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1 Introduction 
Aercoustics Engineering Limited (“Aercoustics”) has been retained by 1021702 B.C. Ltd 
as general partner for and on behalf of FWRN LP (“Boralex”) to complete a post 
construction audit of the Niagara Region Wind Farm (“NRWF”) transformer substation. 
NRWF operates under Renewable Energy Approval (“REA”) #4353-9HMP2R, issued on 
November 6, 2014 [1] and further modified on November 23, 2015, May 6, 2016 and May 
12, 2016. 

The testing outlined in this report was conducted as per the latest version of the 
IEEE 57.12.90-2015 standard while the transformer was under a load representing more 
than 85% of the maximum turbine load. This report summarizes the results of the acoustic 
test on transformer ST1 conducted on October 17, 2019 as per IEEE 57.12.90-2015 
standard. 

2  Measurement Instrumentation 
The following acoustic measurement equipment was utilized for the acoustic audit, 
equipment was field calibrated before site measurements:  
 
Near-field Intensity Measurements 
 

• Sound Level Meter: Larson Davis 2900 Integrating Sound Level Meter, SN 1054, 
Calibrated January 18, 2019;  

• Microphones: G.R.A.S. Type 40 GK, SN 112784 and 104771, Calibrated 
February 11, 2018;   

• Preamps: G.R.A.S. 26 CB, SN 104361 and 112774, Calibrated February 11, 2018 
 
Calibration certificates are provided in Appendix A. Please note that the G.R.A.S. pre-
amps are calibrated as a pair with the associated microphones; the calibration certificates 
for the G.R.A.S. microphones, included in Appendix A, are valid for both the microphones 
as well as the preamps. 

3 Site Details 
Aercoustics personnel completed a site visit on October 17, 2019 and observed 
transformer ST1 located in the substation yard located south of Canborough Road and 
west of Wellandport Road in the town of Wellandport, Ontario. A layout of the substation 
ST1 is included in Figure 1.  

During the measurement period on October 17, 2019 the temperature was around 8°C 
with windy conditions with wind speeds of approximately 25-30 km/hr from the west. The 
IEEE 57.12.90-2015 requires testing under load conditions which necessitates the need 
for measurements to be conducted during windy conditions when the turbines would be 
operating and providing load to the transformer.  
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It should be noted that there was negligible wind interference at the measurement 
locations due to shielding provided by the surrounding acoustic barriers. Built according 
to REA number 4353-9HMP2R, 5-meter tall barriers surround transformer ST1 on all four 
sides.   

4 Transformer Operation  
The specifications of transformer ST1 are summarized in Table 1. 

Table 1 Transformer Parameters 

Parameter Transformer ST1 

Capacity 90/120/150 MVA 

Rated Voltage 115 kV 

Phase 3 Phase 

Frequency 60 Hz 

Manufacturer Pennsylvania Transformer Tech. Inc. 

During the testing period, the transformer ST1 was operating at rated voltage. Since the 
wind turbine farm was operational during the acoustic test, the load was noted as 
approximately 120MW for transformer ST1. With a maximum rated turbine load of 134.2 
MW, the load present on the transformer during testing was greater than 85% of the 
maximum turbine load on the transformer. The threshold of 85% of maximum rated load 
has been agreed to by the MECP to represent the loaded condition prescribed in 
IEEE 57.12.90-2015 for acoustic measurements [2]. 

As per IEEE 57.12.90-2015 measurements were done in two conditions: with the external 
cooling fans operating (ONAF) and non-operational (ONAN). The transformer noise 
measured consisted of cooling fan noise and generator core hum. A four (4) sided 5.3m 
high acoustic barrier was in place (surrounding the transformer on all sides) during the 
measurement. It should be noted that the barrier height exceeds the height specified in 
the REA, for more detail please refer to the letter in Appendix B. 

5 Near Field Measurements 

 Measurement Procedure 

Sound level measurements were taken between 9:26 AM and 10:33 AM on October 
17, 2019. Sound intensity levels were measured in accordance with ISO 9614-1 [3]. Sound 
power level was determined from the measured sound intensity in accordance with IEEE 
C57.12.90-2015 [2].  
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Measurement points were taken at intervals 1 m apart, 0.3 m from the surface of the 
transformer casing or 1 m near cooling fans, at 1/3rd and 2/3rd total height of the 
transformer, as stipulated by IEEE C57.12.90-2015. The sound power levels were then 
calculated in accordance with the procedures set out in IEEE C57.12.90-2015. 

A summary of the measurement parameters is provided in Table 2. The transformer sits 
on a 0.3 m high concrete curb, the height of which has been considered accordingly. See 
Figure 2 for a picture of the installed transformer ST1. See Figure 3 for the plan view of 
transformer ST1, including source and measurement locations for ONAN and ONAF. 

Table 2 Measurement Details 

Parameter Transformer ST1 

Measurement Distance 0.3 m from non-fan surface, 
1 m from cooling fans 

Horizontal Spacing Between Measurement 
Locations 

1 m 

Height of Transformer (H) 4.6 m 

Height of Microphone 1 above ground 1.8 m (0.3 m + 1/3H) 

Height of Microphone 2 above ground 2.0 m (0.3 m + 2/3H) 

 Measurement Results 

5.2.1 Sound Intensity Level Measurements 

The average sound intensity measured for transformer ST1 for ONAN and ONAF 
operations was 66 dBA (Leq) and 75 dBA (Leq) respectively. Spectral data is summarized 
in Table 3, while overall data from each measurement location around the transformer is 
provided in Table 4 and Table 5.  

Table 3 Measured Transformer Averaged Spectrum 

 Octave Band Centre Frequency (Hz) 

 31.5 63 125 250 500 1000 2000 4000 8000 
Total 
(dBA) 

ONAN 
Transformer ST1 
Sound Intensity 

Level (dB) 

64 57 77 62 62 63 36 30 27 66 

ONAF 
Transformer ST1 
Sound Intensity 

Level (dB) 

72 79 79 76 72 72 65 51 43 75 
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Table 4 Measured Sound Intensity Levels - ONAN 

SiL (dBA), as per IEEE 57.12.90-2015/ ISO 9614-1 

Transformer ST1 

Position* 1/3 Height 2/3 Height 

1 68 65 

2 63 67 

3 61 62 

4 66 66 

5 64 68 

6 62 65 

7 59 65 

8 61 63 

9 63 61 

10 66 64 

11 66 68 

12 63 67 

13 65 64 

14 61 64 

15 62 61 

16 65 63 

17 69 64 

18 67 68 

19 66 61 

20 62 60 

21 65 60 

22 66 60 

23 65 69 

24 65 64 

25 65 66 

26 67 63 

27 63 70 

28 70 67 

29 65 68 

30 67 70 

31 67 70 

32 70 72 

TOTAL Total Energy Average SiL: 66 dBA 

*Measurement locations are shown in Figure 3 
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Table 5 Measured Sound Intensity Levels - ONAF 

SiL (dBA), as per IEEE 57.12.90-2015/ ISO 9614-1 

Transformer ST1 

Position* 1/3 Height 2/3 Height 

1 70 71 

2 70 69 

3 70 69 

4 76 75 

5 80 78 

6 79 78 

7 77 78 

8 76 75 

9 78 75 

10 80 75 

11 79 76 

12 76 76 

13 75 74 

14 76 75 

15 78 75 

16 78 77 

17 77 77 

18 75 76 

19 74 75 

20 72 74 

21 71 71 

22 75 71 

23 76 72 

24 76 74 

25 74 72 

26 74 72 

27 74 69 

28 69 71 

29 68 70 

30 72 68 

31 72 71 

32 73 72 

TOTAL Total Energy Average SiL: 75 dBA 

*Measurement locations are shown in Figure 3 
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5.2.2 Evaluation of Sound Power Level - ONAN 

Based on the evaluation procedures outlined in IEEE C57.12.90:2015, the transformer 
ST1 had a sound power level of 90 dBA for ONAN. The parameters used to determine the 
overall sound power level are provided in Table 6. The calculated sound power spectra 
for ONAN are included in Table 7. 

The primary noise source was the core hum of the transformer. Based on Aercoustics 
observations of the site and the subjective tonality assessment at the source 
measurement location, a 5dB tonal penalty has been applied to the transformer core 
calculated sound power level.  
 
It is noted that the ONAF measurement locations indicated in Figure 3 were used for the 
ONAN measurements as well. The measurement surface S corresponding to these 
locations has been used in the determination of both the ONAF and ONAN sound power 
levels. The ONAF measurement locations, when used in the determination of sound 
power, are understood to be fully representative of the ONAN sound levels.    

Table 6 Sound Power Calculations - ONAN 

Parameter Transformer ST1 

Perimeter Area of Enclosing Measurement Surface 155 m2 

Top Area 61 m2 

Total Measurement Surface Area 216 m2 

Average Sound Intensity Level 66 dBA 

 
Table 7 Calculated Transformer Sound Power Spectra - ONAN 

 Octave Band Centre Frequency (Hz) 

 31.5 63 125 250 500 1000 2000 4000 8000 
Total 
(dBA) 

Transformer Core 88 80 101 85 85 87 59 53 50 90 

Transformer Core 
Only [with +5 dB 

Penalty] 
93 85 106 90 90 92 64 58 55 95 

 

 

 



Niagara Region Wind Farm – Transformer Acoustic Audit  Page 10 

 
 
 

 

5.2.3 Evaluation of Sound Power Level - ONAF 

Based on the evaluation procedures outlined in IEEE C57.12.90, the transformer ST1 had 
a sound power level of 100 dBA for ONAF. The parameters used to determine the overall 
sound power level are provided in Table 8. The calculated sound power spectra are 
included in Table 9. 

For transformer ST1 the cooling fan noise is dominant and drives the overall sound power 
level of the transformer. As the tonal penalty is applicable to the tonal nature of the 
transformer core only (the cooling fan noise is broadband), the tonal penalty has been 
applied only to the transformer core noise and not to the overall sound power levels with 
the cooling fans running. 
 
Table 8 Sound Power Calculations - ONAF 

Parameter Transformer ST1 

Perimeter Area of Enclosing Measurement Surface 155 m2 

Top Area 61 m2 

Total Measurement Surface Area 216 m2 

Average Sound Intensity Level 75 dBA 

 

Table 9 Calculated Transformer Sound Power Spectra - ONAF 

 Octave Band Centre Frequency (Hz) 

 31.5 63 125 250 500 1000 2000 4000 8000 
Total 
(dBA) 

Transformer Core 
Only 

88 80 101 85 85 87 59 53 50 90 

Transformer Core 
Only [with +5 dB 

Penalty] 
93 85 106 90 90 92 64 58 55 95 

Transformer 
Fans Only [with 

Transformer Core 
Subtracted] 

95 103 97 100 95 95 89 74 66 98 

Transformer 
Substation* 

[Transformer 
Core + Cooling 

Fans] 

97 103 106 100 96 96 89 75 67 100 

*Sound Power Levels include the +5dB tonal adjustment applied to the transformer core 
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6 Assessment of Compliance 
The following table compares the facility’s Renewable Energy Approval (REA) defined 
sound power limits for the transformers with the measured values for transformer ST1. 

Table 10 Assessment of Compliance – Transformer Sound Power Level 

Parameter 
Sound Power 
Level (dBA) 

PWL: Transformer Substation* (ONAF) [Transformer Core + Cooling Fans] 100 

PWL: used in REA permitted acoustic model 103.2 

* Sound Power Level (PWL) includes +5db tonal adjustment for transformer core tonal hum 
 

The acoustic emission testing indicates that the overall sound power level of the 
transformer substation ST1 satisfies the specified sound power level used in the REA 
permitted acoustic model.  

7 Conclusion 
Based on the acoustic audit conducted on October 17, 2019, the acoustic impact of the 
Niagara Region Wind Farm Transformer substation ST1, REA#4353-9HMP2R is in 
compliance with the sound level limits specified in MECP’s NPC-232. 

8 References 
1. V. Schroter, “Renewable Energy Approval # 4353-9HMP2R”, Ontario Ministry of 

the Environment, Toronto, ON, November 6, 2014.  

2. IEEE Standard C57.12.90-2015, Test Code for Liquid Immersed Distribution 
Power and Regulating Transformers  

3. ISO Standard 9614-1:1993, Acoustics -- Determination of sound power levels of 
noise sources using sound intensity -- Part 1: Measurement at discrete points
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Appendix B 

Response Letter dated February 21, 2020 

 

  



 
 
   

 

February 21, 2020 Aercoustics Project #: 16227.04 

 
Niagara Region Wind Farm 
REA# 4353-9HMP2R 
36 Rue Lajeunesse, 
Kingsey Falls, Quebec 
J0A 1B0 

ATTN: Stéphanie Bujold 
  
  
  
Subject: Acoustic Transformer audit for Transformer ST1  

Niagara Region Wind Farm 
REA#4353-9HMP2R 

 

Aercoustics Engineering Limited (“Aercoustics”) has been retained by Niagara Region 
Wind Farm to complete the acoustic transformer audit for the North transformer substation 
ST1. Niagara Region Wind Farm operates under REA #4353-9HMP2R.  

This letter contains responses to MECP comments received on February 5, 2020 for the 
Niagara Region Wind Farm ST1 Transformer acoustic audit report which are provided 
below. Original MECP comment is provided in black and Aercoustics’ response is provided 
in purple. 

1. Typographical oversight in Table 2 
 

 
Please confirm the height of microphone 2, in Table 2. 
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The microphone height of 2.0 meters noted in Table 2 was a typographical 
error. The correct height of 3.4 meters has been included in the revised 
report. 

2. With reference to Figure 3 in the Report – measurement locations [ONAN and 
ONAF] and Figure 33 in the IEEE Std C57.12.90-2015 {standard} (Microphone 
location for measuring audible sound from transformers); please explain: 
 

a. Why was only one measurement contour used in place of one contour for 
ONAN (0.3 m from the reference sound producing surface) and one 
contour for ONAF, (2m from the reference sound producing surface); 

 

b. Why did the measurement contour not correlate, (have a similar path) with the 
reference sound producing surface (ref: Figure 33 in the Standard); 

 
Transformer ST1 is enclosed by a barrier on all four sides which restricts 
the mobility of measurement personnel/ measurement equipment and the 
placement of the microphone measurement locations prescribed by the 
IEEE C57.12.90-2015 standard.  

Alternate measurement location points were chosen to ensure that the 
measurement equipment/ personnel were not hampered by the nearby 
barrier and the sound intensity microphones were not in the flow from the 
fans during the ONAF measurement. In addition, a single contour was used 
for both measurement sets to conserve time in order to capture the 
measurements while the transformer was under the appropriate load. The 
window of time when the winds were appropriately high to sustain an 85% 
turbine load did not facilitate the establishment and use of a secondary 
contour. 

The chosen alternate measurement locations are consistent with the intent 
of the IEEE C57.12.90-2015 standard and follows the methodology of ISO 
3744 (Acoustics – Determination of sound power levels of noise sources 
using sound pressure – Engineering method in an essentially free field over 
a reflecting plane) i.e. the sound power of the transformer is the average 
normal intensity over a surface enclosing the source, multiplied by the 
surface area. The measurement surface chosen is simple to define and the 
planar surface makes averaging intensity over the surface simple while 
accounting for the site-specific constraints. 
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This slight deviation from the IEEE C57.12.90-2015 standard is not 
expected to affect the measured or calculated sound power level of 
Transformer ST1 as the measured surface area is accounted for in the 
calculation of the transformer sound power. 

In addition, it should be noted that the measured sound power of 
transformer ST1 is 3dB below the maximum REA permitted level  

3. With refence to Figure 3 in the Report and Figure 33 in Standard what is: 

 
a. The implication on the result/conclusions in the Report when using a contour 

that did not correlate with the reference sound producing surface (ref. Figure 33 
in the Standard); and 
 

b. The implication on the result/conclusions in the Report of only using one 
contour for both ONAN and ONAF as opposed to one contour for ONAN and one 
contour for ONAF as stipulated in the Standard; 
 

The deviation from the IEEE C57.12.90-2015 standard was necessary due 
to the aforementioned site-specific constraints. This deviation is considered 
minor and is not expected to affect the measured or calculated sound power 
level of Transformer ST1.  

The measurement points used are consistent with the intent of the IEEE 
C.57.12.90-2015 standard and follows the methodology of ISO 3744 
(Acoustics – Determination of sound power levels of noise sources using 
sound pressure – Engineering method in an essentially free field over a 
reflecting plane). The measurement surface area is accounted for in the 
calculation of the transformer sound power. 

Therefore, the results and conclusion of the Report are expected to be fully 
representative of the sound power output of transformer ST1 and 
transformer ST1 is in compliance with the maximum REA sound power 
level. 
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Please do not hesitate to contact us should you have any questions or require anything 
further. 

Sincerely, 

AERCOUSTICS ENGINEERING LIMITED 

 

 
Allan Munro, B.A.Sc., P.Eng 
 

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

Response Letter dated March 19, 2020 

 



 
 
   

 

March 19, 2020 Aercoustics Project #: 16227.04 

 
Niagara Region Wind Farm 
REA# 4353-9HMP2R 
36 Rue Lajeunesse, 
Kingsey Falls, Quebec 
J0A 1B0 

ATTN: Stéphanie Bujold 
  
Subject: Acoustic Transformer audit for Transformer ST1  

Niagara Region Wind Farm 
REA#4353-9HMP2R 

 

Aercoustics Engineering Limited (“Aercoustics”) has been retained by Niagara Region 
Wind Farm to complete the acoustic transformer audit for the North transformer substation 
ST1. Niagara Region Wind Farm operates under REA #4353-9HMP2R.  

This letter provides supporting evidence to assertions made in Aercoustics’ attached 
response letter, dated February 21, 2020. This letter was provided to in response to MECP 
comments which were received February 6, 2020 related to the Niagara Region Wind 
Farm Transformer ST1 acoustic audit report.  

During the acoustic audit, Aercoustics chose a set of measurement locations which differ 
from those provided in Figure 33 of the IEEE 57.12.90-2015 measurement standard. The 
in-situ (test) locations, shown in Figure 3 of the ST1 acoustic audit report, were chosen to 
ensure that the measurement equipment and personnel were not hampered by the 
acoustic barrier which surrounds Transformer ST1 on all four sides. Additionally, the in-
situ measurement surface was used for both the ONAN and ONAF measurement sets to 
accommodate a limited window of time where the transformer was expected to be at the 
appropriate electrical load.   

Figure A1, appended, illustrates the location of the surrounding barriers. This figure also 
illustrates the ONAN and ONAF measurement surfaces in accordance with IEEE 
57.12.90-2015. Table 1 and Table 2 provide the relevant geometric parameters for the 
ONAN and ONAF measurement surfaces shown in Figure A1, as well as a comparison 
between these IEEE reference surfaces and the in-situ measurement surface.  
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Table 1: ONAN Measurement Surface Areas 

Geometry Parameter (m2) 
Test 

Surface1 
IEEE Reference 

Surface2 
Delta (Test - 
Reference) 

Perimeter of Enclosing Measurement Surface 34 28 -6 

Perimeter Area of Enclosing Measurement Surface 155 128 -27 

Top Area 61 51 -10 

Total Measurement Surface Area 216 179 -37 
1  Measurement surface shown in Figure 3 of Acoustic Audit Report 
2  Measurement surfaces shown in Figure A1, Appended  

 

Table 2: ONAF Measurement Surface Areas 

Geometry Parameter (m2) 
Test 

Surface1 
IEEE Reference 

Surface2 
Delta (Test - 
Reference) 

Perimeter of Enclosing Measurement Surface 34 39 5 

Perimeter Area of Enclosing Measurement Surface 155 181 26 

Top Area 61 107 46 

Total Measurement Surface Area 216 288 72 
1  Measurement surface shown in Figure 3 of Acoustic Audit Report 
2  Measurement surfaces shown in Figure A1, Appended  

 

As stated in Aercoustics’ February 21 response letter, these deviations from the test 
protocol are considered minor. The sound power results calculated using these 
measurement locations, as presented in the acoustic audit report, are expected to be fully 
representative of the sound output from Transformer ST1.  

To support the assertions presented above, the ONAN and ONAF measurement surfaces 
outlined in the IEEE standard have been used in an additional calculation of the 
transformer sound power output. The sound power levels determined using these 
alternative measurement surfaces have been compared to those determined using the in-
situ (test) measurement surface. This comparison is provided in Table 3: 
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Table 3: Calculated Sound Power Output Comparison using Test surface and IEEE Reference Surface 

Parameter  
Test Surface1 

[dBA] 

IEEE 
Reference 

Surface2 [dBA] 
Delta (Test - 

Reference) [dBA] 

Sound Intensity: Transformer Core Only 66 66 0.0 

PWL: Transformer Core Only 90 89 0.8 

PWL: Transformer Core Only*  95 94 0.8 

Sound Intensity: Transformer Core and Fans 75 75 0.0 

PWL: Transformer Fans (core subtracted) 98 99 -1.0 

PWL: Transformer Substation* 
(Transformer and Cooling Fans) 

100 100 -0.5 

REA Limit  103.2  
1  Measurement surface shown in Figure 3 of Acoustic Audit Report 
2  Measurement surfaces shown in Figure A1, Appended  

*  Includes 5 dB Tonal Penalty 
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Table 3 illustrates that the use of the in-situ measurement test surface produces sound 
power levels that are representative of those calculated using the IEEE reference 
surfaces. Additionally, the audit results show a margin of compliance of approximately 3 
dB. This wide margin further supports the use of the in-situ measurement surface as a 
valid and representative approach in this assessment of compliance.      

Please do not hesitate to contact us should you have any questions or require anything 
further. 

Sincerely, 

AERCOUSTICS ENGINEERING LIMITED 

 

 
Kohl Clark, B.Eng 

 

 
Allan Munro, B.A.Sc., P.Eng 
 

 

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