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Acoustic Immission Audit –RAM I-Audit 

Napier Wind Project 

27904 Brown Road 
Adelaide Metcalfe Township 

County of Middlesex 

EXECUTIVE SUMMARY 

Valcoustics Canada Ltd. was retained by wpd Napier Wind Inc. to conduct the acoustic audit 
required in Section E of the Renewable Energy Approval (“REA”) for the Napier Wind Project 
(“NAPWP”) REA #8388-9B7N4J, dated December 3, 2013. Condition E1 of the REA requires the 
acoustic immission audits (I-Audit) to be performed on two separate occasions.  

Acoustic imission audits were carried out in three sessions. We have completed the analyses for 
each of the three sessions of the measurement campaigns as well as combing all three sessions 
of the measurement data.  

Valcoustics Canada Ltd. followed the appropriate recommendations contained in an email dated 
November 7, 2017, from Mohsen Keyvani, P.Eng., Manager of Renewable Energy at the Ministry 
of the Environment, Conservation and Parks (MECP), to Jonathan Clifford, Operations Manager, 
wpd Canada Ltd. The email describes the required steps and milestones following the 
implementation of the Noise Abatement Action Plan recommended by Aercoustics Engineering 
Ltd. and approved by the MECP. 

The previous reports pertinent to the acoustic audit done by Valcoustics Canada Ltd. are: 

1. MM92, Standard, 93129 / T01 Napier Wind Project, Results of Acoustic Noise Measurements 
According to ICE 61400-11 Edition 3.0, prepared by DNV GL, dated March 8, 2019. 

2. Napier Wind Project, Phase 1 Acoustic Immission Audit, prepared by Aercoustics Engineering 
Ltd., dated February 28, 2017. 

3. Napier Wind Project, Phase 2 Acoustic Immission Audit, prepared by Aercoustics Engineering 
Ltd., dated July 31, 2017. 

4. Noise Abatement Action Plan – Napier Wind Project (REA #8388-9B7N4J), prepared by 
Aercoustics Engineering Ltd., dated October 16, 2017. 

5. Acoustic Imission Audit – Phase 1, Napier Wind Project, prepared by Valcoustics Canada 
Ltd., dated March 20, 2019. 
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6. Noise Assessment Report, Napier Wind Project, prepared by Howe Gastmeier Chapnik 
Limited, Dated September 20, 2013. 

Sound (and wind) measurements of the I-Audit were carried out in three sessions in Fall of 2018 
(Phase 1A), Spring of 2019 (Phase 2A), and Spring of 2020 (Phase 2B) at a location in the vicinity 
of Receptor R020 in the Acoustic Assessment Report (AAR) done for the REA application. The 
acoustic audit was done in accordance with Parts D and E of the Compliance Protocol for Wind 
Turbine Noise. The combined I-Audit results indicated that noise from the Napier wind farm is in 
compliance with the applicable sound level limits.  

 INTRODUCTION 

Valcoustics Canada Ltd. previously prepared an Acoustic Immission Audit – Phase 1 report dated 
March 20, 2019, and Acoustic Immission Audit – Phase 1 (RAM-I) report dated October 7, 2019 
(herein referred to as the Phase 1A reports) as required in Section E1 of the Renewable Energy 
Approval (“REA”) for the Napier Wind Project (“NAPWP”) REA #8388-9B7N4J, dated December 
3, 2013. 

After submission of the Phase 1A reports, we had a meeting with the MECP Noise Approvals 
branch on February 27, 2020, to discuss the review comments on the Phase 1A reports and the 
challenges to collect sufficient valid data points/intervals for this particular wind project as per the 
MECP Compliance Protocol and the measurement procedures that could be used for the future 
measurement campaign. This was summarized in our letter dated April 6, 2020. 

As a result of the February 27, 2020 meeting, a measurement campaign was done between 
April 27 and July 26, 2020 (herein referred to as the Phase 2B I-Audit) in accordance with the 
measurement procedures outlined in our April 6, 2020 letter.  

As of to-date, a total of three (3) separate I-Audit measurement campaigns were conducted to 
satisfy condition E1 of the REA. However, multiple factors caused significant challenges to collect 
complete datasets at the receptor location. Contributing factors include prevailing wind direction 
at the subject site and electrical power filter as required by the MECP compliance protocol. In this 
case, the audit receptor is to the south of the closest wind turbine while the prevailing wind is in 
the south direction (i.e., the receptor is in the upwind direction) making it difficult to satisfy the 
downwind filter as required by the MECP compliance protocol. Additionally, in accordance with 
the MECP protocol, a data interval is considered valid only when the electrical power output from 
the closest wind turbine is not less than 85% of the maximum rated power of the turbine. This 
filter applies to all the wind speed bins. As expected, under a typical weather condition, the 
electrical power output from the turbine at lower wind speeds is less than the power criterion. In 
order to satisfy this filter, the wind shear needs to be very high at the lower wind speeds making 
it difficult to collect sufficient valid data intervals at the lower wind speed bins. As shown in the 
analysis result tables below, no valid data intervals were retained in the wind speed bins from 
1 m/s to 3 m/s for the turbine on the scenario. There were only a few data points retained at the 
4 m/s wind speed bin. As such, conference calls with the MECP occurred on 
November 18th and 25th, 2020 to discuss the challenges of getting complete datasets as well as 
the preliminary analysis results of the Phase 2B I-Audit. As a result of the conference calls, the 
analysis parameters were further refined in an effort to retain enough valid data intervals/points 
in order to determine the compliance status of the wind project. The analysis parameters were 
summarized in an email dated December 4, 2020 to the MECP and was confirmed/accepted by 
the MECP on December 4, 2020. Subsequently, an Acoustic Immission Audit –RAM-I Audit report 
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dated December 18, 2020 was submitted to the MECP outlining the measurement campaigns, 
data analysis details and results of the I-Audit. 

This report is to address review comments from the MECP on the December 18, 2020 report and 
to provide additional analysis details. 

 FACILITY DESCRIPTION 

The NAPWP is a Class 4 wind facility consisting of two (2) REpower MM92 wind turbine 
generators (WTG) with a total nameplate capacity of 4.1 MW. The hub height of each WTG is 
100 meters above grade. The facility operates 24 hours per day, 7 days per week.  

There is a wind farm – the NextEra Energy Adelaide Wind Energy Centre (herein referred to as 
the Adelaide Project) – adjacent to the NAPWP. The closest Adelaide Project wind turbines are 
approximately 800 m from the NAPWP turbines.  

Figure 1 shows an overall site plan taken from the AAR. 

 

FIGURE 1: OVERALL SITE PLAN 
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 REA REQUIREMENTS 

3.1 NOISE PERFORMANCE LIMITS 

Section C1 (1) of the REA requires that the sound levels from the wind turbines shall comply with 
the sound level limits set in the Noise Guidelines for Wind Farms, as applicable. The sound level 
limits are summarized in Table 1. 

TABLE 1: NOISE PERFORMANCE LIMITS 

Wind Speed (m/sec) at 10 m Height ≤6 7 8 9 10 

Sound Level Limits (dBA) 40 43 45 49 51 

3.2 ACOUSTIC IMMISSION AUDIT 

Section E.1(2) of the REA requires that the acoustic audit measurements shall be performed by 
an Independent Acoustical Consultant at one (1) Point of Reception that has been selected using 
the following criteria: 

a) the Point of Reception should represent the location of the greatest predicted noise 
impact, i.e., the highest predicted Sound Level; and 

b) the Point of Reception should be located in the direction of prevailing winds from the 
Facility. 

In addition, Section E.1(3) of the REA requires that acoustic measurements shall be performed 
on two (2) separate occasions. This was also requested in an email dated November 7, 2017, 
from Mohsen Keyvani, P.Eng., Manager of Renewable Energy at the MECP, to Jonathan Clifford, 
Operations Manager, wpd Canada Ltd. 

 COMPLIANCE PROTOCOL 

The Compliance Protocol outlines several data filtering/reduction options in Parts D and E. The 
Compliance Protocol is summarized briefly below. 

4.1 PART D OF COMPLIANCE PROTOCOL 

4.1.1 Data Filtering Procedures 

Section D5.2 of the Compliance Protocol outlines the data filtering/reduction procedures. These 
are summarized below. 

1) Intervals must be measured between 2200 and 0500 hours (i.e., nighttime only); 

2) Rainfall must not have occurred within at least one hour of the measurement interval; 

3) The objective value for the standard deviation of the sound level in each relevant wind 
speed bin is 2 dB. If the standard deviation exceeds 2 dB, then an acceptable 
explanation/justification should be documented in the audit report. 
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4) The measurement location shall be downwind from the closest wind turbine, 
i.e., ±45 degrees from the line of sight between the wind turbine and the audit receptor. 
The downwind direction should be based on the yaw angle of the turbine. 

5) The closest wind turbine shall produce at least 85% of its rated power output. 

Note that additional filters can be considered, such as the removal of individual events where the 
signal-to-noise ratio is low. This additional filtering should be discussed with Ministry staff to 
ensure that the data would be accepted. 

It should also be noted that filters 3 to 5 do not apply to the background ambient sound 
measurements when the wind turbines are parked. 

4.1.2 Sample Size Requirement 

Section D3.8 of the Compliance Protocol establishes the data set sample size requirements. 

For the turbine on the scenario, no less than 120 one-minute intervals are required to be 
measured for each integer wind speed bin (within ±0.5 m/s) for the data set to be considered large 
enough to conduct the analysis. In an audit scenario, this amount of data is required between 4 – 
7 m/s integer wind speeds inclusively (10 m height). 

For the turbine parked scenario, no less than 60 one-minute intervals are required to be measured 
for each integer wind speed bin (within ±0.5 m/s) for the ambient noise level to be determined. 

4.2 REVISED ASSESSMENT METHODOLOGY ANALYSIS – RAM-I 

If the data reduction procedures in Part D of the Compliance Protocol make it impossible to 
conduct an assessment in a reasonable amount of time, the MECP has provided an alternative 
assessment methodology – the Revised Assessment Methodology (“RAM-I”) – intended to 
provide alternative assessment methods to enable an assessment of compliance to be 
completed. Section E5.5 Option 3 of the Compliance Protocol outlines details of the RAM-I 
procedure and summarized below. 

 The objective of the RAM I-Audit is to assess the acoustic immission at the measurement 
location at wind speeds between 1 and 7 m/s (inclusive). At a minimum, data must be acquired 
to satisfy the requirements of at least one of the following: 

a) three (3) of the wind speed bins between 1 and 7 m/s (inclusive), or 

b) two (2) of the wind speed bins between 1 and 4 m/s (inclusive). 

 The owner/operator of the wind facility will be required to verify that all wind turbines and 
transformers within the facility are operating within the manufacturer's performance 
parameters (i.e. there are no maintenance issues). 

 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. The downwind direction should be based on the yaw angle 
of the Turbine. In addition, the receptor anemometer wind direction and wind speed (at a 10 m 
height) should also be reported. 
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 The analysis should only be based on data when the Turbine's sound power level is 
approximately equal to or greater than 85% of its rated electrical power output and at least 
90% of its maximum sound power level. 

 If the measurement campaign is unable to acquire the minimum number of ambient sound 
level data, the owner/operator of the wind facility will be permitted to use one of the provisions 
described below: 

a) use the ambient sound level data from a lower wind speed bin to represent a higher 
wind speed bin (i.e. if 6 m/s data is unavailable, the owner/operator is permitted to use 
5 m/s data to represent the 6 m/s data bin), or 

b) use a value of 30 dBA. 

 The Ministry will permit the data filtering criterion as noted in Section 4.1 above to be modified 
as noted below: 

The objective value for the standard deviation of the sound level in each relevant wind speed 
bin (comprised of the mean of the one (1) minute equivalent sound level measurements) is 
2 dB, with the exceptions of wind speed bins 6 and 7 m/s which should not exceed 2.5 dB. 

 All measurements should be taken at least 5 m from any objects (e.g., trees, cars, trailers, 
etc.). Where impractical, documentation must be included in the report to support the chosen 
measurement location. 

 In unique circumstances, the Ministry will consider not only the individual turbine with the 
highest predicted impact at the subject receptor but a group of turbines that represent the 
greatest contribution at the receptor. Greatest contribution means turbines that have sound 
pressure levels that are up to two (2) dB lower at the receptor/measurement location than the 
turbine with the highest predicted impact at the receptor/measurement location.  

In addition, with reference to the measurement location (vertex), only turbine configurations 
that are within an angle of 90 degrees can be considered in the assessment. 

 At a minimum, the analysis should be based on six (6) weeks of measurements unless the 
required data is obtained in less time. 

In the event that the required data is not acquired within six (6) weeks of measurements, then 
on a case-by-case basis, the Ministry may permit appropriate (statistical) data analysis, where 
necessary to derive valid conclusions (i.e., statement of compliance), in accordance with good 
scientific data analysis techniques. 

 The Ministry may accept a reduced number of data points for each wind speed bin with 
appropriate justification (i.e., 60 data points in place of 120 for turbine operational 
measurements and 30 data points in place of 60 data points for ambient measurements). The 
acceptable number of data points will be influenced by the quality of the data (standard 
deviation). 

 The Ministry, on a case-by-case basis, may also accept sound level measurements based on 
a shorter averaging time, for all data points in all wind speed bins, rather than the 
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current one (1) minute averaging time (minimum interval 10 seconds). However, in such 
cases, the equivalent data set should be comprised of: 

a) a minimum of 120 minutes of data per wind speed bin for the turbine operational 
measurements, and 

b) 60 minutes of data per wind speed bin when the turbines are parked. 

4.3 TONALITY ANALYSIS 

Section D3.8.3 of the Compliance Protocol indicates that if there is a concern regarding the tonal 
nature of the turbine (or wind facility) noise, tonality analysis should be considered. Such analysis 
may be triggered if there is observed continuous tonal sound from the turbine or if the turbine 
manufacturer's noise test report shows tonal audibility (ΔLa,k) to be a positive value greater than 
3 dB. 

In the event that tonality measurements are carried out or analyzed, for each integer wind speed 
at least five one-minute intervals are required for wind turbine noise and background noise (wind 
turbines parked). The wind speed during these intervals shall be as close as possible to the 
integer wind speed. 

The tonality assessment should be conducted in accordance with the procedures in 
IEC 61400-11-07, or at the Director's discretion, compliant with another equivalent 
standard/procedure.  

Section E5.1 of the Compliance Protocol indicates that 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. 

 ACOUSTIC IMMISSION MEASUREMENT 

5.1 MEASUREMENT PHASES 

I-Audit measurements were carried out in three independent campaigns as follows: 

 Phase 1A – over a period of approximately two and half months between October 14, 2018, 
and January 4, 2019. 

 Phase 2A – over a period of approximately three and half months between April 10, 2019, and 
August 1, 2019. 

 Phase 2B – over a period of three months between April 27, 2020, and July 26, 2020. 

5.2 ACOUSTIC AUDIT LOCATION 

In accordance with the REA requirements, the acoustic audit measurement campaigns were done 
at a location close to Receptor R020 with UTM coordinates of (17T 441366 m Easting and 
4756200 m Northing). The UTM coordinates of the measurement location are (17T 441373 m 
Easting, 4756261 m Northing). Figure 2 shows the audit location and the WTG locations. 
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FIGURE 2: MEASUREMENT LOCATION 

5.3 MEASUREMENT EQUIPMENT 

The test equipment used in the measurement campaigns is summarized in Table 2. 
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Note: 

1) Calibration interval of the sound measurement equipment is two years as per the manufacturer’s specifications. 

The sound level meter was field calibrated prior to the measurement campaign and recalibrated 
every 4 to 6 weeks using an acoustic calibrator. The microphone was equipped with a primary 
windscreen (90 mm in diameter) and a secondary windscreen with a diameter of approximately 
490 mm. 

TABLE 2: TESTING EQUIPMENT 

Measurement 
Campaign 

Equipment Qty 
Make & 
Model 

Serial No. 
Calibration 

Date 

Calibration 
Expiry 
Date 

Phase 1A 

Sound Level Meter 1 Norsonic 140 1404671 
Feb. 22, 
2018 

Feb. 22, 
2019 

Microphone 1 Norsonic 1227 142243 
Mar. 7, 
2018 

Mar. 7, 
2019 

Microphone 
PreAmp 

1 Norsonic 1209 13992 
Mar. 7, 
2018 

Mar. 7, 
2019 

Acoustic Calibrator 1 
Brüel & Kjær 
4231 

2309067 
Dec. 17, 
2018 

Dec. 17, 
2019 

Anemometer 1 
R.M. Young 
05103-0 

WM124098 
Sept. 12, 
2018 

Sept. 12, 
2019 

Leaf Wetness 
Sensor 

1 
Decagon 
LWS-1 

161772 -- --  

Phase 2A 

Sound Level Meter 1 Norsonic 140 1404670 
Mar. 28, 
2019 

Mar. 28, 
2020 

Microphone 1 Norsonic 1227 142316 
Mar. 28, 
2019 

Mar. 28, 
2020 

Microphone 
PreAmp 

1 Norsonic 1209 14464 
Mar. 28, 
2019 

Mar. 28, 
2020 

Acoustic Calibrator 1 
Brüel & Kjær 
4231 

2309067 
Dec. 17, 
2018 

Dec. 17, 
2019 

Anemometer 1 
R.M. Young 
05103-0 

WM124098 
Sept. 12, 
2018 

Sept. 12, 
2019 

Leaf Wetness 
Sensor 

1 
Decagon 
LWS-1 

161772 -- --  

Phase 2B 

Sound Level 
Meter(1) 

1 Norsonic 1531 15313538 
Nov. 23, 
2018 

Nov. 23, 
2020 

Microphone(1) 1 Norsonic 1227 332148 
Nov. 21, 
2018 

Nov. 21, 
2020 

Microphone 
PreAmp(1) 

1 
Norsonic 
1209A 

12525 
Nov. 23, 
2018 

Nov. 23, 
2020 

Acoustic Calibrator 1 
Brüel & Kjær 
4231 

2309067 
Dec. 18, 
2019 

Dec. 18, 
2020 

Anemometer 1 
R.M. Young 
05103-0 

WM124098 
Mar. 2, 
2020 

Mar. 2, 
2021 

Leaf Wetness 
Sensor 

1 
Decagon 
LWS-1 

161772 -- --  
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The sound measurements were taken at a height of 4.5 m above grade while the wind 
measurements were taken at a height of 10 m above grade. The measurement setup was more 
than 5 m away from any reflecting surfaces. 

Figure 3 shows a photo of the equipment setup. The closest wind turbine in Figure 3 is part of 
NAPWP. The more distant wind turbines are part of the Adelaide Project.  

 

FIGURE 3: MEASUREMENT SETUP 
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5.4 MEASUREMENT PARAMETERS 

Measurements were made over a period of approximately three months in each phase near 
Receptor R020 identified in the Noise Assessment Report (herein referred to as the NAR). Based 
on the manufacturers' environmental specifications, all the measurement equipment described 
above are appropriate for use during the measurement campaigns.  

During the measurement campaigns, sound and wind data were logged simultaneously at 1-
minute intervals for Phase 1A and 2A, and at 10-second intervals for Phase 2B. 

Various acoustical parameters were measured: A-weighted energy equivalent sound levels (LAeq), 
various percentile statistical levels (L1, L5, L10, L50, L90, L95 and L99), and 1/3 octave band sound 
levels between 20 Hz and 20,000 Hz. Audio recordings were made for listening and 
post-processing. 

The weather data included wind direction, wind speed, and minimum and maximum wind speeds 
for each time interval. In addition, the leaf wetness sensor was also used to determine if there 
was any precipitation/rain for each time interval. 

 ACOUSTIC IMMISSION DATA ANALYSIS PROCEDURES 

The analysis procedures considered in order to determine compliance for the wind farm are 
discussed below. 

6.1 DATA FILTERING/REDUCTION 

The data filters discussed below are generally compliant with the MECP compliance protocol with 
minor revisions to the electrical power filter and the downwind filter in an effort to retain sufficient 
valid data intervals to assess the compliant status of the wind project. These minor revisions were 
approved/accepted by the MECP as indicated in Section 1.0 above. 

6.1.1 Turbines-On Scenario 

Based on various discussions with the MECP, the following filters were applied for turbine-on 
scenario: 

1) Measurement time filter:  Intervals between 2200 and 0500 hours. Daylight saving adjustment 
was applied wherever applicable. 

2) Wind filter:  Downwind from the closest wind turbine. The downwind directions were expanded 
to ±49.5 degrees from the line of sight between the turbine and the measurement location for 
windspeed bins from 1m/s to 5m/s in an effort to retain sufficient valid data intervals/points.  

To compensate for the increased angle, an adjustment of +0.17 dBA was applied to the turbine 
only sound levels based on a linear interpolation between 0 dBA adjustment at 0-degree angle 
increase and +3 dBA adjustment at 90-degree angle increase. For windspeed bins 6m/s and 
7m/s, the downwind directions were maintained at ±45 degrees as in the MECP protocol and 
therefore no adjustment was applied to the turbine only sound levels. 

3) Precipitation filter:  No rain or snow within one hour of the interval. 
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4) Turbine output filter:  The closest turbine at 90% of the sound emission level (i.e., 1727 kW), 
instead of 85% of the maximum rated power. This is based on a curve fit to the measured 
electrical power output and the measured sound emission (power) levels included in the 
DNV GL E-Audit report. The calculation details are included in Appendix D. 

5) Standard deviation:  No more than 2.0 for Section D method for all wind speeds. 

6.1.2 Turbines-Parked Scenario 

The following filters were applied for the turbines-parked scenario: 

1) Measurement time filter:  Intervals between 2200 and 0500 hours. Daylight saving adjustment 
was applied wherever applicable. 

2) Precipitation filter:  No rain or snow within one hour of the interval.  

3) Turbine output filter: The closest turbine parked with power output less than 0.5 kW. 

4) Standard deviation:  No more than 2.0 for Section D method for all wind speeds. 

6.2 DATA BINNING 

In accordance with the Compliance Protocol, the valid measurement intervals, after the above 
data filtering/reduction procedures, were sorted into integer wind speed bins based on the 
measured wind speeds at 10 m height. Each wind speed bin includes wind speeds from 0.5 m/s 
below to 0.5m/s above each integer wind speed (e.g., the 4 m/s wind speed bin includes all 
intervals with average wind speeds between 3.5 m/s and 4.499 m/s). The binning method was 
applied to both turbine-on and turbine parked-scenarios. 

6.3 AUDIO RECORDING REVIEW 

In order to further reduce the influence from local activities such as airplanes, trains, traffic, etc., 
we reviewed the audio recordings for the data intervals with sound levels greater than the 
arithmetic mean value of each wind speed bin. The data interval was excluded if there was 
noticeable interference in the audio recording for that interval. This was done for all wind speed 
bins. 

6.4 TONALITY ANALYSIS 

The emission test results outlined in the “Results of Acoustic Noise Measurements According to 
IEC 61400-11 Edition 3.0” report dated March 8, 2019, prepared by GL Garrad Hassan 
Deutschland GmbH (herein referred to as the Emission Test Report), concluded that “The values 
of measured Tonal audibility ΔLa,k [dB] shown in annex Figure 10.33 do not comply with the 
maximum tonal audibility values noted in the Acoustic Assessment Report. The tonal audibility 
also exceeds the 2017 Ontario Compliance Protocol allowable value of 3 dB.” Thus, tonality 
analyses were done for all the valid data interval. 

6.5 ADJUSTMENT FOR THE ADELAIDE PROJECT 

The NAR indicated that the Adelaide Project is within 1500 m of the Napier Wind Project. Table 
A4 of the NAR indicated that the cumulative sound level (i.e., the Napier Wind Project and the 
Adelaide Project) at receptor R020 is 38.7 dBA. Table A5 of the NAR indicated that the sound 
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level from the Napier Wind Project alone at receptor R020 is 37.4 dBA. Based on this, the sound 
level at R020 due to the Adelaide Project is determined to be 32.8 dBA. 

Since the operating status of the Adelaide Project was not known during the background ambient 
sound tests for the Napier Wind Project, it is assumed that the Adelaide Project was fully 
operational during the background ambient testing and the sound level contribution 
(i.e., 32.8 dBA) from the Adelaide Project was subtracted logarithmically from the measured 
background ambient sound levels. This is considered conservative. 

6.6 DISTANCE ADJUSTMENT 

The monitoring location is located approximately 60 m closer to the closest WTG than the point 
of reception representing the residential dwelling at R020. In order to determine the sound levels 
at the receptor location R20, an acoustical model was developed using CadnaA 2018 MR1 
environmental noise modelling software, which follows the protocol of ISO Standard 9613 Part 2, 
“Acoustics – Attenuation of Sound During Propagation Outdoors”. 

The UTM coordinates for the WTG’s and R020 as well as the sound power level and the hub 
height of the WTG’s were taken from the NAR. A global ground attenuation factor (G) of 0.7 was 
used in the acoustic model. 

The acoustic modelling results indicate that the predicted sound level at the monitor location is 
1.0 dBA higher than at receptor R20. Thus, an adjustment of -1.0 dBA was applied to the Turbine 
Only sound levels at the monitor location to predict the sound level at R020. 

The modelling parameters and results are included in Appendix E. 

 ACOUSTIC IMMISSION RESULTS 

The results from the three sessions of the I-Audit measurements and the combined I-Audit 
measurements are summarized below.  

7.1 PHASE 1A I-AUDIT MEASUREMENTS 
7.1.1 Tonality Analysis – Phase 1A 

Table 3-1A summarizes the tonality analysis results for Phase 1A at the measurement location. 
The analysis results concluded that no tones with tone audibility levels greater than 0 dB were 
present at the measurement location and therefore no tonal adjustment is needed in accordance 
with the procedure described in Section E5.1 of the MECP Compliance Protocol. 

TABLE 3-1A TONALITY ANALYSIS SUMMARY – PHASE 1A 

Wind Speed at 10 m Height (m/s) 1 2 3 4 5 6 7 

Total of Valid Intervals 0 0 0 1 3 7 14 
Average Tonality (dB)(1) N/A N/A N/A N/A N/A N/A N/A 

Average Tone Audibility (dB)(1) N/A N/A N/A N/A N/A N/A N/A 
# of Intervals with ΔLa,k ≥-0 dB 0 0 0 0 0 0 0 
% of Intervals with ΔLa,k ≥0 dB N/A N/A N/A N/A N/A N/A N/A 
% of Intervals with ΔLa,k ≥ 4dB N/A N/A N/A N/A N/A N/A N/A 
# of Intervals with ΔLa,k ≥ 4 dB N/A N/A N/A N/A N/A N/A N/A 

Tonal Penalty Adjustment Kt (dB) N/A N/A N/A N/A N/A N/A N/A 

Note: 
(1) All tones identified with an audibility level of -3 dB or higher were included in the calculation. 
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7.1.2 Acoustic I-Audit Results – Phase 1A 

Table 4-1A summarizes the analysis results for Phase 1A, based on Parts D and E of the 
Compliance Protocol. The Phase 1A measurement campaign was not able to collect sufficient 
valid data intervals for any of the wind speed bins for the turbine-on scenario and the 6 m/s and 
7 m/s wind speed bins for the turbine parked scenario to satisfy the sample size requirements of 
Part E of the Compliance Protocol. 

TABLE 4-1A ACOUSTIC IMMISSION AUDIT RESULTS – PHASE 1A 

Wind Speed at 10 m Height (m/s) 1 2 3 4 5 6 7 

WTG 
Parked 

# of Valid Intervals 52(1) 102 164 125 33(1) 3(2) 0(2) 

Measured Averaged 
 LAeq (dBA) 30 30 34 36 38 N/A N/A 

Standard Deviation (dBA) 2.0 2.0 2.0 2.0 2.0 N/A N/A 

The Adelaide Project (dBA) 32.8 

Adjusted Ambient Sound Level 
(dBA)(3) 

30 30 26 32 37 N/A N/A 

WTG 
ON 

# of Valid Intervals 0(2) 0(2) 0(2) 1(2) 3(2) 7(2) 14(2) 

Averaged LAeq (dBA) N/A N/A N/A N/A N/A N/A N/A 

Standard Deviation (dBA) N/A N/A N/A N/A N/A N/A N/A 

Tonal Penalty (dB) N/A N/A N/A N/A N/A N/A N/A 

Crosswind Adjustment (dBA) N/A N/A N/A N/A N/A N/A N/A 

Distance Adjustment (dBA) -1.0 

Turbine Only LAeq (dBA) N/A N/A N/A N/A N/A N/A N/A 

Applicable Sound Level Limits (dBA) 40(4) 40(4) 40(4) 40(4) 40(4) N/A N/A 

Compliance with REA (Yes/No) N/A N/A N/A N/A N/A N/A N/A 

Notes: 

(1) Number of valid data intervals does not satisfy Part D of the Compliance Protocol but satisfies Part E of the 
Compliance Protocol. 

(2) Number of valid data intervals does not satisfy either Part D or Part E of the Compliance Protocol.  
(3) Contribution from the Adelaide Project was subtracted from the measured averaged LAeq for background ambient. 
(4) Exclusion limit of the MECP guideline. 
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The measurement data points (i.e., the valid data intervals) from Table 4-1A were shown in Figure 
4-1A for all wind speed bins between 1 m/s and 7 m/s. 

 

FIGURE 4-1A: MEASURED SOUND LEVELS – PHASE 1A 
 

7.1.3 Effect of Data Reduction Filters 

To demonstrate the effect of the data reduction filters discussed in Section 6.1.1 for the turbine-on 
scenario, the following data filtering stages were applied to the measured data intervals. 

 Stage 1: Time range filter applied; 

 Stage 2: Stage 1 + rain/precipitation filter applied; 

 Stage 3: Stage 2 + downwind filter applied; and 

 Stage 4: Stage 3 + power filter applied. 

Table 5-1A shows the data intervals retained after each stage of the data filtering processes. The 
downwind filter and the electrical power filter have the most impact on the data. Note, the above 
data filtering process included all the data points prior to the audio recording review process. 
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TABLE 5-1A     EFFECT OF DATA FILTERING ON MEASUREMENT DATA 
                          (STAGED FILTERING) – PHASE 1A 

Stage Data Reduction Filter 1mps 2mps 3mps 4mps 5mps 6mps 7mps 

1 
Total valid intervals 
(including time range 
filter) 

4823 4859 3896 2658 1338 706 492 

2 

# of Intervals with 
Rain/precipitation filter 

3013 3090 2524 1641 656 226 170 

% of Intervals with 
Rain/precipitation filter 

62.5% 63.6% 64.8% 61.7% 49.0% 32.0% 34.6% 

3 

# of Intervals with 
Downwind filter 

20 138 393 388 104 18 29 

% of Intervals with 
Downwind filter 

0.4% 2.8% 10.1% 14.6% 7.8% 2.5% 5.9% 

4 

# of Intervals with 
Power filter 

0 0 0 1 6 9 15 

% of Intervals with 
Power filter 

0.0% 0.0% 0.0% 0.0% 0.4% 1.3% 3.0% 

5 
Valid data points (with 
manual reject) 

0 0 0 1 6 7 15 

In addition, in order to demonstrate the effect from each individual filter, the time range filter was 
applied to the raw data. Then each filter was applied to the data independently. Table 6-1A 
summarizes the effect from each individual filter. It can be seen that the data is greatly reduced 
at all windspeed bins due to the downwind filter. As expected, the data is significantly reduced at 
the lower windspeed bins (1-4 m/s) due to the electrical power filter. 

TABLE 6-1A     EFFECT OF DATA FILTERING ON MEASUREMENT DATA 
                         (INDIVIDUAL FILTERING) – PHASE 1A 

Data Reduction Filter 1mps 2mps 3mps 4mps 5mps 6mps 7mps 

Total valid intervals (including time 
range filter) 

4823 4859 3896 2658 1338 706 492 

# of Intervals with Rain/precipitation 
filter 

3013 3090 2524 1641 656 226 170 

% of Intervals with 
Rain/precipitation filter 

62.5% 63.6% 64.8% 61.7% 49.0% 32.0% 34.6% 

# of Intervals with Downwind filter 185 681 671 582 294 151 121 

% of Intervals with Downwind filter 3.8% 14.0% 17.2% 21.9% 22.0% 21.4% 24.6% 

# of Intervals with Power filter 392 585 538 670 652 565 453 

% of Intervals with Power filter 8.1% 12.0% 13.8% 25.2% 48.7% 80.0% 92.1% 

# of Intervals with Downwind and 
Power filter 

0 0 1 33 65 100 95 

% of Intervals with Downwind and 
Power filter 

0.0% 0.0% 0.0% 1.2% 4.9% 14.2% 19.3% 
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7.1.4 Wind Rose – Phase 1A 

A wind rose diagram for Phase 1A showing the wind directions and the wind speed bins is 
provided as Figure 5-1A. The wind rose diagram includes all the measurement data in the Phase 
1A measurement campaign. The wind rose was divided up into 16 equal segments, with 
22.5 degrees per segment as per the MECP protocol. As shown on Figure 5-1A, the prevailing 
wind was the south-east direction during the Phase 1A measurement campaign (i.e., the wind 
blowing from south-east to north-west). 

 

FIGURE 5-1A: WIND ROSE – PHASE 1A 

7.1.5 Compliance Assessment – Phase 1A 

As indicated above, the Phase 1A measurement campaign was not able to collect sufficient valid 
data intervals (minutes) to satisfy Part D or Part E of the Compliance Protocol and therefore was 
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not able to assess the compliance status for the wind farm in accordance with the Compliance 
Protocol.  

7.2 PHASE 2A I-AUDIT MEASUREMENTS 

7.2.1 Tonality Analysis – Phase 2A 

Table 3-2A summarizes the tonality analysis results for Phase 2A at the measurement location. 
The analysis results concluded that tones were present at the measurement location at the 5 m/s, 
6 m/s and 7 m/s wind speed bins. The tone audibility is less than 4 dB and therefore tonal 
adjustment is not required in accordance with the procedure described in Section E5.1 of the 
Compliance Protocol. 

TABLE 3-2A TONALITY ANALYSIS SUMMARY – PHASE 2A 

Wind Speed at 10 m Height (m/s) 1 2 3 4 5 6 7 

Total of Valid Intervals 0 0 0 5 23 20 32 

Average Tonality (dB)(1) N/A N/A N/A N/A -0.2 -0.1 -2.1 

Average Tone Audibility (dB)(1) N/A N/A N/A N/A 2.2 2.3 0.2 

# of Intervals with ΔLa,k ≥0 dB N/A N/A N/A 0 9 5 1 

% of Intervals with ΔLa,k ≥0 dB N/A N/A N/A 0% 39% 25% 3% 

% of Intervals with ΔLa,k ≥ 4dB N/A N/A N/A 0 0 0 0 

# of Intervals with ΔLa,k ≥ 4 dB N/A N/A N/A 0% 0% 0% 0% 

Tonal Penalty Adjustment Kt (dB) N/A N/A N/A 0 0 0 0 

Note: 
(1) All tones identified with an audibility level of -3 dB or higher were included in the calculation. 

7.2.2 Acoustic I-Audit Results – Phase 2A 

Table 4-2A summarizes the analysis results for Phase 2A, based on Parts D and E of the 
Compliance Protocol. The Phase 2A measurement campaign was not able to collect sufficient 
valid data intervals for any of the wind speed bins for the turbine-on scenario and the 5 m/s to 
7 m/s wind speed bins for the turbine parked scenario to satisfy the sample size requirements of 
Part E of the Compliance Protocol. 
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TABLE 4-2A ACOUSTIC IMMISSION AUDIT RESULTS – PHASE 2A 

Wind Speed at 10 m Height (m/s) 1 2 3 4 5 6 7 

WTG 
Parked(1) 

# of Valid Intervals 85 228 192 77 28(1) 9(1) 0(1) 

Measured Averaged 
 LAeq (dBA) 

34 34 38 42 N/A N/A N/A 

Standard Deviation (dBA) 2.0 2.0 2.0 1.8 N/A N/A N/A 

The Adelaide Project (dBA) 32.8 

Adjusted Ambient Sound 
Level (dBA)(2) 

26 29 37 42 N/A N/A N/A 

WTG ON 

# of Valid Intervals 0(1) 0(1) 0(1) 5(1) 23(1) 20(1) 32(1) 

Averaged LAeq (dBA) N/A N/A N/A N/A N/A N/A N/A 

Standard Deviation (dBA) N/A N/A N/A N/A N/A N/A N/A 

Tonal Penalty (dB) N/A N/A N/A N/A N/A N/A N/A 

Crosswind Adjustment (dBA) N/A N/A N/A N/A N/A N/A N/A 

Distance Adjustment (dBA) -1.0 

Turbine Only LAeq (dBA) N/A N/A N/A N/A N/A N/A N/A  

Applicable Sound Level Limits (dBA) 40(3) 40(3) 40(3) 42(4) N/A N/A N/A 

Compliance with REA (Yes/No) N/A N/A N/A N/A N/A N/A N/A 

Notes: 

(1) Number of valid data intervals does not satisfy either Part D or Part E of the Compliance Protocol.  

(2) Contribution from the Adelaide Project was subtracted from the measured averaged LAeq for background ambient. 

(3) Exclusion limit of the MECP guideline. 
(4) Measured ambient sound level. 

The data points from Table 4-2A were shown in Figure 4-2A for all wind speed bins between 
1 m/s and 7 m/s. 
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FIGURE 4-2A: MEASURED SOUND LEVELS – PHASE 2A 

 

7.2.3 Data Filtering 

To demonstrate the effect of the data reduction filters discussed in Section 6.1.1 for the turbine-on 
scenario, the following data filtering stages were applied to the measured data intervals. 

 Stage 1: Time range filter applied; 

 Stage 2: Stage 1 + rain/precipitation filter applied; 

 Stage 3: Stage 2 + downwind filter applied; and 

 Stage 4: Stage 3 + power filter applied 

Table 5-2A shows the data intervals retained after each stage of the data filtering processes. The 
downwind filter and the electrical power filter have the most impact on the data. Note, the above 
data filtering process included all the data points prior to the audio recording review process. 
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TABLE 5-2A     EFFECT OF DATA FILTERING ON MEASUREMENT DATA 
                         (STAGED FILTERING) – PHASE 2A 

Stage Data Reduction Filter 1mps 2mps 3mps 4mps 5mps 6mps 7mps 

1 
Total valid intervals 
(including time range filter) 

7272 4666 3557 1535 1262 785 280 

2 

# of Intervals with 
Rain/precipitation filter 

3361 2895 2487 940 706 451 113 

% of Intervals with 
Rain/precipitation filter 

46.2% 62.0% 69.9% 61.2% 55.9% 57.5% 40.4% 

3 

# of Intervals with 
Downwind filter 

691 1094 1361 460 334 173 67 

% of Intervals with 
Downwind filter 

9.5% 23.4% 38.3% 30.0% 26.5% 22.0% 23.9% 

4 

# of Intervals with Power 
filter 

0 0 0 6 23 20 32 

% of Intervals with Power 
filter 

0.0% 0.0% 0.0% 0.4% 1.8% 2.5% 11.4% 

5 
Valid data points (with 
manual reject) 

0 0 0 5 23 20 32 

 

In addition, in order to demonstrate the effect from each individual filter, the time range filter was 
applied to the raw data. Then each filter was applied to the data independently. Table 6-2A 
summarizes the effect from each individual filter. It can be seen that the data is greatly reduced 
at all windspeed bins due to downwind filter. As expected, the data is significantly reduced at the 
lower windspeed bins (1-4 m/s) due to the electrical power filter. 

TABLE 6-2A     EFFECT OF DATA FILTERING ON MEASUREMENT DATA 
                         (INDIVIDUAL FILTERING) – PHASE 2A 

Data Reduction Filter 1mps 2mps 3mps 4mps 5mps 6mps 7mps 

Total valid intervals (including time 
range filter) 

7272 4666 3557 1535 1262 785 280 

# of Intervals with Rain/precipitation 
filter 

3361 2895 2487 940 706 451 113 

% of Intervals with 
Rain/precipitation filter 

46.2% 62.0% 69.9% 61.2% 55.9% 57.5% 40.4% 

# of Intervals with Downwind filter 1351 1900 2083 908 791 442 208 

% of Intervals with Downwind filter 18.6% 40.7% 58.6% 59.2% 62.7% 56.3% 74.3% 

# of Intervals with Power filter 378 703 344 282 448 369 176 

% of Intervals with Power filter 5.2% 15.1% 9.7% 18.4% 35.5% 47.0% 62.9% 
# of Intervals with Downwind and 
Power filter 

8 1 12 35 120 145 122 

% of Intervals with Downwind and 
Power filter 

0.1% 0.0% 0.3% 2.3% 9.5% 18.5% 43.6% 
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7.2.4 Wind Rose – Phase 2A 

A wind rose diagram for Phase 2A showing the wind directions and the wind speed class is provided 
as Figure 5-2A. The wind rose diagram includes all the measurement data in the Phase 2A 
measurement campaign. The prevailing wind was the south-west-west direction during the 
Phase 2A measurement campaign (spring) which is different from the Phase 1A (fall) result. 
 

 

FIGURE 5-2A: WIND ROSE – PHASE 2A 

7.2.5 Compliance Assessment – Phase 2A 

As indicated above, the Phase 2A measurement campaign was not able to collect sufficient valid 
data intervals (minutes) to satisfy the Part D or Part E of the Compliance Protocol and therefore 
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was not able to assess the compliance status for the wind farm in accordance with the Compliance 
Protocol.  

7.3 PHASE 2B I-AUDIT MEASUREMENTS 

7.3.1 Tonality Analysis – Phase 2B 

Table 3-2B summarizes the tonality analysis results for Phase 2B at the measurement location. 
The analysis results concluded that tones were present at the measurement location for the 5 m/s 
and 6 m/s wind speed bins. The tone audibility is less than 4 dB and therefore tonal adjustment 
is not required in accordance with the procedure described in Section E5.1 of the Compliance 
Protocol. 

TABLE 3-2B  TONALITY ANALYSIS SUMMARY – PHASE 2B 

Wind Speed at 10 m Height (m/s) 1 2 3 4 5 6 7 

Total of Valid Intervals 0 0 0 2 34 63 74 

Average Tonality (dB)(1) N/A N/A N/A -5.3 -3.6 -4.0 -4.0 

Average Tone Audibility (dB)(1) N/A N/A N/A -2.9 -1.2 -1.6 -1.6 

# of Intervals with ΔLa,k ≥0 dB N/A N/A N/A 0 3 1 0 

% of Intervals with ΔLa,k ≥0 dB N/A N/A N/A 0% 9% 2% 0% 

# of Intervals with ΔLa,k ≥ 4dB N/A N/A N/A 0 0 0 0 

% of Intervals with ΔLa,k ≥ 4 dB N/A N/A N/A 0% 0% 0% 0% 

Tonal Penalty Adjustment Kt (dB) N/A N/A N/A 0 0 0 0 

Note: 
(1) All tones identified with an audibility level of -3 dB or higher were included in the calculation. 

7.3.2 Acoustic I-Audit Results – Phase 2B 

Table 4-2B summarizes the analysis results for Phase 2B, based on Parts D and E of the 
Compliance Protocol. Note, the original sound measurements were done at a time interval of 
10 seconds. The 10-second interval data were combined into 1-minute intervals in order to 
compare with the data collected in Phases 1A and 2A. 

The Phase 2B measurement campaign was not able to collect sufficient valid data intervals at the 
wind speed bins from 1 m/s to 5 m/s for the turbine on scenario and the 1 m/s, 6 m/s and 7 m/s 
wind speed bins for the turbine parked scenario, to satisfy the sample size requirements of Part 
E of the Compliance Protocol. 

As shown in Table 4-2B, the measured background sound levels for the turbine parked scenario 
in the Phase 2B measurement campaign were found to be considerably higher than those 
measured in Phases 1A and 2A. 
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TABLE 4-2B  ACOUSTIC IMMISSION AUDIT RESULTS – PHASE 2B 

Wind Speed at 10 m Height (m/s) 1 2 3 4 5 6 7 

WTG 
Parked(1) 

# of Valid Intervals 10(2) 38(1) 47(1) 43(1) 35(1) 21(2) 7(2) 

Measured Averaged 
 LAeq (dBA) 

N/A 42 50 53 54 N/A N/A 

Standard Deviation (dBA) N/A 2.0 2.0 2.0 2.0 N/A N/A 

The Adelaide Project 
(dBA) 

32.8 

Adjusted Ambient Sound 
Level (dBA)(3) 

N/A 41 50 53 53 N/A N/A 

WTG ON 

# of Valid Intervals 0(2) 0(2) 0(2) 2(2) 34(2) 63(1) 74(1) 

Averaged LAeq (dBA) N/A N/A N/A N/A N/A 46 49 

Standard Deviation (dBA) N/A N/A N/A N/A N/A 1.5 1.1 

Tonal Penalty (dB) N/A N/A N/A N/A N/A 0.0 0.0 

Crosswind Adjustment (dBA) N/A N/A N/A N/A N/A 0 0 

Distance Adjustment (dBA) -1.0 

Turbine Only LAeq (dBA) N/A N/A N/A N/A N/A N/A N/A 

Applicable Sound Level Limits (dBA) N/A 41(4) 50(4) 53(4) 53(4) N/A N/A 

Compliance with REA (Yes/No) N/A N/A N/A N/A N/A N/A N/A 

Notes: 

(1) Number of valid data intervals does not satisfy Part D of the Compliance Protocol but satisfies Part E of the Compliance Protocol. 

(2) Number of valid data intervals does not satisfy either Part D or Part E of the Compliance Protocol.  

(3) Contribution from the Adelaide Project was subtracted from the measured averaged LAeq for background ambient. 

(4) Measured background sound levels. 

The data points from Table 4-2B were shown in Figure 4-2B for all wind speed bins between 
1 m/s and 7 m/s . 
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FIGURE 4-2B: MEASURED SOUND LEVELS – PHASE 2B 
 

7.3.3 Data Filtering 

To demonstrate the effect of the data reduction filters discussed in Section 6.1.1 for the turbine-on 
scenario, the following data filtering stages were applied to the measured data intervals. 

 Stage 1: Time range filter applied; 

 Stage 2: Stage 1 + rain/precipitation filter applied; 

 Stage 3: Stage 2 + downwind filter applied; and 

 Stage 4: Stage 3 + power filter applied 

Table 5-2B shows the data intervals retained after each stage of the data filtering processes. The 
downwind filter and the electrical power filter have the most impact on the data. Note, the above 
data filtering process included all the data points prior to the audio recording review process. 

  

25

30

35

40

45

50

55

60

65

0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5

Le
q,

 1
 m

in
ut

e 
(d

B
A

)

Wind Speed (m/s) - 10 m Height

WTG+Background

Background



 
 

VALCOUSTICS CANADA LTD. Napier Wind Project/Acoustic Audit – Combined RAM I-Audit 
File: 118-0338  Page 26 

 
 

 
 

30 Wertheim Court, Unit 25, Richmond Hill Ontario L4B 1B9                 Tel: 905-764-5223/Email: solutions@valcoustics.com 
 
 

 

TABLE 5-2B    EFFECT OF DATA FILTERING ON MEASUREMENT DATA 
                      (STAGED FILTERING) – PHASE 2B 

Stage Data Reduction Filter 1mps 2mps 3mps 4mps 5mps 6mps 7mps 

1 
Total valid intervals 
(including time range filter) 

7400 3998 2461 1347 787 624 363 

2 

# of Intervals with 
Rain/precipitation filter 

4175 3120 2117 1134 490 329 225 

% of Intervals with 
Rain/precipitation filter 

56.4% 78.0% 86.0% 84.2% 62.3% 52.7% 62.0% 

3 

# of Intervals with 
Downwind filter 

485 711 1165 884 340 97 79 

% of Intervals with 
Downwind filter 

6.6% 17.8% 47.3% 65.6% 43.2% 15.5% 21.8% 

4 

# of Intervals with Power 
filter 

0 0 0 2 35 63 77 

% of Intervals with Power 
filter 

0.0% 0.0% 0.0% 0.1% 4.4% 10.1% 21.2% 

5 
Valid data points (with 
manual reject) 

0 0 0 2 34 63 74 

In addition, in order to demonstrate the effect from each individual filter, the time range filter was 
applied to the raw data. Then each filter was applied to the data independently. Table Table 6-2B 
summarizes the effect from each individual filter. It can be seen that the data is greatly reduced 
at all windspeed bins due to the downwind filter. As expected, the data is significantly reduced at 
the lower windspeed bins (1-4 m/s) due to the electrical power filter. 

TABLE 6-2B   EFFECT OF DATA FILTERING ON MEASUREMENT DATA 
                       (INDIVIDUAL FILTERING) – PHASE 2B 

Data Reduction Filter 1mps 2mps 3mps 4mps 5mps 6mps 7mps 

Total valid intervals (including 
time range filter) 

7400 3998 2461 1347 787 624 363 

# of Intervals with 
Rain/precipitation filter 

4175 3120 2117 1134 490 329 225 

% of Intervals with 
Rain/precipitation filter 

56.4% 78.0% 86.0% 84.2% 62.3% 52.7% 62.0% 

# of Intervals with Downwind filter 1380 1321 1451 1006 513 269 134 
% of Intervals with Downwind 
filter 

18.6% 33.0% 59.0% 74.7% 65.2% 43.1% 36.9% 

# of Intervals with Power filter 81 138 192 164 251 412 342 

% of Intervals with Power filter 1.1% 3.5% 7.8% 12.2% 31.9% 66.0% 94.2% 
# of Intervals with Downwind and 
Power filter 

0 0 0 2 35 79 117 

% of Intervals with Downwind and 
Power filter 

0.0% 0.0% 0.0% 0.1% 4.4% 12.7% 32.2% 
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7.3.4 Wind Rose – Phase 2B 

A wind rose diagram for Phase 2B showing the wind directions and the wind speed class is provided 
as Figure 5-2B. The wind rose diagram includes all the measurement data in the Phase 2B 
measurement campaign. The prevailing wind was in the south-west-west direction, similar to 
Phase 2A. Note, both Phases 2A and 2B measurement campaigns were conducted in the spring. 
Phase 1A had a different prevailing wind direction when the measurement campaign was 
conducted in the fall.  

 

FIGURE 5-2B: WIND ROSE – PHASE 2B 
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7.3.5 Compliance Assessment – Phase 2B 

As indicated above, the Phase 2B measurement campaign was not able to collect sufficient valid 
data intervals (minutes) to satisfy Part D or Part E of the Compliance Protocol and therefore was 
not able to assess the compliance status for the wind farm in accordance with the Compliance 
Protocol.  

7.4 COMBINED I-AUDIT MEASUREMENTS 

As per our various discussions with the MECP, there were significant challenges to collect 
sufficient valid data intervals/points in each of three approximate 3-month long measurement 
campaigns for this specific wind project to satisfy the MECP protocol and therefore a conclusion 
could not be drawn to assess the compliance status of the Napier Wind Project in each of these 
noise measurement campaigns. 

As a result of the teleconference meetings with the MECP, for this specific wind project, the 
measurement data from Phases 1A, 2A, or 2B were combined to assess the compliance status 
of the Napier Wind Project. The combined data analysis results are summarized below. 

7.4.1 Tonality Analysis – Phases 1A, 2A and 2B Combined 

Table 7 summarizes the tonality analysis results for the combined data at the measurement 
location. The analysis results concluded that tones were present at the measurement location in 
the 5 m/s, 6 m/s and 7 m/s wind speed bins. The tone audibility is less than 4 dB and therefore 
tonal adjustment is not required in accordance with the procedure described in Section E5.1 of 
the Compliance Protocol. Appendix F shows samples of the tonality analysis details. 

TABLE 7 TONALITY ANALYSIS SUMMARY – PHASES 1A, 2A & 2B COMBINED 

Wind Speed at 10 m Height (m/s) 1 2 3 4 5 6 7 

Total of Valid Intervals 0 0 0 7 60 90 120 

Average Tonality (dB)(1) N/A N/A N/A -5.3 -2.7 -3.3 -3.2 

Average Tone Audibility (dB)(1) N/A N/A N/A -2.9 -0.3 -0.9 -0.9 

# of Intervals with ΔLa,k ≥0 dB 0 0 0 0 12 6 1 

% of Intervals with ΔLa,k ≥0 dB N/A N/A N/A 0% 20% 7% 1% 

# of Intervals with ΔLa,k ≥ 4dB N/A N/A N/A 0 0 0 0 

% of Intervals with ΔLa,k ≥ 4 dB N/A N/A N/A 0% 0% 0% 0% 

Tonal Penalty Adjustment Kt (dB) N/A N/A N/A 0 0 0 0 

Note: 

(1) All tones identified included in the calculation. 
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7.4.2 Acoustic I-Audit Results – Phases 1A, 2A and 2B Combined 

Table 8 summarizes the analysis results for the combined data, based on Parts D and E of the 
Compliance Protocol. 

TABLE 8 ACOUSTIC IMMISSION AUDIT RESULTS – PHASES 1A, 2A & 2B 
  COMBINED 

Wind Speed at 10 m Height (m/s) 1 2 3 4 5 6 7 

WTG 
Parked(1) 

# of Valid Intervals – 
original dataset(1) 147 368 403 245 96 33(2) 7(3) 

# of Valid Intervals – 
reduced dataset(11) 114 267 277 93 31 3 0 

Measured Averaged 
 LAeq (dBA) 32(4) 33(4) 36(4) 38(4) 41(4) 45(5) 45(6) 

Standard Deviation (dBA) 2.0 2.0 2.0 2.0 2.0 0.6 N/A 

The Adelaide Project (dBA) 32.8 

Adjusted Ambient Sound 
Level (dBA)(7) 32 21 34 37 40 45 45(6) 

WTG ON 

# of Valid Intervals – 
original dataset (1) 0(3) 0(3) 0(3) 8(3) 60(2) 90(2) 120 

# of Valid Intervals – 
reduced dataset(11) 0 0 0 8 56 90 115 

Averaged LAeq (dBA) N/A N/A N/A N/A 44 46 49 

Standard Deviation (dBA) N/A N/A N/A N/A 1.6 1.6 1.2 

Tonal Penalty (dB) N/A N/A N/A N/A 0.0 0.0 0.0 

Crosswind Adjustment (dBA) N/A N/A N/A N/A +0.17 0 0 

Distance Adjustment (dBA) -1 

Turbine Only LAeq (dBA)(8) N/A N/A N/A N/A 40 40 45 

Applicable Sound Level Limits (dBA) 40(9) 40(9) 40(9) 40(9) 40(9) 45(5,10) 45(6) 

Compliance with REA (Yes/No) N/A N/A N/A N/A Yes Yes Yes 

Notes: 

(1) The values shown are the total number of the valid intervals from Phases 1A, 2A and 2B. 
(2) Number of valid data intervals does not satisfy Part D of the Compliance Protocol but satisfies Part E of the Compliance Protocol. 
(3) Number of valid data intervals does not satisfy either Part D or Part E of the Compliance Protocol.  
(4) Based on Phase 1A and 2A measurement data only. Background sound levels from Phase 2B were not included due to relatively 

higher sound levels measured in Phase 2B. 
(5) Based on Phase 1A measurement data only. Background sound levels from Phases 2A and 2B were not included due to 

relatively higher sound levels measured in Phases 2A and 2B. 
(6) Taken from the lower wind speed bin (i.e., 6 m/s wind speed bin). Phase 1A and 2A have no valid intervals for windspeed bin 

7m/s. Background sound levels from Phase 2B were relatively higher. 
(7) Contribution from the Adelaide Project was subtracted from the measured averaged LAeq for background ambient. 
(8) Contribution from background sound levels was logarithmically subtracted from the measured averaged LAeq for turbine-on 

scenario. After that, the adjustments for tonal penalty, crosswind and distance were arithmetically applied to determine the 
turbine-only sound levels. 

(9) Exclusion limits of the MECP guideline. 
(10) Measured background sound level. 
(11) The standard deviation filter was applied to the combined data set to improve dataset quality. 
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The measurement data points from Table 8 were shown in Figure 6 for all wind speed bins 
between 1 m/s and 7 m/s. Note, only the valid intervals after applying additional filters to improve 
dataset quality were included on Figure 6. 

 

FIGURE 6  MEASURED SOUND LEVELS – PHASES 1A, 2A AND 2B 

As shown in Table 8, a sufficient number of valid data points were retained at the 5 m/s, 6m/s and 
7 m/s wind speed bins for the turbine on scenario. For the turbine parked scenario, a sufficient 
number of valid data intervals/points were retained at the wind speed bins from 1 m/s to 6 m/s in 
accordance with the Part E of the MECP protocol.  

For the turbine parked scenario, there was an insufficient number of valid data points in the 7 m/s 
wind speed bin. In accordance with the MECP protocol, the sound level limit for the 7 m/s wind 
speed bin was taken from that measured at the 6 m/s wind speed bin. 

7.4.3 Data Filtering 

Tables 9 and 10 summarize the effect of the data reduction filters discussed in Section 6.1.1 for 
the turbine-on scenario. Note, the numbers of data intervals are the sum of the corresponding 
number of data intervals in each of Phases 1A, 2A and 2B. The percentage of the intervals was 
calculated based on the combined data intervals. 
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TABLE 9     EFFECT OF DATA FILTERING ON MEASUREMENT DATA 
                    (STAGED FILTERING) – PHASES 1A, 2A AND 2B 

Stage Data Reduction Filter 1mps 2mps 3mps 4mps 5mps 6mps 7mps 

1 
Total valid intervals 
(including time range filter) 

19495 13523 9914 5540 3387 2115 1135 

2 

# of Intervals with 
Rain/precipitation filter 

10549 9105 7128 3715 1852 1006 508 

% of Intervals with 
Rain/precipitation filter 

54.1% 67.3% 71.9% 67.1% 54.7% 47.6% 44.8% 

3 

# of Intervals with 
Downwind filter 

1196 1943 2919 1732 778 288 175 

% of Intervals with 
Downwind filter 

6.1% 14.4% 29.4% 31.3% 23.0% 13.6% 15.4% 

4 

# of Intervals with Power 
filter 

0 0 0 9 64 92 124 

% of Intervals with Power 
filter 

0.0% 0.0% 0.0% 0.2% 1.9% 4.3% 10.9% 

5 
Valid data points (with 
manual reject) 

0 0 0 7 60 90 120 

 

TABLE 10     EFFECT OF DATA FILTERING ON MEASUREMENT DATA 
                      (OVERALL FILTERING) – PHASES 1A, 2A AND 2B 

Data Reduction Filter 1mps 2mps 3mps 4mps 5mps 6mps 7mps 

Total valid intervals (including time 
range filter) 19495 13523 9914 5540 3387 2115 1135 

# of Intervals with Rain/precipitation 
filter 10549 9105 7128 3715 1852 1006 508 

% of Intervals with 
Rain/precipitation filter 54.1% 67.3% 71.9% 67.1% 54.7% 47.6% 44.8% 

# of Intervals with Downwind filter 2916 3902 4205 2496 1598 862 463 

% of Intervals with Downwind filter 15.0% 28.9% 42.4% 45.1% 47.2% 40.8% 40.8% 

# of Intervals with Power filter 851 1426 1074 1116 1351 1346 971 

% of Intervals with Power filter 4.4% 10.5% 10.8% 20.1% 39.9% 63.6% 85.6% 
# of Intervals with Downwind and 
Power filter 8 1 13 70 220 324 334 

% of Intervals with Downwind and 
Power filter 0.0% 0.0% 0.1% 1.3% 6.5% 15.3% 29.4% 

7.4.4 Wind Rose – Phases 1A, 2A and 2B 

Figure 7 shows the wind rose diagram based on all the measurement data in the Phases 1A, 2A 
and 2B measurement campaign. The prevailing wind is generally in the south. As a result, the 
number of valid data points satisfying the downwind condition was reduced significantly. Note, 
the receptor location is to the south of the closest turbine (i.e., in an upwind direction). 
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FIGURE 7: WIND ROSE – PHASES 1A, 2A AND 2B 

7.4.5 Compliance Assessment – Phases 1A, 2A and 2B Combined 

As indicated above, a sufficient number of valid data points were retained at the 5 m/s, 6m/s and 
7 m/s wind speed bins for the turbine on scenario. For the turbine parked scenario, a sufficient 
number of valid data intervals/points were retained at the wind speed bins from 1 m/s to 6 m/s in 
accordance with the Part E of the MECP protocol. 

The analysis results for the combined data from Phases 1A, 2A and 2B indicated that turbine only 
sound levels from the Napier Wind Project meets the applicable sound level limits in three (3) 
wind speed bins from 5 m/s to 7 m/s, satisfying the Part E of the MECP protocol. Thus, it can be 
concluded that the Napier Wind Project is in compliance with the applicable MECP sound level 
limits at receptor R20. 
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 CONCLUSIONS 

Three sets of I-Audit measurement campaigns were completed by Valcoustics Canada Ltd. for 
the Napier Wind Project. The analysis results of the combined data from all three sets of 
measurements concluded that noise from the Napier Wind Project is in compliance with the 
applicable MECP sound level limits at the audit receptor required in Section E1 of the Renewable 
Energy Approval (“REA”) for the Napier Wind Project (“NAPWP”) REA #8388-9B7N4J, dated 
December 3, 2013. 
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APPENDIX A 
OPERATOR STATEMENTS  
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Sam Du

To: Jonathan Clifford
Cc: Tim Hryzyk
Subject: RE: Napier - Statement from the Operator

From: Jonathan Clifford <jonathan@wpd‐canada.ca>  
Sent: March 15, 2019 11:38 AM 
To: Sam Du <sam@valcoustics.com> 
Cc: Tim Hryzyk <t.hryzyk@wpd.de> 
Subject: FW: Napier ‐ Statement from the Operator 
 
Hello Sam, 
 
Below is the statement from Senvion concerning the Napier turbines operation during the period. In addition to 
Senvion’s statement, I can confirm that the turbines were non‐operational during the following periods.  
 
 

Turbine 1 

Start  End 

29/10/2018 09:50 30/10/2018 10:00 
04/11/2018 10:20 05/11/2018 12:30 
27/11/2018 05:50 27/11/2018 14:40 

 
 

Turbine 2 

Start  End 

29/10/2018 09:50 30/10/2018 09:50 
04/11/2018 10:20 05/11/2018 12:30 
27/11/2018 05:50 28/11/2018 12:10 

 
Thank you, 
 
 
Jonathan Clifford  
Operations Manager  
    

 
  

T  +1 905‐813‐8400 ext. 121 
T  +1 888‐712‐2401 ext. 121 
F  +1 905‐813‐7487 
jonathan@wpd‐canada.ca 
http://www.windmanager.de/en 

wpd windmanager Canada Inc. 
2233 Argentia Road Suite 102 
ON L5N 2X7 Mississauga 
  
  

 

Director: Dipl.‐Oec. Nils Brümmer   Disclaimer: www.wpd.de/disclaimer.html 
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From: Labbate, Antonio <antonio.labbate@senvion.com>  
Sent: Friday, March 15, 2019 8:19 AM 
To: Jonathan Clifford <jonathan@wpd‐canada.ca> 
Cc: Sam Du <sam@valcoustics.com> 
Subject: RE: Napier ‐ Statement from the Operator 
 
Hi Jonatan, 
  
I am writing this email as a confirmation that Napier Wind Farm was operating normally during the acoustic 
measurement campaign that took place between October 17h 2018 to January 05th, 2019. No alteration or modifications 
were made to any operating parameters at any time. The turbine were not curtailed and not had any operations altered 
for the course of the audit. 
 
Sumac Ridge Wind Farm was placed in “Manual Stop” during ambient sound level measurement periods specified by 
the client. In manual stop condition, all wind turbine generators are disconnected from grid and not generating 
power.  “Manual Stop” is used to park the Turbine.  During this period, the blades are set to 92.5⁰, which will allow the 
turbine to idle at 1 rpm or less with no brake applied.  Components of a wind turbine are extremely heavy and the 
repeated use of the holding brake for long period of time, can damage bearing. As an example, 1 turbine blade weights 
about 11 tons with the 3 blade set being 33 ton. 
 
I hope that is will suffice as written confirmation to the MOE. 
 
Please note that on Nov 5th, 6th, 9th, 13th, between 7pm to 7am (EST), Napier WEC2 has sound curtailment activated. 
 
  
Best Regards, 
 
 
__________________________________ 
Antonio Labbate 
Site Manager Operations & Maintenance 
Senvion Canada Inc. 
5‐545 Trillium Dr. 
Kitchener, ON, N2R 1J4 
C +1‐905‐714‐4149 
antonio.labbate@senvion.com 
www.senvion.com/ca 
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Sam Du

From: Jonathan Clifford <jonathan@wpd-canada.ca>
Sent: November 30, 2018 11:04 AM
To: Sam Du
Subject: Napier Operation

Hi Sam, 
 
FYI the turbines at Napier have been down since Wed morning. We have a communication issue keeping us from 
generating. Data collected during this time, if useful, can be used for ambient data points. Hopefully the turbines will be 
back up today. 
 
Jon 
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Sam Du

From: Labbate, Antonio <antonio.labbate@senvion.com>
Sent: December 25, 2018 10:41 PM
To: Sam Du
Cc: Jonathan Clifford; Nathan Lee; Vivek Shankar; Harbison, Ethan; Cocarla, John
Subject: RE: Napier Background Ambient noise measurements 

Hi Sam, 
Yes I confirm that the two turbines in Napier will be stopped from Wednesday (December 26) evening around 9:00 pm 
to Thursday(December 27)  morning around 6:00 am. 
 

 
__________________________________ 
Antonio Labbate 
Site Manager Operations & Maintenance 
Senvion Canada Inc. 
5-545 Trillium Dr. 
Kitchener, ON, N2R 1J4 
C +1-905-714-4149 
antonio.labbate@senvion.com 
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Vivek Shankar

From: Labbate, Antonio <antonio.labbate@senvion.com>
Sent: Tuesday, September 3, 2019 5:20 PM
To: Jonathan Clifford
Cc: Sam Du
Subject: Napier - Statement from the Operator

Hi Jonathan, 
 
I am writing this email as a confirmation that Napier Wind Farm was operating normally during the acoustic 
measurement campaign that took place between April 10th  2019 to August 01st  2019. No alteration or modifications 
were made to any operating parameters at any time. The turbines were not curtailed and not had any operations 
altered for the course of the audit. 
 
Napier Wind Farm was placed in “Manual Stop” during ambient sound level measurement periods specified by the 
client. These times included: 
 

Start Time                          End Time 
'2019‐05‐21 21:00'          '2019‐05‐22 06:00' 
'2019‐06‐14 21:00'          '2019‐06‐15 06:00' 
'2019‐07‐11 21:00'          '2019‐07‐12 06:00' 
'2019‐07‐19 21:00'          '2019‐07‐20 06:00' 
'2019‐07‐22 21:00'          '2019‐07‐23 06:00' 
'2019‐07‐25 21:00'          '2019‐07‐26 06:00' 

 
In manual stop condition, all wind turbine generators are disconnected from grid and not generating power.  “Manual 
Stop” is used to park the Turbine.  During this period, the blades are set to 92.5⁰, which will allow the turbine to idle at 1 
rpm or less with no brake applied.  Components of a wind turbine are extremely heavy and the repeated use of the 
holding brake for long period of time, can damage bearing. As an example, 1 turbine blade weights about 11 tons with 
the 3 blade set being 33 ton. 
 
I hope that is will suffice as written confirmation to the MOE. 
 
 
Best regards, 
__________________________________ 
Antonio Labbate 
Site Manager Operations & Maintenance 
Senvion Canada Inc. 
5‐545 Trillium Dr. 
Kitchener, ON, N2R 1J4 
C +1‐905‐714‐4149 
antonio.labbate@senvion.com 
www.senvion.com/ca 
 
AVIS DE CONFIDENTIALITÉCe message peut contenir de l'information légalement privilégiée ou confidentielle. Si vous 
n'êtes pas le destinataire indiqué ou prévu ou croyez avoir reçu par erreur ce message, nous vous saurions gré d'en 
aviser l'émetteur et d'en détruire le contenu sans le divulguer, le reproduire et/ou le distribuer. 
CONFIDENTIALITY NOTICE 



wpd Canada Corporation        2233 Argentia Road, Suite 112, Mississauga, ON   L5N 2X7  (p) 905‐813‐8400   (f) 905‐813‐7487

 

 
 
 
December 18, 2020 

 
 
 
 
Hello Sam, 
 
 
I am writing this letter as a confirmation that the Napier Wind Farm was operating normally during the acoustic 
measurement campaign that took place between April 27th, 2020 to July 26, 2020. No alteration or modifications 
were made to any operating parameters at any time. The turbine were not curtailed and operations were not 
altered for the course of the audit. 
 
The Napier Wind Farm was placed in “Manual Stop” during ambient sound level measurement periods specified 
by Valcoustics. In manual stop condition, all wind turbine generators are disconnected from grid and not 
generating power.  “Manual Stop” is used to park the Turbine.  During this period, the blades are set to 92.5⁰, 
which will allow the turbine to idle at 1 rpm or less with no brake applied.  Components of a wind turbine are 
extremely heavy and the repeated use of the holding brake for long period of time, can damage bearing. As an 
example, 1 turbine blade weights about 11 tons with the 3 blade set being 33 tons. 
 
Thank you, 
 
 
 
Jonathan Clifford 
Operations Manager 
wpd windmanager 
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APPENDIX B 
EQUIPMENT SPECIFICATIONS & 

CALIBRATION CERTIFICATES  



11.2008
Copyright © Norsonic AS 2008 - All rights reserved

Overall Performance

 

 

ANALOGUE INPUTS

Number of channels:

Input connector:

Microphone:

Preamplifier:

Preamplifier supply voltage: 

Polarisation voltage:

Maximum input signal: 

Preamplifier ICP®:

Supply current:

Supply voltage:

Input impedance: 

Measurement range: 

Highpass filter 

Filter type:

Analogue to digital conversion

 

Frequency weightings

1/1 octave filters  

1/3 octave filters:  

Level detector

Detector type:

 

 

Crest factor capability:

 

Simultaneous measurement of the 

following functions: 

E

Indication range

 
 

 

Self-noise levels

 

 

A-weighted:

C-weighted:

Z-weighted:

1/3 oct: 6.3 Hz to 250 Hz:

1/3 oct: 315 Hz to 20 kHz:

A-weighted:

C-weighted:

Z-weighted:

1/3 oct: 6.3 Hz to 250 Hz:

1/3 oct: 315 Hz to 20 kHz:

Power supply

Batteries:  

Typical battery life time:

External DC:  

Display

 

Signal generator output

Max output voltage:

Output impedance

Gain accuracy at 1 kHz:

Frequency response re. 1 kHz: 

AC-out: 

 

Output impedance:

Gain accuracy 1 kHz:

Frequency response re. 1 kHz: 

USB interface:

USB socket: 

Serial I/O port:

Digital inputs: 

Digital outputs

SD Memory Card

Data storage

 

Environmental condition for operation

Temperature:

Humidity:

Atmospheric pressure:

Environmental condition for storage

Temperature:

Humidity:

Atmospheric pressure:

Dimensions:  
Depth: Width: 

Weight incl. batteries:  
Length, excl.microphone/

preamplifier: 

Length, incl. microphone/

preamplifier: 

 
 

Technical Specifications



PD Mics Ed.3 Rev.0 English 03.11

Distributor:

P.O.Box 24, N-3421 Lierskogen, Norway
Tel.: +47 3285 8900 Fax.: +47 3285 2208
info@norsonic.com www.norsonic.com

Nor1229 is a 
½” free-field, 
high sensitivity, 
low cost self-
polarised Class 
2 microphone. 
Ideal for use in 
multi channels 
systems or other applications that 
requires a self polarised micro-
phone at low cost with Class 2 
accuracy. Unlike most other low cost 
Class 2 microphones it features a 
nickel membrane and a stainless steel 
housing, ensuring low sensitivity to  
environmental parameters such as 
temperature, static pressure and  
humidity.

Cartridge Overview
Below is a summary of our range of 
microphone cartridges.

Nor1220 is a ½” free-field response 
microphone with a high sensitivity.A 
general purpose microphone with an 
integral actuator grid to allow electro-
static calibration checks to be carried 
out without removing the protection 
grid. Conforms to IEC 61672 Class 1.

Nor1225  is a ½” free-field high sensi-
tivity microphone. A general purpose 
microphone covering the frequency 
range from 3.15Hz to 20 kHz. Corre-
spond to the Class 1 of the sound level 
meter standard IEC 61672. 

Nor1227 is a ½” free-field, high  
sensitivity self-polarised micro-
phone for use in applications where 
environmental or safety consid-
erations do not permit the use of 
200-volt polarisation supplies, or 
as a general IEC 61672 Class 1  
microphone in sound level meters with 
no polarisation voltage.

Nor1228 is a ½” free-field, high  
sensitivity, low cost self-polarised 
Class 1 microphone. Ideal for use 
in multi channels systems or other  
applications that requires a self pola-
rised IEC 61672 Class 1 microphone 
at low cost.

Parameter Unit Microphone type No.

Nor1220 Nor1225 Nor1227 Nor1228 Nor1229

Cartridge size ” ½” ½” ½” ½” ½”

Main standard IEC 61672
Class 1

IEC 61672
Class 1

IEC 61672
Class 1

IEC 61672
Class 1

IEC 61672
Class 2

Polarisation voltage V 200 200 0 0 0

IEC 61094-4 type 
Designation — WS2F WS2F WS2F WS2F WS2F

Nomial sensitivity@ 250Hz mV/Pa 50 50 50 50 40

Frequency Respons
+
+

Hz
Hz

12.5-10k
3.15-16k

12.5-10k
3.15-20k

10-8k
6.3-20k

20-10k
12.5-16k

–
20-10k

Maximum SPL 3% 146 146 146 146 146

Self noise 14 15 15 16 24

Response

Capacitance 20 18 14 16 13

Effective front volume mm3 40 50 50 50 45

Temperature coeff.
@250Hz

°C
°C

/°C -0.01
—

<-0.005
<-0.01

<-0.005
<-0.01

<-0.005
—

<-0.01
—

Max. temperature °C 100 300 150 80 80

Static pressure coeff @250Hz -0.001 -0.0008 -0.0008 -0.004 +0.03

Realtive humidity
NM NM NM -0.003 +0.006

Vibration sensitivity 62 62 62 62 65

4 3.5 3.5 4 5

Diameter mm 13.2 13.2 13.2 13.2 13.2

Length mm 16.4 16.2 16.2 17.3 16.6

Weight 9 6 6 9 7

Selection chart microphone cartridges
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APPENDIX C 
NOISE ABATEMENT ACTION PLAN 
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APPENDIX D 
ELECTRICAL POWER FILTER 
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Based on the discussions with the MECP, the power output filter of the turbine was revised such 
that the noise emission from the closest turbine is not less than 90% its maximum sound power 
level. 

Based on the DNV GL E-Audit report, the electrical power output (Pk) of the turbine was plotted 
against the measured sound emission level (LWA,k), at the relevant wind speed (k). Regression 
analysis was done based on a second-degree polynomial equation. The analysis result was show 
on Figure D1 and the equation below. 

Pk = 0.127198220994861(LWA,k)2 - 25.679981337055500 (LWA,k) + 1,297.089953803720000 

Based on the DNV GL E-Audit report, the maximum sound power level of the turbine was 
determined to be 103.9 dB. Based on the above equation, the electrical power output at 90% of 
maximum sound emission of the turbine (i.e., a sound power level of 103.4 dB) is 1.727 MW. 

 
FIGURE D1: RELATIONSHIP BETWEEN MEASURED ELECTRICAL POWER 

OUTPUT AND MEASURED SOUND EMISSION LEVEL 

 

y = 0.127198220994861x2 - 25.6799813370555x + 1,297.08995380372
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APPENDIX E 
DISTANCE ADJUSTMENT  
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APPENDIX F 
TONAL AUDIBILITY SAMPLE CALCULATIONS
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1. SAMPLE CALCULATION DETAILS IN WORST-CASE WIND SPEED BIN 

A sample calculation for determining the audibility of tones, in accordance with the procedure 
specified in IEC61400-11, including interim calculations in the worst-case wind speed bin of 5 m/s 
(i.e., with the highest average tone audibility), is show below. 

The calculations are based on the FFT spectrum determined from the recoded sound file at 2020-
05-03 21:00 (see Figure F1). The FFT spectrum has a frequency resolution ∆f of 1 Hz. 

 
FIGURE F1: FFT PLOT WITH AN IDENTIFIED TONE (A VALID INTERVAL FROM 
PHASE 2B AT 2020-05-03 21:00 

Possible peak being investigated - peak with centre frequency 𝑓𝑐 at 599 Hz. 

The critical bandwidth is determined as, 

Critical bandwidth = 25 + 75 . ቆ1 + 1.4 ൤
𝑓𝑐

1000
൨

ଶ

ቇ

଴.଺ଽ

 

                                      = 124 Hz 

Critical band was calculated to be between 537 Hz and 661 Hz. 

L଻଴% sound pressure level, i.e., the energy average of the 70% of spectral lines in the critical band 
with the lowest levels:  

L଻଴% = 12.3 dB (based on 87 spectral lines sorted by the lowest levels). 

Criterion Level =  L଻଴% + 6 dB = 18.3 𝑑𝐵 
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Spectral lines in the critical band can be classified as ‘masking’ if sound level is less than the 
criterion level, i.e. < 18.3 dB 

L୮୬,ୟ୴୥ is the energy average of all the spectral lines classified as ‘masking’ within the critical band. 

L୮୬,ୟ୴୥ = 12.8 dB  

Effective noise bandwidth =  1.5∆f =  1.5(1) = 1.5 

The masking noise level (Lpn) is determined as, 

L୮୬ = L୮୬,ୟ୴୥ + 10. log ൤
Critical bandwidth

Effective noise bandwidth
൨ = 12.8 + 10. log ൤

124

1.5
൨ = 32.0 dB 

Spectral lines in the critical band can be classified as ‘tones’ if sound level exceeds L୮୬,ୟ୴୥ + 6 
i.e., > 18.8 dB 

The sound pressure level of the tone (L୮୲) is the energy average of all the spectral lines classified 
as ‘tones’ within the critical band. If 2 or more adjacent spectral lines are identified, a correction 
for Hanning window is applied. 

L୮୲ = 33.8 dB − 1.76 dB = 32.0 dB. Correction for windowing was added since 5 spectral lines 
between 598 Hz to 602 Hz were classified as tones. 

A line is classified as ‘neither’ if it cannot be classified as either ‘tone’ or ‘masking’. In this case, 
no such spectral lines exist. 

Tonality (L୲୬) is calculated as, 

L୲୬ =  L୮୲ − L୮୬ =  32.0 − 32.0 = 0.06 dB 

The tonal audibility (∆Lୟ) for the spectrum is defined as, 

∆Lୟ =  L୲୬ − Lୟ, where Lୟ is the frequency dependent audibility criterion defined as, 

Lୟ = −2 − log ቈ1 + ൤
𝑓𝑐

502
൨

ଶ.ହ

቉ = −2.4 dB 

∆Lୟ =  0.06 − (−2.4) = 2.5 dB 

The classification of spectral lines and relevant parameters are shown in Figure F2. 
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FIGURE F2: ILLUSTRATION OF CLASSIFYING SPECTRAL LINES FOR SIGNAL 
BOUND BY THE CRITICAL BAND 

 

2. SAMPLE CALCULATION DETAILS IN WORST-CASE WIND SPEED BIN 

In addition, a sample calculation for determining the audibility of tones was summarized below for 
the worst case data sample (i.e., with the highest tone audibility level). 

The calculations are based on the FFT spectrum determined from the recoded sound file at 2019-
04-14 02:10 (see Figure F3). The FFT spectrum has a frequency resolution ∆f of 1 Hz. 
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FIGURE F3: FFT PLOT WITH AN IDENTIFIED TONE (A VALID INTERVAL FROM 
PHASE 2B AT 2019-04-14 02:10 

Possible peak being investigated - peak with centre frequency 𝑓𝑐 at 599 Hz. 

The critical bandwidth is determined as, 

Critical bandwidth = 25 + 75 . ቆ1 + 1.4 ൤
𝑓𝑐

1000
൨

ଶ

ቇ

଴.଺ଽ

 

                                      = 125 Hz 

Critical band was calculated to be between 540 Hz and 664 Hz. 

L଻଴% sound pressure level, i.e., the energy average of the 70% of spectral lines in the critical band 
with the lowest levels:  

L଻଴% = 12.1 dB (based on 125 spectral lines sorted by the lowest levels). 

Criterion Level =  L଻଴% + 6 dB = 18.1 𝑑𝐵 

Spectral lines in the critical band can be classified as ‘masking’ if sound level is less than the 
criterion level, i.e. < 18.1 dB 

L୮୬,ୟ୴୥ is the energy average of all the spectral lines classified as ‘masking’ within the critical band. 

L୮୬,ୟ୴୥ = 12.6 dB  
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Effective noise bandwidth =  1.5∆f =  1.5(1) = 1.5 

The masking noise level (Lpn) is determined as, 

L୮୬ = L୮୬,ୟ୴୥ + 10. log ൤
Critical bandwidth

Effective noise bandwidth
൨ = 12.6 + 10. log ൤

125

1.5
൨ = 31.7 dB 

Spectral lines in the critical band can be classified as ‘tones’ if sound level exceeds L୮୬,ୟ୴୥ + 6 
i.e., > 18.6 dB 

The sound pressure level of the tone (L୮୲) is the energy average of all the spectral lines classified 
as ‘tones’ within the critical band. If 2 or more adjacent spectral lines are identified, a correction 
for Hanning window is applied. 

L୮୲ = 34.9 dB − 1.76 dB = 33.1 dB. Correction for windowing was added since 5 spectral lines 
between 598 Hz to 602 Hz were classified as tones. 

A line is classified as ‘neither’ if it cannot be classified as either ‘tone’ or ‘masking’. See Figure 
F4. 

Tonality (L୲୬) is calculated as, 

L୲୬ =  L୮୲ − L୮୬ =  33.1 − 31.7 = 1.4 dB 

The tonal audibility (∆Lୟ) for the spectrum is defined as, 

∆Lୟ =  L୲୬ − Lୟ, where Lୟ is the frequency dependent audibility criterion defined as, 

Lୟ = −2 − log ቈ1 + ൤
𝑓𝑐

502
൨

ଶ.ହ

቉ = −2.4 dB 

∆Lୟ =  1.4 − (−2.4) = 3.8 dB 

The classification of spectral lines and relevant parameters are shown in Figure F4. 
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FIGURE F4: ILLUSTRATION OF CLASSIFYING SPECTRAL LINES FOR SIGNAL 
BOUND BY THE CRITICAL BAND 
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