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1 Executive Summary

A detailed noise assessment of the proposed wind farm known as “Project Central Wind” has
been undertaken in accordance with the New Zealand Standard NZS6808:1998 “Acoustics —
The Assessment and Measurement of Sound from Wind Turbine Generators.” Noise
predictions show that the total noise from the 52 turbines will be well below the limits set out
in the Standard at all houses within 5 km of the wind turbines. The wind farm will at all times
comply with the recommendations set out in the New Zealand Standard.

Construction noise has also been assessed in accordance with a New Zealand Standard,
NZS6803:1999 “Acoustics — Construction Noise.” The predictions of construction noise
show that the noise levels will be well below the day time construction noise limits set out in
the relevant New Zealand Standard.

2 Introduction

This document provides an assessment of the noise impact from the proposed Project
Central Wind site. The wind farm is located south-east of Waiouru. Figure 2.1. is a map
showing the location of the site. A detailed site layout map is included in Figure 2.2.

In addition to assessing the noise impact of the proposed wind farm, some discussion on the
character and methodology for assessing wind farm noise in general and in relation to the
proposed wind farm, has been included in Sections 3 and 5 of this report.

13

Figure 2.1. Location of the Project Central Wind site.
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Figure 2.2. Layout of 52 turbine Project Central Wind.
(Buffers shown are at 2 km and 5 km).

Page 5 of 26



Report: MEL/PCB/CW -Acoustic Final

3 Wind farm noise character

Wind turbines, like all rotating machinery, generate some noise while operating. Wind
turbines however only operate when the wind is blowing and hence only emit noise in windy
conditions. In these windy conditions the background noise levels are higher than under
zero wind speed conditions and the background noise itself tends to mask the operational
wind farm noise. From a noise perspective, the most critical operational phase of a wind
farm is at the point where the wind turbines reach their maximum noise output at wind
speeds of 8 m/s to 10 m/s and this is true for Project Central wind using the modelled turbine.
These wind speeds are just lower than the rated wind speed of the wind turbine.

The sound power level (noise) of a turbine increases as the wind speed increases. However
as the turbines are generally sited in windy exposed locations, the background noise levels
also increase with increasing wind speed. From measurements taken at operational wind
farms, it is evident that the background sound levels generally increase at a higher rate than
the rate of increase in the turbine noise, such that as wind speeds increase the turbines
noise will be increasingly over-shadowed by the background noise. This is shown
diagrammatically in Figure 3.1. The four background plots are representative of typical quiet
rural locations and shows the trend between background level and increasing wind speed.

‘— Background A —— Background B —— Background C —— Background D === W ind farm prediction ‘
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Figure 3.1. Effect of increasing wind speed on wind farm and
background noise levels.

The noise from a wind turbine has two components, aerodynamic noise and mechanical
noise. The aerodynamic noise is the sound of the blades moving through the air while the
mechanical noise is that from the movement of mechanical parts such as the gearbox and
generator. The level of the mechanical noise can be reduced through good design and
sound isolation and insulation. In most modern wind turbines mechanical noise has been
reduced to an extent that it is no longer the issue it was with early wind farm developments.

The aerodynamic noise of a wind turbine cannot be eliminated; however it too has been

reduced by changes to the design details to the rotor blades and by reducing the rotational
speed of the turbine. A slower rotational speed results in a lower blade tip speed and
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consequently far less aerodynamic noise. The aerodynamic noise from the moving blades is
broadband in character similar in character to the sound of the surf. It should be noted that
modern wind turbines are designed to operate with acceptable levels of noise and for this
reason rotate at speeds which are less than that for optimum efficiency. Both dual speed
turbines® and variable speed turbines® have the advantage of reduced noise levels at low
operational wind speeds, i.e. just above the cut-in wind speed of the wind turbine.

Some early wind farms, especially in the UK, were noisy and this resulted in much negative
publicity. In by far the majority of these cases, it was found that the turbine noise was tonal®
in character and as such they tended to be more audible. What further aggravated the
perception of these wind farms, was that these tones were generally of a low frequency and
therefore tended to travel over considerable distance without being attenuated (reduced). As
stated above, mechanical noise is generally no longer an issue with modern day wind
turbines and turbines are manufactured to be free of prominent tones.

! A dual speed turbine is one that generates at two different fixed rotational speeds such as the Polhil turbine in
Wellington.

2 A variable speed turbine is one that generates over a range of rotational speeds such as the White Hill wind
turbines in Southland.

% Tonal noise is noise at a fixed frequency and is more audible than “background” noise which contains noise
over a wide range of frequencies. A whistle produces a fixed frequency noise while the surf on the beach would
be broadband noise.
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4 District Plan Noise Limits

The proposed wind farm is located within both the Rangitikei and the Ruapehu District
Councils. The sections of those plans which cover noise are set out below:

4.1 Rangitikei

PC 18 (Noise) is operative and the following are the relevant Rural Zone noise rules:

All activities shall be conducted so that the following noise limits are not exceeded when
assessed at or within the notional boundary of any dwelling on any other rurally zoned site,
or in all other cases, at or within the boundary of any site (other than the site on which the
noise is generated):
Rural Zone
Day time: 7.00 am —10.00 pm 50 dBA Lo
Night time: 10.00 pm — 7.00 am 45 dBA L;o

10.00 pm — 7.00 am 70 dBA Lpax

The notional boundary is the line 20 metres from the facade of any dwelling on a rurally
zoned site or the legal boundary, whichever is the closest to the dwelling. Except for sounds
from construction works, helicopter landing areas and wind turbines, sound levels shall be
measured in accordance with the provisions of NZS6801: 1999 Acoustics — Measurement of
Environmental Sound and assessed in accordance with the provisions of NZS 6802:1991
Assessment of Environmental Sound.

All noise emitted in the course of construction work shall comply with NZS6803: 1999
Acoustics — Construction Noise. Noise from helicopter landing areas shall comply with NZ
Standard NZS6807: Noise Management & Land Use Planning For Helicopter Landing Areas
Noise from wind turbine generators or wind farms shall comply with NZS6808:1998
Acoustics — The Assessment and Measurement of Sound From Wind Turbine Generators.
This Standard does NOT apply to noise from frost control fans.

The necessary compliance limits from the Rangitikei District Plan are therefore:

Operational Wind Farm Limits: Comply with NZS6808:1998
Construction Noise: Comply with NZS6803:1999

Other wind farm activities, including substation: Comply with Rural Zone noise limits
listed above.

4.2 Ruapehu

Meridian has been advised that there have been no plan changes to the Ruapehu District
Plan and the only noise rules specified for energy generating activities are a cross reference
to (a) and (c) of the general rural noise limits, highlighted in BOLD as follows:

Noise

(a) All activities shall be conducted so as to ensure that the following noise levels are
not exceeded at, or within, the boundary of any site, other than the site the noise is
emanating from, zoned residential or at the notional boundary of any rural dwelling.

(i) Average maximum noise level not to be exceeded: 07:00am to 10:00pm - 55dBA L10
10:00pm to 07:00am - 45dBA L10

(i) Maximum noise level of 75 dBA Lmax shall not be exceeded between 10:00pm and
07:00am. Except
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(b) Normal seasonal rural activities such as harvesting or haymaking may exceed the noise
control rule during the hours of 5am-10pm.

(c) Subject to the express provisions of this rule, noise levels shall be measured and
assessed in accordance with New Zealand Standards NZS 6801:1991 “Measurement of
Sound” and NZS 6802:1991 “ Assessment of Environmental Sound”.

In relation to construction noise the relevant portions of the District Plan are as follows:

Construction noise emanating from a site shall meet the limits recommended in, and
shall be measured and assessed in accordance with, NZS 6803P:1984 "The
Measurement and Assessment of Noise from Construction, Maintenance and
Demolition Work".

At the time the Ruapehu District Plan was compiled, NZS6808:1998: “Acoustics — The
measurement and assessment of sound from wind turbine generators” was not in existence.
The existing noise rules don't distinguish wind farm noise from other noise sources and as
set out in Section 5, using general environmental noise standards for the assessment of wind
farms can lead to significant flaws in the assessment. As set out in Sections 5 and 6, it is
proposed that the acoustic impact of the proposed wind farm be assessed in accordance
with NZS6808:1998. As the Ruapehu District Plan also predates the current version of
NZS6803 (Construction noise) it is proposed that the latest revision of that Standard (1999)
be used for the assessment of construction noise from the proposed wind farm.
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5 Suitability of existing noise measurement standards

Wind turbines, like all rotating machinery, generate some noise while operating. Wind
turbines however only operate when the wind is blowing and hence only emit noise in windy
conditions. Most residential and rural noise limits, placed on developments are set such that
compliance is measured under calm or no wind conditions. This cannot be done for wind
farms, as under these conditions (suitable for noise measurements) the wind turbines would
either be stationary or in a non-generation mode. An illustration of this is shown in Figure 5.1
where both the wind farm noise and the industrial noise are predictions at ‘typical’ receiver
type distances. Also shown in Figure 5.1. is the District Plan night time noise limit of 45 dBA.

60
'Normal' wind
speed range for
55 noise Wind speed range for wind
B measurements . ) farm noise measurements .

50 -
5
o District plan noise limits
= 45
% lllustrative industrial hoise at distant receiver distant receiver
©
5 40 A
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(%]
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< 35 llustrative wind farm ndise
5 distant receiver
@ —

30 -

25 -

20 T T T T T T

0 2 10 12

6 8
Hub height wind speed (m/s)

Figure 5.1. lllustration showing the shortcomings of ‘conventional’
environmental noise measurement techniques.

In windy conditions when wind farms are operational, conventional noise level
measurements would be significantly affected by the wind noise itself. It is for these reasons
that the methodology for wind farm noise level measurements is different to ‘standard’
practice, in order to accurately measure the wind farm noise itself. As the methodology used
for wind farm noise measurement is one more suited for measurements in windy conditions,
the noise limits themselves need to be changed too, in order to be compatible with the
different measurement technique and typical conditions of operation at wind farms.

The New Zealand Standard NZS6808:1998 has been compiled for the specific assessment
of wind farm noise and that Standard is discussed in Section 6. An acoustic evaluation of the
Project Central Wind site has been undertaken in accordance with that Standard, as
described in Section 7.
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6 NZzZS6808 Wind Farm Noise Standard

Standards New Zealand has issued a Standard (NZS6808:1998) titled “The Measurement
and Assessment of Sound from Wind Turbines”. Its purpose is solely for the assessment of
noise from wind farms. The Standard was compiled by acoustics experts in New Zealand
and is based on international experience and noise limits set-out in other New Zealand
Standards.

The Standard requires noise predictions (modelling) to be undertaken for a proposed wind
farm development. The noise modelling needs to consider the proposed locations of
turbines with respect to relevant receivers (adjacent residences not associated with the wind
farm) and the level of the turbine source noise.

If the predicted levels are above 35 dBA the Standard recommends that background noise
level measurements be undertaken in order to quantify the existing background levels, i.e.
prior to the installation of any turbines.

The predicted noise levels at each of the relevant receivers needs to be compared to a noise
limit for the operational wind speeds of the turbine. The wind farm noise limit is derived by
undertaking measurements of the existing background noise levels at selected relevant
receivers if the predicted levels exceed 35 dBA. The limit for the wind farm development, is
then set at a level of Lags of 40 dB(A) or 5 dB(A) above the background, whichever is the
greater.

A flow diagram of the process set out in NZS6808 is set out in Figure 6.1.
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Undertake noise predictions using:
Turbine locations
Residential locations
Turbine noise level
Terrain data

y

Are predictions greater
than 35 dBA?

Yes No
A 4 A
Undertake background Wind farm is unlikely to cause any
measurements at issues as predicted levels are so low
representative locations. (i.e. houses far away).

Wind farm limit based on a
fixed limit plus the background.

Once wind farm is operational the Measurements unlikely to be
territorial authority may require required but follow the Standard if
operational levels to confirm that necessary

wind farm complies with the limits.

Figure 6.1. Flow Diagram for the use of NZS6808
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7 The proposed Project Central Wind

7.1 Wind Farm Layout and Residential Locations

The proposed wind farm is to comprise of 52 wind turbines arranged in the layout shown in
Figure 7.1. The locations of the turbines shown in that figure are listed in Table 7.1.

The neighbouring house locations within 5km of all turbines have been identified from aerial
photography and ground surveys and have been shown together with the wind turbine
locations in Figure 7.1. Adjacent houses within 5 km of the turbines have been numbered
H-01 to H-36 and are listed in Table 7.2. Also included in that table is the closest individual
turbine to each of the houses and the separation distance. Houses H-02, H-03 and H-05 are
all owned by landowners whose land is part of the project area and in accordance with
Section 104(3)(b) of the Resource Management Act, the councils cannot consider effects on
these persons, therefore do not need to be considered in this assessment.

Figure 7.1.  Location of the 52 turbines and houses within 5 km.
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Turbine Easting Northing Elevation | Turbine Easting Northing Elevation
ID (m) (m) (m) ID (m) (m) (m)
C09 2746896 6182708 1039 EO6 2751657 6178372 848
Cco8 2747306 6182956 1031 E10 2752294 6178550 817
Co06 2748377 6183383 1051 BO1 2750863 6183885 1004
co7 2747892 6183063 1051 A0l 2751251 6184197 1004
C05 2748782 6183042 1088 A03 2751740 6184380 1002
B02 2750259 6183372 1086 AO07 2752373 6184517 1020
BO3 2749982 6182995 1106 A08 2752814 6184774 1034
co4 2748966 6183414 1092 All 2753515 6184990 1037
co1 2749668 6183390 1111 AO4 2752269 6184117 1005
co3 2749382 6183008 1112 A09 2753392 6184575 1029
B0O4 2749794 6182531 1089 AO5 2752669 6183778 984
BO5 2750054 6181958 1049 A10 2753312 6184136 1002
EOQ7 2751478 6177903 825 Cco2 2749913 6183760 1094
D04 2750294 6180732 1099 A02 2751489 6183772 991
D03 2749878 6180395 1087 A06 2753035 6183442 945
D02 2749428 6180168 1057 FO1 2750277 6179154 997
D01 2749111 6179799 1006 F02 2750406 6178739 945
D06 2749568 6179394 988 FO03 2750499 6178327 899
D05 2749700 6179780 1026 Go1 2752446 6181736 1028
EO1 2750320 6180064 1050 G02 2752382 6181322 1008
EO02 2750268 6179551 1027 GO03 2752520 6180844 953
EO3 2750952 6179552 959 G04 2752540 6180364 917
EO4 2751130 6179152 941 HO1 2753415 6180316 879
EO8 2751661 6179297 893 GO05 2753073 6180050 877
E09 2751911 6178892 840 GO06 2753427 6179620 850
EO5 2751317 6178739 889 GO07 2753769 6179160 829

Note *: Co-ordinates given in NZMG, Geodetic Datum 1949

Table 7.1. Wind turbine ID’s, locations and elevations.
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House Easting Northing Elevation Closest Closest
Location (m) (m) (m) Turbine Turbine
(m)
H-01 2758595 6179186 567 GO07 4826
H-02" 2755590 6178697 503 GO7 1879
H-03" 2755520 6178700 504 GO7 1810
H-04 2755627 6178131 485 GO07 2124
H-05" 2755432 6177913 498 GO07 2079
H-06 2755754 6177591 491 GO07 2530
H-07 2755422 6177326 481 GO07 2469
H-08 2755877 6177099 489 GO07 2948
H-09 2755767 6177027 484 GO07 2923
H-10 2755782 6177003 484 GO07 2950
H-11 2755858 6176872 483 GO07 3098
H-12 2755598 6176743 481 GO07 3031
H-13 2755887 6176747 484 GO07 3211
H-14 2755858 6176674 483 GO07 3247
H-15 2755776 6176580 480 GO07 3269
H-16 2755850 6176552 490 GO07 3336
H-17 2756094 6176484 497 GO07 3545
H-18 2756402 6176554 505 GO07 3705
H-19 2755729 6176452 479 GO07 3343
H-20 2755779 6176422 479 GO07 3397
H-21 2755625 6176067 480 GO07 3607
H-22 2755694 6175975 479 GO07 3722
H-23 2755810 6175882 474 GO07 3861
H-24 2755143 6174844 487 GO07 4529
H-25 2755143 6174749 488 GO07 4620
H-26 2755094 6174584 486 GO07 4764
H-27 2754949 6174430 488 GO07 4875
H-28 2750148 6173731 638 EO7 4379
H-29 2750086 6173746 640 EO7 4384
H-30 2750063 6173625 638 EO7 4506
H-31 2749388 6174902 724 FO3 3601
H-32 2749238 6174717 728 FO3 3824
H-33 2748729 6174950 733 FO3 3813
H-34 2748486 6175215 722 FO3 3706
H-35 2748037 6175243 735 FO3 3946
H-36 2746659 6175663 713 FO3 4674

Notes:

* Co-ordinates given in NZMG, Geodetic Datum 1949
** | ocated on land as part of the project area

Table 7.2. Location of neighbouring dwellings.
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7.2 Wind Turbine Sound Power Level

The turbine considered for the noise modelling of Project Central Wind is the Siemens SWT-
2.3-93 wind turbine®, which has the overall characteristics as listed in Table 7.3.

Characteristic Value Unit
Hub height 80 m
Rotor diameter 93 m
Rated power 2.3 MW
Cut-in wind speed 4.0 m/s
Cut-out wind speed 25.0 m/s
Rotational speed 6 to 16 rpm
Power control Pitch regulation

Sound power level at 8m/s@10m ag| 105.1° dBA
Tonality None’

Note *: Determined in accordance with IEC61400-11.
Table 7.3. Characteristics of the wind turbine used for noise modelling

It should be noted that while this turbine is not necessarily the exact turbine that will be
installed at the site, the prediction work is valid for any turbine having a sound power level of
less than or equal to 105.1 dB(A). The frequency characteristics do not vary significantly
between different turbines of similar size and they have very little effect over the distances
that exist between the turbines and houses at Project Central Wind. Furthermore if a turbine
having a larger rotor was used at the site (i.e. > 93m) it does not necessarily mean that it will
have a higher sound power level. A larger turbine will rotate more slowly and will have a
sound power level close to the measured values used in this assessment. Irrespective of the
absolute value of the sound power level of the turbine, Meridian will ensure it selects a
turbine which ensures that the wind farm will at all times comply with the limits set out in
NZS6808.

The turbine sound power level is stated as 105.1 dB(A) at 8 m/s at 10 m above ground level,
being equivalent to a hub height wind speed of 9.75 m/s. Being a variable speed turbine the
sound power level of the turbine changes significantly over its operational range, the turbine
being some 11 dB(A) quieter at cut-in.

Table 7.4 lists the sound power level measurements for the SWT-2.3-93 turbines which have
been used for modelling the predicted sound pressure levels around the proposed Project
Central Wind site. The measured levels were provided in the form of an independent report
supplied by the wind turbine manufacturer. The independently measured sound power level
measurements included the 1/3 octave band spectra from an operational SWT-2.3-93
turbine. The measurements provided by the turbine manufacturer show the turbine to have
no tonal character when assessed in accordance with IEC61400-11°.

wvR (" ) ! 4 !
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Reference wind speed Hub height Reported
at 10m agl wind speed Sound Power Level
(m/s) (m/s) (dBA)
4 5.57 93.8
5 6.96 99.8
6 8.35 103.4
7 9.75 104.9
8 11.14 105.1
9 12.53 105.0
10 13.92 105.0

Table 7.4. Measured sound power levels for the SWT-2.3-93.

Final

The measured 1/3 Octave band levels provided by the turbine manufacturer for the SWT-2.3-
93 wind turbine were used to calculate 1/1 octave band levels at a range of wind speeds for
noise propagation modelling. These 1/1 octave band levels are listed in Table 7.5. Also
listed the Table 7.5 are the reported wind speeds at 10m above ground level (V10) and these

have been converted the equivalent wind speeds at 80m above ground level (V80).

The

conversion from V10 to V80 is based on Equation 7 of IEC61400-11 using a standard

roughness length of 0.05 m.

Noise modelling has been undertaken for the range of operational wind speeds listed in the
top row of Table 7.5. For each of those wind speeds the octave band noise data for the wind
turbine has been used to represent the “source” noise of each of the 52 individual turbines.

Wind speed (m/s)

V10 4.0 5.0 6.0 7.0 8.0 9.0 10.0

V80 5.57 6.96 8.35 9.75 | 11.14 | 1253 | 13.92
Freq (Hz) Sound power level (dBA)

315 63.7 69.7 73.3 74.1 72.7 73.0 73.6

63 73.8 79.8 83.4 84.6 84.3 84.5 83.5
125 81.9 87.9 91.5 93.1 93.3 93.0 89.3
250 88.3 94.3 97.9 99.5 | 100.1 | 99.2 95.8
500 89.8 95.8 99.4 | 100.7 | 100.7 | 100.6 | 100.5
1000 86.0 92.0 95.6 97.2 97.0 98.1 | 100.3
2000 81.4 87.4 91.0 92.6 93.0 93.4 95.6
4000 76.5 82.5 86.1 87.4 88.2 87.9 88.7
8000 715 775 81.1 82.1 83.4 82.8 85.2
Total 93.8 99.8 | 103.4 | 104.9 | 105.1 | 105.0 | 105.0

Table 7.5. Measured 1/1 octave band spectra for the SWT-2.3-93.
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7.3 Noise Propagation Model

The noise model used to calculate the wind farm noise was that set out in the International
Standard ISO 9613-2, Acoustics — Attenuation of sound during propagation outdoors, Part 2:
General method of calculation.

The model uses octave band algorithms to calculate the attenuation of sound under
downwind conditions and it considers:

geometrical divergence

atmospheric absorption

ground effects

reflection from surfaces

screening by obstacles

Attenuation due to geometric divergence is modelled by considering the locations of the
sources (wind turbines) and receivers (nearby houses) in 3-dimensional space. The
attenuation is a function of the separation distance between each of the individual wind
turbines.

Attenuation of the wind turbine sound due to atmospheric absorption was calculated using
the air absorption coefficients listed in Table 7.6. The values are based on 1S09613-1°.

Frequency | 31.5Hz 63 Hz 125 Hz 250 Hz 500 Hz | 1000 Hz | 2000 Hz | 4000 Hz | 8000 Hz

Attenuation

0.0000 | 0.0001 | 0.0004 | 0.0011 | 0.0023 | 0.0041 | 0.0087 | 0.0264 | 0.0937
dB(A) / m

Table 7.6. Octave band air absorption coefficients used for the noise
modelling.

Ground effects have been modelled by considering that the ground around the source and
the receiver is hard ground as defined in ISO9613-2°. The ground attenuation has been
calculated using G =0.0. This is a conservative assumption as the ground around the wind
turbines, wind farm and the residential locations is more likely to be mixed or soft ground
conditions. Ground conditions other than hard ground would result in predictions being
further reduced.

For the noise calculations completed at the Project Central Wind site, screening effects have
been calculated based on a digital terrain model of the surrounding area and the
methodology outlined in ISO9613-2. If a hub of a wind turbine could be seen, no attenuation
was considered while if only a blade could be seen, an attenuation of only 2 dB(A) was
included. If none of the turbine was visible a maximum attenuation of between 8 and
10 dB(A) was used depending on the frequency, a lower attenuation used for the lower
frequencies. These figures are far more conservative (i.e. smaller reduction) than that
outlined in 1SO9613-2 or NZS6808. The attenuation values used are based on the
suggested values within ETSU W/13/00385/REP “A Critical Appraisal of Wind Farm Noise
Propagation”. A summary of the frequency dependant attenuation factors used to account
for screening effects is listed in Table 7.7.

®1S09613-1:1993 is an International Standard titled “Acoustics — Attenuation of sound during propagation
outdoors — Part 1: Calculation of the absorption of sound by the atmosphere.” used to determine the reduction in
noise level due the atmospheric absorption by air at different temperatures and humidities.

"1S09613-2:1996 is an International Standard titled “Acoustics — Attenuation of sound during propagation
outdoors — Part 2: General method of calculation.” This standard is used to model noise reduction around the
wind farm.
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Frequency (Hz) 315 63 125 250 500 1000 2000 4000 8000

Attenuation if
only hub visible 0 0 0 0 0 0 0 0 0
(dB)

Attenuation if
only blade visible 2 2 2 2 2 2 2 2 2
(dB)

Attenuation if
completely 8 8 9 10 10 10 10 10 10
screened (dB)

Table 7.7. Attenuation values used where turbines are screened.

It is important to note that the noise level predictions are calculated by assuming that
each receiver location is down-wind from all wind turbines simultaneously. This again
is a conservative approach as it is not possible for a receiver to be downwind of all turbines.

As the 1SO9613 model is a predictive model for down-wind noise predictions, no reduction in
the noise predictions have been made for instances where the turbines are not in a down-
wind position. The introduction of wind speed effects on the calculation of attenuation of
wind farm noise has been shown to introduce large uncertainties in the modelled results and
therefore a conservative approach has been adopted, by not considering the effects due to
wind speed variations.

7.4 Noise Modelling Results

Noise modelling has been undertaken at the 36 closest dwellings to the proposed Project
Central Wind site. The results of the modelling have been represented at all integer wind
speeds between 4m/s and 10 m/s. These results have been tabulated in Table 7.8.

It is again pointed out that all predictions are made assuming that each receiver is
simultaneously down-wind of all wind turbines. This is a conservative approach and leads to
an over prediction of the noise levels.

7.5 Analysis of Wind Farm Predictions and Comparison with Fixed Limit from
NZS6808

The predicted wind farm noise levels listed in Table 7.8 have been assessed against the
fixed limit from NZS6808 of 40 dB(A). NZS6808 has a second (higher) limit which is used if
the background noise is high and/or the contribution from the wind farm is greater than
35 dB(A). A comparison between the fixed limit of 40 dBA and the predicted sound pressure
levels have been tabulated for various wind speeds in Table 7.9. The negative values in the
Table represent predicted levels LOWER than the fixed limit set out in NZS6808.

From the results shown in Tables 7.8 and 7.9 it is clear that the predicted wind farm noise
levels never exceed the limit set out in NZS6808 of 40 dB(A) or the background plus 5 dB(A),
whichever the greater. The predicted levels are between 21.9 dB(A) and 10.5 dB(A) below
the proposed limit for wind speeds between 4 m/s and 10 m/s.

From Table 7.8 it is also clear that the predicted noise levels at all wind speeds at all houses
are below the 35 dB(A) level at which NZS6808 recommends that background noise level
measurements be undertaken. Following the guidelines in the Standard it has therefore not
been necessary to undertake background noise level measurements.
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Again it is evident from the results listed in Table 7.8 that the predicted wind farm noise
levels never exceed the proposed limits of NZS6808 at adjacent noise sensitive locations.
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Wind speed (m/s)

V10 4.0 5.0 6.0 7.0 8.0 9.0 10.0
V80 5.57 6.96 8.35 9.75 11.14 12.53 13.92
Predicted sound pressure level (L¢y) at specified wind speeds (dB(A))

H-01 16.2 22.2 25.8 27.4 27.7 27.2 24.5
H-02" 21.4 27.4 31.0 32.6 32.8 324 30.7
H-03" 20.9 26.9 30.5 32.0 323 31.9 30.3
H-04 15.1 21.1 24.7 26.3 26.6 26.1 23.9
H-05" 14.3 20.3 239 255 25.8 25.3 23.0
H-06 18.1 24.1 27.7 29.2 29.5 29.0 26.9
H-07 13.4 19.4 23.0 24.6 24.8 24.4 21.9
H-08 16.1 22.1 25.7 27.2 275 27.0 24.7
H-09 14.6 20.6 24.2 25.8 26.1 25.6 23.1
H-10 14.6 20.6 24.2 25.8 26.1 25.6 23.1
H-11 14.4 20.4 24.0 25.6 25.9 25.4 22.8
H-12 125 185 22.1 23.7 24.0 235 20.9
H-13 14.2 20.2 23.8 25.3 25.6 25.1 225
H-14 13.4 19.4 23.0 24.6 24.8 24.4 21.7
H-15 125 185 22.1 23.7 24.0 235 20.8
H-16 12.7 18.7 22.3 23.8 24.1 23.6 20.9
H-17 14.5 20.5 24.1 25.7 26.0 255 22.9
H-18 10.4 16.4 20.0 215 21.8 21.3 18.6
H-19 12.2 18.2 21.8 23.4 23.6 23.2 20.5
H-20 12.4 18.4 22.0 23.6 23.9 23.4 20.7
H-21 12.6 18.6 22.2 23.8 24.1 23.6 21.1
H-22 12.6 18.6 22.2 23.7 24.0 235 21.0
H-23 12.4 18.4 22.0 235 23.8 23.3 20.7
H-24 9.6 15.6 19.2 20.8 21.0 20.5 17.8
H-25 9.4 15.4 19.0 20.6 20.9 20.4 17.6
H-26 9.2 15.2 18.8 20.4 20.7 20.2 17.4
H-27 9.1 15.1 18.7 20.3 20.6 20.1 17.3
H-28 9.7 15.7 19.3 20.9 21.2 20.7 17.9
H-29 9.7 15.7 19.3 20.9 21.2 20.7 17.9
H-30 9.5 155 19.1 20.7 20.9 20.5 17.7
H-31 11.9 17.9 215 23.1 23.4 22.9 20.3
H-32 11.4 17.4 21.0 225 22.8 22.3 19.7
H-33 11.4 17.4 21.0 22.6 22.9 22.4 19.7
H-34 11.7 17.7 21.3 22.9 23.2 22.7 20.0
H-35 13.0 19.0 22.6 24.2 24.4 23.9 21.4
H-36 10.1 16.1 19.7 21.3 21.6 21.1 18.3
Max, all 21.4 27.4 31.0 326 32.8 324 30.7
hi%);d%):jd 18.1 24.1 27.7 29.2 295 29.0 26.9

Note:

** | ocated on land as part of the project

area.

Table 7.8. Predicted wind farm noise levels (L¢g) at the adjacent dwellings
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Wind speed (m/s)
V10 4.0 5.0 6.0 7.0 8.0 9.0 10.0
V80 5.57 6.96 8.35 9.75 11.14 12.53 13.92
Level below 40 dB(A) limit set out in NZS6808 (dB(A))
H-01 -23.8 -17.8 -14.2 -12.6 -12.3 -12.8 -15.5
H-02" N/A N/A N/A N/A N/A N/A N/A
H-03" N/A N/A N/A N/A N/A N/A N/A
H-04 -24.9 -18.9 -15.3 -13.7 -13.4 -13.9 -16.1
H-05" N/A N/A N/A N/A N/A N/A N/A
H-06 -21.9 -15.9 -12.3 -10.8 -10.5 -11.0 -13.1
H-07 -26.6 -20.6 -17.0 -15.4 -15.2 -15.6 -18.1
H-08 -23.9 -17.9 -14.3 -12.8 -12.5 -13.0 -15.3
H-09 -25.4 -19.4 -15.8 -14.2 -13.9 -14.4 -16.9
H-10 -25.4 -19.4 -15.8 -14.2 -13.9 -14.4 -16.9
H-11 -25.6 -19.6 -16.0 -14.4 -14.1 -14.6 -17.2
H-12 -27.5 -21.5 -17.9 -16.3 -16.0 -16.5 -19.1
H-13 -25.8 -19.8 -16.2 -14.7 -14.4 -14.9 -17.5
H-14 -26.6 -20.6 -17.0 -15.4 -15.2 -15.6 -18.3
H-15 -27.5 -21.5 -17.9 -16.3 -16.0 -16.5 -19.2
H-16 -27.3 -21.3 -17.7 -16.2 -15.9 -16.4 -19.1
H-17 -25.5 -19.5 -15.9 -14.3 -14.0 -14.5 -17.1
H-18 -29.6 -23.6 -20.0 -18.5 -18.2 -18.7 -21.4
H-19 -27.8 -21.8 -18.2 -16.6 -16.4 -16.8 -19.5
H-20 -27.6 -21.6 -18.0 -16.4 -16.1 -16.6 -19.3
H-21 -27.4 -21.4 -17.8 -16.2 -15.9 -16.4 -18.9
H-22 -27.4 -21.4 -17.8 -16.3 -16.0 -16.5 -19.0
H-23 -27.6 -21.6 -18.0 -16.5 -16.2 -16.7 -19.3
H-24 -30.4 -24.4 -20.8 -19.2 -19.0 -19.5 -22.2
H-25 -30.6 -24.6 -21.0 -19.4 -19.1 -19.6 -22.4
H-26 -30.8 -24.8 -21.2 -19.6 -19.3 -19.8 -22.6
H-27 -30.9 -24.9 -21.3 -19.7 -19.4 -19.9 -22.7
H-28 -30.3 -24.3 -20.7 -19.1 -18.8 -19.3 -22.1
H-29 -30.3 -24.3 -20.7 -19.1 -18.8 -19.3 -22.1
H-30 -30.5 -24.5 -20.9 -19.3 -19.1 -19.5 -22.3
H-31 -28.1 -22.1 -18.5 -16.9 -16.6 -17.1 -19.7
H-32 -28.6 -22.6 -19.0 -17.5 -17.2 -17.7 -20.3
H-33 -28.6 -22.6 -19.0 -17.4 -17.1 -17.6 -20.3
H-34 -28.3 -22.3 -18.7 -17.1 -16.8 -17.3 -20.0
H-35 -27.0 -21.0 -17.4 -15.8 -15.6 -16.1 -18.6
H-36 -29.9 -23.9 -20.3 -18.7 -18.4 -18.9 -21.7
Max -21.9 -15.9 -12.3 -10.8 -10.5 -11.0 -13.1

Note:

** | ocated on land as part of the project

area

Table 7.9. Difference between predicted wind farm noise level and
NZS6808 limit at all adjacent locations.
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8 Construction Noise

An assessment of the wind farm construction noise has been undertaken in accordance with
NZS6803:1999 “Acoustics — Construction Noise”. Table 8.1 lists the source noise levels
associated with the following activities:

foundation excavation

site access track construction

turbine foundation concrete pouring

construction of the wind turbines

concrete batching plant (located between turbines BO3 and C01)
heavy vehicles moving along access tracks

For the concrete batching facility, it has been assumed that 360m* of concrete will be
batched over a 12 hour period, resulting in about 4 to 5 vehicle deliveries per hour or around
8 to 10 traffic movements.

For the construction traffic noise it has been assumed that a machine equivalent to a large
crawler is required to tow the tower, blades and nacelle. It is assumed that 10 movements
per hour, of this size machine is required. The machines will operate at a speed of 25 km/h
on the tracks closest to each receptor location and it has been assumed that the track is in
full view from that receptor location.

Construction noise predictions have been undertaken in accordance with NZS6803:1999 and
are presented in Table 8.2. The maximum predicted construction noise level is that at the
dwelling location H-03 which is located on land as part of the project area. The highest
predicted construction noise level for all houses not part of the project area is lower than the
recommended long-term duration night time limit of 45 dBA set out in Table 2 of NZS6803.

9 Wind Farm substation Noise

As part of the wind farm a substation will be built at approximately 2750220mE, 6181270mN
having elevation of approximately 990m. The primary noise source from the substation is an
external transformer which will have a sound power level of less than 95 dBA. The
substation is at least 4km away from the closest residence and noise predictions completed
show that the substation noise levels will be significantly lower than the limits set out in the
District Plan of 45 dBA (L,0) at night.
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NZS6803:1999 % on Effective
Activity/ Equipment reference Quantity | Lwa time Lwa
Foundation excavation
Tracked Loader:205kW C3.55 1 112 70% 110.5
Dozer:239kW C3.27 1 109 30% 103.8
Lorry: 310kW C3.59 9 105 30% 109.3
Effective Lwa 113.4
Access Track
Construction
Road Roller:51kw C8.30 2 101 70% 102.5
Road Planer:124kW C8.17 1 111 30% 105.8
Dozer:239kW C3.27 2 109 30% 106.8
Lorry: 310kW C3.59 3 105 30% 104.5
Effective Lwa 113.8
Foundation Concrete
Pours
Poker vibrators C6.20 4 102 30% 102.8
Truck Mixers (discharge) C5.12 2 112 30% 109.8
Compressor (pokers) C6.19 2 100 70% 101.5
Effective Lwa 111.1
Turbine Erection
Cranes Manuf 2 109 30% 106.8
Cranes Manuf 2 112 30% 109.8
Traced unit for trailers C3.73 2 114 30% 111.8
Effective Lwa 114.7
Concrete Batching Plant
Batching Plant:360m3/day | C6.11 1 108 100% 108.0
Truck mixer (discharge) C5.12 4 112 40% 114.0
Effective Lwa 115.0
Site Traffic
Large crawler for towing
trailers 114.0
(10 movements per hour along closest access track, in full view and 25km/h
speed)

Table 8.1. Construction noise sources
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Property | Traffic Access Track Foundations | Batching | Foundation | Turbine Traffic Traffic Traffic Traffic Traffic
Location Construction Excavation Plant Pour Erection plus plus plus plus plus
site track foundation | concrete | concrete | turbine
construction | excavation | batching pour erection
H-01 40.2 29.4 29.0 23.9 26.7 30.3 40.5 40.5 40.3 40.4 40.6
H-02" 44.2 38.5 38.1 26.6 35.8 39.4 45.2 45.2 44.3 44.8 45.5
H-03" 44.4 38.8 38.4 26.6 36.1 39.7 45.4 45.4 44.4 45.0 45.7
H-04 43.7 37.3 36.9 26.0 34.6 38.2 44.6 44.5 43.8 44.2 44.8
H-05" 43.8 375 37.1 26.0 34.8 38.4 44.7 44.6 43.9 44.3 44.9
H-06 43.0 35.6 35.2 25.5 32.9 36.5 43.7 43.6 43.0 43.4 43.8
H-07 43.1 35.9 355 25.5 33.2 36.8 43.8 43.8 43.1 43.5 44.0
H-08 42.3 34.2 33.8 25.0 315 35.1 42.9 42.9 42.4 42.6 43.0
H-09 42.3 34.3 33.9 25.0 31.6 35.2 43.0 42.9 42.4 42.7 43.1
H-10 42.3 34.2 33.8 25.0 315 35.1 42.9 42.9 42.4 42.6 43.0
H-11 42.1 33.7 33.3 24.8 31.0 34.6 42.7 42.6 42.2 42.4 42.8
H-12 42.2 33.9 335 24.9 31.2 34.8 42.8 42.7 42.3 42.5 42.9
H-13 41.9 33.3 32.9 24.7 30.6 34.2 42.5 42.4 42.0 42.2 42.6
H-14 41.9 33.2 32.8 24.7 30.5 34.1 42.4 42.4 42.0 42.2 42.6
H-15 41.9 33.2 32.8 24.6 30.5 34.1 42.4 42.4 41.9 42.2 42.5
H-16 41.8 33.0 32.6 24.6 30.3 33.9 42.3 42.3 41.8 42.1 42.4
H-17 41.5 324 32.0 24.3 29.7 33.3 42.0 42.0 41.6 41.8 42.1
H-18 41.3 32.0 31.6 24.2 29.3 32.9 41.8 41.8 41.4 41.6 41.9
H-19 41.8 33.0 32.6 24.6 30.3 33.9 42.3 42.2 41.8 42.1 42.4
H-20 41.7 32.8 324 24.5 30.1 33.7 42.2 42.2 41.8 42.0 42.3
H-21 41.4 32.2 31.8 24.3 29.5 33.1 41.9 41.9 41.5 41.7 42.0
H-22 413 31.9 315 24.2 29.2 32.8 41.8 41.7 41.4 41.6 41.9
H-23 41.1 31.6 31.2 24.1 28.9 325 41.6 41.6 41.2 41.4 41.7
H-24 40.4 30.0 29.6 23.6 27.3 30.9 40.8 40.8 40.5 40.7 40.9
H-25 40.4 29.8 29.4 235 27.1 30.7 40.7 40.7 40.5 40.6 40.8
H-26 40.2 29.5 20.1 23.4 26.8 30.4 40.6 40.6 40.3 40.4 40.7
H-27 40.1 29.3 28.9 23.4 26.6 30.2 40.5 40.4 40.2 40.3 40.6
H-28 40.6 30.4 30.0 24.0 27.7 313 41.0 41.0 40.7 40.8 41.1
H-29 40.6 30.3 29.9 24.0 27.6 31.2 41.0 41.0 40.7 40.8 41.1
H-30 40.5 30.1 29.7 23.9 27.4 31.0 40.9 40.8 40.6 40.7 40.9
H-31 41.5 323 319 25.3 29.6 33.2 41.9 41.9 41.6 41.7 42.1
H-32 41.2 317 313 25.1 29.0 32.6 41.7 41.6 413 41.4 41.8
H-33 41.2 317 313 25.3 29.0 32.6 41.7 41.6 41.3 41.5 41.8
H-34 413 32.0 31.6 25.6 29.3 32.9 41.8 41.8 41.4 41.6 41.9
H-35 41.1 31.4 31.0 25.5 28.7 32.3 41.5 41.5 41.2 41.3 41.6
H-36 40.3 29.7 29.3 25.5 27.0 30.6 40.7 40.7 40.5 40.5 40.8

** | ocated on land as part of the project

area
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10 Conclusion

An acoustic noise assessment has been undertaken for the proposed Project Central Wind in
accordance with the New Zealand Standard NZS6808:1998 “The Measurements and
Assessment of Noise from Wind Turbine Generators. The results show that the predicted
levels are substantially lower than the limits set out in the Standard.

Wind farm noise level predictions show that the proposed wind farm will comply with the
limits set out in NZS6808.

Predictions of noise levels from the wind farm substation show that the substation noise
levels will comply with those set out in the District Plans.

Construction noise will comply with the long-term duration limits set out in NZS6803.

Page 26 of 26



