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1 Introduction 
Grand Renewable Wind LP (“GRWLP”) has retained the services of Aercoustics 
Engineering Limited (“Aercoustics”) to complete a post-construction acoustic audit of the 
main power transformer for the Grand Renewable Wind Farm (“GRWF”), REA # 0300-
8UQPKR.  The transformer audit was conducted as per IEEE standard C57.12.90-2010, 
section 13.  Supplementary measurements were also taken in the far field to verify sound 
levels at receptors.   

This report summarizes the results of the acoustic audit conducted on May 20, 2015. 

2 Acoustic Environment 
Aercoustics visited the GRWF site on May 20, 2015 to observe and measure the main 
166 MVA transformer, located in the facility substation.  See Figure 1 for the scaled 
location of the sources and receptors based on the source and receptor coordinates 
obtained from the Grand Renewable Energy Park Noise Assessment Report dated 29 
May, 2012.   

The substation contains the main transformers for both the GRWF as well as the Grand 
Renewable Solar Farm. The ground cover of the transformer substation is gravel, and the 
surrounding ground cover is predominantly field crops.  The audit was conducted during 
the night hours, during which the solar farm transformer was completely shut down for 
maintenance purposes.  There was one standby generator operating near the solar farm 
transformer for the duration of the audit. 

3 Measurement Instrumentation 
Two sound level meters were used for the audit to allow for simultaneous measurements 
of the top and bottom portions of the transformer.  The measurement equipment utilized 
for the acoustic audit is presented below in Table 1. The microphones and pre-amps were 
calibrated before and after the measurements. Calibration certificates for all equipment 
used can be found in Appendix E. 

Table 1 Measurement Equipment 

Equipment Make Model Serial # 

Sound Level Meter 1 Brüel & Kjær 2250 2630243 

Microphone 1 Brüel & Kjær 4189 2237528 

Pre-amp 1 Brüel & Kjær ZC0032 21913 

Sound Level Meter 2 Brüel & Kjær 2250 2630244 

Microphone 2 Brüel & Kjær 4189 2386059 

Pre-amp 2 Brüel & Kjær ZC0032 7946 

Calibrator Brüel & Kjær 4231 3012378 
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4 Transformer Details 
The following is a summary of the specifications for the GRWF main transformer: 

• Type: ONAN/ONAF/ONAF Sealed Transformer 

• Power Rating (MVA): 100/133/166 

• Phase: 3 | Frequency: 60Hz 

• HV: 240,000 Volts 

• LV: 34,500 Volts 

• Manufacturer: Hyundai 

• Transformer Height: 4 m 

During the measurement, all cooling fans on the transformer were manually turned on and 
operational for the duration of the audit.  Additionally, the measurement period was 
scheduled during a time when the winds were low; the wind farm was generating 
approximately 30MW, or 20% of its maximum power capacity.  These conditions were as 
close as practically possible to the no-load operating conditions stipulated in IEEE 
C57.12.90-2010 section 13.  See Appendix A for a graph of facility power output. 

5 Site Specific Measurement Conditions  
During the measurement period, the wind speeds were between 0-6 m/s from the north-

west, the temperature was between 7-9°C, and the relative humidity was between 40-

85%.     

A barrier was located off the north side of the transformer between the solar and wind 
power transformers.  This barrier was a source of reflection that could not be avoided in 
the measurements.  It is taken as a source of conservatism. 

During the measurement period the solar farm, including the solar power transformer, was 
offline for maintenance purposes.  The only source of noise from the solar facility was a 
generator that was used to power lights and monitoring equipment used for the solar staff 
conducting the maintenance.  This generator was audible at the west face of the GRWF 
transformer.    

The dominant noise sources on the transformer is the hum of the electrical components 
and the cooling fans.  The transformer exhibited an audible tone near the equipment, but 
this tone was inaudible at the nearest receptors. 
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6 Measurements 
Audit measurements were conducted in the near field of the transformer as well as at the 
two nearest receptors. 

 Near Field Measurements 

Sound level measurements took place at the GRWF substation on the night of May 20, 
2015 between 22:00 and 02:00 hours.  Sound pressure level measurements were taken 
in 1m intervals, at 1/3 and 2/3 the total transformer height (1.3 m and 2.7 m, respectively).  
Due to safety concerns, measurements were not able to be performed at the stipulated 
0.3m distance.  Instead, a consistent distance of 2m away from the transformer was used.  
The 2m distance is in accordance with international standard IEEE C57.12.90-2010 for 
measurement locations near faces with fans located on them. The near field measurement 
locations are shown in Figure 2. 

The average overall sound pressure level measured by Aercoustics was 61 dBA (Leq).  
The average sound pressure measured in each octave band is summarized in Table 2.  
The complete set of measurement data is presented in Appendix B. 

Table 2 Near field Noise Measurements 

1/1 Octave Band (Hz) 31.5 63 125 250 500 1000 2000 4000 8000 Total 

Sound Pressure Level (dB) 58 58 64 61 63 51 41 37 35 61dBA 

 Receptor Measurements 

Spot check measurements, as well as qualitative audibility assessments were performed 
at the two nearest receptors, R307 and R575.  The transformer was inaudible and R307, 
and barely perceptible at R575.  No tones were audible at either location, and the spot 
check measured a level of 28dBA and 26dBA at receptors R307 and R575 respectively. 

7 Transformer Sound Power 
Based on evaluation procedures outlined in IEEE C57.12.90, the transformer has a 
calculated sound power level of 86 dBA.  The octave-band sound power spectrum is 
provided in Table 3. 

Table 3: Calculated Transformer Sound Power 

1/1 Octave Band (Hz) 31.5 63 125 250 500 1000 2000 4000 8000 Total 

Sound Power Level (dB) 84 84 90 86 88 77 67 63 61 86 dBA 
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Key details used to determine the calculated sound power level are provided below: 

• Perimeter Area of Enclosing Measurement Surface = 200 sq.m. 

• Transformer top area = 154 sq.m. 

• Total Measurement Surface Area = 354 sq.m. 
 
The primary noise source was the transformer core hum. Based on Aercoustics 
observations of the site and the subjective tonality assessment, a 5 dB tonal penalty has 
been applied to the calculated sound power level. The prescribed sound power level after 
all adjustments is 91dBA. 

8 Assessment of Compliance 
The compliance of the main transformer was assessed with respect to both the far field 
and near field measurement data obtained during Aercoustics’ site visit.   

 Near Field Measurements 

The calculated sound power level of the transformer is 91 dBA including a tonal penalty. 
The sound power level utilized in the facility’s Acoustic Assessment Report (AAR) and 
stipulated in the facility REA is 90dBA including a tonality penalty. The transformer 
calculated sound power level exceeded the sound power level stipulated in the facility 
REA by 1 dB. As such a combination of far field measurements and acoustic modelling 
have been completed to demonstrate compliance with the MOECC sound level limits at 
the worst-case receptors near to the transformer. 

 Far Field Measurements 

Far-field spot check measurements were taken at the two nearest receptors, R307 and 
R575.  These two receptors are 288m and 132m, respectively, away from the transformer. 
At R307, the measured level was 28dBA and the transformer was inaudible.  At R575, the 
measured level was 26dBA, and the transformer was barely perceptible.  No tonality was 
qualitatively observed at either location.  The combination of the inaudibility and the very 
low measured level indicates a noise impact of the transformer that is well below the sound 
level limit. 

 Acoustic Model 

Additionally, the cumulative sound level at all receptors has been assessed from the main 
power Transformer and other turbines/transformers in the acoustic model to demonstrate 
compliance. The cumulative impact from turbines and transformer was assessed using 
the measured Transformer sound power level and the maximum of the measured sound 
power level or manufacturer sound power level for all other Grand Renewable sources in 
the acoustic model.  
Table 4 below presents the predicted sound levels at the receptors within 1km of the 
transformer. The predicted sound levels at all receptors were found to be in compliance 
with the MOECC sound level limits. 
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Table 4 Predicted Sound Level at receptors near to Transformer 

Receptor 
ID 

Description 

Modelled Sound Level (dBA) 

Receptor 
Height (m) 

Contribution (dBA) 
Total 
(dBA) Transformer 

Other Noise 
Sources 

307 non-participating receptor 21.3 33.3 33.6 1.5 

362 non-participating receptor 15.6 31.9 32 1.5 

363 non-participating receptor 17.4 32.2 32.3 1.5 

364 non-participating receptor 14.4 33.9 33.9 7.5 

377 participating receptor 21.3 35.3 35.5 4.5 

378 non-participating receptor 17 33.0 33.1 1.5 

455 non-participating receptor 20.3 34.4 34.6 4.5 

457 non-participating receptor 23 34.6 34.9 4.5 

459 participating receptor 21.3 33.4 33.7 1.5 

460 non-participating receptor 14.9 34.4 34.4 4.5 

574 non-participating receptor 18.3 34.6 34.7 4.5 

575 non-participating receptor 24.1 35.5 35.8 4.5 

576 non-participating receptor 22.1 35.1 35.3 4.5 

577 non-participating receptor 22.1 35.3 35.5 4.5 

1317 non-participating receptor 22.5 35.1 35.3 4.5 

3664 vacant non-participating receptor 15 34.2 34.3 4.5 

 

 Statement of Compliance 

Results of the audit completed by Aercoustics on the night of May 20, 2015 and acoustic 
modelling support that the GRWF substation transformer is in compliance with the 
acoustic requirements stipulated in the facility REA #0300-8UQPKR, specifically Section 
E. 

9 Conclusion 
If you have any questions please do not hesitate to contact the authors of this report.   
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APPENDIX A – FACILITY POWER OUTPUT DURING AUDIT 
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APPENDIX B – NEARFIELD MEASUREMENT RESULTS 
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Microphone 
Position 

(see Figure 2) 

Sound Pressure 
Level (1/3 

transformer height) 
[dBA re. 20 µPa] 

Sound Pressure 
Level (2/3 

transformer height) 
[dBA re. 20 µPa] 

1 58 54 

2 55 55 

3 58 57 

4 54 57 

5 57 58 

6 58 55 

7 57 57 

8 54 55 

9 58 56 

10 56 55 

11 56 57 

12 54 57 

13 57 58 

14 60 63 

15 66 59 

16 63 60 

17 60 59 

18 62 60 

19 64 59 

20 60 61 

21 64 61 

22 62 60 

23 58 63 

24 60 58 

25 56 57 

26 59 61 

27 58 58 

28 57 58 

29 61 59 

30 61 61 

31 58 58 

32 59 62 

33 57 56 

34 59 58 

35353535    57 57 
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36363636    62 57 

37373737    60 60 

38383838    59 60 

39393939    62 59 

40404040    62 65 

41414141    62 59 

42424242    65 62 

43434343    63 64 

44444444    59 58 

45454545    62 61 

46464646    65 60 

47474747    64 59 

48484848    58 59 

49494949    63 58 

50505050    63 60 

55551111    57 60 
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APPENDIX C – FAR FIELD MEASUREMENT DATA 
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1/1 Octave Band (Hz) 31.5 63 125 250 500 1000 2000 4000 8000 Total 

Receptor R307 57 50 38 27 20 16 13 13 13 28 dBA 

Receptor R575 44 36 27 26 24 17 17 17 13 26 dBA 
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APPENDIX C – FAR FIELD MEASUREMENT DATA 

  

APPENDIX D - DIMENSIONED TRANSFORMER DRAWINGS
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APPENDIX C – FAR FIELD MEASUREMENT DATA 

  

APPENDIX E - CALIBRATION RECORDS














































































