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EBR 012-0774 – Response to the Final REA for the Amherst Island Windlectric Wind 

Energy Development. 

NOISE ASSESSMENT 

Introduction:  

Michael Ignatieff has written recently
1
: “What’s distinctively shocking about Machiavelli is that 

he didn’t care.  He believed not only that politicians must do evil in the name of the public good 

but also that they shouldn’t worry about it.  He was unconcerned, in other words, with what 

modern thinkers call the problem of dirty hands.”  In the case of the Amherst Island Wind 

Project it is important to distinguish between doing evil (building the project) and approving the 

project on the basis of incomplete documents, incomplete surveys and regulations that turn a 

blind eye to essential science and international standards.   

 

Our consultant, Mr. Rick James INCE, has written a thorough critique of the Hatch report and a 

review of the whole topic of turbine noise and health.  This will be submitted as a separate 

response, together with an introduction by APAI. 

 

This present response emphasizes the obvious and serious deficiencies of the Hatch noise 

assessment and of the clear need for the Ministry of the Environment to reject the assessment and 

require a further honest, competent and realistic noise assessment to be undertaken before the 

REA proceeds further. 

 

The map below demonstrates the problem to be faced by Amherst Islanders if this project is 

approved and built.  The outer coloured noise contour is 40 dBA, as currently predicted by 

Hatch.  Observe how many of the island homes are close to this outer contour.  Rolf Miller, 

Director of Wind Assessment at Acciona Windpower, has written that turbines are being “shoe-

horned in” in Ontario; there can surely be no better example than this project.   

 

For reasons given below, it is certain that the project will not be compliant with the Ministry of 

the Environment 2008 guidelines for wind turbine noise at a non-participating receptor.  If the 

project were to go ahead, residents will suffer annoyance, stress and adverse health effects and 

will demand compliance testing.  The only mitigation possible will be shut down and removal of 

the turbines or a massive and ruinous programme of property purchase. 

                                            
1
 Atlantic Magazine, December 2013 page 40. 
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The recent Kent-Breeze Environmental Review Tribunal found in favour of Suncor.  However, 

the Tribunal also stressed that “Nevertheless, if the modeling does end up being inaccurate 

(recognizing the general point that pre-operation modeling has limitations as compared to 

accurate post-operation field measurements), then adjustments will have to be made to ensure 

ongoing compliance. The 40 dB limit is a real limit that Suncor must abide by regardless of its 

modeling exercises.”    

 

Field studies show that turbine noise at the 40 dBA level causes annoyance for about 20% of 

residents. This compares with about 3% for traffic or industrial noise at the 40 dBA level.  The 

World Health Organization labels annoyance and stress as adverse health effects and there is no 

longer any doubt that annoyance, stress and sleep disturbance caused by wind turbine noise leads 

on to a range of acknowledged adverse health effects. 

 

The Ministry of the Environment (MOE) now has in place a protocol for testing compliance with 

the 40 dBA noise regulation.  Although limited to relatively low wind speeds, when combined 

with the high night-time wind speed gradient parameters experienced in Ontario in the summer 
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months, the protocol can, as it must, provide a sufficient measure of the turbine noise under a 

wide range of electrical power output. 

 

The wind industry is well aware of the problems with predicting noise at receptors.  In a 2004 

presentation to the (then) Australian Wind Energy Association Mr. Erik Sloth of Vestas, a wind 

turbine manufacturer, made the following points in a talk titled: “Problems related to the use of 

the existing noise measurement standards when predicting noise from wind turbines and wind 

farms”
2
: 

 They do not correct noise measurements for actual inflow angles, actual wind shear, 

actual turbulence intensity, all parameters that are known to influence the sound 

emission.  

 Parameters that influence the sound pressure level (at the receptor) are the relative 

humidity, turbulence, inflow angle, wind shear and turbine pitching. 

 Use sound power levels that at least are corrected for hub height, wind shear, air density, 

turbulence and inflow angle. 

 If ISO 9613-2 is used make sure that hard ground is used. 

 The NORD2000 model predicts up to 6 dBA more noise than ISO 9613-2 at mid-range 

frequencies and shows better agreement with measurements. 

 

As Dr. John Harrison of APAI has described in earlier reports to the Ministry of the 

Environment, the use of hard ground adds about 2 dBA to the predicted noise.  As demonstrated 

by the scientists at the USA National Renewable Energy Laboratory, turbulent inflow can 

increase low frequency sound dramatically.  As demonstrated by Rick James
3
, operation in a 

large wind speed gradient can add up to 5 dBA to the predicted noise. 

 

Algonquin Power and its consultants have only themselves to blame for ignoring a similar 

critique that was provided to them in March 2013.  Similarly, the Ministry of the Environment 

will have only itself to blame if, as a result of the Technical Review, it approves this 

development proposal on demonstrably incomplete and deceptive evidence.  Rather than 

abandon their homes, many residents will first contract with a qualified noise consultant for a 

noise audit.  And Ministry officials, charged with protecting public health, will have to come to 

terms with wilfully or knowingly placing Amherst Islanders in harm’s way. 

 

The preamble to the Environmental Bill of Rights states that “the people of Ontario have a right 

to a healthful environment” and the Statement of Environmental Values provides that the 

Ministry must use a precautionary science-based approach.  The Environmental Review Tribunal 

severely criticized the Director, in the Kent-Breeze Appeal, for ignoring the precautionary 

                                            
2
 http://aefweb.info/data/AUSWEA-2004conference.pdf 

3
 See the separate submission to EBR 012-0774 by Rick James INCE. 
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principle when he brushed off the indirect effects of wind turbine noise.  The Tribunal in its 

decision admonished the Ministry to remember: “Precautionary measures should be taken to 

minimize the risk that renewable energy projects in some locations will simply sacrifice one 

value (e.g. an environmental amenity or public health) for another (e.g. reduction in the use of 

fossil fuels)”. [p. 206]  It is clear from the acceptance of the Hatch Noise Assessment Report that 

nothing has changed within the Ministry and that Machiavelli’s philosophy is alive and well. 

 

CRITIQUE 

 

The assessment is incomplete in a number of aspects, including: 

 The prediction of noise at a receptor was not made under the worst case scenario; 

 Uncertainty in the sound power level of the turbines was not included in the prediction; 

 Neither was the uncertainty in the prediction model; 

 The specifications for the sound power level acoustic spectrum extended down only to 

63 Hz and not 50 Hz as required by IEC 61400-11 (2006) or 20 Hz as required by the 

most recent IEC regulation.    

 Turbulence in the atmosphere, the large wind speed gradient typical for night-time 

(especially summer night-time), and refraction of sound under certain atmospheric 

conditions all add to the immission of noise at a receptor.  None of these were included 

in the worst case predictions.   

 

Each of these obvious omissions flies in the face of the precautionary approach and are designed 

to understate the likely noise levels at Amherst Island homes. 

 

The assessment is also deceptive: The 2008 turbine noise regulations require that the turbine 

sound power level be given for the wind speed gradient appropriate for the summer night-time.  

The assessment does not include any measurement of the wind speed gradient, summer or 

winter, night or day.  This despite the fact that Algonquin Power has had a 100m anemometer 

tower operating on the island since summer 2012.  Nevertheless Hatch has included a summer 

night-time wind speed parameter of 0.45 in the transcription of the Siemens sound power level 

tables without any justification.  The deception is compounded by leaving the impression that the 

sound power levels are appropriate for a wind speed gradient of 0.45.  They are not, as described 

in detail below. 

 

Uncertainty:   

There is uncertainty in the noise emission of the turbines and uncertainty in the prediction code 

used to predict the noise level at a participating receptor.  These will be considered separately.   

Uncertainty in Sound Power Level: 

No documentation for the measurement of the sound power level for the Siemens 2.3-113 turbine 

has been provided.  Nevertheless, Siemens warrants the sound power level of 2.3 MW model to 
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be 104.4 dBA at a 10m wind speed of 6 m/s and 105 dBA at higher wind speeds, and of the 

2.221 MW model to be 104.0 at 6 m/s and higher wind speeds.  The Siemens reports on the 

acoustic emission of the SWT-2.3-113 and SWT-2.3-113 (2221 kW) categorically state that “A 

measurement uncetainty range of -1.5 dBA to +1.5 dBA is applicable” (emphasis added).  

The Hatch engineer has copied the noise emission numbers from the Siemens specification pages 

over to Table B.5 of the NAR but has ignored the Siemens specified uncertainty in doing so. 

 

The Siemens specification sheet notes that there is a margin of ±1.5 dBA which is applicable
4
.  

The technical specification IEC 61400-14 defines the declared apparent sound power level of a 

wind turbine to be: 

𝐿𝑑 =  𝐿𝑎𝑣𝑒𝑟𝑎𝑔𝑒 + 1.645𝜎 

where 𝜎 = 1.5 dBA  is the standard deviation.  In this way, just 5% of the apparent sound power 

levels in a population of turbines will exceed Ld.   

 

 Therefore, for calculating the sound pressure levels at homes the worst case scenario is that the 

sound power level for the 2.3 MW model is 106.9 dBA at 6 m/s and 107.5 dBA at higher wind 

speeds, and 106.5 dBA for the 2.221 MW model at 6 m/s and above.  Hatch has not used these 

higher levels.  Our consultant makes a similar point on page 17 of his report, referring to IEC 

61400-11 and 14.   

 

As noted in Appendix A there are 137 receptors, existing homes and vacant lots of record, that 

the assessment predicts to have a sound pressure level of 38.5 dBA and above.  In the worst case 

scenario all of these homes will have a sound pressure level of 41 dBA and above. 

 

Non-compliance can be put on a firmer mathematical foundation.  An uncertainty of 1.5 dBA 

means that the sound power level of any one of the turbines is given by a probability distribution 

function, described as a normal or Gaussian distribution with a standard deviation of 1.5 dBA.  

This distribution function flows through to the sound pressure level at the receptors.  In 

Appendix A to this report these sound pressure level probabilities have been determined for all 

receptors identified by the proponent as having a predicted sound pressure level of 38.5 dBA and 

above.  As noted above, there are 137 receptors on this list, 100 existing homes and 37 vacant 

lots of record! 

 

The table demonstrates that the probability of non-compliance at each home in this list varies 

from 16% to 45%.  The average probability is 28%.  Considering only the 100 existing homes 

                                            
4
 This uncertainty has many contributions: calibration; chain of acoustic measurement instruments; acoustically hard 

board; distance measurement; acoustic impedance of air; meteorological variation; wind speed derived from the 

power curve; wind direction. 
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this means that the sound pressure level will be non-compliant at 28 homes
5
.  How the 

Ministry of the Environment will deal with this pending catastrophe does not bear thinking 

about.  However, it would be morally and legally indefensible for Ministry officials to knowingly 

create such a situation in the first place when it is utterly avoidable. 

 

Uncertainty in the Prediction Calculation. 

 Hatch uses Cadna/A software to calculate noise at a receptor.  This is based upon the ISO 9613-

2 noise prediction method.  ISO 9613-2 acknowledges uncertainty and puts it at ±3 dBA.  

Furthermore, ISO 9613-2 specifically excludes noise propagation where the average height of 

the source and receptor is higher than 30 metres above ground level.  The turbine blades extend 

from 54 to 146 metres above ground!  The average height of source and receptor is at least 50 

metres above ground level and beyond the range of the prediction method.  Even if we accept 

ISO 9613, we also have to accept the uncertainty that is inherent in it.  Combining the 

uncertainty in the sound power level and in the calculation we get ±3.5 dBA in the predicted 

sound pressure levels.  This of course magnifies the non-compliance described above.  

 

Wind Shear 

The above uncertainty issue was a sin of omission.  This issue is a sin of commission.  Out of 

nowhere, the Hatch engineer has added to the Siemens measurements a wind shear coefficient of 

0.45; see Appendix B for the definition of and significance of the wind shear coefficient.   

The intention of the Hatch engineer is to satisfy Section 6.2.3 of the 2008 Noise Guidelines.  

Specifically, 6.2.3 includes the following paragraph: “To address this issue, the assessment must 

use manufacturer’s acoustic emission data adjusted for the average summer night-time wind 

speed profile, representative of the site.” 

First, despite having had a 100 metre meteorological tower in place for the past year, there are no 

measurements presented to justify the given value of the average summer night-time wind speed 

profile.  The assessment is incomplete without those measurements. 

Given that there is no basis for a 0.45 wind speed profile coefficient, one must assume that the 

Hatch engineer has simply adopted a profile coefficient measured by other acoustic consultants 

at other sites in Ontario (for example: Valcoustics or HGC Engineering). 

The numbers in the Table B.5 are identical, digit for digit, to those in the Siemens specifications 

included in the NAR.
6
  This would only be possible if Siemens had made its noise emission 

measurement in a wind speed gradient profile defined by a coefficient of 0.45. 

                                            
5
 Note that this is not the worst case. As described above, in the worst case scenario the turbine noise at all 100 

homes will be non-compliant! 
6
 80 numbers total for 2 turbines, 5 wind speeds and 8 frequencies. 
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In fact, there is no way that Siemens would have measured the noise emission with a wind shear 

coefficient of 0.45.  It would sell no turbines!  Not only would the full noise emission extend 

down to a 10 metre wind speed of 3 m/s but there would be the additional 5 dBA of sound power 

level as the blades rotate through a large wind speed gradient.  

Siemens would have measured and does measure the noise emission in a close to neutral 

atmosphere with a surface roughness parameter of 0.05m or a wind shear coefficient of about 

0.14.  In fact, Siemens does note in their report that the sound power level is referenced to a 

roughness length of 0.05m. 

This criticism is not just a case of semantics:  First, it is a deception and a stupid one given that 

the engineer would know that the NAR would be: 

 read and studied by a scientist who has been working on turbine noise since 2007, had 

served on the Ministry of the Environment focus group on noise regulations and had 

made invited presentations to three conferences;   

 judged by a Ministry of the Environment engineer who was also a member of the focus 

group, would have had some responsibility for writing the 2008 noise guidelines and has 

reviewed many NARs.   

The second reason for concern, and in the long run more important reason, is the impact on 

compliance measurements.  In its protocol for turbine noise compliance, MOE is wary of 

measuring turbine noise in high wind speeds because of the problem of wind noise in the 

microphone.   

A selection of annual average wind shear coefficients are shown in the graphs below
7
: Figure 2 

shows the annual average diurnal variation of the wind speed gradient coefficient for a selection 

of sites through the US Central Plains.  Figure 3 shows the seasonal variation for one site.  A 

wider selection of coefficients was presented to the 2008 World Wind Energy Conference.  It is 

reasonable to conclude that day-time gradients are consistent with a coefficient of 0.14 and, as 

measured by professional acousticians, a coefficient of 0.45 for summer night-time in Ontario. 

                                            
7
 “Wind Shear Characteristics at Central Plains Tall Towers” M. Schwartz and D. Elliott; National Renewable 

Energy Laboratory 

Presented at the American Wind Energy Association WindPower 2006 Conference Pittsburgh, Penn.  
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Figure 2.   Annual diurnal wind shear exponent pattern for four tall tower stations. Annual average 

alpha values are in parentheses. 

 

Figure 3. Diurnal wind shear exponent pattern at Lamar, CO, for 52-113-m levels.  
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Consider now the effect of the wind speed coefficient on the wind speed dependence of the 

sound power level.

 
 

The green curve (middle curve) in the figure above represents the sound power level as a 

function of wind speed for the Siemens 2.3-113 turbine, directly from its specification sheet.   

If we assume that the measurement was made with a wind speed gradient coefficient of 0.14, 

then the wind speeds at the hub will have been larger by a factor 9.95
0.14

 or 1.38.  The factor 9.95 

is the hub height, 99.5m, divided by 10m.  The red (right) curve represents the sound power level 

as a function of the hub wind speed.   

In turn, if the wind speed gradient parameter is 0.45, the wind speed at 10m is reduced below 

that at the hub by a factor 9.95
0.45

 or 2.81.  The blue (left) curve represents the sound power level 

as a function of the 10m wind speed when the coefficient is 0.45.  This is the adjustment that 

the Hatch engineer should have made to the Siemens measurements of the sound power 

level as a function of 10m wind speed. 
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Note the dramatic effect of the high wind speed gradient.  The turbine reaches its full sound 

power at a 10m wind speed of 3 m/s.  There will be no excuse for not being able to test 

compliance because of wind noise in the microphone. 

Turbulence: 

 
 

It is well known that there is considerable turbulence behind an operating wind turbine.  This has 

two impacts on the downwind turbines:  

a) There is wake loss of power and enhanced wear and tear on the turbines; 

b) There is enhanced turbulent inflow noise caused by the blades rotating in turbulent air.   

 

Both of these impacts have been carefully studied.  In order to prevent the impact of the turbulent 

wake on a downwind turbine a John Hopkins University report
8
 recommends a separation of 15 

blade diameters
9
.  For the Siemens 2.3-113 turbines this would be a separation of almost 1700 

metres. None of the turbine sites for the Amherst Island project satisfy this 

recommendation.  Many are 5 or 6 blade diameters behind an upwind turbine for the prevailing 

wind direction. Consider the cluster: S36, S21 S19, S37, S27 and S02, the worst example.  These 

6 turbines form a line from south-west to north-east 2700 metres long.  The average spacing is 

550 metres or 4.8 blade diameters.  The prevailing wind direction is south-west to north east! 

                                            
8
 http://www.sciencedaily.com/releases/2010/11/101123174322.htm ;  

   http://www.nawindpower.com/e107_plugins/content/content.php?content.7257  
9
 see also: http://www.nacleanenergy.com/articles/15348/the-wake-effect-impacting-turbine-siting-agreements  

see also: A Bayesian Optimization Approach for Wind Farm Monitoring and Power Maximization; 

http://eil.stanford.edu/publications/jinkyoo_park/SHIMM13.pdf  

 

http://www.sciencedaily.com/releases/2010/11/101123174322.htm
http://www.nawindpower.com/e107_plugins/content/content.php?content.7257
http://www.nacleanenergy.com/articles/15348/the-wake-effect-impacting-turbine-siting-agreements
http://eil.stanford.edu/publications/jinkyoo_park/SHIMM13.pdf
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The wake loss and turbine stress are problems for Algonquin Power.  The turbulent wake will 

combine with the background atmospheric turbulence.  The enhanced noise will be a problem for 

the residents but ultimately for Algonquin Power when it finds that its turbines are out of 

compliance.  Hatch and MOE are of course complicit by ignoring this very real source of turbine 

noise.  Dr. John Harrison has written elsewhere on this topic, drawing on the theoretical and 

experimental work from the National Renewable Energy Laboratory; this material is well known 

to both Algonquin Power and MOE.  As an example: 

 

Figure 8 from a paper from NREL
10

, reproduced below, shows a calculation of various 

aerodynamic noise sources for the National Wind Technology Centre research turbine.  It is a 

37m tower with a 42m upwind rotor diameter.  The simulation was made for a wind speed of 

10.8 m/s and a turbulent intensity of 10.6%, a typical level of atmospheric turbulence.   The 

figure is a plot of noise (sound pressure level) in 1/3 octave bands as a function of frequency.   

 

TBL is turbulent boundary layer, TE is trailing edge. Turbulent inflow noise can now be 

estimated on the basis of turbulence intensity measurements, which require wind-speed 

measurements measured on a fast time scale with the average and standard deviation calculated 

for 30 second intervals.  The sound pressure from turbulent inflow increases as the square of the 

turbulent intensity and linearly with the blade length.  In dB, the turbulent intensity sound will 

increase by 6 dB for each doubling of the turbulent intensity and by 3 dB for the doubling and 5 

dB for the tripling of the blade length.  Clearly, from the calculation as well as associated 

measurements, turbulent inflow noise dominates below 100 Hz, into the range of low-frequency 

sound and infra-sound. 

                                            
10

 Patrick J Moriarty, “Development and Validation of a Semi-Empirical Wind Turbine Aeroacoustic Code”,  42nd 

AIAA Aerospace Sciences Meeting (Jan. 2004)  
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Siemens provides no access to their test measurements and so we do not know what the turbulent 

intensity was at the time of the measurements.  IEC 61400-11 recommends measuring such 

turbulent intensity.  Hatch presents no measurements of turbulent intensity for the Amherst 

Island site and no measurements of the variation of turbulent intensity over a one-year period.  

Siemens presents no specifications for the variation of the turbine noise with turbulent intensity 

for the 2.3-113 wind turbines.  Therefore, it is not possible to correct the predictions of turbine 

noise at receptors.  The only recourse is the precautionary principle and this is far from being of 

concern to Hatch and, by extension, to Algonquin Power.  However, in accordance with the 

precautionary principle and sound acoustical engineering practice the Ministry of the 

Environment has no legitimate alternative than to take turbulent inflow noise into account when 

reviewing the noise assessment report. 

 

Refraction 

Refraction of sound by the atmosphere is ignored by Hatch.  The effect of refraction is to change 

spherical spreading of sound to cylindrical spreading; that is from -6 dBA to -3 dBA per 

doubling of distance.  The origin of atmospheric refraction is the combination of wind speed 

gradient, temperature inversion and ground reflection.  Empirically, refraction has been 

described by the distance at which the conversion from spherical to cylindrical spreading occurs.  

This distance is a function of the meteorological conditions and will vary with time.  Typically 

this distance can be 0.7 to 1 km which is important for off-shore turbine noise.  However a 

distance as low as 200 metres has been reported on-shore.  The significance here is that this adds 

another uncertainty which may contribute to non-compliance.  This winter is a prime example of 

the acoustically hard ground that assists refraction.  The island has been covered by ice, snow-

covered ice and ice-covered snow since December with very little likelihood of any change 

before the end of March.  For the worst case scenario the ground parameter should have been set 

to zero and the conversion distance set to 700 metres. 

 

Amplitude Modulation 

MOE does not require a 5 dBA penalty for the amplitude modulated noise from an operating 

turbine.  Nevertheless, as Ministry officials are fully aware, there is amplitude modulation; it not 

only draws attention to the turbine noise but adds considerably to the annoyance associated with 

turbine noise.  Typically, measurements show amplitude modulation in the range 3 to 7 dBA but 

up to 12 dBA has been measured.  All other industrial noise sources in Ontario are subject to a 5 

dBA penalty for tonal, cyclical or impulsive characteristics.   

 

The turbine noise will be audible to residents, both participating and non-participating; this 

audibility will be annoying audibility and inevitably lead to sleeplessness and stress!   Algonquin 

Power and the Ministry of the Environment needs to be aware that this annoying audibility will 

lead to endless complaints to Algonquin Power itself and to MOE.  This is clear from the 

experience elsewhere.  
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Summary:   

This project is bound to be out of compliance with the 40 dBA noise limit.  Before even 

considering approval of this project, MOE needs to insist on a new noise assessment as follows: 

 Re-evaluation of the declared apparent sound power level of the turbines to reflect the 

IEC regulation for wind turbines. 

 Inclusion of the ±3 dBA to ±4 dBA uncertainty in the prediction. 

 Inclusion of the turbulent intensity at the time that the Siemens noise test was performed; 

this is an option but given the high turbine density a vital one for the Amherst Island 

project. 

 Inclusion of one year’s measurement of turbulent intensity at the test site. 

 Inclusion in the noise prediction of the excess noise due to the turbulent wake of up-wind 

turbines. 

 Inclusion of one year’s measurement of the wind speed gradient parameter from a site in 

the centre of the project.  This has been standard practice since the acceptance of wind 

speed gradient as an important parameter in the 2008 regulations. 

 Re-evaluation of the predicted noise to include the excess noise as the blades turn in a 

high wind speed gradient. 

To demonstrate that the Amherst Island wind project will be non-compliant with a 40 dBA noise 

limit, Appendix C describes three compliance tests that have come to my attention.  The three 

tests demonstrate under-estimation by up to 15 dBA, up to 12 dBA and up to 8 dBA respectively.   

 

Our consultant has written of other revisions that need to be made to the noise assessment before 

the noise assessment section of the REA submission can be considered acceptable. 

  

This critique is not intended to be a comprehensive or final analysis of all the issues and errors 

contained in the Hatch Noise Assessment Report; it is submitted without prejudice to our rights 

to raise such issues further as well as other matters that we deem appropriate. 

 

Submitted on behalf of APAI and SaveAI by: 

 John Harrison PhD, Vice President, APAI     

harrisjp@physics.queensu.ca   

mailto:harrisjp@physics.queensu.ca
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APPENDIX A – PROBABILITY OF NON-COMPLIANCE WITH THE 40 dBA LIMIT 

 

This appendix is a calculation of the probability of non-compliance based only upon the uncertainty in 

the sound power level measurements specified by Siemens.  This uncertainty is an overall uncertainty 

made up of many individual uncertainties that go into a final measurement.  The specified uncertainty is 

±1.5 dBA. 

 

The specified uncertainty does not include uncertainties due to atmospheric variables, ground variables or 

site-specific variables.  It does not include the 3 dBA uncertainty in CADNA-A used by Hatch.  This 

uncertainty is inherent in the prediction code underlying CADNA-A. 

 

In addition there are the extra sources of aerodynamic noise, not included, resulting from turbulent inflow 

noise and operation in a large wind-speed gradient.  Therefore, the probabilities of non-compliance 

shown below are the absolute minimum. 

 

A prediction of, for example, 39±1.5 dBA means the predicted noise is a probability distribution given 

by: 

 

𝑃(𝑥) =
1

𝜎√2𝜋
𝑒

−(𝑥−𝜇)2

2𝜎2  

 

Where σ = 1.5 dBA is the measured standard deviation, μ = 39 dBA is the prediction calculated without 

uncertainty and P(x) is the probability of finding a noise value x. 

 

The probability of finding a noise value of 40 dBA and above is given by: 

 

𝑃(𝑥 > 𝑥0) = 1
2⁄ (1 − erf (

(𝑥0 − 𝜇)

√2𝜎2
)) 

 

Where erf(z) is the error function, x0 = 40 dBA and μ = 39 dBA is the prediction calculated without 

uncertainty.  In this case, the probability of finding the sound pressure level above 40 dBA is 0.25 or 

25%.  

 

The table shows the probability of the predicted sound pressure level being above 40 dBA for all of the 

receptors, existing homes and vacant lots of record for which Hatch predicted a sound pressure level of 

38.5 dBA and above.  There are hundreds of receptors with smaller probabilities of being above 40 dBA.  

The probabilities are given in fraction form; multiply by 100 to get the percentage probability.  
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Table 1: Probability of Non-Compliance with the 40 dBA Ontario Noise Limit 

Receptor Number ID Existing or Vacant 

Sound Press. Level 

(dBA) 

Prob. of Non-

Compliance 

R005 E 39.2 0.30 

R020 E 39.6 0.39 

R025 E 38.7 0.19 

R026 E 38.9 0.23 

R029 E 39.2 0.30 

R031 E 39.8 0.45 

R040 E 39.3 0.32 

R068 E 38.7 0.19 

R079 E 38.5 0.16 

R080 E 39.7 0.42 

R093 E 39.1 0.27 

R096 E 38.5 0.16 

R098 E 39.1 0.27 

R099 E 39.6 0.39 

R101 E 38.8 0.21 

R105 E 38.6 0.18 

R107 E 38.8 0.21 

R109 E 39.0 0.25 

R114 E 39.2 0.30 

R122 E 38.5 0.16 

R127 E 39.5 0.37 

R128 E 39.4 0.34 

R130 E 38.8 0.21 

R131 E 38.9 0.23 

R142 E 39.8 0.45 

R145 E 38.9 0.23 

R166 E 39.6 0.39 

R167 E 39.3 0.32 

R168 E 39.0 0.25 

R173 E 38.9 0.23 

R192 E 38.7 0.19 

R197 E 38.8 0.21 

R203 E 39.7 0.42 

R222 E 39.2 0.30 

R227 E 38.8 0.21 

R231 E 39.5 0.37 
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Receptor Number ID Existing or Vacant 

Sound Press. Level 

(dBA) 

Prob. of Non-

Compliance 

R233 E 39.0 0.25 

R239 E 39.3 0.32 

R261 E 39.1 0.27 

R265 E 39.6 0.39 

R270 E 39.1 0.27 

R278 E 38.6 0.18 

R280 E 38.8 0.21 

R291 E 39.2 0.30 

R292 E 39.0 0.25 

R300 E 39.7 0.42 

R305 E 39.1 0.27 

R308 E 39.7 0.42 

R316 E 39.5 0.37 

R322 E 39.4 0.34 

R339 E 39.2 0.30 

R342 E 38.7 0.19 

R349 E 39.1 0.27 

R353 E 38.8 0.21 

R364 E 38.9 0.23 

R369 E 40.0 0.50 

R380 E 38.6 0.18 

R386 E 38.9 0.23 

R387 E 38.7 0.19 

R412 E 38.9 0.23 

R416 E 38.8 0.21 

R420 E 38.5 0.16 

R431 E 38.7 0.19 

R436 E 39.0 0.25 

R439 E 39.3 0.32 

R450 E 38.8 0.21 

R454 E 39.5 0.37 

R467 E 39.8 0.45 

R480 E 39.2 0.30 

R483 E 39.5 0.37 

R493 E 39.7 0.42 

R507 E 39.0 0.25 
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Receptor Number ID Existing or Vacant 

Sound Press. Level 

(dBA) 

Prob. of Non-

Compliance 

R516 E 39.3 0.32 

R519 E 39.0 0.25 

R522 E 38.9 0.23 

R525 E 39.1 0.27 

R526 E 39.6 0.39 

R541 E 39.2 0.30 

R552 E 39.3 0.32 

R557 E 39.2 0.30 

R560 E 38.6 0.18 

R561 E 39.0 0.25 

R562 E 38.7 0.19 

R582 E 39.7 0.42 

R584 E 39.5 0.37 

R602 E 39.5 0.37 

R607 E 39.1 0.27 

R612 E 38.7 0.19 

R613 E 39.2 0.30 

R615 E 38.6 0.18 

R619 E 38.6 0.18 

R620 E 38.5 0.16 

R670 E 39.7 0.42 

R673 E 39.6 0.39 

R693 E 39.4 0.34 

R695 E 39.2 0.30 

R696 E 38.7 0.19 

R707 E 39.3 0.32 

R710 E 38.8 0.21 

R724 E 39.6 0.39 

R008 V 40.0 0.50 

R017 V 39.0 0.25 

R150 V 38.9 0.23 

R180 V 39.3 0.32 

R185 V 38.5 0.16 

R213 V 39.7 0.42 

R215 V 39.6 0.39 

R219 V 39.7 0.42 
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Receptor Number ID Existing or Vacant 

Sound Press. Level 

(dBA) 

Prob. of Non-

Compliance 

R235 V 39.5 0.37 

R251 V 39.3 0.32 

R253 V 39.2 0.30 

R295 V 38.6 0.18 

R323 V 38.9 0.23 

R324 V 39.3 0.32 

R327 V 38.6 0.18 

R351 V 38.7 0.19 

R352 V 39.0 0.25 

R355 V 38.5 0.16 

R357 V 38.8 0.21 

R362 V 39.2 0.30 

R390 V 39.5 0.37 

R401 V 39.1 0.27 

R430 V 38.7 0.19 

R464 V 39.1 0.27 

R470 V 39.2 0.30 

R473 V 39.5 0.37 

R532 V 39.3 0.32 

R569 V 38.8 0.21 

R571 V 39.5 0.37 

R604 V 39.5 0.37 

R608 V 39.5 0.37 

R609 V 39.5 0.37 

R610 V 39.0 0.25 

R614 V 38.8 0.21 

R616 V 38.5 0.16 

R709 V 38.9 0.23 

R711 V 38.6 0.18 
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APPENDIX B: WIND SPEED GRADIENT 

 

In general there is a wind speed gradient in the atmosphere with the wind speed increasing with height 

above the ground.  A useful parameter to describe the gradient is the coefficient α defined by: 

𝑣𝑧 𝑣0 = (ℎ𝑧 ℎ0⁄ )∝⁄  

 

Where vz is the wind speed at a height hz and v0 is the wind speed at a reference height h0.  In a neutral 

atmosphere α is in the range 0.1 to 0.2.  A turbulent atmosphere has a value of α below 0.1 whereas a 

stable atmosphere can have α as high as 0.5 or more. 

 

The significance of a high α is that the wind speed at the hub can be large while that closer to the ground 

remains low.  The turbine noise will then be high whereas there will be no masking from wind noise from 

trees and other vegetation. 

 

In addition, in a high wind speed gradient the blades are continually rotating from high to low to high 

wind speed.  The blade pitch cannot be optimized for the range of wind speeds encountered so that power 

is reduced and noise is enhanced. 

 

 

APPENDIX C: SOUND PRESSURE LEVEL COMPLIANCE TESTS 

WITH APPLICATION TO AMHERST ISLAND 

 

In his “Dialogue Concerning the Two Chief World Systems (1692), a conversation between three friends 

Sylvatio (Galileo), Sagredo and Simplicio (representing the Aristotelian world view), Galileo writes (in 

translation): “Therefore, Simplicius, come either with arguments and demonstrations, and bring us no 

more Texts and authorities, for our disputes are about the Sensible World and not one of Paper.” 

 

Summary 

It is argued that the method for predicting the turbine sound pressure level at a receptor allowed by the 

present Ontario wind turbine noise regulation significantly under-estimates the actual sound pressure level 

when the turbines are built and operating.  Three compliance tests demonstrate the under-estimation by up 

to 15 dBA, up to 12 dBA and up to 8 dBA respectively.  Some of this under-estimation can be put down 

to bad engineering; some can be put down to the science of sound generation and propagation that has 

been published over the past two decades but not acknowledged by the Ministry of the Environment.  

There is serious need for a full re-evaluation of the way that wind turbine site plans are being approved.  

The longer that the Ministry of the Environment holds off on this re-evaluation the larger that the problem 

becomes for the province. 

 

Introduction 

There are very good reasons to expect that wind turbine noise will be out of compliance with the 

predicted 40 dBA worst case sound pressure level at receptors on Amherst Island.  Among the reasons are 

that the Ministry of the Environment neglects the following: 



EBR 012-0774 - APAI/SaveAI Response: Turbine Noise at Receptors  

20 

 

 The specified uncertainty of the sound power level of the turbine. 

 The specified uncertainty of the predicted sound pressure level when using ISO 9613-2 and 

software based upon it. 

 The limitation of ISO 9613-2; it is limited to noise sources such that the average height of the 

source and receptor is 30 metres.  In the case of Amherst Island this average would cover the 

range 24 to 80 metres as the blades rotate. 

 The excess noise caused by ambient turbulence and turbulence at downwind turbines caused by 

the upwind turbine wake.  This is a particular problem with the proposed site plan because of the 

high density of large-blade-diameter turbines. 

 The excess noise that results from blade rotation in a large wind speed gradient. 

 The probability that for part of the time the combination of vertical temperature gradient and 

wind speed gradient will result in downward refraction of sound and cylindrical rather than 

spherical spreading.   

None of this is new to the Ministry of the Environment.  All REA documents must include the sound 

power level of the turbines; these specifications include the uncertainty.  All noise predictions must use 

ISO-9613-2 and Ministry staff will be aware of the content of this technical bulletin.   Turbulent inflow 

noise was discussed nearly two decades ago in the “bible” of wind turbine noise: the book by S. Wagner, 

R. Bareiss and G. Guidati.  Further definitive research, experimental and theoretical, dates back a decade 

to the work at the National Renewable Energy Laboratory in the USA and more recently in Denmark.  

The excess noise due to blade rotation in a large wind speed gradient has been reported on by R. James 

and others.  The downward refraction of sound and resulting cylindrical spreading, over land and water, 

also has a long history.  Ministry of the Environment engineers have attended conferences and will have 

been exposed to all of these impacts on the sound pressure level at receptors.  In any case, as the 

Environmental Approvals Branch of MOE will be aware, I have been sending fully referenced reports on 

these impacts to the Ministry for the past 6 years or so. 

 

The proof of the efficacy or otherwise of the MOE protocol lies with compliance testing.  I have access to 

only 4 compliance tests and none were final stage tests.  In fact, Mr. Denton Miller in his witness 

statement to the Ostrander Point ERT noted that there had been no final stage tests to date.  The following 

outlines my analysis of compliance tests at the Lormand home, the Libby home, and an unknown home 

among the Melancthon wind energy project.  I have recently received a copy of the report on the 

compliance test at the Horton home; however, it does not include original measurements and is proving 

impossible to un-ravel.  I would be very pleased to receive the original acoustic measurements from 

MOE. 

 

(a) Review of the HGC Turbine Noise Compliance Test at the Lormand Home 

(Reference: HGC Report on Lormand Residence) 

The figure, taken from a February 2009 report written by HGC Engineering for Canadian Hydro 

Developers, is self-explanatory.  The red data points show the measured turbine noise, LEQ, used in the 

Ontario regulation.  The green data points show the Ontario regulation limit for the wind speed at that 

time.  Over the 6-day period the measured noise level is above the limit almost all of the time and by up 

to 15 dBA.  Note that the measurements were made in December.  See the note below concerning the 

extra impact of turbine noise expected during the summer months. 
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The difference between L90 (black line) and LEQ (red line) is about 2 dBA.  This is reasonable given the 

amplitude modulation and thumping noise characteristic of turbine noise.These sounds will be missed by 

L90 and averaged by LEQ.  The ear will detect sound pressure levels closer to L10, probably 2 dBA above 

LEQ. 

This figure is used with permission of the Lormand family and of HGC. 

 
 

 

 

(b) Review of the MOE Turbine Noise Compliance Test at the Libby Home 

(Reference: Mr. Libby MOE Report) 

Background 

As a result of complaints of noise intrusion at the Libby home, measurements of sound pressure level at 

the home were made by Ministry of the Environment officials.  The Libby home is 659 and 1060m 

respectively from the nearest two turbines of the Talbot Wind Farm.  Noise modelling using the MOE 

protocol predicted a sound pressure level at the home of 38 dBA.  The sound meter was placed 1.5 m 

above ground on the turbine side of the house, together with an anemometer at the same height.  
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Note that the sound meter was placed 10m from the wall nearest to the turbine, this was neither 30m from 

the wall nearest the turbine nor 4.5m above ground level at the centre of the house.  These are the two 

positions defined in section 6.3.1 of the regulations.  10m wind speed measurements were provided by the 

developer.  The measurements were made over 5 days in December 2011.  The relevant measurements are 

collected in the following Table 1. 

 

 

Date 

Dec. 2011 

Time V(1.5m) (m/s) V(10m) (m/s) SPL (dBA) Power (MW) 

16
th
 1:32 am 2.4 9.0 54.5 91 

18
th
 5:32 pm 1.0 4.1 41.3 30 

18
th
 8:10 pm 1.0 6.6 45.8 78 

19
th
 9:11 pm 1.0 7.9 43.4 69 

19
th
 9:56 pm 1.7 5.9 44.0 67 

19
th
 11.55 pm 1.4 6.2 40.6 68 

21
st
 4:50 pm 2.0 7.8 47.0 94 

21
st
 5:51 pm 2.0 6.9 43.8 84 

21
st
 9:13 pm 1.7 5.8 39.7 50 

 

Table 1: Measurements Made at the Libby Residence 

 

Columns 3 and 4 give the wind speeds at heights of 1.5 and 10 metres above the ground.  Column 5 is the 

sound pressure level measured by the sound meter.  The sound meter was fitted with a wind shield.  The 

maximum contribution to the measured sound pressure level from wind noise in the microphone would 

have been 0.1 dBA.  The power output of the nameplate 99MW wind farm is shown in the final column.  

These numbers were retrieved from the Independent Energy System Operator archive. 

 

Figure 1 is a plot of the measured sound pressure level as a function of the 10 metre wind speed, V(10m).  

The upper solid line corresponds to the MOE noise limit for a class III environment.  It is 40 dBA up to a 

10m wind speed of 6 m/s, rising to 51 dBA at 10 m/s.  There are no qualifiers for humidity.  Clearly, the 

turbine noise is out of compliance for much of the time.  Remember that the prediction was 38 dBA. 
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 Figure 1: Measured sound pressure level (SPL) as a function of 10m wind speed. 

 

 

Height Correction 

The 2008 MOE noise regulations specify that for a two-storey home the prediction is to be made for a 

location at the centre of the residence at a height of 4.5m.  For a one-storey home the developer can 

choose to use a location 30 metres from the home, in the direction of the turbine or at the centre of the 

building at a height of 4.5 metres.  For simplicity, consultants choose to work with the centre of the 

building at a height of 4.5 metres.  Therefore, the predicted sound pressure level at the Libby home of 38 

dBA would be for the centre of the home at a height of 4.5 metres.  The sound pressure level at this 

location is typically 2 dBA higher than at a location 1.5m above ground outside the home
11

.  Therefore, 

the predicted turbine sound pressure level at the one-storey Libby home would have been 36 dBA.   

 

Excess Sound Pressure Level 

The lower solid line in Figure 1 is the predicted noise level at the home.  This was determined by 

combining the predicted turbine sound pressure level and the L90 Reference Wind Induced Background 

Sound Level given in Figure 1 of the 2008 Noise Guidelines for Wind Turbines.  The excess sound 

pressure level ranges from 2 to 12 dBA above the prediction with an average of 6 dBA; this discounts the 

2 data points with humidity above 90%.   

 

Errors in the MOE Analysis 

Whoever provided the analysis of the MOE measurements at the Libby residence has no idea of what they 

were doing.  This is serious because the analysis purports to show that the measured sound pressure levels 

                                            
11

 The Hatch environmental noise impact assessment for the Windlectric proposed project on Amherst Island was 

used for this comparison.  The assessment provided the prediction for the two locations for all residences within the 

study area.  For the first 30 residences on the list the average difference was  

2.11 ± 0.25 dBA 
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are not so bad.  What was done was to take the measured sound pressure level, subtract the regulation 

sound pressure level at the same wind speed and compare the difference with the regulation sound 

pressure level.  This is nonsense.
12

    

 

The erroneous MOE analysis is demonstrated in Table 2 below, extracted from the MOE report.  The first 

column shows the measured sound pressure levels.  The order is the same as that given in Table 1, which 

includes the dates, times and wind speeds.  The second column was labelled ambient but that is wrong.  

The numbers are in fact the sound pressure level limits under the MOE 2008 Noise Guidelines for Wind 

Farms.  The MOE reference ambient sound pressure level in fact varies from 30 dBA at 4 m/s to 44 dBA 

at 10 m/s (10m wind speeds).  The sound pressure level limits have the reference ambient sound pressure 

level built in.   

 

 

10 min Leq  

(dBA) 

Ambient  

(dBA) 

Turbines Sound Level 

(dBA) 

Level criteria based on 

wind speed (dBA) 

54.5 51 51.9 51 

41.3 40 35.4 40 

45.8 43 42.6 43 

43.4 45 0.0 45 

44.0 40 41.8 40 

40.6 43 0.0 43 

47.0 45 42.7 45 

43.8 43 36.1 43 

39.7 40 0.0 40 

 

Table 2. Analysis Extracted from the MOE Report 

 

The author of the analysis has then subtracted
13

 the numbers in column 2 from the measurements in 

column 1; these are shown in column 3. It is claimed in the report that that these numbers represent the 

measured sound pressure level corrected for the ambient sound pressure level.  As noted above, this is 

nonsense; the third column has no meaning. 

 

Impact of Turbine Noise 

The noise from a turbine has more impact when the wind speed gradient is high.  There are two reasons: 

 The wind speed at hub height is significantly higher than it is at 10m.  Therefore there can be the 

full sound pressure level from the turbine with very little masking noise at the residence. 

                                            
12

 For those unfamiliar with sound pressure level and the dBA scale, consider the following analogy: A car is 

stopped on the highway for travelling at 130 km/h, 30 km/h above the speed limit.  The MOE approach is to subtract 

100 km/h from the 130 km/h, leaving 30 km/h.  30 km/h is well within the speed limit and so there is no problem!   
13

 Subtracting, say, 4 dBA from 7 dBA proceeds as follows: 

Difference = 10 log(10
7/10

 – 10
4/10

) = 4.0 dBA 
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 When the blades are rotating in a large wind-speed gradient, the blades are continually moving 

from high wind speed to low wind speed.  The blade pitch is therefore not optimized and the 

sound pressure level can be 5 dBA higher.  Acousticians are well aware of this although do not 

acknowledge it when consulting for the wind-energy developers.  This is discussed in the Richard 

James review of the Environmental Noise Impact Assessment for the Algonquin Power wind 

energy project on Amherst Island in Ontario. 

 

Figure 2 shows measurements of the wind-speed gradient parameter, measured by M. Schwartz and D. 

Elliott (NREL); these measurements are typical as will be well-known to the acousticians at MOE.  

Typically, at night during the summer month the turbine noise is going to be higher and more noticeable 

than during the winter months.  Therefore the measurements made in December do not catch the full 

impact of the turbine noise at the Libby home. 

 
Figure 2: Diurnal wind shear exponent pattern at Lamar, CO, for 52-113-m levels. 

 

(c)  Comment on Howe and McCabe: “Recent developments in assessment guidelines for sound 

from wind power projects in Ontario, Canada, with a comparison to acoustic audit results.”  Inter-

noise 2009, Ottawa. 

Howe and McCabe (HM) have audited an Ontario residence within 1 km of a wind turbine.  Just how 

close we do not know and whether there were other near-by turbines we do not know.  

HM have chosen to use L90 (in dBA) as a function of the nacelle wind speed in presenting a summary of 

their measurements.  The Ontario noise guidelines are in terms of LEQ as a function of the wind speed at a 

height of 10 metres.  The noise limit is 40 dBA up to a 10 metre wind speed of 6 metres/second up to 51 

dBA at a wind speed of 10 metres/second.  HM justify using L90 by arguing that it misses intermittent 

noise such as passing cars.  However, it also misses amplitude modulation that is a dominant 

characteristic of wind turbine noise.  Amplitude modulation has been reported as low as 3 dBA and as 

high as 15 dBA.  It is conservative to assume that in these measurements LEQ is 2 dBA higher than L90 

due to amplitude modulation.  In other words, the Ontario noise limit expressed in terms of L90 is 38 dBA 

up to a 10 metre wind speed of 6 metres/second, up to 49 dBA at a wind speed of 10 metres/second.  

Jan. 

July 
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The relationship between the nacelle wind speed and the 10 metre wind speed depends upon the wind 

speed gradient, described by a parameter α.  This can vary between 0.15 and 0.45 or above.  In turn, this 

means that the nacelle wind speed can be in the range 1.3 to 2.5 (or higher) times the 10 metre wind 

speed.  Therefore, in terms of L90 and the nacelle wind speed the Ontario noise limit is 38 dBA up to a 

wind speed of 8 to 15 metres/second rising to 49 dBA at a wind speed of 13 to 25 metres/second. 

Consider a conservative value of α = 0.2; the Ontario limit translates to L90 = 38 dBA up to a nacelle wind 

speed of 9 metres/second rising to 49 dBA at a nacelle speed of 15 metres/second.   

Refer to Figure 3 of HM.  This shows their measurements of L90 recorded at the residence.  Added to the 

figure is the Ontario limit as the solid black line.  Almost all of the L90 values are in excess of this limit 

for a nacelle wind speed of 7.5 metres/second and above.  

 

Converting back to the 10 metre wind speed, the turbine noise was out of compliance for virtually all of 

the time that the wind speed was above about 5 metres/second.  

Had the wind speed gradient been typical of summer night-time (α = 0.45 or higher) the turbine noise was 

out of compliance for virtually all of the time the 10 metre wind speed was above 3 metres/second.  Howe 

and McCabe have effectively proved non-compliance for this turbine at the residence investigated.  If the 

Ministry of the Environment had understood these measurements the turbine(s) would have been shut 

down.   

Ontario Noise Limit 
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Post-script: Figure 4 shows a graph of L90 as a function of nacelle wind speed; this time for a site 100 

metres from the turbine.  Comparing figures 3 and 4 shows that the sound pressure levels are about 10 to 

12 dBA lower at the residence.  This is what one would expect for an eight-fold increase in distance and a 

decrease of 2 to 3 dBA due to atmospheric absorption.  That is the measurements at the residence were 

recording the wind turbine noise. 

 

 

John Harrison, July 9
th
, 2013 

 


