
 

ASSESSMENT REPORT - Project: 15002.00 

 

Bow Lake Wind Project 
Acoustic Immission Audit – Phase 2 

 

Prepared for: 

Nodin Kitagan LP 
c/o BluEarth Renewables Inc. 
4723 1st St SW 
Suite 200 
Calgary, Alberta 
T2G 4Y8 
 
 

 

Prepared by: 

                                            

Allan Munro, B.A.Sc. 
 

  
 
Payam Ashtiani, B.A.Sc., P.Eng. 
 
 

 

25 January 2019 



Bow Lake Wind Project – Phase 2 Acoustic Immission Audit  Page 2 

 

 

Revision History 
Revision 
Number 

Description Date 

1 - Phase 2 Receptor Immission Audit Report 01/25/2019 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



Bow Lake Wind Project – Phase 2 Acoustic Immission Audit  Page 3 

 

 

Table of Contents 

List of Tables 5 

List of Figures 5 

List of Appendices 5 

1 Introduction 7 

2 Facility Description 7 

3 Audit Details 7 

3.1 Test Equipment .................................................................................................. 8 

3.2 Measurement Methodology............................................................................... 8 

3.3 Data Reduction and Filtering ............................................................................ 9 

3.4 Influence of Flora and Fauna .......................................................................... 10 

3.5 Measurement Location .................................................................................... 10 

3.6 Sample size Reporting Requirements ............................................................ 11 

3.7 Operational Conditions ................................................................................... 12 

4 Sound Level Limits 12 

5 Audit Results 12 

5.1 Weather Conditions ......................................................................................... 12 

5.2 Wind Direction ................................................................................................. 13 

5.3 Measured Sound Levels .................................................................................. 13 

6 Discussion 17 

6.1 Effect of Filtering ............................................................................................. 17 

6.2 Receptor R31 - Ambient Noise from River ..................................................... 17 

7 Assessment of Compliance 19 

7.1 Assessment table ............................................................................................ 19 



Bow Lake Wind Project – Phase 2 Acoustic Immission Audit  Page 4 

 

 

7.2 Tonality ............................................................................................................. 21 

7.3 Statement of Compliance ................................................................................ 22 

8 Conclusion 22 

References 23 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Bow Lake Wind Project – Phase 2 Acoustic Immission Audit  Page 5 

 

 

List of Tables 
Table 1: Monitoring Period for Each Receptor .............................................................................. 7 
Table 2: Equipment Details .......................................................................................................... 8 
Table 3: Receptor Measurement Locations ................................................................................ 11 
Table 4: MECP Sound Level Limits for Wind Turbines ............................................................... 12 
Table 5: General Weather Conditions – Range of Measured Values .......................................... 12 
Table 6: R31 Sound levels measured for Turbine ON and OFF (Downwind - WTG-30) .............. 13 
Table 7: Table 6: R31 Sound levels measured for Turbine ON and OFF (Downwind - WTG-35) . 13 
Table 8: R34 Sound levels measured for Turbine ON and OFF .................................................. 14 
Table 9: Effect of Data Filtering on Measurement Dataset ......................................................... 17 
Table 10: Tonality Summary - R31 - Downwind of WTG30 - 135Hz ........................................... 21 
Table 11: Tonality Summary - R31 - Downwind of WTG35 - 135Hz ........................................... 22 
Table 12: Tonality Summary - R34 - 135Hz ............................................................................... 22 

 

List of Figures 
Figure 1: R31 - Measured Sound Levels for Turbine ON and Background vs Wind Speed 
(Downwind - WTG-30) ............................................................................................................... 15 
Figure 2: R31 - Measured Sound Levels for Turbine ON and Background vs Wind Speed 
(Downwind - WTG-35) ............................................................................................................... 15 
Figure 3: R34 - Measured Sound Levels for Turbine ON and Background vs Wind Speed ......... 16 
Figure 4: R31 - Ambient Sound Level from Stream Flow Noise .................................................. 18 
Figure 5: R31 Turbine Levels (Downwind of WTG-30) compared to MECP Limits ...................... 20 
Figure 6: R31 Turbine Levels (Downwind of WTG-35) compared to MECP Limits  ..................... 20 
Figure 7: R34 Turbine Levels compared to MECP Limits ........................................................... 21 
 

List of Appendices 
Appendix A – Location Details 

Figure A.01 – Site Plan 

Figure A.02 – Monitor and Receptor Location – M31 
Figure A.03 – Monitor and Receptor Location – M34 
Figure A.04 – Site Photo – M31 

Figure A.05 – Site Photo – M34 

Figure A.06 – Site Photo – M31 – Ambient River Noise Source 

 

Appendix B – Wind Rose 

Figure B.01 – Wind Rose – M31  

Figure B.02 – Wind Rose – M34 

 

Appendix C – Statement from Operator 

Appendix D – I-Audit Checklist 

Appendix E – Turbine Status 

Appendix F – Calibration Records 

Appendix G – MECP  letter - March 19, 2018



Bow Lake Wind Project – Phase 2 Acoustic Immission Audit  Page 6 

 

 

Executive Summary 

Aercoustics Engineering Limited (“Aercoustics”) has been retained by Nodin Kitagan L.P. 
c/o BluEarth Renewables Inc. to complete the acoustic immission audit outlined in the 
Renewable Energy Approval (“REA”) for the Bow Lake Wind Project (“BLWP”) and 
updated audit requirements provided by the Ministry of Environment Conservation and 
Parks “MECP” in a letter dated March 19, 2018. BLWP operates under REA #8443-
9BMG23, issued on December 16, 2013 [1]. 

This report details the 2nd measurement campaign of the BLWP immission audit. 
Monitoring near receptors R31 and R34 spanned the following dates:   

Location Monitoring Start Date Monitoring End Date Monitoring Duration (weeks) 

R31 May 30, 2018 September 20, 2018 16 

R34 May 30, 2018 July 22, 2018 8  

 
The audit has been completed as per the methodology outlined in Parts D and E5.5 RAM-
I (Revised Assessment Methodology) of the “MECP Compliance Protocol for Wind Turbine 
Noise” (Updated: April 21, 2017). 

The site topography and surrounding dense forest limited the data points collected to wind 
speeds from 0-1 m/s for R31 and 0-4 m/s for R34. Due to the inherent challenges of 
acquiring data at this site only two (2) wind bins between 0 m/s and 7 m/s inclusive are 
required as a minimum reporting requirement as per correspondence with the MECP 
approvals branch. 

The RAM-I sample size requirement was satisfied for receptor R31 and R34, the two wind 
bins to satisfy the data count requirements were 0 and 1 m/s and 1 and 2m/s respectively. 

The filtered RAM-I audit data at 0-2 m/s at both receptor R31 and R34 represent the worst-
case scenario i.e. Maximum noise output and downwind conditions, with maximum wind 
shear conditions (high winds at hub height and low winds at receptor location). 

The measured turbine-only noise impact at the audit locations was compared to the MECP 
sound level limits. The measured turbine-only levels were found to be in compliance with 
the applicable sound level limits at receptors R31 and R34 during the audit.  
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1 Introduction 
Aercoustics Engineering Limited (“Aercoustics”) has been retained by Nodin Kitagan L.P. 
c/o BluEarth Renewables Inc. to complete the acoustic immission audit outlined in the 
Renewable Energy Approval (“REA”) for the Bow Lake Wind Project (“BLWP”) and 
updated audit requirements provided by MECP in a letter dated March 19, 2018 (MECP 
letter provided in Appendix G). BLWP operates under REA #8443-9BMG23, issued on 
December 16, 2013 [1]. 

The report has been prepared to facilitate submission to the MECP, in compliance with 
acoustic audit conditions outlined in the facility’s REA (#8443-9BMG23) section D (Wind 
Turbine Acoustic Audit – Immission). The audit has been completed as per the 
methodology outlined in Parts D and E5.5 RAM-I (Revised Assessment Methodology) of 
the Ontario Ministry of Environment, Conservation and Parks “MECP Compliance Protocol 
for Wind Turbine Noise” (Updated: April 21, 2017) [2]. This report outlines the 
measurement methodology, results, and a comparison of the turbine-only sound 
contribution to the MECP sound level limits. 

2 Facility Description 
The Bow Lake Wind Project utilizes 36 General Electric GE 1.6 -100 wind turbines for 
power generation, each having a nameplate capacity of 1.62 MW respectively. Each 
turbine has a hub height of 96 meters and a rotor diameter of 100 meters. The facility 
operates 24 hours per day, 7 days per week.  

An overall site plan is provided in Figure A.01. 

3 Audit Details 
The acoustic audit was conducted at receptors R31 and R341.  Monitoring at R31 and R34 
spanned the following dates, summarized in Table 1. 

Table 1: Monitoring Period for Each Receptor 

Location Monitoring Start Date Monitoring End Date Monitoring Duration (weeks) 

R31 May 30, 2018 September 20, 2018 16 

R34 May 30, 2018 July 22, 2018 8  

 

 

 

                                                        
1 Receptor IDs taken from the Noise Assessment Report by I. Bonsma, P.Eng and B. Howe, 
P.Eng dated October 4, 2013 [3]  
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3.1 Test Equipment 

The measurement equipment used for the I-audit campaign, both acoustic and 
environmental, is detailed below. Equipment specifications and measurement positions 
comply with MOECC 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 2 provides the specific model and serial numbers for the measurement equipment 
used during the measurement campaign. 
 
Table 2: Equipment Details 

Location Equipment Make/Model Serial Number 

R31 

Data Acquisition 
Card 

NI 9234 1C009CD 

Signal Conditioner PCB 480E09 33659 

Microphone PCB 377B02 164139 (125633) 

Pre-Amplifier PCB 426E01  043997 

Weather 
Anemometer 

Vaisala WXT 520 M0410642 

R34 

Data Acquisition 
Card 

NI 9234 1A5E7FC 

Signal Conditioner PCB 480E09 33657 

Microphone PCB 377B02 167926 (125630) 

Pre-Amplifier PCB 426E01  044003 

Weather 
Anemometer 

Vaisala WXT 520 M4910193 

 
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 20,000 Hz. The recorded weather data included average 
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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). 

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 measured LAeq was no more than 10 dB greater than the L90 value 

 

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: Bow Lake turbines must be rotating and generating power  

- Background: Bow Lake 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)} 

And  

“Only data when the turbine’s electrical output sound power level is approximately 
equal to or greater than 85% of its rated electrical power output should be included 
in the analysis. In addition, the turbine should also be operating at approximately 
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90% or more of its maximum sound power level; (percentage based on energy / 
logarithmic calculation). {Section D5.2 (5)} 

As such data for Receptor R34 was filtered for times when WTG-36 electrical output is 
equal to or greater than 85% of the turbine’s rated electrical power output and downwind 
of WTG-36. 

The closest turbines to Receptor R31 are WTG-30 and WTG35. WTG-30 and WTG-35 is 
located approximately 1009m and 1057m from R31 respectively. WTG-30 and WTG-35 
are located on opposite sides of R31. As the distance between the closest turbines (WTG-
30 and WTG-35) and R31 is comparable, data has been filtered for downwind direction 
and 85% electrical power for each turbine and presented separately. 

3.4 Influence of Flora and Fauna 

Contamination of the acoustic data due to the presence of animal calls was noted in the 
data collected at both monitoring locations. The contaminated acoustic data from animal 
calls have been verified by listening tests and removed from the analysis. 

Contamination of the data due to the presence of insects was noted in data collected. The 
acoustic energy from insects were present from above 2000Hz and dominated the overall 
level for both Turbine ON and ambient measurements. The frequency ranges used for this 
filter was determined based on site-specific conditions to discount the effect of the 
contaminated insect noise. 

3.5 Measurement Location 

Monitoring was conducted at Receptors R31 and R34.These locations were chosen based 
on updated audit requirements provided by the MECP in a letter dated March 19, 2018.  
R31 and R34 have a predicted impact of 39.9 dBA and 38.4 dBA respectively, as per level 
predicted from an “As Built” noise model based on the original CadnaA noise prediction 
model. The following describes the measurement locations in relation to the above listed 
receptors: 

- M31: Measurement equipment was placed approximately 15m west of R31, 1022 
m to turbine WTG-30 and 1057m to WTG-35. The predicted level based on the 
acoustic model at R31 is 39.6 dBA.  

- M34: Measurement equipment was placed approximately 35m south-west of R34, 
894 m to the nearest turbine WTG-36. The predicted level based on the acoustic 
model at M34 is 38.2 dBA. 

The following table provides a summary of the receptor locations. Detailed site plans 
showing the receptor and audit locations are attached in Appendix A. 
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Table 3: Receptor Measurement Locations 

 Audit Receptor ID R31 R34 

 Nearest Turbine ID WTG-30/WTG-35 WTG-36 

Receptor 

UTM Coordinates (X,Y) 17T 690036mE 5230677mN 17T 688657mE 5227556mN 

Distance to Nearest Turbine 1009m/1077m 878m 

Predicted Level dBA* 39.9 38.3 

Monitor 
UTM Coordinates (X,Y) 17T 690011mE 5230686mN 17T 688603mE 5227548mN  

Distance to Nearest Turbine  1022m/1057m 894m 

 Predicted Level dBA** 39.9 38.2 

* Predicted level from Noise Assessment Report, HGC Engineering, October 4, 2013 
** Predicted level from Aercoustics’ acoustic model 

3.6 Sample size Reporting Requirements 

As per Section D3.8 of the MECP protocol, at least 120 data points in each wind bin are 
required for Turbine ON measurements, and 60 data points for the ambient measurements 
between 4-7 m/s integer wind speeds inclusively (10m height). 

The Revised Assessment Methodology for I-Audits (RAM-I) may allow for a lower amount 
of data points to be used in the analysis, provided that the quality of data remains high. 
RAM-I analysis was conducted as per Section 5.5 of the Protocol. This methodology is 
employed in cases where insufficient data is collected despite sound monitoring lasting 
longer than 6 weeks.  

The RAM-I assessment methodology reduces the sample size requirements, the Protocol 
states: 

“The Ministry may accept a reduced number of data points for each wind speed 
bin with appropriate justification. […] The acceptable number of data points will be 
influenced by the quality of the data (standard deviation)” {Section E 5.5 (5)} 

The threshold of 60 data points for Turbine ON measurements and 30 data points 
for Turbine OFF measurements is used in this assessment.  

The range of wind bins which may be used to assess compliance is expanded to include 
a minimum of one of the following conditions as outlined in Section E 5.5(1): 

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 RAM-I sample size requirement of 60 data points for Turbine ON for 2 wind speed 
bins has been satisfied for receptors R31 and R34 in wind speed bins between 1 and 4 
m/s (inclusive).  
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3.7 Operational Conditions 

Turbine operational data for the duration of the measurement campaign was supplied by 
BLWP. Measurement data at each 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 turbines was less 
than 30dBA; 10dB below the sound level limit.  The specific turbines parked for ambient 
measurements were WTG26, WTG27, WTG28, WTG29, WTG30, WTG32, WTG33, 
WTG34, WTG35, WTG36, WTG37, WTG38, and WTG39. 

4 Sound Level Limits 
The purpose of the sound measurements was to confirm whether the sound emitted by 
the wind facility is in compliance with the MECP allowable sound level limits. The MECP 
sound level limits for wind turbines vary with wind speed defined at a 10 m height. The 
details of the sound level limits are presented in Table 4 below. 

Table 4: MECP Sound Level Limits for Wind Turbines 

Wind speed at 
10m height [m/s] 

MECP Sound 
level limit [dBA] 

0 40 

1 40 

2 40 

3 40 

4 40 

5 Audit Results 
Acoustic and weather data measured during the I-audit campaign are summarized in the 
following section.  

5.1 Weather Conditions 

General weather conditions measured over the course of the Phase 1 I-audit are 
summarized in Table 5.  

Table 5: General Weather Conditions – Range of Measured Values 

 
10-m AGL Hub height 

Atmospheric 
Pressure [hPa] 

Wind Speed 
[m/s] 

Relative 
Humidity [%] 

Temperature 
[°C] 

Wind speed 
[m/s] 

Minimum 956 0.0 36 3 0.3 

Maximum 985 5.8 96 25 16.4 
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5.2 Wind Direction 

Wind roses representing the recorded wind directions during the audit are reported in 
Appendix B. Wind direction recorded from the turbine yaw angle, and wind speeds 
measured from 10-m AGL anemometer, were combined to prepare the wind roses. The 
wind speeds from 0-4 m/s at 10-m AGL represent the I-audit wind bins as per Section E5.5 
of the Protocol. 

5.3 Measured Sound Levels 

Tables 5-7 detail the sound levels measured at the receptors when all the nearby turbines 
were on (Turbine ON) and when all the nearby turbines were off (Turbine OFF). 

Wind bins which satisfy the RAM-I sample size requirements are highlighted in grey. The 
Turbine ON sound level presented was filtered such that only data when the closest 
turbine was generating 85% power or greater and the receptor was in a downwind 
condition from the closest turbine was included. 

Table 6: R31 Sound levels measured for Turbine ON and OFF (Downwind - WTG-30) 

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] 

0 59 41.5 0.2 53 35.7 0.1 

1 0 * * 0 * * 

2 0 * * 0 * * 

3 0 * * 0 * * 

4 0 * * 0 * * 
*Insufficient amount of data points as per RAM-I protocol 

 
Table 7: Table 6: R31 Sound levels measured for Turbine ON and OFF (Downwind - WTG-35) 

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] 

0 384 39.8 1.1 2087 30.0 3.4 

1 60 40.7 1.4 0 * * 

2 0 * * 0 * * 

3 0 * * 0 * * 

4 0 * * 0 * * 
*Insufficient amount of data points as per RAM-I protocol 
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Table 8: R34 Sound levels measured for Turbine ON and OFF 

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] 

0 118 39.4 0.9 240 19.0 2.3 

1 551 39.4 1.0 177 19.1 2.5 

2 80 39.9 0.9 0 * * 

3 2 38.8 0.5 0 * * 

4 0 * * 0 * * 
*Insufficient amount of data points as per RAM-I protocol 

 
The following figures present the scatter plots showing each valid 1-minute interval 
measured sound level at R31 and R34 when all the nearby turbines were ON (Turbine ON 
+ Background) and when all the nearby turbines were OFF (Turbine OFF). The Turbine 
ON sound level presented was filtered such that only data when the closest turbine was 
generating 85% power or greater and the receptor was in a downwind condition from the 
closest turbine was included. It should be noted that the turbine ON sound level includes 
all sounds measured during the interval.  
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Figure 1: R31 - Measured Sound Levels for Turbine ON and Background vs Wind Speed 
(Downwind - WTG-30) 

 

Figure 2: R31 - Measured Sound Levels for Turbine ON and Background vs Wind Speed 
(Downwind - WTG-35) 
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Figure 3: R34 - Measured Sound Levels for Turbine ON and Background vs Wind Speed 
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6 Discussion 

6.1 Effect of Filtering 

The measurement data was assessed according to Part D of the Protocol with 
incorporation of the RAM-I data reduction methodology to produce a higher quality data 
set suitable for an assessment of compliance. The effect of each filter on the measurement 
datasets are summarized in Table 9. 

Table 9: Effect of Data Filtering on Measurement Dataset 

 Data Excluded by Filter R34 R31 (WTG-30) R31 (WTG-35) 

Turbine Power 84% 84% 93% 

Wind Direction 57% 82% 67% 

Rain 6% 9% 9% 

Gusting 0% 0% 0% 

Low Temperature 0% 0% 0% 

Transient Contamination 0.5% 0.1% 0.1% 

Turbine ON 97% 99.8% 98.7% 

Background 26% 98.6% 47% 

Table 9 illustrates the difficulty in acquiring data under the Protocol; however, it is noted 
that the data that remains after filtering is of high quality and provides a good basis for an 
assessment of compliance. In the case of Bow Lake Wind Project, the assessment of 
compliance is conducted on the worst-case 3.5% percent of the available measurement 
Turbine ON data.  

6.2 Receptor R31 - Ambient Noise from River 

The ambient sound level at Receptor R31 was determined to be variable and dependant 
on the flow noise from a nearby stream. Listening tests confirm that the stream is audible 
at the measurement location, and the ambient sound level varied between 43 dBA when 
the stream was full and 23 dBA when the stream was dry. Figure 4 presents the measured 
sound level at receptor R31 during the Turbine OFF condition. 
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Figure 4: R31 - Ambient Sound Level from Stream Flow Noise 

 

It can be seen from Figure 4 that the ambient sound level forms distinct bands at 43 dBA 
38 dBA, 35dBA, 30 dBA and 23 dBA which corresponds to reducing intensity of flow noise 
from the nearby stream. 

Ambient data collected during periods including the streams maximum flow noise at the 
43 dBA and 38 dBA bands have not been included in the analysis. 

The background data for the analysis at R31 has been filtered such that representative 
periods of background noise are applied to calculate the Turbine ONLY for the downwind 
condition from WTG-30 and WTG-35 i.e. periods of Background data that was collected 
close to the time of Turbine ON data were grouped together. This is considered a 
reasonable assessment approach given the variability and unpredictability of the collected 
ambient data. 

For example data filtered for Turbine ON and the downwind condition from WTG-30 
occurred during the period of June 18th/19th and the representative Turbine OFF data 
occurred during the period of June 22nd/23rd. 
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7 Assessment of Compliance 

7.1 Assessment table 

The turbine-only component of the sound level was derived from a logarithmic subtraction 
of the ambient noise from that of the sound level measured with the turbines operating. 
The resulting sound level can be attributed to the turbines. Calculated Turbine ONLY 
levels listed were calculated based on unrounded Turbine ON and Turbine OFF values. 

The audit at R31 and R34 are considered representative of the sound levels at the 
properties of receptor R31 and R34 respectively, given the placement of the acoustic 
monitoring stations. 

Table 8 presents the Turbine ON, Turbine OFF and calculated Turbine ONLY sound 
pressure levels between 0-4 m/s. Wind bins which satisfy the RAM-I sample size 
requirements are highlighted in grey. 

Table 8: Assessment Table 

Measurement Location Wind speed at 10m height [m/s] 0 1 2 3 4 

R31  
(Downwind of WTG-30) 

Turbine ON LAeq [dBA] 41 * * * * 

Turbine OFF LAeq [dBA] 36 * * * * 

Turbine ONLY LAeq [dBA] 40 * * * * 

MECP Limit 40 40 40 40 40 

      

R31  
(Downwind of WTG-35) 

Turbine ON LAeq [dBA] 40 41 * * * 

Turbine OFF LAeq [dBA] 30 30† * * * 

Turbine ONLY LAeq [dBA] 39 40 * * * 

MECP Limit 40 40 40 40 40 

 

R34 

Turbine ON LAeq [dBA] 39 39 40 * * 

Turbine OFF LAeq [dBA] 19 19 * * * 

Turbine ONLY LAeq [dBA] 39 40 <40** * * 

MECP Limit 40 40 40 40 40 
† 30 dBA Background correction applied as per Section E5.5 (6) of the Protocol 

*Insufficient amount of data points as per RAM-I protocol 
** No Background correction applied 

The data from Table 8 is plotted in Figures 3 and 4. 
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Figure 5: R31 Turbine Levels (Downwind of WTG-30) compared to MECP Limits  

 

Figure 6: R31 Turbine Levels (Downwind of WTG-35) compared to MECP Limits 
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Figure 7: R34 Turbine Levels compared to MECP Limits 

 

7.2 Tonality 

Objective and in-depth tonality analysis was also completed based on 1-minute narrow 
band spectra, ranging from 20 Hz to 3000 Hz. The methodology followed that of ISO/PAS 
20065:2016 with modifications to adapt the method to wind turbine immission 
measurements. Specifically, narrowband data was acquired and calculated for each 1-
minute interval used in the immission analysis and binned by wind speed. The tonal 
audibility in each wind bin was then evaluated to determine if a tonal adjustment would be 
applicable. The tonal adjustment structure was taken from ISO1996-2:2017 Annex J: 
Table J.1  A 135 Hz tone attributable to the BLWP was observed at receptor R31 for 
downwind conditions from WTG-T35 and at receptor R34. Tonal assessment summary 
tables are provided below. 

Table 10: Tonality Summary - R31 - Downwind of WTG30 - 135Hz 

Wind 
Speed 
(m/s) 

Turbine 
ONLY 
(dBA) 

Mean 
Audibility, ΔL 

 (dB) 

Tonal 
Adjustment, KT 

(dB) 

Turbine Only + 
KT  

(dBA) 

MECP Sound 
Level Limit 

(dB) 

0 40 -10.0 0 40 40 

1 * * * * 40 

2 * * * * 40 

3 * * * * 40 

4 * * * * 40 
*Insufficient amount of data points as per RAM-I protocol 
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Table 11: Tonality Summary - R31 - Downwind of WTG35 - 135Hz 

Wind 
Speed 
(m/s) 

Turbine 
ONLY 
(dBA) 

Mean 
Audibility, ΔL 

 (dB) 

Tonal 
Adjustment, KT 

(dB) 

Turbine Only + 
KT  

(dBA) 

MECP Sound 
Level Limit 

(dB) 

0 39 -9.3 0 39 40 

1 40 -6.9 0 40 40 

2 * * * * 40 

3 * * * * 40 

4 * * * * 40 
*Insufficient amount of data points as per RAM-I protocol 

Table 12: Tonality Summary - R34 - 135Hz 

Wind 
Speed 
(m/s) 

Turbine 
ONLY 
(dBA) 

Mean 
Audibility, ΔL 

 (dB) 

Tonal 
Adjustment, KT 

(dB) 

Turbine Only + 
KT  

(dBA) 

MECP Sound 
Level Limit 

(dB) 

0 39 -1.1 0 39 40 

1 39 0.8 1 40 40 

2 40 -0.4 0 39 40 

3 * * * * 40 

4 * * * * 40 
*Insufficient amount of data points as per RAM-I protocol 

No tonal adjustment was found to be applicable based on detailed tonal audibility analysis 
at receptor R31.  

A tonal adjustment of 1 dB was found to be applicable based on detailed tonal audibility 
at receptor R34 at wind speed bin 1m/s. The Turbine ONLY sound level with tonal 
adjustment demonstrates compliance with the MECP sound level limit. 

7.3 Statement of Compliance 

 As shown in Section 7.1 and 7.2, receptors R31 and R34 audits demonstrate compliance 
with the 40 dBA MECP noise level limit. 

8 Conclusion 
Aercoustics Engineering Limited has completed the Phase 2 acoustic immission audit 
outlined in the Renewable Energy Approval for the Bow Lake Wind Project. The audit was 
completed as per the methodology outlined in Parts D and E of the “MECP Compliance 
Protocol for Wind Turbine Noise.”  

The measured levels were compared to the MECP limits, and the facility was determined 
to be in compliance at receptors R31 and R34 during the audit.  
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Appendix B  
Wind Roses 
 



R31 TON R31 TOFF

Project #: 15002

Scale:

Drawn by:

Reviewed by:

Date:

Revision:

NTS

JM

AM

Dec 12, 2018

1

Project Name

Bow Lake Wind Power Project - 2nd Acoustic Immission Audit

Figure Title

Wind Roses - R31 - Downwind of WTG-30 Figure B.01



R31 TON R31 TOFF

Project #: 15002

Scale:

Drawn by:

Reviewed by:

Date:

Revision:

NTS

JM

AM

Dec 12, 2018

1

Project Name

Bow Lake Wind Power Project - 2nd Acoustic Immission Audit

Figure Title

Wind Roses - R31 - Downwind of WTG-35 Figure B.02



R34 TON R34 TOFF

Project #: 15002

Scale:

Drawn by:

Reviewed by:

Date:

Revision:

NTS

JM

AM

Dec 12, 2018

1

Project Name

Bow Lake Wind Power Project - 2nd Acoustic Immission Audit

Figure Title

Wind Roses - R34 Figure B.03



 

 
 

 

 

Appendix C
Turbine Operational Statement from Operator

 

 

 

 
 
 
 
 

 

 

 
 
 
 
 
 
 
 

 

  





 

 
 

 

 
 
 
 
 

 

 

 
 

Appendix D
I-Audit Checklist
 



Appendix F7: I-Audit checklist
Wind Energy Project – Screening Document – Acoustic Audit Report – Immission

Information Required in the Acoustic Audit Report – Immission

Item Description Complete? Comment

1 Did the Sound level Meter meet the Type 1 Sound level meter

requirements according to the IEC standard 61672-1 Sound level

Meters, Part 1: Specifications? Section D2.1.1

P

2 Was the complete sound measurement system, including any

recording, data logging or computing systems calibrated immediately

before and after the measurement session at one or more frequencies

using an acoustic calibrator on the microphone (must not exceed

±0.5dB)? Section D2.1.3

P

3 Are valid calibration certificate(s) of the noise monitoring equipment and

calibration traceable to a qualified laboratory? Is the validity duration of

the calibration stated for each item of equipment? Section D2.3

P

4 Was the predictable worst case parameters such as high wind shear

and wind direction toward the Receptor considered? Section D3.2

P

5 Is there a Wind Rose showing the wind directions at the site? Section

D7 (1e)

P

6 Did the results cover a wind speed range of at least 4-7 m/s as outlined

in section D 3.8.?

P

7 Was the weather report during the measurement campaign included in

the report? Section D7 (1c)

P

8 Did the audit state there was compliance with the limits at each wind

speed category? Section D6

P

9 Are pictures of the noise measurement setup near Point of reception

provided? Section D3.3.2 & D3.4

P

10 Was there justification of the Receptor location choice(s) prior to

commencement of the I-Audit? Section D4.1

P

11 Was there sufficient valid data for different wind speeds? Section D5.2 #

3

P

12 Was the turbine (operational) specific information during the

measurement campaign in tabular form (i.e. wind speed at hub height,

anemometer wind speed at 10 m height, air temperature and pressure

and relative humidity) Section D3.7

P

13 Were all the calculated standard deviations at all relevant integer wind

speeds provided? Section D7 (2d)

P

14 Compliance statement P

15 All data included in an Excel spreadsheet P

16 If deviations from standard; was justification of the deviations provided X
No Deviations



 

 
 

 

 
 
 
 
 

 

 

 
 

Appendix E 
Turbine Status during TON and TOFF 
 

 

 

  

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 

 



 

Bow Lake – Turbine Status Matrix for TON and TOFF 

Turbine ID 
Monitor Locations 

R31 R34 

WTG01   

WTG02   

WTG03   

WTG04   

WTG05   

WTG06   

WTG07   

WTG08   

WTG09   

WTG10   

WTG11   

WTG12   

WTG13   

WTG15   

WTG17   

WTG18   

WTG19   
WTG20   

WTG21   

WTG22   

WTG23   

WTG24   

WTG25   

WTG26 1 1 

WTG27 1 1 

WTG28 1 1 

WTG29 1 1 

WTG30 1 1 

WTG32 1 1 

WTG33 1 1 

WTG34 1 1 

WTG35 1 1 

WTG36 1 1 

WTG37 1 1 

WTG38 1 1 

WTG39 1 1 

 
1 -  Turbine ON/OFF 
Turbines turned off such that predicted impact at monitor/receptor location is 30 dBA or less



 

 
 

 

 
 
 
 
 

 

 

 
 

Appendix F
Calibration Certificates































 

 
 

 

 
 
 
 
 

 

 

 
 

Appendix G
MECP Letter - March 19, 2018








