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But first an update on the 
3T network
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• More than 400 stations deployed and retrieved

• Campaign Data available on ORFEUS FDSNhttps://www.fdsn.org/networks/detail/3T_2020/
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More broadband seismic stations in South-Limburg
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What does a wind turbine do?
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• To characterize the amplitude-frequency distribution 
of the seismic field radiated by wind turbines


• Identify spectral peaks related to single/combined 
wind turbines.


• Identify other sources of noise


• Provide insight to these effects at depth

Objectives:
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The Aachen Windpark seismic monitoring campaign
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3C (3xSM6) 5 Hz Geophone

DATA-CUBE³

Battery

1C PS-5GR 4.5 Hz Geophone 
node with DL, GPS, Battery
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What does a wind turbine do?
And in what frequencies?
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What does a wind turbine do?
And in what frequencies?
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Arany et al. (2016) https://doi.org/10.1016/j.soildyn.2015.12.011Ray
leigh

Love
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The Aachen Windpark seismic monitoring campaign
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Data courtesy of STAWAG
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The Aachen Windpark seismic monitoring campaign
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Results: PSDs
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Results: Spectrograms
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1.1 Hz

2.2 Hz

3.2 Hz

7 Hz

• Diurnal variations

• Surface: High freq.

• At depth: Low freq.
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Results: Spectrograms
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PSD as a function of distance from WP

2

4

6

8

10

D
is

ta
nc

e 
fro

m
 W

P,
 k

m

5.9°E 5.95°E 6°E 6.05°E

50.755°N

50.77°N

50.785°N

50.8°N

50.815°N

50.83°N
Wind Turbines Campaign Stations KNMI BB Station
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Horizontal comp.

• 1.1 spike consistent

• Decreases with distance

1.1 Hz
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Vertical comp.

• 4.5 Hz peak gone


7 Hz peak is most likely related to the 
fundamental resonant mode in the 
steel casing: 1.1 Hz

2.2 Hz
3.2 Hz

7 Hz
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MA4
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MA6

f0 = V/(4h)
VP = 6 km/s, h = 0.25 km, ⇒ f0 = 6 Hz

f0 = V/(2h)
VS = 3.45 km/s, h = 0.25 km, ⇒ f0 = 6.9 Hz

or
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Buffer zones around the potential corner points
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Array processing:


• Improved signal-to-noise ratio (signal summation)


• Resolve wave vector of propagating coherent signal (beamforming) 

Inter-element distance >> array-event distance
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An example:

100

101

Fr
eq

., 
H

z

Time Fisher | wlen: 1.00 s | overlap: 75%
Array: MA2 | 4 elements | freq: 0.50 --> 11.00 Hz

Event mag: 2.6 | range: 20 km | back-azimuth: 133°
Event origin time: 2021-01-14T18:06:26.000000Z UTC

−25

0

25

Am
p.

, µ
m

/s

100
200
300

BA
Z,

 °

2500

5000

Ap
p.

 V
el

., 
m

/s

0 5 10 15 20
Time since 2021-01-14T18:06:26.000000, s

2.5

5.0

F-
ra

tio

1
2
3

Po
w

er
, (

µm
/s

)²

6 3 2 1
Celerity, km/s

8

9

SN
R

1e−1



RDSA/KNMI

5.9°E 5.95°E 6°E 6.05°E 6.1°E 6.15°E 6.2°E

50.68°N

50.7°N

50.72°N

50.74°N

50.76°N

50.78°N

50.8°N

50.82°N

Campaign Stations
MAME (KNMI BB Station)

ROTT (DE) M2.6

100

101

Fr
eq

., 
H

z

Time Fisher | wlen: 1.00 s | overlap: 75%
Array: MA3 | 4 elements | freq: 0.50 --> 11.00 Hz

Event mag: 2.6 | range: 22 km | back-azimuth: 130°
Event origin time: 2021-01-14T18:06:26.000000Z UTC

0

50

Am
p.

, µ
m

/s

100
200
300

BA
Z,

 °

2500

5000

Ap
p.

 V
el

., 
m

/s

0 5 10 15 20
Time since 2021-01-14T18:06:26.000000, s

2.5

5.0
F-

ra
tio

2

4

Po
w

er
, (

µm
/s

)²

6 3 2
Celerity, km/s

0.8

1.0

SN
R

Results: Beamforming

40

An example:
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An example:



RDSA/KNMI

5.9°E 5.95°E 6°E 6.05°E 6.1°E 6.15°E 6.2°E

50.68°N

50.7°N

50.72°N

50.74°N

50.76°N

50.78°N

50.8°N

50.82°N

Campaign Stations
MAME (KNMI BB Station)

ROTT (DE) M2.6

100

101

Fr
eq

., 
H

z

Time Fisher | wlen: 1.00 s | overlap: 75%
Array: MA4 | 5 elements | freq: 0.50 --> 11.00 Hz

Event mag: 2.6 | range: 22 km | back-azimuth: 126°
Event origin time: 2021-01-14T18:06:26.000000Z UTC

−25

0

25

Am
p.

, µ
m

/s

100
200
300

BA
Z,

 °

2500

5000

Ap
p.

 V
el

., 
m

/s

0 5 10 15 20
Time since 2021-01-14T18:06:26.000000, s

0

10
F-

ra
tio

1
2
3

Po
w

er
, (

µm
/s

)²

6 3 2
Celerity, km/s

0.75
1.00
1.25

SN
R

Results: Beamforming

42

An example:
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Deep water well


Treatment facility
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Final (but initial) remarks:

52

• Spectral peaks of ~1.1, 2.2, 3.1 have been clearly identified to be related to wind turbines.


• These change as a function of wind speed and as a function of distance from the wind park.


• The assumption that the upper soil layer is a vibration insulator is correct for anthropogenic 
activity on the surface but fails when structures are founded in the hard rock, or when the 
activity is in the hard rock itself.


• In this case, the vibrations are directly coupled to the hard rock with little regard to the top 
soil layer.


• Wind turbines, bridges, tall buildings, road & railway tunnels, water pumps, etc. will have 
this effect.


• Why is the entire spectrum is affected by wind?


• At the surface: Probably due wind interaction with the surface itself, trees, vegetation, and 
other structures.


• At depth: Probably due to structures founded in the hard rock.
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