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MILESTONE REPORT 5 
 

Executive Summary 

The goals of the project are to: 1) provide technically defensible data and a coherent review of the 
characteristics of wind turbine noise and techniques for measuring the noise; 2) recommend best practices 
for pre- and post- project noise measurements for wind project development; and 3) provide usable 
information on how humans perceive and respond to the sound generated from wind turbines. 

To accomplish this goal, the project is undertaking two studies. The first characterizes the wind turbine 
generated sound and the second will measure human response to these sounds. The characterization study 
is utilizing three comprehensive acoustic datasets including low-frequency sound and infrasound. These 
three measurement campaigns are described below: 

• A June 2012 dataset from Eolos site, the University of Minnesota’s wind research facility at 
UMore Park in Rosemount. (termed 2012 Eolos Data) 

• New, 2016 acoustic measurements taken at the Eolos site. (termed 2016 Eolos Data) 
• Measurements collected at the Xcel Energy Pleasant Valley wind farm near Sergeant, MN. 

(termed 2016 multi-turbine data) 

The human response study will use the measurements gathered from the field campaigns and information 
in the literature to recreate the audible sound and infrasound in the laboratory. We will then measure the 
physical, emotional, and psychological responses of human subjects exposed to the synthesized sound.  

Milestone 5 includes the completed data collection campaign at the multi-turbine wind farm as well as 
additional data collected at the Eolos field site in 2016. Additional data will be 
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collected as part of the guidelines portion of the project, however, all acoustic data necessary for the 
human response testing has been gathered. In addition to data collection, milestone 5 starts the analysis of 
the acoustic data gathered at the multi-turbine site and Eolos (2016), a summary of the second TAP 
meeting, and updates to the public websites. 

The field campaign at the multi-turbine site and additional measurements at Eolos took place from June to 
December 2016. Measurements were performed using an audible and infrasonic range microphone with 
primary and secondary windscreens. Ancillary data such as wind speed and direction were also taken near 
the microphone equipment as well as upwind from the turbine of interest. Multiple distances and 
orientations from the turbine of interest were used for acoustic measurements. Wind speeds, referenced to 
a 10 m height, during which acoustic measurements were taken include 2 to 11 m/s. Distances at which 
the acoustic measurements were performed range from 100 m to 600 m. 

Initial analysis primarily looks at infrasound levels and audible amplitude modulation. Infrasound 
measurements show strong peaks at blade passing harmonics, peak prominence on the order of 10 dB 
above surrounding levels, which indicates the source of these peaks is the wind turbine(s). The measured 
infrasound peaks will be replicated as a stimulus in the human response portion of the project as it is these 
peaks that are theorized to cause symptoms. Further analysis will be performed to identify extreme 
examples of infrasound peaks which will then be used as the stimulus in the human testing. 

Measurements and initial analysis of amplitude modulation (AM) indicate high levels do not commonly 
occur. High levels are being defined as AM on the order of 10 dB. AM has been identified in literature as 
a common complaint and levels of 10 dB and greater have been reported. The group plans to simulate 
AM with levels of up to 10 dB for the human response testing as no significant AM was recorded during 
the data campaigns. Details of the measurements as well as initial analysis results are given in the 
technical progress section. 

The second TAP meeting was held on November 9, 2016. The majority of the meeting discussed analysis 
methods for the infrasound and amplitude modulation measurements. 

The project website is accessible at www.mnsowta.safl.umn.edu. The website was launched at the end of 
October 2016 and during the timeframe of August 29, 2017 to February 15, 2017, the website has been 
visited by 61 new users from the US, 25 of those users from Minnesota. The average session duration is 
3:18 for US users, MN users had an average session duration of 4:18. There has been one contact via the 
project email (mnsowta@umn.edu) and no messages left on the “Contact Us” website form. 

Technical Progress 

The field campaign at the multi-turbine site and additional measurements at Eolos, to explore additional 
measurement distances from the turbine, took place from June to December 2016. More measurements 
are planned to aid in the guidelines portion of the project, however, all measurements necessary for the 
human response testing have been completed. Figure 1 shows the equipment setup used in the 
measurement campaign as deployed at Eolos. Acoustic equipment includes two microphones with 
primary and secondary windscreens, one meter diameter measurement boards for each microphone, 
microphone amplifier, data acquisition board, power supplies, laptop PC, and weather station with a three 
meter mast. In addition to this equipment, a LiDAR was deployed for measurements of the upwind wind 
profile with respect to the turbine of interest. This equipment was deployed at the Eolos site and the 
multi-turbine site (Pleasant Valley Wind Farm). Figure 2 shows the LiDAR deployed at the multi-turbine 
site, upwind of the turbine of interest. 
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Figure 1: Field equipment used at Eolos and Pleasant Valley Wind Farm. Equipment shown includes B&K 
Nexus 2690 microphone amp, ACO Pacific primary windscreens, custom secondary windscreens, one meter 
diameter plywood measurement boards, PC laptop running LabVIEW, and Met One Weather station with three 
meter mast 

 
Figure 2: LiDAR deployed at the Pleasant Valley Wind Farm 

Field measurements were focused on audible amplitude modulation (AM) as well as infrasound. These 
noise characteristics are likely to be most annoying and potentially cause health effects. Therefore, our 
goal was to characterize the most extreme cases of AM and infrasound. For infrasound, the peakiness, or 
prominence, of the infrasound generated by the turbine was quantified. This is defined as the difference 
between the sound pressure level (SPL) produced at the blade passing frequency (BPF) and its harmonics 
and that of the natural infrasound sound pressure levels occurring at the site. Figure 2 gives an example of 
infrasound SPL spectra for a 30 second data sample. The red dots indicate the peak levels of infrasound 
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generated by the turbine at the BPF harmonics. The prominence is then defined as the height of the peak 
above the immediate SPL on either side of the peak. 

 

 
Figure 3: SPL spectra for frequencies in the infrasonic range. Peaks associated with the infrasound generated by 
the turbine are show with a red dot 

The environmental conditions, such as wind speed and direction, were measured during the acoustic 
recordings. Figure 4 summarizes the wind speed, as referenced from 10 m, which occurred during the 
acoustic measurements with the turbine operating (turbine on) for both the Eolos site and the wind farm. 
Wind speed bins for the histograms have a bin width of 1 m/s. Wind speed bins are filled by 10 sec 
average wind speed calculations. Recorded wind speeds, as referenced from a 10 m height, ranged from 
about 0 to 12 m/s. Wind speeds of interest are in the range of 5 to 11 m/s. 

Acoustic measurements were performed at multiple distances and orientations from the wind turbine of 
interest. Orientations of interest include upwind, downwind, and crosswind from turbine. At the Eolos 
site, measurements were typically performed between 300 and 450 m from the turbine. Measurement 
distances at the wind farm include 100 m, 300 m, and 600 meters. Measurements at the wind farm were 
focused on turbines T28, T50, T51, and T96. 
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Figure 4: Wind Speed histogram based on 10 m wind speed for Eolos and wind farm measurements 

Figure 5 gives the average infrasound SPL spectra for the Eolos and multi-turbine site measurements. The 
30 second data segments included in the average were taken from segments where the 3rd harmonic had a 
peak prominence that was greater than the 95th percentile for the complete dataset. The average spectra 
for the Eolos data show strong peaks at harmonics 2-7. The wind farm spectra has less defined peaks 
(harmonics 3-6). This is a result of the broadband infrasound levels being higher at the multi-turbine site 
as compared to the Eolos site. 

 
Figure 5: Average infrasound spectra for Eolos and wind farm sites using 95th percentile and greater 
as a threshold for data segments included in the average calculation. 
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AM analysis was performed on the 2016 data sets from the Eolos and wind farm sites using a method 
developed by the Institute of Acoustics Amplitude Modulation Working Group. There was significant 
variability in the AM modulation depth in the 2016 data sets, as summarized in Table 1.  Although 
background (turbine off) noise samples only contained about 10% with measureable AM, the median 
modulation depth of background noise was slightly higher or similar to turbine-on samples. Maximum 
measured AM depth that was audible and recognizable as wind turbine noise was 3.7 dB. Literature 
indicates AM depth can be up to 10 dB, however, this seems to be a rare event and was not captured 
during our measurements. 

Table 1: Summary of amplitude modulation results for the Eolos and multi-turbine datasets, based on the IOA 
methodology. These results are for the middle frequency band (100-400 Hz), which had the highest fraction of samples 
with AM 

 2016 EOLOS 2016 Wind Farm 

Normal Operation Background Normal Operation Background 

# Segments Analyzed 2040 720 3048 1080 

% with AM 27% 8% 28% 8% 

Median AM depth 2.2 dB 2.4 dB 2.3 dB 2.4 dB 

Standard Deviation 0.7 dB 1.2 dB 0.6 dB 1.2 dB 

90th percentile 3.1 dB 4.3 dB 3.0 dB 4.5 dB 

 

 

For the datasets, no systematic relationships were found between AM depth and wind conditions. 
Examples of AM depth plotted against 𝑈𝑈Δ𝑡𝑡𝑡𝑡𝑡𝑡 , an indicator of wind shear, are given in Figure 6 for 2016 
measurements at both the Eolos and multi-turbine sites. 𝑈𝑈Δ𝑡𝑡𝑡𝑡𝑡𝑡 was calculated for the same 10 second 
period as the AM depth analysis. To calculate 𝑈𝑈Δ𝑡𝑡𝑡𝑡𝑡𝑡, the difference between wind speed at the top-tip and 
bottom-tip elevations of the turbine rotor is taken. For the Eolos turbine, the top-tip elevation is 128 meter 
and the bottom-tip elevation is 32 m. The multi-turbine site had top-tip and bottom-tip elevations of 145 
meter and 45 m, respectively. AM depth results include measurements ranging from 300 to 600 meter at 
multiple orientations from the turbine of interest and results are for the frequency bandwidth of 100 – 400 
Hz. 
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Figure 6: Amplitude modulation depth plotted against 𝑼𝑼𝚫𝚫𝒕𝒕𝒕𝒕𝒕𝒕 for the Eolos site (top) and multi-turbine 
site (bottom). AM depth corresponds with the bandpassed frequency range of 100-400 Hz and 10 
second segment length 

In December of 2016, testing was performed on the secondary wind screens used in the field 
measurements to evaluate their performance in reducing wind-induced noise on the microphones. This is 
of particular importance for infrasound measurements as wind-induced noise typically contaminates low 
frequencies, i.e. 0 – 20 Hz. To evaluate the performance of the secondary windscreens, noise 
measurements were made within a box with dimensions of 0.5 x 0.5 x 0.5 m with a ½” foam lid that was 
placed in the ground and made flush with the surface and using the secondary windscreens, images of the 
setup are shown in figure 7. Results from the measurements, specifically infrasound, were compared to 
evaluate the performance of the secondary windscreens. The theory behind using the below ground 
measurements with the box is that this measurement technique completely eliminates wind-induced noise 
which is the reason for the secondary windscreens. 

Measurements were made approximately 440 m upwind from the turbine for a total of 5 hours during 
which the turbine was turned on and off to gather background noise. 
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Figure 7: Experimental setup for secondary wind screen performance. Center image shows the box installed 
below ground with a microphone. The left image shows the foam cover over the box. 

Measurements were made approximately 440 m upwind from the turbine for a total of 5 hours during 
which the turbine was turned on and off to gather background noise. The data was then binned by a 10 m 
reference height wind speed using 30 second averages and sound pressure level (SPL) spectra were 
calculated for each wind speed bin. As seen in figure 8, the level of the SPL for the box measurements 
and windscreen measurements for turbine off conditions are very similar. In most cases the windscreens 
reduced the wind induced infrasound more than the box. 

 
Figure 8: Comparison of SPL vs frequency for the box and windscreens tests of background noise. 
Measurements have been binned by wind speed recorded by the weather station which has been referenced to a 
10 m height 

 

Analysis planned to be completed for the next milestone includes more detailed analysis of infrasound 
and amplitude modulation. For infrasound, we plan to investigate infrasound levels and peakiness further 
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by looking at those parameters for different wind speeds. Additionally, compare infrasound levels of the 
background noise with the levels during turbine operation. Further amplitude modulation (AM) analysis 
will investigate correlations between environmental conditions and levels of AM. 

TAP Meeting Summary 

Attendees 

Research Team 
Jeff Marr ☒ 

Peggy Nelson ☒ 
John Wachtler ☒ 

Michael Sullivan ☐ 
Meredith Adams ☐ 

Bill Herb ☒ 
Chris Feist ☒ 
Noah Stone ☐ 
Matt Lueker ☒ 

 

 

Technical Advisory Panel 

Andrew J Oxenham ☐ 
Chuck Niederriter ☒ 
Carl Herbrandson ☒ 
Daniel Shannon ☒ 

Rita Messing ☐ 
Dick Bowdler ☒ 

Mos Kaveh ☒ 
Corey Juhl ☒ 

Christopher Hogg ☒ 
Thomas Stoffregen ☐ 

Payam Ashtiani ☒ 
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Meeting Overview 

The technical advisory meeting #2 was well attended by both the TAP and research team. The overall 
purpose of the meeting was to update the TAP on the field measurement campaign and associated 
preliminary analysis methods, review analysis of the 2012 dataset recorded 100 meters from the turbine 
base, review pilot testing results of the human response testing, and discuss potential future work. All 
agenda items were completed during the meeting while getting good feedback from the TAP members.   

Themes which emerged during the meeting are listed here. 

• Wind speed definition and calculation varies in wind turbine noise research. Updated IEC 
standard is to use power produced and turbine power curve to determine hub height wind speed. 
This would be preferred for reporting wind speed bins filled. It is okay to use other wind speed 
metrics if needed, but researchers need to clearly present methodology. 

• Overall, researchers need to be meticulous about explaining and documenting measurement 
methodology, especially for new methods. Variations from standards should be clearly stated.  

• Infrasound measurements are easily contaminated by wind induced microphone noise. 
Researchers need to be careful about this and should investigate effects on infrasound 
measurements. Burying infrasound microphone enclosure and comparing to secondary wind 
screen data is recommended. 

• Far field (600 to 1000 meters) noise measurements are more important than near field 
measurements (100 meters). The 2012 dataset is near field and researchers should prioritize 
measurement at typical set back distances at the far field distance. Mechanisms and directionality 
of amplitude modulation in the near field are likely different than those in the far field. The 
difference in far field versus near field is less of a concern for infrasound. 

• Researchers should carefully verify reproduced noise with regard to human response testing.  
Infrasound and low frequency noise is hard to precisely reproduce in a small room and this will 
be scrutinized. An overlay plot showing recorded turbine noise, noise to be played, and recorded 
noise at the location of the participants head in room should be used. 

• Any future work on the project requires clear framework prior to data collections as work will be 
highly scrutinized by wind turbine noise research community. 

• Acoustic measurements in dwellings are of interest. However, these measurements bring in many 
more variables involving the construction and geometry of the dwelling as well as the location of 
the observer in the dwelling/room. 

• Clinical studies of people sensitive to wind turbine noise are of interest. They more likely 
represent a small portion of the population who are affected by wind turbine noise as human 
sensory thresholds at infrasound/low frequency vary. The mechanism and variation of these 
thresholds are poorly understood. Annoyance thresholds for amplitude modulation likely also 
vary. 

 
  

 



 
 

Meeting Agenda 

9:00 - 9:10   Welcome and Agenda Review (Jeff Marr)     

9:10 - 9:20  Introductions (Everyone) 

9:20 – 9:40  Update on Field Testing Campaign (Chris Feist)  
• Field Equipment Overview  
• Eolos and Wind Farm Field Measurements  

• Site/Turbine Overview 
• Bin Filling Progress, i.e. wind speed, direction, shear 

9:50 - 10:20  Analysis Methods and Results of Field Data (Chris Feist) 
• Amplitude Modulation  
• Infrasound  

10:20 – 10:40  Eolos 2012 Dataset Overview (Bill Herb) 
• Directivity 
• Amplitude Modulation 
• Infrasound 

10:40 – 10:50   Break 

10:50 – 11:30  Human Response Pilot Testing (Peggy Nelson) 
• Testing Overview  
• Audio Data used During Testing 
• Pilot Testing Results 

11:30 – 11:50  Ancillary Updates (Matt Lueker) 
• Website Review 

• Listed Advisor Names on Website 
• Changes or Ideas for Updates 

• Work with Minnesota State Agencies 
• Advanced Monitoring with Focus on Infrasound and AM 
• Attenuation of Buildings 
• Testing of People with Reported Sensitivity to Wind Turbine Noise  

• Eolos Acoustic Measurements  with Individual Blade Control On and Off 

11:50 – 12:00  Look Ahead / Next Meeting (Matt Lueker) 
• Expected Completed Tasks 
• Progress Updates between Meetings 
• Meeting Dates 

12:00   Adjourn 
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Technical Advisory Panel Meeting 2 Notes 

• Welcome and agenda review 
• Introductions 
• Update on field testing campaign 

o Field acoustic equipment overview 
o Eolos and windfarm overview 
o Data collection to date/ Discussion of wind speed measurement and reporting heights 

 Bowdler  Asks/suggests that typical is to measure hub height wind speed 
and then translate to 10 meter. 

 Feist  Wind speed at 10 meter height is derived from measured wind speed 
at ~3 meter cup meter. There are other options. 

 Ashtiani   Agrees that 10 meter is best derived from hub height wind 
speed. However, current research approach is good for is comparing turbine 
off versus turbine on since velocity measurement is close to ground. Good 
for comparison for ambient noise.  

 Ashtiani  Suggests we could also use power produced and power curve to 
produce hub height wind speed. This is updated IEC standard. 

 Feist  Explains latency between measured wind profile and profile at swept 
area. Asks if distance from turbine to the measurement location is in other 
literature. 

 Ashtiani  Not seen in literature, but suggests that the latency is not much in 
practice or based on what their data shows. 

 Ashtiani  The details of the wind speed reporting location and 
measurement location determine where we are going to take this analysis. 

 Bowdler  Wind speed definition/calculation is a big subject. In UK this is 
an open discussion. If it’s just a method to see what quantity you have in 
each wind bin then we may be ok but we need to understand what we end up 
doing with data, i.e. wind shear and cross-wind. 

 Feist  The overall goal is to capture a broad range of typical and maximum 
values of AM. 

• Analysis Methods 
o Overview of Institute of Acoustics amplitude modulation methodology 
o Overview of Infrasound Analysis 

 Feist  Method determines blade passing frequency similar to amplitude 
modulation method over 30 seconds. 

 Ashtiani  Comparison to background infrasound (turbine off) close in time 
as turbine on measurements is interesting. 

 Feist  Could compare instantaneous turbine infrasound spectra to 
background infrasound spectra and /or average turbine infrasound spectra to 
average background spectra. 

 Bowdler  Need to report what the actual level of infrasound as wells as 
prominence of infrasonic tones. 
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 Bowdler  Need to be meticulous on methodology of measurements as they 
will be discussed thoroughly. 

 Shannon  Interested in how the precision of frequencies (relates to sample 
duration time) affects the analysis. 

 Feist  Default sample duration is 30 seconds and seems to be working 
pretty well. Will look into impact of sample duration (frequency precision) 
effects on analysis. 

 Ashtiani  Thirty second sample has worked pretty well for them for 
infrasonic noise levels. 

o Overview of Wind Speed and Shear Analysis 
 Feist Utilizes mean advection velocity to determine actual wind velocity at 

rotor using time delay and remote measurement location. 
 Ashtiani  Never heard of analysis correcting wind speed measurements 

using advection (mean) velocity. Skeptical on added benefit, but cannot 
make analysis more inaccurate. 

 Bowdler  Generally agrees with added benefits of using advection velocity 
o Amplitude Modulation Results 

 Feist  Generally, no significant relationship with wind shear and 10 meter 
wind speed found for any of the carrier frequency bins. 

o Infrasound Results 
 Bowdler  Three general sources of infrasound in measurements. Turbine 

generated infrasound, general background infrasound, and wind induced 
microphone noise (not real). Interesting to examine effectiveness of primary 
and secondary windscreen on reducing microphone-wind noise. 

 Bowdler/Ashtiani  Suggest looking into buried box with infrasound 
microphone inside. This should reduce microphone-wind noise as system is 
even with ground level. There are researchers (Canadian Group – McGabe) 
who have done this before and U of M should review before deploying 
buried microphones. 

 Shannon  Infrasound reception at ear can be affected by shape of human 
head and ear. He recommends into looking into head simulator to place 
microphone. 

 Herbrandson  Complaints usually involve times when people are indoors.  
He suggests this is an important aspect of the issues and should be looked 
into for current project. 

 Ashtiani  There are some small spikes in data in the 10 to 20 Hz range.  
Researcher should check signal quality (signal to noise ratio) in these ranges. 

• Eolos 2012 Dataset Overview  
o Summary of 2012 Eolos Data 
o June 12, 2012 Leq trends for one day 
o June 12, 2012 Sound Directivity 

 Shannon  Significant directivity seen up to 200 Hz may be cooling fan 
noise. Researchers should investigate cooling fan noise alone. Blades may 
change the deflection of fan noise which is on one side of nacelle. 
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o Amplitude Modulation 
 Ashtiani  2012 data is all from 102 meter radius and AM currently of 

interests is in the far field. There are likely different phenomenon that occur 
in near field (100 m) compared to far field (500 to 1000 m). 

 Bowdler  Agrees with difference between near field AM and far field AM.  
United Kingdom uses range of 500 to 1000 meter for measurements. 

 Ashtiani  Far-field should be a minimum of 300 m but range of 500 to 
1000 meter is more reasonable. 

 Nelson  Asks groups what mechanism is causing far field AM.  
 Working theory is that during high shear events, blades move away from 

target angle of attack because of varying inflow wind speed encountered over 
swept area. 

 Ashtiani  Has collected data with AM depth of 10 dB, but not typical. 
Complication with high wind shear is that there is low wind speed reducing 
other wind noise and masking at ground level. 

 Bowdler  Near field AM is more prominent in the cross wind direction as 
shown. Cross wind AM is different from AM aligned with wind 
direction.  Oerlemans original work was on near field amplitude modulation. 

 Shannon  Near field AM is caused by Doppler amplification and 
directionality due to blade trailing edge noise. Doppler amplification should 
be at 90 degrees. Blade pitch can also shift trailing edge noise directionality. 

 Herb  Did not see correlation between wind speed or shear with amplitude 
modulation. 

o Infrasound 
 Herb  Infrasound microphones were set up in an array with no secondary 

windscreens. Thus, there is microphone-wind noise, but there are proposed 
methods to utilize array to filter out microphone-wind noise. 

 Herbrandson  Researchers should also present data with the turbine off 
with current analysis. 

 Shannon 2012 Eolos data has hub location in dataset. Researchers should 
correlate blade locations with events in acoustic signal. For instance, find if 
events are occurring when blade is near tower, etc. 

 Shannon  There is a paper with coherent acoustic power algorithm to help 
correlate the infrasound microphones and give to research team.  Shannon 
will forward to researchers. 

 Herb  Are there similar concerns of near field versus far field for 
infrasound similar to amplitude modulation? 

 Shannon  There is less of a concern of far field versus near field for 
infrasound as wavelengths are very long and dissipate/change less over time. 

 Bowdler  Far-field measurements are still preferred as noise at set back 
distances should be examined. 

• Human Response Testing 
o Testing procedure, equipment, stimuli, and preliminary results 
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 Ashtiani  Have measurements been made in room and compared to 
stimulus with regard to dB levels and frequency? 

 Nelson  Yes, it has been measured with the microphone and 
microbarometer. 

 Herbrandson  Suggest data overlay of played acoustics signal as well as 
recorded sound in booth. 

 Ashtiani Agrees that overlay plot will be helpful to audience and stresses 
that human response portion will be highly scrutinized. Reproducing low 
frequencies in a small room is very difficult to get accurately reproduce. 

 Herbrandson   Further step would include recorded data as third set of data 
on overlay plot. 

 Herb  Asks if there are any wind turbine noise frequencies that people 
really complain about.   

 Complaints are generally anecdotal so can’t attribute to certain frequencies. 
 Bowdler  It is important to make room measurements at the location of the 

participants head/ears. 
 Ashtiani  Bruce walker brought his infrasound generator (not same as 

current study) to past Wind Turbine Noise conference and describes 
additional past work on verifying reproduced infrasound. Stresses that 
documenting the verification of quality of reproduced noise is very important 
to study. 

 Ashtiani  Curious if sway measurements would be affected by air flow in 
the room and suggests turning people 90 degrees for portion of testing or at 
least being aware of this possibility while analyzing results. 

• Ancillary Update and Look ahead 
o List of TAP members on website 

 Most TAP members said ok to list names on site, but may appear to bias the 
research based on employers in wind energy 

 One member said not to list 
 One member said personal email only 
 Plan is to keep unlisted since we would like to list all or none 
 Resolve issue if it comes up 

o Potential  Future Work  
 Wind turbine noise monitoring with emphasis on infrasound and amplitude 

modulation  
• Bowdler  There are concerns about performing measurements 

without clear framework of studies. Researchers need to have a clear 
methodology. 

• Ashtiani  Researchers should review Health Canada results. Some 
participants can detect noise levels below typically used threshold 
levels. 

 Noise measurement inside dwelling structures 
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• Bowdler  Resonance within dwelling and rooms has shown to be 
an issue. There can be quite a bit of difference of sounds levels 
within a single room and room dimensions are important. 

 Test capability of infrasound generator outdoors  
 Perform clinical studies of people who are sensitive to wind turbine noise 

• TAP  Threshold of human perception to low 
frequency/infrasound/amplitude modulation is not yet well 
understood. This may be more important than the sound levels. 

o Project Look ahead 

Additional Milestones 

With regard to human testing, human testing design and pilot testing portion (Milestone 6) has been 
completed, the IRB approved plan has been approved (Milestone 7), and the human response testing has 
formally started (Milestone 7). Work on the guidelines portion of the project has also started (Milestones 
10, 11, 12, and 13). 

Project Status 

Project progress is generally on schedule, but reporting is behind schedule. Work will concentrate on 
assembling deliverables to bring reporting up to date.  The assessment of human response is on schedule. 
Human response testing is underway and preliminary analysis is completed in parallel with testing. Work 
on the guidelines portion of the project is also underway. 

 

LEGAL NOTICE 
 

THIS REPORT WAS PREPARED AS A RESULT OF WORK SPONSORED BY THE 
RENEWABLE DEVELOPMENT FUND AS MANAGED BY XCEL ENERGY.  IT DOES 
NOT NECESSARILY REPRESENT THE VIEWS OF XCEL ENERGY, ITS 
EMPLOYEES, OR THE RENEWABLE DEVELOPMENT FUND ADVISORY GROUP.  
XCEL ENERGY, ITS EMPLOYEES, CONTRACTORS, AND SUBCONTRACTORS 
MAKE NO WARRANTY, EXPRESS OR IMPLIED, AND ASSUME NO LEGAL 
LIABILITY FOR THE INFORMATION IN THIS REPORT; NOR DOES XCEL 
ENERGY, ITS EMPLOYEES OR THE RENEWABLE DEVELOPMENT FUND 
ADVISORY GROUP REPRESENT THAT THE USE OF THIS INFORMATION WILL 
NOT INFRINGE UPON PRIVATELY OWNED RIGHTS.  THIS REPORT HAS NOT 
BEEN APPROVED OR DISAPPROVED BY NSP NOR HAS NSP PASSED UPON THE 
ACCURACY OR ADEQUACY OF THE INFORMATION IN THIS REPORT. 

 
Project funding provided by customers of Xcel Energy through a grant from the Renewable Development 
Fund 

7 
 


