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Disclaimer

MetOceanWork has prepared this report for the sole use of ttleent and for the intended purposes as stated
in the agreement between BtOceanWoks and the céint under which this repot was completed.
MetOceanWoks has exercised due and customary care in prepathig report but has not, save as
specifically statd, independently verified information provided by others. No other watya express or
implied,is made n relation to the contents of this report. Fle use of this report, or reliance on its content, by
unauthorised third parties without written permsson from MetOceanWorks shall be at their own risk, and
MetOceanWorks acqes no duy of care to sch tird parties. Any reommendations, opinions orriings
stated in this report are based on facts arictamstances as they existed at the time the repoas prepared.
Any changes in such facts and circumstances may advexffety the recommendatins, opinions or findings
contained in this report.

SSE_C00004_R05_Metocean_Input_For_Design_East i



Prepaed for Sule Partnes Limited @
Metocean AnalysisEasten Zone ¢ Arklow BankWind Pak Phase 2

52°54'N

52°50'N

52°46'N

52°42'N
— — —
6°02'W 5°58'W 5°54'W

FRONTIBIECE

SSE_C00004_R05_Metocean_Input_For_Design_East il



Prepaed for Sule Partnes Limited @
Metocean AnalysisEasten Zone ¢ Arklow BankWind Pak Phase 2

1 Executive summary

Qure Partners Limited (SPL) is developing #rklow Bank Wind FarmPhase 2(ABWF) located in the Irish Sea.
ABWEF is situatton a long narrow sandbank approximately 10 km b# wWicklow Coast, near the town of
Arklow. The sitearea is approximately 27 km x 2.5 km and water depths within the leasa ramge from
approximately 2 m to more than 40 m below LABPLcontracted MetOceanWorks to condua suite of
analyses to quaiif the normal and extreme oceanographic conditiomsyes, currents and water levels) at
ABWEF.

As described in theaccommnyingdocument & ! NJ BagkiVind Pak Phase 2 Metocean Analysis for Site
Asessment: Overview 0 R 2 O dz\6SE/ GO00RBEEF Metocean_AnalysisOverview), the lease area has
been splitinto Eastern, Western and Southerones for detailed analysisThs documentprovides diagnstic
plots and tabledor the Eastern Zondo support the statisticsprovided in theMicrosoft Excel Spreadsht
SSE_CO0000R®B Metocean Input_For_Design_East.xs
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2 Units and Conventons

2.1  Units andConvaitions

The followng list describes the units and convemts used in thiseport. Unless stated othewise, units have
been expressed using the ®hoention.

1 Wind direcion is expressed in compass pairdr degees,relative to true North [°T], and descibes
the directionfrom which the winds are blowing.

1 Windspeeds are expresed in metes per second [/s].

1 Wave drection is expressed in compass ipsi or degees, relatve to true North[°T], and desches
the direction from which thewaves are prgpagating.

1 Wave heights @ expressed in metres [m].

1 Wave periodsare expressedn seconds [s

Current diretion is expessed in compass points or degreesativeto true North [°T], and describes

the directon towardswhich the wrrents ae flowing.

Curent speeds are expressein metres per second [m/s].

Water levéds are expresseith metres m].

Posiions ae quoted relative to VGS 84 except where stated.

All times are quoted in Coordinated Universal &{tdTC].

=

=A =4 =4 =4

2.2 Glossary of commonly used metoceaterms

The following Ist descibes common metocean tersnused tihoughout thisreport.

Winds Description

A AboveSea Level. Refers the height of the wind measurements above sea level.
Ushr Mean wind sped averggedover a 3hour period at 10 m ASL
Wind gust Wind speels perssting for less than 1 mute are gnerally termed wind gists.
Wind speed Magwitude.of local wind flow. Mist be accompanied by an elevation ASL and averaging period for val
interpretation.
Cmax The maxinum individua wave cest elewation occurring within alefined period.
Cmp The most pobabk maximum indiidual wave crest elevation azurring within a storm.
Hmax The maximum individual wave height occurringhin adefined period.
Hmp The most probale maxmum individualwave heght occurring within a strm.
Sigificantwave heidpt. Approximately tre avergye height of the highst one third of the waves in a defin
HmO period, estimated from the wave speam as-’:,f-'?_. .
Mo, My, M The zeroh, first and second manents ofthe wave spectrum respéuely.

Ameaasire of the ste@ness @the sea state, thoug with no precise physical meaning. Calculated from

Sigrificart steepness wave spectrum a&™Hua f

T e’ where g denotes the acceleratioof gravity.

Tass Theperiodassociated with Hmax.

SSE_C00004_R05_Metocean_Input_For_Design_East 9
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Tp The spetral peak peiod. Theperiod at which mosenergyis present in the way spectrum.
Tmo2 The mean zer@rossing wave period. Estimated from tvave spetrum asu;m .
Wave crestlevaion The verti@l distance between the still watr levelandthe maxinum elevaton ofan individuawave.
Wave height The vertcal distance between the minimum and maximum elevations of an individua.wav
ETWL Extreme Total \&ter Level
HAT Highest Astranomical Tide. Maximum el of s suface dueto tidal forcing alone.
LAT LowestAstronomical Tide. Mimum level of sea surface due to tidal forcing alone.
MHW Mean High Water Meanof all high water levels.
MHWN MeanHighWater Neap. Mea high water level during neap gise of tdal cycle.
MHWS MeanHigh Water Spring. Man hidy water level during gring phase of tidal cycle.
MLW Mean Low Water. Mean of all low water lés.e
MLVWWN Mean Low Water Neap. Mean low wertlevel during neap pase oftidal cycle.
MLWS Mean low WaterSprng. Mearnlow water leve during springphaseof tidal cycle.
MSL Mean Sea Level. Mean sea surface elevation over a prolonged period of time.
Sill water level Instantaneous watelevelin the atserce of waes, butincluding water level vaations die to tide ard
meteordogicdly induced focing.

Suge level Differencebetween the tidal level estimated by harmonic analysis/prediction and theaé level. Includes
any errors dued faiure to adequately re®lve thetidal signal. Includeseteorolagicdly indued storm
surge.

Tidal level Sill water level relative toa defined datum due to astronomical forcing. Tidal elevations exclude all
meteorologically induced forcing.

Qurrent speed Magrnitude of local current @iw.
Tidd curent Curent driven byastronomical focing.
Total current Combindion of tidal and residual current.
Residuaturrent Current driven by process excluling astronomicalforcing and wavenduced motons.

SSE_C00004_R05_Metocean_Input_For_Design_East 10
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3 Introduction

3.1 Background

SPLcontracted MdéOceanWorks to congct a sute of analysesto quantify the normal and extreme
oceanographic conditionat the Ardow Bank Wind FarrPhase 2 (AWBFJor the purposes oftheseanaly®s,
the leasearea has been splitinto the three Zones shown ifrigue 3.1. This document cantains a humber of
diagnosticplots and tables to support thanalyses for the Eastern Zon&esults ofthe analyesthemselves
can befound in the Microsoft Excel $readsheet SSE_C000@05 Metocean_Input_For_Design_Eagksx
Where possible, dufation of resultsthrough their inclusion in this document is avoided

[ —— ?

Western Zone

L —
Eastern Zone
Southern Zone
52°52'N
52°48'N
52°44'N

52°40'N

R S & S

6°06'W 6°02'W 5°68'W 5°64'W

Figue 3.1: Analysis zones.
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3.2 Repot Sructure

This documenforms only one part of the full analysis repoirffor convenience, metidology details ad the
results of analgesand are split acrosa numbe of documents as flows:

1 MetoceanAnalyss Overview SE CO@04_Rxx_MetoceanAnalysis Owerview): Describes the data
sourcesand analysis methods used to derive the critgmiasented in all other dagnents.

1 The MicrosoftExcel spreadshee€sSEC®M004 Rxx Metocean_Input_For Design East.xIsxprovides
analysis reults for the Eastern Zone dhe wind farm The documentMetocean Analysis for Site
Assessment: Eastern Zon@GSEC000@ Rxx Metocean Input_Fa_Design Eastpdf) provides a
number of diagnetic plds and tablesrelated to the results.

1 The Microsoft ExcedpreadsheetSSE_C00004_Rxx_Meean_Input_For_DesignNestxIsx provides
analysis results for th@V/esternZone of the wind farm It is accompaed by Metocean Analyss for
Site Assessnmd: Western Zore (S&_C00004_Rxx_Metocean_Input_For_Deslyest pdf),
containing a number of diagstic plots related to the results.

1 The Microsoft Excel spreadshe@BE_C00004_Rxx_Metocean_Input_For_De$8gnthxIsx provides
analysisresults for theSouhern Zone ofthe wind farm. It is accompanied byletocean Analysisdr
Site Assessment: Southern Zone (SSE_C00004_ Rxx_Metocean_Input For_ DeSiguathpdf),
containing a number of diagnostic plots related to tlesuits.

Thraughout, Rx denotesthe report revsion, br examge RO1 is used for the first revision, R02 foe #econd,
etc.

SSE_C00004_R05_Metocean_Input_For_Design_East 12
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4 Analysis L@ations

Details of the selection of locations for analysis can be found in Se¢tadrihed ! NJ f 2 \&ind.Pkkyase
2; Metocean Analsis for Site AssessmenODverveweé (SSEC00004R05 Metocean AnalysiOwerview).
Those sedfor analysisn the Easten Zone are shownin Table4.1, andFgure4.1.

Table4.1: Analysis Laations.

Location ID Latitude Longitude MSL Deth [m] Usagein Design Statistics

Extremewaves
El 52.894° N 5.903° W 34.2
Severe Sea States
Extremewaves
Wind vswave directionality
E2 52.707° N 5.957° W 42.3 ) L
Windwave misalignment
Normal Sea States
Exreme waves
E3 52.707° N 5.972° W 13.9
Extreme currents
=) 52.718° N 5.955° W 436 Extremewaves
Ecl 52.914° N 5.908° W 34.7 All currentstatistics
Ec2 52.914 N 5.898 W 30.0 Extreme currerd
All water levelstatistics
Ez1l 52916° N 5.915°W 29.2
Extrene aurrents

SSE_C00004_R05_Metocean_Input_For_Design_East 13
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52°54'N

52°50'N

52°46'N

52°42'N

6°02'W 5°58'W 5°54'W

FHgure4.1: Analysidocations
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5 Water Level Criteria

This Section contains suppleméary information and dignosticsfor the worksheetd-Levelst of the Microsoft
Excel SpreadsheeSSE_COO00RO05 Metocean_Input_For_Design Ead$x.

5.1 Data Source

All water level statistics are derivel from modellel hindcast data for the location Ez1.

5.2 VORF

The Lowest AstronomickTide (LAT)cdculated from the hindcast datawas deternined to be 1.38 m below
MSL. Howevems reqiested by SPlthis has been substited with avaluetaken fromthe Vertical Offshore
Rderence Framegroject (VORF: This vale, of 1.33 m is taken fom the closestavailable VORBcation to
Ez1.

The use is advised that the MSL to LAT segiim varies spatiallyhowever a fixed separation may be defined
as pat of the turbine foundaton design process, and this is unlikelybe the same as the 33 m valuenoted
herein.

5.3 Waterlevels and Significant WassHeights

A scatter plot of simultaneos sigrificant wave héghtsand water leels isshownin Figue 5.1. Thg suggests
that extreme wavesand water levelsare likely to @cur at the saratime. / a resilt, the nore congrvative
approachdescribedn ISO 1902 Equation 2is used fothe derivaton of extreme water levés.

SwiL [mMSL]
I
Density

0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
HmO [m]

Figue 5.1: Relationshigbetweensignificant wae height andstill waer level(tide + surgeyelative to MSL,
location Ez1
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5.4 Extrgoolation for ExtremeWater Leves

Extrapolationsusedto derive extremecriteria for water levels are shown iRigure5.2 through Figureb.5.

Analysis T
Analysis Typa Maxima
Signal Selection
Dataset |WKe2i_s2sr6n_spo1om_sam wases nage dacomst
Signal Waterlevel surge
Column 1
E Value Calculation
Exr. Val. Metnos | Annual Distribution
Data Downselection
Method | Number of Peaks
Number of Peaks I 190
Selected Data To Fit
Mumber of Points 190
Number Per Year 4.8523
[I——— Auto
Distribution Fitti
Distribution Weibull
Method | Max Prod of Spacings
Fitted Distributi
Distribution Weibull
Location 0.46536
Scale 0.121
Shape 1.0943

Analysis T
Analysis Typa Minima
Signal Selection
D i T ——
Signal Waterlevel surge
Column 1
E Value Calculation
Exr. Val. Metnos | Annual Distribution
Data Downselection
Method | Number of Peaks
Humber of Peaks [ 110
Selected Data To Fit
Mumber of Points 110
Number Per Year 2.8092
[I——— Auto
Distribution Fitti
Distribution Generalized Pareto
Method | Max Prod of Spacings
Fitted Distributi
Distribution Generalized Pareto (-x)
Location 0.3577
Scale 0.086414
Shape -0.031217

Data

Disiribultion Plot

il
Fitted Distribution
1.3 4 Return Periods
© Data
1.2
1.1+
o
1 —
0.9 o
o o
-]
0.8 oo %,
0.7 -
0.6
0.5 -
I BN T
0.9999 0.999 0.99 0.9
P
Return Period Probability Extreme Value
1 0.8026844007 0.65
5 0955054197 081
10 09785205126 0.83
50 0.9958451217 1.04
100 0.9979308908 1.10
600 0.9996562027 127
Figureb.2: Extrapolation of positive suegelative to MSL, location Ez1.
Distribution Plot
PR | L il
-0.4
-0.5 “
Oﬂf
-0.6
-]
4 Fitted Distribution
0.7 4 Return Periods
o Data
-0.8
-0.9
-1 4
T T T
0.9999 0.999 0.99 0.9
P
Return Period Probability Extreme Value
1 06512670068 -0.45
5 -D.57
10 0.9631894221 -0.63
50 09928342389 075
100 0.9964287736 -0.80
600 09994063978 -0.83

Figureb.3: Extrapolation of negative surge relagto MSL, locationEzL.
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Distribution Plot
PR | L

Analysis Type 2.2 -
Analysis Type | Maxima Fitted Distribution
Signal Selection 214 4 Return Periods
Dataset |wwe_sonan_sost_zsm waistonl Decarsised) o Data
Signal Waterlevel 24
Column 1
Extreme Value Calculation 1.9 -
Exr val Metnod | Annual Distribution :
Data Downselection 184 °
Method Number of Peaks .
Number of Peaks | 200
Selected Data To Fit 817
Number of Points 200 g
Number Por Year 51077 1.6 °
[rrer—— Auto
Distribution Fitting 1.5
Distribution | Exponential o
Method | L-Moments 1.4 -
Fitted Distribution
Distribution Exponential 1.3
Location 1.1047 :
Scale 0.12113 124
0.9999 0.999 0.99 0.9
2]
Return Period Probability Extreme Value
1 0.8042164528 130
5 0.9572527368 1.49
10 0 9795834462 158
50 0.996052455 1.78
100 0 9680342445 186
800 0.9996734752 208
Figure5.4: Extrapoléion of postive still water level redtive to M3, locationEzL.
Distribution Plot
PR R | L il
Analysis T
Analysis Type Minima
Signal Selecti 1.4
P L T —)
Signal Waterlevel
Column 1 1.5
E: Value Calculation ’ olos
Extr. Val. Method | ‘Annual Distribution o
Data Downselection 1.6
Method Number of Peaks )
Number of Peaks 150 ” PP
Selected Data To Fit © 174 ° Fitted Dlsh'\_bullcn
Namber of Points 150 8 -1 o <+ Return Periods
™ o Data
umber Per Year 3.8308 o
[E—— Auto |
Distribution Fitting -1.8
Distribution | Weibull
Method | Max Prod of Spacings
Fitted Distributi -1.9
Distribution Weibull (-x)
Location 1.316
Scale 0.085605 -2
Shape 1.0085
0.9999 0.999 0.99 0.9
P
Return Period Probability Extreme Value
1 0.7401568181 -1.43
5 09434136495 -1.56
10 0.9728709823 -1.62
50 0 89474007 26 176
100 0.9973798518 -1.82
600 09995646573 -1.87

Figureb.5: Extramlation of negative till water levelrelative to MSL, location Ez1.
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5.5 Sea level changes

The UKCP18 and IBEifth Assessment Repagptojections use Repeentatve Con@ntration Pathwags (RCPs)
to describe four different 22t century scenarios of Greenhougas emissions and atmospheric concentrations,
air pollutant emssions and land useThe reader is refered to Section 8 of the documentéMetocean Data
Overviav: Arkdow Bank Ofhore Wind Farng (document ref: SSE_CO00BZB_Metocean_Data Overview)
[1]) for full details on the variouscenarios and thekestimated inpact on the leas area.

For ths report, ®a-level change ha been based on the assumptiof the B0 senario of RCP § and a
decommissioninglate of 2060.
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6 Curents

This Section contains supplementary information and diagnostider the worksheet2-Currentg of the
Microsdt Excel Spreadshet SSE_CO000R05 Metocean_Input_For_Design_Eadsx. Pleage note that
supporting material for the sheet6a- Directional Exreme Cué canbe foundin SectionlO.

6.1 DataSources

All current statistics were derivedrom modelledhindcast data for the locatiofcl.

6.2 Curent Rose

A roseplot showing depthaveraged current speed and directiahthe location Ecis shownin Figure 6.1.

oy

10%
20%
30%
40%
50%
60%

m
Depth-averaged Current Speed [m/s]

-0

Figure 6.1: Allyear rose plot oflepth-averagecurrent speedanddirection, location EL

6.3 Joint Distribution of Curent Speeds and Significant Wave Heights

Figure6.2 shows a scatterplot of the depth-average current spee@dgainstsignificantwave heightfor the
location Ecl. lrigure6.3, only the compoent of the current speed &jned with themeanwave direction$
plotted agangt significant wae height. This current speed componentis given by:

Cjﬂ:l,.-lil’gnad = ESDA' cas {chus_n'.,mn - Esurr&nr + ]-E‘U:]

Where Coais the depthaveraged crrent speed,’ wave meanthe mean wave direction; curent the direction of
the depth-averagecurrent, and 180 is added to adjust forthe differerce in directional comentionsbetween
currents towards) and waves (from).
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-
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-
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Depth-average Current Speed [m/s]

o
3]

+180°) [m/s]

Current
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CSDA-cos(O

HmO (m]

Figure6.3: Scatte plot of depth-averagecurrent spea componentin the direction of waveandHmO,
location Ecl
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6.4 Joint Distribution of Curent Speeds antHub Height Wind Speeds

Figure6.4 shows a scaér plot of the nearsurface(l metre below surfacefurrent speedagainsthub height
wind speedfor the location Ecl.Thereafter,Figure6.5 and Figure6.6 show idal andresidual components of
nearsurface current speeds againstihheight wind speed fothe same location.

Figure6.7 through Figure6.9 then show only the component obtal, tidal and residuaturrent geeds that are
aligned with the hub height wind direction. Tle@mponentis given by:

CSAi!ym:f =C5. EDS(BW!F.::T_HIIﬁ = Beprrenr T 180:}

Where CSis the appropriate nar-surface current speedomponent * windHub the hub height wind direction,
“ current the directon of the appropriate currentomponent, andl80° is added to adjust fothe difference in
directional cowentionsbetween curents ¢owards) andvinds(from).

-
3]

Density

-

Surface Total Current Speed [m/s]

o
&)

Min

5 10 15 20 25 30 35 40
Hub Height Wind Speed [m/s]

Figure6.4: Scatter plot ottotal nearsurfacecurrent speedandhub height wind speedocation Ecl
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Figure6.5: Scatter plot ofidal nearsurfacecurrent speedand hub height wind speedocation Ecl
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Figure6.6: Scatter plot ofresidualnearsurfacecurrent speedandhub height wird speed location Ecl
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+180°) [m/s]

Current, Total

Density

CSg et Total €25 Cying Hub

- Min
0 5 10 15 20 25 30 35 40
Hub Height Wind Speed [m/s]

Figure6.7: Scatter plot ototal nearsurfacecurrent speal componentin the direction othub heght winds
and hub height wind speed®cation Ecl

I
Density

CS gt Tidar € yying, Hub ~ Ccurrent Tigar 180°) [M/s]

Min
0 5 10 15 20 25 30 35 40
Hub Height Wind Speed [m/s]

Figure6.8: Scatter plot otidal nearsurfacecurrent spea componentin the direction othub heght winds
and hub height wind speedcation Ecl
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Density

CSgyt Residual ©°%ying,Hub ~ Ycurrent Residual” 1807) [M/s]

0 5 10 15 20 25 30 35 40
Hub Height Wind Speed [m/s]

Figure6.9: Scatter plot ofresidual nearsurfacecurrent spea componentin the direction othub heght winds
and hub height wind speed®cation Ecl
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7 Wind-Wave Directonality

This Section contans supplementary information and diagnostiésr the worksheet 3 Wind Wave
Directionalite  tBefMlicrosoft ExceSpreadsheeSSE_CO000R05 Metocean_liput_For Design_Eastlsx.

7.1 Data Sources

Allwind-wave directionality statsticswere deived from madelled hindcast data for the locatiorRE
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8 Misalignment

ThisSection contains supplementary inforniat and diagnosticfor the worksheetd - Misalignmerte of the
Microsoft ExceSpreadsheeSSE_CO000R05 Metocean_hput_For_Design_Eagtsx

8.1 Data Surces

Allmisalignmentstatisticswere derivedfrom modelled hindcast data for the locatio2.E

8.2 Misalignment Scatter Plots

Scatter plotsshowingwind-wave misdignment against wind speed are shown ftine total seastate (.e.
combinad wind-sea aml swell)in Figure8.1, for svell only in Figure8.2 and for wird-sea inFigure8.3.
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Figure8.1: Scatter plot ofwind-wavemisalignment versus windpeed total seastate, location E.
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Figure8.2: Scatter pbt of wind-wavemisalignment versus wingpeed, swell, locaion E2.
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Figure8.3: Satter plot of wind-wavemisalignmentversuswind-speed wind-seq, location E.
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9 Normal Sea States

ThisSection contas supplementay informaion and diagnostic$or the worksheet5 - Normal Sea Statés 2 T
the Microsoft ExcebpreadsheeSSE_CO0000R05 Metocean_Input_For_Design_Eadsx.

9.1 Data Sources

AllNomal Sea State (NSStisticswere derivedfrom modelled lindcast data fothe locaion E2. Hub height
wind datawere subjectedto a Weibull adjustment as described in Section 5d the Metocean Amlyds
Overview documentSSE_CO0000R05 Metocean_Analgis_Overview.

9.2 NSSSignificant Wave Height

Significant wave hghtvalues for he NSS are ptied against windspeed at hub height fowind-sea inFigure
9.1 and for swell inFigure9.2.

9.3 NSSPeakWave Period

The relationshipbetween peak wave period and significantwedneight for the NSS are shawin Figure9.3
for wind-sea and irFigure 9.4 for swell.
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Figure9.1: HmO for NSSyind-sea,locationE2
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Figure9.2: HmO for NS,swell, location E2
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Figure9.3: HmO-Tp relationshig for NSSwind-sea,locationE2
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Figure9.4: HMO-Tp relationshig for NSSswell, locationE2
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