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6. SOUND LEVELS PRODUCED BY WIND TURBINES

6.1.

6.2.

STANDARDS USED TO MEASURE WIND TURBINE SOUND

A manufacturer of a wind turbine must test and report its turbines’ noise emissions using two
international standards:

1) International Electrotechnical Commission standard IEC 61400-11:2002(E), “Wind
Turbine Generator Systems — Part 11: Acoustic Noise Measurement Techniques”

2) International Electrotechnical Commission standard IEC 61400-14:2005(E), “Wind
Turbine Generator Systems — Part 14: Declaration of Apparent Sound Power Level and
Tonality Values”

These standards give the sound power emission levels from a turbine, by wind speed and frequency.

SOUND LEVELS USED IN MODELING

For the purposes of modeling, we used a typical wind turbine represented by GE 1.5 MW wind
turbine. GE provided a mean reference sound power level of 10412 dBA. The modeling assumes a
turbine hub height of 80 meters and a maximum sound power level of 106 dBA.

Note that the sound power rating of a wind turbine is not the same as the sound pressure levels referred
to eatlier in this report. The sound power of a source is the total acoustical energy generated by a
source. The sound pressure level of a source is the pressure measured by a sound level meter. By way
of analogy, a light bulb’s energy use, i.e., power, is measured in Watts, while the perceived level of
light is measured in lumens. Sound power is analogous to the bulb energy use while sound pressure is
analogous to lumens in this example. Both power and pressure levels are reported in decibels, so they
are often confused. See Section 3.3 for more information on sound power.

7. SOUND FROM WIND TURBINES — SPECIAL ISSUES

7.1.

Wind turbines are special sound generators in that their sound emissions are often masked by noise
from the wind moving through trees and other vegetation, and their sound level is highly dependent
on meteorological conditions. In addition, wind turbines generate lower frequency sound which
tends to propagate better than higher frequency sound. These aspects are discussed below.

METEOROLOGY

Meteorological conditions can significantly affect sound propagation. The two most important
conditions to consider are wind shear and temperature lapse. Wind shear is the difference in wind
speeds by elevation and temperature lapse rate is the temperature gradient by elevation. In conditions
with high wind shear (large gradient), sound levels upwind from the source tend to decrease and
sound levels downwind tend to increase. With temperature lapse, when ground surface temperatures
are higher than that aloft, sound levels on the ground will decrease. The opposite is true when
ground temperatures are lower than those aloft (an inversion condition).
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7.2.

7.3.

As a substitute for these conditions, we often use “stability class”. Stability classes range from A to
G, where A is a highly unstable condition (high solar radiation and high winds) and G is very stable
(clear night, no wind, strong temperature inversion).

In general terms, sound tends to propagate best under stable conditions with a strong inversion. This
occurs during the night and is characterized by low winds.! In those situations, sound levels from
wind turbines would be at their lowest. Wind speeds under very stable conditions (Stability Class G)
are generally too low to generate electricity and thus the wind turbines would produce little or no
noise. As a result, worst-case conditions for wind turbines tend to be under moderate nighttime
inversions. An analysis of wind turbine noise under stable conditions is provided later in this report.

MASKING

As mentioned above, sound levels from wind turbines are a function of wind speed. Background
sound is also a function of wind speed, i.e., the stronger the winds, the louder the resulting
background sound. In areas that are covered by trees and bushes, such as is found in this region, the
effect is amplified. Combined with the fact that the frequency spectrum from wind is very similar to
the frequency spectra from a wind turbine, the sound from a wind turbine can be masked by wind

noise at downwind receivers.

It is important to point out that while winds may be blowing at the turbine hub, there may be little or
no wind at downwind receivers. This is due to the fact that winds are lighter closer to the ground. At
the point at which winds are blowing with relatively low speeds at the hub, but not on the ground,
the wind turbines would be most audible. The turbines would be operating at low to medium speeds
and will have proportionally lower sound emissions.

INFRASOUND AND LOW FREQUENCY SOUND

Infrasound is sound pressure fluctuations at frequencies below about 20 Hz. Sound below this
frequency is generally not audible. Low frequency sound is in the audible range of human hearing,
that is, above 20 Hz, but below 100 to 200 Hz depending on the definition.

At very high sound levels, infrasound can cause health effects and rattle light-weight building
partitions. However, modern wind turbines, with the hub upwind of the tower, do not create this
level of infrasound.

Low frequency sound is generated by wind turbines. As with infrasound, high levels of low frequency
sound — above 65 to 70 dB at 31.5 Hz, for example - can rattle light-weight partitions in buildings. In
addition, low frequency sound that is well above background sound levels at higher volumes can be
more annoying than higher frequency sounds.

IThe amount of propagation is highly dependent on surface conditions and the frequency of the sound. Under some

circumstances highly stable conditions can show lower sound levels.
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Low frequency sound is primarily generated by the generator and mechanical components. Through
improved sound insulation at the hub, much of the mechanical noise has been reduced in modern
wind turbines. Low frequency sound can also be generated at higher wind speeds when the inflow air
is very turbulent. However, at these wind speeds, low frequency sound from the wind turbine blades
is often masked by wind noise at the downwind receivers.

Finally, low frequency sound propagates better than higher frequency sound and tends to diffract
more in the atmosphere under inversion conditions. Our modeling takes into account nighttime
inversions and the differential atmospheric absorption of low and high frequency sound.

8. SOUND MODELING

8.1. MODELING SOFTWARE

Modeling was completed for the project using Cadna A acoustical modeling software. Made by
Datakustik GmbH, Cadna A is an internationally accepted acoustical model, used by many other
noise control professionals in the United States and abroad. The software has a high level of
reliability and follows methods specified by the International Standards Organization in their ISO
9613-2 standard, “Acoustics — Attenuation of sound during propagation outdoors, Part 2: General
Method of Calculation.” The standard states,

“This part of ISO 9613 specifies an engineering method for calculating the attenuation of sound
during propagation outdoors in order to predict the levels of environmental noise at a distance
from a variety of sources. The method predicts the equivalent continuous A-weighted sound
pressure level ... under meteorological conditions favorable to propagation from sources of
known sound emissions. These conditions are for downwind propagation ... propagation under
a well-developed moderate ground-based temperature inversion, such as commonly occurs at
night.”

The model takes into account source sound power levels, surface reflection and absorption,
atmospheric absorption, geometric divergence, meteorological conditions, walls, barriers, berms, and
terrain.

While standard modeling methodology takes into account moderate nighttime inversions and
moderate wind speeds, there may be meteorological conditions that result in higher levels of sound
from the turbines. In particular, much higher wind speeds can account for greater downwind
propagation. Adjustments can be made to take into account the more extreme conditions. For this
study, we modeled the sound propagation in accordance with ISO 9613-2 with spectral ground
attenuation and no ground absorption which has been found to yield the most accurate yet
conservative results using standard modeling parameters.!

1 Duncan, E., and Kaliski, K., “Improving Sound Propagation Modeling for Wind Power Projects,” Acoustics’08, 2008, Paris,

France .
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A 10 meter by 10 meter grid of modeled receivers was set up covering 36 square miles around the
site. This accounts for a total of about 950,000 modeled receivers. A receiver is a point above the
ground at which the computer model calculates a sound level. In addition, discrete receivers were
placed at 474 residential homes. The closest homes are approximately 1,130 meters (3,700 feet) away
from the nearest turbine, which is well beyond the 2,000 feet setback recommended by the BLM and
discussed in Section 4.3 of this report. Details of the modeling input assumptions are shown in

Appendix B.

8.2. MODELING RESULTS

As described above, we modeled the proposed wind turbines using their maximum rated sound
power level.!

Table 5 shows the sound power of the GE 1.5 MW turbine that was used in the modeling with 1/1
octave band center frequencies represented.

Table 5: Sound Power (Lw) of Proposed Turbines Assumed in Modeling

Sound Power Level by 1/1 Octave Band (in dB) Total Total
Turbine 63 125 250 500 | 1000 | 2000 | 4000 | 8000 indB | indBA
GE 1.5 MW
Turbine 1133 | 112.1 | 107.8 | 103.8 | 999 | 953 | 88.3 | 81.2 116.8 106.0

The results of the modeling are shown in Figure 6. The figure shows many discrete modeled
receivers as orange circles. The green crosses in the figure are the proposed wind turbine locations.
Noise isolines are color coded conforming to the modeled sound levels from the wind turbines,
where blue is the highest sound levels and light green is the lowest. The thicker red line represents
the geographic limit of a 45 dBA sound pressure level. As shown, there are no homes within the 45
dBA zone. The worst-case sound level at the nearest homes to the west and north northeast is 40
dBA. This would tend to occur on a clear or cloudy night and with winds blowing at more than 5
m/s (as measured at the sound level meter).

The modeling demonstrates that the project can meet the noise standard of 45 dBA (night) at all
nearby residences during times when windows would typically be open. In addition, the Georgia
Performance Standard of 70 dBA at all property lines would also be met.

1 Note that there are some circumstances in the winter where ice can form on the wind turbine blades, creating higher levels of
turbulence noise. These events are expected to occur only a few times during a typical winter and are of short duration. Note

that windows are most likely to be closed during these icing events, thus reducing their noise impacts.
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Figure 6: Sound Levels from the Proposed Georgia Mountain Community Wind Project at Maximum
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8.3. LOW FREQUENCY SOUND

At the residence with the highest overall sound levels from the turbines, the highest sound level at a
frequency of 31.5 Hz is approximately 49 dB. (This is an unweighted sound pressure level.) This is
below the znterior sound level of 65 to 70 dB that is likely to create moderately perceptible building
vibrations.

9. CONSTRUCTION IMPACTS AND OTHER NOISE SOURCES

9.1. CONSTRUCTION IMPACTS

The construction of the turbines will take place primarily at the turbine sites. While there may be
activity closer to residences for road construction and utility work, such work will be of a relatively
short duration.
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The equipment used for the construction will be varied. Some of the louder pieces of equipment are
shown in Table 6 along with the approximate maximum sound pressure levels at 15.2 m (50 feet) and
1,130 m (3,700 ft).

Table 6: Maximum Sound Levels from Various Construction Equipment

EQUIPMENT SOUND PRESSURE SOUND PRESSURE

LEVEL AT 15.2 m LEVEL AT 1,130 m
(dBA) (dBA)L

M-250 Liftcrane 82.5 38

2250 S3 Liftcrane 78 34

Excavator 83 41

Dump truck being loaded 86 45

Dump truck at 25 mph accelerating 76 33

Tractor trailer at 25 mph 80 39

accelerating

Concrete truck 81 37

Bulldozer 85 41

Rock drill 100 49

Loader 80 33

Backhoe 80 36

Chipper 96 55

Blasting may be required. However, the amount of blasting will be limited. Blasts will be warned as
per federal requirements. Blasts will be designed by a licensed blasting company and charges and
delays will be set such that Bureau of Mines standards for vibration and airblast will be complied
with.

Construction will take place over approximately nine months. Major construction work, such as
clearing for the access roads, will occur primarily during the day, however, minor construction work
may extend earlier or later.

Due to the setbacks involved and the limited duration of the activities, construction noise should not
pose undue quality of life concerns.

9.2. OTHER NOISE SOURCES

There will be several minor noise sources at the site. These include:

1) Transformers — The electrical equipment has not yet been specified. There may be a
transformer at the base of each turbine. Transformer noise emissions are subject to
NEMA standards. The transformers at the base of the turbines are not likely to be
audible outside of the project area. No step-up transformer is currently proposed.

1 Assumes a reduction of 6 dB pet doubling of distance.
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2) Transmission lines — The transmission lines associated with this project is 34 kV. The
voltage of these lines is too low to generate any significant corona noise and will likely
be inaudible next to the lines.

3) Maintenance and operations — The site will be accessed via a pickup truck or off-road
vehicle. This level of increased traffic will not create any adverse sound impacts.

10. RECOMMENDATIONS

Based on the above analysis, we recommend:
1) Selecting turbines models and a turbine configuration that will not exceed 45 dBA
outside the nearest residence, as demonstrated in this report.

2)  Selecting wind turbines with no tonality or tonality within an acceptable level.

3) Providing neighbors with a site supervisor to call so as to resolve noise complaints
promptly.

11. SUMMARY AND CONCLUSIONS

This report evaluated the potential noise impacts of the Georgia Community Wind project and
concluded the following:
1) An appropriate standard to apply to this project would be the World Health
Organization sleep disturbance criteria of 45 dBA averaged over the during summer
months when windows are likely to be open.

2) Using five wind turbines with a sound power level of 106 dBA and a hub height of 80
meters, this project meets this standard by 5 dB or more during the night.

3) The sound levels from the turbines will not rise to a level that can create hearing
damage, activity interference, or pose quality of life concerns.

4) The Georgia Zoning Ordinance Performance Standard of 70 dBA at the property line
will be met.

As a result, the Georgia Community Wind project can be constructed in such a way as to have no
undue adverse impact to health or aesthetics with respect to noise.



APPENDIX A

TABLE 4.1 OF THE WHO'S “GUIDELINES FOR COMMUNITY NOISE” (1999)




Table4.1: Guideline values for community noisein specific environments.

Specific Critical health effect(s) LAeq Time LAmax
environment [dB] base fast
[hours] | [dB]
Outdoor living area | Serious annoyance, daytime and evening 55 16 -
Moderate annoyance, daytime and evening | 50 16 -
Dwelling, indoors Speech intdlligibility and moderate 35 16
annoyance, daytime and evening
Insde bedrooms Sleep disturbance, night-time 30 8 45
Outside bedrooms Sleep disturbance, window open (outdoor 45 8 60
values)
School classrooms | Speech intelligibility, disturbance of 35 during |-
and pre-schoals, information extraction, message class
indoors communication
Pre-school Sleep disturbance 30 deeping | 45
Bedrooms, indoors -time
School, playground | Annoyance (external source) 55 during |-
outdoor play
Hospital, ward Sleep disturbance, night-time 30 8 40
rooms, indoors Sleep disturbance, daytime and evenings 30 16 -
Hogpitals, treatment | Interference with rest and recovery #1
rooms, indoors
Industrial, Hearing impairment 70 24 110
commercial,
shopping and traffic
areas, indoors and
Outdoors
Ceremonies, festivals | Hearing impairment (patrons.<5 times/year) | 100 4 110
and entertainment
events
Public addresses, Hearing impairment 85 1 110
indoors and outdoors
Music through Hearing impairment (free-field value) 85 #4 1 110
headphones/
Earphones
Impulse sounds from | Hearing impairment (adults) - - 140 #2
toys, fireworks and
firearms Hearing impairment (children) - - 120 #2
Outdoors in parkland | Disruption of tranquillity #3

and conservation
areas

#1: aslow as possible;

#2: peak sound pressure (not LAmax, fast), measured 100 mm from the ear;

#3: existing quiet outdoor areas should be preserved and the ratio of intruding noise to natural background sound

should be kept low;

#4: under headphones, adapted to free-field values

65




APPENDIX B

MODEL INPUT DATA




Turbine Information

Name ID Sound Height Coordinates
Power X Y y4
(dBA) (m) (m) (m) (m)
PROPOSED TURBINE_LOCATIONS 9.24.08 3 106 80| 454810 240326 501
PROPOSED TURBINE_LOCATIONS 9.24.08 2 106 80| 454873 240128 520
PROPOSED TURBINE_LOCATIONS 9.24.08 1 106 80| 454936 239948 506
PROPOSED TURBINE_LOCATIONS 9.24.08 5 106 80| 454592 240714 494
PROPOSED TURBINE_LOCATIONS 9.24.08 4 106 80| 454766 240612 511
Name 1/1 Octave Band sound power levels (dBA)
Center frequency (Hz) -> 31.5 63 125 250 500 1000 2000 4000 8000
GE Turbine 72.6 87.1 96 99.2 100.6 99.9 96.5 89.3 80.1
Modeling parameters
Parameter Setting
Ground absorption ISO 9613-2 Spectral, G=0
Atmospheric Absorption Based on 10 degrees F, 70% relative humidity
Reflections None
Search radius 4000 m (2.6 miles) from each source
Receiver height 4 m (13.1 ft)
Contour interval 10 m from USGS Digital elevation model






