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GE Energ~j

Parker D. Powell
Technical Leader

March 28, 2013

Don Karwisch
NextEra Energy Resources
700 Universe Blvd
Juno Beach, FL 33408

RE: Tonality of 1.6-100, 1.39-100, & 1.34-100 Wind Turbine Generators

Mr. Karwisch:

On September 20, 2012, I responded to your request to help respond to the Ministry of Environment’s
request to “Provide a letter and report from manufacturer indicating that GE1.6-100, 1.62 MW is not
tonal based on IEC 61400-11-ed.2.1: 2006. State the tonality of the turbines in the report.”

IEC 61400-11 only requires a report of any tonality that exceeds 3dB, but appears not to define the
term “tonal”.

The 1.6-100, 1.39-100, and 1.34-100 turbines (with or without low-noise trailing edges) have an
expected value for tonal audibility of z~La,k < 2 dB, irrespective of wind speed, hub height, and grid
frequency based on the IEC 61400-11 standard and thuse does not require a report.

Nonetheless, please refer to the attached report on the 1.6-100, 1.39-100, and 1.34-100 with LNTE’s,
the models NextEra plans to install, for more detailed acoustic information. These are updates to the
version provided with my September 20, 2012 letter. The following changes were made:

• Tabel 1 was replaced to include lower wind speeds and to update the low frequencies based
on measurement data.

• The description for Audible Tonality was updated to conform with IEC 61400-11 standard. It
now says, “The tonal audibility (~La,k), when measured in accordance with the IEC 61400-11
standard, for the GE’s 1.6-100 with LNTE is less than or equal to 2 dB.”.

Best regards,

?~&4~o~ ,~4
Attachments: Technical Description of the 1.6-100 Wind Turbine with Low-Noise Trailing Edges

(LNTE’s) and Major Components Rev 3

Technical Description of the 1.39-100 Wind Turbine with Low-Noise Trailing Edges
(LNTE’s) and Major Components Rev 2

Technical Description of the 1.34-100 Wind Turbine with Low-Noise Trailing Edges
(LNTE’s) and Major Components Rev 2

GE Energy 1
Bldg. 53-405B Phone 518-385-5838
1 River Road Cell 518-867-6298
Schenectady, NY 12345 email parker.powell@ge.com
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1 Introduction 

This document summarizes the acoustic emission characteristics of the 1.6-100 with Low Noise Trailing Edge 

(LNTE) wind turbine for normal operation, including calculated apparent sound power levels LWA,k, as well as 

uncertainty levels associated with the apparent sound power levels, tonal audibility, and calculated third 

octave band apparent sound power level. 

All provided sound power levels are A-weighted. 

GE continuously verifies specifications with measurements, including those performed by independent 

institutes. If a wind turbine noise performance test is carried out, it needs to be done in accordance with the 

regulations of the international standard IEC 61400-11, ed. 2.1: 2006 and Machine Noise Performance Test 

document. 
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2 Normal Operation Calculated Apparent Sound Power Level 

The apparent sound power levels LWA,k are initially calculated as a function of the hub height wind speed vHH. 

The corresponding wind speeds v10m at 10 m height above ground level have been evaluated assuming a 

logarithmic wind profile. In this case a surface roughness of z0ref = 0.05 m has been used, which is 

representative of average terrain conditions. 

ref

ref

HHm

z
heighthub

z
m

vv

0

0

10

ln

10ln
   * 

The calculated apparent sound power levels LWA,k and the associated octave-band spectra are given in  

Table 1 and Table 2 for two different hub heights. The values are provided as mean levels as a function of v10m 

for Normal Operation (NO) over cut-in to cut-out wind speed range. The uncertainties for octave sound power 

levels are generally higher than for total sound power levels. Guidance is given in IEC 61400-11, Annex D. 

1.6-100 with LNTE – Normal Operation Octave Spectra 

Standard wind speed at 10 m [m/s] 3 4 5 6 7 8 9 10-Cutout 

Hub height wind speed at 80 m [m/s] 4.2 5.6 7.0 8.4 9.7 11.1 12.5 14-Cutout 

Frequency 
(Hz) 

31.5 62.5 62.2 66.1 70.1 73.5 73.7 73.6 73.5 

63 72.1 71.9 75.9 80.3 84.0 84.1 84.1 84.0 

125 79.0 79.2 83.8 88.4 91.6 91.8 91.8 91.7 

250 84.0 84.6 89.4 94.7 95.4 95.3 95.4 95.5 

500 85.5 84.9 89.7 95.5 97.1 96.6 96.7 97.0 

1000 83.4 83.0 86.9 91.8 97.1 97.5 97.6 97.8 

2000 81.7 83.4 87.9 92.4 95.7 95.7 95.5 95.1 

4000 74.9 77.7 83.5 88.9 89.7 89.1 88.4 87.9 

8000 55.5 57.6 63.5 70.3 70.4 70.6 69.4 69.1 

16000 7.9 13.2 18.9 24.7 27.2 26.6 27.5 29.0 

Total apparent sound power level 
LWA.k [dB] 

90.4 90.7 95.3 100.5 103.0 103.0 103.0 103.0 

Table 1: Normal Operation Calculated Apparent Sound Power Level, 1.6-100 with LNTE with 80 m hub height as a function of 10 m wind 
speed (z0ref = 0.05 m), the octave band spectra are for information only 

                                                           
* Simplified from IEC 61400-11, ed. 2.1: 2006 equation 7 
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1.6-100 with LNTE – Normal Operation Octave Spectra 

Standard wind speed at 10 m [m/s] 3 4 5 6 7 8 9 10-Cutout 

Hub height wind speed at 96 m [m/s] 4.3 5.7 7.1 8.6 10.0 11.4 12.8 14-Cutout 

Frequency 
(Hz) 

31.5 62.4 62.4 66.6 70.6 73.7 73.7 73.6 73.5 

63 72.1 72.0 76.5 80.8 84.1 84.1 84.1 84.0 

125 79.0 79.5 84.4 89.0 91.6 91.8 91.8 91.7 

250 84.0 84.9 90.1 95.0 95.3 95.3 95.5 95.5 

500 85.4 85.0 90.3 96.0 96.8 96.6 96.8 97.0 

1000 83.4 83.1 87.5 92.4 97.2 97.4 97.7 97.8 

2000 81.8 83.7 88.5 92.9 95.8 95.7 95.4 95.1 

4000 75.1 78.2 84.2 89.3 89.7 88.8 88.4 87.9 

8000 55.7 57.9 64.4 70.7 71.1 69.8 69.3 69.1 

16000 8.4 13.6 19.5 25.2 27.3 26.4 27.8 29.0 

Total apparent sound power level 
LWA.k [dB] 

90.4 90.9 96.0 101.0 103.0 103.0 103.0 103.0 

Table 2: Normal Operation Calculated Apparent Sound Power Level, 1.6-100 with LNTE with 96 m hub height as a function of 10 m wind 
speed (z0ref = 0.05 m), the octave band spectra are for information only 

At 10 m wind speeds lower than 5 m/s the sound power levels decreases, and may get so low that the wind 

turbine noise becomes indistinguishable from the background noise. For a conservative calculation the data at 

5 m/s may be used. 

For 10 m wind speeds above 10 m/s, the wind turbine has reached rated power and the blade pitch regulation 

acts in a way that tends to decrease the noise levels. For a conservative calculation the data at 10 m/s may be 

used. 

The highest normal operation calculated apparent sound power level for the 1.6-100 with LNTE is 

LWA,k = 103.0 dB. 

bhuwan.prasad
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3 Uncertainty Levels 

The apparent sound power levels given above are calculated mean levels. If a wind turbine noise performance 

test is carried out, it needs to be done in accordance with the regulations of the international standard 

IEC 61400-11, ed. 2.1: 2006. Uncertainty levels associated with measurements are described in  

IEC/TS 61400-14. 

Per IEC/TS 61400-14, LWAd is the maximum apparent sound power level for 95 % confidence level resulting 

from n measurements performed according to IEC 61400-11 standard: LWad = LWA + K, where LWA is the mean 

apparent sound power level from IEC 61400-11 testing reports and K = 1.645 σT. 

The testing standard deviation values σT, σR and σP for measured apparent sound power level are described by 

IEC/TS 61400-14, where σT is the total standard deviation, σP is the standard deviation for product variation 

and σR is the standard deviation for test reproducibility. 

Assuming σR < 0.8 dB and σP < 0.8 dB as typical values leads to a calculated K < 2 dB for 95 % confidence level. 

4 Tonal Audibility 

The tonal audibility ( La,k), when measured in accordance with the IEC 61400-11 standard, for the GE’s 1.6-100 

with LNTE is less than or equal to 2 dB. 

5 IEC 61400-11 and IEC/TS 61400-14 Terminology 

 LWA,K is wind turbine apparent sound power level (referenced to 10-12W) measured with A-weighting  as 
function of reference wind speed v10m. Derived from multiple measurement reports per IEC 61400-11, it is 
considered as a mean value 

 σP is the product variation i.e. the 1.6-100 with LNTE unit-to-unit product variation; typically < 0.8 dB 

 σR is the overall measurement testing reproducibility as defined per IEC 61400-11; typically < 0.8 dB with 
adequate measurement conditions and sufficient amount of data samples  

 σT is the total standard deviation combining both σP and σR  

 K = 1.645 σT is defined per IEC/TS 61400-14 for 95 % confidence level 

 R0  is the ground measuring distance from the wind turbine tower axis per IEC 61400-11, which shall equal 
the hub height plus half the rotor diameter 

 La, k is the tonal audibility according to IEC 61400-11, described as potentially audible narrow band sound 

 

6 1/3rd Octave Band Spectra 

The tables in Annex I are showing the 1/3rd octave band values for different hub heights in different wind 

speeds. 
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Reference: 

 IEC 61400-1. Wind turbines – part 1: Design requirements. ed. 2. 1999 

 IEC 61400-11, wind turbine generator systems part 11: Acoustic noise measurement 

techniques, ed. 2.1, 2006-11 

 IEC/TS 61400-14, Wind turbines – part 14: Declaration of apparent sound power level and 

tonality values, ed. 1, 2005-03 

 MNPT – Machine Noise Performance Test, Technical documentation, GE 2011 
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Appendix I - Calculated 1/3rd Octave Band Apparent Sound Power Level LWA,k 

1.6-100 with LNTE - Normal Operation 1/3rd Octave Band Spectra 

Standard wind speed at 10 m [m/s] 3 4 5 6 7 8 9 10-Cutout 

Hub height wind speed at 80 m [m/s] 4.2 5.6 7.0 8.4 9.7 11.1 12.5 14-Cutout 

Frequency 
(Hz) 

25 52.2 52.1 55.8 59.7 63.0 63.2 63.1 62.9 

32 56.6 56.4 60.2 64.2 67.5 67.7 67.7 67.5 

40 60.6 60.3 64.2 68.3 71.6 71.9 71.8 71.7 

50 63.7 63.5 67.4 71.6 75.0 75.2 75.2 75.0 

63 66.5 66.2 70.3 74.6 78.1 78.3 78.3 78.2 

80 69.7 69.5 73.6 78.0 81.8 82.0 81.9 81.8 

100 72.3 72.2 76.5 81.0 84.8 84.9 84.9 84.7 

125 74.1 74.2 78.7 83.3 86.6 86.9 86.9 86.8 

160 75.6 76.1 80.8 85.6 88.3 88.5 88.6 88.5 

200 77.5 78.1 83.0 87.9 89.7 89.9 90.0 90.0 

250 79.5 80.1 85.0 90.2 91.0 90.9 91.0 91.1 

315 80.3 80.7 85.6 91.0 91.1 90.8 90.8 91.0 

400 80.7 80.6 85.4 91.1 91.5 91.0 91.0 91.2 

500 81.0 80.4 85.1 91.0 92.4 91.9 91.9 92.2 

630 80.3 79.4 84.0 89.9 92.9 92.6 92.7 93.0 

800 79.0 78.0 82.3 87.8 92.6 92.6 92.7 93.0 

1000 78.4 77.9 81.7 86.4 92.3 92.7 92.8 93.0 

1250 78.5 78.7 82.4 86.6 92.1 92.8 92.9 93.0 

1600 77.9 78.7 82.8 87.0 91.4 91.9 91.9 91.6 

2000 77.0 78.8 83.3 87.8 91.1 91.0 90.6 90.2 

2500 75.7 78.5 83.4 88.1 90.4 89.7 89.1 88.6 

3150 73.2 76.1 81.8 86.9 88.1 87.2 86.7 86.1 

4000 69.1 71.7 77.7 83.5 83.6 83.5 82.5 82.2 

5000 63.7 65.4 72.0 78.0 78.0 78.2 76.7 76.7 

6300 55.3 57.3 63.3 70.0 70.1 70.2 69.1 68.7 

8000 42.6 45.5 51.0 57.4 58.6 58.8 57.9 57.4 

10000 27.1 31.3 36.5 42.5 44.6 44.4 44.4 44.4 

12500 7.9 13.2 18.9 24.6 27.2 26.6 27.4 29.0 

16000 -19.0 -13.2 -6.1 -0.3 1.9 1.8 4.0 6.3 

20000 -47.8 -42.5 -34.1 -26.9 -25.9 -24.6 -21.8 -19.1 

Total apparent sound power level  
LWA.k [dB] 

90.4 90.7 95.3 100.5 103.0 103.0 103.0 103.0 

Table 3: Calculated Apparent 1/3rd Octave Band Sound Power Level (A-weighted) 1.6-100 with LNTE with 80 m hub height as Function of 
Wind Speed v10m 
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1.6-100 with LNTE - Normal Operation 1/3rd Octave Band Spectra 

Standard wind speed at 10 m [m/s] 3 4 5 6 7 8 9 10-Cutout 

Hub height wind speed at 96 m [m/s] 4.3 5.7 7.1 8.6 10.0 11.4 12.8 14-Cutout 

Frequency 
(Hz) 

25 52.1 52.2 56.4 60.2 63.2 63.2 63.1 62.9 

32 56.6 56.5 60.7 64.7 67.7 67.7 67.6 67.5 

40 60.6 60.5 64.7 68.8 71.8 71.9 71.8 71.7 

50 63.7 63.6 67.9 72.1 75.2 75.2 75.2 75.0 

63 66.5 66.4 70.8 75.1 78.3 78.3 78.3 78.2 

80 69.7 69.7 74.2 78.6 81.9 81.9 81.9 81.8 

100 72.3 72.4 77.0 81.5 84.9 84.9 84.9 84.7 

125 74.0 74.5 79.3 83.8 86.7 86.9 86.9 86.8 

160 75.6 76.4 81.4 86.1 88.3 88.5 88.6 88.5 

200 77.5 78.5 83.6 88.4 89.7 89.9 90.0 90.0 

250 79.5 80.4 85.6 90.6 90.9 90.9 91.1 91.1 

315 80.3 81.0 86.2 91.4 90.9 90.8 90.9 91.0 

400 80.7 80.8 86.1 91.5 91.2 90.9 91.1 91.2 

500 80.9 80.5 85.8 91.5 92.1 91.8 92.0 92.2 

630 80.3 79.4 84.7 90.5 92.7 92.6 92.8 93.0 

800 78.9 78.1 82.9 88.5 92.5 92.5 92.8 93.0 

1000 78.3 78.1 82.2 87.2 92.5 92.6 92.9 93.0 

1250 78.5 78.8 82.9 87.2 92.4 92.8 93.0 93.0 

1600 77.9 78.9 83.3 87.5 91.6 91.9 91.9 91.6 

2000 77.1 79.1 83.9 88.3 91.1 90.9 90.6 90.2 

2500 75.9 78.8 84.0 88.6 90.3 89.6 89.0 88.6 

3150 73.4 76.5 82.4 87.3 87.9 87.0 86.6 86.1 

4000 69.2 72.2 78.4 83.8 83.7 83.2 82.5 82.2 

5000 63.8 65.9 72.8 78.3 78.4 77.5 76.8 76.7 

6300 55.4 57.6 64.1 70.4 70.8 69.4 69.0 68.7 

8000 42.9 45.8 51.8 57.9 59.1 58.4 57.7 57.4 

10000 27.5 31.6 37.2 43.0 44.9 44.1 44.4 44.4 

12500 8.4 13.6 19.5 25.2 27.3 26.4 27.8 29.0 

16000 -18.5 -12.7 -5.4 0.2 1.8 2.0 4.6 6.3 

20000 -47.5 -41.9 -33.2 -26.3 -26.0 -24.1 -21.1 -19.1 

Total apparent sound power level  
LWA.k [dB] 

90.4 90.9 96.0 101.0 103.0 103.0 103.0 103.0 

Table 4: Calculated Apparent 1/3rd Octave Band Sound Power Level (A-weighted), 1.6-100 with LNTE with 96 m hub height as Function 
of Wind Speed v10m 
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Attachment C 

Sub-station Transformer Sound 
Calculations 



Transformer Substation rating (dBA) 73 As per Northern Transformer specs Description

Area around Transformer (m²) 99.03based on total area (transformer top and four sides)

Sound Power Level, dBA 73+10logS 93.0 Ref. 1, Eq. 17

Octave Band Centre Frequency ( Hz )

Sound Description 31.5 63 125 250 500 1000 2000 4000 8000 Sum

93.0 93.0 93.0 93.0 93.0 93.0 93.0 93.0 93.0

-3 3 5 0 0 -6 -11 -16 -23 Ref. 1, Table 1 octave band corrections

90.0 96.0 98.0 93.0 93.0 87.0 82.0 77.0 70.0 101.7 (93 dB + octave correction)

-39.4 -26.2 -16.1 -8.6 -3.2 0.0 1.2 1.0 -1.1

50.6 69.8 81.9 84.4 89.8 87.0 83.2 78.0 68.9 93.3

-0.3 -0.3 -0.3 -0.3 -0.3 -0.3 -0.3 -0.3 -0.3

50.3 69.5 81.6 84.1 89.5 86.7 82.9 77.7 68.6 93.0

5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 as per NPC-104

Base, dB

Octave Band Correction

Corrected Subs. Transformer PWL, dB 

dB to dBA

PWL (dBA)

Correct to 93.0 dBA

Corrected PWL (dBA)

Tonal Penalty (dBA)

Transformer Total PWL (dBA) 55.3 74.5 86.6 89.1 94.5 91.7 87.9 82.7 73.6 98.0 including Tonal Penalty

Reference 1: Sound Power Level Prediction for Industrial Machinery by Bruce and Mortiz

Table 1: East Durham Wind  Transformer Substation Sound Levels



Area Calculation for Northern Transformer for East Durham Wind Energy 

Top Area = (Area of rectangle A’B’E’F’) – Area of (triangle A’AH + triangle B’BC + triangle DE’E + triangle 

FF’G) 

= {(0.3+3.6+0.3) metres) x (2+3.11+2) metres} – {2 x (2 metres x 0.3 metres)} 

= {(4.2 metres) x (7.11 metres)} – 1.2 metres 

= 29.86 square metres – 1.2 square metres = 28.66 square metres 

Top Perimeter = 2 x 3.6 metres + 2 x 3.11 metres + 4 x SQRT(2
2
+0.3

2
) metres 

= 7.2 metres + 6.22 metres + 8.1 metres = 21.52 metres 

Side Areas = Top Perimeter x (height + 0.2 metre) 

Height = 120.8125 inches = 3.07 metres 

= 21.52 metres x (3.07 + 0.2) metres = 70.37 square metres 

Total Area = 28.66 square metres + 70.37 square metres = 99.03 square metres 
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DESCRIPTION 
 
 

CUSTOMER  : NextEra Energy Canada 

CUSTOMER ORDER NO  : 2000106008 

SPECIFICATION NO.  : 
44-34.5 kV 15/20/25 MVA GENERATOR 
STEP-UP TRANSFORMER FOR EAST 
DURHAM CS 

NORTHERN TRANSFORMER SO NO.  : 13-2539 

TAG: TBD 

PREPARED BY  : Tom Wang 

ISSUE DATE  : August 22, 2013 

CUSTOMER APPROVAL  :  

APPROVAL DATE  :  

REVISION DATE  : 
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INPROCESS & FINAL INSPECTION 

 
 

INSPECTION NUMBER MANUFACTURING STAGE APPLICABLE 

I.P. 1 CORE STACKING X 

I.P. 2 COIL WINDING X 

I.P. 3 COIL CLAMPING & BAKING X 

I.P. 4 CORE & COIL ASSEMBLY X 

I.P. 5 PRETANKING INSPECTION X 

I.P. 6 INTANK INSPECTION X 

I.P. 7 FINAL INSPECTION X 
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TEST PLAN 

 
SERIAL NO. KVA HV LV 

13-2539 15000/20000/25000 44000 34500 
Description of test Req. Performed  

CORE INSULATION MEGGER X   
INSULATION POWER FACTOR 

CAPPACITANCE & MEGGER ALL 

TERMINALS 

X   

RATIO & POLARITY  X  ALL TAPS 1 TO 5 

RESISTANCE X  LV & HV ALL TAPS 
CORE LOSS & EXCITATION CURRENT 

@ 100% & 110% RATED VOLTAGE 
X  12000 Watts @ 100% rated voltage 

LOAD LOSSES and  IMPEDANCE X  TAPS 1 to 5, 64000 Watts & 7.5% @ Tap 3 

ENERGIZE TRANSFORMER FOR 12 HOUR X  @ 110% OF RATED VOLTAGE 

OIL X  ASTM D-3612 
 

DGA Before HEAT RUN 
DGA After HEAT RUN 

HEAT RUN X  15MVA ONAN, 25MVA ONAF@ TAP 5 

PRESSURE TESTS X   

INSULATION  OF AUXILIARY  X   

DEVICE/WIRING X   

GAS DETECTION SYSTEM TEST    

AUXILIARY DEVICE LOSS X   

SOUND LEVEL X  ONAN & ONAF, MAX. 73dBA 

TESTING AT GE – STONEY CREEK 

    

CORE LOSS BEFORE IMPULSE X   
IMPULSE TEST HV LINE TERMINALS 

H1- H2- H3 
X  250 kV one RFW, and two FW 

IMPULSE TEST LV LINE TERMINALS 

X1- X2- X3 
X  200 kV one RFW, and two FW  

IMPULSE TEST LV NEUTRALTERMINAL 

X0 
X  200 kV one RFW and two FW 

APPLIED POTENTIAL – HV  X  95 kV for one (1) minute 

APPLIED POTENTIAL – LV  X  70 kV for one (1) minute 

INDUCED POTENTIAL X  2 times rated voltage for 7200 cycles 
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PARTIAL DISCHARGE X  PD & RIV 1.5 times rated voltage for one 

   hour  

CORE LOSS AFTER IMPULSE X   

OIL X  ASTMD-3612 DGA After Dielectric Tests 

OIL AFTER ALL TESTS X  

D-1533B  
D-971  
D-974 
D-1500 
D-1524 
D-1298 
D-877 
 

Moisture  
Interfacial Tension  
Acidity 
Colour 
Visual / Sediment 
Specific Gravity 
Dielectric 
PCB 

SFRA with DOBLE M5400  X  Fully assembled and shipping conditions 

VISUAL INSPECTION PRIOR TO LOADING X   
Notes:     

1. Current transformer tests reports from CT supplier 
2. Test as per: C 88 – M90, ANSI/IEEE C57.12.90 and Technical Specification 
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