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Abstract 
Currently, Statkraft knows that they have oil spills from their hydraulic system, but the 

problem is that the amount of the oil spilled is not clear. Furthermore, Statkraft is missing a 

tool that can be used when decisions need to be made on what power plants that should be 

prioritized to be renovated next or which oil system that they should be switched to. In order 

to answer these points a look has been taken onto the environmental effects and the amount of 

oil spilled from hydropower plants, the general oil system inside a power plant, and in Kaplan 

turbines. Furthermore, two maps were developed: one presenting areas of interest for humans 

and environment around the hydropower plants and a second map about the river shorelines 

sensitivity to oil spills represented in form of an ESI ranked river shoreline. The maps give a 

general overview and can be used as a starting point to include environmental aspects into the 

planning and decision making process. The outcomes of the study are that more detailed 

information about the amount of oil spills released in small amounts from the turbines is 

needed. The catchment areas, where Statkraft Sverige AB has hydropower plants, which are 

most sensitive to oil spills, are Moälven and Nätraån. The hydropower plant with the most 

sensitive river shoreline is the Stennäs power plant due to a large wetland close by. Those 

areas should therefore be prioritized in projects about reducing the amount of oil inside 

Statkraft`s hydropower plants. 
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1 Introduction 
Statkraft Sverige AB is an energy producing company owned by the Norwegian Government 

and the Norwegian company Statkraft AS. Statkraft Sverige AB is responsible for 58 

Hydropower plants, 1 Wind farm, and 5 District heating plants all situated in Sweden. In 

order to handle environmental issues Statkraft AB established a map for Norway, which is 

accessible in the Intranet of the company. The map includes areas of environmental interest 

such as; water protection areas, areas that are legally protected, and areas of red listed species. 

Such a map where environmental information is gathered makes it more convenient for 

managers of the hydropower plants to deal with renovations of the plants and new building 

projects such as roads, new power lines etc. In Sweden, such tools for the company are 

missing. Another topic Statkraft is interested in is to look at oil spills from their hydropower 

plants. There have been studies on the environmental effects of hydraulic oil spills connected 

to hydropower plants. It is assumed that constant leakage of hydraulic oil in small amounts is 

not a problem due to dilution but the effect is also dependent on the type of oil, water velocity, 

and the type of beaches, sensitive areas, downstream of the hydropower plant. A bigger 

problem is accidental oil spills of larger amounts (Åstrand, 2008). Therefore, such a map can 

also be helpful when accidents like oil spills occur. It is important to quickly see what areas 

those are at risk to be affected and which authorities will need to be informed. In this report it 

is intended to establish a map that can be used by Statkraft for their decision making 

processes and in case of accidents. Furthermore, a look will be taken on different technical 

systems used at the moment for the energy production connected to risks of oil spills. 

1.1 Problem formulation 

At the moment the company Statkraft knows that they have oil spills from there hydraulic 

system, but the amount of the oil spilled is not clear. Furthermore, Statkraft is missing a tool 

that can be used when decisions need to be made on which oil system that should be 

renovated in their power plants. Statkraft need information about what areas of environmental 

interest they need to take into consideration when building roads for maintenance or when oil 

spill accidents occur. 

1.2 Research question 

The main research question attempted to be answered in this report, is formulated as follows: 

 

Which Statkraft Hydropower plants in Sweden should be given priority to be renovated, 

when looking on oil spills in the technical system and areas of environmental interest or 

legally protected areas in the surrounding of Statkraft`s hydropower plants? 

 

1.3 Purpose and Goal 

The purpose of this study is to provide information for Statkraft on the environmental effects 

of possible oil spills in the different technical systems of their hydropower plants situated in 

Sweden. Another purpose is to minimize the risk of oil spills connected to what type of 

turbine and hydraulic system that is been used. Environmental effects that will be included in 

this paper are the effects of oil spills in the aquatic system limited to the effects on; birds, 

plants, fish and mammals. 

The Goal is to produce a thematic map to show which hydropower plants that should be 

prioritized to change the turbines to more environmental friendly solutions. Further on, the 

map can be used as a base for their decision making when it comes to renovations as well as a 
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help for future planning. It can also be a tool that can be used to minimize the damages in case 

of larger oil spills due to accidents in the hydraulic system. 

2 Method 
In order to set the base to be able to answer the research question a literature study will be 

done on water based lubrication systems and fossil oil based lubrication systems.  

 

Furthermore, it will be investigated, by talking to employees from Statkraft and provided data, 

what kind of turbines and technical systems that are used in the different hydropower plants. 

In addition the amount of hydraulic fluids that is spilled from the turbines in average per year 

in their hydropower plants will be investigated. The Data about the oil spills will be provided 

by Statkraft and will be based upon reports on how much oil they need to refill to the turbines 

due to leakage in the system and how much spilled oil that is recovered. 

 

In order to answer the main question of this report, which hydropower plant should be given 

priority to be renovated, a thematic map showing how sensitive the shoreline downstream of 

the power plants is to oil spills is developed. Areas of environmental interests in the 

surroundings of the hydropower plants are also included in the map. The program for making 

the map is ArcGIS 10.2. Different areas of interest along the shoreline of the rivers 

downstream of the power plants will be included and the river shoreline categorized according 

to the classes in the Environmental Sensitivity Index Guidelines (Petersen, 2002). The map 

will consist of areas of environmental interests on national and local level. The areas of 

interest included are areas of national interests (Riksintressen), water protection areas, known 

areas with red listed species, and other protected or areas valuable to nature and humans. The 

Geographical boundary is Sweden. With this, it will be possible to conclude which 

hydropower plants should be given priority to be changed/renovated by exchanging the 

hydraulic fluids or the type of turbine. 
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2.1 Mapping process 
In the following section the method for the different maps is explained. 

2.1.1 Map of environmental valuable areas: 

The map will show environmental valuable areas around Statkrafts Hydropower plants. The 

geographic boundary of the studied area is limited to a radius of 5 km around the hydropower 

plants. The input maps are shown in the Table 1 bellow, more detailed information about the 

maps can be seen in Appendix B.  

 
Table 1 - Input maps for the environmental areas map 

Map Name Description 

Riksintresse Friluftsliv, MB 3:6 National Interest, outdoor recreational areas 

Riksintresse Kulturmiljövård, MB 3:6 National Interest, cultural heritage 

Riksintresse Naturvård, MB 3:6 National Interest, nature conservation 

Riksintresse Kust- turism & friluftsliv, MB 4:2 National Interest, cultural –touristic &outdoor recreational areas 

Riksintresse Obruten kust, MB 4:3 National Interest, coast 

Riksintresse Högexploaterad kust, MB 4:4 National Interest, high exploited coast 

Riksintresse Fjällområden, MB 4:5 National Interest, mountain area 

Riksintresse Skyddade vattendrag, MB 4:6 National Interest, protected streams 

Kulturreservat Cultural Reservoirs, 

Miljöreda Map about environmental work that is done 

Åtgärder i vatten 
Restoring fish stock and other actions taken for better water 
quality 

Åtgärder i vatten, fiskvägar Fish ladders 

Naturtyper och biotoper  Nature types and habitats 

Biotopskydd Protected habitats 

Biotopskyddsområde Protected habitats 

Djur och växtskyddsområde Animal and plant protection areas 

Natura 2000,Fågeldirektivet(spa) Natura 2000 areas, Bird protection areas 

Kulturreservat Cultural reservoirs 

Nationalparker National parks 

Naturminne Natural monuments 

Naturreservat Nature sanctuary 

Naturvårdsområde Nature conservation Area 

Vattenskyddsområde Water protection areas 

Ramsar skyddade område RAMSAR protected areas 

AM_Valuable Fresh Water Environment Valuable fresh water environments 

Nyckelbiotoper Key habitats 

Sumpskopar Swamp forests 

Våtmarker Wet lands 

Natura 2000, Art-och habitatdirektivet Natura 2000, Species and habitats directive 
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2.1.2 Environmental Sensitivity Index map 

The Environmental Sensitivity index (ESI) describes how sensitive a shoreline is to oil spills. 

The results are presented as a map. Such ESI maps are usually used for marine coastlines but 

in some occasions also converted to inland water shorelines. One example of an ESI river 

map is for the Hudson River in the USA (NOAA, 2014). Today, a number of ESI atlases exist 

all over the world and also in southern parts of Sweden for marine shoreline but no map for 

Inland Waters in Sweden, have been published jet. 

ESI maps consist of 3 general types of information. 

 Shoreline Classification is related to the type of coast; stone, sand wetland, and also 

the level of difficulty in cleaning up oil spills. 

 Biological Resources; contain habitats of red listed species and plants or other oil 

sensitive species. 

 Human Use Resources; areas that are more valuable for human; recreational areas, 

cultural areas, water protection areas… 

The Department of Commerce of the United States has developed a standardized 

methodology for developing ESI maps (Petersen, 2002). The methodology will be used as a 

guideline but will not be followed exactly due to limitations of time and data needed.  

2.1.3 Methodology for the ESI map in this paper: 

Description of ESI Ranks 

In Table 2 bellow a description of how the different river shorelines are ranked according to 

the Environmental Sensitivity Index Guidelines (Petersen, 2002) is shown. Only characteristic 

related to river shorelines were considered. 

 
Table 2 - Description of ESI Rank 

ESI Rank Description 

1 
This rank contains shoreline types such as rocky shores and solid man-made structures. The substrate can’t be 
penetrated by oil. Therefore the impact of oil is minimal and natural processes will remove it within a few weeks. 
No cleanup is recommended 

2 
The shoreline type characterizing this rank is rocky shoals and bedrock ledges. No vegetation is found. The impact of 
oil is similar to the ESI rank 1. 

3 
The shoreline type in rivers is eroding river banks and steep sandy beaches. The impact of oil is not that significant 
in sheltered areas because the risk of oil burial is low. In areas more exposed to winds the impact is higher if the oil 
strands and a storm is following that moves the sand and buries the oil. 

4 
Shoreline is characterized by sandy bars and gently sloping banks. The substrate type is a little bit bigger than in ESI 
Rank 3 and as a result oil penetrates easier. Therefore the oil is harder to remove. No vegetation is found. 

5 
The rank is characterized by shorelines consisting of mixed sand and gravel beaches. Oil can penetrate as deep as 50 
cm. The vegetation is low. 

6 
Shoreline type is gravel bars and gently sloping banks also included are man-made Riprap. The impact of oil spills 
are big because the penetration is deep and the cleanup difficult. No vegetation is found. 

7 ESI rank 7 is not classified for river shorelines. 

8 
Shoreline types included in this rank are sheltered rip raps, sheltered man-made structures, Peat shorelines and 
vegetated steeply sloping bluffs. Because of slow natural removal rates cleanup is often required. 

9 
Characteristics of the shoreline for this rank are vegetated low banks that are usually abundant. They are often 
muddy, soft and vegetated and therefore hard to clean up. Further on this areas are often feeding places for fish. 

10 
River coast types falling into this rank are wetlands, swamps and freshwater marshes. They are the most sensitive 
areas because of their difficulty to clean up and the high biological value.  
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Shoreline classification 

In the beginning all the coordinates from the hydropower plants are put into one layer of the 

data provided by Statkraft. With the use of the coordinates and a map from SMHI which 

shows all the inland water bodies and a terrain map from Lantmäteriet, the shorelines of the 

rivers downstream of the plants are projected in a polyline layer. The shoreline classification 

is based on an earth type map (Jordartskarta 1:100000) provided by SLU, an earth cover map 

(Marktäckeskarta), and a map about wetlands (Våtmarkskarta) from the Swedish 

environmental protection Agency. Further on an elevation dataset of Sweden (Höjdraster 

DTM_50) by Lantmäteriet to help with the final categorization of the river shoreline. 

To combine all the inputs from these four maps they were transformed into shape file layers. 

After that the tool “Intersect” was used to combine the river shoreline with the attributes of 

the 4 other layers. The result of this action is a polyline layer containing information about the 

attributes from all the four input maps. 

To be able to use this attributes for the shoreline classification the four different input maps 

need to be re-categorized according to the Environmental Sensitivity Index Guidelines- 

Version 3.0 by Petersen J. (Petersen, 2002). 

Earth cover map (Marktäckeskarta) 

The re-categorization for the earth cover map was based onto the definitions of the Swedish 

Environmental protection agency in the product description (Naturvårdsverket, 2014) 

belonging to the map. Five categories were chosen that further on will fit into the ESI 

shoreline classification; man-made (man), vegetated (veg), exposed (exp), wetland (wet), and 

no value (nov). The results of this classification can be seen in Appendix C. 

Soil type map (Jordartskarta) 

The soil type map is used to specify the substrate 

type of the river shoreline. Each kind of 

substrate that was classified in the map is given a 

new ESI rank according to the ESI Guidelines 

(Petersen, 2002). Information about the 

definition of the different earth types was 

retrieved from SGU`s Website (SGU, 2007). The 

re-classification can be seen in Table 3 on the 

right. 

Elevation map 

The slope of the coast is put in the following three categories: 

 >30° (steeply sloping), 30°-5°(gently sloping) and <5° (flat) (Petersen, 2002). 

Wet lands 

Wetlands have a final ESI rank of 10 and therefore don`t need to be reclassified (Petersen, 

2002). 

  

Table 3- Reclassification of the earth cover map 

JordID SGU classification NewESI rank 

75 Torv 8 
86 Lera--silt 8 
84 Postglacial sand--grus 5 
50 Isälvssediment 3 
9792 Moränlera eller lerig morän 4 
100 Morän 4 
9800 Morän eller vittringsjord 4 
888 Berg 1 
9191 Glaciär no value 
91 Vatten no value 
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Combining the three reclassified attributes 

With the attributes newly categorized the three input values one from each map (Mark = earth 

cover map, Jord = soil type map, Slope = Elevation map) are used to classify the river 

shoreline into the ESI classes defined by Petersen J. A Summary of the ESI classes can be 

seen in Appendix D. The column used has the headline “Riverine” and is suitable for the 

classification of river shorelines. Parts of the final table are shown in Table 4 below. The 

whole final table is in Appendix E. For some parts of the river coast the classification was 

only based on 2 input factors because the 3
rd

 input factor was not classified, it was water areas 

that overlapped with the shoreline due to different qualities of the input maps. Areas with only 

one input factor have not been classified and are therefore missing in the Results. 

  
Table 4 - Excerpt from the final table about the reclassification of the river shoreline 

FID JORD Mark Slope ESI Rank comment 

11 3 exp steeply sloping 3  
12 3 man gently sloping 1  
13 3 man steeply sloping 1  
14 3 nov flat 3 only 2 inputs 
15 3 nov gently sloping 3 only 2 inputs 

Biological resources and human use resources 

The mapping of biological resources and human use resources is limited to the same input 

maps as for the environmental area map, see Table 1. Only areas that are situated on the river 

shoreline are considered. 

Maps about oil sensitivity 

For the maps about oil sensitivity of catchment areas and hydropower plants the Final ESI 

classified map was transferred into a new layer where the shoreline is represented with points 

of 10x10 meters who have the value of the ESI classification. From all this points a mean 

value for each catchment area was calculated. A mean value was also calculated for each 

hydro power plant on the area 5 km (beeline) downstream of the plants. 
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3 Oil spills and the technical system 

3.1 Turbines 
The three most common types of turbines 

in Hydropower plants are Kaplan turbines, 

Pelton wheel turbines, and Francis 

Turbines. The different turbines are 

suitable for a plant depending on the 

efficiency which is further dependent on 

the height difference between the dam and 

the turbine (𝐻𝑛(𝑚)), and the water flow 

(Q=𝑚3/𝑠) as illustrated in Figure 1.  

 

 

3.2 The hydraulic systems 
In a hydropower plant the hydraulic system regulates the inlet, outlet gates, and server motors 

in the turbines; for example to turn the rotor blades in a Kaplan turbine or regulate the wicked 

gates. The hydraulic system is also connected to the bearings in the turbine in order to 

lubricate them. Usually, two different systems, one responsible for lubrication and the other 

one for regulating, are installed. A low pressure hydraulic system where the pressure is 

around 20 bar needs about 90% more oil in the system compared to a newer high-pressure 

system with a pressure of around 120 bars. Therefore it is now common to install high 

pressure systems when hydropower plants are refurbished or expanded with additional 

turbines. (Jonsson, 2014). 

3.3 Bearings 
The functions of Bearings in a turbine are to hold the 

weight of the shaft and the runner and keep the shaft in a 

central position. For a better efficiency of the turbine it is 

important that the shaft when it is turning only vibrates to a 

minimum. The vibration of the shaft is partly connected to 

how smooth the bearings run (Golchin, 2013). A typical 

Kaplan turbine is usually hold in position with four 

bearings; one trust bearing and three guide bearings. In 

Figure 2 (Golchin, 2013) a drawing of a Kaplan runner with 

a vertical shaft is shown. The trust bearing 4 on top, and the 

main guide bearings 1, 2, 3, spread out on the shaft. 

 
  

Figure 1.-Area of Application Source: (Drtina P, 1999) 

Figure 2 - Bearings in a Kaplan turbine 
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3.4 Oil spills 
Oil spills usually occur in bearings or due to accidents or leakages in the pipes of the 

hydraulic system. There are safety installations to minimize the oil release to the aquatic 

system. Usually it is some kind of catchment bucket situated under the turbine construction. 

The water that comes in contact with bearings and other hydraulic components in the turbine 

is separated and stored in this catchment bucket. Then it can be controlled if oil was spilled to 

the water, either through oil detecting devices installed in the catchment buckets or through 

manual control from the staff. If oil spills are detected they can be removed either with oil 

skimmers or oil absorbent strings that are put into the water before it is released to the open 

water (Jonsson, 2014). Another important issue to minimize the effects of oil spills on the 

environment is to have a good cooperation with the authority responsible for oil spill removal. 

In Sweden the authority responsible for that is the Swedish Civil Contingencies Agency 

(MSB). 

 In a Francis turbine the hydraulic oil system doesn`t get in contact with the open water 

cycle at any point, that means in a Francis turbine, oil spills from the turbine directly to the 

open water are not possible. Oil spills can still occur in other parts of the system most 

commonly in the hydraulic cylinders that operate the intake gates. (Jonsson, 2014).  

In a Kaplan turbine oil spills that go directly to the open water are most common to happen 

in the runner of the turbine because the blades are adjustable and the seals not 100% tight. In 

older turbine types the whole runner is filled with hydraulic oil. In newer runners only parts of 

the runner are filled with oil. (Åstrand, 2008). 

3.5 Amount of oil in a turbine 
The amount of oil in a hydropower plant is dependent on how many turbines the power plant 

has and what type of turbine that is used. To get a better understanding of the amount of oil in 

a power plant the hydropower plant Kvistforsen is used as an example. The Input Data was 

provided by Statkraft and is based on controls of the oil level in the different systems in 2006 

and can be seen in Appendix A. The Kvistforsen power plant has two Kaplan turbines of the 

same kind installed. Just to give a few examples: the amount of oil in the main guide bearings 

was 92 liters, the trust bearing contains 3000 liters, the turbine bearing 468 liters and the 

regulating system 13000 liters at the time of measurement. The total amount of oil in the 

entire power plant was around 100 𝑚3. In 2012 Statkraft announced to renovate the power 

plant and upgrade the turbines, and the intake hydraulics which will result in a reduction of 

the total oil in the power plant with 32 𝑚3 (Statkraft, 2012). 

3.6 Oil free solutions for turbines and bearings 
In the last couple of years a lot of research has been done on how to eliminate or minimize 

risks for oil spills. Generally there are two solutions; the first solution is to eliminate the need 

of oil in form of oil free solutions such as oil free bearings and oil free hubs. The other 

solution is to exchange the oil with an alternative considered more environmental friendly, 

such as an Esther based oil or other biodegradable oil.  

3.6.1 Hydrostatic water guide bearings. 

A reliable option for eliminating oil in guide bearings is to install hydrostatic water guide 

bearings. The bearings use pressurized water that has been filtered to lubricate and control the 

heat of the bearings. The bearings reduce the friction loss with about 50 per cent compared to 

oil bearings and therefore contribute to the overall plant efficiency. Further on the bearings 

are stiffer and therefore reduce the vibration of the shaft. The downside of water lubricated 

systems is that the water has a lower viscosity than fossil based oil.  (Ingram, 2010).  
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3.6.2 Oil free Kaplan hub 

The reason why Kaplan runners are filled with oil is because the oil protects all the different 

parts from corrosion and cools down the bearings. In oil free runners a possibility is to fill the 

runner with de-aerated water instead of oil. De-aerated water can be produced either through 

chemical or thermal process but to eliminate chemicals the thermal process is preferred. The 

principle of de-aerated water is that the dissolved oxygen is forced out of the water. With less 

oxygen left in the water the risk of corrosion is therefore minimized (Värlind, 2002). 

The first oil less Kaplan runner was installed by the company GE Hydro in Porjus a 

Hydropower research facility in northern Sweden. At this model of the Kaplan runner 5 

different self-lubricating bearings were installed. The runner hub itself was filled with water. 

After three years of testing, the conclusion was that commercial permanently lubricated 

bearings are a reliable option to traditional bearings (Värlind, 2002). 

3.7 Effects of oil spills on the environment 
Oils spills have effects on the environment in numerous ways. The negative effects on 

organisms can either be directly due to contact with the oil or secondary through 

bioaccumulation in the food chain. When on the water surface, oil will limit the oxygen 

exchange and therefore cause problems for animals with their oxygen supply. Marshes and 

other low energy freshwater environments that are contaminated from oil spills take much 

longer to recover than marine environments. In some cases, oil has been found in freshwater 

sediments still persistent after five years (Bhattacharyya S., 2003). 

Fish 

Fish may come in contact with oil directly and the oil can contaminate their respiratory organs. 

Eggs and fish larvae can absorb toxic components from the oil. Fish can also be affected by 

taking up contaminated prey/food. As a result it can affect the heart and respiratory rate, 

reduce the growth and also affect the fertility (EPA, 2014). 

Birds 

As birds get in contact with oil, the oil may stick to their feathers. Birds then lose the ability to 

keep themselves warm, also the ability of water resistance provided by the feathers will be 

impaired. In arctic climate zones at 8 degrees oil spots of 2-3 cm^2 on the feathers can be 

enough to destroy the insulating function for the bird (Åstrand, 2008). Furthermore, birds may 

intake some oil when trying to clean them and therefore suffer from inner bleeding and 

damages in the organs. In the long term it may have an effect on the capability to reproduce 

(EPA, 2014). 

Mammals 

How dangerous the contact with oil is for mammals is mostly dependent on how important the 

fur is to keep them warm. When the fur is contaminated with oil they may lose the ability to 

insulate themselves. Examples for mammals that suffer from oil spills in Swedish inland 

waters are for example river otters and beavers. Problems may also occur by trying to clean 

mammals that are contaminated with oil, because they often suffer from secondary fungal or 

bacterial infections after being released again (EPA, 2014). 

Plants 

The effects of oil on plants vary according to how sensitive the plant species are and how 

toxic the oil compounds are. The affects that occur when plants get in contact with oil can be 

a reduction in the transpiration and therefore also result in a reduction of photosynthesis. 

Further on it can lead to yellowing and death of oiled leaves, a reduction of seedlings and in 

total a reduction of annual species (Baker, 1970). 
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4 Results 

4.1 Amount of oil spilled  
The exact amount of oil that is spilled to water by a single turbine under one year couldn`t be 

determined in a reasonable way due to limited detailed data about where exactly oil is refilled 

and how much spill oil that is recovered from water. However, the information gathered by 

studying reports handed in from Statkraft to the authorities, where the total amount of refilled 

oil and the amount of oil given away for disposal needs to be reported gave a general view on 

how much is spilled in the whole system (Statkraft, 2008). There was no differentiation on 

where in the system oil was spilled and what the reason for the oil spill was. For example due 

to an accident or small continuously spills. The division was on what kind of oil that was 

released to water. Information was gathered for four hydropower plants in the river Ljungan at 

a time span of 8 years. The results are summarized in Table 5 bellow. 

 
Table 5 - Results about the amount of oil spilled from 4 hydropower plants 

Hydropower 

Plant 
Turbine type 

Plant 

Capacity 

Oil 

type Amount of oil spilled in liters per Year 

        2008 2007 2006 2005 2004 2003 2002 2001 

Nederede 2 Kaplan 

turbines 

16 MW ho 0 0 0 40 0 0 130 40 

lo 15 0 20 0 0 0 0 0 

lg 5 0 2 5 20 50 50 75 

Skallböle 3 Kaplan 

turbines 

46 MW ho 0 12 0 15 200 30 0 0 

lo 467 77 200 55 225 30 5 85 

lg 18 10 10 20 40 50 50 50 

Matfors 1 Kaplan (tube 

turbine) 

21 MW ho 50 0 400 75 0 0 34 15 

lo 215 0 0 10 200 25 0 0 

lg 2 2 2 5 40 5 1 1 

Viforsen 1 Kaplan (tube 

turbine) 

10 MW ho 680 0 0 0 0 0 0 0 

lo 0 0 240 35 5.0 0 0 20 

lg 5 2 2 5 2 0 2 1 

ho = hydraulic oil, lo = lubricating oil, lg = lubricating grease 

 
          

4.2 Maps 
The results presented below are examples of the final maps that have been produced.  

The map about environmental areas is intended to be used as an overview map about what 

valuable areas are in the surrounding of Statkraft’s hydropower plants. It can be used as a base 

to include environmental aspects when decisions are made about new building projects, 

extending, and upgrading present power plants and changes in the waterways. The map is also 

helpful when an Environmental impact assessment (EIA) needs to be made for an upcoming 

project to get an overview of what areas to consider in the EIA. 

Maps and results from the river shoreline classification are intended to be understood as 

generalized maps and results that give an overview on the whole picture. Not be understood 

as highly accurate due to different grades of how detailed the input maps were. For the coast 

classification the maps give an overview but are not detailed and precise on where exactly one 

type of coast end and another one begin. 
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4.2.1 Map of environmental areas in the Nätraån catchment area 

The map Environmental areas in Nätraån shows all areas considered for this study those are 

inside a radius of 5 km of the Power plants position.  

 
Figure 3- part of the final map Environmental areas showing the Nätraån area  
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4.2.2 Map of river shoreline classification in the Nätraån catchment Area 

The map shows the different ESI ranked shorelines. Biological resources and human use 

resources situated on the river shoreline are also included.  

Figure 4 – part of the final ESI map showing the Nätraån catchment area  



-13- 

 

4.2.3 Overview map oil sensitivity of catchment areas 

This map represents how sensible the different catchment areas are to Oil spills. Therefore it 

gives a picture of where actions for reducing oil spills should be prioritized. 

 
Figure 5- oil sensitivity of the catchment areas 
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4.2.4 Overview map oil sensitivity hydropower plants 

The map shows how sensitive the shoreline down streams of the different Hydropower plants 

is to oil spills. 

 
Figure 6- Oil sensitivity of the river shoreline downstream of each Statkraft hydropower plant 
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4.3 Conclusion of the results 
From the map sensibility to oil spills it can be concluded that the catchment areas in Moälven 

and Nätraån are more sensitive to oil spills than the other catchment areas. Projects to reduce 

the use of hydraulic oil, lubricating oil, and grease should be started in those areas. 

From the map Sensitivity hydropower plants it can be concluded that the river shoreline 

downstream of the hydropower plants Stennäs, Gammelby, and Brygne are most sensitive to 

oil spills. Therefore, these plants should be investigated further to see if projects to reduce the 

oil usage have been done there in the past and to prioritize these plants in upcoming projects. 

5 Discussion 

5.1 Amount of oil spilled 
When looking at the amount of oil spilled it is very hard to make conclusions from the data 

that has been found. The amount of oil spilled wasn´t expected to be that large considering 

that according to (Åstrand, 2008) the amount of constant small oil leakages in hydropower 

plants is considered not to have a big impact on the environment due to dilution in water. 

However, the data doesn`t differentiate between accidental oil spills and constant small 

leakages. The values per year differ quite a lot which could be due to single accidents where 

bigger amounts are released at once. The only trend that can be seen is that the amount of 

lubricating oil spilled in average is highest in the station with the most turbines. It looks like 

there is no clear correlation between the amount of spilled oil and the type of turbine used. To 

be able to use the results for conclusions a deeper look on the type of turbine, the year of 

manufacturing and the amount of oil in the systems of the hydropower plants needs to be done. 

Further on more detailed reporting is needed about the reason for the spilled oil and where 

exactly in the system the oil was spilled. A problem that was seen during this work connected 

with collecting data for analysis is that there is no well working system that Statkraft uses for 

reporting oil spills. There is a standardized form for reporting amounts of oil spills inside 

Statkraft but the information about the results is in some cases not up to date and missing 

completely for some hydropower plants. Further on it seemed, by studying the reports, that 

people responsible for the reporting have different perceptions about definitions of the 

categories in the report form. It is suggested that a standardized method and a clear 

description on how to report oil spills is developed for the entire company. 

5.2 Reducing the oil usage 
When it comes to possibilities on how to reduce the amount of oil used in hydropower plants 

there are some solutions that have been tested successfully even in cold climate like the 

installation of hydrostatic water guide bearings (Ingram, 2010), the oil free Kaplan hub 

Vattenfall installed in Porjus, or using self-lubricating bearings (Värlind, 2002). To consider 

an investment in these technologies it would also be necessary to look at the gain of such an 

investment from an economic point of view. Most information about technologies to reduce 

oil was gathered from the companies producing the items. Very little information about 

researches and the performance of such applications was found in scientific databases and 

magazines. This needs to be considered when making decisions.  
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5.3 Environmental area map 
The environmental area map is a start to include environmental factors in the planning process 

by giving an overview about the surroundings of the plants. It can be used to quickly identify 

hot spots that can be affected by building projects. When identified further information about 

these areas can be investigated. The quality of the outcome from the environmental area map 

around the hydropower plants is highly dependent on the quality of the input maps. Most of 

the input maps were collected from governmental agencies which could be associated with a 

high quality. However, there are differences in how detailed and precise the maps are. It 

mostly depends on the age of the map and when it was updated the last time. Some of the 

input maps only included areas bigger than a certain size and therefore do not cover 

everything. It is still possible to get an overview about the situation but the map shouldn`t be 

used as the only reference, rather be a help to find additional information more quickly. 

5.4 River shoreline classification 
As the results show the catchment areas Nätraån and Moälven are most sensitive to oil spills. 

This is probably due to that in those areas the substrate type of the river shoreline is on a long 

distance lera and silt, which is classified ESI rank 8. Due to the fact that it consists of small 

grain types which makes it hard to clean up when contaminated with oil. 

That the hydropower plant Stennäs is most sensitive to oil spills with an ESI rank of 9 under 

all hydropower plants with Kaplan turbines is not surprising either. It is because of a large 

wetland one km downstream of the plant. An oil spill there would have a big and long term 

impact on the environment. 

The classification process of the river shoreline is another discussion point. The 

Environmental Sensitivity Index Guidelines developed by (Petersen, 2002) was used as a 

guideline. The categories of the final ranking were the same, only the way on how to 

categorize them was different. It is, for example, suggested to use aerial pictures as a help for 

the categorization and also to make checks on spot. Since the area that was classified in this 

study is huge such a detailed classification would be out of the scope of the project. Therefore, 

it was chosen to use the earth cover map instead. The purpose of the map was not to make a 

detailed categorization of the river coast but to get an overview of how sensitive the shoreline 

is. The classification itself was based on how well the attributes from the three input maps fit 

into the description of the different ESI Ranks according to the ESI guidelines. 

Again, there is a difference in the quality of the input maps. The earth cover map 

(Marktäckeskarta) where every point represented an area of 25x25m was more detailed than 

the earth type map (Jordartskarta) which was already a generalized version from SLU. The 

quality of the map could be improved with better input maps. There are more detailed earth 

type maps produced for Sweden but they are not covering the entire area that was studied and 

also a license is needed for them. Since the river coast classification map is intended to give 

an overview, the quality of the input map used, is still considered reasonable. 

The conclusions drawn from the two maps about sensibility to oil spills are only based on the 

ESI ranks. This again gives a general overview but to further on decide what power plants that 

should be prioritized to be renovated or upgraded, other factors like the size of the power 

plant, the amount of turbines, and the total amount of oil used in the plant should be taken into 

consideration. 
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5.5 Sources of error 
One source of errors could be that in this thesis, it was not investigated how spilled oil spreads 

in rivers. The only thing connected to this was that the negative impacts of oil spills are 

largest in wetlands and other low energy freshwater environments. 

Another thing that could have been investigated further is the effects of ester based oils on the 

environment but also to look more in detail on the functionality of ester based oils in the 

hydraulic and lubricating system. 

An additional factor that would improve this work would be to measure the stream flow rate 

and make a categorization there too. 

6 Conclusion 

A quick look has been taken onto the environmental effects of oil spills from hydropower 

plants, the general oil system inside a power plant and in Kaplan Turbines. Furthermore, the 

amount of oil spilled in different hydropower stations was analyzed and maps were 

developed: one presenting areas of interest for humans and environment, the second map is 

about the river shorelines sensitivity to oil spills. 

It can be concluded that more detailed information about the amount of constant oil spills 

from turbines is needed to better understand the effect on the environment. The produced 

maps give an overview about the surroundings of the power plants and the river shoreline. 

The maps can be used as starting point when including environmental aspects into the 

decision making process. However, they only give a much generalized overview and should 

not be the only source decisions are based on. It is important to constantly keep the input 

maps updated to the latest and most detailed versions available. 

 

The catchment areas, where Statkraft Sverige AB has hydropower plants, which are most 

sensitive to oil spills are Moälven and Nätraån. The hydropower plant with the most sensitive 

river shoreline is the Stennäs power plant due to a large wetland close by. 
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Appendix A- Oil inventory Kvistforsen  

  
min. max. 991102 

 
Styrlager G1 80 110 92 TEXACO Regal 68 

 
G2 80 110 88 " 

Bärlager G1 2900 3100 3027 " 

 
G2 2900 3100 2999 " 

Turbinlager G1 460 480 473 " 

 
G2 460 480 468 " 

Reglerolja G1 12800 13300 13027 " 

 
G2 12800 13300 12918 " 

Intagshydraulik gemensamt 
 

6000 9000 6100 " 

      
Transform. olja T1 23800 24300 23960 TEXACO Transf.oil F614 

 
T2 23800 24300 23880 " 

 
Lt1 2800 3200 2889 " 

 
Lt2 2800 3200 2950 " 

 
Isgr. 1400 1600 1485 " 

Kompress. olja brytare G1 1,5 1,7 1,6 Statoil Synesstic 32 

brytare G2 1,5 1,7 1,6 " 

luftinblås. klocka G1 1,3 1,5 1,4 " 

 
G2 1,3 1,5 1,4 " 

arb. luft i station 
 

1,3 1,5 1,4 " 

arb. luft i verkstad 
 

1,3 1,5 1,4 " 

  
93088 99589,4 

  

      

      
Olja i lager (tot. i anläggningen ) 

   
3600 

 
Skrotolja som fanns i 

   
2300 

 
anläggningen vid inventeringen 

     

    
100264,8 liter 

      
Kuggstångsfett, luckor 

    
Bel-Ray 

Fett Centralsmörjn. 
    

TEXACO Novatex EP1 

Fettpatroner luckor,motorer,mm 
    

TEXACO Uniway Li 62 

      
Oljenivåer i lådor kan variera 
beroende på temp. på 
oljan,maskinläge,intagstubslägen 
mm. 

     

en rimlig diff. kan vara 1 
kubikmeter      
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Appendix B- Input maps 
Map name Producer Version Accesed Comment description

AM_ValuableFreshWaterEnvironment Havs- och vattenmyndigheten 18.05.2014

Åtgärder i vatten Länsstyrelsen 24.02.2014 15.04.2014

Åtgärder i vatten, fiskvägar Länsstyrelsen 25.02.2014 15.04.2014 Data was presented wrong in arcgis but the coordinates were rigth in the table so a point shapefile from the taple was created using show xy function

Biotopskydd Skogstyrelsen 13.05.2014 18.05.2014

Biotopskydsomrade Naturvårdsverket 05.12.2013 18.05.2014 No data near powerplants(10km)

Djur och växtskydsomrade Naturvårdsverket 05.12.2013 18.05.2014

Kulturreservat Länsstyrelsen 24.02.2014 15.04.2014

Miljöreda Länsstyrelsen 24.02.2014 15.04.2014

Nationalparker Naturvårdsverket 24.01.2013 18.05.2014 No data near powerplants(10km)

Natura 2000 Fågeldirektivet(spa) förslag nya gränserNaturvårdsverket 05.12.2013 18.05.2014 no changes to earlier version near powerplants 10km

Natura 2000, Art-och habitatdirektivet Naturvårdsverket 24.01.2013 18.05.2014

Natura 2000,Fågeldirektivet(spa) Naturvårdsverket 05.12.2013 18.05.2014

Naturminne Naturvårdsverket 05.12.2013 18.05.2014

Naturminne_polygon Naturvårdsverket 05.12.2013 18.05.2014

Naturreservat Naturvårdsverket 05.12.2013 18.05.2014

Naturvärdsomrade Naturvårdsverket 05.12.2013 18.05.2014 No data near powerplants(10km)

Nyckelbiotoper Skogstyrelsen 29.04.2014

Ramsar skyddade omrade Naturvårdsverket 01.02.2013 18.05.2014

Riksintresse Fjällområden, MB 4:5 Länsstyrelsen 24.02.2014 15.04.2014

Riksintresse Friluftsliv, MB 3:6 Länsstyrelsen 24.02.2014 15.04.2014

Riksintresse Högexploaterad kust, MB 4:4 Länsstyrelsen 24.02.2014 15.04.2014

Riksintresse Kulturmiljövård, MB 3:6 Länsstyrelsen 24.02.2014 15.04.2014

Riksintresse Kust- turism & friluftsliv, MB 4:2 Länsstyrelsen 24.02.2014 15.04.2014

Riksintresse Naturvård, MB 3:6 Länsstyrelsen 1 ggr/veckan 15.04.2014

Riksintresse Obruten kust, MB 4:3 Länsstyrelsen 24.02.2014 15.04.2014

Riksintresse Skyddade vattendrag, MB 4:6 Länsstyrelsen 24.02.2014 15.04.2014

Sumpskopar Skogstyrelsen År 1998 18.05.2014

Våtmarker SLU 18.05.2014

Vattenskydsomrade Naturvårdsverket 05.12.2013 18.05.2014
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Appendix C- Reclassified earth cover map 
ID Description Classification 

1 Tät stadstruktur man 

2 Orter med mer än 200 invånare och mindre områden av trädgårdar och 
grönområden 

man 

3  Orter med mer än 200 invånare och med större områden av trädgårdar och 
grönområden 

man 

4 Orter med mindre än 200 invånare man 

5 Landortsbebyggelse med tomtmark av öppen karaktär man 

6 Industri, handelsenheter, offentlig service och militära förläggningar man 

7 Väg- och järnvägsnät med kringområden man 

8  Hamnområden man 

9 Flygplats man 

10 Grus- och sandtag man 

11  Övriga mineralextraktionsplatser man 

12  Deponier man 

13 Byggplatser man 

14 Urbana grönområden veg 

15 Idrottsanläggning, skjutbana, motorbana samt hästportanläggning och 
hundkapplöpningsbana 

man 

16 Flygfält (gräs) man 

17  Skidpist man 

18  Golfbana veg 

19  Ej urban park veg 

20  Campingplats och fritidsbebyggelse veg 

30 Åkermark veg 

31 Frukt- och bärodling veg 

32 Betesmarker veg 

40 Lövskog, ej på myr eller berg-i-dagen veg 

41 Lövskog på myr veg 

42 Lövskog på berg-i-dagen veg 

43 Barrskog på lavmark veg 

44 Barrskog ej på lavmark 5-15 meter veg 

45 Barrskog ej på lavmark > 15 meter veg 

46 Barrskog på myr veg 

47 Barrskog på berg-i-dagen veg 

48 Blandskog, ej på myr eller berg-i-dagen veg 

49 Blandskog på myr veg 

50 Blandskog på berg-i-dagen veg 

51 Naturlig gräsmark veg 

52 Hedmark (utom gräshed) veg 

53 Busksnår veg 

54 Hygge veg 

55 Ungskog veg 

56 Barrskog, ej på lavmark veg 

57 Stränder, sanddyner och sandslätter exp 

58 Berg i dagen och blockmark exp 

59 Områden med sparsam vegetation exp 

60 Brandfält exp 

61 Glaciärer och permanenta snöfält exp 

62 Gräshed veg 

63 Örtäng veg 

64 Limnogena våtmarker wet 

70 Blöt myr exp 

71 Övrig myr exp 

72 Torvtäkt exp 

73 Saltpåverkade våtmarker wet 

74 Vattendrag nov 

80 Sjöar och dammar, öppen yta nov 

81  Sjöar och dammar, vegetationstäckt yta nov 

82 Kustlagun nov 

83 Estuarier nov 

84  Kusthav och oceaner, öppen yta nov 

85 Kusthav och oceaner, vegetationstäcktyta nov 

86 SMD-klass saknas nov 
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Appendix D- Summary ESI ranks  
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Appendix E- Final classification 
FID JORD Mark Slope ESI Rank comment 

0 1 exp gently sloping 1 
 1 1 exp steeply sloping 1 
 2 1 man gently sloping 1 
 3 1 man steeply sloping 1 
 4 1 nov flat 1 only 2 inputs 

5 1 nov gently sloping 1 only 2 inputs 

6 1 nov steeply sloping 1 only 2 inputs 

7 1 veg flat 1 
 8 1 veg gently sloping 1 
 9 1 veg steeply sloping 1 
 10 3 exp gently sloping 3 
 11 3 exp steeply sloping 3 
 12 3 man gently sloping 1 
 13 3 man steeply sloping 1 
 14 3 nov flat 3 only 2 inputs 

15 3 nov gently sloping 3 only 2 inputs 

16 3 nov steeply sloping 3 only 2 inputs 

17 3 veg flat 3 
 18 3 veg gently sloping 3 
 19 3 veg steeply sloping 3 
 20 4 exp gently sloping 4 
 21 4 exp steeply sloping 4 
 22 4 man gently sloping 1 
 23 4 man steeply sloping 1 
 24 4 nov gently sloping 4 
 25 4 nov steeply sloping 4 
 26 4 veg flat 9 
 27 4 veg gently sloping 8 
 28 4 veg steeply sloping 8 
 29 4 wet gently sloping 10 
 30 4 wet steeply sloping 10 
 31 5 exp gently sloping 4 
 32 5 exp steeply sloping 4 
 33 5 man gently sloping 1 
 34 5 man steeply sloping 1 
 35 5 nov flat 5 only 2 inputs 

36 5 nov gently sloping 5 only 2 inputs 

37 5 nov steeply sloping 5 only 2 inputs 

38 5 veg flat 5 
 39 5 veg gently sloping 5 
 40 5 veg steeply sloping 5 
 41 8 exp gently sloping 8 
 42 8 exp steeply sloping 8 
 43 8 man gently sloping 1 
 44 8 man steeply sloping 1 
 45 8 nov gently sloping 8 only 2 inputs 

46 8 nov steeply sloping 8 only 2 inputs 

47 8 veg flat 8 
 48 8 veg gently sloping 8 
 49 8 veg steeply sloping 8 
 50 no value exp gently sloping 3 
 51 no value exp steeply sloping 3 
 52 no value man gently sloping 1 
 53 no value man steeply sloping 1 
 54 no value nov flat unclassified only 1 input 

55 no value nov gently sloping unclassified only 1 input 

56 no value nov steeply sloping unclassified only 1 input 

57 no value veg flat 5 only 2 inputs 

58 no value veg gently sloping 5 only 2 inputs 

59 no value veg steeply sloping 5 only 2 inputs 

 

 

The 3 input values are 

 JORD(jordkarta) 

 Mark(marktäckeskarta) 

 Slope(höjdraster) 

The new classification is according to 

the ESI ranking. A summary of the 

characteristics is in appendix D 


