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Summary 
SHORT DESCRIPTION 
This document describe s Kokra pilot region test basin  with a micro -location that will form a 
testing ground for MCA in Slovenia. The document al so highlights the ‘coarse’ MCA structure 
and alternatives that are going to be tested in the  MCA. 
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Aim of this document is to describe Kokra pilot region test basin with a micro-location that will form a 
testing ground for MCA in Slovenia. The document also highlights the ‘coarse’ MCA structure and 
alternatives that are going to be tested in the MCA. 
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Kokra is typical Alpine river with a catchment area of 224 km2. It rises at 1400 m altitude on the 
Virnikova Mountain. The water catchment area (basin) consists of two bio-geographical regions, 
mountainous Alps and lowland Carniola. The Alps region extends from Stor�i �  Mountain (2132 m) to 
the north and east to the Austrian border and through Jezersko Mountain (1218m) reaches the ridge 
of Kalec with Krvavec. Lowland area lies beneath the southern part of the part Kri� and Stor�i �  
Mountain, past the Tupali� e, Hotema�e, Visoko, Britof and largest city of Kra nj. Western boundary 
follows the river route from Seni� no (600 m) over the Udin Borst and Kokrica to Kranj plain (nearly 400 
m). Kokra flows into the river Sava in Kranj. Upper Sava basin catchment area with Kokra consist 
1453 km2 (Globevnik et al. 1998).  
 
In Preddvor the Kokra basin covers 128 km2, at 24 kilometer mark reaches the average gradient of 
1.8%. Kokra in this part flows through the gorge and has a strong torrential character, with number of 
boulders, gravel and pools. On the length of 12 kilometers, as it winds through the terrace deposits of 
lowland between Preddvor and Kranj, the water drops from 440 m above sea level to 343 m (with 
average gradient of 1.2%), full of picturesque canyons and flood arches maintaining special riparian 
habitats. In vicinity of Kranj, at village Rupa two smaller tributaries Rupovš� ica and Kokrica join Kokra. 
Those drain the foothills Kri�, Poljane and Stor�i �  Mountains. Overall length of Kokrica tributary is 13 
km, with an average drop of 0.9% (Globevnik et al. 1998).  
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The geological structure of the Kokra basin between lower Jezersko and Preddvor is dominated by 
carbonate rocks. These are limestone and dolomite of Triassic age and alternative keratofirs, tuffs and 
porphyrs. Slopes are for the most part covered with lateral gravel, composed of smaller rounded 
rocks. In upper part Kokra shows a shallow alluvial character with shallow sandy gravel. The middle 
and lower part Kokra deposited thick (30 m and more) sand gravel banks/terraces (Globevnik et al. 
1998).  
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Figure 1: Geological structure of Kokra basin, showing the location of planned SHP Kokra (Globevnik 
et al. 1998, 29).  
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The Alpine part of the river basin is two typical soil composition, soil brown dystric silicate rocks and 
rendzinas on limestone and dolomite. In higher altitudes, there are also rendzinas on limestone and 
dolomite. At the foot of the slopes, soil is eroded brown polycarbonat. Soil of oligocene clay and clay 
soil, sand and conglomerate terraces are ‘eutric’ (Globevnik et al. 1998).  
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Measured mean annual discharges at the gauging station (GS) Kokra is 4,47 m3/s and GS Kranj is 
5,87 m3/s. The Sava River before Kokra poured into in Kranj, has mean annual flow of 58 m3/s. The 
mean of the low points in GS Kokra is 1,33 m3/s and in GS Kranj 1,12 m3/s. Extreme Low Water 
average for GS Kokra is calculated at 0,8 m3/s and for GS Kranj 0 m3/s. Month with lowest water 
levels is August. High water peaks are occurring in November, December and April (Globevnik, L. 
2006). 
 

 

Figure 2: Hydrological map of Kokra River basin, showing the location of planned SHP Kokra 
(Globevnik et al. 1998, 30).  
 
For Kokra river exists long-period measurements of discharges, which are measured at the gauging 
stations Kokra I (Kokra) and Kokra II (Kranj) (Figure 3).  
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Figure 3: Location of hydrometric stations Kokra I and Kokra II. 
 
For gauge station Kokra I, there are available data for the period 1926 – 2008 and for gauge station 
Kokra II, for the period 1957 – 2008. The characteristic discharges and discharge duration curves, for 
dry and wet year, are represented on the next figure (Figure 4). 
 

 
 
Figure 4: Daily mean discharge with discharge duration curve (dry and wet year) for Kokra river at HS 
Kokra I 



� ���������	
�����
	��������	��	���������������
���� ��	����
 

��
������� ����� ���!�
�	���	������� � 5�"��#�

 
From available data for Kokra river (gauge station Kokra I), we constructed a graph of average 
monthly (Figure 5) and annual flows (Figure 6). On figure 5 can be seen alpine snow-rain river flow 
regime with primary peak in autumn as a result of reservation of precipitations in higher rainfall areas 
and rain in low mountain range. Secondary peak in spring is result of melting snow in the mountains 
and spring rains. Minimums are in winter and summer.  
 

 
 
Figure 5: Average monthly discharge from 1.1.1926 until 31.12.2008 for Kokra river at HS Kokra I 
 
Changing of average annual flows in the period between 1.1.1926 and 31.12.2008 is shown on figure 
6. There is an obvious trend of declining values of the average annual flow. The reason for this is not 
yet completely evident. 
 

 
 
Figure 6: Average yearly discharge from 1.1.1926 until 31.12.2008 for Kokra river at HS Kokra I 
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Mean rainfall levels for area between Preddvor and Golnik are 1400 mm and 2000 mm in region 
around Jezersko. Evaporation varies between 600-700 mm per year in the lowland part and 400-600 
mm in the mountainous part. Average annual temperatures of lowland region are 8°C, and Alpine part 
only 2°C. Most precipitation in the upper part of b asin falls in October and November (Jezersko 200 
mm/month), in the lowlands in July and November (160 mm/month). At least rain falls in February and 
March. Maximum daily rainfall is ranging between 114 mm (Krvavec and Golnik) and 214 mm 
(Jezersko). One hour and two-hour rain with a return period of 10 years are 30 and 40 mm on 
Jezersko and 34 and 41 mm at Brnik (Globevnik et al. 1998). 
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The following picture shows hydro morphological characteristics of the area, where the construction of 
the Kokra SHP is planned. Left picture shows the hydrodynamic state. In section where water 
withdrawal is planned are downstream flood plains (areas) and in the lower part where turbine is 
planned retentions areas. In the section where they provide ecologically acceptable flows, the flow of 
Trdovec (tributary) occurs in torrential erosion area (torrential fan). Right picture shows the 
hydrodynamic conditions in the stream. Visible are torrent active erosion sinks (red dashed line). In the 
section where they provide ecological acceptable flow, is river bed relatively stable, with no noticeable 
trend of deepening and deposition. In area of water withdrawal and before the affluent of � emšenik 
(triburtary), stagnating sections and gravel accumulation occur (Globevnik et al. 1998). 
 
 

 
 
Figure 7: Hydro morphological provided characterization of the SHP Kokra (Globevnik et al., 1998, 
figure 1, 2). 
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In the flood plains areas of Kokra are present all forms of erosion, typical for alpine and subalpine 
conditions. Above the tree line dominated by various forms of water/snow surface erosion. The 
torrents are typical mountainous, with steep, unstable riverbed, strong fluctuations in water levels and 
abundant transport capacity. Locally are present all forms and strengths of erosion and sediment 
release (erosion hot spots) and the deposition of sediment (Globevnik et al. 1998). 
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Sources of sediment bed-load discharge for the dynamic processes developed on the river Kokra are 
all lateral areas with torrential ravines and areas with ongoing lateral and vertical erosion. The bed-
load discharge of Kokra is not affected by slope rubble and gravel of Ravenska Ko� na, while all other 
areas (slopes) strongly or conditionally impact bed-load discharge. Stronger processes of erosion are 
mainly caused by Kokra’s right tributaries (Neškarjev graben, Suhadolnikov graben). Here derives the 
shock flow of sediment over longer periods. Intense sediment transport is present in all tributaries 
Jezernica and Kokra till Preddvor. In the section to Fu�ine (middle stretch), the river shows strong 
transport capacity. Till Preddvor the river shows changing character alternating balanced sections and 
sections with minimal erosion and shorter segments. Excess gravel is deposited in masses by 
Preddvor, so this area is also called the transition area (Globevnik et al. 1998). 
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The bulk of mountainous river catchment area of Kokra is overgrown by forests. From the foothills to 
the forest frontier is represented by following communities: various beech communities with shrubs, 
black beech, spruces with moss and dwarf pines. Non forested areas are up to 1800 m mainly 
grasslands. In the lower hay meadows is dominated by sites with Arrhenatheretum s. lat. or golden 
oatgrass (Trisetetum flavescentis), located mainly in meadows, spread over 800 m above sea level. 
On steep slopes are pastures or grassland, classified in the thermophilic link Bromion erecti. Arable 
land appears only in the vicinity of settlements up to 1000 m altitude. Above the tree line is typical 
upland vegetation with classes Thlaspeetea rotundifolii, communities of Asplenietea trichomanis, 
grasslands and mountain communities Seslerietea albicantis (Globevnik et al. 1998). In the area of 
proposed SHP Kokra are running water habitats, grassland habitats and riparian forests, arable land, 
and subalpine and alpine habitats. 
 
It is important to stress that Kokra sub-basin is “burden” with many nature protection regimes which 
harmonization with RES objectives will be a difficult and time consuming task (Figure 8). 
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Figure 8: Kokra sub-basin (blue line) covered by nature protection regimes  
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Kokra River inhabit following fish species: brown trout (Salmo trutta m. fario), rainbow trout 
(Oncorhynchus mykiss), Grayling (Thymallus thymallus) (Globevnik et al. 1998).  
 
Brown trout habitat are faster running, clear, cold rivers and streams (up 15 to 17°C), well saturated  
with oxygen and the pebble bed. Pebble bed is obligatory for spawning, which runs from October to 
February. Water depth at the hatcheries is ranging from 30 to 90 cm. The size of gravel particles on 
hatcheries, on average, 2 to 6 cm, current velocity and a 10 cm/s. Juvenile inhabit shallower and 
calmer areas, adult specimens are kept in deep water. Therefore, the settlement in a stream depends 
on the percent of hiding. They feed on small invertebrates found in streams and insects that come too 
close to the water surface. 
 
Grayling inhabits lower altitude rivers, with faster water flow and gravel bottom with different-sized 
pebbles. It is found in the sandy-bottomed streams and rich aquatic vegetation. Stays are mainly in 
areas with faster flows and moderate water depths. Temperatures should not exceed 18 to 20°C. It 

Natura 2000 regions

Additional protected areas not included in Natura 2000

Ecologicaly important areas

Protected areas

Register of nature values - regions
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thrives mingles in flocks and are not concealing at banks or at bottom. They feed on small 
invertebrates that thrive on the bottom looking for food but also on the surface. Grayling is a fish 
species that is very sensitive to water quality (Globevnik et al. 1998).  
 
Rainbow is a non-autochthonous fish species (introduced from North America in the 19th century), 
very flexible, which inhabits fast flowing water and lakes. They are found in waters with high oxygen 
content, where the temperature does not exceed 21°C . Like all trout species feed on animals, mainly 
on invertebrates, as well as larger fish specimens (Globevnik et al. 1998).  
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The following maps are depicting land use and the categorization of streams in Kokra River basin.  
 

 
 
Figure 9: Land use in Kokra River basin (Globevnik et al. 1998, 42).  
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Figure 10: Categorization of streams (by type of river-bed) in the Kokra River basin (Globevnik et al. 
1998, 46). 
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Water for the production of electricity is already being used in ten small hydro power plants (SHP) on 
Kokra River and one in location at Kokrica. The analysis of water balance segments was made, 
wherein the length of the river section parallel to the tube during the capture and release was 
measured. Length of the river with water withdrawal is ranging between 300 and 1000 meters. No fish 
tracks have been constructed in the past and what is even more problematic - hydro-biological 
continuum is not guaranteed during the whole year. In the following table the characteristics of existing 
SHP’s are listed and also presented in Figure 11. 
 
Table 1: Operating characteristics of small hydropower plants on Kokra (IBE, 1997)  
 

Name Watercourse Legal status Qi N Hz Hiz L 

    (m3/s) (kW) (m) (m) 

Standard Kokra in Kranj EO, LP, WRC, 
BP 5.0 155 356 348 300 m 

Kokra Kokra in Kranj EO, LP,WRC, BP 3.7 228 371.7 363.9 370 

Britof Kokra in Britof WRC, BP 5.0 290 388.6 380.6 900 

LIP Kokra in 
Preddvor / 1.12 65 458.4 454.2 750 

Virnik-
Hajniherjev jez Kokra/Kokra NOW 0.8 25 574.8 570.5 350 

Povšnar Kokra/Kokra BP, WRC 0.73 22 600.8 597.2 250 
Ribi� - Fu�ina, 
Štularjev j. 

Kokra - Koritarici EO, 
NOW 

1.5 60 639.3 634.1 250 

Olip Murnov graben EO, 
NOW 0.05 100 825.0 777.0 450 

Povšnar Suhadolnikov 
graben NOW 0.08 10 923.0 900.0 200 

Zabukovec Zabukovški 
graben LP, WRC, BP 0.230 105 880.0 775.0 960 

 
Legend: 

EO Water management - expert opinion 

LP Location permit 

WMC Water management consensus 

NOW Notification of works  

BP Building permit 

Qi installed power 

N installed flow 

WWA altitude of Water withdrawal 

WDA altitude of Water discharge 

L Length of water withdrawal to discharge 
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Figure 11: Digital elevation model of Kokra catchment with existing SHPs with their installed capacity, 
with location of planned one and hydrographic network 
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On the basis of previous studies a new technically feasible hydropower potential was recognized. The 
design of SHP is the following: a facility for withdrawing water from the river Kokra near the existing 
SHP Virnik (variant 1, upper angle of the dam, 574,4 meters above sea level near Virnik, upper angle 
is 570,7 meters above sea level).  
 
For water abstraction a dam/weir would be built with side or frontal decanting to provide an 
ecologically acceptable flow (Qes). Water would be diverted from the sites by tunnel pipeline to engine 
location. The pipeline would be bored into rocky structure of the massive Škrbina with a length of 
about 3000 m. Engine room (the approximate altitude: 510 meters above sea level) to regulate the 
flow at the approximate location of � emšeniški brook in Kokra. All parcels (land) are located in the 
cadastral municipality Kokra in the municipality Preddvor. 
 

Location of planned SHP 

Capacity: cca. 380 kW 

Capacity: cca. 22 kW 
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Figure 12: Location Kokra provided SHP (GURS, Map of Slovenia, 2010)  
 
Under the SHARE project also use of other tools is planned. With this comprehensive approach is 
very important to verify the hydropower potential, namely downstream of this planned SHP is also a 
significant unexploited river reach which could also be included in MCA analysis. 
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Based on the data available, the testing of alternatives with changes of Environmental Flow will form 
the main area of consideration with MCA-tool/concept. At the moment we are opting for Variant1 
based on four (4) main alternatives, which beside a Alternative without SHP define variation on 
Environmental Flow. See Figure 13. Regulations for MIF determination in Slovenia are very exact and 
MIF for certain location can vary also on the length of water abstraction in main river channel.  
 

 
Figure 13: Illustration of the variant for hydropower exploitation of analyzed river reach with 
determined hydropower potential (GURS, Spatial Information System, 2010). 
 
 
In this phase of the project next variant with alternatives will be considered: 
 
VARIANT 1 (Tunnel) 

Alternative 0: no SHP 
Alternative 1:  SHP, Qes 
Alternative 2:  SHP, Qes reduced for about 15 % 
Alternative 3:  SHP, Qes increased for about 15 % 
 

 
In further progress of the project and analysis additional variant of basic design of SHP can be 
considered: 

·  Possibility of change of the location for upstream water intake and downstream water release 
(there is unexploited Kokra river reach downstream)  

·  Other alternatives which could be recognized as a possible solutions in the phase of further 
environmental, technical and economical analyses 

 
Under the SHARE project also use of other tools is planned. With this comprehensive approach is 
very important to verify the hydropower potential, namely downstream of this planned SHP is also a 
significant unexploited river reach which could also be included in MCA analysis. 
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It is planned to use software Vapidro-Aste to determine residual potential of Kokra river and for 
efficient evaluation of different variants a software SMART Mini Hydro will also be employed. 
 
 

%1+�������
 
River Kokra case study tree 
 

·  RIVER CONSERVATION 
o Physical-chemical quality 

�  River Chemical Status 
�  River Ecological Status 
�  Saprobic index (linked with next theme) 

o Biological quality 
�  Benthic Macrointervertebrae 
�  Fitobenthos 
�  Riparian habitats 
�  Ihtiology (Salmo.t.fario, Thymalius t.) 
�  Ornitofauna (Cinclus c., Charadius d.) 

o Hydro-morphology 
�  Hydrological regime 
�  River continuity (facilities, barriers, etc.) 
�  Hydro Morphologic alteration 
�  Structure and substrate 

 
·  ENERGY PRODUCTION 

o Power production 
�  Annual Power Produced 
�  Linear Power produced 
�  Trade off 
�   

·  NATIONAL RES TARGETS OBJECTIVES* 
o Increase of RES share according to the National obligatory objectives 

 
·  TOURISM 

o Profit 
�  Income of fisheries 
�  Income of local tourism 

 
This MCA tree proposal is first estimation and during the SHARE project where a brief stakeholder 
collaboration will take place and other analysis will be done, it can be modified.  
 
* Since Criterion “NATIONAL RES TARGETS OBJECTIVES” is Slovenian proposal, here is more 
detailed explanation. For example Slovenia is obliged to increase RES share up to 25 % of total 
national energy consumption. In draft version of Action Plan for RES from 2010 to 2020 it is estimated 
that in Slovenia additional 85 GWh can be produced from new and modified existing SHPs. So 
indicator in this criterion could be evaluated by utility function which will calculate f = f(a/A) where a is 
energy produced in planned SHP and A is objective from Action Plan. The shape of utility function 
could look something like that:  
�
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Figure 14: Proposal for RES as an indicator evaluated by utility function�
�
For example if for planned SHP the annual electricity production is arround 12 GWh and the utility 
function is y = 0.1771ln(x) + 0.2132 the result of this criterion would be 0.65. In further steps of MCA 
tree “evolution” also other type of utility function can be applied (for example linear dependency). 
 
We assume this approach embraces all different instruments which countries want to implement for 
increase RES share in total energy consumption (green certificates, CO2 emission taxes etc.). 
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