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Executive Summary

This report presents a preliminary Front-End Engineering Design (FEED) Metocean Study for the
Integrated Design of Floating Wind Arrays - Ireland’s (IDEA-IRL) reference site 1. The results
presented herein can only be considered as a pre-FEED study and are aimed to serve as input for
preliminary design. This report will primarily serve as Work Package 1 (WP1) Deliverable 1A (D1A), a
technical report designed to feed directly into WP1 of the IEA TCP Wind Task 49 of the same name.

Reference site 1 is aligned with Ireland’s DRAFT Offshore Renewable Energy Development Plan IlI's
broad area of interest ‘Mid-West Broad Area Floating Wind’ and utilises ‘Moneypoint Offshore One’
as a reference point for data collection. Moneypoint Offshore One, represents phase 1 of the
proposed floating offshore wind farm development Moneypoint Offshore Wind Farm. It is located 16
km off the Clare/Kerry Coast in the Atlantic Ocean and is expected to reach a capacity of 400 MW. It
will likely cover 70 km?. The proposed development owned by ESB, Ireland’s foremost energy
company and the largest supplier of renewable energy in Ireland, with @rsted a 50/50 partner in the
project.

To conduct a preliminary site characterisation study in the proximity of this site, a 43-year timeseries
was utilised from the ERAS reanalysis dataset for both wind and wave conditions, whereas a 10-year
modelled timeseries was extracted for water levels and currents from the three-dimensional North
East Atlantic Model (NEATL), an implementation of the Regional Ocean Modelling System (ROMS)
model.

Normal, extreme and severe metocean statistics and parameters were generated from these
datasets. Operability statistics such as wind-wave persistence were also generated. A summary of
parameters most relevant to design are presented in Table 1-1.

Table 1-1 Summary of metocean conditions at Moneypoint Offshore One

Variable Value

High Still Water Level (50-year) (mMSL) 4.06

High Still Water Level (1-year) (mMSL) 2.76

Highest Astronomical Tide (HAT) (mMSL) 2.14

Lowest Astronomical Tide (LAT) (mMSL) -2.25

Low Still Water Level (1-year) (mMSL) -2.73

Low Still Water Level (50-year) (mMSL) -2.94

Bottom current speed (m/s) (Normal Conditions) Mean: 0.09
Max: 0.32
P25:0.06
P50: 0.08
P75:0.11

Bottom current speed (m/s) (1-year) 0.23
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Bottom current speed (m/s) (50-year) 0.36

Mid current speed (m/s) (Normal Conditions) Mean: 0.14
Max: 0.54
P25:0.07
P50:0.13
P75:0.19

Mid current speed (m/s) (1-year) 0.44

Mid current speed (m/s) (50-year) 0.58

Surface current speed (m/s) (Normal Conditions) Mean: 0.20
Max: 1.08
P25:0.11
P50:0.18
P75:0.27

Surface current speed (m/s) (1-year) 0.67

Surface current speed (m/s) (50-year) 1.10

Wind speed (150 m above sea level) (m/s) mean 10.1

Wind speed (150 m above sea level) (m/s) max 41.3

Wind speed (150 m above sea level) (m/s) P95 18.9

Wind direction (150 m above sea level) (°) mean 245.4

Wind speed (10 m above sea level) — Weibull parameters A=8.7;k=2.28

Wind speed (150 m above sea level) — Weibull parameters

A=11.4;k=2.19

year)

Extreme 10-min wind speed (150 m above sea level) (m/s) (1- 27.4
year)
Extreme 10-min wind speed (150 m above sea level) (m/s) (50- 44.2
year)
Extreme 10-min wind speed (150 m above sea level) (m/s) (100- 46.7

Normal Sea State (NSS)

See relevant report
section

Extreme Sea State (ESS) — Significant wave height (1-year) (m)

6.0
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ESS — Peak wave period (1-year) (s) 9.7<124
ESS - Individual maximum wave height (1-year) (m) 11.2

ESS — Period of maximum wave height (1-year) (s) 8.7<11.2
ESS - Significant wave height (50-year) (m) 14.0

ESS — Peak wave period (50-year) (s) 14.7 <19.0
ESS - Individual maximum wave height (50-year) (m) 26.0

ESS — Period of maximum wave height (50-year) (s) 13.3<517.1

Severe Sea State

See relevant report
section
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1 Introduction

This report has been prepared by the IDEA-IRL project as the first of three deliverables for WP1 of
the project. The IDEA-IRL project commenced in February 2023 and is being undertaken by the
partnership of University College Cork (UCC), Wind Energy Ireland (WEI), and Gavin and Doherty
Geosolutions (GDG). Its goal is to accelerate the sustainable development of Floating Offshore Wind
Arrays (FOWA) both domestically and internationally. This will be achieved by building upon key
background knowledge and by coordinating and leveraging the international FOWA research effort
under the framework of the supported IEA TCP Wind Task 49. Specific objectives across all work
packages include:

1. Deliver a set of fully defined reference sites characteristic of the international global floating
wind deployment pipeline including all relevant technical, social, environmental and
economic parameters.

2. Deliver a set of fully open source and customisable floating wind array reference designs
including key engineering tool input files, cost and environmental impact models.

3. Deliver a Failure Mode, Effects & Criticality Analysis framework for floating wind arrays
including for coupled / cascading failures.

4. Engage with the international groups developing innovations for the floating wind energy
industry, categorise in terms of multidisciplinary impact and ensure that functionality for their
development is included in the reference sites and/or reference farm definitions.

5. Engage with the international agencies responsible for Marine Spatial Planning (MSP) to
collect open research questions and concerns. Provide responses directly where possible and
otherwise ensure that the reference sites and reference farms are defined in such a manner
that they enable the required research.

6. Apply the work of Task 49 in an Irish context and engage with the local supply chain to provide
specific policy recommendations and development pathways.

7. Raise the profile of floating wind energy technology, related research and expertise in Ireland
through the delivery of a multifaceted communications strategy.

This WP1 focusses on defining the metocean, geotechnical, socio-ecological factors and other site-
specific conditions for a range of hypothetical reference sites that are representative of the types of
conditions in which the initial phase of commercial scale floating wind may be deployed. In essence,
these are the type of site parameters that a developer would collect and use to inform the project
design phase. Sites will be used to inform the design of the reference floating wind arrays in WP 2
and will be made open-source and available to the wider research community to facilitate future
multidisciplinary FOWA research. WP1 deliverables are broken down into the following:

e WP1 D1A: Reference site technical report A. Technical report containing preliminary
metocean site condition assessment for reference site 1 only. This technical report is designed
to feed directly into WP1 of the IEA TCP Wind Task 49 of the same name.

e \WP1 D1B: Reference site technical report B. All defined reference sites, along with all relevant
data, will be published as a technical report.

e \WP1 D2: Reference site dataset. Available data and descriptions of the reference sites will be
made publicly available in an online repository.
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This report will primarily serve as WP1 D1A. Specifically, this technical report delivers a preliminary
metocean site characterisation study of reference site 1, selected based on a review of Ireland’s
Offshore Wind Policy and Marine Spatial Planning documents provided by WP4 [1].

As outlined in [1], the Irish Government has created a distinct programme of work to provide systems
to enable 2 GW of offshore wind for additional non-grid use to be in development by 2030. It was
initially stated by Government in the Phase 2 Policy Statement that this 2 GW would be exclusively
floating wind, but it is currently uncertain if this is still the case, and some fixed-bottom projects may
be included. Regardless, the 2 GW is expected to include floating wind projects.

These floating offshore windfarm (FLOW) developments are referred to as Phase 3 developments.
Phase 3 will be informed by the in-development Offshore Renewable Energy Development Plan I
(OREDPII). This was consulted on from February to April 2023. OREDPII will be Ireland’s new national
spatial strategy for our offshore renewable energy future. The OREDPII draft report focusses on the
spatial strategy, proposing how the State will identify the area’s best suited for ORE, in line with the
principles of good Marine Spatial Planning. The draft OREDPII document presents three potential
broad areas of interest based on the proposed criteria (Figure 1-1):

1. Celtic Sea East Broad Area Floating Wind
2. Mid-West Broad Area Floating Wind

3. North-West Broad Area Floating Wind.

-
:

GSI, OceanWise, Exri, DeLorme, Naturaivie, Exr w3 " "

Exri, HERE, Gagmin JAD 3P USGS

Celtic Sea East Broad Area [Legend Mid-West Broad Area :ge“d North-West Broad Area | Legend

o . ~— lrizh Exclusive Economic Zone Limit 1 H Mid-West Broad Area (60m-100m) . . -— xch conomic Zone Limit.
Floating Wind = b Floating Wind Floating Wind B et et e o T
0153 60 90 120 01020 40 60 BOK" 01753 70 105 140

Kilometers

Figure 1-1 Example Broad Areas of Interest as shown in the Draft OREDPII [2]

IDEA-IRL’s defined reference site 1 is designed to align with the approximate location of the ‘Mid-
West Broad Area Floating Wind’. Many proposed Floating Offshore Windfarm developments overlap
with this proposed development zone (Figure 1-2) therefore IDEA-IRL utilises the coordinates of the
proposed floating offshore wind farm development, Moneypoint Offshore One, provided by 4C
Offshore Wind database (52.519°,-10.276°), as a reference point for data collation for reference site
1.
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Figure 1-2 Proposed projects in Irish Waters [3]

Moneypoint Offshore Wind Farm is a proposed floating offshore wind farm development located in
Ireland, owned by the ESB (with Danish offshore wind developer @rsted as a 50/50 partner). The ESB
is Ireland’s foremost energy company and the largest supplier of renewable energy in Ireland. If this
project is developed, it will be delivered in two phases. The first phase, Moneypoint Offshore One, is
located 16 km off the Clare/Kerry Coast. The expected capacity from the first phase is estimated to
be 400 MW and will likely cover 70 km?. The second phase is proposed to be located a further 20 km
west of the first phase, taking the total project capacity to between 1 GW — 1.5 GW. The second
phase will likely cover 180 km?.

1.1 Scope of the report

The scope of this report is to conduct a preliminary FEED Metocean Study for IDEA-IRL reference site
1. The results presented herein can only be considered as a pre-FEED study and are aimed to serve
as input for preliminary design. Section 2 gives an overview of the data sources utilised; Section 3
provides the results of a preliminary metocean site characterisation. This includes the production of
normal and extreme conditions of water levels, currents, wind and wave conditions, alongside
operability statistics. Section 4 provides conclusions and recommendations.

2 Data Sources
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The coordinates of the Moneypoint Offshore One wind farm available on the 4C Offshore Database
is used as a reference point for metocean data compilation. The European Centre for Medium-Range
Weather Forecasts (ECMWF) ERAS climate reanalysis model was identified as the best model to
provide numerical datasets for wind and wave variables for this study. ERAS is the fifth-generation
atmospheric reanalysis model produced by Copernicus Climate Change Service (C3S) at the ECMWF
and is based on the 2016 version of the integrated forecasting system (C3S, 2017). It produces data
from 1950 to present. Its outputs include atmospheric, ocean wave and land surface data. The
reanalysis combines model data with observations from across the world into a globally complete
and consistent dataset. The horizontal resolution of the model is 0.25° x 0.25° (atmosphere variables)
and 0.5° x 0.5° (ocean waves variables). Parameters of interest for this study are displayed in Table
2-1. Data from the closest grid point to the site were downloaded and analysed. A detailed
description of the model and each parameter can be found on the ECMWF website [4].

Table 2-1 Wind and wave variables obtained from the ERA5 model

Temporal
ERAS Metocean . . . Data
Parameter L Units Time frame resolution .
code discipline point
(hours)
Maximum individual -10.5°,
hmax . Wave m 1979 -2022 1 .
wave height 52.5
. -10.5°,
ppld Peak wave period Wave s 1979 - 2022 1 £y 50
Significant wave e
swh height of combined Wave m 1979 — 2022 1 52'50'
wind waves and swell i
L -10.5°,
mwd | Mean wave direction Wave degrees | 1979-2022 1 c5 co
10 m u-component of . -10.25°,
ulo . Wind m/s 1979 — 2022 1
wind 52.5°
10 m v-component of . -10.25°,
v10 . Wind m/s 1979 -2022 1
wind 52.5°
10 m u-component of . -10.25°,
ul00 . Wind m/s 1979 - 2022 1
wind 52.5°
10 m v-component of ) -10.25°,
v100 . Wind m/s 1979 -2022 1
wind 52.5°

Due to the lack of availability of measured water level and tidal current data for the site of interest,
modelled data from the Marine Institute’s North East Atlantic (NEATL) model was acquired and
analysed. This model is an implementation of ROMS for a domain covering the Irish coastal and
oceanic waters held by the Marine Institute [5]. It is a hindcast and forecast 3D physics model with a
curvilinear grid. Grid size is 1200 x 750 x 40 km with a variable data resolution from 1.2 to 2km. It
should be noted that the NEATL model is not specifically validated using in situ datasets for this site
therefore currents should be interpreted with caution until in situ measured data is collected. Data
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from the model grid point closest to the centre of the site was downloaded and utilised (-10.2625°,
52.5125°).

Table 2-2 Parameters utilised from the NEATL model

Parameter Units Time frame Temporal resolution (hours)
Surface elevation m 2012 -2017 3
2017 - 2022 1
Bottom-water u component m/s 2012 -2017 3
2017 - 2022 1
Bottom-water v component m/s 2012 —-2017 3
2017 - 2022 1
Mid-water u component m/s 2012 -2017 3
2017 — 2022 1
Mid-water v component m/s 2012 -2017 3
2017 — 2022 1
Surface-water u component m/s 2012 -2017 3
2017 — 2022 1
Surface-water v component m/s 2012 -2017 3
2017 — 2022 1

3 Preliminary Metocean Site Conditions Assessment
3.1 Water Levels

A 10-year timeseries of water levels was extracted from the three-dimensional North East Atlantic
Model, an implementation of the ROMS model for Irish Waters [5]. The full dataset was interpolated
to a 1-hour timeseries. This timeseries underwent tidal harmonic analysis to separate the tidal and
non-tidal (residual) components. A representative spring-neap cycle of this water level timeseries is
presented in Figure 3-1, while the statistics of the full dataset are presented in Table 3-1.

Extreme positive and negative surge values were calculated from this 10-year modelled dataset. A
generalised extreme value (GEV) methodology was chosen as the best-fitting analysis to calculate the
extreme surge values for this location. A peaks-over-threshold approach was chosen to extract
discrete extreme events over the 10-year time period as input into the general extreme value
analysis. Long-term global sea level rise is given by the Intergovernmental Panel on Climate Change
(IPCC) Synthesis Report 2014 [6]. A 20-year dataset was predicted using the tidal harmonic results,
from which long-term water level parameters ranging from Highest Astronomical Tide (HAT) to
Lowest Astronomical Tide (LAT) were produced. Design water level parameters, ranging from High
Still Water Level (HSWL) to Low Still Water Level (LSWL) are presented in Table 3-1.
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Decomposition of ROMS sea surface elevation dataset
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Figure 3-1 Separation of astronomical and residual components of the tide from NEATL modelled sea surface elevation from 2012 to
2021. Figure displays 2017 snapshot.

Table 3-1 Statistics of water levels

Component Statistic Water Level (mMSL)
max 2.58
| min -2.60
Tota mean 0.00
standard deviation 1.00
max 2.16
. min -2.24
Tide mean 0.00
standard deviation 0.98
max 1.03
Residual min 0.67
mean 0.00
standard deviation 0.19

Table 3-2 Design Water Level

Parameter Water Levels (mMSL)
High Still Water Level (50-year) 4.06
High Still Water Level (1-year) 2.76
Long term Sea Level Rise 0.63
Positive storm surge (50-year) 1.29
Positive storm surge (1-year) 0.62
Highest Astronomical Tide (HAT) 2.14
Mean High Water Spring (MHWS) 1.69
Mean High Water Neap (MHWN) 0.78

Mean Sea Level (MSL) 0

Mean Low Water Neap (MLWN) -0.78
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Mean Low Water Spring (MLWS) -1.69
Lowest Astronomical Tide (LAT) -2.25
Negative storm surge (1-year) -0.48
Negative storm surge (50-year) -0.69
Low Still Water Level (1-year) -2.73
Low Still Water Level (50-year) -2.94

3.2 Normal Wind Conditions

The ERAS provides wind speed and direction values at heights of 10 m and 100 m above sea level.
The spatial resolution is 0.25° x 0.25° and temporal resolution is 1 hour. 10 m and 100 m timeseries
was downloaded at -10.25°, 52.5° for a 43-year period (1979 to 2022).

A 15 MW reference turbine is assumed. Based on the technical report produced by IEA Wind TCP
Task 39 [7], hub height is therefore assumed to be 150 m. The ERA5 1-hour wind speeds at 100 m
above sea level were extrapolated to hub height (150 m) using the power law with the shear
exponent value 0.14 as recommended by IEC 61400-3-1: 2019 [8] for normal wind conditions:

a
Z
Vpower law = Voyer *
Zref

Where Vpower 1aw and Vi are the wind speeds at z and z,.. respectively, and a is the shear
exponent.

A 10 m and 150 m wind rose are displayed in Figure 3-2 and Figure 3-3 respectively. Monthly,
annual and overall statistics of 10 m and 150 m wind speeds are presented in Table 3-3 to Table
3-6.
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Figure 3-2 Rose plot of 1-hour averaged wind speed and direction at hub height (150 m) from 1979 to 2022 dataset

Table 3-3 Monthly wind statistics from ERA5 at 150 m hub height (1979 — 2022)

tD:;: Statistic Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
mean 122 | 118 | 108 | 91 | 89 | 84 | 83 | 86 | 94 | 106 | 11.2 | 122
median 120 | 114 | 104 | 87 | 86 | 82 | 81 | 85 | 9.0 | 102 | 109 | 117
;t;?:t"’i';: 55 | 54 | 52 | 44 | 42 | 39 | 37 | 40 | 43 | 48 | 50 | 53
wind max 350 | 370 | 307 | 324 | 296 | 26.0 | 259 | 27.8 | 300 | 36.1 | 31.7 | 41.3
SPZZ‘Z)“ min 0.2 02 | 01 | 00 | 01 | 01 | 00 | 00 | 01 01 | 00 | 01
height P25 80 | 79 | 68 | 60 | 58 | 55 | 56 | 57 | 62 | 70 | 76 | 82
(m/5) P50 120 | 114 | 104 | 87 | 86 | 82 | 81 | 85 | 9.0 | 102 | 109 | 117
P75 16.0 | 154 | 14.4 | 11.8 | 115 | 11.0 | 107 | 11.2 | 123 | 13.9 | 146 | 157
P90 196 | 191 | 178 | 151 | 144 | 136 | 133 | 139 | 154 | 17.0 | 180 | 193
P95 218 | 215 | 19.7 | 171 | 162 | 152 | 149 | 155 | 17.0 | 18.8 | 19.8 | 21.6
wind
direction mean 234.9 | 230.1 | 247.1 | 278.9 | 264.2 | 270.1 | 263.1 | 254.5 | 241.9 | 232.7 | 244.4 | 2333
(°)
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Table 3-4 Annual and overall wind statistics from ERA5 at 150 m hub height (1979 — 2022)

Year wind speed at hub height (m/s) wind direction (°)
mean | median standard deviation max | min | P25 | P50 | P75 | P90 | P95 mean
1979 10.3 10.1 4.6 26.7 | 0.1 7.1 10.1 | 13.2 | 16.6 | 185 255.6
1980 10.1 9.8 4.6 296 | 0.1 6.7 9.8 | 13.6 | 16.2 | 179 252.3
1981 10.0 9.3 4.6 316 | 0.2 6.6 9.3 13.1 | 16.2 | 181 253.2
1982 10.4 10.0 5.0 296 | 0.1 6.7 | 10.0 | 13.6 | 17.1 | 19.1 239.5
1983 10.3 9.6 5.1 30.7 | 0.2 6.6 9.6 13.6 | 17.2 | 19.6 254.5
1984 9.5 8.6 5.2 36.1 | 0.1 5.8 86 | 126 | 169 | 193 261.1
1985 10.0 9.6 4.4 283 | 0.1 6.7 9.6 12.9 | 159 | 17.7 229.8
1986 11.0 10.3 5.2 296 | 0.1 7.0 | 10.3 | 14.6 | 18.2 | 20.2 244.6
1987 9.7 9.3 4.3 266 | 0.2 6.5 9.3 12,5 | 155 | 175 243.0
1988 10.2 9.9 4.9 336 | 0.1 6.7 9.9 13.2 | 16.4 | 19.0 249.1
1989 10.3 9.6 4.9 338 | 0.1 6.7 9.6 135 | 17.1 | 194 242.5
1990 11.0 10.3 5.5 33.1 | 0.2 6.9 | 10.3 | 149 | 18.5 | 20.6 249.4
1991 10.2 9.4 5.2 34.0 | 0.2 6.4 9.4 13.4 | 17.4 | 19.9 246.0
1992 10.6 10.3 4.8 314 | 03 7.0 | 10.3 | 140 | 17.0 | 18.9 247.1
1993 10.3 9.9 5.0 36.0 | 0.3 6.7 9.9 13.1 | 17.0 | 19.7 252.0
1994 10.7 10.2 5.1 28.1 | 0.2 6.9 | 10.2 | 139 | 17.6 | 20.1 238.1
1995 10.1 9.7 4.7 327 | 01 6.7 9.7 13.1 | 16.4 | 18.6 246.6
1996 9.9 9.3 4.5 30.0 | 0.1 6.8 9.3 125 | 156 | 18.1 231.4
1997 9.8 9.3 5.0 413 | 0.1 6.2 9.3 12.7 | 16.6 | 18.8 226.5
1998 10.7 10.3 4.9 346 | 0.1 7.2 | 103 | 13.8 | 17.3 | 19.2 249.7
1999 10.6 10.1 4.9 286 | 0.1 7.2 | 101 | 13.8 | 17.1 | 194 252.4
2000 10.3 9.9 5.2 286 | 0.1 6.1 9.9 13.8 | 17.4 | 19.3 257.7
2001 9.1 8.7 4.5 324 | 0.0 5.7 8.7 12.1 | 153 | 171 247.2
2002 10.3 9.7 4.9 315 | 03 6.6 9.7 | 13.2 | 169 | 195 231.1
2003 9.7 9.3 4.3 28.2 | 0.2 6.7 9.3 124 | 156 | 175 222.3
2004 10.1 9.5 4.8 29.1 | 0.2 6.5 95 | 133 | 16.7 | 18.7 257.0
2005 9.9 9.6 4.9 298 | 0.1 6.3 9.6 12.9 | 16.6 | 189 252.5
2006 9.8 9.4 4.8 341 | 0.2 6.4 9.4 | 125 | 163 | 184 230.0
2007 9.7 8.8 5.2 31.0 | 0.2 5.8 8.8 12.8 | 17.0 | 19.6 252.6
2008 10.5 10.1 4.9 30.7 | 0.1 6.8 | 10.1 | 13.6 | 17.2 | 19.0 255.4
2009 10.0 9.5 4.6 350 | 0.2 6.6 9.5 12.8 | 16.4 | 185 2333
2010 8.9 8.4 4.1 29.5 | 0.2 6.0 84 | 11.2 | 143 | 16.4 252.9
2011 10.4 10.0 5.1 26.6 | 0.1 6.3 | 10.0 | 13.9 | 17.3 | 19.3 237.2
2012 9.9 9.8 4.4 29.7 | 0.1 6.8 9.8 12.8 | 15.7 | 17.4 256.9
2013 10.2 9.7 4.9 356 | 0.1 6.6 9.7 13.1 | 16.5 | 18.8 241.2
2014 9.9 9.1 5.1 370 | 0.0 | 6.3 9.1 13.0 | 17.1 | 19.6 246.3
2015 10.7 10.0 5.5 316 | 0.2 6.6 | 10.0 | 14.2 | 18.3 | 20.9 241.2
2016 o9 9.3 4.7 31.2 | 0.2 6.5 9.3 | 128 | 16.3 | 185 245.9
2017 10.0 9.8 4.7 286 | 0.2 6.6 9.8 13.1 | 16.4 | 183 248.0
2018 10.0 9.5 4.9 309 | 0.1 6.4 9.5 | 13.0 | 16.6 | 18.7 234.9
2019 10.3 9.9 4.9 324 | 0.2 6.5 9.9 13.6 | 16.7 | 18.8 245.1
2020 10.8 10.2 5.4 310 | 0.0 | 6.6 | 10.2 | 144 | 18.2 | 20.6 250.4
2021 9.4 8.8 4.7 329 | 0.1 5.9 8.8 12.2 | 159 | 183 245.4
Overall 10.1 9.6 4.9 413 | 0.0 | 65 9.6 | 13.2 | 16.8 | 18.9 245.4
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Figure 3-3 Rose plot of 1-hour averaged wind speed and direction at hub height (10 m) from 1979 to 2022 dataset

Table 3-5 Monthly wind statistics from ERA5 at 10 m above sea level (1979 — 2022)

Data type Statistic Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
mean 92 | 89 | 81 | 69 | 67 | 65 | 64 | 66 | 71 | 81 | 86 | 92
median | 90 | 86 | 78 | 66 | 65 | 63 | 63 | 66 | 69 | 78 | 83 | 88
;i’i‘:t?;: 40 | 39 | 38 | 32 | 31 | 29 | 27 | 29 | 32 | 35 | 36 | 38

wind speed at max 252 | 264 | 228 | 236 | 210 | 181 | 179 | 202 | 212 | 259 | 222 | 292
10 m above min 00 | 01 | 00 | 00 | 00 | 01 | 01 | 00 | 00 | 01 | 00 | 01
sealevel (m/s) P25 62 | 60 | 52 | 46 | 45 | 43 | 45 | 46 | 48 | 55 | 60 | 64
P50 90 | 86 | 78 | 66 | 65 | 63 | 63 | 66 | 69 | 78 | 83 | 88

P75 1129 | 114 | 108 | 89 | 87 | 84 | 82 | 86 | 93 | 104 | 111 | 118

P90 146 | 142 | 132 | 113 | 108 | 103 | 100 | 104 | 114 | 127 | 134 | 143

P95 161 | 159 | 146 | 127 | 121 | 114 | 111 | 116 | 127 | 140 | 148 | 160

wind ‘;’;e“"o" mean | 235.4 | 230.7 | 250.0 | 292.3 | 275.6 | 276.1 | 266.6 | 258.0 | 246.1 | 236.1 | 247.5 | 234.3

10
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Table 3-6 Annual and overall wind statistics from ERA5 at 10 m above sea level (1979 — 2022)

wind

Year wind speed at 10 m above sea level (m/s) direction

)

mean | median standard deviation max | min | P25 | P50 | P75 | P90 | P95 mean
1979 7.9 7.8 3.4 193] 0.2 | 55 | 7.8 | 10.0 | 12.3 | 13.9 260.0
1980 7.7 7.5 3.4 206 | 0.1 | 5.2 | 75 | 10.1 | 12.2 | 13.2 257.0
1981 7.6 7.2 3.3 228 | 0.1 | 51| 72| 9.8 |12.1| 134 257.5
1982 7.9 7.6 3.7 21.7 | 0.1 | 52 | 7.6 | 10.3 | 12.8 | 14.2 242.7
1983 7.8 7.3 3.7 2221 02 | 51| 73 |10.2 | 13.0 | 145 260.0
1984 7.3 6.6 3.8 259 | 0.1 | 45 | 6.6 | 9.4 | 129 | 14.6 265.9
1985 7.6 7.4 3.2 19.7 { 0.2 | 52 | 74 | 9.7 | 11.8 | 13.0 232.8
1986 8.3 8.0 3.8 213 | 0.1 | 55| 80 | 11.0 | 13.5 | 149 247.6
1987 7.4 7.2 3.2 20100 (51| 72| 94 |115| 131 250.3
1988 7.7 7.5 3.6 247 | 0.1 [ 51 | 75 | 99 | 124 | 141 251.9
1989 7.9 7.5 3.5 241|101 | 54| 75 (101 |12.7 | 143 246.9
1990 8.4 7.9 4.0 248 | 0.1 | 54 | 79 | 112 | 13.8 | 154 252.6
1991 7.7 7.2 3.8 252 |00 |49 | 72 |10.2 | 13.0 | 14.8 249.4
1992 8.1 7.9 3.4 226 | 0.2 | 55| 79 | 105 | 12.7 | 14.0 250.1
1993 7.8 7.5 3.6 2541 03 | 53|75 9.9 | 12.6 | 145 257.2
1994 8.1 7.7 3.7 20.7 | 0.2 | 5.4 | 7.7 | 10.4 | 13.0 | 14.8 240.9
1995 7.7 7.4 3.4 2341 0.2 | 53|74 ) 99 | 123|139 253.5
1996 7.6 7.3 3.3 214 | 0.1 | 54 | 73 | 95 | 11.7 | 13.3 238.9
1997 7.4 7.0 3.6 292 1 01|48 | 70| 96 | 12.3 | 138 231.1
1998 8.1 7.9 3.5 248 | 0.2 | 56 | 79 | 104 | 12.7 | 14.2 253.0
1999 8.1 7.7 3.6 2131 01 | 55| 7.7 104|129 | 144 255.6
2000 7.8 7.6 3.8 215 | 0.1 | 49 | 76 | 105 | 13.0 | 14.4 261.3
2001 7.0 6.7 3.3 23.0| 0.0 | 46 | 6.7 9.2 | 11.3 | 12.7 252.4
2002 7.7 7.3 3.6 23501 | 51| 73| 9.8 | 12,5 | 145 233.2
2003 7.3 7.1 3.2 20902 (52|71 | 93 |116 | 130 225.6
2004 7.7 7.3 3.5 206 | 0.2 | 50 | 73 | 10.0 | 12.5 | 13.9 260.2
2005 7.5 7.3 3.5 215|100 |49 | 73 | 9.7 | 123|139 258.5
2006 7.4 7.2 3.5 241 | 0.1 [ 50 | 72 | 94 | 121 | 13.7 232.0
2007 7.4 6.8 3.8 2291 0.2 | 45| 6.8 | 9.7 | 126 | 14.6 255.9
2008 8.0 7.7 3.6 228 | 0.2 | 53 | 7.7 | 104 | 129 | 143 258.4
2009 7.6 7.3 3.4 242|101 (51| 73| 9.7 |122 | 139 235.6
2010 6.8 6.6 3.0 21,7 | 0.1 | 48 | 6.6 | 8.7 | 10.8 | 12.2 265.7
2011 7.8 7.6 3.7 199 0.1 | 50| 7.6 |103 | 12.8 | 14.2 239.4
2012 7.6 7.5 3.3 207 | 01 |52 | 75| 96 | 11.8 | 13.1 262.4
2013 7.7 7.4 3.5 249 |1 01 | 52|74 | 98 | 124 | 141 245.3
2014 7.6 7.0 3.7 264 | 0.0 | 5.0 | 7.0 | 10.0 | 12.6 | 14.4 249.6
2015 8.1 7.7 3.9 222 |1 00 | 51| 7.7 |10.7 | 13.7 | 153 244.3
2016 7.5 7.2 3.4 23.0| 00 | 51 | 72 | 9.6 | 12.2 | 13.8 250.4
2017 7.6 7.3 3.4 208 | 01 | 51| 73| 9.8 |123 | 135 251.1
2018 7.6 7.2 3.5 21,7 |1 00 | 51 | 72 | 9.8 | 124 | 13.7 238.5
2019 7.8 7.5 3.6 236 | 0.1 | 50| 75 |10.1 | 12.4 | 14.0 249.7
2020 8.1 7.7 4.0 228 | 0.1 | 51 | 7.7 | 10.8 | 13.7 | 15.2 254.5
2021 7.1 6.7 3.4 241100 | 46 | 6.7 | 9.2 | 11.8 | 136 251.5
Overall | 7.7 7.4 3.6 292 | 00 | 51 | 74 | 99 | 125 | 141 249.4

11
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3.3 Weibull Parameters

Weibull parameters for normal wind speeds have been calculated for the omni-directional conditions
for both wind speeds at 10 m and 150 m above sea level. The Weibull scale (A) and shape (k)
parameters fitted to the omni-directional wind data are given in Table 3-7, Figure 3-4 and Figure 3-5.

Table 3-7 Weibull fit parameters for wind speed 10mMSL and 150mMSL

Wind speed height above sea Weibull parameters
level (m)
Scale (A) Shape (k)
10 8.72 2.29
150 11.46 2.19
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Figure 3-4 Histogram and Weibull fit parameters for wind speed 10 mMSL
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Figure 3-5 Histogram and Weibull fit parameters for wind speed 150 mMSL
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3.4 Extreme Wind Conditions

The ERAS dataset was used to calculate 10-minute extreme wind speeds at hub height. A GEV
methodology was chosen as the best-fitting analysis to calculate the extreme values for wind speed
at this location. Due to the adequate length of the wave dataset, the block maxima (annual
maxima) approach was chosen to extract extreme events over the 43-year time period as input into
the general extreme value analysis. The 1-hour averaged wind speed dataset at 100 m above sea
level was used as an input to predict 1-, 50- and 100-year return values.

The predicted 1-hour extreme wind speeds at 100 m above sea level were converted to 10-minute
extreme wind speeds using the Frgya wind speed profile which is documented in DNVGL-RP-C205:
2021 [9]:

z T
U(T,z) = UO.{l + C.In ﬁ}{l —0.41.1;(2).In T_}
0

Where U, represents the 1-hr mean wind speed at height H above the sea level (100 m) to the
mean wind speed U with averaging period T at height z above the sea level. T is fixed at 3600 s.
The expression for Cis given as:

C =5.73x107%,/1 + 0.148U,

and
—-0.22

Iy = 0.06. (1 + 0.043U,). (%)

These 10-minute extreme wind speeds at 100 m above sea level were extrapolated to hub height
(150 m) using the power law (IEC 61400-3-1: 2019) with the shear exponent value 0.11 as
recommended by IEC 61400-3-1: 2019 [8] for extreme conditions:

a
VA
Vpower law = Vyef *
Zref

Where Vyower taw and Vi are the wind speeds at z and z,.. respectively, and a is the shear
exponent.

The final 1-year, 50-year, and 100-year return values are presented in Table 3-8.

Table 3-8 Extreme wind speeds

Height above Averaging Extreme wind speed (m/s)

sea level (m) period 1-Year 50-Year 100-Year
100 1-hour 24.0 37.9 39.9
100 10-min 26.2 42.3 44.6
150 10-min 27.4 44.2 46.7

13
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Figure 3-6 Return values of wind speed (m/s) at 100 m above sea level in the GEV model. Red curve represents the best fit with the
data and aligns with the input data. Dashed lines represent the 95 % confidence intervals. Distribution parameters: location = 28.800;
scale = 2.097; shape = 0.0305.

3.5 Normal Sea States

For normal sea states, the metocean database is analysed in order to establish the long-term joint
probability distribution of the following parameters:

e Mean wind speed at hub height, V},;
e Significant wave height, H,
e Peak wave period, T,

According to IEC 61400-3-1: 2019 [8], a 1-hour averaging period is required for the establishment of
the long-term joint probability distribution of Vy,;, Hs and T,, under NSS. The wind and wave data
are subsequently gathered in bins. The V},,;, bins cover 2 m/s, the H; bins cover 0.5 m and the T,
bins span 0.5 s (IEC 61400-3-1: 2019). The binning of the V},,,;, data is done in such a way that the
wind speed bin corresponding to for example V},,,, = 2 m/s contains all wind speed observations
ranging from > 1 m/s to < 3 m/s. The bin H; = 2 m contains all wave height observations
between = 1.75 m and < 2.25 m, while the bin T), = 2 s includes all wave period observations
from = 1.75 s to < 2.25 s. Subsequently, the occurrence of all combinations of Vy,,;,, Hs and T, is
counted. The data is gathered per wind speed bin and entered in a scatter diagram giving the
frequency of occurrences of each combination of Hg and T, for that wind speed bin as a percentage
value. The full set of scatter diagrams make up the 3-D scatter diagram. The H/T, scatter diagram
for all wind speeds (Figure 0-1) and the full set of 3D scatter diagrams are available in the Appendix.

14
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The data is gathered per wind speed bin and entered in a scatter diagram giving the frequency of
occurrences of each combination of Hy and T,, for that wind speed bin as a percentage value. The
full set of scatter diagrams make up the 3-D scatter diagram. From each scatter plot, the most
probable Hy/T, bin was identified. The average H; and T, bin was then calculated and assigned to
each Vjp. The reduced (lumped) scatter is shown in Table 3-9.

Table 3-9 Lumped scatter diagram of the given offshore site

Wave Wind Frequency of
Vhub (m/s) Hs (m) Te(s) direction (°) direction (°) Occ?:/:;ence
2 1.01 9.00 281.25 303.75 0.25
4 1.03 8.47 281.25 303.75 0.46
6 1.50 9.99 281.25 292.50 0.64
8 1.50 9.02 281.25 225.00 0.67
10 2.00 9.99 270.00 247.50 0.58
12 2.50 10.00 270.00 236.25 0.33
14 2.01 6.46 270.00 236.25 0.26
16 3.00 8.49 270.00 213.75 0.19
18 4.02 11.99 270.00 213.75 0.11
20 4,98 11.02 258.75 236.25 0.08
22 5.00 11.02 270.00 202.50 0.04
24 6.50 12.04 270.00 270.00 0.02
26 8.03 13.53 258.75 270.00 0.01
28 9.45 14.52 258.75 247.50 0.01
30 8.04 12.14 270.00 247.50 0.00
32 9.76 13.69 270.00 258.75 0.01
34 11.03 14.38 247.50 258.75 0.00
36 10.18 13.46 270.00 281.25 0.00
42 6.41 11.82 247.50 270.00 0.00

A rose plot displaying wave direction and significant wave height is presented in Figure 3-7,
whereby monthly, annual and overall wave summary statistics are given in Table 3-10 to Table 3-13.
Kernel density and contour plots of significant wave height and peak wave period are presented in
Figure 3-8 and Figure 3-9.

15
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Figure 3-7 Rose plot of significant wave height and wave direction from 1979 to 2022 dataset

Table 3-10 Monthly wave statistics from ERA5 dataset (1979 —2022)

Variable | Statistic Jan Feb Mar Apr May | Jun Jul Aug Sep Oct Nov Dec
Hs (m) mean 3.8 3.6 3.2 2.3 2.0 1.7 1.7 1.8 2.3 2.8 3.2 3.6
median 3.5 33 29 2.1 1.7 1.6 15 1.7 2.1 2.6 3.0 33
standard 1.7 1.6 1.4 1.1 0.9 0.8 0.7 0.7 1.0 13 1.4 1.6
deviation
max 13.3 13.6 11.8 10.3 8.1 6.5 6.3 6.4 9.5 9.7 12.0 12.7
min 0.8 0.7 0.5 0.6 0.5 0.4 0.4 0.5 0.4 0.6 0.6 0.7
P25 2.5 2.4 2.1 1.6 1.3 1.2 1.2 1.3 1.5 1.9 2.2 2.4
P50 3.5 3.3 2.9 2.1 1.7 1.6 1.5 1.7 2.1 2.6 3.0 3.3
P75 4.7 4.5 4.0 2.8 2.4 2.2 2.0 2.2 2.8 3.4 3.9 4.5
P90 6.1 5.8 5.2 3.7 3.2 2.7 2.5 2.8 3.6 4.4 5.0 5.8
P95 6.9 6.8 5.9 43 3.8 3.1 3.0 3.3 4.1 5.2 5.6 6.6
Hmax mean 7.0 6.7 5.9 4.4 3.7 3.3 3.1 3.4 4.2 5.2 5.9 6.6
(M) " median 65| 61| 53| 40| 33| 30| 29| 32| 39| 48| 55| 61
standard 3.1 3.0 2.6 2.0 1.8 1.4 1.3 1.4 1.9 2.3 2.5 3.0
deviation
max 24.0 24.5 20.9 18.7 14.9 12.2 11.9 11.9 17.6 17.7 21.3 23.1
min 1.5 1.4 0.9 1.1 0.9 0.7 0.8 1.0 0.8 11 1.2 13
P25 4.6 4.5 3.9 3.0 2.5 2.2 2.2 2.4 2.9 3.5 4.1 4.4
P50 6.5 6.1 5.3 4.0 3.3 3.0 2.9 3.2 3.9 4.8 5.5 6.1
P75 8.8 8.3 7.4 53 4.5 4.1 3.7 4.1 5.3 6.4 7.3 8.3

16
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17

P90 11.2 10.7 9.6 6.9 6.0 5.1 4.7 53 6.6 8.3 9.2 10.6

P95 12.7 12.4 10.9 8.0 7.1 5.9 5.6 6.2 7.6 9.6 10.4 12.2
Tp (s) mean 12.4 12.4 11.8 10.8 9.8 9.1 8.7 8.9 10.2 10.9 11.5 12.2

median 12.4 12.4 11.9 10.9 9.8 9.1 8.6 8.9 10.1 10.9 115 121

standard 2.1 23 2.1 1.9 1.9 1.8 1.6 1.7 2.0 2.0 2.0 2.2

deviation

max 20.9 21.5 18.8 19.2 18.3 17.1 16.6 17.8 20.9 19.4 19.5 20.4

min 4.5 4.4 3.6 4.3 3.3 3.3 3.6 3.6 3.2 3.8 4.3 4.4

P25 11.2 11.2 10.7 9.8 8.6 8.1 7.7 7.9 9.0 9.7 10.3 10.9

P50 12.4 12.4 11.9 10.9 9.8 9.1 8.6 8.9 10.1 10.9 11.5 12.1

P75 13.7 13.8 13.1 121 11.0 10.2 9.6 9.9 11.3 121 12.7 135

P90 15.0 15.1 14.4 13.3 12.1 11.2 10.7 10.9 12.6 13.4 14.0 14.9

P95 15.7 16.1 15.0 14.0 12.8 12.0 11.3 11.7 135 14.3 14.7 15.8
Wave mean 262.5 | 260.3 | 268.1 | 275.4 | 267.2 | 271.6 | 275.1 | 272.6 | 272.3 | 266.9 | 269.6 | 261.1
direction
(°)

Table 3-11 Annual and overall significant wave height (Hs) from ERA5 dataset (1979 —2022)
Year Hs (m)
mean | median | Stndard | o | min | P25 | pso | P75 | poo | pos
deviation

1979 2.6 24 13 94 | 05|17 |24 |32 |45 | 5.2

1980 2.5 2.3 1.3 10,2 | 0.6 | 1.6 | 23 | 3.2 | 41 | 4.8

1981 2.5 2.3 1.2 99 (04 |16 |23 |3.1|40 | 4.6

1982 2.8 2.5 1.6 11,7 05 | 1.7 | 25| 3.6 | 5.0 | 6.1

1983 2.6 2.1 1.6 96 |05 |14 |21 |34 |49 |56

1984 2.5 2.1 1.6 104 | 05| 14 | 21| 32|47 | 6.0

1985 2.4 2.1 1.1 91 |06 |15 |21 |29 |38 | 44

1986 2.9 2.5 1.7 120 05| 15| 25|39 |52 ]| 60

1987 2.3 2.0 1.1 79 |06 |14 |20 |28 |38 | 46

1988 2.6 2.2 1.4 136 | 06 | 1.6 | 22 | 3.2 | 44 | 5.2

1989 2.7 2.3 1.5 82 |06 |15 |23 |36 |50]5.8

1990 2.9 2.5 1.8 107 05| 15| 25|39 |55 |64

1991 2.6 2.2 1.6 133 05|16 |22 |33 |47 |58

1992 2.8 2.6 1.3 90 | 0.7 | 1.8 | 26 | 3.6 | 46 | 5.3

1993 2.7 2.3 1.6 1271 05 | 16 | 23 | 35| 48 | 58

1994 2.9 2.5 1.7 118 0.6 | 1.7 | 25 | 39| 5.2 | 6.1

1995 2.6 2.3 1.4 97 |06 |17 |23 |33 |47 |55

1996 2.5 2.1 1.3 103 0.7 | 15|21 |31 |42 |50

1997 2.5 2.2 1.4 91 |06 | 15|22 |32 |43 |53

1998 2.8 2.5 1.5 118 0.7 | 1.6 | 25 | 3.4 | 47 | 5.6

1999 2.8 2.5 1.5 95 |06 |16 |25 |35 |46 | 5.8

2000 2.8 2.5 1.5 97 |06 |16 |25 |38 50|58

2001 24 2.1 1.1 77 | 07 |16 |21|29 39|46

2002 2.8 2.5 1.5 120 06 | 1.7 | 25 | 35| 48 | 59

2003 2.5 2.2 1.3 87 | 05|16 |22 (31|42 |49
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2004 2.6 2.4 1.3 81 |06 |16 |24 |33 |45 |52
2005 2.5 2.1 1.4 111107 15|21 |3.0|43 |54
2006 2.5 2.2 1.4 99 |06 |16 |22 |31 |44 |53
2007 2.7 2.2 1.6 113|106 | 15|22 | 34 |49 | 59
2008 2.8 2.5 1.5 104 | 0.7 | 1.7 | 25 | 3.6 | 5.0 | 5.6
2009 2.7 2.4 1.4 98 | 05|17 |24 |33 |46 |56
2010 2.2 1.9 1.0 9.7 |06 | 15|19 |26 |35 |41
2011 2.9 2.6 1.4 91 | 07|18 |26 |37 |48 |55
2012 2.5 2.2 1.2 89 (06 |16 |22 |31 40| 4.8
2013 2.7 2.3 1.5 10904 |16 |23 |33 |48 |58
2014 2.8 2.4 1.7 136 | 05 | 16 | 24 | 3.7 | 49 | 5.8
2015 3.0 2.5 1.6 1181 06 | 1.7 | 25 | 39 | 54 | 6.2
2016 2.7 2.3 1.4 119 0.7 | 16 | 23 | 33 | 47 | 5.6
2017 2.6 2.3 1.3 9.2 |06 | 17|23 |33 |42 |51
2018 2.8 2.5 1.4 10.7 | 0.7 | 1.8 | 25 | 3.4 | 46 | 5.6
2019 2.7 2.4 1.4 100 0.7 | 1.7 | 24 | 3.4 | 47 | 55
2020 2.9 2.4 1.7 102 | 06 | 16 | 24 | 3.8 | 5.2 | 64
2021 2.4 2.1 1.3 89 (04 |14]21 |31 |41 )49
Overall | 2.6 2.3 1.4 136 (04 | 16 | 23 | 3.3 | 46 | 55

Table 3-12 Annual and overall individual maximum wave height (Hmax) from ERA5 dataset (1979 — 2022)

Year Hmax (m)

mean | median | S27927 | x| min | P25 | Ps0 | P75 | Po0 P95

deviation

1979 | 49 | 44 24 |172] 0932|4459 83 9.7
1980 | 47 | 42 23 |188| 11|30 42|60/ 76 8.9
1981 | 46 | 423 22 |184] 07304357/ 74 8.7
1982 | 53 | 47 29 |211]09[32]47]67] 93 111
1983 | 48 | 3.9 29 |176] 1026|3963/ 9.0 10.3
1984 | 47 | 40 30 |191] 0927|4059 87 11.0
1985 | 44 | 4.0 21 |166] 11|28 4055 7.1 8.2
1986 | 53 | 46 31 |213] 09|29 46|73/ 96 11.0
1987 | 43 | 3.7 21 |147] 11273753 71 8.6
1988 | 48 | 4.1 27 |245| 1130415981 9.7
1989 | 5.1 | 4.4 28 |158] 12|29 4467 92 10.6
1990 | 5.4 | 46 32 |195| 09|29 |46 73101 11.8
1991 | 49 | 41 28 |240|09[30|41]62] 88 10.6
1992 | 52 | 49 24 |169] 13|34 49|67 85 9.8
1993 | 5.1 | 4.3 28 |231]10]31]43]65] 89 10.7
1994 | 54 | 47 30 |209]| 1231477196 113
1995 | 49 | 423 26 |174] 12314361 86 10.2
1996 | 46 | 4.0 24 |184] 12|29 40|58 78 9.2
1997 | 47 | 41 26 |168] 1129|4160 80 9.8
1998 | 51 | 46 27 |217] 13|31 46|64 87 10.3
1999 | 52 | 46 27 |174] 12|31 46|66 86 10.8
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2000 5.2 4.6 2.8 177111 |30 |46 | 71 | 9.1 10.7
2001 4.4 4.0 2.0 14313 |29 |40 |54 | 7.2 8.5
2002 5.2 4.6 2.8 21812 |32 | 46 | 6.5 | 89 10.8
2003 4.6 4.1 2.3 15909 (30|41 |58 | 7.8 9.1
2004 4.9 4.4 2.4 14912 | 31 |44 | 6.1 | 83 9.6
2005 4.6 4.0 2.5 198 | 13 | 2.8 | 40| 56 | 80 9.9
2006 4.7 4.2 2.5 182 | 1.1 | 29 | 42 | 5.8 | 8.2 9.7
2007 4.9 4.1 2.9 206 (12|28 |41 64| 90 10.9
2008 5.2 4.6 2.7 189 |14 | 3.1 | 46 | 6.7 | 9.2 10.4
2009 5.0 4.4 2.6 178109 |33 |44 6.2 | 85 10.3
2010 4.1 3.6 1.9 17912 | 28 | 3.6 | 5.0 | 6.4 7.6
2011 53 4.9 2.5 166 |14 |34 |49 | 6.8 | 89 10.2
2012 4.7 4.2 2.2 16.2 | 1.1 | 3.0 | 42 | 59 | 75 8.9
2013 5.0 4.3 2.8 202 | 08 | 30|43 |61 | 89 10.6
2014 5.2 4.6 3.1 241|109 | 29 | 46 | 69 | 9.0 10.6
2015 5.5 4.6 3.0 213112 |32 |46 | 73| 99 11.5
2016 5.0 4.4 2.6 215|113 | 3.1 |44 | 6.2 | 86 10.3
2017 4.8 4.4 2.3 16.7 1.1 |31 |44 62| 79 9.4
2018 5.2 4.6 2.6 193 | 13 (33 | 46 | 64 | 85 10.3
2019 5.0 4.5 2.6 184 |13 (31|45 | 63| 87 10.1
2020 5.4 4.4 3.1 185| 1.2 (3.0 | 44 | 70 | 9.7 11.7
2021 4.4 4.0 2.4 16.7| 08 | 26 | 40 | 5.7 | 7.6 9.0
Overall | 4.9 4.3 2.7 245| 0.7 | 3.0 | 43 | 6.2 | 85 10.1

Table 3-13 Annual and overall peak wave period (Tp) and wave direction from ERA5 dataset (1979 —2022)

Wave

Year Te(s) direction (°)
mean | median stal?dérd max | min | P25 | P50 | P75 | P90 | P95 mean

deviation

1979 10.5 10.4 2.3 215 | 41 | 87 | 104 |12.1|13.4 | 145 267.8
1980 10.4 10.2 2.5 19.2 ( 4.0 | 86 |10.2 | 12.2 | 13.4 | 145 263.9
1981 10.2 10.4 2.1 18.2 | 43 | 8.8 | 10.4 | 11.6 | 12.5 | 13.3 273.3
1982 10.9 10.8 2.5 209 | 39 | 9.1 | 10.8|12.5| 14.2 | 15.2 266.3
1983 10.5 10.4 2.4 19.7 | 3.8 | 8.8 | 10.4 | 12.1 | 13.4 | 145 268.2
1984 10.6 10.4 2.4 19.1 | 3.6 | 88 |10.4 | 12.2 | 13.8 | 14.7 274.2
1985 10.4 10.4 2.2 175| 4.1 | 8.8 |10.4 | 119 | 13.3 | 14.1 262.5
1986 10.6 10.7 2.7 186 | 3.6 | 8.6 | 10.7 | 12.5 | 14.0 | 15.0 258.3
1987 10.2 10.2 2.3 179 | 4.1 | 87 |10.2 | 11.9 | 13.2 | 13.9 261.2
1988 10.5 10.3 2.2 17.6 | 4.2 | 9.0 | 103|119 | 13.4 | 14.4 268.3
1989 10.9 10.9 2.5 19.2 |1 39 | 9.2 |109 | 12.6 | 14.3 | 14.9 270.8
1990 10.7 10.7 2.4 185 (39 | 9.1 |10.7 | 12.2 | 13.9 | 14.9 273.4
1991 10.8 10.7 2.3 19.8 | 3.3 | 9.2 | 10.7 | 12.3 | 13.6 | 14.7 272.9
1992 11.0 10.9 2.2 17.7 |1 39 | 95 | 109 | 12.4 | 14.0 | 14.9 273.3
1993 11.0 11.0 2.4 188 | 43 | 9.3 |11.0| 12.6 | 14.2 | 14.9 271.3
1994 10.9 10.8 2.4 188 | 3.7 | 9.3 | 10.8 | 12.6 | 14.2 | 14.9 264.1
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1995 10.9 10.8 2.5 19.8 | 3.3 | 9.3 |10.8 | 12.5| 14.3 | 14.9 267.6
1996 10.6 10.7 2.4 188 | 40 | 9.1 | 10.7 | 12.2 | 13.6 | 14.6 259.7
1997 10.9 10.8 2.4 195| 4.1 | 93 |10.8|12.4|13.9 | 14.8 261.7
1998 10.7 10.7 2.4 19.0| 40 | 9.1 | 10.7 | 12.2 | 13.9 | 14.9 274.0
1999 10.8 10.8 2.2 19.4 | 3.8 | 9.3 |10.8 | 12.2 | 13.4 | 145 269.1
2000 11.0 11.0 2.4 204 | 36 | 93 | 11.0| 12.5| 141 | 15.1 273.1
2001 10.7 10.7 2.2 179 | 4.2 | 93 |10.7 | 12.1 | 13.5 | 14.4 267.4
2002 11.1 11.1 2.4 208 | 41 | 9.4 | 111|128 | 14.2 | 149 267.6
2003 10.7 10.6 2.5 20.8 | 3.6 | 89 | 10.6 |12.3 | 13.9 | 14.8 264.5
2004 10.7 10.8 2.2 196 | 3.9 | 9.1 | 10.8 | 12.2 | 13.4 | 14.2 274.5
2005 10.5 10.4 2.3 18.2 | 4.2 | 9.0 |10.4|12.0|13.5|14.4 271.7
2006 10.6 10.5 2.4 19.7 | 3.9 | 9.0 | 105 |12.2 | 135 | 144 263.1
2007 10.8 10.9 2.4 186 | 4.0 | 9.2 |10.9 | 12.5| 13.6 | 14.6 274.4
2008 10.8 10.8 2.3 19.0| 3.6 | 9.3 |10.8 | 12.3 | 13.8 | 14.7 272.9
2009 10.8 10.8 2.3 178 | 4.2 | 93 |10.8 | 12.2 | 13.7 | 14.9 261.9
2010 10.4 10.4 2.3 209 | 3.6 | 9.0 | 104|119 | 13.1 | 143 270.4
2011 11.1 11.1 2.3 187 4.0 | 94 |11.1|12.7 | 14.1 | 15.0 271.0
2012 10.3 10.3 2.4 181 | 3.7 | 8.7 |10.3 | 12.0 | 13.5 | 14.2 266.4
2013 10.8 10.8 2.3 174 4.4 | 93 |10.8 | 12.3 | 13.7 | 14.7 264.2
2014 11.0 10.9 2.5 191 | 3.8 | 9.2 | 109 | 12,5 | 14.3 | 15.0 271.5
2015 10.9 11.0 2.3 191 43 |94 |11.0|12.5|14.1| 14.8 271.3
2016 10.9 10.9 2.3 176 | 43 | 9.2 | 109 | 125 | 14.0 | 14.8 271.4
2017 10.6 10.5 2.2 186 | 43 | 9.1 |10.5|12.0| 13.6 | 14.6 271.8
2018 11.1 11.0 2.3 18.7 | 4.2 | 9.6 | 11.0 | 12.5 | 14.0 | 15.0 265.1
2019 10.8 10.8 2.3 18.2 | 4.2 | 9.1 |10.8 | 12.3 | 13.6 | 14.6 268.9
2020 10.9 10.8 2.4 19.2 | 40 | 9.1 | 10.8 | 12.6 | 14.0 | 14.9 273.3
2021 10.5 10.3 2.5 193 | 3.2 | 89 |103 | 12.1 | 13.8 | 14.8 270.2
Overall | 10.7 10.7 2.4 215| 3.2 | 9.1 | 10.7 | 12.3 | 13.7 | 14.7 268.6
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Peak wave period (s) vs Significant wave height (m)
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Figure 3-8 Kernel density plot of significant wave height and peak wave period
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Figure 3-9 Contour plot of significant wave height and peak wave period

A weather window analysis was carried out using various limits of significant wave height and wind
speed at 10 m above sea level. Table 3-14 shows the percentage of time for each month, for which
weather window limits with specific Hs and wind speed specifications, along with durations ranging
from 3 hours and 72 hours, occur.
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Table 3-14 Wind-wave persistence — Weather Windows (10 m wind speeds)

Time
threghold Month dtaset
(hours)
Jan | Feb | Mar | Apr | May | Jun Jul Aug | Sep | Oct | Nov | Dec
% 2.2 1.9 54 | 114 | 188 | 235 | 23.8 | 209 | 134 | 7.1 4.1 1.4 11.2
9 6 20 | 1.8 | 51 | 105 | 17.8 | 223 | 224|199 | 128 | 6.8 | 39 | 1.2 10.6
:;, 12 1.6 1.2 4.4 8.7 | 152 | 19.2 | 19.0 | 173 | 11.1 | 59 3.3 0.8 9.1
£ 24 1.0 | 06 | 35 | 53 | 100 | 124 | 12.0 | 11.7 | 81 | 43 | 23 | 0.2 6.0
g 48 0.2 NA 1.6 2.1 4.3 7.0 5.2 5.7 4.7 1.8 0.5 NA 2.8
T 72 NA NA 0.5 0.6 1.1 3.0 2.5 3.0 1.2 0.9 NA NA 1.2
% 3 5.3 51 | 11.1 | 196 | 26.2 | 299 | 296 | 27.0 | 199 | 120 | 7.4 4.1 16.5
‘\’,’ 6 48 | 48 | 10.6 | 182 | 249 | 284 | 28.0 | 25.6 | 188 | 11.2 | 7.0 | 3.7 15.6
g 12 4.1 3.7 9.0 | 157 | 21.7 | 242 | 239 | 224 | 16.1 | 9.4 5.9 2.9 13.4
£ 24 28 | 19 | 71 | 104 | 147 | 159 | 146 | 145 | 111 | 69 | 3.8 | 1.3 8.9
% 48 0.9 0.5 3.6 5.2 6.3 8.5 6.6 6.6 6.0 3.3 1.5 NA 4.2
o 72 0.6 NA 1.8 1.7 2.3 3.8 2.9 3.3 2.5 1.7 0.3 NA 1.9
% 3 8.0 86 | 158|248 | 29.2 | 316 | 309 | 288 | 236 | 156 | 10.8 | 7.1 19.6
v 6 73 | 79 | 149 | 23.0 | 27.6 | 30.1 | 29.2 | 27.4 | 22.3 | 145 | 10.0 | 6.6 18.5
g 12 6.2 6.6 | 129 | 19.5 | 240 | 259 | 25.0 | 239 | 19.0 | 12.2 | 8.2 5.1 15.9
f: 24 42 | 42 | 99 | 13.0 | 159 | 170 | 15.7 | 15.7 | 123 | 85 | 56 | 2.6 10.6
':,' 48 1.2 1.5 5.8 6.8 7.2 9.1 7.3 7.6 6.5 4.1 2.5 0.4 5.1
£ 72 0.6 NA 2.2 3.0 3.0 4.1 3.7 3.6 3.0 2.1 0.3 0.2 2.3
é 3 12.7 | 13.4 | 20.6 | 28.7 | 30.1 | 32.1 | 31.1 | 29.3 | 259 | 18.6 | 148 | 11.3 22.4
"3 6 115 | 125 | 193 | 26.7 | 28.6 | 30.5 | 294 | 278 | 246 | 17.1 | 13.6 | 10.3 21.1
g 12 9.2 98 | 16.6 | 23.2 | 25.1 | 26.3 | 253 | 243 | 209 | 144 | 108 | 7.8 18.0
g 24 6.1 6.4 | 124 | 152 | 16.3 | 17.5 | 159 | 158 | 13.6 | 9.8 6.9 3.5 11.8
3 48 2.0 2.7 7.2 7.5 7.4 9.1 7.3 7.7 6.7 4.4 2.9 1.0 5.6
T 72 08 | 07 | 39 | 35 | 3.0 | 41 | 37 | 39 | 33 | 21 | 06 | 05 2.7
1 4.2 4.2 81 | 190 | 33.2 | 413 |43.7 | 364 | 228 | 123 | 8.2 3.9 19.9
v 6 41 | 40 | 79 | 186 | 32.7 | 405 | 43.0 | 359 | 225 | 121 | 79 | 3.8 19.5
g_{ 12 3.8 3.7 73 | 178 | 31.3 | 388 | 413|339 | 215|115 | 75 3.4 18.6
f! E 24 28 | 28 | 63 | 146 | 26.8 | 341 | 365|293 | 184 | 96 | 58 | 25 16.0
‘\-; 48 1.7 1.8 3.4 9.7 | 191 | 251 | 264 | 20.8 | 14.2 | 6.1 3.4 0.6 11.4
£ 72 0.9 0.6 2.2 44 | 120 | 17.8 | 194 | 139 | 9.4 3.9 1.6 0.3 7.7
n 3 11.0 | 10.7 | 19.2 | 37.2 | 50.2 | 56.8 | 60.3 | 53.0 | 38.1 | 24.2 | 159 | 114 32.4
,\7 6 10.6 | 10.5 | 18.8 | 36.4 | 49.2 | 56.0 | 59.1 | 52.0 | 37.5 | 23.5 | 154 | 11.0 31.8
5{ 12 9.9 9.7 | 175 | 345 | 46.7 | 54.0 | 56.7 | 49.5 | 354 | 21.7 | 141 | 10.0 30.2
g E 24 8.2 76 | 146 | 29.1 | 41.2 | 47.2 | 504 | 43.0 | 309 | 186 | 11.8 | 7.5 26.2
‘\7 48 58 | 45 | 10.2 | 21.0 | 323 | 376 | 381|308 | 219 | 115 | 7.0 | 35 19.3
T 72 38 | 27 | 77 | 153 | 224 | 266 | 281 | 195 | 16.8 | 89 | 47 | 15 14.1
v 3 17.7 | 185 | 29.1 | 49.5 | 58.3 | 62.2 | 65.0 | 58.8 | 48.4 | 33.9 | 24.3 | 19.0 40.5
5{ 6 17.2 | 17.8 | 28.6 | 483 | 57.1 | 61.1 | 63.7 | 57.6 | 47.3 | 32.7 | 23.5 | 185 39.6
IE IE 12 16.0 | 16.5 | 26.7 | 46.0 | 54.5 | 58.5 | 61.0 | 55.0 | 44.1 | 30.3 | 21.0 | 16.6 37.4
?,i ~ 24 136 | 13.0 | 23.1 | 39.8 | 47.7 | 51.6 | 54.6 | 48.0 | 38.0 | 249 | 16.6 | 13.3 325
£ 48 103 | 87 | 17.0 | 296 | 373 | 409 | 426 | 344 | 259 | 16.1 | 104 | 7.2 24.1
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72 7.0 6.0 | 13.5 | 21.8 | 26.0 | 29.7 | 339 | 229 | 20.2 | 11.2 | 7.3 3.8 17.9
n 3 29.0 | 30.3 | 40.9 | 58.4 | 61.5 | 64.0 | 66.0 | 60.7 | 55.8 | 43.4 | 35.6 | 29.7 48.0
'\7 6 28.1 | 29.1 | 39.7 | 57.1 | 60.2 | 62.9 | 64.7 | 59.4 | 54.4 | 41.8 | 34.5 | 28.7 46.8
:;{Q 12 259 | 26.8 | 36.7 | 54.5 | 57.4 | 60.2 | 62.1 | 56.7 | 51.0 | 38.3 | 30.6 | 26.2 44.1
,_E E 24 21.0 | 21.1 | 30.5 | 47.9 | 50.8 | 52.9 | 55.4 | 49.3 | 445 | 315 | 24.0 | 20.5 37.9
f\? 48 135|136 | 23.1 | 36.1 | 394 | 421 | 43.1 | 359 | 304 | 195 | 143 | 123 27.8
£ 72 10.0 | 10.2 | 18.6 | 28.2 | 28.2 | 31.2 | 34.2 | 240 | 236 | 124 | 9.8 6.9 20.9
o 4.6 4.8 87 | 203 | 366 | 452|479 |39.7 | 241 | 133 | 88 4.5 21.6
Z 6 4.5 4.7 85 [ 20.1 | 363 | 449 | 475|395 | 238|131 | 86 4.4 21.5
3_{ 12 4.3 4.4 80 | 194 | 354 | 440 | 46.6 | 383 | 23.2 | 12.8 | 8.3 4.1 20.9
.g E 24 3.2 3.5 6.9 | 16.6 | 32.3 | 41.5 | 43.8 | 355 | 20.8 | 11.2 | 6.9 3.4 19.0
z 48 1.9 2.1 3.7 | 121 | 26.1 | 34.7 | 36.0 | 27.6 | 163 | 7.7 4.8 1.5 15.1
* 72 11 11 2.2 7.5 | 200 | 26.8 | 27.8 | 20.7 | 11.6 | 4.9 2.5 0.8 11.3
o 3 13.8 | 13.5 | 22.2 | 43.7 | 61.0 | 68.7 | 74.6 | 66.0 | 453 | 29.5 | 19.6 | 15.2 39.6
g 6 13.7 | 13.3 | 22.0 | 43,5 | 60.7 | 68.5 | 74.4 | 65.6 | 45.0 | 29.2 | 19.5 | 15.0 39.4
3\{ 12 13.1 | 12.6 | 21.1 | 42.2 | 59.5 | 67.7 | 73.5 | 64.4 | 44.0 | 283 | 189 | 145 38.6
cE! E 24 11.6 | 10.8 | 18.5 | 389 | 56.7 | 65.6 | 70.6 | 61.1 | 40.3 | 25.2 | 16.8 | 12.3 36.2
2 48 8.6 6.8 | 14.2 | 325 | 51.3 | 60.3 | 64.2 | 54.1 | 33.6 | 199 | 12.6 | 85 313
* 72 6.1 51 | 10.2 | 259 | 44.0 | 51.6 | 58.0 | 46.2 | 28.0 | 15.1 | 9.5 6.6 26.7
o 3 23.8 | 25.1 | 36.7 | 62.3 | 75.2 | 80.8 | 86.0 | 79.8 | 62.9 | 45.0 | 33.6 | 27.0 53.3
Z 6 23.6 | 247 | 36.4 | 61.9 | 749 | 80.3 | 85.7 | 79.4 | 62.5 | 445 | 33.1 | 26.7 53.0
?Q 12 226 | 23.8 | 35,5 | 60.6 | 73.8 | 79.3 | 849 | 784 | 61.0 | 429 | 31.5 | 25.8 52.0
.E_ E 24 20.5 | 20.4 | 325 | 57.6 | 70.5 | 76.2 | 823 | 75.1 | 57.0 | 38.6 | 28.8 | 22.9 49.1
2 48 158 | 14.7 | 26.1 | 50.5 | 65.6 | 70.7 | 76.1 | 67.7 | 48.8 | 31.1 | 22.5 | 16.7 43.2
* 72 12.7 | 11.2 | 20.4 | 43.6 | 585 | 63.6 | 71.9 | 60.2 | 43,5 | 249 | 16.8 | 12.2 38.1

3.6 Wind-wave misalignment

The wind-wave misalignment was defined as the wind direction minus the mean wave direction for
each model time step and was analysed with respect to the wind speed at hub height (150 mMSL).
Scatter diagram of the misalignment of the full datasets against wind speed at hub height is
presented in Figure 3-10. Wind speed was binned into 2 m/s bins and the mean misalignment for
that bin was calculated. A scatter plot displaying the results of this analysis for omni-directional and
22.5 ° sectors is given in Figure 3-11.

As expected, wind-wave misalignment values are relatively higher at lower wind speeds and
reduces as wind speed increases. Misalignment is also lowest in the prevailing south-western to
western directional sectors.
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Figure 3-11 Wind-wave misalignment. Mean misalignment per 2 m/s wind speed bins are given for each wind speed directional sector

Kernel density and contour plots for significant wave height and wind speed at hub height (150 m)

300

Wind speed (m/s) vs Misalignment (degrees)

200 1

50

1

10 20 30 40

Wind speed (m/s)

Figure 3-10 Wind-wave misalignment — full dataset (wind speed at hub height)
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are presented in Figure 3-12 and Figure 3-13.
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Wind speed (m/s) vs Significant wave height (m)
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Figure 3-12 Kernel density plot of significant wave height and wind speed at 150 m above sea level
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Figure 3-13 Contour plot of significant wave height and wind speed at 150 m above sea level

Wind-wave coincidence and exceedance tables for wind speeds at 10 m above sea level are
provided in Figure 0-2.
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3.7 Extreme Sea States

The ERAS dataset [4] was used to calculated extreme wave variables. For this study, a generalised
extreme value (GEV) methodology was chosen as the best-fitting analysis to calculate the extreme
values for wave height at this location. Due to the adequate length of the wave dataset, the block
maxima (annual maxima) approach was chosen to extract extreme events over the 43-year time
period as input into the general extreme value analysis.

Return values in the GEV model

20

18

Return level (m)

T T | T 1 T T T 1
2 5 10 20 50 100 200 500 1000

Return period (Years)

Figure 3-14 Return values of significant wave height (Hs) in the GEV model. Red curve represents the best fit with the data and aligns
with the input data. Dashed lines represent the 95 % confidence intervals. Distribution parameters: location = 9.774; scale = 1.213;
shape =-0.035.

The predicted 1-, 50- and 100-year return values of significant wave height H, is presented in Table

3-5. The maximum wave height is determined according to the equation provided in IEC 61400-3-1:
2019 [8].

Hpmax = 1.86H,

The wave period associated with maximum wave height, Tymax OF Tyss, is calculated based on the
relationship between Hg and T, (IEC 61400-3-1: 2019)

H; H;
111 |2 < Ty, < 143 =
g g
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Where g is the acceleration due to gravity. The following equation provided in DNV-RP-C205: 2021
[9] is used to estimate the upper and lower limits of peak wave period T,.

T,ss = 0.9T,

It is noted that, IEC 61400-3-1: 2019 [8] recommend a 3-hour sea state as input into extreme value
analysis. In this study, a 1-hour sea state is utilised and therefore the calculated extreme values are

considered conservative.

Table 3-15 Omni-directional Extreme Wave Data

Significant Peak Peak Maximum Period of Period of
Return . . Max Wave, | Max Wave,
. Wave Period, T, Period, T, Wave
Period . . Thmax (5) THmax (S)
Height, H, (s) (Lower (s) (Upper Height,
(Years) (m) Limit) Limit) Home (m) | (LOWET (Upper
mex Limit) Limit)
1 6.0 9.7 12.4 11.2 8.7 11.2
2 10.2 12.6 16.2 19.0 11.3 14.6
50 14.0 14.7 19.0 26.0 13.3 17.1
100 14.7 15.1 19.4 27.3 13.6 17.5

3.8 Severe Sea States

The severe sea states (SSS) conditions are found using Inverse First-Order Reliability Method

(IFORM) as recommended by IEC 61400-3-1; 2019 [8]. The methodology described in Papi et al [10]
was followed. The 50-year and 1-year environmental contours of V,,,;,-H, are shown as solid lines in
Figure 3-15. The SSS values, defined by the points along the 50-year contours between the cut-in

and cut-out wind speeds are provided in Figure 3-18.

Significant wave height, H: (m)

17.5 1

15.0 -

12.5 1

10.0 A

7.5 1

5.0 4

25 1

0.0 -

-

20

Wwind speed, V(ms™?)

Figure 3-15 Wind speed (150 m) — significant wave height environmental contours compute with IFORM method
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Table 3-16 Severe sea states within cut-in and cut-out wind speeds, computed from IFORM Method

ID Vhub (150 m) Hs Tp Tp min Tp max
0 1 6.99 14.23 11.54 17.36
1 2 7.88 14.73 12.22 17.61
2 3 8.41 15.02 12.62 17.76
3 4 8.82 15.25 12.92 17.87
4 5 9.18 15.43 13.17 17.97
5 6 9.51 15.60 13.40 18.06
6 7 9.79 15.74 13.60 18.13
7 8 10.04 15.87 13.77 18.20
8 9 10.25 15.97 13.90 18.25
9 10 10.41 16.05 14.01 18.29
10 11 10.53 16.11 14.09 18.33
11 12 10.63 16.15 14.16 18.35
12 13 10.70 16.19 14.21 18.37
13 14 10.77 16.22 14.25 18.39
14 15 10.86 16.26 14.31 18.41
15 16 10.97 16.32 14.38 18.44
16 17 11.12 16.39 14.47 18.48
17 18 11.31 16.48 14.60 18.53
18 19 11.55 16.59 14.75 18.59
19 20 11.84 16.72 14.93 18.67
20 21 12.18 16.87 15.14 18.76
21 22 12.56 17.05 15.37 18.86
22 23 12.98 17.23 15.62 18.97
23 24 13.43 17.43 15.88 19.09
24 25 13.92 17.63 16.16 19.21
25 26 14.41 17.84 16.43 19.34
26 27 14.92 18.05 16.71 19.48
27 28 15.43 18.26 16.98 19.61
28 29 15.92 18.46 17.24 19.74
29 30 16.39 18.64 17.48 19.87

3.9 Currents — Normal Conditions

A 10-year hourly timeseries of bottom, mid and surface current speeds and directions were
extracted from the three-dimensional North East Atlantic Model, an implementation of the ROMS
model for Irish Waters [5] at 52.519, -10.276. Current roses of this dataset are presented in Figure
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3-16 to Figure 3-18. Monthly, annual and overall statistics are presented in Table 3-17 to Table
3-20.

Bottom current roses based on 2012 to 2022 dataset
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Figure 3-16 Current rose (10-year modelled bottom current)

Mid current roses based on 2012 to 2022 dataset
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Figure 3-17 Current rose (10-year modelled mid current)
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Surface current roses based on 2012 to 2022 dataset
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Figure 3-18 Current rose (10-year modelled surface current)
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Table 3-17 Percent exceedance of bottom, mid and surface current speeds (derived from 10-year modelled dataset)

Mid current
Exceedance Bottom current
speed Surface current speed
threshold speed exceedance o
(m/s) exceedance (%)
(%)

0.1 31.45 62.72 79.92
0.2 0.36 23.15 44.02
0.3 0.00 4.20 18.10
0.4 0.27 5.73
0.5 0.01 1.58
0.6 0.36
0.7 0.07
0.8 0.01
0.9 0.01

1 0.00

Table 3-18 Monthly bottom, mid and surface current statistics (derived from 10-year modelled dataset)

Statistic | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
g mean 0.09 0.09 0.09 0.08 0.08 0.08 0.08 0.08 0.09 0.09 0.09 0.09
§ max 0.32 0.30 0.25 0.22 0.20 0.22 0.20 0.22 0.22 0.22 0.23 0.26
S = min 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
E E P25 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
E = P50 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 0.08 | 0.08
§ P75 0.12 | 0.11 | 0.11 | 0.11 | 0.10 | 0.10 | 0.10 | 0.11 | 0.11 0.11 0.11 | 0.11
2 P90 0.14 | 0.15 | 0.14 | 0.14 | 0.13 | 0.13 0.13 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14
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P95 0.16 0.17 0.16 0.15 0.14 0.14 0.14 0.15 0.16 0.15 0.15 0.16
- mean 0.14 0.14 0.14 0.14 0.13 0.14 0.14 0.14 0.15 0.15 0.14 0.14
E max 0.54 0.51 0.51 0.43 0.41 0.51 0.42 0.48 0.48 0.51 0.52 0.52
§ min 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
> P25 0.07 0.07 0.07 0.07 0.07 0.07 0.08 0.08 0.08 0.08 0.07 0.07
;é; P50 0.13 | 0.12 | 0.12 | 0.13 | 0.12 | 0.13 0.13 | 0.13 | 0.14 | 0.14 | 0.13 | 0.13
§ P75 0.19 0.19 0.20 0.19 0.19 0.19 0.19 0.20 0.21 0.21 0.19 0.19
-g P90 0.25 0.26 0.26 0.26 0.24 0.24 0.25 0.26 0.27 0.28 0.25 0.25
P95 0.28 0.29 0.30 0.29 0.28 0.28 0.28 0.30 0.31 0.32 0.29 0.28
mean 0.20 0.22 0.21 0.19 0.19 0.19 0.19 0.20 0.21 0.20 0.20 0.20
= max 0.74 0.82 0.74 0.74 0.70 0.70 0.72 1.08 0.77 0.79 0.83 0.85
g Q min 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
3 %— P25 0.12 0.13 0.12 0.11 0.11 0.11 0.11 0.11 0.11 0.12 0.11 0.12
§ & P50 0.19 0.20 0.19 0.18 0.17 0.18 0.17 0.18 0.18 0.19 0.18 0.19
E & P75 0.27 0.29 0.28 0.26 0.25 0.25 0.25 0.27 0.28 0.27 0.27 0.27
@ P90 0.36 0.38 0.37 0.34 0.33 0.33 0.34 0.36 0.37 0.36 0.36 0.36
P95 0.41 0.44 0.42 0.40 0.37 0.39 0.39 0.42 0.43 0.42 0.42 0.42
g E .% — mean 235.7 | 235.8 | 238.8 | 242.5 | 241.2 | 2435 | 242.3 | 242.2 | 243.5 | 244.1 | 239.5 | 236.9
§ % % € mean 78.8 77.3 82.7 83.8 88.1 86.6 85.7 89.0 87.8 90.4 84.1 80.7
e mean | 229.4 | 229.0 | 229.4 | 229.5 | 227.8 | 231.5 | 238.2 | 234.3 | 232.7 | 235.1 | 228.0 | 229.9
Tg % &
S § _g =] mean 56.8 56.3 55.1 53.7 55.9 58.9 63.9 66.2 64.7 66.9 61.0 58.2
&
‘é — mean 227.2 | 2329 | 2409 | 244.1 | 230.6 | 231.9 | 230.3 | 225.9 | 229.1 | 235.9 | 228.4 | 231.3
25
g g mean 81.5 84.1 83.7 84.9 81.2 88.1 84.3 86.4 80.7 81.6 83.7 79.3
t3
"
Table 3-19 Annual bottom, mid and surface current statistics (derived from 10-year modelled dataset)
Statistic 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
b mean 0.08 0.08 0.08 0.08 0.08 0.09 0.09 0.09 0.09 0.09 0.09
< max 0.23 0.26 0.29 0.23 0.24 0.24 0.32 0.25 0.30 0.26 0.27
2 min 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
o E P25 0.05 0.05 0.05 0.05 0.05 0.07 0.07 0.06 0.06 0.06 0.06
§ f—_ P50 0.07 0.07 0.07 0.07 0.07 0.09 0.09 0.09 0.09 0.09 0.09
g P75 0.10 0.10 0.10 0.10 0.10 0.12 0.12 0.12 0.12 0.11 0.12
g P90 0.12 0.12 0.12 0.12 0.13 0.15 0.15 0.15 0.15 0.14 0.14
— P95 0.14 0.14 0.14 0.14 0.14 0.16 0.16 0.16 0.16 0.16 0.16
E mean 0.13 0.13 0.13 0.13 0.13 0.15 0.15 0.15 0.15 0.15 0.15
.g, max 0.46 0.52 0.46 0.44 0.50 0.45 0.54 0.52 0.51 0.49 0.51
§ min 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
o P25 0.07 0.07 0.06 0.07 0.07 0.08 0.08 0.08 0.08 0.08 0.08
‘g P50 0.12 0.12 0.11 0.12 0.12 0.14 0.14 0.14 0.14 0.14 0.14
‘5' P75 0.17 0.17 0.17 0.17 0.18 0.21 0.21 0.21 0.21 0.21 0.20
; P90 0.23 0.23 0.23 0.23 0.24 0.27 0.27 0.28 0.27 0.27 0.27
= P95 0.26 0.26 0.27 0.26 0.27 0.31 0.31 0.31 0.31 0.31 0.31
mean 0.18 0.19 0.18 0.20 0.19 0.20 0.22 0.21 0.21 0.21 0.20
z max 0.76 0.70 0.75 0.82 1.07 0.74 0.73 0.75 1.08 0.69 0.79
g E min 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
= é P25 0.10 0.11 0.10 0.12 0.11 0.12 0.12 0.12 0.12 0.12 0.11
§ § P50 0.17 0.17 0.16 0.18 0.18 0.19 0.20 0.19 0.19 0.19 0.18
"g o P75 0.25 0.25 0.24 0.26 0.26 0.27 0.29 0.28 0.28 0.28 0.27
® P90 0.33 0.33 0.32 0.35 0.34 0.36 0.38 0.36 0.39 0.36 0.36
P95 0.38 0.38 0.37 0.40 0.39 0.41 0.43 0.43 0.45 0.42 0.43
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;&; — mean 241.7 239.5 240.1 240.8 241.7 238.2 241.7 239.6 239.5 242.1 240.3

g '8' mean 85.3 86.9 88.1 86.4 84.4 85.3 85.2 83.0 82.7 83.5 80.9

£3

o)

= 3 mean 227.7 231.4 232.6 231.2 229.9 229.8 232.3 229.3 233.7 233.1 232.5

[J)

S

S+

-'g ,9_-" mean 60.5 61.9 58.9 62.2 59.1 60.2 57.1 59.2 60.8 59.2 59.2
el

L

5 = mean 229.9 236.3 232.1 230.2 231.6 226.4 235.7 229.1 236.0 233.1 235.4

g%

..g ,9_-’ mean 82.6 87.5 82.9 81.3 85.8 84.8 81.4 83.5 82.7 80.9 81.9

S el

[7,]

Table 3-20 Overall bottom, mid and surface current statistics (derived from 10-year modelled dataset)

Current variable Statistic Value
mean 0.09

max 0.32

min 0.00

P25 0.06

bottom current speed (m/s) P50 0.08
P75 0.11

P90 0.14

P95 0.15

mean 0.14

max 0.54

min 0.00

. P25 0.07
mid current speed (m/s) P50 0.13
P75 0.19

P90 0.26

P95 0.29

mean 0.20

max 1.08

min 0.00

P25 0.11

surface current speed(m/s) P50 0.18
P75 0.27

P90 0.35

P95 0.41

bottom current direction (°) p— Ty
mean 84.7

) e mean 231.2
mid current direction (°) mean 59.8
surface current direction (°) mean 22t
mean 83.2
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3.10 Currents — Extreme Conditions

The 1- and 50-year extreme omni directional bottom, mid and surface current speeds, calculated from a 10-
year hourly NEATL timeseries are presented in Table 3-21 and Figure 3-19 to Figure 3-21. The GEV
methodology was chosen to calculate the extreme values for current speeds and the peaks-over-threshold
method was chosen to extract discrete extreme events over the 10-year time period as input into the
general extreme value analysis.

Table 3-21 Omni-directional bottom, mid and surface current extreme return values statistics (derived from 10-year modelled

dataset)
1-Year 50-Year
Bottom current speed 0.23 0.36
(m/s)
Mid current speed (m/s) 0.44 0.58
Surface current speed 0.67 1.10
(m/s)

Return values in the GEV model

Return level (m/s)
1.0 15 2.0

0.5
1

0.0

I I I I I I I I
2 5 10 20 50 100 200 500 1000

Return period (Years)

Figure 3-19 Return values of bottom current speed (m/s) in the GEV model. Red curve represents the best fit with the data and aligns
with the input data. Dashed lines represent the 95 % confidence intervals. Distribution parameters: location = 0.2395; scale = 0.0107;
shape =-0.2974
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Return values in the GEV model

Return level (m/s)
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Figure 3-20 Return values of mid current speed (m/s) in the GEV model. Red curve represents the best fit with the data and aligns with
the input data. Dashed lines represent the 95 % confidence intervals. Distribution parameters: location = 0.4716; scale = 0.0196; shape
=-0.0085

Return values in the GEV model

Return level (m/s)

T T T T T T T T
2 5 10 20 50 100 200 500 1000

Return period (Years)

Figure 3-21 Return values of surface current speed (m/s) in the GEV model. Red curve represents the best fit with the data and aligns
with the input data. Dashed lines represent the 95 % confidence intervals. Distribution parameters: location = 0.715; scale = 0.031;
shape = 0.4082
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3.11 Marine Growth

As no confirmed measurements have been carried out, marine growth thicknesses for design for
both cases are based on recommended values for UK waters in DNVGL-ST-0437 [11]. These are
summarised in Table 3-22. The dry density of marine growth will be taken as 1325 kg/m3 (DNVGL-
ST-0437 [11]).

Table 3-22 Marine growth thickness

Depth below MWL (m) Marine Growth Thickness (mm)
-2to 40 100
> 40 50

3.12 Other parameters

Other environmental parameters are defined as follows (DNVGL-ST-0437 [11]):
e Sea water density: 1025 kg/m?3 (assumed in lieu of site-specific measurement)

e Sea water salinity: 3.5 %

4 Conclusion

A preliminary Front-End Engineering Design Metocean Study has been produced for IDEA-IRL’s
reference site 1. This reference site represents an area close to Moneypoint Offshore One located off
the west coast of Ireland. A robust set of metocean parameters was produced that will be used to
inform the design of the reference floating wind arrays in WP2. The results presented herein can only
be considered as a pre-FEED study and are aimed to serve as input for preliminary design. This report
will primarily serve as WP1 D1A, a technical report designed to feed directly into WP1 of the IEA TCP
Wind Task 49 of the same name. This technical report will be integrated into WP1 D1B.
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Appendix

Scatter plots (all wind speeds)
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f;;; ) 000| 001 002| 008 009| 0.18] 032 o034 o053 o052| 077| 063] 057| o061| o030 031 020 009 007 003 o002 o001l o001l o000f o000f o000f o000f 000 000 0.0 573 86.89
?72:) ) 000 002 003| 008 015| 023 036| 032| o049 o047| 042| 047 027( 030| o019| o009 o008 004 002 002 001 o000 o000l 000 000| o000 0.0 404 90.94]
(5"2'755 ) 000 000| 000| 001 002| 006f o0.10[ 023 o023 o034] o035 031 035| o020 027 o019 o010 o010 o00s| o002 o001l o001l o000 o000[ 000 000 0.00 295 93.88]
(557155 ) 000 000| 002 o004 o010] o012| o020 o026 o020 o026 o016 022 016 009 009 o005/ o002 002 o001l o000 000 000 202 95.91
(:17;; ) 00o| 001 o002 o004 007 o014 o016 o014 o021 o011| o017| 013] o008] 008| 004 002 001 000 000 000 143, 97.34]
(:72:) ) 000| o000 001l 002| o008 o010 o010l o015 o008 o011l 009| 004 o006 00s[ 001 o001 o001l 000 000 093 98.26|
(751'755 ) 0oo[ o000 o001f 002 o006 005 o011] o006 008 007 o004 o005 o00s| o001l o001l o001l o000 000 062 98.88|

Hs(m) (777155 ) 000[ 000[ 001 003 003 005 003 005 006 002 003 002 oo01f o001l o001l 000 000 038 99.26|
:;71755, 000[ 000[ 000| 001 001 004 002| 005 004 002 003 002 o001l o001l o001l 000 027 99.52
;Bf: - 0.00 0.00 0.00 0.02 0.01 0.03 0.03 0.02 0.03 0.01 0.01 0.00 0.01 0.00] 0.18 99.70
(:1‘755 ) 0.00 000| 000| 001| o001| 002 003 002 002 o001 o000 o000 o000/ 000 000 012 99.83
(:7155 ) 000| 000| 001| o001| o001 o001 o001l 002 o001l o000f o000f 000 008 99.90]
(;7;’5) 000 o00of o000f o000f 000[ 000| 001 001 000 000 000 000 000 004 99.94]
(10.25 - 00|
1095 X 000/ 000[ 000[ o000| 001f o000/ 000| 0.00 002 99.96|
(10.75 -
1195, 000 000 o000/ 000[ 000 o000[ 000 000 0.00 001 99.97
(111’7255 N 0.00 000| 000/ 000[ 000| 000| 000 0.00 001 99.98]
(11.75 -
12.25) 000| 000/ 000[ 000| 000| 000 0.00 00: 99.99
(1225 000| 000| 000| 000 0.00 0.00 99.99
12.75]
(1275 000 000 000 000  100.00|
13.25)
(13.25 -
1375, 000[ 000[ 000 000 100.00|
(13.75 -
14.25) 000 100.00|
(1425 - 0.00[  100.00
14.75)
sum 000 000] 0.00[ 000 0.00[ 000 000] 001 005| 020] 053] 093] 1.42[ 183 191] 3.06] 427] 623[ 7.06] 676 9.17] 7.17[ 9.25] 644] 84| 602] ass| 464 234] 266] 176] 093] o094 o051] 021 020 o0.10[ 004] 003[ o001] o001] o000 o000 o000 000
::“"""‘[ 000 000| 000 000 000| 000 000 001| 005 026| 078 172| 3.14| 496 s.s7| 9.94| 14.20| 20.44| 27.50| 34.26 43.43| 50.59| 59.84| 66.28| 74.74| 80.76| 8562| 90.25| 9259| 9526| 97.02| 97.95| 98.89| 99.40| 9961 99.81 9991 99.95 99v93| 99.99| 99.99| 100.00| 100.00| 100.00| 100.00

Figure 0-1 Frequency of occurrence (%) scatter plot of Tp vs Hs (All wind speeds)
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Significant wave height (m)
Occurrence values as cumulative
% 0-0.5 |0.5-1]1-15[1.5-2[2-2.5 [2.5-3 [3-3.5 [3.5-4 [4-4.5 [45-5 [5-55 [55-6 |6-6.5 [65-7 [7-7.5 |7.5-8 [8-8.5 [85-9 [9-9.5 [9.5-10 |10-10.5 [10.5-11{11-11.5]11.5-12/12-12.5 [12.5-13 |13-13.5 [13.5-14 [14-14.5 |14.5- 15 [sum |sum
0-0.5 0.00/ 0.04] 0.06| 0.04/ 0.03 0.01) 001 000| 000f 0.00] 0.00 0.19 0.19
0.5-1 0.00| 0.12| 0.19] 0.12f 0.07 0.04) 0.02 0.01 0.00|  0.00 0.00| 0.59 0.78
1-15 0.01] 0.23| 0.34] 0.21] 0.14] 0.08 0.04] 0.02] 0.01 0.00 0.00] 0.00 0.00| 1.07 1.84
15-2 0.00/ 0.33| 050/ 032 0.0/ 0.11] 005 002| 0.01] 0.01] 0.01] 0.00| 0.00 1.57 3.41
2-25 0.01] 039| 0.68] 045/ 0.26] 0.16 0.08] 0.05] 0.02 0.01 0.00| 0.00 0.00| 2.11 5.52
25-3 0.01] 049 0.84| 058 0.33] 019 011] 005 0.02] 0.01] 0.01] 000f 0.00f 0.00 2.64, 8.16
3-35 0.01) 0.53 0.67| 0.41) 022 015 0.06| 0.03 0.02] 001] 000 0.00/ 0.00/ 0.00] 0.00| 3.13 11.30:
3.5-4 0.01] 0.59 0.87| 048 029 0.8 0.09 0.04] 0.02 0.01 0.00 0.00] 0.00 3.75 15.05;
4-4.5 0.01] 0.56 0.60| 034/ 0.0/ 010/ 006 002 0.01] 0.01] 0.00| 0.00| 4.27 19.32.
4.5-5 0.00| 0.52] 0.71 038 0.23 0.15 0.06| 0.03] 0.01 0.01 0.00] 0.00 4.70 24.02
5-55 0.00| 0.47 0.82| 046 0.26| 015 008 003] 0.2 0.01] 0.00f 0.00| 0.00] 5.20, 29.22
55-6 0.00| 0.37] 0.89 0.55| 0.30] 0.17, 0.10| 0.04 0.02 0.01 0.00] 0.00] 0.00] 0.00 5.47 34.69
6-6.5 0.00] 0.25] 0.61] 0.32 0.19 0.11 0.05 0.03 0.01 0.00] 0.00) 0.00] 0.00 5.61 40.30
6.5-7 0.12 0.69| 041 020/ 012 005/ 0.03 0.02] 0.01] 0.00| 0.00[ 0.00 5.66 45.96
7-75 0.05, 0.76)| 0.43 0.24 0.14| 0.07 0.04] 0.01 0.01] 0.00] 0.00| 0.00 5.65 51.61
75-8 0.01f 0.79 0.84| 046 028 016 009 0.04f 0.02] 0.01] 000 0.00f 0.00 5.47 57.07
8-8.5 0.00| 0.48] 0.88)| 0.53 0.32 0.19| 0.10 0.05 0.03 0.01] 0.00) 0.00] 0.00] 0.00 0.00| 5.12 62.20
8.5-9 0.00f 0.25 0.89] 0.55 0.35 0.20] 0.3 0.06] 0.03 0.02] 0.01 0.00]  0.00 0.00] 4.77 66.96
9-9.5 0.00f 0.12] 0.78| 061 037 0.24/ 0.14) 008 003 0.01f 0.01] 0.00] 0.00| 4.41 7137
9.5-10 0.04| 0.50 0.63 0.41 0.25 0.15 0.09] 0.05 0.02] 0.01 0.00] 0.00] 0.00 0.00 4.03 75.40
10-10.5 001| 030f 0.72| 0.80] 062 048 029 018 0.11) 005 003] 001] 0.00f 0.00/ 0.00] 0.00 3.60, 79.00
10.5-11 0.00/ 0.14| 054 0.71f 0.64| 051 0.32 0.20 0.11] 0.06 0.03] 0.02 0.01] 0.00] 0.00] 3.31 82.31
11-11.5 0.00] 0.05 0.35 051 034 022| 014 008 0.03] 0.02 001 000 0.0f 0.00] 0.00 2.92 85.23
11.5-12 0.02| 0.9/ 043| 052 050/ 036 023 016/ 0.10| 0.05 0.02] 0.01] 0.01] 0.00| 0.00 2.59 87.81
T |12-125 0.00] 0.0/ 0.27] 0.41 0.44 0.35 0.25 0.18] 0.11 0.06| 0.02 0.01) 0.01 0.00 0.00| 0.00| 2.21 90.03
T: 12.5-13 0.00/ 0.04) 0.16] 030 039 033 026/ 020 012 006f 0.03 0.02] 001 000| 0.00f 0.00 1.92 91.95
& [13-135 0.00] 0.01 0.09] 0.19 0.28 0.29] 0.24 0.18] 0.13 0.08) 004 0.02] 0.01 0.00 0.00|  0.00| 1.59 93.54
% 13.5-14 0.00/ 0.00/ 0.04] 011] 020 0.23] 022/ 017 013] 008/ 0.5/ 0.03] 001 000| 0.00[ 0.00 1.28 94.82
° [14-145 0.00| 0.01] 0.06/) 0.12) 019] 020/ 0.17| 0.13] 010/ 006 0.03f 0.01] 0.01f 0.00] 0.00 1.09 95.91
g 14.5-15 0.00 0.01 0.02 0.06 0.12 0.16 0.15 0.12 0.11] 0.06 0.03) 0.01 0.01 0.00| 0.00 0.00| 0.87 96.78
g 15-15.5 0.00f 0.01] 0.04) 008 012| 0.13] 0.11) 0.09] 007/ 004/ 0.03 0.01] 0.00] 0.00 0.00 0.75 97.53
= [15.5-16 0.00| 0.01 0.01 0.04| 0.08 0.09] 0.09 0.09] 0.07 0.04] 0.03 0.01 0.01 0.00 0.00| 0.56 98.09
E 16-16.5 0.00/ 0.00/ 0.01] 002 004/ 0.06| 0.08) 008 006 003 0.2 0.02 001 0.0 0.00 0.00 0.43 98.53
B [165-17 0.00 0.00/ 0.00| 001] 002| 0.04f 0.06/ 007 005 0.04f 0.02] 0.02] 0.02]| 0.00 0.00| 0.00| 0.36 98.88
&i 17-17.5 0.00| 0.00] 0.01 0.02 0.02 0.03 0.05| 0.04] 0.04] 0.03 0.02 0.02 0.01 0.00| 0.00| 0.00| 0.00 0.29 99.17
2 [175-18 0.00/ 0.00/ 0.01] 001] 002 0.3 0.04 003 003 002 0.02] 0.01 0.01 0.00 0.00 0.00 0.23 99.41
3 [18-185 0.00 0.00| 0.00 0.01 0.01 0.02)| 0.02 0.02)| 0.02 0.02 0.02 0.01 0.01 0.00| 0.00 0.00 0.17 99.57
18.5-19 0.00/ 0.00 000 001] 0.01f 0.02] 001 002 002 0.01] 0.01 0.01 0.00, 0.00| 0.00 0.00 0.12 99.69
19-19.5 0.00|  0.00 0.00|  0.00 0.01] 0.01 0.01] 0.02 0.01 0.01 0.01 0.01 0.00| 0.00 0.00 0.00 0.00| 0.00| 0.09 99.78
19.5-20 0.00| 0.00 0.00] 0.00 0.00] 000/ 0.01] 0.01 0.01 0.01 0.01 0.01] 0.01 0.00 0.00 0.00 0.07 99.85
20-20.5 0.00, 0.00|  0.00 0.00/ 0.00/ 0.00| 000/ 0.00f 0.01] 0.00/ 0.01] 0.01 0.00 0.00 0.00 0.00 0.00 0.05 99.90
20.5-21 0.00|  0.00 0.00| 0.00 0.00] 0.00] 0.00] 0.00] 0.00 0.01 0.01 0.00| 0.00| 0.00 0.00 0.00 0.00| 0.03 99.93
21-21.5 0.00/ 0.00/ 0.00] 000 0.0f 0.00f 0.00 0.00] 0.1 0.01 0.00, 0.00| 0.00 0.00 0.00, 0.02 99.96
215-22 0.00] 0.00] 0.00] 0.00] 0.00 0.00|  0.00 0.00| 0.00| 0.00 0.00 0.00| 0.00| 0.00| 0.01 99.97
22-225 0.00/ 0.00f 0.00/ 0.00 0.00] 0.00 0.00| 0.00| 0.00 0.00 0.00 0.00| 0.01 99.98
22.5-23 0.00 0.00f 0.00/ 0.00] 0.00] 0.00 0.00 0.00, 0.00 0.00 0.00 0.00 0.00 0.00 0.01 99.98
23-235 0.00| 0.00| 0.00] 0.00 0.00|  0.00 0.00| 0.00 0.00 0.00| 0.00| 0.00| 0.00 0.01 99.99
23.5-24 0.00]  0.00| 0.00| 0.00 0.00, 0.00, 0.00 0.00 99.99
24-245 0.00 0.00 0.00 0.00 0.00 0.00| 0.00| 0.00 100.00
24.5-25 0.00 0.00 0.00 0.00| 0.00 0.00 0.00| 0.00 100.00
25-25.5 0.00 0.00, 0.00 0.00 100.00
25.5-26 0.00 0.00| 0.00 100.00
26-26.5 0.00 0.00 100.00
26.5-27 0.00 100.00
27-27.5 0.00 100.00
27.5-28 0.00 100.00
28-285 0.00 100.00
28.5-29 0.00 100.00
29-29.5 0.00| 0.00 100.00
29.5-30 0.00| 100.00
30-30.5 0.00| 100.00
sum 0.06| 5.08| 16.55| 18.50| 15.82| 12.41 9.06| 6.80] 4.82 3.42 2.48| 1.70 117 0.74] 0.49 0.31 0.21 0.16| 0.10 0.06 0.02 0.02 0.01 0.01 0.00| 0.00| 0.00| 0.00 0.00 0.00
cumulative
sum 0.06| 5.14| 21.70| 40.19| 56.02| 68.42( 77.49| 84.29| 89.11] 92.53| 95.00{ 96.70| 97.87| 98.61| 99.10{ 99.41] 99.62| 99.77| 99.87| 99.93 99.95 99.97 99.98 99.99 99.99 100.00] 100.00{ 100.00| 100.00| 100.00

Figure 0-2 Wind-wave coincidence (frequency of occurrence). Wind speeds are 10 m above sea level
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3D Scatter plots (Vs-Hs-Tp)

(s
Vb0 Am/s T a5 075~ [2s- 75 [@25- [@75- |25~ @75 [@2s- [i875- [25- [675- [625- [(675- 25 [(75- [i825- |875- [@25- [075- 1025 {1075 [[1125- [1175- [(1225- [(1275 |(1325- |(1375 |(1a25- [(1a75- [(1525- |(1575- [(1625- [(1675- [725- [775- [825- [875- [1925- |1975- [2025- [2075- [212s- |@@i7s- um | comulative
025) o7s) [125) [175) |225) [275) [3.25) [375) [a25) |a75) [525) [5.75) |625) |675) |7.25) [7.75) [825) |8.75) [925) 9.75) [1025) [1075) [1125) |1175) [1225) [1275) [13.25) |1375) [1425) |1475) [1525) |1575) |1625) |1675) [17.25) |17.75) [1825) [1875) |19.25) [1975) |2025) |2075) [2125) [2175) [2225) sum
(0-0.25) 0.00 0.00
(0:25-075) 000[ 000 000| o000l 001 o001 o001l o000| o000l 000 o000 000f 000| 0.0 000 0.04 004
(0.75 - 1.25) 0.00 000 000|001 001l o000| 000f o000 000 000 0.0 000 0.8 022
(1.25-1.75) 000| 000 000f 001 001f 001 000 000 000f 000[ 000 000 0.00 0.14] 0.36|
(175 -2.25) 000[ o000l 000| o000l 001 o001 001l 001 o001 00o| o000 o000l 000| 000 000 0.08 044
(2.25-275) o000 o000 o00o| o000l o000| o001 001l o001 oool 000| o000 000| 000 0.06) 050
(275 -3.25) o000 o00o| 000l o000| o©00of 000 001 000 ©000f o000 ©000f 000 000 003 053
(3:25-3.75) 000[ 000 000l ©000| 000 o000of 000| 000 000 002 054
(3.75-4.25) ooo| o000| o000l 000| o000 000 o000 001 055,
(a.25-4.75) 000[ 000| 000 000 000 0.00 055
(a.75-5.25) 000} 000[  0.0| 0.00 055,
(5.25-5.75) 0.00 0.00 055,
(5.75 - 6.25) 0.00 0.55|
(6.25 - 6.75) 0.00| 055
(6.75-7.25) 0.00) 055,
Hs (m)

(7.25-7.75) 0.00 0.55|
(7.75 - 8.25) 0.00| 055
(8.25-8.75) 0.00) 055,
(8.75 -9.25) 0.00 0.55|
(9.25 -9.75) 0.00| 055
(9.75 - 10.25) 0.00) 055,
(10.25 - 10.75) 0.00 055
(10.75 - 11.25) 0.00| 055
(11.25-11.75) 0.00) 055,
(11.75 - 12.25) 0.00 055
(12.25 - 12.75) 0.00| 055
(12.75 -13.25) 0.00) 055,
(13.25 - 13.75) 0.00| 055
(13.75 - 14.25) 0.00| 055
(14.25-14.75) 0.00 055,
sum 000 000 000| o000| o000| 000| 000 o000f o000 o000l o000| o000| o000| o000f o001 002 003 o004 o0s| o005 o006l o005 oo0s| oos] o00s| 003l ©002f 002 o001 001 o001 o000 ©000f o000 000l o000| o000l o000| o000l 000| o000l 000 o000| 000 0.00]
cumulative sum | 000 000 000 000 000l 000| o000| o000| 000f o000 000 000 o000 o000| 001 003 o0l o010 o016 o021 027 031 036| o040 o0as| o048l os0| o0s2| o053 o0sa| oss| oss| oss| oss| o0ss| oss| o0ss| oss| o0ss| oss| o0ss| oss| oss| o0ss| oss
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TR (s)
Vb L-3mls e 025 [07s- [2s- 75 [@25- [@75- |25~ @75 [@2s- [ia75- [525- [675- [(625- (675~ 25~ [(75- [i825- |875- [@25- [675- 1025 {1075 (1125 - [1175- [(1225- [(1275- |(1325- |(1375 |(1a25- [(1a75- [(1525- |(1575- [(1625- [(1675- [725- [775- |825- [875- [925- |975- [i2025- [i2075- [i2aas- |@i7s- o |cumulative
025) o7s) [125) [175) |225) [275) [3.25) [375) [a25) |a75) [525) |[575) |625) |675) |7.25) [7.75) [825) |8.75) [925) 9.75) [1025) [1075) [1125) |1175) [1225) [1275) [13.25) |1375) [1425) |1475) [1525) |1575) |1625) |1675) [17.25) |17.75) [1825) [1875) |19.25) [1975) [2025) |2075) [2125) [2175) [2225) sum
(0-0.25) 000 000
(0:25-075) 00o| o000l 001 o001f 002 00s| o004 o004 o002 002| o002 001 001l o000 o000 o000f 000 000 000| 000| 000 000 0.26) 0.26
(0.75 - 1.25) 000 o000| o000| 003 004 007| 008 o003 o004 o002 o001] o001l o000] o001l o000| o000 000 000 0.0 143 169
(1.25-1.75) 000| 002| 003 009 007| o008| o003 003 o002l o001 o001l o001 ool 000 000 000l 000 129 298
(175 -2.25) 000| o000l 001 o002[ 00s| 009 009 00s| 010 o0s| 003 002 o001l o001 o001l o000l 000 000 072 371
(2.25-275) 000 o000| o000| 002 003 o006l 007 o00s| o008 ©00s| o003 o001l o001 o000l o000| 000l o000| 000 0.8 .18
(275 -3.25) 000 o00o| o000l 002 002 005 005 o004 003 o001 o001l o001 o000l o000| 000 025 443
(3.25-3.75) 00of 000| o001l o001 002 o002 003 001 o001 o001 000 o000 000 012 455
(3.75-4.25) o0oo| o000| o000l o001 o002l o001 o001l o001 ooo] 000| 000 o.0f 0,07, 462
(a.25-4.75) 00of 000 000l 000| 000 000l 001 000 000 000 002 463
(a.75 -5.25) 00o| o000 000l 000| 000 o000l 000 001 000 0.00) 0.00 002 465
(5.25-5.75) ooo| 00of ooo| 000| o000 000f 000 000 000 0.1 466
(5.75 - 6.25) 000 000| 000 000 000 0.00) 466
(625 -6.75) 000[ 0.0 0.00 .66
(6.75-7.25) 000 466
Hs (m)

(7.25-7.75) 0.00| 466
(7.75 - 8.25) 0.00 .66
(8.25-8.75) 0.00 466
(8.75 -9.25) 0.00| 466
(9.25-9.75) 0.00 .66
(9.75 - 10.25) 0.00 4.66
(10.25 - 10.75) 0.00| 466
(1075 -11.25) 0.00) 466
(11.25 - 11.75) 0.00 466
(11.75 - 12.25) 0.00| 466
(12.25 -1275) 0.00) 466
(12.75 - 13.25) 0.00| 466
(13.25-13.75) 0.00 .66
(13.75 - 14.25) 0.00) 466
(14.25 -14.75) 0.00| 466
sum 000 000 o000| o000| o000| o000| o000| 000f o000 o000l o00| o001 o001 o00sf o006l o018 026 o034 o047 039 o0si| 037 oas| o031] o038 o026 017] o016 o008 o008 00s| o002 002f o001 o000l o000| o000f o000| o000l 000| o000l 000 o000| 000 0.00]

cumulativesum | 000 000 000l 000 o000l o000| o000| o000| o000f o000 o000 o001 o002 o006 012 o031 o057| o1 139 177| 228] 265| 311 342| 30| 40s| 423| 439 aas| ass| aso| ae2| a6s| ae6| ass| ae6| ass| a66| aes| 466 a6s| aes| aes| ass| 466

40



IDEA-IRL Document WP1_D1A

TR (s)
Vb 3-sm/s e Toas- [07s- [2s- 75 [@25- [@75- |25~ @75 [@2s- [ia75- [525- [675- [625- (675~ 25~ [(75- [825- |875- [@25- [675- 1025 {1075 (1125 - |75 [(1225- [(1275- |(1325- |(1375 |(1a25- [(1a75- [(1525- |(1575- [(1625- [(1675- |25 [775- |825- [875- [925- |975- [i2025- [i2075- [i2aas- |@@i7s- o |cumulative
025) o7s) [125) [175) |225) [275) [3.25) [375) [a25) |a75) [525) |[575) |625) |675) |7.25) [7.75) [825) |8.75) [925) 9.75) [1025) [1075) [1125) |1175) [1225) [1275) [13.25) |1375) [1425) |1475) [1525) |1575) |1625) |1675) [17.25) |17.75) [1825) [1875) |19.25) [1975) [2025) |2075) [2125) [2175) [2225) sum
(0-0.25) 000 000
(0:25-075) 000} 000 000| 001 o001l 003 o003 006 008 00| 004 o003 003 o001l o001 o000 o001 000| o000 000l 000 001 000 0.00 000 0.42 042
(0.75 - 1.25) 000| o000| 001 o002f 007 o009 016| 013 00| 009| 003 o003 o002l o001 o001l o000| o000 000 o000 000f 000 000 2.79) 3.20
(1.25-1.75) 000 000 o001 003 0.0 o01s| o16| 007 o00s| o0o0al 002 o002 o001 o001l 001 o000 000l 000 000l 000| 000 267, 5.8
(175 -2.25) 000| o000l 002 o009 012 018 o10| o006 0o0sf 002 002 o002 o001 o001l o000of 000 000 000 164 7.5
(2.25-275) o000 o000l o000 o00| 002| o00sf o00s| 012 o011 o0a6| o012| o008 ool 001 o003 o001 o000 000 000 000l 000 0.7, 839
(275 -3.25) 0.00 ooof 001 001 005 006 009 008 009 008 004f 003 001 000[  000|  0.00| 0.00] 055 894
(3.25-3.75) 0oof 00o| 001l 002 004 o004 o00s| 006 002 003 002 o001l 000 000 000 000 031 9.25
(3.75-4.25) 0.00 ooo| o00o| o001l o001 002 o003 o002l o002 o002 o001 o000 000| o000 000 o000 015 .40
(a.25-4.75) 00o| o000 001l 001 o001 002( 001 001 o000l 000f 000 000 0.07) 9.47
(a.75 -5.25) 000 000| o000l ooof 000| o000 001 ©000| o000 o000of 000| 000 000 0.00 003 950
(5.25-5.75) o000 o000l ooo| o00of o000 ©000f o00o| o000l 000| o000l 000 002 951
(5.75 - 6.25) 00o| 000 000l 000| 000 000 000 001 952
(625 -6.75) 000[  0.0| 000| 0.0 0.00 952
(6.75 -7.25) 000 000 952
Hs (m)

(7.25-7.75) 0.00 0.00 952
(7.75 - 8.25) 000 0.00 952
(8.25-8.75) 000 952
(8.75 -9.25) 0.00| 952
(9.25-9.75) 0.00 952
(9.75 - 10.25) 0.00 9.52
(10.25 - 10.75) 0.00| 952
(1075 -11.25) 0.00) 952
(11.25 - 11.75) 0.00| 952
(11.75 - 12.25) 0.00| 952
(12.25 -1275) 0.00) 952
(12.75 - 13.25) 0.00| 952
(13.25-13.75) 0.00 952
(13.75 - 14.25) 0.00) 952
(14.25 -14.75) 0.00| 952
sum 000 000 o000| o000| o000| o000| o000| o000f o000 o000l o000| o002 o004 o10f o013 033 ose| os1| oss| 079 104 o07s| o094 oso| o078 o046l o040| 033 o0is| 017 o012| oos| o0os| o002 o001l o01] o0oo| o0o| o000l 000| o000l 000 o000| 000 0.00]

cumulative sum | 000 000 000l 000 o000l o000| o000| o000| o000f o000 o000 o002 o006 o016 029 o062| 119 200 286 365\ a69| saa| 638 697 775| s21| se1| s9a| 909| 926| 938 9aa| 9as| eso| 951 es2| 9s2| sl 9s2| s 9s2| es2| es2 9s2| es2
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TR (s)
VRS- Tm/s 025 [075- [2s- 75 [@25- [@75- |25~ [@75- [@2s- [i875- [525- [675- [625- (675~ 25~ [(75- [i825- |875- [@25- [675- 1025 {1075 (1125 - |1175- [(1225- [(1275- |(1325- |(1375 [(1a25- [(1a75- |(1525- |(1575- [(1625- [(1675- |25 [775- |825- [875- [925- |975- [i2025- [i2075- [i2azs- |@i7s- o |cumulative
025) o7s) [125) [175) |225) [275) [3.25) [375) [a25) |a75) [525) |[575) |625) |675) |7.25) [7.75) [825) |8.75) [925) 9.75) [1025) [1075) [1125) |1175) [1225) [1275) [13.25) |1375) [1425) |1475) [1525) |1575) |1625) |1675) [17.25) |17.75) [1825) [1875) |19.25) [1975) [2025) |2075) [2125) [2175) [2225) sum
(0-0.25) 000 000
(0:25-075) 000/ 000 000| o000 000| o000l 000 002 o001l 003 o00s| 004 003 o002 002 o001 o000of 000 o000l 00| 000 o000l 000f 000 001l 000 00| 0.27) 027,
(0.75 - 1.25) o000 o001| 002| 004 o006 o010 013 017| o01s| oo0s| o00s| o003 o002| o002 o001 o001l o001 o001l o001 o000 o000f 000l 000 000 000 333 360
(1.25-175) 000| o001| 002| 004 o010l o021 019| 024 o010 o007 oos| 003 003 002 o001l 001 o000 00of 000 ©000f 000 000l 000 3.97) 7.58
(175 -2.25) 000[ 000 002 007 016 025 027| o16| o011l o007l 002 002 o002 o001 001 o000l 000f 000 000 000 000 27 10.28]
(2.25-275) 000 000 o000 o000 o001 o004 o011 o016 02s5| o015 o024) 017| o01s| o009 o004 o003 002 o001l o001 o000 000f 000 152 11.81]
(275 -3.25) oool o000l o001 003 o008 o012 o016 o01a| 013 o011l oo0s| oos| o002] o001l o001 o000l o000 000 093 1274
(3.25-3.75) 00o| o000 o000l 002 003 o007 o008 007 09| 005 005 o002 o001 o001l o000f 00| 000 050 13.24]
(3.75-4.25) 000 ooo| 001 002 o003 003 o0s| oo0s| o004 003 o002 o001 o000 o000 000 o000 000 0.0 030 1353]
(a.25-4.75) 00o| o000 o001l 001 002 o002 o003 002 o001 001 000 o000l 000| 000 000 0.14) 13.67]
(a.75 -5.25) 000| o000l ool 001 o001 oo0if 001 o000 o001l 000| 000 000 0.06) 13.73]
(5.25-5.75) o000  0.00| ooo| o000l 000 o000f o001 o000l o000 000 0.00 003 13.76|
(5.75 - 6.25) 000[ 000 000l 000 000 000 000f 000 000 001 1377
(625 -6.75) 000} 000[ 000| 000 000f 000 0.00 13.78]
(6.75 -7.25) 000 000 000 1378
Hs (m)

(7.25-7.75) 0.00| 0.00 1378
(7.75 - 8.25) 0.00 1378
(8.25-8.75) 000 1378
(8.75 -9.25) 0.00| 1378
(9.25-9.75) 0.00 13.78]
(9.75 - 10.25) 0.00 1378
(10.25 - 10.75) 0.00| 1378
(1075 -11.25) 0.00) 1378
(11.25-11.75) 0.00 1378
(11.75 - 12.25) 0.00| 1378
(12.25 -1275) 0.00) 1378
(12.75 - 13.25) 0.00 1378
(13.25-13.75) 0.00 13.78]
(13.75 - 14.25) 0.00) 1378
(14.25 -14.75) 0.00| 1378
sum 000 000 o000| o00| o00| o000| o000| o000f o000 o001l o002 o0a| o007 013 o018 oa4s| o073 106 120 112| 153 10s| 133 oss| 11| o073 oeo| os2 o026] 027 o01s| o012 o009| o0a| 002 o002 o001l o00| o000l 000| o000l 000 o000| 000 0.00]

cumulativesum | 000 000 000 000 o000l o000| o000| o000| 001 o001 o004 o007 o1s| o028 047] o090 163 269 389 s501| 654 760 893 981 1093 1166 1226 1278 1303| 1331 1349| 1360 1369\ 1373 1375| 1377 1377| 1378 1378| 1378| 1378| 1378 1378 1378 1378
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(s
Vb T-omls e 025 [075- [2s- 475 [@25- [@75- |25~ @75 [@2s- [ia75- [525- 675 [(625- (675~ 25 [(75- [i825- |875- [@25- [675- 1025 {1075 (1125 - |75 [(1225- [(1275- |(1325- |(1375 |(1a25- [(1a75- |(1525- |(1575- |(1625- [(1675- |25 [775- |825- [875- [925- |975- [i2025- [i2075- [i2azs- |@i7s- o |cumulative
025) o7s) [125) [175) |225) [275) [3.25) [375) [a25) |a75) [525) |[575) |625) |675) |7.25) [7.75) [825) |8.75) [925) 9.75) [1025) [1075) [1125) |1175) [1225) [1275) [13.25) |1375) [1425) |1475) [1525) |1575) |1625) |1675) [17.25) |17.75) [1825) [1875) |19.25) [1975) [2025) |2075) [2125) [2175) [2225) sum
(0-0.25) 000 000
(0:25-075) 000| 000 00| o000l 000| o0of o001 o001 o002 o001 o001f 000 o000 ©000| 000 000f 000 000 000 000f 000| 000 0.00 0,07, 007,
(0.75 - 1.25) o000 002 o006 009| 012| o011 o013 oos| o022 o028 021] o021 o0a1l o1 oos| o0s| 002 002 o001 o000 o001l o001 o000l o00| o000l o000| o000l o000| 000l 000| 000 264 271
(1.25-1.75) 001| 003 o008 o1 o1s| 025 017| 020 o010 o008 oos| 002 o002 o001 o001l 001 o001l o0oof o001l 00| o000 ©000f o000 000l 000 000 487 7.58
(175 -2.25) 000[ 000 000| o001l 002 o00sf 020 029 018| 013 009 003 o004 002 o001 o001 o001 o000f 000 000l 000 000 000 3564 11.23]
(2.25-275) 000 o000| 000| 002| o00s| o012 022 02 027 01| 017 o01a| o00s| o004 002| o001l o001 o001 o000l o000 000 000 230 13552
(275 -3.25) 000} 000| o000| 001 o004l o008 0a7| 017| 023 o018 o0as| 013 o0os| o00s| 002 001l o001 o001 o000l o000 000 000 132 1484
(3.25-3.75) 000| o0of ©000| 001l o004f 008 o012 o0as| o011l o011l o00s| 006 o003 002 001 o000l 000f 0.0 0.80) 15.64]
(3.75-4.25) ooo| 001 o002 o004 o006l 007 o008l o00s] o004 003 o001l o001 o001 o000l 000 000 000 042 16.06|
(a.25-4.75) 00o[ 000 o00of 003 002 004 003 003 o002 o001 o001l o00if 000 000 000 000 00of 000 000 021 16.28]
(a.75 -5.25) 00of o000 ool 001 001 002 o002 o001 o001l o001 000 o000l 000| 000 o000 000f 012 16.39)
(5.25-5.75) o000 o0oof ooo| o001 o001 o001 o001 oo0i o00o| o000l o000| 000 000 0.06) 16.45|
(5.75 - 6.25) 00of 000| o001l 000l 000 000 000f 00| 000 0.02 16.47]
(625 -6.75) 000| o000 000l 000| 000 000f 000 001 16.48]
(6.75 -7.25) 000| 000  0.00) 000 16.48]
Hs (m)

(7.25-7.75) 0.00) 0.00| 0.00 16.48
(7.75 - 8.25) 000} 0.00 16.48]
(8.25-8.75) 0.00 16.8]
(8.75 -9.25) 0.00| 16.48
(9.25-9.75) 0.00 16.48]
(9.75 - 10.25) 0.00 16.48]
(10.25 - 10.75) 0.00| 16.48
(1075 -11.25) 0.00) 16.48]
(11.25 - 11.75) 0.00| 16.48
(11.75 - 12.25) 0.00| 16.48
(12.25 -1275) 0.00) 16.48]
(12.75 - 13.25) 0.00| 16.48
(13.25-13.75) 0.00 16.48]
(13.75 - 14.25) 0.00) 16.48]
(14.25 -14.75) 0.00| 16.48
sum 000 000 o000| o000| o00| o000| o000| o000f o002 o006l o010| o01s| o013 o025 o025 oso| o7a| 11s| 137 129 16s| 126 161 10s| 120|091 o75| 067 031 o034 o021] o010 o010 o006 002 002 o001l o00| o001l o000 o000l 000 o000| 000 0.00]

cumulativesum | 000 000 000l 000 o000l o000| o000| o000| 003 o009 o015 033 o0s3| o078| 103 153 227 342| 479 609| 774 00| 1061 1166 1295 1386 1461 1528 1560| 1594 1615| 1625 1635\ 1641| 1643 1646 1647| 1647 1648 1648 16.48| 1648 1648 1648 1648
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(s
VRO I/ T 025 (075 [(s- [75- [@25- [@75- |25~ @75 [@2s- [ia75- [525- 675 [(625- |(675- |25 [(75- [825- [875- [@25- [075- 1025 {1075 [1125- [(1175- [(1225- [(1275- |(1325- |(1375~ |(1a25- [(1a75- |(1525- [(1575- |(1625- [(1675- |25 |75 [825- [875- [925- |975- [2025- [i2075- [i2azs- [2i7s- o |cumulative
025) o7s) [125) [175) |225) [275) [3.25) [375) [a25) |a75) [525) |[575) |625) |675) |7.25) [7.75) [825) |8.75) [925) 9.75) [1025) [1075) [1125) |1175) [1225) [1275) [13.25) |1375) [1425) |1475) [1525) |1575) |1625) |1675) [17.25) |17.75) [1825) [1875) |19.25) [1975) [2025) |2075) [2125) [2175) [2225) sum
(0-0.25) 000 000
(0:25-075) 000| 000 00| o000l 000| o000of 000 o000| o000l 000| o000f 000 000 000} 000 001 001
(0.75 - 1.25) ooo| o001 o008 013 007 00s| 00| o003 oo0s| o008 o0s| o00s| o00s| oos| o002 002l o001 o001l 000 o000 o00| 000l o000 000 000 000 0.90 091
(1.25-1.75) oo01| omf o021 020 023 021 021f o0 o1 oos| oos| o002 o001 002 o001 o001l 000 o000 ©00of o000 ©000f o000 ©000f 000 000 3.79) 470
(175 -2.25) 000[ o001l 002| o004l o007 o014 023 021 013| 009 oos| 003 003 o001l o000 o001l o001l 000 001 000 000 0.00f 404 874
(2.25-275) 000| o000| 002| 009 o017 o025 021 o01s] oo0s| o00a| oos| o002| o002l o001 o000 o000f o000l 000 000 000 287, 1161
(275 -3.25) 000/ 000 o000f o000l 002 oo0s| 012 017 023 o018 o01s| o011l 00s| o007 004 002 001 o000 ©00of o000 000 000|  0.0f 000 0.00) 177, 13.39)
(3.25-3.75) 000| ool o001 o003 o10f 013 o018 o017| 012 o012 o007 006 003 002 002 o000 o000f 000 000l 000 000 0.00 0.00 107, 14.46|
(3.75-4.25) o001l 002 o004 o008 o010 o00s| o010 o00s| o006l o004 002l o002 o000 o000| o000l o000 000 000 062 15.08|
(a.25-4.75) 00o| 000 002 004 005/ 07| 004 006 o003 002 o001 o001 o00of 000 000l 000 000 036 15.44]
(a.75 -5.25) 00of 000 001 001 003 o002 o003 003 o002 002 o001 o000 o000f 000 o000 000 0.19) 15.63]
(5.25-5.75) ooo| ooo| o001l o001 002 o002 o002 002 o001l o000f o000 000| o000 000 0.10 15.73]
(5.75 - 6.25) 000/ 000| o000 001l o001 o001 001 001 000 o000l 000| 000 000 0.05 1578
(625 -6.75) 00o| 000 000l 000 000 o000 000f 000 000 002 15.80)
(6.75 -7.25) 000 00o| o000l 000| o000 00| 000 001 15.50)
Hs (m)

(7.25-7.75) 000| 000 o000 000 000 0.00 1581
(7.75 - 8.25) 000 0.00 15.81]
(825 -8.75) 0.00 0.00 0.00| 15.81
(8.75 -9.25) 0.00| 15.81
(9.25-9.75) 0.00 15.81]
(9.75 - 10.25) 0.00} 15.81]
(10.25 - 10.75) 0.00| 15.81
(1075 -11.25) 0.00) 15.81]
(11.25 - 11.75) 0.00| 15.81
(11.75 - 12.25) 0.00| 15.81
(12.25 -1275) 0.00) 15.81]
(12.75 - 13.25) 0.00| 15.81
(13.25-13.75) 0.00 15.81]
(13.75 - 14.25) 0.00) 1581
(14.25 -14.75) 0.00| 15.81
sum 000 000 o000| o0o| o00| 000| o000| o000| o001 o009 o024 o028 033 o034 o030 oa4s| o062 o093 115 110 148 15| 146| o099| 126| 0ss| ©071] 61| 03a| o040 o025| o014 o01s| o00s| 003 003 o001l o001 o001l o000| o000l 000 o000| 000l 0.00]

cmulativesum | 000 000 000l 000 o000l o000| o000| o000| 002| o011 o034 o063 o9s| 129 159 203| 266 35| 47a| ssa| 732| sa7| 993 1092 1218) 1307| 1378| 1439| 1472| 1513 1537| 1551| 1565\ 1571| 1574] 1577 1579| 1580 1580 1581 1581 1581 1581 1581 1581
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(s
VRIS T o2 o5 [as- [7s- [@as- |7 @25 [675- [aas- @75 |25 |575- [i625- (€75 [(725- |75~ 825~ [@75- [625- [(975- [(1025- [(1075- [(125- [1175- |25 [275- [325- |375- |azs- [a7s- 525 575 |t6.25- 1675 [0725- [0775- 1825 [(1875- (1925 (1975~ [(20:25- |@2075- 2125 - @175~ o |cumulative
025) o7s) [125) [175) |225) [275) [3.25) [375) [a25) |a75) [525) |[575) |625) |675) |7.25) [7.75) [825) |8.75) [925) 9.75) [1025) [1075) [1125) |1175) [1225) [1275) [13.25) |1375) [1425) |1475) [1525) |1575) |1625) |1675) [17.25) |17.75) [1825) [1875) |19.25) [1975) [2025) |2075) [2125) [2175) [2225) sum
(0-0.25) 000 000
(0.25 -0.75) 0.00 0.00 0.00
(0.75 - 1.25) ooo| o002 003 o001 o001| o001l oool ool o001| o001 o00| o000f o001l o000| 000 o000| 000l o000 0.00) 012 012
(1.25-1.75) 000| 001| 0.0 007| o010| o008 o011 o1l o008l o009 oos| o004 003 o002 o001 o001l o000 000l ©000f 000 000 000 0.00| 156 169
(175 -2.25) 000| o005 014 00s| 012 o004f o004 003 o001l o001 o000 000l 000 000 000f 00| o000 000l 000 000 000 303 a7
(2.25-275) ooo[ o01| o002 o0s| 012 013| o00s| oos| 002 o002 o001 o001l o001 o001 o000l o000 000 o000 000 000 2.79) 7.50
(275 -3.25) 000 000 001 003 008 013 o009| o0o0a| o004 002 o001 o001 000 o000 000 000 000 000 204 954
(3.25-3.75) 000 000 001 006 012 010 011 006 o004 002| 002 o001 o001 000 o001l 000| 000 000 000 134 10.89)
(3.75-4.25) ooo| o0o| 002 007 oo0s| o1s| o0as| o011] o011l oos| oos| o003 o002l o001 ool o001 ool o000| o000 000 o000  0.00] 0.86, 11.74]
(a.25-4.75) 000 001 002| oos| 00s| 009 009 005 ©005| o003 002 002 o001 000f 000 000l 000 000 000 000 054 1228
(a.75 -5.25) 000[ 000 003 004 006 o003 o00s| o004 002 002 001 o000 o000| 000 o000 000 000 000 031 1259)
(5.25-5.75) o0oo| o00o| o001l 003 o002 o00sf o003 o002f o002 o001 o000 o000l o000| o000l o000| 000 0.19) 1278
(5.75 - 6.25) 000| o000l ooof 001 o001 002 o001 002 o001 o000f 000 000l 000 000 0.09) 1287]
(625 -6.75) 000l 00o| 000 o001 ©00o| o001l 001 00of 000 000l 000 0.0 0.04) 12.90)
(6.75 -7.25) 000l 00o| oool 000| 000l 000f 000l 000 000 002 1292
Hs (m)

(7.25-7.75) 000| 000/ 000l 000| 000 000f 000 000 001 12.92]
(7.75 - 8.25) 000| 000 o000 000 000 0.00 1293
(8.25-8.75) 0.00 000|  0.00f 0.00 1293
(8.75 -9.25) 000  0.00f 0.00 12.93
(9.25-9.75) 0.00 1293
(9.75 - 10.25) 0.00} 12.93]
(10.25 - 10.75) 0.00| 1293
(1075 -11.25) 0.00) 1293
(11.25 - 11.75) 0.00| 1293
(11.75 - 12.25) 0.00| 1293
(12.25 -1275) 0.00) 1293
(12.75 - 13.25) 0.00| 1293
(13.25-13.75) 0.00 12.93]
(13.75 - 14.25) 0.00) 1293
(14.25 -14.75) 0.00| 1293
sum 000 000 o000| o000| o000| o000| o000| o000| o000 o00s| 013 o030| o040| o03s| 031 o040l oas| oss| oso| o079 107| 092 112| os1| 108 o076 o061 oss| o3| o034 022 o012 o013 o007 003 o003 o002l o001 ool 000| o000l 000 o000| 000 0.00]

cumulativesum | 000 000 000 000 o000l o000| o000| o000| o000f o004l 017 o047 o0s7| 122| 153 194| 241 310 390 as9| 576| 669 781 se2| 970 1046 1106| 1164 1194| 1228 1250 1262 1275\ 1282 1286 1289 1201| 1292 1292 1292 1293 1293 1203 1203 1293
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TR (s)
VRbISAS IS T 025 Jo7s - [as- [7s- [@as- |7 @25 [675- [8as- @75 |25 [575- [i625- (€75 [(725- |75~ 825~ @75 [825- [(975- [(1025- [(1075- [(125- [1175- [1225- [275- [325- |375- |azs- [a7s- [i525- 575 |16.25- (1675 [07:25- [0775- 1825 [(1875- (1925 (1975~ [(20:25- |@2075- |@a1zs- @175~ o |cumulative
025) o7s) [125) [175) |225) [275) [3.25) [375) [a25) |a75) [525) |[575) |625) |675) |7.25) [7.75) [825) |8.75) [925) 9.75) [1025) [1075) [1125) |1175) [1225) [1275) [13.25) |1375) [1425) |1475) [1525) |1575) |1625) |1675) [17.25) |17.75) [1825) [1875) |19.25) [1975) [2025) |2075) [2125) [2175) [2225) sum
(0-0.25) 000 000
(0.25 -0.75) 0.00| 0.00
(0.75 - 1.25) 000 0.00|  0.00) 000 000 0.00 0.00
(1.25-175) 000 o000| 003 007 007| o003 o001l o001 o001 o001 o001 oo0of o001l 000 000l 000 000 000|  0.00f 0.26 027,
(175 -2.25) 000 000| 004 010( 010 o00s| 007 004l 004 002 o002 o001 o001l 00| 000 o000 000f 000 000 000 0.00] 0.00 136 163
(2.25-275) o00| o001| 009 009 00| 003| o002l o001 o001l o000| o000l o000 o000 ©00of 000 000/ o000 000l o000| 000 2,06, 369
(275 -3.25) 000 o001 002| o004 008 ©00s| 003 002 o001 o000l o000| o©00of 000| 000l o000| o000l 000 000 0.0 195 5.6
(3.25-3.75) 000| 000 000| o001l 003 009 o10| 009 o004l 004 o001 001l 000 000 000l 00| 000 o000 000 000 154 7.8
(3.75-4.25) o000| o000| 000| o003 007 o011l o10| oosl o004 o002 o001 o1l o001 o000 o000| o000l 000 000 0.0 106 823
(a.25-4.75) 000| o000l ©000| 001l o004 007 o010 o010 oos| 004 003 o001 o001 o001l o00of 000| o000 000 070 893
(a.75 -5.25) 000| 000| o001l o004 o008 o008 009| 00s| o00s| o004 002 002 o001 000 o000 000 000 0.49) 9.42)
(5.25 -5.75) 000 00o| o000 o002 003 006 o00af o00s| o004 o001l o001 o001 o000 o000f 000 o000 028 970
(5.75 - 6.25) 000| o000l 002( 002 003 002 002 002 o001 000 000 000 0.5 9.85
(625 -6.75) ool 00o| o000 001 o001 o001l 001f 001 000 o000f 00| 0.06) 991
(6.75 -7.25) 000 00of 000 o001 o000 o001 o001 00of o000 000 004 995
Hs (m)

(7.25-7.75) 000f 000 000l 000| 000 000 000| 000 000 000 001 9.96
(7.75 - 8.25) 000| o000 000l 000| 000 o000f 000 0.00 9.96
(8.25-8.75) 000|  0.00f 0.00 0.00 9.97
(8.75 -9.25) 0.00| 0.00 9.97
(9.25-9.75) 0.00 997,
(9.75 - 10.25) 0.00 997
(10.25 - 10.75) 0.00| 9.97
(1075 -11.25) 0.00) 997,
(11.25-11.75) 0.00 9.97
(11.75 - 12.25) 0.00| 9.97
(12.25 -1275) 0.00) 997,
(12.75 - 13.25) 0.00| 9.97
(13.25-13.75) 0.00 9,97,
(13.75 - 14.25) 0.00) 997,
(14.25 -14.75) 0.00| 9.97
sum 000 000 o000| o000| o00| o000| o000| o000f o000 o001l o0s| o011] 027| 037| o030| o032| o038 oso| o0s2| o0s2| o76| os2| o0ss| oss| oss| oes| o054 osa| o029 030 o018 o0s| o011 o007 003 o002 o001l o001 ool o000| o000l 000 o000| 000 0.00]

cumulativesum | 000 000 000 000 o000l o000| o000| o000| o000f 001 o004 o015 o042| oso| 109 142| 180 230 282 335| a11| a72| seo| 25| 713 777| s31) sss| o9as| oaa| 9e3| 972| 983 98| 992| o994 996| 96| 996 97| 997| 997 97| 997 997
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IDEA-IRL Document WP1_D1A

TR (s)
VRIS TS 025 [o7s - [2s- [7s- [@as- |7 @25 [675- [82s- @75 |25 |575- [i625- (€75 [(725- |75~ |825- [@75- [825- [(975- [(1025- [(1075- [(125- [1175- |25 [275- [325- |375- |azs- [a7s- 525 575 |16.25- (1675 |75+ [0775- [18.25 - 1875+ (1925 (1975~ [(20.25- |@2075- 2125~ @175~ o |cumulative
025) o7s) [125) [175) |225) [275) [3.25) [375) [a25) |a75) [525) |[575) |625) |675) |7.25) [7.75) [825) |8.75) [925) 9.75) [1025) [1075) [1125) |1175) [1225) [1275) [13.25) |1375) [1425) |1475) [1525) |1575) |1625) |1675) [17.25) |17.75) [1825) [1875) |19.25) [1975) [2025) |2075) [2125) [2175) [2225) sum
(0-0.25) 000 000
(0.25 -0.75) 0.00| 0.00
(0.75 - 1.25) 0.00 0.00
(1.25-175) 000| 000 000| 000| 000| o000 000 000 000| 0.00) 001 001
(175 -2.25) 000[ 002 005 004/ 003 001 o001l o001l o001 o001l o000of 000 000 000f 0.0 000 0.00 0.27) 029
(2.25-275) o00| 002|008 006| o00s| o00s| 003 o003 o001l o001 o000l o00| o000l 000| 000 000 000l o000| 000 000 0.8 117
(275 -3.25) 001| 004|007 00| 007 o004l 003 o001l o000 000 o001 o000l 000| 000 000 000 125 242
(3.25-3.75) 000[ 000 001 004 006/ 004 002| o001l o001 000 001 000 000 000 000 000 128 371
(3.75-4.25) ooo| o01| o001 004 o008 007 o003 o003 ool o001 o001l o000 o000 0.0 000 102 a7
(a.25-4.75) 000| o000l 001 003 007| 004 003 003 o001 001 o000l 000f 000 078 550
(a.75 -5.25) 00o[ 000| 002 005 008| 007 o003 o004 003 o002 o001 000 o000 000 057, 607,
(5.25 -5.75) 00o| o000 o003 o008 007 004f 00s| o003 o001l o001 o001l o0of 000| o000 041 648
(5.75 - 6.25) 000| 000 002( 002 005 o003 005 003 o001 001 o001 o000l 000| 000 0.24) 672
(625 -6.75) 00o| o000l 002 002 003 o002 o001 o001l o001l 000 o000 000 0.14) 6.86
(6.75 -7.25) oool o00o| ocol ©00o| 001l o001 ool o001 o001 o00of 000 000 006 692
Hs (m)

(7.25-7.75) 000 00o| o001l ool 001 001 o000l 000| 000 0.00 003 695
(7.75 - 8.25) 000| o000 000l 000| 000 o000f 000 000 002 697,
(8.25-8.75) 000 000 00of o000 ©000f 000 000 001 697
(8.75 -9.25) 0.00| 0.00| 0.00 697
(9.25-9.75) 0.00 000 0.00 697
(9.75 - 10.25) 0.00 697
(10.25 - 10.75) 0.00| 697
(1075 -11.25) 0.00) 697,
(11.25-11.75) 0.00 697,
(11.75 - 12.25) 0.00| 697
(12.25 -1275) 0.00) 697
(12.75 - 13.25) 0.00| 697
(13.25-13.75) 0.00 697,
(13.75 - 14.25) 0.00) 697,
(14.25 -14.75) 0.00| 697
sum 000 000 o000| o000| o00| o000| o000| o000f o000 o000l o00| o002 o008 017| o025/ o2s| o2s| o3s| 033 032] oa4s| oas| oeol oas| oes| oss| o4o| oas| 021 o025 o01s| o09| o009| o006 002 o001| o001l o00| o000l 000| o000l 000 o000| 000 0.00]

cumulativesum | 000 000 000l 000 o000l o000| o000| o000| o000f o000 o000 o003 o11] o028 o053 o077| 102| 137| 169 202| 251| 294 354 399 ass| s19| ss9| 603| 625 50| e69| 678 687 693 695 96| 697 697 697 97| 697| 697 97| 697 697
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IDEA-IRL Document WP1_D1A

TR (s)
VRbLTAMS T o0 Jlo7s - [as- [7s- [@as- |7 @25 [675- [82s- @75 |25 [575- [625- (€75 [(725- |75~ 825~ @75 [625- [(975- [(1025- [(1075- [(125- [1175- [225- [275- [325- |375- |azs- [a7s- 525 575 |16.25- (1675 [07:25- [0775- [18.25 - [18.75- (1925 - (1975~ [(20:25- |@2075- 2125~ @175~ o |cumulative
025) o7s) [125) [175) |225) [275) [3.25) [375) [a25) |a75) [525) |[575) |625) |675) |7.25) [7.75) [825) |8.75) [925) 9.75) [1025) [1075) [1125) |1175) [1225) [1275) [13.25) |1375) [1425) |1475) [1525) |1575) |1625) |1675) [17.25) |17.75) [1825) [1875) |19.25) [1975) [2025) |2075) [2125) [2175) [2225) sum
(0-0.25) 000 000
(0.25 -0.75) 0.00| 0.00
(0.75 - 1.25) 0.00 0.00
(1.25-175) 000| 000|000 0.00 0.00
(175 -2.25) 00| o000l 001| o001l 000 o000| o000 000 000/ 000| 000 002 002
(2.25-275) o00| 001|004 003| o001 o01] o0o| o000| o001l o000| o000 o000| o000f 000 000 0.00 000 0.8 020
(275 -3.25) 000| o001 008 004l 002| 003 002l 002 o001l o001 o001l o000 000l 000| 000 000| 000 0.0 000 0.47) 067
(3.25-3.75) 00| o000l 001| 004 003| 004] o003 o001 o001 o000l o00of 000 000 000 0.0 0.00 071 138
(3.75-4.25) 000| o000| 000| 002 003 004 o004 o001l o001 o001l o000| o000 000 o000 000 o000 079) 216
(a.25-4.75) 000 000 001 005 004/ 002/ 002 o001 000| o000 000of 000| 000 000 000 0564, 280
(a.75 -5.25) 000| o000l 000| 002 003 003 o001l o001 000 o000l 000f 000 0.00 053 333
(5.25 -5.75) ooo| 000| o001 002 0os| 003 003 o001 o001 o001l oo0of o000 o000 000 037 370
(5.75 - 6.25) 000[ 000| o000 002 003 003 002 o001 001 o000l 000f 000 031 401
(625 -6.75) 00o| o001l 002 005 003 o003 o002 o001 o001l 000 000 000 0.19) 4.20
(6.75 -7.25) 000 002( o001 003 o002 o001 o001 oo o000 000l 000 011 431
Hs (m)

(7.25-7.75) 0oof 00o| o001l 002 001 o001l 001f 000 000 000 0.00 0.06) 437
(7.75 - 8.25) 000 00o| o001l oool 001 000 o000 000f 000 000 003 4.0
(8.25-8.75) 000l o00o| 000l 000| 000l ©000f 000 000 001 241
(8.75 -9.25) 000} 000[ 000| 000 000 0.00 4.2
(9.25-9.75) 000 0.00) 0.00 4.2
(975 - 10.25) 0.00 4.42
(10.25 - 10.75) 0.00| 442
(1075 -11.25) 0.00) 4.2
(11.25 - 11.75) 0.00 4.42
(11.75 - 12.25) 0.00| 442
(12.25 -1275) 0.00) 4.2
(12.75 - 13.25) 0.00 4.42]
(13.25-13.75) 0.00 4.2
(13.75 - 14.25) 0.00) 4.2
(14.25 - 14.75) 0.00 4.42]
sum 000 000 o000| o000| o000| o000| o000| o000f o000 o000l o000| o00| o002| o00s| o010l o12| o014 o021 o16| 021 031 o027 039 o030| o4s| 036 030 033 o017] o019 013 o0s| 007| o0a| 002 o001] o001l o00| o000l 000| o000l 000 o000| 000 0.00]

cumulative sum | 000 000 000l 000 o000l o000| o000| o000| o000f o000| o000 o000 o002 007 017 o030| o043 o6l oso| 101| 132| 160 199 220 274| 310 340| 372| 3s9| a0s| a21| 427| a3s| a37| 439 aco| a4r| ae1| as2| as2| as2|  as2|  ae2 44| as
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IDEA-IRL Document WP1_D1A

TR (s)
VRbL9-2LMYS T o0 o5 [as- [7s- [@as- |7 @25 [675- [8as- @75 |25 |575- [i625- (€75 [(725- |75~ |825- [@75- [625- |95~ [(1025- [(1075- [(125- [1175- [225- [275- [325- |375- |azs- [a7s- 525 575 [t6.25- 1675 [1725- [0775- [18.25 - 1875+ (1925 (1975~ [(20:25- |@2075- 2125~ @175~ o |cumulative
025) o7s) [125) [175) |225) [275) [3.25) [375) [a25) |a75) [525) |[575) |625) |675) |7.25) [7.75) [825) |8.75) [925) 9.75) [1025) [1075) [1125) |1175) [1225) [1275) [13.25) |1375) [1425) |1475) [1525) |1575) |1625) |1675) [17.25) |17.75) [1825) [1875) |19.25) [1975) [2025) |2075) [2125) [2175) [2225) sum
(0-0.25) 000 000
(0.25 -0.75) 0.00| 0.00
(0.75 - 1.25) 0.00 0.00
(1.25-175) 0.00 0.00 0.00
(1.75 - 2.25) 000 000 0.00 0.00
(2.25-275) 000 o000| 000| 000| 000 000 000 0.00) 000 000 001 001
(275 -3.25) 00o| ooof o001 003 002 o001 o000f o000 000 000 o000l 00| 000 000 000 0.08 009
(3.25-3.75) 00| o000l 001 003 003| 002 002 o001l o001f o000 o001 00| 000 o000 000 000 0.00 0.00 021 030
(3.75-4.25) o000| o000| 000| 003 002| 002| o001l o001 o001l 000| o000 ©000f o000 000 000 035 065,
(a.25-4.75) o000l 001|003 002| 002| 002 o001 001 o000l 000 000 041 106
(a.75 -5.25) 000/ 000 000 002 003| 002| o001l 001 o001l o000] 000 000 000 0.00 038 143
(5.25 -5.75) ooo[ 001 003 002 002 o001l o002 o001 o000 o000l 000 0.0 027 171
(5.75 - 6.25) 000[  000| 002 003 002l 002 o001l o001 o001l 001 000f 000 025 196
(625 -6.75) 000 001 001l 002 o001l o000l 001 o000 o000of 000| 000 0.19) 215
(6.75 -7.25) oo1 oo 002| 003 o001l o001 ool o001 o000 000 000 000 015 230
Hs (m)

(7.25-7.75) ooof 001 o001 002 002 o001 o001l 000f 000 000 000 00| 0.08 238
(7.75 - 8.25) ooof 00o| o001l 002 o001 o001l o001f 000 o000 000 00| 005 244
(8.25-8.75) ooo| o001 oool 001 o000l 00of 000l 000 000 003 247
(8.75 -9.25) 00o| 000 000l 000 000 000 000f 000 000 001 248
(9.25-9.75) 000 o0oof o0o| 000l o000 000 0.00 248
(9.75 - 10.25) 000 000|000 0.00 248
(10.25 - 10.75) 0.00| 248
(1075 -11.25) 0.00) 248
(11.25 - 11.75) 0.00| 248
(11.75 - 12.25) 0.00| 248
(12.25 -1275) 0.00) 248
(12.75 - 13.25) 0.00| 248
(13.25-13.75) 0.00 248
(13.75 - 14.25) 0.00) 248
(14.25 -14.75) 0.00| 248
sum 000 000 o000| o000| o000| o000| o000| o000| o000 o000l o000| o00| o000| 001 002f o00a| o0s| o11] oos| o011 o016l 017 o024 o1s| o026| 021] ©017] 020 o010f 013 o010| o004 o006l o003 o001l o01] o001l ooo| o000l o000| o000l 000 o000| 000 0.00]

cumulative sum | 000 000 000l 000 o000l o000| o000| o000| o000f o000| o000 o000 o000 o001 003 007| o012 o023 o031 o41] o057\ o7a| o097 116| 42| 163 1so| 199 209| 222| 232| 236 242| 246 246| 247 248|248 248] 248 248] 248 2048| 248] 248

49



IDEA-IRL Document WP1_D1A

TR (s)
VRbZLBIMS T o0 o5 [as- [7s- [@as- |7 @25 [675- [8as- @75 |25 |575- [625- (€75 [(725- |75~ 825~ [@75- [825- |95~ [(1025- [(1075- [(125- [1175- |25 [275- [325- |1375- |azs- [a7s- [i525- |575- |t6.25- (1675 [17:25- [0775- [18.25 - 1875 (1925 (1975~ [(20:25- |@2075- 2125~ @175~ o |cumulative
025) o7s) [125) [175) |225) [275) [3.25) [375) [a25) |a75) [525) |[575) |625) |675) |7.25) [7.75) [825) |8.75) [925) 9.75) [1025) [1075) [1125) |1175) [1225) [1275) [13.25) |1375) [1425) |1475) [1525) |1575) |1625) |1675) [17.25) |17.75) [1825) [1875) |19.25) [1975) [2025) |2075) [2125) [2175) [2225) sum
(0-0.25) 000 000
(0.25 -0.75) 0.00| 0.00
(0.75 - 1.25) 0.00 0.00
(1.25-175) 0.00 0.00
(1.75 - 2.25) 0.00| 0.00
(2.25-275) 000 000 000 0.00 0.00 0.00
(275 -3.25) 000( 000[ 000 000f 000 0.00] 000(  000[  0.00] 001 001
(3.25-3.75) 00| o000 000| o001f o001 o000| o000l 000| o000 000f 0.0 000| 0.0 003 004
(3.75-4.25) oo0| o000| o001 001 001 o001 oool o000| oo0of o000 ©000f 000 000l 000 0.08 012
(a.25-4.75) 000 001 o001 002 o001 oo o001 o001l 000l 000 000 000 0.15 027,
(a.75 -5.25) 000 000 001 001| o001l o001l 00o| 000 o000l 000 000 000 0.19) 046
(5.25 -5.75) 00o[ 000| o001 002| o001l o001l 000 o000l o000 000 000| 000 o000 020 066
(5.75 - 6.25) 000 00| 001 002] 001l 001 ooof 000| 000 o000 000f 017, 083
(625 -6.75) 000[  0.0] 001l 001 o001l o000| 001 000 015 098
(6.75 - 7.25) 000 0.00f 001f 001 001 000 000 000f 000( 000| 000 0.00 011 1.09
Hs (m)

(7.25-7.75) 000| 000 o001 001l 001 o001l o000| 000 o000 o000f 000 000l 000 000 0.08 117
(7.75 - 8.25) 001l 001 002 o001 o001 o000 o00of 000 o000l 000f 00| 005 122
(8.25-8.75) 000 o0oof 001 o001 o001 o001 o000 ©00of o000| 000 000 005 127,
(8.75 -9.25) 00of o001l 001l 001 000 o000 o000| 000 000 000 003 130
(9.25-9.75) ooo| o000| o000l 000| o000 000| 000 001 131
(9.75 - 10.25) 000 000l o000| 000of o000| 000 0.00] 001 132
(10.25 - 10.75) 000 000| 0.0 0.00 132
(1075 -11.25) 000  0.00| 0.00) 132
(11.25 - 11.75) 0.00| 132
(11.75 - 12.25) 0.00| 132
(12.25 -1275) 0.00) 132
(12.75 - 13.25) 0.00| 132
(13.25-13.75) 0.00 132
(13.75 - 14.25) 0.00) 132
(14.25 -14.75) 0.00| 132
sum 000 000 o000| o000| o000| 000| o000| 000f o000 o000l o000| o00| o000| o000f o001l o001l o001 o003 o003 o00s| o007| o008 o011l o0 o01sf 013 o010] 012 007| o007 o006| o004 003 o002 o001l o01] o001l o0o| o000l 000| o000l 000 o000| 000 0.00]

cumulative sum | 000 000 000 000 o000l o000| o000| o000| o000f o000| o000 o000 o000 o000| o001 o001 o003 oo0s| oo0s| o14| 021 029 o040| o0so| oss| o078l oss| 100| 107 11a| 120 124| 127|130 130] 131 13| 132 132] 13| 132] 132 132 13| 13
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IDEA-IRL Document WP1_D1A

TR (s)
Vb3S T o0 o5 [as- [7s- [@as- |7 @25 [675- [8as- @75 |25 |575- [625- (€75 [(725- |75~ 825~ [@75- [825- [(975- [(1025- [(1075- [(125- [1175- |25 [275- [325- |375- |azs- [a7s- 525 575 [t6.25- 1675 [07:25- [0775- [18.25 - 1875+ (1925 (1975~ [(20:25- |@2075- 2125~ 2175~ o |cumulative
025) o7s) [125) [175) |225) [275) [3.25) [375) [a25) |a75) [525) |[575) |625) |675) |7.25) [7.75) [825) |8.75) [925) 9.75) [1025) [1075) [1125) |1175) [1225) [1275) [13.25) |1375) [1425) |1475) [1525) |1575) |1625) |1675) [17.25) |17.75) [1825) [1875) |19.25) [1975) [2025) |2075) [2125) [2175) [2225) sum
(0-0.25) 000 000
(0.25 -0.75) 0.00| 0.00
(0.75 - 1.25) 0.00 0.00
(1.25-175) 0.00 0.00
(1.75 - 2.25) 0.00| 0.00
(2.25-275) 0.00 0.00
(275 -3.25) 0.00|  0.00 0.00 0.0 0.00
(3.25-3.75) 000[ 000 000| 000 000 0.00 0.00
(3.75-4.25) o000l o000l o000 o000| o000| o000l o000| 000f 000| 0.0 0.00) 001 002
(a.25-4.75) 00| oool o001 o001 o001 o000l o00of 000 o000f 000| 0.00 003 005
(a.75 -5.25) 000| 000l 000| o000 o001 001 000[ 000 000f 000 000 000[ 0.0 0.06) 011
(5.25 -5.75) 000| o000l 001 001 o000 oocof 000| 000 o000l 000 000[ 0.0 007 018
(5.75 - 6.25) 000[ 000 001 001l 000| 000 o000 000| 000 o000l 000 0.09) 027,
(625 -6.75) 000 001 001l 000| 000 000f 000 o000l 000 0.08 034
(6.75 - 7.25) 000  000f 001 001 o001 000 o00of 000| ©000| 000 000 000f 0.0 0.06| 0.40)
Hs (m)

(7.25-7.75) 000[  0.0] 001l 001 o000l 000| 000 000 0.00 0.06) 046
(7.75 - 8.25) 000| 0.0 000| o000 000 000 005 052
(8.25-8.75) 001 001 001 o000| o000l 000 000| 000 0.04 056
(8.75 -9.25) 000[ 00| 001 001|001l 000 000| 000 o000 000 0.04 060
(9.25-9.75) ooo| 00of o000 ©000| 01 000f o000 000 000 003 062
(9.75 - 10.25) 00o| o000l 000l 000| 000 000l 000 000 000 001 063
(10.25 - 10.75) 000/ 000| 000 o000f 000| 000 001 064
(1075 -11.25) 000| 000 0.0 0.00) 0.00) 064
(11.25 - 11.75) 0.00) 0.00| 0.00 0.64
(11.75 - 12.25) 0.00 0.0 064
(12.25 -1275) 0.00) 064
(12.75 - 13.25) 0.00| 064
(13.25-13.75) 0.00 064
(13.75 - 14.25) 0.00) 064
(14.25 -14.75) 0.00| 064
sum 000 000 o000| o000| o000| o000| o000| o000| o000 o000l o000| o000| o000| o000f o000l o000 o000 o001 o001 002 003 o002 o00s| oo0s| o00s| 006l ©00s| 007 o00sf o0s| o00sf o002 003 o001 o000l o000| o000 o000| o000l o000| o000l 000 o000| 000 0.00]

cumulative sum | 000 000 000l 000 o000l o000| o000| 000| o000f o000| o000 o000 o000 o000| o000| o000| o001 o002 o003 oos| o008 010 o01s| 01| o025 032 o036 0a43| o047 o0s2| oss| o0ss| o061 o063 o063 o6s| o064 06a| o064 o6s| o06s| o06s| oes| o064 o060
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IDEA-IRL Document WP1_D1A

TR (s)
Vhb2S 2T T o0 Jlo7s - [as- [7s- [@as- |7 @25 [675- [8as- @75 |25 |575- [i625- (€75 [(725- |75~ 825~ [@75- [625- |95~ [(1025- [(1075- [(125- [1175- [225- [275- [325- |375- |aazs- [a7s- 525 575 |t6.25- 1675 |75 0775 [18.25 - (1875 (1925 (1975~ [(20.25- |@2075- |@a1zs- 2175~ o |cumulative
025) o7s) [125) [175) |225) [275) [3.25) [375) [a25) |a75) [525) |[575) |625) |675) |7.25) [7.75) [825) |8.75) [925) 9.75) [1025) [1075) [1125) |1175) [1225) [1275) [13.25) |1375) [1425) |1475) [1525) |1575) |1625) |1675) [17.25) |17.75) [1825) [1875) |19.25) [1975) [2025) |2075) [2125) [2175) [2225) sum
(0-0.25) 000 000
(0.25 -0.75) 0.00| 0.00
(0.75 - 1.25) 0.00 0.00
(1.25-175) 0.00 0.00
(1.75 - 2.25) 0.00| 0.00
(2.25-275) 0.00 0.00
(275 -3.25) 0.0 0.00
(3.25-3.75) 0.00 0.00 0.00
(3.75-4.25) 000 000| 0.0 000  0.00] 000 0.00) 0.00
(a.25-4.75) 000/ 000 000 000[ 000| 000 000f 0.00 001,
(a.75 -5.25) 000[ o000l 000| o000l 000 o000l 000f 000| 000 000 000 0.0 000} 001 002
(5.25 -5.75) 000 000| 000| o000l 000| o000 o000 000 000[ 0.0 000 002 003
(5.75 - 6.25) 000[ 0.0 000[ 000| o000 000 000[ 0.0 003 007,
(625 -6.75) 000[  0.0| 000[  0.0| 000[ 000| o000 000 0.04) 0.10
(6.75 -7.25) 00o[  000| 000 000l o00o| 000l 000| o000l 000| 000 000 004 014
Hs (m)

(7.25-7.75) 000[  0.0] 000[  000| 000 000 000 000} 003 017,
(7.75 - 8.25) 000[ 0.0 000 000| 000 o000 000 003 0.20
(8.25-8.75) 000 000| 000| o000l 000 000 002 022
(8.75 -9.25) 000[  0.00| 000| 000 o000 000 002 024
(9.25-9.75) 000|  000[ 0.0 o000[ o000| o000l o000 000 002 026
(9.75 - 10.25) 00o[ 000 000l 000 000 000 000|000 001 027,
(10.25 - 10.75) 000| o000 000l 000| 000 o000f 000 001 0.28
(1075 -11.25) o000 o00of o00o| 00of o000 000 0.00) 028
(11.25-11.75) 00| 000| 000 000 000 0.00 029
(1175 -12.25) 000 000| 0.0 0.00 029
(12.25 -1275) 000 0.00) 029
(12.75 - 13.25) 0.00 0.00 029
(13.25-13.75) 0.00 029
(13.75 - 14.25) 0.00) 029
(14.25 -14.75) 0.00| 029
sum 000 000 000| o000| o000| 000| o000| o000| o000 o000l o000| o000| o000| o000f o000l o000 o000 o000 o000| o000| o001l 001 002 o002 003 003 ©002| 003 002f 003 o002f o001 002f o001 o000l o001 o000of o000| o000l 000| o000l 000 o000| 000 0.00]

cumulative sum | 000 000 000l 000 o000l o000| o000| 000| o000f o000 o000 o000 o000 o000| o000 o000| o000l o000l o000l o001 002 003 o00s| 007 o010 013 o1s| o018l o020 022| o024) 026| 027 o028 o028 o029 029| 029 020 o029 029| 029 029 029 029
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IDEA-IRL Document WP1_D1A

Vhub 27-29 m/s

e (s)

(0-0.25)
(0.25 -0.75)
(0.75 - 1.25)
(1.25-1.75)
(1.75 - 2.25)
(2.25-275)
(275 -3.25)
(3.25-3.75)
(3.75-4.25)
(4.25 -4.75)
(4.75 - 5.25)
(5.25-5.75)
(5.75 - 6.25)
(625 -6.75)
(6.75-7.25)
Hs (m)
(7.25-7.75)
(7.75 - 8.25)
(8.25-8.75)
(8.75 -9.25)
(9.25-9.75)
(975 - 10.25)
(10.25 - 10.75)
(1075 -11.25)
(11.25 - 11.75)
(11.75 - 12.25)
(12.25 -1275)
(12.75 - 13.25)
(13.25-13.75)
(13.75 - 14.25)

(14.25 -14.75)

(0-
0.25)

(025 -
0.75)

(075-
1.25)

125~
1.75)

(175-
2.25)

225~
2.75)

(275 -
3.25)

(325
3.75)

375~
4.25)

(a25-
14.75)

(a75-
5.25)

(525 -
5.75)

(575-
6.25)

(625~
6.75)

(675 -
7.25)

(7.25-
7.75)

(7.7~
8.25)

(825 -
8.75)

(875~
19.25)

025~
9.75)

(975 -
10.25)

(1025 -
10.75)

(1075 -
11.25)

(1125 -
11.75)

(1175 -
12.25)

(1225~
12.75)

1275 -
13.25)

(1325 -
13.75)

(1375 -
14.25)

(1a.25-
14.75)

(1475 -
15.25)

1525
15.75)

(1575 -
16.25)

(1625
16.75)

(1675 -
17.25)

(17.25 -
17.75)

7.7
18.25)

(1825 -
18.75)

(1875 -
19.25)

(19.25 -
19.75)

(19.75 -
20.25)

2025~
20.75)

(2075 -
21.25)

2125~
21.75)

(2175 -
22.25)

[cumulative
sum

0.00]

0.00)

0.00]

0.00|

0.00|

0.00]

0.00]

0.00)

0.00|

0.00)

0.00)

cumulative sum

0.00]
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IDEA-IRL Document WP1_D1A

Vhub 29 -31 m/s

e (s)

(0-

(0-0.25)
(0.25 -0.75)
(0.75 - 1.25)
(1.25-1.75)
(1.75 - 2.25)
(2.25-275)
(275 -3.25)
(3.25-3.75)
(3.75-4.25)
(4.25 -4.75)
(4.75 - 5.25)
(5.25-5.75)
(5.75 - 6.25)
(625 -6.75)
(6.75-7.25)
Hs (m)
(7.25-7.75)
(7.75 - 8.25)
(8.25-8.75)
(8.75 -9.25)
(9.25-9.75)
(975 - 10.25)
(10.25 - 10.75)
(1075 -11.25)
(11.25 - 11.75)
(11.75 - 12.25)
(12.25 -1275)
(12.75 - 13.25)
(13.25-13.75)
(13.75 - 14.25)

(14.25 -14.75)

0.25)

(025 -
0.75)

(075-
1.25)

125~
1.75)

(175-
2.25)

225~
2.75)

(275 -
3.25)

(325
3.75)

375~
4.25)

(a25-
14.75)

(a75-
5.25)

(525 -
5.75)

(575-
6.25)

(625~
6.75)

(675 -
7.25)

(7.25-
7.75)

(7.7~
8.25)

(825 -
8.75)

(875~
19.25)

025~
9.75)

(975 -
10.25)

(1025 -
10.75)

(1075 -
11.25)

(1125 -
11.75)

(1175 -
12.25)

(1225~
12.75)

1275 -
13.25)

(1325 -
13.75)

(1375 -
14.25)

(1a.25-
14.75)

(1475 -
15.25)

1525
15.75)

(1575 -
16.25)

(1625 -
16.75)

(1675 -
17.25)

(17.25 -
17.75)

7.7
18.25)

(1825 -
18.75)

(1875 -
19.25)

(19.25 -
19.75)

(19.75 -
20.25)

2025~
20.75)

(2075 -
21.25)

2125~
21.75)

(2175 -
22.25)

[cumulative
sum

0.00]

0.00)

0.00]

0.00|

0.00|

0.00]

0.00]

0.00)

0.00|

0.00)

0.00)

0.00]

0.00)

0.00]

0.04]

0.04]

0.04]

0.04]

0.04]

0.04]

cumulative sum

0.00]

0.00]

°
2
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IDEA-IRL Document WP1_D1A

Vhub 31-33 m/s

e (s)

(0-

(0-0.25)
(0.25 -0.75)
(0.75 - 1.25)
(1.25-1.75)
(1.75 - 2.25)
(2.25-275)
(275 -3.25)
(3.25-3.75)
(3.75-4.25)
(4.25 -4.75)
(4.75 - 5.25)
(5.25-5.75)
(5.75 - 6.25)
(625 -6.75)
(6.75-7.25)
Hs (m)
(7.25-7.75)
(7.75 - 8.25)
(8.25-8.75)
(8.75 -9.25)
(9.25-9.75)
(975 - 10.25)
(10.25 - 10.75)
(1075 -11.25)
(11.25 - 11.75)
(11.75 - 12.25)
(12.25 -1275)
(12.75 - 13.25)
(13.25-13.75)
(13.75 - 14.25)

(14.25 -14.75)

0.25)

(025 -
0.75)

(075-
1.25)

125~
1.75)

(175-
2.25)

225~
2.75)

(275 -
3.25)

(325
3.75)

375~
4.25)

(a25-
14.75)

(a75-
5.25)

(525 -
5.75)

(575-
6.25)

(625~
6.75)

(675 -
7.25)

(7.25-
7.75)

(7.7~
8.25)

(825 -
8.75)

(875~
19.25)

025~
9.75)

(975 -
10.25)

(1025 -
10.75)

(1075 -
11.25)

(1125 -
11.75)

(1175 -
12.25)

(1225~
12.75)

1275 -
13.25)

(1325 -
13.75)

(1375 -
14.25)

(1a.25-
14.75)

(1475 -
15.25)

1525
15.75)

(1575 -
16.25)

(1625 -
16.75)

(1675 -
17.25)

(17.25 -
17.75)

7.7
18.25)

(1825 -
18.75)

(1875 -
19.25)

(19.25 -
19.75)

(19.75 -
20.25)

2025~
20.75)

(2075 -
21.25)

2125~
21.75)

(2175 -
22.25)

[cumulative

sum

0.00]

0.00)

0.00]

0.00|

0.00|

0.00]

0.00]

0.00)

0.00|

0.00)

0.00)

0.00]

0.00)

0.00]

0.00]

0.00)

0.00]

cumulative sum

0.00]

0.00]
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IDEA-IRL Document WP1_D1A

Vhub 33 -35 m/s

e (s)

(0-

(0-0.25)
(0.25 -0.75)
(0.75 - 1.25)
(1.25-1.75)
(1.75 - 2.25)
(2.25-275)
(275 -3.25)
(3.25-3.75)
(3.75-4.25)
(4.25 -4.75)
(4.75 - 5.25)
(5.25-5.75)
(5.75 - 6.25)
(625 -6.75)
(6.75-7.25)
Hs (m)
(7.25-7.75)
(7.75 - 8.25)
(8.25-8.75)
(8.75 -9.25)
(9.25-9.75)
(975 - 10.25)
(10.25 - 10.75)
(1075 -11.25)
(11.25 - 11.75)
(11.75 - 12.25)
(12.25 -1275)
(12.75 - 13.25)
(13.25-13.75)
(13.75 - 14.25)

(14.25 -14.75)

0.25)

(025 -
0.75)

(075-
1.25)

125~
1.75)

(175-
2.25)

225~
2.75)

(275 -
3.25)

(325
3.75)

375~
4.25)

(a25-
14.75)

(a75-
5.25)

(525 -
5.75)

(575-
6.25)

(625~
6.75)

(675 -
7.25)

(7.25-
7.75)

(7.7~
8.25)

(825 -
8.75)

(875~
19.25)

025~
9.75)

(975 -
10.25)

(1025 -
10.75)

(1075 -
11.25)

(1125 -
11.75)

(1175 -
12.25)

(1225~
12.75)

1275 -
13.25)

(1325 -
13.75)

(1375 -
14.25)

(1a.25-
14.75)

(1475 -
15.25)

1525
15.75)

(1575 -
16.25)

(1625 -
16.75)

(1675 -
17.25)

(17.25 -
17.75)

7.7
18.25)

(1825 -
18.75)

(1875 -
19.25)

(19.25 -
19.75)

(19.75 -
20.25)

2025~
20.75)

(2075 -
21.25)

2125~
21.75)

(2175 -
22.25)

[cumulative

sum

0.00]

0.00)

0.00]

0.00|

0.00|

0.00]

0.00]

0.00)

0.00|

0.00)

0.00)

0.00]

0.00)

0.00]

0.00]

0.00)

0.00]

0.00|

0.00)

0.00|

0.00|

0.00)

0.00]

0.00|

0.00)

0.00]

0.00]

cumulative sum

0.00]

0.00]
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IDEA-IRL Document WP1_D1A

Vhub 35 -37 m/s

e (s)

(0-

(0-0.25)
(0.25 -0.75)
(0.75 - 1.25)
(1.25-1.75)
(1.75 - 2.25)
(2.25-275)
(275 -3.25)
(3.25-3.75)
(3.75-4.25)
(4.25 -4.75)
(4.75 - 5.25)
(5.25-5.75)
(5.75 - 6.25)
(625 -6.75)
(6.75-7.25)
Hs (m)
(7.25-7.75)
(7.75 - 8.25)
(8.25-8.75)
(8.75 -9.25)
(9.25-9.75)
(975 - 10.25)
(10.25 - 10.75)
(1075 -11.25)
(11.25 - 11.75)
(11.75 - 12.25)
(12.25 -1275)
(12.75 - 13.25)
(13.25-13.75)
(13.75 - 14.25)

(14.25 -14.75)

0.25)

(025 -
0.75)

(075-
1.25)

125~
1.75)

(175-
2.25)

225~
2.75)

(275 -
3.25)

(325
3.75)

375~
4.25)

(a25-
14.75)

(a75-
5.25)

(525 -
5.75)

(575-
6.25)

(625~
6.75)

(675 -
7.25)

(7.25-
7.75)

(7.7~
8.25)

(825 -
8.75)

(875~
19.25)

025~
9.75)

(975 -
10.25)

(1025 -
10.75)

(1075 -
11.25)

(1125 -
11.75)

(1175 -
12.25)

(1225~
12.75)

1275 -
13.25)

(1325 -
13.75)

(1375 -
14.25)

(1a.25-
14.75)

(1475 -
15.25)

1525
15.75)

(1575 -
16.25)

(1625 -
16.75)

(1675 -
17.25)

(17.25 -
17.75)

7.7
18.25)

(1825 -
18.75)

(1875 -
19.25)

(19.25 -
19.75)

(19.75 -
20.25)

2025~
20.75)

(2075 -
21.25)

2125~
21.75)

(2175 -
22.25)

[cumulative
sum

0.00]

0.00)

0.00]

0.00|

0.00|

0.00]

0.00]

0.00)

0.00|

0.00)

0.00)

0.00]

0.00)

0.00]

0.00]

0.00)

0.00]

0.00|

0.00)

0.00|

0.00|

0.00)

0.00]

0.00|

0.00)

0.00]

0.00]

0.00|

0.00]

0.00)

cumulative sum

0.00]

0.00]

0.00]
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IDEA-IRL Document WP1_D1A

Vhub 41-43 m/s

e (s)

(0-0.25)
(0.25 -0.75)
(0.75 - 1.25)
(1.25-1.75)
(1.75 - 2.25)
(2.25-275)
(275 -3.25)
(3.25-3.75)
(3.75-4.25)
(4.25 -4.75)
(4.75 - 5.25)
(5.25-5.75)
(5.75 - 6.25)
(625 -6.75)
(6.75-7.25)
Hs (m)
(7.25-7.75)
(7.75 - 8.25)
(8.25-8.75)
(8.75 -9.25)
(9.25-9.75)
(975 - 10.25)
(10.25 - 10.75)
(1075 -11.25)
(11.25 - 11.75)
(11.75 - 12.25)
(12.25 -1275)
(12.75 - 13.25)
(13.25-13.75)
(13.75 - 14.25)

(14.25 -14.75)

(0-
0.25)

(025 -
0.75)

(075-
1.25)

125~
1.75)

(175-
2.25)

225~
2.75)

(275 -
3.25)

(325
3.75)

375~
4.25)

(a25-
14.75)

(a75-
5.25)

(525 -
5.75)

(575-
6.25)

(625~
6.75)

(675 -
7.25)

(7.25-
7.75)

(7.7~
8.25)

(825 -
8.75)

(875~
19.25)

025~
9.75)

(975 -
10.25)

(1025 -
10.75)

(1075 -
11.25)

(1125 -
11.75)

(1175 -
12.25)

(1225~
12.75)

1275 -
13.25)

(1325 -
13.75)

(1375 -
14.25)

(1a.25-
14.75)

(1475 -
15.25)

1525
15.75)

(1575 -
16.25)

(1625 -
16.75)

(1675 -
17.25)

(17.25 -
17.75)

7.7
18.25)

(1825 -
18.75)

(1875 -
19.25)

(19.25 -
19.75)

(19.75 -
20.25)

2025~
20.75)

(2075 -
21.25)

2125~
21.75)

(2175 -
22.25)

[cumulative
sum

0.00]

0.00)

0.00]

0.00|

0.00|

0.00]

0.00]

0.00)

0.00|

0.00)

0.00)

0.00]

0.00)

0.00]

0.00]

0.00)

0.00]

0.00|

0.00)

0.00|

0.00|

0.00)

0.00]

0.00|

0.00)

0.00]

0.00]

0.00|

0.00]

0.00)

cumulative sum

0.00]

0.00]

0.00]
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