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E.    STUDY BRIEF FOR PUBLIC INSPECTION                        
The planned intervention, a construction of a retarding basin for flood protection of the Town Ogulin is a project for which the Regulation on environmental impact assessment (OG 59/00 and 136/04) prescribes a mandatory assessment of its impact on the environment; it is, therefore, necessary to supplement the future application for obtaining a location permit with a decision pursuant to Article 30 of the Environmental Protection Act (OG 82/94 and 128/99). 

The development of the Environmental Impact Assessment Study was preceded by conceptual solutions: Protection of the Town Ogulin from flood protection – Volume 1 (Hydrological analyses), VPB Zagreb, April 2001 and Protection of the Town Ogulin from flood protection – Volume 2 (Hydrotechnical solution for protection of the Town Ogulin by construction of a retarding basin) VPB Zagreb, November 2001, and the Technical document for development of the Environmental Impact Assessment Study for the retarding basin Ogulin - Hydraulic calculations, VPB Zagreb, September 2005.

After obtaining the decision pursuant to Article 30 of the Environmental Protection Act, it was necessary to harmonize the conceptual solution with it. Only thus prepared technical documentation serves the body responsible for issuing location permits to make requests, pursuant to the provision in Article 38, paragraph 1 of the Spatial Planning Act, to the competent state administration bodies, i.e. legal entities with public authority for their approvals, conditions, certificates, opinions and other acts, when so determined by special regulations, all with the aim of determining the elements of spatial interventions pursuant to Article 36, paragraph 1 of the Spatial Planning Act. 

Pursuant to Article 3, item 4, point 2 of the Regulation on determining buildings of importance to the Republic of Croatia(OG 6/00) for such spatial interventions, in the procedure of obtaining a location permit, it is necessary to obtain the consent of the Ministry of Environmental Protection and Spatial Planning, following the completed procedure in  accordance with the Spatial Planning Act and special regulations. 

Apart from legal acts and acts adopted by the competent Office of the Karlovac County, technical papers from the areas of water management, environmental protection, climatology, geology, paedology, bioecology, forest management etc. were used in the development of this study. 

The objective of the study was to offer, after analyses of natural components and existing and future loads in the environment of the future retarding basin Ogulin, appropriate guidelines for rational and harmonized integration of the facility, visually as well, into this part of the environment, with minimal encroachment on biological and landscape diversity which reflects the interrelations between nature and human activity. 

The developer of the retarding basin project on the watercourse Ogulinska Dobra is Hrvatske vode from Zagreb, which ordered the development of this study from the company Vodoprivredno-projektni biro d.d. from Zagreb as a legal entity authorized for carrying out actions of technical preparation and development of EIA studies. 

1.
Description of the intervention and its location

Extremely heavy precipitation at the end of July 1999, when in the river basin of the Ogulinska Dobra river about 120 mm precipitation fell in a short time period, resulting in large floods and damages in most of the basin, particularly in the Town Ogulin. The flood wave with until then unrecorded maximum discharge, the existing river bed of the Dobra river and the sinkhole system could not be adequately evacuated. The flood area was estimated at about 4 km2, with the maximum flooded elevation of 322.50 m a.s.l., so that the first water column in the most endangered parts of the town reached up to 4.0 m. An additional unfavourable circumstance was that the water abstraction site for the HPP Gojak at Bukovnik was out of operation due to its regular overhaul. It should be emphasized that the 1999 water wave, in terms of calculation, corresponds with the water wave of the calculated peak discharge for the 200-year return period. 

The disastrous 1999 flood caused activities and topicalized the development of design documentation aimed at determining to which degree the existing system ensures necessary flood protection of the Town Ogulin, and proposing technical solutions to achieve this. 

The characteristics of the Dobra water regime are markedly torrential, with sudden and large discharge fluctuations. This is the main cause of flood threat to settlements in the Dobra river valley, including the Town Ogulin. The Town Ogulin should be protected from the floods of 100-year return period, i.e. it should have a 99% degree of safety, which the present natural (cave system Đula – Medvedica) and artificial (reservoir Bukovnik of the HPP Gojak) drainage systems do not provide, so that the town is endangered by floods every two to five years. The town is located in the central section of the Dobra flow, at the place where the Dobra sinks and forms a natural phenomenon of the cave system Đulin ponor–Medvedica.

The Dobra river is a part of the Kupa river basin, forming 12 % of its surface. Its flow has three characteristic parts - the first one, known as the Ogulinska Dobra, 51.2 km long, flowing from the river source on the north-eastern slopes of Mlada Gora near the settlement Ravna Gora to Đulin ponor in Ogulin where it sinks underground; the second part, i.e. the underground flow to Gojak in the length of 4.6 km; and the third part, known as the Gojačka Dobra, 52.1 km long, to the confluence with the Kupa river. Accordingly, the total length of the Dobra equals 107.9 km.

Gorski Kotar is a highly mountainous Croatian region. Its main relief characteristic is created by numerous mountain massifs with heights reaching 1500 m a.s.l. With the exception of narrow valleys of the Kupa and Dobra upper flows, the entire Gorski Kotar is located at over 600 m a.s.l. Forests are the prevailing vegetation in Gorski kotar. Apart from smaller karst fields partly used as agricultural land, the remaining area is covered by beech and coniferous forests, interspersed with mountain tops.
The Ogulinska Dobra, length 51.2 km, is a markedly karst watercourse with numerous sinkhole zones spread between the profiles Luke and Turkovići, which is proven by the balance of these two profiles together with the right tributary Vitunjčica, whose profile  Brestovac has significantly higher discharges than would be possible based only on its surface basin. 

Conducted analyses of topographical characteristics of the investigated area based on available cartographic documentation and reconnaissance of the terrain prove that the area of the Ogulinska Dobra valley upstream of the settlement Turkovići and downstream of the confluence of the Vitunjčica and the Dobra are the most favourable location for construction of a retarding basin. The most favourable technical conditions on the terrain are provided by a location in the profile Ogulinska Dobra at km 7+350, where a natural ridge on the left river bank at the elevation 350 m a.s.l. would be maximally used. On the right river bank, the dam of the retarding basin would be connected to the high ridge at the existing road Turkovići – Vitunj, elevation 341.50 m a.s.l., north of the settlement Turkovići. The length of the dam would equal about 500 m. The profile of the future retarding dam is about 2.5 km direct, “as the crow flies” distance away from the westernmost parts of the Town Ogulin.

During the selection of the dam location, other locations for the dam profile were analyzed as well. Downstream of the river bed, damming would be more favourable in view of volume characteristics of the future retarding area; however, it requires protection of the urban area of the settlement Turkovići. The upstream damming of the Ogulinska Dobra river bed would reduce the volume characteristics of the retarding area and significantly increase the length of the dam (700 m).

For implementation of the planned facility, i.e. for development of the future retarding area, there are several infrastructure constraints:

· inter-regional rail line Zagreb-Rijeka, km 538+000 to km 542+000,

· trout pond on the left bank of the Vitunjčica river,

· residential development in Mirić selo and Okruglica,

· Kostelić mlin (mill),

· access roads to Brestovac and Mirić selo,

· other infrastructure facilities.

The spatial plan for the Town Ogulin is the basic, mandatory spatial planning document which determines conditions for urban planning in the area, determines its purposeful use, aim, shaping, restoration and rehabilitation of building and other land, environmental protection and protection of architectural heritage and valuable parts of nature in particular. 

The spatial plan for the Town Ogulin is based on the Spatial Planning Strategy of the Republic of Croatia, passed by the House of Representatives of the Parliament of the Republic of Croatia in June 1997, and on the Spatial Planning Programme of the Republic of Croatia (OG 50/99).

The central settlement, the Town Ogulin, belongs into the group of medium- and smaller-sized towns (7,000 – 30,000 permanent inhabitants, or PE) according to the Spatial Planning Strategy of the Republic of Croatia. This group of towns has to prove themselves as the main centers and drivers of further urbanization in the future development periods. In some places, their initial attractiveness is significantly reduced by meager offering of life opportunities and undeveloped institutions. On the other hand, priorities derived from the strategy of reurbanization, and a determination of a series of special conveniences as well as consequences of specific local living conditions may be a source of special attraction. 

The Town Ogulin is located in the Karlovac County, and, in spatial terms, it is the largest local self-government unit, covering the area of 534.34 km2, i.e. 14.75 % of the total Karlovac County surface. Its 24 separate settlements, according to the first results of the census of 31.03.2001, had the population of 15,082 (13,982 permanent residents of the settlements included in the census), which represented 10.76 % (10.78 %) of the Karlovac County population. In 2001, the average population density of the Town Ogulin was quite low, only 28.23 per km2, which was significantly less than the average of either the Karlovac County (38.69 inhabitants/ km2) or the Republic of Croatia (77.49 inhabitants /km2).

The Town Ogulin has an important traffic and geographical position as a transitional area between the Mountainous Croatia and Central Croatia, i.e. at the transition between the Croatian Danube region via the smallest, narrowest Dinaric hilly-mountainous connecting area towards the Adriatic region. Through this connecting, narrow “Croatian traffic corridor” a transversal interconnection is established between these large regions to form a complete, integrated Croatian national territory in its totality. One leg of the “Adriatic” natural traffic direction, so called "Kapela” route leading to Zagreb and Karlovac passes through a part of the Town Ogulin area towards the Adriatic ports and centers in the northern and southern  Croatian Littoral, whereas its branch roads proceed to the Republic of Slovenia (Bela krajina) and to Bosnia-Hercegovina (Bosanska krajina), attaining international character although not located within the Croatian border area. 

Following the north-south direction, through the marginal part of the Town Ogulin (on the actual route of the old Josefinska road built at the end of XVIII ct.), one of the main state roads, D-23 goes from Karlovac - Duga Resa - Generalski stol - Josipdol - mountain pass Kapela at 887 m a.s.l.- Jezerane - Žuta Lokva and further on over the mountain pass Vratnik at 694 m a.s.l. towards the sea (Senj), or towards Lika, D-50 Otočac - Gospić - Gračac. Partially following this direction, the main Croatian development “backbone”, motorway Bosiljevo passes through the tunnel Kapela - Žuta lokva - Otočac - Gospić - Sveti Rok and on through the Velebit tunnel towards Dalmatia, and its part crosses the Town Ogulin area as well. 

Other connecting roads on the territory of the Town Ogulin are of state, regional/county and local/other (forest roads and other) importance. They connect the Town Ogulin with other settlements in the area, individual settlements amongst themselves, or individual parts of this Town with its direct surroundings. Among those, the most important are the state roads D-42, which leads from Ogulin towards Gomirje and Vrbovsko, and towards Oštarije-Josipdol-Plaško-Saborsko and the Plitvice lakes, and the road D-32, which leads from Jasenak via Matić poljana to Mrkopalj and Lokve, and on to Drežnica and Jezerane. 

Since 1873/74, Ogulin is connected by railway with Karlovac and Zagreb in the north, and through Gorski Kotar with Rijeka on the coast, and since 1925 via Oštarije and Lika with Dalmatian ports (Split, Šibenik, and later also Zadar).

The Town Ogulin area, which is located in the marginal parts of the Gorski Kotar region, has transitional characteristics, both towards Pokuplje and Kordun, and also towards Lika and other parts of Gorski Kotar. Rocks, valleys and ridges stretch in the Dinaric direction. It is the typical karst relief with layered limestone and dolomite rocks, karst hydrographic circulation, less on the surface and more underground, with relatively small flows and numerous springs and sinkholes. The Dobra river, with its two separate surface flows, must be noted for its length and importance. The climate is continental, characterized by large precipitation quantities, including snow, larger oscillations of annual temperatures, lower temperatures, cooler summer, and short vegetation period. In the vegetation structure, from the lower to the higher areas, there are widespread durmast oak forests with Scots pine, montane beech forests, beech-fir forests, and, on the tops, subalpine beech forests. There is a larger number of forest management units and hunting grounds. There are several exploitation fields for building stone. According to the MCS scale, it belongs to the Intensity VII earthquake zone.

Each economic exploitation of this area demands obligatory care about protection of natural values, nature and environment. This also relates to all natural and man-made landscapes for the purpose of saving forests from unplanned felling and deterioration, agricultural surfaces from floods, landslides and other non-agricultural uses, settlements and building areas from irrational and uneconomical construction, whereas with exploitation of stone and gravel as well as any other exploitation one must be careful to avoid landscape devastation. 

A special attention must be paid to the protection of stagnant, non-stagnant and ground waters from pollution, since this water can be used as drinking water and also as technological water by population, animals, agricultural crops and industries as well as for power generation, in this but also in a much larger area. It also serves for recreation and tourist purposes. 

Besides the protected parts of natural heritage, this Spatial plan determines other recorded nature parts proposed for protection according to the Nature Protection Act (which are marked in the cartographic overview Conditions of spatial use, planning and protection), and for which appropriate protection documents should be adopted, such as the following:
• special reserve
• natural monument
- Đula-Medvedica cave system (Đula's sinkhole and Medvedica cave) – natural monument (geomorphological)
- Vitunjčica river - natural monument (hydrological - spring)
· geomorphological natural monuments

- Đula-Medvedica cave system

The Đula's sinkhole is both a hydrological and a geomorphological monument within the significant landscape of the Dobra river. In its close vicinity, there is the Medvedica cave (under the Town Ogulin itself), speleologically a very interesting object. As a part of the cave, there is a large underground hall (length 100 m, width 28 m, height 28 m).

• significant landscape

- a part of the Dobra bank area, from the entrance into the Town Ogulin (Oklinak) to  Bukovnik, including the Vitunjčica tributary, and downstream of the HPP Gojak including the Bistrica and Ribnjak tributaries,

The Dobra canyon

The registered significant landscape represents an extremely interesting geomorphological / hydrographic complex of the Dobra river containing canyons, sinkholes and numerous underground cave canals. The Dobra river, after a short, picturesque canyon, sinks in the grandiose Đula's sinkhole, only to reappear on the surface several kilometers later as the  Gojačka Dobra.

The facilities of importance for the Republic of Croatia in the Town Ogulin area are the following:

· motorway Zagreb-Karlovac-Split-Dubrovnik,

· state road D42 Hreljin-Ogulin-Josipdol-Kuselj,

· new Trans-European Rail Network with high throughput capacity Zagreb-Karlovac-Josipdol-Rijeka, with a branch towards Drežnica-Gospić-Knin,

· main rail line Zagreb-Rijeka,

· hydropower plant HPP Gojak (48 MW),

· transmission line, voltages of 220 kV and 110 kV,

· main gas pipeline Vrbovsko-Ogulin-Slunj-B-H.

The facilities of importance for the County are determined according to their significance in the development of an individual part of the County:

· beltway of the settlements Otok Oštarijski, Ogulin and Sveti Petar,

· county roads with associated facilities and installations,

· 35 kV electricity network with associated facilities,

· county gas network (supply system Ogulin),

· water abstraction sites and regional water supply systems,

· retarding basin Ogulin.

The whole area is characterized by karst morphology. There are some high karst areas with an abundance of karst phenomena, from karrens, caves, sinkholes, estavelles to valleys and fields with sinkholes, which are occasionally characterized by the morphology of the same type, although with less pronounced karst phenomena and more water flows with higher discharges. 

The hydrographic network is mostly predisposed by the lithological basis and tectonic relationships, and is less developed in the western part of the terrain. In the eastern part, surface flows are more frequent and water abundant, while numerous deep trenches make the relief dynamic. Of significant flows, here are the sinking rivers Ogulinska Dobra with its tributaries the Vitunjčica and Zagorska Mrežnica. In the contact area between Jurassic dolomites and Cretaceous limestones, the Ogulinska Dobra sinks in the Đula's sinkhole below Ogulin.

The main hydrological parameter is precipitation. The profile of the planned dam of the retarding basin Ogulin, which is approximately the same as the profile of the hydrological station Turkovići on the Ogulinska Dobra, has the average annual precipitation of  1782 mm. According to the distribution in the calculation of monthly precipitation in the form of percentages of annual precipitation, the largest quantities of precipitation occur in September, October, November and December. The characteristic secondary maximum in June it is not so pronounced here as it is in the northern Croatia with continental climate because this area is also under the maritime influence. April has heavy rainfall, which is a characteristic of a maritime regime. The 1999 flood in Ogulin happened in July, which is a month with very little rainfall on average. 

Hydrological stations in the river basin of the Ogulinska Dobra and its tributaries are maintained and regularly water level monitored by the Meteorological and Hydrological Service of Croatia, Center for hydrological measurements and research. The data collected from monitoring, and also discharges calculated from stage-discharge curves, are entered into the Hydrological Data Bank. The Meteorological and Hydrological Service of Croatia has established a number of hydrological stations in the catchment area of the HPP Gojak, where water levels are continually monitored and water discharges continually measured. 

From its source zone all the way to Luka, the Ogulinska Dobra has no significant water losses. Downstream of Luka, there are sinkhole zones in the river bed where almost all low waters and a significant portion of medium waters were being lost before the appropriate protection structures were built. The problem was pronounced during designing of the HPP Gojak, and especially after the hydropower plant was put in operation, due to lower generation of electrical power than the actual capabilities of the plant. This subsequently initiated the implementation of rehabilitation works. 

The process of clogging and self-cleaning of the Đula-Medvedica underground system is still present. Only after technical interventions are carried out and other measures implemented in the basin to prevent accumulation of alluvium (debris) in Ðula's sinkhole and after the underground corridors are self-cleaned after several flood occurrences, a general solution for discharge through Đula's sinkhole could be defined. Certain technical measures have already been taken to prevent the arrival of debris from the upstream basin into the system of Đula's sinkhole. This measure was the construction of a floating dam to keep alluvium  upstream of the Vražji most (bridge). Unfortunately, the dam is presently not operating, since it was destroyed i.e. sank. It is believed that this facility had positive effects on the reduction of underground pollution, and thus on the throughput capacity of Đula's sinkhole, so it should be rehabilitated. There are other possible solutions, such as establishing technical clean-up of the river bed from alluvium in high water regime on the location of the overflow dam Bukovnik. The construction of the planned retarding dam will have positive effects on the reduction of alluvium inflow into the Đula’s sinkhole system; however, until its construction, other solutions are necessary.  

Conducted analyses showed that in the normal regime of the system operation, already at the occurrence of foods of between 2 and 5-year return periods, water overflows the canyon in the direction of Mala Đula, flooding a part of the urban area of the Town Ogulin. Apart from the normal regime of the system operation, this paper also considered the state when the water abstraction site at Bukovnik operates at half of its installed power (25 m3/s), while the remaining 25 m3/s comes from water supply from the Sabljaci lake – a water system of the  Zagorska Mrežnica river. Other regimes of the drainage systems were also analyzed – the water abstraction site at Bukovnik with 0.35 and 50 m3/s. As already said, the first case relates to the state when the site is not operating, due to a breakdown or overhaul, which was the case at the time of the disastrous flood in July 1999. Other analyses were carried out so that all possible conditions of evacuation of water from the system could be assessed and, finally, in cooperation with responsible persons from Hrvatska elektoprivreda (HEP), an “acceptable” operation regime could be agreed on for high water situations in relation to flood protection of the Town Ogulin.

According to the statements of eye-witnesses, all flood situations in Ogulin start on the old (partly artificially backfilled) arm of the Ogulinska Dobra, the so called Suha Ðula. The elevation of bank flooding on this location is approximately 317.5 m a.s.l. The secondary direction of water intrusion into the town can be located on the right bank of the Ogulinska Dobra at km ~ 0+600, road elevation 320.5 m a.s.l. 

Based on these topographic characteristics of the existing banks of the Ogulinska Dobra, the maximum allowed “upper” flood elevation can be determined at 320 m a.s.l. The analyses on available maps showed that the most endangered urban zones of the town are located at elevation of about 318.5 m a.s.l., and considering that this is a karst area, it should be attempted to keep the floods within these limits. 

The area of the future retarding basin is located at the altitude of 330 - 340 m a.s.l., in the zonal vegetation belt of durmast oak-European hornbeam forests, which is also the location of different types of natural, azonal and extrazonal forests and underbrush, depending on the exposure, slope and soil. However, the entire project area, with the exception of very small surfaces, is presently not covered with forest, but with different types of secondary anthropogenic vegetation. Only along the watercourses of Ogulinska Dobra and Vitunjčica, there is a narrow strip of willow and alder. Large surfaces, mostly directly along both rivers, on the lowest part of the terrain, are covered with hay meadows. The entire area of both river valleys, mostly above the future area of flooding from the retarding basin, is covered with a mosaic of fields and meadows, i.e. it is fully cultivated. On the fields, various root crops (corn, potato) or stubble grains (rye, wheat) are grown. In the future area of the retarding basin, at the highest water level, only the lowest parts of the terrain will be flooded. These areas are today mostly covered with meadows and tall plants vegetation. Of plant species from the Red Book, in the project area there is a small number of orchids Dactylorhiza incarnata and Orchis laxiflora,  and considering their ecology, they will not be harmed by flood water. 

The forest category includes deciduous and mixed forests (42.66 %), and degraded forest lands (underbrush, transitions from underbrush to forests, etc.) 57.34 %. Two thirds of the area (65.63 %) of the category of natural vegetation is covered by hedge and stretches of tall vegetation along the watercourses (groves, banks covered with forest vegetation, lines of trees, etc.). The remaining third belongs to the natural grasslands (31.12 %) and bush-like vegetation (3.25 %). 

In the greater area of construction of the retarding dam at Ogulin, there are different types of habitat present: agricultural areas, meadows, forests and aquatic habitats. Considering the present habitats, animal species represent a relatively high degree of biodiversity of fauna present in this area. In the greater area, 12 strictly protected and 23 protected species of mammals have been recorded, 83 strictly protected and 26 protected species of birds, among which is one relict species, 6 strictly protected and 5 protected reptile species, 6 strictly protected and 8 protected amphibian species, 14 protected fish species, and 6 strictly protected and 9 endemic insect species. This overview of strictly protected, protected, endemic and relict animal species indicates a relatively high degree of ecological sensitivity of this area.

The landscape basis of the entire Ogulin area includes, apart from the valley stretching in the longitudinal direction and surrounding mountains forming the physical framework, with open westward vistas in particular, the famed, recognizable relief forms of the Klek Mountain. With regards to how one perceives this area, two natural elements form the basic landscape structure: the river basins of the Ogulinska Dobra and Vitunjčica, and the mountain massif of the Klek mountain on the western side of the valley. The project area, i.e. retarding area with a dam, includes mostly the area of the northern part of the valley (“Vitunjsko proširenje”, valley expansion) and the area along the rivers Ogulinska Dobra and Vitunjčica, from the Ljubošina area along the Ogulinska Dobra to the fish ponds on the Vitunjčica. The landscape assessment in the mentioned area was carried out in the framework of the Spatial plan of the Town Ogulin, according to which the entire project area on the Ogulinska Dobra flow itself, as well as the central part of the valley around Jelačko polje is protected by spatial planning measures of the Spatial Plan of the Town Ogulin as a natural landscape and as a particularly valuable area – a cultivated landscape.
The technical solution for the construction of the retarding basin Ogulin was established in the conceptual solution from 2001. Since on the basis of available hydrological and topographical map materials it was not possible to establish a single, optimal solution for construction of the planned flood protection system, additional, targeted investigation works were carried out in the considered area. The aim of the ''Technical basis for preparation of the EIA of the retarding basin Ogulin'' from 2005 was to evaluate and novate the existing solutions in accordance with the new insights, so that the final elements of construction of the planned flood protection system could be determined.  

As the most optimal location, it was proposed to build the retarding dam at km 7+350 of the Ogulinska Dobra (relative chainage of the Đula’s sinkhole). The location of the facility is north of the settlement Turkovići. The selected location enables the maximal use of the natural ridge on the left bank, whereas on the right bank the dam is connected to the high terrain near the existing road (terrain elevation ~ 341.5 m a.s.l.). 

For implementation of the planed facility, i.e. for development of the future retarding area, there are several spatial or infrastructural constraints:

· rail line Zagreb-Rijeka, km 538+000 to km 542+000,

· fish ponds on the right bank of the Ogulinska Dobra tributary, the Vitunjčica, at km 2+300,

· residential development of the Mirić Selo and Okruglica,

· access roads to Mirić Selo and Brestovac.

Since a part of the mentioned infrastructure is contradictory to the planned intervention, it will be necessary to anticipate certain technical measures of protection and spatial planning. 

As the summary of hydraulic calculations which were aimed at the final determination of elements of the retarding dam on the Ogulinska Dobra at Turkovići for the purpose of flood protection of the Town Ogulin, the elements of adopted construction of the retarding  dam are given as follows:

	Hdam = 341.5 m a.s.l.
	- elevation of the dam crown

	Hterrain = 328 m a.s.l.
	- elevations of the surrounding terrain

	hdam = 13.5 m
	- height of the dam to the terrain, including the wedge of approx.15 m

	L = 5.0 m
	- width of the dam crown

	N = 2.5
	- gradient

	L ( 580 m
	- length of the dam along the crown

	4 x ( 2.5 x 2.5 )
	- opening of the bottom outlet, all fields supplied with tabular valves

	Ho = 339,0 m a.s.l.
	- elevation of the safety overflow crown

	b = 7.5 m
	- width of the overflow

	H100-design = 339.5 m a.s.l.
	- elevation of design flood of 100-year return period for dimensioning of retarding dam

	V100-design = 6.552.000 m3
	- water volume in the retarding basin at “H100-design”

	H100 = 337,5÷339.5 m a.s.l.
	- elevation of flood of 100-year return period, depending on the operating regime of the water abstraction site for the HPP Gojak in optimal conditions for water regime regulation in Ogulin – table 50

	H50 = 337.2÷338.7 m a.s.l.
	- elevations of flood of the 50-year return period, depending on the operating regime of the water abstraction site for the HPP Gojak in optimal conditions for water regime regulation in Ogulin – table 51

	Hrmax-ret-DOP = 339.5 m a.s.l.
	- elevation of maximum permitted water level at floods of 100- and 1000-return period in the retarding basin


Hydraulic calculations have shown that, in the context of adopted modelling assumptions, the proposed retarding structure can secure the required conditions for the regulation of the  Ogulinska Dobra flood water regime for the purpose of flood protection of the Town Ogulin.

ADVANCE \d5The proposed retarding dam belongs, pursuant to the ordinance in force, to large dams. Large dams are structures whose at least one element is within the following limits:

-
dam height ≥ 15 m,
-
dam height ≥ 10 m for dam length along the crown > 500 m,

-
volume > 1,000.000 m3,

-
maximum installed outlet discharge Qi> 1000 m3/s.

ADVANCE \d5According to the presented elements, the flooding area and dam length along the crown of the structure are in the upper limits. For purposes of further design works, detailed investigation works for the proposed type of dam structure should be timely planned and implemented, as well as for other planned protection measures in the system. 

2.
Appropriate assessment
Each spatial intervention necessarily presents a change of relationships in the environment and existing ecosystem. The task of this chapter is to recognize, and then give an overview of possible environmental impacts of the intervention during preparation, construction and utilization of the intervention, including environmental accidents and the risk of their occurrence. Therefore, the probability of an impact should be recognized and assessed, and key discordances and inaccuracies recognized as well. In ecological terms, the most important factor within the scope of the project is the relationship between the natural environment and human impact on it. Protection of natural resources, together with determination of possibilities of their use without causing their degradation and disappearance, and rational use and protection in a manner that does not exceed the carrying capacity of a resource is the global objective for achievement of ecological stability. A better understanding of natural processes can improve monitoring of the environmental state in any ecosystem. Recognition of potential environmental impacts of the project facilitates their examination and analysis per individual factors.  

The impacts during the construction of the retarding basin Ogulin are temporarily limited to one building season, and will primarily consist of:

-  noise and air pollution with dust during the operation of machinery on the construction of the earthen dam, protective dikes and replacement roads;

-    destruction of vegetation cover on the building site and along replacement roads;

-   impact on forest ecosystems and forestry which will be evident as loss of surfaces under forest cover;
-    impacts on fauna, wild game and game management;

-    impact on landscape;

-    impact on infrastructure;

-    impact on water;

-    impact in the case of accidents.

The impacts during the utilization of the retarding basin consist of:

-   impact of intervention on climate and meteorological characteristics;

-   impact of intervention on geological and hydrogeological characteristics;

-   impact of intervention on hydrological characteristics;

-   impact of intervention on paedological characteristics;

-   impact of intervention on flora and fauna;

-   impact of intervention on purity of air and noise;

-   impact of intervention on visual qualities of space;

-   impact of intervention on population;

-   impact of intervention on infrastructure;

-   impact of intervention on economy.

The impact in case of extraordinary circumstances, and ecological accident is, according to the Environmental Protection Act, an extraordinary event caused by activity or impacts which are not controlled, and have as their consequences endangerment of human life or health, and environmental damage in general. The ecological accident which may occur in the context of the retarding basin Ogulin is the break of the earthen dam and the protection dikes. 
The system of design and construction of earthen structures is established in such manner to reduce the risk of dam break to the lowest possible measure, due to which there is a very small number of recorded cases of earthen dam breaks in the world.

Possible impacts caused by a dam break depend on the water level within the retarding basin. If such event occurred at the time when the retarding basin were empty, i.e. while water flows through the existing river bed, the negative impacts would be negligible, reduced to increased quantities of suspended and bed load sediment. If a dam and dike break occurred at the maximum water level in the retarding basin, the water wave would probably cause increased erosion and instability of the river bed sidewalls downstream of the dam, with a series of negative consequences.

The retarding basin Ogulin is planned as a permanent structure, and within the time period which would be meaningful for consideration in this study, its removal is surely not anticipated. If this would happen for any reason, the water regime would return to the present state. 

The removal of this type of structure would surely be preceded by a new study, and the removal itself could be carried out only according to a removal project designed for this purpose. The subject of this study was not a comparison of different project alternatives, since the investor carried out the evaluation procedure for alternatives in the previous procedure.
3.
Environmental protection measures and Implementation plan

Environmental protection represents the totality of measures for maintenance and improvement of natural and cultural heritage, rare and endangered plant and animal species and their habitats. The need for environmental protection caused by modern developments should be particularly emphasized. Nature protection is a part of environmental protection, and it is not sufficient to work only on the prevention of destruction of environmental factors; the work on the preservation of natural regeneration sources and processes is also extremely important. Recognizing the needs for environmental protection measures is, therefore, extremely important to ensure conditions for reduction of environmental damage during the implementation of an intervention, from the building phase to the utilization phase. 

Prior to the building phase, it is necessary to survey the initial ''zero'' state of the environment, including the implementation of all necessary investigation works for the start of construction, so that all observed problems related to the manner of foundation work or construction could be appropriately resolved in the design. Before the works begin, it will be necessary to commence with the purchase and repurposing of land on which the planned structures will be built. 
During design and construction, the works should be planned in a manner which is the least detrimental to the natural state of forest ecosystems. Attention must be paid to improvement of the edges of the building site to prevent trees from toppling down on the newly formed edges, and landslides. This particularly relates to the contact zones of the retarding dam with the surrounding terrain. During preparation of the retarding dam for construction, corridors for movements of machinery must be selected in advance in order to prevent negative impacts on the habitats.

Rectilinear watercourse regulation must be fully avoided, unless this is impossible for technical reasons. In the design documents, all excess material from earth excavations must be disposed at the planned disposal sites. Material must not be disposed near the intervention area, or spread and levelled. Parts of concrete walls of the bottom outlet should be lined with natural stone on both sides. For improvement and rehabilitation of the project area only autochthonous vegetation should be used. Landscape improvement and protection of the project area, with integration into existing landscape of the flood protection system must be resolved with a landscape project as part of the further development of the project documentation. 
The developer must ensure that the contractor performs works with appropriate machinery, adheres to adopted and approved project documentation and complies with all legal regulations. The developer will ensure this in the easiest way by establishing adequate building, geotechnical and water management supervision which will insist on proscribed controls of performance and quality of built-in material.

The contractor is required to use only construction machinery in good working condition, i.e. those whose emission of exhaust fumes is within legally permitted limits. Since noise protection is difficult to achieve, it is necessary to limit works on the building site to daytime only. It is also necessary to implement measures for protection from excessive dust raising. During construction, the movements of heavy machinery should be restricted to the smallest possible area to limit trampling as much as possible, i.e. to reduce damage to the vegetation cover on the land which will not be directly used for the planned facilities to the least possible measure. The building site must be organized according to the design of construction site organization, which must take into account protection of the vegetation cover. All excess excavated or brought material should be transported to appropriate disposal site, it must not be cast aside to the neighbouring area and left there. 
The developer of the planned intervention must monitor whether the contractor performs construction with adequate machinery and complies with all legal regulations for water protection. Additionally, the developer must ensure the following during construction:
· appropriate water management supervision of works performance,

· supervision of proscribed controls of performance and quality of built-in material,

· supervision of maintenance of machinery,

· supervision of fuel and lubricants storage,

· supervision of provision and supply of neutralizing agents for potential fuel spills,

· supervision of excavated and disposed unused material. 
The protection of economic and other interests of other space users should be carried out in accordance with conditions and constraints defined at public consultations and by applicable legal regulations. The traffic safety of transport vehicles will be ensured with appropriate connections to the local roads.

All potential damage to the forest or agricultural surfaces which will not be purchased must be compensated to their owners. Damages to the existing roads occurred during construction must be rehabilitated after the completion of construction works.  

During construction, a special attention must be paid to handling of highly flammable materials and open flame to prevent forest fires. All regulations and procedures for protection from forest fires must be complied with. This primarily relates to the retarding basin area, which is in contact with coniferous vegetation. 

Technical and biological measures will enable development of natural vegetation on all project locations. In places where natural succession of space under temporary impact of the project is not possible, the space must be returned to its original state by rehabilitation. 
Environmental protection measures during the retarding basin use relate to the following:

· protection measures for existing values of the space,

· protection measures for geological and hydrogeological characteristics,

· protection measures for paedological characteristics,

· protection measures for flora and fauna,

· protection measures for air pollution and excessive noise,
· protection measures for infrastructure,

· protection measures for economy.

Measures of prevention and mitigation of consequences of possible ecological accidents are integrated in the provisions of laws, regulations and ordinances related to this activity. 

The design and supervision system during construction is established in such manner that the possibility of dam break in in the period of full retarding basin is virtually excluded. The damage to facilities could occur in case of an extremely strong earthquake or a sabotage; however, it should be noted that earthen dams are highly resistant to such events. 
The retarding system Ogulin is planned as a permanent structure, and in the foreseeable future the end of its utilization is not anticipated. The end of utilization would mean  the removal (demolition) of the earthen dam, which would return the water regime back to its present state. For this reason, this study does not propose any protection measures.

Special monitoring of the impact of planned interventions on the environment is not planned, because no significant impacts are expected. Insights into the state of the environment which are regularly obtained by Hrvatske vode in the framework of its regular and emergency management of watercourses and structures in them, Hrvatske šume in the framework of its regular supervision and monitoring of vegetation and fauna in the forests, and also technical monitoring of dams according to the legal obligations can be considered sufficient.

4.
Conclusion of the Study

The previous chapters give an overview of the spatial solution for the retarding basin Ogulin, under the assumption of fulfilment of environmental protection requirements. Due to all that is mentioned above, the optimal organization of the system is established so that the best results in the control of all types of possible pollution and mitigation of risks of their occurrence are achieved. The analysis of all important factors on the proposed location shows that the intervention is not contrary to the use of the space, i.e. environment in which it should be built. By implementation of all technical, technological, organizational and legal measures which are determined in this study, the acceptable level of operational safety will be achieved, whereas negative environmental impacts will be reduced to a measure which is acceptable for this type of interventions. 
The subject of this study was not a comparison of different project alternatives, since the investor alone carried out the evaluation procedure of alternatives in the previous procedure.

Hydrological and hydraulic calculations have shown that by construction of the retarding basin Ogulin in the profile upstream of the settlement Turkovići on the Ogulinska Dobra watercourse, the risk of flooding of a greater area of the Town Ogulin would be reduced to the lowest possible measure.  
The retarding of floodwater will be achieved by construction of an earthen dam with crown elevation of 341.50 m a.s.l., dam height to the terrain of 13.5 m, crown width of 5 m, gradient of 1:2.5, dam length along the crown of 580 m, elevation of the safety overflow of 339.00 m a.s.l., and the elevation of the design flood of 100-year return period of 339.50 m a.s.l. The volume of water in the retarding basin at this level equals 6,552,000 m3.
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