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VPB d.d.                                                   REGULATION OF THE SAVA WATERWAY AND DETERMINATION

Zagreb, Ulica grada Vukovara 271 
      OF THE SAVA REGULATION LINE FROM RAČINOVCI TO SISAK -  EIA STUDY 

J.
NON-TECHNICAL SUMMARY OF THE STUDY FOR PUBLIC INSPECTION
J.1.
PURPOSE OF THE INTERVENTION
The regulation of the Sava river, with regulation of flood zones and construction of protection dikes, are activities which have been going on for about a hundred years. Obvious and continuous morphological changes in the river bed of the Sava, whose character is never only local but a part of the global process, have far-reaching consequences. Erosion processes are constantly changing the river characteristics, both laterally and longitudinally, which lends quite different, new hydraulic characteristics to the Sava. 

Until 1990, the inland waterway of the Sava river existed as an inland waterway among the republics, and was maintained for limited navigation capabilities. Based on the Transport Development Strategy of the Republic of Croatia and signed international agreements, the inland waterway of the Sava should become integral part of the Trans-European Inland Waterway Network, and so it should be reconstructed and regulated for international navigability class. The regulation is planned in phases, so that in the first phase it is restoration to the 1990 level, and in the second phase to class IV waterway, which is also the minimum condition for international inland waterways, and in the third phase bring it to the level of inland waterway of navigability class Vb.

The inland waterway of the Sava river is not officially classified, but until 1990 there were considerations about the elements of class IV until Županja, and class III from Županja to  Sisak. Due to the evident lowering of water table caused by excessive excavations of sand and gravel, the present state in some sections of the Sava is even below this level. It is assumed that in some downstream sections, with smaller corrections, elements of class V.a may already be achievable. Additionally, it is required that the minimum radius of waterway curvature should be fulfilled; however, the implementation of this cannot be expected in the initial phase of works. Based on the Investor’s decision, in this project increase in radius of the curvatures shall not be achieved by cut-offs, since this requires prolonged property and international procedures. Therefore, the waterway shall be aligned with only according to the existing river bed and the radiuses shall be kept as those of the natural river bed in the present state. The design solution shall take into account the safety of the waterway for international navigation. It shall not deteriorate the existing water regime by excessive excavations, or cause devastation of the river banks and existing structures in the river bed and in the longitudinal direction of the river, which can occur if parts of the river bed with hard structure are carelessly removed. 

In the past thirty years, excavations of significant quantities of bed load from the Sava river bed have been carried out for purposes of construction activities and waterway maintenance, which resulted in significant drop in minimum and moderate water levels in the entire navigable flow. This long-term process reflected itself in the caving in of river banks and lowering of the water table in the area behind the banks, and also in the devastation of the water way, since this left the hard sills protruding from the bottom and posing obstacles to navigation. However, cutting of individual sills and intensive excavation of the river bed could have unforeseeable consequences in the upstream part of the river bed, since they could cause sediment movement, even greater river bed deepening and new lowering of water levels. All this indicates that the establishment of the waterway should be achieved primarily through construction of regulation structures, and less through excavation, which, among other aspects, is also ecologically counterproductive.  

Regulation of the Sava waterway and determination of the regulation line of the Sava from Račinovaci to Sisak is contained in the existing Spatial Plans of the Sisak-Moslavina, Brod-Posavina and Vukovar-Srijem Counties; in the Spatial Plans of the Towns Sisak, Slavonski Brod and Županja; and in the Spatial Plans of the Municipalities Babina Greda, Bebrina, Bošnjaci, Davor, Drenovci, Gunja, Hrvatska Dubica, Jasenovac, Klakar, Nova Kapela, Oprisavci, Oriovac, Sikirevci, Slavonski Šamac, Stara Gradiška, Sunja, Velika Kopanica and Vrbje.

J.2.
DESCRIPTION OF THE INTERVENTION

The basis of the geodetic maps from hydrographic surveys of the Sava river bed on the section from km 202+500 to km 588+208 of the waterway. The hydrographic survey was carried out by Hrvatske vode in the period from December 200 to October 2003. The profiles were surveyed at the distances of about 200 m, which in equals a total of 1933 cross profiles of the Sava river.  

Hydrological and hydraulic maps were developed by Hrvatske vode Zagreb, Water Management Department Sava, Service of project planning, preparation and development as part of the study ''Calculation of low water levels of the Sava river on the section from Račinovci to Sisak'', March 2004. Hydrological processing showed a lowering of water tables in relation to the previous period, particularly for extremely low water levels in longer time periods, which is interesting for waterway design, as a consequence of intensive gravel exploitation. In the the waterway of the Sava river, 14 sections were defined for which navigability analyses were carried out.  
The percentage of the river length which must be regulated for navigation purposes varies from section to section, and was analysed in detail for each section. However, it principally consists of a part which does not fulfil the navigation dimensions (depth too small for selected width of the waterway), and of the part which does not fulfil the minimum radius of the curvature. Based on the Investor's decision, increase in the radius of curvature is not planned by excavation, but unidirectional navigation shall be carried out on such sections. This means that the waterway is designed within the existing river bed, and that in places which do not fulfil the navigation dimensions the river bed will be regulated. Under river bed regulation it is considered a local deepening to the required depth and construction of associated regulation structures (groynes, revetments and sills), which will primarily maintain the required water level. 
Bidirectional navigation shall be ensured where it is possible. The natural state of the Sava river bed, its present state, has radius of curvature of 150 m in which, with the available width of the waterway of 70 m, bidirectional navigation is not possible.  In such places the radius of the curvature will not be increase by cutoffs, since this requires prolonged property and international procedures. Therefore, the waterway shall be aligned only according to the existing river bed and the radiuses shall be kept as those of the natural river bed in the present state. In such places, it will be deviated from the requirements of bidirectional navigation, and unidirectional navigation, with proper signalization, will be carried out.  
In total, for ensuring the required minimal navigation dimensions of 70x2.5 m, for the entire section of the Sava from km 202+500 (P1) - 588+208 (P1933) it would be necessary to excavate 1,734,000 m3 gravel and sand material. Statistically speaking, per km' of the waterway, it would be necessary to excavate approximately 4,500 m3, i.e. increase the Sava profile on average by about 0.2 %.

Within the project, regulation lines of the Sava river are also determined. They are determined by observance of the existing river banks and by taking into account the fact that the river bed of a watercourse temporally changes within more or less stable limits. The regulation lines were defined separately for the left bank and separately for the right bank of the Sava. Beside these two regulation lines, the regulation lines of the Una river from the bridge in Jasenovac to the river mouth are also marked, and the regulation lines of the old river arm of the Sava where the winter port Preloščica is located. 

Hydraulic calculation determined the impact of designed river bed deepening on the change in water levels. Hydraulic simulations showed, for the assumption of only river bed deepening (required excavations for waterway purposes), the appearance of lowering of water table of small waters larger than 10 cm in the third, fourth and sixth hydraulic sections. This means that in these sections it is necessary to use regulation structures (groynes) to influence the elimination of this occurrence. It should be reminded of the hydraulic requirement according to which the lowering of water table of small waters larger than 10 cm is not permitted in any place.

200 groynes were observed, processed and analysed, of which 82 existing groynes in a relatively good state (performing their function), 12 groynes must be reconstructed i.e. restored, and the remaining 106 groynes must be constructed. The construction of 106 new groynes distributed per sections of the Sava waterway is DIV, DVI, DXII, DXIII and DXIV. 
Additionally, 91 revetments were was observed and processed, of which 22 are in a good state, 42 are existing ones which must be reconstructed i.e. restored, and 27 new ones which must be constructed. 

River regulation sills are transversal structures which are built on the stretches of local large depths of watercourses to cause flooding of the river bottom by sediment. One  assumption is that the local deepenings were caused by intensive gravel exploitation, therefore the need for construction of a sill should be checked by geodetic surveying prior to planned construction. In order to fulfil the required hydraulic criterion according to which the drop of the water table of small waters after completion of the Sava river bed excavations  and construction of new i.e. reconstructed old groynes shall not be larger than 10 cm, the construction of 4 new sills is planned in the Sava river bed.  
The Sava waterway is divided into two main units: Slavonski Brod-Sisak (DVI-DXIV) and Račinovci-Slavonski Brod (DI-DV). Based on the analysis of the state of all 14 sections of the waterway from Račinovci to Sisak, the section DIV is selected as the most critical selection for functioning of the waterway. Since there is a regulation rule stating that when constructing structures one must start from the downstream part of the section towards the upstream part due to the fact that each downstream work has upstream impact, before regulating of the section DIV, it is necessary to regulate the section DIII. After sections DIII and DIV, the rehabilitation of sections within the unit Slavonski Brod-Sisak shall begin, starting from sections DXII and DXIII, and ending with DVI, DVIII, DXI and DXIV.

It should be noted that the priority of works were determined according to current navigation constraints. During the actual performance of works and development of working documents, it should be kept in mind that some works on a section, e.g. rehabilitation of revetments, are not functionally essential, so in the agreement of the interested parties the dynamic of works performance could change, i.e. the totality of works in an individual section should not be necessary insisted upon. 

The new Water Act determines, among other issues, the manner in which gravel and sand are used during works on water and water estate. Article 102 reads: ''The contractor shall distribute gravel and sand excavated during works within the watercourse or canal, without extraction on the banks, while the remaining gravel and sand will be built into regulation and protection structures based on individual decision of the Governement of the Republic of Croatia or a body authorised by it.' As mentioned earlier, to ensure the required minimal navigation dimensions of 70x2.5 m, for the entire section of the Sava, it would be necessary to excavate 1,733,888 m3 of sand and gravel material along the profile of the river bed conduit, of which  1,351,730 m3 on the territory of the Republic of Croatia, and 382,158 m3 on the territory of Bosnia-Herzegovina.

Regarding the gravel material, the total quantity of its excavation from the conduit of the Sava river bed equals 1,733,888 m3. The total gravel quantity necessary for construction of revetments equals 744,079 m3, which means that after construction of revetments there are remaining 989,809 m3 of unused gravel. This quantity of gravel will not be deposited on the Sava river bank, or even less transported outside the work area; it will be distributed by vessels to the Sava river bed in sections with increased depressions of the river bed. The total quantity of the stone necessary for construction of groynes, revetments and sills equals 528,500 m3.

It should be emphasized that the primary criterion for implementation of the project is that, at occurrence of water of 95 % premanence, in any place on the Sava the lowering of the water table larger than 10 cm in relation to the existing state shall occur, whereas water levels at the occurrence of high waters virtually do not change in relation to the existing state. The selected construction technology for sills, groynes and revetments is based on the construction from a vesel on the Sava. 
J.3.
POTENTIAL ENVIRONMENTAL IMPACTS OF THE INTERVENTION
POTENTIAL IMPACTS DURING CONSTRUCTION AND USE OF THE INTERVENTION

Impact of the intervention on bird species of river habitat

The Sava river and its valley have a very abundant ornithofauna due to numerous different habitats created by the river and maintained by flooding. In this area, there are two areas important for the birds of the National Ecological Network: Donja Posavina and Jelas polje with fish ponds and flood pastures along the Sava. Both areas are also important at the international level. Although the Sava river shaped the areas and is maintain them, it is considered that the planned works on the waterway regulation will not have an impact on them. The reason for this opinion is that the Sava influences these areas only at high waters when it is flooding them.

Therefore, attention should be directed on species with primarily river habitats: water flow, sandbars and river banks, banks with landslides, backwater, etc. In the processed area of the Sava river these are kingfisher, sand martin, little ringed plover, common sandpiper, little tern and common tern, white-tailed eagle and wagtail. 

Performing works for the purpose of regulation of the Sava waterway will influence birds with river habitat, and the rehabilitation of damages on the existing Sava banks. These works will reduce the surfaces under steep river banks, which will affect bird species which use slid banks as third nesting site. 

Local reduction of surfaces with shallows, sandbars and banks will adversely affect numerous other waterfowl species as well (e.g. herons, ducks, storks, Charadiiformes, etc.), which use these habitats occasionally; however, due to the spaciousness of the surrounding wetlands which are their primary habitat, these species will not be under larger i.e. measureable impact by the intervention. 

Impact of the intervention on ichthyofauna and makrozoobenthos

Fish community will adapt to new conditions, so that the changes will not be significant. The project ''Regulation of the Sava waterway from Račinovci to Sisak'' is not big enough to change the community, and based on the natural resistance of the community, the fish community of the river will stay almost the same. The newly created conditions, due to the small deepening scope and relatively small changes will not have a large impact on the fish community of the Sava river.  

Construction and watercourse regulation lead to changes of hydrological and geomorphological factors, but also other environmental conditions, so that the entire biological community changes with regard to the original one, i.e. it attempts to adapt to the newly created state. Ichthyoproduction is vital for survival, number and diversity of  the large number of animals living here, e.g. populations of birds, amphibians, small mammals, etc. Finally, production of all groups decreases, as well as the total diversity of habitats. 

Deepening of rivers is a common practice in the whole world for decades, even centuries.  The influence on the existing ichthyofauna and consequences of such activities were observed relatively quickly. After long-term investigations and observations of fish fauna in the deepened rivers, direct and indirect impacts on the composition and structure of ichthyocenosis were noticed.

Makrozoobenthos of the considered part of the Sava is characterized by relatively large diversity of the community, having in mind the fact that the presence of more than 60 different taxa has been determined. However, among the determined taxa there are no protected or strictly protected species. These are common species which settle not only the bottom of the Sava river, but also its left and right tributaries, as well as other non-stagnant water in the Pannonian Croatia. Certain changes in the structure and composition of the bottom community could happen through partitioning of the Sava. Namely, the construction of sills or dams causes changes in flow velocity and settling of finer particles, such as mud which benefits certain species which prefer such substrate, such as all detritophages.


Based on the stated above, it can be stated with great certainty that the planned intervention of partial deepening of the Sava river bed with the purpose of waterway regulation, will have no negative consequences on the makrozoobenthos community. Additionally, there are no necessary special measures to be taken during construction and use of the waterway. 

Impact of the intervention on meteorological characteristics, air quality and climate

A potential negative impact on the air during construction, which is time-limited, is air pollution  by dust and exhaust gases on the work surfaces due to earthworks and construction of the waterway during operation of machinery (transport vehicles, loading and transport) on the construction of planned project facilities and access roads, immediately in the environment of the construction site, and during the delivery of materials to and form the construction site.

Dust quantity from the  mentioned sources depends on the following:

-
For transport vehicles on the construction site and access road, it depends on the state of the substrate, velocity and load, as well as the state of vehicle tires,

-
Atmospheric conditions, primarily humidity and wind speed.

Due to the action of gravitational forces (and dependant on wind speed), dust settles on a shorter or longer distances. During dry time period, settled dust can again raise into the atmosphere if wind is blowing at the speed higher than 4 m/s. Dust quantities generated during construction are minimal and will not harmfully affect the environment. 

In comparison with road or railway transport, waterways are more energy saving. Besides being more energy saving, ships navigating through a waterway cause less air pollution. For this reason, the assessment of the impact of fuel consumption should be seen in combination with emission quantities of pollutants.  

Increased quantities of pollutants which will be emitted from vessels (due to increased traffic after regulation of the Sava water way) will have no significant impact on climate. The impact on air quality, due to the improvement of the waterway, progress in shipping industry and technology of engine and filter development, tightening of environmental protection measures (through cooperation and different limitations and regulations) on national and international levels, and tightening of criteria for ecological testing, will be minimal, so that class I. air quality is expected in the environment almost along the entire waterway length (with the exception of larger towns - Sisak, Slavonski Brod, Županja, where this is not the case even today).

Impact of the intervention on the soil and agricultural land 
Considering the identified manner of usual soil moisture and flooding regimes and designed works, after the project implementation i.e. regulation of the Sava waterway, a continuation of permanent soil flooding due to the Sava overflowing its river bed within the area of the Sava flood zone can be expected. Therefore, the dominant manner of bringing moisture into the soil after the project implementation in the flood zone will still be the alluvial soil moisture regime. Other identified moisture regimes will continue to be present after the regulation of the Sava waterway.

Impact of the intervention on landscape characteristics
The waterway design determines certain locations where it is necessary to intervene by deepening of the conduit, and the regulation design the necessary places where certain regulation structures should be constructed. The included regulation structures are groynes, sills and revetments. Groynes and sills are transverse structures in the river bed of the Sava. The river regulation sills (4 pcs) are structures made of filled up crushed stone which are constructed only on the bottom of the river bed. Sills are far below the water levels of all water levels of the Sava. 

For all groynes the same manner of construction is determined, i.e. construction of the largest groyne part from a vessel on water side, and construction of stone-made groyne root from the river bank. Stone groynes are constructed in the Sava river bed from their stone root on the bank slope bottom towards the river axis. These are visible only at low water levels of the Sava. It should be noted that on the entire section of the Sava waterway there are very few groynes which are constructed separately; they are constructed in groups of 2 to even 12 groynes at the distances between of about 100 m. The supply of stone material planned for construction of groyne root from the bank is performed exclusively from the vessel. The area for stone disposal will be the narrow bank belt along the work area not exceeding the width of about 20 m of the flood zone along the Sava river bed. For arrival of machinery which will be used for construction of the groyne root from the bank, the existing travel paths along the toe of the Sava dike will be used, while temporary access roads which will lead within the flood zone from the dike to the work area on the bank should be adapted to the terrain as much as possible, and overgrown. After completion of works, the area of the disposal site for stone material along the bank must be cleaned and enable growth of soft leafy vegetation or green grass, as was in the original state. In the short time period, all visible parts of stone groynes will be overgrown and covered with aquatic vegetation. 

The construction of 27 new revetments is planned, of which each belongs to one of three proposed construction types, and 42 existing ones which should be reconstructed. The selected technology for constructing revetments is also based on the construction from a vessel on the Sava. For construction of the upper part of the reventment, in the sections where the Sava dike is endangered by the close proximity of the eroded bank, the works are performed from the bank, but in a manner that the organization of construction is based on existing infrastructure and facilities. Construction facilities with temporary disposal sites for stone material for construction, for this type of revetment, should be located primarily in areas of settlements equipped with good utilities infrastructure. For supply of stone vessels will be used primarily, and, if necessary, for access to work area, the existing road network along the peer side of the Sava dike. In places where the flood zone is wide enough, where the Sava bank is removed from the defensive dike, the upper part of the revetment will not be performed, which means that its construction is based only on the works performed from the vessel. This construction type is used in over 90 % of new revetments. As was the case with groyne construction, in a short time period all visible parts of the revetment's stone parts will be overgrown and covered with aquatic vegetation. 
In conclusion, it can be said that the performance of works on deepening of the conduit of the Sava river bed will have no significant impact on the river morphology. Construction works in the intervention area will not cause permanent destruction of flora.  Vegetation is the visual representation of organic aspects related to conservation of nature in its original state in the area, and as such its devastation would significantly change the landscape of the area. This should be particularly noted since it is an area of exceptional natural and landscape values. Negative impacts may occur in case that the planned hydrotechnical facilities are not constructed in harmony with the local surroundings and landscape structures. 
Impact of the intervention on economy
It is anticipated that, among other benefits, that the rehabilitation and improvement of the Sava river will be particularly beneficial to transport market, and, accordingly, regional economy, e.g. industry as well. Present conditions for inland navigation are poor, and the level of transport reliability is very low due to highly fluctuating water levels. As soon as the navigability of the Sava is raised to class IV or V, larger vessels can be used. Additionally, water depth will be more stable throughout the year, which will increase the load capacity and make navigation between all year round, even in dry periods. Due to these reasons, after rehabilitation/improvement of the Sava river significant changes real to the manner of  transport are expected. Transport will move from road to inland navigation to profit from lower transport costs. 

The importance of the ports along the Sava will significantly rise due to their logistic area in the basin. For instance, transport of coal, old iron, ores and products made of steel related to the steel industry located in Bosnia-Herzegovina will (again) go through the ports on the Sava river (e.g. Šamac, Brčko) instead of ports on the Danube which are presently used (Vukovar, Osijek). This will, due to smaller transport distances, reduce transport costs. This is particularly the case for distant watercourses coming in/going out of the Danube which are used by large river barges. It is expected that the iron industry will reap the largest benefits due to large scope of transport coming into or from Romania and Ukraine. The ports are censure favourable conditions of navigation which will lead to increate activities  in the local areas. For instance, oil industry (refineries) located in the port areas or nearby will profit tank to lower transport costs. Ports themselves will become more attractive to new businesses and industries which will chose to settle in the Sava ports or nearby. However, not all impacts will be positive. Construction works on a waterway can cause difficulties or even block inland navigation over a period of time.  

When the effects of market and public principles of business are combined through higher use of ports in the transit of goods, such partnership brings with it market-based business principles and possibilities of implementation of large infrastructure projects. Such large investments open possibilities for new employment of a part of population and activate a series of domestic companies, where the port itself is a large regional consumer. Such activities can economically start and revive the entire local and regional community, which again contributes to a better standard of living for the population.  

Impact of the intervention on the habitats along the Sava river
The present meanders of the Sava river will  not be cut off, and project anticipates uniformization of the river depth and width. This will be achieved by construction of groynes, which, in places where the river is too wide, narrow the river bed down, forming a new river bank which, after settling of materials, overgrows and becomes a willow grove, using the same processes as those which happen on natural sandbars. Low situated banks (internal meanders of the river) will not be a part of the watercourse regulation. A definitely larger intervention is underpinning of river banks on the outer meanders of the river, and generally  steep earthen banks which cave in naturally, due to erosion. As these are the habitat of  sand martins, strips of such river banks must remain in their original state. 

Based on its technical characteristics, this project actually does not affect the water table of the Sava itself (possible decrease of the level in relation to the present state is only up to 10 cm). This means that the water levels, which are important for recharge of the surrounding wetlands of Lonjsko polje, Sunjsko polje, Dvorina and Gajne, and all other wetland areas on the territory of Bosnia-Herzegovina, remain preserved. The Sava water is quite polluted by industrial and urban wastewaters. Additionally, the watercourses coming from Bosnia also bring along large quantities of solid waste, so this a large problem on the Sava which needs an urgent solution. Such activity may be performed only in a controlled manner for the purpose of river bed cleaning for the purpose of building a waterway, and in no way as an economic activity. Danger from water pollution threatens also from construction of large river ports in Sisak and  Slavonski Brod, and from larger traffic of vessels. 

In the entire project area there are no rare endangered plant species or habitats. Based on proposed technical solutions and with strict compliance with general protection measures, not impact on them should be had.  

Impact of the intervention on the National ecological network

By inspection into the Annexes to the Regulation on the proclamation of the ecological network, it was determined that the greater area of the Sava river from Račinovci to Sisak is within the limits of the National ecological network. In accordance with the Ordinance on the assessment of acceptability of plans, programmes and interventions for the ecological network, the Main assessment of acceptability of the intervention for the ecological network was developed (Volume 3).

Impact of the intervention on fauna

The project of waterway regulation itself within the existing river bed with protective Sava dikes, which are mostly aligned with the very river bed of the main flow, will not have a negative impact on the present depleted fauna of mammals, reptiles, amphibians and butterflies. The impact on the fauna will depend on the performance of works at the time of reproductive periods of individual animal species. However, it is very important that the construction will not cause disappearance of any animal species. Due to noise, some  vertebrate species will abandon parts of the greater area in question. However, after completion of works, these animals will resettle their old habitats. 

Impact of the intervention on forestry, hunting grounds and wild game

An intervention in the considered area, i.e. in the length of 385 km, which is implemented only in certain parts of the flow and exclusively within the Sava river bed, is for the contractor and beneficiaries of the waterway in question indeed a significant, comprehensive project; however, its impact is not prominent outside the river banks.  
As was already emphasized, the planned project will have no direct or indirect consequences for forests along the Sava river. Direct consequences are not anticipated since activities related to project implementation are carried out exclusively within the watercourse i.e. its river banks, and do not encroach upon the forested area. Indirect danger to the forests is primarily a change in the water regime during the year; however, there will be no more significant water level fluctuations, and therefore no impact on flooding or groundwater. 

The impact on wild game and hunting management may be expected in a limited scope only on those kinds of game or other animal species which inhabit in the Sava river bed. A primary impact on the mentioned species may be expected (due to works and increased traffic) as disturbing the peace, which may cause their temporary or more permanent migration. Disturbing wild game in the bank strip immediately along the coast may occur in the zone of activities and in the limited strip of about 100 m, which in comparison to the available space presents a very small area.  

Impact of the intervention on waters
Sudden pollution related to activities on the waterway may occur during construction and in the utilization period. Construction works pose a potential, time-limited  possibility for water pollution, particularly surface waters, mostly due to possible fuel and lubricant leakage from machinery for performing earthworks. Further water pollution is possible due to application of construction materials which soluble in water, especially if such materials contain toxic substances. 

The largest negative temporary impacts on surface waters are expected during performance of works in the sections in which works are performed in water. In these sections a temporary local deterioration of water quality downstream of the intervention will occur. Deterioration of water quality will occur due to increased values of suspended solids and water enrichment with nutrient salts and settled matter. Increase in suspended solids will negatively impact ichthyofauna in the watercourse, while nutrient increase will influence increased saprobity, i.e. a degree of trophy in the watercourse. 

Bank erosion of the Sava river due to the construction of the waterway should remain the same in places where there are no construction activities, and should be reduced in all sections where the banks are fortified (revetments, groynes). Uniforming the geometry of the cross profile of the river will unify flow in a large part of the profile, and the main current will move closer to the axis of the water table, which will reduce local influences on the banks. Regulation of the waterway will generally reduce parts of the watercourse with increased local velocities, as well as those with pronounced lower velocities. 

Securing the banks from waves generated by vessels, i.e. banks prone to erosion and caving in are secured by the position of the waterway in the river profile, type of vessel and maximum allowed speed. Erosion will increase due to waves generated by navigation. Because of the navigation limit of 7-9 km/h, the biggest waves caused by navigation are 20-30 cm high. However, negative impacts on soil erosion should be reduced to an acceptable limit.  

In river section with near-bottom velocities which enable intensive sediment transfer, bottom morphology changes fast, and therefore also characteristic habitats. In deeper, flat sections, sediment transfer is slower, and so are the changes in bottom morphology. In the concrete case of the Sava river, areas with intensive and slow sediment transfer can be marked on the route of the waterway. All interventions on deepening and shaping of the river bed located in areas of intensive sediment transfer will very quickly stabilize and assume previous morphology and characteristic habitats. 

Impact of the intervention on cultural and historical values
The area included in the project and in this study of impacts on the cultural and historical heritage has the total area in the Sisak-Moslavina County of about 198 km2, in Brod-Posavina County about 167 km2 , and in the Vukovar-Srijem County about 87 km2. 

The planned interventions – excavations of gravel and sand materials from the Sava river bed, works on the river banks (reconstruction and construction of groynes and revetments) may directly or indirectly affect the cultural and historical heritage in the impact zone (individual locations, facilities/sites and protected landscapes, or settlement images). However, with appropriate protection measures, the planned intervention is assessed as acceptable from the viewpoint of protection of cultural and historical heritage.

During reconstruction and construction of the planned facilities in Sisak-Moslavina County special attention should be paid to intervention locations situated close to the following historical settlements: 

-
Lonja (historical settlement with rural characteristics), archaeological locality of the 
medieval fortress Ustolinja,

-
Kratečko (historical settlement with rural characteristics),

-
Blinjski Kut (historical settlement with rural characteristics) and Gradusa Posavska,

-
Puska (artchitectural heritage village),

-
Gušće (historical settlement with rural characteristics),

-
Prelošćica (historical settlement with rural characteristics),

-
Mlaka (historical building area),

-
Krapje (artchitectural heritage village),

-
Suvoj (historical settlement with rural characteristics),

-
Mužilovčica (historical settlement with rural characteristics),

-
Jasenovac (protected historical unit),
-
Topolovac (historical settlement with rural characteristics).

The construction of all facilities takes place in the area of protected cultural landscape Lonjsko polje, therefore it is necessary to carry out all needed measures for protection of monument heritage, before and after the performance of works. The Sava river valley downstream of Prelošćica is a landscape unit area, particularly valuable area and belongs to cultural landscape, therefore it is necessary to carry out all needed measures for protection of monument heritage before and after the performance of works. Special attention should be paid to the area of the red bank of the Sava, at the Una river mouth, where archaeological site of a medieval fortress has been recorded. 

In the Brod-Posavina County, special attention should be paid to intervention locations situated close to the following settlements:  

-
Rušćica (vicinity of the registered archaeological site Podbrežje),

-
Gornja Vrba (registered archaeological zone),

-
Davor (registered rural unit),

-
Orubica (nearby registered chapel).

Impact of the intervention on noise pollution
Construction works during construction are, in fact, typical works similar to other types of infrastructure engineering. Construction works which need to be performed in order to implement the project cause noise, which is generally typical for construction works. Sources of noise are operating machinery, sound signals at the construction site, and trucks bringing materials in and out. During construction works on the regulation of the Sava waterway, impacts will be felt only by the local population near the Sava river. In inhabited  settlements it is forbidden to perform works and activities which create noise disturbing nightly rest and sleep in the period from 11 p.m. to 6 a.m.

Considering the distance of the intervention from the nearest inhabited houses, it is expected that the impact of noise caused by construction machinery and passage of a larger number of trucks will occasionally exceed the proscribed legal standards. The impacts are temporary, but local, and are connected to noise and air pollution (dust, exhaust gases) impact on human health due to machinery operation, and traffic disturbances (during transport of materials, equipment and machinery on local roads). 

IMPACT IN CASE OF EMERGENCIES 

All the structures included in the regulation of the Sava waterway will be designed and built in accordance with the existing regulations and based on background reports on geotechnical test, seismicity of the area and other reports required for analysing extraordinary impacts. Still, during waterway use, potential occasional accidents caused by the “force majeure” cannot be excluded. The “force majeure” implies destructive earthquakes with intensity stronger than the designed one, war destructions and damaging parts of structures on purpose.

However, the probability of an undesirable event occurring is hard to assess due to the nature of its origin. Still, the likelihood of the emergence of accidents due to the “force majeure” is relatively low, in particular of those associated with the peacetime. On the other hand, the transport of goods down the Sava waterway may cause pollution, i.e. changed water quality, if the discharged pollutant is in a functional relation with transport activities. Since the Sava waterway is intended for the transport of various goods intended for farming, cattle breeding, forestry, construction, industry, power supply, etc., and since the goods will be transported as mass cheap bulk cargo that is easily transhipped, and in containers, there is a risk that some of the transported goods will reach the Sava water system. Under normal transport, it is possible that some goods, bulk goods in particular, are scattered into the Sava. An additional risk is the consequence of maintenance of the operating parts of vessels and potential inadequate washing and cleaning of vessels once the cargo has been unloaded. Another possibility is an incident in the form of vessels potentially crashing or capsizing.

When it comes to the first case, even though the quantities are small, there is a potential negative impact on the aquatic ecosystem. In the second case, large quantities of harmful substances spill over in a relatively short period, which has an effect of an impact load on the aquatic ecosystem.

In case of a constant input of small quantities of waste matter, the living organisms react by adapting to the new habitat conditions. This results in changes in the number and density of populations in particular living communities provided, of course, that the waste matter by its composition and quantity doesn’t lethally affect all the organisms of the existing ecosystems. 

IMPACT AFTER TERMINATION OF USE 

The structures included in the regulation of the Sava waterway are built as long-term structures which should in principle be permanently used for the intended purpose and their removal is not foreseen. If they would be removed for some reason, the water regime would return to the condition before construction. In that sense, there should be no potential impacts after termination of use, i.e. they are not included in the impact assessment.

ANALYSIS OF COSTS AND BENEFITS OF IMPLEMENTING THE PROJECT

The main purpose of this analysis was to propose a strategy and programmes for the development of the Sava waterway and to establish an appropriate economic and organisational framework to restore traffic and navigation (cargo and passengers) on the Sava, with the following objectives:

-
Improve public and private investments into transport on the Sava, in accordance with 
an appropriate economic-financial analysis;

-
Propose wider coordination of activities associated with inland navigation and identify 
priorities of public interest; 

-
Achieve an integrated approach associated with water management, production of 
energy, flood control and environmental protection aspects in the Sava river basin.

Total investment costs for improving the Sava waterway to class IV which were used in the main cost-benefit analysis (CBA) amount to HRK 591.1 million, while the associated exploitation costs and maintenance costs amount to HRK 31.3 million on an annual level.

Timing of the implementation is also important for the costs and benefits. Planning takes into account the difference between the degrees of priority that shall be given to improving the river’s sections. The waterway is divided into two main units: Slavonski Brod-Sisak (DVI-DXIV) and Račinovci-Slavonski Brod (DI-DV). The sections which will be improved first are those with the largest transport volume, in order to make a profit as soon as possible thanks to the results that such improvement will bring to transport. Based on the analysis of the condition of all 14 sections of the waterway from Račinovci to Sisak, section DIV has been identified as the most critical section for the functioning of the waterway. Since a regulation rule says that the development of structures shall start from the downstream part of the section and then move upstream, because every downstream work has an upstream effect, before regulating DIV section, section DIII needs to be regulated. Once sections DIII and DIV are regulated, improvement of the sections within the Slavonski Brod-Sisak unit will follow, starting with sections DXII and DXIII, followed by DVI, DVIII, DXI and DXIV. 

During environmental impact assessment, a cost estimate was made and specific costs were analysed. According to the EIA, the initial costs will amount to HRK 6,168,500.00. The expert team’s initial estimate of the annual costs for monitoring activities amounts to HRK 182,500.00 per year.

Based on the calculation of costs and benefits presented in the main report, it becomes clear that improving the Sava waterway to class IV on the section between Sisak and Račinovci is economically feasible. It has to be mentioned that the results of the CBA did not include potential benefits from the transport of sand and gravel, which in other parts of Europe accounts for 20-30% of the overall volume of barge transport.
The results of the CBA for improving the Sava waterway to class IV on the section between Sisak and Račinovci are very positive and show some negative results only in very extreme and unlikely cases. On the basis of the CBA results analysed in the main report, the following recommendations can be given:

-
Improvement of the Sava River on the section between Sisak and Račinovci shall be 
implemented as soon as possible;
-
There is sufficient time available for going through with the project. Hence, the 
process can start as soon as possible, and close attention can be given 
not only to 
project financing, but also to a detailed concept and aspects concerning the 
environment:

-
Despite the flexibility of the implementation schedule presented in the assessment of 
an economic impact of potential implementation delays, which has shown that even a 
delay of several years would still yield positive CBA results, it is recommended 
that 
discussions with donor organisations start as soon as possible in order to ensure 
project financing with the shortest possible delays.

Finally, it is important to stress that the above assessment of economic feasibility is limited to the Sava improvement on the section between Sisak and Račinovci. 

DESCRIPTION OF POTENTIAL SIGNIFICANT TRANSBOUNDARY IMPACTS

Managing the water resources in such a way that they are improved, preserved and protected stems from the international obligations assumed by the Republic of Croatia. These obligations were created by ratifying the conventions and protocols on water use and protection as well as bilateral agreements on water management cooperation. Under the Convention on the Protection and Use of Transboundary Watercourses and International Lakes, the Republic of Croatia and the neighbouring countries have agreed to take all the measures necessary to monitor, prevent and reduce transboundary consequences.

The Convention on Cooperation for the Protection and Sustainable Use of the Danube River refers to the hydrological river basin of the Danube, which on the territory of the Republic of Croatia includes the Sava River Basin, the Drava River Basin and part of the Danube basin. This Convention also defines the scope to which the planned activities and ongoing measures are subject as far as they cause or are likely to cause transboundary impacts.

As a support to the Convention on Cooperation for the Protection and Sustainable Use of the Danube River, the Environmental Programme for the Danube River Basin has been prepared and adopted at a Ministerial Conference of the Danube countries. In addition, the Sava Commission with a seat in Zagreb, Croatia has also been formed.

Consequently, there are statutory provisions as well as international obligations concerning the implementation of the planned project which doesn’t pollute the air, soil and water and has no negative global environmental impacts.

In accordance with NATURA 2000, which includes areas important for the conservation of endangered species and habitat types, the above Program is the basis for nature protection in the EU, and it stems from the Directive on the conservation of wild birds and the Directive on the conservation of natural habitats and of wild fauna and flora. The Republic of Croatia has adopted a Regulation on the designation of the national ecological network defining the areas important for wild taxa and habitat types and internationally important areas for birds with ecological corridors. The route of the planned Sava waterway partially passes through the natural areas included in the National Ecological Network.

The Republic of Croatia is also a signatory to the European Landscape Convention adopted in Strasbourg. The member states of the Council of Europe signatories of the Convention have, acknowledging that the quality and diversity of European landscapes constitute a common resource, agreed that it is important to cooperate towards its protection, management and planning. The Convention concerns landscapes that might be considered outstanding as well as everyday or degraded landscapes, and it aims to promote landscape protection, management and planning, and to organise European cooperation on landscape issues. 

The Republic of Croatia is included in the activities of landscape and environmental protection by implementing and taking part in international programmes and documents which have to be respected on the regional (county) level. The most significant of these are:

-
The Convention on Biological Diversity – conservation and improvement of the 
existing biological diversity in the country and sustainable use of its components;

-
The National Strategy and Action Plan for the Protection of Biological and Landscape 
Diversity with an “Overview of the State and Protection of Biological and Landscape 
Diversity”;

-
“Action to Preserve Protected Areas in Europe” approves the plans protecting
individual plant and animal species and their sites, but also requires that the habitats 
and ecosystems which know no administrative boundaries be protected; actions shall 
be implemented at an interstate or international level.

Concerning the statutory conditions for Croatia to join the network of the European inland waterways, it has to be pointed out that Croatia is a contracting party to the European Agreement on Main Inland Waterways of International Importance (AGN) adopted in Helsinki. The Agreement has been ratified by the Croatian Parliament. Under the Agreement, the main inland waterways are those which follow a mainly north-south direction providing access to sea ports and connecting the countries of the European North Sea basin via the Danube basin with the countries of the Mediterranean Sea basin. 

In order to regulate the assumed obligations, Croatia has adopted the Inland Navigation Act and the Inland Ports Act. For international navigation on the Sava, Bosnia and Herzegovina and Serbia need to accede to the AGN. Croatia and Bosnia and Herzegovina have signed a “Protocol Establishing Inland Navigation on the Sava and its Tributaries between Croatia and Bosnia and Herzegovina”, which permits free navigation to vessels sailing under the flags of both countries on the section of the Sava between Račinovci to Sisak, on a section of the Kupa River, on a section of the Una River and on a section of the Bosna River.

Since the section covered by the project, i.e. the Sava from Račinovci to the Una-Sava confluence, lies in the borderline area between Croatia and Bosnia and Herzegovina, under Annex I of the “Convention on Environmental Impact Assessment in a Transboundary Context” adopted in Espoo, Finland in 1991 (Croatia and Bosnia and Herzegovina are its signatories), the neighbouring countries shall be informed about the planned project. 

During preparatory activities and during construction and use of the Sava waterway, the planned project will not generate any significant elements of a transboundary environmental impact which would not comply with the national standards or would be contrary to the international obligations assumed by Croatia and Bosnia and Herzegovina.
J.4.
ENVIRONMENTAL PROTECTION MEASURE
ENVIRONMENTAL PROTECTION MEASURES DURING CONSTRUCTION OF THE INTERVENTION
Unfavourable environmental impacts of a planned intervention in accordance with legal, administrative, technical and technological conditions must be reduced to the lowest possible measure. Prior to construction, the Agency for Inland Waterways should, via mass media, inform the interested population about the construction of the planned project and expected impacts which could be resulting from the planned construction. 

Since the Sava waterway belongs to the group of traffic routes with extremely long, narrow, long belt and it will be constructed in phases, it is necessary to ensure normal performance of all present functions in the space during construction. The material for construction of access roads as well as materials for construction of facilities related to the regulation of the Sava waterway should be secured in the closest possible locations and habitats.  

It depends on the constructor whether he wants to supply his fuel and lubricants at nearby pumping stations or he intends to supply fuel to his machinery and vehicles by pouring it from cistrens or barrels. In the latter case, prior to commencement of works, he must build storages and obey regulations related to facilities intended for storage of fuel and lubricants. 

Prior to the beginning of works, it is necessary to identify the source and manner of transport of materials that will be built into faciliteis of the planned Sava waterway. Also, prior to the the start of works on the planned intervention, property relations must be resolved in relation to the land on which the planned project will be built. 
To reduce the impact on the natural environment to the lowest possiblr measure, the time and manner of construction must be planned and adapted to movements in the nature so that repoductive periods of most animal species can be avoided. The problem is that most vertebrate species of analyzed gruops gather and concentrate in certain habitats in spring for reproductions, when their populations are also the most sensitive. If in these habitats construction is avoided during spring months, a large number of reptiles, amphibians, birds and mammals will be under significantly less pressure and damage to the fauna will be significantly smaller. For this reason, beside the stated fact, this should be taken into account when developing the progress schedule of construction and during organization of construction it is necessary that the contractor cooperates with a biologist, i.e. specialist for individual anamal groups. 

Considering the shape of the construction and expected organization of construction which anticipates relocation of construction facilities along the Sava, this will not cause negative impact on the quality of groundwater and surface waters and soil. This can be achieved by appropriate organization of works, construction of a system for safe disposal of wastewater, selection of adequate machinery and its proper maintenance, and by building in adequate equipment and materials, which must be defined in the following design phases. 

Organization of construction must be as much as possible based on existing facilities and existing infrastructure. Construction facilities should be located so that they do not stand out and in such places which will return the quickest to their previous state. After their relocation, they should be located primarily in areas of settlements with good urban utilities infrastructure. 

Reconstruction of existing and construction of new access roads to the construction site should be carried out in such manner that their routes adapt to the terrain as much as possible in order to avoid standing out in the landscape, and disturbing the way the land has been used until now. Here it is necessary to take into account the possibility of keeping the newly built access roads to and from the construction even after the construction of the planned intervention.  During development and enactment of the organization plan for construction of the planned intervention, cooperation with biologists is necessary. All planned solutions must be harmonized with spatial planning documents of the local self-government.

MEASURES OF ENVIRONMENTAL PROTECTION DURING CONSTRUCTION AND USE 

OF THE INTERVENTION

The main measure upon which the implementation of environmental protection measures depend during performance of works is single supervision of environmental protection for the entire construction site. This is particularly important if the works are performed at the same time by several contractors, or if the works are performed at the same time on several locations. Supervision must include experts with different expertise, such as conservationists, ornithologists, ichthyologists, agronomists, foresters, etc. The developer of the planned project must ensure that the contractor performs construction with appropriate machinery and according to adopted progress schedule, that he adheres to adopted project documentation and comply with legal regulations. During performance of works, environmental state must be monitored according to the monitoring programme. 
Protection measures for bird species of river habitat

From the overview of the impacts per birds species of the river habitat, it can be emanated that a negative impact will not be decisive for any species; however, for white-tailed eagle, sand martin, little ringed plover, common sandpiper and little tern and common tern there will still be an impact which would somewhat reduce their populations. It is, therefore, necessary to take certain protection measures. Since the potential impact of the planned intervention on the birds species of the river habitat is twofold, protection measures must be focused on both aspects of the impact. The quoted measures are general, and the investor must elaborate them with ornithologists in the further design procedure. 

Protection measures for reduction of sandbar surfaces

As surfaces under sandbars are necessary for survival of little ringed plover, common sandpiper and so that little tern and common tern would last as much as possible, the following compensatory protection measure is proposed: 

Along the Sava flow, from Sisak to Račinovci, along the river itself revitalize old arms or adapt existing excavations of gravel, sand or earth. Arms or ponds should be as evenly distributed within the area as possible. Banks must be low and gradually rise from the shallows. All must be fully surrounded by deeper water of min. 2 m depth, at least 20 m wide. By a system of canals and sluice the ponds must be connected to the Sava so that water levels could be regulated. Additionally, sandbars must be maintained so that their surface is either bare or slightly overgrown. The substrate is not important, but the most favourable are gravel, then sand and earth.  

Protection measures for reduction of surfaces under steep, slid river banks 

Since adequate steep river banks on the Sava are few and of small surfaces, the protection measure of avoiding further fortifying of river banks should be definitely implemented.  Revetments should be constructed only in cases when landslide of banks directly endangers houses, commercial buildings, bridges, roads, always, dikes, etc. Considering that in necessary cases fortification of banks will still occur, it is necessary to implement the compensatory protection measure of construction of artificial landslide: at min. Ten places along the Sava artificial landslides should be constructed in the length of min. 50 m. The landslide must be at least 2 m higher than the usual high waters in the period from April to August. Landslide slope must be maintained bare (each 2-3 years must be again slid down). Ideal  substrate is earth or earth mixed with some sand. These landsliedes can be combined with above mentioned ponds, so that a part of the pond is constructed as a landslide. Another possibility is, on fortified river banks (if they are not necessary) to remove entire or a part of revetment and the bank is slightly slid down. The third possibility is to bring material to the river bank and artificially construct a landslide above water.

Protection measures for ichthyofauna and makrozoobenthos
Some basic guidelines for possible measures for preservation of the fish stocks:

-
Modernization of fish stocking, with survival monitoring of individual species,

-
Preserve water and wetland habitats in as natural state as possible, and if necessary, carry out restoration,

-
Ensure favourable water quality in water and wetland habitats which is necessary for survival of habitats and their significant biological species,

-
Preserve favourable physico-chemical characteristic of water or improve them, if they are unfavourable for survival of habitats and their significant biological species,

-
Preserve habitat biodiversity (unfortified banks, sandbars, etc.) and favourable dynamics of waters (meandering, transfer and settling of sediment, etc.),

-
Preserve connection of the water flow,

-
Preserve biological species significant for the habitat type. 

Measures of habitat rehabilitation which improve the ecological state of the lower flow of the Sava should be carried out within the river bed itself, and in the greater flood zone. Prior to implementation of restoration measures, it is necessary to carry out scientific research in order to determine the zero state and define restoration measures and procedures according to the guidelines for long-term protection of water resources.  

Based on the presented issues, it can be stated with great certainty that the planned interventions of deepening of the conduit of the Sava river for the purpose of waterway regulation will have no negative consequences on the makrozoobenthos community. Additionally, no special measures are necessary during intervention and in the period of waterway use.
Measures for reduction of impact on air quality

-
Regular maintenance of machinery and vehicles used on the construction site,
-
Transport loose building material in technically correct, appropriate vehicles and wet it 
or cover it, especially during windy days,

-
Pour water over unasphalted manipulative surfaces and transport roads near 
residential facilities during dry days (in case of stronger dust),

-
When performing certain earthworks, limit vehicles’ speed of movement on 
construction site surfaces to 30 km/h.

Of all planned ways of using the Sava waterway, only navigation can influence atmospheric pollution. Discharging into atmosphere harmful gaseous matters is possible from ships using fossil fuel. A protection measure, for air quality, is supervision whether driving engines are in proper condition, i.e. their exhaust fumes. With possession of ecological certificates about exhaust fumes for vessels, it is necessary to plan stations equipped with a device for control of exhaust fumes. Depending on the permitted concentration of harmful gaseous substances, navigation can be forbidden for ships with excessive discharges of harmful gaseous substances.
Protection measures for soil and agricultural land
-
As anticipated in the design documents, within the regulation of the Sava waterway, about 1.73 mil. m3 of gravel material will be excavated from the conduit of the river bed. It should be noted that this material can under no circumstances be left or temporarily disposed on the Sava bank. The contractor must relocate it within the river bed of the Sava in places of increased depressions; 

-
During performance of works, use the existing road network. Prior to this, it is necessary to examine the state of existing network of roads and field paths, and, 
if necessary, rehabilitate or reconstruct them with regards to the future movements of heavy machinery on the existing roads that were not built for this purpose;

-
After completion of construction works, road network or field paths must be 
rehabilitated;

-
All excess building material which will not be used in construction activities must be 
disposed at for this planned locations, while construction waste must be 
systematically transported from the site;

-
It is necessary to perform frequent, controlled waste disposal in appropriate manner, 
i.e. ban any temporary or permanent disposal of the waste material on the 
surrounding soil. 

Protection measures for landscape characteristics
-
Detailed design should be developed in cooperation with a landscape architect,

-
Minimalize river bed regulation, 

-
In advance define access roads in order to protect the space through maximal use of 
already existing roads,

-
In case of a need for planning new access roads, they must be planned in a manner
to avoid clearing forest, hedges or valuable spaces, i.e. it is necessary to plan 
these along the edges of forest vegetation in the flood zone,

-
Access roads must not endanger valuable or endangered habitats nor specific 
elements of surface cover (solitary trees, lines of trees, etc.),

-
When performing works, use existing road network. Prior to this, it is necessary to 
examine the state of existing network of roads and field paths, and, if necessary, 
restore or reconstruct them, 

-
Limit movements of heavy machinery during regulation of the Sava waterway, in 
order to minimize the surface devastated by works,

-
All hydrotechnical facilities should be constructed in harmony with surrounding 
landscape, 

-
Building material must under no circumstances be thrown or disposed in the 
surrounding landscape.  

Protection measures for flora and fauna

In the entire project area there are no rare or endangered plant species or habitats. In the area of the intervention in which anthropogenic, semi-natural and natural habitats with appropriate plant and animal communities are exchanged, the main measure of protection of  plan and animal life is prevention of unnecessary degradation of habitats by limiting works to only the narrow area where the construction will take place, then minimal disturbance of the existing watercourse bed and prevention of unnecessary occupation of meadows and pulling down of trees and bushes. 
Construction works should be avoided at the times of specific life cycles of individual animal. The problem is that most vertebrate species of analyzed groups gather and concentrate in in spring for reproduction, when their populations are also the most sensitive. If construction is avoided during spring months, a large number of reptiles, amphibians, birds and mammals will be under significantly less pressure and damage to the fauna will be significantly smaller. 

In case of appearance of a large number of animals from any group, ask for expert advice. 

For survival of butterfly populations in the area of the interventions, it is necessary to save, in this or nearby area, smaller willow groves, as well as area under grass or bushes. To reduce dust, it is recommended pouring water over macadam roads.
For survival of communities of amphibians or water reptiles, it is necessary to keep the level of physico-chemical characteristics on the ecologically acceptable level. It is impermissible to discharge any fluid or solid waste in the water or near aquatic habitats, or complete stopping of the water flow in the area of impact. Pollution must be maximally avoided as well as silting of the Sava watercourse and other water surfaces.

Since there will be no devastation of forests and forest habitats, most forest fauna will not be exposed to changes. If possible, noise level should be reduced, as well as other disturbances (light, etc.) of animals to the lowest possible measure. Maintenance of operating machinery and fuel filling should be performed at a previously determined area outside of the construction site.  

Beside measures for protection of habitats, plant and animal life, to protect flora and fauna of the terrestrial ecosystems, during the use of the project, regular maintenance and care for the flora and vegetation in the regulation area should be planned. For visual improvement of the landscape, all surfaces in the hinterland of the planned project should be left to the natural succession of communities. 

During maintenance of dikes and the surrounding area, excessive mowing and cutting of vegetation should be avoided as much as possible to preserve a mosaic of valuable microhabitats and avoid creation of a uniform large environment which is used by a very small number of species of fauna invertebrates and fauna vertebrates. Where possible, allow development of natural vegetation and natural formation of habitats.

By permanent monitoring of indicator species it is necessary to enable potential additional corrections. In case of observing a reduction in population of a species or group of animals, corrections should be made in terms of restoration of the changed, damaged and destroyed habitats and revival of population. 

Protection measures for forestry, hunting grounds and wild game

Since the concrete case is the one of interventions on waterway regulation which will be performed exclusively in and limited to the river bed of the Sava, impact on the forest as a whole is not expected, either directly or indirectly, as has been earlier elaborated. 

The impact in the entire area on habitats, for a and fauna will not be present in such measure that existing regulations should be harmonized for hunting grounds, which are partly in contact with the area in question. Disturbing of animal species, i.e. wild game, at the time of spatial intervention is unavoidable to a certain measure, but care should be taken to make the impacts as little as possible.  

From the viewpoint of management of forest and forest land, the planned intervention does not influence the forest ecosystem, therefore waterway regulation does not have impact on forests and forestry activities in the area. It is recommended that during the preparation of design documents, particularly before the start of works on waterway regulation, a contact and cooperation be established with competent forest directorates and forester offices, i.e. expert and responsible persons who implement guidelines on management of forest and forest land in the riparian zone, if ti is overgrown by forest. 

With respect to hunting management, during performance of construction works and spatial regulation, a strip of about 100 m (possibly due to anthropogenic impacts up to 500 m) will be, due to lack of peace, excluded from hunting and productive hunting areas. Generally, this intervention will have no significant impacts on the management of hunting grounds as a whole, regardless of its length of nearly 400 km. For protection and preservation of some species of wild game or protected animal species, it is recommended to establish contact with certied hunters prior to start of works so that the protection of game could be organized, particularly waterfowl, but also big game against potential poaching. 

Protection measures for the ecological network
By inspection into the Annexes to the Regulation on the proclamation of the ecological network, it was determined that the greater area of the Sava river from Račinovci to Sisak is within the limits of the National ecological network. In accordance with the Ordinance on the assessment of acceptability of plans, programmes and interventions for the ecological network, the Main assessment of acceptability of the intervention for the ecological network was developed (Volume 3).

Protection measures for waters
Sudden pollutions related to activities on the waterway can occur during construction and in the period of use. The National Water Protection Plan proscribes measures, which, if sudden pollution occurs, it is necessary to immediately report on the occurrence of sudden pollution and act in line with the Operative plan to prevent spreading i.e. remove the occurred pollution. A water rights inspector will determine the level of risk and pass a decision on taking necessary measures, and deliver it to the persons who are responsible for implementing those measures. 
Measures which will be taken in cases of sudden pollution are the following: 

· informing competent bodies and the public, and implementation of operative plans to prevent spreading and eliminate sudden pollution, 

· determine the cause, offender, type and scope of pollution, evaluate the risk level of ecological functions of water for human health and life, as well as the possibility of pollution spreading, 

· oversight of the occurred pollution and its spreading, informing the public and water users about water quality and, if necessary, forbid its use, 

· perform remedial works on occurred pollution according to operative plans, and eliminate the source of sudden pollution. 

The risk level is proclaimed by the water rights inspector according to criteria proscribed in the National Water Protection Plan, which anticipates three levels of risk. Operative plan for implementation of measures must be prepared by all physical and legal persons whose activity may cause sudden pollution of surface waters and groundwater, or pollution of the sea from inland sources. Accordingly, such plan must be prepared for the waterway as well. Beside mandatory participation of Hrvatske vode and water rights inspection, the focus of activities are port authorities.

The risk level from sudden pollution during construction can be reduced and brought within acceptable limits by strict application of construction rules, project of construction organization and permanent control by responsible persons such as construction site manager and also competent inspection services. Each individual intervention must have verified designs of construction site and construction technology. During construction, intensive monitoring of water quality in the Sava river is necessary, related to the type of works being performed, so that necessary protection measures could be quickly introduced, by limitation or change of activity on the construction site. 

It is necessary to organize works on the facilities of the waterway so that the most part is performed from the water side, particularly in sections where activities from the bank side could cause great environmental damages. This can render unnecessary the works on  construction of new roads and organization of the construction site on the river bank. Increased risks of pollution and contamination of the Sava river on the route of the waterway which would be a consequence of traffic on it must be maintained within acceptable limits, which is guaranteed by strict application of navigation rules, technical correctness of vessels,  signalization and marking of the waterway. 

Protection measures for cultural and historical values
Protection measures which should be applied are the following: 

-
Prior to beginning of works, carry out archaeological reconnaissance on locations of construction of new groynes and revetments,

-
During all works on excavation of material from the conduit of the Sava river bed and all works on the river banks, it is necessary to ensure expert archaeological supervision due to possible finding of archaeological finds,  
-
During development of programme of construction organization and implementation of works, special attention must be paid to implementation of appropriate protection measures to avoid endangering or damaging individual cultural or historical artefacts/sites, such as ambients/images of historical settlements, 
-
If in the course of works archaeological structures/artefacts are found, works must be stopped, and the competent conservation department informed about it. For all activities it is necessary to obtain approval of the competent conservation department.
Protection measures against noise pollution
During waterway use, louder noise can be produced by power engines of the vessel during navigation. However, if it is assessed that noise which the vessels are going to produce will not exceed the permitted noise level, still in populated settlements close to which the waterway passes noise levels must be monitored, and if necessary, protection measures for noise reduction to the permitted level must be implemented by setting barriers between the source of noise and measurement point i.e. residential buildings. Sound barriers can be in the form of walls, thin partitions, cuts or dikes. Generally, the effect of noise reduction is greater when the barrier is closer to the source of noise. 

ENVIRONMENTAL PROTECTION MESURES IN CASE OF AN ACCIDENT
Due to accidents during navigation of vessels, sinking and/or cargo spilling may occur, and depending on the discharged substance serious ecological accidents may occur. The basic protection measure for mitigation of consequences of potential ecological accidents are determined, in line with the Water Act, in the National Water Protection Plan and in county water protection plans.

Measures for prevention of possible consequences are based primarily on the Dangerous Goods Transport Act. In order to efficiently implement measures of prevention and mitigation of consequences of potential ecological accidents, the following is proposed:

-
Establishment of environmental protection department within the organization which will manage the use and maintenance of the Sava waterway; 

-
This department should be equipped with a basic laboratory for water and air analysis;

-
The task of this department would be control of ships (exhaust fumes) and cargo (type of goods, type of packaging, storage in ship’s storage spaces, protection devices, etc.);
-
Control over permanent monitoring of the quality of water, air, soil, plant and animal species according to adopted programme;

-
Monitoring of state of the environment of the waterway and informing competent police  directorate in case of occurrence of accidents which could cause pollution and/or contamination of water, air or soil;

-
Taking and organizing emergency prevention measures against spreading of pollution from the place of accident towards other parts of the water system;

-
For efficient activates of the Department, it is necessary to prepare Instructions for work and actions in case of all potential expected accidents. All workers in the Department must be familiar with Instructions for work and actions in case of accidents on the waterway;

-
Results of examinations and monitoring of parts of environment must be kept in the Department, and be available to inspectors and other authorized services;

Disturbances in the water ecosystem i.e. impact load may occur in case of interruption of operation of one wastewater treatment plant in the river basin. In order to mitigate the consequences of the impact load by waste matter, the following is proposed:

-
Build wastewater treatment plants near all port facilities. 

-
Wastewater treatment plants must be equipped with driving energy from at least two independent sources.

-
Permanent monitoring of quality and quantity of inflow and outflow water will enable efficiency of monitoring of the plant operation, i.e. possible disturbances and accidents during operation.

-
It is recommended to select the same treatment procedures and the same equipment on more similar plants in order to organize shared service workshops for quick repair and storage of spare parts for more plants.

-
All employees in the plant must permanently educate themselves for plant operation and maintenance. Special expertise is required from employees who will work with machinery. 
-
Employees must be fully familiar with protection measures at work, possible dangers and acting and behaviour in case of occurrence of unforeseen and unwanted events.

-
Maintenance of equipment and installations is vital for correct operation of the plant.  For regular maintenance of equipment, it is necessary to plan a suitable number of employees trained for this type of works. Equipment maintenance plan (weekly, monthly, annual) must be put in a visible place and each maintenance employee must be familiar with the work plan.

In order to ensure continuous work of individual facilities for which it is necessary to secure energy source, a mandatory measure is to secure a backup energy source until the malfunction or lack of power at the primary source is eliminated. For correct functioning of the system, it is necessary to establish a unified management system for all facilities. 
PROTECTION MEASURES DERIVING FROM INTERNATIONAL OBLIGATIONS OF THE REPUBLIC OF CROATIA 
Planned regulation of the Sava waterway and its facilities are planned for construction on the territories of the Republic of Croatia and Bosnia-Herzegovina. Based on assessment and all previous chapters of the study, the planned intervention will have a transboundary impact on the Sava area in Bosnia-Herzegovina identical to the impacts in the Republic of Croatia upstream from Račinovci all the way to the river mouth of the Una river, i.e. in the Sava section which is shared with Bosnia-Herzegovina.

Based on presented facts it can be stated that during construction and use of the planned intervention, with implementation of all stated protection measures, larger negative impacts on the section of the Sava from Račinovci to Sisak are not expected. It is, therefore, not necessary to proscribe special protection measures due to transboundary impact.
Additionally, the neighbouring Bosnia-Herzegovina is a signatory of the Espoo Convention which regulates assessments of transboundary impact of planned spatial interventions, and as such officially became the 44th country which signed the Convention. 
Accordingly, the International Commission for the Sava River Basin was informed about development of the Environmental Impact Assessment Study of the Sava waterway regulation and determination of the Sava regulation line from Račinovci to Sisak. The Study will be submitted to the Sava Commission after its adoption. 
ENVIRONMENTAL PROTECTION MEASURES AFTER TERMINATION OF USE OF THE INTERVENTION

The planned intervention is seen as a permanent structure and as such there is no need to proscribe environmental protection measures in this phase. 
J.5.
PROGRAMME OF MONITORING THE STATE OF ENVIRONMENT 
Environmental monitoring, if there are no relevant environmental data, should commence  before the construction of the planned intervention in order to create a data base for determination of the zero state, i.e. the state before construction prior the start of construction works. It is the only way to reliably determine the changes occurred during construction and those that occurred after the intervention becomes functional. Since this chapter includes a recommendation for an environmental monitoring programme only form the ecological viewpoint, the necessary activities related to the system of technical monitoring of the planned facility will be dealt with in the detailed design. With some monitoring of the environment should be continued after commissioning of the constructed phases of the waterway, i.e. within technical monitoring, and all this from the aspect of impact control and the need to take certain protection measures. The main condition for ensuring quality of environmental monitoring, the collection of necessary samples, measurements and analysis of adopted parameters should be entrusted to an institution or company which has authorization for performing certain investigations by using standard methods, sampling, analyses and presentation and evaluation of results for individual investigation areas. 
Environmental monitoring before construction relates to the past hydrological monitoring and monitoring of groundwater levels as well as monitoring of ecological status of the quality of surface waters and chemical status of groundwater in the subject area. Monitoring of surface waters at the characteristic stations of the Sava and its tributaries is carried out by the laboratory of Hrvatske vode, the monitoring of groundwater in the recharge area of the water abstraction site is carried out by County Institutes for Health Protection, whereas hydrological monitoring and monitoring of groundwater levels is conducted by the State Hydrological and Meteorological Service. It should be again noted that during performance of works on the construction of the planned intervention, the current hydrological regime will not change. 
Environmental monitoring after construction of the planned intervention relates the following:

-
hydrological monitoring,

-
water protection and pollutants,

-
ecological status of surface waters and chemical status of groundwater,

-
state of fish fauna,

-
state of the fauna of terrestrial vertebrates,

-
forests and forest land,

-
agriculture and agricultural land,

-
landscape.

The mentioned monitoring can be carried out only in phases, i.e. according to the adopted dynamics of work performance per individual sections of the Sava waterway. After stabilization of the system, the monitoring programme should be revised depending on obtained results. Monitoring related to water should be harmonized with the EU Water Framework Directive, and monitoring related to habitat with the Habitats Directive.
Fauna

There is no need for monitoring the state of fauna of mammals, reptiles, amphibians and butterflies in relation to the changes caused by the proposed project of the Sava waterway regulation.

Habitats
Since the habitat overview along the entire flow, from Sisak to Račinovci, has been made, after completion of the waterway regulation it is necessary to repeat the procedure and then decide on the monitoring frequency.  

Waters
During construction intensive water quality monitoring is necessary for the Sava river in relation to works being performed in order to quickly introduce necessary protection measures by limitation of change of activities on the construction site. For water quality monitoring of the Sava river and its tributaries, the existing monitoring programme for state watercourses and the monitoring for local watercourses is used. It is not necessary to establish special monitoring stations. Permanent control of discharges and water levels should control whether assumed increases and decreases of water levels according to the terms of reference are correct. In case that the regimes anticipated in the project are not correct, it is necessary to undertake additional technical measures and interventions. Protection of water from pollution is the legal obligation which is not related to the construction of the planned project. Therefore the planned construction only initiates the solution of this problem, not only in the Sava basin which is located on the territory of the Republic of Croatia, but also in the part of the Sava basin located on the territory of Bosnia-Herzegovina, for which international cooperation is necessary. 
Ichthyofauna

Regardless of numerous domestic and global experiences and numerous data from the literature, it is impossible to fully anticipate the impact of deepening of the conduit or the river bed on the existing ichthyofauna. The Sava river has a great influence on the entire continental part of the country and draws constant, increased interest of the public. Due to potential measures for improvement of ichthyocenosis, it is necessary to carryout biological monitoring of the impact of planned construciton on the biocenosis of the Sava river.  Fish communities of the lower flow of the Sava are poorly researched. For this reason, and also to establish as reliable database on the fish community as possible, it is proposed to carry out appropriate investigations. Detailed data on the distribution, habitat, feeding, population size and reproduction are available for a small number of species. These data are based on mature examples, while information on larvae is almost non-existent. 

The main condition is to entrust collection of necessary samples, measurements and analysis of adopted ichthyological parameters to an institution or company which has authorization for performing biological analysis of water on the land.  

Ornithofauna

Monitoring of selected bird species will enable, by monitoring their numbers, to determine the actual impact of the project on birds and the efficiency of protection measures. As a basis for monitoring, it is necessary to monitor the numbers of the target species prior to start of works twice a year (at least annually), by using the same method in the same area in which monitoring will be subsequently implemented. The target species for monitoring are birds: common sandpiper, little ringed plover, sand martin, white wagtail, kingfisher, little tern and common tern. Plan of monitoring and monitoring proposal should be determined in cooperation with experienced ornithologists and under supervision by the State Institute for Nature Protection, and it should start two years prior to the beginning of works.
Soil and agricultural land
Monitoring dynamics of groundwater levels in the Sava hinterland by piezometers at different distances from the Sava river, and at different distances from the Sava flow. Occasionally flood water quality should be analysed due to potential danger of soil pollution. 
Landscape characteristics
Twice a year visit areas in which biological rehabilitation was carried out and, if necessary,  replace plant material. Occasionally inspect hydrotechnical facilities and in case of a need for their reconstruction, perform it in harmony with the surrounding landscape. During use of the project, it is necessary to monitor landscape state and changes, and fulfilment of obligations to landscape improvement planned in the landscape improvement project.
Forest ecosystems
Establishment of monitoring of forest ecosystems, having in mind the complexity of the issue, temporal variability of observed phenomena (water regime, growth and photosynthetic activity of forest trees), importance of forests in the observed area, it is recommended to continue with the established monitoring of forest ecosystems, not only before and during construction and use of the Sava waterway, but to regularly revise it according to obtained results and new scientific knowledge.

Actions in case of emergencies
in case of any unusual occurrences in the impact area, such as the appearance of foam or dead fish on the surface of the Sava and its tributaries, the project user should inform the  Eco Headquarters of the competent county (Vukovar-Srijem, Brod-Posavina and Sisak-Moslavina) in accordance with the Plan for interventions in relation to sudden water pollution in the competent county.
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