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HRVATSKE VODE
Križ reservoir 

C. CONCLUSIONS OF THE ENVIRONMENTAL IMPACT STUDY
JUSTIFICATION OF THE MOST SUITABLE OPTION 

On the basis of the analyses presented above, the most suitable option has been adopted (Annex 5.1). It contains the interventions selected in the preliminary design of the reservoir and the projects resulting from the analyses made in the Environmental Impact Study (EIS). During the preparation of the EIS, the conceptual solution for the reservoir and the technical solutions for the structures at the place of the dam haven’t changed. These solutions have been confirmed and updated with the measures required for environmental protection.
The following structures have been confirmed in accordance with the preliminary design:

· An earth-fill dam with a curtain,
· Hydraulic structures,

· An intake structure,

· An access road, and
· An administrative building.

The following interventions resulting from the Study are foreseen:

· Interventions in the function of a drinking water reservoir, and
· Interventions in the function of multifunctional use.

In terms of the area where they will take place, interventions in the function of a drinking water reservoir can be divided into the following groups:

· The basin of the future reservoir: infrastructure, interventions to reduce erosion, improvement of sanitary protection zones;  

· The area flooded because of the reservoir;
· The area in the zone where the stream is dammed;

· The zone of construction works;
· The zone downstream of the dam to the sink; and
· Borrow pits.
One should not ignore the fact that the reservoir on the Križ stream, foreseen as the source of water for the regional water supply system of the Gorski kotar region, has a strong impact on the environment because of heavy demands to provide raw drinking water of the best possible quality. A relatively good status found in the basin in terms of potential pollutants shall at least be retained, and then improved. Relying on a drinking water treatment plant as a solution for everything that failed to be done in the basin is not realistic in longer term. The idea at the other end of the extreme – stopping any activity in the basin – would also not be reasonable. 
All the interventions have been selected very carefully, on the one hand to meet all the requirements of the EIS and on the other hand to represent technically optimum solutions. Since the foreseen interventions are not analysed in detail at the level of the study, for some of them pilot surfaces or pilot projects are foreseen in order for particular solutions to be confirmed and elaborated in detail.
C.1. OVERVIEW OF ENVIRONMENTAL IMPACTS OF THE FORESEEN PROJECT 

Impact on meteorological characteristics and climate 

Due to its small area (0.866 km2) and the volume of impounded water (9,000,000 m3), the water reservoir on the Križ stream is not supposed to significantly modify the meteorological characteristics in the project area. Its impact on the majority of observed meteorological elements will be minor and localised to the immediate basin.
Reduced values can be expected during insolation (total solar radiation), which will imply slightly lower air temperatures and lesser spans between the extremes.

Increase can be expected in the volume of water vapour in the air and in relative air humidity. Consequently, fog may form more frequently due to the newly formed surface of water from which evaporation will be stronger than the evapotranspiration under conditions when the soil is covered with vegetation. The volume of water that evaporates from a free surface of water may exceed the volume of water that evaporates from the ground overgrown with vegetation by as much as 25%, depending on the characteristics of the plant cover. Since a significantly bigger Lokvarsko reservoir (for which the local population living in the immediate vicinity witness increased formation of fog after its construction, but the analysis done in this study suggests that this impact is also of local character) lies in the immediate vicinity, the impact of the new reservoir several times lower in size on the formation of fog will be superimposed and will be reflected first of all in the immediate vicinity of the structure.
Wind speed, which wasn’t analysed in the description of the current state (there are no anemographic stations in the immediate surroundings), might slightly increase directly over the open water surface as the result of reduced roughness and friction. In calm weather, the development of poor coastal air circulation is possible. 
The quantity of rainfall and cloud cover will not change significantly in the immediate vicinity of the reservoir since they are mostly transported by advection from more remote regions.

Impact on surface water regime
The natural conditions in the valley of the Križ stream – flows and water levels – will be modified with the construction of the reservoir.
During construction, modifications don’t have any major impact on the natural regime since the water is evacuated through a bottom outlet and mostly imitates the natural regime. The foreseen construction management method shall create all the preconditions for safe and quality construction.
By creating the dam the water is accumulated, by means of which the water regime downstream of the place where the stream enters the future reservoir changes during its operation, which has a direct impact on significant hydrographic changes in the area downstream of the dam.

Based on the observation period, it is clear that in such reservoir a rather high water level is maintained in the summer period, except in exceptionally dry years when the water level may drop nearly to the minimum level.
With the formation of the Križ reservoir, the flow regime in the downstream area will improve, which means that the maximum flows, including a flood risk, will decrease. Due to the lowering of high waters, the negative impact of the tributaries of the Križ stream downstream of the dam in terms of occasional flooding will decrease. This will facilitate improved use of agricultural and construction land along the Križ stream and its tributaries.
In the dry period, the biological minimum (environmentally acceptable low water level) shall be ensured in the channel of the Križ stream. This should be detailed further in subsequent phases of design.

Impact on hydrogeological and engineering geology conditions
With the construction of the dam and creation of the reservoir on the Križ stream, part of the valley and lateral ditches upstream of the dam up to the height of 770.20 m above the sea will be impacted. Water in the reservoir will have an impact on hydrogeological and engineering geological characteristics of the ground.

Due to the expected impermeability of the reservoir and technical solutions for structures within the dam, the impact of the accumulated water on the basin downstream of the dam will be fully controlled. The release of water from the reservoir will be regulated with a bottom outlet.

This will lead to a modified discharge through sinks in the Lokve region towards the springs of Mala Belica, Kupica, Zeleni Vir, Grčac and Guč. Dye tracing (Annex 3.4) has proven the link between the sinks and the above-mentioned springs in the upper course of the Kupa River. However, this impact should first of all be reflected on a decrease in the maximum capacities of the springs, whereas with minimum capacities the conditions might be more favourable.
In terms of pollution, the reservoir will not be an additional polluter of the above springs.

Soil moistening and formation of waves in the zone of water oscillations will lead to erosion of the near-surface soil of Quaternary sediments at the sides of the reservoir.
In the event of a sudden release from the reservoir, conditionally stable sections of the slope may start sliding. This is assumed to be restricted to a shallow near-surface layer. 
Impact on erosion and torrents 

With the construction of the dam and formation of the reservoir the conditions in the basin will be modified. The natural or current sediment regime will be modified by the construction in such a way that a long valley of the Križ stream will be eliminated, with torrential streams flowing directly into the future reservoir in which the largest quantity of the sediment will permanently settle. 
Erosion processes of different intensity will be present in the basin. On the surface, erosion category V will account for 91% (very weak erosion) of the erosion, erosion category IV 5% (weak erosion), erosion category III 2% (moderate erosion), while the categories of severe and extreme erosion are very rare with less than 1% of the share. The average erosion coefficient for the entire basin is 0.162 (very weak erosion), sediment production amounts to 2,358 m3/year, and specific sediment production 499 m3/year/km2. The quantity of sediment that will be transported to the reservoir from the terrestrial part of the basin is 858 m3/year, i.e. in specific terms 182 m3/year/km2 of the basin.

In the majority of torrential basins which will directly burden the reservoir, the sediment production and transport is slightly increased, as these are steeper parts of the basin with marked gullies. This increase is not strong since the terrain is very well protected with vegetation in every part of the basin.
Under these conditions, the differences for the entire basin in the “without the reservoir” and “with the reservoir” scenarios are far better illustrated by an erosion risk map (taken over from the Spatial Plan of the former municipality of Delnice, Annex 3.9). It is clear that with the construction of the reservoir it will be primarily the area under low erosion risk that will be submerged, while the area under increased erosion risk will remain outside of the reservoir. 
In the future, a specific problem in terms of erosion will be the oscillation of the water level in the reservoir and protection of this contact surface highly sensitive to erosion processes. 
Potential impact on earthquakes
The construction of the reservoir doesn’t have any significant impact on the occurrence and intensity of earthquakes. However, despite favourable location, the risk of earthquake consequences is increased.
Impact on forests and forestry 

Impacts of the Križ reservoir on forests and forestry can be divided into direct and indirect ones. Direct impacts include permanent losses in the zone of permanent and occasional flooding (with none favourable to the current forest vegetation), i.e. permanent exemption from productive functions.
Indirect impacts include a change of use from productive into protective forests. This will be essential if one has in mind the assessment of the health of forests in the basin done within this study. In line with that, it will be necessary to establish a management class of protective forests in the area of the entire basin pursuant to the Forest Act, for which a special management report will have to be drafted.
The generally beneficial functions of forests in the zone permanently occupied by the reservoir will be permanently lost. Even though these functions are not negligible (see assessment of the generally beneficial functions in the description of the current state), it has to be pointed out that they are significantly disturbed, as the majority of the sections of selection silvicultural form has an incomplete canopy. The change of use of productive forests into protective forests in the basin area outside of the reservoir will have a positive impact on the generally beneficial functions of such forests. It has to be pointed out that the change of use of privately owned forests either into an infrastructural function directly occupied by the water reservoir or into a protective function in the remaining part of the basin, will have to be supported by purchasing the land from its owners.

Impacts on agricultural soils and agriculture
Agricultural areas are present within the basin to a small extent and are limited to largely deserted pastures and hayfields outside of the zone permanently occupied by the reservoir. Based on the demographic characteristics of the region, the guidelines from the spatial plan and the progression of forest vegetation observed on the field, no significant development of agricultural activities is expected. For that reason, the impact of the structure on agriculture and agricultural soils (e.g. restriction of cattle production, application of mineral fertilizers, etc.) can be ignored.
Impact on water quality
The Križ reservoir will not be a new polluter in the area. As this is a reservoir intended for water supply, it implies the establishment of very strict criteria concerning the use of basin area. The chapter on protection measures will analyse measures to preserve the quality of water in the future reservoir.
Impact on flora and vegetation
The impact of the formation of the reservoir on the flora is expected only in the part which will be flooded, where the current flora will definitely disappear and will be replaced with the flora of aquatic habitats.

Practically all the ecosystems for which it was possible, on the basis of available sources, to identify that they lie in the expected reservoir impact zone, are not such to lie in special habitat types with extreme environmental conditions.
As no significant impact of the reservoir on forest ecosystems in the vicinity of the reservoir is expected, the implementation of special protection measures is not required.

Impact on fish and fishery 

Three autochthonous fish species will live in the lake: the brown trout, the chub and the common minnow. The crucian carp, living in the Lokvarka reservoir nearby, is expected to appear soon. The fish production in the lake will be maximum 30 kg/ha. The lake can be stocked mostly with the brown trout in the quantity of 200-300 heads (6-10 g in weight) per hectare
The conditions in the lake for the spawning of the brown trout and the common minnow will be favourable in the flow-through parts of the reservoir and of the tench, the crucian carp and the chub in smaller littoral enclaves permanently covered with water. As small oscillations in the lake water level are expected in the spring-summer period, the reproductive possibilities for the chub, the tench and particularly the common minnow, which is highly sensitive to water level oscillations during spawning, will be good.

Impact on terrestrial vertebrates 

For terrestrial vertebrates living in the project area as well as for those which use that area occasionally or as a migration route, the construction of the Križ reservoir in the foreseen form represents a fundamental change which eliminates their presence, first of all by transforming their habitat into for them inadequate aquatic habitat. This also applies to a major share of the existing amphibians which can hardly survive in the new habitat with the presence of the fish community expected to be developed.
The reservoir will completely destroy a significant share of the existing habitats of terrestrial vertebrates. This is particularly important since parts of the habitats of rare species, such as the white-throated dipper, breeding grounds for the majority of the present species of amphibians and an important resting and feeding ground of large mammals, are disappearing. On the other hand, with the formation of the reservoir a new bird community will develop. It can be an important place for the migration of the waterfowl or become a key habitat of the endangered otter.
Impact on hunting
Even though the combined hunting area of the “Risnjak” and “Lokve” hunting grounds which will lie within the reservoir’s catchment area is only app. 550 ha or 3%, out of which the area under water accounts for 77.0 or 0.5% of the overall area of the hunting grounds, there is no doubt that there will be some negative but also positive impacts on the game and hunting management during construction as well as in the later phase.
Taught by the negative experience from the impact of construction of the dam and formation of Lokvarsko lake nearby, without even mentioning the impact of a express and fenced semi-motorway Kupjak-Rijeka on the fragmentation of habitats, the future Križ reservoir will also surely contributed to spatial fragmentation as one of the biggest threats to the future of the population of big migratory species (deer, bear, wild boar). While this negative impact of the reservoir will be present throughout the period of its use, other negative impacts mentioned above will gradually disappear. By completing the construction works and transforming the valley of the Križ stream into a storage lake, the game will gradually start returning to their old habitats and the storage lake itself and the surrounding riparian zone will become a favourable habitat for a bigger presence of small game birds of aquatic habitats. This refers particularly to wild ducks, whose living conditions will improve, bearing in mind the difference between disturbance and danger.
The planned works on the removal of plant cover and dead plant mass from the area of the future reservoir will also have some negative impact, in particular if these will be performed in springtime when many game, mammals and birds bring their feeble offspring into the world.
Impact on tourist development
Provided that the area of the reservoir is not fenced off, that the accumulated water is treated before input into the water supply system, that other conditions for receiving a certain type and a certain number of tourists are ensured, the Križ reservoir can even have a certain tourist function. Under the supervision of a guide or guard, with prior notification, at a certain time and in a certain number of visitors, the reservoir can be visited by recreational anglers for trophy fishing and animal watchers (observation and taking photographs). In addition, with special prior notification and under the supervision of a guide or guard, the reservoir’s administration building (presentation and tour) and the dam crest of the reservoir can also be visited by other tourists for leisure-time education. 
In that way, the Križ reservoir becomes a tourist attraction which directly contributes to the enrichment of the tourist offer (recreational trophy fishing, photo safari and leisure-time education) and to ecological and environmental improvement and promotion of the Delnice-Lokve central tourist destination. Even though the tourist offer of this reservoir is not large-scale, it is significant in terms of its quality and fits into the principles of the “new tourism” which is different from “mass tourism” particularly because of such characteristics. 
Impact on the living conditions of the population and development of the region
Fears of the local population concerning the reservoir exceed the expected benefits. Their fears can be classified into one of the three groups:

· Fear that the negative experience with Lokvarsko lake will be repeated;

· Not believing that the promises made (by the government, the county, the investor) will 
be kept; and 

· Fear from specific damage to be caused by the new reservoir.

The locals expect (or wish) the following from the new reservoir:

· First of all, 15-20 jobs, equitable water tax, boost to the development of tourism, and development of sewerage in Lokve (or at least regulation of the Lokvarka rivulet);
· The locals expect (or, to be more precise, demand) the repair of any damage which will be done during the construction of the dam, and compensations to be made to all the people whose forests will be inundated.

The leaders of the local communities evaluate the planned reservoir through the prism of the “immediate” and “wider” surroundings. They emphasize that the reservoir and the regional water supply system is the first large infrastructural facility which will bring benefit to the entire Gorski kotar region, unlike the existing main corridors which only used to pass through this region, destroying its values. Still, they also express their dissatisfaction with the way in which decisions concerning this investment were made, with the decision-making process taking place at the top.

The consequences of the reservoir for the local community are evaluated through the ratio of losses and gains:
· The main benefit for the people living in Delnice is the resolution of water supply problems; the thing observed as a weakness is potential degradation of the micro-climate;
· The most important thing for the people living in Lokve is the establishment of a sewer system, which might be accelerated by the construction of the reservoir since wastewater collection is in the function of protecting drinking water. As a form of compensation, the roads leading to the settlements of Mrzla Vodica and Lazac Lokvarski are expected to be improved;
· Negative consequences, i.e. direct damage to the Lokve region, include disturbance to the natural environment, the loss of forests and part of productive areas, the loss of part of the zone with weekend cottages where new construction sites might be established, movement made difficult because of the barrier in space (i.e. the reservoir), and degradation of the micro-climate;
· Employment possibilities, i.e. new jobs created are assessed as a significant gain;

· A municipal tax, i.e. the financial compensation to the local communities, is a form of damage that is mandatorily expected. This compensation has a larger financial significance for Lokve, since it is a smaller territorial unit. The authorities in Delnice think that this tax, as well as other (minimum and irregularly paid) municipal taxes that they already receive, cannot be a substitute for economic development, which is experiencing a sharp decline;

· Unlike the gains mentioned above, the people living in Lokve see the potential development of tourism around the future lake as a more significant long-term and direct gain. If the lake would be fenced off, this would prevent tourist activities, which are already very restricted because of the need to protect drinking water.

In addition to analysing the consequences of the planned reservoir on the socio-economic milieu, the people we have talked to have also warned about an opposite situation: the negative impact of the planned route of the national gas pipeline on the drinking water reservoir and the natural environment.

Impact on structures
Impact on settlements in the basin 

Because the planned reservoir is intended as a drinking water reservoir and because of the need to protect it, the boundary of the impact zone will coincide with the boundaries of the basin.
The analysis of the current state has shown that part of the Gorski Raj weekend cottage settlement and parts of the rural settlements of Zelin Mrzlovodički and Zelin Crnoluški lie within the boundaries of impact of the future reservoir. 

Within sanitary protection zone I, there are a total of 18 structures recorded as belonging to the Gorski Raj weekend cottage settlement. None of the structures will be directly physically threatened by the planned reservoir, but the lake will submerge the lower-lying parts of some land plots, coming close to the edges of houses at a distance of only 8-9 m (maximum water level in the reservoir) or approximately 15 m (overflow level). 
However, taking into account the protection measures laid down by the Ordinance on protective measures and conditions for defining sanitary protection zones for drinking water sources (OG 22/86), our conclusion is that even the existence of the structures recorded in sanitary protection zone I is hardly acceptable.
Furthermore, it has been observed that the existing structures are being used in the way which is frequently in direct opposition to the above Ordinance.

Sanitary protection zone II will include 13 structures belonging to the rural settlements of Zelin Mrzlovodički and Zelin Crnoluški.

Problems in the use of these structures are mostly identical to the case of the Gorski Raj weekend cottage settlement, even though they are expressed to a lesser extent.

Impact on roads
County road no. 5032 (node Oštrovica – Gornje Jelenje – Mrzla Vodica – Crni Lug) runs through the north-western part of the basin in the length of app. 1.7 km. Since it passes through sanitary zone II, public traffic will be permitted, but the transport of substances harmful to water will not be permitted.
The local road Homer – Gorski Raj – Mrzle Vodice crosses the south-western slopes of the valley. It runs on the very edge of the basin, alternatingly entering and leaving sanitary protection zone II. Traffic will have to be restricted (transport of dangerous substances forbidden) on this road as well. There will also be a problem related to stormwater drainage; stormwater is currently discharged into the surrounding ground.
Impact on the power supply system
The planned project won’t have any impact on the power supply facilities of state or county significance.

The reservoir won’t adversely affect the overhead and underground 20 kV medium-voltage power transmission line since the Ordinance on protective measures and conditions for defining sanitary protection zones for drinking water sources does not forbid the passage of power lines through any of the sanitary protection zones.
Transformer substation 20/0.4 kV Zelin Crnoluški will lie within sanitary protection zone II. There is a risk of drinking water pollution because of a potential leakage of oil from the station.

A low-voltage overhead grid will not be under the impact of the planned reservoir, even though it passes through the protected area of the basin.

Impact on water supply and wastewater collection 

None of the registered water supply structures will be flooded by the planned reservoir, i.e. they won’t be physically at risk. 

A pipeline connecting the “Mrzle Vodice” pumping station and Lokve and a certain number of individual consumers will be within the impact zone of the planned structure (sanitary protection zones I and II).
An alkathene pipe to which several households are connected runs through sanitary protection zone next to Zelin Crnoluški. 

All the registered pipes are underground line and since clean water passes through these, they are not a potential source of pollution of the future reservoir. Since the Ordinance on protective measures and conditions for defining sanitary protection zones for drinking water sources doesn’t forbid the passage of a water pipeline through any sanitary protection zone, we think that there will be no direct negative impact on the existing water supply system.

Impact on telecommunications system 
In view of the cable type – a fibre optic cable laid in plastic pipes – which in no way puts the safety and cleanliness of the drinking water reservoir at risk, we assess that the planned project will have no negative impact on the existing telecommunications network.

Impact on other structures
It has been identified that within the basin of the planned reservoir there is not a single manufacturing facility, community facility, flood defence facility or waste management facility.

Impact on “Vinodol” HPP (Križ pumping station)

The Križ pumping station is currently included in the hydropower system of the “Vinodol” HPP into which it annually feeds app. 8.4 million cubic metres of water. By implementing the planned project, PS Križ will be submerged and the pumping of water from the basin of the Križ stream into Lokvarsko Lake will terminate. This will result in a drop of energy production in the “Vinodol” HPP on the average by 12.6 GWh per year.
Impact on other industrial branches (wood and metal processing industries, trade, services and crafts)

The planned reservoir will start having an impact on the local economy (the part which is the scope of this chapter) at the moment when its construction starts. Its impact will be permanent, but not always of the same kind and identical intensity.

The impact on the local economy will definitely be the strongest during the construction of the planned structure (approximately 3 years), when a large number of engineering and other technical staff will be employed on the construction site, which will undoubtedly be beneficial to local commerce, crafts and catering facilities.
After the completion of construction, the local economy will benefit from the new reservoir by the expected boost of tourism.

The new reservoir will both during its construction and operation give a new, positive impetus to the local economy.
Impact on cultural heritage
An analysis of the potential impacts of the Križ reservoir on immovable cultural heritage implies making a record of all cultural monuments in the wider project area, an analysis of the potential impacts on such cultural heritage, assessment of their acceptability and a proposal of appropriate protection measures.

By their character, the impacts of the planned structure (reservoir) can be direct or indirect.

In administrative terms, the project area belongs to Primorje-Gorski Kotar County, on the territory of which there are 189 monuments recorded in the Register of Immovable Cultural Monuments.

Since the planned reservoir lies on the administrative border between two local self-government units, the municipality of Lokve and the town of Delnice, the cultural assets recorded on their territories is of interest.
All the three cultural assets registered on the territory of the municipality of Lokve are associated with the settlement of Lokve.
There are 13 assets registered in the area belonging in administrative terms to the town of Delnice.

By inspecting the maps, it has been identified that all the locations lie at a very large distance from the planned reservoir and that in the zone of direct and indirect impact there is not a single cultural asset.
The analysis shows that the planned Križ reservoir will in no way impact the cultural heritage.

Hence, in terms of cultural heritage protection, the planned reservoir is acceptable.

Impact on landscape
The proposed reservoir will definitely bring major changes to the existing micro-landscape. The forested valley of the upland stream will be submerged by the artificial lake and lost forever. A new dominant element, a vast water surface, is not an autochthonous landscape element of Gorski kotar.
In that process, it is for the largest extent a forest that will be inundated (app. 73 ha of silver silver fir forest and deer fern). The upper course of the Križ stream and the grass communities associated with it will disappear.
Regretfully, the valley has already been devastated by human activities: a small artificial water reservoir has been built in the centre of the valley and a pumping station building has not been adequately designed; Alpine-type weekend cottages are being built on the slopes; the remaining slopes are intersected by paved roads; bigger or smaller heaps of waste are found along the stream, etc.
Forming a judgement about the landscape of this region was strongly influenced by the human activity when, nearly fifty years ago, artificial Lokvarsko Lake was built and became a dominant landscape element in this region. In the meantime, the lake has become firmly implanted into the picture of the region, which can now no longer be imagined without its blue surface, wide views towards Mt. Risnjak and forest-covered shores.
The region’s transformation caused by the formation of Lokvarsko Lake has been evaluated in the spatial plans: the Draft Spatial Plan of Primorje-Gorski Kotar County designates the lake’s shoreline as a landscape of “exceptional beauty, value and sensitivity” and proposes its protection. It has therefore become pointless to talk about the lake as a non-autochthonous element of the wider landscape.  
The experience related to Lokvarsko Lake facilitates the assessment of the acceptability of forming a new, artificial lake significantly smaller in size in the immediate vicinity.
A narrow green belt between both lakes will be more a factor of their integration than division, with a resulting consequence of starting to view both water surfaces as an integrated and interdependent system of “upland” lakes.
A negative visual impact of the reservoir in the immediate vicinity is the result of the development of the so called “brown belt”, i.e. a bare zone between the edge of the reservoir and the edge of the forest as the result of oscillations in the lake water levels. In case of Lokvarsko Lake, the width of this belt is so much marked that any improvement of the lake shore is rendered impossible. We assess that in case of the Križ reservoir this problem will be less marked due to lower water level oscillations. From greater distances (Mt. Risnjak) it won’t be visible at all.

An earth-fill dam is the second largest noticeable landscape element visible from observation points at a very large distance. A mitigating circumstance lies in the fact that this is an earth-fill structure whose presence in space is far less aggressive than, for example, a concrete structure. At its upstream side, a strip above the lake level lined with stone material will be visible. The dam height will be fully visible only if watched downstream from the road Lokve – Homer – forester’s cottage. However, due to a 1: 2 slope and fully green (grass) and unsheltered existing vertical accents in the foreground and in the background, its negative impact will be weak.
Experience from the existing building of the water pumping station next to the small reservoir has shown that such elements, although not big in dimensions in relation to the reservoir or the dam, can be highly devastating for the landscape. However, the damaging effect of such impacts can be minimized with appropriate design. 

An access road will run through a dense forest and will not be noticeable.

Taking into account ambient characteristics of the region immediately within the basin and the already present degree of devastation caused by human activity, and ambient characteristics and values of the wider analysed region which is strongly characterised by Lokvarsko Lake, we assess the proposed structure acceptable in terms of landscape characteristics.
Potential impacts on increased noise and air pollution
The intensity of impacts on the noise level and air pollution is much higher during construction than during operation of the planned structure.

Luckily enough, the negative impacts of construction will be of temporary character. The estimated duration of construction – three years – includes all interruptions, both those happening on a daily basis and those happening on a yearly basis (construction is foreseen only during the construction season). Construction will effectively last less than two years.

The negative impacts on the noise level and clean air will be marked only at the construction site itself.

Due to terrain characteristics, vegetation and distance, the level of noise and the degree of air pollution in the surrounding settlements will not change.
There will be no permanent impacts on increased noise level and air pollution during reservoir operation.
Many elements of the reservoir (lake, dam, hydraulic structures, administrative building) won’t produce any noise and won’t pollute the air in any way.

As a back-up power supply system in the event of a power outage, the planned diesel generator will be an insignificant source of noise and pollution.
The new access road to the administrative building and the dam crest will be open only to technical maintenance vehicles and occasional visitors.

OVERVIEW OF ENVIRONMENTAL PROTECTION MEASURES
Meteorological characteristics and climate – Protection measures
The immediate surroundings of the future Križ reservoir cannot be protected from the local changes of weather conditions mentioned in the chapter on impacts.

Surface water regime protection measures

Analyses have shown that the regime of flow and water level changes in the area of the reservoir and downstream of the dam to the sink. In the area of the reservoir no protection measures are possible, since the entire system is adapted to water supply and has to meet the calculated demand. Downstream of the dam, the flows and water levels can be regulated by a system in the dam, both in terms of the maximum and minimum volumes. The discharge of wastewater into the watercourse, ending in sinks, has to be resolved with a sewer system.
Protection from impacts on hydrogeological and engineering geological characteristics
Because of the purpose of the reservoir, a reduced discharge through Lokve sinks towards the springs cannot be protected. This is probably not even needed because of the large surface area of the basins and significant minimum capacities of the springs in the Kupa valley.

The bare areas in the zone of water oscillations are proposed to be protected in order to prevent erosion and potential landslides, which may cause turbid water, particularly at times of heavy rain.

Protection measures for erosion and torrents

With the construction of the dam and inundation of the valley, erosion conditions will change to a certain extent, but not to such an extent to differ significantly from the present ones. Still, even such a change of erosion conditions, and particularly the purpose of the reservoir, call for some anti-erosion measures and works, first of all to ensure permanent operation of the reservoir and to achieve the required water quality.
Such measures include rehabilitation of small-scale surface areas with extreme erosion, limitation of forest exploitation (in particular when it comes to pulling out logs), and reduction of sediment transport by blocking it in torrential channels and ravines.

Any devastation of vegetation in the basin must be specifically restricted or practically forbidden when forming gas pipeline corridors or performing construction works on any of the larger structures.
Since it is practically impossible to completely eliminate erosion and gradual filling up of the reservoir area, such processes must be reduced as much as possible in order to prolong the life cycle of the reservoir. As the majority of the sediment is accumulated in deeply cut torrential ravines, the improvement of torrential flows is considered a priority and a measure which may produce the strongest effect in the long run. Another but not less important factor for reducing the sediment transport from torrential flows into the reservoir is undoubtedly terminating with the practice of using torrential ravines as a path to pull out the logs.
The relatively good status found in the basin has to be preserved, since the erosion risk is a warning that erosion processes might increase due to human activity. Thus, the most important measure which doesn’t require direct investment is to stop every activity which brings new erosion. Such measure should be introduced parallel with designating the basin of the Križ stream as a water supply reservoir.

The anti-erosion works will be carried out gradually. In that regard, it is proposed to first construct flood barriers at a place where the source section of the Križ stream enters the reservoir, through which by far the highest quantity of sediment is transported. This should at the same time serve as a pilot project which will in every detail, based on the measured data, confirm the efficiency of foreseen works.

Another important characteristic of torrential flows in the Križ reservoir are very short concentration periods, practically until the inflow of torrential flows into the reservoir. This is particularly important for protecting the reservoir from contamination in case of accidents and for the regime of sediment transport. 

Earthquake protection measures 
As a protection measure, aseismic construction of the dam is foreseen with the application of relevant seismic regulations for large dams.

Forests and forestry – Protection measures 

In the zone directly occupied by the reservoir, there will be an unavoidable permanent loss of woodland and forests. In the entire catchment area outside of the scope of the reservoir, the use of forests will have to be changed from productive to protective forests, primarily due to their poor health and the need for long-term protection of the drinking water reservoir. 
The biological rehabilitation of shores, probably by using allochthonous species of trees with adequate ecological requirements, will be required in the zone of occasional flooding. The selection of adequate species and the preparation of afforestation plans (including the areas to be afforested and the period of afforestation) require a special study. 

Agricultural soils and agriculture – Protection measures
Agricultural soils in the area of the future reservoirs cannot, just like forests, be properly protected from the permanent occupation and exemption from productive functions.

Measures to preserve the quality of water in the future reservoir 

Measures to preserve the quality of water in the future reservoir shall be implemented:

· During construction: restricted movement of machinery; define disposal sites for excess material; dispose of harmful substances and oil resulting from machine repair or maintenance; if possible, exploit material from the area of the future reservoir;
· Ahead of impoundment: remove the vegetation to the maximum water level in the reservoir; dispose of the plant material outside of the reservoir; the top layer of forest and meadow soil shall not be removed in any case; build anti-erosion dams; and
· After the formation of the reservoir: an operating rulebook shall ensure the lowest possible water level fluctuations; check the discharge of the bottom layers of water through the bottom outlet at the beginning of autumn; apply biological measures for the preservation of good water quality (in particular stocking with fish).

As exceptionally big (trophy) specimens of trout are expected to develop in the reservoir, the possibility of strictly controlled trophy fishing should be considered. For that purpose, a special fishing master plan should be prepared.

Measures to preserve the fauna of terrestrial vertebrates

The protection measures must refer to the prevention of damage that may be caused during the construction of the reservoir’s infrastructure (dam, pumps, tunnel, service roads, removal of growing timber, etc.). This is first of all prevention of any form of environmental pollution. Growing timber must be removed outside of the bird nesting season. In that process, account has to be taken about potential colonies of bats in the trees. During impoundment, the area that will be filled with water must be inspected several times and animals have to be forced out of the area in order not to get hurt by the rushing water. After impoundment, the shore zone should be improved in such a way that there are always small bogs, pools and ponds in which water retains for a longer period. This is important because the construction of the reservoir and its impoundment destroys the rarest, very important habitat of small watercourses and boggy meadows.
In the wider area, similar infrastructure should no longer be developed; in particular, new reservoirs, a network of roads and recreational facilities which require the construction of buildings, etc. should not be built. This also refers to different lines (oil pipelines, gas pipelines, power transmission lines) the construction of which would additionally burden the area. The peripheral part of the reservoir shall be transformed into a calm zone, which might eventually, after some time, be used by big beasts and deer and wild boars as a resting ground. 

Fish fauna and fishing 
The reservoir will be favourable for the growth of fish. The proposed structure of fish stocking in the Križ reservoir is presented in the section on the measures to preserve the quality of water in the future reservoir.

Measures to preserve hunting and hunting game 

When the future Križ reservoir will be in the function of the regional Gorski kotar water supply system, the persons who have acquired the right to hunt will, when implementing measures for the breeding, protection and use (hunting) of game, have an additional task to take special care about the methods of preventing the input of pollution into the lake water. Since these are small hunting areas that will be covered by the water (87.7 ha or 0.5%), which means that the management conditions will not change significantly until the expiry of a lease agreement, with the exception of some minor changes and revisions in the description of the boundary of the hunting ground, protection measures, locations of hunting facilities and the like, regular revisions of the hunting management plans will not be necessary. 
Reinforced nutrition and feeding of game, putting up of hunting facilities and hunting have to be excluded in the reservoir’s first protection zone, which encompasses only the storage lake with some of the tributaries and the marginal belt 100 m wide in horizontal projection.
Butting out bait to bears and other predators shall be forbidden in the reservoir’s entire catchment area, in particular if this is done by exposing meat residues and slaughterhouse waste, and even the hunting itself. In order to prevent excessive concentration of game, the wild even-toed ungulates in particular, the presence of big predators, particularly wolves and lynxes, should be supported.

Measures to preserve protected natural values

The information that a planned quarry lies in the immediate vicinity of the special forest vegetation reserve Debela Lipa - Velika Rebar points to the conclusion that its potential opening will have to be preceded by all the procedures laid down by the law.

There are no other protected values in the impact zone which would need to be protected.

Tourism
If the concept of using the Križ reservoir for tourist purposes is adopted, then we can speak only about its positive economic impact. Since the impact of the reservoir on the development of tourism is very positive, no protection measures are required in that regard. The method of use will be of particular importance: it shall not put at risk the quality of raw water in the reservoir.

Protection of the social milieu
A sociological survey has shown that, in addition to a “technical cost” (how much it will cost, who will pay for it, how it will be done) and local ecological environmental consequences of a large infrastructural facility, the issue of a “social cost”, which has not only local (Lokve, Delnice), but also a wider social significance (Gorski kotar, the County, etc.) is at least equally important.
The local significance is related to direct damages and benefits that the reservoir might bring in everyday living conditions of the local population. The wider significance suggests that within a local community one strategically important resource occurs for the development of not only that, but also of a significantly wider, region. Within a generally low level of the quality of everyday life, an element which crosses the local borders and might impact both them and the region is drinking water.
With regard to survey results, an alternative which is suggested as a more productive and socially more valuable is the one which will not only and exclusively be linked with the technical approach to protecting the immediate surroundings of the reservoir and with the compensation of particular local damage which is implicitly included.

This is a development alternative which seeks to strengthen ideas and actions aimed at economic and demographic revitalization and progress of the area encompassed by the reservoir, as well as of the entire Gorski kotar region. With the reservoir as one of the pillars of development, this alternative also includes a number of other actions and activities on all levels: construction of the water supply system of Gorski kotar; benefits, not damages from the corridor-like position of Gorski kotar; measures stimulating the development of tourism and mountainous regions; decentralization of forestry, etc., to a number of “small actions” with which the local people and the local communities might themselves improve the existing living conditions.
Since this is a project which surpasses local interest, the actors/participants in the process of its implementation are numerous (the government, the County, local self-government, locals, experts), with different responsibilities and different degrees of power in standing for specific interests and enforcing decisions. As the decision-making process is as a rule a one-way, top-down process (and the decision to construct the reservoir was adopted “at the top”), then the rule “the lower decision-making level, the lower the powers”, even when it comes to their own living conditions, is confirmed in this case as well. Naturally, this does not imply that it is only the local population who is right, and other actors are wrong, but only that their local powers are defined as weak and are realistically weak.

For that reason, this project requires multiple action by actors on all levels. Decision-making must be based on the logic of balance between general and local interests, and not on the logic of the stronger side. Thinking through the prism of “losses and gains”, i.e. through the prism of the “wider and immediate community” is present on the local levels as well.

The Environmental Impact Study to a large extent identifies and includes all the impacts of the future reservoir and has tried to link its technical, ecological and social components, i.e. to balance the wider interests with the protection and development of the local community. Whether such an integrated approach will be accepted and applied depends on the decision-makers.
Protection measures for structures 

Protection measures for settlements in the basin
The protection measures laid down by the Ordinance on protective measures and conditions for defining sanitary protection zones for drinking water sources are in direct opposition to the existence of structures registered in sanitary protection zone I.
Therefore, in order to protect drinking water in the reservoir, the safest solution would be to completely remove such structures. However, account should be taken of the fact that all such structures in this location have been found there as such and that their removal is unavoidably associated with a number of problems (land purchase, swap, etc.).
Keeping the existing structures within protection zone I might, because of the status as found, be considered only if all of their users strictly comply with the following protection measures:
· All farming buildings (stables) shall be removed from the zone under protection and the keeping of all domestic animals (including dogs) shall be forbidden;

· The problem of collection of all wastewater (sanitary and storm water) shall be resolved by building an impermeable sewer system;
· The method of disposing of waste and its regular organized transport shall be established;

· The use of all types of heating fuels, except wood and electric energy, shall be forbidden; the product of fuel burning (ash) shall be disposed together with other waste;

· The problem of parking of passenger cars shall be resolved; the washing of cars and storage or replacement of engine oil shall be forbidden;
· Any use of land for agricultural purposes (vegetable gardens, orchards and flower gardens) shall be forbidden;
· Any new construction which is not in the function of water intake shall be forbidden;

· The observed retaining reinforced concrete wall will have to be reconstructed in order to ensure its stability;

· At this place, the planned reservoir will have to be protected with a fence which will, in this case, not be put up at the boundary of sanitary zone I, but at a distance of approximately 5 meters from the edge of the reservoir.
For structures within sanitary protection zone II, the regime of use will be slightly less strict. We believe that by complying with the required reservoir protection measures, these structures do not have to (with a few exceptions) be removed outside of the basin.

Road protection measures
According to the Ordinance on protective measures and conditions for defining sanitary protection zones for drinking water sources (OG 22/86), in sanitary protection zone II it will be forbidden to transport any substance that is harmful to water and to discharge stormwater from roads into the basin.

The safest road traffic protection measure for roads which will be under the impact of the reservoir will be to relocate them outside of the basin, i.e. away from the protected area. If their relocation is not possible, a ban on the transport of dangerous substances shall be imposed, with their transport rerouted to bypass routes, and the drainage of stormwater from roads shall be resolved. 
The Gornje Jelenje – Crni Lug county road which runs through the basin at a section between Zelin Mrzlovodički and Zelin Crnoluški in the length of app. 1.7 km cannot be relocated because of terrain characteristics. This road will be protected by imposing a ban on the transport of dangerous substances, which will be rerouted to bypass roads (the old Zagreb – Rijeka road and the Delnice – Crni Lug road), and by constructing a new closed drainage system with which stormwater roads will be outside of the basin. 

The local Homer – Gorski Raj – Zelin Mrzlovodički road runs through sanitary protection zone II in the length of app. 2.5 km. Due to its poor condition, i.e. the need for complete reconstruction, we think that the optimum protection measure would be to relocate it outside of the basin, i.e. to the opposite side of Stelnik hill. However, this solution will have to be analysed in detail in light of the proposed level of protection: the Spatial Plan of Primorje-Gorski Kotar County foresees the regime of a water supply reservoir for the Lokvarski reservoir.

An unpaved road connecting the Križ pumping station with other road network will be inundated with the formation of the reservoir. However, due to tourist facilities foreseen downstream of the dam, it is proposed that this zone be improved and connected with Gorski Raj.
Since the forests in the basin will be designated as protective (i.e. they will be exempt from exploitation), the purpose of the remaining forest paths will be changed for reservoir control and maintenance.

The planned reservoir will start having an impact on roads with the commencement of impoundment, i.e. its integration into the water supply system. This impact will be permanent and won’t change during operation. However, the ban on the transport of dangerous substances should be imposed much sooner, because such type of pollution before the reservoir is completed would have a permanently negative impact.
Protection measures for the electric power system
Potential replacement of an overhead power line passing through sanitary protection zone II with an underground line which would pass next to the route of the reconstructed Mrzle Vodice – Crni Lug road is proposed.

Transformer substation 20/0.4 kV Zelin Crnoluški will lie within sanitary protection zone II. Due to the transformer oil the station contains, one of the following measures will have to be taken to prevent drinking water pollution with the oil:

· Relocating the transformer substation outside of the basin, i.e. outside of the reservoir protection zone;

· Forming an impermeable concrete stream channel;
· Replacing the existing transformer with a dry one, which we consider an optimal solution.

It is proposed that the network passing along the Homer – Gorski Raj – Zelin Mrzlovodički road is relocated outside of sanitary protection zone I.

Preliminary power supply consent issued by HEP d.d. Zagreb (Croatian power supply company), DP Elektroprimorje Rijeka, confirms that it is possible to supply electric energy for the needs of the planned reservoir and for it to connect to the existing 20 kV power transmission line.
Water supply and wastewater collection
We don’t think that it is necessary to lay down either special protection measures or a programme to monitor impacts on the water supply system.

In order to avoid interventions because of failures in the existing system, it is proposed that the water supply pipe that connects the “Mrzle Vodice” water tank with Homer and Lokve be relocated together with the road along which it passes outside of sanitary protection zones I and II.
The problem of the existing wastewater collection system will be much more marked. Permeable septic tanks and discharge of sanitary wastewater and stormwater directly into the ground couldn’t be more contrary to the statutory measures for protection of drinking water sources.
From the aspect of the safety of water in the lake, the best measure will be complete removal of all such structures outside of the basin zone (particularly outside of protection zone I). 

If the registered “generators” of wastewater remain within the basin, it is essential to construct either a completely impermeable joint sewer system which would transport wastewater from the basin (which is a safer but technically more difficult solution to implement) or new, fully impermeable septic tanks which will be regularly emptied.
We think that the problem of the collection of wastewater from the settlement of Lokve cannot be solved by providing a sufficient volume of water with which all waste would be flushed (even though the water level will become more constant with the construction of the reservoir because of the obligation to provide the so called biological minimum in the downstream course of the Križ stream), since the present method of wastewater collection is, from the aspect of protection of the underground and some big springs with which link has been proven, totally unacceptable.
The only proper protection measure for the existing Lokve sewer system will be the construction of the planned wastewater treatment plant.

Telecommunications system
An underground fibre optic telecommunications cable, which is part of the Delnice – Čabar – Gerovo – Lokve access network with which users in this area are connected to the digital switchboard in Delnice, will run through the basin of the planned reservoir (sanitary protection zones I and II). 

When reconstructing the Mrzle Vodice – Crni Lug road, care shall be taken not to damage this cable during the works. All potential repairs shall be completed before the start of impoundment. 
Protective measures concerning the existing road network propose the relocation of the Homer – Gorski Raj – Zelin Mrzlovodički outside of the basin. The ducts to accommodate the fibre optics cable have to be laid next to the new road route in order to be able to relocate the cable as well, if needed.  

The section of the TC cable which forks from the main line towards PS Križ will be flooded. However, since the pumping station itself will be submerged, this line is no longer needed and there is consequently no need to protect it in any way.
All the works on the maintenance of the existing telecommunications network will be permitted under control of the staff in charge of safekeeping and maintaining the reservoir.

The Ordinance on protective measures and conditions for defining sanitary protection zones for drinking water sources (OG 22/86) prohibits any activity in sanitary protection zone I which is not in the function of water intake. The consequence of this will be a ban to perform works on the laying of new customer lines in the settlement of Gorski Raj.

Protection measures for other structures 
It has been identified that within the basin of the planned reservoir there is not a single manufacturing facility, community facility, flood defence facility or waste management facility. 

“Vinodol” HPP protection measures
Due to the nature and purpose of the planned reservoir, the pumping station itself cannot be protected in any way. Damage can be reduced by disassembling the mechanical part of the station, its transport and potential assembly at another location (if such need exists). The actual protection measures will refer to finding a way as to how to compensate for the volumes of water lost for the Vinodol HPP with new volumes with which such loss would be decreased or completely annulled. 
Analyses of the average annual inflow to the planned reservoir and of long-term water demand indicate a surplus of app. 1.2 million cubic metres per year. It will be possible to pump these surplus volumes into Lokvarsko Lake, by means of which the loss will be partly reduced. The vicinity of the Crni Lug basin opens up a possibility to fully resolve the problem caused by flooding the PS Križ. By shifting this volume of water (20 million m3 per year) into the Križ reservoir and Lokvarsko Lake, surplus volumes would be created which could be used, if needed, both for water supply and for the production of electric energy.
Other industrial branches (wood and metal processing industries, trade, services and crafts)
An analysis of impacts of the Križ reservoir on the local economy (wood and metal processing industries, trade, services and crafts) indicates that the planned reservoir will – indirectly because of the loss of timber raw material – have an insignificant negative impact only on the wood processing industry. Our assessment is such that this is no reason to protect the existing wood processing industry.

Cultural heritage protection measures 
An analysis has shown that in the project area there is no cultural heritage which would be adversely affected by the planned reservoir.

Since there are no adverse impacts, there is no need to propose appropriate protection measures.

Landscape protection measures
The purpose of the landscape protection measures is to reduce negative impacts, which should result in better and smoother integration into the landscape.

The “brown belt” problem which will definitely occur as the result of oscillations in the lake water levels can be reduced with planned afforestation of this belt with specific species of trees to which such conditions are suitable, i.e. by applying other available anti-erosion measures. These measures are not essential solely because of the landscape’s visual quality. However, they need to be implemented for other reasons, then they are definitely acceptable.
We think that a green island within the lake is an extremely attractive landscape element. It will reduce and additionally break down the surface of the lake visible from distant locations (Mt. Risnjak).
The downstream part of the dam will be the most noticeable one. Here one should insist on consistent compliance with the design: the downstream slope shall be greened, with this greenery mandatorily maintained during the reservoir’s operation.
The administration building will, because of its position on the dam’s right side on a plateau lying 14 m above dam crest, be strongly visible. It is therefore necessary to insist on its proper design in order for it to become an attractive and not devastating landscape element.
Generally speaking, all forest clearance has to be minimised, and all newly cleared land must, after the completion of works, be re-forested and thus restored to its original state.
The best landscape protection measure both during construction works and after their completion will be the completion of all the works foreseen by the design (forestation, sowing of grass, completion of the administrative building and development of its surroundings, improvement of other hydraulic structures, etc.). In order for the spatial devastation of the area to be reduced to the minimum, we think that taking construction material from the zone of the future reservoir is justified from the aspect of landscape protection after the completion of works, even though it will be strongly visible before impoundment (Mt. Risnjak).
We suggest that the route of the planned access road, i.e. of the existing road next to PS Križ be used for access to the site, in order for forest clearance and devastation to be minimised.

However, the best landscape protection measure during construction will be to strictly meet the planned construction deadlines (three years), by means of which the duration of adverse impacts will be maximally shortened.

Protection measures for increased noise and air pollution
The negative impacts on noise levels and clean air will be marked only at the construction site.

By complying with all the statutory safety-at-work measures and by regular use and maintenance of the machines, the level of noise and the emission of harmful substances will be kept within the permissible limits.

ENVIRONMENTAL MONITORING PROGRAMME 

By using the GIS when preparing the EIS, part of the GIS program for the Križ reservoir was practically both established and implemented at the same time. With the use of the GIS, the existing state was registered, which is the starting point for any monitoring of modifications in the area under project impact.
C.1.1. Meteorological characteristics and climate
A standard meteorological observation post is foreseen in the area belonging to the administrative building.

C.1.2. Hydrology
All the criteria and values mentioned in the study shall be laid down in an operating rulebook and strictly implemented for the safety of people and material assets.

Water levels have to be recorded by installing a water level recorder in the reservoir, while downstream of the dam water levels and flows have to be measured, the foreseen and actual states have to be compared and, if needed, reservoir operation has to be adjusted.

C.1.3. Hydrogeological and engineering geological characteristics
No special environmental monitoring programme with regard to impacts on hydrogeological and engineering geological characteristics if foreseen. The establishment of zones of sanitary protection of springs in the Kupa valley is covered by a separate research programme, while erosion is analysed in more detail in other chapters of this study.
C.1.4. Erosion – torrents 
For monitoring purposes, it would definitely be useful to establish a system to control the transport of sediment into the reservoir (periodic surveys of the reservoir area or the like), as well as of the sediment blocked in the retarding basins and similar structures, in order to permanently monitor the sediment status and balance.
Seismotectonics
Since relevant faults spread in the area of the analysed location, it is necessary to conduct structural measurement in order to identify their potential activity. This includes identifying the types and potential sizes of tectonic movements in the fault walls and in particular the potentials for deformations or collapse of rocks during an earthquake. In addition, it is also necessary to define the correlation between tectonic and seismic activities and engineering-seismic parameters. By putting up a temporary seismic station, key data about the local seismic activity would be obtained.
C.1.5. Forests and forestry
A particularly important potential impact, which is possible throughout the period of reservoir use, is the degradation of forests in the basin, which might very adversely affect the reservoir in terms of the development of erosion processes and filling-in of the reservoir. In that regard and having in mind the results of health check done for the purpose of this study, it will be necessary to make a detailed additional analysis of the health of forest ecosystems, both in the entire basin area and in time, in order to analyse the acting processes and foresee their trends in the future. Particular attention has to be paid to protecting the fir as our most endangered species. An analysis of time series of infrared aerial photographs and/or multispectral satellite images of high spatial resolution is definitely recommended in this case. In addition, the spatial resolution of micro-flora, dendrochronological and pedological (particularly pedotoxicological) samples must be increased. In pedotoxicological sampling, more precise methods have to be used (e.g. a micro-habitat method, cf. e.g. Glavač i dr., 1987a and 1987b) and other air pollutants besides heavy metals shall also be sampled, first of all nitrogen oxides (NOx) and sulphur dioxide (SO2) produced by the combustion of fossil fuels.

Adequate monitoring of the health of forest ecosystems has to be established within the basin. This monitoring shall rely on the monitoring of the composition of mycorrhizal and other fungi (as a continuation of research under this study), on successive assessment of canopy damage (in particular of the fir as the most endangered species), and on the monitoring of the populations of xylophagous insects (forest degradation indicators). Such monitoring will be the basis for a successive assessment of an ecological risk. 
Having in mind many years of use of the planned structure, one should also prepare for a potential need for biological rehabilitation of the surfaces on which the natural fir forest has been completely destroyed. Adequate monitoring of the health of the existing forest ecosystems will be able to timely indicate the need for such solutions.
C.1.6. Agricultural soils and agriculture
Monitoring the impacts of the project on agricultural soils and agriculture is not necessary. 

C.1.7. Trophic state of the reservoir 

Permanent monitoring of the trophic state of the reservoir is required. This includes monitoring the basic physical-chemical parameters, in particular the quantity of nutrients; monitoring the density and structure of plankton communities (phytoplankton and zooplankton); monitoring the development of benthic communities and, naturally, monitoring the qualitative and quantitative composition of the fish community. However, this will require the preparation of a special detailed programme.
C.1.8. Development of aquatic flora and vegetation
From the aspect of flora and vegetation, it would definitely be very useful to monitor the settlement and development of aquatic flora and vegetation. Monitoring and recording the plant species and the degree of plant cover on the lake’s bottom and shores give useful information about the intensity of siltation and formation of sediment in the lake. Such monitoring can timely indicate increased formation of the sediment, increased degree of eutrophication in the lake and the need to put up sedimentation tanks, which has already been addressed. Monitoring the development of macro-vegetation is also important from the aspect of correct use of biological methods to maintain favourable water quality in the reservoir.
C.1.9. Terrestrial vertebrates 

During the removal of growing timber, during impoundment and several years after impoundment, it is necessary to monitor developments related to the populations of terrestrial vertebrates. It is particularly important to monitor developments in replacement habitats (new bogs at the reservoir’s edge, small puddles and pools in the boundary part of the reservoir, where possible).

C.1.10. Hunting
After the construction of the dam, the access road and other infrastructure, after impoundment and during the reservoir’s (at least) first use, a need is imposed to monitor its impact on environmental status, hunting game and other fauna and, if needed, to take additional action. Subsequent interventions may include modifications to the foreseen hunting management activities in the wider basin area. 
Monitoring methods:

· Regular periodic tours of the reservoir done by the representatives of the persons who have acquired the right to hunt in order to collect detailed information about all the observed game species, their numbers and the like;

· Identifying the quality of water by professional company staff (Križ reservoir) and potential identification of the causes of potential degradation in water quality due to hunting activities (potential presence of game carcasses and the like); and
· Other game monitoring methods (biotelemetry, infrared sensors, etc.).

C.1.11. Protected natural values
As there are no registered protected values in the impact zone, no monitoring programme has to be specified.

Since it is possible that during the performance of the planned works a structure of geological heritage is discovered (a fossil site, a representative profile across Palaeozoic deposits, etc.), it is proposed that during the performance of works attention is paid to such finds and that the competent institutions are instantly informed. They will then take further protection measures.
C.1.12. Tourism

During reservoir operation, it is mandatory to adhere to all the restrictions, constantly monitor the status in the basin and control the quality of raw water. Failing to follow the established order would have a direct impact on the restriction of certain tourist activities.

C.1.13. Monitoring the social community
Monitoring the social community can include several components:

· Immediate/local: Monitoring of how the problems, objections and needs of the local population directly related to the construction of the future reservoir are addressed – compensation for the land and houses, municipal tax, jobs, utility infrastructure; specific damage;

· Development: monitoring activities in the development of tourism, “ecological” behaviour of the people and method of protecting drinking water (fence), demographic processes, restoration of the wood processing industry, greater forest management potential, etc.

· Actors: maximum inclusion of the local population in the monitoring process. First, on an institutional level, through local self-government bodies, which at the same time implies their greater powers, i.e. decentralisation of the existing system. Second, through various forms of civil associations and NGOs which may be continuous leaders of different actions and of the control of the entire process. This implies population who is better informed and given assistance in order for them to better know how to refer to the authorities, but also their increased activity.
C.1.14. 
Structures
C.1.14.1. Settlements in the basin
The planned reservoir will start having an impact on the existing structures with the commencement of impoundment, i.e. the inclusion of the reservoir into the water supply system. This impact will be permanent and won’t change during operation.

If the structures found within sanitary protection zone I are retained, in addition to all the protection measures it will be necessary to strengthen the control over the cleanliness of water in the reservoir and supervise the way in which the structures are used, i.e. make sure that their users strictly adhere to the specified reservoir protection measures.
If it should turn out that the proposed measures are not sufficient, these structures will have to be removed.

C.1.14.2. Roads
Since the maintenance of the reservoir and all of its parts (including control of the condition of roads in the basin) will be required for the purpose of ensuring clean water, we think that the impact on the roads during operation needs to be monitored. This refers particularly to controlling the traffic of tank trucks and tractor trucks and controlling the proper operation of the drainage system.
C.1.14.3. Electric power system
The planned reservoir will start having an impact on the existing power distribution network with the commencement of impoundment, i.e. the inclusion of the reservoir into the water supply system. This impact will be permanent and won’t change during operation.

In view of the potential impacts and implementation of the proposed protection measures, we don’t think that a programme to monitor the impact of the reservoir on the power distribution system is required.
C.1.14.4. Water supply and wastewater collection
Due to the purpose of the reservoir, the control of clean water will be required regardless of the analysed impact.
If the structures registered within sanitary protection zone I are retained, it will be necessary to strengthen the control of how the new sewer system is used.
In view of the above, we don’t think that a special monitoring programme is required.

C.1.14.5. Telecommunications system
We don’t think it is necessary to specify any monitoring programme for impacts of the reservoir on the telecommunications network.
C.1.14.6. Other structures
It has been established that within the basin of the planned reservoir there is not a single manufacturing facility, community facility, flood defence facility or waste management facility. 
C.1.15. Križ pumping station
An environmental monitoring programme in terms of impacts on the Križ pumping station is not foreseen.

C.1.16. Other branches of industry
The reservoir’s impacts on the economy of the region (status and changes) will be regularly monitored by government and local self-government bodies. We therefore assess that a special monitoring programme for impacts on the wood and metal processing industries, trade, services and crafts is not required.

C.1.17. Cultural heritage
An analysis has shown that in the project area there is no cultural heritage which would be adversely affected by the planned reservoir.

Since there are no adverse impacts, there is no need to propose a monitoring programme.
C.1.18. Landscape characteristics
With the completion of construction works and impoundment, mostly all of the foreseen for landscape protection measures should be implemented. During operation, no further adverse impacts or alterations of the landscape are expected, except those that will improve it (e.g. the growth of the planted trees and other vegetation). Since the monitoring of cleanliness of the lake and maintenance of the dam and hydraulic structures (which is interesting from the aspect of landscape impacts) will be required because of the safety of the dam and quality of water in the reservoir, we don’t think there is a need to specifically monitor the impact on the landscape during use.
C.1.19. Noise level and air quality
During construction, it is necessary to monitor the intensity of noise and air pollution specified by the technical safety-at-work regulations.

With the completion of construction, all potential adverse impacts will disappear. Since no permanent adverse impacts on the noise level or air quality are expected and since maintenance of every part of the reservoir will be required for the safety of the dam and sanitary protection of water, we think that in terms of environmental protection from noise and air pollution no monitoring programme is required.

D. SUMMARY OF THE STUDY FOR PUBLIC INSPECTION
(Note: The Summary is bound separately as Volume 3/3 of the EIS)
PAGE  
320
Report Ref.: 2/2000-K1
EIS

Zagreb, June 2000



