1
BACKGROUND

1.1
The Project

During preparation of a Tiree Community Development Plan (TDP 2005), community consultation identified wind energy as a possible source of income for the island. The Tiree Wind Energy Feasibility Study identified a site on the Ruaig sliabh as suitable for a single community wind turbine. 

1.2
Requirement for ornithological impact assessment

All wind energy projects in the UK are required to submit an Ornithological Impact Assessment to the planning authorities before any construction is carried out. The Tiree Community Development Trust (formerly the Tiree Community Development Partnership) commissioned this report as part of the planning application process for the community wind turbine. The report quantifies the potential risks to bird populations in order that planners and other authorities can decide whether these fall within acceptable values.

1.3
Site description

The study area is centred on the top of the Ruaig sliabh, at the east end of Tiree, at grid reference NM 07513 48408 (Fig. 1). It is 20m above sea-level and mainly composed of wet rocky heath, with some semi-improved grazing on its east and west edges. It is bisected by the Ruaig/Caoles road that runs southwest to northeast along the high ground, and there is a network of low dykes, drains and fences throughout the area. On the southwest edge there is an area of gorse thicket. There are two permanent lochans on the south side of the road, and one small seasonal lochan north of a ruined croft house in the south of the study area. The site is not part of any designated area of conservation interest. The closest designated area is the Sleibhtean agus Cladach Thiriodh Special Protection Area and Ramsar Site situated 1 km away on the north coast and 1 km away on the south coast.

All template maps used in this report are reproduced from Ordnance Survey Explorer Map 372 with permission: OS Licence 100037385 © Crown Copyright 2002.

1.4
Turbine details

At the start of the study, the planned location for the wind turbine was at grid reference NM 07513 48408 in the centre of the study area. However, eight months into the study the decision was made to relocate the turbine site to NM 07668 48317, approximately 170 metres southeast of the original site, but still within the 500m-radius study area (Fig. 1). The technical specifications of the turbine are shown in Table 1. The turbine will be free standing, i.e. no guys lines, and new power lines between the turbine and the existing network will be via underground cables. An existing track to the site will be upgraded and foundations will be laid before the turbine is delivered and erected.

Table 1. Technical specifications of the proposed community wind turbine at Ruaig, Isle of Tiree (provided by M. Jennison and C. Anderson).

	Vestas V52-850 (104dB)

	Rated power
	850 Kw
	Shear factor
	0.12

	Hub height
	49.0 m
	Height
	12.0

	Number blades
	3
	Wind speed at mast
	7.20 ms-1

	Blade length
	26.0 m
	Wind speed at hub
	8.56 ms-1

	Blade max. chord
	2.5 m
	Energy yield
	3,315,171 kWh

	Blade pitch angle
	5 degrees (average)
	Annually operational
	7,674 hrs (88%)

	Rotation period
	3.0 secs (average)
	Cap factor
	0.445


1.5
Factors contributing to bird impacts of wind turbines

· Displacement of birds through direct habitat loss, i.e. the physical loss of nesting/roosting/feeding habitat as a result of construction of turbines and their associated infrastructure.

· Displacement of birds through indirect habitat loss, i.e. disturbance as a result of proximity of wind turbines to nesting/roosting/feeding sites, disturbance during construction and maintenance, and obstruction to regular flight paths caused by the turbines and/or their associated infrastructure.

· Mortality due to collisions with turbines and their associated infrastructure.

· The significance of the potential impact on the bird species involved. This is dependent on a) the conservation status of the species, b) the potential magnitude of the impact, and c) the likelihood of the impact occurring.

· Whether the potential impacts of the turbines can be reduced through mitigating measures.

1.6
Conservation status of birds using the study area

Species recorded in this study were assigned a level of conservation importance based upon the Royal Society for the Protection of Birds’ publication ‘Birds of Conservation Concern’ (RSPB 2004). In that publication, species are listed according to the current pressures on their populations locally, nationally, internationally and globally, and are placed in one of three categories: RED – high conservation concern, AMBER – medium conservation concern, and GREEN – low conservation concern. RED and AMBER list species form the focal group for this study, although species that do not fall into one of these categories are also included in the impact assessment as all wild birds are offered some level of protection under The Wildlife and Countryside Act (1981).

1.7
Aim

To quantify the potential impacts on birds caused by the construction and operation of a single Vestas-52 wind turbine located at grid reference NM 07668 48317 on the Ruaig sliabh, Tiree.

1.8
Objectives

1. Quantify annual bird activity at the turbine site by recording the species and their numbers flying through the area throughout one year, and using the area for breeding and wintering.

2. Determine whether there will be significant displacement of birds from breeding and wintering habitat through the direct or indirect result of construction, operation and maintenance of the turbine and its associated infrastructure.

3. Determine how many birds of which species are likely to be struck by the turbine rotor in one year.

4. Assess the significance of the impact of the number of potential bird strikes by considering the conservation status of those species.

5. Identify any possible mitigation measures.

2
ANNUAL BIRD ACTIVITY

Recently drafted guidelines for assessing the effects of proposed wind farms on bird communities in Scotland (SNH 2000; SNH 2005; Whitfield 2005; Band 2005), suggest that a minimum of 36 hours of surveys per vantage point per season, over one year, is required to calculate a theoretical collision risk for species of conservation concern. In addition to this, data on nesting, feeding and roosting activities within 500m of the turbines are required to determine whether construction activity and associated infrastructures are likely to cause displacement through loss of habitat and disturbance. A total of 108 hours of vantage point observations over the breeding season, migration periods and winter, plus ground surveys of breeding and wintering birds, are therefore required as a minimum for proposed wind turbine projects in bird-sensitive areas in Scotland. 

Tiree is nationally and internationally important for populations of several bird species of conservation concern, such as corncrakes, Greenland geese, little terns and several species of breeding waders and seabirds, with large areas designated as Special Areas of Conservation (SAC), Special Protection Areas (SPA) and Sites of Special Scientific Interest (SSSI). During discussions between Scottish Natural Heritage, the Royal Society for the Protection of Birds, the planning authorities and the Tiree Development Partnership, it was suggested that the sensitivity of the island as an important bird area warranted a doubling of the minimum number of hours of vantage point surveys to ensure that adequate data were collected. Any assumptions made when collecting and/or analysing the data erred on the side of caution. For the purposes of this study, it is assumed that the data on bird activity collected within 500m of the originally planned turbine site (NM 07513 48408) adequately represents bird activity at the relocated site (NM 07668 48317). Table 2 shows the type and amount of ornithological data gathered during this study. 

Table 2. Ornithological data collected within the study area of the proposed community wind turbine at Ruaig.

	Season
	Months
	Type of survey
	Data collected

	Autumn migration
	Sept – Nov
	Diurnal vantage point 
	65 hrs

	Winter
	Dec – Feb 
	Diurnal vantage point 
	54 hrs

	
	Nov – Feb
	Wintering bird census
	3 visits

	
	Oct – Apr
	Dawn & dusk roost flights
	14 hrs

	Spring migration 

& breeding 
	Mar – Jun
	Diurnal vantage point
	83 hrs

	
	Apr – Jun
	Breeding bird census
	3 visits

	Summer
	Jul – Aug
	Diurnal vantage point
	01

	TOTAL
	
	
	216 hrs


1 As the site hosts little bird activity in July and August (J.Bowler RSPB pers. comm.), it was felt that the data collected outwith this period would be more than adequate to represent annual bird activity in the area.
Over 216 hours of vantage point observations, three wintering bird surveys and three breeding bird surveys, a total of 63 bird species was recorded in or flying through the study area (Table 3). Of these, eight (13%) were of high conservation concern and 35 (56%) were of medium conservation concern.

Table 3. All bird species observed within the study area of the proposed wind turbine at Ruaig, Isle of Tiree, September 2005 to June 2006. In descending order of conservation concern. 

	Species
	Scientific name
	Conservation status1
	Level of conservation concern

	Hen Harrier
	Circus cyaneus
	R
	SPA/X1
	High

	Skylark
	Alauda arvensis
	R
	BAP
	High

	Song Thrush
	Turdus philomelos
	R
	BAP
	High

	Starling
	Sturnus vulgaris
	R
	
	High

	House Sparrow
	Passer domesticus
	R
	
	High

	Linnet
	Carduelis cannabina
	R
	BAP
	High

	Twite
	Acanthis flavirostris
	R
	
	High

	Reed Bunting
	Emberiza schoeniclus
	R
	BAP
	High

	Fulmar
	Fulmarus glacialis
	A
	SPA
	Medium

	Cormorant
	Phalacrocorax carbo
	A
	SPA
	Medium

	Whooper Swan
	Cygnus cygnus
	A
	SPA/X1
	Medium

	White-fronted Goose
	Anser albifrons flavirostris
	A
	SPA/X1
	Medium

	Greylag Goose
	Anser anser
	A
	
	Medium

	Barnacle Goose
	Branta leucopsis
	A
	SPA/X1
	Medium

	Shelduck
	Tadorna tadorna
	A
	SPA
	Medium

	Eider Duck
	Somateria alpina
	A
	SPA
	Medium

	Kestrel
	Falco tinnunculus
	A
	
	Medium

	Merlin
	Falco columbarius
	A
	SPA/X1
	Medium

	Peregrine Falcon
	Falco peregrinus
	A
	SPA/X1
	Medium

	Oystercatcher
	Haematopus ostralegus
	A
	SPA
	Medium

	Ringed Plover
	Charadrius hiaticula
	A
	SPA
	Medium

	Lapwing
	Vanellus vanellus
	A
	SPA
	Medium

	Dunlin
	Calidris alpina
	A
	SPA/X1
	Medium

	Snipe
	Gallinago gallinago
	A
	SPA
	Medium

	Bar-tailed Godwit
	Limosa lapponica
	A
	SPA
	Medium

	Whimbrel
	Numenius phaeopus
	A
	SPA
	Medium

	Curlew
	Numenius arquata
	A
	SPA
	Medium

	Redshank
	Tringa totanus
	A
	SPA
	Medium

	Turnstone
	Arenaria interpres
	A
	SPA
	Medium

	Great Skua
	Catharacta skua
	A
	
	Medium

	Black-headed Gull
	Larus ridibundus
	A
	SPA
	Medium

	Common Gull
	Larus canus
	A
	SPA
	Medium

	Lesser Black-backed Gull
	Larus fuscus
	A
	SPA
	Medium

	Herring Gull
	Larus argentatus
	A
	SPA
	Medium

	Arctic Tern
	Sterna paradisaea
	A
	SPA/X1
	Medium

	Swallow
	Hirundo rustica
	A
	
	Medium

	Meadow Pipit
	Anthus pratensis
	A
	
	Medium

	Stonechat
	Saxicola torquata
	A
	
	Medium

	Redwing
	Turdus iliacus
	A
	
	Medium

	Fieldfare
	Turdus pilaris
	A
	
	Medium

	Willow Warbler
	Phylloscopus trochilus
	A
	
	Medium

	Goldcrest
	Regulus regulus
	A
	
	Medium

	Snow Bunting
	Plectrophenax nivalis
	A
	
	Medium

	Grey Heron
	Ardea cinerea
	G
	
	Low

	Mallard
	Anas platyrhynchos
	G
	SPA
	Low

	Sparrowhawk
	Accipiter nisus
	G
	
	Low

	Buzzard
	Buteo buteo
	G
	
	Low

	Golden Plover
	Pluvialis apricaria
	G
	SPA
	Low

	Arctic Skua
	Stercorarius parasiticus
	G
	SPA
	Low

	Long-tailed Skua
	Stercorarius longicaudus
	G
	
	Low

	Great Black-backed Gull
	Larus marinus
	G
	SPA
	Low

	Rock Dove
	Columba livia
	G
	
	Low

	Wood Pigeon
	Columba palumbus
	G
	
	Low

	Swift
	Apus apus
	G
	
	Low

	Pied Wagtail
	Motacilla alba yarrellii
	G
	
	Low

	Wren
	Troglodytes troglodytes
	G
	
	Low

	Robin
	Erithacus rubecula
	G
	
	Low

	Wheatear
	Oenanthe oenanthe
	G
	
	Low

	Blackbird
	Turdus merula
	G
	
	Low

	Sedge Warbler
	Acrocephalus schoenobaenus
	G
	
	Low

	Hooded Crow
	Corvus cornix
	G
	
	Low

	Raven
	Corvus corax
	G
	
	Low

	Greenfinch
	Carduelis chloris
	G
	
	Low


1 Conservation status: R, A, G = red, amber and green listed in ‘Birds of Conservation Concern’ by the Royal Society for the Protection of Birds. Other conservation listings: SPA = contributing to designation of Special Protection Areas; X1 = listed in Annex 1 of the EC Birds Directive; BAP = subject of UK Biodiversity Action Plan. 
2.1
Diurnal movements
Following standard methods for recording movements of birds through proposed wind farms (Band 2005), 216 hours of vantage point (VP) surveys were conducted between 6 September 2005 and 26 June 2006. For up to three hours per survey-day, and averaging six days per month, observations were made from a vantage point 325 m southeast of the original turbine site at grid ref. NM 07790 48244 (Fig. 1). This site was chosen because it offered the best view of the study area that also included a view of the location of the base of the proposed turbine. 

In order to ensure that surveys were conducted in random weather conditions and at random times of day, surveys were planned for Monday and Friday of one week and Wednesday of the following week, while a random number generator was used to dictate the starting time of each survey within half an hour before sunrise and half an hour after sunset i.e. while there was enough daylight to identify the birds to species level. The only exceptions to this rule were survey days during whooper swan migration, which were chosen to coincide with confirmed movements of birds on the island, and 12 VP surveys which were timed to include dusk and dawn roost flight movements of wintering Greenland geese. If there was prolonged rain, winds of greater than force 6, or if visibility was less than 600m, the survey was postponed to the next suitable day. 

For each bird movement through the study area, species, flock size, height and direction were recorded, with flight-paths sketched onto maps. Flight height was placed into one of three categories: 0-20 metres (below rotor collision risk), 21-80 metres (within rotor collision risk), and > 80 metres (above rotor collision risk). When birds flew through the rotor sweep area of the turbine, the time spent in the rotor area, and whether the bird was flapping or gliding, were also recorded. Although blade length will be 26m, the rotor sweep area was defined as the spherical space of 30m radius around the hub of the proposed turbine, to ensure that any misjudgements of distance erred on the side of caution.

Due to intense gull traffic originating from a breeding colony to the west of the turbine site, a simple tally of gull species and height was kept unless the bird in question passed through the rotor sweep area, in which case details of species, flight path and duration were recorded. 

Although the study site included the area within a 500m radius of the initially proposed turbine location (Fig. 1), movements of some bird species such as barnacle geese, white-fronted geese and whooper swans, were recorded beyond the boundaries of the study area, in order to confirm the presence of important wintering and migrating species on the island during the surveys. These data are not, however, included in the analyses. Weather conditions were recorded every 15 minutes.

As the assemblage of bird species, their numbers and behaviour varied according to season, the mean number of flights for each species per season was first calculated by dividing the number of birds observed during vantage point surveys (excluding roost flight surveys) by the number of survey hours undertaken during the season (between sunrise and sunset to exclude roost flights) to give a mean count per hour of observation per season. The mean count per hour was then multiplied by the number of daylight hours (sunrise to sunset) in each season. The calculated mean totals for each season were then summed to give an estimated total number of bird flights per species per year (Table 4).   

Table 4. Calculated mean totals per year of diurnal bird flights through the Ruaig study area. Species listed in descending order of conservation concern. Height bands (in metres): 0-20 = below rotor collision height; 21-80 = rotor collision height (but not through the rotor sweep area); >80 = above rotor collision height. TRS = through rotor sweep area at collision height. Empty cells = zero records.

	Species
	Potential flights per year
	Season

	
	Height

0-20
	Height

21-80
	Height

>80
	TRS
	

	Hen Harrier
	243
	15
	
	
	Oct-Mar

	Skylark
	13120
	37
	
	
	autumn & breeding

	Starling
	38161
	5039
	
	
	all year

	Linnet
	263
	
	
	
	breeding

	Twite
	894
	
	
	
	all year

	Fulmar
	88
	22
	
	
	breeding

	Cormorant
	50
	
	
	
	winter

	Whooper Swan
	669
	44
	
	
	autumn & spring migration, winter

	White-fronted Goose
	5286
	805
	292
	85
	winter

	Greylag Goose
	25583
	3627
	
	
	all year

	Barnacle Goose
	197952
	25156
	
	
	winter

	Shelduck
	2172
	
	
	
	breeding

	Eider Duck
	197
	
	
	
	breeding

	Kestrel
	28
	
	
	
	Nov & Jan

	Merlin
	85
	23
	
	
	winter

	Peregrine Falcon
	208
	29
	
	
	winter

	Oystercatcher
	4673
	110
	
	
	breeding

	Ringed Plover
	307
	
	
	
	spring migration

	Lapwing
	67016
	36920
	
	
	all year

	Dunlin
	922
	
	
	
	breeding

	Snipe
	6508
	1575
	
	63
	autumn migration & breeding

	Bar-tailed Godwit
	44
	
	
	
	spring migration

	Whimbrel
	578
	
	
	
	autumn & spring migration

	Curlew
	15
	
	
	
	autumn migration

	Redshank
	3862
	
	
	
	breeding

	Turnstone
	58
	
	
	
	autumn migration

	Great Skua
	22
	
	
	
	April-May

	Black-headed Gull
	66
	
	
	
	Feb-Oct

	Common Gull
	77858
	66
	
	
	Jan-Sep

	Lesser Black-backed Gull
	4191
	241
	
	
	breeding

	Herring Gull
	29990
	1265
	
	66
	all year

	Arctic Tern
	110
	267
	
	1291
	spring migration & breeding

	Swallow
	161
	
	
	
	autumn & spring migration

	Meadow Pipit
	15596
	44
	
	
	autumn, winter & breeding

	Stonechat
	763
	
	
	
	autumn & winter

	Redwing
	2432
	44
	
	
	autumn & spring migration

	Fieldfare
	73
	
	
	
	autumn migration

	Goldcrest
	438
	131
	
	
	Oct

	Snow Bunting
	73
	
	
	
	autumn migration

	Grey Heron
	680
	
	
	
	all year

	Mallard
	1870
	
	
	
	breeding

	Sparrowhawk
	26
	
	
	
	Feb

	Buzzard
	1136
	95
	
	
	all year

	Golden Plover
	28299
	12885
	
	486
	autumn & spring migration, winter

	Arctic Skua
	154
	
	
	49
	spring migration

	Long-tailed Skua
	44
	
	
	
	spring migration

	Great Black-backed Gull
	5332
	393
	22
	89
	all year

	Rock Dove
	1089
	22
	
	
	Mar-Sep

	Wood Pigeon
	15
	
	
	
	vagrant

	Swift
	110
	
	
	
	spring migration

	Pied Wagtail
	197
	
	
	
	spring migration & breeding

	Wren
	277
	
	
	
	autumn & spring migration

	Wheatear
	1144
	
	
	
	autumn migration & breeding

	Blackbird
	58
	15
	
	
	Oct-Nov

	Hooded Crow
	7976
	57
	
	
	all year

	Raven
	2694
	288
	
	
	all year

	Greenfinch
	13
	
	
	
	winter


Fifty-seven species of bird were recorded flying through the study area between sunrise and sunset, with most flights occurring at below rotor collision height (Table 4). Twenty-five species (42%) were recorded flying at rotor collision height. Only eight species (14%) were recorded flying through the rotor sweep area of the turbine at the relocated site (grid ref. NM 07668 48317), with the majority of those flights (89%) occurring during spring and autumn migration. Only one flock of 20 white-fronted geese and a single great black-backed gull were observed flying at greater than turbine height. The white-fronted geese were seen at this height during mid-October when they were presumably migrating south down the Hebridean island chain from Greenland for the winter, while the great black-backed gull was soaring on a thermal in April.

Three species of bird that are of particular concern to wind energy projects on Tiree are the Greenland white-fronted goose and Greenland barnacle goose, which winter on Tiree, and the Whooper Swan which both winters on the island and uses it as a staging ground during spring and autumn migration. The populations of these species on Tiree are of national and international importance and all are AMBER listed (RSPB 2004).

Frequently used feeding sites for Greenland white-fronted geese and barnacle geese at the east end of Tiree did not include the area immediately around the turbine site (Fig. 2), presumably because it does not hold the semi-improved grass-lands most heavily favoured by the species. Most goose movements across the study area between feeding sites occurred at heights lower than rotor collision height (Table 4), even when the birds were disturbed by low-flying aircraft, an event that occurs at least twice daily (except on Sunday). 

Diurnal flights of barnacle geese that were recorded at rotor collision height were concentrated over the lower-lying land to the north, west and south-west of the study area, mostly avoiding the area surrounding the turbine location (Fig. 3). Lower-level flights were generally more random in pattern, although more frequent around the edges of the study area as the birds moved between feeding sites (Fig. 4).

Only four flocks of white-fronted geese were recorded at rotor collision height (Fig. 3), one of which passed through the proposed rotor area. The majority of flights occurred at lower levels and concentrated on the north side of the road (Fig. 4) where white-fronted geese regularly fed. A single flock of 20 migrating white-fronted geese passed over the area above turbine height (Fig. 4). 

Six flocks of whooper swans were recorded flying through the study area. Only one flock flew at rotor collision height, and this was across the extreme north of the study area away from the turbine site (Fig. 5). The remaining five flocks were recorded at below rotor collision height. Whooper swan movements observed beyond the boundaries of the study area, were generally of birds following the coastlines during migration. 

During the breeding season, there were large numbers of gull movements in and around the gull colony to the west of the turbine site, and between the gull colony and the north and south coasts. Most of these flights were below rotor collision height (Table 4), with only three herring gulls and four great black-backed gulls recorded flying through the rotor collision risk area.

Other species that were recorded flying at rotor collision height in large numbers, i.e. starling, greylag goose, lapwing, snipe, herring gull and golden plover (Table 4) were generally either on migration, involved in territorial disputes and/or moving between feeding sites away from the turbine. A collision risk value is presented later in this report for those species that passed through the rotor collision risk area. 

2.2
Roost flights

Following standard monitoring methods for determining roost flight movements of wintering Greenland white-fronted and barnacle geese (Young 1996; Hunter 2002), six dusk and six dawn surveys were conducted at monthly intervals over the period 27 October 2005 to 29 March 2006. From vantage points at grid ref. NM 07581 48505 for dawn flights and grid ref. NM 07790 48244 for dusk flights (Fig. 1), the species, number, height and direction for each flock flying across the study area were recorded onto maps for one hour after sunset and one hour before sunrise. As for diurnal surveys, the time spent in the rotor area, and whether the bird was flapping or gliding, were recorded when birds flew through the rotor sweep area. Flight height was placed into one of three categories: 0-20 metres (below rotor collision risk), 21-80 metres (within rotor collision risk), and >80 metres (above rotor collision risk). Weather conditions were recorded at the start of each survey. Although flights of geese were the main target of these surveys, all birds flying through were recorded.

The mean totals per year for each bird species flying at each of the three height bands were calculated as for diurnal movements above, except that only data collected during the hours of dusk (1hr after sunset) and dawn (1hr before sunrise), during mid-October to mid-April, were included in the calculations. Table 5 gives the calculated mean totals per year for each species recorded during winter roost flights. 

Twenty-seven species of bird were recorded flying through the study area during dusk and dawn (Table 5). Of these species, only one flock of Greenland white-fronted geese and two flocks of barnacle geese were recorded flying at rotor collision height (Fig. 6). No other bird species were recorded flying at rotor collision height at dusk or dawn. No birds of any species were recorded flying through the rotor sweep area of the proposed turbine.

The traditional core roost area for up to 800 barnacle geese wintering at the east end of Tiree, is situated at the islets of Soa and Carsamull off the south coast of Ruaig (Hunter 2002). Dawn and dusk flights over the study area were generally along direct paths between the roost site and feeding areas around, but not on, the study area (Fig. 6). 

White-fronted geese are less site-faithful in their choice of roost site, with no core roost area for the species at the east end of Tiree (Hunter 2002). The species tends to roost in smaller numbers than barnacle geese and at scattered sites resulting in no obvious regular flight paths across the study area between roosting and feeding areas (Fig. 6).

Table 5. Calculated mean totals of bird flights per year through the study area during dawn and dusk roost-flight surveys in winter 2005/06 (October-April). Species listed in descending order of conservation concern. Height bands (in metres): 0-20 = below rotor collision height; 21-80 = rotor collision height (but not through the rotor sweep area); >80 = above rotor collision height. TRS = through rotor sweep area at collision height. Empty cells = zero records.

	Species
	Potential flights per year

	
	Height

0-20
	Height

21-80
	Height

>80
	TRS

	Skylark
	52
	
	
	

	Starling
	416
	
	
	

	Cormorant
	52
	
	
	

	Whooper Swan
	52
	
	
	

	White-fronted Goose
	3146
	884
	
	

	Greylag Goose
	3094
	
	
	

	Barnacle Goose
	71760
	234
	
	

	Shelduck
	26
	
	
	

	Merlin
	26
	
	
	

	Lapwing
	286
	
	
	

	Snipe
	286
	
	
	

	Redshank
	26
	
	
	

	Common Gull
	338
	
	
	

	Lesser Black-backed Gull
	52
	
	
	

	Herring Gull
	494
	
	
	

	Swallow
	416
	
	
	

	Meadow Pipit
	104
	
	
	

	Redwing
	702
	
	
	

	Grey Heron
	26
	
	
	

	Mallard
	130
	
	
	

	Golden Plover
	1066
	
	
	

	Great Black-backed Gull
	182
	
	
	

	Swift
	104
	
	
	

	Pied Wagtail
	26
	
	
	

	Blackbird
	26
	
	
	

	Hooded Crow
	312
	
	
	

	Raven
	208
	
	
	


2.3
Nocturnal movements
Studies using vertical and horizontal surveillance radar have recorded substantial nocturnal movements of waders, ducks and gulls between coastal feeding and roosting sites, and during migration (see Langston & Pullan 2003). Whilst most gulls were recorded flying below 20m, most ducks and waders flew below 75m, putting them within rotor height.

As the Ruaig wind energy project composes of a single turbine rather than a wind farm, radar surveys were thought to be beyond the necessary scope of this study. However, the risk of nocturnal migrants colliding with the turbine should not be ignored, particularly as little is known about the migratory behaviour of corncrakes, Tiree’s most important bird species, whooper swans, and other species that fly along the Hebridean chain of islands in spring and autumn. Post construction monitoring would be invaluable in assessing the impact (if any) on birds flying at night (see section 7 Mitigation).

3
DISPLACEMENT OF BREEDING AND WINTERING BIRDS

Apart from infrequent road traffic and stock feeding/checking, and occasional pony treks, the study area is little disturbed by human activity. It is assumed, therefore, that the birds that regularly use the area are not habituated to human activity and that any new intense activity would displace them.

All materials for ground preparation and turbine construction will arrive by the public road to the start of the access track. The track will then be widened to approximately 4m and reinforced with crushed stone and/or rock to accommodate very large heavy vehicles including turning area and hard standing for tipper trucks, concrete lorries, one or two all-terrain cranes and turbine transport vehicles. It is estimated that a minimum area of 70 x 50m will be required for this. The probable layout of the access track and construction area is illustrated in Figure 7, with details of the installation area provided in Annex 1. The track and turbine foundations will take 3-4 months to construct from start to finish, and the work is likely to be weather dependent, therefore favouring the spring to autumn period. Turbine delivery and construction can be done in a few days. A trench to accommodate an underground power cable between the turbine and the network interconnector will be also be dug out using heavy machinery. Although the exact location of the trench was not known at the time of writing, it is assumed that it will follow the access track and field boundaries to the interconnector (Fig. 7). Once operational, routine turbine maintenance generally occurs two to four times per year and tends to consist of one or two personnel working inside the tower or turbine nacelle, without the need of heavy vehicles (C. Anderson pers. comm.).

Indirect displacement of breeding and wintering birds by operational turbines has not been fully quantified, although breeding birds have not been found to be affected at distances greater than 300m from a turbine (Gill et al 1996; Percival 1998), and non-breeding ducks, waterfowl, waders and geese avoided feeding and/or resting within 300-600m of wind turbines (Langston & Pullan 2003; Kingsley & Whittam 2005; Everaert & Stienen 2006). Assuming, then, that breeding and wintering birds might be affected within 300m of the Ruaig turbine, the possible impact of construction and operation of the turbine on species of high conservation concern and species of medium conservation concern, that also form the cited interest for the neighbouring coastal SPA (see Table 3 above), are examined.

3.1
Breeding birds

Following standard early morning transect methods for censusing breeding birds (Marchant 1998, O’Brien et al 1988, Shepherd et al 1988), the location and numbers of all breeding birds using the study area within 500m of the original site for the turbine were recorded onto maps on 21 April, 8 June and 24 June 2006. A survey on 17 May was cut short by fog, with no further suitable weather until 8 June. Weather conditions were recorded at the start and end of each survey. 

Twenty-nine species nested or held territories within the study area (Table 6). Nineteen (65%) of these were of high to medium conservation importance. A gull colony comprising 20 pairs of common gulls, four pairs of herring gulls, three pairs of lesser black-backed gulls and one pair of great black-backed gulls, was situated 240m west of the proposed turbine site. In addition to the species listed in Table 6, a second pair of buzzards that nested on a rocky cliff just beyond the south edge of the study area, would have been included had the study area been centred around the new turbine site. Two singing willow warblers were recorded during the first breeding survey but were absent thereafter, and were assumed to have moved on after stopping briefly during spring migration. A post-breeding house sparrow was also recorded in the area, but this had presumably moved in from else where, as there was no previous evidence of the species breeding within the study area.

Table 6. Minimum estimate of numbers of pairs of birds breeding within the study area of the proposed wind turbine at Ruaig, Isle of Tiree, April-June 2006. In descending order of conservation concern.

	Species 
	Maximum number of pairs recorded

	Skylark
	11

	Song Thrush
	1

	Starling
	44

	Linnet
	9

	Twite
	1

	Reed Bunting
	2

	Greylag Goose
	4

	Shelduck
	4

	Eider Duck
	2

	Oystercatcher
	5

	Lapwing
	20

	Dunlin
	1

	Snipe
	13

	Redshank
	6

	Common Gull
	20

	Lesser Black-backed Gull
	3

	Herring Gull
	4

	Meadow Pipit
	39

	Stonechat
	1

	Mallard
	3

	Buzzard
	1

	Great Black-backed Gull
	1

	Pied Wagtail
	1

	Wren
	2

	Wheatear
	2

	Blackbird
	2

	Sedge Warbler
	1

	Hooded Crow
	2

	Raven
	1


Bird species of high-medium conservation concern that nested and/or held territories within 300m of the relocated turbine site and power cable are shown in Figure 8. In total, turbine construction works are likely to result in the direct and permanent loss of breeding habitat for up to one pair of eiders, two pairs of oystercatchers and one pair of skylarks. An additional 75 pairs of 12 species of high-medium conservation concern may be temporarily displaced from within 300m of the turbine site for one season (Fig. 8), due to disturbance during construction if construction occurs during the breeding season.

3.2
Wintering birds

The location and numbers of all birds using the study area over the winter were recorded onto maps on 17 November 2005, 14 January and 22 February 2006, following standard early morning transect methods similar to those for censusing breeding birds. Weather conditions were recorded at the start and end of each survey.

Twenty-two species were recorded on the ground within the study area in winter during the wintering bird surveys (Table 7). Twelve (54%) of these were of high to medium conservation concern. In addition to regular flocks of up to 33 Greenland white-fronted geese, up to 500 barnacle geese also regularly fed in the fields on the eastern and south-eastern edges of the study area (Fig. 2), although none were present during the wintering bird surveys. Small numbers of migrating whooper swans also spent occasional periods of one to three days on the study area’s three lochans before moving on, including a flock of seven adults and 14 juveniles that spent at least three hours on the eastern road-side lochan on 2 November. On one occasion, a small flock of about 10 white-fronted geese appeared to consider roosting on the small pool north of the ruin, before continuing north. 

Table 7. Minimum estimate of numbers of birds using the study area of the proposed wind turbine at Ruaig, Isle of Tiree, during winter (November 2005 to February 2006). In descending order of conservation concern.

	Species
	Maximum number of birds recorded

	Skylark
	2

	Song Thrush
	2

	Starling
	82

	White-fronted Goose
	33

	Greylag Goose
	69

	Lapwing
	2

	Snipe
	6

	Herring Gull
	20

	Meadow Pipit
	10

	Stonechat
	2

	Redwing
	3

	Fieldfare
	20

	Grey Heron
	1

	Mallard
	1

	Golden Plover
	15

	Great Black-backed Gull
	2

	Rock Dove
	7

	Wren
	2

	Robin
	2

	Blackbird
	1

	Hooded Crow
	4

	Raven
	3


All species that used the area within 300m of the turbine and power cable in winter are shown in Figure 9. In total, turbine construction work is unlikely to result in the direct loss of significant areas of winter feeding habitat for any bird species, although up to 500 barnacle geese may be displaced from a favoured feeding site to the south of the turbine (Fig. 9), and small numbers of eight other species may be temporarily displaced due to disturbance during construction, if construction occurs during the winter.

The impact of displacement on the viability of populations of breeding and wintering birds at Ruaig is not likely to be significant provided that the birds are able to find suitable alternative feeding and nesting habitat nearby. Although densities of breeding birds on Tiree are some of the highest in the UK, it is felt that the birds in question at Ruaig are likely to find alternative sites. Displacement along the power cable trench should be temporary, with birds returning to use the area as before once the habitat has recovered. Similarly, once construction is complete and the turbine operational, it is likely that some species will become habituated to the turbine and its infrastructure and will return to nest and feed close by.

4
ANNUAL ROTOR COLLISION RISK 

The theoretical risk of birds colliding with the turbine’s blades was evaluated using accepted standard methods for proposed wind farms recommended by Scottish Natural Heritage (Annex 2; SNH 2000). Using a three-stage mathematical model, the potential number of birds of each species that might collide with the blades in one year is calculated. Firstly, the number of birds that might pass through the turbine rotor per year is calculated from observational data. Secondly, the probability of an individual of each of those bird species being struck by the blades is calculated. Finally, the theoretical collision risk is estimated by multiplying the number of birds likely to pass through the rotor per year by the probability of them being struck and the proportion of the year that the turbine will be operational.

4.1
Step 1. Birds flying through the turbine rotor

During the 216 hours of diurnal vantage point surveys and roost flight surveys, the species and identity of all flocks flying through the space that would be swept out by the turbine’s rotor, were plotted onto maps and their direction and height recorded along with whether they were flapping or gliding, and how long they spent in the rotor area. The estimated mean number of birds flying through the rotor sweep area per year was calculated as for diurnal movements above, except that the length of the season in which each species was likely to pass through the turbine was estimated separately to provide a more accurate estimate for each species. For example, the Arctic terns that passed through the rotor sweep area did so during spring migration. On Tiree, Arctic terns pass through only in May and probably only over a couple of critical weeks when the wind direction and weather are suitable (J. Bowler RSPB pers. comm.). However, as the precise duration of migratory flight is undocumented, the precautionary principle has been adopted here with the assumption that Arctic terns may pass through the rotor sweep area during any daylight hour for the whole of May. The value for Arctic tern is therefore likely to be over-estimated. Table 8 gives the calculated mean totals for each species observed flying through the area that would be swept out by the rotor, and the seasons that they are likely to occur in. 

Table 8. Estimated mean totals of birds flying through the rotor sweep area of the proposed wind turbine at Ruaig, Isle of Tiree, September 2005-June 2006. In descending order of conservation concern.
	Species
	Number

observed
	Active season
	Estimated mean total per year

	White-fronted Goose
	6
	mid-Oct to mid-April
	85.1

	Snipe
	4
	Sept-Oct; April-May
	63.1

	Black-headed Gull
	1
	 Feb-Oct
	76.2

	Herring Gull
	3
	all year
	66.3

	Arctic Tern
	53
	May
	1290.9

	Golden Plover
	33
	Sept-Oct; April-May
	485.9

	Arctic Skua
	2
	May
	48.7

	Great Black-backed Gull
	4
	all year
	88.5


4.2
Step 2. Probability of birds being struck

The probability of individual birds being struck by a turbine blade depends on the length and wingspan of the bird, the breadth and pitch of the turbine blade, the rotation speed of the turbine and the flight speed of the bird. Bird lengths and wingspans were obtained from the published range of bird sizes in the Collins Bird Guide (Mullarney et al 1999), with the higher values for each entered into the model (Table 9). Flight speed was calculated from the mean of the observed time that each species took to pass through the rotor volume during vantage point surveys (52m / x secs). 

Using the standard mathematical model provided by Scottish Natural Heritage (Band 2000; Annex 2), the overall collision probability for each bird species that was recorded flying through the area swept out by the rotor during observations, is generated (Table 9). The probability of collision is the average probability of the bird overlapping with a blade swathe, when flying upwind or downwind, were the bird placed anywhere at random in the area swept out by the rotor. The model allows for whether the species is gliding or flapping to accommodate the variation in flying behaviours of different species. In this study, only the great black-backed gull was input as gliding, as it was soaring on a thermal at the time of observation. Turbine specifications were taken from Table 1.

Table 9. Species-related data used for calculating the probability of one bird being struck if it passes through the rotor of the proposed community wind turbine at Ruaig, Isle of Tiree.

	Species
	Length

(m)
	Wing-span

(m)
	Flight speed (m/sec)
	Flap or Glide
	Collision probability (%)

	
	
	
	
	
	Upwind
	Downw
	Overall

	White-fronted Goose
	0.78
	1.60
	10.4
	F
	15.3
	12.9
	14.1

	Snipe
	0.28
	0.45
	10.5
	F
	9.8
	7.4
	8.6

	Black-headed Gull
	0.39
	0.99
	13.0
	F
	10.6
	8.7
	9.7

	Herring Gull
	0.60
	1.48
	9.9
	F
	14.0
	11.5
	12.8

	Arctic Tern
	0.39
	0.77
	7.4
	F
	12.9
	9.6
	11.3

	Golden Plover
	0.28
	0.59
	10.4
	F
	10.0
	7.6
	8.8

	Arctic Skua
	0.44
	1.18
	7.4
	F
	13.9
	10.6
	12.3

	Great Black-backed Gull
	0.74
	1.66
	6.9
	G
	18.3
	14.7
	16.5


4.3
Step 3. Number of potential bird strikes per year

Using the calculated values for the mean annual number of birds likely to fly through the turbine’s rotor from Table 8 and the overall collision probability from Table 9, we can now calculate a theoretical collision risk for each species by multiplying these two values and the proportion of the year that the turbine is likely to be operational (88%). 

The calculated number of potential collisions per year, assuming no avoiding action, is less than 10 for half the species observed flying through the rotor collision risk area (Table 10), with larger figures for white-fronted geese (11), Arctic tern (129), golden plover (38) and great black-backed gull (13). 

The model assumes that birds do not take any avoiding action. In reality, most birds do take some avoiding action when faced with obstacles, however their ability to do so and their reaction depends on many factors such as the bird’s size, manoeuvrability, seasonal behaviour, wind speed, visibility (including darkness and levels of moonlight) and disturbance. Whilst some studies have indicated that birds do take avoiding action (Koop 1997 in Langston & Pullan 2003; Desholm et al 2006), others found that collisions occurred at rates of up to 64 individuals per turbine per year in Europe, and included over 27 species from across the entire range of bird taxa (Langston & Pullan 2003). In Germany alone, collision fatalities occurred in 19 out of the 63 (25%) bird species recorded at Ruaig in this study (including species of high and medium conservation concern). 

Based on studies of the behaviour of birds at wind farms across Europe, Scottish Natural Heritage has suggested a value of 95% avoidance for all bird species, i.e. 95% of all birds are thought to take avoiding action when faced with a wind turbine, with only 5% colliding with the turbine. This value will be reviewed as more data become available (R. Lilley - SNH pers. comm.). Using this avoidance factor, the theoretical annual collision rates for birds at Ruaig decrease to less than one per year for all species, except for Arctic tern (6.4) and golden plover (1.9) (Table 10).

Table 10. Calculated theoretical annual collision risk for bird species flying through the rotor of the proposed community wind turbine at Ruaig, Isle of Tiree. In descending order of conservation concern1.
	Species
	Mean total per year
	Overall collision probability 
	Turbine operational
	Collisions per year

	
	
	
	
	No avoidance
	95% avoidance

	White-fronted Goose
	85.1
	0.141
	0.88
	10.6
	0.5

	Snipe
	63.1
	0.086
	0.88
	4.8
	0.2

	Black-headed Gull
	76.2
	0.097
	0.88
	6.5
	0.3

	Herring Gull
	66.3
	0.128
	0.88
	7.5
	0.4

	Arctic Tern
	1290.9
	0.113
	0.88
	128.4
	6.4

	Golden Plover
	485.9
	0.088
	0.88
	37.6
	1.9

	Arctic Skua
	48.7
	0.123
	0.88
	5.3
	0.3

	Great Black-backed Gull
	88.5
	0.165
	0.88
	12.8
	0.6


1 No species of high (RED) conservation concern were recorded flying through the rotor sweep area.

5
SIGNIFICANCE OF POTENTIAL IMPACTS 
5.1
Displacement

The breeding activity of three species of high conservation concern (skylark, starling and twite: all RED listed) may be affected during turbine construction but this is likely to be temporary until either they become habituated to the turbine or they find alternative breeding sites. The impact of a wind turbine at Ruaig on these species is therefore thought to be of low significance (Table 11). Similarly, impacts on RED-listed species during winter (starling, song thrush and skylark) are likely to be lower still, as their choices of feeding sites are not restricted to the immediate area of the turbine. The same principles apply to species of medium and low conservation concern.

5.2
Collision fatalities

Species recorded flying through the rotor sweep area of the turbine were all of medium (AMBER) or low (GREEN) conservation concern. No species of high conservation concern were recorded flying through the rotor sweep area. The risk of the turbine to high-flying migratory species is highlighted by the relatively higher numbers of potential collisions of golden plovers (1.9 per year) and Arctic terns (6.4 per year).

Over the 20-year lifespan of the turbine, up to 38 golden plovers could be injured or killed by the Ruaig turbine (assuming 95% avoidance). As golden plovers are listed as being of low conservation concern by the RSPB (RSPB 2004), the level of significance of this threat is, therefore, also considered to be low (Table 11). 

Up to 128 Arctic terns could be injured or killed by the Ruaig turbine over its 20-year lifespan (assuming 95% avoidance). However, as mentioned in Section 4.1, the calculated number of Arctic terns passing through the turbine site per year is likely to be overestimated, and, therefore, so too is the number of potential collisions per year. The level of significance of the threat of collision to migrating Arctic terns is therefore considered to be low to medium (Table 11).

Of the species of medium conservation concern recorded passing through the rotor sweep area, the white-fronted goose is of the greatest concern to this study, as 4% of the total Greenland population winter on Tiree. Over the 20-year lifespan of the wind turbine, the number of collisions could total 11, or 1% of the Tiree population (assuming 95% avoidance). Given that this species is currently in decline, a 1% reduction in the population over 20 years is considered to be of medium significance (Table 11).

While it may be expected that a single turbine would be easier for birds to avoid than a cluster or line of turbines, this has not been documented to date, and it may be that while a single turbine would be easier to manoeuvre around in good visibility, it would be less easily detected than a cluster of turbines in poor visibility.

Table 11. Summary of significance of potential threats of a wind turbine to key bird species at Ruaig, Isle of Tiree. Refer to text for explanation. P = Permanent, T = Temporary (during construction).

	Species
	Source of threat
	Significance

	
	Loss of nesting habitat
	Displacement from wintering habitat
	Collision mortality
	

	Skylark
	P
	
	
	Low

	Starling
	T
	T
	
	Low

	Twite
	T
	
	
	Low

	White-fronted Goose
	
	T
	P
	Medium

	Greylag Goose
	
	T
	
	Low

	Barnacle Goose
	
	P?
	
	Low

	Shelduck
	T
	
	
	Low

	Eider Duck
	P
	
	
	Low

	Oystercatcher
	P
	
	
	Low

	Lapwing
	T
	T
	
	Low

	Dunlin
	T
	
	
	Low

	Snipe
	T
	T
	P
	Low

	Redshank
	T
	
	
	Low

	Black-headed Gull
	
	
	P
	Low

	Common Gull
	T
	
	
	Low

	Lesser Black-backed Gull
	T
	
	
	Low

	Herring Gull
	T
	
	P
	Low

	Arctic Tern
	
	
	P
	Low-Medium

	Meadow Pipit
	
	T
	
	Low

	Golden Plover
	
	
	P
	Low

	Arctic Skua
	
	
	P
	Low

	Great Black-backed Gull
	
	
	P
	Low


6
CONCLUSIONS

Displacement of birds caused by the construction and operation of the community wind turbine at Ruaig is of low concern to the implementation of the project, as the few birds that might be affected are likely to be able to find alternative suitable habitat nearby.

Potential fatalities caused by collisions with the rotor are of greater concern, particularly for wintering Greenland white-fronted geese and during spring and autumn migration when Arctic terns and waders (and probably also whooper swans) are known to pass through the area at rotor collision height. 

7
MITIGATION

1. As the greatest potential disturbance to the birds will be during construction to upgrade the track (3-4 months), during cable laying, and during delivery and erection of the turbine (1-2 days), it would be prudent to plan for construction works to occur out-with the breeding season. The most practical solution would be for track upgrading and cable laying to begin in July after most chicks have fledged, and therefore also allowing four months for construction before the winter weather sets in. If possible, turbine erection 

should avoid the months of May and June when most birds are brooding eggs and nestlings, and air temperatures still relatively low.

2. Once construction is complete, returning any displaced soil and stones to their original locations, as much as is possible, will speed the recovery of the habitat so that birds can return to nest and/or feed.

3. Micrositing the turbine within 150m of the existing proposed site is unlikely to have any significant negative or positive impact on the bird species recorded in this study. Beyond 150m, however, there is significantly more Greenland goose traffic at rotor collision height between feeding sites, and between feeding and roosting sites, and gull traffic between the gull colony and feeding areas on the north and south coasts. Re-siting the turbine into any of these areas would significantly increase the potential impacts on birds.

4. Illumination of wind turbines has been shown to attract birds, resulting in significant mortalities, particularly in poor weather with poor visibility (Gill et al 1996). The turbine at Ruaig should not be illuminated in any way.

5. The actual impact of the turbine, once operational, could be easily measured through weekly counts of dead and/or injured birds around the turbine site, particularly during winter (for Greenland geese) and spring and autumn migration (for whooper swans, Arctic terns, waders and corncrakes), and through a comparison of breeding and wintering activity around the turbine in following years. The data could also be used to compare the theoretical collisions rates with actual collision rates. Data collection and analysis would be simple to perform and the results would be of enormous value to other wind energy projects.

6. Should monitoring and/or other studies indicate that significant bird strikes occur during key periods, such as swan, goose, tern and corncrake migration, turbine operation times could be modified to reduce collision risks.

8
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ANNEX 1

PROBABLE LAYOUT OF THE TURBINE INSTALLATION AREA 

(provided by C. Anderson)
ANNEX 2

EXTRACT FROM “WINDFARMS AND BIRDS: CALCULATING A THEORETICAL COLLISION RISK ASSUMING NO AVOIDING ACTION” (SNH 2000)

Stage 2: Probability of bird being hit when flying through the rotor
This stage computes the probability of a bird being hit when making a transit through a rotor.  The probability depends on the size of the bird (both length and wingspan), the breadth and pitch of the turbine blades, the rotation speed of the turbine, and of course the flight speed of the bird.

To faciltate calculation, many simplifications have to be made.  The bird is assumed to be of simple cruciform shape, with the wings at the halfway point between nose and tail.  The turbine blade is assumed to have a width and a pitch angle (relative to the plane of the turbine), but to have no thickness.

It is best to visualise this as in Fig 3, looking vertically down on the flying bird in a frame which is moving with the bird.  In this moving frame, each rotor blade is both moving from right to left (say) and also progressing towards the bird.  Each blade cuts a swathe through the air which depends both on the breadth of the blade and its pitch angle.  Successive blades cut parallel swathes, but progressively closer to the bird.  The angle of approach of the blade (, in this frame, depends on both bird speed and blade speed.  At the rotor extremity, where blade speed is usually high compared to bird speed, the approach angle ( is low, ie the blades approach the bird from the side.  Close to the rotor hub, where the blade speed is low and the bird is therefore flying towards a slow-moving object, the approach angle ( is high.

The probability of bird collision, for given bird and blade dimensions and speeds, is the probability, were the bird placed anywhere at random on the line of flight, of it overlapping with a blade swathe (since the bird, in this frame, is stationary).  It may therefore be calculated from simple geometric considerations.  Where the angle of approach is shallow, it is the length of the bird, compared to the separation distance of successive swathes, which is the controlling factor.  Where the angle of approach is high, it is the wingspan of the bird compared to the physical distance between blades, which is the controlling factor. 




The calculation derives a probability p(r, () of collision for a bird at a radius r from the hub, and at a position along a radial line which is an angle ( from the vertical.   It is then necessary to integrate this probability over the entire rotor disc, assuming that the bird transit may be anywhere at random within the area of the rotor disc:

Total probability
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where p(r) now allows for the integration over (.
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where  b 
=
number of blades in rotor

· =
angular velocity of rotor (radians/sec)

c   
=    chord width of blade

(   
=   pitch angle of blade

R  
=
outer rotor radius

l     
=
length of bird

w   
=
wingspan of bird

(    
=
aspect ratio of bird ie   l / w

v    
=
velocity of bird through rotor

r     
=
radius of point of passage of bird

· =
v/r(
F   
= 1 for a bird with flapping wings (no dependence on ()

      
= (2/() for a gliding bird

K   
= 0 for one-dimensional model (rotor with no zero chord width)

     
= 1 for three-dimensional model (rotor with real chord width)

The chord width of the blade c and the blade pitch (, ie the angle of the blade relative to the rotor plane, vary from rotor hub to rotor tip.  The chord width is typically greatest close to the hub and the blade tapers towards the tip.  The pitch is shallowest close to the tip where the blade speed is highest.  The apparent width of the blade, looked at from the front, is c cos(, and the depth of blade from back to front is c sin(.

The factor F is included to cover the two extreme cases where the bird has flapping wings (p(r, () has no dependence on () or is gliding (p(r, () is ( dependent, ie at maximum above and below hub, at minimum when wings are parallel with rotor blade).  F=1 for flapping bird, F = 2/( for a gliding bird.

The sign of the c sin( term depends on whether the flight is upwind (+) or downwind (-).  

The factor K is included to give a simple option of checking the effect of real blade width in the result:  K=0 models a one-dimensional blade with no chord width.

As (, c  and ( all vary between hub and rotor tip, a numerical integration is easiest when evaluating equation (1).

For ease of use these calculations are laid out on spreadsheet (Fig 4).  The spreadsheet calculates p(r) at intervals of 0.05 R from the rotor centre (ie evaluating equation (2)), and then undertakes a numerical integration from r=0 to r=R (ie evaluating equation (1).  The spreadsheet is set out as follows:

1
The input parameters are in the first two columns.  Bird aspect ration ( is calculated.

2
Collision probabilities are then calculated for radii at intervals of 0.05 R from the hub to the tip.  Each radius is represented by a row in the table, with the value of the radius r/R in the first column..

3
The second column of the table is the chord width at radius r as a proportion of the maximum chord width.  The taper profile here is that of a modern Aerpac turbine blade.  The taper will differ for different turbine blades. 

4
Factor ( is calculated.

5.
The 'collide length' is the entire factor within square brackets within equation (2) above, using the upwind case.

6.
p(collision) is p at radius r, as calculated by equation (2).  It is however limited to a maximum value of 1. 

7.
'contribution from radius r' is the integrand of equation (1) (including the factor 2) prior to integration.

8.
The total risk is then the summation of these contributions.

9.
The calculation is then repeated for the downwind case.

10.
The spreadsheet then shows a simple average of upwind and downwind values.  (Note that in a real case it may be important to add in the effect of wind to the bird's ground speed, and flight patterns may not be such that upwind and downwind flights are equally frequent.)

The result is an average collision risk for a bird passing through a rotor.  

Note that there are many approximations involved, for example in assuming that a bird can be modelled by a simple cruciform shape, that a turbine blade has width and pitch but no thickness, and that a bird's flight will be unaffected by a near miss, despite the slipstream around a turbine blade.  Thus the calculated collision risks should be held as an indication of the risk - say to around (10%, rather than an exact figure.  It is also simplistic to assume that bird flight velocity is likely to be the same relative to the ground both upwind and downwind.  Ideally, separate calculations should be done for the upwind and downwind case, using typical observed flight speeds.

	FIG 4:  CALCULATION OF COLLISION RISK FOR BIRD PASSING THROUGH ROTOR AREA
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	0.00436

	
	
	
	0.175
	0.860
	1.35
	5.31
	0.41
	0.00723
	3.22
	0.25
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	0.13
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	0.375
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	0.804
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	2.67
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	0.06
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	0.00748

	
	
	
	0.975
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	0.08
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	Overall p(collision) =
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FIG 3: COLLISION RISK FLYING THROUGH ROTOR
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