream direction, whereas there will be no lowering of water 
levels in downstream direction. This may improve the connectivity to the riparian wetlands 
and may have a positive impact on the ground water level in the area. The long term impact 
of this option in combination with other selected options is simulated and the result is 
presented in Chapter 7 where the general impacts also are discussed. The combined long 
term impact is that the water levels in this Sector are calculated to have a slight increase of 
a few centimetres. This is not expected to have a negative impact on the riparian areas, but 
can positively stimulate the wetland ecosystem along the river. 
 
The proposed sills are relatively low and the velocities on the top of the sill do not increase 
compared to the existing situation within the river branch. The sills are therefore not 
expected to have any negative impact on fish migration. It is expected that both river 
branches also after the proposed works are implemented will be utilised for migration of 
fish. 
 
During the construction period the bird life may be temporarly disturbed both in the nature 
reserve at the left bank and especially at the island.  
 
MCA Score (-2, -1, 0, 1, 2) 

Fish population (spawning, migration,  rearing,  living) 0 

Bird life (nesting, wintering) -1 

Flora (in river and on embankment) 0 

Water quality (incl. effect from dredging polluted sediments) 0 

River dynamics and water level (including physical diversity, 

canalisation, closure bunds, longitudinal dike etc 

-1 
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Mitigation measures 
- further morphological modelling and assessment is recommended as to analyse and to 

ensure that the proposed works do not influence the river water level (negatively e.g. 
lowering it) and effect negatively the highly protected riparian wetland areas; 

- further morphological modelling is also recommended to fine tune the structures to 
reduce the erosion of the island; 

- biological field investigation is recommended to ensure that the extension of the sill into 
the left bank does not destroy any important and unique habitat; 

- all construction activities are to be performed outside the fish main spawning period 
and birds nesting period, as well as outside the most sensitive period for amphibian e.g. 
the period February - July.  

 
6.3.3. Sector 21 - Option 3: Sills and Chevrons (Hydrodynamic modelling phase) 

 
Impacts 
Instead of four sills in the left side branch this option includes one sill and two chevrons at 
the entrance to the left branch. The chevrons are located upstream of the island. This 
results in a reduced flow in the left branch and the erosion of the island is to some extent 
avoided. Reference is made to Appendix VIII (drawing 21.3.A). 
 
Between and downstream of the chevrons a significantly reduced flow is created. Siltation 
here may over time result in a connection of the chevrons to the island. The island will over 
time probably increase in size and be covered by vegetation similar to the main (central) 
part of the existing island, creating more space for refuge of birds. The area with sandy 
shore and more open vegetation will be reduced or disappear. 
 
This option will have no or only limited impact on fish migration and population. 
 
The option results in a slight increase of the river water level, but the option is not expected 
to have any permanent negative impact to the highly protected areas of the special nature 
reserve Kovilsko- Petrovaradinski Rit along the left bank. During the construction period 
temporary disturbance of bird life may occur. 
 
The long term impact may be a decreasing river water levels especially at low flows. This 
introduces a risk of significant negatively impact to the protected riparian wetland as 
already described for option 1. The impact from option 3 may be expected to be even 
stronger than for option 1. 
 
The bird life is expected to be temporary disturbed at the island during the construction 
period. The results of the MCA are presented in the table below. 
 

 
MCA Score (-2, -1, 0, 1, 2) 

Fish population (spawning, migration,  rearing,  living) 0 

Bird life (nesting, wintering) -1 

Flora (in river and on embankment) -2 

Water quality (incl. effect from dredging polluted sediments) 0 

River dynamics and water level (including physical diversity, 

canalisation, closure bunds, longitudinal dike etc 

-2 

 

 

Mitigation measures 
- lowering of crest level for the chevrons; 
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- all construction activities are to be performed outside the fish main spawning period 
and birds nesting period, as well as outside the most sensitive period for amphibian e.g. 
the period February - July. 

 
6.3.4. Sector 21 - Final Selected Option 2: Dredging (Morphological modelling phase) 

The options 1 and 3 presented above have been environmentally evaluated during the 
Phase 2 of the project. Based on the results of these evaluations and through a further 
optimisation that took into account navigation, technical as well as environmental issues, 
the final option was selected for detailed design. This optimisation and selection process is 
summarised in Appendix XI. 
 
Impacts 
The Option includes dredging works stated in the Appendix VIII (Drawing No. 21.2.A i.e. 
SER 2.6.2101) in the central part of the river, between Arankina ada and the right bank – 
from km 1246.8 to km 1245.47, with the scope of dredging works of 62,621.10 m3 of the 
sediment.  
 
As described for dredging at Sector 18 and Sector 19 the removal of the sandbars has a 
potential of reducing the habitat areas and potentially spawning sites for the fish species 
such as Sturgeon (Acipenser sturio), Sterlet (Acipenser ruthenus), Zingel (Zingel Zingel), 
Streber (Zingel streber), Asp (aspinus aspinus) and Common Barbel (Barbus barbus). 
Dredging in the spawning period may remove and destroy fish eggs, larvae and fry in the 
sediment. 
 
However, after dredging the sedimentation built up will most likely be similar to the existing 
as discussed for Sector 18. 
 
As described for the other Sectors, dredging works here – at Sector 21, also represent a 
hazard of removing the endangered local river mussel (Unio sp.), which lives at such sandy 
environments. For a local population of this river mussel, there is a risk of being under 
considerable negative impact, due to execution of the proposed works.  
 
The dredging may as well impact other organisms living in the sediment (e.g. macro 
zoobenthos). However, if the species are not threatened in general in the river system a re-
colonisation from upstream will occur fast and impact will be only very temporal. 
 
No plant is expected to be found in this central part of the river where the dredging is 
planed to be performed. No significant impact on the Fruška Gora IPA is expected. 
 
If the dredging is carried out during the most sensitive period for birds (nesting period and 
overwintering period) the activity can potentially disturb the bird life. 
 
As discussed for Sector 18, the dredging, excavation and disposal operations will result in a 
spill. A part of this spill can result in surplus concentration of suspended material in the 
water.  
 
It has been planned to transport the dredged material by the pipeline or by the barges, in 
upstream direction – at the distance of 2 km. The proposed disposal sites are indicated in 
Appendix VIII (Drawing No. 21.2.A i.e. SER 2.6.2101). The material will be disposed in the 
deeper part of the river. 
 
For this Sector 21 it is expected that recurrent dredging is required on average 5 years. 
 
As discussed for Sector 18 surplus concentration of suspended material between 10 and 
50 mg/l TSS in general can be expected with maximum concentration of up to 200 mg/l.   
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The water quality criteria for class I is less than 10 mg/l and for class II 10-30 mg/l. The 
background concentrations (according to the monitoring data for Danube) in this part of the 
Danube are often significantly higher and are often within the range of class III, 
corresponding to values between 30-80 mg/l. Even higher levels of natural suspended 
concentrations can occur during high discharges events, where the concentration can be 
up to approximately 250 mg/l TSS can occur in Middle Danube (Ref.: Rivers of Europe. 
2009. Elsevier Ltd. Authors: Klement Tockner, Urs Uehlinger and Christopher T. Robinson). 
 
Serbian requirements for acceptable concentration of total suspended materials induced by 
dredging activities do not exist. The EU Water Framework Directive has either such specific 
requirement to suspended concentrations. The EU Freshwater Directive gives as a general 
recommendation of maximum 25 mg/l. Standards from US and Canada are typically within 
a range of 25 to 100 mg/l. The lower end is valid for more sensitive species and juvenile life 
stages and the higher end for adult fish. 
 
Compared to these levels a surplus of up to 200 mg/l TSS due to dredging may be 
regarded as significant. Even the more general expected increment of up to 50 mg/l TSS 
may potentially impact the environment. However, it has to be taken into account that these 
high concentrations will only occur in restricted periods during the dredging operation. 
Additionally, the impacts from the plumes will only occur very locally downstream of the 
activity. A typical plume width of between 20 and 100 meter is expected. The width 
depends highly on the turbulence and the flow velocity in the Danube during the dredging 
operations. 
 
Due to the restricted spatial extension of the plumes only minor impacts on the general 
river ecology are expected from the induced surplus concentration of suspended material. 
Adult fish can escape the plumes. However, in case the operation occurs in the fish 
spawning period the induced concentration can impact the more sensitive fish egg, fish 
larvae and fry.   
 
High concentrations of suspended material will also reduce the transparency of the water 
and thereby the penetration of light down to the vegetation in the river. In the central part of 
the river where the suspended sediment plumes is expected no or only very restricted 
vegetation exist. 
 
With the dredging capacity of about 2000 m3/day, the dredging works would be performed 
in a period of about 1 month.  
 
A relatively long period of time between the expected repeating of dredging works shall 
enable the ecosystem to recover, which will reduce the impact on ecology of the Sector.  
 
In order to reduce the ecological impact caused by the increased concentration of 
suspended matters, it is recommended to execute the works within the least sensitive 
period of late summer, as well as during autumn/winter. It is recommended to perform the 
dredging works at this Section as late as possible, e.g. in the period September – 
December. 
 
No significant amount of oxygen consuming substances is expected to be released from 
the sediment during dredging or disposal, because it is assumed that the material to be 
dredged mainly consists of sand with low content of organic materials (of 2-3 %). No other 
polluting substance is expected to be released during dredging or disposal of sediment.  
 
Increased traffic, as a consequence of the upgrade of the fairway, can potential disturb the 
bird life at the river which is assigned as a part of an IBA and Ramsar area. Sufficient data 
on bird life have so far not been available to make a detailed assessment of this risk. 
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Mitigation measures 
The following mitigation measures are proposed to reduce or avoid the described adverse 
impacts resulting from the proposed dredging activities: 
- dredging activities are to be performed outside the main birds nesting sand fish 

spawning season February – medium July and preferable restricted to the late summer 
– autumn / winter period from September to December; 

- dispose dredged material into the river upstream the dredging site to counter act the 
creation of a sediment hungry river, eroding river bed and subsequent the lowering of 
water levels; 

- determine the presence of the river mussel (Unio sp.) in the area to be dredged. 
Separate mussels from the dredged material before disposal to avoid that the mussel 
will be buried deep into the sediment. As the mussel is relative big it could be possible 
at least to ensure that a part of the dredged population is returned to the river at a 
suitable habitat location. However, a detailed method for such procedure and method 
has to be developed; 

- reduce spills as much as possible through selection of the most environmental friendly 
methods for excavation, dredging and disposal of material; 

- perform monitoring of spills and suspended concentration during the execution of the 
works. If exceedance of the critical concentration is observed the work intensity should 
be reduced or other measures should be taken to reduce the spill rate; 

- additional data on bird life at the river in general and especially in relation to the 
function as wintering location should be collected. In case a significant impact is 
assessed, there could be a need for traffic regulation on the stretch as a mitigation 
measure. 

 
Conclusion on impact after implementation of mitigation measures 
 
The dredging activity is not expected to have such severe effect on water quality that in 
general will change the Serbian defined water quality class of the river stretch. However, 
increased concentrations of suspended material may exceed the target concentration 
during the dredging and disposal operation.  
 
Although the river flows through the highly protected wetland areas, it is evaluated that the 
activities including the mitigation measures will not influence the special protected sites of 
the Nature Reserve Koviljsko - Petrovaradinski Rit. 
 
The proposed action for the protection of the common river mussel (Unio sp) is evaluated 
as the maximum effort that possibly can be taken to reduce the impact on the population of 
this threatened species. When upgrading the transport and navigation conditions these 
have to be carried out in line with the recommendation of the Danube Commission. 
 
If all the outlined mitigation measures are included as a part project activities no conflict is 
expected in relation to the Serbian legislation or the EU WFD and Habitat Directive 
although minor temporal negative impact may occur, especially during the dredging period. 
 
Although the activity will have some temporal negative impact on the river ecosystem it is 
evaluated that it will not be a significant change of the ecological status of the river stretch.  
There is however an uncertainty on how the increased traffic intensity will influence the bird 
life in the assigned Ramsar area and the IBA.  
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6.4. Sector 22: Cortanovci (km 1,241.6-1,235.0) 
 

6.4.1. Existing (zero) condition 
Specific data are not available for the water quality at this location. It is assumed that the 
water quality and sediment quality is most likely similar as described for the Sector 21 - 
Arankina Ada. With respect to sediment a new set of data was gathered during the 
Geotechnical Field Investigation in 2012. 
 
The official monitoring station, which is the nearest to the Sector 22 – Čortanovci, is Novi 
Sad (km 1254, 98, Latitude 45 13 28 and Longitude 19 50 31) located 15 km upstream.  
 
The existing data that can be used for sediment in this Sector are: 
- SEPA data from station 42035 – Novi Sad; 
- data from Field survey in 2011 – sample D12 (km 1245); 
- data from Field survey in 2012 – samples BC-1 and BC-2. 
 
Sediment in this Sector was analysed during the Geotechnical Field Investigation in 2012. 
Also, it is assumed that quality of the sediment at this Sector is very similar to the one at 
Novi Sad, although the sediment at Novi Sad is probably more polluted, due to presence of 
local polluters. The results from Novi Sad show that there were exceedances of some 
parameters, such as Cu, Ni, Hg, Cd, Zn and Pb, as well as identified exceedance of oil 
residuals. This occurred three times during the period of the analysed years 2007, 2010 
and 2011. The data from other years were not available.  
 
Data from the field survey in 2011, sample D12 is regarded more representative for this 
Sector. These data show no exceedances of critical values. No exceedance was observed 
with respect to heavy metals, organic substances, organochlorine pesticides, PAH or PCB. 
 
The representative samples for this Sector – BC-1 and BC-2 samples, taken during filed 
investigations performed in 2012, show that there were no parameters above the 
prescribed values. No exceedance was observed for heavy metals, organic substances, 
organochlorine pesticides, PAH or PCB. 
 
Generally, it can be concluded that these indicative analysis from this Sector (field survey 
2011 and Geotechnical Field Investigation 2012) at specific locations where works or 
dredging will be executed, do not show significant pollution with heavy metals, or organic 
substances. On the other hand, official monitoring analyses showed that pollution was 
detected in 2007, 2010 and 2011 at the nearest official station at Novi Sad 15 km 
upstream. 
 
It is concluded that pollution was detected in surface sediment at Novi Sad 15 km upstream 
from Sector 21. Data from the indicative analysis at locations within the Sector (BC-1 and 
BC-2, as well as D12) show no critical pollution levels.  
 
Therefore, there is no need to make specific calculations for future pollution by chemical 
compounds caused by dredging and disposal operations.  
  
To be on the safe side, additional monitoring should be done during the construction phase. 
It should also be pointed out that this conclusion is based on relative few specific sediment 
samples only representing specific moment in time and not necessary the spatial variation. 
If conditions vary in space or time and if additional official monitoring data shows other 
information, a new evaluation has to be made.  
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Although no pollution is observed in the sediment samples, the significant increased total 
dissolved solids due to resuspension and spill from dredging can have an adverse impact 
on the ecosystem. 
 
The river is high dynamic at this Sector as described in Chapter 4 and dredging activities 
have been performed in the past. Several sandbars with a length of about 1 to 1.5 km are 
present in the area. Over the years, the fairway has been moved from one side of the river 
to the other, in order to provide necessary overall dimensions of the fairway, as well as to 
ensure safety of navigation. 
 
The project is located within the Nature Reserve Kovilsko-Petrovaradinski Rit. The existing 
situation and protection levels for this location are very similar to the area at Arankina Ada 
(see Section 6.3.1). The area of the Nature Reserve Kovilsko-Petrovaradinski Rit is 
assigned as Ramsar area, Important Bird Area (IBA), Emerald Area and it is a part of the 
Fruška Gore IPA. This area is proposed to be assigned as a future Natura 2000 Area.  
 
Within the project area natural fish spawning sites are registered and the left bank of the 
river is under 3rd degree of protection by the special nature reserve Koviljsko - 
Petrovaradinski Rit. Within the wetland of the special nature reserve Koviljsko - 
Petrovaradinski Rit not far from the left riverbank, areas under the 2nd and 1st degree of 
protection are located. These areas are under the highest protection level in Serbia and 
shall not be disturbed in any way from the river training activities. 
 
The area includes typical habitat of high value for amphibian, insects, birds and wetland 
plant species. Most likely the endangered species belonging to these as well as other 
groups are present in the area. Therefore, the Regulation described for the Sector 21 – 
Arankina ada (Section 6.3.1), is also valid for the Sector 22 - Čortanovci. 
 

6.4.2. Sector 22 - Option 1: Sills (Hydrodynamic modelling phase) 
 
Impacts 
The option 1 proposes three sills upstream between km 1241 and 1240 and two sills 
downstream between km 1238 and 1237. The upstream sills are placed in the deeper part 
of the bend along the right bank and will erode the pointbar that protrudes into the fairway. 
The two downstream sills between the island and the right bank will reduce the main 
channel and the river flow is moved towards the main channel and fairway. Reference is 
made to Appendix VIII (drawings 22.1.A and 22.1.B). 
 
The final morphological impact has not been assessed and has to be studied in more detail 
based on additional morphological modelling. 
 
Height of upstream sills is about 3 m above the river bed elevation – at the locations with 
depth of water ranging from 12 – 14 m. It is not expected that changes of velocities at 
cross-sections of these sills will have any significant negative impact on fish migrations or 
generally, on long-term ecological conditions within the river. 
 
The flow reduction between the island and the right bank resulting from the downstream 
sills will potentially result in some siltation in some parts the channel that most likely locally 
may result in a change in benthic fauna composition. On the other hand just downstream of 
the sill scouring is expected. Overall, the physical diversity in this part of the river is 
expected to increase therefore also the biodiversity is expected to increase. 
The downstream sills will not negatively influence the fish migration in the area and it is 
expected these will not have a significant impact on the river ecology. 
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It is calculated that the immediate effect on the river water level will be an increase of up to 
5 cm upstream of the structure and no impact downstream. This increase is not expected to 
have any significant impact on the conditions within the protected riparian areas. It is further 
assessed that the long term impact of the sills will be a minor increase of the water level at 
the sector and probably will mitigate the on-going erosion of the river bed level. This may 
benefit the protected riparian wetland areas. The results of the MCA are presented in the 
table below. 
 
  

MCA Score (-2, -1, 0, 1, 2) 

Fish population (spawning, migration,  rearing,  living) 0 

Bird life (nesting, wintering) -1 

Flora (in river and on embankment) 0 

Water quality (incl. effect from dredging polluted sediments) 0 

River dynamics and water level (including physical diversity, 

canalisation, closure bunds, longitudinal dike etc 

1 

 
Mitigation measures 
- all construction activities are to be performed outside the fish main spawning period 

and birds nesting period, as well as outside the most sensitive period for amphibian e.g. 
outside the period February - July; 

- additional morphological modelling and an assessment and verification of the impact on 
long term water levels are highly recommended. If there is a risk of lowering water 
levels a further environmental optimisation of the structures is highly recommended. 

 
6.4.3. Sector 22 - Option 2: Dredging (Hydrodynamic modelling phase) 

 
Impacts 
According to the assessments, dredging of a limited quantity of river sediment at this Sector 
would be repeated relatively frequently. According to the Platina Manual the dredged 
material is to be disposed into the river upstream of the dredged area with the purpose of 
maintaining the sediment balance in the river. Both the dredging and disposal process may 
increase the suspended concentrations to critical levels thus hampering the survival of fish 
eggs and fry, as well as disturbing vegetation development in shallow areas. Reference is 
made to Appendix VIII (drawings 22.2.A and 22.2.B). 
 
Dredging may result in removal of significant sandbars and may negatively impact the 
wildlife population depending on this type of environment. Especially a number of fish 
species utilises this habitat type during different parts of their life cycle. The population that 
uses it as spawning site will be significantly negatively impacted in case the dredging is 
performed during their spawning period.  
 
A number of other animals that are especially dependent on the sand and gravel substrate 
will additionally be negatively impacted. The native threatened river mussel (Unio sp.) is an 
example of a species that can be seriously negatively impacted by dredging. Having in 
mind that dredging works have already been executed during the previous years, it means 
that there won’t be any new threat to the ecosystem here.  
 
The spills and spreading of sediment depends highly on the dredging and disposal method 
used. During the detailed design phase the method for dredging and disposal, as well as 
the location for disposal is to be specified in more details. 
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The spill is not expected to influence other water quality variables significantly because the 
dredging is planned in sandy material that most likely only contains a low concentration of 
pollutants. 
 
Compared to the existing situation the dredging will not have a significant impact on the 
environmental conditions. However, it may prevent the on-going long term bed erosion and 
the reduction of river water levels that may be detrimental for the protected riparian 
wetlands. 
 
 
MCA Score (-2, -1, 0, 1, 2) 

Fish population (spawning, migration,  rearing,  living) -1 

Bird life (nesting, wintering) 0 

Flora (in river and on embankment) 0 

Water quality (incl. effect from dredging polluted sediments) -1 

River dynamics and water level (including physical diversity, 

canalisation, closure bunds, longitudinal dike etc 

0 

 
Mitigation measures 
- dredging is to be carried out outside the main fish spawning and bird nesting period 

(February – medium July); 
- use a dredging method resulting in low spill during the dredging and disposal of 

dredged material. A more detailed assessment of the actual expected concentration 
based on the method selected is recommended to be studied and developed during the 
detailed design phase. If critical levels of suspended concentration can be expected 
additional measures have to be taken to reduce the spill or reduce the dredging 
intensity. 

 
 

6.4.4. Sector 22 - Option 4: Sills and Dredging (Hydrodynamic modelling phase) 
 
Impacts 
This option 4 combines the construction of sills in the downstream part of the Sector (as 
described under option 1) with dredging in the downstream part. Reference is made to 
Appendix VIIi (drawings 22.4.A and 22.4.B). The impact of sills and dredging is described in 
Section 6.4.2 and 6.4.3. 
 
In case the dredging is carried out outside the fish spawning period no significant impact is 
expected on the ecology within the main river course. 
 
The impact on water levels, which probably is the most critical impact within this sector, is 
expected to be reduced in the upstream part and to have a slight increase in the 
downstream part. 
 
It is very uncertain to conclude which impact these works will have to water levels at the 
protected wet habitats. Most probably, a slight improvement will be noticed in relation to the 
current situation. It is however recommended to perform a more detailed morphological 
analysis and study of water level changes, in order to be able to draw conclusions 
regarding this issue. Impact of water levels at the riparian wet habitat to changes of water 
levels in the river is still uncertain. 
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MCA Score (-2, -1, 0, 1, 2) 

Fish population (spawning, migration,  rearing,  living) -1 

Bird life (nesting, wintering) 0 

Flora (in river and on embankment) 0 

Water quality (incl. effect from dredging polluted sediments) -1 

River dynamics and water level (including physical diversity, 

canalisation, closure bunds, longitudinal dike etc 

0 

 
Mitigation measures 
- all construction activities and dredging are to be carried out outside the main fish 

spawning and bird nesting period (February – medium July); 
- use a dredging method resulting in low spill for dredging and disposal of dredged 

material. More detailed assessment of actual expected concentration based on the 
method selected is recommended to be developed during the detailed design phase. If 
critical levels of suspended concentration may be expected additional measures have 
to be taken to reduce the spill or to reduce the dredging intensity. 

 
6.4.5. Sector 22 - Final Selected Option 5: Dredging and sills along right bank 

(Morphological modelling phase) 
 
The above described options 1, 2 and 4 have been environmentally assessed during the 
Phase 2 of the project. Based on the experiences from these assessments and through a 
further optimisation process that took into account navigation, technical as well as 
environmental issues, the final option was selected for detailed design. This optimisation 
and selection process is summarised in Appendix XI. 
 
Impacts 
The Option comprises dredging works at two locations in the central part of the river (from 
km 1240.26 to km 1240.14 and from km 1239.99 to km 1239.365), with the scope of about 
25,750.39 m3 of the sediment, as well as three sills along the right river bank, as mentioned 
in the Appendix VIII (Drawings No. 22.5.A and 22.5.B i.e. SER 2.6.2201). The sills have 
been designed with the crest level of DLNL – 2 m, which means that they will constantly be 
under the water. 
. 
The impact from dredging at the location will be very similar to that described for the 
Sectors 18, 19 and 22 in the previous sections. The impact can be summarised as follows. 
 
Dredging will remove the sandbars and potentially reduce habitat areas and potential 
spawning sites for the fish species such as Sturgeon (Acipenser sturio), Sterlet (Acipenser 

ruthenus), Zingel (Zingel Zingel), Streber (Zingel streber), Asp (aspinus aspinus) and Common 
Barbel (Barbus barbus). 
 
Dredging works also represent a hazard of removing the endangered local river mussel 
(Unio sp.), which lives at such sandy environments. For a local population of this river 
mussel, there is a risk of being under considerable negative impact, due to execution of the 
proposed works. 
 
Dredging works can also affect the other organisms which live in the sediment (e.g. 
macrozoobenthos). 
 
If the dredging is carried out during the most sensitive periods for birds (nesting period and 
overwintering period) the activity can possible disturb the bird life. 
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High concentration of suspended material will also reduce the transparency of the water 
and thereby reducing the penetration of light down to vegetation in the river. 
 
Dredging works represent hazard of disturbing the sediment balance, if it is taken out 
(removed) from the river. Disposal of dredged material eliminates a possibility of creating a 
“sediment hungry river”, which then erodes the riverbed and lowers the water levels, which 
may have a negative impact to the river, as well as to the riparian wetlands. Disposal of the 
sediment upstream of the location for execution of dredging works shall mitigate negative 
impacts.  
 
Spilling of sediment will occur during execution of dredging works, whereas during 
upstream disposal of the dredged material, additional spilling will also occur. This may 
result in occurrence of critically high concentrations of the total material suspended in the 
water, which may affect the aquatic fauna.  
 
It has been planned to transport the dredged material by the pipeline or by the barges, in 
upstream direction – at the distance of 2 km.. The proposed disposal sites are indicated in 
Appendix VIII (Drawings No. 22.5.A and 22.5.B i.e. SER 2.6.2201). The material will be 
disposed in the deeper part of the river. 
 
Repeating of dredging works at this Sector is expected to be performed every sixth year. 
 
As it has been already mentioned for the Sector 18, the exceeding concentrations of 
suspended matters (between 10 and 50 mg/l of TSS) can generally be expected with the 
maximum concentrations up to 200 mg/l. 
 
The water quality criteria for class I is less than 10 mg/l and for class II 10-30 mg/l. The 
background concentrations (according to the monitoring data for Danube) in this part of the 
Danube are often significantly higher and often within the range of class III, corresponding 
to values between 30-80 mg/l. Even higher levels of natural suspended concentration can 
occur during high discharges events, where concentration of up to approximately 250 mg/l 
TSS can occur in Middle Danube (Ref.: Rivers of Europe. 2009. Elsevier Ltd. Authors: 
Klement Tockner, Urs Uehlinger and Christopher T. Robinson). 
 
Serbian requirements for acceptable concentration of total suspended materials induced by 
dredging activities do not exist. The EU Water Framework Directive has either such specific 
requirement to suspended concentrations. The EU Freshwater Directive gives as a general 
recommendation of maximum 25 mg/l. Standards from US and Canada are typically within 
a range of 25 to 100 mg/l. The lower end is valid for more sensitive species and juvenile life 
stages and the higher end for adult fish. 
 
Compared to these levels a surplus of up to 200 mg/l TSS due to dredging may be 
regarded as significant. Even the more general expected increment of up to 50 mg/l TSS 
may potentially impact the environment. However, it has to be taken into account that these 
high concentrations will only occur in restricted periods during the dredging operation. 
Additionally, the impacts from the plumes will only occur very locally downstream of the 
activity. A typical plume width of between 20 and 100 meter is expected. The width 
depends highly on the turbulence and the flow velocity in the Danube during the dredging 
operations. 
 
Due to the restricted spatial extension of the plumes only minor impacts on the general 
river ecology are expected from the induced surplus concentration of suspended material. 
Adult fish can escape the plumes. However, in case the operation occurs in the fish 
spawning period the induced concentration can impact the more sensitive fish egg, fish 
larvae and fry.  
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High concentrations of suspended material will also reduce the transparency of the water 
and thereby the penetration of light down to the vegetation in the river. In the central part of 
the river where the suspended sediment plumes is expected no or only very restricted 
vegetation exist. Taking into account a relatively limited quantity of material to be dredged, 
as well as a short period of time envisaged for execution of dredging works, it has been 
assessed that this will not have a considerable impact to growth of algae and other 
vegetation in the river. 
 
With a dredging capacity of approx. 2000 m3/day the dredging operation will be on-going 
for a period of approximately 13 days. The relative short duration of the dredging operation 
for this Sector limit the impact significantly. 
The long interval between the expected recurrent dredging will allow the ecosystem to re-
establish and this will reduce the ecological impacts. 
 
During the disposal of dredged material only very little spill is expected, because the finer 
particle to a high extend already have been lost already during the dredging operation and 
because is material in brought into calmer area, where it will settle quickly. 
 
To minimise the ecological impacts from increased suspended concentrations, it is 
recommended that it is carried out in the less sensitive time period from late summer and 
into the autumn / winter period. Dredging operation is recommended to occur as late as 
possible for example in September-December on this stretch. 
 
No significant amount of oxygen consuming substances is expected to be released from 
the sediment during dredging or disposal, because it is assumed that the material to be 
dredged mainly consists of sand with low content of organic materials (of 2-3 %). 
No other polluting substance is expected to be released during dredging or disposal of 
sediment. 
 
The impact of the proposed the sills on the flow velocities and the bed levels are presented 
in the figures in Appendix X (Fig X.19 – Fig 30 and Fig.X.50).  
 
Two proposed upstream sills have a very limited length in relation to the total width of the 
river. Having in mind that they will be submerged in water, as well as due to their relatively 
limited length, their environmental impact would be reduced. The structure height is 
maximum 2.5 to 3 meter and on average 1.5 and 2.25 meter above the existing river bed. 
The structures will increase the bed level behind these with approx. 0.5 to 1 meter (Figure 
X.50 Appendix X). Because relative high flow velocities still will occur from time to time 
(Figure X.24 and X.25), it is not likely that siltation will occur and the sediment accumulated 
here is expected to be able to support a health fauna. 
 
The downstream sill with opening is located between the right bank and island. This design 
will ensure that the island will not be at risk of been attached to land due time. This is 
important from an environmental point of view to ensure the integrity of the wildlife 
(especially bird life) at such an island. The selected design also stimulates especially at 
lower flow conditions (Fig. X.25, X.26, X.29 and X.30) the flow and substrate diversity 
within the river branch behind the island. This can potential stimulate the biodiversity 
locally. 
 
Flow velocities will be reduced in the area with three sills – along the right river bank and in 
general, level of riverbed shall rise by about 1 m, as well as insignificantly more at some 
locations. Since sills do not block the flow, it is expected that sediment composition will not 
change, as well as the ecosystem status, although changes of local character may occur. 
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Total impacts on flow regime within the Sector (as shown on the figures in the Appendix X) 
show only a minor increase in the main river course, which will not have a negative impact 
on the ecological status. Changes will also result in erosion, as well as in increasing of the 
riverbed level (Figure X.50). Since it is expected that general composition of the sediment 
will not change, the changes at the riverbed level will also be less in comparison with the 
total depth. From the morphological simulation for the first 3 year is it observed that the 
sector wil be dynamic after the construction of the sills. The impacts are not expected to 
change the ecosystem condition and status.  
 
The impact on flow velocities is not expected to negative influence the migration of fish or 
other aquatic organisms. 
 
It is assumed that all construction work is carried out from ships and pontoons on the water. 
This reduces the risk of direct impacting the protected areas. However, especially during 
the construction phase disturbances of wildlife cannot be avoided and may result in 
temporary impacts.  
 
Increased traffic, as a consequence of the upgrade of the fairway, can potential disturb the 
bird life at the river which is assigned as a part of an IBA and Ramsar area. Sufficient 
scope of the data related to birds’ population, so that this risk might be assessed exactly, 
has not been available so far. 
 
Mitigation measures 
The following mitigation measures are proposed to reduce or avoid the described adverse 
impacts from the proposed project activities: 
- dredging as well as other construction activities are to be performed outside the main 

bird nesting and fish spawning season: February – medium July. It is more desirable to 
limit these works to late summer – autumn/winter – from September to December; 

- dispose dredged material into the river upstream of the dredging site to maintain the 
sediment balance and prevent eroding of the river bed and resulting lowering of the 
water levels; 

- determine the presence of the river mussel (Unio sp.) in the area to be dredged. 
Separate mussels from the dredged material before disposal to avoid that the mussel 
will be buried deep into the sediment. As the mussel is relative big it could be possible 
at least to ensure that a part of the dredged population is returned to the river in a 
suitable habitat location. However, a detailed method for such procedure and method 
has to be developed; 

- reduce spills as much as possible through selection of the most environmental friendly 
methods for excavation, dredging and disposal of material; 

- perform monitoring of spills and suspended concentration during the execution of the 
works. If exceedance of the critical concentration is observed the work intensity is to be 
reduced or other measures to be taken to reduce the spill rate; 

- it has to be assessed whether special plant and habitat interest exists at the exact 
location of the proposed sills. If this is the case a minor relocation of the sill should be 
considered; 

- additional data on bird life at the river in general and especially in relation to the 
function as wintering location is recommended to be collected. In case significant 
impact is assessed there could be a need for traffic regulation on the stretch to mitigate 
the impact. 
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Conclusion on impact after implementation of mitigation measures 
 
The proposed project will result in local changes in the condition for organisms within the 
river of this Sector. However, the general ecological status will not be exposed to significant 
adverse impact. Parts of the project may stimulate the local biodiversity. 
 
The activities are not expected to have severe effect on water quality that it will change the 
Serbian defined water quality class of the river stretch.  
 
Although the river here flow through the highly protected wetland areas, it is evaluated that 
the activities including the mitigation measures will not influence the special protected sites 
of the Nature Reserve Koviljsko- Petrovaradinski Rit. 
 
The proposed action for the protection of the common river mussel (Unio sp) is evaluated 
as the maximum effort that possibly can be taken to reduce the impact on the population of 
this threatened species. 
 
If all the outlined mitigation measures are included as a part of the project activities no 
conflict is expected in relation to the Serbian legislation or the EU WFD and Habitat 
Directive, although minor temporal negative impact may occur especially during the 
dredging and construction period. Although these works will have a certain negative impact 
of temporary character to the ecosystem, it has been assessed that it will not considerably 
change ecological status of the river stretch. 
 
There is uncertainty on how the increased traffic intensity will influence the bird life in the 
assigned Ramsar area and the IBA.  
 
 

6.5. Sector 23: Beška (km 1,232.0-1,226.6)  
 

6.5.1. Existing (zero) condition   
Local water quality data is not available for this sector. It is assumed that the water quality 
is most likely as described for the Sector 21 - Arankina Ada and Sector 22 - Čortanovci.  
 
The existing data that can be used for sediment in this Sector are: 
- SEPA data from station 42035 – Novi Sad; 
- data from Field survey in 2011 – sample D12 (km 1245); 
- data from Geotechnical Field Investigation in 2012 (Hidrozavod DTD) – samples BA-1 

and BA-2. 
 
The sediment in this sector was analysed only during field survey in 2012. The sediment 
quality at Novi Sad probably is slightly more polluted from local sources than at this sector 
23. The results from Novi Sad show that there were exceedances of some parameters, 
such as Cu, Ni, Hg, Cd, Zn and Pb, and oil residuals. This happened three times during the 
period of the years 2007, 2010 and 2011. The data from other years were not available. 
 
Data from the Geotechnical Field Investigation in 2012, samples BB-1 and BB-2, which is 
regarded as more representative for the sector show that no parameters were over 
prescribed values. No exceedance was observed for heavy metals, organic substances, 
organochlorine pesticides, PAH or PCB. 
 
Generally, it can be concluded from the analyses of the sediment samples (Geotechnical 
Field Investigation) at specific locations where works or dredging will be executed, that they 
do not show significant pollution with heavy metals, or organic substances. On the other 
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hand, official monitoring analyses for Novi Sad (23 km upstream of sector) show that the 
surface sediment was polluted in 2007, 2010 and 2011. 
 
The local data indicates that it is not required to make specific calculations for potential 
future pollution from chemical compounds caused by dredged and disposal of sediment. 
There is a low risk of pollution distribution due to transport of sediment from the locations 
where indicative analysis were made.  
 
To be on the safe side, additional monitoring should be done during the construction phase. 
This conclusion is based on relatively few specific sediment samples only representing 
specific moment in time/space. If conditions do vary in time or space and if additional 
official monitoring data shows other information, a new assessment has to be made.  
 
The project is located within the nature reserve Koviljsko-Petrovaradinski Rit and the 
existing situation for this location is very similar to the area at Arankina Ada (Sector 21) and 
Cortanovci (Sector 22) (see Sections 6.3.1 and 6.4.1).  
 
The left bank of the river is under 3rd degree of protection by the nature reserve. Within the 
wetland of the special nature reserve Koviljsko - Petrovaradinski Rit not far from the 
riverbank, areas under the 2nd and 1st degree of protection are located. These areas are 
under the highest protection level in Serbia and must not be disturbed in any way by the 
implementation of the river training activities. The areas include typical habitat of high value 
for amphibian, insects, birds and wetland plant species. Most likely endangered species 
belonging to these, as well as other groups are present in the area. The same regulation is 
therefore in force as described above for Sector 21, Arankina Ada and Sector 22 
Cortanovci (see Section 6.3.1 and 6.4.1). 
 
The hydro-morphological status at Beška is characterized by a significant braided river with 
several islands. Recently constructed bridge, upstream from the subject location, causes 
vortexes behind the bridge columns, which results in occurrence of riverbed erosion. The 
entrained bed material extents for more than a kilometre downstream and thereby 
influences the sediment transport in the Sector. 
 

6.5.2. Sector 23 - Option 2: Dredging (Hydrodynamic modelling phase) 
 
Impacts 
This option comprises only dredging of the river sediment. Due to the morphology of this 
Sector, recurrent dredging can be expected within relatively short intervals. According to 
the Platina Manual dredged material should be disposed back into the river upstream of the 
dredged area with the purpose of maintaining the sediment balance in the river. Both the 
dredging and disposal process may increase the suspended concentrations to critical 
levels. This may hamper the survival of fish eggs, larvae and fry, as well as disturb the 
development of vegetation in the shallow areas. Reference is made to Appendix VIII 
(drawings 23.2.A and 23.2.B). 
 
The spills and spreading of sediment depends on the applied dredging and disposal 
method. During the detailed design phase the method for dredging and disposal, as well as 
the location for disposal has to be specified in more detail. 
 
There is a risk of a negative impact on ecology because the activity concerns a significant 
amount of dredging and therefore may last for a relatively long period, especially if the 
dredging is carried out during the fish spawning period. 
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The spill is not expected to influence other water quality variables significantly because the 
dredging concerns sandy materials that most likely only contain low concentration of 
pollutants. 
 
The dredging will remove a significant sandbar in the middle of the fairway. The sandbar 
may function as a fish spawning ground. However, the river is wide at this sector and a 
significant similar substrate may exist or develop outside the fairway. The impact on the 
ecology of the main river course may therefore be relatively restricted. 
 
In addition, dredging is at risk of removing individuals as well as habitat for a number of 
benthic fauna species. Especially the population of the river mussel (Unio sp.) is at risk of 
being significantly negatively influenced. 
 
Recurrent dredging may increase the on-going bed erosion that results in a further 
decrease of the river water levels. This may have a significant negative impact on the 
protected riparian wetland. Disposal of the dredged material upstream of the sector can 
mitigate this. A more detailed assessment on this issue is however recommended. The 
results of the MCA are presented in the table below. 
  
MCA Score (-2, -1, 0, 1, 2) 

Fish population (spawning, migration,  rearing,  living) -2 

Bird life (nesting, wintering) 0 

Flora (in river, on embankment, in riparian wetland) -1 

Water quality (incl. effect from dredging polluted sediments) -1 

River dynamics and water level (including physical diversity, 

canalisation, closure bunds, longitudinal dike etc 

-1 

 
Mitigation measures 
- dredging is to be carried out outside the main fish spawning and bird nesting period 

(February – medium July); 
- inspection of the occurrence of the river mussel (Unio sp.) in the area to be dredged. If 

this species is abundant it is recommended to separate mussels from dredged material 
before backfill. This to avoid that the mussel will be buried deep into the sediment; 

- use a dredging method resulting in low spill for dredging and disposal activities. A more 
detailed assessment of actual expected concentration based on the method selected is 
recommended to be developed during the detailed design phase. If critical levels of 
suspended concentration may be expected additional measures have to be taken to 
reduce the spill or to reduce the dredging intensity; 

- identification of appropriated site for disposal of the dredged material. Disposal sites 
have to be selected such that the river at the stretch along the nature reserve Kovilsko-
Petrovaradinski Rit is not severly impacted. 

 
6.5.3. Sector 23 - Option 3: Dredging and Chevrons (Hydrodynamic modelling phase) 

 
Impacts 
This option 3 includes the implementation of two chevrons in the wide section of the river 
and of dredging of two restricted areas within the fairway. Reference is made to Appendix 
VIII (Drawings No. 23.3.A and 23.3.B). 
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As a consequence of the chevrons the discharge is diverted towards the left bank next to 
the fairway. This will result in erosion of the sandbars protruding into the fairway. The 
sandbars may as mentioned in option 2 play an important function for the fish population as 
well as for the invertebrate fauna and population of threatened river mussel (Unio sp.) that 
live in the sediment. 
 
With regard to construction of the proposed chevrons, it can be expected that a new 
sandbar will develop outside the fairway. This will depend on how the chevrons will be 
designed. Furthermore, several other sandbars are present outside of the fairway within 
this wide section of the Danube where these organisms may survive. This option 3 is 
expected to result in an increased physical diversity and also in an increased local 
biodiversity within the Sector due to local scouring around the chevrons as well as the 
reduced river flow downstream of the chevrons. Some negative impacts are expected 
downstream of the chevrons where reduced flow velocities will occur. The foreseen impact 
is not expected to have an overall negative impact on the fish population or on the ecology 
of the river.  
 
The chevrons generally increase the flow velocity diversity of the section and thus also 
increase the diversity of sediment structure or sediment types. This will lead to an 
increased biodiversity within the Sector. 
 
Depending on the crest level of the chevrons a new island may develop with permanent or 
temporal vegetation. The island may have a positive impact on bird live. Optimisation 
during detail design is recommended. 
 
The immediate water level impact is expected to increase with a few centimetres upstream 
the chevrons. No impacts to water levels are expected at downstream part of the river 
course.  
 
General there is a risk that the chevrons on the long term basis will result in additional 
erosion of the river bed and lowering of the bed level in the fairway. The dredging may 
enforce the potential long term lowering of the river water level. 
 
Long-term impacts of this Option, in combination with the other selected options, on water 
levels have been simulated and presented within the Chapter 7. The results show slow 
decreasing of water levels, which might have negative impact on protected wet habitats 
along the river course.  
 
Direct impact of dredging works on fauna has been described in the previously given text. 
 
There is a risk that the dredging and the upstream disposal (as recommended in the Platina 
Manual) may create critically high concentrations of suspended material. However, if the 
dredging is carried out in an environmentally optimised way and outside of the fish 
spawning period the impact may be decreased to an insignificant level. 
 
The dredging is not expected to give rise to other significant water quality impacts.  
 

MCA Score (-2, -1, 0, 1, 2) 

Fish population (spawning, migration,  rearing,  living) 0 

Bird life (nesting, wintering) 1 

Flora (in river and on embankment) -1 

Water quality (incl. effect from dredging polluted 

sediments) 

0 

River dynamics and water level (including physical 

diversity, canalisation, closure bunds, longitudinal dike etc 

-2 
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Mitigation measures 
- environmental optimisation of the detailed design of the chevrons especially with 

respect to the height of the crest levels to ensure high physical diversity and reduce the 
risk of siltation of the river bed downstream of the structures; 

- it is recommended to carry out an inspection of the occurrence of the river mussel (Unio 
sp.) in the dredging area. If this species is abundant it is recommended to separate 
mussels from the dredged material before disposal to avoid that the mussel will be 
buried deep into the sediment; 

- consider measures that can counteract the potential long term decrease of water levels 
in the riparian wetland; 

- execute all construction and dredging activities outside the fish spawning and bird 
nesting periods e.g. February to medium July.  

 
 

6.5.4. Sector 23 - Option 4: Dredging, Chevrons and Sills (Hydrodynamic modelling phase) 
 
Impacts 
Option 4 includes in addition to the chevrons and dredging as described for option 3 the 
implementation of two sills between the islands and the right bank. Reference is made to 
Appendix VIII (Drawings No. 23.4.A and 23.4.B). 
 
The impacts of the chevrons and dredging are described above for option 3.  
 
In addition this option 4 will reduce flow in the side branch flowing along the right bank. The 
proposed sill crest level is designed at DLNL -1 m. Especially downstream of the most 
downstream located sill the flow velocity decrease and siltation may occur between the 
island and the right bank. The sediment structure will most likely change and an impact on 
the benthic fauna will be expected against species that are more adapted to finer sediment. 
Also a reduction of the species that are under threat from different types of pollution and 
other environmental pressures may be expected. 
 
Overall this option will cause the largest impact on the sediment dynamics and the 
ecosystem compared to the other considered options. A diverse sediment structure and 
flow pattern will be generated, which may result in the increased biodiversity of the river 
section. 
 
The immediate water level increase is calculated to be 1-3 cm. It is expected that this will 
not influence the ecosystem neither in the river nor in the riparian protected wetland. Long-
term impact to water levels has not been calculated. 
 
The proposed sills may in the long term perspective hamper further bed erosion and 
lowering of water levels. The diversion of more flow towards the fairway can also result in 
long term bed erosion and lowering of water levels. To which extent these two processes 
balance each other is uncertain and the consequences for the water levels in the riparian 
wetland areas are also uncertain. These aspects are recommended to be investigated in 
more detail. 
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MCA Score (-2, -1, 0, 1, 2) 

Fish population (spawning, migration,  rearing,  living) 0 

Bird life (nesting, wintering) 1 

Flora (in river, on embankment, in riparian wetland) -1 

Water quality (incl. effect from dredging polluted sediments) 0 

River dynamics and water level (including physical diversity, 

canalisation, closure bunds, longitudinal dike etc 

-2 

 
Mitigation measures 
- environmental optimisation of the chevrons especially with respect to the height of crest 

levels; 
- consider measures that can counteract potential long term decrease of water level in 

the river and riparian wetland; 
- execute all construction and dredging activities outside the fish spawning and bird 

nesting periods: February to medium July.  
 
 

6.5.5. Sector 23 - Option 5 - Dredging, Chevrons, Sills and Guiding Bunds (Hydrodynamic 
modelling phase) 
 
Impacts 
The option 5 includes in addition to the structures mentioned in the option 4 one more sill 
and a guiding bund upstream of the structures of option 4. Reference is made to Appendix 
VIII (Drawings No. 23.5.A and 23.5.B). 
 
The impacts of the chevrons from option 4 and of the dredging are described above for 
option 3 and option 4.  
 
The additional upstream sill will increase the velocity between the island and the right bank, 
which will result in increased bed erosion and result in a coarser sediment type. This may 
compensate for the adverse impact from the downstream sill as described above for option 
4. Another impact of the sill is that the velocities along the right bank will increase. This 
increase occurs close to the land in the more shallow part of the river and may have a 
negative impact on the upstream migration of organisms with reduced swimming ability, 
which among other include some fish fry. 
 
The proposed guiding bund which is located in prolongation of the existing island will 
significantly reduce the flow velocity downstream of the structure. All together the guiding 
bund and the chevrons will create a relatively large area with significant reduced velocities. 
This may result in siltation of the sandy bed that occurs presently, which can have a 
negative impact on the fauna in these areas. To which extent this will be the case will 
depend on the detailed design, especially on the crest levels of the structures and to which 
extent these will be overtopped. During the period of water levels that are above the level of 
structures, the downstream areas of the riverbed might potentially be “washed away”, 
which might somewhat block the silting process.The results of the MCA are presented in 
the table below. 
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MCA Score (-2, -1, 0, 1, 2) 

Fish population (spawning, migration,  rearing,  living) -1 

Bird life (nesting, wintering) 1 

Flora (in river, on embankment, in riparian wetland) -1 

Water quality (incl. effect from dredging polluted sediments) 0 

River dynamics and water level (including physical diversity, 

canalisation, closure bunds, longitudinal dike etc 

-2 

 
Mitigation measures 
- all mitigation measures mentioned for the above options are also relevant for the option 

5; 
- environmental optimisation of all proposed structures dimensions to reduce the risk of 

siltation of the river bed and to avoid high flow velocities at shallow areas close to the 
river banks. 
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6.5.6. Sector 23 - Final Selected Option 6 - Dredging (Morphological modelling phase) 
 
The above described options have been environmentally assessed during the Phase 2 of 
the project. Based on the experiences from these assessments and through a further 
optimisation process that took into account navigation, technical as well as environmental 
issues, the final option was selected for detailed design. This optimisation and selection 
process is summarised in Appendix XI. 
 
Impacts 
This option differs from the Option 2 of the Feasibility Study Phase 2 (see Section 6.5.2) 
with respect to amount and exactly location of the dredging area. For the EIA some 
assumptions concerning the dredging operation have also been fine tuned. 
 
The option includes the dredging of two areas in the central part of the river bank from km 
1230.0 to km 1227.85 of 137,584.42 m3 sediment. The areas are outlined in Appendix VIII, 
(Drawings No. 23.6.A and 23.6.B i.e. SER 2.6.2301).  
 
The impact of the dredging at the locations will be very similar to that described for the 
Sectors 18, 19 and 22 in the previous sections. Reference is made to the specific sections 
of the Sectors 18, 19 and 22. 
 
The impact can be summarised as follows. 
 
Dredging of the sandbars have a potential of reducing the habitat areas and potentially 
spawning areas for fish species such as Sturgeon (Acipenser sturio), Sterlet (Acipenser 

ruthenus), Zingel (Zingel Zingel), Streber (Zingel streber), Asp (aspinus aspinus) and 
Common Barbel (Barbus barbus). Dredging in the spawning period may remove and 
destroy fish eggs, larvae and fry present in the sediment. 
 
The dredging is furthermore at risk of removing individuals of organisms living in the 
existing sediment as well as habitat for such species. Of special interest for protection is 
the threatened native mussel living in these sandy environments, namely the river mussel 
(Unio sp.). The local population is at risk of being significant negatively influenced by the 
proposed activity. 
 
Dredging works can also affect the other organisms which live in the sediment (e.g. 
macrozoobenthos). 
 
If dredging works are performed during the most sensitive period for bird life (nesting and 
wintering period), these works might disturb the bird population.  
 
High concentrations of suspended matters also reduce clarity of water, and thereby 
penetration of light to vegetation encountered in the river.  
 
Dredging works represent hazard of disturbing the sediment balance, if it is taken out 
(removed) from the river and disposed on the river banks. Disposal of dredged material into 
the riverbed eliminates a possibility of creating a “sediment hungry river”, which then 
erodes the riverbed and lowers the water levels, which may have a negative impact to the 
river, as well as to the riparian areas. Disposal of the sediment upstream of the location for 
execution of dredging works shall mitigate negative impacts.  
 
Spilling of sediment will occur during execution of dredging works, as well as during 
disposal of the dredged river sediment. It has been assessed, on the basis of the 
information obtained during the field investigations, that there is only a minor hazard of 
movement of the polluted compounds from the river sediment.  
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Dredging and disposal of the sediment may result in critically high concentrations of total 
suspended material in the water, which may affect the aquatic fauna.  
 
It has been planned to transport the dredged material by the pipeline or by the barges, in 
upstream direction – at the distance of 2 km. The proposed disposal sites are indicated in 
Appendix VIII (Drawings No. 23.6.A and 23.6.B i.e. SER 2.6.2301). The material will be 
disposed in the deeper part of the river. 
For this Sector 23 it is expected that recurrent dredging is to be done on average every 2.5 
years for both areas. 
 
As discussed for Sector 18 surplus concentration of suspended material between 10 and 
50 mg/l TSS in general can be expected with maximum concentration of up to 200 mg/l.   
 
The water quality criteria for class I is less than 10 mg/l and for class II 10-30 mg/l. The 
background concentrations (according to the monitoring data for Danube) in this part of the 
Danube are often significantly higher and often within the range of class III, corresponding 
to values between 30-80 mg/l. Even higher levels of natural suspended concentration can 
occur during high discharges events, where concentration of up to approximately 250 mg/l 
TSS can occur in Middle Danube (Ref.: Rivers of Europe. 2009. Elsevier Ltd. Authors: 
Klement Tockner, Urs Uehlinger and Christopher T. Robinson). 
 
Serbian requirements for acceptable concentration of total suspended materials induced by 
dredging activities do not exist. The EU Water Framework Directive has either such specific 
requirement to suspended concentrations. The EU Freshwater Directive gives as a general 
recommendation of maximum 25 mg/l. Standards from US and Canada are typically within 
a range of 25 to 100 mg/l. The lower end is valid for more sensitive species and juvenile life 
stages and the higher end for adult fish. 
 
Compared to these levels a surplus of up to 200 mg/l TSS due to dredging may be 
regarded as significant. Even the more general expected increment of up to 50 mg/l TSS 
may potentially impact the environment. However, it has to be taken into account that these 
high concentrations will only occur in restricted periods during the dredging operation. 
Additionally, the impacts from the plumes will only occur very locally downstream of the 
activity. A typical plume width of between 20 and 100 meter is expected. The width 
depends highly on the turbulence and the flow velocity in the Danube during the dredging 
operations. 
 
Due to the restricted spatial extension of the plumes only minor impacts on the general 
river ecology are expected from the induced surplus concentration of suspended material. 
Adult fish can escape the plumes. However, in case the operation occurs in the fish 
spawning period the induced concentration can impact the more sensitive fish egg, fish 
larvae and fry.   
 
High concentrations of suspended material will also reduce the transparency of the water 
and thereby the penetration of light down to the vegetation in the river. In the central part of 
the river where the suspended sediment plumes is expected no or only very restricted 
vegetation exist. 
 
Dredging capacity is of approx. 2000 m3/day. The long interval between the expected 
recurrent dredging will allow the ecosystem to re-establish and this will reduce the 
ecological impacts. 
 
To minimise the ecological impacts from increased suspended concentrations, it is 
recommended that it is carried out in the less sensitive time period from late summer and  
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into the autumn / winter period. Dredging operation is recommended to occur as late in the 
year as possible for example in September-December. 
 
No significant amount of oxygen consuming substances is expected to be released from 
the sediment during dredging or disposal, because it is assumed that the material to be 
dredged mainly consists of sand with low content of organic materials (of about 2-3 %). 
No other polluting substance is expected to be released during dredging or disposal of 
sediment.  
 
The dredging works in the upstream area, repeated at each two and a half years on the 
average, may result in increasing of the hazard of negative environmental impact 
 
Frequent dredging as well as the increased traffic on the river as a consequence of the 
upgrade of the fairway, can both potentially disturb the bird life at the river which is 
assigned as a part of an IBA and Ramsar area. Sufficient data on bird life was not available 
to make a final assessment of this risk. 
 
 
Mitigation measure 
The following mitigation measures are proposed to reduce or avoid the described adverse 
impacts from the proposed project activities: 
- dredging as well as other construction activities are to be performed outside the main 

bird nesting and fish spawning season: February – medium July. If possible the 
dredging operations should be executed in the period September to December which 
will reduce the impacts; 

- dispose dredged material into the river upstream of the dredging site to maintain the 
sediment balance and prevent eroding of the river bed and resulting lowering of the 
water levels; 

- determine the presence of the river mussel (Unio sp.) in the area to be dredged. 
Separate mussels from the dredged material before disposal to avoid that the mussel 
will be buried deep into the sediment. As the mussel is relative big it could be possible 
at least to ensure that a part of the dredged population is returned to the river in a 
suitable habitat location. However, a detailed method for such procedure and method 
has to be developed; 

- reduce spills as much as possible through selection of the most environmental friendly 
methods for excavation, dredging and disposal of material; 

- perform monitoring of spills and suspended concentration during the execution of the 
works. If exceedance of the critical concentration is observed the work intensity is to be 
reduced or other measures to be taken to reduce the spill rate; 

- additional data on bird life at the river in general and especially in relation to the 
function as wintering location is recommended to be collected. In case significant 
impact is assessed there could be a need for traffic regulation on the stretch to mitigate 
the impact. 

 
 
Conclusion on impact after implementation of mitigation measures 
 
The dredging activity is not expected to have such severe effect on water quality that it will 
change the Serbian defined water quality class of the river stretch.  
 
 



 

 

Preparation of Documentation for River Training and Dredging Works on Selected Locations along the Danube River 

A project funded by the European Union 

Consortium Witteveen+Bos, EIA Study - Main Text 176

Although the river here flow through the highly protected wetland areas, it is evaluated that 
the activities including the mitigation measures will not influence the special protected sites 
of the Nature Reserve Koviljsko- Petrovaradinski Rit. 
 
There is however uncertainty on how the increased traffic intensity may influence the bird 
life in the assigned Ramsar area and the IBA.  
 
The proposed action for the protection of the common river mussel (Unio sp) is evaluated 
as the maximum effort that possibly can be taken to reduce the impact on the population of 
this threatened species. 
 
If all stated mitigation measures have been comprised with the Project, the maximum effort 
has been made to reduce the negative impacts. In case the final option would be 
implemented, including the stated mitigation measures, it has been assessed that 
legislation of the Republic of Serbia, EU WFD and the Habitats Directive would be met, 
although minor negative impacts may occur. In spite of the described adverse impacts it is 
evaluated that the ecological status of the river ecosystem will not be changed.  
 
 

6.6. Sector 24: Preliv (km 1,207.0-1,195.0)  
 

6.6.1. Existing (zero) conditions 
The water and sediment quality at Preliv are represented by the measurements carried out 
at Slankamen (km 1,212) and Čenta (km 1,200), which show a water quality in October 
2007 of Class III-IV. No information exists for these stations after 2007. However at the 
downstream station at Zemun the water quality in the years 2008-2010 was of class III. 
 
The nearest official sediment monitoring station to the Sector 24 – Preliv is Čenta upstream 
(km 1254.98, Latitude 44 59 20 and Longitude 20 17 52).  
 
The existing data that can be used for sediment in this Sector are: 
- SEPA data from station 92040 – Čenta, and 
- data from Geotechnical Field Investigation in 2012 (Hidrozavod DTD) – samples BP-1 

and VBP-1. 
 
The river sediment at this sector has been analyzed only during the field investigations 
performed in 2012. The sediment quality in this Sector 24 might be similar to the sediment 
in Čenta. The results there show that there were exceedances of some parameters, such 
as Zn and As in 2006.The data from other years were not available. 
 
Data from 2012 Geotechnical Field Investigation, samples BP-1 and VBP-1 show that no 
parameters were over prescribed values. No exceedance of heavy metals, organic 
substances, organochlorine pesticides, PAH or PCB was observed. 
 
Generally, it can be concluded that these indicative analysis from this Sector (Geotechnical 
Field Investigation in 2012.) on specific locations where works or dredging will be done, do 
not show significant pollution with heavy metals, or organic substances.  
 
To be on the safe side, additional monitoring should be done during the construction phase. 
If conditions vary in time and/or space and if additional official monitoring data shows other 
information, a new assessment has to be made. 
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Although a water quality of Class III-IV was observed in 2007 at Čenta a saprobic index of 
II was also registered there. It is concluded that a diverse and relatively healthy river 
ecosystem may exist in Sector 24 Preliv because the sediment quality observed during this 
study was unpolluted and the water quality at Zemun for 2008-2010 was of Class II. 
  
Along the left riverbank bank protection works are present. Thus the biodiversity may be 
somewhat reduced here.  
 
An island (Belegiška Ada) exists in the middle of the river next to the right side of the 
fairway. According to orthophoto maps, as well as the “Google earth” map, there are 
several enclosed water bodies on this island, which will periodically or temporarily be 
connected with the main river course, depending of the water levels in the river. Temporary 
connecting of water courses is important factor which determines ecological function of 
these areas. Although there is no detailed information, it is most probable that these water 
bodies have important function for certain types of flora and fauna. According to orthophoto 
maps at upstream part of the island, as well as downstream – along right side of the island, 
there is a sandy bank. This indicates that a sandy river bed also extents into the river and 
functions as a habitat for some birds and fish species as described in Chapter 5.6. These 
areas are in general at risk of being reduced by the implementation of river training works.  
 
Furthermore, islands exist along the right river bank. These islands typically fulfill an 
important function as a relatively undisturbed nesting location and retreat for birds. At the 
most downstream part of the sector along the right bank a riparian wetland area is present, 
which may function as a habitat for fish and plants depending on more calm water 
environment. To which extent it functions as habitat for amphibian is difficult to assess but it 
is likely to occur. 
 
In the vicinity of the Sector the remains of 3 sunken ships and a sunken vessel from the 
year 1782 are present. The areas of archaeological interest in the vicinity of the Sector are 
presented in the Figure 6.2.12. It can be observed that there will not be any conflict with the 
proposed activities. 
 
At Preliv along the right bank the special protected loess area (Figure 6.2.8) is present. The 
special protected loess area is located at such a distance from the proposed river training 
activities that these will not be affected by the proposed works. 
 
The conclusion of the morphological analysis is that the river bed upstream of the side 
channel is highly morphological dynamic and that the side channel was dominant in the 
past over the main (left) channel. A navigation conflict existed in 2011 although not as 
critical as it was earlier. Therefore, the designs have to be focussed on preserving the 
present situation and to prevent the development of the side channel. 
 

6.6.2. Sector 24 - Option 2: Dredging, river bank excavation, bank protection 
(Hydrodynamic modelling phase) 
 
Impacts 
The option 2 includes only relatively restricted dredging in the main channel left of the 
Belegiška Ada at the most downstream part of the island. Opposite at the left bank the 
option includes the dredging and excavation into the river bank and the existing bank 
protection. Reference is made to Appendix VIII (drawings 24.2.A, 24.2.B, 24.2.C and 
24.2.D). Results of morphological modelling showed that dredging works would have to be 
repeated each year. 
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Both of these activities are at risk of increasing concentration of the suspended material. 
The dredging and the disposal acticities may increase the concentration of the suspended 
solids to a critical level in a restricted part of the river and within a relatively short period of 
time. The impact on water quality is expected to be very limited and will most likely not be 
measurable because the organic content and other pollutants are expected to be low in the 
dredged material.  
 
The activities may potentially negatively impact the fish spawning and fry development 
locally due to the increased concentration of suspended material if it is done during the 
spawning and hatching season. If carried out outside the fish spawning season (February – 
medium July) the impact is assessed to be minimal. 
 
It is recommended to carry out an inspection of the occurrence of the river mussel (Unio 
sp.) in the dredging area. If this species is abundant it is recommended to separate the 
mussels from the dredged material before disposal to avoid that the mussel will be buried 
deep into the sediment. 
 
According to the Platina Manual the dredged material has to be disposed back into the river 
upstream of the dredging location with purpose of maintaining the sediment balance in the 
river. Extraction of sediment from the river will negatively impact the sediment balance of 
the river which may enhance the river bed lowering and result in a further decrease of the 
water levels. This is a process that has a negative impact on the riparian wetland areas.  
 
During disposal of sediment into the river there is a risk that it may cause a critical 
concentration of suspended material and other pollutants in the river water. Therefore it is 
important that the disposal of dredged sediment into the river is carried out in an 
environmental friendly method e.g. by disposing it close to the river bottom to reduce the 
resuspension as much as possible. 
 
The option will only to a limited extend change the existing dynamic of the river.  
 

MCA Score (-2, -1, 0, 1, 2) 

Fish population (spawning, migration,  rearing,  living) -1 

Bird life (nesting, wintering) 0 

Flora (in river and on embankment) 0 

Water quality (incl. effect from dredging polluted sediments) -1 

River dynamics and water level (including physical diversity, 

canalisation, closure bunds, longitudinal dike etc 

0 

 
Mitigation measures 
- the impact can be minimised in case the dredging and excavation is carried out outside 

the period from February to medium July (fish spawning and birds nesting period); 
- dispose dredged sediment into the river upstream the Sector to maintain the sediment 

balance of the river; 
- it is recommended to carry out an inspection of the occurrence of the river mussel (Unio 

sp.) in the area to be dredged. If this species is abundant it is recommended to 
separate mussels from the dredged material before disposal to avoid that the mussel 
will be buried deep into the sediment; 

- when disposing the dredged material in the upstream river it has to be done with a 
minimum of immediate resuspension. It can be achieved by using a floating pipeline 
equipped with a submerged diffuser or sand spreader. The submerged diffuser and 
sand spreader aim to reduce the flow velocities of the material discharging from the 
pipeline, thus reducing the turbidity and resuspension load during operation; 
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- monitoring of the suspended concentration or turbidity during execution of the works 
will make it possible to reduce the dredging intensity or to take other precautions to 
reduce turbidity in case of the occurrence of critical concentration of suspended 
material. 

 
 

6.6.3. Sector 24 - Option 3: Chevrons (Hydrodynamic modelling phase) 
 
Impacts 
Two chevrons have been proposed to be constructed in the centre of the entrance, towards 
the right branch of the river. Having in mind a proposed location of the chevrons, it is not 
expected that these structures will connect with the land or with the existing islands, even 
over a longer period of time. The island might be formed upstream - behind the chevron, 
but the riverbed erosion will occur in front of and around the chevrons. To which extent the 
sand bars will develop into the permanent islands, will depend on dimensions of these 
structures. Particularly important is crest elevation of the structure, as well as how often the 
structure will be overflowed, since it determines to high extent, which type of change and of 
the impact might be expected. The typical chevron design includes so far a crest level of 
2.5 meter above ENR. This means that these will only overflow a few times per year. It is 
therefore expected that with the proposed design permanent islands with vegetation will 
develop behind these over time. Reference is made to Appendix VIII (drawings 24.3.A, 
24.3.B, 24.3.C and 24.3.D). 
 
The created islands or sandbars can be utilised by birds and stimulate bird life. 
 
The newly formed sandbars behind the chevrons may compensate for erosion induced by 
the river training works at other sectors. 
 
Scouring at the tip and the legs of the chevrons can result in an increased physical diversity 
within the river sector. This may stimulate the diversity of both macro invertebrates 
(macrozoobenthos – e.g. the fauna living on and in the sediment) as well as the fish 
population. 
 
Increased velocities along the outside of island will most likely result in erosion of the 
sandbar and shoreline here. This may however be compensated by the sandbar formation 
behind the chevrons. 
 
The immediate water level increase will be up to 2 cm upstream of the structures. 
Downstream no measurable impact on the water level is expected. Changes of water levels 
after hydraulic adjustment of the Sector, within a period of one to two years, shall be minor, 
as shown within the Chapter 7. Impact of the changes of water level to the natural 
environment of this Sector of the river, is not expected to occur.  
 
This option will divert more flow towards the main channel where erosion of the sandbar 
protruding into the fairway will occur. Since these changes will occur gradually, along with 
increase of discharges, it is not expected that critical increase of scattered concentrations 
will occur and that it will affect the water quality.  
 
It is not expected that the flow within the left branch of the river will increase to such extent 
that it would affect water quality there.  
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MCA Score (-2, -1, 0, 1, 2) 

Fish population (spawning, migration,  rearing,  living) 2 

Bird life (nesting, wintering) 1 

Flora (in river and on embankment) 0 

Water quality (incl. effect from dredging polluted sediments) 0 

River dynamics and water level (including physical diversity, 

canalisation, closure bunds, longitudinal dike etc 

1 

 
Mitigation measures 
- lower the crest level of one or both of the chevrons to create sandbars. It is 

recommended to at least reduce the crest level of the chevron nearest to the Belegiška 
Ada. The crest level of the chevrons need to further analysed and optimised during the 
detailed design phase; 

- the impact of possible disturbance from construction activities can be minimised if they 
are carried out outside the period from February to medium July (fish spawning and 
birds nesting period).  

 
6.6.4. Sector 24 - Option 4: Chevrons moved (Hydrodynamic modelling phase) 

 
Impacts 
Construction of two chevrons at the entrance towards the right-hand side channel (lateral 
branch) of the river has been proposed. Layouts, with drawn-in locations of the structures, 
have been given in the Appendix VIII (drawings 24.4.A, 24.4.B, 24.4.C and 24.4.D). 
Compared to option 3 the one chevron has been moved closer to the tip of the Belegiška 
Ada. In addition, a relatively short guiding bund is proposed at the right bank at the 
entrance of the side channel.  
 
The impacts from this option are almost similar to those described for option 3. However, it 
differs with respect to a few important issues, as indicated hereunder.  
 
The chevron close to the Belegiška Ada is evaluated over time to be connected to the 
island and will change the conditions along the shoreline of the island. This may have a 
significant impact on the local conditions for flora and fauna. There is furthermore a risk that 
the connection to the water bodies within the island will be reduced due to settling of 
material along the right shore of the island.  
 
The guiding bund proposed at the right bank of Danube at the entrance to the side channel 
will change the conditions locally along the embankment and behind the guiding bund with 
respect to vegetation on land and in the river, as well as for fauna in the river. The guiding 
bund may inhibit the migration of fish fry and other organism that cannot tolerate the 
increased flow velocity occurring at the tip of the guiding bund. The natural gradient with 
successive decreasing velocity against the shore line will be disturbed. 
 
MCA Score (-2, -1, 0, 1, 2) 

Fish population (spawning, migration,  rearing,  living) 1 

Bird life (nesting, wintering) 1 

Flora (in river and on embankment) -1 

Water quality (incl. effect from dredging polluted sediments) 0 

River dynamics and water level (including physical diversity, 

canalisation, closure bunds, longitudinal dike etc 

1 
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Mitigation measures 
- lowering of the crest level of the chevron close to the island could possible minimise 

some of the mentioned negative impacts; 
- ensuring some flow behind the guiding bund could possible minimise the negative 

impact from this structure; 
- all structure dimensions are recommended to be further analysed and optimised from 

an environmental point of view during the detailed design phase; 
- the impact of possible disturbance from construction activities can be minimised if they 

are carried out outside the period from February to medium July (fish spawning and 
birds nesting period).  

 
 

6.6.5. Sector 24 - Final Selected Option 5 (Morphological modelling phase) 
The above described options 2, 3 and 4 have been environmentally assessed during the 
Phase 2 of the project. Based on the experiences from these assessments and through a 
further optimisation process that took into account navigation, technical as well as 
environmental issues, the final option was selected for detailed design. This optimisation 
and selection process is summarised in Appendix XI. 
 
Impacts 
Like the option 3 and 4 assessed in the Phase 2 - Feasibility Study (see the sections 
above), this final selected option includes two chevrons only. The location and the design of 
the chevrons have been optimised both from navigation and environmental point of view 
during this morphological modelling Phase 3 of the project. Reference is made to Appendix 
VIII (Drawings No. 24.5.A, 24.5.B, 24.5.C and 24.5.D i.e. SER 2.6.2401). 
 
Both chevrons have been moved slightly in upstream direction compared to option 4. The 
most upstream chevron was moved just upstream of the existing sandbar in the opening to 
the right side branch of the river. The purpose was to stabilise this sandbar as well as divert 
more flow to the fairway. The downstream chevron was also moved in upstream direction 
and away from the island towards the center of the right river branch with the purpose to 
divert more flow to the fairway. 
 
The crest levels of the chevrons have been reduced compared to the Feasibility Study 
Phase 2. The chevron is designed with a crest level of DLNL +1 meter. This means that the 
chevrons will be frequently overtopped. Therefore it is not expected that these chevrons will 
develop into permanent islands. 
 
The lowered crest levels reduce the adverse impact described in the Phase 2 - Feasibility 
Study.  
 
The simulated impact on flow velocity fields and on bed level changes is illustrated in 
Appendix X, Fig. X.31 – X.42, Fig. X.51 and Fig X.54. 
 
From Fig X.31- X.42 it can be derived that behind the chevrons flow velocities are reduced 
in extended areas at discharges corresponding to MWL and above. At DLNL the decrease 
in the flow velocities is limited between the legs of the chevrons. As it can be seen on the 
Figure X.51, this will result in increasing of the riverbed level – from the chevron, almost to 
the river island. Immediately next to the river island, the riverbed level slightly decreases, 
which enables free flow of water between the sand bar and the island, during all water 
levels. This is considered as the advantage for aquatic environment, because the chevrons 
and the sand bar will not be connected to the land.  
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It is evaluated that the sandbar will not be exposed to siltation because the chevrons most 
of the time are submerged and periodically experience a velocity of up to 1 m/s over the 
sandbar (Fig. X.36). This means that a natural sediment structure, that is normally seen at 
such a sandbar in Danube, is expected to be maintained. Therefore, this established 
sandbar is expected to be able to support a natural and health fauna (fish and 
macrozoobenthos) that prefers this type of habitat. However, this is a habitat type that often 
is affected during river training works. 
 
Part of the sandbar may at lower water levels (DLNL) fall dry like the existing sandbar. In 
such period it can maintain the function of the existing sandbar with respect to supporting 
bird life. 
 
Along the right river bank, as well as along the outer side of the chevrons, the river training 
works shall result in a slight increase of the velocities. However, the increased velocities 
are limited and therefore fish and other aquatic organism will still be able to migrate 
upstream. This increase will result in an erosion of the river bed up to approx. 2 meter. 
 
Application of chevrons implies use of stone material that hasn’t so far existed at this 
stretch of the river. This can locally introduce or increase the appearance of species that do 
not exists or are rare within the sector. 
 
In the main channel and the fairway a slight increased flow velocity is oberved. It is 
expected this does not have any impact on the river ecology. 
 
Overall the result of the proposed river training works will be an increase of depth, flow 
velocity and substrate diversity within the sector. Although the chevrons will stabilise part of 
the sector, it will still maintain some hydro-morphological dynamics. In total the activities 
are expected to increase the aquatic biodiversity of this sector. 
 
The construction of the chevrons will cause disturbances to both the aquatic wild life and 
the bird life in the area. This will however be of temporal character.  
 
Increased traffic on the river as a consequence of the upgrading of the fairway can 
potentially disturb the bird life at the river which here is assigned as a part of an IBA 
(Dunavski lesni odsek). Especially, the overwintering waterfowl may suffer if they are too 
frequently disturbed and cannot find shelter and rest outside of the fairway. Sufficient data 
on bird life within the Sector have so far not been available to make a final assessment of 
this risk. 
 
Mitigation measure 
The following mitigation measures are proposed to reduce or avoid the described adverse 
impacts from the proposed project activities: 
- construction activities are to be performed outside the main bird nesting and fish 

spawning season February – medium July; 
- Collecting of additional general information related to bird life at the river has been 

recommended, particularly regarding the function of these locations for wintering of the 
birds. In case significant impact is assessed there could be a need for traffic regulation 
on the stretch, if such an impact has to be mitigated; 

- As much as possible, different sizes of the stone should be used for construction of 
outer part of the chevrons. This can stimulate biodiversity at the local level. 
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Conclusion on impact after implementation of mitigation measures 
 
The proposed two chevrons are not expected to give significant adverse impacts and the 
ecological status of the sector will not be negatively impacted. 
 
In case the recommendation for mitigation measures is followed it is possible to avoid the 
most severe risk of impacts during the construction phase. 
 
However, there is uncertainty how increased intensity of the river traffic (which is expected 
to occur over a long period of time, as a result of improvement of navigation conditions), 
shall affect the bird life in the zone defined as the Important Bird Area (IBA) – the Danube 
loess escarpment (Dunavski lesni odsek).  
 
It is evaluated that both the Serbian legislation, the EU WFD and the EU Habitat Directive 
can be respected by the proposed option, although some changes in hydro-morphology will 
take place and temporal negative impact may occur. 
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7. CUMULATIVE IMPACTS 
 

7.1. Water level  
A change of water levels can potentially impact: 
- the risk of flooding; 
- the water flow to and from the riparian wetland areas. 
 
Calculations were made with a hydrodynamic and hydro-morphological model to determine 
the immediate and long term impact on the water level after construction of the river 
training structures at the Sectors 19, 22 and 24. The water level in the existing and future 
situation was derived for these Sectors at a point 500-600 m upstream of the most 
upstream structure for the discharges DLNL, MWL, DHNL and 100 years. 
 
In the Appendix X the Figures X.43, X.44 and X.45 present the immediate maximum local 
water level increase after building the structures at Sector 19, 22 and 24. The impact of the 
Detailed Design for the three Sectors is insignificant (less than 1 cm). Due to the very 
restricted and the temporal character of the immediate increase it is expected that the 
structures cause a minor local impact and do not influence the upstream Sectors. 
 
The long term water level increase will be different from immediate impact just after 
construction of the structures because of the adaption of the river bed to a new 
morphological equilibrium (over a period of 1-3 years). The Figures X.46, X.47 and X.48 
present the long term water level impact of the Detailed Design. The long term water level 
impact at the Sectors 19, 22 and 24 is insignificant (less than 1 cm) for the discharges 
DLNL, MWL, DHNL and 100 years.  
 
The simulated long term water level change does not significantly impact the ecology nor 
the flood risk. 
 

7.2. River Ecosystem 
In Chapter 6 are described the direct and local impacts on the organisms and ecology for 
each of the options proposed in the different river Sectors where river training works are 
proposed. In addition, the mitigation measures to further minimise the environmental 
impacts on a local scale are presented. However, to assess the overall and cumulative 
impact for the entire river system, it is necessary to evaluate how the entire river stretch will 
develop both in short term and especially in long term perspective. 
 
Impacts 
To ensure a healthy river ecosystem it is important to maintain high physical diversity and 
ensure that no habitat type is diminished significantly. Therefore, it is recommended that a 
variety of river training methods is utilised along the entire project stretch and that a general 
canalisation, which will result in a river with more homogeneous conditions, is avoided.  
 
The selected options are a combination of dredging, detached groynes and sills that do not 
block the entire cross section and chevrons with relative low crest levels. Altogether these 
options modify the hydro-morphology of the river stretch and stabilize the most dynamic 
cross sections. The proposed combination of river training activities does not largely alter 
the river hydro-morphological dynamics of the system. 
 
One of the main obstacles for navigation is the presence of sandbars that extend into the 
fairway. Therefore dredging is proposed or alternatively river training works are 
implemented with the purpose of eroding these sand bars. 
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In case most of the sand bars within the river are removed or eroded a special habitat will 
disappear from the river ecosystem and this will have a significant negative impact on the 
species depending on this type of locality. This will be the case for a number of fish species 
that will loose either their living habitat or their spawning areas or both. This will of course 
have severe implications for these populations. There are also a number of invertebrate 
animals that live in and depend on this type of substrate. 
 
Among the species that are sensitive to changes in the abundance of this habitat type are 
the fish species: Sturgeon (Acipenser sturio), Sterlet (Acipenser ruthenus), Zingel (Zingel 
Zingel), Streber (Zingel streber), Asp (aspinus aspinus), Common Barbel (Barbus barbus), 
Smaller bleak (Alburnus alburnus) and amongst others the threatened native river mussel 
(Unio sp.). 
 
The use of dredging to solve the obstacles for improved navigation may have such impacts. 
Within the project stetch there will still be a large surface of sandbars outside of the fairway. 
Furthermore, at some of the proposed structure (groynes, chevrons) new sandbars will be 
created. As the proposed structures due to relative low crest levels are frequently flooded, 
siltation of these areas will only occur to limited extent and the substrate here is likely to be 
able to support a natural and health fauna typical for this type of habitats. 
 
The changes with respect to extent and occurrence of sandbars are evaluated to only have 
minor impact on the population of the above mentioned fish species within the project area. 
 
The dredging may however have an inevitable adverse impact on the threatened native 
river mussel (Unio sp.). This impact may increase when the dredging is carried out 
frequently over a long time period. Most of the dredging is however carried out with a 
frequency of every 3 to 10 year. Only for parts of the Sectors 18 and 23 has been assessed 
that dredging works (technical maintenance of fairways) would be performed approximately 
every second year. The impact can be somewhat reduced by mitigation mares taken during 
the dredging operation (see below). 
Because dredging will not be carried out at the same time in each of the sectors, the impact 
on water quality will not result in any accumulated  additional impact in relation to what is 
described in Chapter 6 for the individual Sectors. 
 
In addition, it has also been assessed that calculated changes of water levels would not 
have a considerable negative impact either to overflowing of water into riparian wet 
habitats, along the design stretch.  
 
Mitigation measures 
The folloing mitigation measures are proposed: 
- recurrent dredging as well a all construction works is to be carried out outside the fish 

spawning and bird nesting period, i.e. avoiding the period February – medium July; 
- according to the Decision of Institute for Nature Conservation of Vojvodina Province 

(Appendix II), it is forbidden to execute works in the subject areas at the distance less 
than 70 m from the edge of gravel or sand bars, in the period when strictly protected 
species are nesting on gravel or sand bars and raise their young; 

- it is forbidden to affect, destroy or damage strictly protected flora and fauna species or 
their habitats during the execution of works, in each way, by equipment and machines 
or by engaged staff; 

- all envisaged works should be done in such way that they do not affect negatively on  
hydrological regime of the Danube; 

- if dredging, transport of dredged material should be done on the water and during the 
transport on the fairway by barges, all necessary measures should be provided so that 
stone aggregate or fine fractions are not dissipated; 
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- mitigation measures should be undertaken if geological or paleontological records that 
can be of national value are discovered during execution of the works. In that case, the 
discovery should be reported to the Ministry of Development, Energy and 
Environmental Protection. The found heritage should not be destroyed, damaged or left 
without supervision; 

- use of a variety of stone material with respect to size to the possible extent for outer 
part of the structures. This can locally simulate the biodiversity; 

- carry out the individual river training works in the most environmental friendly way (see 
Section 3.10); 

- it is not allowed to make temporary facilities for lodging, fireplaces or access roads on 
the Danube riverbank or in the habitats of strictly protected species within the Danube 
riverbed; 

- during the execution of the works, it is not allowed to deposit dangerous material or 
solid waste on the Danube corridor; 

- waste that occurs during project works should be collected properly, according to the 
legislation and it should be deposited on places that are allowed and specified by 
competent local public utility; 

- it is not allowed to service engines and equipment or any devices using oil or fuel at the 
criotical sectors or at locations that are assumed to be locations for execution of works. 
Also, on these locations it is forbidden to deposit any oil, its derivates or other fuels; 

- at locations of the envisaged works, noise level and air pollution must not exceed 
allowed values, given by the regulation. 

 
 

7.3. Increased traffic 
 

7.3.1. Disturbances from increase traffic intensity 
As a consequence of upgrading the navigation condition on the project stretch of Danube it 
is estimated that the traffic intensity will increase. The estimated increase is outlined in the 
Table 7.1 and Table 7.2. These estimates are based on a situation that the fairway is 
improved such that it complies with the Danube Commission recommendations. The 
present project will only cover a part therefore the impact of the present project most likely 
will be less than outlined in Table 7.1 and Table 7.2. 
 
 
Table 7.1. Traffic density (in moves per year) within the IWT network 

river section year 2002 year 2025 

Danube 

Hungarian border to Drava 1,504 7,237 

Drava to Vukovar 1,507 7,250 

Vukovar to Novi Sad 1,514 7,285 

Novi Sad to Tisa 1,849 8,898 

Tisa to Belgrade/Sava 1,976 9,511 

Source: Master Plan and Feasibility Study for IWT in Serbia, 2006 
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Table 7.2. Average daily traffic intensity on the IWT network 

Year 

 Length 2002 2025 

River Danube Km Unit/day Unit/day 

Hungarian border to Drava 50 4 20 

Drava to Vukovar 50 4 20 

Vukovar to Novi Sad 78 4 20 

Novi Sad to Tisa 39 5 24 

Tisa to Belgrade/Sava 45 6 26 

Source: Master Plan and Feasibility Study for IWT in Serbia, 2006 
 
For the project river stretches several sensitive ecosystems are present. The area most 
sensitive to traffic disturbance are the overwintering locations for waterfowl and habitat 
located on the river bank, the side channels or river branches, wetland areas and wet 
meadows (e.g., Koviljsko-Petrovaradinski Rit). The traffic in the fairway of the project 
stretch is estimated to increase from 4-6 ship units per day in 2002 and to 20-26 ship units 
per day in 2025.  
 
Impacts 
It cannot be excluded that the increased intensity to 20 – 26 units per day will increase the 
turbulence, noise and the erosion of the river banks caused by ship induced waves. This 
can have some negative influence on shallow and littoral sandbars and on vegetation as 
well as on the waterfowl on the river.  
 
Ship waves cause turbulence and erosion in the shallower parts next to the fairway and 
along the shoreline. This can increase the turbidity in the shallower areas and inhibit the 
development of benthic vegetation and hamper the development of fish eggs and larvae 
and fry. Erosion of shallow and littoral sandbars can have impact on birds living here such 
as Little Ring Plover and other wading species. 
 
The birds in general, will only to a restricted extent seek food in the fairway where the 
commercial ship traffic is sailing. Impacts due to noise and direct physical disturbances will 
most likely be very limited on the population living more permanent within the riparian 
wetland areas of the project stretch. 
However, a large number of overwintering waterfowl from extended parts of Europe use the 
river stretch as resting area during their yearly migration. An increase in ship traffic may 
disturb these overwintering and resting birds. Sufficient data on bird life within the project 
area have so far not been available to make an assessment of this risk. 
 
The overall effect can be a general reduction of biodiversity in certain parts of the river 
system. There can potentially be a transboundary impact due to the disturbance of the 
migrating bird species. 
 
Mitigation measures 
The folloing mitigation measures are proposed: 
- establish environmental friendly bank protection in areas where fairway come close to 

the river banks and ship waves can introduce erosion. It could be considered to 
establish structures that could decrease the wave action on the shoreline without 
reducing the longitudinal flow velocities; 

- it is important that the design of the structures has the general appearance of the areas 
both within the river and on the river banks. It has to be avoided that long stretches 
become covered/protected by hard surfaces (e.g. concrete tiles, etc.), loose stone 
works are preferred; 
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- it is difficult to mitigate the potential impact on the resting overwintering waterfowl. In 
case additional assessments verify this as a significant impact, mitigation measures 
could include implementation of restriction on traffic in certain parts of the year. 

 
7.3.2. Pollution from waste and wastewater originating from ships 

 
Sources 
The Danube Convention provides recommendations (approved by the Danube Commission 
and in force as of 1 January 1998) to prevent water pollution from shipping on the river 
system. The recommendations concern any articles, substances, oil products etc. It covers 
household waste as well as remainders or spills from cargo. The recommendations for 
household sewage are valid for vessels with more than 10 persons on board. Most 
commercial shipping is carried out with vessels carrying less than 10 persons, whereas 
passenger boats (cruise vessels) have to comply with the rules/recommendations from the 
Danube Commission. 
 
The convention has, however, not been implemented in Serbia as no or only restricted 
waste and wastewater collection systems are in place in the inland ports along the Danube.  
 
In addition to the domestic sewage and waste resulting from the shipping traffic, there is a 
risk of pollution from oil products, among others from bilge water. However, also other 
chemical and toxic substances may be spilled from the ships either during transport but 
more likely during loading and unloading of cargo. 
 
It is well known that shipping generally can contribute to a significant pollution by releasing 
anti fouling agents. 
 
Impacts assessment 
The potential amount of household waste and wastewater from intensified shipping can be 
estimated based on the number of persons travelling on the rivers and using person 
equivalent of discharged organic matter on 60 g BOD/day.  
 
Assuming an average staff of 10 persons per ship unit and a travelling speed of 10 km/h, 
and using the values given in Table 7.1 and Table 7.2 it can be estimated that 
approximately 50 persons or approx. 1 ton BOD per year in 2002 was produced. This will 
increase to a load from 236 persons or approx. 5 ton BOD per year in 2025 for the project 
stretch of the Danube. 
These can be compared to the contribution from industrial discharge and people living 
along the actual river stretch. According to the estimate in Section 5.5.5, the pollution load 
from the municipalities Apatin, Backa Palanka and Novi Sad plus the main industrial 
pollution along the project stretch is estimated to approximately 13,000 ton BOD per year. 
In addition, the project stretch receives pollution from several minor urban areas and 
villages and from tributaries. At the downstream border of the project area Belgrade 
contributes with a pollution of the magnitude 43,000 ton BOD/year. 
 
Assuming that the sewage from the freight vessels is discharged untreated directly into the 
Danube, it can be concluded that the total amount of sewage and waste is small compared 
to the potential sewage input from people living along the river.  
 
From the Volume 2 - Traffic and Cargo (Master Plan and Feasibility Study for IWT in 
Serbia, 2006) it can be derived that the passenger vessels in 2004 transported 
approximately 36,000 people. Assuming a yearly increase of 5% in 2025 approximately 
100,000 persons will be transported. Assuming that these on average will be on the 
Serbian part of the river for 2 days, this will correspond to around 550 person equivalent 
(p.e.) on a yearly basis. According to the recommendations from the Danube Commission 
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this sewage has to be collected onboard and delivered to receiving facilities at the 
harbours.  
 
Compared to the contribution from the other mentioned sources along the project stretch, 
the pollution from the increased shipping is very limited. It is not expected to give a 
significant and measureable impact on the Danube because it is distributed over the entire 
river stretch. However, in certain areas (harbours, etc.) where vessel concentrations from 
time to time are high, regulations and facilities should be in place to avoid local harmful 
effects. 
 
The impact from pollution due to spill of oil products including bilge water and other 
chemical and toxic substances that may be spilled during transport and loading and 
unloading of cargo is difficult to quantify because the exact composition amount and 
location is not known. Increased traffic will increase the risk of such spill which can have a 
significant environmental impact, especially locally. 
 
It is well known that shipping generally may contribute to a significant pollution by releasing 
anti fouling agents. These can contain heavy metal hormone disturbing substances and 
other toxic component which is slowly released to the water. Depending on the type of anti-
fouling agent that is used it can significantly impact the ecosystems. 
 
Mitigation measures 
- introduction of waste and wastewater collection system in harbours along Danube and 

enforce the use of the system; 
- restrict and regulate by national and international legislation the type of anti-fouling 

agents to be used. 
 
 

7.3.3. Air pollution and energy consumption during construction works 
The discharged air polluting components can locally result in short term deterioration of the 
air quality. The deterioration will have no permanent impact and even in short term 
perspective it will be an order of magnitude lower than from the present shipping on the 
river.  
 
On regional scale the expected discharges due to the river training works is expected to 
have no significant impact. 
 
The fuel and energy consumption will be of levels normal known from standard construction 
activities and compared to energy and fuel consumption in the region it can be 
characterised as minor. 
 
Mitigation measure 
The folloing mitigation measures are proposed: 
- use of modern and energy efficient equipment; 
- use of light fuel which reduce the  environmental harmful exhausting compounds; 
- installation of particle filters on exhausts pipes on equipment and machinery. 
 
 

7.4. Transboundary impacts 
The only potential transboundry impact from the project that has been identified concerns 
the impact due to disturbances of migrating overwintering water fowl. There are substantial 
uncertainties on the importance of this potential impact. 
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7.5. Climate change  
Based on information from a presentation at the Munich Workshop 29.09.2012 on results 
from The Danube Climate Adaptation Study, Part 1: Impact of climate change on the water 
Sector in the Danube River Basin (by: M. Prasch, F. Koch, R. Weidinger & W. Mauser, 
Department of Geography Ludwig-Maximilians-Universität Munich, Germany), it can in 
general be concluded that climate change is expected to result in: 
- more pronounced period with low flow in the summer; 
- increased intensity of flash flood; 
- reduced general high flow in spring / early summer due to reduces snow storage in the 

Upper Danube Region (the Alps) and the runoff from this region during the smelting 
period. 

 
Direct impact of river training and dredging works shall not considerably differ during mean 
to high discharges, in relation to the above described. However, a certain long-term impact 
can occur during low discharges, as described further below. 
 
Although the water levels are not expected to decrease to any significant extent as 
described in Section 7.1, the bed level in the main part of the river may be lowered from the 
proposed river training. If low flows, as a consequence of climate changes, become more 
pronounces and prolonged, it may result in a general lower water level in the river system 
in the late summer period. This can have severe negative consequences for the riparian 
wetland and the entire flood plain. Vegetation can change and wetland-related wildlife can 
be diminished.  
 
The change of flood plain vegetation may result in an increase of the flow resistance, which 
may result in an increase of the flood water levels. This results in a hazard of occurrence of 
higher level of floods. 
 
The impact of climate change on the flow pattern as well as the consequences for the 
ecosystem is quite uncertain. It is therefore highly recommended that such potential 
changes are monitored carefully as a part of a monitoring programme. The Danube River 
Basin Management Plan includes procedures for taking actions in case adverse 
developments are observed. 
 

7.6. Conclusion on accumulative impact after implementation of mitigation measures 
In case the recommendation for mitigation measures is followed it is possible to avoid the 
most severe risks of impacts during the construction phase and very restricted cumulative 
impacts are foreseen. 
 
There is uncertainty on how the increased traffic intensity, which is expected as a 
consequence of the upgrading of the fairway according to the recommendations of the 
Danube Commission, will influence the bird life in the assigned IBA (Dunavski lesni odsek).  
 
It is evaluated that the Serbian legislation, the EU WFD and the EU Habitat Directive can 
be respected by the proposed combination of options for the critical sectors, although some 
changes in hydro-morphology will take place. Water quality and ecological status of the 
project area is not expected to be changed to a significant extent as a consequence of the 
proposed project. 
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8. MONITORING AND MANAGEMENT PLAN 
 

8.1. Introduction 
An Environmental Monitoring and Management Plan for a project of the above described 
type has firstly to define and clarify the responsibility for the different steps involved. These 
responsibilities have to be divided between the contractor and relevant authorities. The 
steps to be included are typically: 
1. establish a sufficient background description of the environmental conditions within the 

project area and especially at the site where specific activities are planned. By sufficient  
background description is meant that it has to be sufficient for evaluation whether an 
unexpected adverse impact occurs from the project activities during the construction, 
shortly after and on a longer time perspective; 

2. to ensure the above outline description exist a monitoring programme shall be defined 
for the situation before, during and after the construction phase; 

3. collect, process and present monitoring data. Evaluate whether any unexpected 
adverse impact occurs during the construction phase as well as during the operation 
phase; 

4. if any unexpected adverse impacts are observed additional mitigation measures should 
be taken; 

5. carry out the decided supplementary action; 
6. monitor whether the decided supplementary mitigation action will have the expected 

effect.  
 
Quality of water bodies in large rivers is a very complex issue, for several reasons. The 
environmental quality of the river is a result of numerous factors, including the origin and 
formation of the river bed, geographic position, climate and hydrological characteristics, 
characteristics of watershed area, chemical and biological factors, pollution loads etc. 
Reaction of the river to external and internal changes is a long process.  
 
Knowledge of biological composition as well as water quality within the sectors is 
necessary for defining the ecological status of the ecosystem. In particular the water quality 
is significant from the aspect of its direct utilisation. Therefore the water quality should meet 
various criteria, depending on its purpose (drinking water, water for swimming, etc.).  
 
In the EU countries, the quality of surface water is defined depending on its purpose 
(quality of surface water intended for recreation, swimming, water sports, irrigation, water 
supply, etc.). In the EU Water Framework Directive - 2000/60/EC, the requirements for the 
ecological status for water bodies are included. The water quality variables are in this 
context regarded as supplementary variables whereas the biological and ecological and 
status is the main criteria. The basic principle of the EU Water Framework Directive implies 
maintenance and/or improvement of the ecological quality, which means that water quality 
must not be degrade. The objective is to achieve a good ecological status in relation to the 
referent natural, i.e. undisturbed conditions. 
 
The implementation of the current project on the Danube will result in certain changes of 
hydrological and morphological characteristics of the river system, i.e. changes of flow 
velocities, depth, sediment transport regime and consequently, changes of river bed 
characteristics. Such changes inevitably lead to changes in quality of water, sediment, as 
well as in the structure of water organisms’ community and for communities in the close 
vicinity of the river course. 
 
Based on the Environmental Study it can be concluded that during and after construction of 
the proposed structures, certain impacts can be expected on the quality of the surface 
water, sediment and the ecosystem status. 
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Monitoring data that will be gathered before, during and after construction of the works shall 
be compared with the data from zero/existing condition, which is presented within this 
document. It is proposed also to be collected through a supplementary monitoring 
programme before the construction activities starts. Data shall be collected and analysed 
within the competent, official institutes and organisations. This can also be done by other 
competent organisations that have been approved by the authorities. 
 
Analyses shall be presented in a report that should be a part of project documentation. The 
assigned responsible institution has to evaluate data for all environmental parameters, after 
each of the project activities: during the construction phase, in case of accidental event and 
during operation phase.  
 
If any unexpected changes within the environment of the river is observed the assigned 
responsible organisation/authority has to take action. This organisation can consult the 
Stakeholder’s Forum or special experts can be engaged to suggest actions that shall be 
provided.  
 
Based on knowledge of the current environmental status at the location for river training 
works as well as from the assessed potential environmental impacts, monitoring of the 
following environmental elements is being proposed:  
- morphological aspects: bathymetry and analysis of areas with specified habitat 

conditions; 
- quality of surface waters (state monitoring, Joint Danube Survey and indicative 

analyses); 
- quality of river sediment (state monitoring, Joint Danube Survey and indicative 

analyses); 
- status of ecosystem and biodiversity. 
 
 

8.2. Monitoring approach 
 

8.2.1. General 
The below outlined monitoring programme is divided into three categories, being: 
- baseline Monitoring (prior to detailed design and / or construction); 
- monitoring during execution of the works (construction phase); 
- monitoring during operation (i.e. after construction). 
 
The key parameters to be monitored are in general terms described in the following 
sections. 
 

8.2.2. Key biological parameters  
In order to avoid any change in composition and structures of biocenoses, biological 
monitoring shall be provided and executed. For that purpose, the Financier should provide 
necessary funds.  
Also, populations of strictly protected and protected species can be affected, as well as 
characteristics of protected areas and ecological network. These issues shall also be 
covered within the monitoring programme. 
Key parameters that should be monitored are given below, as well as management of 
actions and organisation within the programme.   
 
The phytoplankton (algae) community has been accepted as the indicator of water quality 
and trophic status. The word “trophic” is of Greek origin and it means nutrient or nutritive, 
whereas the words “oligo”, “meso”, “eu” and “hyper” denote something rare, moderate, rich 
and excessive, respectively. Concentration of chlorophyll “a” may give a good indication of 
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phytoplankton biomass. Eutrophication occurs frequently in slow flowing water bodies or in 
the parts of water courses with lower velocities and can contributes to numerous problems 
related to water quality, such as: phytoplankton blooming, deteriorating of natural beauty, 
consumption of hypolimnion oxygen, reduction of water transparency, etc. Composition and 
development of phytoplankton is under a direct impact of changes of physical and chemical 
water conditions. 
 
The invertebrate benthic fauna is another widely accepted biological indicator for 
environmental stress. This fauna community at the river bottom and in the sediment 
responds with relative high sensitivity on changes in flow velocities, substrate composition, 
settling of material as well as chemical water quality. Therefore the fauna composition and 
abundance at the river bottom of water bodies has in Serbia as well as internationally been 
accepted as an important monitoring variable for describing the ecological status. An 
ecological status index (the sarobic index) has been developed based on these organisms. 
  
Consequently, the biological parameters of water quality that should be monitored should 
include at least the following:  
- chlorophyll concentration (biomass of phytoplankton community as the ecosystem 

trophic status indicator); 
- qualitative and quantitative analysis of phytoplankton and phytobenthos; 
- saprobiological analysis based in benthic fauna.  
 
Generally speaking, there are several biological species which may react during 
implementation of the subject Project (insects, amphibia, birds, macrovegetation in the 
rivers, as well as in the riparian areas, etc.). Inclusion of some of these groups of 
organisms can be of major importance, if it is assessed that they are largely endangered by 
various impacts during the construction phase. These groups of organisms should be 
controlled within the Sector, as well as in the neighbouring upstream and downstream 
areas. 
 
In the following sections the habitats that shall be covered by the programme are 
presented.  
 
Functionality of ecological network, dynamics and abiotical features of selected habitats on 
critical sectors and functionality of ecological corridors are of special importance for 
environmental monitoring and management plan. Survey and physical measurements shall 
be provided and especially priority habitats of national importance and NATURA 2000 
habitats shall be covered and monitored. Parts of ecological network overlapping with the 
critical Sectors shall be specially observed.  
 
There are numbers of indicator plant species of different composition within the sectors. 
Characteristics of vegetation in the sectors are of importance and should be monitored 
during and after the construction phase. The dynamics of vegetation and changes of plant 
communities shall be observed over time. Plants that should be within the programme are 
Limosella aquatica and Linternia palustris. They should be counted, by phytocoenological 
methods.  
 
The fish population will also respond on changes in environmental stressors, but methods 
for using the fish population as monitoring variables in big rivers has so far not been 
developed to a level where it is utilised as a standard tool. However, this does not mean 
that fish population should be totally omitted from an impact monitoring programme.  
 
Key parameters that should be covered are composition of fish fauna and characteristics of 
fish habitats on critical Sectors, especially spawning sites. Sterlet (Acipencer ruthenus) 
shall be certainly monitored by means of electro fishing.   
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The macro zoobenthos in the sediment shall be monitored. Special attention has to be paid 
to mapping population of the native common river mussel (Unio sp.) in dredging and 
disposal areas. 
 
Bird populations shall be monitored and there are a number of breeding pairs and 
population status of indicator bird species within critical sectors prior and after construction 
phase. Territory mapping shall be provided during the breeding period and indicator 
species that shall be covered are Little Ringed Plover, Sand martin and Common tern. 
 
River stretches that are used by migrating waterfowl as overwintering areas have to be 
monitored. Species using these areas and approximate number of birds of these species is 
to be register. The purpose of this is to follow the potential impact of increase traffic on 
these populations. 
 
These habitats and species shall be covered both during construction phase and during 
operation phase. Also, monitoring locations shall be within the sector, as well as up and 
downstream in the vicinity of the sector.  
 
Data that arise from monitoring programme shall be analysed within the certified institution 
or by proper experts. It is recommended that 6 researchers shall be involved in biodiversity 
monitoring and management, as well as one map processing expert. For proper 
organisation of monitoring programme, vehicles and motor boats shall be provided. Fast 
data processing and effective reporting should be an obligation.  
 
Data that occur within this programme shall be comparable with the data for biodiversity 
given in this Study, which were given in order to define the existing condition. After 
comparison, conclusions shall be given, shall the Financier take some additional protective 
measures.   
 
 

8.2.3. Key physico-chemical parameters in water 
Other quality elements that should be taken into account are the specific pollutants. Thus, 
the physico-chemical parameters of water quality that should be monitored are as follows:  
- thermal conditions; 
- secchi disk, visibility into water or light penetration into the water; 
- oxygen regime; 
- acidity; 
- turbidity and suspended solids at Sectors, as well as at spots for depositing dredged 

material; 
- total dissolved substances (like TSS); 
- nutrient elements (especially phosphorus and nitrogen compounds); 
- other pollutants, such as priority and hazardous substances.  
 
Systematic testing of water quality should be performed seasonally (at least four times per 
year) at different characteristic cross-sections, as well as at different depths along the 
cross-section. The measurement frequency intervals should not be longer than the above 
mentioned, unless the technical knowledge and expert opinion justify it.  
 

8.2.4. Key Sediment parameters 
Monitoring of sediment quality should in general comprise physical and physico-chemical 
properties, as well as presence of toxic compounds, organic and inorganic, minimum twice 
a year.  
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The obtained results can be assessed in relation to the latest regulations of the Republic of 
Serbia (from May 2012), as well as in relation to the regulations which are applied in the 
Netherlands, Canada and USA – USEPA (US Environmental Protection Agency) 
Standards. The regulations which are applied in the Republic of Serbia provide the 
information related to the status of sediment quality and its handling, in compliance with the 
established quality. 
 
The status of sediment should be monitored at characteristic locations, at proper spatial 
distances and in regular time intervals, i.e. 2 to 4 times a year. In addition to a more 
generalised programme running with regular intervals there is also a need for local 
monitoring of the changes in sediment structure in the vicinity of the introduced structures.  
 
This monitoring shall aim on following the potential siltation behind new structures, erosion 
of sandbars in the Sectors and the immediate settling of material from dredging and 
construction operations or from other activities that may result in increased concentration of 
suspended material in the water. Such program has to focus primarily on the grain size 
distribution and the organic content of the surface sediment. 
 

8.3. Baseline Monitoring 
A base line monitoring shall aim at establishing the background for evaluation of potential 
impacts from planned activities. A proper baseline monitoring creates the basis for 
documentation of impacts, as well as no impact and for adjustment of activities early 
enough so that no significant irreversible impact will be the consequence. It gives also the 
possibility to introduce additional mitigation measures in case unexpected impacts develop. 
 
In general there exists an acceptable description of the baseline water quality for the 
project river stretch using the information from the national monitoring programme. 
 
At a few gauging stations included in the national monitoring programme the sediment 
quality is described. Some additional data has been collected and reported in this EIA 
Study. Additional data collection has been proposed for the Phase 3 of the Project 
(Detailed Design Phase), for the most downstream Sectors located on the territory of 
Serbia. The Schedule has been given in the Table 8.1. Similarly, additional monitoring of 
the sediment has been proposed for the remaining Sectors, as a part of following phase of 
the Project 
 
Furthermore, it is recommended that a supplementary biological baseline monitoring is 
executed before starting the execution of the construction works. Such monitoring shall be 
designed individually for each Sector depending on the selected option to be implemented 
and the evaluated risk of impact. It is recommended to include at least: 
- Plankton algae (biomass (Chl. A) and composition) in areas and side branches where 

the flow will be significantly reduced; 
- Benthic fauna composition and abundance in areas exposed to increased erosion, 

dredging and reduced flow; 
- underwater vegetation (submerged macro vegetation and benthic algae) composition 

and distribution in areas where water retention is changed significantly or potentially 
exposed to increased settling; 

- more detailed data on riparian wetland that are of interest and the possible connection 
(connectivity) with the main river. 

 
Detailed monitoring programme of variables, stations and sampling frequencies for the 
supplementary biological monitoring is to be described during the detailed design phase 
when the selected layout is described in detail. 
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8.4. Monitoring during execution of the works 
 

8.4.1. Monitoring of water quality during execution of the works  
Monitoring of water quality has to be performed at least four times during the construction 
period. The analyses should comprise in general: 
- the key water quality variables; 
- all the parameters envisaged by the Directive on Limit Values of Priority and Priority 

Hazardous Substances (“Official Gazette of the Republic of Serbia” No. 35/11); 
- all the parameters envisaged by the Rulebook on Referent Conditions for Surface 

Water Types (“Official Gazette of the Republic of Serbia” No. 67/11).  
- In addition to these parameters, the specific polluters, as well as the microbiological 

parameters, should be taken into account. 
 
Additionally, there will be a need for certain river training works for more specific local 
monitoring. In relation to the risk identified during the performed EIA, it can be foreseen that 
at least there will be a need for monitoring of total suspended solid (TSS) during dredging,  
as well as turbidity, TOC and mineral oil, as a potential pollutant during excavation and 
other construction activities. Depending on the extend and intensity of the operation and 
local hydromorphological condition there may be a need to set up between 1 and 10 
stations where sampling takes place at least 2 – 3 times a week during the construction 
period. 
 
The recommended locations for taking samples for water quality testing are the locations of 
the official stations (SEPA) and at least four times a year at each Sector. Recommendation 
for the contractor is to execute regular testing of temperature, mineral oil and TSS, at least 
once a month, but only during the execution of construction works. 
  
For the assessment of the general water quality status, the data obtained through the state 
monitoring should still be used and it will certainly show the trend of each change that will 
occur, whereas the indicated analyses for the current project will provide a more precise 
picture about the specific locations and dangerous matters. The data should be comparable 
with the data about water quality that are presented within this document, as well as with 
the official data provided by SEPA.  
 

8.4.2. Sediment monitoring during construction 
During the construction period monitoring of changes in sediment structure and organic 
content can be relevant in case of dredging; excavation or other activities that may result in 
high concentration of suspended material are performed. The monitoring is then 
recommended to be performed in the areas where based on hydromorphological evaluation 
exists the highest risk of introducing increased settling of material. 
 
The purpose of such monitoring is to reduce the construction intensity if critical settling is 
observed.  
 
The more general impacts on sediment structure, pollution level, and the ecosystem are to 
be covered by the monitoring to be performed after finalisation of the construction phase 
i.e. during the operation phase. 
 
Proposed sediment monitoring programme is presented in the Table 8.1.  
 
The relevant sediment analysis of the SEPA stations as well as the indicative analyses is to 
be utilised as basis for the impact evaluation after the works have been implemented 
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8.4.3. Biological Monitoring during construction 
In case of the mitigation measures to respect the fish spawning and bird nesting periods 
are adhered to, no general biological monitoring is envisaged to be required because the 
impacts are expected to be of temporal character and with relative restricted duration. 
 
This evaluation is however highly recommended to be revised during the detailed design 
phase. The reason is that during this phase, it will become clear which activities in details 
will be performed within each Sector. There may be a need for special monitoring and 
protection in certain areas. This may for example be the case when construction activities 
influence embankments and riparian areas. There may also be a specific need to monitor 
the sensitive ecosystem in the main river or in side branches. For specific evaluation hereof 
more local knowledge is required than available at this stage. 
 
 

8.5. Monitoring during operation (i.e. after completion of the envisaged works) 
 

8.5.1. Water level and connectivity 
It is highly recommended that the water levels are observed and registered within the 
Sector. The registration should cover both the condition upstream and downstream of the 
structures, as well as in riparian wetland areas.  
 
Observations of the impact on the connectivity from changed water levels or other physical 
changes are highly recommended to be followed based on a specific monitoring 
programme that is to be established during the detail design phase, when it is clear which 
works will be implemented at each Sector. 
 

8.5.2. Monitoring of water and sediment quality during operation  
Monitoring of water quality has to continue during the period following implementation of 
the works and the time schedule of such monitoring will be determined based on the 
monitoring results obtained during the construction phase, but as a minimum twice a year.  
 
Concerning water quality, there are no reasons in this stage to develop monitoring 
programme of water quality after construction phase. There are no expectations for water 
quality to change significantly after construction phase. If problems occur during the 
construction phase, environmental monitors and experts shall prescribe monitoring 
programme for the execution phase, in detail. However, for the time being, the official 
annual monitoring, which is provided by SEPA, shall be sufficient for getting the picture 
about the water quality condition and the sediment condition.  
 
 
The exact locations from which the samples of river sediment shall be taken, i.e. cross-
sections and different depths along these sections, have been determined. The detailed 
information has been given in the Table 8.1. 
  
The same location can be used for general taking of water samples for analysis of the 
nutrients, heavy metals and organic compounds. 
 
The exact locations from which the samples for control of water quality and the river 
sediment testing shall be taken, i.e. the cross-sections and different depths along these 
sections, have been given in the Table 8.1. The intervals of measurements should not 
exceed the above mentioned, unless the technical knowledge and expert opinion justify 
application of longer intervals.   
 
For assessment of water quality during the operating phase, following the construction 
phase, the data provided by the water quality national monitoring system, should be used.  
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During the dredging operations it is recommended that daily measurement of the 
concentration of total suspended material (TSS) in the water is carried out in a distance of 
200 meter downstream the dredging and disposal activity. The samples have to be sample 
during a period of maximum dredging and disposal. Samples is recommend to be taken 
form the surface, in the middle of the water column and at the bottom in the centre of the 
sediment plume. 
 
Data from this monitoring have to be reported daily to responsible authority. In case the 
concentration exceed 100 mg/l TSS three consecutive days or more, measures is 
recommended to be taken to reduce the spill form the dredging and disposal activity.   
 

8.5.3. Monitoring of Biological Parameters during operation 
The biological monitoring to be carried out after construction of the river training (i.e. during 
operation) has to be defined based on the activities that will be performed on the specific 
location. However, some overall guidelines for which element that have to be included can 
be given at this stage. These are: 
- invertebrate fauna at the river bottom that is exposed both to increased and decreased 

flow velocities and changed erosion conditions or exposed to dredging; 
- algae composition and biomasses – especially in areas with reduced flow; 
- macro vegetation – especially in side branches with changed flow; 
- registration of birdlife with focus on nesting and wintering ; 
- registration of vegetation development on embankments with changed physical 

conditions, especially when implementing bank protection works; 
- registration of plants, especially Limosella aquatica and Linternia palustris; 
- registration of fish, especially to be focused on spawning areas; 
- monitoring of habitats and ecological networks (national and NATURA 2000); 
- monitoring of the riparian areas where relevant for impact on vegetation and amphibian 

due to changed water levels and connectivity. 
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The river training works consisting of structures and dredging for the 6 Serbian sectors are presented in Appendix VIII and can be summarized 
as follows: 
- Sector 18 - Susek: 2 dredging locations; 
- Sector 19 - Futog: 1 detached groyne and 1 chevron, and 1 dredging location; 
- Sector 21 - Arankina Ada: 1 dredging location; 
- Sector 22 - Cortanovci: sills and 2 dredging locations; 
- Sector 23 - Beska: 2 dredging locations; 
- Sector 24 - Preliv: 2 chevrons. 

 
Table 8.1. Proposed sediment monitoring programme for Sectors 18-24 during construction phase 

No Section 
Chainage 
(Sector) 

Existing available data 
Proposed 

works 
Details 

No. of 
samples 

Depth 
Coordinates 
of sampling 

location 

Weight of 
sampling 

List of parameters 

1 
18 

Susek 
1,285.6 - 
1,281.4 

 Data provided by 
SEPA/RHMZ: station Bačka 

Palanka upstream (km 
1298,66), and station Novi 

Sad (at km 1254,98) 
downstream. 

 Field survey report, sample 
D10 km 1280 

 Sample BS-1 and BS-2 

Dredging 

Option 5: 
Dredging at two 

locations- 
dredging along 
the right edge 
of the fairway  

Proposed: 
Three 

samples 
equally 

distributed 
in the 

dredging 
deposit 

area 
taken 
each 

10,000 m3 
of 

dredged 
material. 

Surface 
sampling 

between 0.0 
– 0.30 m 

Sample for 
deeper 

sediment 
layers  

representing 
the dredged 

material  

The three 
sampling 
locations 
equally 

distributed in 
the dredging 
deposit area 

0.5 kg per 
sample 

Los of ignition, dry matter, 
As, Cd, Cr, Cu, Hg, Pb, Ni, 

Zn, Mineralna ulja, PAH 
(suma naftalen, antracen, 

fenantren, fluoranten, 
benzo(a)antracen, krizen, 

benzo(k)piren, 
benzo(g,h,i)perilen, 

indeno(1,2,3-cd)piren, PCB 
(28,52,101,118,138,180), 

DDT ukupni, ciklodien 
pesticidi, HCH ukupni, 

Alfa-endosulfan, Heptahlor, 
Heptahlor-epoksid/ 

2 
19 

Futog 
1266,2-1265 

 Field survey sample D10 
upstream (km 1280), 

 SEPA: station Novi Sad 
(at km 1254,98) 

downstream, 
 Sample BF-1 and BF-2. 

dredging 
groyne and 
chevrons 

Option 4: 
Dredging 
proposed 

option. 
Construction of 

one chevron 
and one groyne 
might affect the 
sediment, but 
its quality can 
and should be 

monitored 
within the state 

annual 

Proposed: 
Three 

samples 
equally 

distributed 
in the 

dredging 
deposit 

area 
taken 
each 

10,000 m3 
of 

dredged 

Surface 
sampling 

between 0.0 
– 0.30 m 

 

The three 
sampling 
locations 
equally 

distributed in 
the dredging 
deposit area 

0.5 kg per 
sample 

As, Cd, Cr, Cu, Hg, Pb, Ni, 
Zn, Mineralna ulja, PAH 

(suma naftalen, antracen, 
fenantren, fluoranten, 

benzo(a)antracen, krizen, 
benzo(k)piren, 

benzo(g,h,i)perilen, 
indeno(1,2,3-cd)piren, PCB 
(28,52,101,118,138,180), 

DDT ukupni, ciklodien 
pesticidi, HCH ukupni, 

Alfa-endosulfan, Heptahlor, 
Heptahlor-epoksid 
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No Section 
Chainage 
(Sector) 

Existing available data 
Proposed 

works 
Details 

No. of 
samples 

Depth 
Coordinates 
of sampling 

location 

Weight of 
sampling 

List of parameters 

monitoring. material. 

3 
21 

Arankina 
Ada 

1247,0 - 
1244,8 

 SEPA/RHMZ: station Novi 
Sad (at km 1254,98) 

upstream 
 Sample D12 downstream, 

 Sample BA-1 and BA-2 

dredging, 
 

Option 4: 
Dredging 
proposed 

option.  

Proposed: 
Three 

samples 
equally 

distributed 
in the 

dredging 
deposit 

area 
taken 
each 

10,000 m3 
of 

dredged 
material. 

 
Surface 
sampling 

between 0.0 
– 0.30 m 

The three 
sampling 
locations 
equally 

distributed in 
the dredging 
deposit area 

0.5 kg per 
sample 

As, Cd, Cr, Cu, Hg, Pb, Ni, 
Zn, Mineralna ulja, PAH 

(suma naftalen, antracen, 
fenantren, fluoranten, 

benzo(a)antracen, krizen, 
benzo(k)piren, 

benzo(g,h,i)perilen, 
indeno(1,2,3-cd)piren, PCB 
(28,52,101,118,138,180), 

DDT ukupni, ciklodien 
pesticidi, HCH ukupni, 

Alfa-endosulfan, Heptahlor, 
Heptahlor-epoksid 

4 
22 

Cortanovci 
Upstream 

1248 – 1246 

 SEPA/RHMZ:station Novi 
Sad (at km 1254,98) 

upstream 
 Sample D12 at the 

location, 
 Sample BC-1 and BC-2 

 

dredging, 
 

Option 5: 
Dredging as 

proposed 
option. 

Proposed: 
Three 

samples 
equally 

distributed 
in the 

dredging 
deposit 

area 
taken 
each 

10,000 m3 
of 

dredged 
material. 

Surface 
sampling 

between 0.0 
– 0.30 m 

The three 
sampling 
locations 
equally 

distributed in 
the dredging 
deposit area 

0.5 kg per 
sample 

As, Cd, Cr, Cu, Hg, Pb, Ni, 
Zn, Mineralna ulja, PAH 

(suma naftalen, antracen, 
fenantren, fluoranten, 

benzo(a)antracen, krizen, 
benzo(k)piren, 

benzo(g,h,i)perilen, 
indeno(1,2,3-cd)piren, PCB 
(28,52,101,118,138,180), 

DDT ukupni, ciklodien 
pesticidi, HCH ukupni, 

Alfa-endosulfan, Heptahlor, 
Heptahlor-epoksid 

4 
22 

Cortanovci 

Downstream 
1241.6-
1235.0 

- SEPA/RHMZ: station Novi 
Sad upstream (km 1254.8), 

and station Čenta at km1207 
downstream. 

- Field survey report, sample 
D12 km 1245 

- Sample BC-1 and BC-2 

sills Option 5: 
 sills 

     

5 
23 

Beška 
1229,7-
1227,9 

- SEPA/RHMZ: station Novi 
Sad upstream (km 1254.8), 

and station Čenta at km1207 
downstream. 

dredging 
Option 6: 
dredging  

Proposed: 
Two 

spots, two 
depths. 

Surface 
sampling 

between 0.0 
– 0.30 m 

The three 
sampling 
locations 
equally 

0.5 kg per 
sample 

As, Cd, Cr, Cu, Hg, Pb, Ni, 
Zn, mineral oil, PAH (sum 

naftalen, antracen, 
fenantren, fluoranten, 
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No Section 
Chainage 
(Sector) 

Existing available data 
Proposed 

works 
Details 

No. of 
samples 

Depth 
Coordinates 
of sampling 

location 

Weight of 
sampling 

List of parameters 

- Field survey report, sample 
D12 km 1245 

- Sample  BB-1 and BB-2 

Two 
locations 
at the km 
1229 and 
two at km 

1228 
(NO_1018 

x 1 and 
NO_1023 

x 1). 
 

Annual 
monitoring 
and sonde 
BB-1 and 

BB-2 

distributed in 
the dredging 
deposit area 

benzo(a)antracen, krizen, 
benzo(k)piren, 

benzo(g,h,i)perilen, 
indeno(1,2,3-cd)piren, PCB 
(28,52,101,118,138,180), 

DDT total, ciklodien 
pesticidi, HCH total, Alfa-
endosulfan, Heptahlor, 

Heptahlor-epoksid 

6 
24 

Preliv 
1199-1197,7 

 SEPA/RHMZ: station 
Čenta at km1207 

upstream. Belgrade 
downstream 

 Sample BP-1 and VBP-1 

chevrons  
Option 5: 

Construction of 
two chevrons 
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8.6. Monitoring of waste 
On the territory of Serbia, considerable attention has recently been devoted to raising the 
consciousness of people about the modes of waste disposal. For the purpose of preventing 
disposal of the waste in the river, the authorized institutions have made a number of 
activities, aimed to intensify collection, transporting and disposal of the waste.  
 
However, although establishing a proper waste collection and its transportation to the 
envisaged landfills it remains a subject of continuous efforts. Still a considerable quantity of 
waste reaches the river or is dumped besides the secondary roads or into the drains. 
During construction of the hydraulic structures, additional attention has to be paid to the 
production and handling of waste. This concerns solid water, household wastes as well as 
chemical waste.   
 
During the execution of the works, considerable quantities of waste can be formed and 
discharging, spilling and leakage of different matters, as a result of the execution of the 
works, may occur. 
 
The main works will be preceded by different preparatory works, which imply frequent 
transport of large quantities of building material, trans-shipment of these materials, various 
drilling and excavation works.  
 
Characteristics of the terrain and natural properties of the material leave the possibility that 
a part of the material can be used for construction works; however, a considerable amount 
of waste may be created during execution of these works.  
 
Adequate monitoring of waste (visual and through the laboratory analyses) has to be 
implemented during the period of execution of works. The planning and the time-schedule 
of such monitoring shall be established within the the detailed design phase. 
 
Monitoring of waste during the construction phase  
It is not expected that construction of the considered structures will result in considerable 
pollution. However, through regular inspections the authorized persons should detect all 
changes and uncontrolled discharges of waste and waste matters. They should also give 
prognoses of potential accident situations. On such occasions, as well as in situations 
when the local population reports the pollution incidents, additional tests, analyses and 
activities may be ordered, for the purpose of preventing and eliminating the pollution. 
 
For certain oil or fuel leakages, the adsorptive matters, which are frequently applied 
nowadays, can be used. These adsorptive matters bind oils and oil derivatives, whereas 
they show hydrophobic effect towards the water phase. The substances which can be 
adsorbed by means of these adsorptive matters are: diesel fuels and gasoline, transformer 
oil, lubrication oil, hydraulic oil, oil paints, paints and varnishes solvents, etc.  
 
Consequences of unintended and accidental spilling of oil and petroleum are directly 
related to endangering health and safety at work, as well as to pollution of watercourses 
and soil. For the purpose of protecting the integrity of all environmental factors and for 
preserving an adequate level of health and safety at work, all technical regulations and the 
international standards related to this field, should be met. It is also recommended to use 
some of modern oil skimmers, in order to remove oil from the surface of river water, at the 
earliest stage possible.  
 
Selection of adsorption matter depends on various factors, but fist of all it is based on the 
type of spilled matter, type of endangered surface, etc. Granules and fibres are more 
frequently used on solid surfaces, whereas the passive barriers, tubes, pillows, woollen 
products and skimmers are used on water surfaces. 
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  Passive oil barrier      Skimmer  
 
The grains are particularly used if larger leakages occur at external locations, as well as in 
case of petroleum or mazut spill, whereas the fibres are used for smaller quantities of 
spilled oil. Passive oil barriers stop and prevent spreading of the oil substances in the water 
courses and are recommended in the course of construction of these hydraulic structures. 
The skimmers are used for collecting the oil substances of various viscosities.  
 
Monitoring of waste during operation 
During operation, the occurrence of considerable quantities of waste, as a result of the 
constructed structures, is not expected. On the other hand the collection of certain 
quantities of waste may occur around the subject structures, such as communal waste 
discharged uncontrolled from the surrounding settlements, as well as collecting of tree 
branches, brushwood, dead animals, flooding debris, etc. It is necessary to clean-up such 
waste.  
 
Regular visits and cleaning of waste are recommended to be executed twice a year, at the 
end of the April and at the end of the October. 
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9. SUMMARY AND CONCLUSIONS 
 

9.1. General 
The project purpose is to identify the “critical navigational Sectors of Danube River”, and to 
propose river training and dredging works on selected Sectors. 
 
The main aim of the project is to ensure a safe and navigable fairway on the Danube 
stretch from Belgrade up to the Hungarian border. Presently, various sectors on this river 
stretch cause limitations to navigation. These limitations can be adjusted by executing river 
training works. 
 
During Phase 2 - Feasibility Study, conceptual designs were prepared with support of a 2D 
model, together with a financial-economic analysis, as well as the EIA Study for the whole 
stretch with an accent on environmental impacts of the proposed works. In this phase, the 
selection of the option has been defined for each of the Sectors.  
 
In Phase 3 the EIA Study was prepared for Sectors 18-24 (Susek, Futog, Arankina Ada, 
Čortanovci, Beška and Preliv) for which detailed designs are developed. The EIA Study is 
based on the results from previous phases as well as on additional surveys and two-
dimensional hydrodynamic and morphological modelling. 
 
The basic methodological concept of the Study has been defined by the Law on 
Environmental Impact Assessment („Official Gazette of the Republic of Serbia” No. 135/04 
and 36/09), and the Rulebook on Contents of the Environmental Impact Assessment Study 
(„Official Gazette of the Republic of Serbia” No. 69/05). In order to prepare valid and 
representative documents for the current project, the Consortium has used international 
and national regulations, the Terms of Reference, as well as conditions received from 
various institutes. 
 
It is not expected that the project implementation will have negative impact on climate, 
geology, or quality of the soil, but for the purpose of defining the current status of 
environment and all its factors, the basic information in the Danube River basin are 
presented within this report. 
 
The water quality and the ecological condition within the project area is described based on 
available official monitoring data supplemented by a few additional sediment surveys and 
based on reports on ecology of the part of the Danube River and information about 
protected areas. The risk of impacting water quality and ecological conditions by proposed 
river training activities has been assessed. 
 
The proposed combination of river training activities evaluated not to have significant 
adverse impacts and the ecological status of the Danube and it riparian wetland areas. 
In case the recommendation for mitigation measures is followed it is possible to avoid the 
most severe risk of impacts during the construction phase. 
 
There is however an uncertainty on how the increased traffic intensity, which is expected as 
a consequence of upgrade of the fairway according to the recommendation of the Danube 
Commission, will influence the bird life – especial the overwintering birds. 
 
It is evaluated that both the Serbian legislation, the EU WFD and the EU Habitat Directive 
can be respected by the proposed options, although some changes in hydro-morphology 
will take place and temporal negative impact may occur.  
Furthermore, data has been collected about relevant archaeological sites. No conflicts 
between the proposed river training activities and cultural heritage have been identified. 
Cultural heritage on the Danube has however to be considered during construction phase.  
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9.2. Water quality status and impacts 

In general it can be concluded that no significant change in water quality was detected 
during the period 2006 - 2011. There is a mild trend of improvement in the period 2006 – 
2011. For all these years the quality does not fulfil the environmental objective of class II. 
The main reasons are that the following variables mostly exceed limited of class II at one or 
more locations, being: 
- total dissolved solids; 
- saturation level for oxygen; 
- BOD5 (occasional); 
- Phenol; 
- several heavy metals (with Hg, Cd, Ni as some of the most critical). 
 
River training activities can potentially influence the water quality of the river due to 
changes in flow and water retention in certain areas and due mobilisation of substances 
from the sediment under dredging, excavation works as well as from disposal of dredged 
sediment. 
 
The local impacts have been described sector by sector and mitigation measures to reduce 
these impacts as much as possible have been outlined. 
 
Based on data from the official monitoring program for a 6 year time period (performed by 
SEPA), show that some locations and sediment types are significant pollution. In case such 
polluted sediment is mobilised due to dredging and excavation may result in environmental 
harmful impacts. These samples were however not taken at the exact location proposed for 
river training activities. Based on analysis from two field survey performed in the Phase 1 
and Phase 3 of this project additional samples were taken at the locations propose for 
dredging. These show low content of organic matter and harmful pollutants.  
 
On the basis of modelled modifications of the flow changes, as well as assessment of the 
risk of movement of the pollutants from the sediment during execution of dredging works, it 
has been concluded that the expected impact on water quality will be low and insignificant 
for all Sectors for which the detailed design are being prepared. 
 
Water quality can however be negatively impacted from suspension of sediment material 
which locally will result in high concentration of total suspended material in the water. 
 
Increases of total suspended solid concentrations in the water may negatively influence 
especially: fish migration, survival of fish egg, larvae and fish fry, the availability of light for 
vegetation in the water that inhibits their growth. However, the concentration increase is 
expected to be of a level and a temporal character so that the impact on water quality and 
the ecosystem will only be very local. Especially if the works are carried outside the nesting 
and spawning period, being from February to medium July. 
 
However, additional monitoring is proposed to be carried out during the construction phase 
to ensure that any mobilisation of environmental harmful substances will not occur and the 
total suspended concentration will not reach acute harmful levels. If substances that can 
significant harm the environment is mobilised, the dredging activities should immediately be 
stopped or reduced in intensity. 
 

9.3. Sediment 
Data about sediments obtained from SEPA (Serbian Environment Protection Agency) for 
the period 2006 - 2011 refer to Bezdan, Bogojevo, Bačka Palanka, Čenta and Novi Sad 
stations.  
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These data show that sediments in the project stretch of the Danube are predominantly 
unpolluted with organic substances and no significant exceedance of PAH and PCB values 
have been registered except for a few measurements. However, exceedances of the 
maximum allowable values of heavy metals and DDT have been registered and at some 
location values were observed that according to Serbian regulation requires intervention 
and demands implementation of protection measures. 
 
Significant exceedance of Cu and Ni was registered at upper stations, while exceedances 
of Zn, Cr, As, Pb, Hg, DDE, DDT, PAH (fluoranthene and benzo(a)pyrene) and some PCBs 
were registered only occasionally. At Novi Sad station, significant exceedance was 
registered in the case of Cu, Hg and Ni, while Pb, Cr and Cd exceeded the allowable 
values only during some measurements. 
 
It can be concluded in general that the largest exceedances of allowable values were 
registered in the case of Cu and Ni, as well as DDT and some PAH and PCB, while the 
values of other parameters during particular measurements exceeded the target values but 
were far below the values envisaged for intervention. 
 
All the exceedances were observed in samples with a somewhat increased organic content 
compare to the sediment types that typical will be dredged or excavated as a consequence 
of the proposed activities. 
 
During the Joint Danube Survey 2007, concentration of organic pollutants and heavy 
metals were measured in the sediment samples from Danube (3 profiles). According to the 
target values defined in the Directive 86/278/EEC these analyses of the sediment from the 
Danube River only show exceedances for nickel and copper. 
 
Based on the results mentioned above, it can be concluded that increased pollution of the 
Danube sediment by some heavy metals has been recorded particularly by Cu, Ni and Cd. 
The occasional presence of organic pollution of anthropogenic origin (insecticides, PAH, 
PCB, etc.) has also been recorded and indicate pollution of the water body.  
 
Field surveys were performed during this project focusing on more sandy sediment which is 
more typical for the areas proposed to be dredged or eroded as consequence of the river 
training works. The results of these field surveys show no increased values of heavy metals 
or other potential pollutions. All measured values in the sediment samples were 
considerably lower than the prescribed target values. 
 
Based only on analyses of the samples that were performed within the field surveys of this 
project and especially the investigation in September 2012. It can be concluded that river 
sediments from 12 locations within 6 critical sectors where works are planned to be 
executed are not polluted. Mobilisation of sediment of this quality cannot be the source of 
any significant pollution. Material of this quality can be returned into the river after works, 
and specific remediation measures are not needed. This conclusion is based on samples 
from one moment, and from a few spots. The representativeness of the samples for the all 
material to be dredged has not been proved. It should be emphasized that SEPA analyses 
show even 10 times extensive values for the same parameters within the same part of the 
Danube River although not from the same spots. 
 
For achieving a more detailed picture of the state of sediments in the specific areas 
proposed to be dredged and excavated through the implementation of the river training 
activities it is recommended to include and execute an additional monitoring programme 
during the construction period. 
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9.4. Ecological and biological status and impacts 
Available data on biological condition and ecological status have been collected for the 
Danube River Corridor together with information about nature parks, reserves and other 
environmentally protected areas.  
 
Several nature parks and protected areas of differ degree of protection are present within 
the project area. Some most valuable and vulnerable wetland areas of Serbia and 
protected sites exist within the project stretch. Among these areas are the special nature 
reserve Begecka Jama Parks, Fruška Gora National Park, Wetlands from Beočin to 
Rakovac, Special nature reserve - Koviljsko - Petrovaradinski Rit. Several other minor 
areas of protection and nature interest exist along the river corridor. The Table 9.1 gives a 
list of special protection interests within the Sectors where activities are proposed.  
 
Table 9.1. Areas of special interest with and in the vicinity of the Sectors 

Sector  Areas of special interest  

18 Susek 

Area of Begecka Jama Parks of nature along Serbian side of Danube at the downstream end of 

Sector 18. 

Area of Fruška Gora National Park (proposed nature 2000 area) in the vicinity of Sector 18. 

Sector 18 is located in a registered habitat of strictly protected species BEO22b (“Neštinska Ada”). 

Several archaeological sites are present upstream and downstream of Sector 18. 

19 Futog 

Area of Special nature reserve - Ritske sume na Mackovom sprudu  

Area of Fruška Gora National Park (proposed nature 2000 area)  in the vicinity of Sector 19 

Sector 19 is located in a registered habitat of strictly protected species BEO23a (“Wetlands from 

Beočin to Rakovac”). 

Several archaeological sites are present upstream and downstream of Sector 19. 

21 Arakina Ada 

Area of Special nature reserve - Koviljsko - Petrovaradinski rit, (proposed Nature 2000 area); 

Area of Fruška Gora National Park (proposed nature 2000 area) in the vicinity of Sector 21. 

The following area registered as habitats of strictly protected species is close to Sector 21. The exact 

location is not known but in order to take it into account the SKA 01 - Puckaros is listed.  

Several archaeological sites are present in wide area of Sector 21, in the left bank hinterland. 

22 Cortanovci 

Area of Special nature reserve - Koviljsko - Petrovaradinski rit (proposed Nature 2000 area);  

Area of Fruška Gora National park (proposed Nature 2000 area)  in the vicinity of Sector 22. 

The following area registered as habitats of strictly protected species is close to Sector 22. The exact 

location is not known but in order to take it into account the SKA 05 - Karlovacka Bara is listed. 

Several archaeological sites are present along the right bank of Sector 22. 

23 Beska 

Area of Special nature reserve - Koviljsko - Petrovaradinski Rit (proposed Nature 2000 area) 

Sector 23 includes a part of the registered habitat of strictly protected species IND16e (“Danube 

Loess Escarpment”) - (proposed Nature 2000 area). 

An area registered as habitats of strictly protected species is close to Sector 23. The exact location is 

not known but in order to take it into account the INDJ 06 - Kosevac is listed. 

Remains of 3 sunken ships are present in the vicinity of Sector 23.  

24 Preliv 

Sector 24 Preliv is located in registered habitats of strictly protected species STP01a and STP01b 

(“Danube Loess Escarpment”), (proposed Nature 2000 area). 

The following area registered as habitats of strictly protected species is close to Sector 24. The exact 

location is not known but in order to take it into account the ZR02 - Surdučka Ada / Surducka Ada is 

listed 

Remains of 3 sunken ships and a sunken vessel from Year 1782 are present upstream and 

downstream of Sector 24. 

Source: Prepared by Consortium 

 
The river ecosystems as well as the ecosystems that are located along the river are in 
general vulnerable ecosystems and hydro-morphological and hydraulic changes of the river 
as a consequence of proposed river training activities can influence these. 
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This study contains review of the species groups and habitat diversity within the project 
stretch for the works aimed to improve navigation within the Serbian stretch. Data on 
present and endangered habitat types are presented, as well as a discussion on taxa 
richness and endangerment for the different species groups (algae, aquatic macrophytes, 
aquatic macroinvertebrates, insects, fish fauna, amphibians, reptiles, birds and mammals). 
 
Based on this data analyses, the Sectors proposed for river training activities are 
characterised with respect to importance for nature conservation, in local context as well as 
in relation to whole middle stretch of the Danube.  
 
The general conditions of the Danube within the project area are characterized as 
satisfactory with regard to ecological status. It can be characterized as “good” and in 
certain areas even “above good” in the stretch upstream Novi Sad. At Novi Sad the 
Ecological Status of the river ecosystem characterized as moderate to bad. For water 
bodies between Novi Sad and Belgrade the status is characterized as moderate although 
sites exist on this river stretch with good ecological conditions. It should be kept in mind 
that the methodology to study large lowland rivers still contains significant uncertainties. 
Therefore it is difficult to detect effectively all changes in such a complex habitat. The 
overall assessment concludes that in general the ecological status of the corridor is good 
although it is significantly influenced by human activities at several locations. 
 
During this EIA study the potential local impact from proposed river training activities has 
been analysed for each critical sector. A number of alternative solutions (options) have 
been screened in a multi-criteria analysis and a restricted number of potential options to the 
navigation problems were selected for further assessment. Among these alternatives the 
options prepared for each sector that have lowest negative impact on environment have 
been identified. This was primarily done though Phase 2 of this project for 24 Sectors along 
the project stretch. During Phase 3 of the project further optimisation has been performed 
for 6 Sectors from Susek to Belgrade. These optimisations include technical, navigational 
as well as environmental aspects. For each of the Sectors No. 18 Susek, No. 19 Futog, No. 
21 Arankina Ada, No. 22 Cortanovci, 23 Beska and No. 24 Preliv a final option was 
selected. Table 9.2 presents briefly results for the Sectors obtained during conceptual 
design Phase (Phase 2) and the final option selected during the Phase 3.  
 

Table 9.2. Brief presentation of results obtained by phase analysis and optimization 
of selected options 

Sector Hydrodynamic modeling phase Morphological modeling phase 

18. Susek 

upstream: 3 sills 

downstream: guiding bund and 2 

chevrons 

upstream: dredging 

downstream: dredging 

19. Futog 

upstream: 2 chevrons and 2 sills 

downstream 2 chevrons 

upstream: dredging 

downstream: detached groyne and 

chevron 

21. Arankina Ada 4 sills dredging 

22. Cortanovci 
upstream: 3 sills 

downstream: 2 sills 

upstream: dredging 

downstream: 3 sills 

23. Beska 2 chevrons and dredging dredging 

24. Preliv 2 chevrons 2 chevrons 

Source: Consortium 

 
One of the main obstacles for ship traffic are sand bars along inner bend, which narrow the 
fairway. Therefore, dredging is proposed or alternatively river training works are 
implemented with the purpose of eroding these point bars and/or to divert flow into the 
fairway. 
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Reduction of sandbars is at risk of threatened species depending on this habitat type.  
Among species sensitive to changes of this habitat type can be mentioned the fish species 
Sturgeon (Acipenser sturio), Sterlet (Acipenser ruthenus), Zingel (Zingel Zingel), Streber 
(Zingel streber), Asp (aspinus aspinus), Common Barbel (Barbus barbus), Smaller bleak 
(Alburnus alburnus) and amongst others the threatened native river mussel (Unio sp.). 
 
The Impact on the fish population can be reduced by avoiding activities in the main 
spawning season. 
 
In case all the proposed river training facilities are implemented there is a significant risk 
that it will have a negative impact on at least the above mentioned species groups. Design 
of the river training works should be done in a way that to some extent this is compensated 
through allowing similar habitat to develop outside of the fairway. 
 
Erosion of sandbars in the shallowest areas as well siltation of sandy river bank (beaches) 
is another general impact that can be the result of the river trainings activities. This can 
result in a general change in the appearance of the river stretch and have consequences 
for some bird life and vegetation living in this habitat type, as well as for the recreational 
use of the area. On the other hand the proposed detached groynes and chevrons may 
create new islands that can act as a refuge for bird life. 
 
There is a general tendency that river training works can result in canalisation of the river, 
which will result in decreased biodiversity of the river ecosystem. However, by applying a 
variety of different types of river training works (such as detached groynes, chevrons, sill 
etc.) a physical diversity can to some extent be maintained and to ensure also a diverse 
ecosystem.  
 
During the detailed design phase an optimisation of the proposed river training activities 
has been performed so that navigational challenges have been solved and at the same 
time diverse habitat for supporting biodiversity in the river has been enforced. 
 
The impacts in the water column from dredging activities have been discussed above. 
Dredged material will be disposed upstream the dredging location for reducing the impact 
on sediment dynamic and balance in the river. This is important for avoiding impacts on 
hydro-morphological conditions of the river. In addition to the impact in the water column 
the dredging and disposal activities will disturb invertebrate fauna both at the dredging and 
the disposal location. The most sensitive organism of this group is evaluated to be the 
threatened native river mussel (Unio sp.) and there is a risk that it may have an inevitable 
adverse impact on this species. The disposal of dredged material is proposed to be carried 
out in deeper parts of the river among others for reducing this impact. This impact may 
even result in an accumulation when the dredging is carried frequently over a long time 
period. Most of the dredging is however carried out with a frequency of every 3rd to 10th 
year. Only at for a part of the dredging at Sector 18 and part of the dredging at Sector 23 it 
have been estimated to occur with a frequency of approx. every 2nd year. The impact can 
be somewhat reduced by mitigation measures taken during the dredging operation. 
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9.5. Water level 
A change of water levels can potentially impact: 
- the risk of flooding; 
- the water flow to and from the riparian wetland areas. 
 
It has been calculated that the maximum local increasing of water levels, immediately after 
construction of the subject structures, amounts to 1-10 cm. Due to very limited increase of 
water levels and its short-term character (during the first year), it will have a very low 
impact. 
 
After adjustment to a new morphological balance during a period of 1-3 years, it is 
expected that cumulative impact to water levels would be even lower. Change of water 
level of + / - 1 cm maximally, has been modelled. It has even been calculated that for 100-
year floods the water level will increase by less than 1 cm.  
 
Changes of simulated values do not have a significant impact either on ecology of riparian 
wetlands or to the hazard of occurrence of floods. 
 

9.6. Traffic intensity 
For the project river stretches several sensitive ecosystems are present. The area most 
sensitive to traffic disturbance are the overwintering locations for waterfowl and habitat 
located on the river bank, the side channels or river branches, wetland areas and wet 
meadows (e.g., Koviljsko-Petrovaradinski Rit). The traffic in the fairway of the project 
stretch is estimated to increase from 4-6 ship units per day in 2002 and to 20-26 ship units 
per day in 2025.  
 
It cannot be excluded that the increased intensity to 20 – 26 units per day will increase the 
turbulence, noise and the erosion of the river banks caused by ship induced waves. This 
can have some negative influence on shallow and littoral sandbars and on vegetation here 
as well as on the waterfowl on the river.  
 
The increased ship traffic can potential influence the big number of overwintering waterfowl 
from extended parts of Europe that use the river stretch as resting area during their yearly 
migration. However the majority of these birds will not utilise the main fairway. The overall 
effect can be a general reduction of biodiversity in certain parts of the river system. There 
can potentially be a transboundary impact due to the disturbance of the migratory bird 
species. Sufficient data on bird life within the project area have so far not been available to 
final judge and quantify this risk. 
The impact from pollution due to spill of oil products and other chemical and toxic 
substances that may be spilled is difficult to quantify because the exact composition 
amount and location is not known. Increased traffic will increase the risk of such spill which 
may have a significant environmental impact especially locally. 
 
The total amount of sewage and waste produced by the increased shipping is expected to 
be small compared to the potential sewage input from people living along the river.  
 

9.7. Cultural heritage 
No conflicts have been identified between the proposed river training activities and the 
mapped cultural interests. However, cultural heritage on the Danube has to be considered 
during the construction phase and the Contractor has an obligation to inform responsible 
persons if any new site or object appears. However, no severe conflicts between proposed 
river training activities and archaeological interests have so far been identified. 
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9.8. Mitigation measures 
For each of the Sectors No. 18-24 this report includes mitigation measures to reduce 
potential impacts of the proposed works. In addition a few general mitigation measures 
have been given. The main proposed mitigation measures can be summarized as follows: 
- dredging and other construction activities are to be performed outside the main fish 

spawning and bird nesting season February – medium July and preferable restricted to 
the late summer – autumn / winter period from September to December; 

- disposal of dredged material into the river upstream the dredging site. This is to counter 
act the creation of a sediment hungry river, eroding river bed and subsequent the 
lowering of water levels; 

- determine the presence of the river mussel (Unio sp.) in the area for dredging and 
disposal. Separate mussels from the dredged material before disposal to avoid that the 
mussel will be buried deep in the sediment; 

- reduce spills as much as possible through selection of the most environmental friendly 
methods for excavation, dredging and disposal of material; 

- when disposing the dredged material in the upstream river it has to be done with a 
minimum of immediate resuspension. It can be achieved by using a floating pipeline 
equipped with a submerged diffuser or sand spreader; 

- perform monitoring of spills and suspended concentration during the execution of the 
works. If exceedance of the critical concentrations is observed, the work intensity is 
recommended to be reduced or other measures to be taken to reduce the spill rate; 

- additional data on bird life at the river in general and especially in relation to the 
function as wintering location is recommended to be collected. In case significant 
impact is assessed there could be a need for traffic regulation on the stretch, if such an 
impact has to be mitigated; 

- it is difficult to mitigate the potential impact on the resting overwintering waterfowl. In 
case additional assessments verify this as a significant impact, mitigation measures 
could include implementation of restriction on traffic in certain part of the year; 

- as far as possible, use a variety of stone sizes for the construction of the outer part of 
the chevrons. This may stimulate locally the biodiversity; 

- establish environmental friendly bank protection in areas where fairway come close to 
the river banks and ship waves can introduce erosion. It could be considered to 
establish structures that could hamper the wave action on the shoreline without 
reducing the longitudinal flow velocities; 

- it is important that the designs as far as possible maintain the general appearance of 
the areas both within the river and on the river banks. It has to be avoided that long 
stretches become covered/protected by hard surfaces (e.g. concrete tiles, etc.); 

- introduction of waste and wastewater collection system in harbours along Danube and 
enforce the use of the system; 

- restrict and regulate by national and international legislation the type of anti-fouling 
agents to be used. 

 
9.9. Climate Change and Impacts 

Direct impact of river training and dredging works shall not differ much during the period of 
medium to high discharges of water, than it was described in the text above. However, 
certain climate changes might occur, caused by a long-term impact during the period of low 
discharges, which might have serious negative consequences to the riparian wetlands. 
 
The impact of climate change on the flow pattern as well as the consequences for the 
ecosystem is quite uncertain. It is therefore highly recommended that such potential 
changes are monitored carefully as a part of a monitoring programme. The Danube River 
Basin Management Plan includes procedures for taking actions in case adverse 
developments are observed. 
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9.10. Management and Monitoring Programme 

An Environmental Monitoring and Management Plan for a project has to be defined and 
clarify the responsibilities of the parties involved during the execution of the different steps. 
These responsibilities have to be divided between the Contractor and the relevant 
authorities. The steps to be included are: 
 
- Establish sufficient background description of the environmental conditions within the 

project area and especially at the sites where specific activities are planned. By 
sufficient  background description is meant that it has to be sufficient for an evaluation 
whether an unexpected adverse impact occurs from the project activities during the 
construction phase, shortly after and in a longer time perspective. 

- To ensure the above outline description define the monitoring programme for the 
situation prior, during and after the construction phase. 

- Collect, process and present monitoring data. Evaluate whether during the construction 
phase, as well as later during the operation phase any unexpected adverse impacts 
have occurred. 

- In case unexpected adverse impact is observed, decisions have to be taken on which 
action (supplementary mitigation measures) has to be taken. 

- Carry out the supplementary action. 
- Monitor whether the supplementary mitigation action has the expected effect.  
 

An overall layout and design of a monitoring program is presented in this report. 
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10. NON TECHNICAL SUMMARY 
 

10.1. General 
The purpose of the project is to identify critical sectors for navigation on the Danube 
between Serbian-Hungarian border and Belgrade, as well as to propose river training and 
dredging works in the critical sectors downstream from Bačka Palanka. The project is 
referred to in short as “Danube River Training Works Project Serbia”. Presently, various 
Sectors within this river stretch cause limitations to navigation. These limitations can be 
adjusted by executing river training works. The main objective of this project is to prepare 
documentation for works that will ensure safe fairway in the periods of low water stages.  
 
During the Phase 2 - Feasibility Study of the project, conceptual designs and environmental 
assessments were prepared together with a financial-economic analysis for 24 critical 
Sectors identified in the entire river project stretch from the Hungarian border to Belgrade. 
EIA was prepared with the accent on the analysis of environmental impacts of the proposed 
works for each individual sector. In this phase the selection of the option to be implemented 
has been made.  
 
Within this Phase 3 of the project, an Environmental Impact Assessment Study has been 
carried out for the Sectors 18-24 (Susek, Futog, Arankina Ada, Čortanovci, Beška and 
Preliv) for which detailed designs are performed. The EIA is based on the results from 
previous phases as well as on additional surveys and 2D hydrodynamic and morphological 
modelling analysis. 
 
The basic methodological concept of the Study has been defined by the Law on 
Environmental Impact Assessment („Official Gazette of the Republic of Serbia” No. 135/04 
and 36/09), and the Rulebook on Contents of the Environmental Impact Assessment Study 
(„Official Gazette of the Republic of Serbia” No. 69/05). In order to prepare valid and 
representative documents for the current project, the Consortium applied national and 
international regulations, Terms of Reference and pre-design and design conditions issued 
by the competent authorities. 
 
It is not expected that the project implementation will have negative impact on climate, 
geology, or quality of the soil, but for the purpose of defining the current status of 
environment and all its factors, the basic information in the Danube River basin are 
presented within this report. 
 
The water quality and the ecological condition within the project area are described based 
on available official monitoring data supplemented by additional surveys and based on 
reports on ecology of this part of the Danube River and information about protected areas. 
The risk of impacting water quality and ecological conditions by the proposed river training 
activities has been assessed. 
 
The proposed combination of river training activities is not expected to have significant 
adverse impacts and the ecological status of the Danube and its riparian wetland areas, 
although modifications to the hydro-morphology and local ecological conditions will occur. 
In case the recommendation for mitigation measures is followed it is possible to avoid the 
most severe risk of impacts during the construction phase. 
 
There is an uncertainty on how the increased traffic intensity, which is expected as a 
consequence of upgrading the fairway according to the recommendation of the Danube 
Commission, will influence the bird life – especially the overwintering birds. 
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It is evaluated that both the Serbian legislation, the EU WFD and the EU Habitat Directive 
can be respected by the proposed options, although some changes in hydro-morphology 
will take place and temporal negative impact may occur.  
 
Furthermore, data has been collected about relevant archaeological sites. No conflicts 
between the proposed river training activities and cultural heritage have been identified. 
Cultural heritage on the Danube has however to be considered during construction phase.  
 

10.2. Water quality status and impacts 
In general it can be concluded that no significant change in water quality was detected 
during the period 2006 – 2011 and shows a water quality class III. For all the evaluated 
years the quality does not fulfil the environmental objective of class II.  
 
River training activities can potentially influence the water quality of the river due to 
changes in flow and water retention in certain areas and due to mobilisation of substances 
from the sediment during dredging, excavation works as well as from disposal of dredged 
sediment. 
 
Based on modelled flow changes and assessment of risk of mobilising the pollutants from 
the sediment during dredging operations, it has been concluded that the expected impact 
on water quality will be minor and insignificant. 
 
Increase of concentration of suspended solid from dredging and disposal of sediment may 
however negatively influence especially fish migration, survival of fish egg, larvae and fish 
fry, the availability of light for vegetation in the water and inhibit their growth. The 
concentration increase is expected to be of a temporal character and level, so that the 
impact on water quality and the ecosystem will only be very limited. To reduce the impact it 
is recommended that the works are carried out outside the main birds nesting and fish 
spawning period, being from February to medium July. 
 
Additional monitoring is proposed to be carried out during the construction phase to ensure 
that the water quality not significant adverse impacted. 
 

10.3. Sediment 
The national Serbian monitoring program shows that sediments in the project stretch are 
predominantly unpolluted with respect to organic substances. However, exceedances of 
the maximum allowable values of heavy metals and DDT have been registered at some 
locations.  
 
Restricted field survey were performed during the execution of this study focused on more 
sandy sediment which is more typical for the areas proposed to be dredged or eroded as 
consequence of the river training works. 
 
It should be emphasized that SEPA analyses show even 10 times higher values of some 
parameters within the same part of the Danube, although not from all locations. For 
achieving a more detailed picture of the sediment conditions at the specific areas to be 
dredged, it is recommended to include an additional monitoring programme during the 
construction period. 
 

10.4. Ecological and biological status and impacts 
Available data on biological conditions and ecological status have been collected for the 
Danube River Corridor together with information about nature parks, reserves and other 
environmentally protected areas.  
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Several nature parks and protected areas of different degree of protection are present 
within the project area. Some most valuable and vulnerable wetland areas and protected 
sites exist within the project stretch. Among these areas are the special nature reserve 
Begecka Jama Parks, Fruška Gora National Park, Wetlands from Beočin to Rakovac, 
Special nature reserve - Koviljsko - Petrovaradinski Rit. Several other minor areas of 
protection and nature interest exist along the river corridor.  
 
The river ecosystems as well as the ecosystems that are located along the river are in 
general vulnerable ecosystems and hydro-morphological and hydraulic changes of the river 
as a consequence of proposed river training activities can influence these. 
 
This study contains review of habitat diversity as well as biodiversity within the project 
stretch. The Sectors proposed for river training activities are characterised with respect to 
importance for nature conservation, in local context as well as in relation to whole middle 
stretch of the Danube. The ecological status is characterized as “good” and in certain areas 
even “above good” at the stretch upstream Novi Sad. At Novi Sad the Ecological Status of 
the river ecosystem characterized as moderate to bad. For water bodies between Novi Sad 
and Belgrade the status is characterized as moderate although sites on this river stretch 
are present with good ecological conditions. 
 
During this study the potential local impact from proposed river training activities has been 
analysed for each critical Sector for navigation. A number of alternative solutions (options) 
have been screened in a multi-criteria analysis (MCA) and a restricted number of potential 
options to the navigation problems were selected for further assessment. Among these 
alternatives the options prepared for each Sector that have lowest negative impact on 
environment have been identified. This was primarily done within the Phase 2 of this project 
for 24 Sectors along the entire Serbian part of Danube. During Phase 3 of the project 
further optimisation has been done for 6 Sectors from Susek to Belgrade. The optimisations 
include technical, navigational as well as environmental aspects.  
For each of the Sectors No. 18 Susek, No. 19 Futog, No. 21 Arankina Ada, No. 22 
Cortanovci, No. 23 Beska and No. 24 Preliv a final option was developed and selected. 
Table 10.1 presents for each of these Sectors the solution selected during the conceptual 
design of Phase 2 and the final option selected during the detailed design of Phase 3.  
 

Table 10.1. Brief presentation of results obtained by phase analysis and 
optimization of selected options 

Sector Hydrodynamic modeling phase Morphological modeling phase 

18. Susek 

upstream: 3 sills 

downstream: guiding bund and 2 

chevrons 

upstream: dredging 

downstream: dredging 

19. Futog 

upstream: 2 chevrons and 2 sills 

downstream 2 chevrons 

upstream: dredging 

downstream: detached groyne and 

chevron 

21. Arankina Ada 4 sills dredging 

22. Cortanovci 
upstream: 3 sills 

downstream: 2 sills 

upstream: dredging 

downstream: 3 sills 

23. Beska 2 chevrons and dredging dredging 

24. Preliv 2 chevrons 2 chevrons 

Source: Consortium 

 
One of the main obstacles for the ship traffic is sandy point bars that stretch into the 
fairway. Therefore dredging is proposed or alternatively it is proposed that river training 
works are implemented with the purpose of eroding these point bars and/or divert flow into 
the fairway. 
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Reduction of sandbars is at risk of threatened species depending on this habitat type.  
Among species sensitive to changes in the abundance of this habitat type can be 
mentioned the fish species Sturgeon (Acipenser sturio), Sterlet (Acipenser ruthenus), 
Zingel (Zingel Zingel), Streber (Zingel streber), Asp (aspinus aspinus), Common Barbel 
(Barbus barbus), Smaller bleak (Alburnus alburnus) and amongst others the threatened 
native river mussel (Unio sp.). 
 
Impacts to the fish population can be reduced by avoiding activities in the main spawning 
season. 
 
In case all the proposed river training works are implemented there is a significant risk that 
it will have a negative impact on at least the above mentioned species groups. The design 
of the river training works can be done in a way that to some extent this is compensated 
through allowing similar habitat to develop outside of the fairway. 
 
Erosion of sandbars in the shallowest areas as well siltation of sandy river bank (beaches) 
is another general impact that can be the result of the river training activities. This can 
result in a general change in the appearance of the river stretch and have consequences 
for some bird life and vegetation living in this habitat type, as well as for the recreational 
use of the area. On the other hand the proposed detached groynes and chevrons may 
create new islands that can act as a refuge for bird life. 
 
During the detailed design phase an optimisation of the proposed river training activities 
has been performed so that navigational challenges have been solved and at the same 
time diverse habitat for supporting biodiversity in the river is ensured. 
 
Dredged material will be disposed upstream the dredging location for reducing the impact 
on sediment dynamic and balance in the river. This is important for avoiding impact on 
hydromorphological status of the river. In addition to the impact in the water column the 
activities will disturb invertebrate fauna both at the dredging and the disposal locations. The 
most sensitive organism of this group is evaluated to be the threatened native river mussel 
(Unio sp.) and there is a risk that it may have an inevitable adverse impact on this species. 
Most of the dredging is however carried out with a frequency of every 3rd to 10th year 
allowing for some reestablishment of population. The impact can be somewhat reduced by 
taking mitigation measures during the dredging operation. A number of mitigation measures 
that can be taken to minimise this impact have been proposed. 
 

10.5. Water level 
A change of water levels can potentially impact: 
- the risk of flooding; 
- the water flow to and from the riparian wetland areas. 
 
The calculations have been made by means of hydrodynamic and hydro-morphological 
models, in order to determine a direct and long-term impact to the water levels, after 
execution of river training and dredging works at the Sectors 19, 22 and 24. Water levels 
for these sectors have been derived for the existing and the future status at the locations 
500 – 600 m upstream of the most upstream structure, during the period of DLNL, MWL, 
DHNL and 100-year discharges. 
 
Changes of simulated values do not have a considerable impact on ecology of riparian 
wetland habitats or to the hazard of occurrence of floods.  
 

10.6. Traffic intensity 
It cannot be excluded that an estimated increase in traffic intensity to 20 – 26 units per day 
(in 2025) will increase the turbulence, noise and the erosion of the river banks caused by 
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ship induced waves. This can have some negative influence on shallow and littoral 
sandbars and on vegetation here as well as on the waterfowl on the river. The area most 
sensitive to traffic disturbance are the overwintering locations for waterfowl and habitat 
located on the river bank and wetland areas located close to the fairway. 
 
The increased ship traffic can potentially influence the big number of overwintering 
waterfowl from extended parts of Europe that use the river stretch as resting area during 
their yearly migration. However, the majority of these birds will not utilise the main fairway. 
Sufficient number of data about bird populations in the project area has not been available 
so far in order to reach a final decision and quantify this risk. 
 
The impact from pollution due to spill of oil products and other chemical and toxic 
substances can have a significant environmental impact especially regarding the use of 
anti-fouling agents. 
 
The total amount of sewage and waste produce by the increased shipping is expected to 
be small compared to the potential sewage input from people living along the river.  
 

10.7. Cultural heritage 
No conflicts have been identified between the proposed river training works and the 
mapped cultural interests. However, cultural heritage on the Danube has to be considered 
during construction phase. 
 

10.8. Mitigation measures 
For each of the Sectors No. 18-24 this report includes mitigation measures to reduce the 
potential impacts. In addition, a few general mitigation measures have been given. The 
main proposed mitigation measures can be summarized as follows: 
- dredging and other construction activities is to be performed outside the main fish 

spawning and bird nesting season February – medium July and preferable restricted to 
the late summer – autumn / winter period from September to December; 

- backfill (disposal) of dredged material into the river upstream the dredging site. This is 
to counter act the creation of a sediment hungry river, eroding river bed and 
subsequent the lowering of water levels; 

- determine the presence of the river mussel (Unio sp.) in the area for dredging and 
disposal. Separate mussels from the dredged material before back fill to avoid that the 
mussel will be buried deep into the sediment; 

- reduce spills as much as possible through selection of the most environmental friendly 
methods for excavation, dredging and disposal of material; 

- When disposing the dredged material in the upstream river it has to be done with a 
minimum of immediate resuspension. It can be achieved by using a floating pipeline 
equipped with a submerged diffuser or sand spreader; 

- perform monitoring of spills and suspended concentration during the execution of the 
works. If exceedance of the critical concentrations is observed, the work intensity is 
recommended to be reduced or other measures to be taken to reduce the spill rate; 

- addition data on bird life at the river in general and especially in relation to the function 
as wintering location is recommended to be collected. In case significant impact is 
assessed there could be a need for traffic regulation on the stretch, if such an impact 
has to be mitigated; 

- it is difficult to mitigate the potential impact on the overwintering waterfowl. In case 
additional assessments verify this as a significant impact, mitigation measures could 
include implementation of restriction on river traffic in certain parts of the year; 

- as far as possible, use a variety of stone sizes for the construction of the outer part of 
the chevrons. This may stimulate locally the biodiversity; 
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- establish environmental friendly bank protection in areas where fairway come close to 
the river banks and ship waves can introduce erosion. It could be considered to 
establish structures that could hamper the wave action on the shoreline without 
reducing the longitudinal flow velocities; 

- it is important that the designs as far as possible maintain the general appearance of 
the areas both within the river and on the river banks. It has to be avoided that long 
stretches become covered/protected by hard surfaces (e.g. concrete tiles, etc.); 

- introduction of waste and wastewater collection system in harbours along Danube and 
enforce the use of the system; 

- restrict and regulate by national and international legislation the type of anti-fouling 
agents to be used. 

 
10.9. Climate Change and Impacts 

Direct impact of river training and dredging works shall not differ much during the period of 
medium to high discharges of water, than it was described in the text above. However, 
certain climate changes might occur, caused by a long-term impact during the period of low 
discharges, which might have serious negative consequences to the riparian wetlands.  
 
The impact of climate change on the flow pattern as well as the consequences for the 
ecosystem is quite uncertain. It is therefore highly recommended that such potential 
changes are monitored carefully as a part of a monitoring programme. The Danube River 
Basin Management Plan includes procedures for taking actions in case adverse 
developments are observed. 
 

10.10. Management and Monitoring Programme 
An Environmental Monitoring and Management Plan has firstly to define and clarify the 
responsibility of the involved parties for the different steps to be taken. An outline of these 
steps is presented. The responsibilities have to be divided between the constractor and the 
relevant authorities.  
 

An overall layout and design of a monitoring program is presented. 
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Abb. Значење Meaning 

1D 1 - димензионални 1 (one) Dimensional 

2D 2 - димензионални 2 (two) Dimensional 

3D  3 - димензионални 3 (three) Dimensional 

AGN Европски споразум о главним 
унутрашњим водним путевима 
од међународног значаја 

European Agreement on Main Inland 
Waterways of International 
Importance 

B Ширина пловила Vessel width 

BCD Багер ведричар Bucket Chain Dredger 

BoD Основе пројектовања Basis of Design  

BoQ Предмер и предрачун Bill of Quantities 

Bpl  Слободна ширина између 
стубова моста 

Clearance width between piers (pl) of 
bridge   

CEMT Европска конференција 
министра саобраћаја 

Conférence Européenne des 
Ministres des Transports – (ECMT) 
European Conference of Ministers of 
Transport (now ITF - International 
Transport Forum) 

Конзорцијум Конзорцијум: Witteveen+Bos 
(W+B) / Дански хидраулички 
институт (DHI) / Energoprojekt -
Hidroinženjering (EP-HI) 

Witteveen+Bos (W+B) / Danish 
Hydraulic Institute (DHI) / 
Energoprojekt -Hidroinženjering (EP-
HI) 

CPT Метод који се користи за 
утврђивање геотехничких 
особина земљишта  

Cone Penetration Test 

CSD Рефулерни багер са фрезом Cutter Suction Dredger 

D50 Средњи пречник зрне Characteristic grain size diameter 

D Газ брода draft (draught) of vessel 

DC  Дунавска комисија Danube Commission 

DEU Делегација Европске уније у 
Републици Србији 

Delegation of the European Union to 
the Republic of Serbia 

DHMZ Државни хидрометеоролошки 
завод Хрватске 

Meteorological and Hydrological 
Service of Croatia (Državni 
hidrometeorološki zavod) 

DHNL Пројектовани високи пловидбени 
ниво 

Design High Navigation Level 

DIW / Plovput Дирекција за водне путеве, 
Република Србија 

Directorate for Inland Waterway, 
Republic of Serbia (Direkcija za vodne 
puteve, Republika Srbija) 

DLNL Пројектовани ниски пловидбени 
ниво 

Design Low Navigation Level 

DTD  Канал Дунав-Тиса-Дунав Danube Tisa Danube Hydrosystem 

DS  Низводно Downstream 

E-80-Дунав Међународни водни пут Е-80 
Дунав (Коридор VII) 

European international waterway E-80 
- Danube River (Pan-European 
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Corridor VII) 

EC  Европска комисија European Commission 

ECE  Економска комисија за Европу Economic Commission for Europe 

EEC Европска економска заједница European Economic Community 

EIA Процена утицаја на животну 
средину 

Environmental Impact Assessment 

Emerald  Заштићена подручја на основу 
Бернске конвенције 

Areas identified in the Convention on 
the Conservation of European Wildlife 
and Natural Habitats (Bern 
Convention) 

ENR/LNL Етијаж / ниски пловидбени ниво 
(Дунавска комисија) 

Etiage navigable et de regularization 
(Danube Commission) / Low 
Navigation Level 

EP профили Попречни профили на Дунаву 
дефинисани на међусобном 
растојању од 1000m. Снимају се 
single-beam опремом сваке 
године (профили су 
успоставлљени 1987. године) 

predefined cross-sections on average 
distance of approximately 1000 m. 
Surveyed using the single-beam 
equipment once a year (in digital 
form, data available since 1987) 

EPs Принципи екватора - управљање 
кредитним ризиком, оквир за 
утврђивање, процену и 
управљање еколошким и 
социјалним ризицима у 
финансирању пројеката 

Equator Principles-Environmental an 
Social Risk Management for Project 
Finance 

ESPOO Конвенција о процени утицаја на 
животну средину у 
прекограничном контексту 

Convention on Environmental Impact 
Assessment in a Transboundary 
Context  (UNECE) 

EU PLATINA Приручник добре праксе у 
одрживом планирању водних 
путева 

Manual on Good Practices in 
Sustainable Waterway Planning 

EU Европска унија European Union 

EUR Евро Euro 

EUROSTAT Европски статистички центар Statistical Office of the European 
Communities 

EVA Анализа екстремних вредности 
(програмски пакет DHI) 

Extreme Value Analysis (software 
package developed by DHI) 

FRY Федеративна Република 
Југославија 

Federal Republic of Yugoslavia 

SFRY Социјалистичка Федеративна 
Република Југославија 

Social  Federal Republic of 
Yugoslavia (SFRJ ) 

GPS Глобални систем 
позиционирања 

Global Positioning System 

H Средња дубина попречног 
профила 

Cross sectional average water depth 

H Ниво воде Water Level 
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HEPS 
DJERDAP I   

Хидроелектрана Ђердап I Hydropower and navigation system - 
Djerdap I 

HEPS 
DJERDAP II 

Хидроелектрана Ђердап II Hydropower and navigation system - 
Djerdap II 

HNN / HNL Високи пловидбени ниво 
(Дунавска комисија) 

Haut-niveau navigable (Danube 
Commission) / High Navigation Level 

Hnvpn Слободни отвор у односу на 
високи пловидбени ниво 

Vertical clearance related to the High 
Navigation Level (HNL) 

Ho Слободни отвор у односу на 
нулу водомерне станице 

Vertical clearance related to the zero 
elevation of the water level gauging 
station 

Hs Значајна висина таласа Significant wave height 

IBA Зачајна станишта птица Important Bird Area 

IBISS Институт за биолошка 
истраживања "Синиша 
Станковић" 

Institute for Biological Research 
Sinisa Stankovic 

ICPDR Међународна комисија за 
заштиту реке Дунав 

International Commission for the 
Protection of the Danube River 

IHTM Институт за хемију, технологију и 
металургију, Универзитета у 
Београду 

Institute of chemistry, technology and 
metallurgy, Department for ecology 
and techno-economics, Analytical - 
ecological laboratory, University of 
Belgrade, (Naučna Ustanova  Institut 
za hemiju tehnologiju i metalurgiju, 
Univerziteta u Beogradu, Sektor za 
ekologiju I tehnoekonomiku, Analitičko 
- ekološka laboratorija) 

IPA Значајна станишта биљака Important Plant Area 

IPPC Интегрисана заштита и контрола 
од загађења 

Integrated Pollution Prevention and 
Control 

IRON GATE Ђердап Gorge on the Danube River, between 
Serbia and Romania 

IUCN Међународна унија за заштиту 
природе 

International Union for Conservation 
of Nature 

IWT Master 
Plan 

Генерални план за унутрашњи 
водни транспорт у Србији (2006) 

Inland Waterway Transport Master 
Plan in Serbia (2006) 

IWT Унутрашњи водни транспорт Inland Waterway Transport 

JUS Стандарди СФРЈ Standards of SFRY 

km Километар kilometer 

kV kilo Volt kilo Volt 

L Дужина брода или конвоја Length of the vessel or Length of the 
convoy  

LB Лева обала Left Bank 

LWL мала вода Low Water Level 

M - scale Меркалијева скала Seismic intensity scale Mercally 

M Манингов коефицијент (1/n) Manning roughness value (1/n) 
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Masl метара над морем Meters above sea level 

МЕРЗ 
(MEDEP) 

Министарство енергетике, 
развоја и заштите животне 
средине 

Ministry of Energy, Development and 
Environmental Protection 

MEUR Mилион евра Million Euros 

MHW Средња велика вода Mean High Water 

MIKE 11 Стручни инжењерски софтвер за 
симулацију хидрологије, 
хидраулике, квалитет воде и 
пронос наноса 

Professional engineering software for 
the simulation of hydrology, 
hydraulics, water quality and sediment 
transport in estuaries, rivers, irrigation 
systems and other inland waters. 

MIKE 11 HD Програм за 1Д хидрауличко 
моделовање компаније DHI 

Hydrodynamic module contains an 
implicit, finite difference computation 
of unsteady flows in rivers and 
estuaries.  

MIKE 21 C Програм за 2Д хидродинамичко и 
морфолошко моделовање 
компаније DHI 

2D river hydraulics and morphology 
tools for simulating the development 
in the river bed and channel plan form 
caused by changes in the hydraulic 
regime 

MLW Средња мала вода Mean Low Water 

MOT Министарство саобраћаја Ministry of Transport  

MSK scale МСК сеизмичка скала Seismic intensity scale Medvedev-
Sponhauer-Karnik (MSK) 

MWL Средња вода Mean Water Level 

n Манингов коефицијент 
храпавости 

Manning roughness value 

Natura 2000 Натура 2000 EU nature & biodiversity policy 

NEAP Национални акциони план 
заштите животне средине 

National Environmental Action Plan 

NEP Нацoинална политика заштите 
животне средине 

National Environmental Policy   

NEWADA Мрежа дунавских 
администрација за пловне 
путеве 

Network of Danube Waterway 
Administrations 

NO Попречни профили на Дунаву 
дефинисани на међусобном 
растојању од 200m. Снимају се 
single-beam опремом сваке 
године (профили су 
успоставлљени 2008. године) 

Predefined cross-sections on average 
distance of approximately 200 m. 
Surveyed using the single-beam 
equipment once a year (first time 
surveyed in 2008) 

PBA Главна станишта лептира Prime Butterfly Areas 

PIANC Међународна асоцијација за 
унутрашњи водни транспорт 

The World Association for Waterborne 
Transport Infrastructure (former 
Permanent Association of Navigation 
Congresses) 

PMO Капетанија Port Masters Office/Kapetanije 
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Q – H Q - H крива Rating Curve 

Q Проток Discharge 

Ramsar Рамсар конвенција Areas identified in the Convention on 
Wetlands called Ramsar Convention 

RB Десна обала Right Bank 

RHMZ Републички хидрометеоролошки 
завод Србије 

Republic Hydrometeorological Service 
of Serbia  

RS Република Србија Republic of Serbia 

S Југ South 

SAC Посебна подручја заштите Special Area of Conservation 

SEA Стратешка процена утицаја на 
животну средину 

Strategic Environmental Impact 
Assessment  

SPA Специјални резервати природе Special Protection Area   

SPT Стандардни тест пенетрације Standard Penetration Test 

SRB Србија Serbia 

SSK Стандардни систем за процену 
вредности хидротехничких 
радова 

Standard system of cost estimation 
for civil engineering 

Ssp Растојање између напера Spacing between the groynes 

TOC Укупни органски угљеник Total Organic Carbon 

ToR Пројектни задатак Terms of Reference 

Tp Период таласа Peak wave period 

TSHD Багер ведричар Trailing Suction Hopper Dredger 

ТSS Укупне суспендоване материје Total Suspended Solids 

US Узводно Upstream 

UN Уједињене нације United Nations 

VAT ПДВ Value Added Tax 

WEI Расподела Weibula Weibull distribution 

WFD Оквирна директива о водама Water Framework Directive  
 




