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What does a wind turbine do?

Objectives:

* Jo characterize the amplitude-frequency distribution
of the seismic field radiated by wind turbines

» |dentify spectral peaks related to single/combined
wind turbines.

* |dentify other sources of noise

* Provide insight to these effects at depth
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The Aachen Windpark seismic monitoring campaign
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The Aachen Windpark seismic monitoring campalgn
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The Aachen Windpark seismic monitoring campaign
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What does a wind turbine do?

And Iin what frequencies?
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What does a wind turbine do?

And Iin what frequencies?

P, kW  W-direction, “W-speed, m/s

Rotor freq., Hz
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What does a wind turbine do?

And in what frequencies?

: Frequenty Diagram of OWTs
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The Aachen Windpark seismic monitoring campaign
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The Aachen Windpark seismic monitoring campaign
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TERZ:

* Horizontal comp. show more noise :
 Spectral spikes at ~1.1, 2.2, 3.2 Hz

 Broader peak at ~4.5 Hz

NL.TERZ.00.BHZ 2020-12-14 -> 2021-01-20 (3551 segments)
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Results: PSDs

Probability, %
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Results: PSDs

NL.TERZ.00.BHZ 2020-12-14 -> 2021-01-20 (3551 segments)
Window Iength:l 1800 s, Overlap: 50.0%

~100
_ 30
2 :
- =110 -
ORET 25
O 2 1201
o £ ] 20 §
= >
Y 2 130 =
) ©
D s ~140 - e
0 g 10
8 ] — Quantiles !
g ~150 - 0.05 [ [}
= ! —— 05 -5
0 -160 095 |}
—— ——T - LL o
10° 10*

Frequency, Hz

NL.TERZ.01.BHZ 2020-12-14 -> 2021-01-20 (3551 segments)
Window Iength:l 1800 s, Overlap: 50.0%

~100 -

s 0 ] Quantiles | 30
=) T 0] 0.05 [
N 4 B
Q = ; — o5 [ 25
D 2_15:- 095 |
E ) i (=)
O >
@ 130 1 =
(D) o)
& 3 ;
© bt
£ -140 1 <
‘ ’ (D]
o
LD © -1501
- _
A\l & -
o ]
0 -160 1 all;
Lo

10° 10t

Frequency, Hz
N L. T ERZ . 01 BHZ | -

g A9 ) B 9 ’Q’b ’Q% g o) g o)
rLQA'rL'\‘ rLQA'rL'\’ rLQA'rLrL rLQA'rLrL (L,y()'\* fL'\«'Q'\‘ fL'\«D'\‘x fL'\fQ'\‘x
QS) rL() rL() rLQ rLQ rLQ qp qp

14 RDSA/KNMI
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Results: PSD vs Distance

PSD as a functlion of distance from WPI
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or f,=VI(Q2h)

Ve=3.45 km/s,h =0.25 km, = f, = 6.9 Hz

Results: PSD vs Distance
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Results: PSD vs Wind Speed

/\ Campaign Stations
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Results: PSD vs Wind Speed
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Results: PSD vs Wind Speed
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Results: PSD vs Wind Speed

3T.2BJQA..EPN: PSD as a function of wind §peed
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Results: PSD vs Wind Speed

3T.2BJQA..EPE: PSD as a function of wind §peed

22.5

20.0

17.5

— —
N o1
o o

O
o

o U
Wind speed, m/s

I | LI
N
o1

-80 -
n —90 -
I®) .
-
T -100 -
o
€ 110
>
2 :
S —120 -
s ) :
IS 3 :
o —130 - -
O i
Q. i
) i
g ~140° 1 :
g j 3.2 Hz ;
—150 A T -
. f 1.1 Hz
1071 109 101
Frequency
(7)) 20 a» o é ) 3
E 10 .—.o.—-oé ..g @ @ @ .-.. @ (X ]
) 1 JAS . \%) 29 o ’Q?) o AD 1
QA’(L > Q;\,’Lq’ QA,’L(L QA«?’ ?’,\/,QX ,yg'& '\;QX ,yg'& > '\;QX >
QP QO QP QP QL QL QL QL oot



L

Results: PSD vs Wind Speed
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Results: PSD vs Wind Speed
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Results: PSD vs Wind Speed
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Results: PSD vs Wind Speed
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Results: PSD vs Wind Speed

NL.MAME..BHZ: PSD as a function of wind §peed
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Results: PSD vs Wind Speed

- 3T.YIJ7A..EPN: PSD as a function of wind slpeed
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Results: PSD vs Wind Speed

- 3T.WJJ2A..EPN: PSD as a function of wind §peed
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Results: PSD vs Wind Speed
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Results: PSD vs Wind Speed
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Results: Beamforming

Array processing:
* Improved signal-to-noise ratio (signal summation)

* Resolve wave vector of propagating coherent signal (beamforming)

North

East

Inter-element distance >> array-event distance
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Results: Beamforming
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Results: Beamformina
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Results: Beamforming
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Results: Beamforming
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Final (but initial) remarks:

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 soll 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.

* |n 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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