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ABSTRACT 

This project deals with the possible amount of floating debris as a result of landslide 

activity along the Lule river. Some kinds of debris can be considered harmless while 

others may be harmful to the dam by clogging the spillways, depending on their size 

and density. In any case different forms of floating debris have different impacts, 

which is why both, amount and distribution of characteristics, are to be determined in 

this study.  

Using all the input data described in chapter 2 a basic impression about the slope 

stability situation in the working area was gained. Those locations, well known 

already at that point, gave a comparatively good estimation of the slope stability in 

these limited areas, but in order to get a slope stability assessment over the entire 

working area it was necessary to find correlations between slopes and apply 

characteristics known for some locations onto slopes with similar features in terms of 

geometry, material or vegetation. The field investigations performed during that 

stage offered opportunities to collect data not only for these tasks, but also about the 

vegetation characteristics of the working area. Four vegetation classes were defined 

during the field work. Already during that stage the number of dams that might 

become confronted with significant amounts of floating debris was narrowed down 

to only three, namely Vittjärv, Laxede and Porsi. With the help of the data collected 

during the fieldwork all potentially hazardous locations were classified in terms of 

extensions, geometrical characteristics and vegetation.  

Based on the findings during the field investigations the total potentially unstable 

surface area was calculated to a value of 326605m². A value which was slightly 

corrected later on to 324585 m², after the SlopeW calculations indicated that not 

always the entire slope has to be considered unstable and that the land surface right 

behind the crest of a slope might have to be considered unstable terrain as well.  

Calculations using the SlopeW software were performed mainly in order to find 

conditions under which slopes can be considered stable or unstable considering water 

levels in a 10.000 year flood event. Out of the 28 locations identified during the 

fieldwork as much as 25 were considered potentially unstable.  
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Finally the information concerning extent and vegetation class of these 25 locations 

was combined in order to compute values for the total amount of trees over the entire 

unstable surface area, which resembles the amount of floating debris. The total 

amount of trees, as it can be observed in appendix III, was highest for the Porsi dam 

(46699 logs) followed by Vittjärv (23257) and finally Laxede (14021). On the first 

impression the results might suggest that Porsi should require most attention in terms 

of precautions to spillway clogging. In fact, however, other factors like the water 

level variation or the size distribution of the floating debris have to be considered 

before measures can be taken. Nevertheless the results deliver a base for dam safety 

engineers to assess the threat to the dams along Lule river.
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1 INTRODUCTION 

1.1 Aim of the project 

The aim of this project is to get an estimate of the possible amount of floating debris 

that could be produced by landslides. In order to be able to assess that, basically two 

questions have to be evaluated for all locations along the river valley. These 

questions are: 

• How likely is one location to become unstable during a high flood event? 

Integrated over the entire riverside this will lead to an assessment of how 

much of the land surface area along the riversides could potentially be 

subject to slope failure. 

• What kind of vegetation can be found on each of the identified locations? 

This includes not only the amount of trees but also the distribution in terms 

of tree types and height. In combination with values giving the surface area, 

this vegetation data can then be computed in order to gain a maximum value 

of floating debris.  

 

1.2 Description of the methodology 

The investigations by the Swedish rescue service and SCC as described in the 

preface and chapter 2.4 provide a suitable starting point for the assessment of the 

slope stability situation. In order to gain meaningful results from that starting point, 

the data was computed in a process that could be best described by the following 

points. The data had to be: 

• evaluated 

• recalculated with adjustments simulating the stability behaviour in the event 

of a flood 

• extrapolated to areas not covered by the original investigation 

• verified by means of field investigations 
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• occasionally adjusted by including new findings into the calculations 

• used as a base for the determination of the total amount of floating debris. 

These steps are not necessarily to be carried out in that order. In fact, the 

extrapolation of the findings in the previous investigations was based to a large 

extent on the results from the field investigations. Also Vattenfall provided the help 

of a terrain model, as it is described in chapter 2.2. Information from this terrain 

model was applied both at an early stage while defining the working area as well as 

later on when the slope inclinations had to be assessed. Furthermore the occasional 

adjustments were carried out throughout the entire process. So instead of seeing these 

points as tasks to be carried out one after another, they are more meant as pointers to 

be kept in mind during the process and carried out whenever the time appears 

appropriate. 

Figure 1 illustrates the process from the sources to valuable results graphically. 

 

Figure 1: Methodology 
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1.3 Impact of dams on natural environments 

The impacts of a dam on its environment are numerous throughout its entire lifetime, 

starting with the construction. Here soil material is being moved from one location to 

another in order to either use the material in the construction or to get space for the 

dam body, access routes, eventually buttresses, cut offs or other features. This may 

quickly result in a manipulation of the slope angles along the river to critical values. 

Furthermore, the permeability characteristics of the remaining soil material are often 

altered. This can either be due to compaction of the material or grouting. 

However, these impacts are basically limited to a comparatively narrow area 

around the dam. In contrast to that, the changes in both groundwater and surface 

water flow are phenomena which have an impact on a large area both up and 

downstream to the dam. Inadequate construction of river slopes along a canalised 

river in combination with an increased groundwater level upstream to a dam, and 

possibly improper management of the reservoir can easily lead to an increased 

landslide frequency. These slope stability problems, usually result in an increased 

production of debris, which in return, even though it rarely damages the dam 

directly, has an impact on the discharge capacity of the spillways and therefore can 

indirectly lead to overtopping. Therefore it is of importance to consider the potential 

amount of debris along a reservoir.  

 

1.4 Description of the working area 

The amount of the debris is to be assessed for the entire Lule river excluding valleys 

created by smaller creeks that feed the reservoir. Where exactly to sketch the edges 

of the working area is therefore a matter of definition but in any case the southern 

end is marked by the mouth of the Lule river into the Gulf of Bothnia in Luleå. The 

northern end of the working area should be drawn far enough in the north so that the 

slopes contain rarely any soil but are bed rock slopes. This can be guaranteed in 

some distance north west of Porjus along the Stora Lule river and north west of 

Jokkmokk for the Lilla Lule river. That would result in a total length of the working 

area of around 230 km from north of Porjus to Luleå plus 70 km from north of 
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Jokkmokk to the mouth of the Lilla Lule river in Vuollerim. This large area can be 

narrowed down to some spots of interest pretty quickly by the use of the terrain 

model and the geological maps as it is described in the chapters 2.2, 2.3 and 3.2. 

In order to divide the area into some sections and to get some measure for 

orientation it appears best to look at the dams and their reservoirs. Figure 2 shows the 

locations of all power stations along Lule river (Forsgren 1989) [13], all major dams’ 

distances to Luleå can be observed in Table 1. 

 

Figure 2: Power stations along Lule river.[13] 
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Table 1: List of dams along the river. 

  Dam Distance from Luleå (km) 
Boden 35 

Vittjärv 42 
Laxede 102 
Porsi 129 

Messaure 163 
Ligga 187 

Harsprånget 197 
Porjus 206 
Vietas 302 

S
to

ra
 L

ul
eä

lv
en

 

Ritsem 350 
Letsi 148 

Akkats 179 
Randijaur 208 
Parkijaur 222 

L
il

la
 

L
ul

eä
lv

en
 

Seitevare 249 
 

Concerning the shape of the landscape, the landscape develops from a flat coastal 

area around Luleå gradually into a mountainous area with thin or even no vegetation 

cover and confident bed rock formations in the north. From observing the maps one 

could identify Jokkmokk on the Small and Porjus on the Big Lule river as borders 

between both kinds of landscape. Although the profile of the terrain becomes steeper 

and more mountainous more or less gradually, Jokkmokk and Porjus do mark a 

relatively abrupt change in the shape of the water surface on the map. Downstream of 

those two landmarks the river is much slimmer. That means that the reservoirs are 

narrow and follow only one straight section of the valley, giving them the appearance 

of an actual river rather than a lake. Upstream of Jokkmokk and Porjus the reservoirs 

are much more scattered, making it difficult to define beginning or end. These two 

different shapes of the reservoir surfaces have certain implications on the slopes. 

While in the southern parts of the valley the slopes are created by the carving of the 

riverbed due to erosion into the soft soil, the slopes in the northern parts are in most 

cases situated in hard bedrock and far away from the original riverbed. Therefore the 

slopes in the north can hardly be a product of erosion of the river, but rather a result 

of the orogenesis, that caused the formation of these mountains and took place long 

before the Lule river started carving its valley.  
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1.5 Principle of debris creation and transport 

The creation of debris is often referred to erosion in its classical sense, which is the 

slow continuous process of precipitation and weathering forces causing small 

amounts of material to disintegrate. For debris to become a serious threat to a dam it, 

however, has to be present in much larger amounts than just the normal erosion is 

capable of generating. During a high flood event larger amounts of floating debris 

can be created. One possible source of floating debris during a flood is material 

(mainly logs and branches) that was already loose and is carried away by the 

increased water table. The second source is material that is washed into the reservoir 

by a landslide. This source is potentially larger and more difficult to predict, which is 

why landslide activity, as a rather special sort of erosion, comes more into focus 

concerning dam safety.  

Debris in general can consist of two kinds of material, namely organic texture and 

soil material. Since the soil settles down quickly in a reservoir, while the organic 

material floats on the water surface, the only material reaching and thereby 

threatening a dam are usually the bushes, logs, branches or other organic material. 

This material is commonly referred to as floating debris.  

When reaching a dam the debris is usually supposed to be discharged through the 

spillways. Since approximately 40% of all embankment dam failures are due to 

underestimating of the design flood or spillway malfunctioning, the spillway is 

essential for dam safety [3]. In case of plant elements significantly smaller than the 

spillway cross section this usually does not cause any risk to the dam, since those 

parts simply flow though the spillway in the water stream. But if, however, the debris 

consists partially of logs of similar length or longer than the width of the spillway 

they can easily get clogged. This has serious consequences on the discharge capacity 

of the spillway, namely that the water flow decreases to some extent [2]. One 

clogged log might not decrease the discharge capacity very much, but it makes it 

much more likely for further logs to become stuck in front of the spillway too. Also 

in many cases the debris accumulates to small floating islands already before it 

reaches a dam. Those islands are more likely to exceed the spillway diameter. Then 

even minor trees or bushes with diameters far smaller than the spillway opening are 
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no longer able to pass through and a debris dam starts to build up. Once initiated by a 

first log, this process can hardly be stopped, especially since it is difficult to remove 

clogged trees during a flood situation. The result is a significantly decreased spillway 

capacity, which might in the worst case lead to an overtopping of the dam [1, 2]. In 

case of the Pinet dam in France the reduction of the spillway capacity due to floating 

debris reached 35% in November 1982 [3]. 

Figure 3 shows pictures on different scaled tests performed on the matter. They 

were performed by Vattenfall in research facilities in Älvkarleby/Sweden and 

Obernach/Germany. Such tests are subject to scaling effects that can make it difficult 

to transform the results to a real dam, but they show in what way large amounts of 

floating debris can affect the spillway capacity of a dam.  

 

Figure 3: Scaled tests on the spillway capacity. 

A major result of those tests was that, beside the volume and the length of the longest 

logs, the density of the trees not only differs but also is an important factor 

controlling how easily a spillway can be clogged. Different densities have 

implications on the floating behaviour of the logs. Denser trees like birches are more 
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likely to sink down and dive underneath a clogged pile of debris. On the other hand 

that also can be problematic, since that way denser trees can easier clog spillways 

underneath the water surface and are even harder to remove. Meanwhile lighter trees 

like pines show a larger tendency to pile up on the top of the water surface in front of 

a spillway. For those reasons the total volume of debris will in this study be assessed 

in terms of length and type of trees. 

 In addition to that, the density also varies from season to season. In summer while 

the trees are growing they tend to have slightly higher densities that in winter.  

 

1.6 Slope stability assessments in theory 

1.6.1 Historical background 

Coulomb designed one of the first slope stability approaches in 1773, which is 

nowadays the oldest solution still in use [6]. His analysis method used planar sliding 

surfaces with cohesion (often set to 0 in cohesionless soils) and a friction angle as 

input data. Just cohesion, friction angle and density are, from a material properties 

point of view, everything required for many slope stability calculations even today. 

However, despite the material properties, other information like the geometry of the 

slope and the failure surface or the failure mechanism has to be given some thought 

as well before starting an analysis. As a result of the virtually infinite possibilities of 

geometry, various approaches were developed during the 19th and 20th century. The 

ordinary Swedish method, the infinite slope approach, Janbu’s method, Spencer’s 

method or the Bishop method are only a few of the most common ones. All these 

methods are limit equilibrium methods. As such they provide assumptions, 

simplifications and formulas in order to determine both driving and retaining forces 

and give a safety factor as a ratio between both forces. Which assumptions and 

simplifications are considered suitable differs from method to method. As a result of 

that every method has slightly different requirements as well as benefits and 

disadvantages. The choice of the method therefore has implementations on the data 

collection and the calculation output and vice versa. 
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1.6.2 Material properties 

The material properties cohesion and friction angle are closely connected to the grain 

size distribution. Sand for instance is always cohesionless and so are all grain sizes 

coarser than sand. Only in clay and eventually silt cohesion is considered. 

Meanwhile the friction angle increases with increasing grain size. For mixed soils 

like moraine the fraction of the soil that makes up the skeleton usually governs 

friction angle and cohesion. Figure 4 shows one soil where these properties would 

more or less be the properties of gravel (A) and one of clay (B). 

 

Figure 4: Soil images. 

Unlike cohesion and friction angle the permeability, which comes into focus when 

dealing with pore water pressures and rapid drawdown (chapters 1.6.5 and 1.6.6.), is 

usually controlled by the fraction with the smallest grain size. Moraine therefore 

usually has a permeability much closer to clay than to sand. [8] 

1.6.3 Statistical approaches 

In any case a slope stability calculation requires very detailed knowledge of the 

slopes’ characteristics. Since such detailed information is often hard to assemble, 

slope stability analysis has in recent years developed more towards statistical 

approaches. These approaches evaluate the landslide risk as a result of statistical data 

concerning landslide activity in the past, which is often achieved by either evaluation 

of previous documentations, aerial photographs or field investigations. If necessary 

this information can be correlated with geotechnical data. In any case the aim should 

be to create a relative probability of landslide activity to occur throughout a certain 
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area. That way, areas of highest risk are identified and can be scheduled first for 

whatever measures will become necessary. [11, 12] 

Since input data concerning the material properties of the slopes underneath the 

surface is not to be assembled during this project, many characteristics of a statistical 

approach appear to be a good option for assessing the relative slope stability. 

Detailed simulations using Morgenstern Prices’ method will then be carried out in a 

second step in order to verify and weigh the findings of the first assessments. 

 

1.6.4 External erosion 

When dealing with assessments of the soil behaviour in a fictitious scenario one has 

to consider not only the conditions the way they are at the time of investigation but 

also how the condition might develop during the event in question. For the 

assessment in this study the major considerations besides the material properties are 

therefore concerning the development of characteristics with time. 

In general there are two ways in which landslides can be set in motion: 

• External causes which result in an increase in shear stress. 

• Internal causes which result in a decrease in the shearing resistance. 

[6, 10]. External erosion basically falls under the first cause, meanwhile the second 

cause is covered by pore water pressure effects explained in chapter 1.6.5. 

External erosion is, in contrast to the pore water pressures, a more long term 

related landslide trigger. In general there are many ways external erosion can be 

induced, but in any case, what makes it interesting in terms of slope stability is the 

fact that often the toe of the slope is removed by erosion processes. Increased erosion 

due to wave activity around the water surface of a reservoir is the most relevant form 

in this project. The erosion activity first leads to a removal of the vegetative cover 

and the soil particles surrounding tree roots (as it can be seen in figure 5). By that the 

retaining force from the strength of the slopes’ toe is being reduced, resulting in a 

momentum that favours slope failure to occur.  
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Figure 5: Example of external erosion. 

Schematically the process of external erosion can be seen in figure 6 in chapter 1.6.6. 

In most cases this process is relatively continuous. Over a long time span it can lead 

to slopes completely free of a vegetative cover but, for it to become a serious 

problem within the short time span of a flood event, it requires either slopes that have 

their vegetative cover removed already or high water velocities.  

In terms of varying susceptibility of different materials one can say that in general 

finer particles are easier to erode than coarser particles. On the other hand finer 

particles are often cohesive and usually covered by a thicker vegetation cover, which 

in most cases makes up for the higher tendency to be eroded. So the most critical 

material concerning external erosion is probably sand. 

1.6.5 Pore water pressure 

Rising pore water pressure due to an increased water level in a reservoir always leads 

to an increased density of the soil mass combined with decreased friction and 

cohesion forces among the grains. The results of that are significantly increased 

driving forces due to the higher gravity of the soil mass, and decreased retaining 

forces, often resulting in a loss of stability. The time from the start of the increased 

erosion activity to the loss of stability depends on the permeability of the material. So 

in order to get a better impression about how different materials’ drainage 
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capabilities are, a short review of Darcy’s law is presented here. According to 

Darcy’s law hydraulic gradient is related to the apparent velocity or discharge 

velocity, as it often is referred to, by: 

                                                               v = k / i                                                        (1) 

Where v is the discharge velocity, k the coefficient of permeability and i the 

hydraulic gradient. 

As an example one can assume the hydraulic gradient to be one and the 

coefficient of permeability according to the average values for sand, silt and clay as 

they can be found in table 2 (Craig (2004) [14]: table 2.1).  

Due to the fact that only the pores of a material can transport water this discharge 

velocity is not the actual velocity that a tracer in a groundwater stream would 

experience. Instead it has to be divided by the porosity in order to determine the 

actual velocity or seepage velocity. So from the discharge velocity the seepage 

velocity is then derived by [14]: 

                                                               v’ = v / n                                                      (2) 

Where v’ is the seepage velocity and n the porosity. Average values for the porosity 

are also given in table 2. 

In the table below typical seepage velocities are presented for a hydraulic gradient 

of one.  

 

Table 2: Pore velocity as a results of permeability [14]. 

  
Coefficient of 

Permeability [m/s] 
Discharge 

velocity [m/s] Porosity [%] 
Seepage velocity 

[m/s] 
Seepage 

velocity [m/day] 

Clay 10
-9

 10
-9

 0.6 1.67* 10
-9

 1.44*10
-4

 

Silt 10
-6

 10
-6

 0.5 2*10
-6

 0.1728 

Sand 10
-3

 10
-3

 0.4 2.5*10
-3

 216 

 

What can be observed from these results is that the transport velocities increase by 

several orders of a magnitude with increasing grain size. In clay the permeability is 

so low that usually by the time the pore pressures would have increased high enough 

the flood feeding the ground water is long over. In sand the effects of increased pore 

water pressure show almost immediately, but on the other hand they are not as 

dramatic as in finer material because the sands’ cohesion is already zero and can’t be 
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reduced further. The most critical material is probably silt since for silt both 

requirements, short time span until the effects become visible and significant 

alteration of material properties due to increased pore water pressure, can be met. [9] 

1.6.6 Rapid drawdown 

One phenomenon that is indicated in figure 6 is that the risk of a landslide is highest 

after the water level has dropped. Especially when the permeability of the material is 

not high enough to allow the slope to drain before the retaining force of the water 

pressure is removed the risk for a landslide is extremely high. This phenomenon is 

called the rapid drawdown phenomenon. 

 

Figure 6: Rapid drawdown. 

Rapid drawdown can be seen as a combination of both erosion as well as increased 

pore water pressure triggered landslide activity. Just as for the landslide cause 

mentioned in chapter 1.6.5. the permeability plays an essential role in assessing a 

slope’s susceptibility for rapid drawdown failure. Sand is unproblematic since it 

drains fast enough. Also to some extent problematic is usually clay since it would 

require a constant ground water inflow over years in order to saturate clay. In general 

given enough time clay can, however, become saturated. The piezometric line settles 

on a level corresponding to the long term average water surface in the reservoir or 

lake. Then the water surface would need to decrease to a level significantly lower 

than any level reached since start of the saturation, which is highly unlikely. 

So in terms of rapid drawdown failure the prerequisites of the materials are 

similar to failures related to increased pore pressures, namely more or less 

unproblematic in sand and clay but much more critical in silt. However, that does not 

necessarily result in silt-rich slopes having lower safety factures. Instead, the 
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prerequisites for failure due to shape for example can be met in clay or sand rich 

slopes. Just the reaction of the slope to changes in the water conditions differs. 

In the course of slope failures causing spillway clogging due to floating debris 

rapid drawdown does have one aspect limiting its’ impact. The fact that rapid 

drawdown often occurs after the water level in the reservoir has dropped, often 

results in the majority of floating debris reaching the dam at a point in time when the 

effects of spillway clogging are not that dramatic. In areas where rapid drawdown 

failure is likely to happen one should take care that the water level is kept low after it 

has dropped from a maximum. 
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2 DATA ACQUISITION 

2.1 Geographical maps and internet resources concerning geography  

The geographical map used was the overview map number 3 from the national land 

survey of Sweden. This map shows the Lule river valley from Luleå up until the 

edges upstream of Parkijaure and Porjus, which covers most of the working area. The 

map was not meant to deliver any geotechnical information or slope extents, but it 

was of good use while gaining an orientation and overview of the area as well as 

planning and carrying out the field investigations.  

More detailed information about locations and distances were derived using 

VindGIS and Vattenfalls dam safety GIS.   

2.2 Terrain model 

A basis for any slope stability estimation is the input data on slope gradients. In some 

cases the inclination of the land surface was displayed well in the terrain model, as it 

can be observed in figure 7. The Terrain model is basically an image of the slope 

inclinations for every spot along the Lule river displayed in different colours. The 

inclinations (in degrees°) are displayed on the left side together with the 

corresponding colour.  
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Figure 7: Terrain model. 

One of the first things occurring when looking at the image is that the slopes become 

steeper and higher the further north their location is. On a second look, however, it 

also comes to attention that the slopes seem to become more concave in the northern 

parts. That can be derived from the observation that in the south the slopes become 

steeper the closer to the river they are meanwhile, in the north the slopes have their 

maximum dip in some distance away from the river (respectively lake) and tend to 

become flatter as they approach towards the water.  

The slopes in the north can in most cases be considered stable or at least not 

influenced by water level fluctuations. The only debris being produced in those areas 

would be due to rock falls, which might take with them smaller trees and bushes 

along their paths. However, the probability is rather small and the vegetative cover is 

in many places too thin to allow any trees of significant height to grow, which is why 

the amount of debris as a result of rock falls should not play any role in this project. 
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2.3 Geological maps 

The Swedish Geological survey (SGU) was able to offer a range of geological maps 

for this project. The maps cover large parts of the central working area, which is 

roughly speaking the region in the triangle of Bredåker, Randijaur and Ruokto. 

Although most of that area is covered by the maps, there are small but sometimes 

rather misfortunate white spots. Furthermore some sections of the land surface are 

classified as various, without any further specification. Although these sections are 

rather seldom over the entire surface they are unfortunately much more frequent 

close to the riverbed. These two conditions are limiting the abilities of the geological 

maps to contribute to the stability assessments to some extent. However, in some 

locations the maps did give reliable information about the ground material and 

estimations on the depth to the bed rock. That also made it possible to draw 

conclusions about the ground conditions in places that were identified to be similar 

during the field work. For that purpose the soil characteristics were investigated in 

the field and then compared to each other, as well as to the information on the 

geological maps and the findings in older slope stability investigations. 

Summarising the benefit from the geological maps was to gain an assembly of soil 

and rock types and their overall distribution in the area. Concerning detailed 

information about characteristics relevant to slope stability, the previous 

investigations, the terrain model and the field investigations during this project were 

more fruitful.  

 

2.4 Results from previous slope stability investigations 

Scandia consult performed an overall mapping of the slope stability conditions along 

the Lule river between 1998 and 1999 commissioned by the Swedish Rescue Service 

Agency (Räddningsverket) [15]. The assessment was carried out in five 

municipalities, out of which two (Boden and Jokkmokk) are part of the working area 

for this project. In each municipality 13 and 15 sections respectively were chosen for 

investigation.  
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Among the most valuable results of that report is the extensive amount of data 

concerning density, friction angle and cohesion of the four soil types found in the 

area, namely sand, silt, clay and moraine. Furthermore these assessments include soil 

profiles as well as stability estimations and sections of maps with the surface being 

assigned one out of three stability classes.  

The results of this SCC report, as it will be referred to from here on, were the 

most valuable source of data for this project and represent a basis for many further 

assumptions and calculations. However, some limitations do exist also in these 

investigations. Basically the data is limited in the area as it is available only for a 

relatively small amount of sections, which are in many cases not larger than a few 

hundred meters. Also, since the aim of the Swedish Rescue Service was to assess the 

direct hazard of landslides for people and infrastructure, these sections are in most 

cases concentrated around the bigger settlements Jokkmokk, Boden and Vuollerim. 

That leaves large parts of the working area uncovered. Furthermore the results can’t 

be seen as precise predictions of the slope stability but more as estimations showing 

how well the basic requirements for landslide activity are met. Therefore this 

information does not immediately lead to a classification of the area into stable and 

unstable under conditions of a 10.000 year flood event, but it gives a good basis for 

further classification of the yet uncovered sections as well as a large pool of input 

data and sections requiring attention during the field work [15]. 
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3 PROCESSING OF THE INPUT DATA 

3.1 Combination of all sources 

As mentioned earlier, the basis for most of the findings in this project is given in the 

previous investigations as described in chapter 2.4. Combination of the available data 

implies in this case a combination of data given in the SCC report to data about the 

same spots using geological and geographical maps as well as the terrain model. In 

contrast to that, a combination of data from different spots, in order to extend the 

findings to locations not included in the SCC investigations, was not found 

appropriate at this point.  

Basically, the correlations between the findings from the investigations by 

Scandia consult and the geological maps as well as the terrain model were rather 

poor. That does not necessarily mean that one of the sources was wrong, but there 

was rarely any significant evidence to be found that they do correlate. The reasons 

for that are probably to be found in the different resolutions of each source. Many of 

the slopes chosen for detailed analysis in the previous investigations can’t even be 

recognized as slopes on the terrain model and the information about the material 

given in the geological maps does not provide information about minor soil layers. 

Those slopes big enough to become visible on the terrain model are rarely located 

close to housing areas and in the thinner populated northern part of the working area, 

which is why they were unlikely to be included in a study predicting the direct risk of 

landslides on humans and infrastructure.  

The geological maps, on the other hand, did provide information on where certain 

soil types are more likely to occur. In combination with the previous investigations 

that lead to a basic impression concerning the distribution of soil types in the 

sediments. The sediments in the north consist often entirely of sand, which becomes 

increasingly mixed through with gravel and moraine in the area around Vuollerim, 

and finally more clay and silt in the sections more than approximately 15 km south of 

Vuollerim. 
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More useful than the Geological maps and the Terrain model were the geographical 

resources, since here any required resolution was available. Locating all critical 

locations identified by both SCC report and terrain model lead to a first impression 

on what the stability situation in the working area is, and where the most dangerous 

areas are concentrated, namely in the vicinity of Vuollerim. 

The over all result from this chapter is the division of the slopes into different 

groups. Basically all slopes along the Lule river should be shaped in some way 

similar to one of the three types shown in figure 8. 

 

Figure 8: Slope groups. 

According to soil profiles given in the SCC report and partly from information on the 

geological maps, the uncertain slopes could be divided into two categories. One 

resembles the slopes containing clay or silt besides sand, while the other one is made 

up by those slopes containing gravel or moraine besides sand. Since moraine is a 

mixed soil type its’ geotechnical properties can vary over a wide range. The moraine 

in this area, however, shows relatively constant properties, which is why the moraine 

is assumed to be the same throughout the working area. 

This division appears to make sense, since both parts would probably be separated 

by a rather long distance and also because the stability of fine grained grounds 

responds different to conditions like rising ground water levels. The four domains of 

slopes along the river can therefore best be described as follows: 

1. Bed rock: These are the slopes in the mountainous regions in the 

northernmost parts of the working area. 

2. Pure coarse sand: This kind of soil material is mostly found in the vicinity of 

Vuollerim or possibly slightly north of Vuollerim. 
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3. Fine sand mixed with gravel, moraine and occasionally silt: This is mostly 

found in the middle section of the river south of Vuollerim. 

4. Various kinds of sand mixed with silt and clay: This is a typical sediment for 

the southernmost part of the working area. 

In further steps the information about slope stability in the areas covered by the 

previous investigations was put into relation to the rest of the working area. Based on 

that, a first overview concerning the prerequisites for slope failure throughout the 

working area was created. 

 

3.2 Prerequisites for landslide activity 

Landslide hazard exists generally in slopes consisting of soft loose soil materials. 

Whenever dealing with rock slopes the analysis often becomes more complicated and 

certainly much different from soil mechanical analyses. In any case the rock stability 

is controlled by material strength and is less influenced by the ground water level or 

other short term weather induced phenomena. In fact the effect of increased pore 

pressure decreasing the effective stress and the shear strength applies in rock 

mechanics only along discontinuities while in most soil materials the effect takes 

place in all pores. Furthermore slope stability problems in natural rock slopes are 

very rare. Instead most rock mechanical slope stability analyses are performed in 

mines, tunnels or road cuts where the inclinations are artificially increased to almost 

vertical walls. [4] 

For those reasons the rock slopes in the north of the working area can presumably 

be neglected, although their slope angles are significantly larger than the ones further 

south. Also the impact of a slope failure should be smaller for these slopes. This is 

due to the following reasons: 

• Longer distance to the reservoir. 

• Virtual absence of vulnerability to increased pore water pressure like in a 

high flood.  

• Thinner vegetative cover resulting in less volume of floating debris. 
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• Often large distances to a dam and slow flow velocity of the reservoirs, which 

makes it less likely of a floating object to reach the dam. 

The other three domains should be considered unstable under certain conditions. 

Whereas domain 2 is presumably more exposed to erosion and small scale failures 

due to the absence of cohesion in between the grains and a thin vegetative cover. The 

domains 3 and 4 might in some cases seem comparatively stable but should be 

considered to become unstable under misfortunate conditions, as described in chapter 

1.6. Especially those soils containing silt tend to be stable for long periods but if the 

pore water pressure reaches critical values they often create big landslides.  

As a result of the northern parts consisting of rock slopes the prerequisites for 

landslide activity to occur are presumably not met in the area north of Messaure and 

Letsi. In addition to that in the southernmost parts of the working area the landscape 

profile becomes increasingly flat. This is one reason why the river section between 

Luleå and Boden can be considered stable. Even if there were any unexpected steep 

parts, the creation of floating debris would not pose any threat to a dam, because the 

southernmost dam along the river is located in Boden. Also the area north of Boden 

and up until Harads does not show very steep slopes. However, in the course of the 

SCC investigations some potentially hazardous spots were located even in that area. 

Those locations are among the few ones along the river that consist partly of clay and 

silt, which might make them more stable under dry conditions but quite hazardous 

under increased pore water pressures. Generally speaking it seems like Lule river has 

been suffering from slope instability quite frequently.  

The prerequisites for failure within the main section of the river (between Boden 

and Messaure) according to the SCC report are given in figure 9, where every blue 

spot indicates an area that has been classified as potentially unstable by SCC and 

every green spot marks a location where SCC did investigations but no signs of slope 

instability were found. That image also shows a first distribution estimation of the 

four domains described in chapter 3.1. 
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Figure 9: Result overview of the previous findings. (Copyright Räddningsverket) [15] 

 

3.3 Reliability of the theoretical results 

The overall reliability of the theoretical results can be assumed to be comparatively 

high, because the previous investigations already predicted a relative stability 

throughout parts of the working area. As a result of some regions being well 

investigated before, while others had to be estimated by correlation, the precision 

throughout this assessment probably varies to some extent depending on how the 

input data was acquired. In areas where the slope stability was previously assessed 
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by Scandia consult the results were included without major changes into this study 

and therefore the reliability should be the same as in these previous studies. In areas 

where the stability was assessed by evaluation of sources other than the SCC report, 

however, the reliability is most likely to decrease to a certain extent.  

 

3.4 Implications for the next steps 

Generally the evaluation of the input data was performed in order to find the 

locations, which the field investigations should be focused on. The majority of those 

locations is concentrated around Vuollerim (see figure 9). Combination of this map 

with the terrain model gave a good impression about all locations that appeared to be 

worth investigating further. 

Furthermore, although this assessment gives a good estimation on which slopes 

are most likely to fail and which are least likely to do so, it does not validate the 

findings in terms of stability under certain weather conditions. Therefore it becomes 

necessary to establish some limits defining which slopes will remain stable even 

under worst weather conditions and where the safety factors would drop low enough 

to allow a failure to occur. At that point detailed slope stability calculations using 

SlopeW become a useful tool, since the software offers opportunities to simulate the 

behaviour of the soil mass under various conditions. In the course of these 

calculations the measures during the field investigations should also focus on finding 

conditions capable of representing the entire working area. While the clearly unstable 

locations were basically just verified by means of calculation, for the uncertain 

slopes the decision weather or not to consider them as potential sources of floating 

debris had to be based on these calculations. Therefore the assessment of the 

dimensions and the distribution of soil material for those types of slopes had to be 

carried out during the field work with higher precision than for the clearly stable or 

unstable slopes.  

As a result of the uneven distribution of input data the measures taken in order to 

improve this assessment should in the first place be focused on the largely unknown 

areas.  
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4 FIELD INVESTIGATIONS 

4.1 General aim 

Since this project deals with a large amount of uncertainties and characteristics that 

not always can be expressed in numbers, direct inspections in the field are a key step 

in order to gain final results. The major aim of the field investigations can therefore 

be described as the obtaining of an overall impression of the dangerous spots 

including: 

• Description of the slope characteristics combined with a certain amount of 

engineering judgement in order to assess the impact of a high flood event.  

• Collection of impressions concerning mechanical parameters. These 

impressions are not meant to resemble precise measurements, but should be 

detailed enough in order to become able to compare similarities and by that 

draw conclusions about the material properties compared to spots with known 

properties. 

• Verification of information given in the SCC report.  

• Collection of information about locations that have not been classified 

previously in order to draw parallels. 

• Collection of vegetation data, including height and number of trees in a test 

square as well an appropriate definition of vegetation classes. 

• Confirmation respectively establishment of several slope and vegetation 

classes. 

Perhaps the most important of these tasks is the collection of vegetation data, 

because that was the only essential matter on which there was no input data given.  

The amount of trees was counted within a test square of 10 times 10 meters. The 

total amount of trees within one area was noted as well as the amounts of trees in 

different subsets representing different types of trees and different size classes (see 

appendix III). This assessment had to be carried out for representative locations of 

any vegetation type, after the impression of the forest variation had led to a definition 
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of a reasonable number of vegetation classes. These measurements could then be 

extrapolated on to locations where the time frame of this project did not allow 

detailed measurements. Another big part of the field work, besides the vegetation 

classification, was to map areas where stability problems were visible. Here naked 

failure surfaces on one hand but also inclined trees, curved logs or stripped roots 

were used as indicators for previous slope failures or creep. All potentially unstable 

areas were estimated in terms of length, width, vegetation (in cases of failure 

surfaces none) as well as a short description of the slope and if necessary a dip angle.  

Finally a basis for the simulation of conditions capable of representing the 

uncertain slopes in SlopeW calculations had to be created. For that purpose the 

distribution of material and inclinations was to be assessed wherever possible.  

4.2 Results 

As mentioned earlier many of the results can’t be given in numbers. Instead most 

findings of the field investigations are rather rough impressions. However, these 

impressions provided a base for further decisions like the definition of classes or the 

estimation of the extent of critical areas. Basically the results were collected in two 

types of form sheets, one displaying the results concerning the density of trees per 

area, the other one displaying all locations’ characteristics like extent, vegetation 

class etc. 

4.2.1 Slope stability  

The most unstable parts of the working area are clearly situated along the Big Lule 

river in a distance between 4 and 15 km north of Vuollerim. Here sand slopes dip in 

steep angles towards the reservoir. The fact that the slope surfaces are in many cases 

not covered by any vegetation and that sand generally is more sensitive to erosion 

than to pore water triggered failures leads to the conclusion that in this part the 

erosion is the major cause for slope instability. These locations are the ones classified 

as domain 2 in chapter 3.1. Towards the north the area changes gradually into slopes 

of domain 1 with shallow bedrock, although it seems like along the transition slopes 

of domain 2 occur as well.  
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Figure 10 shows an overview over all locations identified during the field work. 

 

Figure 10: Potentially unstable locations identified during the field work. 

Apart from the sections north of Vuollerim further unstable areas are located in the 

south of the working area around Degerbäcken (domain 4) and in the middle section 

between Vuollerim and Forsnäs (domain 3). While the unstable sections in the south 

are clay rich and quite narrow slopes with a small surface area or sometimes just 

rows of trees that might easily get washed away by a flood, the slopes around 

Vuollerim are mostly high and wide, with a large surface area. They are usually 

covered by forests and situated on mixed soils including sand, silt and moraine. 

Visible signs of failure are much more seldom in these sections, compared to the 

sand slopes north of Vuollerim. Despite the relatively stable first impression the 

slopes’ behaviour under high water conditions is yet unknown, which makes the 
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assessment of the stability situation much more difficult but nevertheless important, 

since these slopes would deliver large amounts of floating debris in case of failure. 

Towards the south the slopes become gradually smaller and flatter. For the area 

between Forsnäs and Degerbäcken that, however, does not mean that there is no 

danger for slope failures to occur. Instead stability calculations should be carried out 

even for those slopes. The borders between stable and unstable sections are, 

however, gradual and do leave space for interpretation.  

Table 3 gives a short description of all identified locations during the field 

investigations. Values concerning slope extensions can be observed in table 4. 

  

Table 3: Description of all locations. 

Location Number:   

1 Very narrow slopes along parts of the shoreline on both sides of the river, all the way from Heden to Bredåker.  

2 Narrow slopes similar to location 1 but flatter and presumably more stable. 

3 Short, wide, steep, sandy slope just north of Svartlå. Very unusual for this area. 

4 Medium sized slope around Havträsk.  

5 A location south of Bovallen showing not very large slopes but comparatively obvious signs of failure for this area. 

6 Not far from location 5 but on the other side of the river. It looks like there is some erosion going on here but the very flat 
inclinations lead to a stable impression.  

7 A wide and steep slope south of Nedre Forsnäs that does not show obvious signs of failure. 

8 South of Laxede. Apparently high erosion and sandy material here lead to clearly unstable slopes. 

9 A few eroded spots just north of the Laxede dam.  

10 A broad and steep section starting about 1 km north of Laxede. 

11 Very obvious signs of failure in the vicinity of Görjeån. 

12 A long broad section in the vicinity of Sundsnäs, probably one of the most dangerous slopes because it contains a lot of timber. 

13 Clearly unstable and large slope south of Storbacken. 

14 Located around Andersviksudden. Shaped similar to the slopes in location 13. 

15 A large area with a few potentially unstable spots south of the Porsi dam. 

16 Steep, broad slopes around Vuollerim, a large source for potential floating debris. 

17 A rather small and apparently not very unstable location just north of the Porsi dam. 

18 A section located about 1 km north of the Vuollerim bridge. This is, though short, also a rather large source for floating debris. 

19 
A longer and clearly unstable section around Vackerbacken, but not quite as much floating debris since large parts are not 
covered by vegetation. 

20 Shorter section between Vackerbacken and Sanden. This slope seems to be more similar to the slopes around Vuollerim than to 
the uncovered sand slopes in the vicinity. 

21 Another long typical sand slope like location number 19. 

22 This area would probably have a similar appearance as the other slopes of domain 2, but here erosion protection keeps the 
slopes from becoming uncovered sand slopes. 

23 Another very typical section for this region, stretching from Kalludden about 4 km to the north. 

24 A smaller slope on the opposite river side to location 23. 

25 A small spot in the vicinity of Nedre Kuouka, similar to location 24. 

26 A narrow section of the reservoir around Kuouka leading to steep slopes on both sides. 

27 A steep section north of the mouth of Andrensbäcken, partly uncovered, partly covered by vegetation. 

28 South of Messaure. A relatively flat section completely covered with forest. 
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Table 4: Values for all locations. 

Location Number: Length [m]: Width [m]: Domain: Surface [m²]: Bank: Erosion: Slope inclination [°] 

1 4000 3 4 12000 both Yes 35 

2 2000 2 4 4000 south west No 20 

3 300 15 2 4500 north east Yes 50 

4 1500 7 3 10500 west Yes 55 

5 500 5 2 2500 north east Yes 40 

6 1500 5 4 7500 south west Yes 15 

7 500 15 3 7500 west 30% No, 70% Yes 35 

8 4000 8 3 32000 west Yes 40 

9 500 2 3 1000 east Yes 20 

10 500 5 3 2500 west Yes 40 

11 700 4 2 2800 west Yes 40 

12 2200 15 3 33000 east Yes 55 

13 1000 17.50 3 17500 west Yes 55 

14 500 14.3 3 7150 east Yes 60 

15 4500 5 3 22500 both Yes 25-35 

16 1300 9 3 11700 south Yes 65 

17 500 4 3 2000 east No 30 

18 700 7.50 3 5250 east Yes 60 

19 2000 1 2 2000 east Yes 40 

20 1500 8.65 3 12975 west Yes 45 

21 1000 2 2 2000 west Yes 45 

22 2000 8.35 2 16700 east Yes 50 

23 1600 10.8 2 17280 east Yes 40 

24 500 7.3 2 3650 west Yes 45 

25 300 5 2 1500 west Yes 30 

26 4200 15 3 63000 both 30% No, 70% Yes 70 

27 1000 6.6 2 6600 west Yes 45 

28 1500 10 3 15000 west No 35 

Pictures of all slopes can be found in appendix I. 

Width and length are shown in this table as one value only. However, in reality 

the width often varies. In some cases it was assumed that a certain percentage of the 

total length shows a certain width, allowing calculation of an average value. Or often 

the width was just assumed to vary linearly between a maximum and a minimum 

value. In that case the middle between maximum and minimum is equal to the 

average and can be used as effective width in this table. In addition to that the length 

was also not always one single value but instead the length of the shoreline showing 

the characteristics of the potentially unstable slopes in that location was sometimes 
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assumed to be a percentage of the total length. For both parameters the values are 

given as the final values in table 4. 

The investigations in the sections classified as bedrock slopes in domain 1 

confirmed what was assumed about them before the field investigations, namely that 

no signs of previous failures could be observed. 

One section that might be a special case is the narrow section of the Porsi 

reservoir in the vicinity of Kuouka. Here the slopes are very steep and consist of sand 

at the surface. In contrast to the other sand slopes in the area these slopes however 

show rarely any visible sign of failure. One explanation for that might be that the 

slopes belong to the domain number 3 only with a thick layer of moraine that is 

covered by sand at the surface. In order to verify this, a soil profile would have to be 

assessed in situ. Another possible theory is that these slopes actually are part of 

domain 1 and are only covered by a soil and vegetation layer thin enough for the 

roots of the trees to anchor into the bedrock and by that stabilize the slope. In any 

case two pieces of evidence indicate that the ground beneath the sand consists of a 

relatively confident material. The first one is, as already mentioned above, the fact 

that the slopes are apparently still relatively stable although they are very steep. The 

second reason results from geological considerations and concerns the overall shape 

of the valley. Sections of confident sediments or bedrock erode slower and therefore 

tend to remain as a landmark in the landscape. When a river cuts through such a 

section it is given a large gradient (or inclination) and thus forms a rapid current, 

resulting commonly in the carving of a narrow deep canyon. This process could also 

explain the observations in the area very well. 

4.2.2 Vegetation Classification 

The impressions gained during the field work quickly lead to an establishment of 

four basic vegetation classes (see figure 11, which are presented here: 

• 1: Pine forests: Pine trees have a well defined ecological niche, meaning they 

grow well on sandy grounds where other trees can rarely survive. That is the 

reason why especially along the Porsi reservoir many patches can be found 

that are entirely covered by pines.  
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• 2: Mixed forests: The term mixed forests basically describes those forests that 

do not fall into any of the other classifications. Although these forest do show 

a common pattern of tree type distribution. Wherever the ground contains 

enough silt or moraine for tree types other than pines to grow the forests 

show a mix of birches, pines and spruces. The difference to a shore forest is 

that here the trees are not as many but instead fully grown. 

• 3: Shore forests: These types of forests preferably grow on river bed 

sediments. Since they are frequently subject to flooding the growth of the 

trees is limited, resulting in a very dense pattern of small trees. The majority 

of trees are birches but other types do appear especially in the south. Pines 

and spruces are to be found occasionally only. 

• 4: Urban forests: This class is designed to assess those trees that are planted 

by landowners in their backyards. Measurements have shown that the density 

of trees does not vary that much, but the tree types do. As a result of that the 

values are measured for trees of different lengths and then these results are 

extrapolated under the assumption that all trees are pines in class 4a or in 

birches class 4b. 

Figure 11 shows images of the four vegetation classes. 
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Figure 11: The four vegetation classes. 

The distribution of pine forests and shore forests beside each other is well illustrated 

in figure 12. While the shore forests are by definition located near the water, the pine 

forests cover the steeper slopes further uphill. This allowed in some cases to make 

assumptions about the soil material to be found along the slope. Wherever mixed 

forests were found the distinction was not quite as clear, since here the limits were 

more gradual.  
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Figure 12: Pine and Shore forest beside each other. 

Since the natural variation of a forest is large, these classes should not be seen as 

rigid. Instead they should represent a base upon which the true vegetation 

distribution can be oriented. In practice that means that one patch of forest was 

classified as one of the vegetation classes but could additionally be equipped with a 

comment giving information about the variation from the average value of its class. 

These comments were then used to adjust the numbers of trees for the final 

assessment of the maximum possible volume of floating debris. 
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5 FINAL SLOPE STABILITY ASSESSMENT 

5.1 Hazardousness 

Since the aim of this project is an assessment of the maximum amount of floating 

debris it is important to distinguish between a slopes’ tendency for failure and the 

production of floating debris as a result of a failure. In many cases a dense vegetation 

cover results in the slope being more stable and vice versa. For that reason the most 

hazardous slopes in terms of slope failure are the sand slopes north of Vuollerim, but 

in terms of floating debris creation its the slopes around Vuollerim, further south and 

possibly around Kuouka are to be rated much more hazardous. The sections in the 

very south are also covered by dense vegetation but are due to their much smaller 

dimensions not as hazardous as the slopes in domain 3. 

5.2 The influence of erosion protection 

Since erosion protection exists along large parts of the shore line it should be 

considered in this study. Figure 13 shows the difference between erosion protected 

and unprotected slopes next to each other.  

 

Figure 13: Impact of erosion protection. 

As it can be seen in the image above, erosion protected areas show much higher 

stability. Nevertheless there is a potential for failure if a high flood rises above the 
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protected area, which is very likely in the sand slopes along the Porsi reservoir, or if 

excessive rainfalls over a longer period of time erode material around the roots and 

cause trees to lose grip. For the second alternative the decision whether or not 

floating debris is created usually can not be made for an entire surface but only for 

single trees. The erosion caused by an increased water table could quickly lead to 

small scale failures with single rows of trees being washed into the reservoir or larger 

scale failures due to external erosion of the toe. Figure 14 shows a rather small 

failure that has occurred above an erosion protected area. 

 

Figure 14: Failed erosion protection. 

However, for the southern part of the working area the situation is different. Here the 

small slopes of domain 4 are, if erosion protected, usually covered entirely, or at least 

far enough so that the unprotected part in the top is too small to build up the stress 

needed for failure. Furthermore due to the flat landscape profile in the south the dams 

are prepared to not let the reservoir water tables vary that much. For those reasons 

the erosion protected areas along the Vittjärv reservoir can presumably be considered 

stable, while the sections along the Laxede and Porjus reservoirs should be 

considered potentially unstable in any case. 
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5.3 Weighing of the results using SlopeW calculations 

The models described in this chapter were constructed using the software SlopeW. 

For practical information on how to construct and interpret the models see the 

SlopeW manual [16]. 

5.3.1 Input data 

The input data required can basically be divided into the following three groups:  

• Slope geometry: Slope geometry includes common slopes’ extensions and 

dips, as well as the proportions of the soil layers. While the input data 

concerning extensions was partly based on impressions gained during the 

field investigations and partly on the soil profiles included in the SCC papers, 

the information about the dips was derived from the terrain model and only in 

some occasions from field observations. The proportions of the soil layers 

had to be based almost entirely on impressions from the soil profiles in the 

SCC report.  

• Ground water conditions: In general the piezometric lines were assumed to be 

very high, however as described in chapter 5.2.1., in most cases it was not 

possible to draw the lines identical with the surface but slightly underneath. 

The more detailed distribution of the ground water potential was estimated 

using basic hydrology and common sense, which implies that coarser 

materials drain quicker and therefore have lower piezometric lines than finer 

materials. In any case the saturation, even though it might reach the surface in 

reality, is not simulated to be identical with the surface in the model. By that 

the stabilising effect of vegetation is taken into account. 

• Material properties: The input data concerning material properties was 

derived from the SCC report. The calculation of average values for cohesion 

and friction angle lead to an establishment of the five different soil types 

mentioned in table 5. 
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  Table 5: Soil properties (copyright Räddningsverket) [15]. 

  Cohesion: 
Friction 
angle: 

Sand: 0 35 

Cohesive Silt in the north: 3,5 28 
Non Cohesive Silt in the 
south: 0 31 

Clay: 3,1 30 

Moraine: 0 39 

5.3.2 Choice of suitable conditions 

When starting the modelling the purpose was to create one or more models capable 

of representing one domain each, except the bed rock slopes. Then the inclinations of 

these models were altered in order to derive a critical inclination for each domain. 

However, in practice there are however a number of additional factors that should be 

taken into account. One example is the dimension of a slope. Larger slopes have 

larger masses resulting in larger forces towards the toe and decreased safety factors 

compared to smaller slopes with the same dip. As a result of that one should not alter 

the slope angles without giving some thought on how the height and width of the 

new slope should look like.  

Ground water conditions were generally assumed to be very high, since the 

stability should be modelled for the event of a flood. It appeared however that the 

intersection of the piezometric line to the surface has major implications on the 

safety factors. For the uncovered sand slopes, where the ground water flow indeed 

reaches the surface without any problem, this effect should simulate the real 

conditions well. But for slopes covered with vegetation the drawing of a piezometric 

line along the surface would decrease the safety factors in a way that presumably 

does not represent the conditions in reality. Since SlopeW does not consider 

vegetation, the ground water surface was drawn with some distance underneath the 

surface in order to simulate the impact of vegetation on the slopes’ stability. Also, in 

order to simulate some locations of domain 3, where the vegetation protected the 

slope all the way to the water surface, some models were calculated with a slip 

surface intersecting the ground surface above the water. This is illustrated in the 

models 7 and 8 in Appendix II. The little green arrow in model 7 on the far right 
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edge of the drawing and near the toe of the slope in model 8 indicates the limit up 

until which the slip surface is allowed to crosscut the slope surface. Finally the effect 

of rapid drawdown was to be examined by manipulating the water level in the 

reservoir while keeping the pore water pressure constant. 

Consideration of all aspects led to a large number of models being created. Out of 

that pool a number of 18 models was chosen to be capable of representing reality 

well enough. 11 calculations represent domain number 3 in different angles, with and 

without erosion and with rapid drawdown. Those slopes had a larger variety than the 

first two domains, which is why more models had to be designed before one of them 

could be assumed to represent reality to a satisfactory extent. Width and height were 

considered variable and depending on the inclination. That means that for a 

decreasing angle the height decreases and the width increases (see figure 15, upper 

part). A list of all models created is presented in chapter 5.2.3. 

Domain 4 is represented by 4 models for different angles. The profiles were 

created basically in the same way as for domain 3 only the input data was a bit 

clearer here, which is why only three models were assumed to be enough in order to 

represent reality. In contrast to domain 3 here the height of the slopes was considered 

constant. That means that decreasing inclinations imply a larger width (figure 15 

lower part).  

 

Figure 15: Height and width in relation to the slope inclination. 

The remaining models include 1 model to illustrate the behaviour of pure sand slopes 

and 2 models cover rapid drawdown in general.  
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5.3.3 Results 

An overview over all calculations is given in table 6. Additional images of each 

model can be found in appendix II, with the number of each image corresponding to 

the numbers given in this table.  

 

Table 6: Model overview. 

No.: Domain: Angle [°]: Erosion: 
Rapid 

drawdown: Safety Factor: 

1 2 45 X  0.11 

2 3 45 X  0.56 

3 3 45   0.48 

4 3 26.6 X  0.97 

5 3 26.6   1.05 

6 3 26.6 X X 1.05 

7 3 24.4 X  1.08 

8 3 24.4   1.17 

9 3 22.6 X  1.10 

10 3 21 X  1.18 

11 3 19.7 X  1.26 

12 3 19.7 X X 1.29 

13 4 45 X  0.72 

14 4 33.7 X  0.96 

15 4 26.6   1.18 

16 4 26.6 X X 1.20 

17 - 45 X X 0.92 

18 - 45 X X 0.50 

 

One result that was assumed already before the calculations were carried out is that 

the slopes of domain number 1 are stable. In addition to that the calculations also 

quickly confirmed what was expected about the slopes of the second domain. So the 

slopes consisting of pure sand can be considered unstable. Here a distinction into 

stable and unstable for slopes below and above a critical dip was not considered 

appropriate, since such a critical angle would have to be very small and secondly 

because the slopes show only little alteration in terms of dip angle. Slopes that differ 

from the definition of the pure sand slopes as uncovered and clearly unstable were 

treated as slopes of the third domain. 

The domains 3 and 4 are both partly stable but to a majority unstable. For domain 

3 the stability depends on whether erosion takes place or not, which is simulated in 

the models with failure surfaces exiting above the water surface. For domain 4 the 
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safety factors do not differ enough in order to prove a significant difference. Since 

field observations do, however, indicate that the presence or absence of erosion does 

have an influence on the stability behaviour of the slope, the calculations for domain 

number 4 without erosion are not very likely to represent reality. In fact it seems 

plausible that erosion protected slopes (either artificial or natural erosion protection) 

are covered by that protection throughout their entire width. Erosion protected slopes 

of domain number 4 can therefore be considered stable. 

Considering both the safety factors and the impressions on the stability of slopes 

of various angles, slopes were considered stable when their safety factors are above 

1.2 or at least close to that value. Table 7 divides the slopes into stable and unstable 

according to a safety factor of 1.2:  

 

Table 7: Critical inclinations 

Domaine Erosion No erosion 

1 Stable 

2 Unstable 

3 <20° stable; >20°unstable <25° stable; >25° unstable 

4 <25° stable; >25° unstable Stablea 

aAssumed stable although the calculations indicate that the slopes are instable for dip angles steeper than 25°. 

 

Further results of the SlopeW calculations are concerning the width of the slip 

surfaces. Since a slip surface does not necessarily go right through the crest but 

instead often starts in some distance behind the crest, the area to be considered for 

the production of floating debris has to be adjusted according to the width of the slip 

surface. Figure 16 illustrates the difference between slip surfaces that crosscut the 

ground surface at the crest or behind the crest, meanwhile the values for the average 

width behind the crest can be observed in Table 8. 
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Figure 16: Slip surface at the crest and behind the crest. 

 

Table 8: Average width behind the crest. 

Domaine Erosion No erosion 

1 - 

2 0.8m 

3 0 1m 

4 0.8m - 

 

The average width behind domain number 2 is smaller than 1m, but it is enough to 

consider the first row of trees as floating debris. In order to be able to take that into 

account for the debris assessment, a width of 1m behind the crest seems to be a 

reasonable value for the calculations. 

Finally one rather surprising result is that rapid drawdown does not seem likely 

anywhere in the working area. This is probably due to the fact that in order for rapid 

drawdown to occur two requirements need to be fulfilled. First there has to be 

material that drains slow enough in order to keep the pore pressure high and secondly 

the water level in the reservoir has to drop far enough. In the northern parts of the 

working area the variation of the water level might be large enough to create rapid 

drawdown failures, but the material drains quick enough to prevent high pore 

pressures after the water level has dropped. In the southern parts the situation is 

reversed. Here the material could be capable of conserving high pore pressures until 

a low water level is reached, but here the variation of the water levels is not large 

enough (2.5m in Porsi, 1.5m in Laxede, 0.5m in Vittjärv). As a result of both 
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requirements (high water level variation and low permeability) never being fulfilled 

simultaneously rapid drawdown seems to be no big threat along the Lule river 

according to these calculations. It is, however, possible that a rapid drawdown failure 

can be triggered by features that are not assessed in the input data to this study. A 

layer that is subject to an artesian pore pressure could for example become 

responsible for rapid drawdown failure after all.   

5.4 Final slope stability assessment 

The SlopeW calculations have proven most of the potentially unstable locations to be 

unstable indeed. For that reason the results of the final slope stability assessment are 

similar to the assessment performed after the field investigations. The locations 

number 2, 6 and 9 can be considered stable after analysing them with SlopeW, 

furthermore the length of location 15 was reduced by 30% due to the fact that 

approximately 30% of the area shows inclinations flatter than the critical 25° for 

domain 3 slopes without erosion. So the results of the final slope stability assessment 

can best be observed in the following table 9 showing all areas that should be 

considered unstable according to the calculations. 

Furthermore the widths were adjusted in this table according to the findings about 

the extents of slip surfaces beyond the crest. 
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Table 9 Unstable locations. 

     Vegetation: Location 

Number: Length [m]: Width[m]: Domain: Surface[m²]: Inclination [°]: Class1 [%] Class 2 [%] Class 3 [%] Class 4 [%] 

1 4000 3.8 4 15200 35 0 0 30 70 

3 300 15.8 2 4740 50 100 0 0 0 

4 1500 7 3 10500 55 0 70 30 0 

5 500 5.8 2 2900 40 100 0 0 0 

7 500 15.3 3 7650 35 95 0 5 0 

8 4000 8 3 32000 40 10 70 20 0 

10 500 5 3 2500 40 100 0 0 0 

11 700 4.8 2 3360 40 0 0 100 0 

12 2200 15 3 33000 55 70 30 0 0 

13 1000 17.50 3 17500 55 66 33 0 0 

14 500 14.3 3 7150 60 10 90 0 0 

15 3150 5 3 15750 25-35 0 80 20 0 

16 1300 9 3 11700 65 0 100 0 0 

17 500 4 3 2000 30 10 20 70 0 

18 700 7.50 3 5250 60 20 80 0 0 

19 2000 1.8 2 3600 40 100 0 0 0 

20 1500 8.65 3 12975 45 100 0 0 0 

21 1000 2.8 2 2800 45 100 0 0 0 

22 2000 9.15 2 18300 50 50 0 50 0 

23 1600 11.6 2 18560 40 100 0 0 0 

24 500 8.1 2 4050 45 50 50 0 0 

25 300 5.8 2 1740 30 0 100 0 0 

26 4200 15.3 3 64260 70 10 90 0 0 

27 1000 7.4 2 7400 45 80 20 0 0 

28 1500 10 3 15000 35 0 80 20 0 
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6 DEBRIS ASSESSMENT 

After having the surface area classified into stable and unstable regions, computation 

of the maximum amount of debris is rather simple. The surface area corresponding to 

one unstable slope can in some cases be determined using VindGIS as a help in 

assessing distances. Although in the majority of the cases the size estimations made 

during the field work had to be used in order to get results concerning the surface 

area. Then all there is to do is to multiply this surface area with the amount of trees 

per surface unit, which, as a result, gives the maximum amount of floating debris. 

However, the floating debris can be determined for the entire river valley or for 

single sections only, as well as for the total amount of trees or for trees of certain 

kinds only. This leads to a large number of ways how to combine the results. In this 

section the focus should therefore be not only on producing large amounts of 

numbers but also on the displaying of the results and finding ways how to filter out 

useful parts. 

The raw data collected in the field was first displayed in one table giving the 

amount of trees per measurement square. In a second step these values were divided 

by the square surface in order to gain the relative density of trees per square meter. 

The surface of most test squares was 100 m² (10x10 m in a horizontal plane). But 

whenever the test square was located on an inclined surface it became necessary to 

measure one side of the test square as an inclined distance along the dip direction of 

the slope. From that inclined side length the true side length of a test square in the 

horizontal plane (as it would show in a map) was derived using the dip angle. The 

true surface of these test squares in a horizontal plane is therefore in some cases 

smaller then 100 m². Anyhow, average values of every vegetation class were derived 

from that table.  

In the next step the average values for tree density per square meter were used in 

order to calculate the total amount of trees for every location. For the easier cases 

that was done by multiplying the surface area with the average tree density of the 

vegetation class. Whenever slopes did not show homogeneous vegetation their values 
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had to be processed using estimated distributions of the vegetation classes, expressed 

in percentages of the surface area for every vegetation class (as it can be seen in table 

9). That led to circle diagrams showing the distribution of trees for either a single 

location or a sum of locations together. Naturally it would make most sense to create 

diagrams showing the distribution of trees for each of the three reservoirs in 

question. Figure 17 shows that diagram for the Porsi reservoir. 

Type Distribution Porsi

10%

4%

4%

4%

18%

8%

33%
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8%

1% 0%

Spruce 0 to 10

Spruce 10 to 15

Spruce over 15

Pine 0 to 10

Pine 10 to 15

Pine over 15

Birch 0 to 10

Birch 10 to 15

Birch over 15

Others 0 to 10

Others 10 to 15

Others over 15

 

Figure 17: Circle diagram of the floating debris distribution in Porsi. 

Additionally histograms of the kind shown below were also created for all three 

reservoirs in question. These diagrams are more suitable for showing the size 

relationships among the sum of trees of a certain length. Moreover they also display 

the total amount of floating debris, which differs from dam to dam and is not shown 

in the circle diagrams. 
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Figure 18: Histogram of the floating debris distribution in Porsi. 

Such histograms for Porsi, Laxede and Vittjärv, as well as circle diagrams showing 

both size- and type-distribution for these tree dams, three diagrams showing the dams 

in relation to each other, and tables including all data concerning the amount of trees 

at any locations can be found in appendix III. Note that, even though all locations are 

displayed in the tables, the sums for each of the three dams are calculated excluding 

the locations 2, 6 and 9. 
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7 FINAL DISCUSSION 

7.1 Evaluation with respect to the hazardousness 

Whether or not the amount of trees can decrease the discharge capacity enough to 

create a serious threat to one of the three dams in question has to be evaluated by 

dam safety experts. In any case, if the total amount should be mobilized 

simultaneously the dam has to be able to deal with a large amount of debris. The 

chance that the entire potential amount of floating debris can be mobilized during 

one flood event seem, however, rather unlikely.  

One result is that the total amount of floating debris is highest for the Porsi 

reservoir, which might seem not very surprising since the most unstable slopes are 

clearly situated along this reservoir. So the fact that the sections along the Porsi 

reservoir show larger uncovered fractions than the sections along the other two 

reservoirs does not make up for the larger length of unstable shoreline. As a result of 

that Porsi dam is the one where the largest amount of floating debris can be expected 

and should therefore be best prepared in order to avoid spillway clogging during a 

high flood.  

Concerning the distribution of various tree types and lengths the x-y diagrams 

(Appendix III, page 35) seem to indicate a rather similar distribution within the three 

dams. Only in the circle diagrams showing the size distributions slight variations can 

be observed. Not surprisingly, the distribution for Vittjärv shows higher percentages 

of small trees, while the trees of size between 10 m and 15 m are more present along 

the Laxede reservoir. Most important for the hazardousness though is the amount of 

trees above 15 m length. These values are identical between Laxede and Porsi and 

only vary by 3 % compared to Vittjärv. Laxede has the smallest fraction of small 

trees, followed by Porsi and finally Vittjärv. Therefore the size distribution of the 

floating debris is most critical in Laxede. On the other hand the differences are, 

however, very small so that the magnitude of the total amount of floating debris 

weighs more than the size distribution. 
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One factor that should not be forgotten is the fact that Vittjärv has, due to its’ flat 

landscape profile, a narrower margin concerning the variation of the water level.  

To summarise, one could say that in terms of the total amount of debris and the 

probability of that maximum amount of debris being produced Porsi is most likely to 

become confronted with the largest amounts of floating debris, while Laxede is 

vulnerable in terms of the size distribution of the floating debris. In Vittjärv the 

largest threat is the small safety margin in terms of water level fluctuation. Since the 

difference between maximum water level and average water level is small any 

disturbance of the spillway functioning would be devastating. Probably as a reaction 

to that, the dam is equipped with 7 spillway gates. For future measures Porsi should 

however be prioritized. 

7.2 Evaluation with respect to the reliability of the data 

In general the reliability of the results varies significantly from one group of results 

to another. The SlopeW simulations, as one group of results, can be considered 

relatively reliable, since plenty of input data concerning material properties was 

available, and the groundwater conditions were easy to define. The applicability of 

these results to slopes in the field, however, is probably not quite as reliable. What is 

complicating the process at this point is the fact that, even though the material 

properties were well defined, the distribution of the material in the field is relatively 

unknown. Therefore which SlopeW model can be applied to which location is a 

result of estimations and impressions gained during the field work and thus should be 

reconsidered in case any new information is available.  

Further groups of results were for instance the assessment of average values for 

the vegetation classes or the estimations of the extensions of the slopes. The 

vegetation values can probably be assumed to represent reality comparatively well, 

since the measurement of the vegetation was relatively robust and did not leave much 

room for errors. On the other hand, similar to the application of the SlopeW models 

on to reality, the estimations about which vegetation class is to be found where in the 

working area are based on documentation during the field work and are thus to be 

reconsidered if further data becomes available. In a similar way the extensions of the 
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slopes were often estimated based upon impressions during the field work which is 

why the precision of that data should not be overrated. 

 

7.3 Conclusions and propositions of measures to be taken 

The most obvious measure that has been taken in the past is the erosion protection 

and on the first impression that measure was successful. With respect to the issue of 

floating debris one has to consider, however, that the main purpose of the erosion 

protection was presumably not to prevent the production of floating debris but 

instead to protect shore line vegetation and to assure the land owners that their 

property will not be washed into the reservoir. As a secondary effect it certainly 

results in the slopes being more stable (but not stable under all possible conditions), 

which also implies that the trees have the chance to grow much larger than they 

would in non protected areas. As a result of that, erosion protection helps to decrease 

the amount of floating debris only if it is applied in such a way that the slope can be 

considered stable under all possible conditions, namely if the protective cover 

reaches above the maximum water surface or covers the slope entirely. Such erosion 

protection is occasionally applied in the southern parts of the working area from 

Boden almost up until Porsi dam. In the areas north of Porsi it seems that, from a 

floating debris point of view, it would make more sense to use no erosion protection 

and leave the slopes uncovered.  

For these larger slopes that can not be completely protected by erosion protection 

the decision weather or not to leave them covered by forest has to be taken with great 

cautiousness. This decision is crucial because by leaving a slope covered with forest 

it might become stabilized even under extreme weather conditions, but if a landslide 

occurs even though the slope was covered by forest the dam will have to deal with a 

great amount of floating debris. Figure 19 shows a decision tree illustrating the 

relationships concerning erosion protection and vegetation. 
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Figure 19: Decision tree 

Basically the measures to be taken should be focused on erosion protection around 

the Vittjärv reservoir and large parts of the Laxede reservoir. Meanwhile in parts of 

the Laxede reservoir, like the areas around Görjeån or Sundsnäs, and almost the 

entire Porsi reservoir, measures in order to decrease the maximum amount of floating 

debris should be focused on the vegetation. Since the decision about weather to leave 

the slopes covered or not is often very difficult to take, it might also be more 

advisable to consider equipping the dam with features allowing it to discharge the 

amounts of floating debris in question for the reservoir. 
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8 Proposition of future studies 

• Detailed analysis of the effects of vegetation on relatively stable slopes along 

the Porsi and Laxede reservoirs: This study would basically focus on 

answering the critical question mentioned in the decision tree in chapter 7.3 

and give as result critical threshold values defining under which conditions 

the vegetation cover should be kept or removed. Beside SlopeW it would be 

necessary to include analyses using SeepW and VadoseW in order to simulate 

the exact groundwater conditions, and some extra tool to include the effect of 

vegetation into SlopeW. [16, 17, 18] 

• A more detailed slope stability analysis of the slopes in the narrow section of 

the Porsi reservoir around Kuouka: Since the section does not show many 

clear signs of failure and a characterisation of that section as stable would 

decrease the maximum amount of trees from 25.725 to 24.375 it could be a 

topic to focus more attention upon. Such an analysis should also include 

vegetation in SlopeW as well as SeepW and VadoseW. There is even a 

possibility that the slopes are stable because the bedrock is shallow enough 

for the roots to anchor. Therefore the assessment of a soil profile would also 

be crucial for this analysis. 

• An additional analysis of the slopes’ extents: Much of the data about length 

and width used in this assessment is based on rather rough estimations. 

Therefore in case better digital data becomes available at some point it would 

be useful to reassess the values given in this study. The term ‘digital data’ 

refers basically to a more detailed terrain model, since the one used in this 

project did often not show satisfactory resolutions. For the terrain model to 

become more helpful in the assessment of the slopes extents a resolution of 

one inclination value per meter should be sufficient.  

• An additional analysis of the vegetation class distribution: Similar to the 

previous proposition the vegetation class distribution was often a result of 

rather rough estimations. Here the data could be reassessed using air 



PROPOSITION OF FUTURE STUDIES                                                         - 54 - 

 - 54 -  

photographs and professional software for the assessment of trees. Possibly 

some thoughts should even be given on whether to continue working with 

vegetation classes or to develop a new system of parameters, in the course of 

this study, describing the tree density individually.   

• A slope stability analysis focusing on rapid drawdown: This analysis would 

include extensive field investigations in order to find features that might 

favour rapid drawdown failure at specific locations. Also a more 

sophisticated approach in SlopeW could be possible. Duncan, Wright and 

Wong (1990) and the US army corps of engineers (2003) experienced with a 

multi stage approach, that might be more suitable for the simulation of rapid 

drawdown in locations where precise input data is given. [16] 
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APPENDIX I: Photos 
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Location 3: 
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Location 5: 
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Location 7: 
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Location 9: 

 

 

Location 10: 

 

 



APPENDIX I                                                                                                         - 8 - 

 - 8 -  

Location 10b: 
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Location 12: 
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Location 13b: 
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Location 15: 
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Location 17: 
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Location 19: 
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Location 21: 
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Location 22b: 
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Location 24: 
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Location 26: 

 

 

Location 26b: 
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Location 27: 

 

 

Location 27b: 

 

 

Location 28: 
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APPENDIX II: SlopeW models 

 

Model 1: 

 

 

Model 2: 
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Model 3: 

 

 

Model 4: 
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Model 5: 

 

 

Model 6: 
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Model 7: 

 

 

Model 8: 
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Model 9: 

 

 

Model 10: 
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Model 11: 

 

 

Model 12: 
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Model 13: 

 

 

Model 14: 
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Model 15: 

 

 

Model 16: 
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Model 17: 

 

 

Model 18: 
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APPENDIX III: Tables and Diagrams 

 

Amount of trees per slope surface, location 1 - 11:  

      Spruce  Pine  Birch Others     

Location 

number 

Vegetation class 

distribution 
0 to 10 10 to 15 above 15 Sum 0 to 10 10 to 15 above 15 Sum 0 to 10 10 to 15 above 15 Sum 0 to 10 10 to 15 above 15 Sum 

Total 

sum 
Surface area  

Class 1 0 

Class 2 0 

Class 3 0.3 
1 

Class 4 0.7 

83.6 22.8 7.6 114 377.2 680.9 195.3 1253 1140 258.4 129.2 1528 1094 98.8 7.6 1201 4095.8 15200 

Class 1 0 

Class 2 0 

Class 3 0.4 
2 

Class 4 0.6 

29.33 8 2.667 40 128.9 166 45.96 340.8 400 90.67 45.33 536 384 34.67 2.667 421.3 1338.2 4000 

Class 1 1 

Class 2 0 

Class 3 0 
3 

Class 4 0 

40.63 42.13 24.45 107.2 67.71 483.8 89.53 641 0 0 0 0 0 0 0 0 748.22 4740 

Class 1 0 

Class 2 0.7 

Class 3 0.3 
4 

Class 4 0 

364 115.6 123.1 602.7 253.8 241.6 220.6 716 1805 377.4 164.6 2347 792.8 68.25 5.25 866.3 4532.5 10500 

Class 5 1 

Class 6 0 

Class 7 0 
5 

Class 8 0 

24.86 25.78 14.96 65.59 41.43 296 54.78 392.2 0 0 0 0 0 0 0 0 457.77 2900 

Class 1 0 

Class 2 0 

Class 3 1 
6 

Class 4 0 

159.5 43.5 14.5 217.5 667 188.5 29 884.5 2175 493 246.5 2915 2088 188.5 14.5 2291 6307.5 8700 

Class 1 0.95 

Class 2 0 

Class 3 0.05 
7 

Class 4 0 

69.31 66.51 38.13 173.9 133.1 750 138.5 1022 95.63 21.68 10.84 128.1 91.8 8.288 0.638 100.7 1424.5 7650 

Class 1 0.1 

Class 2 0.7 

Class 3 0.2 
8 

Class 4 0 

1078 364.9 386.3 1829 573.7 993.7 722.2 2290 4702 968.9 411.1 6082 1648 138.7 10.67 1797 11998 32000 

Sum Vittjärv: 1660 638 594 2893 1447 3446 1421 6314 7743 1626 716 10085 3627 314 24.2 3965 23257 72990 

Class 1 0.9 

Class 2 0 

Class 3 0.1 
9 

Class 4 0 

9.548 8.499 4.809 22.86 20.52 94.02 17.33 131.9 25 5.667 2.833 33.5 24 2.167 0.167 26.33 214.57 1000 

Class 1 1 

Class 2 0 

Class 3 0 
10 

Class 4 0 

12.86 13.33 7.737 33.93 21.43 153.1 28.33 202.9 0 0 0 0 0 0 0 0 236.78 2500 

Class 1 0 

Class 2 0 

Class 3 1 
11 

Class 4 0 

30.8 8.4 2.8 42 128.8 36.4 5.6 170.8 420 95.2 47.6 562.8 403.2 36.4 2.8 442.4 1218 3360 
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Amount of trees per slope surface, location 12 - 23:  

      Spruce  Pine  Birch Others     

Location 

number 

Vegetation class 

distribution 
0 to 10 10 to 15 above 15 Sum 0 to 10 10 to 15 above 15 Sum 0 to 10 10 to 15 above 15 Sum 0 to 10 10 to 15 above 15 Sum 

Total 

sum 
Surface area 

Class 1 0.7 

Class 2 0.3 

Class 3 0 
12 

Class 4 0 

488.4 271.9 222.3 982.6 277.2 2073 575.5 2926 1097 214.3 81.24 1392 39.6 0 0 39.6 5340.2 33000 

Class 1 0.66 

Class 2 0.33 

Class 3 0 
13 

Class 4 0 

237.7 126.8 106.5 471.1 122.2 920.5 268.3 1311 559.8 109.4 41.47 710.7 20.21 0 0 20.21 2513 17500 

Class 1 0.1 

Class 2 0.9 

Class 3 0 
14 

Class 4 0 

274.3 93.81 106.8 474.9 20.94 224.8 197.5 443.2 891.2 174.1 66.01 1131 32.18 0 0 32.18 2081.6 7150 

Class 1 0 

Class 2 0.8 

Class 3 0.2 
15 

Class 4 0 

249.8 80.14 88.82 418.7 112.5 156.6 158.9 428 1085 222.6 93.64 1402 351 29.25 2.25 382.5 2630.9 6750 

Sum Laxede: 1294 594 535 2423 683 3564 1234 5482 4053 816 330 5199 846 65.7 5.1 917 14021 70260 

Class 1 0 

Class 2 1 

Class 3 0 
16 

Class 4 0 

487.5 159 187.6 834.1 19.5 276 334.5 630 1620 316.6 120 2057 58.5 0 0 58.5 3579.6 11700 

Class 5 0.1 

Class 6 0.2 

Class 7 0.7 
17 

Class 8 0 

44.05 14.21 9.778 68.04 110.9 60.18 19.88 190.9 405.4 90.16 43.77 539.3 338 30.33 2.333 370.7 1169 2000 

Class 1 0.2 

Class 2 0.8 

Class 3 0 
18 

Class 4 0 

184 66.42 72.75 323.2 22 206.2 139.9 368.2 581.7 113.7 43.08 738.4 21 0 0 21 1450.7 5250 

Class 1 1 

Class 2 0 

Class 3 0 
19 

Class 4 0 

30.86 32 18.57 81.42 51.43 367.4 68 486.8 0 0 0 0 0 0 0 0 568.27 3600 

Class 1 1 

Class 2 0 

Class 3 0 
20 

Class 4 0 

77.85 80.73 46.85 205.4 129.8 927 171.6 1228 0 0 0 0 0 0 0 0 1433.7 12975 

Class 1 1 

Class 2 0 

Class 3 0 
21 

Class 4 0 

19.2 19.91 11.55 50.66 32 228.6 42.31 302.9 0 0 0 0 0 0 0 0 353.59 2800 

Class 1 0.5 

Class 2 0 

Class 3 0.5 
22 

Class 4 0 

246.2 127.1 62.45 435.7 832.2 1132 203.3 2168 2288 518.5 259.3 3065 2196 198.3 15.25 2410 8078.1 18300 

Class 1 1 

Class 2 0 

Class 3 0 
23 

Class 4 0 

159.1 165 95.74 419.8 265.1 1894 350.6 2510 0 0 0 0 0 0 0 0 2929.8 18560 
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Amount of trees per slope surface, location 24 - 28:  

      Spruce  Pine  Birch Others     

Location 
number 

Vegetation class 
distribution 

0 to 
10 

10 to 
15 

above 
15 

Sum 0 to 10 
10 to 

15 
above 

15 
Sum 0 to 10 

10 to 
15 

above 
15 

Sum 0 to 10 
10 to 

15 
above 

15 
Sum 

Total 
sum 

Surface 
area  

Class 1 0,5 

Class 2 0,5 

Class 3 0 
24 

Class 4 0 

101,7 45,52 42,91 190,2 32,3 254,4 96,15 382,9 280,44 54,8 20,77 356,02 10,13 0 0 10,13 939,2 4050 

Class 1 0 

Class 2 1 

Class 3 0 
25 

Class 4 0 

72,5 23,65 27,89 124 2,9 41,05 49,75 93,697 240,97 47,09 17,85 305,91 8,7 0 0 8,7 532,35 1740 

Class 1 0,1 

Class 2 0,9 

Class 3 0 
26 

Class 4 0 

2465 843,1 960,3 4268 188,2 2020 1775 3983,3 8009,4 1565 593,3 10168 289,2 0 0 289,2 18709 64260 

Class 1 0,8 

Class 2 0,2 

Class 3 0 
27 

Class 4 0 

89,93 58,19 43,41 191,5 69,63 511,3 123,3 704,23 163,97 32,04 12,15 208,16 5,92 0 0 5,92 1109,8 7400 

Class 1 0 

Class 2 0,8 

Class 3 0,2 
28 

Class 4 0 

555 178,1 197,4 930,5 250 348,1 353,1 951,19 2411,9 494,8 208,1 3114,7 780 65 5 850 5846,4 15000 

Sum Porsi: 4533 1813 1777 8123 2006 8267 3727 14000 16002 3233 1318 20553 3707 294 22,6 4024 46699 167635 
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Average values of the vegetation classes:  

Pine forest average
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Shore forest average
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Amounts of trees for each reservoir: 
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Amount of trees for all three reservoirs in comparison: 

Reservoir Amount 

  Spruce  Pine  Birch Others 0 to 10 10 to 15 above15 Total 

Vittjärv  2893 6314 10085 3965 14478 6024 2755 23257 

Laxede  2423 5482 5199 917 6876 5040 2104 14021 

Porsi 8123 14000 20553 4024 26248 13606 6845 46699 
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