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Executive Summary 
 

The Ministry of Environment, Conservation and Parks (“MECP”) has ordered (Provincial 
Officer’s Order #2868-B8VRY4-1 dated June 19, 2019) the Armow Wind Power Project to 
conduct a tonal audibility assessment at receptor locations most impacted by Armow 
turbines identified in the REA as T50, T30, T88, T102, T75 and T95. This report is specific 
to Turbine T30. The tonality assessment has been conducted at the worst-case receptor 
for turbine T61 which is the same turbine model as T30 (SWT-2.3-101 2.126MW, hub 
99.5) as agreed to by the MECP and as per section 3.c of the Armow Scope of Work 
document dated July 26, 2019.  

Aercoustics Engineering Limited (“Aercoustics”) has been retained by SP Armow Wind 
Ontario LP (“Armow”) to complete this tonal audibility assessment at receptor location 
R165. The report has been prepared to facilitate submission to the MECP, in accordance 
with the Provincial Officer’s Order #2868-B8VRY4-1 and Armow Scope of Work document 
dated July 26, 2019.  

Armow operates under REA #4544-9B7MYH, issued on October 9, 2013.  

The tonality investigation has been completed as per the methodology outlined in 
Parts D 3.8.3 of the “MECP Compliance Protocol for Wind Turbine Noise” (Updated: 
April 21, 2017).  

The tonal audibility calculation methodology followed that of ISO 1996-2:2017 
(ISO/PAS 20065:2016) with modifications to adapt the method to wind turbine immission 
measurements. The tonal adjustment structure followed sections E5.1 and E5.5.2 of 
the 2017 Compliance Protocol. 

No tone was present at R165 which warranted a Tonal Adjustment in any 10m wind bin. 
Thus, the Turbine T61, T30 and turbines of the same type (SWT-2.3-101 2.126MW, hub 
99.5) are assessed to be compliant with the acoustic requirements set out in the REA. 
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1 Introduction 
The Ministry of Environment, Conservation and Parks (“MECP”) has ordered (Provincial 
Officer’s Order #2868-B8VRY4-1 dated June 19, 2019) the Armow Wind Power Project to 
conduct a tonal audibility assessment at receptor locations most impacted by Armow 
turbines identified in the REA as T50, T30, T88, T102, T75 and T95. This report is specific 
to Turbine T30. The tonality assessment has been conducted at the worst-case receptor 
for turbine T61 which is the same turbine model as T30 (SWT-2.3-101 2.126MW, hub 
99.5) as agreed to by the MECP and as per section 3.c of the Armow Scope of Work 
document dated July 26, 2019.  

An alternative surrogate Turbine was chosen as the closest respective receptors to turbine 
T30 are in the upwind direction. 

Aercoustics Engineering Limited (“Aercoustics”) has been retained by SP Armow Wind 
Ontario LP (“Armow”) to complete this tonal audibility assessment at receptor location 
R165. The report has been prepared to facilitate submission to the MECP, in accordance 
with the Provincial Officer’s Order #2868-B8VRY4-1 and Armow Scope of Work document 
dated July 26, 2019.  

Armow operates under REA #4544-9B7MYH, issued on October 9, 2013.  

The tonality investigation has been completed as per the methodology outlined in 
Parts D 3.8.3 of the “MECP Compliance Protocol for Wind Turbine Noise” (Updated: 
April 21, 2017).  

The tonal audibility calculation methodology followed that of ISO 1996-2:2017 
(ISO/PAS 20065:2016) with modifications to adapt the method to wind turbine immission 
measurements. The tonal adjustment structure followed sections E5.1 and E5.5.2 of 
the 2017 Compliance Protocol. 

This report outlines the measurement methodology, results, and a comparison of the 
measured turbine tonal audibility to the tonal adjustment structure from ISO1996-2:2007 
Annex C. 
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2 Noise Source Summary 
Aercoustics was retained before this assessment to conduct E-Audits to verify the noise 
emission of turbines at the Armow Wind Power Project. 

The purpose of the E-Audits was to confirm whether equipment was operating as per 
manufacturer’s specifications and satisfies the sound power level specified in the REA 
Appendix B. The E-Audits reports have been prepared to facilitate submission to the 
MECP, in compliance with acoustic audit conditions outlined in the REA (Specifically, 
Section F – Wind Turbine Acoustic Audit – Emission). 

Wind Turbine Generator T30 was audited utilizing International Standard IEC 61400-11 
(Edition 3.0, released 2012-11), “Wind Turbine generator systems – Part 11: Acoustic 
Noise Measurement Techniques”. 

Table 1 Summary of Wind Turbine Noise Emission Audit 

Turbine ID Turbine Model Report ID 

T30 Siemens SWT-2.3-101 2.126MW, hub 99.5m 15247.00.T30.RP3 

 
Detailed measurement reports for T30 (Report ID: 15247.00.T30.RP3) outline the 
apparent sound power level, measurement uncertainties and tonal audibility results. 

2.1 Tonal Audibility Results from E-Audit  

Results of the tonality assessment of the acoustic audit for T30 is summarised in Table 2. 

Table 2 – T30 - Tonality Assessment Summary 

Wind Speed 
(m/s) 

Frequency 
(Hz) 

Tonality, 
∆Ltn (dB) 

Tonal audibility, 
∆La (dB) 

FFT’s 
with tones 

Total # 
of FFT’s 

Presence 
(%) 

7.5 No reportable tones were detected 
8 469 -2.8 -0.5 78 148 53% 

8.5 
8.5 

120 -4.6 -2.6 107 154 69% 
475 -0.7 1.5 124 154 81% 

9 
116 -3.5 -1.5 117 137 85% 
476 1.5 3.8 137 137 100% 

9.5 
116 -3.1 -1.1 99 115 86% 
477 2.8 5.1 115 115 100% 

10 
116 -3.4 -1.4 50 55 91% 
477 4.3 6.6 55 55 100% 

10.5 
119 0.2 2.2 66 66 100% 
489 3.0 5.2 61 66 92% 

11 
119 0.1 2.1 61 62 98% 
492 3.1 5.4 57 62 92% 

11.5 
120 0.2 2.2 42 42 100% 
494 2.8 5.1 42 42 100% 
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Wind Speed 
(m/s) 

Frequency 
(Hz) 

Tonality, 
∆Ltn (dB) 

Tonal audibility, 
∆La (dB) 

FFT’s 
with tones 

Total # 
of FFT’s 

Presence 
(%) 

12 
120 0.3 2.3 15 16 94% 
495 3.2 5.5 14 16 88% 

12.5 
120 -0.7 1.3 11 11 100% 
499 2.3 4.6 11 11 100% 

Table 3 presents a summary of the relevant tones for this assessment noted from the 
E-Audits and includes the frequency range, tonal audibilities and the corresponding 
turbine operational parameters during which elevated tonal audibility levels were 
observed. 

Table 3 Summary of Relevant Tones T30 

Turbine 
ID 

Frequency Range 
(Hz) 

Tonal Audibility  
(dB) 

Hub Height 
Wind Speed 
Range (m/s) 

Electrical Power 
Output Range 

(kW) 

T30 
477 Hz [448Hz – 506Hz] 1.5 – 6.6 8.5 – 12.5 1311 - 2125 

495 Hz [466Hz – 524Hz] 1.5 – 6.6 8.5 – 12.5 1311 - 2125 

 

3 Tonal Assessment Details 
The acoustic audit was conducted at receptor R1651. This location is closest to turbine 
T61. Turbine T61 is the same model turbine as T30 (SWT-2.3-101 2.126MW, hub 99.5m) 
and was chosen as the alternate surrogate turbine as the closest receptors to turbine T30 
are in the upwind direction compared to the predominant wind direction for the Armow 
Wind Power Project.  

Monitoring at R165 spanned the following dates, summarized in Table 4. 

Table 4: Monitoring Period for Receptor R165 (DD/MM/YYY) 

Location Monitoring Start Date Monitoring End Date 

R165 04/10/2019 14/12/2019 

 

 

 

 

 
1 Receptor IDs taken from the Noise Assessment Report by A. Brunskill, D. Eaton and E.Crivella 
dated September 9, 2013 [3]  
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3.1 Test Equipment 

The measurement equipment used for the Tonal Assessment, both acoustic and 
environmental, is detailed below. Equipment specifications and measurement positions 
comply with MECP Compliance Protocol sections D2 – Instrumentation and D3 – 
Measurement Procedure, respectively. Each remote monitoring unit is comprised of the 
following: 

- One (1) Type 1 sound level meter, with microphone and pre-amplifier mounted at 
a height of 4.5 meters, at least 5 meters from any large reflecting surfaces.  

- One (1) primary and one (1) secondary windscreen for the microphone. The 
1/3 octave band insertion loss of the secondary windscreen has been tested and 
was accounted for in the data analysis.  

- One (1) anemometer, mounted at a height of 10 metres above ground level 
(“10 m AGL”). 

Table 5 provides the specific model and serial numbers for the measurement equipment 
used during the measurement campaign. 
 
Table 5: Equipment Details 

Location Equipment Make/Model Serial Number 

R165 

Sound Level Meter NI 9234 1CAF718 

Microphone PCB 378B02 118497 

Pre-Amplifier PCB 426E01 037483 

Weather Anemometer Vaisala WXT 520 J3040014 

Signal Conditioner PCB 480E09 33659 

The measurement chain was calibrated before and after the measurement campaign 
using a type 4231 Brüel & Kjær acoustic calibrator. 

3.2 Measurement Methodology  

For the duration of the measurement campaign, acoustic and anemometer data was 
logged simultaneously in one-minute intervals. The acoustic data included A-weighted 
overall equivalent sound levels (LAeq), percentile statistical levels (L90), and 1/3 octave 
band levels between 20 Hz and 10,000 Hz. The recorded weather data included average 
wind direction, wind speed, temperature, relative humidity, and atmospheric pressure. The 
maximum wind speed for each one-minute interval was also stored. 

To account for the effect of wind speed on the measured sound level, measurement 
intervals are sorted into integer wind bins based on the measured 10 m wind speeds. Each 
bin ranges from 0.5 m/s below to 0.5 m/s above each respective wind bin (i.e. 5 m/s wind 
bin represents all intervals with average wind speeds between 4.5 m/s and 5.5 m/s). 
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3.3 Data Reduction and Filtering 

The data reduction procedures used on the measurement data to remove invalid data 
points from the assessment are detailed below. These procedures are in accordance with 
Section D5.2 of the Protocol and in accordance with the measurement equipment 
specifications. An additional filter based on the difference between LAeq and L90 level is 
included to automatically exclude transient noise contamination. 

A measurement interval is excluded if any one of the following criteria are not satisfied: 

- The interval occurred between 10pm – 5am  

- No precipitation was detected 60 minutes before and 60 minutes after the interval  

- The ambient temperature was above -10˚C 

The purpose of the filters listed above is to exclude intervals where the data quality is 
reduced due to extraneous events (such as vehicle pass-bys), unusable environmental 
conditions (such as rain), or equipment operating outside of its specifications. Intervals 
that pass the filtering criteria listed above are sorted into Turbine ON or Background 
periods based according to the conditions listed below. If neither Turbine ON or 
Background conditions are met, the data point is excluded. 

- Turbine ON: Armow turbines must be rotating and generating power  

- Background: Armow turbines must be parked and not generating power  

The Protocol also requires additional criteria be met by each Turbine ON data point based 
on the conditions of the nearest turbine to each receptor. Specifically,  

“Only downwind data will be considered in the analysis. With reference to the 
Turbine location, downwind directions are ±45 degrees from the line of sight 
between the Turbine and receptor/measurement location.” {Section D5.2 (4)} 

The following additional power filter was applied to specifically assess operational 
conditions when the highest tonal audibility values were measured during the I-audit 
testing at T61. 

Table 6: Power Filtering Summary 

Location Turbine Power Output (kW) 

R165 T61 ≥ 1311 

3.4 Measurement Location 

Monitoring was conducted at the lot receptor R165. R165 has a predicted impact of 
39.5 dBA as per level predicted from an “As Built” noise model based on the original 
CadnaA noise prediction model. The following table provides a summary of the receptor 
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location. Detailed site plans showing the receptor and audit location is attached in 
Appendix A. 

Table 7: Receptor Measurement Locations 

 Audit Receptor ID R165 

 Turbine ID T61 

Receptor 

UTM Coordinates 
(X,Y) 

17T  
460727mE  

4897135mN 

Distance to Turbine (m) 707 

Receptor Height (m) 4.5 

Predicted Level (dBA)* 39.2 

Monitor 

UTM Coordinates 
(X,Y) 

17T  
460668mE  

4897048mN 

Distance to Turbine (m) 606 

Monitor Height (m) 4.5 

Predicted Level (dBA)* 39.6 
*Predicted Level from Aercoustics’ acoustic model 

3.5 Sample size Reporting Requirements 

As per Section D3.8.3 Tonality (tonal assessment) of the MECP protocol, at least 5 
one-minute intervals are required for wind turbine noise and background noise (wind 
turbines parked). These intervals shall be as close as possible to the integer wind speed. 
In addition, the MECP has required that the five (5) one-minute measurements per wind 
speed bin are to include the entire assessment range of the turbine and is not limited to 
wind speed bins of 4-7 m/s.  

3.6 Operational Conditions 

Turbine operational data for the duration of the measurement campaign was supplied by 
Pattern Operation Control Centre. Measurement data at receptor was filtered to include 
only intervals when all turbines in the immediate vicinity were operational, or, in the case 
of the ambient noise measurements, were not operational.  The turbines included in this 
study were chosen such that when they are turned off, the partial impact of the remaining 
Armow turbines was less than 30dBA; 10dB below the sound level limit.  The specific 
turbines parked for ambient measurements were T10, T18, T61, T63, and T69. 
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4 Tonal Assessment Results 
Acoustic and weather data measured during the Tonal Assessment are summarized in 
the following section.  

4.1 Weather Conditions 

General weather conditions measured over the course of the tonality investigation are 
summarized in Table 8.  

Table 8: General Weather Conditions – Range of Measured Values 

 
10-m AGL 

Atmospheric 
Pressure [hPa] 

Wind Speed 
[m/s] 

Relative Humidity 
[%] 

Temperature [°C] 

Minimum 960 0.0 36 -9 

Maximum 999 19.5 92 17 

4.2 Wind Direction 

A Wind rose representing the recorded wind directions during the audit is reported in 
Appendix B. Wind direction recorded from the turbine yaw angle, and wind speeds 
measured from the 10-m AGL anemometer, were combined to prepare the wind roses. 
The wind speeds from 1-7 m/s at 10-m AGL represent the I-audit wind bins as per Section 
E5.5 of the Protocol. 

4.3 Measured Sound Levels 

Table 9 details the sound levels measured at the receptor when all the nearby turbines 
were on (Turbine ON) and when all the nearby turbines were off (Turbine OFF). The 
Turbine ON and Turbine OFF sound level presented are filtered as per the filters detailed 
in Section 3.3. 

Table 9: R165 Sound levels measured for Turbine ON and OFF (Downwind – T61) 

I-Audit Wind Bins 
(m/s) 

Turbine ON Turbine OFF 

Number of 
Samples 

LAeq 
[dBA] 

Std Dev 
[dBA] 

Number of 
Samples 

LAeq 
[dBA] 

Std Dev 
[dBA] 

1 0 - - 205 28.0 3.5 

2 0 - - 486 27.8 4.5 

3 32 40.7 1.0 155 25.5 3.6 

4 124 40.7 0.9 84 31.8 4.3 

5 184 41.5 1.0 67 36.1 2.2 

6 429 43.4 1.3 33 40.8 2.7 

7 486 46.3 2.0 25 47.3 3.0 

The following figure presents the scatter plot showing each valid 1-minute interval 
measured sound levels at R165 when all the nearby turbines were ON (Turbine ON + 
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Background) and when all the nearby turbines were OFF (Turbine OFF). The Turbine ON 
and Turbine OFF sound level presented was using the filter outlined in section 3.3.  

Figure 1: R165 - Measured Sound Levels for Turbine ON and Background vs Wind Speed 
(Downwind – T61) 

 

 

4.4 Measured Tonality 

The tonal assessment has been completed using ISO/PAS 20065:2016 (Acoustic-
Objective method for assessing the audibility of tones in noise-Engineering Method) and 
the tonal penalty structure taken from ISO 1996-2:2007 Annex C. Namely, Section 5.1 of 
the compliance protocol states: 

If a tonal assessment … indicates a tonal audibility value that exceeds 4 dB, 
the Ministry will require that a tonal penalty be applied at all Receptors in 
accordance with the penalties described in Annex C of ISO 1996-2, 
Reference [2] 

The tonality analysis results of the Emission audit measurements for T30 were used as a 
basis for tones at receptors which were likely to have been generated by the closest 
turbine rather than an external source.  

Tonality analysis was completed based on 1-minute narrow band spectra, ranging from 
20 Hz to 3000 Hz with a frequency resolution of 2 Hz.  

Narrowband data was acquired and calculated for each 1-minute interval used in the 
immission analysis and binned by wind speed. The mean tonal audibility of spectra in each 
wind bin was then evaluated to determine if a tonal adjustment would be applicable.  
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For a given spectra if the Tonal audibility is greater than 0dB then a tone is present. For 
all Spectra in which no tone is found, a tonal audibility of -10 dB is applied (as specified in 
Section 5.3.9 in ISO/PAS 20065:2016). The Mean Tonal Audibility values reported 
represent the energy average of all data points with an identified tone that falls within the 
same frequency of origin with the inclusion of data points with unidentified tones (i.e. -10 
dB). A sample tone plot is provided in Appendix D.  

4.4.1 Tonal Assessment – 10m wind speed 

The presence of tones in the I-audit data binned by 10m wind speed was determined. 

Tonal assessment summary table is provided in Table 10 and Table 11. 

Table 10: Tonality Summary – R165 – 477Hz – 448-506 Hz 

Wind 
Speed 
(m/s) 

Turbine 
ON Data 

points 

# of Data 
Points with 

Tonal 
Audibility >0 

Tonal 
Presence 

Mean 
Audibility, ΔL 

(dB) 

Tonal 
Adjustment, KT 

(dB) 

1 0 0 0% - - 

2 0 0 0% - - 

3 32 0 0% -10.0 0.0 

4 124 0 0% -10.0 0.0 

5 184 0 0% -10.0 0.0 

6 429 0 0% -10.0 0.0 

7 486 0 0% -10.0 0.0 

 

Table 11: Tonality Summary – R165 – 495Hz – 466-524 Hz 

Wind 
Speed 
(m/s) 

Turbine 
ON Data 

points 

# of Data 
Points with 

Tonal 
Audibility >0 

Tonal 
Presence 

Mean 
Audibility, ΔL 

(dB) 

Tonal 
Adjustment, KT 

(dB) 

1 0 0 0% - - 

2 0 0 0% - - 

3 32 0 0% -10.0 0.0 

4 124 0 0% -10.0 0.0 

5 184 0 0% -10.0 0.0 

6 429 0 0% -10.0 0.0 

7 486 0 0% -10.0 0.0 

Relevant tones from T61 (477Hz and 495Hz) were not present at receptor R165. No tonal 
adjustment was found to be applicable at receptor R165 at any 10m wind speed bin. 
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4.4.1 Tonal Assessment - hub-height wind speed 

The presence of tones in the I-audit data as a function of hub height wind speeds was also 
determined. The tonal analysis covered the same hub height wind speed range as the 
sound power level measurement of the E-audit test for Turbine T75. The turbine electrical 
power filter was removed, and all spectra were sorted into half-integer hub height wind 
speed bins using the methodology for the E-audit (IEC 61400-11 Ed 3.0) adapted for I-
audit measurements. The results of this analysis provide the mean tonal audibility over 
the entire assessment range of the turbine (8m/s to 12.5m/s). 

Table 12 Tonality Assessment at each half-integer hub-height wind speed 477 Hz [448 to 506Hz] 

Hub Height 
Wind Bin 

(m/s) 

Turbine ON 
Data points 

# of Data 
Points with 

Tones 

Tonal 
Presence 

Mean 
Audibility, ΔL 

(dB) 

Turbine Power 
Output (kW) 

7.5 303 0 0% -10 994 

8 301 0 0% -10 1196 

8.5 304 0 0% -10 1425 

9 225 0 0% -10 1654 

9.5 177 0 0% -10 1817 

10 175 0 0% -10 1979 

10.5 25 0 0% -10 2038 

11 42 0 0% -10 2096 

11.5 78 0 0% -10 2109 

12 103 0 0% -10 2121 

12.5 112 0 0% -10 2123 
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Table 13 Tonality Assessment at each half-integer hub-height wind speed 495 [466Hz to 524Hz] 

Hub Height 
Wind Bin 

(m/s) 

Turbine ON 
Data points 

# of Data 
Points with 

Tones 

Tonal 
Presence 

Mean 
Audibility, ΔL 

(dB) 

Turbine Power 
Output (kW) 

7.5 303 0 0% -10 994 

8 301 0 0% -10 1196 

8.5 304 0 0% -10 1425 

9 225 0 0% -10 1654 

9.5 177 0 0% -10 1817 

10 175 0 0% -10 1979 

10.5 25 0 0% -10 2038 

11 42 0 0% -10 2096 

11.5 78 0 0% -10 2109 

12 22 0 0% -10.0 2293 

12.5 16 0 0% -10.0 2296 

 

Similar to the tonal assessment binned by 10m wind speed, relevant tones from T61 (477 
Hz and 495 Hz) were found not to be present at receptor R165 for all hub-height wind bins 
compared to measurements at the E-audit location. 

5 Assessment of Compliance 
As per Section D5.6 of the Protocol, if a tone is identified at any of the wind speed bins, 
the average tonal audibility correction shall be added to the final noise contribution of the 
wind turbine at those wind speed bins. 

No tone was present at R165 which warranted a Tonal Adjustment in any 10m wind bin. 
Thus, the Turbine T61, T30 and turbines of the same type (SWT-2.3-101 2.126MW, hub 
99.5) are assessed to be compliant with the acoustic requirements set out in the REA. 
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Appendix C
Calibration Certificates



Calibration Certificates –  

Details are disclosed in the table below regarding the calibration of the equipment used for the 

Phase 2 I-Audit campaign at monitor location R165. The associated calibration certificates are 

provided in this appendix. 

 

Location Equipment Make/Model Serial Number 
Date Calibrated 

[YYYY-MM-DD] 

R165 

Data Acquisition Card NI 9234 1CAF718 2019-08-28 

Signal Conditioner PCB 480E09 33659 2019-07-16 

Microphone PCB 377B02 118497 2019-07-16 

Pre-Amplifier PCB 426E01 037483 2019-07-16 

Weather Anemometer Vaisala WXT 536 J3040014 2019-08-28 

 

 

 

 





















 

 
 

 

 
 
 
 
 

 

 

 
 

Appendix D
Sample Tone Plot
 



17484.00
MAD
PA
Oct 31, 2018
1

As Indicated

______________________________________

______________________________________

______________________________________

Armow Wind Power Project
Tonal Assessment R165

Appendix D

Project ID:
Drawn by:

Reveiwed by:
Date:

Revision:

Scale:

15247.03
DEA
AM
January 15, 2020
1

As Indicated

Sample Tone Plot - R165 -
Turbine ON 4m/s



 

 
 

 

 
 
 
 
 

 

 

 
 

Appendix E
AWPP Scope of Work
 





Frank Davis
Authorized Signatory


	A.1 Site Plan
	A.2 Measurement Location
	A.3 Site photo
	B.1 - TON
	B.2 - OFF
	Calibration Certificates - Equipment List
	2019.07.16_-_certificate_-_PCB480E09_SN33659
	2019.07.16-_certificate_-_PCB378B02_SN118497
	2019.08.28_-_test_report_-_WXT536_J3040014
	2019.08.28-certificate_-_NI9234_SN_1CAF718
	A.1 Site Plan
	A.2 Measurement Location
	A.3 Site photo

