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Metocean Desk Study & Database
Dutch Wind Farm Zones

With focus on Hollandse Kust (noord)

Presented by:

Maziar Golestani, Head of Department,
Ports and Offshore Technology Department,
DHI HQ, Denmark

This presentation is prepared for RVO.nl and intended to be used in the
Webinar on May 16" 2019.



Objectives of this study

Provide metocean condition to serve as input for design, installation and
maintenance of OWF structures at Hollandse Kust (noord)

Establish web-based database to include metocean data and analysis over
Dutch Offshore Wind Farm area

Analysis was based on advanced long-term numerical models
 State-of-the-art methods
* In accordance with offshore standards

This study includes all design information and the wind resource
assessment shall be used for yield analysis



Agenda

* Deliverables

» Establishment of MetOcean Data/Models
Qdwind
O Water levels and Currents
O Waves

 Normal and Extreme Conditions
 Database and it's user interface
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https://www.metocean-on-demand.com/

Project team — DHI Panel

Maziar Golestani, Senior
MetOcean Specialist,
Project Manager

Natacha Fery, MetOcean
Specialist, Project Engineer

Patrick Dich Grode, Senior
MetOcean Specialist,

MOOD Project Manager

Hans Fabricius Hansen,
Senior MetOcean Specialist,
Quiality Supervisor
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DHI & Offshore Renewables

» We’re an independent, private and not-for-profit organisation

» Our knowledge represents 50+ years of dedicated research
20% of our resources are allocated to R&D to enhance our knowledge and innovation

» Since 1991, world’s first offshore wind farm was constructed in Denmark

* DHI has contributed to more than 85% of the commlsslloned Eu,ropean
= ~effshore wmd farms S T e — sikaaE
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Deliverables - Report

MetOcean Report

v" Methodology and
background data

v" Numerical models and their
calibration/validation

v Detailed analysis at one
point per site (normal
conditions)

v Detailed analysis at five
points per site (extreme
conditions)

DHI - All rights reserved 16 May, 2019
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Deliverables — Web-based Database

« Web-based digital database

v Access to time series and  =m
spectral data

v" Instant access to Extreme
conditions and NSS tables

v" Map of normal and extreme
conditions over the Dutch
North Sea

v' On-the-fly analysis such as b
Weather-windows, scatter
tables, altimeter

comparison, rose plots etc.
v' Following GDPR MetOcean-On-Demand Data Portal

https://www.metocean-on-demand.com
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https://www.metocean-on-demand.com/

Quality Assurance of the project deliverables

METOCEAN INVESTIGATIONS FOR THE WIND FARM ZONE
HOLLANDSE KUST (NOORD)

- Extensive quality control procedure by DHI Certification Report
MetOcean

Netherlands Enterprise Agency

* Reviewed and approved by RVO experts

Report No.: CR-SC-DNVGL-SE-0190-02453-3_MetOcean (noord)
. 2

* Review of the wind extreme value
estimates by KNMI on behalf of RVO

» Certified by DNV-GL and distinguished as
“state-of-the-art”

 Aligned with the WRA study performed by
Oldbaum et al.
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Make a good foundation!
Get the right and.fit-for-purpose data!




In-situ observations - Wind

* Measurements of wind speed/direction at
various altitudes, water levels, currents and

waves

« Ongoing measurements at HKNA & HKNB

e Used to calibrate/validate the numerical HD

and SW models

DHI - All rights reserved
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In-situ observations - Waves

* Measurements of wind speed/direction at
various altitudes, water levels, currents and

waves

« Ongoing measurements at HKNA & HKNB

e Used to calibrate/validate the numerical HD

and SW models

DHI - All rights reserved
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Wave measurements (Hm0)

55°N

.

54°N 1

SEEREEEEOCE

Rijkswaterstaat 2009-2018
Rijkswaterstaat 1989-2018
Rijkswaterstaat 2012-2018
Rijkswaterstaat 2018

RVO HKN 2017-2018
RVO HKZ 2016-2018
FINO1 2004-2011
Rijkswaterstaat 2002-2018
RVO Borssele 2015-2016
Windfarms

53°N 1

52°N 1

51°N ) » s y 0
2°F 3% 4°E 5°E 6°E TE

Map showing the wave observations

DHI)







Climate Forecast System Reanalysis (CFSR)

Climate model 1979-2018, stability corrected
« Spatial resolution 0.3° (<2011) and 0.2° (>2011)
* Wind at 10mMSL

» Correction of coastal (land) effects

(1) Directional correction of wind speed based
on observations at OWEZ

(2) Shift of grid cells from offshore to onshore
(only in domain of interest)

* Validations at different altitudes

v" In-situ measurements (offshore + nearshore)
v’ Satellite measurements (scatterometer)
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KNMI North Sea wind — KNW atlas (Harmonie)

« Atmospheric model 1979-2018 55N | K;L
» Spatial resolution 2.5km N - o |
« Wind at 10mMSL, 20mMSL, 40mMSL,

60mMSL, 80mMSL, 100mMSL,
150mMSL and 200mMSL 0t |

Map showing the domain of Harmonie
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CFSR vs Harmonie

 Similar performance for offshore winds
« Harmonie wind better near the coast (lower bias and RMSE)

» Better reproduction of waves in MIKE with CFSR

HKNA (4.24E;52 69N;100.00mMSL)

Scatter plot (2017-04-01 - 2018-08-30; T_ = 2h; dit = 1h) HKNA (4.242000E:52.688700N; +100.0mMSL)
anr — 13 4, Scatter plot (2017-04-01 - 2018-06-30 Ta 2h dt 1h) 5
H12 N = 8,868 (369.5days) 14 N = 9,479 (395.0days)
& al a1 MEAN = 9.11m/s (95.9%) 13 MEAN = 8.51m/s (100.8%)
s 110 BIAS = -0.39ms (-4.1%) o 11 BIAS = +0.08m/s (0.8%)
£ 18 g AME  =1.40m/fs (14.7%) &® 10 & AME  =1.22m/s (13.0%)
g 3t 18 & RMSE = 1.88m/s (19.8%) G 9 @ RMSE = 1.60m/s (16.9%)
Tt % 47 5 sl =0.19 (Unbiasad) - s = sl =0.17 (Unbiased)
z o5t /o 15 © EV =083 £ 7 EV =047
E 2l . . % oo o=om 2 s § cc o-om
g 22t p PR =0.95(N =2) g - PR =103(N =2)
far 14 £ g 2
S8t g g 48
16 | i° £ £ s &
Eq4t = : z
= =] =1 -
g 121 2 Q E 2 X
2101 £ S £
o 8¢ = Data (linear +/- G0min) g = Data (linear +/- §0min)
g s 1:1 Line (457) 1:1 Line (457)
Ak . Quantiles (0.0 - 100.0%) . Quantiles (0.1 - 100.0%)
g 1 QO g1 01x 052 ‘ ) - - - QQfit y=1.03x0.23
SIS L I S R S S S

WS [m/s] - Measured WS [m/s] - Measured

Wind at 100m (HKNA) “ﬁ
DHI - All rights reserved 16 May, 2019 #19 D H I




CFSR vs Harmonie

HKNA ({4.242000E;52.688700N;+0.0mMSL)
Scatter plot (2017-04-01 - 2018-04-01; T_ = 3h: dt = 1h) default
8¢

CFSR was selected

to force the

numerical models
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Vertical wind speed profiles

* Based on LIDAR measurements at HKZ and HKN
(30m to 200m height)

« Empirical profiles less conservative than Frgya profile
(used in the HKZ study of 2017)

* Normal conditions => shear of 0.074 (HKNB)

« Extreme conditions => shear of 0.1 (ratio of 1.25
between 100m and 10m wind speed - from KNMI)

a

H
Uzz = 2/H1 Uz
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Empirical vs Frgya - Vertical wind speed profile

» Best performance with the empirical wind speed profile, mainly for high wind speeds

WS040 118 com, Empir Hing (V8] - CFSR
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Validation of wind input with observations (1)

 CFSR vs observations

OWEZ (4.39E;52.61N;116.00mMSL)
OWEZ (4.39E;52.61N;118.00mMSL) Dual rose plot (2Q08:07,01 - 2010-11-30)
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Validation of wind input with observations (2)

* CFSR vs observations

HKNB (4.24E;52.68N;100.00mMSL)
HKNB (4.24E;52.68N:100.00mMSL) Dual rose plot (253401 - 2018-06-30)
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Wind Resource Alignment

« Comparison of 100mMSL wind betwen CFSR corrected (DHI) and
HKNB+ERAS (Oldbaum consortium)

» 15 years comparison [2003-2018] at 4 nodes

« Mean wind speed 9.5m/s (DHI=> intended for wind farm design) and
9.6m/s (Oldbaum=> intended for wind farm modelling and yeild

analysis)

Node 1 (683952E;5837767N;100mMSL)
Scalter plot (2003-04-10 - 2018-04-09; 1h)
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Numerical Modeling
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Numerical Modelling Overview

« Simulation period covered the period
1979-01-01 to 2018-10-01 oo

Extreme HmO [m] 10,000-years

HmO0-10000yr

Il Above 9.4
93-94
92-93
91-92
9.0-8.1
8.9-9.0
88-89
8.7-88
86-8.7
85-86
84-85
83-84
82-83
8.1-82
8.0-8.1
Il Below 8.0
[ Undefined Value

« Both Hydrodynamic and Wave
models were forced with shifted-
corrected CFSR wind

Nothing [m] / Latitude

* The database provides data at all
elements for the same period

AERERRENEEC] EN

4.00 410 4.20 4.30 440
Easting [m] / Longitude [deg]

10,000-year HmO across the HKN area
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Numerical Modelling Overview

For more than 25 years
MIKE Powered by DHI

has been the preferred choice of water
professionals around the world

DA
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Water level and current modeling — Regional Model

 DHI's dedicated North Atlantic
Hydrodynamic Model (HD-DA,NA)
» High Resolution
» Excellent Quality

« Assimilation in the period 1994-
2017

« Used as the boundary conditions
for the local model

- Validated against multiple stations :

in the North Sea, English Channel
and Baltic Sea and Inner Danish
Waters

DHI - All rights reserved 16 May, 2019
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Water level and current modeling — Regional Model

Europlatform, Total (3.276E;51.999N;-26.0mMSL)

Texel Noordzee, Total (4.74E;53.12N;-10.0mMSL)
Scatter plot (1994-01-01 - 2014-01-01; 1h)

Scatter plot (1994-01-01 - 2014-01-01; 1h)

WL (mMSL) - modelled

Number of data peints in each 0.05 mMSL bin
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Water level and current (HD) modeling — Local Model

 Local high-resolution
hydrodynamic MIKE 21 FM HD "«

(HD - DWF) ::
* Resolution varies from ~4-5km 540
to ~200 meters e
- Bathymetry o
v'RVO/Fugro S0
v'Vaklodingen ::
v EMODnet 505 1

50.0

v Existence of sand dunes Ty sy e T e, L undemed vaiue
Longitude [deg]
» Takes the boundary from the
Regional HD model (HD — DA, NA) Local Hydrodynamic Model Domain and bathymetry

* Assimilation was not included in
the local model
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Water level and current (HD) modeling — Local Model

Local high-resolution
hydrodynamic MIKE 21 FM HD
(HD - DWF)

Resolution varies from ~4-5km
to ~200 meters

Bathymetry B —
v'RVO/Fugro | %m
v'Vaklodingen B
v EMODnet B
v Existence of sand dunes e
Takes the boundary from the Bor

Undefined Value

Regional HD model (HD — DA, NA) T e A Te e

Assimilation was not included in Zoom of the final mesh used in the hindcast HDDWF modelling close to Hollandse
Kust (noord), Hollandse Kust (west), IJmuiden Ver and Ten Noorden van de
the local model Waddeneilanden

‘-N
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HD Modeling - Calibrations

» Grid convergence (500m, 200m & 100m)

* Bed resistance

« spatially-varying manning coefficient of 35m?*/3/s for water depth less than -25m otherwise 38m?3/s
* Wind friction

[deg] [deg]
542 542
> [ .
.. e di— d N
540 s = 540 — === =
< -
538 538
536 536
53.4 534
532 532
530 530
528 528
526 526
524 524
522 522
520 520

518
30

35

4.0

45

50

55

518

30

35 40 45 50 55 60

Maximum difference in water level (left) and current speed (right) between medium (200m) resolution versus fine
resolution (100m)
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Scatter plot (2017-04-10 - 2018-03-01; Ta = 30min; dt = 10min}

(mis) - Simulated

cs

HD modeling — Local Model Validation

HKMNA (4.2420E;52 6887N;-23.6mMSL)

11 50
~ N =33.915 (235 5days)
1 M MEAN = 0.43m/s (102.2%)
BIAS = +0.01ms {2.2%)
0.9 £ AME = D0.06m/s (13.9%)
130 “ RMSE = 0.07m/s (17.6%}
0.8 = 8 =0.17 {Unbiased)
o EV =0.86
07 . s lce -0m
06 E PR =D84(N =1)
£
0.5 108
=
0.4 a3
5
0.3 B
E
0.2 = Data {linear +/- 30min)
121 Ling {457}
0.1 < Quantiles (0.1 - 100.0%)
Ik - | | . = = = - Q0 fit: y=1.000x+0.009

LS
R I RPN

CS (m/s) - Measured

Validation at HKNA (2017-2018)
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HKZB (4.0086E;52.2891N;-23.4mMSL)

Scatter plot {(2016-06-05 - 2018-03-01; Ta = 30min; dt = 10min}

(mis) - Simulated

cs
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0.9

0.8

0.7

0.6
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0.4

03

024

0.1

- . 140
e -1:30 N = 80,798 (561, 1days)
- 1 MEAN = 0.43mis (107.0%)
P BIAS = +0.03m/s (7.0%)
—u0 5 AME = 0.06m/s {13.7%)
J80 2 | RMSE =0.07mis (17.1%)
70 2|8l =0.16 {Unbiased)
- B0 < EV =0.89
50 § |CC =085
1o & | PR =1000N,=3)
@8
-an .%
2
p
-20 =
=]
T
1n 3
£
= Data {linear +/- 30min)

=111 Line {45%)
< Quantiles (0.1 - 100.0%)
- === QO fit: y=1.037x+0.013

LY
RPN PN PN PN P PSS P -

CS {m/s) - Measured

Validation at HKZB (2016-2018)
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WL {m) - Simulated

HD modeling — Local Model Validation

IJmuiden stroommeetpaal (4.517E;52.464N;-16.0mMSL)

Scatter plot (2002-11-01 - 2018-01-10; Ta = 30min; dt = 10min)
4 -

3.5

N
[

S o =
m o M o= ;N

'
-
o o=

+ .

> 20 0%

WL (m) - Measured

N N
N ICENCE

a2 B w

300

Validation at IJmuiden
Stroommeetpaal (2002-2018)
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N = 769,995 (14.6years)
MEAN = -0.00m (-0.1%)
BIAS = -0.00m (-0.1%)
AME = 0.12m (23.9%)
RMSE = 0.15m (29.6%)

Sl = 0.30 (Unbiased)
EV =094

cC =097

prR =111 (Np=29)

Number of data points in each 0.05 m bin

Data (linear +/- 30min)
1:1 Line (45%)
= Quantiles (0.1 - 100.0%)
- - - - QQ fit: y=1.083x-0.000
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WL {m) - Simulated

Scatter plot (1994-01-01 - 2018-03-01; T_ = 30min; dt = 10min}
4 7

35
3
2.5
2
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1
0.5
a
-0.5
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EPL (3.2750E;51.9978N;-31.0mMSL)

NP O NP Ve D6 b

Q
WL {m) - Measured

200
G400
5600
4800
4000

J200

. 2400

1600

00

Murmber of dala poinls in each 0.05 m bin

N =1,262,107 {24.0years|
MEAM = 0.00m {0.1%)

BIAS = +0.00m (0.1%]
AME  =0.08m {15.5%)
RMSE = 0.10m {19.6%)
Sl =0.20{Unbiased)
EV =007

cC =009

PR =1.11(N =48)

Data (linear +- 30min}
1:1 Line (452}
© Quantiles (0.1 - 100.0%)
QQ fit: y=1.080x+0.000

Validation at EPL (1994-2018)

DHI)







Wave Modeling- Regional North Sea Model

Boundaries taken from DHI’s Global ™ Sene mesh
Wave Model (GWM) .
» Spectral boundaries available on a o

1500m resolution for this project ::
~16km resolution in North Atlantic s
down to ~5km resolution in the b
southern North Sea & English L _
Channel 5“ £

= = prin

47 frequencies and 48 directions for = B
spectral discretization mid
Calibrated and Validated against o EE
several offshore measurements B P R Y
Validated against Altimeters Regional Wave Model Domain and bathymetry
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Wave Modeling- Regional North Sea Model

» Extra calibration phase with focus on largest storms

» Results proved that the SW-NS model provides high quality boundary conditions for the local model
» Atmospheric Stability effects, Air-Sea density ratio, Surface currents and CAP on friction velocity

K13a (3.2203E;53.2177N;-28.6mMSL)
Scatter plot (1989-01-01 - 2016-09-01; Ta =3h; dt = 1h)

FINO1 (6.59E;54.01N;30.00mMSL)

_ Scatter plot (2003-07-30 - 2012-01-11 Ta 3h dt 1h)

8.5 810 8.5 220
8r .o 720 N = 224,820 (26.9years) 8 200
- 630 MEAN = 1.45m (98.9%) 75+ 180
: BIAS =-0.02m (-1.1%) 71 el A 1160
r 540 ¢ | AME  =0.19m (12.7%) | e T {140
851 450 £ | RMSE =0.25m (16.9%) - 1120
6h 2 | Sl =0.17 (Unbiased) 1 1100
55" %0 S BV =092 w0 55F
[ 5 _ =z 80
s oo & | CC =096 2 st
c | PR =1.01(Np=54 [ |
@ 4s5r s (Np =54) 2 as 6
E af 180 5 E 47 3
e ¢ 2 235/ 140
E35F Il g -
T sl 8 T 4 d ;
] 9 5 -
25 ’ 5 25 2
£ 2 L <
2 £
15¢ - z Data (linear +/- 180min) 15+
1t &y 1:1 Line (45°) 10 4
05| AT ©  Quantiles (0.1 - 100.0%) 05l
B | I O I R ; -~ - - QQfit:y=1.00x-0.02 V. .20 S I I ;
DO NGO L6 D6 N b6 b 6A,0 6
OGP N U0 Bp B 06 0o A6 B0 Q2 MR Vo P BB B B ML LS

H_ (m) - Measurement H o [M] - Measurement

Validation at K13 (1989-2016)
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Number of data points in each 0.05 m bin

Validation at FINO1 (2003-2012)

N = 48,556 (5.5years)
MEAN = 1.45m (99.4%)
BIAS =-0.01m (-0.6%)
AME  =0.17m (11.8%)
RMSE =0.23m (16.1%)

S| =0.16 (Unbiased)
EV =0.94

cc =097

PR =099 (Np =11)

Data (linear +/- 60min)
1:1 Line (45°)
Quantiles (0.1 - 100.0%)

- - - - QQfit: y=1.01x-0.02
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Wave Modeling- Local DWF model

[deg]

Takes the spectral boundaries from B
Regional North Sea model :i’:
Same domain as the local HD model 540
~4km-400m resolution s

Bathymetry [m]
B rbove 64
B -128- 64
[-192--128
[ ]-256--192
[ 1-320--258
[ -384--320
[ 448--38.4
B 51.2--448
I -576--612
I 640-576
I -70.4-64.0
Il 768--704
Il 832--768
Il 896--832
I 960--896
B Below -96.0
[ Undefined Value

Varying in time and domain water level §
and currents from the local HD model
Fully Spectral in-stationary 516 o

40 frequencies and 41 directions for
spectral discretization

Simulation Period: 1979-01-01 to
2018-10-01

Latitude
o
[S]
[

Longitude [deg]

Wave Model domain and bathymetry
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Wave Modeling- Local DWF model

Takes the spectral boundaries from 5 O
Regional North Sea model

Same domain as the local HD model
~4km-400m resolution

Varying in time and domain water level ,
and currents from the local HD model

Fully Spectral in-stationary

40 frequencies and 41 directions for
spectral discretization

Simulation Period: 1979-01-01 to 35 *0 L —

Bathymetry [m]

B -390--36.4
Il Below -39.0

Longitude [deél
2018-10-01 Zoom in to the wave model mesh at Hollandse Kust (noord), (west)

and IIJmuiden Ver (in addition to cable corridors)
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Latitude

Wave Modeling- Local DWF model — Mesh Convergence

[deg]

Fully spectral modelling of largest storms coming

from three main sectors (9 storms in total)
100m, 200m, 400m, 500m & 700m resolutions

Time series and spatial comparisons (at points and
along cross sections)

Bathymetry [m]
B Avove

[ -13.8947 -
I -14.8421 -
[ -15.7895 -

-12.9474
-12.9474
-13.8947
-14.8421
--15.7895
--16.7368
--17.6842
--18.6316
--19.5789

[ -21.4737 - -20.5263
[ -22.4211 - -21.4737
[ -23.3684 - -22.4211
[ -24.3158 - -23.3684
[ -25.2632 - -24.3158
[ -26.2105 - -25.2632
B -27.1579 - -26.2105
[ -28.1053 - -27.1579
I -29.0526 - -28.1053
I -30.0000 - -29.0526

[l Below  -30.0000
2 [_] Undefined Value
425 435
Longitude [deg]
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Wave Modeling- Local DWF model — Results

Calibration was focused on:
+ the largest 53 storms (over the entire domain)

e Winter 2016 & 2017 with measurements at HKN
and HKZ

» Largest 20 storms measured at HKN and HKZ

Bottom friction and wind input were
considered important

Results showed excellent quality both for
normal and extreme conditions at the site
and areas nearby

Result are considered an improvement over
the previous DHI study at HKZ

DHI - All rights reserved 16 May, 2019

Europlatform (3.28E;52.00N;-29.65mMSL)
Scatter plot (1989-04-01 - 2018-10-01)

(=2 TS I
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Hmo [m] - Rijkswaterstaat
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1080
1 960
1 840
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480

360
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Validation at Europlatform (1989-2018)

N = 245,645 (28.0years)
MEAN = 1.22m (97.8%)
BIAS =-0.03m (-2.2%)
AME =0.15m (12.1%)
RMSE =0.20m (16.1%)

Sl =0.16 (Unbiased)
EV =0.93
CC =097

PR =1.00 (Np = 56)

Number of data points in each 0.05 m bin

Data (linear +/- 60min)
1:1 Line (45°)

¢ Quantiles (0.0 - 100.0%)
- - -~ QQfit: y=1.01x-0.04
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Wave Modeling- Local DWF model — Results

* Results showed excellent quality both for normal and extreme conditions at
Hollandse Kust (noord) and other areas within the Dutch Wind Farm zones

Il N b
o 2 o
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[=2]

Hio (M- SWpye
- r w IS
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(ST N
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HKZB (4.01E;52.29N;-23.00mMSL)
Scatter plot (2016-06-01 - 2018-06-01)

DB NG VB B0 X6 66 B AL B0

Hmn [m] - Fugro

Validation at HKZB (2016-2018)
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90
81

172
163

Number of data points in each 0.05 m bin

N = 17,195 (716.5days)
MEAN = 1.21m (106.3%)
BIAS = +0.07m (6.3%)

AME = 0.16m (14.2%)
RMSE = 0.22m (19.6%)
Sl =0.19 (Unbiased)
EV =092

cC =096

PR =0.99 (Np =4)

Data (linear +/- 60min)
1:1 Line (45°)

°  Quantiles (0.0 - 100.0%)
- - - - QQ fit: y=1.04x+0.03
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Hino (M1 - SWoye
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HKNA (4.24E;52.69N;-23.40mMSL)
Scatter plot (2017-04-01 - 2018-07-01)

D® N U0 B0 X0 6.6 ©6 A0 B0

Hm() [m] - Fugro

Validation at HKNA (2017-2018)

Number of data points in each 0.05 m bin

N =10,462 (435.9days)
MEAN = 1.31m (104.8%)
BIAS = +0.06m (4.8%)
AME = 0.16m (12.5%)
RMSE = 0.22m (17.2%)

Sl =07 (Unbiased)
EV =094
cc =097

PR =0.99 (Np =2)

Data (linear +/- 60min)
1:1 Line (45°)

°  Quantiles (0.0 - 100.0%)
- - - - QQfit: y=1.03x+0.02
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Wave Modeling- Local DWF model — Results

* Results showed excellent quality both for normal and extreme conditions at
Hollandse Kust (noord) and other areas within the Dutch Wind Farm zones

F3 (4.69E;54.85N;-44.00mMSL) limuidenStroomeetpaal (4.26E;52.49N;-16.00mMSL)
Scatter plot (2002-10-01 - 2018-07-01)

Scatter plot (2014-01-01 - 2018-10-01)

85 . 130 851 700
gl [ N = 40,943 (4.7years) sl Ml 530 N = 132,135 (15.1years)
751 1o MEAN = 1.73m (100.1%) 750 1 560 MEAN = 1.12m (102.4%)
: ] ;g” BIAS = +0.00m (0.1%) ' 1200 BIAS = +0.03m (2.4%)
4 lgo § | AME =0.8m (10.5%) r £ | AME =0.18m (18.2%)
6.5 ¢ 70 £ | RMSE =0.24m (13.8%) 85 1420 2 | RMSE = 0.24m (22.2%)
6r 1 60 g Sl =0.14 (Unbiased) 6+ 1350 8 | Sl =0.22 (Unbiased)
“5sl S |EVY =085 sl S |EV =090
;g 5': I . . % % lcc =-os z 5’2 I . 8 lecc =0
3 =098(N =9 =097 (N_=30
a5 i 40 ; PR (N, =9) % a5l 210 PR (N, =30)
—_ L 2. 130 £ - L <
g 4 " ¥ g E 4 {140 &
235¢ I Y. 120 § 2357 §
T 3t ? 2 T 3t g
) 5 70 2
2.5¢ S 10 B 25+ g
27 : £ 27 £
15} Z Data (linear +/- 60min) 15F z Data (linear +/- 60min)
1k 1:1 Line (45°) 11 1:1 Line (45°)
o5l °  Quantiles (0.0 - 100.0%) 051 - . ¢ Quantiles (0.0 - 100.0%)
.o AdAlEEEEEEEEEEREEE : - - - - QQfit: y=1.03x-0.05 -0 4 ) SR IREE , - - - - QQfit: y=1.03%-0.01
OGP Ni% a® PR X0 90 B0 AP 2.0 OB MB Tf D, BB B b 0o AS D0
HmO [m] - Rijkswaterstaat HmO [m] - Rijkswaterstaat
Validation at F3 (2014-2018) Validation at Ijmuiden Stroomeetpaal (2002-2018)
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Comparison with DHI's 2016 study (HKZN)

HKN Location (from HKZN study)

o New Model - SW,,_-1979-2018
o Old Model - SW,,, . -1979-2017

SWpwe Uses local bathymetry data 0r
and higher resolution of ~400m at
Hollandse Kust (noord) compared to
~600m in SWyz\

SWpwr Uses corrected/shifted CFSR

SWpwe IS more comprehensively
calibrated against the local
measurements at Hollandse Kust
(noord) and (zuid)

Both models show very similar
results

HmO [m]

Scatter comparison of HmO vs. Tp between

SWDWF (green) and SWHKZN ﬁ
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Normal and Extreme Conditions
at Hollandse Kust (noord)
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Analysis Points

Detailed Normal
conditions are presented
at one point in the report

Detailed Extreme
conditions are discussed
at 5 points in the report

[deg] Median Annual Max based on HmO [m]

Median Annual Max [m]
Il Above 5.88

Latitude

Based on median of the % ::::
annual max HmO % 564-570
] 552-558
Spectral point was ‘ E R
1 Below 5.40
extracted from the 1km . ‘ | | . L Undefined Value
415 420 425 430 435 440
g r|d Longitude [deg]

Location of the points selected for the analysis of extreme
and normal conditions and annual median maximum H,,
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Normal Conditions

Time series

Rose plots

Scatter diagrams
Persistence (weather-windows)
Misalignment
Astronomical tide
Weibull parameters
Wind and wave spectra
Surface maps

Wind turbulence intensity
Fatigue

NSS tables

Vertical current profile

DHI - All rights reserved 16 May, 2019

Surface map of MSL (mLAT)

HKNA (CS > 0.1m/s), All Total - Sep17-Jul18
1, 20, 50, 80, 95, 99.9-percentiles

£
3
.
§-
H
8

Current soeed fmisl

Current vertical profiles
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Extreme Conditions

« J-EVA Statistical + Storm model ;
« Marginal and conditional -

0
distributions dependent on co- 30 315 79 i 2 g Jon
. 225 180 435 ' Jun Jul Aug Sep Oct Nov
Varlates Direction ¢ ” 45 0 Jan Feb Var M::a::n (]
« Wind, wave and current directions e S -~
Bayesian P-splines for 2-dimensional description of model
e Seasons parameters
. J_EVA S|mu|at|ons 28 : 09-Dec-2011: ng_pﬁuk[= 9.3m, H,,, = 16.0m :
Toz = 9.0
A
* In order of 10,000 to 50,000 years 8 Aaaant T
* For 10,000 year extremes, 6 M
simulation are in order of 1-4 o
million years long B Historical storm H,_ ]
2 [ | l Equivalent storm H_ [m]
| A Historical storm Tﬂ2 [s]
g 08-12-11 12:00 00:00 12:00

Examples of hindcast storms and storm model parameterization

SN
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J-EVA tool

« Bayesian non-stationary extreme value analysis method applied (J-EVA)

[m]

m0,p,eq

* Based on EVA methods developed at University of Lancaster (https://www.maths.lancs.ac.uk/~tawn/)

* Matured in Oil&Gas industry over the last decade (http://www.lancs.ac.uk/~jonathan/)
* Methods implemented and further developed by DHI for major Oil&Gas operator*
* Methods applied and 3rd party verified in re-assessement of structural integrety

HmO,P,eq
Contours at 1, 2, 5,10, 50 & 100 year RP

100-year RP

0 45 90

135 180 225

PWD [°N-from]

270

315

360

HmO,p,eq

Contours at 1, 2, 5, 10, 50 & 100 year RP

90

* Hans Fabricius Hansen, David Randell, Allan Rod Zeeberg, Philip Jonathan, (2019), Directional-seasonal extrem
value analysis of North Sea storm conditions, to be submitted for review

135 180 225
PWD [°N-from]
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270

315

360

J-EVA
simulation
of storm
events
based on
25,000
years
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https://www.maths.lancs.ac.uk/~tawn/
http://www.lancs.ac.uk/~jonathan/

Comparison with HKZN study

More accurate and reliable results, particularly at Hollandse Kust (noord)
Less conservatism in extreme values
Better representation of directional and seasonal variability

Omni - HKZN
Study
Omni - New
Study
Difference

Omni - HKZN
Study
Omni - New
Study
Difference

Differences between HKZN study and this study (New Study) for extreme Hmax [m]
and Cmax [MSWL] values at HKN for different return periods
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Comparison with HKZN study

» More accurate and reliable results,
particularly at Hollandse Kust
(noord)

* Less conservatism in extreme
values

+ Verification performed by KNMI
(U10=30m/s, U100=37m/s)

» Better representation of directional
and seasonal variability

Omni - HKZN Study

Omni - New Study

Difference

Omni - HKZN Study

Omni - New Study

Difference

Differences between HKZN study and this study (New
Study) for extreme 1hr wind speed at 10mMSL (top) and
100mMSL (middle) and 10-minute wind speed at
100mMSL (bottom) at HKN for different return periods

Omni - HKZN Study

Omni - New Study

Difference

DHI - All rights reserved 16 May, 2019
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Report (https://offshorewind.rvo.nl/windwaternh)

Data basis

Modelling (setup, calibration &
validation)

Normal & Extreme Conditions
Joint Metocean conditions

Snow, ice accretion and sea ice
conditions

Air temperature, humidity,
pressure & density (at various
heights)

Seawater temperature, salinity
and density

Visibility
Lightning
Marine Growth

Extreme values (omni) - Return Period

Variable [Year]

1 2 5 10 50 | 100

Wind speed, 100mMSL, 10-min [m/s] 331 | 348 | 36.7 | 381 | #41.0 | 421
Water level, Total, High [nLAT] 3.2 3.4 3.5 3.7 4.0 41
Water level, Total, Low [mLAT] 05| 06 | 07 | -08 | 110 | 11
Water level, Residual, High [m] 1.6 1.8 2.0 2.2 2.5 2.6
Water level, Residual, Low [m] 1.0 | 11 13| 13| 145 | 1.6
Current Speed, Total, Depth-averaged [m/s] 1.0 1.0 1.1 1.1 1.1 1.2
Current Speed, Residual, Depth-averaged [m/s]| 0.6 0.6 0.7 0.8 0.9 1.0
Significant wave height, Hmo, 3n [m] 5.6 5.9 6.4 6.7 7.3 7.6
Peak wave period, Tp, ass. with Hmo, 3 [S] 10.0 | 105 | 109 | 111 | 115 | 118
Maximum wave height, Hmax [m] 104 | 111 | 120 | 126 | 14.0 | 145
Wave period, T, ass. with Hmax [S] 9.0 9.0 9.4 | 97 | 10.0 | 10.2
Maximum crest level, Cmax, SWL [MSWL] 6.6 71 7.7 8.2 9.2 9.6
Maximum crest level, Cmax, MSL [mMMSL] 8.0 8.7 94 | 100 | 112 | 116
Maximum crest level, C.x, LAT [MLAT] 9.1 9.8 | 105 | 111 | 123 | 12.7

DHI - All rights reserved 16 May, 2019

Summary of extreme values at HKN2018
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https://offshorewind.rvo.nl/windwaternh
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Web-based Metcean Database
https://www.metocean-on-demand.com/
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https://www.metocean-on-demand.com/

Metocean Database Features

World’s first certified web-based metocean
database

Access to 40 years of time series at all
elements

Access to 40 years of spectral data within
1km grid (offshore wind farms) and 5km grid
(offshore areas and cable corridors)

Instant access to extreme conditions and
NSS tables at all elements

Map of normal and extreme conditions over
the Dutch North Sea

On-the-fly analysis such as weather-
windows, scatter tables, altimeter
comparison, rose plots etc.

Following the EU General Data Protection
Regulation (GDPR)

DHI - All rights reserved 16 May, 2019

Metocean database covering the Dutch Offshore Wind Farm areas
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Metocean Database Application

Certified data only at Hollandse Kust (noord)
to be used for design

Feasibility level data at Hollandse Kust
(west), IImuiden Ver, Ten Noorden van den
Waddeneilanden and cable corridors

Extreme values, NSS tables, Weather-
windows (workability), scatter tables etc.
avalilable at all elements

Possibility to add user defined shapefiles

Possibility to input UTM and Long/Lat
coordinates

DHI - All rights reserved 16 May, 2019
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Map of 50-year Hmax [m] values around Hollandse Kust (noord)
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Closing —

> Questionnaire
> Lessons learned
> Availability panel

> Communications
- https://offshorewind.rvo.nl

- woz@rvo.nl







