APPENDIX F

NOISE TECHNICAL REPORT

This page intentionally left blank

This appendix contains the Applicant’s “Noise Technical Report for the Proposed Montezuma II Wind Project
Solano County, California,”prepared by ICF International in November 2010. This appendix also
contains revisions to pages 16 and 17 of the report made by ICF International in January 2011 in
response to comments from the EIR contractor.
The Applicant has modified the Project since preparation of the noise technical report by removing
three parcels and two proposed turbine locations. This change affects the turbine ID’s contained in
the Applicant’s noise technical report. The table below compares the turbine ID’s contained in this
appendix with the turbine ID’s presented in Chapter 3, Project Description, and Chapter 15, Noise,
of this EIR. Changes in turbine IDs are identified in italics.
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Noise Technical Report for the
Proposed Montezuma II Wind Project
Introduction
This report provides an assessment of noise associated with the Montezuma II Wind Project
(proposed project) proposed by NextEra Energy Resources Montezuma II Wind, LLC (Montezuma II
Wind) to be located in the Montezuma Hills area of Solano County, California. This report discusses
environmental noise fundamentals, applicable noise regulations, and applicable noise policies, and
provides a description of existing noise conditions, an initial evaluation of noise effects associated
with implementation of the proposed project, and recommendations to reduce potential effects to a
level typically considered by the County to be less than significant under the California
Environmental Quality Act (CEQA).
This report provides information that will be used by Solano County when it prepares the CEQA
documents for the proposed project. This report does not make CEQA conclusions, but rather
provides the technical information that will be used by the County in making those conclusions. It is
ICF International’s understanding that information in this report will be incorporated as
appropriate into the environmental documents prepared by Solano County.

Project Description
Montezuma II Wind is proposing to install 34 wind turbines in the Montezuma Hills area. Figure 1
shows 34 proposed locations for the turbines and six alternate locations in case any of the first 34
become infeasible due to landowner or safety setback concerns. Because any of the 34 turbine
locations may be replaced at a later date with an alternate location, the analysis in this report uses
the “worst‐case” scenario, assuming that all 40 turbines would be constructed. NextEra is proposing
to use Siemens SWT‐2.3‐93 (93‐meter blades) on the first four turbines and Siemens SWT‐2.3‐101
on the remaining turbines. Figure 2 shows the configuration of each turbine.

Environmental Noise Fundamentals
Sound can be described as the mechanical energy of a vibrating object transmitted by pressure
waves through a liquid or gaseous medium (e.g., air) to a hearing organ, such as a human ear. Noise
is defined as sound that is objectionable because it is disturbing or annoying.
In the science of acoustics, the fundamental model consists of a sound (or noise) source, a receiver,
and the propagation path between the two. The loudness of the noise source and obstructions or
atmospheric factors affecting the propagation path to the receiver determines the sound level and
characteristics of the noise perceived by the receiver.
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Sound Descriptors
Continuous sound can be described by frequency (pitch) and amplitude (loudness). A low‐frequency
sound is perceived as low in pitch. Frequency is expressed in terms of cycles per second, or Hertz
(Hz) (e.g., a frequency of 250 cycles per second is referred to as 250 Hz). High frequencies are
sometimes more conveniently expressed in kilohertz (kHz), or thousands of Hz. The audible
frequency range for humans is generally between 20 Hz and 20,000 Hz.
The amplitude of pressure waves generated by a sound source determines the loudness of that
source. Sound pressure amplitude is measured in micro‐Pascals (mPa). One mPa is approximately
one‐hundred billionth (0.00000000001) of normal atmospheric pressure. Sound pressure
amplitudes for different kinds of noise environments can range from less than 100 to 100,000,000
mPa. Because of this huge range of values, sound is rarely expressed in terms of mPa. Instead, a
logarithmic scale is used to describe sound pressure level (SPL) in terms of decibels (dB). The
threshold of hearing for young people is about 0 dB, which corresponds to 20 mPa.
The dB scale alone does not adequately characterize how humans perceive noise. The dominant
frequencies of a sound have a substantial effect on the human response to that sound. Although the
intensity (energy per unit area) of the sound is a purely physical quantity, the loudness or human
response is determined by the characteristics of the human ear.
Human hearing is limited in the range of audible frequencies as well as in the way it perceives the
SPL in that range. In general, people are most sensitive to the frequency range of 1,000–8,000 Hz
and perceive sounds within that range better than sounds of the same amplitude in higher or lower
frequencies. To approximate the response of the human ear, sound levels of individual frequency
bands are weighted, depending on the human sensitivity to those frequencies. Then, an “A‐
weighted” sound level (expressed in units of dBA) can be computed based on this information.
The A‐weighting network approximates the frequency response of the average young ear when
listening to most ordinary sounds. When people make judgments of the relative loudness or
annoyance of a sound, their judgments correlate well with the A‐scale sound levels of those sounds.
Table 1 describes typical A‐weighted noise levels for various noise sources.
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Figure 1
Locations of Residences, Proposed Wind Turbines, and Noise Monitoring Positions
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Table 1. Typical A‐Weighted Noise Levels
Common Outdoor Activities

Noise Level
(dBA)
— 110 —

Common Indoor Activities
Rock band

Jet flying at 1,000 feet
— 100 —
Gas lawn mower at 3 feet
— 90 —
Diesel truck at 50 feet at 50 mph
— 80 —

Food blender at 3 feet
Garbage disposal at 3 feet

Noisy urban area, daytime
Gas lawn mower, 100 feet
Commercial area
Heavy traffic at 300 feet

— 60 —

Quiet urban daytime

— 50 —

Large business office
Dishwasher next room

Quiet urban nighttime
Quiet suburban nighttime

— 40 —

Theater, large conference room (background)

— 30 —

Library
Bedroom at night

— 70 —

Quiet rural nighttime

Vacuum cleaner at 10 feet
Normal speech at 3 feet

— 20 —
Broadcast/recording studio
— 10 —
Lowest threshold of human hearing

—0—

Lowest threshold of human hearing

Source: California Department of Transportation 2006.

Other weighting networks have been devised to address high noise levels or other special problems
(e.g., B‐, C‐, and D‐scales). C‐weighted sound levels are sometimes considered for wind turbine noise
analysis. The C‐weighted sound level or dBC gives more weight to lower frequency noise. C‐
weighting is very close to an unweighted or “flat” response. When evaluating sounds that have
varying amounts of low ‐frequency energy, A‐weighted sound levels will not indicate the low
frequency variations, but C‐weighted sound levels will.
Noise in most typical environments fluctuates over time. Various noise descriptors have been
developed to describe time‐varying noise levels. The following are the noise descriptors most
commonly used in environmental noise analysis.


Equivalent Sound Level (Leq): Leq represents an average of the sound energy occurring over a
specified period. In effect, Leq is the steady‐state sound level containing the same acoustical
energy as the time‐varying sound that actually occurs during the same period. The 1‐hour
A‐weighted equivalent sound level (Leq[h]) is the energy average of A‐weighted sound levels
occurring during a 1‐hour period.
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PercentileExceeded Sound Level (Lxx): Lxx represents the sound level exceeded for a given
percentage of a specified period (e.g., L10 is the sound level exceeded 10% of the time, and L90 is
the sound level exceeded 90% of the time).



Minimum and Maximum Sound Level (Lmin and Lmax): Lmin is the lowest A‐weighted sound
level during a specified period, while Lmax is the highest.



DayNight Level (Ldn): Ldn is the energy average of A‐weighted sound levels occurring over a
24‐hour period, with a 10‐dB penalty applied to A‐weighted sound levels occurring during
nighttime hours between 10 p.m. and 7 a.m.



Community Noise Equivalent Level (CNEL): Similar to Ldn, CNEL is the energy average of the
A‐weighted sound levels occurring over a 24‐hour period, with a 10‐dB penalty applied to A‐
weighted sound levels occurring during the nighttime hours between 10 p.m. and 7 a.m. and a 5‐
dB penalty applied to the A‐weighted sound levels occurring during evening hours between 7
p.m. and 10 p.m.

Decibel Addition
Because decibels are logarithmic units, SPL cannot be added or subtracted through ordinary
arithmetic. Under the dB scale, a doubling of sound energy corresponds to a 3‐dB increase. In other
words, when two identical sources are each producing sound of the same loudness, the resulting
sound level at a given distance would be 3 dB higher than one source under the same conditions. For
example, if one wind turbine produces an SPL of 70 dBA, two wind turbines would not produce 140
dB—rather, they would combine to produce 73 dB. The cumulative sound level of any number of
sources such as wind turbines can be determined using decibel addition.

Perception of Sound Level Changes
Under controlled conditions in an acoustical laboratory, the trained, healthy human ear is able to
discern 1‐dB changes in sound levels when exposed to steady, single‐frequency (“pure‐tone”)
signals in the mid‐frequency (1,000–8,000 Hz) range. In typical noisy environments, changes in
noise of 1 to 2 dB are generally not perceptible. However, it is widely accepted that people are able
to begin to detect sound level increases of 3 dB in typical noisy environments. Further, a 5‐dB
increase is generally perceived as a distinctly noticeable increase, and a 10‐dB increase is generally
perceived as a doubling of loudness. Therefore, a doubling of sound energy (e.g., doubling the
volume of traffic on a highway) that would result in a 3‐dB increase in sound would generally be
perceived as barely detectable.

Sound Propagation
When sound propagates over distance, it changes in level and frequency content. The manner in
which noise reduces with distance depends on the factors described in the next sections.

Geometric Spreading
Sound from a stationary localized source (i.e., a point source) propagates uniformly outward in a
spherical pattern. The sound level attenuates (or decreases) at a rate of 6 dB for each doubling of
distance from a point source. The strength of the source is often characterized by its sound power
level. Sound power level is independent of the distance a receiver is from the source and is a
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property of source alone. Knowing the sound power level of an idealized source and its distance
from a receiver, sound pressure level at the receiver point can be calculated based on geometrical
spreading. This approach is applied to wind turbine generators in the standard measurement
techniques for determining the sound power or source level (Illingworth and Rodkin 2009).

Other Factors that Affect Propagation
A number of additional factors can modify the sound level due to spherical spreading. The first
factor is the ground, which acts as a reflecting plane. If the ground is hard sound energy is reflected
off the ground and will typically increase A‐weighted sound pressure levels by 3 dB. If the ground
plane is acoustically soft or absorptive (such as grassland or a plowed field) some sound energy is
absorbed by the ground and the increase from reflection will be less than 3 dB.
Additional factors that affect sound propagation are often grouped under the term “excess
attenuation.” Excess attenuation is any additional attenuation that is not attributed to simple
spherical spreading. Excess attenuation includes shielding effects from barriers (hills or structures),
attenuation effects associated with vegetation, trees, rain, sleet, snow, or fog, and attenuation
associated with wind and temperature gradients. Excess attenuation is almost always present under
outdoor propagation conditions. For sound propagating over soft ground at near grazing angles of
incidence, excess attenuations of 20 to 30 dB can be measured due to interference effect of the direct
and reflected sound. Under certain meteorological conditions, some of these excess attenuation
mechanisms are reduced or eliminated leaving spherical spreading as the primary determinant of
sound level at a receiver location (Illingworth and Rodkin 2009).

Other Factors Related to Wind Turbines
Operating wind turbines can generate two types of sound: mechanical sound from components such
as gearboxes, generators, yaw drives, and cooling fans; and aerodynamic sound from the flow of air
over and past the rotor blades. Modern wind turbine design has greatly reduced mechanical sound
which can generally be ignored in comparison to the aerodynamic sound, which is often described
as a “swishing” or “whooshing” sound. The International Standard IEC 61400‐11 for wind turbine
noise assessment provides a requirement for evaluating tonality. Tones are then divided into
categories of prominent tone, audible tone, or no tone. (Illingworth and Rodkin 2006).
The wind turbine that was selected for this project has several characteristics that reduce
aerodynamic sound levels in comparison to other, primarily older wind turbine designs. It is an
upwind turbine, meaning the turbine faces into the wind and the wind encounters the rotor blades
before the tower and the nacelle, making for quieter operations than a downwind turbine. It has
relatively low rotational speeds and pitch control on the rotors, both of which reduce sound levels.
Wind turbines produce a broadband sound (i.e., the sound occurs over a wide range of frequencies,
including low‐frequencies). Low‐frequency sounds are in the range of 20–100 hertz and infrasonic
sound (or infrasound) is low‐frequency sound of less than 20 hertz. Compared to higher frequency
sound, low‐frequency sound propagates over longer distances, is transmitted through buildings
more readily, and can excite structural vibrations (for example, rattling windows or doors). The
threshold of perception, in decibels, also increases as the frequency decreases. For example, in the
frequency range where humans hear best (in the low kilohertz), the threshold of hearing is at about
0 dB, but at a frequency of only 10 hertz, the threshold of hearing is at about 100 dB (Rogers 2006).
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Older designs of wind turbines, particularly those in which the blades were on the downwind side of
the turbine tower, produced more low frequency sound as a result of the blades passing through
more turbulent air as a result of the tower blocking wind flow. Modern, upwind turbines produce a
broadband sound emission that includes low‐frequency sounds, but not at significant levels. A
primary cause for low‐frequency sounds in modern turbines is the blade passing through the change
in air flow at the front of the tower and this can be aggravated by unusually turbulent wind
conditions.
The University of Massachusetts at Amherst reported (Rogers 2006) on noise measurements made
at four different wind turbines ranging in size from 450 kilowatts to 2 megawatts. The results
indicated that at distances of no more than 118 meters (387 feet) from the turbines, all infrasound
levels were below human perception levels. The report further states that there is “no reliable
evidence that infrasound below the hearing threshold produces physiological or psychological
effects.” This lack of effects at levels below the hearing threshold was supported by a scientific
advisory panel comprised of medical doctors, audiologists, and acoustic professionals established by
the American and Canadian Wind Energy Associations to review wind turbine sound and health
effects (Colby et al. 2009). It was also supported by the findings from Canadian and Australian
government reviews of available scientific literature (Ontario CMOH 2010; Australia NHMRC 2010).
Additional recent studies conducted on the Siemens SWT‐2.3‐93 (O’Neal 2010) conclude that the
Siemens SWT‐2.3‐93 wind turbine at maximum noise at a distance of more than 305 meters (1,000
feet) from the nearest residence does not pose a low frequency noise or infrasound problem. At this
distance the turbine:


meets ANSI/ASA S12.2 indoor levels for low frequency sound for bedrooms, classrooms and
hospitals;



meets ANSI/ASA S12.2 indoor levels for moderately perceptible vibrations in lightweight
walls and ceilings;



meets ANSI S12.9 Part 4 thresholds for annoyance and beginning of rattles;



has no audible infrasound to the most sensitive listeners.

Wind generates sound. The amount of sound generated can vary widely depending primarily on the
amount of vegetation in the area and the speed of the wind. For a given wind speed the sound level
in a desert with no trees or vegetation will be different from a highly vegetated area. When trees are
in full leaf, wind in the trees rustles the leaves and high frequency sound is produced (Hoover and
Keith 2000). The amount of sound generated depends on wind speed, the distance to the trees or
foliage, and the approximate frontal area of the trees or foliage as seen from the observed position.
Sound levels generated by wind can range from about 20 dBA to 60 dBA for wind speeds in the
range of 2 to 20 miles per hour (Hoover and Keith 2000).

Regulatory Setting
Regulations
There are no regulations at the state or federal level that apply to the proposed project.
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Solano County General Plan—Resources Chapter
The Resources Chapter of the Solano County General Plan (Solano County 2008) provides policy and
guidance for the development and use of natural resources within the county. Energy and wind
energy in particular are discussed in the chapter. The Resources Chapter in the 2008 General Plan
supersedes the Energy Chapter in the previous general plan, which contained the Solano County
Wind Turbine Siting Plan. The Resources Chapter addresses Implementation Programs with Policies
RS.I‐37 and RS.I‐50, which relate specifically to wind farm siting. Policy RS.I‐37 specifies minimum
setbacks and other siting restrictions but does not discuss noise at all. Policy RS.I‐50 states: “In
addition to the required safety setbacks, applicants would be required to demonstrate that the CNEL
50 influence area of proposed wind turbines would not coincide with residential areas or individual
dwelling units. No turbines which exhibit high infrasonic noise generation potential would be
permitted within one mile of residential uses or land zoned for residential uses
Wind turbine noise is regulated through standards in the Public Health and Safety Chapter of the
General Plan and the Chapter 28 of the Solano County Zoning Ordinance (both discussed in
subsequent sections).

Solano County General Plan—Public Health and Safety Chapter
The Public Health and Safety chapter of the Solano County General Plan (Solano County 2008)
identifies land use compatibility standards for nontransportation noise sources. Table 2 summarizes
these noise standards.
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Table 2. Non‐Transportation Noise Standards‐Average (dBA Leq/Maximum (dBA Lmax)a
Outdoor Area
Daytime
Nighttime
55/70
50/65
55/75
—
55/75
—
—
—
55/75
—
60/75
—
55/75
—
65/75
—
60/80
—

Interiorb
Day and Night
35/55
35/55
35/55
30/50
35/60
45/65
45/65
—
50/70

Notes
Receiving Land Use
All Residential
Transient Lodging
c
Hospitals and Nursing Homes
d, e
Theaters and Auditoriums
e
Churches, Meeting Halls, Schools, Libraries, etc.
e
Office Buildings
e
Commercial Buildings
e
Playgrounds, Parks, etc.
e
Industry
e
Source: Solano County 2008:HS‐82.
Notes: Leq = equivalent or energy‐averaged sound level.
Lmax = highest root‐mean‐square sound level measured over a given period of time.
a
The standards shall be reduced by 5 dBA for sounds consisting primarily of speech or music, and for
recurring impulsive sounds. If the existing ambient noise level exceeds the standards, then the noise
level standards shall be increased at 5‐dBA increments to encompass the ambient.
b
Interior‐noise‐level standards are applied within noise‐sensitive areas of the various land uses, with
windows and doors in the closed positions.
c
Outdoor activity areas of transient lodging facilities are not commonly used during nighttime hours.
d
Hospitals are often noise‐generating uses. The exterior‐noise‐level standards for hospitals are
applicable only at clearly identified areas designated for outdoor relaxation by either hospital staff or
patients.
e
The outdoor activity areas of these uses (if any), are not typically utilized during nighttime hours.

Chapter 28 Solano County Zoning Ordinance
Chapter 28 of the Solano County Zoning Ordinance addresses noise from noncommercial and
commercial wind turbine generators and associated facilities. The current ordinance states: “Noise
emitted from any wind turbine generator shall not exceed 50 dBA CNEL at any property line
abutting a residential zone or 60 dBA CNEL at any other property line.”
Draft amendments to the ordinance were made August 25, 2009. These amendments remove the 50
CNEL requirement and Section (h) Noise subsection (1) of the draft ordinance states that new
development and land uses shall be subject to noise performance standards for nontransportation
sources. These standards are the same as those indicated in Table 2.
Subsection (2) defines noise sensitive land uses as schools, hospitals, rest homes, long‐term care,
mental care facilities and residences. It further states that outdoor activity areas are considered to
be the portion of the noise sensitive property where outdoor activities would normally occur (i.e.
patios of residences and outdoor instructional areas of schools.)
Subsection (3) identifies how impacts related to increase in noise caused by a project are to be
evaluated. It states that a noise level increase of 3 dB or more is considered to be substantial in
terms of degradation of the existing noise environment.
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Subsection D. 13.g of Section 28.50.02.040‐Commercial Wind Turbine Generators states:
In the event that noise levels resulting from a WTG or associated facilities exceed the noise standards
of this subsection, an exception may be granted by the Department, provided the following
requirements, as applicable, are met:
1) If the affected noise‐sensitive land use is located entirely within the project boundary, the
landowner of the affected property has provided a written statement to the Department,
consenting to allowing outdoor and/or interior noise in excess of the maximum limits allowed by
this Section; or,
2) If the affected noise‐sensitive land use is located outside the project boundary, a noise waiver, as
defined in subsection 28.50.02.020, is secured from the owner of the affected adjacent property.
The noise waiver shall additionally specify that the consenting landowner waives their rights to
any noise mitigation by the facility owner after the WTGs and/or associated facilities are
installed and become operational; or,
3) Other alternative mitigation has been approved as part of the use permit.
County staff anticipates that these ordinance amendments will be adopted prior to approval of the
proposed project. As such both the current ordinance standards and draft ordinance standards are
evaluated in this analysis.

Noise‐Sensitive Land Uses
The County’s zoning ordinance defines noise‐sensitive land uses as schools, hospitals, rest homes,
long‐term care, mental care facilities, and residences. Rural single family residences scattered
throughout the project area are the only noise sensitive land uses in the project area. Figure 1
identifies the locations of these rural residences.

Existing Noise Environment
The project area is primarily undeveloped rural agricultural land. Noise sources in the project area
include traffic on local and distant roadways, existing wind turbines, and natural sources such as
wind and birds. Existing noise levels in the project area are described here based on new measured
data and some data collected from previous studies.
For the proposed project, continuous noise monitoring was conducted at two locations in the project
area (LT1 and LT2). Figure 1 shows the location of each monitoring position. These two positions
were selected because residences near these positions are closest to the proposed turbines. Noise
levels were monitored with Larson‐Davis Model 812 sound level meters utilizing 0.50‐inch
condenser microphones and 3.0‐inch diameter windscreens. The microphone at each location was
placed 5 feet above the ground. The calibration of each meter was checked before and after the
measurement period with a Larson Davis Model CA250 calibrator.
Position LT1 is an isolated rural location along Birds Landing Road. There are few houses along this
road which results in very little traffic. Predominant sources of noise are occasional vehicle passbys
and natural sources such as wind and wildlife. Wind turbine noise was observed to be faintly audible
if audible at all. At Position LT1, measurements were conducted over a 24‐hour period beginning at
5:00 p.m. on July 22, 2010.
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Position LT2 is an isolated rural location along Montezuma Hills Road. There are a few houses along
this road which results in very little traffic. Predominant sources of noise are occasional vehicle
passbys and natural sources such as wind and wildlife. Wind turbine noise was observed to be
faintly audible if audible at all. At Position LT2, Measurements were taken over a 6‐day period
starting midnight on July 23, 2010.
Data was collected in 10‐minute intervals included Leq, Lmin, Lmax, L1, L25, L50 and L90. At Position LT1,
a partial equipment failure caused a gap in some of the data. However, sufficient data was collected
to generally characterize noise conditions at this position. At Position LT2 complete data was
collected over the measurement period.
NextEra has three meteorology stations in the project area. The stations collected data on wind
speed and direction in 10‐minute intervals concurrent with the noise measurements. This data was
used to correlate wind speed with measured noise levels. Meteorology stations are indicated in
Figure 1.

Position LT1
Position LT1 was located 160 feet from the edge of Birds Landing Road near the residence located at
6498 Birds Landing Road. The area had no trees or foliage in the immediate vicinity. Table 3
summarizes 10‐minute interval noise monitoring data collected at Position LT1.

Table 3. Summary of Measurements at Position LT1
Daytime
Date

Range of
Leq

Leq

Range of
L90

Range of
L50

Nighttime
Range of
L1

Range of
Leq

Leq

Range of
L90

Range of
L50

Range of
L1

July 22 48.8 73.8 62.9 41.0 46.0 45.0 50.4 54.8

89.1

56.7

July 23 49.3 60.7 55.7 42.1 56.0 49.6 59.9 57.4

69.9

52.1

59.6 57.4 47.0 54.5 50.5 58.7 59.2 66.5

2‐Day
Period

69.9

52.1

60.1 ‐

Notes:

48.8 73.8 ‐

41.0 56.0 45.0 59.9 54.8

60.1 58.6 50.7 55.1 55.2 59.3 63.1 66.0
47.0 55.1 50.5 59.3 59.2 66.5

Range values are for 10‐minute intervals. Other Leq values are for daytime or nighttime period.
Estimated CNEL = 63.9 dBA based on data collected over 2 days.

Noise levels were plotted against wind speed and there was no correlation between wind speed and
sound level. This is generally expected given the lack of trees and foliage in the area.

Position LT2
Position LT2 was located 160 feet from the edge of Montezuma Hills Road near the residence
located at 1234 Montezuma Hill Road. A fairly large stand of trees was located across the street.
Table 4 summarizes 10‐minute noise monitoring data collected at Position LT2.
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Table 4. Summary of Measurements at Position LT2

Date

CNE
L

Range of
Leq

Daytime
Range of
Range of
L90
L50

Leq

Range of
L1

Range of
Leq

Leq

Nighttime
Range of
Range of
L90
L50

Range of
L1

July 23

63.6 47.1 56.0 61.9 42.4

53.0

45.6

66.3 52.7 79.4

50.5

July 24

61.9 48.6 56.1 53.6 44.7

51.6

47.6

54.6 54.4 63.0

50.3

58.6 55.3 47.4 54.2 49.7 57.5 55.7 65.2
59.0 55.5 47.0 54.8 48.8 57.7 56.3 65.5

July 25

66.8 54.4 63.5 59.9 49.1

58.9

53.2

62.6 60.3 71.6

54.0

64.8 60.1 50.3 60.3 53

63.7 60.2 71.6

July 26

68.7 58.1 64.1 62.2 53.1

59.5

56.8

62.8 64.9 70.9

57.1

65.2 62.1 52.4 61.2 56

63.9 63.0 72.6

July 27

65.9 54.4 59.3 61.8 49.6

60.2

53.1

65.9 59.6 78.2

51.9

60.7 58.6 47.4 57.4 50.8 59.8 57.8 67.3

July 28

61.5 49.3 57.8 56.3 44.3

53.0

47.5

57.3 55.7 71.7

48.7

58.0 54.5 46.7 53.1 48.2 56.9 53.0 64.5

60.2

45.6

66.3 52.7 79.4

48.7

65.2

6‐Day
Period

Note:

‐

47.1 64.1

‐

42.4

‐

47.0 61.2 48.2 63.9 53.0 72.6

Range values are for 10‐minute intervals. Other Leq values are for the entire daytime or nighttime period.

Figure 3 shows a plot of sound level versus wind speed at 12 meters above the ground. Although
there is quite a bit of scatter in the data there is some correlation between wind and sound level. At
a wind speed of 8 meters per second (the wind speed at which wind turbine noise is maximum)
measured sound levels were in the range of about 47 to 58 dBA. The calculated sound level for wind
speed of 8 meters per second based on the regression equation is 52.8 dBA. The minimum 10‐
minute Leq value measured was 47.1 dBA when the wind speed was 7.9 m/s.

Position LT3
Measurements at Position LT3 were taken from July 30 through August 3, 2004 (Illingworth and
Rodkin 2006). LT3 was located 600 feet north of the intersection of Collinsville Road and Talbert
Lane, 54 feet from the Centerline of Collinsville Road. At this position daytime hourly Leq values
were in the range of 60 to 67 dBA and nighttime hourly Leq values were in the range of 57 to 68 dBA.
The measured CNEL value was 70 dBA. In this area traffic and natural sources are also the
predominant sources of noise. Wind turbine noise was observed to be faintly audible if audible at all.
Collinsville Road is less isolated than Birds Landing Road and Montezuma Hills Road and has more
traffic than these roads. This would explain the higher noise levels measured here.

Impact Discussion
Analysis Methods
In an effort to provide an analysis that is consistent with noise studies prepared for other wind
project in the area, the approach to the noise analysis presented here is generally consistent with
the approach taken for these wind project projects:


High Winds LLC‐Wind Power Project Montezuma Hill, California. Final Report. (Illingworth and
Rodkin 2002).



Shiloh I Wind Energy Project Montezuma Hills, California (Illingworth and Rodkin 2004).



Montezuma Wind Project Noise Technical Report Solano County, California (Illingworth and
Rodkin 2006).



Shiloh III Wind Project Noise Technical Report Solano County, California (Illingworth and
Rodkin 2009).
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The proposed project will use Siemens SWT‐2.3‐101 and SWT‐2.3‐93 turbines (Figure 2). Both
turbines use a modern upwind configuration (the blades are upwind from the tower) which reduces
low‐frequency noise often associated with older downwind turbines. Complete acoustic
performance including overall A‐weighted sound power levels and octave band sound power levels
have been provided by the equipment manufacturers. This acoustic data was developed in
accordance with International Standard IEC 61400‐11.
Sound power data has been provided for various wind speeds typically in the range of 2 to 10
meters per second. Lower speeds result in lower sound power levels than higher speeds. For both
units sound power levels increase as wind speed increases to 8 meters per second and then remains
constant at higher wind speeds. Sound power levels based on wind speed of 8 meters per second is
therefore used in this analysis.
C‐weighted levels for both turbine systems were calculated and compared to A‐weighted sound
levels. In both cases the difference between the A‐weighed level and the C‐weighted level was less
than 11 dB. Typically a difference of 20 dB or more between the A‐ and C‐weighted level is the
threshold of concern for low‐frequency noise. Because the difference is well below 20 dB, low‐
frequency noise is not expected to be an issue for these systems.
Tones generated by wind turbines can also be a source of concern. Acoustic performance data for
the GE system indicates that the tonality level is less than 4 dB. Although this is considered to be in
the range of audibility, it is not considered prominent according to IEC 61400‐11. Information on the
tonality of the Siemens system is not available. However, modern wind turbine systems such as the
Siemens system do not produce prominent tones.
Sound that propagates away from a point source reduces at a rate of 6 dB per doubling of distance
from the source based on geometric attenuation. Sound that propagates over long distances can be
subject to additional attenuation called excess attenuation. This excess attenuation can result from
atmospheric absorption, shielding from topography and structures, and propagation over
acoustically soft ground such as grassland or plowed soil. Conversely, excess attenuation can be
reduced by refraction effects associated wind and temperature gradients. As a result, the amount of
excess attenuation that occurs at any given location can vary from none to a fairly large amount.
For this analysis, attenuation from atmospheric absorption was included, but the effects from other
excess attenuation factors were assumed to be zero. For receptors that are downwind from a
turbine this assumption is reasonable because wind will refract sound downward, opposing the
attenuation affects associated with shielding from the hills and absorption by the ground. For
receivers located upwind from turbines, refraction from wind will cause sound waves to refract
upward, resulting in additional excess attenuation. Accordingly, this approach is conservative in
terms of estimating potential noise levels from wind turbine operations at receivers in the project
area.
Sound power levels are converted to sound pressure levels at specific distances using equations for
spherical radiation or hemispherical radiation. With spherical radiation the source is assumed to be
at a large distance from reflecting surfaces or in essence assumes that the ground is 100%
absorptive acoustically. With hemispherical radiation the source is located on or near a large 100%
reflective flat plane such as a paved parking lot. Sound pressure levels calculated assuming
hemispherical radiation are 3 dB higher than levels calculated assuming spherical radiation (Hoover
& Keith 2000).
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Figure 3
Sound Level versus Wind Speed at Position LT2

NextEra Energy Resources Montezuma II Wind, LLC

The spreadsheet model developed for this analysis uses the basic hemispherical radiation equation
to develop sound pressure levels. However, most of the project area is grassland or plowed field,
which is generally considered to be acoustical absorptive. To account for some degree of ground
absorption the equation was adjusted to reduce the effect of reflection by 1 dB. A 3 dB adjustment
would assume 100% ground absorption so the approach is considered to be reasonably
conservative. The modeling results using this approach were checked against modeling results for
the original Montezume Hills wind project (Illingworth & Rodkin 2006) and were found to be
consistent with those results. The analysis assumes that the turbines radiate noise uniformly in all
directions. This assumption is consistent with observations of existing turbines in the project area
and standard methods for determining wind turbine sound power.
Based on the sound power information provided by the equipment manufacturers for wind speed of
8 meters per second and the propagation assumptions described above, the Siemens SWT‐2.3‐101 is
predicted to produce a sound pressure level of 46.9 dBA at 1,000 feet from a single turbine. The
SWT‐2.3‐93 turbine is about 1.6 dB quieter than the SWT‐2.3‐101 turbine. The SWT‐2.3‐93 is
proposed only on the first four turbines. To provide a conservative analysis and to address the
possibility that the SWT‐2.3.101 may be used for all the turbines, this analysis assumes that all
turbines are the louder SWT‐2.3‐101. This turbine can be operated in a noise‐restricted mode which
allows an operational reduction in sound power level up to 5 dB.
Sound generated by multiple sources can combine to result in a cumulative noise level that is higher
than any single turbine. The model developed for this analysis first determines the distance from
each receiver to the nearest proposed turbine and then sums noise associated with any turbine
located within twice that distance to result in a cumulative noise level. This approach is slightly
more conservative than that taken in previous studies in the area, where summing was limited to
turbines located within 4,000 feet of a receiver.
Large modern wind turbines similar to the turbines proposed for this project are located on land
surrounding the project site. EnXco turbines are located north of the project site just north of
Montezuma Hills Road. Turbines from the High Winds project are located east of the project site.
Shiloh I turbines are located south and west of the project site in the vicinity of Collinsville Road.
Noise from these turbines has been included in this analysis if they are located with two times the
distance between a receiver and the nearest proposed NextEra turbine. Sound power data for these
existing turbines was taken from Jones & Stokes 2005, Illingworth and Rodkin 2002, and Illingworth
and Rodkin 2004.
Older, smaller enXco V turbines wind turbines that date to the 1980s are currently located on the
NextEra project site. These turbines will be removed prior to placement of the NextEra turbines.
These existing turbines only potentially affect Residence #13 and #14. Residence #13 is 1,100 feet
from nearest turbine and Residence #14 is 1,800 feet from the nearest turbine. Observations at both
of these locations indicate that the existing enXco V turbines do not meaningfully contribute to
existing noise levels at these two residences. Accordingly, it was not considered warranted to
include these units in the model because the noise environment at these locations would essentially
be the same with or without these turbines present.
For the purposes of calculating CNEL values associated with wind turbine operations Solano County
has been recently applying an assumption that the WTG’s will operate for 85% of the time on
average throughout the day and night (Illingworth & Rodkin 2006). CNEL is a weighted, average
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noise level over a 24 hour period. Mathematically, this metric is determined by averaging the energy
of the expected Leq in each hour for a 24‐hour time period. For the daytime hours between 7 am and
7 pm, no adjustments are made to the hourly Leq. For the evening hours, a +5 dB penalty is applied
for the hours from 7 pm to 10 pm, and for the nighttime hours, +10 dB is applied. Thus a steady
daytime level of 50 dBA is adjusted to 55 dBA for the evening hours, and 60 dBA for nighttime hours.
With these adjustments, the Leq for each hour for the 24 hour period are averaged to together on the
basis of their acoustic energy (not level). For this example, the resultant CNEL would be 56.7 dBA for
a 24 hour, steady noise level of 50 dBA. To account for 85% operation, before the resultant hourly
levels are averaged, the energy is multiplied by 0.85 to account for the expected operational time.
This procedure can be applied in reverse to determine what is the equivalent steady level needed to
comply with the 50 CNEL requirement. This results in a steady level limit of 44 dBA (Illingworth &
Rodkin 2006).
There was no correlation between wind speed and sound level at Position LT1. The lowest
measured 10‐minute Leq measured at this position was 48.8 dBA. At Position 2 the lowest measured
10‐minute Leq was 47.1 dBA occurred when the wind speed was 7.9 meters per second. The noise
study conducted for the original Montezuma wind project (Illingworth and Rodkin 2006)indicates
that a wind speed of 8 meters per second produces a sound level of about 45 dBA‐L50 These studies
also indicate that the corresponding Leq value can be estimated by adding 1.7 dB to the L50 value,
resulting in an Leq of 46.7 dBA. Based on the data, 46.7 dBA was used as the baseline wind‐generated
noise level for a wind speed of 8 meters per second. This is slightly lower than the 47.1 dBA level
measured at Position LT2 and is thus a slightly more conservative assumption.

Noise Impact Criteria
The evaluation of project‐related noise impacts is based on the noise standards in the Public Health
and Safety Chapter and the Resources Chapter of the Solano County General Plan and the current
and draft versions of Chapter 28 of the Solano County Zoning Ordinance.
Operation of the proposed wind turbine project is considered to result in a noise impact if wind
turbine noise is predicted to result in a substantial increase in noise or exceedance of a County noise
standard at nearby residences.
Because wind turbines can operate continuously for 24 hours a day, the nighttime noise standard of
50 dBA Leq presented in the General Plan Public Health and Safety Chapter and the draft zoning
ordinance is used to assess absolute noise levels produced by project turbines. The Lmax standard of
65 dBA is not relevant because the lower 50 dBA Leq standard will always govern for a steady state
source such as a wind turbine.
As discussed above the 50 CNEL noise standard presented in the Resources Chapter of the General
Plan and the current zoning ordinance is equivalent to a steady level sound level of 44 dBA.
Accordingly 44 dBA is used to evaluated exceedance of the 50 CNEL standard.
Chapter 28 of the Solano County Zoning Ordinance states “a noise level increase of 3 dBA or more is
considered to be substantial in terms of degradation of the existing noise environment.
In summary the proposed project is considered to result in impacts related to noise if the proposed
wind turbines would result in noise at a residence that exceeds 50 dBA Leq, 50 CNEL, or would result
in a Leq noise level increase of 3 dB or more at a residence.
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Impact Assessment
Siemens SWT‐2.3‐101
Table 5 summarizes the analysis for the Siemens turbines. This table presents the calculated
background noise level based on operation of the existing tower mounted turbines and sound from
wind. It also shows the measured existing background noise level. The predicted noise from the new
turbines is shown and is then summed separately with the calculated and measured background
noise levels. The last two columns show the increase in noise associated with the new turbines
relative to the calculated background noise level and the measurement background noise level.

Table 5. Summary of Exterior Noise Analysis for Siemens Turbines (dBA‐Leq)
Residence

Calculated
Existing
Backgroun
d Noise
Level a
(dBA‐Leq)

Measured
Existing
Background
Noise Level
(dBA‐Leq)

Noise
Level of
New
Turbines
(dBA‐Leq)

Calculated
Existing
Background
Noise Level
Plus New
Turbines
(dBA‐Leq)

Measured
Existing
Background
Noise Level
Plus New
Turbines
(dBA‐Leq)

Increase from
New Turbines
Relative to
Calculated
Background
Noise Level
(dBA‐Leq)

Increase from
New Turbines
Relative to
Measured
Background
Noise Level
(dBA‐Leq)

1

48.1

57b

41.1

48.9

57.1

0.8

0.1

2

47.8

57b

40.8

48.6

57.1

0.8

0.1

3

47.6

57b

40.5

48.4

57.1

0.8

0.1

4

47.6

57b

41.4

48.5

57.1

0.9

0.1

5

47.4

57b

43.3

48.8

57.2

1.4

0.2

6
7

47.3
47.4

57b
57b

42.3
42.6

48.5
48.6

57.1
57.2

1.2
1.2

0.1
0.2

8

47.5

57b

37.2

47.9

57.0

0.4

0.0

9

47.2

48.8c

36.2

47.5

49.0

0.3

0.2

10

47.6

48.8c

37.5

48.0

49.1

0.4

0.3

11

48.6

48.8c

44.5

50.0

50.2

1.4

1.4

12

49.0

48.8c

44.5

50.3

50.2

1.3

1.4

13
14

47.0
47.4

47.1d
47.1d

49.6
45.9

51.5
49.7

51.5
49.6

4.5
2.3

4.4
2.5

15

48.2

47.1d

39.6

48.8

47.8

0.6

0.7

16

49.3

47.1d

39.5

49.7

47.8

0.4

0.7

17

48.0

47.1d

40.6

48.7
48.0
0.7
a Calculated based on wind noise at 8 m/s and modeling results for existing tower mounted turbines.
b Based on minimum Leq measured at LT3
c Based on minimum Leq measured at LT1
d Based on minimum Leq measured at LT2

0.9

The results in Table 5 indicate that the project‐related increase in noise will be greater than 3 dB at
Residence 13; this would constitute a “substantial” increase in noise according to the Solano County
noise ordinance. Residence 13, the Anderson residence, is at 6826 Montezuma Hills Road.
The results also indicate that exterior noise from the new turbines will not exceed 50 dBA at any of
the residences. With regard to interior noise the Solano County noise standards in Table 2 state that
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interior‐noise‐level standards are applied with windows and doors in the closed positions. Standard
residential construction would be expected to provide more than 15 dBA of exterior‐to‐interior
noise reduction. As such the results in Table 5 indicate that interior noise from the turbines will not
exceed 35 dBA at any of the residences as well.
The results in Table 6, however, indicate that exterior noise from the new turbines will exceed 44
dBA (in effect 50 CNEL) as follows:

Table 6. Summary of Exterior Noise Analysis for Siemens Turbines (CNEL)
Noise Level of
New Turbines
(dBA‐Leq)

Noise Level of
New Turbines
(dBA‐Leq)

Noise Level of New
Turbines (CNEL)

Exceedance of 50 CNEL
(dBA)

11
44.5
50.5
0.5 dB
12
44.5
50.5
0.5 dB
13
49.6
54.6 55.6
4.6 5.6 dB
14
45.9
51.9
1.9 dB
Note: Noise impacts are predicted at these locations based on exceedance of 50 CNEL.

Recommendations
Several approaches are recommended for avoiding effects from the predicted project‐related noise
increase of more than 3 dB at Residence 13. These approaches are listed below.
1. Relocate turbines:
a.

Move Turbines 7, 13, 14, 15, 16, 20, 21, and 22 at least 3,000 feet from Residence 13.

2. Maintain the current configuration but employ the noise‐restricted mode as follows:
a.

‐4 dB noise‐restricted mode at Turbines 13, 14, 20, and 21.

3. Obtain a noise waiver from landowners exposed to noise effects. As discussed above the County
may grant an exception to the ordinance with regard to noise if certain conditions are met.
Although a waiver does not physically reduce the noise at the affected residence, the waiver, in
effect, makes the noise standards non‐applicable to the residence.
Note that these options assume that relocated turbines would not be moved closer to other
residences.
Several approaches are recommended for reducing or avoiding effects from the predicted project‐
related noise in excess of 50 CNEL at Residences 11, 12, 13, and 14. These approaches are listed
below.
1. Relocate turbines:
a.

Move Turbine 1 at least 2,600 feet from Residence 11.

b. Move Turbines 1 and 8 at least 2,500 feet from Residence 12.
c.

Move Turbines 14, 15, 16, and 17 at least 3,800 feet from Residence 14.
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d. Because predicted noise at Residence 13 is about 4.6 5.6 dB in excess of 50 CNEL
and because noise at that location is influenced by 8 turbines it does not appear
practical to apply turbine relocation at this location to reduce noise below 50 CNEL.
4. Maintain the current configuration but employ the noise restricted mode:
a.

‐1 dB mode at Turbine 1 to reduce noise at Residence 11.

b. ‐1 dB mode at Turbines 1 and 8 to reduce noise at Residence 12.
c.

‐5 dB mode at Turbines 7, 13, 14, 15, 16, 20, 21, 22 to reduce noise at Residence 13. (This is
predicted to reduce noise to 50.6 CNEL at Residence 13.)

d. ‐3 dB mode at Turbines 14, 15, 16, and 17 to reduce noise at Residence 14.
5. Obtain a noise waiver from landowners exposed to noise effects. As discussed above the County
may grant an exception to the ordinance with regard to noise if certain conditions are met.
Although a waiver does not physically reduce the noise at the affected residence, the waiver, in
effect, makes the noise standards non‐applicable to the residence.
Note that these options assume that relocated turbines would not be moved closer to any other
residence.
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