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Figur 2-1. Ulike anordninger som finnes (dette er ikke en ut tømmende oversikt). Kilde: NINA.

Vi viser også t i l vedlegg 1 for en oversikt over ulike typer markører (hentet fra RPS, 2021).

3 EFFEKTEN AV MARKØRENE/ FUGLEAVVISERNE

Det foreligger etter hvert en rekke kunnskapsoppsummeringer (l i t teratur-/metastudier) og felt-
studier når det gjelder effekten av merking av kraftledninger med fugleavvisere. Under har vi gjengitt
relevante utdrag fra noen av disse, i kronologisk rekkefølge (eldst t i l nyest), inkludert fra rapporten
Electrocutions & Collisions of Birds in EU Countries: The Negative Impact & Best Practices for
Mitigation, som ble publisert i november 2021 og er den foreløpig siste og mest oppdaterte
kunnskapsoppsummeringen på dette feltet.

3.1 Fugler og kraftledninger - Metoder for å redusere risikoen for kollisjoner og elektrokusjon
(Lislevand, 2004)

Tabellen under er hentet fra Lislevand (2004) og oppsummerer resultatene fra en del studier
gjennomført i perioden 1991-2003.

Tabell 3-1. Oppsummering av studier som har testet ulike merkemetoder for å redusere kollisjons-
frekvensen mellom fugler og kraftledninger. Tabellen er hentet f ra Lislevand (2004).

År referanse Type markør Farge Størrelse (cm) Avstand (m) Estimert reduksjon
i kollisjonsrisiko

1991 Morkhill & Flymarkører (baller) Gul/svart 30 100 54%
Anderson stripe

1994 Alonso m. fl. PVC-spiraler Rød 30x100 10 60%

1994 APLIC «Bird Flight Ukjent 10.2 5 86-89%
Diverter» (BFD-4)
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År referanse Type markør Farge Størrelse (cm) Avstand (m) Estimert reduksjon
i kollisjonsrisiko

1994 APLIC «Bird Flight Ukjent 10.2 10 57-58%
Diverter» (BFD-4)

1994 APLIC «Bird Flight Ukjent 17.8 5 Ukjent
Diverter» (BFD-7)

1994 APLIC «Bird Flight Ukjent 17.8 10 Ukjent
Diverter» (BFD-7)

1994 APLIC «Bird Flight Ukjent 17.8 15 65-74%
Diverter» (BFD-7)

1994 APLIC «Swan Flight Ukjent 17.8 5 Ukjent
Diverter» (SFD)

1995 Brown & «Spiral Vibration Gul 1.27x125 3.3 61%
Drewien Damper» (SVD)

1995 Brown & Fritthengende plater Gul/svart 30.Sx30.5 23-32 63%
Drewien stripe

1996 Savereno m. fl. Flymarkører (baller) Gul/svart 30 30.5 53%
stripe

1998 Janss & Ferrer Polypropylenspiraler Hvit 30x100 Ukjent 81%

1998 Janss & Ferrer Bånd med Svart 5x354x5 20 76%
selvlysende stripe

1998 Janss & Ferrer Svart 0.8x70 12 Nei
Plastikkstriper

2001 Rasmussen PVC-spiraler Gul 30g 15 100%

2003 van Rooyen m. fl. «Bird flapper» Rød/hvit Ukjent Ukjent 82%

2003 van Rooyen m. fl. «Bird flapper» Selv- Ukjent Ukjent 84%
lysende

3.2 Review of the conflict between migratory birds and electricity power grids in the African-
Eurasian region (Prinsen et al, 2011)

Northern and Western Europe

A large number of publications present results from studies that have investigated the efficiency of
marking devices to mitigate bird collisions in Western Europe. Most of these studies, carried out in
the period between 1970 and 1990, report reductions in mortality of between 50-90% and have been
reviewed elsewhere (e.g., Jenkins et al., 2010; Barrientos et al. 2011). Here we report on results of
some recent studies in Western Europe that were not yet included in aforementioned reviews.

Between 2002 and 2005, the German electricity company RWE constructed a new type of marking
devices consisting of 50 cm long hard plastic black and white strips constructed on an aluminium
clamp. Since summer 2005 more than 13,000 of these so-called 'bird flappers' have been installed on
ground wires of high-tension power lines in Germany and the Netherlands, using a specially retooled
helicopter to guarantee rapid installation advancement without impairing the power supply.
Bernshausen & Kreuziger {2009) demonstrated a collision reduction of more than 90%fo r gulls at a
power line section near a large gull roost that had been retrofitted with these bird flappers. More
recently, in a study in the Netherlands, Hartman et al. {2010) alsofound a significant reduction of 80%
in the nocturnal collisions of ducks (Mallard and Eurasian Wigeon) on afour kilometre long stretch of
150 kV power line through bird-rich grassland polders fi t ted with these bird flappers. However, fo r
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Coot, of which also many tens of 
collision victims were found and were 
also believed to have collided at night, 
the reduction in collision victims was 
negligible. For species that collided 
during the day (e.g., gulls, waders, 
pigeons) the statistically significant 
reduction amounted to 67%, but the 
number of victims per species was too 
low to calculate species-specific 
reductions. 

Studies with similar type of ‘flappers’ 
were carried out by Sudmann et al. 
(2000) and Brauneis et al. (2003) in different parts of Germany. Both studies also found a large 
reduction of collision mortality, mainly involving species of wildfowl. 

In the United Kingdom, Frost (2008) found a 95% reduction in collisions of Mute Swans after large red 
spirals had been attached as bird flight diverters in a 132 kV power line previously known to cause 
locally important losses to this species. 

Southern Europe 

Mitigation measures in Southern Europe are very similar to those adopted elsewhere in Europe. Burial 
of medium voltage distribution lines has only been applied to a limited extent and in a few countries, 
such as France, Monaco, Italy, Spain and Portugal. In the southern region there are large differences 
between countries regarding the application of mitigation measures and the current available 
information. In fact, while mitigation measures are taken well into account in some countries (see 
below), in others few efforts were made to address this issue. In Greece, for example, awareness of 
the need of bird safety measures in relation to power lines is scarce and few studies on this subject 
have been carried out. Even in Important Bird Areas (IBAs), the only measures reported are bundling 
and insulation of the phase conductors on medium voltage lines. This makes these lines thicker, and 
therefore more visible, with the aim of preventing bird collisions (Schürenberg et al., 2010). 

In 2008, the Italian Ministry of the Environment, Land and Sea issued a report called “Guidelines for 
mitigation of impact of power lines on birds” ("Linee guida per la mitigazione dell'impatto delle linee 
elettriche sull'avifauna"). This report includes practical and illustrated solutions to mitigate collisions 
and electrocution risks in operation lines (including safe pylons, insulators and cables, to be applied, 
especially in new lines) and indicated procedures to reduce casualties in operational and planned 
lines. Some of these guidelines were implemented during the execution of the LIFE project 
“Improvement of Bird Habitats and Renewal of Electricity Network”, that started in July 2001. This 
was the first and most substantial project in Italy aiming to reduce the dangers created by the power 
lines in a region of great natural significance: the Po Delta Regional Park, in Emilia-Romagna. In this 
area, approximately 110 kilometres of power lines were gradually replaced by new facilities that both 
safeguarded the ecological needs of birds using the Delta and ensured full efficiency of the electricity 
supply system. The project focused on 340 kilometres of high and medium voltage power lines 
implemented at the Po Delta Park, 35% of this line extension was located in critical areas for birds. 
Some of the mitigation measures included the erection of artificial nesting platforms (for White Storks 
and Ospreys) and the installation of white and red spirals (placed 18-20 metres apart) along the wires 
to make them more visible for flying birds. Of the 26 on-site actions planned, 14 involved the complete 
or partial burial of the line. 

In Spain, the main mitigation measure implemented to avoid collisions consists of the placement of 
bird flight diverters (Murillo, 2003; Gil del Pozo & Roig, 2003; Palacios & García-Baquero, 2003). To a 
lesser extent cables have been burried in areas with high risks for birds or the number of collision 
planes has been reduced by the reduction of the number of conductors placed vertically (Compañia 
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Sevillano de Electricidad, Iberdrola & REE, 1995; Palacios & Garcia-Baquero, 2003). Some experiments
have been performed to determine which measures are most effective, focussing on those bird species
most vulnerable to collisions.

An experiment using raptor models (realistic Golden Eagle statue and Accipiter silhouettes) placed on
top of utility towers was carried out to test the effect of such models on bird flight behaviour (and on
collision risk). The number of flocks, number of crossings and flight heights were not affected by the
models. Potential collision victims such as waterbirds, storks and lapwings were indifferent to the
models. Rapt orsfrequently attacked the models, increasing their collision risk (Janss et al., 1999 ).

Alonso et al. {1993, 1994) evaluated the effectiveness of ground wire marking as a method of reducing
bird mortality through collision at a transmission line in Southern Spain. Flight intensity and collision
frequency decreased by 60% both at marked spans compared to the same spans prior to marking.
After marking, the frequency of birdsflying between the cables decreased, while that of birdsflying
above the line increased.

Janss & Ferrer (1998) tested the efficiency of three different marker types by comparing mortality
below marked spans to unmarked spans along the same power line. A spiral {30 x 30 cm) reduced
collisions by 81%, but not significantly fo r Common Crane. Black crossed bands (35 x 5 cm) were also
effective {76% reduction), but not for Great Bustard. The third marker, consisting of thin black stripes
(70 x 0.8 cm) did not reduce mortality.

Also in Portugal, mitigation of bird collisions mainly involves placing marking devices in power line
sections in areas with high collision risk for birds. When it is no option to relocate power lines from
important or critical bird areas, these lines are subjected to the enforcement of mitigation measures,
such as the reduction of number of collision planes (number of conductors placed vertically) or the
use of technologies that increase the visibility of the conductors. For example, conductor visibility can
be increased by applying bird flight diverters, such as "farge spirals" every seven meters in medium
voltage power lines or every five meters in high and very high voltage power lines. Currently, different
devices are being compared and tested fo r their efficiency. The preliminary results confirm that small
static bird flight diverters or spirals (so called 'pig tails') are the less efficient devices, whilst dynamic
'swinging plates' or 'flappers' with luminescent plates, so-called FireF/y BFDs, show the greatest
effectiveness.

The use of the low efficient spirals is currently under revision and stakeholders involved in the
abovementioned protocols consider its abandonment (information from returned questionnaire
Portugal; J. Loureiro, /CNB, in litt.).

3.3 Reducing Avian Collisions with Power Lines (APLIC, 2012)

I tabellen under er relevante studier fra APLIC (2012), som ikke allerede inngår i tabell 3-1, listet opp.
Dette omfatter stort sett studier fra perioden 2004 ti l 2012.

Tabell 3-2. Oppsummering av studier som har testet ulike merkemetoder for å redusere kollisjons-
frekvensen mellom fugler og kraftledninger. Hentet f ra APLIC (2012).

År referanse Type markør Farge Størrelse (cm) Avstand (m) Prosent reduksjon

2008 Yee FireFly Selvlysende 9x15 5 60%

2009 Murphy et al. FireFly Gul/oransje 9x15 12 Ca. 50%

3.4 Electrocutions & Collisions of Birds in EU Countries: The Negative Impact & Best Practices
for Mitigation (RPS, 2021)

DangerousTypes of Powerlines

More important than the voltage level is the location of the construction relative to bird habitats or
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main migration routes. Although different bird speciesf l y at different heights above the ground, there
is a prevailing consensus that the lower power line cables are to the ground, the better they are fo r
preventing bird collisions. There is also a consensus that reduced vertical separation of cables is
preferred, as it poses less of an "obstacle" fo r birds to collide with. Horizontal separation of conductors
is therefore preferred (Prinsen et al, 2011).

Collisions can be observed most frequently in areas where the power lines cross the feeding and
nesting biotopes used by large bird populations. Even if the power lines are just in the vicinity of those
areas, there is still high probability of numerous collisions (Wallace et al. 2005, Andriushchenko &
Popenko 2012), especially near places used for taking off and landing. The environmental conditions
of the site influencing the degree of collision risk are, above all, the character and composition of the
landscape. Open, f lat land with low vegetation enables birds to f l y low and close to the terrain, seeking
out sources of food and resting places. In such open habiats, no vertical obstacles or linear structures
in the air would be naturally present and are thus not "learned" by relevant bird species. As a result,
they may tend not to notice potential obstacles such as electric power lines. Furthermore, birds have
a general tendency to look downwards, and thus for certain species, the space ahead of them
becomes a so-called blind zone {Martin 2011, Martin & Shaw, 2010).

The principal technical parameters affecting the degree of risk represented by a power line are the
thickness of the cables, the height of the line and the number of parallel lines. Higher lines probably
increase the risk of collision. Not only do the birds have to overcome a higher barrier, but relatively
often they then collide with the thinner earth wire, which is found at the very top of higher tension
distribution and transmission lines to protect themfrom lightning strikes.

Figur 3-1. De tynne topplinene representerer en større kollisjonsrisiko enn de mer synlige faselederne. Dette
eksemplet er hentet f ra 420 kV Fardal - Ørskog (som er en duplex-ledning).

Thus, in trying to avoid the visibly thicker live cables by flying over them, birds often f l y into the
practically invisible earth wire above them. Denser networks of parallel power lines are more visible
to birds, so they manage to react to the obstacle earlier (Drewitt & Langston 2008, Bevanger 1995),
and they can usuallyf l y over sets of parallel lines with a singlesoar. Data provides a strong correlation
that proximity to bird habitats (e.g., rivers and water bodies, coasts, extensively used lowlands) or
main migration routes is a more important factor than voltage.

Mitigation Measures & Prevention of Collisions

When hazardous power lines cannot be put underground, marking the lines is one of the best solutions
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and has become the preferred mitigation option worldwide (Morkill & Anderson 1991, Brown &
Drewien 1995). A wide range of potential line marking devices has evolved over the years, including
avian balls, swinging plates, spiral vibration dampers, strips, ribbons, tapes, plates, flags and crossed
bands (APLIC, 2012). The effectiveness of marking lines has varied widely across studies, with primary
factors being habitat, bird species, season as well as type and configuration of power lines. Barrientos
et al. {2011) reviewed 21 wire marking devices and concluded that wire marking reduced bird
mortality by 55 94%. Understanding the nature of bird collisions is essential f o r minimising them. To
date, fewer studies have attempted to reduce avian collisions with distribution power lines, and more
attention has been paid to transmission power lines (De La Zerda & Rosselli 2002, Sporer et al. 2013,
Yee 2008).

In infrastructure planning, risk can be entirely removed by routing power lines to avoid sensitive bird
areas in thefirst place. Once infrastructure exists, line modification is the other known approach. Line
modification can take several forms, which can be broadly divided into three categories: those which
make power lines less of an obstacle for birds to collide with; those which keep birds awayfrom the
power line; and those which make the power line more visible (Prinsen et al. 2011).

1) Line design or configuration - lessof an 'obstacle' to flying birds

Birds are believed to collide most often with the earth or shield wire
(the thinnest wire at the top of the power line structure. At close range,
birds recognise the relatively thick conductor cables and perform
obstacle avoidance maneuvers that can lead them crashing into the
thin shield wire. Removing this wire or designing power linesfrom the
outset without this wire is therefore a potential collision mitigation
measure. However, since these wires are used to protect the infra-
structure from lightning, this is unlikely to be a widely used measure
unless a viable alternative fo r lightning protection is developed.
Reducing the height and the number of pylon levels (and therefore
number of vertical obstacles) lowers the collision risk. Often, low and
medium voltage supply lines use well insulated cables, directly
attached to support poles, which is the second-best solution. Collision
risk is minimised, because the highly visible black cables replace a
number of conductor wires.

n

2) Line marking - making lines more visible to birds

Line marking is the best solution fo r making the cables more visible to
birds in flight. The presence of bird flight diverters is associated with a
decrease in collision mortality (Brown & Drewien 1995, Sporer et al.
2013). The placement of various designs of diverter devices on wires
has shown to effectively reduce bird collisions by between 55-94%
(Barrientos et al. 2011) and has become the preferred mitigation
option worldwide. A wide range of potential line marking devices has
evolved over the years, including: spheres, swinging plates, spiral
vibration dampers, strips, SWAN-FLIGHT Diverters (1), FireFly Bird
diverters (3), bird flappers, aerial marker spheres, ribbons, tapes, flags, fishing floats, aviation balls
(4) and crossed bands.

There is a large amount of literature available on efficiency of such marking devices in mitigating
collision mortality. Some examples f rom the African-Eurasian Flyways region are presented in the
AEWA/CMS International Review on Bird-Power Line Interactions {Prinsen et al 2011). Spacing
recommendations vary depending on species considerations, environmental conditions, line location,
and engineering specifications (e.g., pylon construction and statics, wind and ice loading, conductor
size, and the presence or absence of theshield wire). In general, intervals of 5 to 30 m have been most
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commonly used and are recommended for all markers (APLIC2012).

Some of the installed devices tested have proved not to be effective in
preventing collision. In Germany, orange, yellow and red diverters
have been reported as non-effective, especially if they don't move (e.g.
spirals) or if they are too small. Many bird species do not see colour
the same as humans do, or their colour vision does not work in the
dark. In Portugal, simple spirals or pigtails diverters, either grey or
alternated colors red and white, were observed as ineffective. These
devices have shown to have low efficiency in reducing collision
mortality (on average not more than 18%}; even though the colours
are better than the grey, they are not visible enough by the birds.

Short life span of some wire markers (due to extreme weather or poor quality of materials used) has
been one of many problems reported in Spain, as parts of or entire markers havefallen down. Another
issue recorded is the maximum general effectiveness of 60%, and different effectivenessfor each bird
species, e.g. the great bustard. Testing of markers has not been performed systematically and results
from long term monitoring studies are not yet available. Bird diverters have often been installed on
several sections of power lines, without their effectiveness being evaluated (e.g., in Croatia, Czech
Republic, France, Latvia, Luxembourg, Poland).

Positive experiences and high effectiveness of marking devices in
mitigating collision mortality have, however, prevailed. In Austria,
several effective types of bird diverters were used in the past: e.g.
double black and white aviation marker balls and marker plates
(alternating in contrast between black and white). Five years after
underground cabling and marking of power lines within core areas
of the West-Pannonian distribution range of the great bustard, the
population was already subject to a significantly decreased
mortality rate (Raab et al. 2012). In recent years, the hard plastic
black & white RIBEstrip diverters have begun to be used on high voltage power lines.

Highest contrast bird diverters, black and white flapping diverters and FireFly markers have lead to
the greatest reduction in mortality (up to 90%} in Germany. As of recently, testing of a drone-
adjustable system for FireFly diverters has been underway in Hungary. Black & white RIB£ strip
diverters, BirdMark Afterglow, and different aerial balls are other effective products used in Hungary,
showing different project results (see Raab et al. 2012).

Rotating FireFly Bird Diverters and rubber strap devices seem to be effective in Portugal. These devices
have shown good to very good effectiveness in reducing collision mortality (on average more than
65%), even though the samples were not enough to have significant results. Rotating devices seem to
be the best and they are the only satisfactory device for steppe land birds, especially great bustards.

In 2016, RPS carried out a first short monitoring scheme into the effectiveness of the BirdMark device
in Slovakia. The diverter was tested by observing the reactions of swans and an effectiveness of 92%
was confirmed by comparing the number of individuals flying above to the number of collisions.
Within the project LIFE Energy (www.lifeenergia.sk), bird flight observations and carcass searches
were carried out along distribution power lines in Slovakia. 77 km of 22 kV and 110 kV lines were
marked on a total of 108 sections to evaluate the effectiveness of three types of bird flight diverters
{FireFly Bird Diverter, RIBEBird Flight Diverter and SWANFLIGHT Diverter). Numbers of carcasses were
compared before and after installation of the devices and reaction distances on marked power lines
were surveyed. A 94% reduction {93 vs. 6) was observed in the number of fatalities after line marking
(June 2016 - June 2019), compared to before installation (December 2014 - February 2016). A 2,296
flight reactions were observed and an estimated total of 41,885 individuals (57 bird species belonging
to 13 orders) were recorded with their reactions to marked lines in the period 06/2016-06/2019 (Gålis
& Sevcik 2019).
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One positive and very important fact is that only some parts of potentially dangerous lines are 
responsible for the majority of killed birds. These sections need to be identified and treated with 
proper mitigation measures. RPS prepared a special methodology (Šmídt, Hapl & Gális 2019) aimed 
at classifying power lines according to the risk they present. The identification of those power lines 
with the highest risk of possible bird collision requires easily accessed biological, technical, and 
landscape information of power line orientation relative to the important migration routes of birds, 
the effect of nearby tree growth (when higher than the evaluated power lines), as well as the 
complexity of the landscape relief. 

Attaching bird flight diverters to the wire has proved to reduce, but not eliminate collisions in Spain. 
The best results have been had with luminous anti-collision devices, such as the Swedish FireFly Bird 
Diverters (as recommended by contacts in Belgium, Bulgaria, Lithuania, Romania and Sweden), as 
well as the black and white flapping RIBE diverter (recommended by contacts in Germany, Hungary 
and Slovakia). Due to the cost of marking devices, preliminary monitoring to identify hotspots where 
these markers are most needed should be realised. It is also important to highlight the fact, that every 
additionally fixed diverter causes high financial implications in case of any retrofitting mitigation, 
especially on an already working transmission power line system in comparison to marking of power 
lines during the process of construction. 

Furthermore, it would be worthwhile to investigate new flight diverters (including non-visual devices). 

3) Burying power lines  

If cases where power lines must be constructed - e.g., because no alternative routing is possible - then 
burying them underground offers the best solution against bird electrocution and collisions. For 
example, in Bulgaria, a 43 km stretch of overhead power line was replaced by an underground cable, 
as the most effective and longlasting solution. Although this has relatively seldom been implemented 
for any significant length of line, mainly due to the technical and financial challenges (estimated at 3 
to 20 times more expensive – in at least certain parts of Europe, it does appear that burying power 
lines is more widely practised). The process of placing low voltage utility and medium voltage 
distribution lines underground has been completed in the Netherlands and is currently being carried 
out in Belgium, the United Kingdom, Norway, Denmark and Germany, and hence the severity of the 
electrocution problem is reducing in these regions (Prinsen et al. 2011). 

3.5 En nyere spansk studie (Ferrer m.fl, 2020) 

I en nylig spansk studie (Ferrer m.fl, 2020) ble det testet tre ulike typer av ledningsmarkører/fugle-
avvisere på tre ulike 400 kV kraftledninger som til sammen omfattet 133 
luftspenn. I denne studien ble markørene festet på to parallelle jordings-
kabler med 10 meter avstand. Markørene på den ene kabelen var forskjøvet 
med 5 meter, slik at det visuelt sett (for fuglene som nærmert seg ledningen) 
fremsto som om horisontalplanet til ledningen var merket for hver 5.  meter. 
Resultatene fra studien er oppsummert under: 

Here, we investigated the efficacy of three types of flight diverters in reducing 
avian collision with power lines: yellow spiral, orange spiral, and flapper (se 
figuren til høyre), additionally we used unmarked spans as a control. We 
recorded bird collisions and estimated removal rates of bird casualties by 
scavengers in three different 400 kV transmission lines comprising 133 spans 
in southern Spain. A total of 131 dead birds from 32 species were found. The 
power line and the type of marker significantly affected avian mortality. The 
flapper flight diverter was responsible for a 70.2% lower mean avian mortality 
rate (95% Confidence Interval: 50–90%), followed by the orange spiral (mean 
= 43.7%, CI = 15.8–71.6%) and the yellow spiral (mean = 40.4%, CI = 2.8–78%), compared to control 
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spans. Flappers were the only marker that showed greatest reduction in relation to non-marked 
spans. The flapper flight diverter showed the highest reduction in mortality and the narrowest 
confidence interval when tested in different environmental conditions, and thus may serve as a better 
alternative to the more commonly used spiral flight diverters. 

 
Figur 3-2. Effekten av tre ulike typer linjemarkører fra en studie i Spania i 2020. 

4 KRYSSING AV STABBURSDALEN MED NY 420 KV 

4.1 Alternativer 

4.1.1 Dagens situasjon (0-alternativet) 

Det går i dag en 132 kV ledning og en 66 kV ledning gjennom nedre deler av Stabbursdalen (se 
figurene under), samt en 22 kV ledning som går parallelt med E6. Ingen av disse ledningene er merket 
med markører/fugleavvisere. Mastene på 132 og 66 kV ledningene står stedvis side om side, mens 
de andre steder er forskjøvet noe i forhold til hverandre. Dette innebærer stedvis ulik høyde på 
ledningene, noe som øker kollisjonsrisikoen. 
 

 
Figur 4-1. Eksisterende 132 + 66 kV ledninger. 
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Figur 4-2. Eksisterende 132 + 66 kV ledninger. Her står mastene ikke side om side, slik at man får kabler i 
ulike høydenivåer. 

4.2 Ny 420 kV ledning 

Dette alternativet innebærer bygging av ny 420 kV ledning enten iht. tidligere omsøkt trasè (alt. 
1.7/1.8), i dagens omsøkte trasè (alt. 1.9) eller i justert trasè (alt. 1.10). Videre innebærer tiltaket at 
at: 

• Ny 420 kV ledning bygges uten toppline (denne legges som jordkabel i grøft). Faselederne 
merkes med markører/fugleavvisere (se kapittel 4-3). 

• Dagens 132 kV ledning kables, sammen med topplina på 420 kV ledningen, enten parallelt med 
E6 eller langs eksisterende 132 kV trasè (se figur 4-3). 

• Eksisterende 66 kV ledning gjennom Stabbursdalen saneres (rives). 

Kollisjonsrisikoen for fugl vil avhenge av en rekke faktorer (se bl.a. Lislevand, 2004), deriblant: 

• De ulike artenes flygedyktighet (vingelast / wing loading) 

• Kraftledningens beliggenhet (avstand) i forhold til viktige funksjonsområder for fugl 

• Topografi, terreng og vegetasjon langs ledningen 

• Lys-/siktforhold (varierer både med værforhold og gjennom døgnet)  

• Faselederens høyde over bakken    

• Linjekonfigurasjon i det vertikale planet 

• Om man har separate faseledere (simplex) eller samler de i grupper (duplex/triplex) 

• Diameteren på faselederne 

• Forekomst av jordline over faselederne 
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Figur 4-3. Aktuelle utbyggingsalternativer.
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I tabell 4-1 har vi vurder de ulike risikomomentene knyttet t i l ny 420 kV ledning opp mot dagens
situasjon (0-alternativet). Skalaen som er benyttet er som følger:

Effekt Symbol

Betydelig forbedring if t . 0-alt ++

Noe forbedring ift 0-alt. +

Ingen vesentlig endring ift 0-alt. 0

Noe forverring ift. 0-alt.

Betydelig forverring ift. 0-alt. .

Tabell 4-1. Vurdering av ulike påvirkningsfaktorer, sett opp mot dagens situasjon (0-alternativet).

Alternativ
Risikofaktor Kommentar

1.7/1.8 1.9 1.10

Størst mulig avstand er trolig en fordel. Omtrentlig
Avstand ti l Valdakmyra 0 + avstanden ti l Valdakmyra er hhv. 0,45 km (1.7/1.8),

1,3 km (1.9) og 2,0 km (1.10)

Type område/ habitat 0 0 0
Flatt, åpent terreng med lav vegetasjon øker trolig
kollisjonsrisikoen noe (jf. RPS, 2021).

Antall kraftledninger + + +
En ny 420 kV istedenfor dagens 132 + 66 kV ledninger
gir færre kollisjonspunkt.

Høyde på kablene Ny 420 kV blir 4 m høyere enn eks. 132 kV ledning.

Vertikal separasjon
Ny 420 får kabler i ett plan (topplina legges i grøft). Eks

+ + + 132 og 66 kV ledninger er stedvis noenlunde i plan og
av kablene

stedvis ikke i plan (jf. figur 4-2).

Antall kabler + + +
Ny 420 kV har tre kabelsett (duplex). Eks. 132 og 66 kv
har ti l sammen 6 separate kabler (2 x 3 stk).

Ny 420 kV har større kabeltverrsnitt (34 mm) enn eks.
Diameteren på + + +

132 kV (27,4 mm) og 66 kV (17,2 mm), i tillegg ti l at 420
faselederne kV ledningen er en duplex-ledning (to kabler per

kabelsett). Dette øker kablenes synlighet.

Fjerning av toppliner har blitt vist å redusere kollisjons-
Fjerning av toppline* 0 0 0 frekvensen med 48% (Beaulaurier 1981) og 51 %

(Bevanger & Brøseth 2001).

Merking av kablene ++ ++ ++
Ny420 kV foreslås merket med FireFly, svarte og hvite
RIBE markører eller tilsvarende (se også kapittel 4.3).

Bygging av en ny 420 kV ledning merket med markører/
fugleavvisere, hvor topplina og eks. 132 kV er kablet

Rangering 3 2 1 samt at eks. 66 kV er revet, vil høyst sannsynlig medføre
en betydelig reduksjon (trolig opp mot 80-90%) i
kollisjonsrisikoen for fugl, sammenlignet med dagens
situasjon.

* Det te er et t i l tak som vil kunne halvere kollisjonsrisikoen for en ny 420 kV ledning, sammenlignet med en «standard» 420 kV ledning
med toppl ine, m e n siden eks. 132 og 66 kV ledninger hel ler ikke har toppl iner, vurderes effekten av t i l taket som ingen vesentl ig endr ing
{OJ i forhold t i l dagens situasjon.

4.3 Oppsummering og anbefaling

Basert på foreliggende studier, vurderes de foreslåtte tiltakene å medføre en betydelig reduksjon i
kollisjonsrisikoen for fugl, trolig opp mot 80 - 90% sammenlignet med dagens situasjon, forutsatt
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bruk av riktig type markør. Tiltakene vil imidlertid ikke eliminere kollisjonsrisikoen helt (kun kabling 
av alle ledninger vil kunne bidra til dette). 

Det vil være svært viktig å dra veksler på de erfaringene som er gjort mtp. effekter av ulike typer 
markører og avstand mellom markørene. Spiraler («grisehaler») i ulike farger har vist seg å være 
vesentlig mindre effektive enn store, gjerne bevegelige markører, med kontrastfarge (type FireFly, 
svarte og hvite RIBE-markører o.l.). Flest kollisjoner skjer normalt midt på luftspennet, siden de fleste 
arter unngår å krysse kraftledninger nær selve mastepunktene. Dette tilsier at man kan vurdere å ha 
kort avstand mellom markørene midt på spennet, eksempelvis 5 m (som enkelte produsenter 
anbefaler). Hvis man i tillegg forskyver markørene på den ene fasen med 2,5 m, vil det for fugler som 
nærmer seg luftspennet fremstå som om kablenes horisontalplan er merket for hver 2,5 m. Nærmere 
mastepunktene kan man evt øke avstanden til 10 m (med faseforskyvning fremstår da avstanden 
som 5 m), hvis det er tekniske grunner til at man bør begrense antall markører. Hvis ikke, anbefales 
det å bruke 5 meters avstand helt inntil mastepunktene.   

Det er også svært viktig at man overvåker tilstanden til markørene jevnlig, og bytter ut markører som 
av ulike grunner ikke lenger fungerer optimalt. Jevnlig ettersyn vil med andre ord være påkrevd.         
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