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Abstract

The presented design basis gives a summarized overview of relevant design properties for a later
offshore wind turbine design procedures within work package 4. The described offshore site is located
in the Dutch North Sea and has a water depth of 21m. Therefore it will be chosen as shallow site within
the work package for further design studies.

Besides information about climate properties like wind and wave definitions, other load properties are
specified according to a current design guideline. Here the guideline of the Germanischer Lloyd and
IEC is chosen. Finally the relevant design load cases according to the guideline are listed, which have
to be fulfilled for a suitable support structure design.
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A.1. General remarks and definitions

The relevant design parameters and methods within this design basis are taken from the IEC-61400-3
standard [1]. Further standards are quoted when used.

An offshore wind turbine (OWT) as examined in this design basis, consists of a wind turbine and its
support structure, see Figure 1. The support structure is divided into two parts: the tower and the sub-
structure. The tower is directly connected to the wind turbine. The sub-structure of OWT consists of a
kind of transition piece (e. g. a jacket) connecting the tower with the foundation. The actual foundation
is either realised with piles or is part of the transition piece (e.g. gravity foundation).

iopsides structurs
{machinery)

N - -\: f-"-\. __.- S
wower——————————— | towwer ———
suppeort
A . p structure
[ HI | R _ 1]l - _ _ _ __ __ __ _ il _
-~
platform
WL 33— J—
sub-struzture e SUb-sbructurs
pile —
S i
’____,-"

foundation

Figure 1: Definition of an offshore wind turbine [2]

The intention of this design basis is to give the necessary definitions for designing a support structure
in a fictive wind farm. The met-ocean conditions are, however, uniform at all fictive locations and only
one support structure will be designed applicable to all positions.

10
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A.2. Project description

The following design basis is based on a location in the Dutch North Sea, close to the already build
Noordzeewind OWEZ project near Egmond aan Zee. The climate information are obtained from the
wave and wind data published by Rijkswaterstaat for the location “IUmuiden Munitiestortplaats” [3] and
from the project design basis of OWEZ wind farm [9]. This site will be denoted in the following as IJ-
geul 1J5 (see Figure 2). The coordinates of the ljmuiden site (YM6) are 52°33’00” east and 4°03’'30”
north, and the water depth is 21.4m MSL. These data are available as 3-hour average values for a
period of 22 years (January 1979 - December 2000).

faclden Schisrmaonnikoog
%

Figure 2: Locations for which Rijkswaterstaat measures wind and wave data [4]

11



Upwind Design Basis — l|jmuiden Shallow Water Site

A.3. Structural definitions and limitations

A.3.1 Tower and sub-structure design

The shallow water site has a mean water level (MSL) of 21.4 as shown in Figure 3. As described in the
following, the platform level was found at 13.5m. By using a standard tower of 68m and a vertical offset
in the nacelle of 2.4m, the support structure design results finally in a hub height of 83.9m above MSL.
The monopile penetration depth in Figure 3 is shown exemplary, not as final solution.

- 144.5 m + MSL
Blade Tip

83.9m + MSL
Hub Height m

Platform Level 13.5m + MSL

Sea Level
"""" [ 00m+MSL

-5.5m + MSL

TP Bottom

Seabed Level : -21.0m + MSL

Pile Toe Level :

Figure 3: Schematic dimensions of the reference design for the shallow water location

A.3.1.1. Platform

The platform is placed at the base of the tower. The determination of the height is based on the GL
standard [2] with the expression

*

tide + Az +Azair +§ and é =0- HS,SOmaX'

surge

Z = LAT + Az

platform

By applying s = 0.65, LAT =—-1.4m, a tidal range ofAztide = 2.4m, a storm surge of Azswge =1.0m, an

air gap of Az, =1.5m and a 50years extreme wave height of H s somax = 15.01m,
the platform level is found at 14.5m LAT or 13.5m MSL.

12
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A.3.1.2. Tower

On top of the transition piece the tower is flanged. Table 1 shows the dimensions of the tower used for
the load calculations. The tower is split into two sections, each 34m, resulting in a total tower height of
68m. At three stages flanges are placed, namely as link to the transition piece, as connection of the
two tower sections and at the tower top as link to the nacelle. They are considered as added masses in
the load calculations.

Table 1: Dimensions tower design

Height of Outer dia?nl:tz at Section Flange
Section section diameter at section- wall masg]
Hub height, to MSL section-top bottom thickness
81.5m
[-] [m] [m] [m] [mm] [kd]
1000
. 815 77.5 4.000 4.118 30 (at 81.5m)
. 77.5 65.5 4.118 4.329 20 0
4 65.6 55.5 4.329 4.565 22 0
3 55.5 455 4.565 4.800 24 0
1400
2 __1____| 45,5 33.5 4.800 5.082 28 (at 45.5m)
1__ 33.5 23.5 5.082 5.318 30 0
1900
235 13.5 5.318 5.600 32 (at 13.5m)

A.3.1.3. Other secondary structures

Other secondary structures are not pre-defined in detail here. However, structures like the J-tube,
which is used to protect and align the cabling from the turbine to land and to cross the scour protection,
shall be analysed on the same loads by waves, current and the scour of the monopile.

A.3.2. Corrosion

Corrosion is only taken into account from the splash zone downwards. Therefore no internal volumes
or corrosion in air is studied in detail.
Within the splash zone (+4.53m MSL to -3.18m MSL), the following corrosion allowance is used:

o Corrosion rate according to DNV standard [8]:  0.3mm/year

¢ Applicable corrosion period: 20 years (reference period)

e Applicable corrosion allowance: 20 x 0.3mm =6.0mm

Below the splash zone (-3.18m MSL to 3m below sea bed), the following corrosion allowance is used:
¢ Applicable corrosion allowance: 3.0mm (20 years)

For fatigue calculations, half of the corrosion allowance has to be taken into account. For extreme
calculations, the full allowance.

13



Upwind Design Basis — [jmuiden Shallow Water Site

A.4. Environmental conditions

A.4.1. Sea water
For the sea water, the following values are assumed (see Table 2):

Table 2: Quantities of sea water

Water density 1025 kg/m?®
Water salinity 3.5%
Water temperature (min/max) 0°C/22°C

A.4.2. Water depths

The water depth within the assumed wind park is taken as 21.4m MSL. The value does not include any
scour effect.

A.4.3. Water levels

Beside wind and wave measurements, there is also measured water level and surge data available for
the ljmuiden site. For the full duration of 22 years, the following extreme values are found (see Table
3).

Table 3: Measured water levels at the location (scheme accordmg to [2])

HSWL +2.4m MSL
HAT +1.4m MSL
MSL Om

LAT (CD) ~1.1m MSL
LSWL -2.1m MSL
A +1.0m MSL

B 2.4m R .

C -1.0m MSL Lar lowast astronautical tic

m {often Hqu I to LAT)
level

SLOrM Surge
(=} maximum crest elevation
E minimum trough elevation

Besides the water depths and water level, the splash zone has to be determined for later studies.
According to DNV [8], the splash zone is determined as

(100years) = +4.53m MSL
(100years) =-3.18m MSL

Upper limit: SZ,, = HAT +0.6-(1/3)-H
Lower limit: SZ, = LAT -0.4-(1/3)-H

§,max

S, max

with Hs max(100years) = 15.64m, HAT = 1.4m and LAT =-1.1m.

14
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A.4.4. Currents

The values for the currents are taken form the Noordzeewind OWEZ project, which is close to the
studied location. For normal current loads an average value of 0.6m/s at surface level is taken and for
the extreme case of 1.2m/s, respectively.

Table 4: Current velocities according to load situation

Load situation Current at MSL
[m/s]
Normal current 0.6
Extreme current 1.2

A.4.5. Wave parameters
A.4.5.1. Scatter diagram

In the offshore industry wave climate data is generally expressed in a 2-dimensional scatter diagram
giving the number of occurrences of each combination of significant wave height Hs and peak spectral
period T,. For offshore wind turbine design the 2-D scatter diagram must be expanded to include V,, as
a third dimension. To derive the 3-D scatter diagram, the parameters H; and T, and V,, will be used.

The wind and wave data is subsequently gathered in bins. The V,, bins cover 2 m/s, the H; bins cover
0.5 m and the T, bins span 1.0 s. 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 Hs = 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 >1.5 s to <2.5 s. Subsequently, the
occurrence of all combinations of V,, 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 Hs and T,
for that wind speed bin as a percentage value. This is illustrated in Table 5for V,, =10 m/s. The wind
speeds used here are at hub height.

Table 5: Part of a 3-D scatter diagram for V,, = 10 m/s

- Tp [s]
Vw =911 m/s <05 1 2 3 4 5 6 7 8 9 10 M >11,5
9.5 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6,5 0,00000
6 0,00000
5,5 0,00000
5 0,00000
Hs [m] 45 0,00000
4 0,00002 0,00002
3,5 0,00008 0,00005 0,00002 0,00014
3 0,00017 0,00012 0,00009 0,00039
2,5 0,00002 0,00058 0,00103 0,00044 0,00005 0,00210
2 0,00002 0,00232 0,00748 0,00205 0,00012 0,00002 0,01201
1,5 0,00320 0,02532 0,01370 0,00087 0,00009 0,04320
1 0,00180 0,03424 0,03173 0,00314 0,00011 0,07102
0,5 0,00003 0,01076 0,01447 0,00260 0,00022 0,00003 0,00003 0,02814
<0,25 0,00002 0,00031 0,00011 0,00003 0,00047
0,00000] 0,00000] 0,00000] 0,00005] 0,01288] 0,05203] 0,06202] 0,02512] 0,00426] 0,00089] 0,00022] 0,00002] 0,00000] 0,15748

A diagram as shown in Table 5 is produced for each wind speed bin. The full set of scatter diagrams
make up the 3-D scatter diagram. These are given in the appendix.

15
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A.4.5.2. Extreme values
The values for the extreme wave conditions are taken form the Noordzeewind OWEZ project, which is

close to the studied location and were detailed studies about the extreme values were performed. The
relation between wave height and return period was found to be:

H s,3hrs (Treturn ) = 0479 . In(x) + 60626

In Table 6 different significant wave height values for different periods of occurrence are given. To
obtain the maximum wave height the following relationship is used:

H_ =1.86H,

The factor 1.86 can be used fort he given location, as the water depths is relative shallow. For deeper
water sites this factor should be higher (close to 2).

Table 6: Extreme wave heights as a function the return period

Treturn Hs Tp I'Imax
[yr] [m] [s] [m]

1 6.06 9.7 11.27

5 6.83 10.3 12.70

10 7.25 10.7 13.49
50 8.07 11.3 15.01

100 8.41 11.6 15.64

A.4.5.3. Wave directions

The 3-D scatter diagram does not take directionality into account. Therefore a different diagram is
produced giving the spreading of wave directions per wave height bin. First, Bavess is gathered in bins
of 30°. Subsequently, Hs and 6,.,.+, are sorted to obtain the number of occurrences of each wave
direction per wave height bin. Figure 4 shows the wave rose for all measured values. In this figure 0°
corresponds with north. It can be seen that the dominant wave directions between north north west
(NNW) and west south west (WSW). The probability of occurrence is given as total value on the radial
axes. The full series of wave roses sorted for each wave height are given in the appendix.

Figure 4: Wave rose for the measurement location
16
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A.4.5.4. Breaking waves

According to the studies of the near located Noordzeewind OWEZ project, the effect of breaking waves
will be neglected. Breaking waves will not occur, although the wave height is near breaking. The gentle
increase in seabed level towards the shore in this region of the Dutch North Sea may cause some
shoaling, but no offshore bars are present to initiate breaking.

A.4.6. Wind parameters

A.4.6.1. Wind distributions

In Figure 5, the wind speed distribution of the Ijmuiden site at 80m height can be seen. The measured
wind data was firstly translated from the reference height of 10 m to the hub height. A hub height of 80
m above MSL is assumed. According to GL the wind speed at hub height can be found with

Vi, = P
Zhub

with:
Viub = wind speed at hub height
V(z) = wind speed at elevation z
z = elevation for which wind speed is given
Zhup = hub helght
a = wind shear exponent (a = 0.14 for roughness length of 0.002 m)

The relevant Weibull parameters are A= 10.61 m/s and k=2.08, which leads to an annual mean wind
speed of 9.29m/s.

0.18 T T T T T T T

Wind distribution |

0.12 | — Weibull distribution |

0.1

Probability

&
=]
)

0.04

0.02 4 -ooeel eeen weeed..... 0 .... reeedil..... 0 ... e

30 35 40

Wind speed [m/s]

Figure 5: Wind speed distribution for the measurement location
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A.4.6.2. Turbulence intensity

For the turbulence intensity, different distributions were compared. As shown in Figure 6, the standard
curves for IEC-1 and IEC-3 are shown for a reference turbulence intensity of 0.15. Besides, a
distribution based on the assumptions of the Noordzeewind OWET project is shown, where again an
IEC-3 distribution was assumed, but with a different reference intensity and taken wake into account.
As the IEC-1 curve is too conservative, but the IEC-3 one probably optimistic, the distribution from the
Noordzeewind OWET project will be chosen as a good compromise, also for the consideration of wake
effects. The distribution can be described by the following relation (with 115=0.14 and a=5)

15+au)

V)= lrau *

! ! ! ! ! ! ! !
I B § AR SN SUUUUUS NUUUN USU SUSON S S
‘ o —e= IEC-1 {1, 5~0.15)

| IEC-3, incl. Charnock expression {l,~0.15) |
04 -t--------11 4~ Noordzeewind OWEZ project (|, =0.14) b
—— Extreme turbulence model (I, -=0.14)

turbulence intensity (%)

1] g 10 15 20 25 30 35 40
wind speed (m/s)

Figure 6: Turbulence intensity according to IEC
For later extreme load calculations, a further extreme turbulence distribution has to be defined. Based

on the normal turbulence model described in the expression above (Noordzeewind OWET project), an

extreme turbulence distribution is calculated according to the IEC-3 standard. The curvature is also
shown in Figure 6.

All turbulence values are again listed for each wind speed bin in A.7. Appendix.

A.4.6.3. Extreme values

From the measured wind data the extreme wind speeds can be determined. The extreme wind speed
is determined as the maximum wind speed that occurs with a certain return period (as seen in Figure
7). The resulting equation can be found as follows:

thb,lO min (Treturn ) =2.6446- |n(X) +31.695

18
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45
40 ~ L
//0
35 /’,’/.’ ¢ @
) *
L 30 - o
E
2 25
8
»n 20 -
.-g 15 4 y =2.6446Ln(x) + 31.695
= / R?=0.9728
10 <
5 .
0 T
0.0001 0.001 0.01 0.1 1 10 100
Return Period [yrs]

Figure 7: Determining the maximum wind speed

Table 7 shows the maximum wind speed at hub height as a function of the return period. The values
averaged 10-min wind speeds, where the original 3-hrs stationary situations were converted with a

factor 0.9 according to IEC.

Table 7: Extreme wind speeds as a function of the return period

Treturn Vw
[yr] [m/s]
1 31.70
5 35.95
10 37.78
50 42.04
100 43.87

If the here determined values are compared to the results of the Noordzeewind OWEZ project and
Rijkswaterstaat for the location “IUmuiden Munitiestoriplaats”, the values correspond well, where a 50
years extreme wind speed of 41.9m/s was found in 70m height.

A.4.6.4. Wind directions

The 3-D scatter diagram does not take directionality into account. Therefore a different diagram is
produced giving the spreading of wind directions per wind speed bin. First, B,inq - is gathered in bins of
2m/s. Subsequently, V,, and 6Oy.qmy are sorted to obtain the number of occurrences of each wind
direction per wind speed bin. Figure 8 shows the wind rose for all measured values. In this figure 0°
corresponds with north. It can be seen that the dominant wind directions comes from west south west
(WSW), which agrees with the main wave directions. However, especially in cases of low wind speed
the wind tend to come from eastern directions as well. The full series of wind roses sorted for each

wind speed is given in A.7. Appendix.

19
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180

Figure 8: Wind rose for the measurement location

A.4.7. Wind-wave-directionality

As for some support structure types and environmental conditions the effect of wind- and wave-
misalignment can be important, in the following the directional scatter of the measured wind and wave
directions is shown. Here the wind speed values correspond to 10-min average values, and the wave
heights to 3hrs respectively. The binning is done corresponding to the former described wind and wave
scatters. 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
directional bins at NNE (30°) contain all observations between >15° and <45°.

Table 8: Directional scatter diagram for all wind speeds

Wave direction

All windspeeds

Percentage of time [%]

90° + from wind direction
[ 90° - from wind direction |

000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW  WSW W WNW  NNW

000° N 0,03366 0,00170 0,00034 0,00020 0,00011 0,00012 0,00009 0,00034 0,00075[0,00143]0,00317 0,02145
030° NNE 0,03837 0,01053 0,00092 0,00025 0,00016 0,00017 0,00006 0,00017 0,00044 0,00103(0,00166]|0,00922
060° ENE 0,01691 0,02156 0,00852 0,00152 0,00050 0,00020 0,00008 0,00020 0,00034 0,00059 0,00068]|0,00305
090° E 0,02073]0,02297 0,02129 0,01335 0,00562 0,00221 0,00123 0,00115 0,00148 0,00149 0,00177 0,00745
120° ESE 0,00611]0,00320|0,00238 0,00352 0,00709 0,00891 0,00481 0,00370 0,00299 0,00221 0,00230 0,00537
150° SSE 0,00373 0,00131|0,00112(0,00092 0,00143 0,00526 0,01265 0,01839 0,00784 0,00380 0,00341 0,00628
180° S 0,00282 0,00054 0,00023(0,00044]0,00051 0,00128 0,00952 0,03651 0,01870 0,00655 0,00515 0,00635
210° SSw 0,00226 0,00045 0,00030 0,00022]0,00034)0,00042 0,00283 0,04712 0,05990 0,01290 0,00689 0,00619
240° WSW 0,00207 0,00023 0,00023 0,00022 0,00031)0,00037|0,00068 0,01173 0,05972 0,02674 0,01683 0,01090
270° W 0,00232 0,00031 0,00019 0,00008 0,00012 0,00009{0,00023]0,00143 0,01529 0,02997 0,03263 0,01708
300° WNW 0,00440 0,00020 0,00011 0,00006 0,00002 0,00005 0,00016|0,00050)0,00339 0,00773 0,02126 0,03548
330° NNW 0,01308 0,00051 0,00012 0,00012 0,00006 0,00014 0,00019]0,00121]0,00244 0,00736 0,04323

0,14647 0,06353 0,03576 0,02089 0,01621 0,01915 0,03248 0,12142 0,17204 0,09688 0,10313 0,17205

0,06337
0,06298
0,05416
0,10075
0,05259
0,06612
0,08859
0,13981
0,13004
0,09975
0,07336
0,06847
1,00000

A diagram as shown in Table 8 is produced for each wind speed bin, as shown as an example for

V=10m/s in Table 9. The full set of those directional scatter diagrams are given in A.7. Appendix.
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Table 9: Part of the 3-D directional scatter diagram for V = 10 m/s

Wave direction

Vw 9-11 mls 000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°

Wind direction N NNE ENE E ESE SSE S SSW  WSW W WNW  NNW
000° N 0,00733 0,00033 0,00003 0,00003 0,00003]0,00008]0,00030 0,003440,01156
030° NNE 0,00678 0,00232 0,00014 0,00005 0,00002 0,00002|0,00008) 0,00070(0,01010
060° ENE 0,00375 0,00544 0,00165 0,00036 0,00009 0,00003 0,00003 0,00002 0,00002 0,00006 0,00005|0,00031|0,01181
090° E 0,00205]0,00467 0,00470 0,00327 0,00129 0,00016 0,00006 0,00005 0,00002 0,00003 0,00002 0,00020|0,01650
120° ESE 0,00016]0,00023] 0,00028 0,00087 0,00187 0,00193 0,00054 0,00023 0,00003 0,00006 0,00008 0,00003|0,00632
150° SSE 0,00006 0,00012]0,00006(0,00006 0,00025 0,00126 0,00289 0,00336 0,00054 0,00020 0,00006 0,00003|0,00891
180° S 0,00008 0,00002 0,00003(0,00008|0,00008 0,00019 0,00207 0,00820 0,00359 0,00078 0,00025 0,00016|0,01551
210° SSW 0,00009 0,00006 0,00003]0,00005] 0,00002 0,00034 0,00688 0,00829 0,00238 0,00115 0,00044(0,01972
240° WSwW 0,00008 0,00003 0,00003 0,00002 0,00006|0,00005|0,00009 0,00199 0,00940 0,00535 0,00297 0,00098(0,02105
270° w 0,00006 0,00002 0,00003 0,00002 0,00002|0,000060,00020 0,00252 0,00389 0,00530 0,00229|0,01440
300° WNW 0,00050 0,00003 0,00003]0,00045 0,00114 0,00338 0,00569|0,01122
330° NNW 0,00191 0,00005 0,00003 0,00002 0,00003]0,00008] 0,00023 0,00095 0,00709|0,01039
0,02285 0,01328 0,00702 0,00474 0,00372 0,00364 0,00610 0,02101 0,02497 0,01422 0,01458 0,02136 0,15748

Percentage of time [%]

90° + from wind direction
[ 90° - from wind direction |

As for some simulations the full set of wind and wave directionalities is too detailed, a reduced form can
be determinate, where the opposite direction of wind and waves are merged (see Table 10)

Table 10: Reduced directional scatter V=10 m/s

Wave direction

LAZERR TS 000° 030° 060° 090° 120° 150°

Wind direction N NNE ENE E ESE SSE
000° N 0.00947 0,00857 0.00369 0,00093 0,00062 0.00378 0.02707
030°  NNE 0,00722 0,00926 0,00843 0,00247 0,00129 0,00115 0,02982
060°  ENE 0,00395 0,00748 0,01109 0,00579 0,00317 0,00137 0,03285
090° E 0,00224 0,00493 0,00726 0,00719 0,00663 0,00266 0,03091
120°  ESE 0,00120 0,00050 0,00079 0,00207 0,00532 0,00765 0,01753
150°  SSE 0,00487 0,00356 0,00072 0,00051 0,00126 0,00838 0,01930
0,02695 | 0,08430 | 0,03198 | 0,01896 | 0,01629 | 0,02500 0,15748

A.4.8. Further meteorological - oceanographical parameters
A.4.8.1. Temperature

The temperatures of water and air are illustrated in Table 11 according to [5] . For later fatigue
calculations the mean values has to be taken.

Table 11: Air and water temperatures

Water temperature at the surface Air temperature
[°C] [°C
Mean 10 Mean 15.0
Standard deviation 5 Extremes -20 to +50
Maximum 22
Minimum 0
Yearly amplitude 7
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A.4.8.2. Ice

It is very unlikely that sea ice occurs. Therefore it will not be taken into account. However, icing at the
structure is possible and will be dimensioned according to [2]. This leads to the following values:

» Atmospheric ice formation with a thickness of 30mm

» |ce formation due to sea water spray with a thickness of 100mm from MSL to HSWL

* |ce formation due to sea water spray from HSWL up to 60m above MSL with a thickness
decreasing linearly to 30mm

» Density of ice of 900 kg/m?

A.4.8.3. Maritime growths

For design purposes, marine growth has to be assumed. The density has to be taken as 1100 kg/m?®.
The thickness has to be taken according to DNV standard [8] to be:

Table 12: Assumptions for marine growths

A.4.9. Soil conditions

A.4.9.1. Soil profiles

Two different soil profile configurations will be assumed in the wind farm areal — namely a soft and hard

Level Thickness
[m] [mm]
MSL to MSL-10 50
MSL-10 to seabed 45

one. The profiles are defined as follows:

Table 13: Soil conditions for the soft profile

Depths Y () Cu
[m] [N/m’] [°] [Pa]
0-3 10000 36 -
3-5 10000 33 -
5-7 10000 26 60000
7-10 10000 37 -

10-15 10000 35 -
15-50 10000 37.5 -
2 — effective soil unit weight
0] — angle of internal friction
Cu — undrained shear strength
Table 14: Soil conditions for the hard profile

Depths ' (0] C.
[m] [N/m?] [ [Pa]
0-3 10000 38 -
3-5 10000 35 -
5-7 10000 38 -
7-10 10000 38 -

10-15 10000 42 -
15-50 10000 42.5 -
y' — effective soil unit weight
0] — angle of internal friction
Cu — undrained shear strength
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A.4.9.2. Scour

If no scour protection is planned, an additional depth in relation to scour effects has to be assumed in
accordance to the outer diameter of the water piercing members, D, to be (2.5-D) according to [2].

However, in this study scour protection is assumed, by what no water depths variations due to scour
are taken into account.
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A.5. Structural load assumptions

A.5.1. Modelling of the structure
For the determination of the wave loads, the following values for the hydrodynamic coefficients can be

assumed according to [2]. For other than monopile designs, the following hydrodynamic coefficients
have to be re-calculated.

Table 15: Recommended hydrodynamic coefficients

Reynolds smooth cylinder rough cylinder
number
Cop Cwe Co Cum
<72.10° 12 20 1.2 20
210° 0.7 1.6 1.1 2.0

For the load calculations in this study, the following coefficients are taken. Both values are increased

from their usual values to account ladders, corrosion protection devices, J-tube, marine growths.

Table 16: Assumed hydrodynamic coefficients

Fatigue loading

Extreme loading

Drag coefficient, Cp | Inertia coefficient, Cp | Drag coefficient, Cp | Inertia coefficient, Cp
[] [-] [] [-]
0.95 2.15 1.11 1.77

For later load calculations, both fatigue and ultimate load cases, partial safety factors have to be added

according the type of case. Table 17 summarize these values according to [2].

Table 17: Partial safety factors for loads according to [1]

Unfavourable loads Favourable12
loads
Type of design situation {see Tables 1 and 2)
All design
Transport and situations
Mormal (M) Abnormal [A) erection (T)
1,257 1.1 1.5 0,9

* For design load case DLC 1.1, given that loads are determined using
statistical load extrapolation at prescribed wind speeds between Vi, and Vi,
the partial load factor for normal design situations shall ke » =1,25.

If for normal design situations the characteristic value of the load response
Foravry due to gravity can be calculated for the design situation in question, and
gravity is an unfavourable load, the partial load factor for combined loading
from gravity and other sources may have the value:

24




Upwind Design Basis — l|jmuiden Shallow Water Site

A.5.2. Load assumptions
A.5.2.1. Fatigue load cases

For fatigue considerations, the different load setups from the scatter diagram have to be taken. The
reduced (lumped) scatter is shown in Table 18.

The lumping was done damage equivalent based on the method described in Kiihn [7]. The peakness
for the JONSWAP wave spectrum is considered to be constant, with a value of 3.3, which is realistic for
North Sea sites. The turbulence intensity is based on the assumptions of chapter A.4.6.1. Wind
distributions

Table 18: Lumped scatter diagram of the given offshore site (sorted Wind bins)

\'} [-ol;l] Hs Tp Peakness f occ./year
0 K 0

[ms] normal extreme [m] [m] ] %l [hrs]
2 29,2 88,5 0,91 5,83 3,3 0,04839 423,9
4 20,4 61,9 0,97 5,65 3,3 0,13541 1186,2
6 17,5 44 1,03 5,46 3,3 0,16407 1437,3
8 16 35 1,14 5,39 3,3 0,15875 1390,7
10 15,2 29,6 1,33 5,5 3,3 0,15748 1379,5
12 14,6 26 1,57 5,79 3,3 0,11817 1035,2
14 14,2 23,5 1,84 6,15 3,3 0,08157 714,6
16 13,9 21,5 2,2 6,64 3,3 0,06080 532,6
18 13,6 20 2,56 7 3,3 0,03455 302,6
20 13,4 18,8 2,96 7,41 3,3 0,02098 183,8
22 13,3 17,9 3,34 7,86 3,3 0,01059 92,8
24 13,1 17 3,63 8,21 3,3 0,00412 36,1
26 12 16,5 4,14 8,7 3,3 0,00185 16,2
28 11,9 15,8 4,32 8,95 3,3 0,00056 4,9
30 11,8 15,3 4,59 9,05 3,3 0,00020 1,8
32 11,8 14,8 5,09 9,54 3,3 0,00006 0,5

34-42 11,7 14,14 4,82 9,42 3,3 0,00003 0,3

Table 19: Lumped scatter diagram of the given offshore site (Weibull fit Wind bins)
\') [1;'] Hs Tp Peakness f occ./year
G i< o,

[ms] normal extreme [m] [m] g %] [hrs]
2 29,2 99,3 1,07 6,03 3,3 0,06239 546,5
4 20,4 53,1 1,1 5,88 3,3 0,11898 1042,2
6 17,5 37,1 1,18 5,76 3,3 0,15494 1357,3
8 16 30 1,31 5,67 3,3 0,16479 1443,5
10 15,2 25,4 1,48 5,74 3,3 0,15130 1325,4
12 14,6 22,3 1,7 5,88 3,3 0,12285 1076,2
14 14,2 20,1 1,91 6,07 3,3 0,08932 782,5
16 13,9 18,5 2,19 6,37 3,3 0,05858 513,1
18 13,6 17,2 2,47 6,71 3,3 0,03480 304,8
20 13,4 16,1 2,76 6,99 3,3 0,01878 164,5
22 13,3 15,3 3,09 7,4 3,3 0,00922 80,8
24 13,1 14,6 3,42 7,8 3,3 0,00413 36,2
26 12 14 3,76 8,14 3,3 0,00168 14,8
28 11,9 13,5 4,17 8,49 3,3 0,00063 55
30 11,8 13,1 4,46 8,86 3,3 0,00021 1,9
32 11,8 12,7 4,79 9,12 3,3 0,00007 0,6

34-42 11,7 12,3 4,9 9,43 3,3 0,00003 0,2

25



Upwind Design Basis — [jmuiden Shallow Water Site

A.5.2.2. Extreme load cases

For the different extreme design load cases, different values for the wind speed, wave height and wave
period have to be determined. Table 20 gives an overview.

Table 20: Extreme wave conditions according to [1]

Hs.50 [M] 7.60
Hsmax,50 [m] 14.14
Hsred,SO [m] 10.03

Hs,1 [m] 5.65
Hsmax,1 [m] 10.51
Hsred,1 [m] 7.46

Vet = Vo [M/s] 42.04

V4 [m/s] 31.70

The periods combined with the above mentioned extreme wave heights have to be calculated following
the formula [1]:

11.1JH (V)/g <T <14.3,/H.(V)/g
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A.7. Appendix

A. Wind roses

Vw<imfs 330 _—"
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B. Wave roses

Hs > 5,75 m

270
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C. Scatter diagrams (V-Hs-Tz)

. Tp [S]
all windspeeds <05 1 2 3 7 5 ps[ . 7 8 9 10 1 5115
95 0,00000
9 0,00000
8,5 0,00000
8 0,00000
75 0,00000
7 0,00002 0,00002
6,5 0,00003 0,00005|0,00008
6 0,00008 0,00008 0,00006[0,00022
55 0,00026 0,00023 0,00050
He [m] 5 0,00025 0,00086 0,00026 0,00002[0,00138
45 0,00162 0,00131 0,00017 0,00310
4 0,00002 0,00081 0,00495 0,00107 0,00003 0,00688
35 0,00008 0,00744 0,00639 0,00068 0,00003 0,01462
3 0,00541 0,01862 0,00367 0,00037 0,00005 0,02812
25 0,00093 0,03403 0,01745 0,00185 0,00017 0,00002 0,00002[0,05447
2 0,00005 0,02305 0,06597 0,00950 0,00106 0,00016 0,00002[0,09980
1,5 0,01053 0,10658 0,05587 0,00768 0,00128 0,00017 0,00005 0,18216
1 0,00574 0,10290 0,12729 0,04607 0,00938 0,00112 0,00016 0,00003 0,00002[0,29270
0,5 0,00030 0,07001 0,12780 0,06984 0,02209 0,00408 0,00098 0,00026 0,00006 0,29542
<0,25 0,00003 0,00537 0,01257 0,00250 0,00006 0,02053
0,00000] 0,00000] 0,00000] 0,00033] 0,08112] 0,25384] 0,33020] 0,22961] 0,07496] 0,02316] 0,00555] 0,00106] 0,00017] 1,00000
Tp [s]
Vw <1 mis <05 1 2 3 3 5 6 7 8 9 10 ™ 5115
95 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6,5 0,00000
6 0,00000
55 0,00000
5 0,00000
Hs [m] 45 0,00000
4 0,00000
3,5 0,00000
3 0,00000
25 0,00000
2 0,00000
1,5 0,00003 0,00008 0,00008 0,00019
1 0,00003 0,00011 0,00036 0,00009 0,00002 0,00002 0,00062
0,5 0,00002 0,00006 0,00042 0,00056 0,00019 0,00006 0,00131
<0,25 0,00006 0,00020 0,00002 0,00028
0,00000] 0,00000] 0,00000] 0,00002] 0,00012] 0,00065] 0,00072] 0,00062] 0,00023] 0,00002] 0,00002] 0,00000] 0,00000] 0,00240
- Tp [s]
Vw =13 ms <05 1 2 3 3 5 6 7 8 9 10 ™ 5115
95 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6,5 0,00000
6 0,00000
55 0,00000
5 0,00000
Hs [m] 45 0,00000
4 0,00000
3,5 0,00000
3 0,00002 0,00002
25 0,00002 0,00002 0,00005 0,00008
2 0,00002 0,00006 0,00016 0,00005 0,00002 0,00030
1,5 0,00005 0,00020 0,00092 0,00065 0,00019 0,00006 0,00005 0,00212
1 0,00002 0,00056 0,00275 0,00462 0,00204 0,00023 0,00002[0,01024
0,5 0,00002 0,00261 0,01062 0,01153 0,00540 0,00112 0,00026 0,00008 0,00003 0,03167
<0,25 0,00002 0,00061 0,00269 0,00065 0,00002 0,00398
0,00000] 0,00000] 0,00000] 0,00003] 0,00324] 0,01392] 0,01515] 0,01103] 0,00400] 0,00078] 0,00016] 0,00008] 0,00002 0,04839

31



Upwind Design Basis — [jmuiden Shallow Water Site

- Tp [s]
Vw =35 mls <05 7 2 3 3 5 6 7 8 9 10 ™ 5115
9,5 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6.5 0,00000
6 0,00000
5.5 0,00000
5 0,00000
Hs [m] 45 0,00000
4 0,00002 0,00003 0,00005
3,5 0,00002 0,00002
3 0,00002 0,00005 0,00003 0,00002 0,00011
25 0,00005 0,00012 0,00008 0,00006 0,00031
2 0,00008 0,00030 0,00053 0,00023 0,00005 0,00118
1,5 0,00005 0,00090 0,00305 0,00190 0,00051 0,00005 0,00646
1 0,00026 0,00352 0,01216 0,01456 0,00381 0,00064 0,00005 0,03500
0,5 0,00002 0,01403 0,03153 0,02641 0,00977 0,00163 0,00026 0,00009 0,00002 0,08376
<0,25 0,00208 0,00544 0,00098 0,00002 0,00852
0,00000] 0,00000] 0,00000] 0,00002] 0,01638] 0,04054] 0,04054] 0,02775] 0,00806] 0,00177] 0,00034] 0,00002] 0,00000 | 0, 13541
- Tp [s]
Vw =57 mls <05 1 2 3 3 5 6 7 8 9 10 ™ 5115
9.5 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6.5 0,00000
6 0,00000
5,5 0,00000
5 0,00000
Hs [m] 45 0,00000
4 0,00000
3,5 0,00005 0,00005
3 0,00005 0,00005 0,00003 0,00012
25 0,00006 0,00026 0,00011 0,00002 0,00002[0,00047
2 0,00012 0,00101 0,00070 0,00030 0,00008 0,00002 [0,00222
1,5 0,00023 0,00358 0,00694 0,00230 0,00033 0,00003 0,01341
1 0,00082 0,01237 0,02481 0,01431 0,00272 0,00017 0,00005 0,00003 0,05528
0.5 0,00011 0,02145 0,03864 0,02005 0,00534 0,00103 0,00034 0,00005 0,00002 0,08701
<0,25 0,00173 0,00310 0,00065 0,00003 0,00551
0,00000] 0,00000] 0,00000] 0,00011] 0,02400] 0,05433] 0,04922] 0,02769] 0,00706] 0,00134] 0,00025] 0,00005] 0,00003 0,16407
- Tp [s]
Vw =79 mls <05 1 2 3 3 5 6 7 8 9 10 ™ 511,56
9.5 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6.5 0,00000
6 0,00000
5,5 0,00000
5 0,00000
Hs [m] 45 0,00000
4 0,00002 0,00002
3,5 0,00005 0,00002 0,00006
3 0,00006 0,00012 0,00005 0,00023
25 0,00002 0,00014 0,00037 0,00014 0,00005 0,00002 0,00073
2 0,00054 0,00235 0,00114 0,00020 0,00423
1,5 0,00123 0,01011 0,01061 0,00156 0,00016 0,00003 0,02369
1 0,00179 0,02745 0,03385 0,00817 0,00058 0,00006 0,00005 0,07194
0.5 0,00009 0,01845 0,02791 0,00821 0,00112 0,00020 0,00008 0,00005 0,05611
<0,25 0,00056 0,00101 0,00017 0,00174
0,00000] 0,00000] 0,00000] 0,00009] 0,02080] 0,05760] 0,05290] 0,02238] 0,00390] 0,00082] 0,00019] 0,00006] 0,00000] 0,15875
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- Tp [s]
Vw =911 m/s <05 7 2 3 3 5 6 7 8 9 10 ™ 5115
95 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6.5 0,00000
6 0,00000
5.5 0,00000
5 0,00000
Hs [m] 45 0,00000
4 0,00002 0,00002
3,5 0,00008 0,00005 0,00002 0,00014
3 0,00017 0,00012 0,00009 0,00039
25 0,00002 0,00058 0,00103 0,00044 0,00005 0,00210
2 0,00002 0,00232 0,00748 0,00205 0,00012 0,00002 0,01201
1,5 0,00320 0,02532 0,01370 0,00087 0,00009 0,04320
1 0,00180 0,03424 0,03173 0,00314 0,00011 0,07102
0,5 0,00003 0,01076 0,01447 0,00260 0,00022 0,00003 0,00003 0,02814
<0,25 0,00002 0,00031 0,00011 0,00003 0,00047
0,00000] 0,00000] 0,00000] 0,00005] 0,01288] 0,05203] 0,06202] 0,02512] 0,00426] 0,00089] 0,00022] 0,00002] 0,00000] 0,15748
_ Tp [s]
Vw = 1113 m/s <05 1 2 3 3 5 6 7 8 9 10 ™ 511,56
9.5 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6.5 0,00000
6 0,00000
5,5 0,00000
Hs [m] 5 0,00000
45 0,00002 0,00002
4 0,00003 0,00003 0,00006
3,5 0,00002 0,00005 0,00012 0,00012 0,00002 0,00033
3 0,00008 0,00056 0,00053 0,00008 0,00124
25 0,00008 0,00229 0,00212 0,00037 0,00485
2 0,00002 0,00425 0,01425 0,00204 0,00009 0,02064
1,5 0,00289 0,03344 0,01066 0,00020 0,04719
1 0,00067 0,01902 0,01699 0,00068 0,00002 0,03738
0.5 0,00002 0,00232 0,00361 0,00042 0,00006 0,00642
<0,25 0,00002 0,00002 0,00003
0,00000] 0,00000] 0,00000] 0,00002] 0,00300] 0,02556] 0,05517] 0,02803] 0,00498] 0,00115] 0,00023] 0,00003] 0,00000] 0,11817
- Tp [s]
Vw = 1345 m/s <05 1 2 3 3 5 6 7 8 9 10 ™ 5115
9,5 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6.5 0,00000
6 0,00000
5.5 0,00000
Hs [m] 5 0,00002 0,00002
45 0,00002 0,00002 0,00003
4 0,00005 0,00011 0,00016
3,5 0,00019 0,00056 0,00012 0,00087
3 0,00031 0,00154 0,00078 0,00009 0,00272
25 0,00014 0,00588 0,00386 0,00026 0,01014
2 0,00624 0,01835 0,00191 0,00005 0,02655
1,5 0,00201 0,02181 0,00670 0,00008 0,03060
1 0,00036 0,00479 0,00422 0,00020 0,00002 0,00958
0,5 0,00030 0,00054 0,00006 0,00090
<0,25 0,00000
0,00000] 0,00000] 0,00000] 0,00000] 0,00065] 0,00734] 0,03246] 0,03145] 0,00759] 0,00170] 0,00034] 0,00003] 0,00000] 0,08157
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- Tp [s]
Vw = 1547 m/s <05 7 2 3 3 5 6 7 8 9 10 ™ 5115
95 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6,5 0,00000
6 0,00000
55 0,00003 0,00003
Hs [m] 5 0,00002 0,00003 0,00005
45 0,00006 0,00006 0,00005 0,00017
4 0,00002 0,00019 0,00025 0,00002 0,00047
3,5 0,00003 0,00045 0,00096 0,00025 0,00170
3 0,00072 0,00350 0,00086 0,00006 0,00513
25 0,00030 0,01101 0,00462 0,00033 0,01625
2 0,00002 0,00622 0,01493 0,00078 0,00002 0,02196
1,5 0,00078 0,00997 0,00269 0,00005 0,01349
1 0,00002 0,00086 0,00058 0,00002 0,00146
0,5 0,00003 0,00006 0,00009
<0,25 0,00000
0,00000] 0,00000] 0,00000] 0,00000] 0,00005] 0,00171] 0,01706] 0,02940] 0,00941] 0,00241] 0,00064] 0,00012] 0,00000] 0,06080
- Tp [s]
Vw = 1719 m/s <05 1 2 3 4 5 6 7 8 9 10 M >11,5
9.5 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6,5 0,00000
6 0,00002[0,00002
5,5 0,00002 0,00002 0,00003
Hs [m] 5 0,00006 0,00006 0,00002[0,00014
45 0,00005 0,00026 0,00006 0,00037
4 0,00002 0,00008 0,00078 0,00026 0,00114
3,5 0,00000 0,00143 0,00149 0,00006 0,00299
3 0,00191 0,00540 0,00040 0,00772
25 0,00022 0,00860 0,00296 0,00006 0,01184
2 0,00255 0,00588 0,00014 0,00857
1,5 0,00008 0,00103 0,00047 0,00157
1 0,00006 0,00009 0,00002 0,00017
0,5 0,00000
<0,25 0,00000
0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00014] 0,00389] 0,01689] 0,01000] 0,00278] 0,00067] 0,00014] 0,00003 0,03455
_ Tp [s]
Vw =19-21 m/s <05 1 2 3 3 5 6 7 8 9 10 ™ 511,56
95 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6,5 0,00000
6 0,00003[0,00003
55 0,00002 0,00008 0,00009
Hs [m] 5 0,00020 0,00012 0,00033
45 0,00022 0,00044 0,00002 0,00067
4 0,00019 0,00107 0,00023 0,00149
3,5 0,00003 0,00240 0,00135 0,00006 0,00384
3 0,00162 0,00434 0,00033 0,00628
2,5 0,00011 0,00453 0,00148 0,00002 0,00613
2 0,00064 0,00118 0,00006 0,00188
1,5 0,00002 0,00017 0,00005 0,00023
1 0,00000
0,5 0,00000
<0,25 0,00000
0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00002] 0,00092] 0,00740] 0,00846] 0,00299] 0,00095] 0,00022] 0,00003 0,02098
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Upwind Design Basis — [jmuiden Shallow Water Site

- Tp [s]
Vw = 21-23 m/s <05 7 2 3 3 5 6 7 8 9 10 ™ 5115
95 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6,5 0,000020,00002
6 0,00002 0,00002[0,00003
55 0,00003 0,00008 0,00011
Hs [m] 5 0,00002 0,00016 0,00003 0,00020
45 0,00033 0,00023 0,00056
4 0,00026 0,00128 0,00003 0,00002 0,00159
3,5 0,00184 0,00109 0,00202
3 0,00065 0,00249 0,00036 0,00350
25 0,00006 0,00078 0,00056 0,00140
2 0,00008 0,00016 0,00023
1,5 0,00002 0,00002 0,00003
1 0,00000
0,5 0,00000
<0,25 0,00000
0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00016] 0,00160] 0,00515] 0,00306] 0,00045] 0,00014] 0,00003] 0,01059
_ Tp [s]
Vw = 23-25m/s <05 1 2 3 3 5 6 7 8 9 10 ™ 511,56
9,5 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00002 0,00002
6,5 0,00002[0,00002
6 0,00002 0,00002 0,00003
55 0,00009 0,00003 0,00012
Hs [m] 5 0,00009 0,00023 0,00033
45 0,00050 0,00014 0,00064
4 0,00019 0,00076 0,00003 0,00008
3,5 0,00079 0,00050 0,00129
3 0,00008 0,00040 0,00006 0,00054
2,5 0,00008 0,00006 0,00014
2 0,00002 0,00002
1,5 0,00000
1 0,00000
0,5 0,00000
<0,25 0,00000
0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00017] 0,00145] 0,00191] 0,00051] 0,00006] 0,00002 0,00412
- Tp [s]
Vw = 25-27 m/s <05 1 2 3 4 5 6 7 8 9 10 M >11,5
9.5 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6,5 0,00002[0,00002
6 0,00003 0,00003
5,5 0,00008 0,00008
Hs [m] 5 0,00008 0,00014 0,00022
45 0,00031 0,00005 0,00036
4 0,00003 0,00058 0,00005 0,00065
3,5 0,00026 0,00014 0,00040
3 0,00003 0,00002 0,00003 0,00008
25 0,00002 0,00002
2 0,00000
1,5 0,00000
1 0,00000
0,5 0,00000
<0,25 0,00000
0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00005] 0,00031] 0,00114] 0,00031] 0,00003] 0,00002 0,00185
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Upwind Design Basis — [jmuiden Shallow Water Site

- Tp [s]
Vw = 27-29 m/s <05 7 2 3 3 5 6 7 8 9 10 ™ 5115
95 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6.5 0,00000
6 0,00005 0,00005
5.5 0,00000
Hs [m] 5 0,00003 0,00003 0,00006
45 0,00012 0,00005 0,00017
4 0,00005 0,00016 0,00003 0,00023
3,5 0,00002 0,00002
3 0,00003 0,00003
25 0,00000
2 0,00000
1,5 0,00000
1 0,00000
0,5 0,00000
<0,25 0,00000
0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00009] 0,00031] 0,00016] 0,00000] 0,00000] 0,00056
_ Tp [s]
Vw =29-31 m/s <05 1 2 3 3 5 6 7 8 9 10 ™ 5115
9.5 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6.5 0,00002 0,00002
6 0,00002 0,00002
5,5 0,00002 0,00002
Hs [m] 5 0,00003 0,00002 0,00005
45 0,00003 0,00005 0,00008
4 0,00003 0,00003
3,5 0,00000
3 0,00000
25 0,00000
2 0,00000
1,5 0,00000
1 0,00000
0.5 0,00000
<0,25 0,00000
0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00009] 0,00009] 0,00002] 0,00000] 0,00020
_ Tp [s]
Vw =31-33 m/s <05 1 2 3 3 5 6 7 8 9 10 ™ 511,56
9.5 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6.5 0,00000
6 0,00002 0,00002
5,5 0,00000
Hs [m] 5 0,00000
45 0,00002 0,00002 0,00003
4 0,00000
3,5 0,00000
3 0,00000
25 0,00002 0,00002
2 0,00000
1,5 0,00000
1 0,00000
0.5 0,00000
<0,25 0,00000
0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00002] 0,00000] 0,00000] 0,00002] 0,00003] 0,00000] 0,00006
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Upwind Design Basis — [jmuiden Shallow Water Site

Tp [s]
Vw 33-35 m/s <05 7 2 3 3 5 6 7 8 9 10 ™ 5115
95 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6.5 0,00000
6 0,00000
5.5 0,00002 0,00002
5 0,00000
Hs [m] 45 0,00000
4 0,00000
3,5 0,00000
3 0,00000
25 0,00000
2 0,00000
1,5 0,00000
1 0,00000
0,5 0,00000
<0,25 0,00000
0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00002] 0,00000] 0,00000] 0,00002
_ Tp [s]
Vw =35-37 m/s <05 1 2 3 3 5 6 7 8 9 10 ™ 5115
9.5 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6.5 0,00002 0,00002
6 0,00000
5,5 0,00000
5 0,00000
Hs [m] 45 0,00000
4 0,00000
3,5 0,00000
3 0,00000
25 0,00000
2 0,00000
1,5 0,00000
1 0,00000
0.5 0,00000
<0,25 0,00000
0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00002] 0,00000] 0,00002
Tp [s]
Vw > 37 mls <05 1 2 3 3 5 6 7 8 9 10 ™ 511,56
9.5 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6.5 0,00000
6 0,00000
5,5 0,00000
5 0,00000
Hs [m] 45 0,00000
4 0,00000
3,5 0,00000
3 0,00000
25 0,00000
2 0,00000
1,5 0,00000
1 0,00000
0.5 0,00000
<0,25 0,00000
0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000] 0,00000
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Upwind Design Basis — [jmuiden Shallow Water Site

D. Scatter diagrams (V - Bying - Owave)

All windspeeds

Wave direction

000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW  WSW ' WNW  NNW
000° N 0,03366 0,00170 0,00034 0,00020 0,00011 0,00012 0,00009 0,00034 0,00075(0,00143[0,00317 0,02145
030° NNE 0,03837 0,01053 0,00092 0,00025 0,00016 0,00017 0,00006 0,00017 0,00044 0,00103|0,00166|0,00922
060° ENE 0,01691 0,02156 0,00852 0,00152 0,00050 0,00020 0,00008 0,00020 0,00034 0,00059 0,00068|0,00305
090° E 0,02073]0,02297 0,02129 0,01335 0,00562 0,00221 0,00123 0,00115 0,00148 0,00149 0,00177 0,00745
120° ESE 0,00611]0,00320( 0,00238 0,00352 0,00709 0,00891 0,00481 0,00370 0,00299 0,00221 0,00230 0,00537
150° SSE 0,00373 0,00131(0,00112|0,00092 0,00143 0,00526 0,01265 0,01839 0,00784 0,00380 0,00341 0,00628
180° S 0,00282 0,00054 0,00023|0,00044|0,00051 0,00128 0,00952 0,03651 0,01870 0,00655 0,00515 0,00635
210° SSW 0,00226 0,00045 0,00030 0,00022|0,00034|0,00042 0,00283 0,04712 0,05990 0,01290 0,00689 0,00619
240° WSWwW 0,00207 0,00023 0,00023 0,00022 0,00031|0,00037|0,00068 0,01173 0,05972 0,02674 0,01683 0,01090
270° w 0,00232 0,00031 0,00019 0,00008 0,00012 0,00009|0,00023(0,00143 0,01529 0,02997 0,03263 0,01708
300° WNW 0,00440 0,00020 0,00011 0,00006 0,00002 0,00005 0,00016(0,00050|0,00339 0,00773 0,02126 0,03548
330° NNW 0,01308 0,00051 0,00012 0,00012 0,00006 0,00014 0,00019]0,00121] 0,00244 0,00736 0,04323
0,14647 0,06353 0,03576 0,02089 0,01621 0,01915 0,03248 0,12142 0,17204 0,09688 0,10313 0,17205
Percentage of time [%]
90° + from wind direction
[ 90° - from wind direction |
Vw < 1 mls Wave direction
000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW  WSw W WNW  NNW
000° N 0,00005 0,00002 0,00002 [ 0,00003
030° NNE 0,00003 0,00002 0,00003]0,00002|0,00006
060° ENE 0,00002 0,00005 0,00002 0,00003
090° E 0,00002 0,00002 0,00002
120° ESE 0,00009 0,00002 0,00000 0,00002 0,00002 0,00002 0,00002
150° SSE 0,00009 0,00002 0,00002 0,00002 0,00002 0,00002 0,00003 0,00002 0,00005
180° S 0,00009 0,00002 0,00005 0,00002 0,00002 0,00003 0,00012
210° SSW 0,00016 0,00002 0,00006 0,00006
240° WSWwW 0,00006 0,00002 0,00002 0,00002 0,00002 0,00005 0,00011
270° W 0,00008 0,00002 0,00011 0,00003
300° WNW 0,00008 0,00005 0,00003
330° NNW 0,00012 0,00002] 0,00003 0,00006
0,00087 0,00006 0,00000 0,00006 0,00003 0,00003 0,00005 0,00008 0,00009 0,00017 0,00033 0,00062
Percentage of time [%]
90° + from wind direction
[ 90° - from wind direction |
Vw 1-3 mls Wave direction
000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW  WSWwW W WNW  NNW
000° N 0,00086 0,00011 0,00005 0,00006 0,00006 0,00002 0,00008 0,00014]0,00017]0,00045 0,00115
030° NNE 0,00104 0,00011 0,00009 0,00003 0,00003 0,00002 0,00009 0,00025(0,00028|0,00103
060° ENE 0,00061 0,00017 0,00006 0,00002 0,00003 0,00002 0,00005 0,00012 0,00012 0,00016]0,00058
090° E 0,00126]0,00034 0,00009 0,00009 0,00008 0,00006 0,00016 0,00012 0,00026 0,00028 0,00030 0,00138
120° ESE 0,00129]0,000360,00017 0,00016 0,00008 0,00017 0,00026 0,00023 0,00042 0,00045 0,00072 0,00163
150° SSE 0,00096 0,00026(0,00012|0,00014 0,00009 0,00012 0,00025 0,00031 0,00059 0,00054 0,00082 0,00159
180° S 0,00098 0,00008 0,00005]|0,00002|0,00005 0,00009 0,00009 0,00030 0,00064 0,00067 0,00103 0,00129
210° SSwW 0,00058 0,00009 0,00002 0,00002|0,000030,00003 0,00002 0,00016 0,00048 0,00042 0,00059 0,00135
240° WSsSwW 0,00042 0,00003 0,00005 0,00002 0,00006|0,00003 0,00017 0,00039 0,00045 0,00098 0,00114
270° W 0,00042 0,00008 0,00002 0,00002 0,00003 0,00003|0,00003(0,00019 0,00040 0,00048 0,00104 0,00142
300° WNW 0,00062 0,00003 0,00002 0,00002 0,00002|0,00011(0,00033 0,00034 0,00053 0,00137
330° NNW 0,00103 0,00008 0,00005 0,00006 0,00002]0,00026]0,00026 0,00054 0,00154
0,01006 0,00174 0,00076 0,00050 0,00044 0,00072 0,00095 0,00174 0,00414 0,00445 0,00744 0,01546

Percentage of time [%]

90° + from wind direction

[ 90° - from wind direction |
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0,06337
0,06298
0,05416
0,10075
0,05259
0,06612
0,08859
0,13981
0,13004
0,09975
0,07336
0,06847
1,00000

0,00011
0,00016
0,00011
0,00005
0,00017
0,00026
0,00034
0,00030
0,00028
0,00023
0,00016
0,00023
0,00240

0,00314
0,00297
0,00193
0,00443
0,00594
0,00582
0,00527
0,00378
0,00373
0,00415
0,00338
0,00384
0,04839



Upwind Design Basis — [jmuiden Shallow Water Site

Wave direction

AT IS 000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW  WSW W WNW  NNW
000° N 0,00417 0,00028 0,00009 0,00008 0,00002 0,00003 0,00008 0,00025|0,00058 0,00082 0,00369
030° NNE 0,00546 0,00084 0,00016 0,00005 0,00005 0,00003 0,00009 0,00019 0,00030]0,00050|0,00277
060° ENE 0,00188 0,00075 0,00034 0,00008 0,00012/0,00003 0,00002 0,00006 0,00005 0,00017 0,00022]|0,00081
090° E 0,00572]0,00300 0,00149 0,00093 0,00092 0,00070 0,00044 0,00051 0,00062 0,00059 0,00070 0,00289
120° ESE 0,00266]0,00100( 0,00051 0,00053 0,00065 0,00124 0,00098 0,00120 0,00117 0,00079 0,00090 0,00218
150° SSE 0,00148 0,00033|0,00042(0,00025 0,00020 0,00065 0,00162 0,00222 0,00218 0,00134 0,00120 0,00254
180° S 0,00107 0,00028 0,00006(0,00014]0,00014 0,00020 0,00089 0,00201 0,00250 0,00143 0,00135 0,00257
210° SSW 0,00068 0,00006 0,00006 0,00005|0,00006|0,00008 0,00034 0,00096 0,00235 0,00194 0,00131 0,00187
240° WSWwW 0,00081 0,00005 0,00006 0,00008 0,00006(0,00006|0,00012 0,00059 0,00188 0,00154 0,00229 0,00299
270° W 0,00084 0,00009 0,00006 0,00002 0,00002 0,000020,00008|0,00023 0,00095 0,00156 0,00263 0,00361
300° WNW 0,00131 0,00012 0,00008 0,00003 0,00002 0,00003 0,00008|0,00012]|0,00064 0,00095 0,00202 0,00495
330° NNW 0,00216 0,00020 0,00003 0,00005 0,00006 0,00006 0,00011]0,00037]0,00051 0,00126 0,00541
0,02825 0,00700 0,00338 0,00227 0,00224 0,00313 0,00465 0,00820 0,01314 0,01170 0,01520 0,03626
Percentage of time [%]
90° + from wind direction
[ 90° - from wind direction |
Vw 5-7 mls Wave direction
000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW  WSW W WNW  NNW
000° N 0,00566 0,00036 0,00011 0,00006 0,00002 0,00003 0,00002 0,00006 0,00016]0,00033]0,00073 0,00418
030° NNE 0,01034 0,00163 0,00012 0,00005 0,00003 0,00003 0,00003 0,00003 0,00008 0,00030|0,00050|0,00308
060° ENE 0,00361 0,00176 0,00064 0,00020 0,00011 0,00003 0,00005 0,00006 0,00011 0,00011]0,00072
090° E 0,00702]0,00527 0,00306 0,00215 0,00121 0,00081 0,00037 0,00026 0,00047 0,00045 0,00053 0,00227
120° ESE 0,00148]0,00112(0,00087 0,00087 0,00135 0,00222 0,00143 0,00115 0,00093 0,00068 0,00044 0,00124
150° SSE 0,00076 0,00031]0,00025(0,00020 0,00030 0,00082 0,00249 0,00471 0,00299 0,00120 0,00101 0,00170
180° S 0,00037 0,00008 0,00006|0,00005|0,00009 0,00023 0,00124 0,00341 0,00339 0,00180 0,00159 0,00162
210° SSW 0,00044 0,00011 0,00008 0,00003]0,00003|0,00006 0,00047 0,00243 0,00397 0,00226 0,00157 0,00140
240° WSWwW 0,00047 0,00005 0,00008 0,00005 0,00011]0,00008|0,00009 0,00103 0,00344 0,00313 0,00314 0,00285
270° W 0,00064 0,00002 0,00005 0,00006 0,00002|0,00026 0,00148 0,00233 0,00342 0,00361
300° WNW 0,00076 0,00005 0,00002 0,00003|0,00014|0,00045 0,00075 0,00226 0,00599
330° NNW 0,00263 0,00009 0,00005 0,00002 0,00002]0,00022]0,00044 0,00096 0,00633
0,03417 0,01084 0,00532 0,00372 0,00331 0,00432 0,00621 0,01355 0,01762 0,01377 0,01625 0,03498
Percentage of time [%]
90° + from wind direction
[ 90° - from wind direction |
Vw 7-9 mls Wave direction
000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW  WSWwW W WNW  NNW
000° N 0,00642 0,00028 0,00005 0,00002 0,00002 0,00003 0,00008]0,00016]0,00047 0,00345
030° NNE 0,00854 0,00246 0,00012 0,00005 0,00002 0,00005 0,00002 0,00005 0,00009(0,00023|0,00107
060° ENE 0,00376 0,00369 0,00131 0,00034 0,00009 0,00006 0,00002 0,00003 0,00005 0,00009 0,00009|0,00044
090° E 0,00387|0,00502 0,00411 0,00296 0,00140 0,00039 0,00017 0,00020 0,00008 0,00014 0,00019 0,00067
120° ESE 0,00040]0,00047|0,00045 0,00092 0,00205 0,00240 0,00128 0,00078 0,00034 0,00017 0,00014 0,00026
150° SSE 0,00034 0,00023]0,00025(0,00019 0,00050 0,00142 0,00299 0,00470 0,00140 0,00044 0,00026 0,00037
180° S 0,00019 0,00006 0,00002|0,00006|0,00009 0,00036 0,00247 0,00604 0,00417 0,00142 0,00073 0,00054
210° SSwW 0,00026 0,00005 0,00006 0,00006|0,00005(0,00005 0,00047 0,00381 0,00632 0,00246 0,00160 0,00096
240° WSsw 0,00016 0,00003 0,00005 0,00003|0,00003|0,00014 0,00159 0,00546 0,00389 0,00369 0,00232
270° W 0,00020 0,00006 0,00002 0,00005 0,00002]0,00002|0,00014 0,00204 0,00288 0,00490 0,00322
300° WNW 0,00070 0,00002]0,00053 0,00106 0,00247 0,00513
330° NNW 0,00269 0,00005 0,00002 0,00002 0,00005]0,00022 0,00103 0,00602
0,02755 0,01240 0,00635 0,00473 0,00425 0,00478 0,00758 0,01731 0,02055 0,01300 0,01580 0,02447

Percentage of time [%]

90° + from wind direction

[ 90° - from wind direction |
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0,01008
0,01042
0,00453
0,01853
0,01381
0,01442
0,01265
0,00977
0,01053
0,01010
0,01034
0,01024
0,13541

0,01171
0,01622
0,00739
0,02388
0,01380
0,01674
0,01394
0,01283
0,01450
0,01188
0,01044
0,01075
0,16407

0,01097
0,01269
0,00997
0,01919
0,00966
0,01308
0,01615
0,01615
0,01737
0,01353
0,00991
0,01008
0,15875



Vw 9-11 m/s

Upwind Design Basis — [jmuiden Shallow Water Site

Wave direction

000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW WSW w WNW NNW
000° N 0,00733 0,00033 0,00003 0,00003 0,00003'0,00008 0,00030 0,00344
030° NNE 0,00678 0,00232 0,00014 0,00005 0,00002 0,00002]0,00008|0,00070
060° ENE 0,00375 0,00544 0,00165 0,00036 0,00009 0,00003 0,00003 0,00002 0,00002 0,00006 0,00005]|0,00031
090° E 0,00205]0,00467 0,00470 0,00327 0,00129 0,00016 0,00006 0,00005 0,00002 0,00003 0,00002 0,00020
120° ESE 0,00016]0,00023(0,00028 0,00087 0,00187 0,00193 0,00054 0,00023 0,00003 0,00006 0,00008 0,00003
150° SSE 0,00006 0,000120,00006|0,00006 0,00025 0,00126 0,00289 0,00336 0,00054 0,00020 0,00006 0,00003
180° S 0,00008 0,00002 0,00003|0,00008|0,00008 0,00019 0,00207 0,00820 0,00359 0,00078 0,00025 0,00016
210° SSW 0,00009 0,00006 0,00003]0,00005(0,00002 0,00034 0,00688 0,00829 0,00238 0,00115 0,00044
240° WSW 0,00008 0,00003 0,00003 0,00002 0,00006(0,00005|0,00009 0,00199 0,00940 0,00535 0,00297 0,00098
270° W 0,00006 0,00002 0,00003 0,00002 0,00002(0,00006|0,00020 0,00252 0,00389 0,00530 0,00229
300° WNW 0,00050 0,00003 0,00003]0,00045 0,00114 0,00338 0,00569
330° NNW 0,00191 0,00005 0,00003 0,00002 0,00003 0,00008|0,00023 0,00095 0,00709
0,02285 0,01328 0,00702 0,00474 0,00372 0,00364 0,00610 0,02101 0,02497 0,01422 0,01458 0,02136
Percentage of time [%]
90° + from wind direction
[ 90° - from wind direction |
Wave direction
LA BUEILALE 000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW  WSw W WNW NNW
000° N 0,00509 0,00023 0,00003 0,00002 0,00005|0,00003 0,00006 0,00236
030° NNE 0,00294 0,00162 0,00012 0,00002 0,00002 0,00002 0,00002 0,00002 0,00020
060° ENE 0,00204 0,00468 0,00154 0,00022 0,00003 0,0000210,00008
090° E 0,00067]0,00235 0,00319 0,00226 0,00042 0,00008 0,00002 0,00003 0,00002
120° ESE 0,00003]0,00002(0,00009 0,00016 0,00067 0,00070 0,00023 0,00009 0,00003 0,00002
150° SSE 0,00003 0,00002(0,00002|0,00005 0,00003 0,00067 0,00152 0,00173 0,00011 0,00002 0,00002 0,00002
180° S 0,00003 0,00002 0,00005]0,00003 0,00008 0,00140 0,00649 0,00177 0,00037 0,00012 0,00003
210° SSW 0,00003 0,00005 0,00002 0,00002|0,00005(0,00006 0,00042 0,00918 0,00795 0,00173 0,00047 0,00006
240° WSW 0,00005 0,00003 0,00002 0,00002 0,00002(0,00006]0,00011 0,00222 0,01041 0,00465 0,00198 0,00037
270° w 0,00005 0,00003 0,00002 0,00020 0,00201 0,00408 0,00445 0,00135
300° WNW 0,00025 0,00003]0,00008(0,00030 0,00110 0,00350 0,00479
330° NNW 0,00123 0,00002 0,00008|0,00033 0,00101 0,00624
0,01243 0,00905 0,00502 0,00277 0,00126 0,00168 0,00375 0,01999 0,02271 0,01234 0,01165 0,01552
Percentage of time [%]
90° + from wind direction
[ 90° - from wind direction |
Wave direction
Vw 1345 m/s 000°  030° _ 060°  090° _ 120° _ 150° _ 180°  210° _ 240° _ 270° _ 300° _ 330°
Wind direction N NNE ENE E ESE SSE S SSW WSW w WNW NNW
000° N 0,00241 0,00009 0,00002 0,00006 0,00002|0,00003 0,00014 0,00151
030° NNE 0,00190 0,00090 0,00008 0,00002 0,00003 0,00002 0,00002 0,00005]0,00016
060° ENE 0,00092 0,00272 0,00140 0,00023 0,00002 0,00002 0,00002 0,00006
090° E 0,00014]0,00145 0,00243 0,00107 0,00023 0,00002
120° ESE 0,00002 0,00002 0,00037 0,00023 0,00006 0,00003
150° SSE 0,00002 0,00002 0,00003 0,00019 0,00056 0,00084 0,00002 0,00003 0,00002
180° S 0,00002 0,00002 0,00006 0,00064 0,00404 0,00126 0,00008 0,00005 0,00002
210° SSwW 0,00002 0,00003 0,00002]0,000020,00005 0,00039 0,00717 0,00790 0,00100 0,00012 0,00003
240° WSW 0,00003 0,00005 0,00180 0,00857 0,00299 0,00093 0,00011
270° W 0,00002 0,00002 0,00002 0,00002]0,00009 0,00185 0,00400 0,00355 0,00076
300° WNW 0,00008 0,00026 0,00076 0,00229 0,00322
330° NNW 0,00081 0,00003 0,00005'0,00023 0,00067 0,00487
0,00630 0,00526 0,00398 0,00137 0,00072 0,00056 0,00173 0,01402 0,01997 0,00913 0,00781 0,01073

Percentage of time [%]

90° + from wind direction

[ 90° - from wind direction |
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0,01156
0,01010
0,01181
0,01650
0,00632
0,00891
0,01551
0,01972
0,02105
0,01440
0,01122
0,01039
0,15748

0,00787
0,00496
0,00860
0,00902
0,00204
0,00422
0,01039
0,02002
0,01993
0,01218
0,01005
0,00890
0,11817

0,00428
0,00316
0,00538
0,00534
0,00073
0,00171
0,00618
0,01674
0,01448
0,01031
0,00661
0,00666
0,08157



Upwind Design Basis — [jmuiden Shallow Water Site

Wave direction

AT Ll 000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW WSW w WNW NNW
000° N 0,00076 0,00002 0,00002 0,00002'0,00002 0,00008 0,00103
030° NNE 0,00092 0,00040 0,00003 0,00002 0,00002 0,00003 0,00008
060° ENE 0,00022 0,00142 0,00076 0,00008 0,00002 0,00003/0,00003
090° E 0,00058 0,00128 0,00042 0,00006 0,00002 0,00002
120° ESE 0,00005 0,00002 0,00002 0,00002
150° SSE 0,00003 0,00008 0,00025 0,00037
180° S 0,00003 0,00031 0,00308 0,00075
210° SSW 0,00002 0,00002 0,00003 0,00002]0,00002 0,00022 0,00795 0,00846 0,00054 0,00002
240° WSW 0,00002 0,00002 0,00128 0,00815 0,00258 0,00051 0,00003
270° W 0,00002 0,00005 0,00160 0,00375 0,00348 0,00050
300° WNW 0,00006 0,00016 0,00048 0,00171 0,00199
330° NNW 0,00028 0,00002|0,00011 0,00037 0,00303
0,00227 0,00243 0,00212 0,00051 0,00019 0,00016 0,00079 0,01274 0,01916 0,00753 0,00622 0,00669
Percentage of time [%]
90° + from wind direction
[ 90° - from wind direction |
Wave direction
LALARILE 000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW  WSw W WNW NNW
000° N 0,00056 0,00002 0,00002|0,00003 0,00005 0,00039
030° NNE 0,00030 0,00016 0,00002 0,00002( 0,00006
060° ENE 0,00003 0,00072 0,00062 0,00002 0,00002
090° E 0,00019 0,00048 0,00014 0,00002
120° ESE 0,00002
150° SSE 0,00002 0,00006 0,00009
180° S 0,00002 0,00002 0,00019 0,00160 0,00033
210° SSW 0,00002]0,00005 0,00003 0,00443 0,00563 0,00011 0,00002
240° WSW 0,00002 0,00050 0,00548 0,00121 0,00025 0,00002
270° w 0,00005 0,00093 0,00255 0,00165 0,00017
300° WNW 0,00014 0,00058 0,00149 0,00129
330° NNW 0,00017 0,00002|0,00003 0,00019 0,00138
0,00106 0,00106 0,00112 0,00016 0,00003 0,00008 0,00030 0,00669 0,01255 0,00451 0,00367 0,00333
Percentage of time [%]
90° + from wind direction
[ 90° - from wind direction |
Wave direction
Vw 19-21 m/s 000°  030° _ 060°  090° _ 120° _ 150° _ 180° _ 210° _ 240° _ 270° _ 300° _ 330°
Wind direction N NNE ENE E ESE SSE S SSW WSW w WNW NNW
000° N 0,00026 |0,00002 0,00005 0,00012
030° NNE 0,00008 0,00009 0,00003 0,00002
060° ENE 0,00006 0,00022 0,00017
090° E 0,00008 0,00033 0,00006
120° ESE 0,00002
150° SSE 0,00002 0,00003
180° S 0,00017 0,00079 0,00012
210° SSwW 0,00002]0,00002 0,00008 0,00247 0,00420 0,00005
240° WSW 0,00042 0,00358 0,00059 0,00003
270° W 0,00002 0,00061 0,00196 0,00109 0,00008
300° WNW 0,00003 0,00008 0,00020 0,00101 0,00068
330° NNW 0,00003 0,00003'0,00003 0,00017 0,00078
0,00047 0,00039 0,00053 0,00006 0,00002 0,00003 0,00026 0,00372 0,00863 0,00285 0,00235 0,00168

Percentage of time [%]

90° + from wind direction
[ 90° - from wind direction |
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0,00193
0,00149
0,00255
0,00236
0,00009
0,00073
0,00417
0,01728
0,01258
0,00940
0,00440
0,00381
0,06080

0,00106
0,00054
0,00140
0,00082
0,00002
0,00017
0,00215
0,01028
0,00747
0,00535
0,00350
0,00179
0,03455

0,00045
0,00022
0,00045
0,00047
0,00002
0,00005
0,00109
0,00683
0,00462
0,00375
0,00201
0,00104
0,02098



Vw 21-23 m/s

Upwind Design Basis — [jmuiden Shallow Water Site

Wave direction

000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW WSW w WNW NNW
000° N 0,00006 | 0,00002 0,00009
030° NNE 0,00003
060° ENE 0,00002
090° E 0,00002 0,00014
120° ESE
150° SSE 0,00002
180° S 0,00005 0,00037 0,00009
210° SSW 0,00002 0,00006 0,00104 0,00282 0,00002
240° WSW 0,00008 0,00191 0,00012 0,00002
270° w 0,00044 0,00142 0,00059 0,00005
300° WNW 0,00002 0,00003 0,00014 0,00028 0,00023
330° NNW 0,00002 0,00002 |0,00002 0,00009 0,00028
0,00012 0,00002 0,00016 0,00000 0,00002 0,00000 0,00012 0,00151 0,00529 0,00171 0,00100 0,00065
Percentage of time [%]
90° + from wind direction
[ 90° - from wind direction |
Wave direction
Rpzs 2oyl 000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW  WSw W WNW NNW
000° N 0,00003 | 0,00002
030° NNE 0,00002
060° ENE 0,00002 0,00002
090° E
120° ESE
150° SSE
180° S 0,00012 0,00005
210° SSW 0,00040 0,00089
240° WSWwW 0,00003 0,00044 0,00017
270° w 0,00002 0,00017 0,00076 0,00025
300° WNW 0,00003 0,00014 0,00023 0,00009
330° NNW |0,00003 0,00006 0,00014
0,00006 0,00000 0,00002 0,00000 0,00000 0,00000 0,00000 0,00058 0,00157 0,00110 0,00056 0,00023
Percentage of time [%]
90° + from wind direction
[ 90° - from wind direction |
Wave direction
Vw 25-27 m/s 000°  030° _ 060°  090° _ 120° _ 150° _ 180° _ 210° _ 240° _ 270° _ 300° _ 330°
Wind direction N NNE ENE E ESE SSE S SSW WSW w WNW NNW
000° N [
030° NNE
060° ENE
090° E
120° ESE
150° SSE
180° S 0,00003 0,00002
210° SSwW 0,00014 0,00044
240° WSW 0,00003 0,00003 0,00037 0,00003
270° W 0,00020 0,00022 0,00014
300° WNW 0,00005 0,00009 0,00002
330° NNW 0,00005

0,00000 0,00000 0,00000 0,00000 0,00000 0,00003 0,00000 0,00020
Percentage of time [%]

90° + from wind direction
[ 90° - from wind direction |
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0,00017
0,00003
0,00002
0,00016
0,00000
0,00002
0,00051
0,00395
0,00213
0,00249
0,00070
0,00042
0,01059

0,00005
0,00002
0,00003
0,00000
0,00000
0,00000
0,00017
0,00129
0,00064
0,00120
0,00050
0,00023
0,00412

0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00005
0,00058
0,00047
0,00056
0,00016
0,00005

0,00103 0,00030 0,00023 0,00006 0,00185



Upwind Design Basis — l|jmuiden Shallow Water Site

Wave direction

0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00003
0,00017
0,00016
0,00016
0,00000
0,00005

Vw 27-29 m/s 000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW  WSW W WNW  NNW

000° N [

030° NNE

060° ENE

090° E

120° ESE

150° SSE

180° S 0,00002 0,00002

210° SSW 0,00005 0,00012

240° WSsSwW 0,00016

270° W 0,00006 0,00006 0,00003

300° WNW

330° NNW 0,00003] 0,00002

0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00006 0,00039 0,00006 0,00005 0,00000 0,00056
Percentage of time [%]
90° + from wind direction
[ 90° - from wind direction |
Wave direction

Vw 29-31 m/s 000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW  WSW W WNW  NNW

0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00008
0,00006
0,00006
0,00000
0,00000

0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00005
0,00002
0,00000
0,00000

000° N [
030°  NNE
060°  ENE
090° E
120°  ESE
150°  SSE
180° s
210°  SSW 0,00008
240°  WSW 0,00005 0,00002
270° W 0,00003 0,00003
300°  WNW
330° NNW
0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00016 0,00005 0,00000 0,00000 0,00020
Percentage of time [%]
90° + from wind direction
[ 90° - from wind direction |
Wave direction
NEELE e 000°  030°  060°  090°  120°  150°  180°  210°  240°  270° _ 300°  330°
Wind direction N NNE  ENE E ESE  SSE S  SSW WSW W  WNW NNW
000° N [
030°  NNE
060°  ENE
090° E
120°  ESE
150°  SSE
180° s
210°  SSW 0,00003 0,00002
240°  WSW 0,00002
270° W
300°  WNW
330°  NNW

0,00000

0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00003 0,00003 0,00000 0,00000 0,00000 0,00006

Percentage of time [%]

90° + from wind direction
[ 90° - from wind direction |
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Upwind Design Basis — l|jmuiden Shallow Water Site

Vw 33-35 m/s Wave direction
000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW  WSW W WNW  NNW
000° N [ 0,00000
030° NNE 0,00000
060° ENE 0,00000
090° E 0,00000
120° ESE 0,00000
150° SSE 0,00000
180° S 0,00000
210° SSW 0,00000
240° WSsSwW 0,00002 0,00002
270° W 0,00000
300° WNW 0,00000
330° NNW | 0,00000
0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00002 0,00000 0,00000 0,00000 0,00002
Percentage of time [%]
90° + from wind direction
[ 90° - from wind direction |
Wave direction
Vw 35-37 m/s 000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW  WSW W WNW  NNW
000° N [ 0,00000
030° NNE 0,00000
060° ENE 0,00000
090° E 0,00000
120° ESE 0,00000
150° SSE 0,00000
180° S 0,00000
210° SSW 0,00000
240° WSsSWwW 0,00002 0,00002
270° W 0,00000
300° WNW 0,00000
330° NNW | 0,00000

0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00002 0,00000 0,00000 0,00000 0,00002
Percentage of time [%]

90° + from wind direction
[ 90° - from wind direction |

Vw > 37 mls Wave direction

000°  030°  060°  090°  120°  150°  180°  210°  240°  270°  300°  330°

Wind direction N NNE  ENE E ESE  SSE S SSW__WSW W WNW NNW
000° N [ 0,00000
030°  NNE 0,00000
060°  ENE 0,00000
090° E 0,00000
120°  ESE 0,00000
150°  SSE 0,00000
180° ] 0,00000
210°  SSW 0,00000
240° WsSW 0,00000
270° W 0,00000
300°  WNW 0,00000
330°  NNW | 0,00000

0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000
Percentage of time [%]

90° + from wind direction
[ 90° - from wind direction |
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Upwind Design Basis — [jmuiden Shallow Water Site

E. Reduced scatter diagrams (V - Oying = Owave)

All windspeeds

Wave direction

000° 030° 060° 090° 120° 150°
Wind direction N NNE ENE E ESE SSE
000° N 0,04609 0,03909 0,02002 0,00862 0,00894 0,02920 0,15196
030°  NNE 0,04352 0,05827 0,06155 0,01439 0,00905 0,01601 0,20279
060° ENE 0,01974 0,03372 0,06882 0,02907 0,01832 0,01453 0,18420
090° E 0,02451 0,02587 0,03825 0,04489 0,04015 0,02683 0,20050
120°  ESE 0,01548 0,00761 0,00887 0,01352 0,03067 0,04981 0,12595
150°  SSE 0,02960 0,02039 0,01030 0,00728 0,01220 0,05483 0,13460
0,17894 0,18495 020780 | 011777 0,11934 0,19120 7,00000
Wave direction
AT S A e 000° 030° 060° 090° 120° 150°
Wind direction N NNE ENE E ESE SSE
000° N 0,00014 0,00005 0,00005 0,00005 0,00017 0,00045
030°  NNE 0,00019 0,00003 0,00003 0,00008 0,00012 0,00045
060° ENE 0,00009 0,00002 0,00005 0,00003 0,00006 0,00014 0,00039
090° E 0,00009 0,00002 0,00002 0,00011 0,00005 0,00028
120°  ESE 0,00019 0,00002 0,00006 0,00002 0,00005 0,00033
150°  SSE 0,00022 0,00003 0,00003 0,00005 0,00005 0,00012 0,00050
0,00092 0,00014 0,00009 | 0,00023 0,00036 0,00065 0,00240
Wave direction
U7 RS e 000° 030° 060° 090° 120° 150°
Wind direction N NNE ENE E ESE SSE
000° N 0,00194 0,00056 0,00087 0,00086 0,00159 0,00260 0,00842
030°  NNE 0,00163 0,00037 0,00068 0,00072 0,00090 0,00244 0,00675
060° ENE 0,00107 0,00042 0,00062 0,00059 0,00115 0,00180 0,00566
090° E 0,00187 0,00073 0,00078 0,00087 0,00145 0,00289 0,00859
120°  ESE 0,00219 0,00073 0,00002 0,00096 0,00132 0,00319 0,00932
150°  SSE 0,00230 0,00067 0,00103 0,00095 0,00146 0,00325 0,00966
0,01101 0,00348 0,00490 | 0,00495 0,00787 0,01618 0,04839
Wave direction
VA SR 000° 030° 060° 090° 120° 150°
Wind direction N NNE ENE E ESE SSE
000° N 0,00616 0,00264 0,00291 0,00222 0,00232 0,00647 0,02273
030°  NNE 0,00649 0,00196 0,00275 0,00233 0,00191 0,00474 0,02019
060° ENE 0,00283 0,00145 0,00233 0,00187 0,00269 0,00389 0,01506
090° E 0,00708 0,00384 0,00313 0,00310 0,00426 0,00722 0,02862
120°  ESE 0,00502 0,00244 0,00240 0,00230 0,00359 0,00840 0,02416
150°  SSE 0,00532 0,00286 0,00300 0,00215 0,00266 0,00866 0,02465
0,03290 0,01520 001652 | 0,01397 0,01744 0,03939 0,13541
Wave direction
VA o/ 000° 030° 060° 090° 120° 150°
Wind direction N NNE ENE E ESE SSE
000° N 0,00730 0,00390 0,00372 0,00224 0,00243 0,00607 0,02565
030°  NNE 0,01128 0,00420 0,00425 0,00263 0,00213 0,00457 0,02906
060° ENE 0,00417 0,00288 0,00422 0,00348 0,00347 0,00367 0,02189
090° E 0,00804 0,00582 0,00506 0,00493 0,00523 0,00669 0,03576
120°  ESE 0,00370 0,00246 0,00226 0,00232 0,00404 0,00946 0,02423
150°  SSE 0,00590 0,00513 0,00345 0,00188 0,00227 0,00885 0,02749
0,04038 0,02439 002294 | 0,01748 0,01957 0,03931 0,16407
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Upwind Design Basis — l|jmuiden Shallow Water Site

Wave direction

VA R 000° 030° 060° 090° 120° 150°
Wind direction N NNE ENE E ESE SSE
000° N 0,00012 0,00638 0,00426 0,00168 0,00131 0,00437 0,02711
030°  NNE 0,00927 0,00633 0,00655 0,00266 0,00190 0,00213 0,02884
060° ENE 0,00408 0,00534 0,00681 0,00437 0,00390 0,00285 0,02735
090° E 0,00426 0,00543 0,00624 0,00602 0,00649 0,00429 0,03273
120°  ESE 0,00238 0,00126 0,00132 0,00215 0,00467 0,00779 0,01957
150°  SSE 0,00602 0,00498 0,00171 0,00086 0,00179 0,00781 0,02316
0,03512 0,02971 002689 | 001773 0,02005 0,02924 0,15875
Wave direction
VARl e 000° 030° 060° 090° 120° 150°
Wind direction N NNE ENE E ESE SSE
000° N 0,00047 0,00857 0,00369 0,00003 0,00062 0,00378 0,02707
030°  NNE 0,00722 0,00926 0,00843 0,00247 0,00129 0,00115 0,02982
060° ENE 0,00395 0,00748 0,01109 0,00579 0,00317 0,00137 0,03285
090° E 0,00224 0,00493 0,00726 0,00719 0,00663 0,00266 0,03091
120°  ESE 0,00120 0,00050 0,00079 0,00207 0,00532 0,00765 0,01753
150°  SSE 0,00487 0,00356 0,00072 0,00051 0,00126 0,00838 0,01930
0,02895 0,03430 003198 | 0,01896 0,01829 0,02500 0,15748
Wave direction
AU UL 000° 030° 060° 090° 120° 150°
Wind direction N NNE ENE E ESE SSE
000° N 0,00652 0,00674 0,00185 0,00047 0,00022 0,00247 0,01826
030°  NNE 0,00341 0,01084 0,00810 0,00176 0,00053 0,00034 0,02498
060° ENE 0,00219 0,00694 0,01196 0,00488 0,00204 0,00051 0,02853
090° E 0,00073 0,00258 0,00520 0,00633 0,00490 0,00146 0,02120
120°  ESE 0,00054 0,00019 0,00042 0,00128 0,00417 0,00549 0,01209
150°  SSE 0,00278 0,00176 0,00020 0,00039 0,00106 0,00692 0,01311
0,01618 0,02904 002773 | 001510 0,01291 0,01720 011817
Wave direction
LA LI 000° 030° 060° 090° 120° 150°
Wind direction N NNE ENE E ESE SSE
000° N 0,00305 0,00420 0,00131 0,00011 0,00020 0,00159 0,01045
030°  NNE 0,00230 0,00809 0,00801 0,00103 0,00022 0,00025 0,01989
060°  ENE 0,00100 0,00453 0,00997 0,00324 0,00095 0,00019 0,01986
090° E 0,00017 0,00156 0,00431 0,00507 0,00378 0,00076 0,01565
120°  ESE 0,00014 0,00002 0,00030 0,00078 0,00266 0,00345 0,00734
150°  SSE 0,00137 0,00089 0,00006 0,00028 0,00072 0,00506 0,00837
0,00803 0,01927 002395 | 0,01050 0,00852 0,01129 0,08157
Wave direction
AU ALL 000° 030° 060° 090° 120° 150°
Wind direction N NNE ENE E ESE SSE
000° N 0,00107 0,00310 0,00078 0,00002 0,00008 0,00106 0,00610
030°  NNE 0,00115 0,00837 0,00854 0,00059 0,00003 0,00009 0,01877
060° ENE 0,00023 0,00269 0,00891 0,00266 0,00058 0,00006 0,01514
090° E 0,00002 0,00062 0,00288 0,00417 0,00356 0,00051 0,01176
120°  ESE 0,00006 0,00002 0,00016 0,00050 0,00176 0,00201 0,00450
150°  SSE 0,00053 0,00037 0,00002 0,00011 0,00040 0,00311 0,00454
0,00306 0,01517 002128 | 0,00804 0,00641 0,00684 0,06080
Wave direction
TSI 000° 030° 060° 090° 120° 150°
Wind direction N NNE ENE E ESE SSE
000° N 0,00075 0,00162 0,00034 0,00003 0,00006 0,00040 0,00320
030°  NNE 0,00033 0,00459 0,00565 0,00011 0,00003 0,00012 0,01083
060°  ENE 0,00005 0,00121 0,00610 0,00123 0,00026 0,00002 0,00887
090° E 0,00023 0,00143 0,00269 0,00165 0,00017 0,00618
120°  ESE 0,00014 0,00058 0,00151 0,00129 0,00352
150°  SSE 0,00023 0,00009 0,00002 0,00003 0,00019 0,00140 0,00196
0,00135 0,00775 0,01367 | 0,00467 0,00370 0,00341 0,03455
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Wave direction

WL Lkl ke 000° 030° 060° 090° 120° 150°
Wind direction N NNE ENE E ESE SSE
000° N 0,00044 0,00079 0,00012 0,00002 0,00005 0,00012 0,00154
030°  NNE 0,00016 0,00257 0,00423 0,00005 0,00002 0,00003 0,00705
060° ENE 0,00006 0,00064 0,00375 0,00059 0,00003 0,00507
090° E 0,00002 0,00008 0,00093 0,00202 0,00109 0,00008 0,00422
120°  ESE 0,00003 0,00009 0,00020 0,00101 0,00068 0,00202
150°  SSE 0,00003 0,00003 0,00003 0,00003 0,00017 0,00079 0,00109
000073 | 000411 | 000916 | 000291 | 000236 | 0,00171 0,02098
Wave direction
W A R Il 000° 030° 060° 090° 120° 150°
Wind direction N NNE ENE E ESE SSE
000° N 0,00011 0,00037 0,00000 0,00002 0,00009 0,00068
030°  NNE 0,00009 0,00104 0,00282 0,00002 0,00002 0,00398
060° ENE 0,00008 0,00193 0,00012 0,00002 0,00215
090° E 0,00002 0,00058 0,00142 0,00059 0,00005 0,00264
120°  ESE 0,00002 0,00003 0,00014 0,00028 0,00023 0,00070
150°  SSE 0,00003 0,00002 0,00002 0,00009 0,00028 0,00044
000025 | 000152 | 000544 | 000171 | 000101 | 0,00065 0,01059
Wave direction
Rlpzel s 000° 030° 060° 090° 120° 150°
Wind direction N NNE ENE E ESE SSE
000° N 0,00003 0,00012 0,00005 0,00002 0,00022
030°  NNE 0,00002 0,00040 0,00089 0,00131
060° ENE 0,00002 0,00003 0,00045 0,00017 0,00067
090° E 0,00002 0,00017 0,00076 0,00025 0,00120
120°  ESE 0,00003 0,00014 0,00023 0,00009 0,00050
150°  SSE 0,00003 0,00006 0,00014 0,00023
0,00006 | 000056 | 000159 ] 0,00110 | 0000056 | 0,00023 0,00412
Wave direction
Rlepzsiags 000° 030° 060° 090° 120° 150°
Wind direction N NNE ENE E ESE SSE
000° N 0,00003 0,00002 0,00005
030°  NNE 0,00014 0,00044 0,00058
060°  ENE 0,00003 0,00037 0,00003 0,00003 0,00047
090° E 0,00020 0,00022 0,00014 0,00056
120°  ESE 0,00005 0,00009 0,00002 0,00016
150°  SSE 0,00005 0,00005
0,00000 | 000020 | 000103 ] 0,00030 | 000023 | 0,00009 0,00185
Wave direction
N2 e 000° 030° 060° 090° 120° 150°
Wind direction N NNE ENE E ESE SSE
000° N 0,00002 0,00002 0,00003
030°  NNE 0,00005 0,00012 0,00017
060° ENE 0,00016 0,00016
090° E 0,00006 0,00006 0,00003 0,00016
120°  ESE 0,00000
150°  SSE 0,00003 0,00002 0,00005
0,00000 | 0,00006 | 000039 ] 0,00006 | 000005 | 0,00000 0,00056
Wave direction
T eI 000° 030° 060° 090° 120° 150°
Wind direction N NNE ENE E ESE SSE
000° N 0,00000
030°  NNE 0,00008 0,00008
060°  ENE 0,00005 0,00002 0,00006
090° E 0,00003 0,00003 0,00006
120°  ESE 0,00000
150°  SSE 0,00000
0,00000 | 0,00000 | 000016 | 0,00005 | 0,00000 | 0,00000 0,00020
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Wave direction

VLT SR I 000° 030° 060° 090° 120° 150°
Wind direction N NNE ENE E ESE SSE
000° N 0,00000
030°  NNE 0,00003 0,00002 0,00005
060° ENE 0,00002 0,00002
090° E 0,00000
120°  ESE 0,00000
150°  SSE 0,00000
0,00000 0,00003 | 0,00003 | 0,00000 0,00000 0,00000 0,00006
Wave direction
T S0 Il 000° 030° 060° 090° 120° 150°
Wind direction N NNE ENE E ESE SSE
000° N 0,00000
030°  NNE 0,00000
060° ENE 0,00002 0,00002
090° E 0,00000
120°  ESE 0,00000
150°  SSE 0,00000
0,00000 0,00000 | 000002 | 0,00000 0,00000 0,00000 0,00002
Wave direction
RSt 000° 030° 060° 090° 120° 150°
Wind direction N NNE ENE E ESE SSE
000° N 0,00000
030°  NNE 0,00000
060° ENE 0,00002 0,00002
090° E 0,00000
120°  ESE 0,00000
150°  SSE 0,00000
0,00000 0,00000 | 0,00002 | 0,00000 0,00000 0,00000 0,00002
Wave direction
AT ALIA) 000° 030° 060° 090° 120° 150°
Wind direction N NNE ENE E ESE SSE
000° N 0,00000
030°  NNE 0,00000
060°  ENE 0,00000
090° E 0,00000
120°  ESE 0,00000
150°  SSE 0,00000
0,00000 0,00000 | 0,00000 | 0,00000 0,00000 0,00000 0,00000
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B. K13 Shallow Water Site
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Abstract

The presented design basis gives a summarized overview of relevant design properties for a later
offshore wind turbine design procedures within work package 4. The described offshore site is located
in the Dutch North Sea and has a water depth of 25m. Therefore it will be chosen as shallow site within
the work package for further design studies.

Besides information about climate properties like wind and wave definitions, other load properties are
specified according to a current design guideline. Here the guideline of the Germanischer Lloyd and
IEC is chosen. Finally the relevant design load cases according to the guideline are listed, which have
to be fulfilled for a suitable support structure design.
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B.1. General remarks and definitions

The relevant design parameters and methods within this design basis are taken from the IEC-61400-3
standard [1]. Further standards are quoted when used.

An offshore wind turbine (OWT) as examined in this design basis, consists of a wind turbine and its
support structure, see Figure 9.The support structure is divided into two parts: the tower and the sub-
structure. The tower is directly connected to the wind turbine. The sub-structure of OWT consists of a
kind of transition piece (e. g. a jacket) connecting the tower with the foundation. The actual foundation
is either realised with piles or is part of the transition piece (e.g. gravity foundation).

topsides structurs
{machinery}

R S L,

wower - Tower ™

suppor
struciure

platform

WLE

sub-struciurs _— sub-structurs

pile —=

- T
m,dllne}_ — A ________E/I—.____——— L

50i __/’ i

%% T A

foundation
Figure 9: Definition of an offshore wind turbine [2]

The intention of this design basis is to give the necessary definitions for designing a support structure
in a fictive wind farm. The met-ocean conditions are, however, uniform at all fictive locations and only
one support structure will be designed applicable to all positions.

54



Upwind Design Basis — K13 Shallow Water Site

B.2. Project description

The following design basis is based on a location in the Dutch North Sea. The climate information is
obtained from the wave and wind data published by Rijkswaterstaat for the location “K13” [3]. This site
will be denoted in the following as K13 (see Figure 10). The coordinates of K13 are 53°13’04” north
and 3°13’13” east, and the site has a water depth of 25m. These data are available as 3-hour average
values for a period of 22 years (January 1979 - December 2000).

ichtedand Goer

Figure 10: Locations for which Rijkswaterstaat measures wind and wave data [4]
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B.3. Structural definitions and limitations

B.3.1. Turbine
The turbine that will be used for the design of the support structure will be the UpWind Reference

Turbine which is based on the NREL generic 5.0 MW turbine. The parameters of relevance to the
preliminary design are listed in Table 21.

Table 21: Turbine parameters for the NREL 5.0MW

Turbine parameter Value Unit
Rated power 5.0 MW
Rotor diameter 126 m

Mass of rotor and nacelle 350 ton
Cut-in wind speed 3 m/s
Rated wind speed 114 m/s
Cut-out wind speed 25 m/s
Nominal rotor speed 12.1 rpm
Lower bound rotor speed 6.9 rpm
Upper bound rotor speed 12.1 rpm

Many additional parameters are required to determine the turbine behavior. These are not listed here
as they are implemented in the Bladed model of the reference turbine.

B.3.2. Allowable frequency range

The rotor frequency range (1P) lies between 0.115 Hz and 0.202 Hz. The support structure natural
frequency is to be within the soft-stiff range in between the 1P and 3P frequency ranges. A safety
margin of 10% on the maximum and minimum rotor speed is adopted, which means that the allowable
frequency is between 0.222 Hz and 0.31 Hz.
0.31
0.12 0.20 0.22 0.31 0.35 0.61

N

) \h ) ) ]
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
f

Frequency [Hz]

Figure 11: Allowable natural frequency range for the support structure
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B.3.3. Tower and sub-structure design

The shallow water site has a mean water level (MSL) of 25m as shown in Figure 12. As described in
the following, the platform level was found at 14.76m. By using a standard tower of 68m, the support
structure design results finally in a hub height of 85.16m above MSL. The monopile penetration depth
in Figure 12 is shown exemplary, not as final solution.

- 148.2 m + MSL
Blade Tip

85.2m + MSL
Hub Height

Platform Level 14.8 m + MSL

Sea Level
"""" [~ 00m+MSL

-5.5m + MSL

TP Bottom

-25.0 m + MSL

Seabed Level :

Pile Toe Level :

Figure 12: Schematic dimensions of the reference design for the shallow water location

B.3.1.1. Platform

The platform is placed at the base of the tower. The determination of the height is based on the GL
standard [2] with the expression

z = LAT + AZygo + AZgye +AZ, +& and & =6 Hggoma.

platform

By applying 5 = 0.65, LAT =-1.06m, a tidal range of Az, = 2.22m, a storm surge of Az, = =2.13m,
an air gap of Az, =1.5m and a 50years extreme wave height of H =15.33m, the platform level

is found at 15.82m LAT or 14.76m MSL.

S,50 max
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B.3.1.2. Tower

On top of the transition piece the tower is flanged. Table 22 shows the dimensions of the tower used
for the load calculations. The tower is split into two sections, each 34m, resulting in a total tower height
of 68m. At three stages flanges are placed, namely as link to the transition piece, as connection of the
two tower sections and at the tower top as link to the nacelle. They are considered as added masses in
the load calculations.

Table 22: Dimensions tower design

Height of Outer dia?nl:ett(: at Section Flange
Section section diameter at section- wall masg]
Hub height, to MSL section-top bottom thickness
85.16 m
[-] [m] [m] [m] [mm] [kd]
1000
. 82.76 77.76 4.000 4.118 30 (at 82.76m)
. 77.76 68.76 4.118 4.329 20 0
4 68.76 58.76 4.329 4.565 22 0
3 58.76 48.76 4.565 4.800 24 0
1400
2 __1____| 48.76 36.76 4.800 5.082 28 (at 48.76m)
1__ 36.76 26.76 5.082 5.318 30 0
1900
26.76 14.76 5.318 5.600 32 (at 14.76m)

B.3.1.3. Other secondary structures

Other secondary structures are not pre-defined in detail here. However, structures like the J-tube,
which is used to protect and align the cabling from the turbine to land and to cross the scour protection,
shall be analysed on the same loads by waves, current and the scour of the monopile.

B.3.2. Corrosion

Corrosion is only taken into account from the splash zone downwards. Therefore no internal volumes
or corrosion in air is studied in detail.

Within the splash zone (+4.53m MSL to -3.18m MSL), the following corrosion allowance is used:
o Corrosion rate according to DNV standard [8]:  0.3mm/year
¢ Applicable corrosion period: 20 years (reference period)
o Applicable corrosion allowance: 20 x 0.3mm =6.0mm

Below the splash zone (-3.18m MSL to 3m below sea bed), the following corrosion allowance is used:
¢ Applicable corrosion allowance: 3.0mm (20 years)

For fatigue calculations, half of the corrosion allowance has to be taken into account. For extreme
calculations, the full allowance.
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B.4. Environmental conditions

B.4.1. Sea water
For the sea water, the following values are assumed (see Table 23):

Table 23: Quantities of sea water

Water density 1025 kg/m?
Water salinity 3.5%
Water temperature (min/max) 0°C/22°C

B.4.2. Water depths

The water depth within the assumed wind park is taken as 25m MSL. The value does not include any
scour effect.

B.4.3. Water levels
Beside wind and wave measurements, there is also measured water level and surge data available for

the K13 site. Table 24 shows the water level values for the full duration of 22 years'. The 50 year
positive storm surge is 2.13 m, while the 50 year negative storm surge is -1.31 m.

Table 24: Measured water levels at the location (scheme according to [2])

HSWL +3.29 m MSL
HAT +1.16 m MSL
MSL 0m

LAT (CD) -1.06 m MSL

LSWL -2.37 m MSL
A +2.13 m MSL
B 222m
C -1.31 m MSL

Besides the water depths and water level, the splash zone has to be determined for later studies.
According to DNV [1][8], the splash zone is determined as

Upper limit: SZ,, = HAT +0.6-(1/3)-H
Lower limit: SZ, = LAT -0.4-(1/3)-H

(100years) = +4.61m MSL
(100years) = —-3.50m MSL

S, max

S, max

with Hs max(100years) = 16.05 m, HAT = 1.4m and LAT =-1.1m.

B.4.4. Currents

Currents are considered to consist of sub surface currents, mainly driven by tide and wind generated
near surface currents. The near surface current is described by the following current profile:

U,(z)=U, (0)(1+z/20)

' LAT is taken as the lowest elevation due to tide in the period 1979 — 2001. HAT is taken as the highest elevation
due to tide in the period 1979 — 2001.
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The subsurface current is given by a power law description:
USS(Z) =Ug (O)I:(Z +d )/d]%

In these equations Us(0) and U,(0) are respectively the subsurface and near surface currents
measured at the sea surface. The currents are given as a function of the height z above the sea
surface and d is the water depth.

The values for the currents are taken from the Noordzeewind OWEZ project, which is close to the
studied location. For normal current loads an average value of 0.6 m/s at surface level is taken and for
the extreme case of 1.2 m/s, respectively as shown in Table 25.

Table 25: Current velocities according to load situation
Load situation | Current at MSL [m/s]
Normal current 0.6
Extreme current 1.2

For the Normal Current Model (NCM) the tide and storm surge induced sub surface are not included

[1].

The Extreme Current Model is defined as the appropriate site-specific combination of sub surface
currents, wind generated currents and breaking wave surf induced currents (if any) with recurrence
periods of 1 and 50 years [1]. For lack of information the extreme current is assumed to consist of 0.6
m/s near surface and 0.6 m/s subsurface current, both measured at the sea surface.

B.4.5. Wave parameters

B.4.5.1. Scatter diagram

In the offshore industry wave climate data is generally expressed in a 2-dimensional scatter diagram
giving the number of occurrences of each combination of significant wave height Hs and peak spectral
period T,. For offshore wind turbine design the 2-D scatter diagram must be expanded to include V,, as
a third dimension. To derive the 3-D scatter diagram, the parameters H; and T, and V,, will be used.

The wind and wave data is subsequently gathered in bins. The V,, bins cover 2 m/s, the H; bins cover
0.5 m and the T, bins span 1.0 s. 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 Hs = 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 >1.5 s to <2.5 s. Subsequently, the
occurrence of all combinations of V,, 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 Hs and T,
for that wind speed bin as a percentage value. This is illustrated in Table 26 for V,, =10 m/s. The wind
speeds used here are at hub height.
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Table 26: Part of a 3-D scatter diagram for V,, = 10 m/s

. To I8l
Vw =7-9m/s <05 1 2 3 7 5 6 7 8 ) 10 1 5115

95 0,00000

9 0,00000

8,5 0,00000

8 0,00000

7.5 0,00000

7 0,00000

6,5 0,00000

6 0,00000

5,5 0,00000

5 0,00000

Hs [m] 45 0,00000

4 0,00000

3,5 0,00002 0,00003 0,00002 0,00000{0,00006

3 0,00003 0,00019 0,00009 0,00009 0,00002[0,00042

2,5 0,00003 0,00053 0,00087 0,00053 0,00012 0,00003 0,00212

2 0,00101 0,00387 0,00238 0,00068 0,00002 0,00796

1,5 0,00072 0,01356 0,01333 0,00288 0,00026 0,00003[0,03078

1 0,00051 0,01845 0,02934 0,00736 0,00098 0,00020 0,00002 0,05685

0,5 0,00002 0,01036 0,02131 0,00638 0,00126 0,00020 0,00011 0,00003 0,03967

<0,25 0,00054 0,00067 0,00014 0,00002 0,00137

0,00000]0,00000]0,00000]0,00002]0,01142] 0,04114]0,05046]0,02640] 0,00751]0,00191] 0,00028 | 0,00005 [0,00005]0,13923

A diagram as shown in Table 26 is produced for each wind speed bin. The full set of scatter diagrams
make up the 3-D scatter diagram. These are given in Appendix C. Scatter diagrams (V-Hs-Tz).
B.4.5.2. Extreme values

From the measured wave data the extreme wave heights can be determined. The extreme wave height
is determined as the maximum value that occurs with a certain return period (as seen in Figure 13).

Significant Wave Height [m]

Return Period [yrs]

Figure 13: Determining the maximum wave height

The relation between wave height and return period was found to be:

H  3nes (Trewurn ) = 0.5605 - In(x) + 6.0457

In Table 27 different significant wave height values for different periods of occurrence are given. To
obtain the maximum wave height the following relationship is used:
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H,. =186H,

The factor 1.86 is chosen for the given location. However, as the water depth is relatively large, this
factor might be changed to a higher value (close to 2).

Table 27: Extreme wave heights as a function the return period

Treturn H. s TP H, max

[yr] [m] [s] [m]
1 6.05 10.12 11.25
5 6.95 10.54 12.93
10 7.34 10.69 13.65
50 8.24 10.97 15.33

100 8.63 11.05 16.05

B.4.5.3. Wave directions

The 3-D scatter diagram does not take directionality into account. Therefore a different diagram is
produced giving the spreading of wave directions per wave height bin. First, 8avess is gathered in bins
of 30°. Subsequently, Hs and 6,.,.+s are sorted to obtain the number of occurrences of each wave
direction per wave height bin. Figure 14 shows the wave rose for all measured values. In this Figure 0°
corresponds with north. It can be seen that the dominant wave directions between north north west
(NNW) and west south west (WSW). The probability of occurrence is given as total value on the radial
axes. The full series of wave roses sorted for each wave height are given in the appendix.

0

270

180

Figure 14: Wave rose for the measurement location
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B.4.5.4. Breaking waves

The effect of breaking waves will be neglected. Breaking waves will not occur as the wave height is

significantly less than the breaking limit.

B.4.6. Wind parameters

B.4.6.1. Wind distributions

In Figure 15, the wind speed distribution of the K13 site at hub height can be seen. The measured wind
data was first translated from the reference height of 10 m to the hub height. A conversion factor of 0.9
is used to obtain the 10-minute wind speed from the 1-hour average wind speed. The wind speed at

hub height can be found with [8]:

with:

V(z)V(zref)I:]n((zzz‘J)Figure 15

z

ref

0

V(z) = wind speed at elevation z

V(z.r) = wind speed at elevation z.

Zref = elevation for which wind speed is given

Zp = roughness length, 0.002 m for offshore conditions

B.4.6.2. Wind distributions

The relevant Weibull parameters are A= 11.68 m/s and k= 2.04, which leads to an annual mean wind

speed of 10.05 m/s.

Probability

0.1

0.08

0.06

0.04

0.02

Wind distribution
— Weibull distribution

0 5 10 15 20 25 30 35 40

Wind speed [m/s]

Figure 15: Wind speed distribution for the measurement location
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B.4.6.3. Turbulence intensity

For the turbulence intensity, different distributions were compared. As shown in Figure 16, the standard
curves for IEC-1 and IEC-3 are shown for a reference turbulence intensity of 0.15. Besides, a
distribution based on the assumptions of the Noordzeewind OWEZ project is shown [9], where again
an IEC-3 distribution was assumed, but with a different reference intensity and taking wake effects into
account. As the IEC-1 curve is too conservative, but the IEC-3 one probably optimistic, the distribution
from the Noordzeewind OWEZ project will be chosen as a good compromise, also for the consideration
of wake effects. The distribution can be described by the following relation (with /;5=0.14 and a = 5)

_(15+au)

V) A+au °

06 f-}-% e S SR S

IEC-3, incl. Chamock expression (|, 5=0.15)
05f-t--mmemes

1] —— Moordzeewind OWEZ project (1, ;=0.14) “—
! | —a— Extreme turbulence model (I15=D.14)

turbulence intensity (%)

u] g 10 18 20 25 30 35 40
wind speed (m/fs)

Figure 16: Turbulence intensity according to IEC

For later extreme load calculations, a further extreme turbulence distribution has to be defined. Based
on the normal turbulence model described in the expression above (Noordzeewind OWEZ project), an
extreme turbulence distribution is calculated according to the IEC-3 standard for class IC. The

curvature is also shown in Figure 16. All turbulence values are again listed for each wind speed bin in
B.7. Appendix.

B.4.6.4. Extreme values

From the measured wind data the extreme wind speeds can be determined. The extreme wind speed
is determined as the maximum wind speed that occurs with a certain return period (as seen in Figure
17). The resulting equation can be found as follows:

Vb 20min (Tretum ) =2.5536-In(x) +32.736
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Figure 17: Determining the maximum wind speed

Table 28 shows the maximum wind speed at hub height as a function of the return period. The values
averaged 10-min wind speeds, where the original 3-hrs stationary situations were converted with a
factor 0.9 according to IEC.

Table 28: Extreme wind speeds as a function of the return period

Treturn V,, (10min)
[yr] [m/s]
1 32.74
5 36.85
10 38.62
50 4273
100 4450

B.4.6.5. Wind directions

The 3-D scatter diagram does not take directionality into account. Therefore a different diagram is
produced giving the spreading of wind directions per wind speed bin. First, Oyinq .ri is gathered in bins of
2m/s. Subsequently, V,, and B,.q4.sy are sorted to obtain the number of occurrences of each wind
direction per wind speed bin. Figure 18 shows the wind rose for all measured values. In this Figure 0°
corresponds with north. It can be seen that the dominant wind directions comes from west south west
(WSW), which agrees with the main wave directions. However, especially in cases of low wind speed
the wind tends to come from eastern directions as well. The full series of wind roses sorted for each
wind speed is given in B.7. Appendix.
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270

180

Figure 18: Wind rose for the measurement location

B.4.7. Wind-wave-directionality

As for some support structure types and environmental conditions the effect of wind- and wave-
misalignment can be important, in the following the directional scatter of the measured wind and wave
directions is shown. Here the wind speed values correspond to 10-min average values, and the wave
heights to 3hrs respectively. The binning is done corresponding to the former described wind and wave
scatters. 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

directional bins at NNE (30°) contain all observations between >15° and <45°.

Table 29: Directional scatter diagram for all wind speeds

Wave direction

i Xk 000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW_ WSw W WNW NNW
000° N 0,03839 0,00504 0,00093 0,00028 0,00011 0,00025 0,00058 0,00089 0,00070 |0,00095]0,00188 0,01143
030° NNE 0,02819 0,01846 0,00422 0,00081 | 0,00028 0,00044 0,00065 0,00073 0,00054 0,00042 0,00408
060° ENE 0,01299 0,02210 0,01739 0,00319 0,00081 0,00065 0,00067 0,00067 0,00050 0,00044 0,00073 [0,00201
090° E 0,01036 0,02462 0,01454 0,00359 0,00160 0,00115 0,00079 0,00048 0,00045 0,00068 0,00210
120° ESE 0,00571 0,00821 0,01199 0,01052 0,00554 0,00314 0,00138 0,00087 0,00050 0,00079 0,00193
150° SSE 0,00534 0,00336 0,00414 0,00607 0,01034 0,01384 0,00443 0,00110 0,00107 0,00165 0,00249
180° S 0,00675 0,00263 0,00198 0,00213 0,00470 0,02792 0,02117 0,00436 0,00252 0,00275 0,00453
210° SSwW 0,00639 0,00229 0,00151 0,00098 0,00208 0,01790 0,06882 0,01322 0,00633 0,00583 0,00762
240° WSsw 0,00652 0,00196 0,00095 0,00070 0,00058 0,00621 0,04693 0,03393 0,01756 0,01120 0,01034
270° W 0,00778 0,00137 0,00081 0,00022 0,00033 0,00044 0,01352 0,01989 0,02697 0,02750 0,01618
300° WNW 0,01224 1 0,00148 0,00042 0,00014 0,00023 0,00030 0,00107 0,00554 0,00885 0,02083 0,03029
330° NNW 0,02870 0,00180 0,00047 0,00019 0,00028 0,00025 0,00107 0,00182 0,00216 0,00625 0,03274

0,16678 0,07596 0,06472 0,03928 0,02595 0,02767 0,07639 0,16560 0,08257 0,06822 0,08113 0,12573

A diagram as shown in Table 29 is produced for each wind speed bin, as shown as an example for

Percentage of time [%]

90° + from wind direction
[ 90° - from wind direction |

0,06143
0,05984
0,06214
0,06818
0,05569
0,05706
0,08353
0,13401
0,13796
0,11718
0,08583
0,07717
1,00000

V=10m/s in Table 30. The full set of those directional scatter diagrams are given in the appendix.
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Table 30: Part of the 3-D directional scatter diagram for V = 10 m/s

Vw 911 mls Wave direction

000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW_ wsw W WNW_ NNwW
000° N 0,00639 0,00086 0,00014 | 0,00003 0,00002 0,00006 0,00003 0,00009 [ 0,00014 [ 0,00025 0,00229 | 0,01030
030° NNE 0,00454 0,00328 0,00075 0,00012 | 0,00003 0,00006 [0,000117] 0,00054 | 0,00944
060° ENE 0,00151 0,00414 0,00257 0,00039 0,00019 |0,00005 0,00008 0,00002 0,00006 0,00003 0,00009 [0,00022 | 0,00933
090° E 0,00185 0,00383 0,00268 0,00067 0,00014 |0,00005 0,00003 0,00005 0,00003 0,00006 0,00014|0,01010
120° ESE 0,00044 [ 0,00078] 0,00159 0,00190 0,00190 0,00082 0,00047 0,00011 0,00009 0,00003 0,00003 0,00012 |0,00828
150° SSE 0,00026 0,00023 [ 0,00044 | 0,00072 0,00109 0,00180 0,00241 0,00036 0,00017 0,00006 0,00022 0,00012 |0,00789
180° S 0,00051 0,00022 0,00020 [ 0,00028 | 0,00067 0,00096 0,00493 0,00331 0,00051 0,00025 0,00036 0,00053 |0,01274
210° SsSw 0,00039 0,00019 0,00017 0,00016 [ 0,00025 | 0,00031 0,00282 0,00711 0,00246 0,00124 0,00089 0,00112|0,01709
240° WSW  [0,00065 0,00014 0,00014 0,00011 0,00016 0,00112 0,00639 0,00496 0,00288 0,00188 0,00176 | 0,02031
270° w 0,00065 0,00009 0,00008 0,00003 0,00005 0,00005 |0,00040]0,00205 0,00243 0,00303 0,00392 0,00313 |0,01591
300° WNW | 0,00173 | 0,00008 0,00002 0,00002 0,00003 0,00009 [0,00070 | 0,00086 0,00123 0,00322 0,00473 | 0,01269
330° NNW 0,00496 0,00011 0,00005 0,00002 0,00002 0,00003 0,00020 0,00026 | 0,00026 | 0,00036 0,00098 0,00521 | 0,01246

0,02262 0,01196 0,00994 0,00644 0,00504 0,00439 0,01263 0,02038 0,01195 0,00929 0,01201 0,01991 0,14654
Percentage of time [%]

90° + from wind direction
[ 90° - from wind direction |

As for some simulations the full set of wind and wave directionalities is too detailed, a reduced form can
be determinate, where the opposite direction of wind and waves are merged (see Table 31)

Table 31: Reduced directional scatter V=10 m/s

Wave direction

MIE D 000° 030° 060° 090° 120° 150°

Wind direction N NNE ENE E ESE SSE
000° N 0,01190 0,00442 0,00095 0,00070 0,00129 0,00378 0,02304
030°  NNE 0,00775 0,01058 0,00338 0,00152 0,00128 0,00204 0,02654
060°  ENE 0,00336 0,01069 0,00773 0,00341 0,00232 0,00215 0,02965
090° E 0,00168 0,00403 0,00638 0,00577 0,00470 0,00345 0,02601
120°  ESE 0,00272 0,00166 0,00254 0,00317 0,00516 0,00571 0,02097
150°  SSE 0,00784 0,00096 0,00002 0,00115 0,00230 0,00717 0,02035
003505 | 003234 | 002189 | 001573 | 001705 | 0,02430 0,14654

B.4.8. Further meteorological - oceanographical parameters
B.4.8.1. Temperature

The temperatures of water and air are illustrated in Table 32 according to [5]. For later fatigue
calculations the mean values has to be taken.

Table 32: Air and water temperatures

Water temperature at the surface Air temperature
[°C] [°C
Mean 10 Mean 15.0
Standard deviation 5 Extremes -20 to +50
Maximum 22
Minimum 0
Yearly amplitude 7
B.4.8.2. Ice

It is very unlikely that sea ice occurs. Therefore it will not be taken into account. However, icing at the
structure is possible and will be dimensioned according to [2]. This leads to the following values:

» Atmospheric ice formation with a thickness of 30mm
» |ce formation due to sea water spray with a thickness of 100mm from MSL to HSWL
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» |ce formation due to sea water spray from HSWL up to 60m above MSL with a thickness
decreasing linearly to 30mm
» Density of ice of 900 kg/m?

B.4.8.3. Maritime growths

For design purposes, marine growth has to be assumed. The density has to be taken as 1100 kg/m3.
Table 33 shows the thickness as determined according to DNV standard [8].

Table 33: Assumptions for marine growths

B.4.9. Soil conditions

B.4.9.1. Soil profiles

Two different soil profile configurations will be assumed in the wind farm areal — namely a soft and hard

Level Thickness
[m] [mm]
MSL -2 to -40 100

one. The profiles are defined as follows:

Table 34: Soil conditions for the soft profile

Depths Y (0] Cu
[m] [N/m?] [°] [Pa]
0-3 10000 36 -
3-5 10000 33 -
5-7 10000 26 60000
7-10 10000 37 -

10-15 10000 35 -
15-50 10000 37.5 -
y' — effective soil unit weight
0] — angle of internal friction
Cu — undrained shear strength
Table 35: Soil conditions for the hard profile

Depths Y () Cu
[m] [N/m?] [°] [Pa]
0-3 10000 38 -
3-5 10000 35 -
5-7 10000 38 -
7-10 10000 38 -

10-15 10000 42 -
15-50 10000 42.5 -
y' — effective soil unit weight
® — angle of internal friction
Cu — undrained shear strength
B.4.9.2. Scour

If no scour protection is planned, an additional depth in relation to scour effects has to be assumed in
accordance to the outer diameter of the water piercing members, D, to be (2.5:D) according to [2].
However, in this study scour protection is assumed, by what no water depths variations due to scour
are taken into account.
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B.5. Structural load assumptions

B.5.1. Modelling of the structure

For the determination of the wave loads, the following values for the hydrodynamic coefficients can be
assumed according to [2]. For other than monopile designs, the following hydrodynamic coefficients

have to be re-calculated.

Table 36: Recommended hydrodynamic coefficients

Reynolds smooth cylinder rough cylinder
number
Cop Cwe Co Cum
<72.10° 1.2 2.0 1.2 20
1.10° 0.7 16 11 2.0

For the load calculations in this study, the following coefficients are taken. Both values are increased

from their usual values to account ladders, corrosion protection devices, J-tube, marine growths.

Table 37: Assumed hydrodynamic coefficients

Fatigue loading

Extreme loading

Drag coefficient, Cp | Inertia coefficient, Cp | Drag coefficient, Cp | Inertia coefficient, Cp
[-1 [-] [] [-]
0.95 2.15 1.11 1.77

For later load calculations, both fatigue and ultimate load cases, partial safety factors have to be added

according the type of case. Table 38 summarize these values according to [2].

Table 38: Partial safety factors for loads according to [1]

Unfavourable loads Favourable
loads
Type of design situation All design
Normal (N) Abnormal (A) T;T,:igg: (?I.';d situations
1.35 1.1 1.5 0.9
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B.5.2. Load assumptions

B.5.2.1. Fatigue load cases

For fatigue considerations, the different load setups from the scatter diagram have to be taken. The
reduced (lumped) scatter is shown in Table 39.

The lumping was done damage equivalent based on the method described in Kihn [7]. The peakness
for the JONSWAP wave spectrum is considered to be different between fatigue and extreme load
cases, which is realistic for North Sea sites. The turbulence intensity is based on the assumptions of

B.4.6.1. Wind distributions.

Depending on the Weibull fit, to different probability distributions are possible. The first one ist based
on the real sorted wind bins based on the simulations, where the second one is based on the Weibull

distribution parameters at this site (A= 11.31 m/s and k= 1.97).

Table 39: Lumped scatter diagram of the given offshore site (sorted wind bins)

\% [1)] Hs Tp Pear ;1 ess f occ./year
0 = o

[ms] normal extreme [m] [m] Fatigue Extreme L%l [hrs]
2 29,2 99,3 1,07 6,03 1 3,3 0,06071 531,8
4 20,4 53,1 1,1 5,88 1 3,3 0,08911 780,6
6 17,5 37,1 1,18 5,76 1 3,3 0,14048 1230,6
8 16 30 1,31 5,67 1 3,3 0,13923 1219,7
10 15,2 25,4 1,48 5,74 1 3,3 0,14654 1283,7
12 14,6 22,3 1,7 5,88 1 3,3 0,14272 1250,2
14 14,2 20,1 1,91 6,07 1 3,3 0,08381 734,2
16 13,9 18,5 2,19 6,37 1 3,3 0,08316 728,5
18 13,6 17,2 2,47 6,71 1 3,3 0,04186 366,7
20 13,4 16,1 2,76 6,99 1 3,3 0,03480 304,8
22 13,3 15,3 3,09 7,4 1 3,3 0,01534 134,4
24 131 14,6 3,42 7,8 1 3,3 0,00974 85,3
26 12 14 3,76 8,14 1 3,3 0,00510 447
28 11,9 13,5 4,17 8,49 1 3,3 0,00202 17,7
30 11,8 13,1 4,46 8,86 1 3,3 0,00096 8,4
32 11,8 12,7 4,79 9,12 1 3,3 0,00050 4.4

34-42 11,7 12,3 4,9 9,43 1 3,3 0,00019 1,6

Table 40: Lumped scatter diagram of the given offshore site (Weibull fit wind bins)
Vv [;I] Hs Tp Pea;(]ness f occ./year
4 ¥ )

[ms] normal extreme [m] [m] Fatigue Extreme %] [hrs]
2 29,2 99,3 1,07 6,03 1 3,3 0,05395 472,6
4 20,4 53,1 1,1 5,88 1 3,3 0,10177 891,5
6 17,5 37,1 1,18 5,76 1 3,3 0,13431 1176,6
8 16 30 1,31 5,67 1 3,3 0,14768 1293,7
10 15,2 25,4 1,48 5,74 1 3,3 0,14288 1251,6
12 14,6 22,3 1,7 5,88 1 3,3 0,12459 1091,4
14 14,2 20,1 1,91 6,07 1 3,3 0,09917 868,7
16 13,9 18,5 2,19 6,37 1 3,3 0,07259 635,9
18 13,6 17,2 2,47 6,71 1 3,3 0,04910 430,1
20 13,4 16,1 2,76 6,99 1 3,3 0,03079 269,7
22 13,3 15,3 3,09 7,4 1 3,3 0,01793 157,1
24 13,1 14,6 3,42 7,8 1 3,3 0,00972 85,1
26 12 14 3,76 8,14 1 3,3 0,00491 43,0
28 11,9 13,5 4,17 8,49 1 3,3 0,00231 20,2
30 11,8 13,1 4,46 8,86 1 3,3 0,00101 8,9
32 11,8 12,7 4,79 9,12 1 3,3 0,00042 3,6

34-42 11,7 12,3 4,9 9,43 1 3,3 0,00024 2,1
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B.5.2.2. Extreme load cases

For the different extreme design load cases, different values for the wind speed, wave height and wave
period have to be determined. Table 41 gives an overview.

Table 41: Extreme wave conditions according to [1]

Hs .50 [M] 8.24
Hsmax,50 [m] 15.33
Hsred,50 [m] 9.06

Hs.1 [M] 6.05
Hsmax.1 [M] 11.25
Hsred,1 [m] 6.66

Vet = V0 [M/s] 42.73

V4 [m/s] 32.74

The periods combined with the above mentioned extreme wave heights have to be calculated following
the formula [1]:

11.1/H (V)/g <T <14.3,/H,(V)/g
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B.7. Appendix

A. Wind roses

Vw=Em/s
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Vw=24m/ls
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B. Wave roses
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C. Scatter diagrams (V-Hs-Tz)

. Tp [s]
all windspeeds <05 7 2 3 2 5 6 7 8 9 10 11 >11,5
95 0,00000
9 0,00000
8,5 0,00000
8 0,00000
75 0,00000
7 0,00003[0,00003
6,5 0,00002 0,00009 0,00005[0,00016
6 0,00019 0,00014 0,00005[0,00037
55 0,00008 0,00061 0,00033 0,00005[0,00106
Hs mi] 5 0,00084 0,00138 0,00031 0,00006[0,00260
45 0,00011 0,00342 0,00132 0,00014 0,00002[0,00501
4 0,00003 0,00240 0,00663 0,00087 0,00019 0,00002[0,01013
35 0,00058 0,01269 0,00709 0,00078 0,00008 0,00002[0,02123
3 0,00002 0,01058 0,02576 0,00478 0,00045 0,00003 0,00006[0,04167
2,5 0,00098 0,05074 0,02189 0,00263 0,00050 0,00011 0,00002[0,07686
2 0,00006 0,03047 0,07924 0,01285 0,00255 0,00028 0,00002 0,12547
1,5 0,00649 0,11598 0,06449 0,01419 0,00252 0,00014 0,00002 0,00003]0,20385
1 0,00313 0,08888 0,12814 0,04869 0,00978 0,00143 0,00011 0,00003 0,00003[0,28022
05 0,00008 0,04740 0,10613 0,05166 0,01355 0,00241 0,00082 0,00017 0,00003 0,22225
<0,25 0,00224 0,00560 0,00120 0,00006 0,00000 0,00910
0,00000] 0,00000]0,00000]0,00008]0,05276]0,20716]0,32844]0,26795]0,10207]0,03279] 0,00681 | 0,00151 [0,00042]1,00000
Tp [s]
Vw <1 mis <05 1 2 3 3 5 6 7 8 9 10 T 5115
95 0,00000
9 0,00000
8,5 0,00000
8 0,00000
75 0,00000
7 0,00000
6.5 0,00000
6 0,00000
55 0,00000
5 0,00000
Hs [m] 45 0,00000
4 0,00000
35 0,00002 [0,00002
3 0,00000
2,5 0,00002 0,00002
2 0,00003 0,00002 0,00005
1,5 0,00003 0,00022 0,00016 0,00005 0,00003 0,00048
1 0,00003 0,00017 0,00056 0,00030 0,00106
0,5 0,00022 0,00067 0,00079 0,00028 0,00003 0,00002 0,00201
<0,25 0,00011 0,00011
0,00000]0,00000]0,00000] 0,00000]0,00022]0,00081]0,00100]0,00106]0,00048]0,00011] 0,00005 | 0,00000 | 0,00002]0,00373
_ Tp [s]
Vw =13 m/s <05 7 2 3 3 5 6 7 8 9 10 T 5115
95 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6,5 0,00000
6 0,00000
55 0,00000
5 0,00000
Hs [m] 4,5 0,00000
4 0,00002 0,00002
35 0,00002 0,00002
3 0,00003 0,00002 0,00005
2,5 0,00003 0,00003 0,00005 0,00003 0,00014
2 0,00003 0,00022 0,00030 0,00030 0,00006 0,00090
1,5 0,00005 0,00048 0,00207 0,00261 0,00058 0,00005 0,00583
1 0,00002 0,00096 0,00618 0,00913 0,00278 0,00034 0,00003 0,01944
0,5 0,00299 0,01257 0,01213 0,00406 0,00067 0,00022 0,00009 0,00003 0,03276
<0,25 0,00023 0,00114 0,00017 0,00002 0,00156

0,00000]0,00000]0,00000]0,00000] 0,00324]0,01472]0,01899[0,01549]0,00639]0,00149] 0,00031 | 0,00008 [0,00000

0,06071
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Upwind Design Basis — K13 Shallow Water Site

= Tp [s]
Vw =3-5mis <05 1 2 3 2 5 6 7 8 9 10 T >115
9,5 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7,5 0,00000
7 0,00000
6,5 0,00000
6 0,00000
5,5 0,00000
5 0,00000
Hs [m] 45 0,00000
4 0,00002 0,00002
3,5 0,00003 0,00003
3 0,00003 0,00002 0,00002[0,00006
2,5 0,00003 0,00006 0,00008 0,00006 0,00002 0,00025
2 0,00009 0,00037 0,00075 0,00020 0,00009 0,00151
1,5 0,00005 0,00138 0,00460 0,00339 0,00075 0,00005 0,01022
1 0,00011 0,00330 0,01193 0,01237 0,00282 0,00048 0,00003 0,00002 0,03105
0,5 0,00530 0,01846 0,01451 0,00418 0,00073 0,00023 0,00002 0,04345
<0,25 0,00047 0,00165 0,00039 0,00003 0,00254
0,00000]0,00000]0,00000]0,00000]0,00588]0,02346]0,02831]0,02159]0,00778]0,00179] 0,00025 | 0,00005 [0,00002]0,08911
= Tp [s]
Vw =57 mis <05 1 2 3 4 5 6 7 8 9 10 M1 >115
9,5 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7,5 0,00000
7 0,00000
6,5 0,00000
6 0,00000
5,5 0,00000
5 0,00000
Hs [m] 45 0,00000
4 0,00002 0,00000{0,00002
3,5 0,00002 0,00002 0,00000{0,00003
3 0,00002 0,00006 0,00002 0,00003{0,00012
2,5 0,00002 0,00020 0,00023 0,00025 0,00014 0,00003 0,00002[0,00089
2 0,00037 0,00194 0,00182 0,00078 0,00008 0,00002 0,00501
1,5 0,00031 0,00548 0,01073 0,00378 0,00078 0,02108
1 0,00034 0,00985 0,02616 0,01422 0,00249 0,00031 0,00003 0,00002(0,05342
0,5 0,01112 0,02805 0,01402 0,00324 0,00061 0,00023 0,05726
<0,25 0,00062 0,00165 0,00039 0,00266
0,00000]0,00000]0,00000]0,00000]0,01209]0,03985]0,04643]0,03033]0,00896]0,00243] 0,00028 | 0,00005 [0,000060,14048
= Tp [s]
VUL <05 1 2 3 1 5 6 7 8 9 10 T S115
9,5 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7,5 0,00000
7 0,00000
6,5 0,00000
6 0,00000
5,5 0,00000
5 0,00000
Hs [m] 45 0,00000
4 0,00000
3,5 0,00002 0,00003 0,00002 0,00000{0,00006
3 0,00003 0,00019 0,00009 0,00009 0,00002{0,00042
2,5 0,00003 0,00053 0,00087 0,00053 0,00012 0,00003 0,00212
2 0,00101 0,00387 0,00238 0,00068 0,00002 0,00796
1,5 0,00072 0,01356 0,01333 0,00288 0,00026 0,00003{0,03078
1 0,00051 0,01845 0,02934 0,00736 0,00098 0,00020 0,00002 0,05685
0,5 0,00002 0,01036 0,02131 0,00638 0,00126 0,00020 0,00011 0,00003 0,03967
<0,25 0,00054 0,00067 0,00014 0,00002 0,00137
0,00000]0,00000]0,00000]0,00002]0,01142]0,04114]0,05046]0,02640]0,00751]0,00191] 0,00028 [ 0,00005 [0,00005]0, 13923
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Upwind Design Basis — K13 Shallow Water Site

_ Tp [s]
Vw = 9-11 m/s <0,5 7 2 3 Z 5 6 7 8 9 10 M 5115
95 0,00000
9 0,00000
8,5 0,00000
8 0,00000
75 0,00000
7 0,00000
6,5 0,00000
6 0,00000
55 0,00000
Hs [m] 5 0,00000
4,5 0,00002 0,00002
4 0,00002 0,00003 0,00002 0,00002 0,00002[0,00009
35 0,00006 0,00020 0,00005 0,00002 0,00033
3 0,00008 0,00044 0,00039 0,00009 0,00100
2,5 0,00003 0,00208 0,00205 0,00062 0,00003 0,00482
2 0,00002 0,00306 0,01031 0,00358 0,00047 0,00002 0,01745
1,5 0,00092 0,02380 0,01464 0,00117 0,00011 0,00002 0,00002 0,04066
1 0,00078 0,02377 0,02700 0,00366 0,00033 0,00005 0,00002 0,00002[0,05561
05 0,00002 0,00871 0,01423 0,00244 0,00039 0,00012 0,00002 0,00003 0,02596
<0,25 0,00026 0,00026 0,00008 0,00061
0,00000] 0,00000]0,00000]0,00002]0,00975]0,03920]0,05642]0,03116]0,00776]0,00188] 0,00028 | 0,00005 [0,00003]0,14654
- Tp [s]
Y & B mE <05 1 2 3 7 5 6 7 8 9 10 T >11,5
95 0,00000
9 0,00000
8,5 0,00000
8 0,00000
75 0,00000
7 0,00000
6,5 0,00000
6 0,00000
55 0,00000
Hs [m] 5 0,00000
4,5 0,00002 0,00002[0,00003
4 0,00006 0,00005 0,00005 0,00016
35 0,00003 0,00012 0,00034 0,00016 0,00005 0,00070
3 0,00036 0,00151 0,00112 0,00014 0,00313
25 0,00011 0,00460 0,00460 0,00078 0,00006 0,01016
2 0,00585 0,01888 0,00250 0,00008 0,02731
1,5 0,00199 0,03296 0,01129 0,00020 0,04645
1 0,00084 0,02011 0,01821 0,00115 0,00009 0,00005 0,04046
05 0,00002 0,00532 0,00751 0,00110 0,00014 0,00005 0,01414
<0,25 0,00006 0,00009 0,00003 0,00019
0,00000]0,00000]0,00000]0,00002] 0,00622]0,02971]0,05827 ] 0,036460,00908]0,00244 ] 0,00040 | 0,00009 [0,000020,14272
- Tp [s]
Y & B mE <05 1 2 3 3 5 6 7 8 9 70 T 5115
95 0,00000
9 0,00000
8,5 0,00000
8 0,00000
75 0,00000
7 0,00000
6,5 0,00000
6 0,000020,00002
55 0,00002 0,00002 0,00003
Hs [m] 5 0,00002 0,00002
4,5 0,00002 0,00003 0,00005
4 0,00003 0,00020 0,00012 0,00006 0,00042
35 0,00042 0,00059 0,00020 0,00002 0,00123
3 0,00086 0,00238 0,00079 0,00006 0,00409
25 0,00005 0,00708 0,00412 0,00022 0,00002 0,01148
2 0,00002 0,00563 0,01540 0,00095 0,02199
1,5 0,00107 0,02017 0,00439 0,02563
1 0,00023 0,00770 0,00625 0,00020 0,01439
05 0,00002 0,00201 0,00216 0,00020 0,00439
<0,25 0,00005 0,00003 0,00008
0,00000]0,00000]0,00000]0,00002] 0,00229]0,01098]0,03231]0,02792]0,00790]0,00182] 0,00047 | 0,00009 [0,000020,08381
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Upwind Design Basis — K13 Shallow Water Site

_ Tp [s]
Vw = 1547 m/s <0,5 7 2 3 Z 5 6 7 8 9 10 M 5115
95 0,00000
9 0,00000
8,5 0,00000
8 0,00000
75 0,00000
7 0,00000
6,5 0,00000
6 0,00002 0,00002
55 0,00000
Hs [m] 5 0,00006 0,00006
4,5 0,00009 0,00012 0,00002 0,00023
4 0,00005 0,00050 0,00017 0,00005 0,00076
35 0,00003 0,00100 0,00112 0,00028 0,00243
3 0,00002 0,00159 0,00465 0,00142 0,00767
2,5 0,00031 0,01341 0,00524 0,00009 0,01905
2 0,00002 0,00868 0,01798 0,00040 0,00002 0,02710
1,5 0,00098 0,01417 0,00254 0,01769
1 0,00017 0,00350 0,00224 0,00003 0,00594
05 0,00002 0,00112 0,00100 0,00008 0,00221
<0,25 0,00000
0,00000] 0,00000]0,00000]0,00002]0,00129]0,00549]0,02549] 0,03557 | 0,01134]0,00324] 0,00065 | 0,00006 [0,00000]0,08316
- Tp [s]
W & Tl mE <05 1 2 3 3 5 6 7 8 9 70 T 5115
95 0,00000
9 0,00000
8,5 0,00000
8 0,00000
75 0,00000
7 0,00000
6,5 0,00002 0,00002
6 0,00000
55 0,00002 0,00002 [0,00003
Hs [m] 5 0,00002 0,00008 0,00006 0,00003[0,00019
4,5 0,00025 0,00022 0,00006 0,00053
4 0,00002 0,00020 0,00078 0,00019 0,00002 0,00120
35 0,00006 0,00154 0,00148 0,00006 0,00314
3 0,00185 0,00516 0,00050 0,00002 0,00753
25 0,00025 0,01010 0,00247 0,00002 0,00002 0,01285
2 0,00384 0,00683 0,00012 0,01080
1,5 0,00033 0,00300 0,00048 0,00381
1 0,00006 0,00090 0,00047 0,00143
05 0,00019 0,00016 0,00034
<0,25 0,00000
0,00000]0,00000]0,00000]0,00000] 0,00025]0,00138]0,00756]0,01933]0,00950]0,00303] 0,00058 | 0,00017 [0,00005]0,04186
- Tp [s]
Y & 1 @E <05 1 2 3 7 5 6 7 8 9 10 T >11,5
95 0,00000
9 0,00000
8,5 0,00000
8 0,00000
75 0,00000
7 0,00000
6,5 0,00000
6 0,00000
55 0,00006 0,00002 0,00008
Hs [m] 5 0,00003 0,00026 0,00009 0,00002[0,00040
4,5 0,00002 0,00039 0,00033 0,00073
4 0,00042 0,00124 0,00026 0,00193
35 0,00014 0,00294 0,00148 0,00456
3 0,00313 0,00635 0,00022 0,00969
25 0,00012 0,00930 0,00162 0,01104
2 0,00002 0,00168 0,00297 0,00005 0,00471
1,5 0,00008 0,00084 0,00019 0,00110
1 0,00006 0,00023 0,00017 0,00047
05 0,00006 0,00002 0,00008
<0,25 0,00000
0,00000]0,00000]0,00000] 0,00000] 0,00012] 0,00034]0,00282]0,01573]0,01139]0,00336] 0,00092 | 0,00011 [0,000020,03480
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Upwind Design Basis — K13 Shallow Water Site

- Tp [s]
Vw =21-23 ms <0,5 7 2 3 Z 5 6 7 8 9 10 M 5115
9.5 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6,5 0,00002 0,00002
6 0,00002 0,00002 0,00003
5,5 0,00003 0,00006 0,00002[0,00011
He [m] 5 0,00006 0,00019 0,00011 0,00002[0,00037
45 0,00002 0,00042 0,00023 0,00005 0,00072
4 0,00031 0,00103 0,00005 0,00138
3,5 0,00012 0,00264 0,00101 0,00378
3 0,00151 0,00328 0,00009 0,00488
2,5 0,00003 0,00282 0,00048 0,00333
2 0,00019 0,00037 0,00056
15 0,00006 0,00002 0,00008
1 0,00008 0,00008
0,5 0,00000
<0,25 0,00000
0,00000]0,00000]0,00000] 0,00000] 0,00000]0,000080,00028]0,00484]0,00674]0,00261] 0,00057 | 0,00025 |0,00003]0,01534
- Tp [s]
W S A mE <05 1 2 3 3 5 6 7 8 9 70 T 5115
9.5 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6,5 0,00002 [0,00002
6 0,00002 0,00002[0,00003
5,5 0,00002 0,00009 0,00005 0,00002[0,00017
Hs [m] 5 0,00008 0,00030 0,00003 0,00040
45 0,00003 0,00059 0,00020 0,00002 0,00084
4 0,00058 0,00134 0,00002 0,00193
3,5 0,00012 0,00260 0,00051 0,00324
3 0,00098 0,00132 0,00006 0,00236
2,5 0,00003 0,00048 0,00009 0,00061
2 0,00003 0,00008 0,00011
15 0,00002 0,00002
1 0,00002 0,00002
0,5 0,00000
<0,25 0,00000
0,00000] 0,00000] 0,00000]0,00000] 0,00000]0,00000]0,00009]0,00166]0,00462] 0,00260] 0,00067 | 0,00011 ]0,00005|0,00974
- Tp [s]
W & 258/ @E <05 1 2 3 3 5 6 7 8 9 70 T 5115
95 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7.5 0,00000
7 0,00000
6,5 0,00003 0,00002[0,00005
6 0,00002 0,00005 0,00006
5,5 0,00011 0,00012 0,00023
Hs [m] 5 0,00016 0,00020 0,00002 0,00037
45 0,00002 0,00070 0,00008 0,00079
4 0,00002 0,00051 0,00092 0,00145
3,5 0,00006 0,00110 0,00025 0,00142
3 0,00019 0,00042 0,00061
2,5 0,00011 0,00011
2 0,00000
15 0,00000
1 0,00002 0,00002
0.5 0,00000
<0,25 0,00000
0,00000] 0,00000] 0,00000]0,00000] 0,00000]0,00000]0,00000]0,00039] 0,00205]0,00202] 0,00040 | 0,00022 ]0,000020,00510
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Upwind Design Basis — K13 Shallow Water Site

_ Tp [s]
Vw =27-29 m/s <0,5 7 2 3 Z 5 6 7 8 9 10 M 5115
95 0,00000
9 0,00000
8,5 0,00000
8 0,00000
75 0,00000
7 0,000020,00002
6,5 0,00002 0,00002
6 0,00002 0,00002 0,00002[0,00005
55 0,00003 0,00012 0,00003 0,00019
Hs [m] 5 0,00022 0,00016 0,00037
4,5 0,00003 0,00051 0,00008 0,00062
4 0,00016 0,00034 0,00050
35 0,00019 0,00005 0,00023
3 0,00002 0,00002 0,00003
2,5 0,00000
2 0,00000
1,5 0,00000
1 0,00000
05 0,00000
<0,25 0,00000
0,00000] 0,00000]0,00000]0,00000]0,00000]0,00000]0,00000]0,00002]0,00039]0,00115] 0,00037 | 0,00006 [0,00003]0,00202
- Tp [s]
Vwjs129:31im/s <05 1 2 3 7 5 6 7 8 9 10 T >11,5
95 0,00000
9 0,00000
8,5 0,00000
8 0,00000
75 0,00000
7 0,00002[0,00002
6,5 0,00000
6 0,00006 0,00003 0,00009
55 0,00002 0,00008 0,00002 0,00011
Hs [m] 5 0,00016 0,00006 0,00022
4,5 0,00025 0,00002 0,00026
4 0,00011 0,00012 0,00023
35 0,00002 0,00002
3 0,00002 0,00002
25 0,00000
2 0,00000
1,5 0,00000
1 0,00000
05 0,00000
<0,25 0,00000
0,00000]0,00000]0,00000]0,00000] 0,00000] 0,00000]0,00000]0,00000]0,00014]0,00054] 0,00022 | 0,00005 |0,00002|0,00096
- Tp [s]
VwjSi31:33Im/s <05 1 2 3 3 5 6 7 8 9 70 T 5115
95 0,00000
9 0,00000
8,5 0,00000
8 0,00000
75 0,00000
7 0,00000
6,5 0,00002[0,00002
6 0,00005 0,00002 0,00006
55 0,00005 0,00005
Hs [m] 5 0,00009 0,00005 0,00014
4,5 0,00017 0,00017
4 0,00002 0,00002 0,00003
35 0,00000
3 0,00002 0,00002
25 0,00000
2 0,00000
1,5 0,00002 0,00002
1 0,00000
05 0,00000
<0,25 0,00000
0,00000]0,00000]0,00000] 0,00000] 0,00000] 0,00000]0,00002]0,00000]0,00003]0,00028] 0,00014 | 0,00002 |0,000020,00050
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Upwind Design Basis — K13 Shallow Water Site

Tp [s]

Vw 33-35 m/s 3 3 70
9,5 0,00000
9 0,00000
8,5 0,00000
8 0,00000
7,5 0,00000
7 0,00000
6,5 0,00000
6 0,00000
55 0,00002 0,00003 0,00005
Hs [m] 5 0,00003 0,00002 0,00005
4,5 0,00002 0,00002
4 0,00000
3,5 0,00000
3 0,00000
2,5 0,00000
2 0,00000
1,5 0,00000
1 0,00000
0,5 0,00000
<0,25 0,00000
0,00000|0,00000|0,00000|0,00000|0,00000|0,00000|0,00000|0,00000|0,00000|0,00006| 0,00005 | 0,00000 |0,00000 0,00011




Upwind Design Basis — K13 Shallow Water Site

D. Scatter diagrams (V - Bwind - Bwave)

All windspeeds

Wave direction

000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW  wsw w WNW NNW
000° N 0,03839 0,00504 0,00093 ' 0,00028 0,00011 0,00025 0,00058 0,00089 0,00070 [0,00095]0,00188 0,01143
030° NNE 0,02819 0,01846 0,00422 0,00081 0,00028 0,00044 0,00065 0,00073 0,00054 0,00042 |0,00103 | 0,00408
060° ENE 0,01299 0,02210 0,01739 0,00319 0,00081 0,00065 0,00067 0,00067 0,00050 0,00044 0,00073|0,00201
090° E 0,00779 | 0,01036 0,02462 0,01454 0,00359 0,00160 0,00115 0,00079 0,00048 0,00045 0,00068 0,00210
120° ESE 0,00571 | 0,00510 | 0,00821 0,01199 0,01052 0,00554 0,00314 0,00138 0,00087 0,00050 0,00079 0,00193
150° SSE 0,00534 0,00336 | 0,00322 | 0,00414 0,00607 0,01034 0,01384 0,00443 0,00110 0,00107 0,00165 0,00249
180° S 0,00675 0,00263 0,00198 | 0,00210| 0,00213 0,00470 0,02792 0,02117 0,00436 0,00252 0,00275 0,00453
210° SSW 0,00639 0,00229 0,00151 0,00098 | 0,00103 | 0,00208 0,01790 0,06882 0,01322 0,00633 0,00583 0,00762
240° WSWwW 0,00652 0,00196 0,00095 0,00070 0,00058 |0,00109 | 0,00621 0,04693 0,03393 0,01756 0,01120 0,01034
270° w 0,00778 0,00137 0,00081 0,00022 0,00033 0,00044 | 0,00218 [ 0,01352 0,01989 0,02697 0,02750 0,01618
300° WNW 0,01224 0,00148 0,00042 0,00014 0,00023 0,00030 0,00107 [ 0,00445 [ 0,00554 0,00885 0,02083 0,03029
330° NNW 0,02870 0,00180 |0,00047 0,00019 0,00028 0,00025 0,00107 0,00182[0,00143]0,00216 0,00625 0,03274
0,16678 0,07596 0,06472 0,03928 0,02595 0,02767 0,07639 0,16560 0,08257 0,06822 0,08113 0,12573
Percentage of time [%)]
90° + from wind direction
[ 90° - from wind direction |
Vw <1 mis Wave direction
000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW  WSW W WNW NNW
000° N 0,00006 0,00002 0,00002 | 0,00002 0,00006
030° NNE 0,00009 0,00002 0,00002 0,00002 0,00002 0,00002
060° ENE 0,00005 0,00002 0,00003 0,00002 0,00006 0,00003 0,00006 | 0,00002
090° E 0,00003 | 0,00003 0,00002 0,00003 0,00002 0,00005
120° ESE 0,00012 | 0,00008 0,00003 ' 0,00002 0,00003
150° SSE 0,00011 0,00002 0,00002 0,00005 0,00005 0,00003 0,00005
180° S 0,00020 0,00003 0,00002 | 0,00003 0,00002 0,00002 0,00005  0,00003 0,00002 0,00005
210° SSwW 0,00012 0,00003 0,00002 0,00002 0,00002 0,00003 0,00002 0,00003 0,00014
240° WSsw 0,00017 0,00005 0,00002 0,00002 0,00002 0,00002 0,00002 0,00003 0,00002 0,00009
270° w 0,00016 0,00002 0,00002 0,00002 0,00002 0,00002 0,00002 0,00005 0,00006
300° WNW 0,00014 ' 0,00002 0,00002 0,00002 0,00006 | 0,00002 0,00003 0,00006
330° NNW 0,00011 0,00002 0,00003 0,00002 0,00005 0,00003 0,00008
0,00137 0,00030 0,00014 0,00009 0,00006 0,00012 0,00017 0,00028 0,00014 0,00011 0,00026 0,00068
Percentage of time [%]
90° + from wind direction
[ 90° - from wind direction |
Vw 13 mls Wave direction
000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW  WSW W WNW NNW
000° N 0,00201 0,00033 0,00006 0,00006 0,00005 0,00017 0,00020 0,00016]0,00019]0,00030 0,00073
030° NNE 0,00185 0,00036 0,00031 0,00016 0,00006 0,00008 0,00025 0,00012 0,00005 0,00016 |0,00030 | 0,00072
060° ENE 0,00165 0,00084 0,00025 0,00014 0,00011 0,00014 0,00016 0,00016 0,00006 0,00009 0,00009 | 0,00045
090° E 0,00180 | 0,00045 0,00053 0,00023 0,00020 0,00019 0,00023 0,00022 0,00012 0,00012 0,00016 0,00042
120° ESE 0,00142 [ 0,00061 | 0,00037 0,00033 0,00023 0,00039 0,00042 0,00025 0,00028 0,00014 0,00026 0,00054
150° SSE 0,00146 0,00064 | 0,00040 | 0,00033 0,00020 0,00036 0,00061 0,00067 0,00016 0,00033 0,00048 0,00054
180° S 0,00156 0,00056 0,00023 |0,00026 | 0,00012 0,00022 0,00059 0,00093 0,00061 0,00020 0,00040 0,00093
210° SSwW 0,00118 0,00039 0,00028 0,00008 | 0,00002 | 0,00014 0,00030 0,00054 0,00033 0,00030 0,00047 0,00115
240° Wsw 0,00109 0,00044 0,00023 0,00008 0,00006 |0,00014 | 0,00039 0,00048 0,00034 0,00047 0,00045 0,00118
270° w 0,00124 0,00026 0,00014 0,00008 0,00011 0,00008 | 0,00030 |0,00050 0,00037 0,00022 0,00070 0,00107
300° WNW 0,00151 ' 0,00048 0,00006 0,00003 0,00005 0,00003 0,00014 |0,00037 [0,00025 0,00031 0,00053 0,00112
330° NNW 0,00219 0,00034 0,00006 0,00005 0,00006 0,00011 0,00012 0,00028 [ 0,00016 | 0,00023 0,00025 0,00087
0,01896 0,00569 0,00294 0,00182 0,00123 0,00191 0,00367 0,00473 0,00288 0,00275 0,00439 0,00974

Percentage of time [%]

90° + from wind direction
[ 90° - from wind direction |

83

0,06143
0,05984
0,06214
0,06818
0,05569
0,05706
0,08353
0,13401
0,13796
0,11718
0,08583
0,07717
1,00000

0,00017
0,00017
0,00028
0,00017
0,00028
0,00031
0,00045
0,00042
0,00044
0,00036
0,00036
0,00033
0,00373

0,00425
0,00440
0,00414
0,00468
0,00524
0,00618
0,00663
0,00516
0,00535
0,00507
0,00488
0,00473
0,06071



Vw 3-5m/s

Upwind Design Basis — K13 Shallow Water Site

Wave direction

000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW WSW W WNW NNW
000° N 0,00367 0,00072 0,00016 ' 0,00003 0,00005 0,00008 0,00008 0,00022 0,00005|0,00019 0,00026 0,00126
030° NNE 0,00336 0,00142 0,00045 0,00011 0,00003 0,00005 0,00009 0,00020 0,00026 0,00009 |0,00016 | 0,00081
060° ENE 0,00310 0,00180 0,00079 0,00045 0,00011 0,00009 0,00022 0,00020 0,00019 0,00023 0,00023 |0,00061
090° E 0,00185 [ 0,00132 0,00104 0,00065 0,00048 0,00026 0,00037 0,00020 0,00012 0,00014 0,00023 0,00065
120° ESE 0,00137 [ 0,00086 | 0,00082 0,00051 0,00034 0,00064 0,00051 0,00030 0,00020 0,00011 0,00026 0,00050
150° SSE 0,00124 0,00068 | 0,00048 | 0,00048 0,00033 0,00048 0,00109 0,00084 0,00025 0,00026 0,00030 0,00064
180° S 0,00165 0,00056 0,00036 | 0,00030 | 0,00019 0,00022 0,00100 0,00126 0,00070 0,00045 0,00036 0,00103
210° SSwW 0,00168 0,00045 0,00031 0,00012 {0,00008 | 0,00011 0,00058 0,00120 0,00065 0,00051 0,00076 0,00104
240° WSwW 0,00140 0,00034 0,00016 0,00008 0,00008 |0,00014 |0,00042 0,00112 0,00070 0,00051 0,00100 0,00151
270° W 0,00180 0,00042 0,00019 0,00006 0,00005 0,00014 |0,00017|0,00089 0,00051 0,00054 0,00104 0,00187
300° WNW 0,00213 1 0,00037 0,00017 0,00003 0,00011 0,00023|0,00048 [ 0,00048 0,00053 0,00093 0,00247
330° NNW 0,00308 0,00031 0,00019 0,00002 0,00003 0,00023 0,00037 [ 0,00020] 0,00036 0,00061 0,00243
0,02633 0,00926 0,00512 0,00282 0,00179 0,00232 0,00499 0,00728 0,00432 0,00394 0,00614 0,01481
Percentage of time [%]
90° + from wind direction
[ 90° - from wind direction |
v | Wave direction
w S-7m/s 000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW WSW W WNW NNW
000° N 0,00666 0,00112 0,00012 ' 0,00006 0,00002 0,00003 0,00009 0,00020 0,00017|0,00014 0,00036 0,00222
030° NNE 0,00534 0,00271 0,00062 0,00008 0,00008 0,00008 0,00011 0,00017 0,00014 0,00006 | 0,00017 | 0,00082
060° ENE 0,00308 0,00310 0,00188 0,00061 0,00008 0,00012 0,00017 0,00019 0,00009 0,00002 0,00014 | 0,00044
090° E 0,00179 | 0,00221 0,00226 0,00191 0,00054 0,00037 '0,00019 0,00014 0,00014 0,00012 0,00019 0,00044
120° ESE 0,00131{0,00134 | 0,00162 0,00140 0,00143 0,00109 0,00065 0,00036 0,00022 0,00012 0,00014 0,00044
150° SSE 0,00128 0,00065 | 0,00067 | 0,00079 0,00089 0,00135 0,00204 0,00115 0,00023 0,00023 0,00036 0,00056
180° S 0,00128 0,00059 0,00048 | 0,00050 | 0,00030 0,00068 0,00222 0,00241 0,00075 0,00056 0,00059 0,00096
210° SSwW 0,00134 0,00067 0,00039 0,00017 {0,00022 |0,00025 0,00165 0,00317 0,00135 0,00093 0,00120 0,00152
240° WSsSwW 0,00176 0,00054 0,00017 0,00022 0,00009 |0,00014 |0,00112 0,00313 0,00199 0,00145 0,00191 0,00222
270° w 0,00232 0,00034 0,00025 0,00002 0,00003 | 0,00040 | 0,00187 0,00118 0,00149 0,00212 0,00366
300° WNW 0,00283 0,00030 0,00012 0,00006 0,00011 0,00006 0,00025 |0,00095 [0,00079 0,00086 0,00210 0,00450
330° NNW 0,00566 0,00056 0,00011 0,00005 0,00005 0,00008 0,00022 0,00033 0,00033|0,00037 0,00106 0,00404
0,03463 0,01412 0,00870 0,00585 0,00381 0,00429 0,00912 0,01406 0,00739 0,00636 0,01033 0,02182
Percentage of time [%]
90° + from wind direction
[ 90° - from wind direction |
Vw 7-9 mls Wave direction
000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW WSW W WNW NNW
000° N 0,00638 0,00081 0,00022 0,00005 0,00003 0,00008 0,00005 0,00006 0,00006|0,00006 0,00012 0,00143
030° NNE 0,00562 0,00327 0,00073 0,00014 0,00003 0,00003 0,00006 0,00008 0,00003 0,00006 |0,00012|0,00070
060° ENE 0,00215 0,00409 0,00260 0,00051 0,00023 0,00006 0,00003 0,00008 0,00008 0,00003 0,00008 |0,00022
090° E 0,00126 [ 0,00208 0,00302 0,00208 0,00062 0,00033 0,00014 0,00017 0,00002 0,00002 0,00003 0,00031
120° ESE 0,00070 | 0,00087 | 0,00168 0,00173 0,00165 0,00089 0,00056 0,00023 0,00003 0,00006 0,00006 0,00019
150° SSE 0,00075 0,00078 | 0,00067 | 0,00082 0,00093 0,00138 0,00199 0,00072 0,00017 0,00012 0,00014 0,00033
180° S 0,00110 0,00039 0,00045 | 0,00036 | 0,00037 0,00075 0,00320 0,00280 0,00079 0,00072 0,00078 0,00061
210° SSwW 0,00114 0,00028 0,00020 0,00017 | 0,00014 | 0,00048 0,00213 0,00512 0,00188 0,00112 '0,00129 0,00168
240° WSwW 0,00117 0,00031 0,00016 0,00008 0,00011 |0,00030|0,00103 0,00471 0,00283 0,00252 0,00230 0,00202
270° w 0,00124 0,00017 0,00008 0,00002 0,00008 0,00005 |0,00040 |0,00207 0,00182 0,00240 0,00356 0,00294
300° WNW 0,00252 0,00016 0,00003 0,00003 0,00002 0,00002 0,00016 |0,00070 |0,00078 0,00120 0,00196 0,00437
330° NNW 0,00406 0,00028 0,00003 0,00003 0,00005 0,00006 0,00022]0,00017] 0,00025 0,00053 0,00341
0,02808 0,01349 0,00986 0,00602 0,00426 0,00436 0,00982 0,01695 0,00866 0,00856 0,01098 0,01820

Percentage of time [%]

90° + from wind direction
[ 90° - from wind direction |

84

0,00675
0,00703
0,00803
0,00734
0,00642
0,00708
0,00806
0,00750
0,00745
0,00768
0,00795
0,00782
0,08911

0,01120
0,01038
0,00991
0,01030
0,01011
0,01020
0,01132
0,01286
0,01475
0,01367
0,01293
0,01285
0,14048

0,00935
0,01087
0,01016
0,01008
0,00865
0,00880
0,01232
0,01563
0,01753
0,01482
0,01193
0,00908
0,13923



Vw 9-11 m/s

Upwind Design Basis — K13 Shallow Water Site

Wave direction

000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW  WSW W WNW NNW
000° N 0,00639 0,00086 0,00014 '0,00003 0,00002 0,00006 0,00003 0,00009 [ 0,00014 [ 0,00025 0,00229
030° NNE 0,00454 0,00328 0,00075 0,00012 0,00003 0,00006 0,00011 | 0,00054
060° ENE 0,00151 0,00414 0,00257 0,00039 0,00019 0,00005 0,00008 0,00002 0,00006 0,00003 0,00009 |0,00022
090° E 0,00058 [ 0,00185 0,00383 0,00268 0,00067 0,00014 0,00005 0,00003 0,00005 0,00003 0,00006 0,00014
120° ESE 0,00044 [ 0,00078 | 0,00159 0,00190 0,00190 0,00082 0,00047 0,00011 0,00009 0,00003 0,00003 0,00012
150° SSE 0,00026 0,00023 [ 0,00044 | 0,00072 0,00109 0,00180 0,00241 0,00036 0,00017 0,00006 0,00022 0,00012
180° S 0,00051 0,00022 0,00020 | 0,00028 | 0,00067 0,00096 0,00493 0,00331 0,00051 0,00025 0,00036 0,00053
210° SSW 0,00039 0,00019 0,00017 0,00016 | 0,00025 | 0,00031 0,00282 0,00711 0,00246 0,00124 0,00089 0,00112
240° WSsw 0,00065 0,00014 0,00014 0,00011 0,00016 [ 0,00012 | 0,00112 0,00639 0,00496 0,00288 0,00188 0,00176
270° w 0,00065 0,00009 0,00008 0,00003 0,00005 0,00005 |0,00040 |0,00205 0,00243 0,00303 0,00392 0,00313
300° WNW 0,00173 0,00008 0,00002 0,00002 0,00003 0,00009 |0,00070 |0,00086 0,00123 0,00322 0,00473
330° NNW 0,00496 0,00011 0,00005 0,00002 0,00002 0,00003 0,00020 0,00026]0,00026] 0,00036 0,00098 0,00521
0,02262 0,01196 0,00994 0,00644 0,00504 0,00439 0,01263 0,02038 0,01195 0,00929 0,01201 0,01991
Percentage of time [%]
90° + from wind direction
[ 90° - from wind direction |
Wave direction
VAT R 000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW  WSW W WNW NNW
000° N 0,00586 0,00047 0,00012 ' 0,00002 0,00005 0,00003 0,00005]0,00014]0,00019 0,00121
030° NNE 0,00348 0,00317 0,00067 0,00009 0,00002 0,00006 0,00002 0,00003 | 0,00009 | 0,00023
060° ENE 0,00090 0,00341 0,00302 0,00053 0,00003 0,00008 0,00002 0,00003 0,00002 | 0,00003
090° E 0,00030 [ 0,00159 0,00389 0,00260 0,00045 0,00016 0,00008 0,00002 0,00003 0,00002 0,00003
120° ESE 0,00022 | 0,00039 | 0,00103 0,00233 0,00224 0,00089 0,00026 0,00011 0,00005 0,00003 0,00002 0,00008
150° SSE 0,00016 0,00023 | 0,00034 | 0,00054 0,00142 0,00229 0,00198 0,00040 0,00009 0,00002 0,00014 0,00014
180° S 0,00023 0,00017 0,00011 | 0,00022 | 0,00023 0,00086 0,00502 0,00311 0,00040 0,00012 0,00011 0,00036
210° SSwW 0,00036 0,00017 0,00005 0,00008 |0,00011|0,00050 0,00375 0,01153 0,00249 0,00093 0,00045 0,00062
240° WSsw 0,00016 0,00008 0,00003 0,00005 0,00005 |0,00008 |0,00087 0,00776 0,00566 0,00325 0,00156 0,00093
270° w 0,00026 0,00005 0,00002 0,00002 0,00002 0,00005 |0,00030 |0,00244 0,00367 0,00422 0,00473 0,00187
300° WNW 0,00076 ' 0,00003 0,00002 0,00003 0,00011 [ 0,00067 | 0,00084 0,00148 0,00319 0,00521
330° NNW 0,00412 0,00011 0,00002 0,00003 0,00002 0,00014 0,00014]0,00016] 0,00025 0,00118 0,00555
0,01681 0,00986 0,00929 0,00649 0,00459 0,00493 0,01262 0,02623 0,01346 0,01052 0,01167 0,01627
Percentage of time [%]
90° + from wind direction
[ 90° - from wind direction |
Wave direction
Vw 13-15 m/s 000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW  WSW W WNW NNW
000° N 0,00257 0,00033 0,00003 ' 0,00002 0,00005 0,00005 0,00003 [0,00003 [0,00011 0,00073
030° NNE 0,00168 0,00151 0,00025 0,00002 0,00003 0,00003 0,00002 0,00002 0,00005 | 0,00008
060° ENE 0,00023 0,00215 0,00205 0,00030 0,00003 0,00002 0,00002
090° E 0,00008 [ 0,00030 0,00277 0,00165 0,00031 0,00009 0,00003 0,00002 0,00005
120° ESE 0,00006 | 0,00017 | 0,00064 0,00140 0,00121 0,00033 0,00002 0,00002 0,00002 0,00000
150° SSE 0,00005 0,00008 | 0,00014 | 0,00022 0,00047 0,00104 0,00112 0,00014 0,00002 0,00002 0,00002
180° S 0,00014 0,00003 0,00005 | 0,00008 | 0,00014 0,00040 0,00327 0,00187 0,00026 0,00006 0,00009 0,00006
210° SSwW 0,00012 0,00008 0,00006 0,00009 | 0,00008 | 0,00006 0,00230 0,00946 0,00135 0,00053 0,00037 0,00011
240° Wsw 0,00012 0,00003 0,00006 0,00002 0,00009 | 0,00047 0,00537 0,00448 0,00222 0,00100 0,00040
270° w 0,00005 0,00002 0,00002 0,00008 [ 0,00114 0,00236 0,00322 0,00299 0,00086
300° WNW 0,00034 0,00006 | 0,00020 | 0,00059 0,00089 0,00207 0,00296
330° NNW 0,00180 0,00002 0,00005 0,00002 0,00011]0,00006 ] 0,00006 0,00040 0,00328
0,00725 0,00467 0,00607 0,00381 0,00229 0,00208 0,00742 0,01835 0,00918 0,00702 0,00712 0,00856

Percentage of time [%]

90° + from wind direction

90° - from wind direction |

85

0,01030
0,00944
0,00933
0,01010
0,00828
0,00789
0,01274
0,01709
0,02031
0,01591
0,01269
0,01246
0,14654

0,00814
0,00787
0,00806
0,00915
0,00764
0,00775
0,01095
0,02103
0,02047
0,01762
0,01234
0,01171
0,14272

0,00394
0,00367
0,00479
0,00529
0,00386
0,00330
0,00646
0,01462
0,01426
0,01072
0,00711
0,00580
0,08381



Upwind Design Basis — K13 Shallow Water Site

Wave direction

Vw 1547 m/s 000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW WSW W WNW NNW
000° N 0,00250 0,00023 0,00005 ' 0,00002 0,00002 0,00002 0,00006 0,00005 [ 0,00003]0,00019 0,00086
030° NNE 0,00123 0,00120 0,00012 0,00003 0,00003 0,00002 0,00006 0,00002 | 0,00002 | 0,00005
060° ENE 0,00017 0,00159 0,00204 0,00012 0,00002 0,00002 0,00002 0,00002
090° E 0,00008 [ 0,00040 0,00336 0,00128 0,00022 0,00003 0,00003 0,00002
120° ESE 0,00006 | 0,00002 | 0,00033 0,00145 0,00107 0,00030 0,00012 0,00002
150° SSE 0,00002 0,00003 | 0,00006 | 0,00016 0,00053 0,00082 0,00114 0,00005 0,00002 0,00002 0,00003
180° S 0,00008 0,00005 0,00003 | 0,00006 0,00031 0,00324 0,00208 0,00016 0,00008 0,00003
210° SSwW 0,00003 0,00003 0,00002 0,00011 |0,00008 |0,00008 0,00179 0,01084 0,00128 0,00040 0,00023 0,00012
240° WSWwW 0,00002 0,00005 0,00002 | 0,00003 | 0,00039 0,00753 0,00492 0,00212 0,00078 0,00011
270° W 0,00002 0,00002 0,00002 0,00002 | 0,00002 | 0,00093 0,00272 0,00398 0,00317 0,00042
300° WNW 0,00020 ' 0,00002 0,00002 0,00002 | 0,00019 | 0,00037 0,00081 0,00250 0,00233
330° NNW 0,00138 0,00008 0,00002 0,00002 [ 0,00005] 0,00012 0,00040 0,00386

0,00577 0,00367 0,00599 0,00324 0,00201 0,00165 0,00680 0,02176 0,00955 0,00758 0,00734 0,00781
Percentage of time [%]
90° + from wind direction
[ 90° - from wind direction |
Wave direction

Vw 1719 m/s 000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW WSW W WNW NNW
000° N 0,00110 0,00008 0,00003 0,00002 | 0,00002 0,00028
030° NNE 0,00044 0,00061 0,00011 0,00002 0,00002 0,00002 0,00003 0,00002 0,00003
060° ENE 0,00008 0,00058 0,00098 0,00005 0,00002
090° E 0,00003 | 0,00008 0,00148 0,00058 0,00006 0,00003
120° ESE 0,00002 0,00012 0,00058 0,00019 0,00009 0,00008 0,00002
150° SSE 0,00002 0,00002 | 0,00002 [ 0,00006 0,00017 0,00053 0,00065 0,00003 0,00006
180° S 0,00003 0,00006 | 0,00003 | 0,00002 0,00011 0,00188 0,00121 0,00005 0,00005 0,00002
210° Ssw 0,00002 0,00003 [ 0,00006 0,00101 0,00610 0,00054 0,00012 0,00008 0,00006
240° WSsw 0,00002 0,00002 0,00002 [ 0,00020 0,00350 0,00302 0,00079 0,00017 0,00011
270° W 0,00003 0,00002 0,00011 | 0,00056 0,00142 0,00260 0,00182 0,00019
300° WNW 0,00005 0,00003 0,00002 0,00019 0,00062 0,00165 0,00103
330° NNW 0,00050 0,00003 | 0,00008 0,00036 0,00187

0,00226 0,00143 0,00280 0,00132 0,00047 0,00086 0,00397 0,01146 0,00527 0,00426 0,00411 0,00366
Percentage of time [%]
90° + from wind direction
[ 90° - from wind direction |
Wave direction

Vw 19-21 m/s 000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW WSW W WNW NNW
000° N 0,00058 0,00008 0,00002 [0,00003 ] 0,00006 0,00020
030° NNE 0,00026 0,00053 0,00016 0,00003 0,00002 0,00002 0,00008
060° ENE 0,00006 0,00031 0,00064 0,00005 0,00002
090° E 0,00005 0,00151 0,00042 0,00002
120° ESE 0,00002 0,00025 0,00019 0,00005 0,00002
150° SSE 0,00002 0,00005 0,00020 0,00051 0,00002
180° S 0,00002 0,00002 0,00009 0,00128 0,00087 0,00006
210° SsSw 0,00003 0,00005 0,00089 0,00652 0,00048 0,00009 0,00005 0,00003
240° WSWwW 0,00017 0,00376 0,00278 0,00073 0,00008
270° W 0,00003 0,00051 0,00138 0,00222 0,00157 0,00008
300° WNW 0,00006 | 0,00020 0,00045 0,00121 0,00075
330° NNW 0,00044 0,00005 0,00002 [ 0,00002 | 0,00003 0,00031 0,00104

0,00137 0,00096 0,00233 0,00076 0,00028 0,00044 0,00292 0,01178 0,00493 0,00356 0,00328 0,00218

Percentage of time [%]

90° + from wind direction

90° - from wind direction |

86

0,00401
0,00277
0,00398
0,00541
0,00336
0,00286
0,00611
0,01501
0,01594
0,01131
0,00646
0,00593
0,08316

0,00152
0,00128
0,00170
0,00226
0,00109
0,00156
0,00345
0,00803
0,00784
0,00674
0,00358
0,00283
0,04186

0,00096
0,00109
0,00107
0,00199
0,00051
0,00079
0,00233
0,00814
0,00753
0,00580
0,00268
0,00190
0,03480



Vw 21-23 m/s

Upwind Design Basis — K13 Shallow Water Site

Wave direction

000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330°
Wind direction N NNE ENE E ESE SSE S SSW WSW W WNW NNW
000° N 0,00030 0,00002 0,00002 | 0,00002 0,00009
030° NNE 0,00016 0,00020 0,00002 0,00002