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VATTENFALL

1 INTRODUCTION

1.1 Headroom worked examples

1. To illustrate the effect on collision estimates of using built vs. assessed or consented
wind farm designs, the following comparison has been conducted for the Hornsea
Project One wind farm using kittiwake as an example. Calculations for updating the
Triton Knoll kittiwake collision risk estimates are also presented.

2. The original Hornsea Project One application (ES) was based on 332 3.6MW turbines,
and consent was granted for up to 240 5SMW turbines. It was stated by Smart Wind
(2014)! that the consented design reduced collision risks for gannet and kittiwake by
13% compared with the original ES design, however as far as the Applicant has been
able to determine, no updated collision modelling was submitted in to the Hornsea
Project One examination. In 2016, a Non-material change (NMC) application? was
submitted (and subsequently approved) which proposed maximum turbine numbers
of either 203 (6MW), 174 (7MW) or 152 (8MW), depending on which turbine was
selected. Each of these achieved the generating limit of 1200MW (amended to
1218MW, as set out in the NMC). The wind farm has now completed construction
using 7MW turbines, and therefore 174 turbines have been installed.

3. Using the collision modelling update method developed by MacArthur Green for The
Crown Estate? it is straightforward to update the original collision predictions using
the ‘common currency’ excel spreadsheet. This tool recalculates collision mortality
using three pieces of information: the assessed (or consented) wind farm parameters
and associated collision mortalities and the revised (consented or built) turbine
parameters. This process avoids the requirement to re-run the collision model and
therefore removes the need to obtain the complete set of input data (seabird
densities, etc.) from the wind farm applications.

4, Table 1 below presents a summary of the collision estimates which demonstrate that
the Hornsea Project One kittiwake collisions to be used in cumulative and in-
combination assessments should be reduced to correspond with the built wind farm
(174 x 7MW turbines) rather than the current figures which corresponds to the

1 Smart Wind (2014) Hornsea Offshore Wind Farm Project One The Applicant’s Written Response to Deadline V
Application Reference: EN010033 14 May 2014

2 Hornsea Project One Name Plate Capacity And Limit Of Deviation Work Area Dco Amendments

Supporting Statement. https://infrastructure.planninginspectorate.gov.uk/wp-
content/ipc/uploads/projects/EN010033/EN010033-002874-
DONG%20Energy%20HOW01%20DC0%20Amendments%20Supporting%20Statement

3 Trinder, M 2017. Estimates of Ornithological Headroom in Offshore Wind Farm Collision Mortality.
Unpublished report to The Crown Estate (submitted as Appendix 43 to Deadline | submission Hornsea Project
Three: https://infrastructure.planninginspectorate.gov.uk/wp-
content/ipc/uploads/projects/EN010080/EN010080-001095-DI_HOWO03_Appendix%2043.pdf)
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VATTENFALL

assessed design (332 x 3.6MW). The reduction in annual kittiwake EIA collisions
obtained for Hornsea Project One from the assessed to consented designs is 13%, as
noted above, and from assessed to as built is 43%, a reduction in mortality of 52,
from 123 to 71. The equivalent reduction for birds apportioned to the FFC SPA from
Hornsea Project One is from 41 to 24.

Equivalent figures for the Triton Knoll wind farm are also summarised in Table 1. For
this project the method developed for The Crown Estate was used (see Annex 1)
with updated turbine parameters provided by the developer and made available on
the Marine Data Exchange®. The reduction in total kittiwake collisions for this site is
64%, from 209 to 76 and for birds apportioned to the FFC SPA from Triton Knoll is
from 35 to 13.

Table 1 Assessed versus built Hornsea Project One and Triton Knoll Wind Turbine Generators
(WTGSs) and impact on kittiwake

Impact

scale

Built WTGs Headroom
(reduction
from

assessed to

Built
kittiwake
CRM

Consented
kittiwake
CRM

Assessed
kittiwake
CRM

Assessed | Consented
WTGs WTGs

built),
number and
percentage

EIA 332 240 174 123 107 71 52 (43%)
HRA 41 36 24 17 (41%)
EIA 333 288 90 209 Not 75.9 133.1 (64%)
available
HRA 35.4 Not 12.9 22.5(63%)
available
6. Furthermore, similar declines can be obtained for other wind farms, and these can
be calculated with readily available data on turbine designs and mortality estimates
using the tool developed for this purpose (the validity of this method is
demonstrated in Annex 1), rather than needing to extract the original input
parameters which can be difficult to obtain for older wind farm projects (and
sometimes were not included).
7. Thus, once legal certainty can be obtained regarding a wind farm’s built design,

following the submissions outlined above, collision estimates can be quickly and
easily updated for use in cumulative and in-combination assessment.

4 http://marinedataexchange.co.uk/search?q=#fq=fq%3DProject%253Amdeltceea3651
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VATTENFALL

2 ANNEX1

Hornsea 1 CRM calculations — demonstration of revisions to collision estimates

8. To demonstrate the difference in collision mortality obtained for a wind farm’s built design compared to its assessed one, data and
calculations for the Hornsea Project One wind farm are presented below. This has focussed on EIA kittiwake, but similar results are

obtained for all species. The source data from SmartWind (2013)> were obtained from application documents (copied below) and
used as inputs to the Band collision model.

9. Seabird density data are presented in Table C.164, assessed wind farm data in Table C.133 and the associated collision predictions
for the assessed wind farm in Table C.169.

5 Hornsea Offshore Wind Farm Project One Environmental Statement Volume 5 — Offshore Annexes Chapter 5.5.1 Ornithology Technical Report PINS Document
Reference: 7.5.5.1 APFP Regulation 5(2)(a) July 2013

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010033/EN010033-000566-
7.5.5.1%200rnithology%20Technical%20Report.pdf
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Results Years 1 and 2 sub-zone 1
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Table C.164 Densities of flying birds at Hornsea sub-zone 1 development area between March 2010 and February 2012. Data gathered during ship-based surveys.

Density Do sity Donsify

(Dird sKkmZ) rnm'ma rmmmz; birds/kn2)

Species Jan Mar Apr
Fulmar 0.19 D.D? 0.29 0.04
Gannet 0.24 0.07 043 0.07
Kittiwake 0.34 0.36 0.49 018
Little Gull 0.00 0.00 0.00 0.00
Commaon Gull 0.02 003 0.01 0.03
Great Black-backed Gull 0.22 on 0.13 0.05
Lesser Black-backed Gull 0.02 0.00 0.00 0.03
Herring Gull 0.01 0.02 0.04 0.01
Large gulls combined 0.25 013 017 0.09
Common Termn 0.00 0.00 0.00 0.00
Arctic Tern 0.00 0.00 0.0 0.00
Guillemot 0.57 0.23 0.38 0.03
Razorhill 0.27 0.03 022 0.09
Guillemot/Razorbil 0.84 0.26 0.60 012
Common/Arctic Terns combined 0.00 0.00 0.00 0.00
Arctic Skua 0.00 0.00 0.00 0.00
Greal Skua 0.00 .00 00 000

Appendix 1 Headroom Calculations

Donsity Density
(iroiskm2) fbirdsikm) rmmamzn (birdskm2)

May
0.24
0.03
0.07
0.00
0.00
0.04
0.07
0.01

Jun
041
0.02
0.7
D.00
0.00
0.01
.oy
0.00
Doy
0.02
0.00

Jud
0.23
0.07
1.27
0.00
0.00
0.05
0.11
0.00
016
0.00
0.0¢
0.10
n.08
0.18
0.00
0.00
0.00

Bensity

Aug
on
D.14
0.69
0,00
0.00
0.05
010
0.00
0.15
0.01
0.06

Deasity  Density
{biris&km2) (birdskm2) fndmmgr [birds/kmz2)

Sep
010
0.18
0.77
0.04
0.00
0.22
0.02
0.00
0.24
0.33
0.00

Norfolk Vanguard Offshore Wind Farm

Ot
0.04
0.35
0.34
262
a0z
0.03
0.00
0.00
0.03

Density Densily

[J.D4
0.53
0.58
0.25
0.00
0.13
0.00
0.02
0.16
0.00
0.00
0.13
0.08
0.21
0.00
0.00
0.00

Dec
0.00
0.04
0.24
0.00
001
0.15
0.03
0.09
0.27
0.00
0.00
0.33
0.03
0.36
0.00
0.00
0.00
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Table C.133 Parameters used in collision rate modelling, for two wind farm variants at
Hormsea project 1.

Variant Mumber | Rotaion | Rotor | Minmum | Maomum | Pich | Mumber | Latiuge
of gpeed | radus | rotor biade ] of {DD)
biades | (rpm) {mi) height width {m) turines

332 x 3 EMW 3 13.0 &0 z 432 15 a3z 53,89

150 x EMW 3 1.8 & z 59 15' 150 53.89

! Dafa based on noming valle,

Table C.169 Results of collision rate monitoring for Hornsea sub-zone 1 development area between March 2010 and February 2012. Potential number of collisions assuming an

avoidance rate of 99%.

132w R GAY
TOTAL
COLLIZROME
ww Caliions prr Collmans por Collisaons por Coalisions per mwmhmwmwwmwwmwwmmwmm PER YEAR
manihwel®  sonihwllh eoodhsith month wiih mesthwdh mooth with meol with manfwith  sesBhadth o moelbedth ool wis WATH
oy ratw (L0 Jan  cetw 000 Folr  rabe 0090 War  caie 000 A cabe 000 iley  vale 0090 dun cabe 0000 dul el 0000 Aey  reie 8590 Seps rete 0000 Oct et 00840 Mov  naele 0289 D MTEW::!:
F iz [i] i ] 1] 1] 1 i b 0 ] i 0 ]
Gannet ] 2 12 ] 1 1 2 5 & 10 13 1 &0
Kittwaks 5 5 a a 1 14 75 13 13 6 14 4 12
Little Gull 0 0 1] 0 ] 0 Q 0 0 4 i 0 5
Common Gl 1 1 i 1 0 i a ] 0 0 i 0 3
Great Black-backed Gull 33 15 2z ] ] 2 a k] ar 4 0 az 168
Lesser Black-backed Gull 2 i o a 7 T 1 10 2 0 i 3 45
Herring Gull 1 4 T 1 2 0 0 0 0 0 4 14 az
Large guils combmnesd 27 13 21 11 16 Ll 1 149 4 3 17 24 216
Commaon Tem 1] 9] 1] ] o ] a [i] 4] ¥] a 4] 4]
Auslic Term ] 0 o 1] o 0 a 0 0 0 i 0 0
Guillemat 0 i o 0 ] 0 a ] i 0 a i ]
azarhil ] 0 i o 0 i i 0 i ] i i ]
GuillemotRazorbdl ] 8] [i] i] o ] a 1] 0 4] a 0 0
CommaonfArclic Temes cormisn o 0 o o o L1 a a L] 0 Q L] i}
Arctic Skua 0 i i 0 ] o a ] i 0 a i o
Greal Skua [ 0 0 a [ 0 i 0 0 ] 0 0 ]

150 & BMWY
TOTAL
10. It can be seen that the assessed annual collision prediction for kittiwake (Table C.169) at an avoidance rate of 99% was 112 (note

that the current kittiwake avoidance rate of 98.9% was not presented, but multiplying 112 by ((1-0.0989)/(1-0.99)) updates this to
an avoidance rate of 98.9% = 123).

Appendix 1 Headroom Calculations Norfolk Vanguard Offshore Wind Farm
Page 5



11.

VATTENFALL

Using the input data in Tables C.133 and C.164) the following values were entered into the Band excel collision model.

& E [ [u] E F G H | J K L M [\ [m] P
1 |COLLISION RISK ASSESSMENT | used in overall callision risk sheet used in available hours sheet
2 | Sheet 1-Input data used in migrant callision risk sheet used in large array corection sheet
3 used in single transit collision risk sheet or entended maodel not usedin caloulation but stated far reference
4
=] Units Yalue Data sources
& |Bird data
T | Species name Kittiw ake
3 | Birdlenagth m 0.39
9 |\finospan m 1.05
10 |Flight speed mizec 131
| Mocturnal activity Factar [1-5] a3
T2 | Flight tupe, Alapping or gliding flapping
13 Data sources
14 |Bird survey data Jan Feb Mar Lpr May Jun Jul fug Sep Ot Mow Dec
15 | Daytime bird density birds!sq km 0.34 0.36 0.43 013 0.ov 0.71 127 0.63 0.77 0.34 0.85 0.24
16 | Propaortion at rotor height b 3.7
17 | Proportion of Hights upwind i 0.0
18 Data sources
139 |Birds on migration data
20 | Migration passages birds u] u] u] 1] 1] 1] u] u] u] 1] 1] 0
21 | 'width of migration corridar km g
22 | Propaortion at rotor height b TS
23 | Proportion of Hights upwind i 0.0
2d Units Yalue Data sources
25 | Windfarm data
26 | Mame aof windfarm zite H1
27 | Latitude degrees 53.89
28 | Mumber aof turbines 332
29 | width of windfarm km 35
30 | Tidal offset m 1]
K1l Units Value Data sources
32 | Turbine data
33 | Turbine model SMW turbine
34 | Mo af blades 3
35 | Rotation speed pm 13
36 | Rotor radius m [51]
37 | Hub height m 82 Jan Feb Mar Apr May Jun Jul fug Sep Ot Mo Dec
38 | Maonthly proportion of time operational b g5 85 85 854 g5 g5 g5 85 85 854 g5 g5
33 | Max blade width m 4,200
40 | Fitek degrees 15
4
42
43 | Avoidance rates used in presenting results 95,005
dd 35,905
45 35.00;
45 35505
47



12. Collision results were obtained as below.

MERAENNMNEE SN e ®ES oo oo we =

A B = u]
COLLISION RISK ASSESSMENT

Sheet 2 - Overall collision risk

E

F

All data input on Sheet 1

no data entry needed on this sheet!

Bird details:
Species ittiw ake
Flight zpeed misec 131
Maocturnal activity factar (1-5) 5
Mocturnal activity (2 of dautime] S0
‘windfarm data:
Latitude degrees 5.9
Mumber of turbines 332
Ratar radius m =10
Minimum height of ratar m g2
Total rator frontal area s=qm 3754832
Proportion of ime operational “

Stage A - FHight activity

Daytime areal bird density birds!sg km
Fropartion at rotar height s 3.7
Total daylight hours per manth hr=
Total night haurs per manth hr=
Flus Factar

Option 1-Basic model - Stages B, C and D
Patential bird transits through rotars

Collizian rizk far single ratar transit [fram sheet 3] B. 7T
Callisions far entire windfarm, allowingfor  birds per month
non-op time, assuming no avoidance ar year

Option Z2-Basic model using proportion from flight distribution

Option 3-Extended model using fHight height distribution Gannet
Proportion at rotar height [from sheet 4] 9.7
Potential bird transits through rotors Flus integral 0.0516
Callisions aszuming no awoidance Callision integral 000134
Average collision risk for single rotor transit 3.8

Stage E - applying avoidance rates
Using which of above options7 Dption 1 0.00:

birds per maonth
Callisions assuming avoidance rate or Year 95.00%
38,90
99,00
93.50:

Collizions after appling large array conection 55.005%
98,90
99,003
99.50:

a5

0.24

243

435
243122

218

525

1373

12847
411

525

2
(S ]

]
LN m

Feb
855

0.36

272

400
250561

3282

523

1383

12937
414

523

2
Lanmom

L
LN mm

Tar
853

0.43

366

378
401373

14551

846

2213

20633
662

46

E-Y
B n e i N ]

r-Y
£o00 WM

Apr
g5

013
420

300
Y

29

337

ga1

8233
264

337

j—y
RSP

j—y
SRR |

May
855

0.07
454

250
63323

2365

135

352

3237
106

135

purp———l

purpra———

J K

from Sheet 1- input data
fram Sheet & - available hours
from Sheet 3 - single ransit collision risk

from sumey data
calculated fisld

Jun ul
g5 855
0™ 127
510 513
210 23

B44S62  T7TI05

23843 43582

1359 2484

3554 6494

33240 60744

1064 1944
1353 2484
B8 124

15 27

14 25

7 12

13 124

15 27

14 25

7 12

g
g5
0.63
461

283
B13278

2269

1233

3381

FEZT
1012

1293

65
14
13

ES
14
13

Sep
855
07T
383

337
GZB636

23136

1321

3455

32313
1034

1321

53
15
13

66
15
13

a5

0.34

323

415
263133

9358

568

1484

13873
444

SES

(]
[y e ]

ra
Lm0

a5

n.as
253

461
B356T2

23520

1340

3505

32vaE
1043

1340

&7
15
13

&7
15
13

85

0.24

233

51
12366

6400

365

954

320
285

365

j—y
[

j—y
AN =]
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year average
5.0

per annum

134813

11103

23028

271525
8683

11103

555
122
m
56

555
122
m
56



13.

14.
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As can be seen above, the annual kittiwake collisions at an avoidance rate of 99% (cell R43 above) is 111, which compares with the
assessed figure of 112 above (this difference is expected to be due to rounding variations, since the input data were only presented
to two decimal places) and at 98.9% (cell R42) the mortality is 122.

To estimate the built wind farm collisions, the Band spreadsheet was then updated using the turbine parameters presented in the
Hornsea Project One NMC which correspond to the built wind farm (174 x 7 MW); Table 1.3 below.
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Table 1.2: The three defined turbine scenarios based upon the numbers allowed under the DCO and the
parameters that would have been used at the time of the DCO (note, of these options only the 8MW turbine
was actually presented for the purposes of the DCO)

Parameter 6 MW 7MW 8 MW

Mo, of turbines 200 1 150
Rotation speed {m/s) 11 10.5 10.2

Rotor radius {m) 77 26 83

Hub height (m) 98.45 (HAT) 107.45 [HAT) 110.45 [HAT)
Monthly proportion of

time operational (%) (all | 85 85 85

manths)

Blade width (m) 5 5.4 5.4

Pitch [7) 10 3 3

Table 1.3: Updated turbine parameters for the three defined turbine scenarios (bold text indicates where
parameters differ from those presented in Table 1.2)

Parameter 6 MW MW 8 MW

No. of turbines with the

increase in name plate | 203 174 152

capacity

Rotation speed {m/s) 11 10.5 10.2

Rotor radius {m) 77 77 83

Hub height (m) 98.35 (HAT) 113.99 (HAT) 110.35 (HAT)

Monthly proportion of

time operational (%) (all | 85 85 85
manths)
Blade width {m) 5 5 5.4
Pitch [*) 3 3 3
Appendix 1 Headroom Calculations Norfolk Vanguard Offshore Wind Farm
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The updated Band spreadsheet calculation, using the 7MW turbine parameters from table 1.3 above are presented below.

a B C u] E F G H | J K L M M a
1 |COLLISION RISK ASSESSMENT uzed in awverall collizion rizk sheet usedin available hours sheet
2 |Sheet 1- Input data used in migrant collision risk sheet used in large array corection sheet
] used in zingle transit collizion risk sheet or extended madel niot uzed in caloulation but staved for reference
q
=) Units Yalue Data sources
& |Bird data
T |Species name Kittivw ake
g | Bird lenath m 0.39
39 |'wingspan m 1.05
10| Flight speed mizec 13.1
1 | Mocturnal activity Factar [1-5] a3
12 | Flight tupe flapping or gliding flapping
13 Data sources
14 |Bird survey data Jan Feb ar Apr May Jun Jul fug Sep Oet T Dec
15| Daytime bird denzity birdztzq km 0.34 0.36 0.43 0.13 0.07 0.7 127 0.69 077 0.34 0.58 0.24
16 | Proportion at ratar height b 3.7
17 | Proportion of flights upwind b 50,0
18 Data sources
13 |Birds on migration data
20 | Migration pazsages bird= ] ] 0 ] ] 0 n} ] 0 0 ] 0|
21 |'width of migration corridar km g
22 IProportion at rator height b TE
23 | Proportion of flights upwind e 5005
24 Units Yalue Data sources
25 | Windfarm data
26 |Mame of windfarm site H1
27 |Latitude degrees 53.89
28 | Mumber of turbines 14
23 | \width of windfarm km 35
30 | Tidal offset m 1]
il Units Yalue Data sources
32 | Turbine data
33 | Turbine model THMW
34 |No of blades 3
35 |Raotation speed Tpm 0.5
36 | Rotor radius m T
37 |Hub height m 113.93 Jan Feb Mar Apr May Jun Jul fiug Sep Oct o Dec
35 | Marthly propartion of time aperational “ g5 g5 g5 g5 g5 g5 g5 g5 g5 g5 g5 g5
33 | Max blade width m S.000
40 | Pitch degrees 3
41
4z
43 | Avoidance rates used in presenting results 95.00%
4d 95,90
45 33.00%
45 99.50:

A=




A =] C
1 |COLLISION RISK ASSESSMENT
2 |Sheet 2 - Overall collision risk
3
4| Bird details:
5 Species
i Flight speed misec
T MNocturmal activity Factar (1-5]
g Mocturnal activity [ of daytime)
9 |'Windfarm data:
10 Latitude deqrees
il Mumber of turbines
12 Fiotor radius m
13 Minimumn height of rotor m
14 Total rotor frontal area s=qm
5
5 Proportion of time operational *
17
15 |Stage A - Hight activity
13 Dizutime areal bird density birds!zq km
20 Prapartion at rator height 4
21 Tatal daylight hours per manth hrs
22 Tatal night hours per month hrs
23 Flue: factor
24
25 | Option 1-Basic model - Stages B.C and D
26 Potential bird transits through rators
27 Collision risk For single ratar transit [fram sheet 3]
Caollizions for entire windfarm, allowingfor  birds per month
28 non-op time, assuming no avoidance or Year
3
30 | Option 2-Basic model using proportion From flight distribution
il
32 | Option 3-Extended model using flight height distribution
33 Proportion at rotor height [fram sheet 4]
34 Patential bird transits through rotors Flux integral
35 Callizions assuming no avoidance Collisiar integral
36 Auerage collision risk for single rotor transit
ar
35 | Stage E - applying avoidance rates
33 Using which of abowe options? DOption 1
40
birds per manth
41 | Collisions assuming avoidance rate ar year
42
43
44
45
46 | Collisions after applying large array correction
47
45
43
50
16.

u] E F G H
All data input on Sheet 1
no data entry needed on this sheet!
Kittiw ake
131
3
S0
539
174
T
13.33
324101
Jan Feb Mar Apr
i i o 85
034 036 043 013
3.7
243 272 366 420
435 400 3@ 300
167557 163727 263953 ##d##
200 6243 3383 3976
5.8
306 308 4393 136
135 136 218 87
Gannet
16
0.0516 3641 vl 13322 5542
0.00134 27T 2¥8 446 177
3.8
0003 306 308 433 136
95005 1= s 25 o
95905 3 3 = 2
33,005 3 3 S 2
93.50% bod 2 bod 1
95005 L= 15 25 o
95905 3 3 S 2
J3.002 3 3 S Z
F3.50% 2z Z 2z 1

May
[

007
434

250
42335

1591

Ta

35

2217
T

3

[= Y

[=

J K L M M
from Sheet 1-input data
from Sheet 6 - available hours
from Sheet 3 - single transit collision risk
from survey data
calculated fisld
Jun dul Hug Sep Ozt
5% 5% 5% 5% 5%
07 127 063 0wy 034
510 513 461 383 323
210 23 283 337 415
433526 792246 412485 421463 131020
1040 25313 15262 15534 BE3S
Tz 1447 753 Tin 3
350 640 333 341 146
22357 40856 21272 21735 3335
715 1307 681 636 293
a2 1447 a3 Tl 33
40 T2 38 38 17
3 16 g g 4
g 14 g g 3
4 7 4 4 2
40 Tz 38 38 17
3 16 g g 4
g 14 g g 3
4 T 4 4 Z

853

0.85
253

461
427547

15813

Tal

346

22045
TO6

[
£ oo @

o)

£ @

853

024

233

51
B335

4304

212

94

5933
192

212

—rara

SR

year average

5.0

per annum

131029

6466

2863

182625
S644

VATTENFALL

As can be seen above, the Band derived total kittiwake annual collisions at 99% for the built scenario (174 x 7MW) are reduced to

65 (cell R43). Adjusting this figure from the avoidance rate of 99% to the current advised kittiwake rate of 98.8% gives a value of 71
(obtained as follows: 65 x ((1-0.989)/(1-0.99))). This is the appropriate kittiwake annual collision estimate for the built Hornsea
Project One wind farm which should be used in cumulative assessments in place of the 123, derived from the assessed design,

which is currently used.
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VATTENFALL

17. The process outlined above requires that all the necessary input parameters are provided in the project assessment which has not
always been the case. An alternative method, which only requires the old and new turbine parameters and original collision
estimates was developed for The Crown Estate by MacArthur Green. Snapshots from the excel file that undertakes these updates
are presented below. The collision values used were those for an avoidance rate of 98.9%, 123.

18. The table below contains the input turbine parameters for the assessed turbine inputs (332 x 5MW) and the built ones, as
presented in the NMC (174 x 7MW).

A b C L 3 F ] H | J K L [ ) Y P Q K
1 oLD NEW
Consented no. Average Built turbine Average
Date of turbines (max.} d no. d turbine Rotor radius  Hub height Average Max blade blade pitch Actual no. capacity Rotor radius  Hub height Average Max blade blade pitch
2 |wind farm -T|status ~ | consent w2 | = | turbines ~ | capacity (MW) = |{m) | {m) - | RPM ~ |width (m) |~ |{deg.) ~ | turbines - | (Mw) ~ |{m) | {m) ~ |RPM ~ |width (m) |~ | (deg.) hd ||
22 |Hornsea 1 Consented 31/12/2014 240 332 3.6 50 82" 13 42 15 174 7 77 11399 105 5 3
19. The table below shows the parameters used and the calculated ‘CRM adjustment’ figure (0.5824, column L) which indicates the

proportional adjustment to be made to the old collisions (123) to obtain the updated mortality of 71.6.

A i D E F G H | ] K L I M a P Q
OLD {application) ™ NEW (actual) ANMUAL CRM
wind farm T species T no. turbines + Radius ~ TRF + Pcollision  * no.turbines  + Radius - TRF + Pcollision + CRM adjustment -+ old CRM - model = AR + new CRM - headroom -
Hornsea 1 Kittiwake 332 60 57548315 0.0671 174 i7 32410115 0.0581 05824 123 1 989 716 514
20. As demonstrated here, this figure (71.6), was obtained with much fewer data requirements and is the same as that obtained

through recalculation from the original dataset (using the Band spreadsheets), thereby demonstrating the validity of this method
for the purpose of updating collision estimates.
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Knoll CRM calculations — demonstration of revisions to collision estimates

The collision estimate for the Triton Knoll wind farm have been updated using the method developed for The Crown Estate by
MacArthur Green. Snapshots from the excel file that undertakes these updates are presented below.

The table below contains the input turbine parameters for the assessed turbine inputs (333 x 3.6MW) and the built ones, obtained
from The Crown Estate Marine Data Exchange® (90 x 9.525MW).

B £ D E F G H | J K L M N 0 P o] R
oLD NEW
Consented no. Average Built turbine Average
Date of turbines {max.} Assessed no. Assessed turbine Rotor radius  Hub height Average Max blade blade pitch  Actual no. capacity Rotor radius  Hub height Average Max blade blade pitch
-T | status | consent - '~ | turbines ~ | capacity (MW) | {m) | {m) ~ |RPM ~ |width (m) |~ {deg.) | turbines - | (Mw) ~ (m) ~ (m) ~ |RPM ~ \width (m) |~ (deg) hal §
Consented 11/07/2013 288 333 36 62.5 9.47 42 6 L) 9.525 82 1102 108" 54 15|

The table below shows the parameters used and the calculated ‘CRM adjustment’ figure (0.3633, column L) which indicates the
proportional adjustment to be made to the old collisions (209, column M) to obtain the updated mortality of 75.9 (column P) and a
headroom of 133.1 (column Q).

C D E F G H | J K L 0] M (o] P Q R
OLD {application) ™ MEW (actual) AMMUAL CRM
T species T\ no. turbines - |Radius - TRF + | Peollision | * | no. turbines |+ Radius - TRF = Pcollision |~ CRM adjustment - old CRM |~ model * AR ~ new CRM + headroom =~ MNew CRM /MW -
Kittiwake 333 625 4086524.8B 0.0604 S0 82 1901166.2 0.0618 0.3633 209 1 989 759 133.1 0.08

6 http://marinedataexchange.co.uk/search?q=#fq=fq%3DProject%253Amdeltceea3651
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