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GE Power & Water - Oniginel Instructions - Product Acoustic Specifications

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 Lwag, 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 Lwak are initially calculated as a function of the hub height wind speed viu.
The corresponding wind speeds viom at 10 m height above ground level have been evaluated assuming a
logarithmic wind profile. In this case a surface roughness of zoer = 0.05 m has been used, which is
representative of average terrain conditions.

In(lOfT/ j
ZOref *

Yiom =V Chub height
ZOref

The calculated apparent sound power levels Lwax 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 viom
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 9.7 111 12.5 |[14-Cutout

315 625 | 622 | 661 | 701 | 735 | 737 | 736 73.5

63 721 | 719 | 759 | 803 | 840 | 841 | 841l 84.0

1250 790 | 792 | 838 | 884 | 916 | 918 | 918 91.7

250 840 | 846 | 894 | 947 | 954 | 953 | 954 95.5

Frequency 5000 855 | 849 | 897 | 955 | 971 | 9%6 | 967 97.0

(Hz) 10000 834 | 830 | 89 | 918 | 971 | 975 | 976 97.8

20000 817 | 834 | 879 | 924 | 957 | 957 | 955 95.1

40000 749 | 777 | 835 | 889 | 897 | 891 | 884 87.9

80000 555 | 576 | 635 | 703 | 704 | 706 | 694 69.1

16000 7.9 132 | 189 | 247 | 272 | 266 | 275 29.0

I;ii'[gg;’qre"t sound power level 904 | 907 | 953 | 1005 | 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 (zaref = 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

315 624 | 624 | 666 | 706 | 737 | 737 | 736 73.5

63 721 | 720 | 765 | 808 | 841 | 841 | 84l 84.0

125 790 | 795 | su4 | 890 | 916 | 918 | 918 91.7

2500 840 | 849 | 901 | 950 | 953 | 953 | 955 95.5

Frequency 5000 854 | 850 | 903 | 960 | 968 | 96 | 968 97.0

(H2) 10000 834 | 831 | 875 | 924 | 972 | 974 | 977 97.8

2000 818 | 837 | 885 | 929 | 958 | 957 | 954 95.1

40000 751 | 782 | 842 | 893 | 897 | 888 | 884 87.9

8000l 557 | 579 | 644 | 707 | 711 | 698 | 693 69.1

160000 84 136 | 195 | 252 | 273 | 264 | 278 29.0

I;Ei'[g';fme”t sound power level 904 | 909 | 960 | 101.0 | 1030 | 1030 | 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 (zoref= 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
Lwak = 103.0 dB.
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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, Lwaq 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 or.

The testing standard deviation values or, or and o for measured apparent sound power level are described by
IEC/TS 61400-14, where or is the total standard deviation, op is the standard deviation for product variation
and or is the standard deviation for test reproducibility.

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

4 Tonal Audibility

The tonal audibility (ALax), 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

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

e 0opis the product variation i.e. the 1.6-100 with LNTE unit-to-unit product variation; typically < 0.8 dB

e oris 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

e oristhe total standard deviation combining both or and or
e K =1.645 oris defined per IEC/TS 61400-14 for 95 % confidence level

e Ro 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

e Al «is the tonal audibility according to IEC 61400-11, described as potentially audible narrow band sound

6 1/3r Octave Band Spectra

The tables in Annex | are showing the 1/3rd octave band values for different hub heights in different wind
speeds.
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GE Power & Water

Reference:

e |EC 61400-1. Wind turbines - part 1: Design requirements. ed. 2. 1999

e |EC61400-11, wind turbine generator systems part 11: Acoustic noise measurement
techniques, ed. 2.1, 2006-11

e |EC/TS 61400-14, Wind turbines - part 14: Declaration of apparent sound power level and
tonality values, ed. 1, 2005-03

e MNPT - Machine Noise Performance Test, Technical documentation, GE 2011
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Appendix | - Calculated 1/3rd Octave Band Apparent Sound Power Level Lwak

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 9.7 111 12.5 | 14-Cutout
25 522 | 521 | 558 | 59.7 | 630 | 632 | 63.1 629

32| 566 | 564 | 602 | 642 | 675 | 677 | 67.7 67.5

40| 606 | 603 | 642 | 683 | 716 | 719 | 718 71.7

500 637 | 635 | 674 | 716 | 750 | 752 | 752 75.0

63 665 | 662 | 703 | 746 | 781 | 783 | 783 78.2

80| 69.7 | 695 | 736 | 780 | 818 | 820 | 819 81.8

1000 723 | 722 | 765 | 810 | 848 | 849 | 849 84.7

125 741 | 742 | 787 | 833 | 866 | 869 | 869 86.8

160 756 | 761 | 808 | 856 | 883 | 885 | 886 88.5

2000 775 | 781 | 830 | 879 | 897 | 899 | 900 90.0

250 795 | 801 | 850 | 902 | 910 | 909 | 910 91.1

3150 803 | 807 | 856 | 910 | 911 | 908 | 908 91.0

400, 807 | 806 | 854 | 911 | 915 | 910 | 910 91.2

5000 810 | 804 | 851 | 91.0 | 924 | 919 | 919 92.2

Frequency 630 803 | 794 | 840 | 899 | 929 | 926 | 927 93.0
(H2) 800 790 | 780 | 823 | 878 | 926 | 926 | 927 93.0
1000 784 | 779 | 817 | 864 | 923 | 927 | 928 93.0

1250 785 | 787 | 824 | 866 | 921 | 928 | 929 93.0

1600 779 | 787 | 828 | 870 | 914 | 919 | 919 916

20000 770 | 788 | 833 | 878 | 911 | 910 | 906 90.2

25000 757 | 785 | 834 | 881 | 904 | 897 | 891 88.6

31500 732 | 761 | 818 | 869 | 881 | 872 | 867 86.1

4000, 69.1 | 717 | 777 | 835 | 836 | 835 | 825 82.2

5000 637 | 654 | 720 | 780 | 780 | 782 | 767 76.7

6300 553 | 573 | 633 | 700 | 701 | 702 | 691 68.7

8000 426 | 455 | 510 | 574 | 586 | 588 | 579 574

100000 27.1 | 313 | 365 | 425 | 446 | 444 | au4 444

125000 79 | 132 | 189 | 246 | 272 | 266 | 274 29.0

16000 -190 | -13.2 | -61 | -03 19 18 4.0 6.3

20000 -478 | -425 | -34.1 | -269 | -259 | -246 | -218 -19.1

Izii'[ggf‘"e"t sound power level 904 | 907 | 953 | 1005 | 103.0 | 1030 | 103.0 | 103.0

Table 3: Calculated Apparent 1/3r Octave Band Sound Power Level (A-weighted) 1.6-100 with LNTE with 80 m hub height as Function of
Wind Speed viom
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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
25 521 | 522 | 564 | 602 | 632 | 632 | 631 62.9

32 566 | 565 | 607 | 647 | 677 | 67.7 | 676 67.5

40 606 | 605 | 647 | 688 | 718 | 719 | 718 71.7

500 637 | 636 | 679 | 721 | 752 | 752 | 752 75.0

63 665 | 664 | 708 | 751 | 783 | 783 | 783 78.2

80 69.7 | 697 | 742 | 786 | 819 | 819 | 819 818

1000 723 | 724 | 770 | 815 | 849 | 849 | 849 84.7

125 740 | 745 | 793 | 838 | 867 | 869 | 869 86.8

160, 756 | 764 | 814 | 861 | 883 | 885 | 886 88.5

2000 775 | 785 | 836 | 884 | 897 | 899 | 900 90.0

250, 795 | 804 | 856 | 906 | 909 | 909 | 911 91.1

315 803 | 810 | 862 | 914 | 909 | 908 | 909 91.0

400 807 | 808 | 861 | 915 | 912 | 909 | 911 91.2

5000 809 | 805 | 858 | 915 | 921 | 918 | 920 92.2

Frequency 630 803 | 794 | 847 | 905 | 927 | 926 | 928 93.0
(Hz) 800 789 | 781 | 829 | 885 | 925 | 925 | 928 93.0
10000 783 | 781 | 822 | 872 | 925 | 926 | 929 93.0

1250, 785 | 788 | 829 | 872 | 924 | 928 | 930 93.0

16000 779 | 789 | 833 | 875 | 916 | 919 | 919 916

20000 771 | 791 | 839 | 883 | 911 | 909 | 906 90.2

25000 759 | 788 | 840 | 886 | 903 | 896 | 890 88.6

31500 734 | 765 | 824 | 873 | 879 | 870 | 866 86.1

40000 692 | 722 | 784 | 838 | 837 | 832 | 825 82.2

50000 638 | 659 | 728 | 783 | 784 | 775 | 768 76.7

63000 554 | 576 | 641 | 704 | 708 | 694 | 690 68.7

80000 429 | 458 | 518 | 579 | 591 | 584 | 577 57.4

100000 27.5 | 316 | 372 | 430 | 449 | 441 | 4u4 444

125000 84 | 136 | 195 | 252 | 273 | 264 | 278 29.0

16000 -185 | -127 | -54 | 02 18 20 46 6.3

200000 -475 | -419 | -332 | -263 | -260 | -241 | -211 -19.1

I\:ﬁi'[zgfme”t sound power level 90.4 | 909 | 960 | 101.0 | 103.0 | 103.0 | 103.0 | 103.0

Table 4: Calculated Apparent 1/3 Octave Band Sound Power Level (A-weighted), 1.6-100 with LNTE with 96 m hub height as Function
of Wind Speed viom
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Extract 1 of' test report

IEC 61400 11 ED 2 from 2002 (pubilshed by Cenlral Off'ce of the EEC Geneva Swﬂzerland)

Extract of test report WICO 439SEC04/07 regarding noise emission of wind turbine (WT)

type ENERCON E-48 (Mode 1}, hub height 75.6 m

General

“l Technical spemt‘catlons (manufacturer)

Manufacturer: ENERCON GmbH Rated power {generator): 800 kW

Dreekamp 5 Rotor diameter: 48,0 m

D.26605 AURICH Hub height above ground: 75,6 m
Serial number: 45087 #on. Stahlrohr Tubular steel {ower
WT-location: WP Holtriem RW 25.95.228 Pitch pitch/stall/active-stali

HW 595.42.988

Compiementations of rotor (manufacturer) o i Complementations of gear and generator (manufacturer}
Manufacturer of rotor blades ENERCOMN GmbH Manufacturer of gear: No
Type of blades: E481 Type of gear: No
Pitch angte: variabel Manufacturer of generator: ENERCON GmbH
Number of blades 3 Type of generator: E-48

Rated speed(s)/speed range:

16 — 28,5 rpm (Mode I)

Rated speed(s):

16 — 29,5 rpm (Mode I}

Report power curve: calculated power curve, date: 31.08,2004

Reference Noise emission Remarks
paramester
Slandardized
wind speed at 10m Electric
above ground power
5ms’ 182 kW 94.0* dB{A) (1}
6 ms™ 315 kW 97.8 dB(A}
Sound power level 7 ms? 499 kw 100.3 dB(A)
Lua gms" 871 kw 1014 dB(A)
8.9 ms"’ 760 kW 101.9 dB{A) 2)
9ms” 765 kW 102.0 dB(A)
9.6 ms” 794 KW 102.1 dB{A) (3
10ms™ 800 kW 101.9 dB(A) 4)
5ms’ 182 kW No tone {1}
6ms’ 315 KW No tone
Tonal compenents AL, 7 ms’ 499 kW No tone
(near proximity) ams’ 671 kw Mo tone
8.9 ms 760 kW No tone (2)
9ms 765 KW No tone
8.6 ms 794 kW No tone (3)
10 ms 800 kW No tone {4)
One third octave sound power level at reference point vy = 5 m/s [dB(A)]
Frequentcy 50 63 B0 100 125 160 200 250 315 400 500 830
Lwa 676 | 71.2 |1 729 | 745 | 780 | 770 | 793 | B4.2 | 856 | 846 84,2 84.4
Lwa 75.8 81.5 88.5 89.2
Frequency BOG 1000 | 1250 | 1600 | 200C | 2500 | 3150 | 4000 | 5000 | 6300 8000 | 10000
Lwa 826 | 820 { 814 | 792 | 785 | 766 | 752 | 748 [ 731 | 724 70.89 674
Lyva 86.8 83.0 79.2 75.5
One third octave sound power level at reference point vy = 6 m/s [dB{A)]
Freguency 50 63 80 100 125 160 200 260 315 400 500 630
Lwa 717 | 742 | 769 | 776 | 788 | 797 | 806 | 861 | 878 | 874 874 89.0
Lwa 795 83.8 80.5 92.8
Frequency 800 | 000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000 | 6300 | 80GD | 10000
Liwa 88.3 | 88.1 869 | 84.0 | 824 | 809 | 794 [ 790 | 78.1 77.3 74.9 729
Ewa, 92.6 ar.A4 83.6 80.2
Deutschar

{Akkradilierungs
: Rat

DAP-$PL-2756.00

According 1o DIN EN SO 17025 by the DAP German Accreditation System for Tesling Ltd. accredited testing laboratory,
The accreditation is valid for test methods listed fa the document.




Extract 1 Page 2 of 2

One third octave sound power level at reference point vyo = 7 mis [dB{A)}
Frequency 50 63 80 00 125 160 200 250 315 400 500 630
Lwa 72.7 76.1 783 | 805 80.9 | 829 | 843 89.2 91.2 | 90.7 80.5 g91.5
Lya 81.6 86.3 93.8 95.7
Frequency 800 1000 | 1250 { 1600 | 2000 | 2500 | 3150 | 4000 | 5000 | €300 | 8000 10000
Ewa 902 | 897 | 879 | 855 | 8441 82.6 817 | 818 | 807 | 802 79.2 76.3
La 94.1 892.0 86.1 83.6

One third octave sound power level at reference point vy = 8 mis [dB(A)}
Frequency 50 63 80 100 125 160 200 250 315 400 500 630
Lya 70.1 743 | 773 | 79.0 | 817 | 823 | 844 90.5 927 | 920 91.9 92.9
Liva 79.6 86.0 95.1 97.1
Frequancy 800 1600 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000 | 6300 | 8000 16000
Lyen, 91.7 { 909 | 89.1 86.0 | 838 [ 821 808 | 818 | 806 | 797 79.2 77.3
Lwa 95,5 88.1 85.8 83.6

One third octave sound power level at reference paint vy =9 mis [dB{A)}
Frequency 50 63 80 100 125 160 200 250 315 400 500 630
Lwa 71.8 746 | 771 794 | 826 | 842 | 868 91.5 93.5 | 926 92.3 93.1
L 79.8 87.3 96.1 97.5
Frequency 800 1000 | 1250 | 1660 | 2000 | 2500 | 3150 { 4000 | 5000 | 6300 | 8000 10000
Lwa 914 | 905 | 887 | 862 | 850 | 843 | 839 844 | B39 83.7 82.5 801
Lya 95.1 90.0 88.8 87.1

One third octave sound power level at reference point vy, = 9.6 m/s [dB{A}]

Frequency 50 63 80 100 i25 160 200 250 315 400 500 630
Lwa 69.9 73.9 | 759 [ 774 | 80.2 | 80.7 | 834 88.3 91.0 | 90.8 91.5 93.4
Ewa 78.6 84.4 93.3 96.8
Frequency 800 1000 | 1250 | 1600 { 2000 | 2500 | 3150 { 4000 | 5000 | 6300 | B80CO 10000
La 93.2 | 936 | 926 | 899 | 874 | 850 | 832 83.3 820 | 811 79.9 77.8
Lyya, 97.9 92.7 87.6 84.8

(1) Because of the signal to noise ratio laying in between 3 dB to ¢ dB the sound pressure level was corrected
with 1.3 dB.

(2)  Sound power level at 95% of the rated power.

(3)  Wind speed at the maximum sound pressure level minute measured.

(4)  One value was measured in the wind bin of 10 ms™.

This extract of test report is valid only in connection with the enclosed ,Manufaciurer's certificate” from 2004-08-31.

This declaration does nof replace above-mentioned report.

measured by: WIND-consult GmbH

Reuterstralie 9
D-18211 Bargeshagen

- pdf - document was signed electronically - %

date: 2006-01-24 Dipl.-Ing. A. Petersen Dipl.-Ing. W. Wilke

: Pautscher
< Akltusdllierunga
B Ra

DAP-PL-2756.00

According to DIN EN 150 17025 by the DAP German Accredilation System for Testing Lid. accredited testing laboratory.

The accreditation is valid for test methads listed in the document.




SI E M E N S Contract Acoustic Emission, SWT-3.0-113, Hub Height 99.5 m
Document ID: E W EN OEN DES TLS-10-0-967-0

HST, JES / 2013.04.02

Confidential

SWT-3.0-113, Rev. 0, Max. Power 2483 kW
Contract Acoustic Emission, Hub Height 99.5 m

Ontario - Canada

Sound Power Levels

The warranted sound power level is presented with reference to the code IEC 61400-11:2002 with amendment
1 dated 2006-05 based on a hub height of 99.5 m and a roughness length of 0.05 m as described in the IEC
code. The sound power levels (LWA) presented are valid for the corresponding wind speeds referenced to a
height of 10 m above ground level.

Up to
Wind speed [m/s] 4 5 6 7 8 9 10 11 12 cut-
out
Max. Power 2483kW 95.1 | 99.3 | 101.3 | 101.5| 101.5] 101.5| 1015 | 1015 101.5| 101.5

Table 1: Acoustic emission, L [dB(A) re 1 pW]

Typical Sound Power Frequency Distribution
Typical spectra for Ly in dB(A) re 1pW for the corresponding centre frequencies are tabulated below for 6 - 10
m/s referenced to a height of 10.0 m above ground level.

Wind Speed (m/s)
Octave band, centre frequency [HZz] 6 ! 8 9 10

63 89.4 90.5 91.2 91.3 91.1
125 92.2 92.5 92.6 92.1 91.4
250 95.5 95.2 94.7 94.1 93.5
500 93.7 93.5 93.1 92.9 92.8
1000 93.3 93.4 93.4 93.3 93.7
2000 92.7 93.4 93.8 94.0 94.6
4000 89.5 90.2 90.6 92.5 92.8
8000 80.7 82.3 83.3 83.3 83.4

Table 2: Typical octave bands for 6-10 m/s, Ly, [dB(A) re 1 pW]

Tonality
Typical tonal audibility for the Siemens wind turbine generators has not exceeded 2 dB as determined in
accordance with IEC 61400-11:2002.

Measurement Uncertainty
A measurement uncertainty range of -1.5dB(A) to +1.5dB(A) is applicable.

Siemens Wind Power A/S SWT-3.0-113 99.5 m Acoustic Emission std ver
© All Rights Reserved 2013 T20110701



AECOM NextEra Energy Canada, ULC. Goshen Wind Energy Centre —

Revised Noise Assessment Report

Appendix C: Noise contour maps

Noise contours calculated at 4.5 metres above grade

RPT0-2014-07-18-GSH_Noise-60155032.Docx
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