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1 INTRODUCTION

1.1.1 This Technical Appendix has been prepared to accompany Chapter 7: Ornithology of the
Environmental Impact Assessment (EIA) Report for Lynemore Wind Farm (the ‘Proposed
Development’).

1.1.2  This Technical Appendix presents details of the Collision Risk Modelling (CRM) calculations undertaken
to ascertain the potential impact of collision mortality upon relevant ornithological interests, as a
result of the Proposed Development.

1.1.3 This Technical Appendix should be read in conjunction with Technical Appendix 7.1: Ornithology
Baseline Report, which provides full details of baseline survey methods and results, including those
that informed the CRM calculations.

2 METHODOLOGY

2.1 Background

2.1.1 Baseline ornithology surveys undertaken for the Proposed Development included Vantage Point (VP)
surveys, which recorded flight activity of ‘target species’ in the vicinity of proposed turbine locations
(see further details in Technical Appendix 7.1: Ornithology Baseline Report). The results of the VP
flight activity surveys have been used to estimate potential collision mortality risk using CRM analysis.

2.1.2  NatureScot advocate use of model devised by Band et al. (2007*) and which has recently been updated
(Band, 20242). It should be noted that the CRM analysis reported upon herein was undertaken before
the most recent CRM guidance was published and so does not fully follow the methodology set out in
Band (2024). However, the main aim of the updated guidance is to standardise the approach to CRM
and the previous approach is still considered valid. Band (2024) states that the methods are
‘mathematically equivalent’ and that the estimates produced from the updated approach ‘should not
differ substantially from those deriving from... earlier SNH [now NatureScot] guidance’.

2.1.3 The NatureScot CRM estimates collision mortality risks in three stages:

e Stage 1: estimation of the number of birds passing through the rotor swept volume of the wind
farm, using observed flight activity data, and based on:

o The amount of flight activity recorded in the vicinity of the wind farm;
o The area watched (VP-specific viewsheds); and
o The time spent watching the surveyed area (survey effort per VP per month);

e Stage 2: estimation of collision likelihood, i.e. the probability of a bird flying through the rotor
swept volume being hit, based on bird and wind farm parameters (where all collisions are
assumed to be fatal). This provides an estimate of how many fatal collisions could occur, in theory,
should birds take no avoiding action; and

!Band, W., Madders, M., and Whitfield, D.P. (2007). Developing field and analytical methods to assess avian collision risk
at wind farms. In: de Lucas, M., Janss, G.F.E. & Ferrer, M. (Eds.) Birds and Wind Farms: Risk Assessment and Mitigation,
pp. 259- 275. Quercus, Madrid.

2 Band, W. (2024). Using a collision risk model to assess bird collision risks for onshore wind farms. NatureScot Research
Report 909.
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e Stage 3: application of appropriate avoidance factors, whereby it is assumed birds take action to
avoid collision.

Wind Farm Parameters

The Proposed Development comprises 14 wind turbines. The proposed turbines would have a
maximum tip height of 200m and a rotor diameter of 162m. Therefore, rotor swept height would be
between 38m and 200m. All flights recorded in a height band that overlaps with this height range (see
Section 2.5) are considered to represent flight activity at potential collision height (PCH).

For the purposes of analysis, the flight risk volume (Vw) has been calculated based on applying a single,
continuous 300m buffer around the outermost turbine locations and with a height determined by the
PCH. Any flights that passed through the 300m buffer (the ‘collision risk zone’ (CRZ)) at PCH were
considered to be ‘at-risk’ flights.

The 300m buffer around the turbine envelope used to determine the CRZ is considered to be a
precautionary approach, as in reality only flight activity within rotor radius of proposed turbines (81m)
would be at-risk flights. The 300m buffer (rotor radius rounded up to 100m plus an additional 200m)
more than compensates for any small mapping errors that may have inadvertently occurred during
field recording and also allows for turbine micro-siting during the design process without need to rerun
the CRM analysis. The area within the CRZ equates to a total of 495ha (turbine envelope without a
300m buffer applied equals 212ha).

Turbine parameters used in the analysis are summarised in Table 2.1. Where certain details were not
available, a representative value has been utilised. Where this is done, the parameter is marked with
an asterisk in Table 2.1 and is based on a comparable turbine model.

Calculations have assumed an operational downtime for turbines of 15%.

Table 2.1: Wind farm parameters used in collision risk model.

Parameter Value Unit
Wind farm area (300m turbine buffer) 494.68 hectares
No. of turbines 14 -

No. of blades (per turbine) 3 -

Tip height 200 metres
Hub height 119 metres
Rotor diameter 162 metres
Rotor radius 81 metres
Max chord* 4.1 metres
Pitch* 15 degrees
Rotation period* 7.2 seconds
Downtime* 15 %

* Representative values

Lynemore Wind Farm
Technical Appendix 7.2: Collision Risk Modelling Calculations 2




2.3

2.3.1

2.3.2

233

234

2.3.5
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Viewsheds

Flight activity data of target species, for use in the CRM analysis, have been obtained using baseline
surveys from three VP locations® (see Technical Appendix 7.1: Ornithology Baseline Report).

The visible survey areas from the VP locations utilised during baseline surveys, using a 2km viewshed
radius (detection distance) and a 20m above the ground cut-off are illustrated in Figure 7.2a
(September 2022 to January 2023), Figure 7.2b (February and March 2023) and Figure 7.2c (April 2023
to August 2024).

The arrangement of VPs changed over the course of the baseline surveys, as the proposed layout
evolved. These changes in survey effort across the baseline survey period are incorporated into the
CRM analysis.

Details of the VPs used during the flight activity surveys are presented in Table 2.2; this includes the
area of viewshed visibility within the CRZ (300m buffer around turbines) for each VP, as well as the
time period in which each VP was surveyed.

For limitations in survey coverage please see Technical Appendix 7.1: Ornithology Baseline Report.
Although it is acknowledged that viewshed coverage of all turbine locations and a surrounding buffer
was not fully achieved for all locations and for all months (in accordance with NatureScot guidance
(SNH, 2017)), there are considered not to be any substantive limitations with the data.

Table 2.2: VP locations and visibility.

VP VP iterations Grid reference Visible area within | Time period covered
name wind farm
turbine envelope +300m
buffer
VP1 VP1 NH 72601 32581 236.043ha Sept 2022 - Jan 2023
VP1la NH 72662 33009 | 191.598ha Feb —Mar 2023
VP1b (looking southeast) | NH 72527 32582 | 173.229ha Apr 2023 - Feb 2024
VP1b (looking northeast) | NH 72527 32582 184.804ha Mar - Aug 2024
VP2 VP2 NH 76208 32545 240.938ha Sept 2022 - Jan 2023
VP2a NH 75100 32837 238.277ha Feb — Mar 2023
VP2b NH 76206 32544 242.116ha Apr 2023 - Aug 2024
VP3 |- NH 73889 32337 | 255.354ha Feb —Mar 2023

Prior to analysis, the viewsheds were snipped to remove any overlap between VPs 1 and 23, with the
overlapping area ‘allocated’ to VP2 (and associated variations) and removed from the viewshed of VP1
(and associated variations); in order to prevent any potential duplication in recorded flight activity,
during the occasional surveys when these VPs were undertaken at the same time. VP3, which was only
surveyed during two months, and which was never surveyed on the same day as another VP, did not
have its viewshed snipped to remove viewshed overlap.

3 Where ‘VP1’ also refers to VP1a and VP1b and VP2 also refers to VP2a and VP2b (see Table 2.2).
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2.4 Vantage Point Survey Effort

2.4.1  Flight activity per unit of time is a component of the calculations. This requires the inclusion of survey
effort (hours completed per VP), as summarised in Table 2.3.

Table 2.3: VP flight activity survey effort (hours)
Year 1 (2022-2023) Total VP
hours
VP Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug
1 6 6 6 0 | 25 20.5
1a 6 6 12.0 | 68.5
1b (SE)* 6 6 6 12 6 36.0
2 6 6 6 6 | 2.5 26.5
2a 6 6 12.0 | 745
2b 6 6 6 12 6 36.0
3 6 6 12.0
Year 2 (2023-2024) Total VP
VP Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug hours
1b (SE)* | 6 6 6 6 6 6 6 42.0
78.0
1b (NE)* 9 6 6 9 6 36.0
2b 6 6 6 6 6 6 6 9 6 6 9 6 78.0
*Looking southeast
#Looking northeast

2.5 Identification of ‘At-Risk’ Flight Activity

2.5.1 Full details of all target species flights recorded during the VP flight activity surveys are presented in
Technical Appendix 7.1: Ornithology Baseline Report. However, only those flights considered to be
at-risk are included in the CRM analysis.

2.5.2 During baseline surveys, flight activity of target species was recorded using the height bands (HT)
shown in Table 2.4. The height bands changed during the course of the baseline surveys; the time
periods presented in Table 2.4 are inclusive of the months listed.

Table 2.4: Height bands used for recording during baseline surveys.
Height Band September 2022 to January 2023 February 2023 to August 2024
1 0-15m 0-20m
2 15-30m 20-40m
3 30-50m 40-160m
4 50-200m 160-200m
5 >200m >200m
2.5.3 All target species flights recorded in a height band that overlaps with rotor swept height (38-200m)

have been taken to represent flight activity at PCH. Flights recorded during the period September 2022
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271

to January 2023 with at least some time in HT3 or HT4 were therefore considered to be at-risk flights.
During the majority of the baseline survey period (February 2023 to August 2024) flights with at least
some time in HT2, HT3 or HT4 were considered to be at-risk. This approach may have led to the
inclusion of some flights that were actually below at-risk height (<38m) but this precautionary
approach is considered more appropriate than not including flights from the 20-40m height band.

Identification of Ornithological Features for Analysis

The following target species were recorded as having potential at-risk flights (within the CRZ at PCH),
with full details of these flights provided in Annex 1:

- Greylag goose; - Pink-footed goose;
- Golden plover; - Curlew;

- Dunlin; - Golden eagle; and
- Red kite; - White-tailed eagle.
- Gyrfalcon;

Collision mortality risk estimates have only been calculated for ornithological interests for which there
is a potential for a significant effect. For species with few at-risk flights and recorded in very low
numbers during baseline surveys, it can reasonably be predicted that the risk of collision mortality
would be very small (negligible impact at any population level) and no significant effect can be
concluded for these ornithological interests without the requirement for undertaking a detailed
assessment.

For the purposes of the analysis, a target species qualified for CRM analysis if there were three or
more at-risk flights (or ten or more individuals) within the two-year baseline survey period. The species
that met these criteria were golden plover, dunlin, golden eagle, red kite and white-tailed eagle.

Note that pink-footed goose also met the criteria (four at-risk flights comprising 272 birds) however,
in accordance with NatureScot guidance?, CRM is only undertaken for this species where a site is
considered to have connectivity with a protected areas with pink-footed goose as a qualifying feature.
The wintering foraging range of pink-footed goose is 15-20km (SNH, 2016°) and there are no
designated sites with pink-footed goose as a listed species within this distance from the Site.
Furthermore, the Site is not located within a known foraging area (in reference to Mitchell (2012°)).
The pink-footed geese flights recorded during baseline surveys are best considered part of the ‘wider
countryside’ non-breeding population (i.e. not associated with any specific designated site).
Accordingly, CRM analysis for pink-footed goose was not undertaken.

Species Parameters

The CRM analysis uses parameters for each species to calculate collision risk. The parameters used are
presented in Table 2.5. Parameters are primarily taken from Snow and Perrins (1998)7 (biometrics)

4 Available from: https://www.nature.scot/professional-advice/planning-and-development/planning-and-development-
advice/renewable-energy/onshore-wind-energy/wind-farm-impacts-birds (Accessed December 2024)

5 SNH (2016). Assessing connectivity with Special Protection Areas (SPAs). Guidance. Version 3. June 2016. NatureScot
(formerly Scottish Natural Heritage), Inverness.

5 Mitchell, C. (2012), Mapping the distribution of feeding Pink-footed and Iceland Greylag Geese in Scotland. Wildfowl &
Wetlands Trust / Scottish Natural Heritage Report. WWT Slimbridge.

7Snow, D. W. & Perrins, C. M. (1998). The Birds of the Western Palearctic. Concise Edition. Oxford University Press.
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and Alerstam et al. (2007)8 (flight speeds), with avoidance rates taken from NatureScot guidance (SNH,
2018°). Biometrics (bird length and wingspan) are average measurements.

Table 2.5: Target species parameters.

el Length Wingspan | Flight Speed ’Glidir_mg’ or. Avoidance
(m) (m) (m/s) ‘flapping’ flight | Rate (%)

Golden plover 0.28 0.72 17.9 Flapping 98.0

Dunlin 0.18 0.41 15.3 Flapping 98.0

Golden eagle 0.82 2.12 11.9 Gliding 99.0

Red kite 0.63 1.85 12.0 Gliding 99.0

White-tailed eagle 0.80 2.20 13.6 Gliding 95.0

2.7.2 Golden eagle, red kite and white-tailed eagle were classed as having ‘gliding’ flights for the purpose
of analysis. This is considered to be a precautionary approach as not all flights recorded by these
species will have been gliding (flapping flights produce a lower collision risk estimate).

2.7.3 Based on the flightlines recorded, the five assessed species were all classified as having ‘non-
directional’ (random) flights, as opposed to directional flights which refer to birds regularly commuting
on a straight path across a site.

2.7.4 The time period in which the ornithological features are likely to be present in the vicinity of the
Proposed Development is considered in the CRM analysis, with mortality estimates presented for each
season (breeding and non-breeding), where applicable. The time periods used are species-specific
breeding and non-breeding seasons, taken from NatureScot guidance (SNH, 2014%). These time
periods differ from the more generic breeding and non-breeding seasons used to determine overall
survey effort for the VP flight activity surveys.

2.7.5 The seasons used in the calculations for each of the identified species are presented in Table 2.6. Note
that for white-tailed eagle, the breeding season is actually given as beginning in mid-February, but for
ease of assessment the whole of the month of February has been taken as representing the breeding
season.

Table 2.6: Species-specific seasons used in the CRM analysis.

Species Breeding Season Non-breeding Season
Golden plover April to July August to March
Dunlin April to July August to March
Golden eagle February to August September to January
Red kite March to July August to February
White-tailed eagle February to August September to January

8 Alerstam T., Rosén M., Backman J., Ericson P.G.P., and Hellgren O. (2007). Flight speeds among bird species: allometric
and phylogenetic effects. PLoS Biol, 5, 1656-1662

% SNH (2018). Avoidance Rates for the onshore SNH Wind Farm Collision Risk Model. September 2018 v2. NatureScot
(formerly Scottish Natural Heritage), Inverness.

10 SNH (2014). https://www.nature.scot/doc/bird-breeding-season-dates-scotland (Accessed December 2024)
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3.11

3.1.2

3.13

For each identified species, the potential number of active hours within each season has been
calculated following Forsythe et al. (1995%!), using a latitude of 57.36679 (the approximate latitude of
the central part of the Site). Active hours per month were calculated, with the 28 days in February
2023 and 29 days in February 2024 accounted for.

For each species, ‘active hours’ correspond with daylight hours, with the exception of golden plover
for which an additional allowance was added to cover potential nocturnal activity. Golden plover has
been shown to feed at night (e.g. Whittingham et al., 2000%?), although it can be expected that time
in flight would be less than during daylight hours. An additional 25% has been added to the number
of potential active hours for golden plover. For the other species, no additional nocturnal hours of
potential activity have been added, with dunlin only feeding at night when probing for invertebrates
in mudflats during the non-breeding season (Mouritsen, 1994%3); whilst raptor species are generally
considered to be diurnal and go to roost at night.

Previous NatureScot guidance (based on Band et al., 2007)?, used a ‘collision probability’ value for
inclusion in the calculations and this is the approach that has been used in this CRM analysis. These
values have been calculated using the previously available NatureScot spreadsheet!®, which gave the
following outputs that have been used in the CRM:

e Golden plover — 3.9%;

e Dunlin—3.6%;

e Golden eagle — 6.1%;

e Red kite —5.4%; and

e White-tailed eagle — 5.6 %.

Examples of the collision probability calculations are presented in Annex 2, with these shown for
golden plover and white-tailed eagle.

COLLISION MORTALITY RISKS

Examples of the collision mortality risk calculations are provided in Annex 3. An example season
(breeding season, Year 1) is provided for all five species for which CRM analysis was undertaken. Full
outputs can be provided upon request.

Table 3.1 presents a summary of the annual collision mortality estimates calculated for the five at-risk
species for which CRM analysis was undertaken. Shaded cells represent seasons when no at-risk flights
were recorded.

Where mortality risks were calculated for both the breeding and non-breeding seasons, both
estimates are provided, and these are then summed to provide an annual estimate. Estimates were

11 Forsythe, W.C., Rykiel, Jr., E.J., Stahl, R.S., Wu, H. and Schoolfield, R.M. (1995). A Model Comparison for Daylength as a
Function of Latitude and Day of the Year. Ecological modelling, 80, 87-95.

12 Whittingham, M.J., Percival, S.M. and Brown, A.F. (2000). Time budgets and foraging of breeding golden plover Pluvialis
apricaria. Journal of Applied Ecology, 37(4), 632-646.

13 Mouritsen, K.N. (1994). Day and night feeding in Dunlins Calidris alpina: choice of habitat, foraging technique and prey.
Journal of Avian Ecology, 25, 55-62.

14 Previously available from: https://www.nature.scot/doc/wind-farm-impacts-birds-calculating-probability-collision
(Accessed September 2024)
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calculated for both survey years (Year 1: September 2022 to August 2023 and Year 2: September 2023
to August 2024) and an average is also presented.

3.1.4 The mortality estimates are considered to be precautionary, based on the approach that has been
used, and which is set out in this Technical Appendix.

3.1.5 The collision mortality risk estimates should also not be concluded as the number of bird deaths that
will definitely occur as a result of the Proposed Development. The estimates are best treated as an
indication as to the relative level of risk.

Table 3.1: Collision mortality estimates.

Collision Mortality Estimate
Species Occupancy
Year 1 Year 2 Average
Golden plover | Breeding season 0.107 0.128 0.118
Non-breeding season 0.891 0.302 0.596
Annual estimate 0.998 0.430 0.714
Dunlin Breeding season 0.205 0.000 0.103
Non-breeding season 0.000 0.000 0.000
Annual estimate 0.205 0.000 0.103
Golden eagle Breeding season 0.045 <0.001 0.023
Non-breeding season 0.000 0.000 0.000
Annual estimate 0.045 <0.001 0.023
Red kite Breeding season 0.268 0.360 0.314
Non-breeding season 0.065 0.083 0.074
Annual estimate 0.333 0.443 0.388
White-tailed Breeding season 0.166 0.588 0.377
eagle Non-breeding season 0.000 0.015 0.008
Annual estimate 0.166 0.603 0.385
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ANNEX 1: ‘AT RISK’ FLIGHT ACTIVITY

Table Al1.1 presents at-risk target species flight activity identified for the Proposed Development over the full
baseline survey period (September 2022 to August 2023).

The species, number of individuals, total flight duration (in seconds) and duration spent at each height band
(recorded at 15 second intervals) is presented.

At-risk flight activity input into the CRM analysis is calculated as a proportional duration for each flight, based
on flock size, flock length and duration at collision risk height.

The following British Trust for Ornithology (BTO) species codes are used to denote species: CU — curlew, DN —
dunlin, EA — golden eagle, GP — golden plover, GJ — greylag goose, YF — gyrfalcon, PG — pink-footed goose, KT
—red kite and WE — white-tailed eagle.

Table A1.1: At risk flight activity.

Date VP Species | No. Start_Time | Duration(s) | HT1 | HT2 HT3 HT4 HT5
09/11/2023 | 2b YF 1 10:37 75 60 15 0 0 0
14/07/2023 | 2b KT 1 13:14 60 0 60 0 0 0
16/06/2023 | 2b WE 1 10:50 343 0 15 45 45 238
26/04/2023 | 2b CcuU 1 09:23 221 0 0 45 30 146
11/08/2023 | 2b KT 1 12:56 62 17 45 0 0 0
09/11/2023 | 2b KT 1 13:03 153 108 45 0 0 0
13/09/2023 | 2b KT 1 13:04 177 0 0 75 60 42
15/04/2024 | 2b KT 1 1305 246 0 0 246 0 0
13/09/2023 | 2b WE 1 13:29 248 83 60 105 0 0
14/07/2023 | 2b WE 1 09:22 45 0 0 45 0 0
26/04/2023 | 2b KT 1 11:16 290 20 105 75 90 0
15/05/2023 | 2b KT 1 14:32 36 0 36 0 0 0
13/09/2023 | 2b KT 1 15:31 132 0 0 132 0 0
26/04/2023 | 2b KT 1 12:15 193 0 88 105 0 0
15/05/2023 | 2b KT 1 12:52 44 0 14 30 0 0
16/06/2023 | 2b WE 1 10:38 257 2 90 135 30 0
15/05/2023 | 2b KT 1 13:20 93 45 48 0 0 0
14/07/2023 | 2b KT 1 12:44 90 0 60 30 0 0
05/12/2023 | 2b KT 1 09:54 245 140 | 105 0 0 0
10/06/2024 | 2b KT 1 12:02 238 178 60 0 0 0
13/09/2023 | 2b KT 1 11:54 363 0 138 225 0 0
15/04/2024 | 2b KT 1 14:15 235 70 135 30 0 0
15/04/2024 | 2b KT 2 16:20 156 0 120 36 0 0
22/07/2024 | 2b KT 1 15:12 105 0 45 60 0 0
16/06/2023 | 2b KT 1 10:44 184 0 64 120 0 0
14/07/2023 | 2b KT 1 11:11 420 30 285 105 0 0
10/08/2024 | 2b KT 1 11:42 565 0 130 435 0 0
05/12/2023 | 2b KT 1 14:24 356 135 150 71 0 0
13/09/2023 | 2b PG 50 09:35 141 0 0 30 105 6
22/04/2024 | 2b GP 2 16:02 50 0 50 0 0 0
22/04/2024 | 2b GP 2 16:08 40 0 40 0 0 0
22/04/2024 | 2b KT 1 17:21 620 30 360 230 0 0
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Date VP Species | No. Start_Time | Duration(s) | HT1 | HT2 HT3 HT4 HT5
10/06/2024 | 2b KT 1 14:26 55 0 55 0 0 0
25/07/2024 | 2b KT 1 16:21 128 0 30 98 0 0
23/07/2024 | 2b WE 1 15:47 138 0 0 0 123 15
24/07/2024 | 2b WE 1 15:47 686 0 0 0 671 15
04/03/2024 | 1b-NE | GP 28 13:28 47 32 15 0 0 0
16/05/2024 | 1b-NE | KT 1 15:51 96 66 30 0 0 0
04/03/2024 | 1b-NE | WE 1 12:52 371 60 90 150 45 26
22/04/2024 | 1b-NE | KT 1 12:02 205 0 180 25 0 0
22/07/2024 | 1b-NE | KT 1 15:49 40 0 10 30 0 0
11/08/2024 | 1b-NE | KT 1 13:58 230 0 0 230 0 0
22/04/2024 | 1b-NE | KT 2 12:21 230 30 105 95 0 0
22/04/2024 | 1b-NE | KT 1 12:24 70 15 55 0 0 0
22/04/2024 | 1b-NE | GP 3 14:17 50 0 0 50 0 0
22/04/2024 | 1b-NE | KT 1 13:18 90 15 45 30 0 0
22/04/2024 | 1b-NE | KT 1 14:09 82 7 60 15 0 0
11/08/2024 | 1b-NE | KT 1 12:49 85 0 60 25 0 0
10/06/2024 | 1b-NE | KT 1 11:40 288 15 108 165 0 0
10/06/2024 | 1b-NE | KT 1 13:13 324 30 60 234 0 0
10/06/2024 | 1b-NE | KT 1 14:31 247 202 45 0 0 0
22/07/2024 | 1b-NE | WE 1 15:50 238 0 0 0 163 75
14/07/2023 | 1b-SE | KT 1 12:28 120 0 75 45 0 0
26/04/2023 | 1b-SE | KT 1 11:18 98 0 38 60 0 0
24/02/2023 | 1a GP 11 15:19 180 15 60 105 0 0
26/04/2023 | 1b-SE | KT 1 12:42 259 0 34 225 0 0
26/04/2023 | 1b-SE | PG 64 13:02 125 0 0 50 75 0
15/05/2023 | 1b-SE | EA 1 14:32 835 465 270 100 0 0
24/02/2023 | 1a GP 11 15:35 225 0 45 180 0 0
16/06/2023 | 1b-SE | EA 1 09:23 100 0 55 45 0 0
14/07/2023 | 1b-SE | KT 1 11:22 30 0 30 0 0 0
09/11/2023 | 1b-SE | KT 1 11:45 203 30 38 135 0 0
16/06/2023 | 1b-SE | KT 1 09:51 320 0 15 180 125 0
15/05/2023 | 1b-SE | KT 1 15:18 236 180 56 0 0 0
16/06/2023 | 1b-SE | GP 1 06:24 110 50 60 0 0 0
13/09/2023 | 1b-SE | WE 1 13:35 108 33 45 30 0 0
13/02/2024 | 1b-SE | EA 1 13:24 162 45 117 0 0 0
16/06/2023 | 1b-SE | DN 1 07:53 200 80 120 0 0 0
16/06/2023 | 1b-SE | GP 1 09:21 230 15 45 170 0 0
16/06/2023 | 1b-SE | DN 1 09:28 160 70 90 0 0 0
16/06/2023 | 1b-SE | DN 2 09:33 150 60 90 0 0 0
16/06/2023 | 1b-SE | KT 1 10:21 190 0 30 160 0 0
16/06/2023 | 1b-SE | WE 1 10:25 970 0 0 735 225 10
16/06/2023 | 1b-SE | DN 1 11:18 140 50 90 0 0 0
16/06/2023 | 1b-SE | KT 1 11:35 200 0 0 0 110 90
24/07/2023 | 1b-SE | EA 1 16:51 85 0 0 85 0 0
16/06/2023 | 1b-SE | KT 1 08:31 560 0 50 225 195 90
11/08/2023 | 1b-SE | KT 1 12:50 321 30 261 30 0 0

Lynemore Wind Farm
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Date VP Species | No. Start_Time | Duration(s) | HT1 | HT2 HT3 HT4 HT5
16/06/2023 | 1b-SE | KT 1 10:17 280 0 0 165 115 0
13/09/2023 | 1b-SE | PG 50 09:37 162 0 0 162 0 0
13/09/2023 | 1b-SE | PG 108 15:28 103 0 0 60 30 13
24/10/2023 | 1b-SE | GP 9 11:02 35 0 30 5 0 0
28/02/2023 | 2a KT 1 15:48 132 0 0 132 0 0
14/03/2023 | 2a GJ 2 10:42 138 0 0 0 138 0
16/09/2022 | 2 KT 2 13:44 200 0 15 105 80 0
16/09/2022 | 1 KT 1 11:47 277 15 60 60 142 0
16/09/2022 | 1 KT 1 12:09 141 90 30 21 0 0
27/02/2023 | 3 GP 12 14:09 163 0 0 0 163 0

Lynemore Wind Farm
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ANNEX 2: COLLISION PROBABILITY CALCULATIONS

Golden Plover

K [1Dor [30) (0 or 1)
No Blades
Max Chord

Pitch (degrees)
Bird Length

Wingspan
F. Flapping (0) or gliding (+1)

Bird speed
Rotor Dvam
Rotation Penod

Bird aspect ratio” §

White-tailed eagle

K [Dor[30)(0cr 1)
No Blades
Max Chord

Pitch (degrees)
Bird Length

Wingspan
F Flapping (0) or ghding (+1)

Bird speod

Rotor Dram
Rotabon Pencd

Bud aspect ratio- B

15
028 m

072 m

179
162 m
7.20

0.3

15
08 m

22 m

136 misec
162 m
7.20 sec

038

Calculation of alpha and p{collision) as a function of radius

R
radius

0.025
0075
0.125
0.175
0.225
0275
0325
0.375
0425
0475
0.525
0575
0625
0.675
0725
0TS
0825
0.875
0925
09rs

c/C L]
chord alpha
0575 1013
0575 3138
0.702 203
0 860 145
0994 113
0947 092
03% 078
0851 068
0804 060
0.75% 053
0.708 048
0660 044
0613 o4
0.565 038
0517 035
0470 033
0422 on
0374 029
0327 027
02re 026
Overall p{collision) =

colice

length

Calculation of alpha and p{collision) as a function of radius

R

radus

0.025
0.075
0125
0175
0.225
0275
0325
0.375
0425
0475
0525
0575
0825
0.675
0725
0.775
0825
0.875
0925
0.975

ciC o
chord alpha
0575 770
0575 257
o702 154
0.850 1.10
05 0.86
0547 070
08%9 059
0.851 051
08 045
0.756 04
0708 037
0.660 033
0613 on
0565 029
0517 027
0470 025
0422 023
0374 0.22
0327 on
0279 0.20
Overall picoltision) =

colhde

length

cofide

langth

calkde

length

Upwind
contribution
p {collision) fraom radius 1
3097 072 0 00090
1073 025 000187
783 0.18 000228
688 0.16 0.00280
6.30 015 000330
512 012 0 00328
429 010 000324
KX 0.09 0.00320
318 007 000314
278 0.06 000308
245 0.06 0.00300
217 0.05 000290
193 004 000280
1.72 0. 0.00270
154 004 0 00261
13 003 000250
124 003 000238
LR 0.03 000225
098 002 0.00211
0.86 0.02 0.00196
Upwind 5.2%
Averaae
Upwind

contnbution

p (colision) fom radius r
289 08 000111
1004 0 0.00231
718 022 0.00275
620 019 0.00332
562 017 0.00387
481 014 0.00388
389 012 0.00387
335 010 0.00385
293 009 0 00381
258 008 0.00376
229 007 0.00369
238 o0or 0.00419
220 007 00041
204 008 0.00421
189 008 000420
1.76 005 0.00813
184 005 000414
152 0.05 0.00408
142 04 000401
13 0 0.003%2
Upwind 1.3%

Averaae

Downvend

contnbution
p (collision) from radius
2975 0.69 0.00087
951 022 000166
632 0156 000185
5.06 012 000206
419 o1 0.00219
n 0.07 000199
238 0.06 000180
1.86 0.04 0.00162
147 003 0 00146
1.18 0.03 0.00130
095 0.02 000118
0rr 0.02 0.00103
062 om 0.00091
052 0.0 000082
045 on 0 00075
0.3 on 0.00070
035 on 000056
0.3 o.nm 000054
029 on 0 00062
029 on 000066
Downwind 2.5%

19%

Dowrvwind
cortnbution

p (colision) fom radius
2769 08 0.00106
862 027 0.00203
569 017 000218
an 013 0.00234
3151 011 000242
260 0.08 0.00219|
198 008 0.00197|
154 0.05 0.00177
122 o 000158
098 003 0.00442]
07% oo 000127|
0.97 003 0.00172
0% 003 0.00172]
0.84 0.03 0.00173
081 o 000779
084 0.03 0.00199
086 003 000217
0.87 0.03 0.00234
0.88 003 000248
088 0.03 0 00262
Downwind 3.9%

5.6%

Lynemore Wind Farm
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ANNEX 3: COLLISION RISK MORTALITY MODEL CALCULATIONS

Lynemore Wind Farm
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Dunlin (Breeding Season, Year 1)

VP Watch data Flying time (s) Flying time hahr-1 Weighted flying time ha hrA-1
Area (ha) Time (hrs) HaHr Risk height Risk height Weighting Risk height
1 236.043 0.0 0.0 0 0.0000000000 0.000000000 0.000000000
la 191.598 0.0 0.0 0 0.0000000000 0.000000000 0.000000000
1b - SE 173.229 30.0 5196.9 641 0.0000342382 0.417072554 0.000014280
1b - NE 184.804 0.0 0.0 0 0.0000000000 0.000000000 0.000000000
2 240.938 0.0 0.0 0 0.0000000000 0.000000000 0.000000000
2a 238.277 0.0 0.0 0 0.0000000000 0.000000000 0.000000000
2b 242.116 30.0 7263.5 0 0.0000000000 0.582927446 0.000000000
3 255.354 0.0 0.0 0 0.0000000000 0.000000000 0.000000000
Totals 1762.4 60.0 12460.4 641 0.0000042798 1.000000000 0.000014280
Mean activity hrA-1 in wind farm WIND FARM DATA
Risk height 0.00706 0.7064% Wind farm area (ha) 494.68
Daylight hours 2391.1
Downtime 15 0.85 D 162
Vw = 801381600 L+d 4.28
Vr= 1235070 | No. of turbines 14 | R 81
Vr/Vw = 0.0015412
Speed 15.3
Vw Occupancy = 16.8906h 60806.1s
Vr Occupancy = 0.0260h 93.7s
Transit time = 0.2797
Transits = 335.002
Collision probability from SNH sheet 0.036
Collisions with no avoidance 12.060
Collisions with 98 % avoidance 0.241
Collisions with 98 % avoidance & downtime 0.205
Lynemore Wind Farm
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Golden eagle (Breeding Season, Year 1)

VP Watch data Flying time (s) Flying time hahr-1 Weighted flying time ha hrA-1
Area (ha) Time (hrs) HaHr Risk height Risk height Weighting Risk height
1 236.043 0.0 0.0 0 0.0000000000 0.000000000 | 0.000000000
la 191.598 12.0 2299.2 0 0.0000000000 0.099208601 0.000000000
1b - SE 173.229 36.0 6236.2 315 0.0000140270 0.269091642 0.000003775
1b - NE 184.804 0.0 0.0 0 0.0000000000 0.000000000 | 0.000000000
2 240.938 0.0 0.0 0 0.0000000000 0.000000000 0.000000000
2a 238.277 12.0 2859.3 0 0.0000000000 0.123378782 | 0.000000000
2b 242.116 36.0 8716.2 0 0.0000000000 0.376099798 | 0.000000000
3 255.354 12.0 3064.2 0 0.0000000000 0.132221177 | 0.000000000
Totals 1762.4 108.0 23175.2 315 0.0000017534 1.000000000 | 0.000003775
Mean activity hrA-1 in wind farm WIND FARM DATA
Risk height 0.00187 0.1867% Wind farm area (ha) 494.68
Daylight hours 3011.1
Downtime 15 0.85 D 162
Vw = 801381600 L+d 4.92
Vr= 1419754 | No. of turbines 14 | R 81
Vr/Vw = 0.0017716
Speed 11.9
Vw Occupancy = 5.6223h 20240.3s
Vr Occupancy = 0.0100h 35.9s
Transit time = 0.4134
Transits = 86.730
Collision probability from SNH sheet 0.061
Collisions with no avoidance 5.291
Collisions with 99 % avoidance 0.053
Collisions with 99 % avoidance & downtime 0.045
Lynemore Wind Farm
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Golden plover (Breeding Season, Year 1)

VP Watch data Flying time (s) Flying time hahr-1 Weighted flying time ha hrA-1
Area (ha) Time (hrs) HaHr Risk height Risk height Weighting Risk height
1 236.043 0.0 0.0 0 0.0000000000 0.000000000 | 0.000000000
la 191.598 0.0 0.0 0 0.0000000000 0.000000000 0.000000000
1b - SE 173.229 30.0 5196.9 263 0.0000140736 0.417072554 0.000005870
1b - NE 184.804 0.0 0.0 0 0.0000000000 0.000000000 | 0.000000000
2 240.938 0.0 0.0 0 0.0000000000 0.000000000 0.000000000
2a 238.277 0.0 0.0 0 0.0000000000 0.000000000 | 0.000000000
2b 242.116 30.0 7263.5 0 0.0000000000 0.582927446 | 0.000000000
3 255.354 0.0 0.0 0 0.0000000000 0.000000000 | 0.000000000
Totals 1507.0 60.0 12460.4 263 0.0000017592 1.000000000 | 0.000005870
Mean activity hrA-1 in wind farm WIND FARM DATA
Risk height 0.00290 0.2904% Wind farm area (ha) 494.68
Daylight hours 2391.1
Downtime 15 0.85 D 162
Vw = 801381600 L+d 4.38
Vr= 1263927 | No. of turbines 14 | R 81
Vr/Vw = 0.0015772
Speed 17.9
Vw Occupancy = 6.9429h 24994.3s
Vr Occupancy = 0.0110h 39.4s
Transit time = 0.2447
Transits = 161.103
Collision probability from SNH sheet 0.039
Collisions with no avoidance 6.283
Collisions with 98 % avoidance 0.126
Collisions with 98 % avoidance & downtime 0.107
Lynemore Wind Farm
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Red kite (Breeding Season, Year 1)

VP Watch data Flying time (s) Flying time hahr-1 Weighted flying time ha hrA-1
Area (ha) Time (hrs) HaHr Risk height Risk height Weighting Risk height
1 236.043 0.0 0.0 0 0.0000000000 0.000000000 | 0.000000000
la 191.598 6.0 1149.6 0 0.0000000000 0.069370453 0.000000000
1b - SE 173.229 30.0 5196.9 1088 0.0000581647 0.313598633 0.000018240
1b - NE 184.804 0.0 0.0 0 0.0000000000 0.000000000 | 0.000000000
2 240.938 0.0 0.0 0 0.0000000000 0.000000000 0.000000000
2a 238.277 6.0 1429.7 0 0.0000000000 0.086271169 | 0.000000000
2b 242.116 30.0 7263.5 895 0.0000342343 0.438305634 | 0.000015005
3 255.354 6.0 1532.1 0 0.0000000000 0.092454110 | 0.000000000
Totals 1762.4 78.0 16571.7 1983 0.0000115499 1.000000000 | 0.000033245
Mean activity hrA-1 in wind farm WIND FARM DATA
Risk height 0.01645 1.6446% Wind farm 494.68
area (ha)
Daylight hours 2281
Downtime 15 0.85 D 162
Vw = 801381600 L+d 4.73
Vr = 1364926 | No. of 14 | R 81
turbines
Vr/Vw = 0.0017032
Speed 12
Vw Occupancy = 37.5130h 135046.9s
Vr Occupancy = 0.0639h 230.0s
Transit time = 0.3942
Transits = 583.545
Collision probability from SNH sheet 0.054
Collisions with no avoidance 31.511
Collisions with 99 % avoidance 0.315
Collisions with 99 % avoidance & downtime 0.268
Lynemore Wind Farm
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White-tailed eagle (Breeding Season, Year 1)

VP Watch data Flying time (s) Flying time hahr-1 Weighted flying time ha hrA-1
Area (ha) Time (hrs) HaHr Risk height Risk height Weighting Risk height
1 236.043 0.0 0.0 0 0.0000000000 0.000000000 | 0.000000000
la 191.598 12.0 2299.2 0 0.0000000000 0.099208601 0.000000000
1b - SE 173.229 36.0 6236.2 120 0.0000053479 0.269091642 0.000001439
1b - NE 184.804 0.0 0.0 0 0.0000000000 0.000000000 | 0.000000000
2 240.938 0.0 0.0 0 0.0000000000 0.000000000 0.000000000
2a 238.277 12.0 2859.3 0 0.0000000000 0.123378782 | 0.000000000
2b 242.116 36.0 8716.2 102 0.0000032531 0.376099798 | 0.000001224
3 255.354 12.0 3064.2 0 0.0000000000 0.132221177 | 0.000000000
Totals 1762.4 108.0 23175.2 222 0.0000010751 1.000000000 | 0.000002663
Mean activity hrA-1 in wind farm WIND FARM DATA
Risk height 0.00132 0.1317% Wind farm 494.68
area (ha)
Daylight hours 3011.1
Downtime 15 0.85 D 162
Vw = 801381600 L+d 49
Vr = 1413982 | No. of 14 | R 81
turbines
Vr/Vw = 0.0017644
Speed 13.6
Vw Occupancy = 3.9660h 14277.5s
Vr Occupancy = 0.0070h 25.2s
Transit time = 0.3603
Transits = 69.920
Collision probability from SNH sheet 0.056
Collisions with no avoidance 3.916
Collisions with 95 % avoidance 0.196
Collisions with 95 % avoidance & downtime 0.166
Lynemore Wind Farm
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