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LIGO

Test explosion site
and nearest previously 
proposed turbine 

Nearest 
proposed 
turbine

Nine Canyon: 49 x 1.3 MW and 
14 x 2.3 MW, Siemens

State Line: 400 x 
0.66 MW, Vesta

most distant State Line 
measurement site (18 km)

most distant Nine Canyon 
measurement site (10 km)

Map of relevant sites
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Sample of seismic measurements around State 
Line wind farm (State Line report, T020104-x0) 

4.3 Hz: 3rd harmonic of 
blade crossing frequency
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(State Line report, T020104-x0) 
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Sample of newer seismic measurements 
around Nine Canyon wind farm
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1.3 MW turbine, 4.03 Hz: 
4th harmonic of blade 
crossing frequency 

2.3 MW turbine, 3.2 Hz: 4th 
harmonic of blade 

crossing frequency 
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Vertical amplitude similar to radial 
horizontal amplitude
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Prediction of largest peak at harmonic of blade 
crossing (expected in the 2.5 - 5 Hz region) for 

2019 proposed wind farm
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Prediction details
Prediction
(nm/sqrt(Hz))

SD 
(nm/sqrt(Hz))

5% chance of exceeding 
(nm/sqrt(Hz))

1/r model using estimated mean 
distance 2.35E-01 1.06E-01 4.27E-01 

1/r model with all turbines at nearest 
location (upper limit) 3.89E-01 1.75E-01 7.06E-01 

1/sqrt(r) model using estimated mean 
distance 4.38E-01 1.92E-01 7.86E-01 

1/sqrt(r) model with all turbines at 
nearest location (upper limit) 5.64E-01 2.47E-01 1.01E+00 

Compare to 1 nm/sqrt(Hz) at LHO in 1-7 Hz band



Uncertainty determined from scatter of 
measurements for 7 sites, 3km or further 

from 2 farms with 3 turbine types

8

1/r model 1/sqrt(r) model

Proposed

FOM: standard deviation of log of values
1/r is still slightly better

though not when SL is left out
0.42 0.54

0.270.30

1/r 1/sqrt(r)

Proposed



Models used to make calculations
are from State Line report, T020104-x0, prepared for BPA
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Ground surface propagation model 
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(State Line report, T020104-x0) 

Q of 68 is high compared to published values, so I do not attempt to improve 
prediction from this model by arbitrarily increasing Q.



Alternate models 
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(State Line report, T020104-x0) 



Comparison of State Line measurements 
to 3 models 
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This axis is just for 
separating points: each 
point depends on distances 
to 399 turbines



Prediction 
(based on State Line report T020104-x0, updated with Nine Canyon data)
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wind velocity 
(used 15 m/s)

number of 
turbines

turbine 
max 
power

effective 
distance, LIGO to 
turbines (also 
used sqrt(r) 
model)

Calculation is modified to sum individual contributions in 
quadrature when location of each turbine is known

This constant is updated 
so that the geometrical 
mean of all 
measured/predicted 
remains equal to 1



Prediction of largest peak at harmonic of blade 
crossing (expected in the 2.5 - 5 Hz region) for 

2019 proposed wind farm
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Prediction details
Prediction
(nm/sqrt(Hz))

SD 
(nm/sqrt(Hz))

5% chance of exceeding 
(nm/sqrt(Hz))

1/r model using estimated mean 
distance 2.35E-01 1.06E-01 4.27E-01 

1/r model with all turbines at nearest 
location (upper limit) 3.89E-01 1.75E-01 7.06E-01 

1/sqrt(r) model using estimated mean 
distance 4.38E-01 1.92E-01 7.86E-01 

1/sqrt(r) model with all turbines at 
nearest location (upper limit) 5.64E-01 2.47E-01 1.01E+00 

Compare to 1 nm/sqrt(Hz) at LHO in 1-7 Hz band



Uncertainty determined from scatter of 
measurements for 7 sites, 3km or further 

from 2 farms with 3 turbine types
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1/r model 1/sqrt(r) model

Proposed

FOM: standard deviation of log of values
1/r is still slightly better

though not when SL is left out
0.42 0.54

0.270.30

1/r 1/sqrt(r)

Proposed



Spread sheet with calculations for each Nine Canyon 
turbine for each of 13 measurment sites 
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Other questions
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1) Can ground propagation alone account for signal? Unlikely

2) What is the ground propagation velocity of the emphasized 
harmonic signal? About the speed of sound

3) What accounts for the emphasized harmonic? Best guess: 
frequency at which ground propagation velocity matches speed 
of sound 

4) Will infrasound coupling to buildings shake them and 
significantly increase ground motion? I don’t think so



1) Can ground propagation alone account for the signal?
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Several non-blade crossing peaks measured on and near the towers 
at both farms attenuated with distance faster than the peaks seen far 
away. For example, a peak at 2.87Hz dropped by 65 while the peak at 
3.2 dropped by 30. Also, the blade-crossing harmonic attenuation can 
not be explained by normal ground attenuation.



2) What is the propagation velocity of the 
emphasized harmonic signal? 
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Two-sesimometer phase delay 
measurement: 265 +126, -65 m/s 
(one sigma band, 200 to 391 m/s)



3) What accounts for the emphasized harmonic? 
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1) Used empasized frequency from these 3 turbine types and 3 
others from my Scottish collaborators, and could not predict 
emphasis based on hub height or rotor diameter and the 
wavelength of the infrasound.

2) Could not predict harmonic from blade width relative to 
tangential distance between blades

3) Attenuation acts like band pass, other harmonics drop more 
rapidly with distance. Surface waves propagate slower at 
higher frequencies and faster at lower frequencies. 



4) Will infrasound coupling to buildings greatly 
increase ground motion?
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Test explosions 
set off to study 

infrasound 
coupling (2007)



4) Will infrasound coupling to buildings 
greatly increase ground motion?
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Seismometer in vault (no 
building) registers roughly 
the same amplitude signal 
from the explosion’s 
infrasound as building 
seismometers register.



Nine Canyon turbines and measurement sites
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State Line measurement sites and some turbines
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