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Abstract Due to the incressed expansion of wind tur-
hines (W) in the last two decades, seismologists have
recently observed an impact of disturbing signals at
seismic stations. Ground vibrations generated by WTs
perturh the seismic background noise level at seismo-
logical monitoring sites cansing that the performance
and functional capability of a seismological network can
be limited which leads a conflict between operators of
WTs and seismological institutions. With regard to a
conflict sottlement, the research project MISS (Min-
derung der Stirwirkung von Windenergieanlagen anf
scismologische Stationen) was initiated to investigate
in detsil the seismic signals emitted by a WT in order
to identify and discuss methods to redoce the distur-
banee impact on seismic stations. A part of this re-
search project is presented in this study and deals with
movement patterns of 8 WT tower, foundation and the
immediate subsurface as well as the amplitude decay
behavior of the seismic noise with increasing distances
to the WL For this purpose, short- and long-term mes-
surements were conducted st a single WT of the “Biirg-
erwindpark A31 Hohe Mark” located in Heiden (Morth
Rhine-Westphalis, Germany). First, the first four eigen-
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frequencies of the WT tower are identified at 0.3 Hz, 1.1
He, 3.25 Hz and 6.0 Hz using 1.5 hour recordings of sen-
sors that were installed in different heights on the inner
wall of the tower. Furthermore, linear, elliptical and eir-
cular motion patterns could be obhserved at the tower.
The results of the long-term measurements using 15
mohile seismic stations installed over one month in two
circnlar arrays with distances of 100 and 200 m around
the WT and two sdditional stations, one deployed on
the foundation and one directly beside in the ficld, also
show linear, elliptical and circular particle movements
of the foundation and shallow underground. By corre-
lating power spectral density (PSDY) spectra and verti-
cal displacements with the prevailing wind direction, it
ean be shown that at the eigenfrecmencies 0.3, 3.25 and
6.0 Hz Rayleigh waves are radisted in crosswind direc-
tion from the W In doumwind direction the wave field
i= dominated by the Love wave type. In contrast, at 1.1
Hz the dominating wave type emitted by the WT in
crosswind direction is Love wave and in downwrind di-
rection mainly of the Reyleigh weve type. In order to
estimate an amplitude decay relationship of the WT-
induced seismic waves, a 1.5 hour line-array measure-
ment with 36 sensors installed 100 — 1000 m from the
WT and a sensor spacing of 25 m could be used to de-
termine attenmation curves of ground motion velocities
propartional to r 8, with r as the distance betwoen sen-
sor and WT and b as the decay parameter, for the four
eigenfrequencics of the tower. The caleulated bvalues
are incressing with frequency from 0,31 to 0L36.

Keywords Seismic Noise - Wind Turbine Noise -
Eigenfrequencies of Wind Turbine Towers - Attenuation
of Seismic Waves - Surface Waves - Seismic Wave Field
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Due to the increased expansion of wind turbines [ WTs) in the last two decades,
seismologists have recently observed an impact of disturbing signals at seismic
stations. Ground vibrations generated by WTs perturb the seismic background noise
level at seismological monitoring sites causing the performance and functicnal
capability of a seismological network to be limited which leads a conflict between
operators of WTs and seismological institutions. With regard fo a conflict setlement,
the research project MISS (Min derung der Str wirkung ven Wind energieanlagen auf
sais mologische Stationen | was inttiated to investigats in detail the seismic signals
emitted by a WT in onder to identify and discuss methods to reduce the disturbance
impact on seismic stations. A part of this research project is presented in this study and
deals with movement patternis of a WT tower, foundation and the immediate
subsurface as well as the amplitude decay behavior of the seismic noise with
increasing distances to the WT. For this purpose, short- and long-term measurements
were conducted at a single WT of the " Blirgerwindpark A31 Hohe Mark" located in
Heiden { NRW , Germany). First, the first four sigenfrequencies of the WT tower ars
identified at 0.3 Hz, 1.1 Hz, 3.25 Hz and 6.0 Hz using 1.5-hour recordings of sensors
that were installed in different heights on the inner wall of the tower. From the
measurements, linear, elliptical and dircular motion patterns could be observed at the
tower. The results of the long-term measurements using 15 mobile seismic stations
installed over one month in two circular armays with distances of 100 and 200 m arcund
the WT and two addifional stations, one deployed on the foundation and one directly
besides in the field, also show linear, eliptical and circular particle movements of the
foundation and shallow underground. By comelating power spectral density ( P30)
spectra and vertical displacements with the prevailing wind direction, it can be revealed
that at the eigenfrequencies 0.3, 3.25 and 6.0 Hz Rayleigh waves are radiated in
crosswind direction from the WT. In downwind direction the wave field is dominated by
the Love wave type. In contrast, at 1.1 Hz the dominating wave type emitted by the WT
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AP3 — Bewertung Storwirkung auf Messstation
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AP3 — Bewertung Storwirkung auf Messstation
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AP3 — Bewertung Storwirkung auf Messstation
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AP3 — Bewertung Storwirkung auf Messstation
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AP3 — Bewertung Storwirkung auf Messstation
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AP3 — Bewertung Storwirkung auf Messstation
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AP3 — Bewertung Storwirkung auf Messstation
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AP3 — Bewertung Storwirkung auf Messstation

60 Distanz zum Epizentrum: 150 km, M; = 3.0

40

20

Verschiebung [nm]
o

-20

—40

20 40 60 80 100 120
Zeit [s]

Signal-Rausch-Verhaltnis: erwartete Amplitude bei gegebener Entfernung und
Magnitude vs. Noise

Bewertung, ob Messstation hinsichtlich der Gesamtaufgabenstellung gestort ist

. q EFRE.NRW
Earth. Insight. Values. 2 ok Investitionen in Wachstum
ﬂ n und Beschaftigung

Europaischer Fonds

fur regionale Entwicklung t‘/\_//

i
]
i

EUROPAISCHE UNION ]

Investition in unsere Zukunft . ’-""ilss “ D M T



AP3 — Bewertung Storwirkung auf Messstation
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