
 

 
 

 
 

 

MM92, Standard, 93129 / T01 Napier Wind Project 

Results of acoustic noise 
measurements according to 

IEC 61400-11 Edition 3.0 
Senvion Canada Inc. 

 

Report No.:  10029304-R-1-A 

Date:  2019-03-08 

  



 

 

 

GL Garrad Hassan Deutschland GmbH 

Registered in Germany, Amtsgericht Pinneberg, No. HR B 636 ME.  

Registered Office: Sommerdeich 14 b, 25709 Kaiser-Wilhelm-Koog, Germany.  

Place of performance and jurisdiction is Hamburg. Managing Directors: Dr. Andreas Schröter, Marko Ibsch. 

The latest edition of the General Terms and Conditions of GL Garrad Hassan Deutschland GmbH is applicable. German law applies 

 

 

 

 

 

 

IMPORTANT NOTICE AND DISCLAIMER 

1. This document is intended for the sole use of the Client as detailed on the front page of this document to 
whom the document is addressed and who has entered into a written agreement with the DNV GL entity 
issuing this document (“DNV GL”). To the extent permitted by law, neither DNV GL nor any group 
company (the "Group") assumes any responsibility whether in contract, tort including without limitation 
negligence, or otherwise howsoever, to third parties (being persons other than the Client), and no company 
in the Group other than DNV GL shall be liable for any loss or damage whatsoever suffered by virtue of any 
act, omission or default (whether arising by negligence or otherwise) by DNV GL, the Group or any of its or 
their servants, subcontractors or agents.  This document must be read in its entirety and is subject to any 
assumptions and qualifications expressed therein as well as in any other relevant communications in 
connection with it.  This document may contain detailed technical data which is intended for use only by 
persons possessing requisite expertise in its subject matter.  

 
2. This document is protected by copyright and may only be reproduced and circulated in accordance with the 

Document Classification and associated conditions stipulated or referred to in this document and/or in DNV 
GL’s written agreement with the Client. No part of this document may be disclosed in any public offering 
memorandum, prospectus or stock exchange listing, circular or announcement without the express and prior 
written consent of DNV GL.  A Document Classification permitting the Client to redistribute this document 
shall not thereby imply that DNV GL has any liability to any recipient other than the Client. 

 
3. This document has been produced from information relating to dates and periods referred to in this 

document. This document does not imply that any information is not subject to change. Except and to the 
extent that checking or verification of information or data is expressly agreed within the written scope of its 
services, DNV GL shall not be responsible in any way in connection with erroneous information or data 
provided to it by the Client or any third party, or for the effects of any such erroneous information or data 
whether or not contained or referred to in this document.  

 
4. Any wind or energy forecasts estimates or predictions are subject to factors not all of which are within the 

scope of the probability and uncertainties contained or referred to in this document and nothing in this 
document guarantees any particular wind speed or energy output. 
 

KEY TO DOCUMENT CLASSIFICATION 

Strictly Confidential : 
For disclosure only to named individuals within the Client’s 
organisation. 

Private and Confidential : 

For disclosure only to individuals directly concerned with the 
subject matter of the document within the Client’s 
organisation. 

Commercial in Confidence : Not to be disclosed outside the Client’s organisation. 

DNV GL only : Not to be disclosed to non-DNV GL staff 

Client’s Discretion : 

Distribution for information only at the discretion of the Client 
(subject to the above Important Notice and Disclaimer and 
the terms of DNV GL’s written agreement with the Client). 

Published : 
Available for information only to the general public (subject to 
the above Important Notice and Disclaimer). 

© 2019 DNV GL, All rights reserved 
 



 

 

 

GL Garrad Hassan Deutschland GmbH 

Registered in Germany, Amtsgericht Pinneberg, No. HR B 636 ME.  

Registered Office: Sommerdeich 14 b, 25709 Kaiser-Wilhelm-Koog, Germany.  

Place of performance and jurisdiction is Hamburg. Managing Directors: Dr. Andreas Schröter, Marko Ibsch. 

The latest edition of the General Terms and Conditions of GL Garrad Hassan Deutschland GmbH is applicable. German law applies 

 

 

 

  

Project name: MM92, Standard, 93129 / T01 DNV GL - Energy 

Renewables Measurements 

GL Garrad Hassan  

Deutschland GmbH 

Sommerdeich 14b 

25709 Kaiser-Wilhelm-Koog 

Germany 

Tel: +49 4856 901 0 

HR B 636 ME 

Report title: Results of acoustic noise measurements according 

to IEC 61400-11 Edition 3.0 

Customer: Senvion Canada Inc.,  

1250, boul. René-Lévesque Ouest, Bureau 3610,  

Montreal, Quebec, H3B 4W8 

Canada 

Contact person: Hans Luedke 

Date of order: 2018-10-16 

Project No.: 10029304  

Report No.: 10029304-R-1-A 

 

Task and objective: 

Noise emission measurement according to IEC 61400-11 Edition 3.0 on a wind turbine of type 

Senvion MM92 near Napier (Ontario) in Canada. 

Prepared by:  Verified by:  Approved by: 

     

Annika Johannsen B.Eng. 

(Project engineer) 

 

 Dipl.-Ing. (FH) Ulf Kock 

(Senior Project engineer) 

 Dipl.-Ing. (FH) Ulf Kock 

(Senior Project engineer ) 

 

     

   

  ☐ Strictly Confidential  

☐ Private and Confidential 

☐ Commercial in Confidence 

☐ DNV GL only 

☒ Client’s Discretion 

☐ Published 

 
Reference to part of this report which may lead to misinterpretation is not permissible. 

 
Rev. No. Date Reason for Issue Prepared by Verified by Approved by 

A 2019-03-08 First issue Annika Johannsen Ulf Kock Ulf Kock 

      

 
 
 

 

This report in excerpts may only be copied with written consent of  
GL Garrad Hassan Deutschland GmbH. It totally consists 88 pages incl. all annexes. 



 

 

 

DNV GL  –  Report No. 10029304-R-1-A  –  www.dnvgl.com  Page i 

 

Table of contents 

1 INTRODUCTION .............................................................................................................. 1 

2 WIND TURBINE INFORMATION ......................................................................................... 1 

2.1 Wind Turbine Equipment Details 1 

2.2 Wind Turbine Location 2 

3 METHODS ...................................................................................................................... 2 

a. Measurement procedure 2 

b. Course of measurements 2 

c. Measuring equipment 4 

d. Position of microphone 4 

e. Position of met mast 4 

4 MEASUREMENT RESULTS ................................................................................................. 5 

a. Determination of noise directivity 5 

b. Sound pressure level 5 

c. Sound power level 6 

4.1 Tonal and frequency analysis 7 

4.2 One-third octave analysis 7 

4.3 Type B uncertainties 8 

5 DEVIATIONS .................................................................................................................. 8 

6 RESULTS ....................................................................................................................... 9 

7 CONCLUSION ............................................................................................................... 10 

8 REFERENCES ................................................................................................................ 11 

9 LIST OF ABBREVIATIONS ............................................................................................... 12 

10 APPENDIX .................................................................................................................... 13 

10.1 LAeq vs. wind speed at 10 m height 14 

10.2 LAeq vs. wind speed at hub height 15 

10.3 Summary of analysis input and results at hub height 16 

10.4 Summary of analysis input and results at 10m height 17 

10.5 Measured wind speed from met mast vs. wind speed from power curve 18 

10.6 Measured wind speed from nacelle anemometer vs. wind speed from power curve 19 

10.7 LAeq vs. active power 20 

10.8 Rotor speed vs. active power 21 

10.9 Rotor speed vs. corrected wind speed 22 

10.10 Time plot of measurement 23 

10.11 Power Curve 24 

10.12 Third-octave sound power spectra at a WS of 6.5 m/s  at hub height 25 

10.13 Third-octave sound power spectra at a WS of 7.0 m/s  at hub height 26 

10.14 Third-octave sound power spectra at a WS of 7.5 m/s  at hub height 27 

10.15 Third-octave sound power spectra at a WS of 8.0 m/s  at hub height 28 

10.16 Third-octave sound power spectra at a WS of 8.5 m/s  at hub height 29 



 

 

 

DNV GL  –  Report No. 10029304-R-1-A  –  www.dnvgl.com  Page ii 

 

10.17 Third-octave sound power spectra at a WS of 9.0 m/s  at hub height 30 

10.18 Third-octave sound power spectra at a WS of 9.5 m/s  at hub height 31 

10.19 Third-octave sound power spectra at a WS of 10.0 m/s  at hub height 32 

10.20 Third-octave sound power spectra at a WS of 10.5 m/s  at hub height 33 

10.21 Third-octave sound power spectra at a WS of 11.0 m/s  at hub height 34 

10.22 Third-octave sound power spectra at a WS of 11.5 m/s  at hub height 35 

10.23 Third-octave sound power spectra at a WS of 12.0 m/s  at hub height 36 

10.24 Third-octave sound power spectra at a WS of 12.5 m/s  at hub height 37 

10.25 Third-octave sound power spectra at a WS of 13.0 m/s  at hub height 38 

10.26 Third-octave sound power spectra at a WS of 13.5 m/s  at hub height 39 

10.27 Third-octave sound power spectra at a WS of 5 m/s  at 10 m height 40 

10.28 Third-octave sound power spectra at a WS of 6 m/s  at 10 m height 41 

10.29 Third-octave sound power spectra at a WS of 7 m/s  at 10 m height 42 

10.30 Third-octave sound power spectra at a WS of 8 m/s  at 10 m height 43 

10.31 Third-octave sound power spectra at a WS of 9 m/s  at 10 m height 44 

10.33 Tonality analysis overview – all 45 

10.34 Tonality analysis - ∆Lpn,j and ∆La,k vs. frequency 46 

10.35 Tonality analysis - rpm vs. frequency for the identified tones in the total noise 47 

10.36 Tonality analysis - wind bin overview (page 1) 48 

10.37 Tonality analysis - wind bin overview (page 2) 49 

10.38 Tonality analysis - wind bin overview (page 3) 50 

10.39 Tonality analysis - wind bin overview (page 4) 51 

10.40 Tonality analysis - wind bin overview (page 5) 52 

10.41 Frequency spectra of total and background noise at a WS of 6.5 m/s at hub height 53 

10.42 Frequency spectra of total and background noise at a WS of 7.0 m/s at hub height 54 

10.43 Frequency spectra of total and background noise at a WS of 7.5 m/s at hub height 55 

10.44 Frequency spectra of total and background noise at a WS of 8.0 m/s at hub height 56 

10.45 Frequency spectra of total and background noise at a WS of 8.5 m/s at hub height 57 

10.46 Frequency spectra of total and background noise at a WS of 9.0 m/s at hub height 58 

10.47 Frequency spectra of total and background noise at a WS of 9.5 m/s at hub height 59 

10.48 Frequency spectra of total and background noise at a WS of 10.0 m/s at hub height 60 

10.49 Frequency spectra of total and background noise at a WS of 10.5 m/s at hub height 61 

10.50 Frequency spectra of total and background noise at a WS of 11.0 m/s at hub height 62 

10.51 Frequency spectra of total and background noise at a WS of 11.5 m/s at hub height 63 

10.52 Frequency spectra of total and background noise at a WS of 12.0 m/s at hub height 64 

10.53 Frequency spectra of total and background noise at a WS of 12.5 m/s at hub height 65 

10.54 Frequency spectra of total and background noise at a WS of 13.0 m/s at hub height 66 

10.55 Frequency spectra of total and background noise at a WS of 13.5 m/s at hub height 67 

10.56 Power curve used for the analysis 68 

10.57 Extract from REA 8388-9B7N4J; Schedule B 69 

10.58 Manufacturer’s certificate 70 

10.59 Measuring equipment 71 

10.60 Calibration certificate of noise level meter (page 1) 72 

10.61 Calibration certificate of noise level meter (page 2) 73 

10.62 Calibration certificate of noise level meter (page 3) 74 

10.63 Calibration certificate of noise level meter (page 4) 75 

10.64 Calibration certificate of noise level meter (page 5) 76 

10.65 Calibration certificate of calibrator (page 1) 77 



 

 

 

DNV GL  –  Report No. 10029304-R-1-A  –  www.dnvgl.com  Page iii 

 

10.66 Calibration certificate of calibrator (page 2) 78 

10.67 Calibration certificate of calibrator (page 3) 79 

10.68 Calibration certificate of anemometer (page 1) 80 

10.69 Calibration certificate of anemometer (page 2) 81 

10.70 Calibration certificate of anemometer (page 3) 82 

10.71 Calibration certificate of anemometer (page 4) 83 

10.72 Calibration certificate of anemometer (page 5) 84 

10.73 Extract of Calibration certificate of secondary wind screen 85 

10.74 Position of the test site 86 

10.75 Photos 87 
 

 



 

 

DNV GL  –  Report No. 10029304-R-1-A  –  www.dnvgl.com  Page 1/88 

  

 

1 INTRODUCTION 

DNV GL was retained by Senvion GmbH (“Senvion”) on behalf of wpd Napier Wind Incorporated, 

required under Renewable Energy Approval (“REA”) #8388-9B7N4J to conduct testing per the IEC 

61400-11 Edition 3.0 test standard on one of the wind turbines, designated as T01, located in the Napier 

Wind Project (“Napier”). The measurements were carried out in accordance with IEC 61400-11:2012, 

“Wind turbine generator systems – Part 11: Acoustic noise measurement techniques”. This report is 

specific only to turbine T01. 

GL Garrad Hassan Deutschland GmbH which is part of the Energy Renewable Advisory of DNV GL is 

accredited by the German DAKKS under ISO/IEC 17025 to perform testing according to the IEC 61400-

11 test standard. This report is not done under the accreditation to suit the format requested by the 

costumer. 

The results given in this report only relate to the specific turbine, weather conditions and measurement 

site. The results mentioned in this report can only be transferred to other turbines of the same model 

and technical construction with consideration of the uncertainty in the results, due to manufacturing 

tolerances and variation in meteorological and geographical conditions where the turbines might be 

installed. 

 

2 WIND TURBINE INFORMATION 

2.1 Wind Turbine Equipment Details 

Equipment information specific to turbine T01 was provided by the manufacturer and is summarized in 

Tables 1 to 5. 

Table 1 – Wind Turbine Details 

 

Wind Turbine Details 

Manufacturer Senvion 

Model Number MM92 100M CCV* 

Turbine ID (Serial Number) T01 (93129) 

 

Table 2 – Operating Details 

 

Operating Details 

Vertical or Horizontal axis wind turbine Horizontal 

Upwind or downwind rotor Upwind 

Hub height 100m 

Horizontal distance from rotor centre to 
tower axis 

3150 mm 

Diameter of rotor 92.5 m 

Tower type (lattice or tube) Tabular 

Passive stall, active stall, or pitch controlled 
turbine 

Pitch 

Constant or variable speed Variable 

Power curve See Annex Figure 10.11  

Rotational speed at each integer 
standardised wind speed 

See Annex Figure 10.9 

Rated power output 2.050 MW 
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Table 3 – Rotor Details 

 

Rotor Details 

Presence of aerodynamic add-ons, such as 
vortex generators, stall strips, serrated 

trailing edges, etc. 

 

Serrations 

Blade type RE 45.2  

Serial number 0026 – 0028 - 0029 

Number of blades 3 

 

Table 4 – Gearbox Details 

 

Gearbox Details 

Manufacturer ZF Hansen 

Model number EH854A-012L 

Serial number LM0313 

 

Table 5 – Generator Details 

 

Generator Details 

Manufacturer Siemens 

Model number JFRA-560SR-06A 

Serial number 6014631 

Information provided by Senvion is in the Manufacturers Certificate Section 10.58. 

 

2.2 Wind Turbine Location 

Turbine T01 is located in the municipality of Napier near the town of Strathroy. It is bounded to the 

north by Highway 402, to the east by Seed Road, to the south by Napperton Drive 39 and to the west by 

Kenwood Road 6. The area surrounding T01 is flat and consists primarily of farmland. The UTM 

coordinates of the turbine are 440074 m E and 4756817 m N. 

 

3 METHODS 

All measurements and analysis described in this report were done in accordance to our internal service 

instruction [2] which is based on IEC 61400-11 Ed. 3.0 Wind Turbines, Part 11: Acoustic Noise 

Measurement Techniques, 2012-11-07 [1]. 

a. Measurement procedure 

According to [1] the sound power level has to be analysed for wind speeds from 0.8 to 1.3 times the 

wind speed at 85 % of maximum power rounded to the bin centres.  

Note: A calculated power curve for the turbine was provided by the customer for purposes of converting 

the measured turbine power output into the standardized wind speed. This power curve is given in the 

annex. 

b. Course of measurements 

The total measurement period lasted from 2018-10-17 06:50 h until 2018-10-17 13:00 h.  

During turbine operation, the measured wind speed at hub height ranged from 6.0 to 16.0 m/s.  

The real electrical power output of the turbine ranged between 421 and 2112 kW.  
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The turbine was running continuously during the operating noise measurements. The sound pressure 

level was measured with a microphone on an acoustically hard board and fed into a sound level meter. 

The calculated A-weighted equivalent 1-second average data and the non-acoustic data were acquired 

by the measurement system with a sampling rate of 1 Hz. Time periods with intermittent background 

noise of a significant nature, e.g. passing cars, planes flying over, rain etc., were marked accordingly 

during the measurements and are omitted in the later evaluation. If there were random and reoccurring 

disturbances which could not be marked during the measurement, a later state correction by means of a 

comparison with the audio-recording is done. 

The wind turbine generator system is sited in farmland. The surface is covered by grass/plants; 

therefore a typical length of 0.05 m is assumed in the following. The microphone position was chosen to 

minimize the effect of buildings, trees or bushes in the surrounding area of the wind turbine generator 

system, which might have had an influence on the measurement results. The conditions comply with free 

field behaviour over a reflecting plane. 

During the noise measurements, the meteorological conditions given in Table 6 were prevailing. 

Table 6 Prevailing meteorological conditions during the measurements 

Parameter Value 

Barometric pressure at 2 m height above ground [hPa] 984 - 989  

Air temperature at 2 m height above ground [°C] 4.8 - 7.8  

Prevailing wind direction WSW 

Range of wind direction [°] 261 – 339 

Weather conditions Cloudy and dry 
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c. Measuring equipment 

The measuring equipment used for the measurement is listed in the annex. The equipment is tested 

regularly according to the management system support function [3] which includes the requirements of 

the [1] to ensure a high degree of measurement accuracy as well as data security. The complete 

acoustic measurement system was checked before and after the measurements using an acoustic 

calibrator. 

d. Position of microphone 

The microphone was placed according to [1]. The distance from the turbine to the reference measuring 

point, R0 = 144.0 m, was chosen taking local circumstances into account. The height of the microphone 

with respect to the bottom of the turbine foundation was hA = 0.0 m. 

e. Position of met mast 

To gain results of free wind at the turbine position the met mast was located at the marked area in 

Figure 1. The aim is to measure the wind speed and wind direction in free-wind conditions by means of 

an anemometer and wind vane mounted on a 10-m met mast. The wind speed measured at the met 

mast is used for background noise measurements. 

 
 

Figure 1: Position of the met mast  
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4 MEASUREMENT RESULTS 

a. Determination of noise directivity 

As no significant noise directivity was ascertained the reference noise measurement position was chosen 

to be directly downwind of the turbine. This position ensured that the worst-case sound propagation 

conditions were taken into account. 

b. Sound pressure level 

The microphone converts the sound pressure into a continuous analogue signal which is then fed to a 

sound level meter. The resulting dB value (LAeq) together with the status, the wind speed (WS) at a 

height of 10 m (Vz,m) and the measured power output (Pm) of the turbine, all recorded by the 

measurement system, is plotted against time in a graph given in the annex 10.10.  

Here it can be seen at which points in time the turbine is in operation and shut down and provides an 

overview of the background noise in relation to the operating noise over the whole period of the 

measurement.  

Non-normal background noises occurring in the measurement period, e.g. from aircraft or traffic, were 

marked during data acquisition to enable their easy omission in the evaluation to follow.  

The state signal is used to differentiate between periods when the turbine is in operation and when it is 

stopped.  

Following states have been used for evaluation in this report:  

State 0: marks the data to be omitted in the evaluation, 

State 1.5:  depicts a stopped turbine, 

State 2: depicts a turbine in operation. 

Remark Nr. 1: This measurement was performed using a secondary wind shield. The attenuation effect 

of this wind shield was corrected by use of the measured coefficients for the secondary wind shield of 

type EWS-16-22 which are shown in the annex. 

In order to determine the wind speed at hub height during noise measurement of the turbine the allowed 

range of the power curve is taken into account based of the following equation: 

 0)()(
1

+−−
+ tolktolk

PPPP  (1) 

where 

k is the wind speed bin number of the power curve; 

kP  is the power curve value at wind speed bin k; 

1+kP  is the power curve value above wind speed bin k; 

tolP  is the tolerance on the power reading, in this case it is 1 % of maximum power. 

 

All data points which exceed or are below these limitations are determined with nacelle anemometer and 

the wind speed from the power curve using the following relation: 
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 mnac,nnac,
VV

nac
= 

 (2) 

where 

Vnac,n  is the normalised wind speed from the nacelle anemometer, corrected to hub height; 

Vnac,m   is the wind speed measured with the nacelle anemometer. 

Outside the allowed range of the power curve the normalised WS at hub height is VH,n = Vnac,n.  

For this measurement nac is determined to be nac = 1.03.  

For background noise measurements the wind speed is measured at height z (in this case 10 m) and 

multiplied by factor Z  factor to derive the normalized wind speed at hub height.  

 mZ,nB, VV Z =   (3) 

where 

VZ,m  is the wind speed measured with an anemometer at height Z of at least 10 m; 

VB,n  is the normalised wind speed at hub height. 

During background noise measurements:  VH,n = VB,n. 

For this measurement z is determined to be z = 1.55. 

Besides the equivalent noise level, a 1/3-octave spectrum with centre frequencies between 20 Hz and 

10 kHz is calculated from the recorded WAV files and later on is used for the evaluation of the equivalent 

noise level LAeq,o,j. 

  =










=
28

1

10

jAeq,o,

ji,Aeq,

10log10
i

L

L  (4) 

 jo,Aeq,jAeq, LLj −=  (5) 

The difference j  between the noise level and the sum of the 1/3-octave band spectrum is added to 

each individual band ji,n,Aeq,L  in the 1/3-octave band spectrum for each measurement period j.  

 jLL += ji,Aeq,ji,n,Aeq,  (6) 

c. Sound power level 

In accordance to [1] the corrected sound pressure level for the 1/3-octave band i is the energetic 

difference between the total noise level and the background noise level expressed as: 

 ( )ki,B,V,ki,T,V, 1.01.0

kc,i,V, 1010log10
LL

L


−=  (7) 

The corresponding sound power level LWA,i,k is calculated from the background corrected sound pressure 

level for the same 1/3-octave band as follows: 

 









 
+−=

0

2

1
ki,c,V,ki,WA,

4
lg106

S

R
LL


 (8) 
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where 6 dB is the correction due to the doubled sound pressure sensed by the microphone caused by the 

coherent interference at the acoustically hard board.  








 


0

2

1
4

lg10
S

R
 corresponds to the ratio in dB of the surface area of a sphere having the radius R1 to 

the reference surface area of S0 

where 

S0 = 1 m2 

 ( ) ( )2A

2

01 hHdRR −++=  (9) 

 

The total sound power level LWA,k of the turbine in dB in wind speed bin k is derived by energy summing 

all the 1/3-octave band sound power levels: 

  =










=
28

1

10

kWA,

ki,WA,

10log10
i

L

L  (10) 

The difference between the sum of the 1/3-octave bands of the total noise and the sum of the 1/3-

octave band of the background noise has to be at least 3 dB. Otherwise the result shall not be reported. 

If the difference is larger than 3 dB and smaller than 6 dB the result shall be marked with an asterisk. 

The following results are given in the annex: 

• A plot of LT,c,l,k and Lv,B,l,k against wind speed; 

• A plot of LAeq against power; 

• A plot of rotor speed against power; 

• A plot of rotor speed against wind speed; 

• A plot of met mast wind speed against wind speed from power curve; 

• A plot of nacelle wind speed against wind speed from power curve; 

• A time plot of the measurement. 

• Power Curve 

For the Senvion MM92 in the present configuration the apparent sound power levels are given in  

Table 8. 

4.1 Tonal and frequency analysis 

In accordance with the international standard [1] a tonal analysis is carried out. The frequency spectrum 

of the noise measured on the acoustically hard board is determined on the basis of a narrow band 

analysis. This analysis is performed after the measurements using the recorded audio signal. 

The results of the tonal analysis of the Senvion MM92 according to [1] are given in Table 8. 

4.2 One-third octave analysis 

The A-weighted sound spectra at all the wind speed bins are given in the annex. 
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4.3 Type B uncertainties 

For these measurements, all the type B measurement uncertainty components as specified in Annex C of 

the IEC 61400-11 Ed. 3.0, are given in Table 7. For all the type B uncertainties mentioned here, a 

rectangular distribution of possible values is assumed for simplicity with a range described as “±a”. The 

standard deviation for such a distribution is 

 
3

a
U =  (11) 

Table 7 Type B measurement uncertainty components 

Uncertainty Components Value 

Calibration, UB1 0.2 dB 

Instruments, UB2 Taken from calibration certificates 

Board, UB3 0.3 dB 

Wind screen insertion loss, UB4 Depending on the frequency 

Distance and direction of microphone, UB5 0.1 dB 

Air absorption, UB6 Usually no uncertainty assumption 

Weather, UB7 0.5 dB 

Wind speed (measured), UB8
  1) 0.7 m/s 

Wind speed (derived), UB8
  2) 0.2 m/s 

Wind speed from power curve, UB9 0.2 m/s 

1) through nacelle anemometer or met mast 
2) through power curve 

 

5 DEVIATIONS 

There are no deviations from IEC 61400-11 Ed. 3.0. 
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6 RESULTS 

The result of this measurement is given in Table 8. For detailed results please refer to the annex.  

For the measured turbine in Mode Standard (2050 kW) the relevant wind speed range according to [1] is 

between 7.9 m/s and 12.8 m/s.   

Table 8 Summary of results at hub height 

WS at  

hub 
height  
[m/s] 

SPL LWA,k  

[dB] 

Combined 

uncertainty in 
the SPL  
UC,L,WA,k [dB] 

Measured  
rotorspeed 
[min-1] 

Tonal 
audibility 
∆La,k [dB] 

Frequency 
of  
the most 
prevalent  
tone [Hz] 

Relevant 

tone? 

Relevant 

tone 
above 0 
dB? 

8.0 100.6 1.2 14.2 -1.83 106 Yes No 

8.5 102.1 0.9 14.8 - - No No 

9.0 102.8 0.7 15.0 - - No No 

9.5 103.2 0.8 15.0 -1.28 600 Yes No 

10.0 103.5 0.8 15.0 
-2.51 

0.61 

113 

600 

Yes 

Yes 

No 

Yes 

10.5 103.6 0.9 15.0 
-1.52 

1.72 

113 

599 

Yes 

Yes 

No 

Yes 

11.0 103.4 1.1 15.0 
0.53 

2.14 

113 

599 

Yes 

Yes 

Yes 

Yes 

11.5 103.1 1.1 15.0 
2.16 

1.88 

113 

602 

Yes 

Yes 

Yes 

Yes 

12.0 103.4 1.3 15.0 
1.02 

2.06 

113 

599 

Yes 

Yes 

Yes 

Yes 

12.5 103.9 1.3 15.0 
0.70 

3.42 

112 

598 

Yes 

Yes 

Yes 

Yes 

13.0 103.8 1.3 15.0 
0.13 

4.84 

113 

598 

Yes 

Yes 

Yes 

Yes 

 

Table 9 Summary of results at 10 m height 

WS at 10 m height 
[m/s] 

SPL LWA,10m,k [dB] 

Combined uncertainty in 
the SPL 
UC,L,WA,10m,k  [dB] 

 

5 97.8 1.2  

6 102.2 0.7  

7 103.5 0.8  

8 103.1 1.1  

9 103.8 1.3  
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7 CONCLUSION 

GL Garrad Hassan Deutschland GmbH supported by GL Garrad Hassan Canada Inc. undertook 

measurements of the acoustic noise emissions of turbine T01 of the Napier Wind Farm. 

As per REA number 8388-9B7N4J the measurements and analysis of the sound power level and tonality 

described in this report are based on the international standard IEC 61400-11 Ed. 3.0. The analysis of 

the sound power level was carried out using the standardised wind speed which was derived from the 

calculated power curve provided by the customer (see annex). 

The values of measured Tonal audibility ∆La,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. The [1] considers a tone as 

relevant if more than 20 % of the datasets within a BIN show a tone of same origin and their combined 

∆La,k exceeds the audibility criteria of ∆La,k>-3 dB. 

The results of the measurement confirm that turbine T01 with serial number 93129 does not exceed the 

value of the maximum sound power level shown in Table B1 of the Schedule B of the REA number 8388-

9B7N4J (Annex Figure 10.57) including a 0.5 dB tolerance included in the 2017 Ontario Compliance 

Protocol. The wind turbine generator system is considered in compliance on sound power level, when 

verified against the 2017 Ontario Compliance Protocol. 

 

It is assured that this report has been drawn up impartially and with best knowledge and 

conscience.  
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9 LIST OF ABBREVIATIONS 
Abbreviation Description Unit 

d  distance from rotor centre to tower axis [m] 

D  rotor diameter [m] 

H  height of rotor centre above local ground near the wind turbine [m] 

LA or LC  A or C-weighted sound pressure level [dB] 

LAeq  equivalent continuous A-weighted sound pressure level [dB] 

Lpn,j,k  sound pressure level of masking noise within a critical band in the ‘j th’ 
  spectrum at the ‘k th’ wind speed bin [dB] 

Lpn,avg,j,k  average of analysis bandwidth sound pressure levels of masking noise  
  in the ‘j th’ spectra at the ‘k th’ wind speed bin [dB] 

Lpt,j,k  sound pressure level of the tone or tones in the ‘j th’ spectra at the ‘k th’ wind speed bin [dB] 

LWA,k  apparent sound power level, where k is a wind speed centre value [dB] 

log   logarithm to base 10 

P m  measured electric power [kW] 

P n  normalised electric power [kW] 

P k  power curve value at wind bin k  [kW] 

P tol  tolerance of the power reading [kW] 

R0  reference distance [m] 

R1  slant distance from rotor centre to actual measurement position [m] 

S0  reference area, S0 = 1 m2 [m] 

SPL  sound power level [dB] 

TC  air temperature [°C] 

TK  absolute air temperature [K] 

uA  Uncertainty components of Type A [dB] 

uB  Uncertainty components of Type B [dB] 

VH,n   normalised wind speed at hub height H [m/s] 

VP,n  normalised wind speed derived from power curve [m/s] 

Vz  wind speed at height z [m/s] 

Vnac,m  measured wind speed from nacelle anemometer [m/s] 

Vnac,n  normalised wind speed from nacelle anemometer [m/s] 

f  frequency of the tone [Hz] 

fc  centre frequency of critical band [Hz] 

p  atmospheric pressure [kPa] 

z0  roughness length [m] 

z0ref  reference roughness length, 0.05 m [m] 

z  anemometer height [m] 

  Ratio between normalised wind speed and measured wind speed [-] 

Ltn,j,k  tonality of the ‘j th’ spectrum at ‘k th’ wind speed [dB] 

Φ  inclination angle [°] 

VZ,m  is the measured wind speed with an anemometer at height Z of at least 10 m [m/s] 

VB,n  is the normalised wind speed at hub height  [m/s] 

 
Description of the subscripts and indexes of the formulas  

i  1/3 octave band number (e.g. i = 1 for 20 Hz centre frequency,  
i = 2 for 25 Hz centre frequency, ... , i = 28 for 10 kHz centre frequency) 

j  10 s measurement period number  
(each bin should have the minimum of 10 points per bin therefore j = 1 to 10 or greater)    

k  wind speed bin (i.e. k = 6 m/s bin, k = 6,5 m/s bin, k = 7 m/s bin, etc.)  

V  bin centre value; of measured 1/3 octave spectrum 

n  normalized spectrum 

N number of measurements in wind speed k 

T  total noise 

B  background noise 

C background corrected total noise 
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10 APPENDIX 
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10.1 LAeq vs. wind speed at 10 m height 

 



 

 

DNV GL  –  Report No. 10029304-R-1-A  –  www.dnvgl.com  Page 15/88 

  

10.2 LAeq vs. wind speed at hub height 
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10.3 Summary of analysis input and results at hub height 
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10.4 Summary of analysis input and results at 10m height 
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10.5 Measured wind speed from met mast vs. wind speed from 

power curve 
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10.6 Measured wind speed from nacelle anemometer vs. wind 

speed from power curve 
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10.7 LAeq vs. active power 
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10.8 Rotor speed vs. active power  
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10.9 Rotor speed vs. corrected wind speed 
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10.10 Time plot of measurement 
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10.11 Power Curve 
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10.12 Third-octave sound power spectra at a WS of 6.5 m/s  

at hub height 
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10.13 Third-octave sound power spectra at a WS of 7.0 m/s  

at hub height 
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10.14 Third-octave sound power spectra at a WS of 7.5 m/s  

at hub height 
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10.15 Third-octave sound power spectra at a WS of 8.0 m/s  

at hub height 
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10.16 Third-octave sound power spectra at a WS of 8.5 m/s  

at hub height 
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10.17 Third-octave sound power spectra at a WS of 9.0 m/s  

at hub height 
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10.18 Third-octave sound power spectra at a WS of 9.5 m/s  

at hub height  

 



 

 

DNV GL  –  Report No. 10029304-R-1-A  –  www.dnvgl.com  Page 32/88 

  

10.19 Third-octave sound power spectra at a WS of 10.0 m/s  

at hub height 
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10.20 Third-octave sound power spectra at a WS of 10.5 m/s  

at hub height 
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10.21 Third-octave sound power spectra at a WS of 11.0 m/s  

at hub height 
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10.22 Third-octave sound power spectra at a WS of 11.5 m/s  

at hub height  
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10.23 Third-octave sound power spectra at a WS of 12.0 m/s  

at hub height 
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10.24 Third-octave sound power spectra at a WS of 12.5 m/s  

at hub height 
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10.25 Third-octave sound power spectra at a WS of 13.0 m/s  

at hub height 
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10.26 Third-octave sound power spectra at a WS of 13.5 m/s  

at hub height 
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10.27 Third-octave sound power spectra at a WS of 5 m/s  

at 10 m height  
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10.28 Third-octave sound power spectra at a WS of 6 m/s  

at 10 m height  
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10.29 Third-octave sound power spectra at a WS of 7 m/s  

at 10 m height  
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10.30 Third-octave sound power spectra at a WS of 8 m/s  

at 10 m height  
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10.31 Third-octave sound power spectra at a WS of 9 m/s  

at 10 m height 
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10.33  Tonality analysis overview – all  
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10.34  Tonality analysis - ∆Lpn,j and ∆La,k vs. frequency  
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10.35  Tonality analysis - rpm vs. frequency for the identified 

tones in the total noise  
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10.36  Tonality analysis - wind bin overview (page 1)  
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10.37  Tonality analysis - wind bin overview (page 2) 
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10.38  Tonality analysis - wind bin overview (page 3) 

 



 

 

DNV GL  –  Report No. 10029304-R-1-A  –  www.dnvgl.com  Page 51/88 

  

10.39  Tonality analysis - wind bin overview (page 4) 
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10.40  Tonality analysis - wind bin overview (page 5) 
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10.41 Frequency spectra of total and background noise at a WS 

of 6.5 m/s at hub height 
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10.42 Frequency spectra of total and background noise at a WS 

of 7.0 m/s at hub height 
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10.43 Frequency spectra of total and background noise at a WS 

of 7.5 m/s at hub height 
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10.44 Frequency spectra of total and background noise at a WS 

of 8.0 m/s at hub height 
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10.45 Frequency spectra of total and background noise at a WS 

of 8.5 m/s at hub height 
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10.46 Frequency spectra of total and background noise at a WS 

of 9.0 m/s at hub height 
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10.47 Frequency spectra of total and background noise at a WS 

of 9.5 m/s at hub height 
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10.48 Frequency spectra of total and background noise at a WS 

of 10.0 m/s at hub height 
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10.49 Frequency spectra of total and background noise at a WS 

of 10.5 m/s at hub height 
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10.50 Frequency spectra of total and background noise at a WS 

of 11.0 m/s at hub height 
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10.51 Frequency spectra of total and background noise at a WS 

of 11.5 m/s at hub height 
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10.52 Frequency spectra of total and background noise at a WS 

of 12.0 m/s at hub height 
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10.53 Frequency spectra of total and background noise at a WS 

of 12.5 m/s at hub height 
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10.54 Frequency spectra of total and background noise at a WS 

of 13.0 m/s at hub height 
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10.55 Frequency spectra of total and background noise at a WS 

of 13.5 m/s at hub height 
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10.56 Power curve used for the analysis 
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10.57 Extract from REA 8388-9B7N4J; Schedule B 
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10.58 Manufacturer’s certificate  
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10.59 Measuring equipment 

  

Beschreibung 
description 

Fabrikat 
supplier 

Typ 
Type 

WT Nr./Ser.Nr. 
WT stock number/ 

serial number 

letzte  
Kalibrierung 
last calibration 

nächste 
Kalibrierung  

next calibration 

Schallpegelmesser 
sound level meter 

Svantek 979 59702 Jun. 17 Jun. 19 

Mikrofon 
microphone 

G.R.A.S. 40AE 242494 

gemeinsame 
Kalibration  

common  
calibration 

gemeinsame 
Kalibration 

common  
calibration 

Vorverstärker 
preamp. 

Svantek SV17 57849 

Mikrofonkabel 
microphone cable 

Svantek SC93/10 - 

Akustischer Kalibrator 
acoustic calibrator 

CAL 200 5593 Mrz. 18 Mrz. 19 

            

Primärwindschirm 
primary wind shield 

Brüel & Kjær UA 0237 -     

Sekundärwindschirm 
secondary wind shield 

DNVGL EWS 15-22 GLGH-428618-336000070     

            

Anemometer 
anemometer 

Thies Clima 4.9200.00.000 
GLGH 428616-113000306 

(10160038) 
Nov. 16 Nov. 18 

Windrichtungsgeber 
wind direction sensor 

Thies Clima 4.9200.00.000 
GLGH 428616-113000306 

(10160038) 
Nov. 16 Nov. 18 

Temperaturgeber 
temperature sensors  

Thies Clima 4.9200.00.000 
GLGH 428616-113000306 

(10160038) 
    

Luftdruckgeber 
pressure sensors 

Thies Clima 4.9200.00.000 
GLGH 428616-113000306 

(10160038) 
    

Feuchtesensor                              
humidity sensor 

Thies Clima 4.9200.00.000 
GLGH 428616-113000306 

(10160038) 
  
  

  
  

Niederschlagssensor     rain 
sensor  

Thies Clima 4.9200.00.000 
GLGH 428616-113000306 

(10160038) 

            

WEA Box Expert EX9017/F 
GLGH-428616-323000015 

(66024) 
Nov. 16 Nov. 18 

            

Laser-  
Entfernungsmesser 
laser distance meter 

Lasertech  TruePulse 200  -      

            

Erfassungsrechner 
data acquisition computer 

Lenovo X230  -     

            

Erfassungs- und  
Auswertesoftware 
data acquisition and  
analytical software 

GfS Aachen 
Microsoft 

DATALOG GmbH 

DIAdem 18.0 
Office 365 ProPlus 

Dasy-Lab 16.0 
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10.60 Calibration certificate of noise level meter (page 1) 
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10.61 Calibration certificate of noise level meter (page 2) 

 



 

 

DNV GL  –  Report No. 10029304-R-1-A  –  www.dnvgl.com  Page 74/88 

  

10.62 Calibration certificate of noise level meter (page 3) 

 



 

 

DNV GL  –  Report No. 10029304-R-1-A  –  www.dnvgl.com  Page 75/88 

  

10.63 Calibration certificate of noise level meter (page 4) 
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10.64 Calibration certificate of noise level meter (page 5) 
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10.65 Calibration certificate of calibrator (page 1) 
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10.66 Calibration certificate of calibrator (page 2) 
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10.67 Calibration certificate of calibrator (page 3) 
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10.68 Calibration certificate of anemometer (page 1) 
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10.69 Calibration certificate of anemometer (page 2) 
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10.70 Calibration certificate of anemometer (page 3) 
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10.71 Calibration certificate of anemometer (page 4) 
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10.72 Calibration certificate of anemometer (page 5) 
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10.73 Extract of Calibration certificate of secondary wind screen 
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10.74  Position of the test site 
Source: Google Earth 
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10.75 Photos  

 

Photo 1: Photo from microphone and board toward the turbine  
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Photo 2: Photo from the wind met mast toward the turbine 
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