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In the previous lecture...

• What data you need

• What you use it for

• This hour: where to get data from



Introduction

OWT Design Procedure

� Fatigue Loads

� Extreme Loads

Site-specific 

environmental data 



Introduction

OWT Design Procedure

� Installation

� Maintenance

Site-specific 

environmental data 



Introduction

• Instantly available environmental conditions

• Not on Site Location

• Different Sources to choose from

“What to do?"

Case Study





Location 
Offshore Windpark
Egmond aan Zee

Source: C-Map



Look for Data Sources

• Which data sources are available?

• Measurements

• Satellite observations

• Hind-cast data



Measurements

• Wave buoy



Measurements

• Step gauge

electrical 
resistance



Measurements

• Laser or radar altimetry

reflection



Measurements

• Dutch National Institute for Coastal and Marine 
Management

• Since 1979

• 9 locations

• Free to download through Internet:

www.golfklimaat.nl



www.golfklimaat.nl



Measurements

• Real data

• Freely available

• Long periods of measurements

• Wind data not always included

• Only few locations



Measurements

• Similar monitoring projects in other countries

www.noaa.gov

National Oceanographic

and Atmospheric Agency



Data Sources

IJmuiden Munitie

Stortplaats

Meetpost Noordwijk



Data Sources

• There are more data sources available!

• Satellite observations

• Hind-cast data



Satellite

• World-wide measurements

• Less accuracy

• Not continuous



Hind-cast

• Prediction model

• Uses many different measurements



Hind-cast

• NESS-NEXT:

North European Storm Study

• 25 winters 

• 7 full years



Hind-cast

• NESS-NEXT:

North European Storm Study

• 30 x 30 km grid: high 
density

• Includes wind data

• Only available for NESS 
partners



Data Sources

IJmuiden Munitie

Stortplaats

Meetpost Noordwijk

NESS/NEXT



Satellite data: ARGOSS

www.waveclimate.com



Satellite data: ARGOSS

• Easy access

• Satellite observations from 1985

• Global

• Pre-processed

• Not continuous

• Includes wind data

• Also includes hind-cast data

• Still improving



Satellite data: ARGOSS

2 Options for data:

• Data from Area

• Data from gridpoint model



Data Sources

IJmuiden Munitie

Stortplaats

Meetpost Noordwijk

NESS/NEXT

ARGOSS



Data Sources

IJmuiden Munitie

Stortplaats

Meetpost Noordwijk

NESS/NEXT

ARGOSS

Met Mast



Data Sources

• NSW Met Mast

• Data since May 2004

• Wind farm designed earlier



Data Sources

IJmuiden Munitie

Stortplaats

Meetpost Noordwijk

NESS/NEXT

ARGOSS

Met Mast



Lifetime Fatigue Analysis

Comparison between different data sources

• IJmuiden Munitie Stortplaats

• Meetpost Noordwijk

• NESS/NEXT

• ARGOSS: 2 gridpoints



Hs-Tz scatter diagram

Hs-Vw scatter diagram

Lifetime Fatigue Analysis

• Calculation Procedure

OWT model

15 Load Cases

Hs

Vw

Stress history
at mud line

Hs

Tz

Fatigue

Palmgren-Miner rule:
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Lifetime Fatigue Analysis

• Combined scatter

diagrams

Hs      Tz < 3.0 3.0 - 4.0 4.0 - 5.0 5.0 - 6.0 6.0 - 7.0 7.0 - 8.0 8.0 - 9.0 9.0 - 10.0 10.0-11.0
17.5 0.2 0.7 0.4 1.3

15 0.3 0.6 0.9
>4.0 12.5 0.4 0.4 0.8

17.5 0.7 0.4 1.1
15 0.9 0.9

3.5 - 4.0 12.5 1.0 1.0
17.5 0.2 1.4 1.6

15 0.3 1.2 1.5
3.0 - 3.5 12.5 0.4 0.9 1.3

17.5 1.1 0.9 2.0
15 2.0 0.2 2.2

12.5 3.0 3.0
2.5 - 3.0 10 0.3 0.3

17.5 2.5 0.5 3.0
15 3.0 0.4 3.4

12.5 4.0 0.2 4.2
10 1.1 1.1

7.5 0.2 0.2
2.0 - 2.5 2.5 0.2 0.2

17.5 0.1 0.3 0.4 0.5 1.3
15 1.4 1.4 0.2 0.4 0.3 0.3 0.2 4.2

12.5 3.0 2.8 0.2 0.1 6.1
10 3.9 0.6 4.5

7.5 1.6 1.6
5 0.5 0.5

1.5 - 2.0 2.5 0.4 0.4
15 0.1 0.1 0.3 0.2 0.4 0.5 1.6

12.5 0.6 0.2 0.7 0.4 0.2 0.1 2.2
10 4.4 1.8 0.5 6.7

7.5 4.5 4.5
5 1.9 1.9

1.0 - 1.5 2.5 0.4 1.0 1.4
12.5 0.2 0.2 0.4

10 3.0 3.0
7.5 2.4 3.0 1.7 7.1

5 2.8 2.0 0.1 4.9
0.5 - 1.0 2.5 4.3 4.3

10 0.2 0.1 0.3
7.5 2.2 0.3 2.5

5 0.7 2.2 1.6 0.1 4.6
0.0 - 0.5 2.5 0.8 3.6 1.4 0.2 6.0

0.8 14.2 31.2 34.4 10.3 4.6 1.2 1.7 1.6 100.0



Lifetime Fatigue Analysis

• Reduced Load Cases

state
Vhub 
(m/s)

Hs 
(m)

Tz 
(s)

occ 
(%)

1 3,30 0,25 3,37 9,15
2 3,54 0,75 3,48 10,45
3 3,57 1,38 3,68 4,02
4 6,69 0,25 4,35 5,35
5 6,98 0,75 4,21 16,19
6 8,15 1,25 4,46 15,76
7 10,36 0,75 5,63 3,65
8 10,87 1,75 4,92 13,70
9 12,02 1,25 5,67 4,37

10 12,98 2,25 5,36 8,03
11 14,80 2,75 5,68 4,47
12 16,29 3,25 6,09 2,36
13 18,07 3,91 6,64 1,94
14 19,70 4,89 7,43 0,43
15 22,00 6,12 8,30 0,12

100,00

IJmuiden Munitie Stortplaats



Lifetime Fatigue Analysis

• Wind and Wave Simulation

• Wind Shear: Power Law 

• Turbulence Intensity 12%

• Pierson-Moskowitz Wave Spectrum



Lifetime Fatigue Analysis

Rated power 2.75 MW

Rotor diameter 92 m

Number of blades 3

Hub height 70 m

Water depth 20 m

Scour depth (? 1.8*D) 8.5 m

Fixity depth (? 6*D) 28.5 m

Tower base diameter 4.75 m

Tower top diameter 2.5 m

First natural frequency 0.29 Hz
Second natural frequency 1.28 Hz

 

 

hub height 

scour depth 

water depth 

fixity depth 

rotor 
diameter 

• Offshore Wind Turbine Model



Lifetime Fatigue Analysis

• Simulation Results

Source 20-year cumulative 
damage ratio D [-] 

Relative damage ratio [%] 
(NESS/NEXT = 100) 

ARGOSS N53º 1.58 97.8 

ARGOSS N52º 1.24 76.5 

IJmuiden Munitie 
Stortplaats 1.72 106.5 

Meetpost Noordwijk 1.09 67.6 

NESS/NEXT 1.61 100.0 



Lifetime Fatigue Analysis

76.5

97.8

100.0

106.5

67.6

NESS/NEXT=100%

IJmuiden Munitie

Stortplaats

Meetpost Noordwijk

NESS/NEXT

ARGOSS



Lessons learned

• Examine different data sources if available

• Be critical, be realistic

• Know what you're doing


