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Acronyms Units
Acronym Description Unit Description

AD Air Defence dB Decibel

AIS Automatic Identification System dBsm Decibel Square Metres

ATC Air Traffic Control GHz Giga Hertz

CAD Computer Aided Design GT Gross tons

CFAR Constant Falgdarm Rate MHz Mega Hertz

CPA Closest Point of Approach

ERRV Emergency Response and Rescue Vessels

IALA International Association of Marine Aids to Navigation and Lighthouse Authorities

LOS Line of Sight

MSL Mean Sea Level

MTI Moving target indicator

UHF Ultra high frequency

RCS Radar cross section

REWS Radar Early Warning System

Spirit Energy Spirit Energy | lnew company arising from a Centrica E&P and Bayerngas Norge A®goin

of the Centrica Group
TCPA Time to the Closest Point of Approach
VTS VesseTraffic Services

Orsted
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1111

1.1.1.2

1.1.1.3

1114

1211

1.2.1.2 REWS are primarily used to detect and trackaesgselagitlin the vicinityasfshoreil and gs
assets and provide collision warning when vessels are in breach of defined CPA and Time to Clc
Point of Approach (TCPA) paranméterganpact offshorevind farms on REWS may arise from a
number of factasach as; high radar returns from the tarbdhessociated offshore structures
increased number of detections and false alarm/track generation.

This annex of the Hornsea Hineieonmental Statencensiders the potential impéueldbrnsa 1.2.1.3 Offshoreind turbines are large structures with geometries and materials thettemay ftavsa
ProjecfThreeoffshore wind farm (hereafter referred to as Hornseriftyebg operation and highradar crossection (RCS). Furthermore, the rotatioudfitidelades produces a tiragable
maintenance phaseRadar Early Warning Sys{&fas/$located on offshore oil and gas platforms RCS fluctuation and a Doppler frequency shift that can confuse radars that rely on moving target ind
Specificallyhis annex considers the effetterota Three n  t he REWSO0s abi |l ity () fie® to&kthgui¥heoetRedr Satis ahjk moving targets of interest. The intetéerence
within the vicinity of the windafadrthe effect of rerouted traffic on the REWS aldineraiesy Doppler based ATC and AD rddar® the rotating blades and the large reflection of the radar signal

be effects associated with the construction and decommissioning phase of Hornsea Three in regard {5 peen well reported and explained (Jago and Taylor, 2002; Poupart, 2003 and Wkiel Energy, De
increased movement within the Homsea Three array however this has not been included in the, civil Aviation Interests Working Group, 2002). However, this technical report discusses and mode
assessment which considers the maximum design scenario for the operation and maintenance phase gtential impactHrnsedhreeon the REWS used on oil and gas platfécthave been selected

Hornsea Three. as potentially beaféected by Hornsea Thteetdheidocatioie,ConocoPhi | | i psdés S
and Centr i ¢aypclyREB®Accgndt anployoDoppler processing and Makfilters
operates in naval environments whereby the returns from the sea surface (andtitbenovement
waves) may generate radar returns with Doppler signatures similar to that of REN& cassels

be integrated with newer radar transceivers that are capable of Doppler processing if deemed nece
(see paragrapghl.1.}

The modelling work presented within this reptetscang/pical REWS configuration, based on
technical information provided by the REWS suppliers. It concentrates mainly étothseeffects of
Threeon targeti.e. vessetjetection due to raised thresholds and clutter returns generated from the
turbnes.The effect of radar shadowing was also considered within thisastbdeasedd within
theClosest Point of Approach (&$s&ksment.

The report considers two platforms within close proximity to the proposed projects where k%\%/é arjéo_r nooppler based radars such as the, RisBtential impact fgfahoravind farms may.
installedThe two identified platformsSpnet Energys J6 A pl atform and Con &% ‘i'i‘%t.o ﬁh% I:i1r_gpe §a8a§ .retlgng.tﬂ&erla'[ge RCS of turbines may .cauge target spreac!mg at exte
Platform. The JBAtfornREWS installation also prevadiar coverage for nearby offshore platforms ranges and potential detections througjtielbes at close ranges. This will cause smearing and

(i.e. theChiswick, MarkhamiSTWindermeend Grovplatfams), whistthe SaturplatfornREWS cluttering of the radar screen and potentially mask other targethiatithid@aredepending on the
installation provi’des coverageaiBethys, Mimas Vikinga\(ﬂ\}ampire Olatforms thresholding techniques used within a radar system, the pueberesendf associatedfshore
’ ’ ’ ' structuremay increase the threshold over partauwayaeca, which potentially may cause smaller

This report also provides the technical information and modelling results considering the cumulativiargets to be lost.
impact oHornsedl'hree amh othemprojects and plarspecificallptherprojects within tfermer
Hornsea Zone, namely Hornsea Project One and Hornsea Project Two offshdle et farm
development®ther than the above mentidred been identified as being withénecioagh
proximity tdornsed hree to result in a cumulative impact oraREWSCPA assessments

;_.2.1.5 Degradation of the radar performance may also be caused by the radar shadow due to the presen
wind turbines withia £ OS of the rades shown FRigure.1. Shadowing may cause smaller targets
to temporarily disappear from the radar display as it moves in and out of the shadow regions. The e
of the impact caused by shadowing depredsiomand height of the turbine and the target of interest
(i.e. different effects may be observed if looking at surface targets)oHawedsaeyggvious
studies and trials showed that the effect of shadowing can be conailefiedid econdary

Wind farnturbine and associated offshore structures (such as accommodation platforms and offshore Importancthat may have little impact on the REWS performance due to the size of vessels that
substation&)cated within the 4ofsidht (LOS) of radamsay interfere with the radar performance and REWS is typically interested in de{Betileg and Johnson, 2Q@8&enwell, 2016).

degradets ability to distinguish between tudndesssociated offshore strucamdgeturns from

targets of interest.

1 Orst e 'ﬁfﬁii/f‘
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1.2.1.6 This report uses a number of modelling technidosdlavthe University of Manchester to modej
and predict the impadudiinesind associated offshore strucaoresdar systems. These allow the
radar returns coming both from the wanted tafigetsewa Thrée be simulated so that the effects
onradar detection can be evaluated. The results from the models can then be usedgmmslicate the
within whichessels can be detected and tra8ketior?2 belowdescribes the different modelling

: . . 2.1.1.1 The size, geometry and constrowditemials of turbines cahsen to have a radar refiinis may
techniques utilisedhia Hornsea Three assessment.

cause target spreading (smearing) at extended ranges and potential detections through the sidelob
close ranges. Such effects will add clutter to the radar screen and potentially mask other targets i
area.This effect may also affextrdocking software performance when vessels are travelling within
Hornsea Threxausing the tracksnf the vessels to be sedaredmergeitito the larger returns

1.3.1.1 The document utilises the following structure: : _ _
generated from the turbifleisreport addressd® impact of target masking@ng@ags the levels

Sectior (thissectiopgives an introduction to the report; of the turbimadareturns against that of a vessel as it travels along a defined géatinngeaugh
Sectior2 outlines the scope of heeasment; ThreeThis report does not consider the effects of varying turbine returns astttisréaquier
SectiorB presents a summary of the modelling techniques and parameters used adetailed knowledge of thpleyetracking softwambich is proprietary information, discussed further
Sectiod presents the modelling results fBpitfittEnerdyEWS on the J6A platform in paragraphb.1.1Despite this, it remains possible to draw robust conclusions.

Sectiol presents the modelling results for the ConocoPhillips REWS on the Saturn platform
Sectior presents the assessment on effect of the rerouting of traffic on the;, BG&A alarms

Section? presents the conclusions and summary of the results along with further considerations for . : .
P . . y g 3.2.1.1 The extent and length of the shadow reglon aastbine depends on the size of the turbine, the
future studies if required.

distance to the radar antenna, the height of the radar and the height of the target of interest. The se
of the shadow will also depend on the distance of the target from the turbirsted nsigairikus
2.1

= 4 4 4 4 4 9

2.2.1.2 Due to the diffraction of the radar waves around the turbine, increasing the range between the targe
the turbine wild./l reduce the severitythaoaf t he
target 1 km behind the turbine will experience 6 dB reduction in the returned power while targets the
significantly further suffer only 2 dB reduction in the receive(@Buatiiar @ctidohnson, 2008
is an important characteristeoadar shadow and is illustréigdiie2.1. Thigs in good agreement
with theecent measurement campaign cartgdbind Electroniocsassesthe effects of wind farms
on the REWS performdocated in theastiish Sea (Greenwell, 201l6}. measurement campaign
and the work presented in Danoon andBb#ynndicate that shadowing may not have a significant
effecionthe performance of the REWS due to the diffraction effects and the size of the vessel, wh
might be larger than the shadow region generated from individual turbines.

2.2.1.3 For completeness, a shadowing asselBambatnndertaken within issessmemindisused in
conjunction with the study of the rerouting of traffic around thésedsdctaort). Within this
assessment the radar shadows were modelled based on optical shadowing. Optical shadc
conservativegsume no diffraction effects and therefore ignore the improvement in the shadow regi
at extendea@mges. Depending on the turbine size and radar height, the optical shadows may extend
the way to the radar horizon. The use of optical shadows is used to assessiscpiggntidave
an i mpact on t.he radards performance
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- 2.4 Adaptivedetectionthresholdmodelling
/ — 2.4.1.1 AREWS deploys a number of techroqekster thresholding, target extraction and Tizekisg.
/ — of adaptive thresholding algorithms such as Constant False Alarm Rate (CFAR) is very common v
__.-—-—_':_,:_:_._,_:;"”-;f — offshor&REWSnstallationA variety of CFAR algorithms casetde¢auadjust the thredlabund
| e - noisy/cluttered areas to avoid unwanted and false detgetidimg on the clutter within the local
@ ;._:"—— — environmerREWS uses CFAR technigues to dynamically adjust the detection threshold over sea clut
Radar illumination T —— Digital signal processiagiedo @lculate a constant false alarm rate-éotnaiction by generating
Not to scale 45001986_26 a video threshold below which all video samples are ignored as they are considered to be noise or cl
The threshold is calculated individually fadeaadil using a two disienal sliding window area
technique whereby surrounding cells in both range and azimuth are considered. Typically, the meat
standard deviation of samples is calculated and the threshold is set to the mean value plus a factor de
Illumination ..
fnionta from the standateviation of the sample.
2.4.1.2 Finally, it is worth noting that as CFAR uses multiple adjacent range an(segifigire&itd)
o derive the detection thresAdlgoresence of a single turbine will affect the threshold of multiple cells
around it ashown ifrigure2.2.
adowed region
Shadows cast in elevation view :
Not to scale 45001986_27
Figure2.1: lllustration of radar shadowing with diffraction effects (Butler and JoR®83n |

2.3 Reroutedraffic

2.3.1.1 Existing shipping lanes may be altered by the physical plesesea dhree arebsels may be
reroutedheareto the platforesvered by the REWA&Sthey deviate around the windTaisrmay

cause an increase in the CPA/TCPA alarnThatebipping routes are often defined by their

mean/central line and the associated standard deviation that repreétemts thee raute. The
detailed modelling procedure and the effects of the rerouting of traffic on the alarm rates are discussed

sectior® below.

Cell Under Test

Averaging Cells | ™

Guard Cells

Figure2.2: 2D CFAR cells around a given cell with wind turbine present
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2.7.1.3 Depending on the detailed structurdr@Wt hoglatform, the presence of external fittings near the
_ _ _ _ _ radar anteansuch as masts, wires and other structural elements may cause distortion of the anten
2.5.1.1 Radar trackers provide the radar operator with a procesaetegye déthe location and bearing pattern and possibly the appearance of false reflection if a flat surface is near the antenna. These e

of moving targets in the area of interest. It is also very commdy tedauenttrackers to were not modelldhisvas confirmed to be accepdatitey Hornsea Project Two consuftatibie
compensate for momentary loss of detection of a target over one or more radar rotations and maintain gii\v/'s orihe SaturnPlatform operated by ConocoPKllipsocoPhillipg3 November 2012
active trackThe presence of advanced tracking within REWS can greatly benefit and enhance the pers.comnm2013.

o p er at domaistainaduaar Vidibility of moving targets near or within a wind farm. REWS deploy
proprietary tracker algorithms, which may vary dependisteanshpgdier. The impact of the wind

farm on the tracker performance cannot be accurately modelled without detailed knowledge of the tracker
and the proprietary tracking algosithitls are not available to Hornsea Thseevaraiot included

in thimssessment

2.6.1.1 Depending on the REWS system and the tracker software, it is possible that returns from the turbines will
add new target detections to thddldekThe tratébles are shared with Emergency Response and
Rescue Vesk (ERRVS) via ultra high frequency (UHF) radio links. UHF linkmndeidttow
telemetry system and have a limit on the total number of tracks that can be transmitted. The maximum
size of the tratéble is a system limitation that depends fatigellyasdware used and hence cannot
be modelled. A typical number for the maximiailérade is assumed to be betweandiliD
tracked targets. Depending on the tracking software, the numbathof theckstkblecan be
reduced by agplg nomcquire zones over the wind farm area or by applying filters to track moving
targets only.

2.7.1.1 The variation of the radar returns over multigielianggey initiate false tracks. However, the radar
tracker requires consecutive aeteciver a number of radar rotations, which will reduce the likelihood
of false track initiation. Furthermore, to raise a TCPA alarm, the track vector must continue to breach the
TCPA condition for multiple radar rotations. Thus, raising falset@leanggedllespreading is
considered unlikely and was not included in this assessment.

2.7.1.2 ltis also possible to mdlieleffestof multiple reflectiafishe radar sigmathirtheHornsea Three
array areand between the turbines and nearby la&geusirgthe radar and WinR (Wind Turbine
RCS) models developed at the University of Manchester. However, as the closest ntbdelled turbine in
Hornsed hreearray are& approximately k& away froanyREWS, the effects of the multiple
reflectionsexre consideredde of second ordeot a primary cause or conaedwere not included
in the models (QinetiQ, 2@#Xer2007)
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3.

3.1

3.1.1
3.1.1.1

3.1.1.2

3.1.1.3

Modelling Parameters

Hornsea Three

Windturbineparameters

Themaximundimensions of the turbpregosed foHornsed hreehave beedefinedn ordeto

produce a generic turbine model that cahsideerall size and rotor diameter. However, due to the

electrical size of the turbinesth@hysical size in comparison to the radar wayelikctgxtends

over many hundreds of radar wavelengths, better representation of the geometry is needed to give more

accurat®adar Cross Section (R@8glling results.

The precise detail of the RCS will depend on the actual winduselbiogvevera god
representation can be obtained from a generat a®dBWV turbine geometry, which includes the
blades airfoil profile and nacelle gedrhetgeneric 5 MW turbine has a rotor diameter and 20

a hub height of 86 The generic turbine gegnvedis thescaled to achieve tyegproximate
dimensions of tipeoposedHornsea Thrdarbineswith the maximum desigenario beirthe
maximum numbefr turbines in the Hornsea Threeaaga42 turbinewith amaximunnotor
diameter of 281 and a associatdaub height of 18V Subsequent to the completion of the REWS
modellinghe maximum number of turbines in the Hornsea Three wasiedueadrom 342
turbinego 300 turbine¥hese 300 turbines will have a maratoanrdiameter of 1®&nd a
associatetub height of 153 Avalidation assessnfenthe J6A platfonas been completed to
understand theplioations of this change to the maximum design scenario and is ggeented in
4.3belowThe J6A platform was selected for the validation askestmeproximity to the Hornsea
ThrearrayareaThe REWS on the Saturn platform was considered too FHoringeetfi@reeray

area to be affected by the change in thedsizerdoer of turbines.

Thescaled CAD geometries for the modelled (uebiB42 turbines with a rotor diametemof 185
and a hub height of ff®Tised to compute the RCS of the turbines are Stguvesih below

Detailssuch as ladders, warning lights, wind measurement/lightning protection equipment gtc., were
1.1.4

removed from the turbine CAD for RCS masldhiese will not have a significant effect on the
scattering profilichis dominated by the larger compdinemtsver, blades and najedled will
greatly increase the computational complexity.

Upper dmtr 6m

Lower dmtr 8m

Transition pc dmtr 10m

Figure3.1: Modelled turbine geometry

Within thigssessmerthe maximum design scenario has assumed theaterihmesited on a

monopile foundation with a transition piece leading to the tower. Traditionally, the monopile with
transition piece design gives a very large radar return, which in some cases might dominate the tu
RCS. This is due to the shapecanstruction materials of the transition piece which makes it highly
reflective to the radar. The upright cylindrical and parallel, metallic sides of the transition piece will r
the radar energy directly to the radar which may make up &t8@daaddn signature generated

from the turbine. Other supporting structures, such as jacket foundations are expected to have tar
sides and smaller reflective areas which will not be as prominent as the mondditaémiledation
foundations tledore represent the maximum design scenario for RCS.
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3.1.1.5 When assessititg potential impadtiofnsedhree (alone) addrnse&roject Onélornsea Project  3.1.2.5 Typically, a & (1&n) detection range is assumed to be the minimum requirementdetdREWS to

3.1.2
3.1.2.1

3.1.2.2

3.1.2.3

3.1.24

Two andHornsed hree(cumulativelpn a given REWS, the wirnbnservativessumed to be and track smaller vessels (P0RCS). This indicates thatSpirit Energyperated6Aplatform
comig from the radar sitethe directiontbe centre of the wind $aifhis ressltn the majority of REWSlocated.0 nm from Hornsea Thsélehave a direct LoS thighHornsea Three array.area
the turbines facing the radar, which will then give the maximum RCS valesigrsenauio). AdditionallyheConocoPhillijpperate@aturrplatform REWBcated 17.6 nm from Hornsea Three)
As the RCS of each turbine is individually cothpubéades rotation angle on each turbine is and MurdoghatforlrREWS will have coverage that might illuminate the turbines atHloersgges of
generated randomly as a value betward1d9°. This ressilb a different RCS for each turbine Three. However, sittke MurdoclplatforrREWS(located 16.8 nm from Hornsea Hazen
rather than an unrealistic unified rotation angle across all turbines. overlappg coverage withe ConocoPhillips oper#étatyplatforrREWS(located 24.2 nm from

S _ Hornsea Thre#)eMurdocplatform REWas not considered within this assessment.
Hornsea Three indicative turbine lagyou

The REWS perf , ted to b iy affected by th fal 3.1.2.8 Ir} addition, the Saturn platform REWS is located within close proximityrajédtiddmseariel
€ performance Is expected to be more greatly arlected by Ihe presence ot a farge numoer P, 1 sea Project Two. The cumulative effects from Hornsea Project One, Hornsea Project Two

smaller turbines compared with fewer larger turbines. The praegeater cfumbertorfbines .

. . . . , Hornsea Three were therefore considered.
increasethe shadowing effects and also irethasgtection threshold levels over a larger region

within the Hornsea Three array area. Based on these observations, the indif@ammetHayout A

Preliminary Environmental Information Repovig®ElflRsen as the maximum design scenario (see

layout A,alume 1, chapter 3: Project Descaptioa PEIR). Subsequent to the completion of the, 1 1 REwS provides coverage over offshore oil and gas installationss &adlypregiting the

REWS modelling, the maximum number of turbines in the Hornsea Three array area was reduced frogberatofsvhen vessels breach the aatiingsREWSisepresetcollision alarm rules. Typically, an
342 turbines to 300 turbines. As such, indicative layout A waeeftagsedmaximum number of Ambealarm is raised if a vessel is within CPAnoé0da Red alarm is raised if the CPA inf.27

300 turbines. A validation assessment for the J6A platform has been completed to understand th@ ~pa alarms are raised for vessebreh2s minutes away. Should a vessel breach these rules an

implications of this change to the maximum design scenario and issprésehioeiow The automatic alarm is raised to alert the operator. It is worth noting that TCPA alarms are only triggered
J6A platform was selected for the validation assessment due to its proximity to the Hornsea Three argye s s e | 6s vect or remains in brea @tfons gtypicallyile T C P

area. The REWS on the Saturn platform was considered too far from the Hornsea Three array area to gy rotations). This setting is included to avoid alarms due to temporary vector breach of the TCPA
affected by the change in tiee sumber and layout of turbines. vessels are turning.

Theindicativélornsedhree layout was imported into the modedssisingdoordinates for each 35 15 |y addition to radar data, REWS are often integrated with Automatic Identification Systems (AIS)
turbin@nd offshore substation/platidgrenassumed locations affsorsubstatiorislatformand orboard ships. If a vessel is fitted with an AIS transponder and is detected by the radar, the REWS

the importedrhine locations are showigare3.2 below include the AIS data into the track data.

Within all the modelling results that are shown within this report, the offshore substations/plagoyms;wejgiihin thsnnex t h e
modelled as large offshore structures and their scattering was asatchelted) @y number of
scattering points distributed within a rectangular moXy868M by 80n (providing a general
dimension for all structures). The total RCS of each substation was setftoThé 3s0a66a
approximate value used to adsessipact of the substation on the shadowing and the radar detection
threshold. The exact scattering charact er3.2%1t4i ¢he madelling iscenguetadwsfalbrate ofihn/br ansl seate ¢ @Gvind speedd@sbanfaveraget r y a
material as well as its range from the radar antenna. wave height of I1§. When computing returns from the sea surface and tiee tlaénrohdels
provide the mean levels of returns.

performance of the REWS is based
MK2 >vand transceiver with Mariners Pathfinded X2 ft antenna system supplied by Ultra
ElectronicSecurity & Surveillance (EB®details of the modelling parameters used are shown in
Table3.1and the antenna pattern us#teimodelling is showrigore3.3.

Once the locations of thieines and thedfshoresubstatiorglatformavere defined, a process was

followed to identify the location of nearby offshore platforms and any REWS installations thatZight d&EWS processing deployst®esoan correlation, which improves the noise and clutter suppression.
affected by the presence of the tushithesher large structures sucle a$fshore substatiofise However, this is wonhsidered in depth as patti®fstudgs it requires detailed knowledge of the
location of offshore platforms and the identifidbRdforms are also shovirigares.2 below proprietary software used within the systemb
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Table3.1: Radar modelling parameters. 3.2.1.6 It is worth noting that only the medium pulse width of 250 ns was used tHoongbalfkHiee
) assessmenthis gives an approximated range resolution of 37.5 m which is then equated to the rant
Modellingparameter Value . . . .
cell length. As the turbine rotor diameter mrgaudhdn the range cell length (depending on the yaw
Gain 30dB angle with respect to the radar), parts of the blades will fall into adglteas rénegeirbine blades
Transmitter Power 25 |OW rotate. This phenomemeolnl wsi drle cadeexr gd ewirtehdi nt ot |
Frequency 9.411 GHz )
oulse Widh — 3.3 Detectiorthreshold (CFAR)
Rotation Rate 25 RPM 3.3.1.1 There are multiple variations of CFAR that can be used where different weights can be applied to
: cell prior to the final averaging. However, wihireiarsd teexaminghe effect ¢lornsea Three
Pulse Repletion Frequency 2.0 KHz . . .
on the threshold lsyalConstant Averaging (CA) CFAR is applied over the clutter ltdpARhe CA
Noise Figure oo dB modelledvithin thiassessmentsestworange cells on both sides of the cell under test as the guard
Dissipative Losses 1.0dB region while the averaging consideasnge cells on both sides afubhed region. In Azimuth the
Bearrshape Losses 0.6 dB modelled GBFAR usesneguard cell artdioaveraging cells on both sides in azimuth. The overall
. _ resultant threshold was set to provide a corgteotidility of false alarm.
Azimuth beam width 0.7°
Elevation beam width 23.0 3.4 Targetmodelling
Antenna Height 50 m (AMSL)
3.4.1.1 REWS are mainly interegtedetecting and tracking surface targets such as large fishing boats,
maintenance vessels and larger ships and tankers. The role of the REWS is to alert the operator wi
0 vessel is on a collision course with the platform. Although air targpiseasagratke eadar display,
10 the management and trafficking of air tacgetsoibeddy other radar systems suchira$raffic
ControlATQ primary and secondary rada#s Biefenc&D radar systems. Thus, the analysis of the
-20 potential impactHafrnsed’ hreeon REWS is limited to surface targets only.
-30 3.4.1.2 Within this report thesttarget was set to represent a medium sized maintenance vessel with a
% 40 steel/metallic hull. The test vessel is assumed to have an R€&nofal@igim o6 m. These
= paameters were provided by the REWS supplier (Ultra Electronics) and they comply with the Interna
O -50 Association of Marine Aids to Navigation and Lighthouse AuthbigssellatiiServicesM(TS
§ 60 guidelines for radar modelling of differehtyyess The test vessel was set to have an average speed
'c—é i of 12 knots (22.2 km/hr).
> 70 3.4.1.3 Large vessels in excess of 1,000 gross tons (Gpjiarargt@encermvhen it comésmanaginthe
-80 safety of offshore platforms (Love, 2014). Theseloecasgs addition to the smaller 1@H
vesselthe detection of larger veg4€160m RCS)wasalso consideredthin thiassessmerib
-0 assess the impactaoirnsea Threa the detection of vessels travelling through the corridors between
-100 —_Azimuth Beam adjacent wirfdrms.
— Elevation Beam
110 +—t———r s A |
-90 0 45 90
Angle / Deg
Figure3.3: The radar antenna elevation and azimuth pattern
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3.5
35.1.1

3.5.1.2

3.5.1.3

Turbineshadowmodelling

As discussedsectior?.2 when turbines are placed within the LOS of radarragstestmsdowing

will occur behind the structure. The extent and length of the shadow region de@eatithen the

turbine, the distance to the radar antenna, the height of the radar and the height of the target of interest
Shadowing produced by turbines may cause targets to be lost ds trepmamiehe shadow

region. Depending on the size ahddow region, this may cause existing tracks to be lost or
discontinued.

As REWS are mainly used to detect and track surface moving targets (shipdylmataetmy

nearsurface shadowing is considered. This can be approximated by aicgl the
shadowing/blockage cast by the turbine over the sea surface. The use of optsahhdnekhge to

radar shadowing will give pessimistic resuliedmied acceptable for objects that are much larger

than the radar wavelemgtrelativelghort ranggsuch asffshore wirtdrbines)Optical blockage

does not account for diffraction effects around the structure which would normally reduce the shadow
lengthDiffraction and partial shadowargpbject has been shown to significantlyartipe radar

detection. Practical measurements and other studies show that the shadowing effects from the turbines

may reduce the overall detection range of the radar but may not severely affect the detection of objectg

4-20m

within the shadow regions.

1,000 @ plusvessels (which are the main safety concern to offshore platforms) vary in size and typical
vessel lengths are betweeanil60 m. However, the shadows from the turbines are relatively narrow
and are typically betweand20 m in width. This iatis that a large 1,000 GT vessel will be partially
shadowed by the turbine as it moves through the shadow regions igwbadn Rartial

shadowing will allow some of the radar energy to be reflected backnoitheghdbe gpossible

for this enerdy be detected by the RBEM¢Bcesmaller vessels can be assumed as point scatterers

while larger vessels can be assessed for partial shadowing.

Opticad blockage and partial shadowing
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41.1.1

41.1.2

4211

42.1.2

4213

42.1.4

4215 To further assess t hswithihE®&dsea Thrdeialray deg&8FAR0 d et
threshold over the detection region was modelled using a 2RsDAyidighted in sect’od The
modelling results are showagured.3. The figure shows the regions with higher detection threshold
as brighter shades of green. The strong returns from the turbines will significantly dé¢teelthe threshold
It can be noted that the threshold is raised over multiple cells around each turbine since the CI
threshold averages the returns over a 2D sliding window of multiple cells in azimuth and range.

The REWS on tBgirit Energyperated6A platform provides coverage and protebiodol
platform and faather nearby platformasnelytheChiswicklatforptheMarkam ST platforpthe
Windermernglatformandthe GroveplatformConsultation witlentrica (now Spirit Endrghgate
thatthe Markham QTplatforris expected to be decommissioned prioofistibegonstruction of  4.2.1.6  In order to establish the detection regionsdor\esgsel, the returns from the aesseldelled
Hornsed hree 2022 Consuéations with INEOS inditaethe Windermere platform is expected to with respect to range and plotted around the REWS abighostd far the smaller 1I8DRCS
be decommissioned prior to 2023. test vesseFkigured.4 shows that the vessel lhigé returns at close ranges which then eluces

o . rangancreasesp to approximatelynb®30km). Higher returns are illustrated by brighter shades of
Designeth mitigation measures shall be put in place to reduce the effect of Hornsea Three on the REW%reen.

on the J6A platfofgee volume 2, chaptetrifiastructure and Other UsEng) mitigation measures

will be basezh themitigation measuréentified fétornsea Project Tiepthe Saturn platf@see 4.2.1.7 The returns from the vessel are then compared against the CFAR detection thiféigiuo&l3hown in
paragraph.l1.1.2and developéa consultation with Spiritdggn€he modelling results presented in to establish the detection regions. If the vessel returns are above the CFAR threshold, then the ves
sectio.2and4.3below do not include this mitigation. detected, however, if the returns are below the, theestugdt is assumelde undetected within

that regin.Figuret.5 shows the detection plot for the?t@8t vessel over tHernsed hreearray
area Dark areas within the plot denote regions where the vessels will not be detected.

4.2.1.8 The results show that the raised threstlsldderged by the presence of turbines will cause detection
loss of vessels travelling thrtheyiHornsea Three array.arba effecin combination with the
shadowing effeatsay cause the REWS to lose tracks of the vessels and fail in rdeing TCPA a

a timely manner. To further illustrate the effect of turbines on the detediiom rdwléesdmits are

taken from the radar to points thatrar@®ay located at bearing angles of 270° and 283°. The results
are shown Figurel.6 andFigurel.7 respectively.

This section presents the REWS returns and detection modelling associatedswitith3s#t#aurbine

diameter of 18 and &ub height of 1&&cenarion the J6A platfoks noted above in paragraph

3.1.1.2he maxnum number of turbines in the Hornsea Three array area has subsequently been reduced

to 300 turbines wittmaximurmnotor diameter of 195 m andssociatedub height of 153 m. A

validation assessment has been completed of the REWS returns enuti diitegrémociated with

the J6A platforar Hornsea Three with 300 turbines. This is presented!i8tzdotion 4.2.1.9 The results show that at close ranges the REWS easily detects the test vessel as the returns are a
the detection threshold. Once the vessel is travellihg Withiisea Three array,dhearaised

The modelleddicativiayout durbine$342)and substatio(i9)within thelornsea Threeray area threshold over the cells around each turbine can cause loss of detection.

and the nearby platforms are shdvigur@4.1. The red circle around each platform denotes the

0.27nmRed CPA alarm while the yellow circle denotesrtifer®ér CPA alarfiguret.2 shows 4.2.1.10 Given that Hornsea Project One and Hornsea Project Two are considered to be outside the dete
the pwer received (radar returns) from the taldmgewittheassumedlutter generated from the range of the REWS on(&zated 7.0 nrorih Hornsea Thra®) further effects are expéategact
sea surface. the performance of the J6A REWS. Therefore, no further assessments were undertaken to establis

L . e o effects of the combined wind farms on the J6A REWS.
AsshownnFigurel.l1andFiguret.2, Hornsea Thréadls within very close proximity\&inkdermere

platfornand within close proximi@hiswicklatforng1.45 nm)Grovelatforn§2.43 nmMarkham 4.2.1.11 No assessment of the lar§@0lAtarge was presenta@drelation to the J6A RE&/H would not

ST1 platforrtd.48 nmgnd the J6A platfdBr® nm) add to the observed effects shown for the smafitar60 Additionally, the detection range for the
) o ) _ ) larger target would not extend beyond the boundarieis, of Hornsea Three, and lsivee, no cumu
This close proximitys | i kel y t o increase t lodeteptandgack i al e Bsse%s?ngn?wag%delrtapeﬁ. REWSO6s abi Ity

vessels travelling throtinghHornsea Three array.dféhe REWS is unable to detect and track the
vessel within tiornsea Three array areaay cause the REWS to issue delayed TCRA alarms
resulting in insufficient response tinaleal with potential collision threats.
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REWSreturns and detection odelling for Hornsea Threavith 300
turbines

Sectior.20f this report considéies REWS performance based on 342 tuithireesotor diameter

of 185n and a hub height of m2vhich was considered foPEI® The design has subsequently

been modified to a maximum of 300 twithreasaximunotor diameter of 195 m anaisaociated

hub height of 153 Anvalidation assessment has therefore been undertaken to understand the REW:
returns and detectionsf300 turbinesith a rotor diameter of 195 m and a hub height h&53 m
modelled layoiarr the validation assessnsesttown iRigured.8, while the turbine parameters are

shown iffablet.1.

Thre results of modelling radar returns from the Hornsea Three 300 turbine scenaFigare shown in
4.9. Figured.10shows the modelling results of the 2D CFAR thresliadginehilé shows the
detection plot for the dBest vessel.

The validation assessment has sho®AZhW turbine scenario has a greater effect on the REWS
than the 300 MW turbine scenario and therefore presents a maximum design scetmtlte This is due
fact thatingeneral, using a lower number of larger turbines will generate less shadowing than a lare
number of smaller turbiméss is due to the fact the shadowing is predominantly due to the size and
height of each turbine tower, withtomenes casting more shadodditiénally, although the radar

returns from the 388yeturbine scenario are expecteddabtbgher amplituthan that of the 342

turbine scenario, the effect of the turbines on the detection region immetirajetyestumone is

not expected to change significantly. Hence, the results of the target detection over the Hornsea T
region using the 300 turbine scenario is improved in comparison to the 342 turbine scenario consic
in sectiod.2above, whereby there are more radar detection Mitinsdhel hree array anme@in

between the turbines.

It is noted that the rotating blades of the larger turbines associated with the 300 turbine scenario
occupy more than ongyegazimuth cells (due to increased size of blade for the 300 turbine scenario)
The variation of the radar returns over multiple adjacent cells may cause the tracking algorithms to ir
new tracks. If this occurs, it is expected to last ovenantibetedf radar rotations and is it very
unlikely to produce any fed@Aalarms to the REWS.

Tabled.1: Turbine numbers and specifications used within the cumulative impact modelling.
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Figured.7:

Power received from small target at 283° bearing angle

Tip height

250

Hub height 153

Blade length 94
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Figured.9: J6Aplatform REWSutter map showing returns fr@®d0turbines and sea clutter
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