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Abstract

The ECN Wind Turbine Test Station Wieringermeer (EWTW) is a test location for wind turbines that
comprises of four prototype turbines, five research N80 turbines and three large meteorological masts.
Two masts reach to 108m height and one mast to 100m. Several research projects have been carried
out at the EWTW during the first three years. For each project, a database is created in order to
separate confidential turbine data. As a result, the meteorological data are scattered over several
databases. The set-up of the EWTW meteorology database (EWTWM) is such that all meteorological
data measured during the projects at EWTW are stored in a single database. Meteorological data needs
not to be treated as confidential; therefore, this database does not contain any confidential data.

Since there is not a specific project for the definition of the EWTWM database, it must be stipulated
that only data measured in operational projects are stored. If signals are not measured in these projects
and the instruments are removed, the EWTWM database cannot provide for further extension of the
measurements. As a result, the EWTWM database consists of a patchwork of measurements that are
valuable when properly described. Storage of the meteorological data is done using the WDMS
database structure. This structure has been developed by ECN and is used for the storage of the large
data sets measured at wind turbine measurement projects. With this structure, the data are easily
accessible. The data are stored with a sample frequency of 4 Hz together with the 10-minute statistics
(average, minimum, maximum and standard deviation). This means that some data have been reduced
in sample rate compared to the data acquisition in the projects, which might be higher.

The first meteorological mast at EWTW (MM1) is installed in March 2003 and is operational since
June 2003. The second meteorological mast (MM3) is erected in July 2004 and data are included in
the EWTWM database since December 2004. In addition experiments are done with a 25m high mast
next to the meteorological mast 1 in order to characterise the flow distortion around the mast. These
data are also included in the EWTWM database. In 2005, the second mast near the prototype locations
is erected (MM?2). Data from this mast are measured since October 2005. In this report an overview of
the data in the EWTWM database is presented. A site description is given and also the meteorological
mast and the instrumentation and data acquisition system are specified.
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1. Introduction

Since the end of 2002 the unit Wind Energy of the Energy research Centre of the Netherlands (ECN)
has made available the ECN Wind Turbine test station Wieringermeer (EWTW) [1]. This test station
has been developed because the existing test site for commercial wind turbines at the Petten location
was not suitable anymore for the modern Mega Watt sized machines and local expansion at Petten is
not possible.

The EWTW is located in the North East of the Province Noord-Holland 35 km eastwards of ECN Pet-
ten. The wind turbine test station consists of:

. Four locations for prototype wind turbines with one 100m and one 108m high meteorological
mast.

o Five Nordex N80/2500 wind turbines; these wind turbines are equipped for experimental re-
search including a third 108m high meteorological mast.

o A measurement pavilion with offices and computer centre for the measurements.

The first meteorological mast (MM1) has been installed March 2003 and is in operation since June
2003. The collected data are used for the evaluation of two prototype wind turbines: NM92 (DOWEC)
and the GE 2.5. The second meteorological mast (MM2) has been installed in the summer of 2005 and
is in operation since October 2005. The collected data are used for the evaluation of two prototype
wind turbines: GE 2.3 and the Siemens 3.6. The third meteorological mast (MM3), as part of the long-
term measurement programme at the N80 turbines, was erected in July 2004.

Several research projects have been carried out at the EWTW during since that time. For each project,
a database is created in order to separate confidential turbine data. As a result, the meteorological data
are scattered over several databases. In order to store all non-confidential meteorological data meas-
ured during the projects at EWTW in a single database the EWTW meteorology database (EWTWM)
has been created. This database does not contain confidential data. Storage of the meteorological data
is done using the WDMS database structure [1]. This structure has been developed by ECN and is
used for the storage of the large data sets measured at wind turbine measurement projects. With this
structure, the data are easily accessible. The data are primarily stored with a sample frequency of 4 Hz
together with the 10-minute statistics (average, minimum, maximum and standard deviation). This
means that some data have been sampled down.

Future data analyses using the EWTWM database require the full description of the measurement con-
ditions. This report describes the data and the measurement conditions for the first four years, June
2003 to May 2007. Earlier reports describe the first two years [2a] or the first three years [2b].

The report is organised as follows:
e Chapter 2. The site EWTW is described. Locations of turbines and masts are presented. A
climatologically description of the site is given.
e Chapter 3. The meteorological masts 1, 2 and 3 are technically described.
e Chapter 4. The instrumentation is described for the status in summer 2006.
e Chapter 6. The masts have been used for several research projects, the backgrounds of the
measurements projects are presented here.
An overview of the measured data that are captured in the EWTWM database is presented in
Appendix A for the period June 2003-May 2004, Appendix B for the period June 2004-May 2005,
Appendix C for the period June 2005-May 2006 and Appendix D for the period June 2006-May 2007.
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2.  Site Description EWTW

2.1  General

The meteorological masts 1, 2 and 3 are erected at the EWTW in the Wieringermeer, a polder in the
North East of the Province Noord-Holland, 3 km North of the town of Medemblik and 35 km East of
ECN Petten (Figure 2.1). The test site and its surroundings are characterised by flat terrain, consisting
of mainly agricultural area, with single farmhouses and rows of trees. The lake IJsselmeer is located at
a distance of 2 km East of meteorological masts 1 and 3 (Figure 2.2).

st sitt EWTW in the polder of
Wieringermeer. ECN Petten at the North Sea coast is also indicated.
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2.2 Topography and obstacles

The polder Wieringermeer consists of flat agricultural land at an altitude of Sm below sea level. In this
area the wind turbine test site, including meteorological masts, is positioned (Figure 2.2). The East
border of the polder is a dike (or sea wall) of = 8m height, seen from the land site, and 3m height seen
from the IJsselmeer.

The relevant obstacles, as seen from meteorological mast 1, are a row of trees, farmhouses plus barn,
and surrounding wind turbines.

1.

Along the road (Zuiderkwelweg), 250m West of the meteorological mast 1, a row of trees
stretches from the North to the South. It ranges from the village Kreileroord to three kilome-
tres South of the prototypes. The height of the trees is approximately 10m. The influence of
the row of trees on the operation of the wind turbines has been calculated and has been re-
ported in [3].

The farm houses, in the North, with a height of approximately Sm - 8m, are at a distance of
900m from the meteorological mast 1, and do not influence the measurements. This is also
true for the farmhouse plus barn in the South at 900m distance.

In the surrounding areas several wind turbines are operating, as indicated in Figure 2.2 and
visible on the photo's in Section Appendix E. Besides some scattered wind turbines three rows
of turbines are distinguished: the five EWTW Nordex N80 turbines in the North, the prototype
turbines and a row of NMS52 turbines in the South. The distances from these wind turbines to
the meteorological mast 1 is 1.5 km as shown in Figure 2.2. The distances are included in the
report in Table 2-1. The nearest single wind turbines are at a distance of 1 km to the North and
at 1.2 and 1.6 km to the South-East.

The relevant obstacles, as seen from meteorological mast 2 are farmhouses plus barns, and several
surrounding wind turbines. This is shown in Figure 2.2 and presented in Table 2-1 and Table 2-2.

1.

The farm houses, in the north, with a height of approximately 5Sm - 8m, are at a distance of
900m from the meteorological mast 2, and do not influence the measurements. This also
counts for the farmhouse plus barn in the south at 800m distance.

In the surrounding areas several wind turbines are operating, as indicated in Figure 2.2. Be-
sides some solitary wind turbines three rows of machines can be distinguished: the EWTW
Nordex N80 machines in the north, the prototype turbines and a row of NM52 turbines in the
south. The distances from these wind turbines to the meteorological mast 2 is 1.5 km as shown
in Figure 2.2. The nearest wind turbines (except for the proto-types) are located at a distance
of 862m at 167° with respect to North (Lagerwey 52/750) and at a distance of 993m at 127°
(Vestas V52).

The relevant obstacles, as seen from meteorological mast 3, are a row of trees, farmhouses plus barn,
and surrounding wind turbines. This is shown in Figure 2.2 and presented in Table 2-1 and Table 2-2.
The small village of Kreileroord is in the vicinity.

1.

2.

3.
4.

Along the road (Zuiderkwelweg), 250m West of the meteorological mast 3, a row of trees
stretches from the North to the South. It ranges from the village Kreileroord to three kilome-
tres South of the prototypes. The height of the trees is approximately 10m.

North of the meteorological mast 3, five Nordex N80 wind turbines are located as shown in
Figure 2.2.

South of the meteorological mast 3, a single wind turbine (NM52) is located.

South of the meteorological mast 3, the prototype turbines are located.

The locations of the turbines and the masts that are shown on the map in Figure 2.2 have been meas-
ured with GPS. These coordinates are presented in the Dutch "Rijksdriehoek" (RD) coordinates in
Table 2-1 and Table 2-2. In Table 2-1, the distances between the turbines and masts are presented, and
in Table 2-2 the relative directions (with respect to North) between the turbines and masts are pre-

sented.
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Figure 2.2 Detailed map of the ECN Wind Turbine Test Station Wieringermeer, including the
location of surrounding wind turbines and meteorological masts 1, 2 and 3. Directly West

of the Zuiderkwelweg the row of trees is located.
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2.3 Environmental conditions of test site

2.3.1 Wind regime

The wind regime is shown for the period June 2003-May 2007. The values are calculated using WAsP
8.0 on the basis of the wind speed and direction measurements at 71.6m height. Note that the data are
extended using data of 85m height when the equipment was removed from 70m height. The results are
summarized in Table 2-3 where for each sector are shown the frequency of occurrence, the averaged
measured wind speed (U), the values of the Weibull fit (4 and k) and the mean power density P. Note
that the measurements are disturbed by the NM92 turbine (at 305°) and GE2.5 turbine (at 59°). The
free wind speed will therefore be higher in these sectors. The wind rose for the all sectors is shown in
Figure 2.3. This wind rose clearly shows the dominating wind direction in the southwest area.

Table 2-3 Annual average wind speed at the meteorological mast 1 location at 71.6m height. Note
that the sectors 60 and 300 are disturbed by nearby turbines.

Sector 0 30 60 90 120 150 180 210 240 270 300 330 Total
A [m/s] 69 73 68 78 76 74 83 90 97 83 67 73 8.1
k 21 23 21 25 24 27 28 21 19 19 18 20 20

U [m/s] 61 64 60 69 67 66 74 80 86 74 59 64 72
P[W/m’] | 256 277 243 319 301 264 367 573 769 515 283 305 423
Freq [%] 6 6 6 7 6 5 9 13 14 11 9 8 100

0.0 Seckor: All
A 8.1 m)'s
ki 2,04

I 7.2 my's
P 425 Wim?

Fl2:11 f N
Iy

0.0 T T 1
] LI[I'I'I,IIS:I 50.0 L 1 1

Figure 2.3 Wind rose, at 71.6m height (extended with data of 85m height), of meteorological mast 1
at ECN Wind turbine Test Location Wieringermeer for the period June 2003-May 2007.
Note that the sectors 60 and 300 are disturbed by nearby turbines.
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2.3.2 Other conditions

The temperature at the site can be characterised as mild: in average between 1.2 °C (average minimum
in winter) and 19.1 °C (average maximum during summer). Rainfall is on average (30 years) 740 mm
a year, during 7% of the time. In Figure 2.4 and Figure 2.5 information about the climate at Den
Helder (24 km North-West of EWTW) is presented. In these figures monthly averages are presented of
hours of sun, minimum temperature, maximum temperature, number of days with rain, precipitation
and relative humidity.

20 =3 @ Hours sun
B Minimum temperature [C]
O Maximum temperature [C]

15

@ Days with rain
B Precipitation (mm)
O Relative Humidity [%]

Figure 2.5. Averaged monthly days with rain, precipitation and relative humidity (Den Helder)
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3. The Meteorological masts

The ECN Wind Turbine test station Wieringermeer (EWTW) is equipped with meteorological masts
to support experimental activities at both the prototype wind turbines and the experimental turbines.
The large meteorological masts at the site have similar construction: they have lattice towers and guy
wires. Mast 2 is installed in summer 2005 and differs from the other two masts by height and orienta-
tion only. The top mounted anemometers in mast 1 and mast 3 are at 109m height, while the top
mounted anemometers in mast 2 are at 100m height, which is the hub height of the GE 2.3 turbine.

The tri-angular cross sections of the masts (side length is 1.6m) are equal at all levels; see Figure 3.1
and Figure 3.4. The masts are constructed with tubular components. The three pillars of each mast
have a diameter of 133mm; the bracers are 60.3mm thick. The masts are placed on concrete founda-
tions and are positioned with guy wires in three directions at two levels: 90m and 50m. The guy wires
are fixed to concrete blocks at a radius of 60m from the tower base at 60°, 180° and 270° with respect
to North for MM 1 and MM3 and at 35°, 155° and 275° with respect to North for MM2. The masts are
equipped with internal platforms at different levels to be able to work at the booms and top mounted
instruments. This construction ensures a stable tower with only small and slow movements at the top.

Booms to support measurement instruments are located at different levels. Due to the construction of
the mast, the booms can have three directions. For MM1 and MM3 one boom is pointing to North: 0°,
a second one to East-South-East: 120° and a third one to West-South-West: 240°. For MM2 the direc-
tions are 95°, 215° and 335° respectively. These 6.5m long tri-angular booms (Figure 3.4) are col-
lapsible for maintenance of the boom-mounted sensors. Winches are present to lift and drop the
booms. The stiffness of the boom construction is achieved with cables. At the mast top special ar-
rangements are installed to hoist the booms from one height to the other.

In summer 2006 the following booms are installed in meteorological mast 1 (see Figure 3.1).
e A single boom is installed at 25m at 240° for measurements at 26.6m height
A single boom is installed at 45m at 240° for measurements at 46.6m height
Three booms are mounted at 70m at 0°, 120° and 240° for measurements at 71.6m height
Three booms are mounted at 83.4m at 0°, 120° and 240° for measurements at 85m height

In summer 2006 the following booms are installed in meteorological mast 2 (see Figure 3.2)
e A single boom is mounted at 24.2m at 215° for measurements at 26m height.
e Three booms are mounted at 58.5m at 95°, 215° and 335° for measurements at 60m height.
e A single boom is mounted at 78.5m at 215° for measurement at 80m height.

In summer 2006 the following booms are installed in meteorological mast 3 (see Figure 3.3)
e Three booms are mounted at 50.4m at 0°, 120° and 240° for measurements at 52m height.
e Three booms are mounted at 78.4m at 0°, 120° and 240° for measurements at 80m height.

Because of its height the masts are sensitive to lightning. Lighting conductors are connected at the
mast top and at the tip end of all booms. Furthermore, aviation-warning lights are installed in the mast:
one in the top and two at 45m level.

The meteorological mast is accessible with a ladder. Climbing the ladder is only allowed using the
safety equipment (harness attached to ladder). Platforms can be used to rest. In total 6 platforms are
installed at different levels, including the top platform. The sideboards of the top platforms are at
1.19m below the top of the mast, so this is 4.99m below the actual measuring level. The vertical pillars
of the ladder are used as cable ducts. The tower base is screened with a 2m high fence.
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Figure 3.1 View of the meteorological mast 1 with attached booms at different levels. The booms at
the lowest levels are positioned at 25m and 45m heights and are directed to East-South-
East.

Figure 3.2 View of the meteorological mast 2 with attached booms at different levels. The booms at
the upper and lower levels are positioned at 78.5m and 24.2m heights and are directed to
215° with respect to North.
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Figure 3.3 View of the meteorological mast 3 with attached booms at 50.4m and 78.4m heights and
are directed to 0°, 120° and 240° with respect to North.
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Figure 3.5 Cross section of meteorological masts (tri-angular with side length of 1.6 m) and layout
plus photo of the boom, being 6.5m in length. Beside anemometer and vane, the air
pressure and temperature sensor are shown. The boom in the picture is pointing in East-
South-East direction and is located in meteorological mast 1.
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Figure 3.6 Side view of meteorological mast boom including wind sensors. Cables are used to hoist
the boom towards the mast and ensure stability during operation.

Figure 3.7 Measurement cabin on the meteorological mast 1 foundation. The signal reception and
front-end of the DANTE data-acquisition system are inside. On top the precipitation sensor
is located.
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4.  The instrumentation and data acquisition

The EWTWM database consists of only meteorological data. Analyses using the data require the full
description of the measurement conditions. This report describes the data and the measurement condi-
tions for the first four years, June 2003 to May 2007. In this Chapter, the meteorological masts 1, 2
and 3 are described. The masts have been used for several projects, that are described in Chapter 6 and
Chapter 7.

4.1 Meteorological mast 1

The set up of meteorological masts 1 is such that the wind conditions can be measured at hub height of
the prototype installed at locations 1 and 2 of EWTW, according to the recommendations in the stan-
dard IEC 61400-12 [4, 6].

In meteorological masts 1 booms are installed at 25m, 45m, 70m and 83.4m heights. Instrumentation
was installed in these booms and at 3m height. The instrumentation is described in Table 4-1. An over-
view of (validated) data collected in the EWTWM database is included in Appendix A for the period
June 2003-May 2004, Appendix B for the period June 2004-May 2005, Appendix C for the period
June 2005-May 2006 and Appendix D for the period June 2006-May 2007. The sensors are connected
to the DANTE data-acquisition systems [5]. In the DANTE system the signals are filtered, digitised
and converted. Via an Ethernet connection the data are transported to the host computer in the meas-
urement pavilion and stored. The names of the wind speed signals at 85m have changed in December
2004 (added ' P"), because of parallel measurements with pulse count modules. The latter are not in-
cluded in this database.

Figure 4.1 Top of the meteorological mast 1 with 3D sonic sensor, wind vane, aviation warning light
and lightning conductor. The boxes lower in the mast contain the signal connection and
high voltage protection.
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Top mounted at 109.1m:
Gill Sonic anemometer
Wind vane

Air Temperature

83.4m: Three booms

Three booms with cups (85m).
Two booms with wind vanes (84.2m).
Air temperature and pressure (83.4m).

45m: One boom

boom 240 cup anemometer (46.6m).

25m: One boom

boom 240 cup anemometer (26.6m).
Boom 240 wind vane (25.8m) e
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Meteorological Measurements MM1

|

70m: three booms
Three booms with cups (71.6m).

. «—— Two booms with wind vanes (70.8m)

Air temperature and pressure (70.0m).

3m: precipitation and air temperature

Figure 4.2. Graphical representation of the instrumentation in meteorological mast 1 at EWTW.

Table 4-1. Instrumentation in meteorological mast 1

Signal Name label in EWTWM units  height brand Sensor type
Gill wind speed U, V, W MM1_S108 m/s 109.Im  GILL 1086 M

Wind direction 108 m  MMI1_S108 deg 109.Ilm  GILL 1086 M

Wind direction 108 m MMI1 WD108 deg Mierij 508

Air temperature 108 m  MM1_Tairl08 °C 108m Rense XT-730-01
Wind speed 85 N MM1 WS85 0( P) m/s 85m Rise P2456a

Wind speed 85 SE MM1 WS85 120(_P) m/s 85m Rise P2456a

Wind speed 85 SW MMI1 WS85 240(_P) m/s 85m Risg P2456a

Wind direction 85 SE MMI1_WDS85 120 deg 84.2m Mierij 508

Wind direction 85 SW ~ MMI1_WD85 240 deg 84.2m Mierij 508

Air temperature 85 m MMI1 Tair85 °C 83.4m Rense XT-730-01
Air pressure 85 m MMI1_Pair85 hPa 83.4m Vaisela PTB 210 Class B
Wind speed 70 N MM1 WS70 0( P) m/s 71.6m Rise P2456a

Wind speed 70 SE MM1 WS70 120(_P) m/s 71.6m Rise P2456a

Wind speed 70 SW MM1 WS70 240(_P) m/s 71.6m Rise P2456a

Wind direction 70 SE MMI1_WD70 120 deg 70.8m Mierij 508

Wind direction 70 SW ~ MM1 _WD70 240 deg 70.8m Mierij 508

Air temperature 70 m MM1 Tair70 °C 70m Rense XT-730-01
Air pressure 70 m MMI1 _Pair70 hPa 70m Vaisela PTB 210 Class B
Wind speed 45m SW MM1 WS45 240 m/s 46.6m Rise P2456a

Wind speed 25m SW MM1 WS25 240 m/s 26.6m Risg P2456a

Wind direction 25m SW MMI1 _WD25 120 deg 25.8m Mierij 508

Air temperature 3 m MMI1_Tair3 °C 3m Rense XT-730-01
Precipitation MMI1 Prec 2m Thies 5.4103.10.00
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4.1.1 Specification instrumentation in meteorological mast 1

3D sonic anemometer at 109.1m

Signals: MM1 S108 U, MM1 S108 V, MM1_S108 W
Dimension: m/s

Signals MM1 _S108 St (status)

Dimensions -

The Gill anemometer is located on top of the meteorological mast. It is mounted on top of the South
mast pillar. The sensor itself is 1.1m above the mast top at 109.1m height. On the North-East pillar a
5m long lightning conductor is fixed. This rod influences the measurements with wind from North-
North East (around 30° direction). On the northwest pillar an air-traffic warning light is positioned.
See also the mast top picture in Figure 4.1.

Risg cup anemometers at 85m

Signal MMI1 WS85 0, MM1 WS85 120, MM1_ WS85 240
Dimension m/s

Rise-type cup-anemometers are located at the tip ends of the tri-angular booms (see Figure 3.5). The
distance between mast and sensor is 6.5m. The signals from the cup-anemometers are identified with
the directions the booms are pointed at: 0, 120 and 240 degrees. The distance, in a straight line at the
horizontal level, between the anemometers is 12.4m. The cup rotors of the anemometers are mounted
1.61m above the boom end, which is 21 times the boom thickness (376mm). Beside the cup-
anemometers a lightning conductor (022 mm) is located. The distance between sensor and conductor
is 263 mm; see Figure 3.6.

Rise cup anemometers at 71.6m

Signal MMI1 WS70 0, MM1_WS70 120, MM1_WS70 240
Dimension m/s

Risg-type cup-anemometers are located at the tip ends of the tri-angular booms (see Figure 3.5). The
distance between mast and sensor is 6.5m. The signals from the cup-anemometers are identified with
the directions the booms are pointed at: 0, 120 and 240 degrees. The distance, in a straight line at the
horizontal level, between the anemometers is 12.4m. The cup rotors of the anemometers are mounted
1.61m above the boom end, which is 21 times the boom thickness (376mm). Beside the cup-
anemometers a lightning conductor (022 mm) is located. The distance between sensor and conductor
is 263 mm; see Figure 3.6.

Riso cup anemometer at 45m

Signal MMI1 WS45 240
Dimension m/s

A Risg-type cup-anemometer is located at the tip end of the tri-angular boom (see Figure 3.5) pointing
at 240 degrees w.r.t. North. The distance between mast and sensor is 6.5m. The signals from the cup-
anemometer are identified with the direction of the boom. The cup rotors of the anemometers are
mounted 1.61m above the boom end, which is 21 times the boom thickness (@76mm). Beside the cup-
anemometers a lightning conductor (22 mm) is located. The distance between sensor and conductor
is 263 mm; see Figure 3.6.
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Risg cup anemometer at 26.6m

Signal MMI1 WS25 240
Dimension m/s

A Risg-type cup-anemometer is located at the tip end of the tri-angular boom (see Figure 3.5) pointing
at 240 degrees w.r.t. North. The distance between mast and sensor is 6.5m. The signals from the cup-
anemometer are identified with the direction of the boom. The cup rotors of the anemometers are
mounted 1.61m above the boom end, which is 21 times the boom thickness (@76mm). Beside the cup-
anemometers a lightning conductor (22 mm) is located. The distance between sensor and conductor
is 263 mm; see Figure 3.6.

Wind vane at 108 m

Signals: MM1 WDI108
Dimensions ° (degrees)

A Mierij wind vanes is installed on top of the meteorological mast. A small (1.5m) boom is attached to
the top of the South pillar of the mast. The sensor is installed at the tip of this boom. The measurement
height is 108m.

Wind vanes at 84.2 m

Signals: MM1 WDS85 120, MM1_ WDS85 240
Dimensions ° (degrees)

At 83.4m, three booms are mounted pointing at 0°, 120°and 240°. The Mierij wind vanes are in-stalled
on the 120° and 240° booms. They are attached to the boom at a distance of 4.7m from the mast and
1.8m from the boom tip end (cup anemometer). The top of the vane is 0.83m above the boom; see
Figure 3.6. Due to the positioning of the meteorological mast with respect to the prototype locations,
wind coming from North is not expected to be relevant for these measurement campaigns. The heights
of the wind vanes are 84.2m above ground level.

Wind vanes at 70.8 m

Signals: MM1 WD70 120, MM1_WD70 240
Dimensions ° (degrees)

At 70m, three booms are mounted pointing at 0°, 120°and 240°. The Mierij wind vanes are in-stalled
on the 120° and 240° booms. They are attached to the boom at a distance of 4.7m from the mast and
1.8m from the boom tip end (cup anemometer). The top of the vane is 0.83m above the boom; see
Figure 3.6. Due to the positioning of the meteorological mast with respect to the prototype locations,
wind coming from North is not expected to be relevant for these measurement campaigns. The heights
of the wind vanes are 70.8m above ground level.

Wind vanes at 25.8 m

Signals: MM1 WD25 240
Dimensions ° (degrees)

At 25m, one boom is mounted pointing 240°. The Mierij wind vane is installed in this boom at a dis-
tance of 4.7m from the mast and 1.8m from the boom tip end (cup anemometer). The top of the vane is
0.83m above the boom; see Figure 3.6. The heights of the wind vane is 25.8m above ground level.
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Temperature sensors

Signals: MMI1 _Tair108, MM1_Tair85, MM1_Tair70, MM1_Tair3
Dimensions  °C

Four temperature sensors are mounted in meteorological mast 1. The highest temperature sensor is
mounted at the mast at 108m height. One temperature sensor is located at 83.4m, and is mounted on a
boom, the second temperature sensor is mounted on a boom at 70m and the third is mounted on the
roof of the mast base measurement cabin, at a height of 3m. The temperature sensors are PT100 in-
struments equipped with a radiation shield.

Air pressure sensors

Signals: MM1_Pair85, MM1_Pair70
Dimensions  hPa

The air pressure sensor at 85m is mounted on one of the booms at 83.4m, the same type of air pressure
sensor is also mounted on one of the booms at 70m. The air pressure is measured with silicon capaci-
tive absolute pressure sensors of Vaisala.

Precipitation sensor

Signals: MMI1 Prec
Dimensions %

The precipitation sensor is mounted on top of the roof of the mast base measurement cabin. The height
of this sensor is 3m.

All sensor cables are guided inside the tubes of the boom to the signal connection boxes inside the
mast. The cables through the mast towards the measurement cabin have over voltage protection. The
protection system is located inside the signal connection boxes up in the mast and down in the meas-
urement cabin; see Figure 3.7.

ECN-E--07-041 25




4.2 Meteorological mast 2

The set up of meteorological masts 1 is such that the wind conditions can be measured at hub height of
the prototype installed at locations 3 and 4 of the EWTW, according to the recommendations in the
standard IEC 61400-12 [4, 6].

The instrumentation is described in Table 4-2. The data acquisition in meteorological mast 2 is in op-
eration since October 11" 2005, except for the sonic anemometer at the top and the Risg cup ane-
mometer at 80m. These sensors are in operation since November 15" 2005. The centre folding mast on
top level for the Sonic anemometer was not in the upward position between October 11" 2005 and
November 15™ 2005. An overview of (validated) data collected in the EWTWM database is included
in the Appendices. The sensors are connected to the DANTE data-acquisition systems [5]. In the
DANTE system the signals are filtered, digitised and converted. Via an Ethernet connection the data
are transported to the host computer in the measurement pavilion and stored.

Figure 4.3 Top of the meteorological mast 2 with 3D sonic sensor, 2 cup anemometers, 2 wind vanes
aviation warning light and lightning conductor. The boxes lower in the mast contain the
signal connection and high voltage protection.
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Meteorological measurements MM2

57m: Three booms
Three booms with Risg cups (60.2m)
Two booms with Mierij wind vanes (59.3m)

Figure 4.4. Graphical representation of the instrumentation in meteorological mast 2 at EWTW.

Top mounted:

Gill 3D Sonic anemometer (100m)

Risg cup anemometer (100m)

Thies First Class cup anemometer (100m)
Two Mierij wind vanes (97m)

Air temperature and pressure (96.2m).

80m: One boom
Boom 215 with Risg cup anemometer (80.2m)

26m: One boom
Boom 215 with Risg cup anemometer (25.9m)

™

Table 4-2. Instrumentation in meteorological mast 2

Signal Name label in EWTWM units  height brand Sensor type
Gill wind speed U, V, W MM2 S100 m/s 100m GILL 1086 M

Wind direction 108 m MM2 S100 deg 100m GILL 1086 M

Wind speed 100 125° MM2 WSI100 125  m/s 100m Thies

Wind speed 100 305° MM2 WS100 305 m/s 100m Risg P2456a

Wind direction 100 SE ~ MM2 WD96 215 deg 96.2m Mierij 508

Air temperature 97 m MM2 Tair96 °C 96.2m Thies 2.1280.00.141
Air pressure 97 m MM2_Pair96 hPa 96.2m Vaisela PTB 210 Class B
Wind speed 80 215° MM2 WS80 215 m/s 80.2m Rise P2456a

Wind speed 60 95° MM2 WS60 95 m/s 60.2m Rise P2456a

Wind speed 60 215° MM2 WS60 215 m/s 60.2m Rise P2456a

Wind speed 60 335° MM2 WS60 335 m/s 60.2m Rise P2456a

Wind direction 60 215° MM2 WD60 215 deg 59.3m Mierij 508

Wind direction 60 335° MM2 WD60 335 deg 59.3m Mierij 508

Wind speed 26m SW MM2 WS26 215 m/s 25.9m Risg P2456a

Air temperature 3 m MM2_ Tair3 °C 3m Thies 2.1280.00.141
Precipitation MM2 Prec 3m Thies 5.4103.10.00
ECN-E--07-041 27



4.2.1 Specification Instrumentation in meteorological mast 2

3 D sonic anemometer at 100m

Signals: MM2 S100 U, MM2 S100 V, MM2 S100 W
Dimension: m/s

Signals MM2 S100 St (status)

Dimensions -

The Gill sonic anemometer is located on top of the meteorological mast mounted on top of the centre
folding mast. The centre of the measuring head of the sonic anemometer is located at a height of 3.8m
above the mast top, giving it an actual measuring height of 100m above ground level.

The North indication of the sonic anemometer points towards 35°. In the direction of 53° behind the
sonic anemometer is the top lightning conductor. This rod will influence the wind from this direction.
This conductor is a cylindrical rod with an outer diameter of @ 88.9 mm. The distance between the
centre of the conductor and the centre of the measuring head of the sonic anemometer is approxi-
mately 95 cm. A top view of the top structure of the mast is in Chapter 3.

Thies First Class anemometer at 100 m

Signal: MM2 WS100 125
Dimension: m/s

The Thies First Class cup anemometer is mounted on the folding mast at the 125° direction. The
measuring height of this cup anemometer is 100m. At this level, also a Risg cup anemometer and a
Gill sonic anemometer are installed. The distance between the centre of the Risg cup and the centre of
the Thies cup anemometer is 3.15m (direct line). In between the two cup anemometers the Gill sonic
anemometer is located. The Thies First Class cup anemometer and the Risg cup anemometer have an
opposite rotational direction.

Rise cup anemometer at 100m

Signal MM2 WS100 305
Dimension m/s

The Riso cup anemometer is mounted on the folding mast at the 305° direction. The measuring height
of this cup anemometer is 100m. Additional information as given for the Thies cup anemometer above
is also applicable here.

Rise cup anemometer at 80.2m

Signal MM2 WS80 215
Dimension m/s

At 78.5m mast level a boom is mounted pointing at 215°. The Risg cup is mounted at the tip end of the
tri-angular boom. The distance between mast and sensor is 6.5m. The cup rotor of the anemometer is
mounted 1.7m above the boom end, which is 22 times the boom thickness (376 mm). The actual
measuring height is 80.2m. Next to the cup-anemometer a lightning conductor (22 mm) is located to
protect the senor from lightning strikes. The distance between sensor and conductor is 263 mm.
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Rise cup anemometers at 60.2m

Signal MM2 WS60 95, MM2 WS60 215, MM2 WS60 335
Dimensions m/s

At 58.5m mast level, three booms are mounted pointing at 95°, 215°nd 335°. The Risg cup ane-
mometers are located at the tip ends of the tri-angular booms. The distances between mast and sensors
are 6.5m. The distance between the anemometers, in a straight line at the horizontal level, is 12.4m.
The cup rotors of the anemometers are mounted 1.7m above the boom end, which is 22 times the
boom thickness (@76mm). The actual measuring height is 60.2m. Next to the cup-anemometers a
lightning conductor (22 mm) is located to protect the sensors from lightning strikes. The distance be-
tween sensor and conductor is 263 mm.

Rise cup anemometer at 25.9m

Signal: MM2 WS26 215
Dimension m/s

At 24.2m mast level, one boom is mounted pointing at 215 °. The Risg cup anemometer is mounted at
the tip end of the tri-angular boom. The distance between mast and sensor is 6.5m. The cup rotor of
the anemometer is mounted 1.7m above the boom end, which is 22 times the boom thickness (076
mm). The actual measuring height is 25.9m. Next to the cup-anemometer a lightning conductor (022
mm) is located to protect the senor from lightning strikes. The distance between sensor and conductor
is 263 mm.

Wind vanes at 97m

Signals: MM2 WD96 215, MM2 WD9%6 335
Dimensions ° (degrees)

Two Mierij wind vanes are fixed at the hoisting frames at 215° and 335°. The height of the hoisting
frames near the mast top level is 96.2m; the vertical distance between the hoisting frame and the wind
vane is 0.8m, which gives an actual measuring height of 97m. The horizontal distance between the
meteorological mast and the wind vane is 1m.

Wind vanes at 59.3m

Signals: MM2 WD60 215, MM2 WD60 335
Dimensions ° (degrees)

At 58.5m, three booms are mounted pointing at 95°, 215°nd 335°. The Mierij wind vanes are in-
stalled on the 215° and 335° booms. They are attached to the boom at a distance of 4.7m from the
mast and 1.8m from the boom tip end (cup anemometer). The top of the vane is 0.83m above the boom
at 59.3m above ground level.

Temperature sensors

Signals: MM2 Tair3, MM2 Tair96
Dimensions °C

Two temperature sensors are mounted in meteorological mast 2. One temperature sensor is located at
96.2m, and is mounted on the hoisting frame pointing at 215°, the second temperature sensor is
mounted on the roof of the mast base measurement cabin, at a height of 3m.
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Air pressure sensors

Signals: MM2_Pair96
Dimensions hPa

The air pressure sensor is mounted at the hoisting frame pointing at 215°. The height of this sensor is
96.2m.

Precipitation sensor

Signals: MM2_ Prec
Dimensions %

The precipitation sensor is mounted on top of the roof of the mast base measurement cabin. The height
of this sensor is 3m.

4.3 Meteorological mast 3

The set up of the third meteorological masts (MM3) is such that the wind conditions are measured at
hub height of the research turbines 5 and 6 at EWTW, according to the recommendations in the stan-
dard IEC 61400-12 [4, 6]. Furthermore, the mast is equipped to measure accurately wake conditions
and support the various research projects on the research turbines. Booms are installed in the mast at
50.4m and 78.4m heights. Instrumentation was installed in these booms and in the top at 108m height.

The instrumentation is described in Table 4-3. The data acquisition in meteorological mast 3 is in op-
eration since October 2004. An overview of (validated) data collected in the EWTWM database is in-
cluded in the Appendices. The sensors are connected to the DANTE data-acquisition systems [5]. In
the DANTE system the signals are filtered, digitised and converted. Via an Ethernet connection the
data are transported to the host computer in the measurement pavilion and stored.
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Top mounted at 109.1m: Gill 3D Sonic

anemometer

50.4m: three booms

Two booms with cups (52.0m).
One boom (N) with 3D sonic (52.0m)

-

Two booms with wind vanes (51.2m)

Meteorological Measurements MM3

&
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78.4m: three booms
Two booms with cups (80.0m).

One boom (N) with 3D sonic (80.0m)
Two booms with wind vanes (79.2m)
Air temperature, humidity and
pressure (78.4m).

<«—__ Air temperature difference

measurement 10.0m — 37.0m

b

Figure 4.5. Graphical representation of the instrumentation in meteorological mast 3 at EWTW.

Table 4-3. Signals measured in meteorological mast 3

Signal Name label in EWTWM units location brand Sensor type
Wind speed SE 52 m MM3 WS52 120 m/s 52m Rise P2456a
Wind speed SW 52 m MM3 WS52 240 m/s 52m Rise P2456a
Wind speed N-U 52m  MM3 S52N U m/s 52m Gill 1086 M
Wind speed N-V52m  MM3 S52N V m/s 52m " "

Wind speed N-W 52 m  MM3 S52N W m/s 52m " "

Status Gill 52 m N MM3 S52N St - 52m " "

Wind direction SE 52m MM3 WD52 120 deg 51.2m Friedrichs 4123.0000X
Wind direction SW 52 m MM3 WDS52 240 deg 51.2m Friedrichs 4123.0000X
Wind speed SE 80 m MM3 WSS80 120 m/s 80m Rise P2456a
Wind speed SW 80 m MM3 WS80 240 m/s 80m Risg P2456a
Wind speed N-U 80 m  MM3 S80N U m/s 80m Gill 1086 M
Wind speed N-V 80 m  MM3 S80N V m/s 80m " "

Wind speed N-W 80 m  MM3 S80N_ W m/s 80m " "

Status Gill 80 m N MM3 S8ON_St - 80m " "

Air temperature 80 m MM3_Tair80 °C 78.4m Vaisala ~HMP45A
Air humidity 80 m MM3 RHS80 % 78.4m Vaisala ~HMP45A
Air pressure 80 m MM3_ Pair80 hPa 78.4m Vaisala PTB 210 Class B
Wind direction SE 80 m MM3 WD80 120 deg 79.2m Friedrichs 4123.0000X
Wind direction SW 80 m MM3_WD80 240 deg 79.2m Friedrichs 4123.0000X
Wind speed U 108 m MM3 S108 U m/s 109.1m  Gill 1086 M
Wind speed V 108 m MM3 S108 V m/s 109.1m " "

Wind speed W 108 m MM3 S108 W m/s 109.1m " "

Status Gill 108 m MM3 S108 St - 109.1m " "
Temperature difference  MM3 dT °C -- Rense
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4.3.1 Specification instrumentation in meteorological mast 3
3D sonic anemometer at 109.1m

Signals: MM3 S108 U, MM3 S108 V, MM3 S108 W
Dimension: m/s

Signals MM3 S108_St (status)

Dimensions -

The Gill anemometer is located on top of the meteorological mast. It is mounted on top of the East
mast pillar. The sensor itself is 1.15m above the mast top at 109.1m height. On the South pillar a Sm
long lightning conductor is fixed. The wind, coming from the South-West (around 240° direction), will
be influenced by this rod. On the West pillar an air-traffic warning light is positioned. See also the
mast top picture in Figure 4.1. Note that the sonic anemometer is installed at a different pillar as the
setup in meteorological mast 1.

3D sonic anemometer at S0m

Signals: MM3 S80N U, MM3 S80N_V, MM3 S80N W
Dimension: m/s

Signals MM3 S80N_St (status)

Dimensions -

The Gill sonic anemometer is located at the tip end of the tri-angular boom directed to North. The dis-
tance between mast and sensor is 6.5m. The sensor is identified with the direction of the boom: North.
The distance, in a straight line at the horizontal level, between the anemometer and cup anemometers
is 12.4m. The sonic anemometer measures 1.61m above the boom end, which is 21 times the boom
thickness (@76mm). Next to the sonic anemometer a lightning conductor (322 mm) is located. The
distance between sensor and conductor is 263 mm; see Figure 3.6. The sonic anemometers in the
North of the mast is required to measure wake conditions with sonic anemometers.

3D sonic anemometer at 52m

Signals: MM3 S52N U, MM3 S52N V, MM3 S52N W
Dimension: m/s

Signals MM3_ S52N_St (status)

Dimensions -

The Gill sonic anemometer is located at the tip end of the tri-angular boom directed to North. The dis-
tance between mast and sensor is 6.5m. The sensor is identified with the direction of the boom: North.
The distance, in a straight line at the horizontal level, between the anemometer and cup anemometers
is 12.4m. The sonic anemometer measures 1.61m above the boom end, which is 21 times the boom
thickness (@76mm). Next to the sonic anemometer a lightning conductor (022 mm) is located. The
distance between sensor and conductor is 263 mm; see Figure 3.6. The choice of the sonic anemome-
ters in the North of the mast is driven by the desire to measure wake conditions with sonic anemome-
ters.

Rise cup anemometers at 80m

Signal MM3 WS80 120, MM3 WSS80 240
Dimension m/s

Risg-type cup-anemometers are located at the tip ends of the tri-angular booms (see Figure 3.5). The
distance between mast and sensor is 6.5m. The signals from the cup-anemometers are identified with
the directions the booms are pointed at: 120 and 240 degrees. The distance, in a straight line at the
horizontal level, between the anemometers is 12.4m. The cup rotors of the anemometers are mounted
1.61m above the boom end, which is 21 times the boom thickness (@76mm). Beside the cup-
anemometers a lightning conductor (22 mm) is located. The distance between sensor and conductor
is 263mm; see Figure 3.6.
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Rise cup anemometers at 52m

Signal MM3 WS52 120, MM3 WS52 240
Dimension m/s

Risg-type cup-anemometers are located at the tip ends of the tri-angular booms (see Figure 3.5). The
distance between mast and sensor is 6.5m. The signals from the cup-anemometers are identified with
the directions the booms are pointed at: 120 and 240 degrees. The distance, in a straight line at the
horizontal level, between the anemometers is 12.4m. The cup rotors of the anemometers are mounted
1.61m above the boom end, which is 21 times the boom thickness (376mm). Beside the cup-
anemometers a lightning conductor (922 mm) is located. The distance between sensor and conductor
is 263 mm; see Figure 3.6.

Wind vanes at 79.2 m

Signals: MM3 WDS80 120, MM3 WD8&0 240
Dimensions ° (degrees)

At 78.4m, three booms are mounted pointing at 0°, 120°and 240°. The Friedrichs wind vanes are in-
stalled on the 120° and 240° booms. They are attached to the boom at a distance of 4.7m from the
mast and 1.8m from the boom tip end (cup anemometer). The top of the vane is 0.83m above the
boom; see Figure 3.6. The heights of the wind vanes are 79.2m above ground level. The type of wind
vane differs from meteorological mast 1, the locations on the booms are identical.

Wind vanes at 51.2 m

Signals: MM3 WD52 120, MM3 WD52 240
Dimensions ° (degrees)

At 50.4m, three booms are mounted pointing at 0°, 120°and 240°. The Friedrichs wind vanes are in-
stalled on the 120° and 240° booms. They are attached to the boom at a distance of 4.7m from the
mast and 1.8m from the boom tip end (cup anemometer). The top of the vane is 0.83m above the
boom; see Figure 3.6. The heights of the wind vanes are 51.2m above ground level. The type of wind
vane differs from meteorological mast 1, the locations on the booms are identical.

Temperature sensor at 78.4m

Signals: MM3_ Tair80
Dimensions °C

One temperature sensor is mounted in meteorological mast 3. It is located at 78.4 m, and is mounted
on a boom. The temperature sensor is a Vaisala HMP45A instrument equipped with a radiation shield.

Humidity sensor at 78.4m

Signals: MM3_RHS80
Dimensions %

The relative humidity is measured with a Vaisala HMP45A instrument mounted on a boom at 78.4m.
Note that the temperature and relative humidity sensor are combined in a single Vaisala sensor.

Air pressure sensor at 78.4m

Signals: MM3_Pair80
Dimensions hPa

One air pressure sensor is mounted on one of the booms at 78.4m height. The air pressure is measured
with silicon capacitive absolute pressure sensors of Vaisala.
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Temperature difference sensor

Signals: MM3 dT
Dimensions °C

The temperature difference between 37m height and 10m height is measured.

4.4 25 meteorological mast near MM1

Next to the meteorological mast 1 a 25m mast is installed in order to characterise the effects of the
mast on the wind speed measurements by cup anemometers on the 6,5m long booms of the mast. The
two cup-anemometers in top of the 25m mast are at the same height as the cup anemometer in the
108m mast at the 25m boom. This way, the flow disturbance of the mast could be assessed. The mast
did not survive a storm front on July 17", after which a new mast was erected. Therefore, two periods
are described below.

4.41 The 25m mast — experimental set-up in June/July 2004

The 25m mast is located next to the 108m high mast at a distance of 10.7m from the heart of the mast.
In the top of the 25m mast, a boom is installed in which two Risg cup anemometers are placed (see
Figure 4.6). These anemometers are placed at a distance of 3m and 6m from the cup-anemometer in
the boom of the 108m high mast. The top view is presented in Figure 4.6, where also the directions of
the equipment are presented with respect to North. The cup anemometers are placed at 26.6m height,
the wind vane is placed at 25.8m height. With this set-up, the influence of the mast on the wind speed
measurements is characterised. During a fierce storm front on July 17", the 25m mast collapsed. The
mast was erected again in October 2004 with different location and an additional sensor. This is de-
scribed in the next section.

o
240°

Figure 4.6. Left picture: The 25m high mast was installed next to the 108m high meteorological
mast 1 in order to assess the influence of the mast on the wind speed measurements. The
set-up in June/July 2004 is depicted. Right figure: Overview of experimental set-up (top
view) with corresponding distances and angles with respect to North.
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4.4.2 The 25m mast — experimental set-up from October 2004 to March 2006

In October 2004 the 25m mast is erected again with different set-up. The 25m mast is located next to
the 108m high mast at a distance of 12.9m from the heart of the mast (see Figure 4.7). In the top of the
25m mast, a boom is installed in which two Rise cup anemometers are placed (see Figure 4.7). These
anemometers are placed at a distance of 4.5m and 7.5m from the cup-anemometer in the boom of the
108m high mast. The top view is presented in Figure 4.7, where also the directions of the equipment
are presented with respect to North. With this set-up, the influence of the mast on the wind speed
measurements is characterised. In addition to the two cup anemometers, a 2D sonic anemometer is
placed on top of the 25m mast (see Figure 4.7). The measurements of this sonic anemometer are also
included in the EWTWM database. The cup anemometers and sonic anemometer are placed at 26.6m
height, the wind vane is placed at 25.8m height. In March 2006 the mast has been removed from the
site.

Figure 4.7. A 25m high mast installed next to meteorological mast 1 at EWTW.

Table 4-4. Instrumentation in 25m mast next to meteorological mast 1

Signal Name label in EWTWM units  location brand Sensor type
Sonic wind speed m25 vais ws m/s 26.6m Vaisala

Sonic wind direction m25 vais wd deg 26.6m Vaisala

Wind speed M m25 ws25 m m/s 26.6m Rise P2456a
Wind speed S m25 ws25 s m/s 26.6m Rise P2456a
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4.4.3 Specification instrumentation in 25m mast

Risg cup anemometers at 26.6m

Signal M25 WS25 M, M25 WS25 S
Dimension m/s

Rise-type cup-anemometers are located at the tip ends of a dedicated boom in top of the 25m mast (see
Figure 4.7). The distance between mast and sensors is specified in the previous sections. The signals
from the cup-anemometers are identified with 'M', which is closest to the mast and 'S', which is more
to the South. The distance, in a straight line at the horizontal level, between these anemometers is 3m.
The cup rotors of the anemometers are mounted 1.5m above the boom end. In between the cup-
anemometers a sonic anemometer is located at a distance of 1.5m.

2D sonic anemometers at 26.6m

Signal M25 Vais ws
Dimension m/s

Signal M25 Vais_wr
Dimension degree

A Vaisala 2D sonic anemometer is located at the centre of a dedicated boom in top of the 25m mast
(see Figure 4.7). The distance between mast and sensor is specified in the previous sections. The sig-
nals from the Vaisala sonic anemometers are identified with 'ws', the wind speed and 'wr', which is the
wind direction. The sample frequency of the sonic anemometer is 2Hz.
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5.

Uncertainties

Uncertainties are calculated following international standards and regulations [4] and [6].

5.1

Cup anemometer

The uncertainty of the cup anemometer is constructed from the following components:

Anemometer calibration uncertainty: The average value over a large number of calibration
values is calculated and is used in the uncertainty analysis. ECN calibrates its anemometers in
the DEWI wind tunnel. The average anemometer calibration uncertainty is 0.062m/s for Risg
cup-anemometers [9].

Anemometer operational characteristics: The uncertainty due to the operational characteristics
(sensitivity to temperature and air pressure, over-speeding, cosine response) is estimated to be
smaller than 0.5%.

Anemometer mounting effects: All anemometers are mounted identical and the uncertainty is
due to two mounting effects. The first is the influence of the mast. The mast is triangular with
Cr value of 0.51 and a leg distance of 1.6m. The cup anemometer is mounted in a distance of
6.5m from the side of the mast. From the hart of the mast this is more than 7m. The influence
of the mast is smaller than 1%.

The second anemometer mounting effect is the influence of the boom. The rotor of the cup is
mounted at 1620 mm above the boom. The influence of the boom is estimated to be smaller
than 0.5%. The total uncertainty due to mounting effects is estimated (quadratic summation)
to be smaller than 1.12%. This has been confirmed by the experiment with the 25m mast [7].
Anemometer data acquisition system: The uncertainty of the data acquisition module in the
measuring system is 0.049% of the measuring range of the Risg anemometer, which is 70 m/s.
The uncertainty is estimated as 0.034m/s

The uncertainty of the cup anemometer is 0.016v + 0.071 m/s, where v is the wind speed.

5.2 Windvane

The uncertainties of the wind vanes are 2° for 10-minute averaged wind directions. The resolution of
the wind vanes is

Friedrichs: 2.5 degrees
Mierij: 1.4 degrees

The flow distortion due to the mast is below 1.5 degrees.

5.3 Airtemperature

The uncertainty of the radiation shielding of the temperature sensor is assumed to be less than 2°C.
The uncertainty of the mounting effect of the temperature sensor is assumed to be less than 1.9°C.
The uncertainty of the air temperature sensor is 2.7°C.

5.4  Air pressure

The uncertainty of the air pressure sensor is 0.34 hPa.
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6. Campaigns on prototype turbines

Prototype location 1: NM 92 Wind Turbine (DOWEC)

Within the framework of the DOWEC (Dutch Offshore Wind Energy Converter) project ECN carried
out the following measurements on the NEG MICON NM92 at the EWTW:

e Power performance measurements

e Mechanical load measurements

e Acoustic Noise measurements

The meteorological mast 1 is used for these measurements.

Prototype location 2: GE2.5 Wind Turbine

The GE 2.5 MW prototype turbine has been erected at prototype location 2 at EWTW. In 2006, the
rotor has been replaced to test an alternative configuration. The following measurements are per-
formed:

e Power performance measurements

e Mechanical load measurements

e Acoustic Noise measurements

e Power Quality measurements

The meteorological mast 1 is used for these measurements.

Prototype location 3: GE2.3 Wind Turbine

The GE 2.3 MW prototype turbine has been erected at prototype location 3 at EWTW. The following
measurements are performed:

e Power performance measurements

e Mechanical load measurements

e Acoustic Noise measurements

The meteorological mast 2 is used for these measurements.

Prototype location 4: Siemens 3.6 Wind Turbine

The Siemens 3.6 MW prototype turbine has been erected at prototype location 4 at EWTW. The fol-
lowing measurements are performed:

e Power performance measurements

e Mechanical load measurements

e Acoustic Noise measurements

The meteorological mast 2 is used for these measurements.
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7.  Campaigns of research projects

WISE project

The WISE project is a European project. In this project it has been investigated whether a Sodar
(Sound Detecting and Ranging) measurement system, among the remote sensing devices, is an
acceptable alternative to measure wind speeds at higher altitudes and remote areas. Especially the
application to power performance measurements on wind turbines has been investigated. A
measurement campaign has been performed to determine:

e A calibration procedure to improve the accuracy of Sodar measurements;

e The operational and external conditions influencing the resulting Sodar measured wind speed.
The main conclusion is that although the Sodar with the current technology has its limitations, the
instrument poses an attractive alternative to expensive large meteorological masts for wind
measurements with large wind turbines and measurements at offshore locations. However,
improvements regarding calibration, design and software are required.

Published reports for which EWTW data has been used: ECN-RX--03-058, ECN-C--03-108, ECN-C--
05-041 and ECN-C--05-044

Accuwind project
The Accuwind (Accurate Wind measurements) project is a European project that is in addition par-
tially financed by Senter/Novem The objective of the Accuwind project is to provide accurate wind
speed measurements using cup and sonic anemometers. Part of the objective is to improve tools and
methods to assess the accuracy of cup and sonic anemometers in wind energy measurements by devel-
opment and implementation of procedures for calibration, field comparison, benchmark tests and clas-
sification. Another part of the objective is to define measured wind speed for power performance
measurements in a consistent way, so that uncertainties of wind speed sensors can be reduced. The ob-
jectives of the project are organised in three work packages:

- to improve tools and methods to assess the accuracy of cup anemometers in wind energy

measurements;

- to assess the accuracy of sonic anemometers in wind energy measurements;

- to define the measured wind speed for power performance measurements.
In the Accuwind project the flow distortion effects of the meteorological mast are characterised. Next
to the meteorological mast 1 a 25m mast was installed in order to characterise the effects of the mast
on the wind speed measurements by cup anemometers on the 6,5m long booms of the mast. In addi-
tion, at 25m a standard boom of 6,5m was installed in meteorological mast 1. The two cup-
anemometers in top of the 25m mast were placed at a distance of 4.5m and 7.5m from the cup-
anemometer in the boom. This way, the flow disturbance of the mast could be assessed.
Part of the uncertainty analysis on cup anemometer calibrations is based on measurements at EWTW.
Analysis of operational characteristics of various types of sonic anemometers is based on measure-
ments at EWTW.

Published reports for which EWTW data has been used: ECN-C--05-066, ECN-CX--04-097, ECN-

CX--05-025, ECN-CX--05-102, ECN-RX--06-061, ECN-CX--06-037, Risg-R-1563, Risg-1-2490 and
UPM report
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LTVM project
The project “Validatie metingen EWTW?” is financed by Senter/Novem, and is carried out in the pe-
riod from 1-10-2004 till 1-10-2006. The abbreviation LTVM originates from Long Term Validation
Measurements. The main objective of the project is to perform measurements and to collect data so
that the following items can be analysed later on:

e Characterization of the wake of a wind turbine farm

e Assessment of the effects of the wake on loads and performances

e Determination of the extreme loads for fatigue analysis

The measurement plan for the Itvm project gives a detailed description of the experiment [8]. The ex-
periment started with the erection of meteorological mast 3. At two heights, tri-angular booms have
been mounted to this meteorological mast in three directions. The mounting heights of these booms
are 50.4m and 78.4m. The cup anemometers are mounted at 1.6m above these booms, so the measur-
ing heights for the wind speed are 52 an 80m. The booms have a length of 6.5m, from the centre of the
cup anemometer to the middle line between the two legs of the meteorological mast.

Published reports for which EWTW data has been used: ECN-CX--05-084, ECN-CX--06-004 and
ECN-M--07-044

O&M Cost Estimator

The WE@SEA project 'Operations and Maintenance Cost Estimator' is part of research line 5 'Installa-
tion, operations and maintenance, dismantling'. The objective of the WE@SEA project 'Operations
and Maintenance Cost Estimator' (OMCE) is to develop a methodology with which owners and opera-
tors of offshore wind farms are able to estimate the future O&M costs. The methodology together with
monitoring of the wind farm should give owners and operators tools to support the decisions on O&M.
In order to develop a methodology with which owners and operators of offshore wind farms are able
to estimate and control the future O&M costs, it will be especially relevant to determine trends that
indicate if failures will occur, how many and what costs are associated to these failures on the longer
term.

Published reports for which EWTW data has been used: ECN-RX--06-055, ECN-RX--06-058,
ECN-X-07-010

CONMOW

This EU funded CONMOW project mainly deals with diagnostics and condition monitoring as a
means to:
e verify if the actual loads on components do agree with the design loads;
e detect faults and wear in an early stage in order to avoid consequence damage, and predict the
remaining life;
e optimise and increase the maintenance intervals of certain components;
e assess the use of measured parameters as input for turbine and park control.
The CONMOW project aims at
1. adjusting currently available condition monitoring techniques to the specific wind turbine needs
and make sure that they will meet the newly developed wind turbine communication standards;
2. investigating and demonstrating the benefits of condition monitoring techniques in the operation
of large wind farms at remote (offshore) locations;
3. making an inventory of measurement and condition monitoring techniques that are currently under
development and will have added value for the operation of wind farms on the longer term
Due to the CONMOW project condition monitoring systems have been installed in all five research
turbines.
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FOBM

Methods are investigated to monitor the blades of the wind turbines. Apart from the development of
sensors also algorithms and tools are developed to process the measured signals of the blades. Tests of
equipment, algorithms and tools are running in the research turbines, among others tests of optical
strain gauges.

Published reports for which EWTW data has been used: ECN-RX--04-136

WT Bird

A new method for registration of bird collisions has
been developed using video cameras and microphones
combined with event triggering by acoustic vibration
measurement. Remote access to the recorded images |
and sounds makes it possible to count the number of
collisions as well as to identify the species. Currently a
prototype system is being tested on one of the research
turbines. Among others, test using bird dummies have
been carried out.

Published reports for which EWTW data has been
used: ECN-RX--03-035, ECN-RX--04-121, ECN-C--
04-046, ECN-RX--06-060

CRISP

The CRISP project aims to investigate, develop and test how latest advanced intelligence by ICT tech-
nologies can be exploited in a novel way for cost-effective, fine-grained and reliable monitoring, man-
agement and control of power networks that have a high degree of Distributed Generation and RES
penetration. The opportunities for interactive power networks to create new possible control mecha-
nisms that create flexibility and self-managing networks will be shown. Normal and emergency opera-
tions are investigated covering different time scales. Insight in performance, security and architecture
of highly distributed systems will be made available. Technical availability, functionality and eco-
nomic cost-benefit considerations will be integrated. Results will contribute to better regional monitor-
ing and control of local distribution in the EU-network.

The measurements at EWTW involved the power produced by the wind farm and the wind speed
measurements at hub height. These measurements are compared to predictions of power production
and furthermore the correlation of production of distributed wind farms is investigated.

web-page: http://www.ecn.nl/crisp/
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SIROCCO

Wind turbine noise is one of the major hindrances for the widespread use of wind energy. For modern
large turbines, the dominant noise source is considered to be aerodynamic noise from the blades.
Therefore, the subject of the European SIROCCO project is the design, testing, and full-scale valida-
tion of quiet wind turbine blades. Among others, in this project acoustic field measurements were car-
ried out on a three-bladed GE 2.3 MW wind turbine with a rotor diameter of 94 m, in order to charac-
terize the noise sources and to verify whether trailing edge noise from the blades was dominant. The
rotor blades were not cleaned or treated otherwise before the test campaign. A large horizontal micro-
phone array, positioned about one rotor diameter upwind from the turbine, was used to measure the
distribution of the noise sources in the rotor plane and on the individual blades.

HEAT AND FLUX

Offshore wind farms generally have a large number of wind turbines. These turbines suffer from
power loss and increased mechanical loading levels because of the wake interaction. At ECN novel
ways are developed of wind farm operation directed to alleviating associated loading levels and in-
creasing electricity output. The first full scale experiment has been carried out on the N80 machines at
the EWTW.
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8.  Sensor types and calibration information

The unit ECN Wind Energy is accredited according ISO17025 for

e noise measurements on wind turbines according IEC 61400-11 and MEASNET acoustic noise

measurement procedure

e power performance measurements according IEC 61400-12 and MEASNET Power perform-

ance measurement procedure
e mechanical load measurements according IEC/TS 61400-13

The experiments are carried out according the accompanying requirements. As a result, the sensors
require regular calibration and during the measurement campaign sensors may be replaced by recently
calibrated ones. This is stored in the instruments administration system, called "Aeolus". In 2007 the
instruments administration is renewed with the Ultimo software package. This system has more op-
tions to store the relevant information. The procedures necessary for instrument calibration, use and
maintenance are included in the relevant quality management system [5]. In addition, the database
keeps track of the sensor types and identification. The information is stored in the metadata table. The

metadata types are presented in Table 8-1.

Table 8-1. Metadata types used in the EWTWM database (select * from metadatatype;)

id name type comment

1  dante config text Verbatim DANTE configuration line

2 Phase int2 Current phase of the campaign

3 Unit text Unit of measurement of the channel

4 LowLimit real Low limit of the signal

5 HighLimit real High limit of the signal

6  FilterType int Type filter applied to the signal

7  ResampleType int Type of resampling applied to the signal
8  AveragingType int Type of averaging applied to the signal
9  Sensor int Identification of sensor

10 SensorGain real Gain of sensor

11 SensorOffset real Offset of sensor

12 CalibrationDate timestamptz  Time of sensor calibration

13 Technician text Technician changing calibration

14  ModuleType int Type of module (in DANTE)

15 ModulelD int Identification of module (in DANTE)
16 ModuleGain real Gain of module (in DANTE)

17  ModuleOffset real Offset of module (in DANTE)

18 Scanrate int Scan rate of signal

19 FEChannel int Channel number of signal in frontend
20 FrontendName text Name of frontend where signal is measured
21 FESignalName text Name of signal in frontend

22 dante val int4 Binary validation flags from DANTE
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9. Discussion and conclusions

At the ECN Wind Turbine Test site Wieringermeer (EWTW) a continuous stream of data is gathered
from a wind farm with five Nordex N8O research turbines and a 108m high meteorological mast and
from four prototype turbines and their two high meteorological masts. The data are measured by the
ECN data-acquisition system. For storage and analyses of this vast amount of data, a high quality da-
tabase has been developed. The database contains all the necessary information about the measure-
ment hardware, calibrations etcetera. Storage of large quantities of data in a database requires exten-
sive validation. The quality of the measured data is ensured by use of calibrated instruments, applica-
tion of measurement procedures according ISO 17025, signal conditioning in the DANTE data acqui-
sition system and implementation of validation filters and rules in the database structure. The database
ensures good accessibility of the data and unambiguous use in subsequent analyses.

The dedicated meteorological database EWTWM has been created to collect meteorological data over
a long period of time. The meteorological data are measured in the research projects that are carried
out at EWTW as well as in the measurement campaigns on the prototype turbines. This means that the
data are scattered over many databases that in addition are often confidential, because these contain
also the turbine data. In the EWTW meteorological database the meteorological data are inserted that
are measured at the three large meteorological masts at EWTW. The combined collection of data al-
lows easy access to the validated database and offers the possibility of research to be carried out on
many subjects. This report facilitates the research by a full description of the measurement conditions.
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Appendix A Available data in 2003-2004 (monthly percentages)

In the Appendices the availability of data is presented for the signals that are included in the Meteoro-
logical database (EWTWM). Note that these availabilities are not necessarily equal to the availabilities
in the measurement projects. Since the EWTWM database is not connected to any project, the data are
not checked on a daily basis (as is the case in ordinary measurement projects) and as a consequence,
data availability can be smaller.

June July Aug- Sep- Oct- Nov- Dec- Jan- Feb- Mar- Apr- May-
03 03 03 03 03 03 03 04 04 04 04 04

mml_pair70 2 97 95 97 87 100 87 71 73 80 98 67
mml_pair85
mml_prec 2 97 95 97 87 100 88 71 73 80 98 67
mml _s108 u
mml _s108 v
mml_s108 w
mml_s108 v3d
mml s108 vdir
mml_s108_vhor
mml_tair3
mml_tair70 2 97 95 97 87 100 88 71 73 33 50 67
mml _tair85
mml_wd25 240
mml_wd70 120 2 94 92 96 87 100 88 71 73 80 98 67
mml_wd70_240 2 94 92 96 87 100 88 71 73 80 98 67
mml wd85 120
mml_wd85_ 240
mml_wd108
mml ws25 240
mml_ws25 240 pulsecount to ws
mml_ws45 240
mml_ws70_0 97 95 97 87 100 88 71 73 80 98 67
mml _ws70_120 97 95 97 87 100 88 71 73 80 98 67
mml_ws70_240 2 97 95 97 87 100 88 71 73 80 98 67
mml ws85 0
mml ws85 0 p
mml ws85 120
mml_ ws85 120 p
mml_ ws85 240
mml ws85 240 p

NS\
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Appendix B Available data in 2004-2005 (monthly percentages)
June- July- Aug- Sep- Oct- Nov- Dec- Jan- Feb- Mar- Apr- May-
04 04 04 04 04 04 04 05 05 05 05 05
m25_vais_ws 11 89 95 96 70 99 95 100
m25_vais wr 10 89 95 96 98 99 95 98
m25 ws25 m 1 46 11 89 95 99 98 100 96 100
m25 ws25 m_pulsecount to 79 98 100 96 100
m25_ ws25 s 1 46 11 89 95 99 98 100 96 100
m25 ws25 s pulsecount to ws 79 98 100 96 100
mml_pair70 10 71 83 65 100 89 95 96 94 99 93 82
mml_pair85 56 65 100 89 95 96 94 99 96 82
mml _prec 10 44 65 65 100 89 57 99 94 99 96 82
mml s108 St 79 94 98 96 82
mml s108 u 27 60 94 80 89 97 92 97 94 81
mml_s108_v 19 61 94 77 89 97 92 97 94 81
mml_s108_w 31 61 94 82 89 97 92 98 94 81
mml_s108 v3d 18 60 94 77 89 97 92 97 94 81
mml_s108_vdir 18 60 94 77 89 97 92 97 94 81
mml_s108_vhor 18 60 94 77 89 97 92 97 94 81
mml_tair3 1 53 71 91 99 89 61 99 94 100 96 82
mml tair70 10 71 83 65 100 89 95 92 35 82
mml_tair85 56 65 100 68 76 99 83 99 96 82
mml_tairl08 79 94 100 93 82
mml_wd25 240 1 90 98 91 81 21 53 94 100 96 82
mml_wd70_120 10 69 83 65 100 89 95 99 94 99 95 82
mml_wd70 240 10 90 83 65 100 89 95 99 94 99 95 82
mml_wd70 overall 10 69 83 65 100 89 95 99 94 99 95 82
mml_wd85 120 52 55 98 88 94 99 87 99 96 82
mml wd85 240 56 65 100 89 95 99 87 99 96 82
mml wd85 overall 52 55 98 88 94 99 87 99 96 82
mml wd108 11 89 95 99 98 100 96 100
mml_ws25 240 1 90 98 91 99 88 95 99 94 100 93 82
mml_ws25 240 pulsecount to ws 79 94 100 93 82
mml_ws45 240 1 90 98 91 99 88 95 99 94 100 93 82
mml_ws70 0 10 90 83 65 100 88 93 99 94 99 93 82
mml_ws70_120 10 90 83 65 100 88 95 99 94 99 95 82
mml ws70 240 10 90 83 65 100 88 93 99 94 99 95 82
mml_ws85_0 56 65 100 89 4
mml ws85 120 56 65 100 89 4
mml_ws85_240 26 55 100 89 4
mml_ws85_0_p 42 81 100 65 45
mml_ws85_120 p 66 94 100 96 82
mml_ws85 240 p 66 94 100 96 82
mml_ws85 120 d 35 50 52 50 52
mm3_pair80 72 99 98 100 96 100
mm3_rh80 72 99 98 100 96 100
mm3 s52n_St 82 98 100 97 100
mm3_s52n_u 70 99 97 100 96 100
mm3_s52n_v 70 99 98 100 96 100
mm3_s52n_w 70 99 98 100 97 100
mm3_s52n_v3d 70 99 97 100 96 100
mm3_s52n_vdir 70 99 97 100 96 99
mm3_s52n_vhor 70 99 97 100 96 100
mm3_s80n_St 0 82 98 100 97 100
mm3_s80n_u 72 99 98 100 96 100
mm3_s80n_v 72 99 98 100 96 100
mm3_s80n_w 72 100 98 100 97 100
mm3_s80n_v3d 72 99 98 100 96 100
mm3_s80n_vdir 72 99 98 99 96 99
mm3_s80n_vhor 72 99 98 100 96 100
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June- July- Aug- Sep- Oct- Nov- Dec- Jan- Feb- Mar- Apr- May-
04 04 04 04 04 04 04 05 05 05 05 05
mm3 s108 St 0 82 57 11 97 100
mm3_s108 u 68 99 57 11 96 99
mm3_s108 v 68 99 57 11 95 99
mm3_s108 w 69 99 57 11 97 100
mm3_s108 v3d 68 99 57 11 95 99
mm3_s108 vdir 68 98 57 11 95 98
mm3_s108 vhor 68 99 57 11 95 99
mm3_tair80 72 99 98 100 96 100
mm3 wd52 120 72 99 98 100 96 99
mm3_wd52 240 70 99 98 99 94 100
mm3_wd52 overall 70 99 98 100 96 100
mm3_wd80_ 120 71 99 98 100 96 929
mm3_wd80 240 72 99 98 100 96 929
mm3_wd80_overall 71 99 98 100 96 100
mm3_ws52 120 72 99 98 100 96 100
mm3_ws52 240 72 99 98 100 96 100
mm3 ws80 120 71 99 98 100 96 100
mm3_ws80 240 72 99 98 100 96 100
mm3 v _dt 37minl0
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Appendix C Available data in 2005-2006 (monthly percentages)

June- July- Aug- Sep- Oct- Nov- Dec- Jan- Feb- Mar- Apr- May-
05 05 05 05 05 05 05 06 06 06 06 06
m25_vais ws 19 32 70 93 100 97 98 99 98 16
m25_vais wr 18 38 96 94 99 96 98 99 97 16
m25 ws25 m 19 40 100 98 100 97 100 55 96 75
m25 ws25 m_pulsecount to ws 19 40 100 98 100 97 100 55 95 75
m25_ws25 s 19 40 100 98 100 97 100 100 95 75
m25 ws25 s pulsecount to ws 19 40 100 98 100 97 100 100 95 75
mml_pair70 98 79 70 96 100 97 100 100 100 75
mml_pair85 100 100 100 9% 100 97 100 100 100 99 100 100
mml_prec 100 100 100 9% 100 97 100 100 100 99 100 100
mml_s108_st 99 99 99 96 99 94 97 97 94 98 99 99
mml_s108_u 98 98 99 96 99 94 98 99 99 98 99 99
mml_s108_v 98 98 99 96 99 94 97 99 97 97 99 99
mml_s108_w 98 98 99 96 99 94 98 99 99 98 99 99
mml_s108 v3d 98 98 98 96 99 94 97 98 97 97 99 99
mml_s108_vdir 97 97 98 95 98 93 97 98 96 97 99 99
mml_s108 vhor 98 98 98 96 99 94 97 98 97 97 99 99
mml_tair3 100 100 100 91 100 52 82 100 99 100 100
mml_tair70 100 100 100 93 86 42 75
mml_tair85 100 100 100 96 100 97 100 100 100 99 100 100
mml_tairl08 100 66 100 98 3 31 100 100 40 100 100
mml_wd25 240 100 99 99 97 100 97 100 99 100 99 100 99
mml_wd70_120 100 99 97 95 100 97 100 99 100 75
mml_wd70 240 100 99 96 95 99 97 100 99 100 75
mml_wd70_overall 100 99 95 94 99 97 100 99 100 75
mml wd85 120 99 99 100 9% 100 97 100 99 100 99 100 100
mml_wd85_240 99 98 98 96 100 97 94 99 100 99 100 100
mml_wd85 overall 100 98 98 96 100 97 94 99 100 99 100 100
mml_wd108 100 99 100 98 100 97 100 100 100 99 100 100
mml_ws25 240 100 100 100 98 100 97 99 100 95 99 100 100
mml ws25 240 pulsecount to ws 100 100 100 98 100 97 99 100 95 75
mml_ws45 240 100 100 100 98 100 97 100 100 95 99 100 100
mml_ws70_ 0 100 100 100 9 100 97 100 100 95 75
mml ws70_120 100 100 100 9% 100 97 100 100 95 75
mml_ws70_240 100 100 100 9% 100 97 99 100 95 75
mml ws85 0
mml_ws85_120
mml ws85 240
mml_ws85_ 0 p 100 100 100 98 100 97 99 100 95 99 100 100
mml_ws85 120 p 100 100 100 98 100 97 99 100 95 99 100 100
mml_ws85 240 p 100 100 100 98 100 97 99 100 95 99 100 100
mml ws85 120 d 51 51 52 50 52 50 52 52 54 51 51 52
mm?2_pair96 66 97 100 98 89 99 100 100
mm?2_prec 66 97 100 99 100 99 100 100
mm2_s100_st 53 100 99 100 98 100 100
mm2_s100_u 53 99 98 100 98 100 100
mm2_s100_v 53 99 97 98 98 100 100
mm2_s100_w 97 97 95 98 99 99
mm2_s100_vdir 97 97 95 98 99 99
mm?2_s100_vhor 97 97 95 98 99 99
mm2_s100_v3d 97 97 95 98 99 99
mm?2_tair3 66 97 100 99 100 99 100 100
mm?2_tair96 66 97 100 98 100 99 100 100
mm2_wd96_215 66 96 96 98 100 99 100 100
mm2_wd96_335 66 97 100 98 100 99 100 100
mm2_wd60_215 66 97 100 99 100 99 100 100
mm2_wd60_335 66 97 100 99 100 99 100 100
mm2_ws100_125 66 97 100 97 100 99 100 100
mm2_ws100_305 66 97 98 98 96 99 100 100
mm2_ws80 215 53 100 55 100 99 100 100
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mm2_ws60_215 66 97 46 99 95 99 100 100

mm2_ws60_335 66 97 46 99 95 99 100 100
mm2_ws60_95 66 97 46 99 95 99 100 100
mm2_ws26_215 66 97 100 55 100 99 100 100

mm3_pair80 99 100 100 98 100 99 100 100 100 88 100 96
mm3 rh80 99 100 100 98 100 99 100 100 100 88 100 96
mm3_s52n_st 100 100 100 98 100 99 99 100 100 88 100 96
mm3_s52n_u 99 100 100 98 100 99 100 100 99 88 100 96
mm3_s52n_v 99 100 100 98 100 99 100 100 100 88 100 96
mm3_s52n. w99 99 100 98 99 98 100 100 97 87 100 96
mm3_s52n_v3d 99 99 100 98 99 98 100 100 97 87 100 96
mm3_s52n_vdir 99 99 100 97 100 98 99 100 98 87 100 96
mm3_s52n_vhor 99 100 100 98 100 99 100 100 99 88 100 96
mm3_s80n_st 100 100 100 98 100 99 99 9 100 86 100 96
mm3_s80n_u 99 99 100 98 100 98 99 96 99 85 100 96
mm3_s80n_v 99 100 100 98 100 98 99 96 99 86 100 96
mm3_s80n_w 99 99 99 97 100 97 99 95 97 85 100 96
mm3_s80n_v3d 99 99 99 97 100 97 99 95 97 85 100 96
mm3_s80n_vdir 98 98 99 97 99 97 99 95 97 85 100 96
mm3_s80n_vhor 99 99 100 98 100 98 99 96 99 85 100 96
mm3_s108_st 100 100 100 98 100 97 96 98 91 76 93 96
mm3_s108_ u 98 99 99 97 100 94 95 98 90 76 92 96
mm3_sl108_v 98 98 99 97 100 94 94 98 90 76 92 96
mm3_s108_w 98 97 97 96 99 92 94 97 88 76 92 95
mm3_s108_v3d 97 97 97 96 99 92 94 97 88 76 92 95
mm3_s108_vdir 97 97 98 96 99 93 94 97 89 75 92 95
mm3_s108_vhor 98 98 99 97 99 94 94 97 90 76 92 96
mm3_tair80 99 100 100 98 100 99 100 100 100 88 100 96
mm3_wd52_120 99 99 100 97 99 98 99 100 100 88 100 96
mm3_wd52 240 99 99 100 98 100 98 99 100 100 88 100 96
mm3_wd52 overall 99 100 100 98 100 98 99 100 100 88 100 96
mm3_wd80_120 99 99 100 97 100 98 99 100 100 88 100 96
mm3_wd80_240 99 99 100 97 99 98 99 99 100 88 100 96
mm3_wd80_overall 99 100 100 98 100 98 99 100 100 88 100 96
mm3_ws52_120 99 99 99 98 100 98 99 100 95 88 100 96
mm3_ws52_240 99 100 100 98 100 98 100 100 95 88 100 96
mm3_ws80_120 99 100 100 98 100 98 99 100 95 88 100 96
mm3_ws80_240 99 100 100 98 100 98 99 100 95 88 100 96
mm3 v_dt 37minl0 5 98 96 98 100 99 99 100 100 88 100 96
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Appendix D Available data in 2006-2007 (monthly percentages)

June- July- Aug- Sep- Oct- Nov- Dec- Jan- Feb- Mar- Apr- May-
06 06 06 06 06 06 06 07 07 07 07 07
m25 vais ws
m25_vais_wr
m25_ws25_m
m25 ws25 m pulsecount to ws
m25 ws25 s
m25 ws25 s pulsecount_to ws
mml_pair70
mml_pair85 61 98 99 97 78 93 99 78 92 100 100 100
mml_prec 100 98 99 97 78 93 99 78 92 100 100 100
mml_s108_st 100 98 97 97 76 91 99 78 92 100 100 100
mml_s108_u 100 98 98 97 77 92 98 76 90 99 100 99
mml_s108_v 100 98 98 97 77 92 98 76 91 99 100 99
mml_s108_w 100 98 99 97 77 93 98 76 91 99 100 100
mml_s108_v3d 100 98 98 97 77 92 98 76 90 99 100 99
mml_s108_vdir 99 97 97 97 77 92 98 75 90 99 100 98
mml _s108 vhor 100 98 98 97 77 92 98 76 90 99 100 99
mml_tair3 100 98 99 97 78 93 99 78 92 100 100 100
mml_tair70
mml_tair85 100 98 99 97 78 93 99 78 92 100 100 100
mml_tairl08 100 98 99 97 78 93 99 78 92 100 100 100
mml_wd25 240 100 98 99 97 78 82 98 78 87 100 100 99
mml_wd70_120
mml_wd70 240
mml _wd70_overall
mml wd85 120 100 93 99 97 78 93 97 77 91 100 100 99
mml_wd85 240 100 97 99 97 78 93 97 78 92 100 100 99
mml_wd85 overall 100 93 99 97 78 93 97 77 91 100 100 99
mml_wd108 100 98 99 97 78 93 97 78 92 100 100 99
mml_ws25 240 100 98 99 97 78 93 99 78 92 100 100 100
mml_ ws25 240 pulsecount to ws
mml_ws45 240 100 98 99 97 78 93 99 78 92 100 100 100
mml_ws70 0
mml_ws70_120
mml_ ws70 240
mml ws85 0
mml_ws85_120
mml ws85 240
mml_ws85_ 0 p 100 98 99 97 78 93 99 77 92 100 100 100
mml_ws85 120 p 100 98 99 97 78 93 98 77 92 100 100 100
mml_ws85 240 p 100 98 99 97 78 93 99 77 92 100 100 95
mml ws85 120 d 77 77 52 50 40 48 50 40 47 51 52 52
mm2_pair96 100 100 99 96 80 93 99 77 92 99 100 100
mm?2_prec 100 100 99 96 80 93 99 77 92 99 23 35
mm2_s100_st 100 100 99 96 80 93 99 77 92 98 100 100
mm2_s100_u 100 100 98 96 79 93 98 77 91 98 100 100
mm2_s100_v 100 100 98 96 79 93 98 76 91 98 100 100
mm2_s100_w 100 100 97 96 78 93 98 76 90 97 100 100
mm2_s100_vdir 100 100 97 96 78 93 98 76 90 97 100 100
mm?2_s100_vhor 100 100 97 96 78 93 98 76 90 97 100 100
mm2_s100_v3d 100 100 97 96 78 93 98 76 90 97 100 100
mm2_tair3 100 100 99 96 80 93 99 77 92 99 100 100
mm2_tair96 100 100 99 96 80 93 99 77 92 99 100 100
mm2_wd96_215 100 100 99 96 80 93 99 77 92 99 100 100
mm2_wd96_335 100 100 97 96 80 93 99 77 92 99 100 100
mm2_wd60_215 100 100 99 96 80 93 99 77 92 99 100 100
mm2_ wd60 335 100 100 99 96 80 93 99 77 92 99 100 100
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June-  July-  Aug- Sep- Nov-  Dec- Feb- Mar- Apr-  May-
06 06y 06g og 0ct-06 ¢ 06 107y 07 0p7 07y
mm2_ws100 125 100 100 99 96 80 93 99 77 92 99 100 100
mm2_ws100 305 100 100 99 96 80 93 99 77 92 99 100 100
mm2_ws80 215 100 100 99 96 80 93 99 77 92 99 100 100
mm2_ws60 215 100 100 99 96 80 93 99 77 92 99 100 100
mm2_ws60 335 100 100 99 96 80 93 99 77 92 99 100 100
mm2 ws60 95 100 100 99 96 80 93 99 77 92 99 100 100
mm2 ws26 215 100 100 99 96 80 93 99 77 92 99 100 100
mm3_pair80 100 100 96 96 79 93 99 78 92 100 100 99
mm3 th80 100 100 96 96 79 93 99 78 92 100 100 99
mm3_s52n st 100 100 96 96 79 93 98 78 92 99 100 99
mm3 s52n u 100 100 96 96 79 93 99 77 92 99 100 99
mm3 s52n v 100 100 96 96 79 93 99 78 92 99 100 99
mm3 s52n w100 100 96 96 79 93 99 77 92 99 100 99
mm3 s52n v3d 100 100 96 96 79 93 99 77 92 99 100 99
mm3_s52n_vdir 100 99 96 96 79 93 98 77 92 99 100 98
mm3 s52n_vhor 100 100 96 96 79 93 99 77 92 99 100 99
mm3_s80n st 98 100 96 96 79 93 98 78 92 100 100 99
mm3 s80n u 98 100 96 96 79 93 99 77 92 99 100 99
mm3 s80n v 98 100 96 96 79 93 99 77 92 100 100 99
mm3_s80n w98 100 96 96 79 93 99 77 92 99 100 99
mm3_s80n v3d 98 100 96 96 79 93 99 77 92 99 100 99
mm3_s80n_vdir 98 99 96 9 79 93 98 77 92 99 100 98
mm3_s80n_vhor 98 100 96 96 79 93 99 77 92 99 100 99
mm3 s108 st 100 100 96 96 79 93 98 78 91 100 100 98
mm3 s108 u 100 100 94 96 77 92 97 76 90 99 100 98
mm3 s108 v 100 100 94 96 77 9 97 76 89 98 100 98
mm3 s108 w 100 100 92 96 76 92 97 75 88 98 100 98
mm3_s108 v3d 100 100 92 96 76 9 97 75 88 98 100 98
mm3_s108 vdir 99 99 93 96 77 9 97 76 89 98 100 97
mm3 s108 vhor 100 100 93 96 77 92 97 76 89 98 100 98
mm3_tair80 100 100 96 9 79 93 99 78 92 100 100 99
mm3 wd52 120 100 99 96 96 78 93 98 78 92 100 100 99
mm3_wd52 240 100 100 96 96 79 93 98 78 92 100 100 99
mm3_wds2 overall 100 100 96 96 79 93 98 78 92 100 100 99
mm3_wd80 120 100 99 96 95 78 92 98 78 91 100 100 98
mm3_wd80 240 100 99 96 96 78 93 98 77 92 100 100 99
mm3_wd80 overall 100 100 96 96 79 93 99 78 92 100 100 99
mm3 ws52 120 100 100 96 96 79 93 98 78 92 100 100 99
mm3_ws52 240 100 100 96 96 79 93 98 78 92 100 100 99
mm3 ws80 120 100 100 96 96 79 93 98 78 92 100 100 99
mm3 ws80 240 100 100 96 96 79 93 98 78 92 100 100 99
mm3 v dt 37minl0 100 100 96 96 79 93 98 78 9 100 100 99
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Appendix E  Pictures from meteorological mast 1 at 70m height

North direction North-North-East
with Nordex turbines (5 & 6) in background with Nordex turbines (6 to 9) in background

East-North-East; foundation GE2.5 in front, East direction
Lake IJsselmeer in background Lake 1Jsselmeer background

Fast-South-Fast South-South-East

NM 52 machines in background
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South direction

South-South-West

West-South-West

West direction

North-West, with the NM92 turbine in front

North-North-West
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Appendix F  Pictures from meteorological mast 2 at 96.2 m height

North direction
with Nordex turbines in background
The folding mast with the sonic is down

North-North-East
with Nordex turbines in background
The folding mast with the sonic is down

East-North-East; location Siemens 3.6 in front,
1Jsselmeer in background

East direction
IJsselmeer dike and lake in background

East-South-East

V52 machine in background

South-South-East
Lagerwey 52/750 machines in background
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South direction South-South-West
NMS52 turbines in background The lower part of the folding mast is visible

West direction

West-South-West Meteo mast 1, NM92 and GE 2.5 visible

North-West North-North-West
NMO92, GE 2.5 and GE 2.3 visible GE 2.3 and 4 Nordex turbines visible
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