Influence of wind turbines on seismic noise
at monitoring stations in Northern Germany
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* e pffer 3k In recent years, the expansion of wind power systems in Germany has been intensified to
S\ \ ~ sy realize the transition from fossil to renewable energies. It has been noted that at strong
. A\ AN \ wind conditions local and regional noise levels at seismic monitoring sites are influenced by
\ . . . . . .
,, = T\ > the operation of wind turbines [Stammler and Ceranna, 2016]. Since the recording quality
= SN S of a seismic station depends on the noise level, station sites are chosen to be remotely
N =<3 . n ‘s g located. Unfortunately, the same sites are often well suited for wind power systems (fig 1).
30N o o’ son The generated noise of these wind turbines is incidentally recorded by the seismic

- monitoring stations and thus seismic networks or stations are disturbed or decimated with
regard to functionality and task fulfilment.

Methods

= PSDs and 195 of one year measuring period correlated with wind speed.
= Determination of Rayleigh wave proportion in the observed wave field - back-azimuth
S2TN o : . e 2™  of noise sources.

Fig. 1: Location of borehole stations of the seismic monitoring network in Northern Germany (blue spheres) ™ MagnitUde of COmpleteness depending on wind Speed (induced seismic event as master

overlaid with the regional wind turbine distribution (black, green and purple dots). The different color patches

mark the start of operation times of the wind turbines. The yellow and orange circles around the station sites eve nt) .

describe buffer radii of 3 and 5 km, respectively. The length indications represent the distance from station site

to the closest wind turbine. The red star denotes the epicenter of the chosen seismic reference event from April .

2016 in Langwedel. Map created on the SRTM 90 m database for the globe (see Jarvis et al, 2008). Data from: BO re h0|e Statlons

Niederscchsisches Ministerium fiir Erndhrung, Landwirtschaft und Verbraucherschutz.
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Fig. 2: Inter-quantile mean between 5 % and 95 % (IQMS95) of all
PSD functions seperated for wind speed for channel Sz between
January and October 2016 at surface station BROKB. Dark colors
denote high, bright colors low measured wind speed.

Fig. 4: One year averaged PSD functions separated for
wind speed for horizontal component By of ground
velocity between 2013 and 2015 at station I03CB (top),
VO1EB (middle) and WEESB (bottom). Dark colors denote

phase shift [°]
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PSD functions is visibly enhanced amount of phase shift angles - wind speed [m)s]
h . d y| 'l_'l tl’; Fig. 3: Polar-plot histogram O]F; Rayleigh \jgvave incident angles in . P S D fU hctions Of b Ore h O I € Fig. 5: Top: Amplitude decay i: the frequency band 1 — 10 Hz
> OWIng a gOO correiation wi the. fr.equency'bccfmd ltoftween 3_.4 Hz at surjace Ztghog B.ROKB stations yleldlng d CorrEIahon Of of 195 values representing noise levels at the vertical
ind speed at four distinct peaks pointing l-LO v tur./ne.s as noise sources (top). Distribution of - . . . component of all borehole stations, plotted against distance
win P P phase shift angles yielding the largest coherence between the the noise level with Increasing ) , P
tical and horizontal component at station BROKB in a frequenc between station site and wind turbines in 2015. (a) Cyan color
netween 1 —2Hz,3—4Hz, 5-6 ver P quency : ' denotes calculated 195 values at medi ind speed (7 m/s)
! / band of 3 — 4 Hz correlated and normalized to wind speed W|nd SPEEdS and deCFeaSlng enotes caicuiate vaiues a.me {um wina spee M/
'|Z an d 7 . 9 I_ 7 (fl g 2) (bottom). ] ] ] purple calculated 195 values at high W/nd sp?ed (2 12 m{s). The
‘ dIStanCES bEtween monltOI"Ing absolute 195 values at the respective monitoring station are
: . . . . . . divided by vn, with h b > ind turbi
= |n a small frequency band between 3 — 4 Hz the dominating portion of the sites and wind turbines (fig 4). o o Dicranea rom e s
" - " 1 1 . . MW wind turbines in a radial distance up to 10 km around the
NOISE Waveﬁe d 1S represented byRaylelgh WaVE§. The RaY!elgh waves dare - The helght Of nearby Wlnd six borehole stations. Dark colors denote a high number of
produced by the blade pass at wind turbines [Xi Engineering Consultants turbines is affecting the  nearby wind turbines, bright colors a low number. The white
. . . . . . L. ] triangles represent the harmonic mean of the distances
Ltd, 2014] with back-azimuths pointing to wind parks in the proximity to frequency content of the noise  distributions. Bottom: Detection level of seismic events at
. . . . . . . stations I03CB (purple lines) and VO1EB (cyan lines) depending
the mOnltOrlng site (flg 3) Waveﬁeld (8r0U nd Vi brahons on wind speed correlated noise level and local magnitude M,
O l I l I 1Cl ' 1 . over a range of three years. The Langwedel M, = 3.1 from 22
Rayleigh waves.are. mFreasmgIY observed with .rlsmg w.lnd .speeds starting generated by taller turbine o o o o o he med by cos orodertion
from 4 m/s, which indicates a higher entry of wind turbine induced ground towers show lower frequencies,  serves as master event that is rescaled over a range of
. . . . . . ] ] magnitudes. The stations have different hypocentral distances
vibrations with higher wind speeds (maximum coherence between the while smaller towers radiate  and different distances between monitoring site and wind
. . . o . . bines.
horizontal and vertical component at a phase shift angle of 90°). higher frequencies) (tab 1). e

" The operational performance of the seismic network deteriorates with
Wind turbine Distance range  Stated power Start of increasing number of nearby wind turbines (flg 5)

Station e Number [km] [MW] S Hub height [m] o _
The minimum local magnitude that has to be reached to ensure a correct
|I03CB Enercon E-92 5 3.8—4.8 2.35 2014 108 d f ) d ) f . . o . . h
not specified - 54-99 ) 2001 — 2005 60 and successtul automatic detection or seismic events Is INCreasing wit
VO1EB Gamesa G 80 9 3.7-9.3 2 2005 — 2006 60 higher wind speeds and smaller distances between wind turbines and
AN-Bonus 3 5.4-5.6 2 not specified 60 / 80 mohnito ring station.
Enercon E-70 E4 9 4.6 -6.3 2 not specified 85
Enercon E-82 2 9.6 -9.7 2 2010 108
Enercon E-82 E2 12 44-6.0 2.3 2011 -2014 85/108 Tab. 1: Wind turbines > 2 MW in the proximity to the monitoring stations in radial distances up to 10 km. Data from:
WEESB Vestas V-90 8 70-9.8 2 2006 105 Niederscchsisches Ministerium fiir Erndhrung, Landwirtschaft und Verbraucherschutz.
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