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1 SUMMARY

DONG Energy has commissioned a consortium of Orbaoa@DHI in association with
BIOLA to undertake aerial surveys of Commomwter Melanitta nigraand other resting
waterbirdsas part of the monitoring program for the planned Horns Rev 2 offshore
wind farm.This report contains the results of the baseline phase running from October
2007 to April 2008 With respect to resting bisdthe monitoring program ied¢used on
documenting the use of the planned site by Common scoter. The statistical design of the
monitoring programs based on the BACI approach with inclusioraafynamic habitat
model

The establishment of the Horns Revf&shbore wind farm (HR2 OWF) was granted by
the Department of Energy on the™®lar ch 2007 on the bmgsi s
plication of 13" October 2006. The location of the HR2 OWF is planned for the outer
part of Horns Reyvand itconsists of a total 081 turbines, each 2.3 MW which are
placed with 13 astwestoriented rows of 7 turbineslhe monitoring on resting birds
was based on thesaal line transect methodolog$patial prediction models wered
veloped for Common scoter and Rebroated/Blackhroated divers (Gavia
stella/arcticg using hydrographical, physical and bathymetric data anddelled ds-
tributions of the two key prey species for scoters in this #&eeericanrazor clamkn-

sis americanugandthe cut trough sheBpisula subtruncataThe abundance &footers

and diversvas estimated for each survey

Intensivecommercialfishing activities were mainly recorded in two zones; the waters
deeper than 10 m southeast and northwest of Horns Rev, respectively. These dishing a
tivities affectedbird distributions, especially the distribution of Laimdls and Kitt-
wakesRissa tridactyla The abundance of most species of waterbirds in the area of the
planned HR2 OWF was relatively dynamic with large variations in humbers recorded
between surveysTwo species groups, however, seemed to use the area mere fr
guently: Reethroated/Blackthroated diver and Common scoter. The distribution of
Common scoter has changed markedly in the eastern North Sea sinc&faldr or
larger proportios of birds normally located in the area close B¥avands Hukfrom

time to time occurring offshore along the central and western parts of Horns Rev. These
general pterns were also recorded during these surveys with medium concentrations of
less than 3000 bird®r 10% of the total observed in the area,the shallowground
VovVov located at the southern periphery of the planned wind farm sitendbesg-
nificant monitoring result was the findings of the concentration of Red
throated/Black/throated diveet linescrossing or close to th@anned wind farm. This
result is in line with the survey results from the monitoring programme of Horns Rev 1
and with existing models of diver distribution in the German Bight depictingdboge
aggregationsn the same arsaoinciding with the longgerm mean position of these
tuarine front.

Spatial models of the average distribution of Common scoter and divers during the six
baseline surveys were developed. The GLM model for scoters indicated that the birds
were significantlycorrelated with the estimated habitat suitability &pisula subtro-

cata, with areas close to the coast and areas at longer distances from HR1 OWF. The
model indicated high densities (> 100 birdsfkiim the eastermost part of the nb

elled area betwee@ancer and Blavandduk, with densities peaking around the 10 m
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curve off the Danish west coast. The model predictedn@dium densities throughout

the rest of the model area, with average densities of scoters in the HR2 OWF ranging
between 10 and 40 bstknf, while densities in the HR1 OWF ranged between 0 and
25 birds/knf. The GLM model for diverindicatedthat the birds were significantly co
related with the gradient zone between the estuarine water mass and the water mass
mixed North Sea and estirze water masses from the southern German Bight. €he d
ployment of the model showeehhanced average densities throughout the estuarine
gradient zone extending 4 km E-W, and areas of higher densities over the western
sector of Horns Reyv, in the HR2 (AVgite and over the plains to the north of here.

The survey data collected in combination with dynamic model data on potential food
supply and hydrographic conditions are judged as sufficient for the baseline for the HR2
OWF monitoring programme. As theoahel data cover the entire period from 2000 to
present BACI tests may be designed to include some or all of the data collected during
the PSO monitoring pgramme in the baseline.

2 DANSK RESUME

Et konsortium bestdende @fbiconog DHI i samarbejde meBIOLA har pa vegne af
DONG Energy gennemfgart flyteellinger af sorteeniietanitta nigraog andre vandig

le som en del abvervagningprogranmet forden planlagtddorns Rev Zhavvindmgr
lepark.Denne rapport indeholder resultaterne af baseline, som blev geamhemdtem
oktober 2007 ogail 2008. Med hensyn til rastende fugle er overvagningsprogrammet
fokuseret pa at dokumentere forekomsten af Sortand pldetagtevindmglleomrade.

Det statistiske design for overvagningsprogrammet &A&tl-design med anvelelse
af endynamiskhabitatmodel.

Tilladelsen til at byggédorns Rev Zhavvindmaglleparken blev givet af Energistyrelsen
den 19. naits 2007pabasisaf D ON G E n ansagning s13. oktober 2006 Place-
ringen af vindmglleparken er planlagt til at vaere ga wdre del af Horns Rev, og g
leparken bestar &1 mgller pa hvel.3 MW, som er placereti3 gstvestgaendeak-
ker med hver 7 mgllerOvervagningen af de rastende fugle blgannemfart som
flybaserede linietransektteellingdRumlige statistiske modelt blev beregnet foBar-
tand R@dstrubetog SorstrubetLom ved brug afthydrografiske, fysiske og bathyn
triske dataog modelleede udbredelser af de to vigtigste byttedyr for sortaendera-omr
det Amerikansk knivmuslingEnsis americanusog Hveelvet tugmusing Spisula
subtruncata Bestandsstgrelsen af Sortand og Rgdstrub&antstrubet Lom blev ast
meret for hver teelling

Intensivekommerciellefiskeriaktiviteter blev isaer observeret i zone; omraderne pa

mere end 10 m dybdgydgst og nordvest fordinsRev. Disse fiskeriaktiviteter paw

kede udbredsen af fugle, iseer mager og ritkissa tridactyla Forekomsten af vah

fugle i det planlagte mglleomrade var karakteriseret ved stor variation i antallet af o
serverede fugle imellem teellingerne. To arterupger) forekom imidlertid mere
regelmaessigt i omradet i relativt store anRadstrubet og Sortstrubet Lamg Sortand
Udbredelsen af Sortand har aendret sig markant i den gstlige del af Nordsgen sider
2004 Mindre eller stgrreralele af defugle, der nornalt forekommer i et omradet teet pa
Blavands Huker fra tid til anden udbrediffshore langs den centrale og vestlige del af
Horns Rev. Dissgenerellengnstre blev ogsa registreret under disse taellinger med en
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koncentration pa omkring 3000 fugleller 10% af totalen i omradepa grunden Vo-

Vov beliggende i den sydligeeriferi af mglleparkenDet mest signifikante resultat af
overvagningen var tilstedevaerelsen amnéentrationen af Redstrubet og Sortstrubet
Lom langs linjer der gennemskeerer eller er badtggende pa den kommende halmg
lepark Resultaterne er pa linie medirveyresultaterne fra overvagningsprogrammet i
forbindelse med Hms Rev log med eksisterende modeller for udbredelsen af lommer i
Tyske Bugt, der peger pa komteationer i omrader overlappende med lgtids-
middelpositionen for den estune front.

Rumlige modeller blev udarbejdet pad den gennemsnitlige udbredelse af Sortand og
lommer gennem de seks surveys. GhMdellen for Sortand indikerede fuglene var
signifikant korrelerede ed habitatkvalitetefor Spisula subtruncataned omrader teet

pa kysten og med omrader udenftiR1 malleparkenModellen indikerede hgje tasth

der (> 100fugle/lkm?) i den gstlige del af omradet melleBancer and Blavandduk,

med maksimumtaetheder omkrin@ th kurven udfor VestkysterModellen estimerede
lavemedium teetheder i resten af modelomradet, med middeltaetheder af sorteender
HR2 mglleparken p& mellefr® and 4Gugle’/km?, og med teethedetHR1 mglleparken

p& mellem0 og 25 fugle’lkm?®. GLM-modelen forlommer indikerede at fuglene vagsi
nifikant korrelerede medradientzone mellem estuarineg mixede Nordsgvandsa

ser. Applikationen af modellen viste forhgjede teetheder over hele gradiemzver en
streekning pa A5 km gstvest og omrader med hgjetaetheder over den vestligekse

tor af Horns Revi HR2 mglleparken og over sandfladerne nord herfor

De indsamlede surveydata i kombination med de dynamiske model data pa den potent
elle maengde af fgde og hydrografiske forhold vurderes som tilstreekineég badine

for HR2 overvagningsprogrammet. Eftersom model data daekker hele perioden fra 2000
til i dag kan BACI tests udfgres med dele af eller alle data indsamlet under PSO ove
vagningsprogrammet.
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3.1

3.2

INTRODUCTION

Background

DONG Energy has commissied a consortium of OrbicaandDHI in association with
BIOLA to undertake aerial surveys of Common scMefanitta nigraand other resting
waterbirds as part of the monitoring program for the planned Horns Rev 2 offshore
wind farm. The establishment ofettHorns Rev 2 offshore wind farm (HR2 OWF) was
granted by the Department of Energy on 1188 March 2007 on the basis 0DONG

E n e r gpplication of 13" October 2006

This report contains the results of the baseline monitoring on resting waterhilals un
taken November 2007 April 2008.

The Horns Rev Il Project

3.2.1 Location

The location of the HR2 OWF is planned for the outer paHahs Reva sand bank
which stretches from the coast of Denmakagands Huk and 40 km westwargsig-
ure 31. The disance from the HR2 OWF tBlavandsHuk is 30 km.The minimum dé-
tance between the existing OWF on Horns Rev and the planned HR2 OMKis.
The weter depth at the site of the HR2 OWF varies between @&md. The HR2 OWF
has been designed as an arc noftthe shallowgroundVovVov on the western Horn
Rev.

The HR20WF consists of a total of 91 turbines, each 2.3 MW which are placed with 13
eastwest oriented rows of 7 turbines. Due to the design of the OWF the distace b
tween the rows will vary from Tm in the eastern part to 900 m in the western part,
Figure 3-2. The distance between individual turbines is 550 m.

Figure3-1 andFigure 3-2 also show the proposed placement of three 15 MW test mills.
The transformer station will be located 1 km east of the wind farf2016 northeast of
the transformer station an acemodation platform will be installed with a gangway
connectiry the two platforms.

The turbines will be connected bgstwestrunning 34 kV cables, which will be ko
lated into a single cable in the eastern part of the OWF, which then is connected to the
transformer stationFigure 3-2.
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Figure 3-2. Turbine numbers and planned cables for
the HR2 OWF

3.2.2 Free zone
A free zone of 4 km towards the south
and west and 2 km towards the north and

east has been granted to DONG Energy
for this OWF.
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3.3

4.1

4.2

4.3

Monitoring requirements and targets in relation to resting birds

The requirements for the monitogiprogramme for Horns Rev 2 state that the naktho
ologies shouldas far as possible be based on the same field methods as used in relatior
to the PSO monitoring programme for the Horns Rev 1 wind farm and in the imavestig
tions carried out as part of the Ef&r Horns Rev 2Thus, the monitoring on resting
birds has been based on the aerial line transect method®bty respect to resting
birds the monitoring program is focused on docutngrthe use of the planned site by
Common scoterThe statistical degn of the monitoring prograrwill be based on the
BACI approach with inclusion of dynamic habitat-zariables from a habitat model,
which will be running parallel to the surveys. The parameters of the habitat model will
also feed into the description thfe distributon of food basis for @nmon scoter§kov

et al. 2008)

METHODS

Study period

The study period for the investigation has been chosen from October to April to cover
most of the time, when important numbersGafmmon scoterare foraging in ta area

of Horns Rev. Because of the late start of the project in November and a long period of
bad weather conditions in November and December thedarial survey was notr-

ried out before mid of Deoaber 2007.

Study area and selected species

The stréegy of thesurveywas toprovide coverage of a relatively large sector around
the planned R2 OWFand the entire width of Horns Rev, including the coastal atea a
jacent to Horns Rev andheé wind farm area of Horns Rey without expanding the
framework fao each survey beyond what can easily be surveyed during one day-in wi
ter.

Aerial surveys of birds

The survey methodology closelgliowed the modified line transect survey technique
with four perpendicular distance bands applied during the Horns Rev iformamn pro-
gramme (Noeet al. 2000, Diederich®t al. 2002, Petersen & Fox 2007). The surveys
have been performed from a higlinged, twinrengine Partenavia-68 (Figure4-1; Fig-

ure 44) equi pped awowdho ,Afbatbbéme avli nhi t witha of
cruising speed of 100 knots (185 km/h). Each survey wagedaout by twoexpel-
enced observers, which were placed at the left and right bubble window at tHe midd
seats (list of observerBable 4-1). Data were collected onlguring good or moderate
survey conditionssea state 3 bft, visibility > 5 km, moderate glare). Furthestalls of

the aerial survey techniques are given in Christensen et al. (2006) and Dieeedths
(2002).
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All observationshave been recorded by using a dictaphone. Sightings were recorded to
the nearest second (in UTC, watches were synchronised with-lbboaoth GPS before
every flight) and positions have been logged by a GPS every 3 sec. Positions and obse
vation data have le@ stored in SQL/Access databases linked to ArcGIS.

Determination of speciediehaviour,age, sex and registration of numbers are much
more difficult to carry out from an aircraft than fronskaip because the animals can be
seen for a short period of tevonly and because it is not possible to work with hinoc
lars. Groups of more than 50 in@luals can only be estimated.

Beside birds all marine mammals have been recorded and if possible a swimming dire
tion and the behavioures beennoted. Additional ntes were made for ships and fishing
vessels.

Because of the weather conditions and availability of survey planes it was not possible

to carry out a survey each montnd accordingly somsurveys had to be postponed to
thefollowing month Table4-1).

Table4-1. Overview over the conducted flights for the project Horns Rev I

light Flight  month, . ”

g 9 Date of flight Weather conditions Observer

number planned
Mostly sea state 1 (in smaller parts

1 November 2007 | 13.12.2007 2), little glare and reflections; good | Werner Piper, Martin Laczny
conditions
Offshore sea state mostly 2, towards

2 December 2007 | 14.02.2008 land 1, some glare, little reflections; | Werner Piper, Martin Laczny
moderate to good conditions
Sea state mostly 2 (minute parts 3

3 January 2008 16.03.2008 and 1), some glare and reflections; | Werner Piper, Henrik Skov
moderate conditions
Sea state 2-3, strong glare in west-
ern parts (one sided towards the | Martin Laczny, Manuela von der

4 February 2008 26.03.2008 .
south); predominantly moderate | Heyde
conditions
Sea state mostly 2, some glare and .

5 March 2008 14.04.2008 ) = Martin Laczny, Gudrun Hofmann
reflections; moderate conditions

. Sea state mostly 2, some glare and . ) )

6 April 2008 23.04.2008 . . . Martin Laczny, Thilo Christophersen

little reflections; moderate conditions

Although we cooperated with four different airlines, the availability of planes was not
granted. Several times planes were in maintenance and in noé gk of the planes
were broken or in maintenance. Also in some of the lopgaonds of adverse weather
conditionsplanes were not available as well, which is not documented here. No plane
was available on the following dates:

08.02.2008 Until 13.02.D08
15.02.2008 Until 18.02.2008
08.03.2008
15.03.2008
07.04.2008 Until 08.04.2008
10.04.2008
15.04.2008
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Details on the aerial surveys carried out can be fourdhile 4-2. Because of military
activity not all transects could be performed to there fully length on each flight. Also
parts of the flown transect lines (including observations) had to be set aalid be-
cause of the weather catidn (e.g.sea statpartly over 3 and strong glare).

Table 4-2. Performed aerial surveys in the Horns Rev area from Dec. 2007 to Apr. 2008 shmevinguey dates
and the effortwhich has been carried out for the counts on each side and the total length frosidlegth
of the aircraft

Valid Total
Flight length Valid length{ length
Date length | . [right  side| for both Comments
eft side X
(km) (km) (km) sides
(km)
13-Dec07 | 64591 64591 64591 129182
14-Feb08 | 64542 64542 52357 116899 Partly strong glare on onedsi
16-Mar-08 | 64510 526.68 64510 117178 Partly strong glare on one side
Transects 18 to 21 had to be cut in {
26-Mar-08 | 62564 62564 546.65 117229 north for military ativity at Skallingen,
partly strong glare on one side
14-Apr-08 | 646.00 54474 646.00 119074 Partly strong glare on one side
The eastern transects had to be cut in
23-Apr-08 | 59702 597.02 48047 107749 north for military activity at Skidingen,
partly strong glare on one side

It is difficult to measure distances from a plazarying out a survey over sea. One
method to determine the band widths, which was applied in this study, is the use of cl
nometers (Suunto PM 5 / 360 PC). With a flight altitude of 76 m (250 Ful3) the/follo
ing band widths Table 4-3 and Figure 4-2) have been chosen (after Diederiaisal.
2002).

Table4-3. Overview over the band widths, which were used in this study (aftdefihset al.2002).

Band D:| from [0 m (90°) | Until 45 m (60°)
Band A:| from [ 45 m (60°) | Until 167 m (26°
Band B:| from| 168 m (25°) Until 442 m (11°

from | 443 m (10°) until the middle of two transect ling

Band C:

Figure4-1. Suney plane Partenavia P68 I@3erver.

The distance between transect lines in the
HR2 OWFand associated impact area (4
km distance from outermost turbines) has
been 2 km, while the distance between
survey lines in the remainder of the area
has been 4 km. To tieer more data about
the birds in the Horns Rev | wirfdrm we
also narrowed the transect lines to 2 km
distance thereKigure4-3). We were able
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to fly three short lines through thtéorns Rev Iwind farm as longes the wind was not
too strongFigure4-3).

Angle-preserving view

-« 5 km

Idealized view

Flight altitude
76 m =250 ft
Band
Transect width 442 m 167m 45m 45m 167m 442 m Transect width
- —b— —— — PP E— —P— — > —_
10° 25° 60° 90° 60° 25° 10°
D} 5 km B

Figure 4-2. Method of aerial surveys and applied band widths.

Figure 4-3. Transect design
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