May 3, 2011

Mr. lain Fisher, CEQA Project Manager
Energy Division

California Public Utilities Commission
505 Van Ness Avenue

San Francisco, CA 94102-3296

Re:  Tule Wind Project - Response to Data Request No. 14
Dear Mr. Fisher:

Tule Wind, LLC (Tule Wind), a wholly owned subsidiary of Iberdrola Renewables,
Inc. (IRI) received your Data Request No. 14 regarding the Tule Wind Project. Enclosed is
a consolidated package of IRI's response to Data Request No. 14 Items 1 through 40.

Please note that additional information will be forthcoming to supplement the
analysis and response for Item #39. Geo-Logic is currently preparing responses to the
County of San Diego water supply comments. The supplemental analysis will include: 1)
additional analysis completed by Geo-Logic for the two identified wells for the proposed
project; 2) a summary of analysis performed to develop a qualitative evaluation of a
sustainable pumping rate of groundwater within Thing Valley in the Ewiiaapaayp
Reservation; and 3) additional analysis to estimate the aquifer drawdown that would result
in the McCain Valley from the construction phase of the project. The Groundwater
Investigation Report will be subsequently updated to reflect this additional information.

Many responses to Data Request No. 14 have been peer reviewed by Dr. Mark
Roberts of Exponent. A letter stating his review and qualifications is included herein. If you
have questions regarding this information, please contact Patrick O’Neill at 858 712-8313.

Sincerely,

Jeffrey Durocher
Wind Permitting Manager

cc (via e-mail): Greg Thomsen, BLM (GThomsen@blm.gov)
Thomas Zale, BLM (Thomas_Zale@blm.gov)
Jeffery Childers, BLM (jchilders@blm.gov)
Rica Nitka, Dudek (rnitka@dudek.com)
Patrick O’'Neill, HDR Engineering (Patrick.oneill@hdrinc.com)
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Attached:

Figure 3, Roadway Construction Temporary Noise Impacts

Figure 4, Transmission Line Construction Temporary Noise Impacts

Shadow Flicker Modeling Results Figure 1 of 2

Shadow Flicker Modeling Results Figure 2 of 2

Shadow Flicker Model Output

Viewshed Figure — Modified Project Layout

Groundwater Availability Confirmation Letter from John Gibson, Hamann
Companies (April 6, 2011)

Groundwater Availability Confirmation Letter from William Micklin, Ewiiaapaayp
Band of Kumeyaay Indians (April 6, 2011)

Geo-Logic Associates, Groundwater Investigation Report (December 2010)
Geo-Logic Associates Modified Construction Water Supply Evaluation Memo
(February 28, 2011).

GIS meta data (sent via FTP site April 8, 2011)
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NOISE

1. Please explain the characteristics of audible and inaudible sound as they relate to wind

turbines, as well as a discussion regarding the appropriate metric for measuring both.

Response: Wind turbine sound is created by mechanical components in the nacelle and through
aerodynamic generation. The dominant source of sound for modern turbines is the interaction of
the rotating blades with the air, called aerodynamic sound. Modern upwind-configured wind
turbines produce noise throughout the range of infrasonic, low, midrange, and high frequencies.
These broadband sound emissions typically exhibit peak spectral emissions around 500 Hz" to 1
kHz. The noise emitted by modern upwind-configured wind turbines contains very low amounts
of energy in the infrasonic range, low amounts of low frequency energy, and relatively more
energy in the audible range. Modern up-wind configured wind turbines are recognized as
emitting less low-frequency noise than older down-wind configured wind turbines?, illustrated in
Figure 1-1.

Figure 1-1. Low Frequency Hearing Threshold Levels
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Sound is perceived and recognized by its loudness (pressure) and pitch (frequency). Human
hearing of sound loudness ranges between 0 dB (threshold of sound for humans) and 140 dB
(very loud and painful sound for most humans)®*. Not all sound pressures are perceived as being
equally loud by the human ear due to the fact that the human ear does not respond equally to all

! The frequency of sound is expressed in Hertz (Hz) which is equal to 1 cycle per second.

2 Anthony L. Rogers, Ph.D., James F. Manwell, Ph.D., Sally Wright, M.S., PE, “ Wind Turbine Acoustic Noise”
prepared by the Renewable Energy Research Laboratory, Department of Mechanical and Industrial Engineering,
University of Massachusetts at Amherst, January 2006.

® NASD.National Agricultural Safety Database. Noise: The Invisible Hazard. (1993), Available at
http://www.nasdonline.org/docs/d000801-d000900/d000882/d000882.html.

* NMCPHC. Navy and Marine Corps Public Health Center. Physics of Sound. (4-15-2009), Available at
http://www-nmcphc.med.navy.mil/downloads/occmed/toolbox/PHY SICSOFSOUND.ppt.
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frequencies. The frequency range of human hearing has been found to be between 20 Hz and
20,000 Hz for young individuals with a declining upper frequency range correlating with
increasing age>. The sound perception, “hearing,” for humans is less sensitive to lower
frequency (low pitch) and higher frequency (high pitch) sounds. As a result, the human ear can
most easily recognize sounds in the middle of the audible spectrum, which is ideally between
1 kHz to 4 kHz (1,000 to 4,000 vibrations per second)®. Figure 1-2 from Rogers, et al. shows the
hearing threshold for the human ear for low frequency noise expressed as sound pressure. The
figure shows that humans do not hear sounds below 20 Hz very well.

Figure 1-2. Spectral Content of Vestas V80 Noise Showing Infrasonic and Low Frequency

Figure 1-2 from Rogers, et. al shows noise levels downwind of a Vestas V80. When compared
with the threshold shown in the figure above, the figure below shows that the infrasonic and low
frequency content of the Vestas noise emissions are below the hearing human perception
threshold.

The data in Figure 1-2 are supported by data reported in “InfraSound, Low Frequency Noise &
Vibration from Wind Turbines”” by Dr. Andy McKenzie of the Hayes McKenzie Partnership
Ltd, as shown in Figure 1-3 below.

® Berglund, B., Hassmen, P., and Job, R. F. (1996). Sources and effects of low-frequency noise. Journal of the
Acoustical Society of America. 99(5), (2985 -3002).

® UNSW.The University of New South Wales. dB: What is a decibel? (2005), Available at
http://www.phys.unsw.edu.au/jw/dB.html.

" Available at http://www.envis.sk/storage/25McKenzie.pdf
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Figure 1-3. Wind Turbine Noise Measurement Data
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Data in Figure 1-3 above shows that infrasound from a 1-2 MW (megawatt) wind turbine
operating approximately 420 m away from the receiver are well below the threshold for
perception of infrasound.

Additionally these data are supported by measurement data reported in Australia by the
consulting firm Sonus Pty, Ltd®. The graph (Figure 1-4) below by Sonus compares infrasound
measurements at two operating wind farms, Clements Gap (CGWF - 61 dBG) and Cape
Bridgewater) (CBWF — 63 dBG), with data measured at a beach in the absence of wind turbine
noise. These three data sets are compared with the internationally recognized audibility threshold
for infrasonic noise.

The Sonus measurement results indicate that the levels of infrasound in the vicinity of the two
Australian wind farms are well below the audibility threshold of 85 dB(G) established by
international research.® The measurement results are of the same order as that measured from a
range of sources including a beach.

& Sonus Pty, Ltd. in “INFRASOUND MEASUREMENTS FROM WIND FARMS AND OTHER SOURCES”
prepared for Pacific Hydro Pty Ltd, November 2010.
° Sonus Pty, Ltd. in “INFRASOUND MEASUREMENTS FROM WIND FARMS AND OTHER SOURCES”
prepared for Pacific Hydro Pty Ltd, November 2010.
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Figure 1-4. Infrasound Summary Results from Two Australian Wind Farms
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Summary Graph - Infrasound measurement results from two Australian wind farms (Clements Gap at
61 dB(G) and Cape Bridgewater at 63 dB(G)) compared against measurement results at a beach
(measured at 75 dB(G)) and the internationally recognised Audibility Threshold (85 dB(G))

Measurements of operating wind turbines published by Epsilon and Associates (Epsilon) also
show that infrasonic sound emissions from modern upwind-configured wind turbines are below
audibility thresholds for even the more sensitive people at a distance of 1,000 feet. The results of
the Epsilon analysis and field testing indicate that there is no audible infrasound either outside or
inside homes at the any of the measurement sites — the closest site was approximately 900 feet
from a wind farm. Wind farms at distances beyond 1,000 feet meet the ANSI (American
National Standards Institute) standard for low frequency noise in bedrooms, classrooms, and
hospitals, and there should be no window rattles or perceptible vibration of lightweight walls or
ceilings within homes. In homes there may be slightly audible low frequency noise (depending
on other sources of low frequency noise); however, the levels are below criteria and
recommendations for low frequency noise within homes. ** The wind turbine types measured by
Epsilon include the GE 1.5sle and Siemens SWT 2.3-93.

19 Epsilon Associates, A Study of Low Frequency Noise and Infrasound from Wind Turbines, May 2009.
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Inaudible sound is not generally assessed in analyses of environmental noise (because it cannot
be heard), and there is limited merit in discussing an appropriate metric for inaudible sound in
the context of an assessment of environmental noise caused by wind turbines.

Low frequency noise can be problematic if it occurs at very high levels or levels higher than
what occurs from wind turbines. Mechanics who work on military aircraft are one example of
the subset of the general population who might be routinely exposed to very high levels of low
frequency noise. Excessive exposure to infrasound and low frequency noise (ILFN), which is
defined as all acoustical phenomena occurring at or below the frequency bands of 500 Hz has
been associated with a condition termed vibro-acoustic disease (VAD).), a thickening of
cardiovascular structures, such as cardiac muscle and blood vessels.* Other examples of
environments where the ILFN may reach levels and exposures that could lead to VAD include:

e Military, applications of infrasound as a non-lethal weapon;

e Work carried out in connection with the Apollo space program (i.e. levels equivalent to
exposure of astronauts during blast off);

e Echocardiography of aerospace workers (i.e. those working around ground running aero
engines); and

e Noise risks in military operations.

Levels of infrasound due to all of the above will have significant effects above 125 dB (linear).'?
The infrasound levels due to all of the above bear no connection to the sound produced by wind
turbines.™

In summary, there is clear, consistent, and objective evidence that modern wind turbines emit
very low levels of infrasonic and low frequency noise. The evidence also shows that these
emissions are below the internationally recognized threshold for perception of infrasound.
Furthermore, the Chief Medical Officer of Heath from Ontario, Canada stated: “There is no
evidence of adverse health effects from infrasound below the sound pressure level of 90dB
(Leventhall 2003 and 2006).**”

The appropriate metric to measure and assess audible wind turbine sound is dictated by the
context of the measurements. In this instance, the applicable sound limits are the context for this
discussion. Section 6951 of the San Diego County Zoning Ordinance requires that sound level
limits of Title 3, Division 6, Chapter 4 of the San Diego County Code (Noise Abatement and
Control) shall apply to large wind turbine systems. San Diego County Code of Regulatory
Ordinances Section 36.403 Sound Level Measurement specifies that sound level measurements

11 Castelo Branco NAA, Alves-Pereira M. (2004) Vibroacoustic disease. Noise & Health 2004; 6(23): 3-20.

12 Kryter, Karl D. The Effects of Noise on Man, Second Edition. Florida: Academic Press Inc., 1985

3 Direct testimony of Dr. Geoff Leventhall on behalf of Wisconsin Electric Power Company, before the Public
Service Commission of Wisconsin, E-docket number 6630-CE-302

1 Chief Medical Officer of Health, “The Potential Health Impact of Wind Turbines,” May 2010.
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“[...]shall be measured with a sound level meter using A-weighting and a “slow” response time,
as these terms are used in ANSI S1.1-1994 or its latest revision.

Additionally the San Diego County General Plan Part VIII Noise Element states:

“The most appropriate basic unit of measure for community noise is the A-weighted sound
level, abbreviated dBA. This unit gives a lower weight to low and high frequency sounds in
a manner similar to the relative lower efficiency of the ear at low or high frequencies.”*

In San Diego County, the appropriate metric for measuring audible wind turbine generated
sound is the A-weighted decibels. This is consistent with the County Noise Element, local
sound level limits*® and post-construction sound level measurement procedures.”” The A-
weighting scale simulates the frequency response of the human ear to both high, mid and low
frequency sounds.

2. Please provide an explanation of the general level and amount of low frequency noise
generated by wind turbines and how it compares to other noise sources. Please also
respond to the comment that low frequency sound increases as the distance from wind
turbines increases.

Response: Post-construction noise monitoring requirements for wind turbines are fairly new in
the United States, and therefore there is not an abundance of noise monitoring data available. A
recent field study performed by Epsilon Associates (A Study of Low Frequency Noise and
Infrasound from Wind Turbines, July 2009) contains a detailed discussion of measured low-
frequency noise from wind turbines. The study measured infrasound and low frequency sound
associated with two modern turbines, the GE 1.5sle and the Siemens 2.3-93. Using existing
ANSI criteria for the evaluation of interior sound levels, Epsilon Associates determined that
noise generated by wind farms at distances beyond 1,000 feet were below the low frequency
noise criteria for bedrooms, classrooms and hospitals. In addition to meeting ANSI background
noise criteria the measured interior noise levels also demonstrate that wind turbine setbacks of
1,000 feet will not cause “more than minimal annoyance (if any) from low frequency noise, and
there should be no wind rattles or perceptible vibration of light-weight walls or ceilings within
homes.”

The overall noise level and spectrum of the GE 1.5-sle turbine is similar to the noise emissions of
the GE 1.5 XLE, one of the turbines being considered for use in the Tule Wind Project. The
Siemens 2.3-93 turbine, also used in the Epsilon study, has similar sound emissions, within +/-
3 dB, to the 2.0 MW and 3.0 MW turbines being considered for use in the Tule Wind Project.
Current setbacks for the Tule Wind Project are more than 1,500 feet from the nearest non-
participating home. Based on the Epsilon noise study, low frequency noise at a distance of

15San Diego County General Plan Part V111 Noise Element. GPA 06-008. 2006 September 27. Pg. V111-6.
16 San Diego County Code of Regulatory Ordinances Section 36.404.
7 San Diego County Code of Regulatory Ordinances Section 36.403.
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1,500 feet will have no audible infrasound and will meet ANSI S12.2 criteria for acceptable
indoor levels for low frequency sound.

Infrasound and low frequency sound exposure is part of the everyday sound exposure. Natural
sources of low frequency and infrasound include wind and moving bodies of water such as rivers
and waterfalls. Common anthropogenic sources of low frequency and infrasound include
vehicular traffic, aircraft, rail traffic, HVAC equipment and other industrial sources. Household
appliances and everyday activities such as washing machines, running, swinging on a swing set,
and swimming also produce low frequency sound and infrasound.

Additionally the infrasonic and low-frequency noise emissions from wind turbines are often less
than levels emitted by natural sources like ocean waves crashing on a beach (crashing ocean
waves often produce a roar that has a distinct low-frequency tonal component that is much
louder than the noise emitted by a wind turbine).

The notion that sound pressure levels in any frequency range increase with increasing distance
from the noise source is not a factual statement. Sound levels in all frequencies including low
frequencies do not increase with increasing distance from the noise source. Sound pressure
waves travel in all directions, and therefore lose energy with increasing distance from the noise
source. Sound levels diminish as the sound propagates outward along the path from the source to
the receiver; this divergence is independent of frequency.*®!° A simple analogy is an unshaded
light bulb; the amount of light diminishes with increasing distance from the bulb.

There are instances in which sound levels in a particular location would experience a slight
increase in sound levels due to the presence of reflective surfaces. This does not mean that the
low frequency increases with distances, but that reflective surfaces may cause localized increases
in sound of all frequencies. This would be similar to placing a light bulb over a mirror, as some
of the light would reflect upwards and may appear brighter. But there would never be an
increase in the amount of light or energy as you move away from the source.

3. Please provide an explanation regarding how the existing ambient sound levels were
calculated for the project, including the standards and measurement procedures adhered
to in collecting this data. Please provide a discussion of how short term events or
background wind noises were considered in calculating existing ambient sound levels.

Response: Existing noise levels were not calculated, they were measured directly using
precision logging sound level meters and microphones. Measurement durations were 24 hours
long at each measurement location. Data were continuously recorded and logged in the memory
of the sound level meter for later download and analysis. Existing sound levels were analyzed in
terms of 1-hour intervals, consistent with many state and federal agency standards (i.e., Federal
Highway Administration, Federal Transit Administration, Federal Railroad Administration,
Minnesota Pollution Control Agency, Illinois Pollution Control Board, etc.), as well as common

18 Anderson Grant S and Kurze Ulrich J. Outdoor Sound Propagation. in Noise and Vibration Control Engineering:
Principles and Applications. Edited by Leo L. Neranek and Istvan L. Ver. 1992,

9 Harris, Cyril M. Handbook of Acoustical Measurements and Noise Control. Third Ed. Acoustical Society of
America. 1998.
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practice for environmental noise measurements. In regard to the San Diego County regulations,
the 1-hour measurement interval was required to compare existing sound levels against future
sound levels due to the project.

The intent of the sound measurement was to characterize the existing ambient sound
environment. Therefore, standardized measurement methods were chosen which have scope and
purpose that are compatible with this intent. The applicable standards from the ANSI and ASTM
International (formerly known as the American Society for Testing and Materials) are listed
Table 3-1 by their designation, title, and a paraphrase of the purpose and scope that is applicable
to the existing ambient sound measurement.

Table 3-1. Applicable Sound Measurement Standards for Existing Ambient Sound

ANSI S1.13 | Measurement of Sound Pressure Levels in Air

A fundamental standard providing a uniform procedure for measuring sound pressure levels at a single
point in space; it is applicable to a wide range of measurements indoors or outdoors.

ANSI S12.9/Part 2 Measurement of Environmental Sound. Part 2: Measurement of Long-Term,
Wide-Area Sound

Procedures to measure environmental sound levels for several purposes, including, “Assessment of the
general community noise environment and establishment of baseline environmental noise levels.” It
includes procedures for spatial and temporal sampling.

ASTM E1 014 | Measurement of Outdoor A-Weighted Sound Levels

Procedures to measure and document sound pressure levels outdoors for several purposes, including,
“Documentation of sound levels before the introduction of a new sound source (for example, assessment
of the impact due to a proposed use).”

The measurement of existing ambient sound levels for the Tule Wind Project followed
applicable portions of the above measurement standards.

The measurement procedures above consider short-term sound events an inherent feature of the
sound measurement, and do not exclude these sounds from the measurement. There are other
measurement methods which address the exclusion of short-term and transient sound events in
the environment. They are listed in Table 3-2 by designation, title, and a paraphrase of the
purpose and scope.

The standards above are not intended to characterize the existing ambient sound levels. They are
intended to measure the sound from a specific source. It is therefore inappropriate to use these
methods to document the existing (pre-construction) acoustic environment. The sound sources of
interest — the wind turbines — do not yet exist.
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Table 3-2. Applicable Sound Measurement Standards for
Short-Term and Transient Sound

ANSI S12.9/Part 3 | Measurement of Environmental Sound. Part 3: Short-Term Measurements with an
Observer Present

Procedures to measure sound from a specific source and to effectively eliminate the influence of
extraneous background sounds from the specific source.

ANSI S12.18 | Outdoor Measurement of Sound Pressure Level

Procedures to measure sound from a specific source or sources and to account for environmental
conditions with the purpose of obtaining reproducible sound pressure levels of the same sound source in
different environmental conditions.

ASTM E1780 | Measuring Outdoor Sound Received from a Nearby Fixed Source

Procedures to measure sound from a specific source at a location in the vicinity of that same source,
primarily for the purpose of comparing to criteria or regulatory limits.

The standards ANSI S12.9/Part3 and ANSI S12.18 both have procedures to remove the
influence of extraneous background sounds. When measuring a specific sound source, it is
impossible to separate the sound of the specific source of interest from the rest of the sounds in
the environment. Therefore it is necessary to perform two measurements: one of the total sound
(the source of interest combined with the remaining sounds in the background environment), and
one of just the background sound (the sounds in the environment without the source of interest).
Once this is accomplished, it is possible to mathematically derive the sound level of the specific
sound source on its own, without the background environment. This can be an intricate process,
because the background sound must be nearly identical in both measurements. If short-term or
transient noise events occur in either the total sound measurement or the background sound
measurement, the calculation will yield incorrect results. Therefore short term or transient events
are excluded when measuring a specific sound source.

Measuring the existing ambient sound environment for the Tule Wind Project did not follow
procedures of ANSI S12.18 described above. Despite the existence of a clause therein which
allows for measurement of ambient sound measurements, the introduction states the procedures
are primarily focused on measurements of specific sound sources, and the scope clause
specifically precludes use of ANSI S12.18 for environmental assessment or planning for
compatible land uses.

Short-term noise events that occurred during the measurement period are inherently integral to
the existing ambient sound environment for the Tule Wind Project; therefore these sounds were
included in the measurement results of the existing ambient sound environment, following
applicable portions of standards ANSI S1.13 and ANSI S12.9/Part 2 and ASTM E1014. In other
words, the analysis for the Tule Wind Project included short term events and background wind
noises in its measurements of existing ambient sound levels.
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4. Please provide an explanation regarding the sound characteristics of wind turbine noise,
including a discussion of how noise from wind turbines compares to noise generated
from other sources at comparable sound levels (e.g. aircraft or road noise) and how
noise from wind turbines compares to other sources in terms of annoyance. Please take
into consideration the modulating character of wind turbine noise, the mix of tones from
wind turbines and how they relate to the thresholds of perception, low frequency energy
(both audible and inaudible) generated by wind turbines, and the effect of spacing
between wind turbines.

Response: Wind turbine sound is created by mechanical components and through aerodynamic
generation. The dominant source of sound for modern turbines is the interaction of the rotating
blades with the air called aerodynamic sound. Aerodynamic sound produced by wind turbines is
broadband and contains: low and inaudible amounts of energy in the infrasonic range, low
amounts of low frequency energy which may or may not be audible, and relatively higher levels
of noise in the audible range of middle and high frequencies.

Table 4-1 depicts various common noise sources in comparison to the sound design goals of the
Tule Wind Project. As shown in Table 4-1, the sound design goals for the Tule Wind Project are
50 and 45 dBA, on an hourly Leq basis, for daytime and nighttime hours respectively. The sound
level limits depicted apply to the property line of residential parcels. Sound levels of 45 and
50 dBA are comparable to common interior sound sources such as modern refrigerators.

Table 4-1. Common Noise Sources

Common Sound Sources
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% G.P. van den Berg. “The Beat is Getting Stronger: The Effect of Atmospheric Stability on Low Frequency
Modulated Sound of Wind Turbines.” Noise Notes VVolume 4 Number 4.
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In comparison to other exterior sound sources an hourly Leq of 45 dBA is relatively low. The
San Diego County threshold of significance allows for a sound level exposure of up to 60 dBA
CNEL or 53 dBA Leq for transportation related sources.* In comparison to the Tule Wind
Project, vehicular traffic can be 3 to 8 dBA louder than wind turbine generated noise. Both
vehicular traffic and aircraft overflight commonly approach or exceed 50 dBA Leq. Steady, low-
volume traffic pass-by events exhibit a rhythmic rise and fall in volume. Ocean waves crashing
on a beach also exhibit a rhythmic rise and fall in volume. In this manner noise from these
events exhibits amplitude modulation, which by virtue of its nature is not intrinsically annoying
or harmful to human health. Both traffic noise and ocean waves exhibit a mix of broadband, low
frequency, and infrasonic noise emissions — which by virtue of its nature is also not intrinsically
annoying or harmful to human health.

Wind turbines emit broad band noise. As the blades move closer and away from a stationary
listener, the noise they emit gets louder and softer. This rhythmic increase and decrease in noise
emissions is called amplitude modulation. The frequency content of amplitude modulated wind
turbine noise typically occurs between 500 Hz and 1,000 Hz.?Certain persons believe that the
amplitude modulated sound made by wind turbines makes their noise emissions more annoying
than other environmental noises like highway traffic noise. However, as mentioned previously,
noise which exhibits amplitude modulation is not considered to be annoying.

In fact, many people consider the rhythmic noise made by ocean waves to be desirable. Although
noise from ocean waves is largely broadband, it also contains low-frequency noise and is a
natural source of infrasound.

In one respect, differential spacing between wind turbines has the same effect as differential
spacing between any other sound sources in that at certain distances the combination of lines of
turbines will behave like a line-source. This effect is a matter of geometry, and these geometric
attributes were included in the sound analysis for the Tule Wind Farm. In another respect,
differential spacing between wind turbines may affect the amount of turbulence that downwind
turbines may experience. Current state of the art acoustical analysis tools do not incorporate
meteorological routines that would allow the assessment such inter-turbine turbulence. To ensure
that the noise analysis does not understate the noise from the project due to the inability to
account for such specific atmospheric effects, other, conservative assumptions were used in the
noise analysis, including use of 100% acoustically reflective ground, modeling of the hot
weather package (which includes additional noise from cooling equipment in the nacelle),
continuously downwind conditions in all directions and the addition of 2 dBs to the
manufacturer-stated sound emissions. Please refer to Response 7 of Data Request No. 14 for
further details on inter-turbine turbulence.

2! Estimated based on constant vehicular traffic
2 Colby et al. Wind Turbine Sound and Health Effects — An Expert Panel Review. American Wind Energy
Association. December 2009.
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5. Please provide an explanation of the relative level of annoyance resulting from low
frequency sound as it compares to perceptible, audible sound. Please take into
consideration the thresholds of perception for single pure tones as compared to tones
generated by wind turbines and the relative sensitivity of individuals to audible and
inaudible sound levels.

Response: It is difficult to correlate inaudible sounds (in any frequency band) to perceptible,
audible sounds because if a sound cannot be heard then its potential to annoy a person is very
difficult to establish objectively. This is particularly true in the outdoor environment as opposed
to in an audiology booth. We know that the low frequency and infrasonic energy in wind turbine
noise has enough energy to impart a displacement upon a human skin of approximately ten
microns (half the thickness of a strand of hair). We also know that heart beats, breathing, and
normal movements displace the areas of the human body significantly more than ten microns.?
In addition, the human body produces multiple sources of sound. Heart sounds are in the range
of 27 to 35 dB at 20-40 Hz** and lung sounds are reported in the range of 5-35 dB at 150-600
Hz?. Therefore, it is difficult to accept the hypothesis that sound pressure levels from wind
turbines in the inaudible portion of the acoustic spectrum have potential to annoy or impart
adverse health effects in a direct exposure to outcome continuum.

The responses to question 1 established that low frequency and infrasonic content of wind
turbine noise is below recognized thresholds of perception. There is anecdotal evidence that
suggests that audible wind turbine noise is annoying to some people. However, the Chief
Medical Officer of Health for Ontario Canada stated in a recent report, “The review concludes
that while some people living near wind turbines report symptoms such as dizziness, headaches,
and sleep disturbance, the scientific evidence available to date does not demonstrate a direct
causal link between wind turbine noise and adverse health effects. The sound level from wind
turbines at common residential setbacks is not sufficient to cause hearing impairment or other
direct health effects, although some people may find it annoying™?®.

The suggestion that inaudible sound from wind turbines causes annoyance is largely unsupported
by objective and factual data. There is no direct, causal link between inaudible sound from wind
turbines and annoyance. Pure single tones, also referred to as prominent discrete tones, exhibit an
increase of at least 5 dB from the adjacent octave bands. This makes them discernable as a tone,
and they stand out from the overall acoustic environment and are by definition more distinctly
audible. Common modern wind turbines do not emit prominent discrete tones®’?4%°,

2 Direct testimony of Dr. Geoff Leventhall on behalf of Wisconsin Electric Power Company, before the Public
Service Commission of Wisconsin, E-docket number 6630-CE-302.

2 Sakai, A., Feigen, L. P., and Luisada, A. A. (1971). Frequency distribution of the heart sounds in normal man.
Cardiovascular Research. 5(3), (358 -363).

% Fiz, J. A., Gnitecki, J., Kraman, S. S., Wodicka, G. R., and Pasterkamp, H. (2008). Effect of body position on lung
sounds in healthy young men. 133(3), (729 -736).

%6 Chief Medical Officer of Health, “The Potential Health Impact of Wind Turbines”, May 2010.

" Delta Test Report, “Measurement of Noise Emission from a Vestas V90 3 MW wind turbine “model 0",
December 10, 2009.

%8 General Electric, “Technical Documentation Wind Turbine Generator Systems GE 1.6xle - 50 Hz & 60 Hz”, 2009.
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6. Please provide an explanation of the methods used by HDR to measure sound generated
by the wind turbines, including an explanation for the use of the dB(A) scale as a metric
for determining noise impacts from wind turbines.

Response: HDR has not measured sound emissions from wind turbines associated with the
proposed project. The analysis results presented in the Tule Wind Project — Draft Noise Analysis
Report represent calculated project-related sound levels. Project-related sound levels were
calculated using Cadna-A, an acoustical analysis software package designed for evaluating
environmental noise from stationary and mobile sources. Cadna-A is a three-dimensional noise
model based on International Standards Organization (1SO) 9613, “Attenuation of Sound during
Propagation Outdoors,” adopted by the ISO in 1996. This standard provides a widely-accepted
engineering method for the calculation of outdoor environmental noise levels from sources of
known sound emission.

Several sound sources associated with project operations were modeled using Cadna-A including
the project collector substation, wind turbine generators and a SODAR unit. The sound analysis
evaluated noise impacts based on the maximum project build-out in terms of number of turbines.
The maximum build-out for the project allows for up to 128 1.5 MW turbines. In the assessment
of wind turbine-generated sound 128 Gamesa G87 2.0 MW turbines were modeled. If 2.0 MW
turbines, such as the G87, were to be utilized, approximately 100 locations would be built versus
the 128 locations modeled. Turbine locations and turbine types have not been finalized;
therefore, all potential locations were analyzed. Actual noise impacts utilizing a 2.0 MW turbine
would be less than modeled due to fewer turbines.

The sound analysis estimated project-related sound levels by incorporating a number of
modeling techniques whose net effect conservatively over-estimated noise propagation in the
project area. These techniques include assuming that the ground is 100% acoustically reflective,
that the noise levels associated with the hot weather package (which includes additional noise
from cooling equipment in the nacelle) were occurring all of the time, and other techniques as
described in response to question 16 that conservatively over-estimate project related noise
levels. Table 6-1 summarizes the conservative modeling assumptions and their effect on
modeling results.

The net effect of these conservative assumptions shown in the table above is the over-estimation
of project-related noise levels. As shown in Table 6-1, this noise analysis is reasonable,
appropriate, and is more conservative than required by the standards of practice in the field of
environmental acoustics.

2 Suzlon Energy A/S, “Sound Power Level $88-2.1MW”, October 25, 2010.
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Table 6-1. Modeling Assumptions and Influence on Calculated Sound Level

. . Effect on Calculated

Modeling Assumption Sound Level
Guaranteed sound level v. maximum manufacturer stated +2 dB
Continuous use of hot weather package® +2.6dB
Reflective ground +3dB
Continuous downwind conditions for all directions? ~0to2dB
Use of 128 2.0 MW turbines vs. 128 1.5 MW turbines® ~0to5dB
Total effect on calculated sound level 7.61t014.6 dB

! Lower emission modes of the hot weather package would be used during nighttime hours as the mode
modeled will only be used in temperature above 98° F.

2This results in the wind blowing in all directions continuously throughout an hour.

These are the most favorable propagation conditions (wind blows in all directions all the time).

*The Tule sound analysis modeled 2.0 MW turbines in a layout that is representative of maximum build-out
with a 1.5 MW turbine (resulting in 28 additional turbines). If 1.5 MW turbines were modeled using the
current layout, resulting sound levels would be up to 5 dB lower, based on the use of a GE 1.5 XLE turbine.

The A-weighting scale is a close approximation of the human response to different frequencies
of sound and is in broad use across many disciplines which address noise. The A-weighting scale
attenuates low-frequency noises in a manner that simulates how human ears attenuate low
frequency noise at low levels (approximately 40 dB). The A-weighting scale is the most
appropriate weighting scale for environmental acoustics analysis and to assess compliance with
applicable noise limits. State and Federal agencies that regulate environmental noise throughout
the United States rely on the A-weighted decibel, or dB(A) as the most appropriate metric for
assessing human response to noise. Applicable noise rules in California also rely on the A-
weighted decibel.

Section 6951 of the San Diego County Zoning Ordinance requires that sound level limits of
Title 3, Division 6, Chapter 4 of the San Diego County Code (Noise Abatement and Control)
shall apply to large wind turbine systems. San Diego County Code of Regulatory Ordinances
Section 36.403 Sound Level Measurement specifies that sound level measurements “[...] shall
be measured with a sound level meter using A-weighting and a “slow” response time, as these
terms are used in ANSI S1.1-1994 or its latest revision.

Additionally the San Diego County General Plan Part VVI1I Noise Element states:

“The most appropriate basic unit of measure for community noise is the A-weighted
sound level, abbreviated dBA. This unit gives a lower weight to low and high frequency
sounds in a manner similar to the relative lower efficiency of the ear at low or high
frequencies.”°

%93an Diego County General Plan Part VIII Noise Element. GPA 06-008. 2006 September 27. Pg. VIII-6.
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In San Diego County the appropriate metric for determining noise impacts from wind turbine
generated sound is the A-weighted decibels. This is consistent with the County Noise Element,
local sound level limits** and post-construction sound level measurement procedures.*

Please refer to Sections 1.3 and 3.1 of the Tule Wind Project — Draft Noise Analysis Report for
further details concerning the modeling methodology and applicable regulations.

7. Please provide an explanation of how temperature inversion, uncharacteristic weather
patterns, high wind shear above the boundary layer, periods of atmospheric turbulence
(as it relates to turbines mounted on high locations with rough terrain), and inter-turbine
turbulence resulting from inter-turbine spacing of less than 5 to 7 rotor diameters were
addressed in the sound modeling.

Response: The noise analysis report prepared and submitted for this project explains the
meteorological assumptions and features used in the Cadna-A noise model developed to
calculate project-related noise. Events such as temperature inversions, uncharacteristic weather
patterns, high wind shear above the boundary layer, periods of atmospheric turbulence, and inter-
turbine turbulence typically last for short durations, sometimes very short durations. Current state
of the art acoustical analysis tools do not incorporate meteorological routines that would allow
the assessment of micro-climatology like inter-turbine turbulence, atmospheric turbulence and
high wind shear above the boundary layer. Alternatively, conservative assumptions were used in
the noise analysis, including use of 100% acoustically reflective ground, modeling of the hot
weather package (which includes additional noise from cooling equipment in the nacelle),
continuously downwind conditions in all directions and the addition of 2 decibels to the
manufacturer-stated sound emissions. These assumptions ensure that the noise analysis does not
understate noise from the project.

Temperature Inversions

Atmospheric conditions influence the propagation of sound; the main effect is refraction (a
change in the direction of the sound waves) produced by vertical gradients of wind and
temperature. Normally the temperature decreases steadily with increasing height above the
ground. At night, the temperature sometimes decreases with decreasing height; this is called a
temperature inversion. During an inversion, the sound waves that would normally travel upward
and away from the noise source refracts (bends) downward. This causes noise levels at points
away from the source to be louder than they would be under non-inversion conditions.*®

%! San Diego County Code of Regulatory Ordinances Section 36.404
% San Diego County Code of Regulatory Ordinances Section 36.403
¥ page 3-12, “Handbook of Noise Control”, ed by Cyril M. Harris, second edition, 1979
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The sound modeling performed for the Tule Wind Project represents sound levels that would be
experienced under downwind propagation, or propagation under a “well-developed moderate
ground-based temperature inversion, such as commonly occurs at night.”*

Temperature inversions are most commonly caused by radiative cooling of the ground at night
leading to cooling of the air in contact with the ground. Such conditions are especially prevalent
on cloudless nights with little wind. If winds occurred at the ground level, the inversion layer
would become mixed with the layers above it and the inversion would begin to disappear.

Temperature inversions occurring within the lowest 50 to 100 meters of atmosphere can affect
noise levels measured on the ground. Such conditions may increase noise levels by focusing
sound wave propagation paths at a single point. Conventional approaches to assessing noise
propagation under temperature inversion conditions require knowledge of the temperature
gradient and assume that the noise source is located below the temperature inversion, typically
near the ground. In summary, when a layer of cool air is trapped at the ground surface (with a
layer of warmer air above it) and the winds are still, the resulting temperature inversion is known
to focus sound wave propagation paths (from noise sources operating in the layer of cold air,
most often on the ground) at a single point on the ground.

The effect of temperature inversions on noise propagation from wind turbines is not typical of
other sources. Wind turbines located on top of ridges are often located at elevations that are
much higher than nearby receivers. In those circumstances it is unlikely that conventional
temperature inversions in the lower 100 meters of the atmosphere would affect noise propagation
from sources elevated as high as wind turbines on top of ridges. A further consideration must be
that temperature inversion requires little to no wind in order to minimize atmospheric mixing and
hence develop. During calm conditions the wind turbine generators are unlikely to operate,
because the cut-in speed is approximately 3-4 m/s. *

In general, sound propagates best under stable conditions with a strong inversion, such as during
a clear night with low winds. In those situations, sound levels from wind turbines would be at
their lowest. Wind speeds under very stable conditions — Stability Class G — generally are 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 more moderate nighttime
inversions.*

Moderate nighttime inversions include periods when winds at the hub height are above the cut-in
speed and ground-level winds are still, so that there is no masking noise from ground-level
winds. These conditions are most likely to result in the highest levels of amplitude modulation,
be most favorable to noise propagation, and therefore result in wind turbine noise being the most
perceivable®”. Post-construction noise measurements were performed during these conditions, at

* International Organization for Standardization (1SO). ISO 9613-2:1996. Measurement of Environmental Sound.
Part 2: Measurement of Long-Term, Wide-Area Sound.

% Silverton Wind Farm Noise Impact Assessment, July 23, 2008, by Heggies Pty Ltd.

% Kenneth H. Kalinski, “Understanding Turbine Sound Impact Studies”, North American Wind Power, May 2008.
¥ Resource Systems Engineering, “Response to Powers Trust Objection”, November 3, 2009
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both the Mars Hill and Stetson wind farms. Over 300 hours of measurement data was collected
under these conditions. Analysis of that data confirmed that noise levels measured under these
moderate nighttime inversion conditions were within 5 dBA of modeled noise levels®.

Temperature inversions can be modeled using current acoustical software using conservative
methods that overestimate noise levels (as was done for this project) and also more refined
methods. A more refined method involves use of the CONCAWE routine in Cadna-A, which
allows a modeler to simulate very specific meteorological conditions including individual
stability classes and select wind speeds. Table 7-1 presents a comparison of analysis results of
three different and increasingly stable temperature inversions. Using a single Gamesa G87
turbine, one of the proposed turbine types for the Tule Wind Project, a model was developed to
compare the sound levels that may be experienced during a temperature inversion. A
comparison of modeled sound levels using various atmospheric stability classes and the
assumptions used in the Tule sound study is presented in Table 7-1 below.

Table 7-1. Comparison of VVarious Temperature Inversions

I1SO 9613-2 (Model Used 23
Receptor for Tule Sound Study) CONEAIE
Ll AR No Wind Rosel Stgb. Class=E Stz_:lb. Class=F
Wind = 4.5 m/s Wind = 2.5 m/s
500 ft 58.1 53.0 44.2
1000 ft 52.2 49.0 40.2
1500 ft 48.4 46.0 37.2
2000 ft 45.6 43.6 34.8

The Tule sound study utilized 1SO 9613-2 with no wind rose. These parameters represent a “well-
developed moderate ground-based temperature inversion, such as commonly occurs at night.”*®

2 meteorological corrections were applied to simulate inversions at various stability classes.

3Sound emissions used for CONCAWE calculations are relative to the operational wind speeds for each
class. The turbine sound emissions in the CONCAWE models do not include 2.6 dB for warm-weather
package noise. The periods in which these atmospheric stability classes are expected are cooler
nighttime and early morning periods

Analysis results in Table 7-1 shows that the Tule noise analysis conservatively overestimates the
project-related noise levels in a wide variety of atmospheric stability conditions, including strong
inversions with low wind speeds. As shown in Table 7-1 the modeled results for 1ISO 9613-2
(that used for the Tule sound study) using no wind rose, are approximately 2 dB to 5 dB above
the results for conditions consistent with stability class E, and approximately 11 dB to 16 dB
above the results for conditions consistent with stability class F. This demonstrates that the
modeling methods performed in the Tule noise analysis result in conservative over-estimates of
project-related noise that are adequately representative of meteorological conditions that lead to

% Resource Systems Engineering, “Response to Powers Trust Objection”, November 3, 2009.
¥ International Organization for Standardization (1SO). ISO 9613-2:1996. Measurement of Environmental Sound.
Part 2: Measurement of Long-Term, Wide-Area Sound.
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the most efficient noise propagation. These conditions include strong temperature inversions
with calm winds below the cut-in speed.

The noise analysis performed for the Tule Wind Project modeled a moderate inversion condition.
The Tule noise analysis also added more than five decibels of conservatism. In this manner, the
Tule noise analysis accounted for moderate inversions and conditions most favorable to noise
propagation, when ground-level masking is at its lowest level, and turbine noise is most
noticeable.

Uncharacteristic Weather Patterns

Uncharacteristic weather patterns means winds are blowing from a direction that they normally
do not blow from. The primary effect of this condition is to reduce noise levels at upwind
receivers and slightly increase noise levels at downwind receivers.”’ Even during these
conditions, wind direction changes throughout each hour; therefore downwind noise levels will
vary with fluctuations in wind direction. By comparison, the Tule noise analysis assumes that
the wind blows in each direction for the entire duration of an hour. The result of this unrealistic
meteorological condition is conservative over-estimates of project-related noise levels during
uncharacteristic weather patterns.

High Wind Shear Above the Boundary Layer

Wind speeds generally increase with increasing height above the ground. Irregularities in
features on the ground (buildings, terrain, trees and other vegetation) cause friction between the
ground and winds closest to it. That friction slows down wind speeds in the atmospheric layer
closest to the ground. Wind shear occurs where the lowest atmospheric layer meets a layer of the
atmosphere above it that is not affected by surficial friction: wind shear is the boundary between
the lower (slower) winds and the higher (faster) winds.

There is evidence that wind shear increases both the sound power emissions and the amplitude
modulation from wind turbines. Wind shear is highest and exhibits the greatest difference
between wind speeds at 10 meters and at 80 meters at low wind speeds. Wind shear reduces with
increasing wind speed to the point where it is, on average, of a similar value as that used in IEC
61400-11 to define wind turbine sound power levels. The difference between wind speeds at 10
meters and 80 meters at low wind speeds is more predominant at night. Night time wind shear is,
on average, higher than day time. There does not appear to be a large difference between average
wind shear in summer and winter. The evidence suggests that shear in winter may be slightly
higher but this may be due to the fact that there are longer nights when shear is higher. Wind
shear on a flat site is significantly higher than that on a hilly site, even a hilly site with low
rolling hills. The difference in wind speeds at 10 meters and 80 meters is also higher on a flat
site. This is true at all times of day and all times of the year.**

0 page 3-12, “Handbook of Noise Control”, ed by Cyril M. Harris, second edition, 1979
* Dick Bowdler, “Wind Shear and its Effect on Noise Assessment”, proceedings from the Third International
Conference on Wind Turbine Noise, Aalborg, Denmark, June 2009.
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While there is evidence to suggest that wind shear may increase the sound emissions, the effects
are site specific and cannot be predicted with currently available data. Wind turbine sound
emissions are measured using IEC 61400 Part 11. The wind turbine sound emission standard
does not require the reporting of sound emissions under various wind shear conditions; therefore
sound emissions for the proposed turbines, at various wind shear gradients is unavailable.
Additionally it is infeasible to model noise results over all of the weather conditions and shear
gradients that possibly could occur at a site. However, post-construction noise measurements
performed at Mars Hill and Stetson indicate that when wind shear conditions exist, measured
wind turbine noise levels are within five decibels of modeled results.*? This reinforces the
validity and conservatism of the Tule noise analysis.

There are also reports which claim that amplitude modulation may be affected by wind shear.
Dr. Andy Moorhouse performed a study to determine the prevalence of amplitude modulation in
wind farms in the UK and to identify the likely causes of amplitude modulation. Dr. Moorhouse
summarizes his findings:

The literature review indicated that, although there has been much research into
the general area of aerodynamic noise it is a highly complex field, and whilst
general principles are understood there are still unanswered questions.
Regarding the specific phenomenon of AM there has been little research and the
causes are still the subject of debate. AM is not fully predictable at current state
of the art. The survey of wind turbine manufacturers revealed that, although there
was considerable interest, few have any experience of AM.*

As stated by Dr. Moorehouse, there is no standard way to predict the occurrence of amplitude
modulation, and there is no universally-agreed upon way to assess the potential for annoyance
due to it. Therefore it is not possible to model it for the proposed Tule project. However, as
demonstrated above, the Tule noise model conservatively over-estimates project-related noise
levels.

Atmospheric Turbulence

Atmospheric turbulence causes inflow turbulent sound, meaning aeroacoustic noise is caused by
the interaction of the atmosphere and the turbine blades. G.P. van den Berg defines inflow
turbulent sound as being caused “Because of atmospheric turbulence there is a random
movement of air superimposed on the average wind speed. The contribution of atmospheric
turbulent to wind sound is named ‘in-flow turbulence sound’ and is broad band sound stretching
over a wide frequency range.”** A white paper prepared by the Renewable Energy Research

%2 Resource Systems Engineering, “Response to Powers Trust Objection”, November 3, 2009

% University of Salford. NANR233 “Research into aerodynamic modulation of wind turbine noise” Page 3 of 57,
June 2007.

* G.P. van den Berg. “The Beat is Getting Stronger: The Effect of Atmospheric Stability on Low Frequency
Modulated Sound of Wind Turbines.” Noise Notes VVolume 4 Number 4.
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Laboratory cites that while inflow turbulence sound contributes to the broadband noise but is not
yet fully quantified.* Therefore it is not possible to model it for the proposed Tule project.

The effects of atmospheric turbulence and the random micro-turbulence upon turbine blades will
result in both increases and decreases in wind turbine noise emissions on a short-term, transient,
instantaneous basis. Over a one-hour period, their net effect is unlikely to be dramatic.
Atmospheric turbulence at the ground level will also create more masking noises at the ground
level, making it harder to discern the turbine noise. The absence of atmospheric turbulence, and
the random micro-turbulent winds that randomly interact with moving wind turbine blades is an
ideal condition that does not occur in nature. These micro-turbulent winds occur whenever the
wind blows; blades interact with these winds whenever they move through the air. On this basis
it is reasonable to assume that reference sound power levels measured using IEC61400, and upon
which the Tule sound analysis is based, already incorporate the influence of random micro-
turbulent winds. As demonstrated above, the Tule noise model conservatively over-estimates
project-related noise levels.

While atypical conditions such as those listed may temporarily increase sound levels, the sound
analysis prepared for the Draft EIR/EIS prepared for the Tule Wind Project focused on
conservatively over-estimating project-related sound levels that would be experienced on a daily
basis.

The noise analyses performed for this project is consistent with the standards of practice in the
field of environmental acoustics, and generally overstates the noise impacts. The analysis
conservatively ignored ground absorption, and included an additional amount of conservatism
added to the sound power level of each wind turbine. The analysis also conservatively assumed
that the turbine was operating at its loudest rated sound power level condition for the entire
duration of one hour. Additionally this analysis assumed that the most efficient propagation
characteristics exist in all direction for the entire duration of one hour. These conservative
measures are consistent with standard practice in the field of applied environmental acoustics
and also help to ensure that wind turbine noise levels from the Project are not under-predicted.

Therefore, the noise analyses conducted for the Tule Wind Project meets the standard of practice
in the field of environmental acoustics, provides a conservative assessment of the noise from the
project, and adheres to the San Diego County Guidelines for Noise Impact Assessment.

Please refer to Responses 14, 15, and 16 of Data Request No. 14 for further details on wind
turbine sound emission, amplitude modulation and noise modeling methodology.

8. It has been argued that the manufacturer’s reported power levels for the wind turbines
represents a standardized value assuming ““typical” conditions of a neutral atmosphere
with a moderate wind shear gradient; therefore, the manufacture’s data does not
represent worst-case conditions. Please respond.

*® Rogers, et al. Wind Turbine Acoustic Noise. Renewable Energy Research Laboratory. January 2006.
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Response: By virtue of their nature, sound power levels are intended to describe the sound
emissions of a particular source in the absence of any specific environment; see Response 14 of
Data Request No. 14 for further discussion on this. Based on over 300 hours of measurements
performed by Epsilon Associates when wind turbine noise was most noticeable (when ground
level winds were still and did not mask wind turbine noise), noise emissions from a modern
1.5 MW wind turbine are within ranges considered acceptable by state and federal agencies that
regulate environmental noise. The analysis conducted by Epsilon Associates does represent
“worst-case” conditions, such as when winds are still and noise from the wind turbine is not
masked. It is infeasible to model noise results over all of the possible weather conditions and
shear gradients that could occur. Additionally, the noise analysis included several conservative
assumptions, including use of 100% acoustically reflective ground, modeling of the hot weather
package (which includes additional noise from cooling equipment in the nacelle), continuously
downwind conditions in all directions and the addition of 2 decibels to the manufacturer stated
sound emissions. These assumptions ensure that the noise analysis does not understate noise
from the project.

9. Please provide an explanation of the appropriate scale for measuring low frequency
noise levels or infrasound, including a discussion of how using different scales (A-
weighting, C-weighting, and Z-weighting) may affect the measurement of low frequency
noise. Please provide an analysis of the low frequency noise generated by the wind
turbines, using dB(C) weighted noise analysis. Also, please provide available sound
power level data for frequencies below 63 Hz for the proposed wind turbines.

Response: This question exists in the context of an environmental noise analysis for a proposed
wind turbine project. The sound analysis performed for the Tule Wind Project focuses on the
potential effect of airborne sound and vibration on humans. Hence, the weighting scale used in
the analysis, the A-weighting scale, is representative of human perception of sound. Existing
requirements in San Diego County also rely on A-weighting for sound measurements and
regulations. Please refer to Response 1 and 6 of Data Request No. 14 for further details on
applicable regulations and use of the A-weighting scale. While there are weighting scales other
than the A-weighting scale, which simulates human response to frequencies of sound, use of
other weighting scales produces results that do not reflect how human ears respond to different
frequencies of sound. Therefore they are not appropriate to use in the context of an
environmental acoustics analysis performed to assess compliance with applicable noise limits.
State, federal and local agencies that regulate environmental noise throughout the United States
rely on the A-weighted decibel, or dB(A) as the most appropriate metric for assessing human
response to noise. The San Diego County Noise Element also considers “the most appropriate
basic unit of measure for community noise” to be the A-weighted sound level, abbreviated dBA.
This unit gives a lower weight to low and high frequency sounds in a manner similar to the
relative lower efficiency of the ear at low or high frequencies.”*

The current sound study, Tule Wind Project — Draft Noise Analysis Report, dated February of
2011 provides an analysis of project related sound. The analysis includes an assessment of

“®San Diego County General Plan Part VIII Noise Element. GPA 06-008. 2006 September 27. Pg. VIII-6.
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project-related sound in comparison to existing noise requirements, on an A-weighted basis. Also
included in the current sound analysis for informational purposes is the operational project-
related sound level in dBC. Please refer to Tables 9 and 12 of the current sound study for
additional details.

The A-weighting scale attenuates low-frequency noises in a manner that simulates how human
ears attenuate low frequency noise. The C-weighting scale does not attenuate low frequencies as
much as the A-weighting scale. The intent of the C-weighting scale is to simulate human
perception at higher sound levels, in excess of 70 decibels. Use of C-weighting produce different
sound analysis results than those already reported in units of A-weighted decibels. The
difference between the A-weighted and C-weighted results are insignificant because it represents
low level frequencies that humans do not hear well and the applicable noise limits are not
expressed in C-weighted decibels.

Wind turbine sound emissions vary and are dependent on the rated power, turbine model, hub
height, wind conditions, and other factors. The maximum sound emissions stated by the
manufacturer for turbines considered for use on the Tule Wind Project vary from 104 dBA to
109 dBA. The Gamesa G87, the turbine with the greatest sound emissions, was used in the
sound analysis to determine the potential for noise impact.

The sound power level used in the Tule Wind Project analysis is based on maximum operating
conditions at 10 meters per second wind speeds, combined with noise from auxiliary fans to cool
the nacelle in hot weather. Additionally, 2 decibels were added to each octave band to account
for uncertainty. Table 9-1 presents the spectral sound power level data provided by Gamesa, the
modeled turbine manufacturer, for frequencies 63 Hz and below.

Table 9-1. Spectral Noise Emissions Data —

Gamesa G87
Octave Bands, SWL
(Hz)
Sound Emissions 31.5 63
Manufacturer 81.8 90.2
Modeled 83.8 92.2

Please refer to Section 3.2 of the Tule Wind Project — Draft Noise Analysis Report for further
details on sound emissions and modeling.

The Z-weighting scale is a linear scale that does not weight any of the frequencies: it is flat,
linear, and unweighted. Low frequency sounds would appear relatively higher in Z-weighting
than in A-weighting. In the context of an environmental noise assessment performed to assess
the potential effect of airborne sound on humans and determine compliance with A-weighted
noise limits, there is no merit to expressing project-related noise using Z-weighting. The
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Z-weighting scale is not representative of the manner in which humans perceive low frequency
sound; therefore it is inappropriate to use this scale to assess the potential effect of airborne
sound on humans.

10.  Please provide a discussion of the sound and/or vibration effects that could result if two
or more turbines are operating near each other, either “in sync” or *““out of sync,”
including a discussion of the audible sound waves and low frequency sound waves that
would be produced. Please also address the potential sound effects of the turbines in
conjunction with proposed wind turbines in the area.

Response: Combinations of sound waves “in sync” usually refers to what acousticians call
coherent summation. This is applicable to sound only if the two sounds are received in perfect
unison and are perfectly identical sound waves.*” While important for engineering issues such as
loudspeaker design, this is not applicable to environmental acoustics. First, the effects of
coherent summation is very time and location specific. With a slight move a couple of feet over,
or a small wind or temperature change, the coherent summation will become incoherent
summation (out-of-sync). Furthermore the broadband sounds from two wind turbines are
random noise created by turbulence*® which cannot be summed coherently.*® Therefore the Tule
project is not anticipated to result in any exceedances of the applicable noise limits due to
coherent summation effects.

11. Please provide an explanation of how the American National Standards Institute’s
(ANSI) S12.9 and S12.18 procedures are applicable for measuring outdoor
environmental sound in the case of the wind turbines as a ground based noise source and
how they were considered in calculating sound levels resulting from the wind turbines.
Please also comment on how these standards consider atypical operational conditions
such as temperature inversion, uncharacteristic weather patterns, high wind shear above
the boundary layer, and periods of atmospheric turbulence (as it relates to turbines
mounted on high locations with rough terrain).

Response: The standards in the ANSI S12.9 series are intended to provide guidance on
measuring environmental sound sources and predicting community response based on sound
exposure. The primary purpose of ANSI S12.18 is to measure environmental sound from a
specific source and is most commonly used in compliance verification during post-construction.
Neither standard provides guidance on calculating sound levels from wind turbines prior to
construction; therefore neither standard was used to calculate sound levels resulting from project-
related sound sources.

The noise measurements made for the Tule Wind Project were performed in accordance with
recognized standards prior to construction measured the ambient acoustic environment before
wind turbines were built and commenced operation. Therefore, the issue of ground-based noise
sources lacks merit.

*" Kinsler, Lawrence E, et al. Fundamentals of Acoustics Fourth Ed. John Wiley and Sons, Inc. 2000.
*® Thomas S. Brooks, Airfoil Self-noise and Prediction, NASA Reference Publication 1218 (1989) 15.
“ Kinsler, Frey et. al. Fundamentals of Acoustics.
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The intent of the sound measurement was to characterize the ambient sound environment. The
results reflect all aspects of the existing ambient sound environment including the meteorological
conditions present at the time of measurement. The measurement cannot characterize a sound
source which isn’t there, such as the proposed wind turbines.

The standardized measurement methods with scope and purpose clauses compatible with
characterizing the ambient sound environment include ANSI S1.13, ANSI S12.9/Part 2,
ASTM E1014, and ASTM E1503. The measurement methods employed for this assessment were
consistent with these standards in whole or in part and were also consistent with several state and
federal agency measurement methods and good engineering practice. For a discussion of
calculated sound levels and uncharacteristic conditions, inversions, etc. please refer to the
response to question 7. Please refer to response number 3 for further details on ANSI S12.9 and
S12.18.

12. Please provide an explanation of how the International Organization for Standardization
(ISO) Standard 9613 (Part 2) is applicable for addressing the attenuation of outdoor
environmental sound in the case of the wind turbines as a ground based noise source and
how it was considered in calculating sound levels resulting from the wind turbines.

Response: 1SO 9613-2 (Attenuation of Sound during Propagation Outdoors) provides the
internationally-recognized and accepted methods for calculating environmental noise levels
including noise emissions from wind turbines. The Cadna-A software incorporates 1ISO 9613 in
the propagation calculations. The 1SO 9613 methods used by Cadna-A were endorsed by an
independent working group of European acoustical consultants.”® Additionally, post-construction
studies performed by Andrew Bullmore® and Kenneth Kalinski®* compared measured sound
levels from wind farms with corresponding calculation models of the same wind farms. These
comparisons showed that wind turbine sound levels modeled in CadnaA and utilizing the
ISO 9613-2 calculation methods can achieve good correlation with the post-construction
measurements, effectively validating the calculation for wind-turbine sound sources.

Please refer to Responses 13 and 16 of Data Request No. 14, as well as Section 1.3 and
Appendix D of the Tule Wind Project — Draft Noise Analysis Report for further details on the
modeling methodology and ISO 9613 Part 2.

13. Please comment on the recently promoted algorithm by the Swedish EPA for modeling
sound from wind turbines, which applies for both onshore and offshore turbines. The
model apparently incorporates enhancements to the ISO Standard 9613 (Part 2) that
addresses the specific characteristics of wind turbine sound emissions to propagate at a
decay rate of 3dB per doubling of distance for distances of several hundred meters away
from the turbine (as opposed to the 6dB decay rate in the ISO Standard).

%0 Bowadler et al., Prediction and Assessment of Wind Turbine Noise. Institute of Acoustics, Acoustics Bulletin.
March / April 2009.

*1 Bullmore et al. “Wind Farm Noise Predictions and Comparison with Measurements”. Third International
Meeting on Wind Turbine Noise. June 2009.

*2 Kalinski, Kenneth and Eddie Duncan. “Propagation Modeling Parameters for Wind Power Projects”. Sound &
Vibration. December 2008.
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Response: Sound is a physical phenomenon subject to the laws of physics. Therefore the
Swedish EPA calculation for wind turbine sound levels is very similar to the calculation from
ISO 9613-2. Several combined attenuation factors account for the “decay rate” as a function of
distance: geometric divergence, atmospheric absorption, ground attenuation and meteorological
effects. Both standards account for geometric divergence equally. Atmospheric absorption is
accounted for in slightly different ways, but they will produce the same result for wind-turbine
sound sources. The difference between the two standards is how they account for ground
attenuation and meteorological effects.

Both standards, the 1ISO 9613-2 calculation and the Swedish calculation, are fundamentally based
upon geometric divergence from a point source exhibiting a 6 dB “decay rate” per distance
doubled. For atmospheric attenuation, the Swedish calculation makes a correction for
atmospheric absorption. This correction is a device which mimics the atmospheric absorption
calculation in 1SO 9613-2 when calculating each octave-band frequency separately.

Ground attenuation and metrological effects are lumped into one calculation. This calculation for
I1ISO 9613-2 is derived from empirical data, specifically field measurements of sound attenuation
over soft ground. Where there is hard ground instead of soft ground, the ISO 9613-2 calculation
institutes a broadband pressure doubling (which is approximately +3 dB). Ground attenuation
and meteorological effects for the Swedish calculation assumes reflective ground, and also
provides an adjustment for wind speed gradients using calculations from IEC 61400 Part 11. The
effect of the ground attenuation and meteorological effects may increase or decrease sound levels
from 1SO 9613-2 to the Swedish calculation, depending upon the modeling parameters. Effects
of different modeling parameters are far too variable to discuss in general terms.

For propagation over water the Swedish calculation uses another device to account for sound
“skipping” over the water. After a certain distance it institutes a 3 dB decay rate with distance as
opposed to the usual 6 dB rate. This is typically associated with sound propagation over water,
and it is similar to certain underwater effects in the ocean due to temperature layers. This is only
applicable to offshore wind-turbines, not the type of on shore turbines proposed for the Tule
Wind Project.

Both standards, the 1SO 9613-2 calculation and the Swedish calculation, will exhibit a 6 dB
“decay rate” per distance doubled when calculating the geometric divergence for a single point
source, such as a wind turbine. However, a number of point sources which span a large distance
closely resemble a line source. So for certain areas a series of point sources will naturally exhibit
the 3 dB decay rate of a line source. This will be true for any noise model which calculates the
total sound due to all sources, including the Cadna-A model used for the noise analysis for the
Tule Wind project.

Note that the Tule noise model decay rate (as a function of distance) was the result of geometric
divergence, atmospheric attenuation, hard reflective ground, and the total sound due to all
sources in the analysis, according to Cadna-A and the ISO 9613-2 calculations. Given the
different modeling parameters, it is impossible to determine whether the results would have
differed, either higher or lower, using the Swedish calculations. However, given the similarities
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in the models they would not be likely to be materially different. Furthermore there are several
conservative assumptions built into the Tule noise model to avoid under-predicting noise levels,
explained further in response 16, which are not part of the Swedish calculation. Therefore the
calculated noise levels shown in HDR’s noise report are conservatively high noise levels and the
referenced Swedish standard is not relevant in the context of this analysis.

14. Please provide an explanation of how the International Electrotechnical Commission
(IEC) Standard 614000 (Part 11) is applicable for measuring outdoor environmental
sound in the case of the wind turbines as a ground based noise source and how it was
considered in calculating sound levels resulting from the wind turbines. Please also
comment on how this standard considers atypical operational conditions such as
temperature inversion, uncharacteristic weather patterns, high wind shear above the
boundary layer, and periods of atmospheric turbulence (as it relates to turbines mounted
on high locations with rough terrain).

Response: The purpose of a sound power measurement is to quantify the noise emission
characteristic of a sound source irrespective of its environment. This makes the resulting sound
power level useful for predicting the effect of introducing the noise source into any environment.
Using a forklift. as an arbitrary example of another sound source, the sound power measurement
will enable an analyst to predict how introducing a new forklift will affect the sound level inside
a warehouse. It also enables the analyst to predict how a new forklift will affect the sound levels
in an outdoor truck yard, a distinctly different environment than an indoor warehouse. In the
same respect, the IEC 61400 Part 11 measurement standard attempts to remove the influence of
the particular environment so the results can be used to predict sound levels in other
environments.

Wind turbines have different sound emission characteristics based upon its operating condition.
For an example, a forklift has a different sound emission characteristic when driving than the
sound emission characteristic when it is lifting. Therefore, the IEC 61400 Part 11 measurement
standard states its results as a function of wind speed. Generally higher wind speeds cause the
turbine to operate with higher noise emission levels; however, there is an upper limit to wind
turbine noise emissions. At a certain wind speed, which is different for different turbines, the
turbine will begin to regulate itself so it does not rotate any faster, there will be a maximum
rotation speed even as wind speeds may increase. The results of the sound power measurement
include all aspects of the wind turbine itself and are irrespective of uncharacteristic weather
patterns, etc.

The noise analysis prepared for the EIR/EIS did not specifically simulate atypical operational
conditions such as temperature inversions, uncharacteristic weather patterns, high wind shear
above the boundary layer, and periods of atmospheric turbulence. The sound analysis
conservatively estimated project-related sound levels that would be experienced on a daily basis
and did not focus on the atypical operational conditions previously stated. Rather, the noise
analysis incorporated a number of modeling techniques whose net effect conservatively over-
estimated noise propagation in the project area. These techniques include assuming that the
ground is 100% acoustically reflective, that the noise levels associated with the hot weather
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package, which includes additional noise from cooling equipment in the nacelle), were occurring
all of the time, and other techniques as described in response to question 16 that conservatively
over-estimate project related noise levels. Table 14-1 summarizes the conservative modeling
assumptions and their effect on modeling results.

Table 14-1. Modeling Assumptions and Influence on Calculated Sound Level

Modeling Assumption Eﬁeggﬁgéjﬁle%uellated
Guaranteed sound level v. maximum manufacturer stated +2 dB
Continuous use of hot weather package® +2.6dB
Reflective ground +3dB
Continuous downwind conditions for all directions? ~0to2dB
Use of 128 2.0 MW turbines vs. 128 1.5 MW turbines® ~0to5dB
Total effect on calculated sound level 7.6t014.6 dB

! Lower emission modes of the hot weather package would be used during nighttime hours as the
mode modeled will only be used in temperature above 98° F.

2This results in -the wind blowing in all directions continuously throughout an hour.

These are the most favorable propagation conditions (wind blows in all directions all the time).

*The Tule sound analysis modeled 2.0 MW turbines in a layout that is representative of maximum build-out
with a 1.5 MW turbine (resulting in 28 additional turbines). If 1.5 MW turbines were modeled using the
current layout, resulting sound levels would be up to 5 dB lower, based on the use of a GE 1.5 XLE turbine.

The net effect of these conservative assumptions show in the table above is the over-estimation
of project-related noise levels. These over-estimates account for events like micrometeorological
turbulence on the blades, turbine-to-turbine wake interaction, inversions, and other phenomena
that potentially affects wind turbine noise generation and propagation. As shown in the table
above, this noise analysis is reasonable, appropriate, and is more conservative than required by
the standards of practice in the field of environmental acoustics.

Note that there are four cooling modes that may be utilized with the Gamesa G87 and Gamesa
G90 turbine models. The cooling modes available with the hot weather package include two
modes in which additional fans are operating allowing for use in hot weather climates. The
relative increase in sound emissions for each cooling mode is summarized in Table 14-2 below,
provided by Gamesa.

Table 14-2. Gamesa G87 and G90 Cooling Modes Sound Emission

Increase in Sound Emission Level, dB
Turbine Type Mode 0 Mode 1 Mode 2 Mode 3
Gamesa G87 0 0 15 2.6
Gamesa G90 0 0 15 2.6
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The operating mode is dependant of the ambient temperature and power generated conditions at
a particular time. Mode 3 which provides the greatest sound emission was utilized in the sound
analysis presented in the Tule Wind Project — Draft Noise Analysis Report. This mode represents
a conservative operating assumption. The Tule noise model utilized the turbine operation mode
with the highest noise emission characteristic provided by the manufacturer: the highest wind
speed operation and the hot weather package. These conservative modeling decisions help
ensure that the noise analysis does not under-predict project-related noise.

15. Please provide an explanation of the existence and potential effects of amplitude
modulation (blade thumping) from wind turbines during periods of high turbulence or
wind shear levels, both on outdoor and indoor sound levels in the vicinity of the turbines.

Response: Amplitude modulation refers to the rhythmic increase and decrease in wind turbine
noise levels as the blades rotate closer to and away from a stationary listener. Blade thumping
typically refers to amplitude modulation that occurs with a “greater than normal degree of
regular fluctuation at blade passing frequency.”>® Several literature review and field studies
concerning amplitude modulation have been performed but there is little consensus on the cause
and prediction of amplitude modulation.

Dr. Andy Moorhouse performed a study to determine the prevalence of amplitude modulation in
wind farms in the UK and to identify the likely causes of amplitude modulation. Dr. Moorhouse
summarizes his findings:

“The literature review indicated that, although there has been much research into
the general area of aerodynamic noise it is a highly complex field, and whilst
general principles are understood there are still unanswered questions.
Regarding the specific phenomenon of AM [amplitude modulation] there has been
little research and the causes are still the subject of debate. AM [amplitude
modulation] is not fully predictable at current state of the art.”>*

While amplitude modulation in wind turbine sound can occur, it is not an issue at most locations.
The study performed by Dr. Moorehouse determined that amplitude modulation was “considered
to be a factor [in noise complaints] in four of the sites, and a possible factor in another eight [out
of 127 wind farms surveyed].”® The results of the study show that very few wind farms in the
UK had noise complaints resulting from amplitude modulation. Furthermore, the ability to
predict the amount of amplitude modulation is still uncertain.

The sound of ocean waves on a beach also exhibit amplitude modulation as the waves travel
through their cycle of approach, crashing on the beach, and receding. On that basis, amplitude

%% Moorhouse et al. “Research into Aerodynamic Modulation of Wind Turbine Noise: Final Report”. July 2007.
http://webarchive.nationalarchives.gov.uk/+/http://www.berr.gov.uk/files/file40570.pdf
> Moorhouse et al. “Research into Aerodynamic Modulation of Wind Turbine Noise: Final Report”. July 2007.
http://webarchive.nationalarchives.gov.uk/+/http://www.berr.gov.uk/files/file40570.pdf
** Moorhouse et al. “Research into Aerodynamic Modulation of Wind Turbine Noise: Final Report”. July 2007.
http://webarchive.nationalarchives.gov.uk/+/http://www.berr.gov.uk/files/file40570.pdf
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modulation is not intrinsically harmful or unpleasant. During periods of high turbulence,
amplitude modulation may be masked by the sound of turbulent winds. When ground-level
winds are still and winds at the hub height are above cut-in speed (wind shear), amplitude
modulation may be more noticeable to persons outdoors than when highly turbulent winds are
present.

The results of Dr. Moorehouse’s study of amplitude modulation from wind farms showed that
“27 of the 133 wind farm sites operational across the UK at the time of the survey had attracted
noise complaints at some point. An estimated total of 239 formal complaints have been received
about UK wind farm sites since 1991, 152 of which were from a single site. The estimated total
number of complainants is 81 over the same sixteen year period. This shows that in terms of the
number of people affected, wind farm noise is a small-scale problem compared with other types
of noise; for example the number of complaints about industrial noise exceeds those about wind
farms by around three orders of magnitude. In only one case was the wind farm considered by
the local authority to be causing a statutory nuisance. Again, this indicates that, despite press
articles to the contrary, the incidence of wind farm noise and AM [amplitude modulation] in the
UK is low. AM [amplitude modulation] was considered to be a factor in four of the sites, and a
possible factor in another eight. Regarding the four sites, analysis of meteorological data
suggests that the conditions for AM [amplitude modulation] would prevail between about 7%
and 15% of the time. AM [amplitude modulation] would not therefore be present most days,
although it could occur for several days running over some periods. Complaints have subsided
for three out of these four sites, in one case as a result of remedial treatment in the form of a
wind turbine control system. In the remaining case, which is a recent installation, investigations
are ongoing. “

Studies and literature review done to date show that amplitude modulation can be reported in
some noise complaints. There is no standard way to predict its occurrence, and there is no
universally-agreed upon way to assess the potential for annoyance due to it. Therefore it is not
possible and necessary to attempt to model it for the propose Tule project.

16. Please provide an explanation of the tolerance assumed for instrumentation error. It has
been argued that the HDR technical report included the 2 dB tolerance level associated
with IEC Standard 614000 (Part 11) for measuring the sound power produced by wind
turbines instead of the 3 dB tolerance applied by the I1SO 9613-2 methodology. Please
discuss the use of an appropriate tolerance and the potential effect of the calculation if
the other method would have been used (if appropriate).

Response: The sound power level used in the analysis is the manufacturer guaranteed sound
emissions. The guaranteed sound emissions are based on IEC Standard 61400 Part 11
measurement methods. The guaranteed sound emissions, adds 2 dB to the manufacturer stated
emission and is based on maximum operating conditions utilizing additional fans for hot weather
conditions at 10 meters per second wind speeds. The use of guaranteed sound emissions is
conservative, in that it assumes the wind turbines generate 2 dB more noise than manufacturer
reports for the turbines.
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A 3 dB correction to account for uncertainty in 1ISO 9613 Part 2 was accounted for through
conservative assumptions concerning sound propagation utilized in other portions of the analysis.
The use of conservative modeling assumptions results in more than 3 dB increase over less
conservative methods; therefore, no additional corrections were applied. Table 16-1 summarizes
the conservative modeling assumptions and their effect on modeling results.

Table 16-1. Modeling Assumptions and Influence on Calculated Sound Level

Modeling Assumption Effegc:)ﬁrr} dCIzichVuellated
Guaranteed sound level v. maximum manufacturer stated +2 dB
Continuous use of hot weather package® +2.6dB
Reflective ground +3 dB
Continuous downwind conditions for all directions? ~0to2dB
Use of 128 2.0 MW turbines vs. 128 1.5 MW turbines® ~0to5dB
Total effect on calculated sound level 7.6t014.6 dB

! Lower emission modes of the hot weather package would be used during nighttime hours as the mode
modeled will only be used in temperature above 98° F.

2 This results in -the wind blowing in all directions continuously throughout an hour.

These are the most favorable propagation conditions (wind blows in all directions all the time).

*The Tule sound analysis modeled 2.0 MW turbines in a layout that is representative of maximum build-out
with a 1.5 MW turbine (resulting in 28 additional turbines). If 1.5 MW turbines were modeled using the
current layout, resulting sound levels would be up to 5 dB lower, based on the use of a GE 1.5 XLE turbine.

For a detailed discussion of the hot weather package, meteorological assumptions and other
modeling assumptions please refer to Responses 7 and 14 of Data Request No. 14.

Refer to Section 1.3 and Appendix D of the Tule Wind Project — Draft Noise Analysis Report for
further details on the modeling methodology and ISO 9613 Part 2.

17. Please provide a detailed description of the noise controls that would be incorporated
into the design of the proposed wind turbine facilities.

Response: Siting is the primary noise control method that is incorporated into the design of the
proposed wind turbine facility. It is also important to note that modern turbines have made great
strides in noise reduction technology from what was available in previous turbine generations.
Technological advancements that have most contributed to reduced sound emissions from wind
turbines include rotor placement, pitch-control rotors, low-noise gearboxes, use of insulated
nacelles, vibration-isolated mechanical equipment and variable speed operation.

18. Please provide a graphic depicting the specific area(s) that would be impacted by
nighttime construction noise.

Response: Nighttime construction is not currently planned therefore no impacts due to nighttime
construction noise are anticipated. As discussed in Section B, Project Description, Tule Wind,
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LLC anticipates that construction activities would occur between 7 a.m. and 7 p.m., Monday
through Saturday, but may involve extended hours as needed to complete certain construction
activities. When construction would occur outside of the hours permitted by the County of San
Diego, Tule Wind, LLC would follow established protocol and seek a variance from the County
noise requirements consistent with County Code Section 36.423. Tule Wind, LLC would also
provide advanced notice to property owners within 300 feet of planned activities. The advanced
notice would include the start and completion dates of construction and the hours of
construction. In addition, implementation of APM TULE NOI-4 would further minimize noise
impacts associated with construction. If a variance from the construction hours of 7 a.m. to
7 p.m. cannot be obtained from the County, no construction will occur outside the normal hours
of construction.

19. Please provide a graphic which identifies and labels the locations of the construction
noise impacted boundary lines.

Response: Figures 3 and 4 (attached) depict the location of properties that would most likely be
affected by sound from temporary roadway and transmission line construction activities if
incorporation of BMPs and mitigation were not implemented. Underground utility construction,
tower base construction, and batch plant operations are not anticipated to cause construction
noise impacts at adjacent parcels; therefore, no graphic has been provided for these activities.

Roadway and transmission line construction activities have the potential to cause temporary
impacts to six adjacent parcels. The adjacent property boundaries are in some instances as close
as 18 feet from the construction buffer zone and will experience the highest noise levels from
road construction and grading activities. However, with the incorporation of BMPs and
mitigation measures identified in the noise report based on comments submitted to the CPUC
incorporating the Modified Project Layout, construction sound levels at all adjacent property
boundaries are anticipated to comply with Sections 36.409 and 36.410 of the San Diego County
Noise Ordinance.

20. Please provide a graphic which identifies and labels the locations of the affected legally
occupied properties and the locations where portable noise barriers would be required.

Response: Figures 3 and 4 (attached) depict the location of properties that would most likely be
affected by sound from temporary roadway and transmission line construction activities if
incorporation of BMPs and mitigation were not implemented. Mitigation will be provided at the
highlighted parcels to will include a portable noise barrier. Exact height and length of each noise
barrier will be determined upon final design. With the incorporation of BMPs and mitigation
measures, the highest predicted construction noise level at an adjacent property boundary would
be reduced from 94 dBA to 74 dBA Leq, one decibel below the sound level limit of 75 dBA Leq
outlined in Section 36.409 of the San Diego County Noise Ordinance.

Field verification of legally occupied dwellings is pending; therefore it was conservatively
assumed that all parcels are legal residential properties. Prior to construction, a noise report will
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be finalized to demonstrate compliance with the San Diego County Code of Regulatory
Ordinances Section 36.409 and 36.410.

21. Please provide a noise evaluation for the proposed sonic detecting and ranging unit
(SODAR). Provide quantitative data that determines whether this proposed noise
generating unit complies with County Noise Ordinance, Section 36.404.

Response: The current sound study, Tule Wind Project — Draft Noise Analysis Report, dated
February of 2011 provides an analysis of project related sound including the SODAR unit. The
nearest residential property boundary is located approximately 4,500 feet from the proposed
SODAR unit. The calculated noise contribution from the SODAR unit is less than 0 dBA on an
hourly Leq basis at all residential property boundaries. This means that the sound levels from
the SODAR experienced at residences are low enough that they fall below the reference pressure
level used in calculating dB. Therefore, no noise impacts are predicted to occur due to SODAR
noise.

Please refer to Section 3.2 and Appendix B of the draft sound study for additional details
concerning the SODAR sound emissions and modeling.

22, Please provide a detailed response to the following comment received on the Draft
EIR/EIS:

The concrete batch plant would be subject to the sound level limits within County Code
Section 36.404 because it is not considered a temporary operation (e.g. it will operate for
more than three months).

If the plant would be considered a potential long-term noise source, please provide an
explanation of how this source would comply with County Noise Ordinance, Section
36.404.

Response: The concrete batch plant will only be used in the construction phase of the Tule
Wind Project; therefore, is subject to sound level limits for construction activities as stated
within County Code Section 36.409 and 36.410.

Please refer to Section 3.3 of the Tule Wind Project — Draft Noise Analysis Report for further
details on batch plant operations.
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23. Please provide detailed responses to specific comments 1 through 19 as identified in the
letter from Richard James of E-Coustic Solutions provided in Attachment B.

23.1 E-Coustic Solutions Comment 1 (page 1)

Claim — Setbacks of less than 1.25 miles are inadequate

“First, setbacks, from property lines to the nearest turbine of less than 2 kilometers
(1.25 miles) are clearly inadequate for most quiet rural communities. The presence of
nearby will not mask or otherwise offset the noise from wind turbines.”

Response: E-Coustic Solution’s comment that turbine setbacks less than 1.25 miles (6,600 feet)
are inadequate is not supported by recognized scientific studies, sound modeling or measurement
data. Additionally such claims conflict with current local wind turbine regulations. Section 6951
Part A of the San Diego County Zoning Ordinance requires setbacks of four times the height, or
1,968 feet, from property lines.”®

A turbine setback distance does not guarantee a particular noise level at property lines. The level
of project-related noise varies with the turbine layout, number of turbines, speed of the turbine
blades, meteorological conditions, terrain and the distance of the listener from the turbine;
therefore, a setback distance is inadequate to characterize the amount of project related noise at a
property line. The San Diego County noise ordinance requires that operational noise comply with
San Diego County Code of Regulatory Ordinances Section 36.404. Detailed noise modeling
which accounts for turbine layout, number of total turbines and site specific terrain was
performed for the Tule Wind Project in order to assess the project’s noise emissions and
compliance with San Diego County Code of Regulatory Ordinances Section 36.404.

E-Coustic Solution’s comment that the presence of (nearby noise sources) will not mask or
otherwise offset wind turbine noise is inconsistent with local noise assessment methods (masking
occurs when noise from one source hides (or masks) the noise from a second source. In this
context, wind-induced noise at ground level often has potential to mask or hide wind turbine
noise). Current noise regulations in San Diego County including Significance Guideline 4.1.A
and Section 36.404 of the San Diego County Code provide guidance on existing noise levels in
relation to project related noise. When existing noise levels are below 60 dB CNEL, an increase
of 10 dB over pre-existing conditions is allowed. In areas of greater noise exposure, an increase
of 3 dB is allowed. The assessment methods utilized for the Tule Wind Project are consistent
with current regulations in San Diego County. This means that the county guidelines already
address circumstances where a proposed activity may introduce a new noise source into the
acoustic environment; allowable incremental increases are identified. Background noise does
not have to mask wind turbine noise the existing noise limits allow some new noise to be made.

Claim — Validity of submitted noise reports and documents

% Calculation of minimum setback distance is based on a maximum turbine height of 492 feet. Actual setback
distance is dependant on final turbine hub height and rotor diameter.
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“The reports and documents submitted on behalf of the Project do not correctly or
adequately describe the impact of the proposed project on the host community, or its
residents whose homes and properties are close to the footprint of the project.”

Response: Reports and documents submitted on behalf of the project applicant reflect
measurements of modern upwind configured turbines and literature review of currently available
scientific data. The measurement reports cited, including the Epsilon report, compare
measurements of operating wind farms to established noise standards and metrics that are
commonly accepted in the U.S. and that are designed to protect the environment.*’

The white papers and other reports submitted, including “Wind Turbine Sound and Health
Effects An Expert Panel Review.” by the American Wind Energy Association (AWEA) and
“The Potential Health Impact of Wind Turbines” from the Chief Medical Officer of Health, are
based on literature reviews of scientific and medical databases.”® Both AWEA and the Chief
Medical Officer of Health cite current scientific and peer reviewed literature of wind turbine
generated sound and low frequency sound. The cited reports all support the conclusion that there
is no direct causal relationship between wind turbine sound and adverse health effects™as stated
in the Tule Wind Project — Draft Noise Analysis Report.

Claim — Audible and inaudible wind turbine noise cause health effects

“People living at distance up to 1 mile from wind turbines on flat land and, for turbines
located on ridges above the homes at distances of up to 2 miles are experiencing adverse
health effects from sleep disturbance at night from audible turbine noise.”

“Other aspects of wind turbine sound emissions, especially amplitude modulated infra
and low frequency sounds that may not be reach the threshold of audibility are currently
believed to be caused by vestibular disturbances from rapid modulations of the infra and
low frequency sound.”

Response: Several reviews of currently available scientific data have determined that there is no
direct causal relationship between wind turbine generated sound and health effects. The Chief
Medical Officer of Health of Ontario® recently performed a study focusing on the topic of wind
turbine noise and health. The study concluded the following concerning wind turbines and
health:

e While some people living near wind turbines report symptoms such as dizziness,
headaches, and sleep disturbance, the scientific evidence available to date does not
demonstrate a direct causal link between wind turbine noise and adverse health effects.

" Epsilon Associate, Inc. “A Study of Low Frequency Noise and Infrasound from Wind Turbines.” July 2009.

%8 «“Wind Turbine Sound and Health Effects An Expert Panel Review.” American Wind Energy Association,
Canadian Wind Energy Association. December 2009.

% “Wind Turbine Sound and Health Effects An Expert Panel Review.” American Wind Energy Association,
Canadian Wind Energy Association. December 2009.

% «“The Potential Health Impact of Wind Turbines.” Chief Medical Officer of Health Report. May 2010.
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e The sound level from wind turbines at common residential setbacks is not sufficient to
cause hearing impairment or other direct adverse health effects. However, some people
might find it annoying. It has been suggested that annoyance may be a reaction to the
characteristic “swishing” or fluctuating nature of wind turbine sound rather than to the
intensity of sound.

e Low frequency sound and infrasound from current generation upwind model turbines are
well below the pressure sound levels at which known health effects occur. Further, there
is no scientific evidence to date that vibration from low frequency wind turbine noise
causes adverse health effects.

e Community engagement at the outset of planning for wind turbines is important and may
alleviate health concerns about wind farms.

e Concerns about fairness and equity may also influence attitudes towards wind farms and
allegations about effects on health. These factors deserve greater attention in future
developments.

23.2 E-Coustic Solutions Comment 2 (page 2)

Claim — Measurements used to collect background sound levels do not meet recognized
standards.

Response: The E-Coustic Solutions comment reveals some confusion regarding when it is
appropriate to use a background sound measurement and when to measure ambient sound. To
clarify this issue, these two terms need to be defined. A discussion of when it is appropriate to
exclude certain sounds from a measurement will follow.

San Diego County Code of Regulatory Ordinances Section 36.402, Clause (a) defines the
ambient sound to be, *...the composite of existing noise from all sources at a given location and
time.” This is a common definition of ambient noise or ambient sound®!, such as the definitions
found in ANSI S1.1, ANSI S12.9, and ASTM C634. The same ordinance clause (in 36.402)
continues, “Ambient noise is sometimes referred to as background noise.” This is sometimes a
source of great confusion because background sound, in addition to often meaning ambient
sound in casual conversation, also has its own precise meaning and use. Specifically, background
sound includes all the other sounds which may interfere with the measurement of a particular
individual sound source or group of sound sources. Background sound is defined in the same
general standards ANSI S1.1, ANSI S12.9, and ASTM C634 as well as numerous national and
international standards which deal with measurement of particular sound sources.

Background sound measurements normally occur during the course of measuring a particular
sound source. It is impossible to separate the sound of the source of interest from the rest of the
sounds in the environment. Therefore, it is necessary to perform two measurements: one of the
total sound, and one of just the background sound. Once these two measurements are

% To add to the confusion, background sound is sometimes called background noise, and likewise ambient sound is
sometimes called ambient noise. Noise is sound, there is no physical difference. Noise is just unwanted sound.
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accomplished, it is possible to mathematically derive the sound level of the particular sound
source on its own, effectively eliminating the influence of environmental and extraneous
background sounds. This is a common definition of background sound, as defined in ANSI S1.1,
ANSI S12.9, and ASTM C634, as well as numerous national and international standards which
deal with measurement of particular sound sources. This can be a tricky process in uncontrolled
outdoor environments, because the background sound must be nearly identical in both
measurements. If short-term or transient noise events occur in either the total sound measurement
or the background sound measurement, the calculation will yield incorrect results.

The E-Coustic Solutions comment suggests that the measurement should exclude or suppress
certain short-term or transient sounds. While it is sometimes desirable and appropriate to
suppress transient or short-term noise events in the context of measuring a particular sound
source, measurements of the ambient noise environment to establish the environmental baseline
should be all-inclusive of all sounds in the environment. In order to establish a valid baseline, the
measurement should reflect the total sound exposure from the existing ambient environment.

The noise report for the project measured the actual sound of the existing ambient environment
without artificially suppressing any sounds which occurred during the measurement period. The
measurement method conformed to several ANSI and ASTM standards in whole or in part, as
well as being consistent with many state and federal agency measurement methods, including the
San Diego County noise regulations. Please refer to responses 2 and 11 of Data Request No. 14
for additional information.

23.3 E-Coustic Solutions Comment 3 (page 2)

Claim — Cadna-A model results understates impact

Response: Modeling methods used in the noise analysis for the Tule Wind Project are consistent
with internationally-recognized and accepted methods for calculating environmental noise levels.
The Cadna-A model developed for the Tule Wind Project utilizes modeling assumptions which
best reflect measurements from operating wind farms. Post-construction studies performed by
Andrew Bullmore®® and Kenneth Kalinski®® show that wind turbine sound levels modeled with
ISO 9613:2 using no ground attenuation, or reflective ground, best fit or overstated monitored
sound levels depending on the site and wind conditions. Please refer to responses 13 and 16 of
Data Request No. 14 for additional information regarding ISO 9613 and the modeling
assumptions.

Section 1.3 of the Tule Wind Project — Draft Noise Analysis Report, dated February 2011 also
includes further details on the modeling methodology.

23.4 E-Coustic Solutions Comment 4 (page 2)

62 Bullmore et al. “Wind Farm Noise Predictions and Comparison with Measurements”. Third International
Meeting on Wind Turbine Noise. June 2009.

8 Kalinski, Kenneth and Eddie Duncan. “Propagation Modeling Parameters for Wind Power Projects”. Sound &
Vibration. December 2008.
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Claim — Information provided concerning health risks, infra and low frequency sound, noise
limits, setbacks, background sound levels and computer modeling methods are incorrect,
incomplete or otherwise misleading.

Response: Reports and documents submitted on behalf of the project applicant reflect
measurements of modern upwind configured turbines and literature review of currently available
scientific data. Please refer to response number 23.1 of Data Request No. 14 for further details
on the materials cited in the Tule Wind Project — Draft Noise Analysis Report, dated February
2011,

23.5 E-Coustic Solutions Comment 5 (page 2)

Claim — Background sound study was inadequate

“Had the background studies met the procedural and protocol requirements of the
American National Standards Institute’s (ANSIS 12.9 and S12.18 standards for
measuring environmental sounds outdoors the study would have reported much lower
background sound levels. The Project would have a ‘significant impact’ under CEQA
Guidelines (Appendix G (VID).”

Response: The measurement of the existing ambient noise environment conforms to the
applicable portions of several standards and is consistent with the measurements associated with
San Diego County noise regulations. Existing ambient noise measurement methods utilized in
the noise analysis for the Tule Wind Project are consistent with several standards and practices
including ANSI S1.13, ANSI S12.9/Part 2, ASTM E1014, ASTM E1503, several state and
federal agency measurement methods, and good engineering practice. The study was adequate
and appropriate, and consistent with the accepted industry standards.

Please refer to response number 23.2 of Data Request No. 14 for further information concerning
the ambient noise measurement methods.

Claim — Had modeling properly addressed wind turbine emitted sound power predicted sound
levels would have been higher.

Response: The noise analysis conducted for the Tule Wind Project used the best available data
from wind turbine manufacturers to estimate project-related sound levels. Several conservative
assumptions were utilized in the Tule sound model including the turbine operation mode with the
highest noise emission characteristic, continuous downwind conditions, reflective ground
coverage and the use of noise emissions representative of the hot weather package. The
modeling was adequate and appropriate, and consistent with the accepted industry standards.

Please refer to responses 14 and 16 of Data Request No. 14 for further information concerning
wind turbine noise emission measurement methods and the modeling methodology.

23.6 E-Coustic Solutions Comment 6 (pages 2-3)
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Claim — Project noise levels would be in excess of standards and create a substantial permanent
increase in ambient noise level if the background study and computer modeling had been
performed according to the recommendation of E-Coustic Solutions

Response: E-Coustic Solution’s proposed background noise study and modeling methods are
inconsistent with current County regulations and best practices in the field of environmental
acoustics. The measurement of the existing ambient noise environment conforms to applicable
portions of several noise standards and is consistent with the measurements associated with San
Diego County noise regulations. Existing ambient noise measurement methods utilized in the
noise analysis for the Tule Wind Project are consistent with several standards and practices
including ANSI S1.13, ANSI S12.9/Part 2, ASTM E1014, ASTM E1503, several state and
federal agency measurement methods, and good engineering practice.

The San Diego County Code of Regulatory Ordinances Section 36.402, Clause (a) defines the
ambient sound to be, “...the composite of existing noise from all sources at a given location and
time.” The same ordinance clause (in 36.402) continues, “Ambient noise is sometimes referred to
as background noise.” The measurement performed for the Tule Wind Project depicts ambient
conditions including all existing sources. The use of a background sound level to represent
existing conditions, as proposed by E-Coustic Solutions, is inconsistent with CEQA as the
background sound level excludes existing noise sources that contribute to the ambient
environment.

Furthermore the modeling methods used in the noise analysis for the Tule Wind Project are
consistent with internationally-recognized and accepted methods for calculating environmental
noise levels. The Cadna-A model developed for the Tule Wind Project utilizes modeling
assumptions which best reflect measurements from operating wind farms. Please refer to
Section 1.3 of the Tule Wind Project — Draft Noise Analysis Report, dated February 2011, for
further details on the modeling methodology.

Please refer to response 23.2 of Data Request No. 14 for further details on the ambient noise
measurement methodology and the background measurement proposed by E-Coustic Solutions,
and to responses 13 and 16 for additional information regarding 1SO 9613 and the modeling
assumptions.

In summary, use of the methods advocated by E-Coustic Solutions would have resulted in
different, inappropriate, and unrepresentative noise analysis results. Furthermore, the resulting
inappropriate off-set distances would likely inhibit wind turbine developments in areas where
high quality wind resources and access to transmission lines make wind turbine developments
feasible.
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23.7 E-Coustic Solutions Comment 7 (page 3)

Claim — Wind turbine noise will result in adverse health effects

Response: Several reviews of currently available scientific data have determined that there is no
direct casual relationship between wind turbine generated sound and health effects. The sources
cited by E-Coustic Solutions which support the claim that wind turbine noise will result in
adverse health effects are not peer reviewed, do not support their claims with measurement data
and do not qualify as valid epidemiological studies. Furthermore, Dr. Geoff Leventhall
concluded that “a simple order of magnitude calculation, using basic physics of the level which
will be known to a 16-year-old school pupil, shows that the movement of the diaphragm under
the forces which might result from wind turbine noise is less than 10 microns. That is less than
one hundredth of a millimeter or about one tenth of the average thickness of human hair. During
normal breathing, the diaphragm moves several centimeters.”® Clearly wind turbine noise
would not cause adverse health effects to a human body.

Also, a review of the medical literature databases performed by Exponent, Inc. found no
evidence of a causal link between exposure to wind turbine noise and adverse health effects. As
of this review (by Exponent), there has not been a specific health condition documented in the
peer reviewed published literature to be classified as a disease caused by exposure to sound
levels and frequencies generated by the operation of wind turbines.®® Please refer to responses 5,
23.1, and 24-26 of Data Request No. 14 for further information concerning wind turbine noise
and health effects.

23.8 E-Coustic Solutions Comment 8 (page 3)

Claim — If the Project is approved as currently proposed there will be significant negative noise
impacts.

“The result of these technical flaws along with an outdated understanding of how the
human body responds to acoustical energy below the threshold of perception leads to a
conclusion that if the Project, as proposed, is approved, it will, with a high degree of
certainty, have negative noise impacts that are ‘significant.””

Response:  These specific claims are unsupported, and inconsistent with the norms of
environmental acoustics and how noise is regulated as an environmental pollutant in the United
States. In testimony during the Glacial Hills wind farm permit process, Dr. Geoff Leventhall
testified that the forces on the human body resulting from exposure to low frequency and
infrasonic noise produce a deflection of approximately 10 microns or about one tenth of the
average thickness of human hair. Normal lung function (breathing) causes a deflection of more

% Direct testimony of Dr. Geoff Leventhall on behalf of Wisconsin Electric Power Company, before the Public
Service Commission of Wisconsin, E-docket number 6630-CE-302

8 “Evaluation of the Scientific Literature on the Health Effects Associated with Wind Turbines and Low Frequency
Sound”, Exponent, Inc., October 20, 2009, and also in testimony by of Dr. Mark Roberts in Glacial Hills wind farm
project in Wisconsin, Broad Mountain wind farm project in Pennsylvania, and Goodhue Wind project in Minnesota.
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than a centimeter. Heart beats and normal body motions cause more deflection than ten microns
and, therefore, the forces imparted upon a human body by exposure to wind turbine noise are
meaningless.®

The Tule Wind Project — Draft Noise Analysis Report addressed all applicable noise
considerations in relation to local regulation and CEQA including:

e Exposure of persons to or generation of noise levels in excess of standards established in
the local general plan or noise ordinance, or applicable standards of the other agencies.

e Exposure of persons to or generation of excessive ground borne vibration or ground
borne noise levels.

e A substantial permanent increase in ambient noise levels in the project vicinity above
levels existing without the project.

e A substantial temporary or periodic increase in ambient noise levels in the project
vicinity above levels existing without the project.

Upon final design, approval of project layout, and prior to construction, a sound study will be
finalized to demonstrate compliance with the San Diego County Code of Regulatory Ordinances
Section 36.409 and 36.410; therefore, no significant noise impacts due to operational noise are
anticipated.

23.9 E-Coustic Solutions Comment 9 (page 3)

Claim — Wind turbine utilities produce sound levels in excess of a 40 dBA limit provided by the
World Health Organization for safe and healthful sleep.

Response: E-Coustic Solutions comment does not recognize several important concepts
associated with the World Health Organization’s (WHO) nighttime noise recommended limit.
First, the proposed project is subject to the noise limits enforced by the County; the WHO has no
jurisdiction in California. Second, the referenced WHO noise limit is nothing more than a
recommendation; it is not a regulatory limit; this concept is explicitly clear in the WHO
document. Third, the referenced WHO noise limit is actually expressed as an annual average of
all nighttime hours. In other words, it represents the hourly equivalent noise level (Leq) for each
of the eight nighttime hours, averaged over all 365 days of the year. It is not, as E-Coustic
Solutions erroneously implies, a one-hour noise limit. Therefore, statements that this proposed
project will exceed the WHO nighttime exterior sound level recommendation are not factual.

E-Coustic Solution’s claim that project-related sound levels will be in excess of WHO
recommendations are not supported by modeling or site specific meteorological data. The
modeling results presented in the Tule Wind Project — Draft Noise Analysis Report is
representative of a single hour in which turbines operate at maximum noise emission. Project-

% Direct testimony of Dr. Geoff Leventhall on behalf of Wisconsin Electric Power Company, before the Public
Service Commission of Wisconsin, E-docket number 6630-CE-302
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related sound levels will be less than those shown in the noise analysis report during periods
when wind speeds are below the cut-in speed. The proposed turbines do not operate at
maximum noise emissions during all hours of every day and night in a year.

Claim — Project-related sound levels will result in “a high level of community complaints”
stemming from sleeping disturbance and noise pollution.

Response: Annoyance is subjective and difficult to predict; therefore, it cannot be said with any
degree of certainty that the project-related sound levels will result in a “high level of community
complaints stemming from sleeping disturbance and noise pollution.” Finding 33 of the San
Diego County Noise Element discusses the topic of annoyance and the causes of annoyance:

“The degree of annoyance is closely related to both acoustical and non-
acoustical factors. The former include the levels and durations and number of
occurrences of identifiable noise events; the residual noise level; the variability of
the noise levels; the time of day; and special factors related to the character of
the information content of the noise. Non-acoustical factors include the
particular activity disrupted, the attitude of those affected, and factors specific to
particular sound sources, such as disagreements over barking dogs.”

As described in Finding 33 of the San Diego County Noise Element, aural sensitivity and
attitudes toward a project or sound source will affect the level of annoyance experienced by an
individual. Therefore, although it is possible that individuals may experience annoyance as a
result of the Tule wind project, it is not a predictable outcome and the setbacks used for siting
will serve to minimize the levels of noise as a source of potential annoyance.

Please refer to response to Data Request No. 14 response number 5 for additional information
concerning annoyance.

Claim — Wind turbine sound will result in health effects

“In_addition, there is mounting evidence that for the more sensitive members of the
community, especially children under six, people with pre-existing medical conditions,
particularly those with diseases of the vestibular system and other organs of balance and
proprioception, and seniors with existing sleep problems will be likely to experience
serious health risks.”

Response: Please refer to responses 5, 23.1, and 24-26 of Data Request No. 14 for further
information concerning wind turbine noise and health effects.

23.10 E-Coustic Solutions Comment 10 (pages 6-7)

Response: 1SO 9613-2 (Attenuation of Sound during Propagation Outdoors) provides the
internationally-recognized and accepted methods for calculating environmental noise levels
including noise emissions from wind turbines. The Cadna-A software incorporates 1ISO 9613 in
the propagation calculations. The 1SO 9613 methods used by Cadna-A were endorsed by an
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independent working group of European acoustical consultants.®” Additionally, post-construction
studies performed by Andrew Bullmore®® and Kenneth Kalinski®® compared measured sound
levels from wind farms with corresponding calculation models of the same wind farms. These
comparisons showed that wind turbine sound levels modeled in Cadna-A and utilizing the
ISO 9613-2 calculation methods can achieve good correlation with the post-construction
measurements, effectively validating the calculation for wind-turbine sound sources. See
responses 12 and 23.3 of Data Request No. 14 for information regarding the ISO 9613-2
calculation method.

The comment from E-Coustic Solutions regarding blast waves is not applicable because blast
waves are not sound waves; they exhibit some similar behaviors but they are fundamentally
different and methods of calculating blast effects are likewise different. Wind turbine noise
emissions are not comparable to blast waves.

See response 13 of Data Request No. 14 for information regarding the recent calculation method
from the Swedish EPA. The E-Coustic Solutions comment is factually incorrect when it states
that the calculation for sound propagation considers a decay rate of 3 dB per doubling of
distance. Over land, propagation occurs at a decay rate of 6 dB per doubling of distance, just as
the 1SO 9613-2 calculation does. The Swedish method does implement a different propagation
calculation for offshore wind turbines (that means wind turbine noise propagation over open
water), which includes a device to propagate at 3 dB per doubling of distance, in addition to the
standard propagation for point sources at 6 dB per doubling of distance. The installation of wind
turbines in open water is not proposed as part of the Tule Wind Project. Therefore, the E-
Coustic Solutions’ reference to the Swedish EPA methods is incorrect, inapplicable, and
inappropriate.

23.11 E-Coustic Solutions Comment 11 (pages 7-8)

Claim — Using sound power levels measured according to the method in IEC 61400/Part 11 will
under-predict sound levels during conditions of a nighttime stable atmosphere.

Response: See response 14 of Data Request No. 14 for an explanation of the purpose and use of
sound power levels. By virtue of their nature, sound power level data intentionally removed the
effect of the listening environment to allow prediction of noise from the source under study in a
variety of listening environments. The sound power data is intended to be irrespective of a
particular environment, contrary to the suggestion of E-Coustic Solutions. This comment from
E-Coustic Solutions is fundamentally misleading. The internationally-recognized way to
establish a sound power level for a single wind turbine is through methods contained in
IEC 61400. Use of a different measurement standard to establish the reference sound power
level is inappropriate.

%7 Bowdler et al., Prediction and Assessment of Wind Turbine Noise. Institute of Acoustics Acoustics Bulletin.
March / April 2009.

% Bullmore et al. “Wind Farm Noise Predictions and Comparison with Measurements”. Third International
Meeting on Wind Turbine Noise. June 2009.

% Kalinski, Kenneth and Eddie Duncan. “Propagation Modeling Parameters for Wind Power Projects”. Sound &
Vibration. December 2008.
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Use of that reference sound power level to assess wind turbine noise levels under different
stability regimes is independent of the IEC 61400 method, because that is simply a measurement
method and assessing wind turbine noise levels under different conditions requires modeling.
That modeling should be based on ISO 9613. On this basis, this comment is misleading.

Furthermore, temperature inversions often form during stable nighttime conditions when ground-
level wind speeds range from mild/calm to still (no wind). Normally, the temperature of the
atmosphere gets colder as you move higher above the earth’s surface. A temperature inversion is
an atmospheric condition in which the atmospheric temperature increases with height above
ground (cool air is trapped near the ground with warmer air above it). Temperature inversions are
most commonly caused by radiative cooling of the ground at night leading to cooling of the air in
contact with the ground. Such conditions are especially prevalent on cloudless nights with little
wind. If winds occurred at the ground level, the inversion layer would become mixed with the
layers above it and the inversion would begin to disappear.

During episodes of stable atmosphere, temperature inversions occurring within the lowest 50 to
100 meters of atmosphere can affect noise levels measured on the ground. Such conditions may
increase noise levels by focusing sound wave propagation paths at a single point. Conventional
approaches to assessing noise propagation under temperature inversion conditions require
knowledge of the temperature gradient and assume that the noise source is located below the
temperature inversion, typically near the ground. In summary, when a layer of cool air is trapped
at the ground surface (with a layer of warmer air above it) and the winds are still, the resulting
temperature inversion is known to focus sound wave propagation paths (from noise sources
operating in the layer of cold air, most often on the ground) at a single point on the ground.

When the atmosphere is stable, the effect of temperature inversions on noise propagation from
wind turbines is not typical of other sources. Wind turbines located on top of ridges are often
located at elevations that are much higher than nearby receivers. In those circumstances it is
unlikely that conventional temperature inversions in the lower 100 meters of the atmosphere
would affect noise propagation from sources elevated as high as wind turbines on top of ridges.
A further consideration must be that temperature inversions require little to no wind in order to
minimize atmospheric mixing and hence develop. During calm conditions the wind turbine
generators are unlikely to operate, because the cut-in speed is approximately 3-4 m/s.

In general, sound propagates best under stable conditions with a strong inversion, such as during
a clear night with low winds. In those situations, sound levels from wind turbines would be at
their lowest. Wind speeds under very stable conditions—Stability Class G—generally are too
low to generate electricity, and thus, the wind turbines would produce little or no noise because
they would not be operating. As a result, worst-case conditions for wind turbines tend to be
under more moderate nighttime inversions.”

Moderate nighttime inversions include periods when winds at the hub height are above the cut-in
speed and ground-level winds are still; the still ground-level winds do not create any masking

"0 Silverton Wind Farm Noise Impact Assessment, July 23, 2008, by Heggies Pty Ltd.
™ Kenneth H. Kalinski, “Understanding Turbine Sound Impact Studies”, North American Wind Power, May 2008.
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noise. These conditions are most likely to result in the highest levels of amplitude modulation, be
most favorable to noise propagation, and wind turbine noise being the most perceivable’®. Post-
construction noise measurements were performed during these conditions, at both the Mars Hill
and Stetson wind farms. Over 300 hours of measurement data was collected under these
conditions. Analysis of that data confirmed that noise levels measured under these conditions
were within 5 dBA of modeled noise levels™. The noise analysis performed for the Tule project
modeled a moderate inversion condition. The Tule noise analysis also added more than 5 dBs of
conservatism. In this manner, the Tule noise analysis accounted for moderate inversions and
conditions most favorable to propagation, when ground-level masking is at its lowest level, and
turbine noise is most noticeable.

Under an inversion there may be less wind-generated masking sound near the ground under the
boundary layer. The noise levels are not necessarily louder during these environmental
conditions, but they may be more perceivable in the absence of the masking effects of ground-
level winds. Several other measures have been enacted in the sound propagation model to avoid
under-predicting the sound levels. These are discussed in greater detail in response 16 of Data
Request No. 14, and the Tule Wind Project — Draft Noise Analysis Report, dated February 2011
(Section 1.3 and Appendix D).

23.12 E-Coustic Solutions Comment 12 (pages 8-9)

Claim — Modeling methods and assumptions should have included 3 dB to account for
uncertainty in 1ISO 9613-2

Response: Several measures of conservatism have been taken in the noise model to avoid under-
predicting the sound levels at the receiver. A 3dB correction to account for uncertainty in 1SO
9613 Part 2 was accounted for through other conservative assumptions used in the modeling. The
use of conservative modeling assumptions results in more than 3 dB increase over less
conservative methods; therefore, no additional corrections were applied.

Please refer to responses 7 and 16 of Data Request No. 14 for further details on the modeling
methodology and assumptions.

23.13 E-Coustic Solutions Comment 13 (page 9)

Claim — Predicted sound levels underestimate nighttime noise under stable atmospheric
conditions.

Response: E-Coustic Solutions does not support their claim with measurement data. As stated
previously, during stable nighttime conditions, ground-level wind speeds range from mild/calm
to still (no wind); often temperature inversions form. Normally, the temperature of the
atmosphere gets colder as you move higher above the earth’s surface. A temperature inversion is
an atmospheric condition in which the atmospheric temperature increases with height above

"2 Resource Systems Engineering, “Response to Powers Trust Objection”, November 3, 2009.
" Resource Systems Engineering, “Response to Powers Trust Objection”, November 3, 2009.
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ground (cool air is trapped near the ground with warmer air above it). Temperature inversions are
most commonly caused by radiative cooling of the ground at night leading to cooling of the air in
contact with the ground. Such conditions are especially prevalent on cloudless nights with little
wind. If winds occurred at the ground level, the inversion layer would become mixed with the
layers above it and the inversion would begin to disappear.

During episodes of stable atmosphere, temperature inversions occurring within the lowest 50 to
100 meters of atmosphere can affect noise levels measured on the ground. Such conditions may
increase noise levels by focusing sound wave propagation paths at a single point. Conventional
approaches to assessing noise propagation under temperature inversion conditions require
knowledge of the temperature gradient and assume that the noise source is located below the
temperature inversion, typically near the ground. In summary, when a layer of cool air is trapped
at the ground surface (with a layer of warmer air above it) and the winds are still, the resulting
temperature inversion is known to focus sound wave propagation paths (from noise sources
operating in the layer of cold air, most often on the ground) at a single point on the ground.

When the atmosphere is stable, the effect of temperature inversions on noise propagation from
wind turbines is not typical of other sources. Wind turbines located on top of ridges are often
located at elevations that are much higher than nearby receivers. In those circumstances it is
unlikely that conventional temperature inversions in the lower 100 meters of the atmosphere
would affect noise propagation from sources elevated as high as wind turbines on top of ridges.
A further consideration must be that temperature inversion require little to no wind in order to
minimize atmospheric mixing and hence develop. During calm conditions the wind turbine
generators are unlikely to operate, because the cut-in speed is approximately 3-4 m/s.™

In general, sound propagates best under stable conditions with a strong inversion, such as during
a clear night with low winds. In those situations, sound levels from wind turbines would be at
their lowest. Wind speeds under very stable conditions—Stability Class G—generally are too
low to generate electricity, and thus, the wind turbines would produce little or no noise because
they would not be operating. As a result, worst-case conditions for wind turbines tend to be
under more moderate nighttime inversions.”

Moderate nighttime inversions include periods when winds at the hub height are above the cut-in
speed and ground-level winds are still; the still ground-level winds do not create any masking
noise. These conditions are most likely to result in the highest levels of amplitude modulation, be
most favorable to noise propagation, and wind turbine noise being the most perceivable’. Post-
construction noise measurements were performed during these conditions, at both the Mars Hill
and Stetson wind farms. Over 300 hours of measurement data was collected under these
conditions. Analysis of that data confirmed that noise levels measured under these conditions
were within 5 dBA of modeled noise levels.”” The noise analysis performed for the Tule project
modeled a moderate inversion condition. The Tule noise analysis also added more than 5 dBs of

™ Silverton Wind Farm Noise Impact Assessment, July 23, 2008, by Heggies Pty Ltd.

" Kenneth H. Kalinski, “Understanding Turbine Sound Impact Studies”, North American Wind Power, May 2008.
"® Resource Systems Engineering, “Response to Powers Trust Objection”, November 3, 2009.

" Resource Systems Engineering, “Response to Powers Trust Objection”, November 3, 2009.
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conservatism. In this manner, the Tule noise analysis accounted for moderate inversions and
conditions most favorable to propagation, when ground-level masking is at its lowest level, and
turbine noise is most noticeable.

Please refer to responses 7 and 16 of Data Request No. 14 for further details on the modeling
methodology and assumptions.

23.14 E-Coustic Solutions Comment 14 (page 9)

Response: The limits stated by E-Coustic Solutions for source heights mischaracterize the
language that is actually in 1ISO 9613-2. Section 9 of the ISO Standard discusses the accuracy of
calculations, and lists the accuracy according to certain geometric conditions in Table 5, therein.
Table 5 from 1SO 9613-2 is reproduced in the E-Coustic Solutions comment as Figure 12 on
page 21. The data in Table 5 means that the standard can provide an estimate of accuracy within
those heights based upon previous study, but that the standard does not provide an estimate of
accuracy for heights and distances greater than listed in the table. The language in 1ISO 9613-2
does not prohibit using those calculations with source and receiver heights and distances greater
than listed in the table. The calculations are based upon physical principles and are found in
several standards and academic resources; they are not unique to this standard and its table of
estimated accuracy.

Furthermore, E-Coustic Solutions seems to have misinterpreted the table of estimated accuracy
by stating that it is limited to “noise sources that are no more than 30 meters above the receiving
locations.” Actually, the height value is based upon a mean (average) of the source and receiver
height, so for a receiver that is 2 meters high [6 feet] the table of accuracy values will still apply
to sources that are 58 meters high [190 feet], because the mean height of the source and receiver
is then 98 feet (30 meters). A wind turbine with a hub height of 80 meters will be far enough
outside the parameters shown in the table to be unable to estimate the accuracy associated with
the sound propagation, apart from saying that it will likely be greater than £3 dB. But it is not as
far outside the parameters as characterized by E-Coustic Solutions (the source height is about
35% higher than the table of estimated accuracy can account for, not 167% that E-Coustic
Solutions stated).

For modeling wind turbines, the 1SO 9613-2 methods used by Cadna-A were endorsed by an
independent working group of European acoustical consultants.”® Additionally, post-construction
studies performed by Andrew Bullmore™ and Kenneth Kalinski®® compared measured sound
levels from wind farms with corresponding calculation models of the same wind farms. These
comparisons showed that wind turbine sound levels modeled in Cadna-A and utilizing the

8 Bowdler et al., Prediction and Assessment of Wind Turbine Noise. Institute of Acoustics Acoustics Bulletin.
March / April 2009.

™ Bullmore et al. “Wind Farm Noise Predictions and Comparison with Measurements”. Third International
Meeting on Wind Turbine Noise. June 2009.

8 Kalinski, Kenneth and Eddie Duncan. “Propagation Modeling Parameters for Wind Power Projects”. Sound &
Vibration. December 2008.
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ISO 9613-2 calculation methods can achieve good correlation with the post-construction
measurements when the modeling parameters are chosen appropriately.

In summary, the 1ISO 9613-2 standard can provide an estimate of accuracy for certain geometric
parameters of the source and receiver (heights and distances). But it does not preclude the use of
the calculations outside of these parameters. Wind turbines are outside these parameters and so
may have a level of uncertainty greater than 3 dB, but wind turbines are not as far outside these
parameters as E-Coustic Solutions implies. Additionally wind turbine models have been
compared to field measurements with acceptable results as shown in the Kalinski study.®

Please refer to responses 12 and 23.3 of Data Request No. 14 for further details on the modeling
methodology and post-construction monitoring.

The limits stated by E-Coustic Solutions for source heights and distances do not preclude the use
of the calculations outside of these limits. The portions of the calculations used in the noise
model for the Tule Wind Project are based upon physical principles and are found in several
standards and academic resources. These limits are merely a statement of where there is a well-
studied level of uncertainty, and these estimated levels of uncertainty may be applied when using
all portions of the ISO 9613-2 calculations.

23.15 E-Coustic Solutions Comment 15 (pages 12-15)

Claim — Wind turbine sound causes annoyance at sound levels 10 dBA or more below the sound
levels that would cause equivalent annoyance from other sources.

Response: Annoyance is subjective and influenced by aural sensitivity and attitudes toward a
project. Please refer to response numbers 5 and 23.9 of Data Request No. 14 for additional
information concerning annoyance.

Claim — IEC 61400-11 test procedures do not represent a “worst case” sound propagation
condition.

Response: The noise study for the project used very conservative assumptions. This is discussed
in greater detail in responses 7 and 8 of Data Request No. 14.

The sound power level measurement method described in IEC 61400-11 does not address
propagation in any particular environment. The purpose of a sound power measurement is to
quantify the noise emission characteristic of a sound source irrespective of its environment. This
makes the resulting sound power level useful for predicting the effect of introducing the noise
source into any environment. Sound propagation is addressed through the Cadna-A model.

The Cadna-A model developed for the Tule Wind Project utilizes modeling assumptions which
best reflect measurements from operating wind farms. Post-construction studies show that wind

8 Kalinski, Kenneth and Eddie Duncan. “Propagation Modeling Parameters for Wind Power Projects”. Sound &
Vibration. December 2008.
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turbine sound levels modeled with 1SO 9613:2 using no ground attenuation best fit monitored
sound levels. Additionally, conservative assumptions such as the use of the manufacturer
guaranteed sound levels and modeling of the hot weather package were also used in the sound
model developed for the Tule Wind Project. These modeling assumptions are all implemented
with the goal to avoid under-predicting sound levels.

Please refer to response 14 of Data Request No. 14 for further details on IEC 61400-11.

Claim — Amplitude modulated sound results in sound fluctuating 5 dBA or more

Response: Wind turbines emit broad band noise with a spectral peak around 500 Hz. As the
blades move closer and farther away from a stationary listener, the noise they emit gets louder
and softer. This rhythmic increase and decrease in noise emissions is called amplitude
modulation, and the amount of modulation varies according to proximity to the wind turbine.
Sound from many sources exhibits amplitude modulation. Steady, low-volume traffic pass-by
events exhibit a rhythmic rise and fall in volume. Ocean waves crashing on a beach also exhibit a
rhythmic rise and fall in volume. In this manner noise from these events exhibit amplitude
modulation, this by virtue of its nature is not intrinsically annoying or harmful to human health.
In fact, many people consider the rhythmic noise made by ocean waves to be desirable.

Please refer to response number 4 of Data Request No. 14 for further details on the
characteristics of wind turbine sound and amplitude modulation.

In addition, it should be noted that the E-Coustic study does not present site-specific data and
does not appear to be based on any consideration of the Tule project’s specific conditions. In
fact, it appears to have been written for another project entirely (the Kent Breeze Project, which
is mentioned on page 13 of the report).

23.16 E-Coustic Solutions Comment 16 (pages 16-19)

Claim — Low frequency sounds and infrasound should be measured using dBC and dBG,
respectively

Response: This question exists in the context of an environmental noise analysis for a proposed
wind turbine project. Existing requirements in San Diego County rely on A-weighting for sound
measurements and regulations. The A-weighting scale is a close approximation of the human
response to different frequencies of sound and is in broad use across many disciplines which
address noise. While there are weighting scales other than the A-weighting scale (which
simulates human response to frequencies of sound), use of other weighting scales produces
results that do not reflect how human ears respond to different frequencies of sound. Therefore,
they are not appropriate to use in the context of an environmental acoustics analysis performed to
assess compliance with applicable noise limits.

The A-weighting scale attenuates low-frequency noises in a manner that simulates how human
ears attenuate low frequency noise at low levels (approximately 40 dB). The C-weighting scale
does not attenuate low frequencies as much as the A-weighting scale because it simulates how
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humans perceive sound at higher levels (approximately 80 dB). Use of C-weighting produces
different noise analysis results than those already reported in units of A-weighted dBs. The
differences between the A-weighted and C-weighted results are not pertinent because sound
levels at receptors will not reach levels as high as 80 dB due to the wind turbines.

The G-weighting scale emphasizes frequencies centered at 20 Hz; it begins to heavily discount
the influence of frequencies above 40 Hz and below 5 Hz. A comparison of weighting scales is
shown in the graph below.?>® In the context of an environmental noise assessment performed to
assess compliance with A-weighted noise limits, there is no merit to expressing project-related
noise using G-weighting.
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Please refer to responses 1, 6 and 9 of Data Request No. 14 for further details on applicable
regulations and use of the A-weighting scale.

Claim — Infrasound from wind turbines will be audible for some people at levels lower than what
is required for threshold of perception, based on a single pure tone

Response: The science behind the perception of infrasound and minimum audible field for
infrasound has been studied by the evaluation of pure tone and the presence of background noise.
The threshold of perception found amongst studies is not consistent due to variability in study
conditions and subjects. There is not consensus and very little data to evaluate the exact effect of
background noise on the audibility of infrasound.

8 ANSI S1.4-1983. American National Standard Specification for Sound Level Meters.
8|SO 7196:1995. Acoustics — Frequency-weighting characteristic for infrasound measurements.
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This uncertainty is discussed by Moller and Pedersen below.

“Generally low-frequency and infrasonic sounds from everyday life are not pure
tones alone, but rather combinations of different random noises and tonal
components. It is however, impossible to make thresholds for all imaginable
combinations of sounds that exist, and as seen above there is no final conclusion
about possible higher or lower sensitivity to noise bands than to pure tones.
Anyway, differences seem to be relatively modest, and the pure-tone threshold can
with a reasonable approximation be used as a guideline for the thresholds also
for nonsinusoidal sounds.”®*

As stated by E-Coustic Solution the threshold for perception presented in the Watanbe and
Pedersen study is based on pure tones; therefore, the threshold of audibility in the presence of
other sounds will vary. The differences in the minimum audible field will be relatively modest
and pure tone thresholds serve as a reasonable approximation.®.

Measurements of operating wind turbines published by Epsilon and Associates®® show that
infrasonic sound emissions from modern upwind-configured wind turbines are below audibility
thresholds for even the more sensitive people at a distance of 1,000 feet. Infrasound levels
measured at a distance of 1,000 feet from GE 1.5 sle and Siemens SWT 2.3 wind turbine
generators were more than 20 dBs below the median thresholds of hearing.

Please refer to responses 1 and 2 of Data Request No. 14 for further details on infrasound and
low frequency sound.

Claim — Statements that infrasound is not significant because it does not reach the amplitudes
above the threshold of perception are mischaracterizing wind turbine infrasound

Response: This is simply not true. The Tule Wind Project — Draft Noise Analysis Report
addressed all applicable noise considerations and “significance” determinations in relation to
local regulation and CEQA including:

e Exposure of person to or generation of noise levels in excess of standards established in
the local general plan or noise ordinance, or applicable standards of the other agencies.

e Exposure of persons to or generation of excessive ground borne vibration or ground
borne noise levels.

e A substantial permanent increase in ambient noise levels in the project vicinity above
levels existing without the project.

e A substantial temporary or periodic increase in ambient noise levels in the project
vicinity above levels existing without the project.

8 Moller H. and Pedersen C.S. Hearing at low and infrasonic frequencies. Noise Health 2004;6:37-57.
& Moller H. and Pedersen C.S. Hearing at low and infrasonic frequencies. Noise Health 2004;6:37-57.
8 Epsilon Associate, Inc. “A Study of Low Frequency Noise and Infrasound from Wind Turbines”. July 2009.
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Post-construction measurements show that the amount of low frequency sound and infrasound
from wind turbines is modest and acceptable according to ANSI standards. Please refer to
response 26 of Data Request No. 14 for further information on infrasound.

Claim — Infrasound and low frequency sound below the threshold of perception can cause health
effects.

Response: Several reviews of currently available scientific data have determined that there is no
direct casual relationship between wind turbine generated sound and health effects. A review of
the medical literature databases performed by Exponent, Inc. found no evidence of a causal link
between exposure to wind turbine noise and adverse health effects. As of this review (by
Exponent), there has not been a specific health condition documented in the peer reviewed
published literature to be classified as a disease caused by or associated with exposure to sound
levels and frequencies generated by the operation of wind turbines.®’

The Chief Medical Officer of Health of Ontario® recently performed a study focusing on the
topic of wind turbine noise and health. The study also concluded the following concerning wind
turbine and health:

e While some people living near wind turbines report symptoms such as dizziness,
headaches, and sleep disturbance, the scientific evidence available to date does not
demonstrate a direct causal link between wind turbine noise and adverse health effects.

e The sound level from wind turbines at common residential setbacks is not sufficient to
cause hearing impairment or other direct adverse health effects. However, some people
might find it annoying. It has been suggested that annoyance may be a reaction to the
characteristic “swishing” or fluctuating nature of wind turbine sound rather than to the
intensity of sound.

e Low frequency sound and infrasound from current generation upwind model turbines are
well below the pressure sound levels at which known health effects occur. Further, there
is no scientific evidence to date that vibration from low frequency wind turbine noise
causes adverse health effects.

Please refer to responses 5, 23.1, 23.7, and 26 of Data Request No. 14 for further information
concerning infrasound, low frequency sound, and health effects.

Claim — Dr. Nina Pierpont established a causal link between wind turbine infrasound and low
frequency sound and medical pathologies

87 «Evaluation of the Scientific Literature on the Health Effects Associated with Wind Turbines and Low Frequency
Sound”, Exponent, Inc., October 20, 2009, and also in testimony by of Dr. Mark Roberts in Glacial Hills wind farm
project in Wisconsin, Broad Mountain wind farm project in Pennsylvania, and Goodhue Wind project in Minnesota.
% “The Potential Health Impact of Wind Turbines.” Chief Medical Officer of Health Report. May 2010.
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Response: While the work of Dr. Nina Pierpont intends to establish a causal link between wind
turbine infrasound and low frequency sound and health effects, she fails to do so.

Association is not equal to causation. Researchers can find an association, also called a
correlation, which is a relationship, negative or positive, between two or more variables. Often
an association is identified through statistical inferences before a causal relationship is
established. Historically, there have been careful clinical observations (e.g., case reports and
series) that have stimulated a number of now-classic epidemiology research efforts that have
identified important associations and ultimately the determinants of causal relationships. There
have also been case reports identifying associations that did not hold up under epidemiological
scrutiny, such as those associating blunt force trauma and cancer. For this reason, case studies
cannot be used to determine causation. A causal association can only be established by the
evaluation of well designed and executed epidemiologic studies.

A landmark discussion of the process of moving from a disease being associated with a risk
factor to a point where the scientific community is comfortable attributing causation to a risk
factor was put forth by Sir Austin Bradford Hill in 1965. It was during this time that a number of
papers, including the Surgeon General Report issued in 1964, began to more formally delineate
the scientific reasoning process that justifies a conclusion that observed associations between an
exposure and a disease are the result of a causal relationship between the exposure and the
disease. Key statements from scientists during that time include the following:

“Disregarding then any such problem in semantics we have this situation. Our
observations reveal an association between two variables, perfectly clear-cut and
beyond what we would care to attribute to chance. What aspects of that
association should we especially consider before deciding that the most likely
interpretation of it is causation?” [italics added]. Hill’s nine criteria for causation
have been described in a number of ways. They are commonly referred to as
strength, consistency, specificity, temporality, biological gradient, plausibility,
coherence, experiment, and analogy®.

Numerous reviews of Dr. Pierpont’s research conclude that it fails to establish a causal link due
to several reasons, including the fact that her samples were deliberately selected and their sizes
were too small, as well as the fact that there was no control group®. Several reviews of currently
available scientific data have determined that there is no direct casual relationship between wind
turbine-generated sound and adverse health effects.

Please refer to responses 5, 23.1, 23.7, 23.16 and 26 of Data Request No. 14 for further
information concerning infrasound, low frequency sound and health effects.

8 Hill AB. (1965). The Environment and Disease: Association or Causation? Proc R Soc Med. 58295 -300).
% Testimony of Dr. Mark Roberts to the Wisconsin Public Utilities Commission, docket number 6630-CE-302.
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Claim — The research conducted by Dr. Nina Pierpont meets the standards of a peer reviewed
epidemiological study.

“The type of epidemiological study conducted by Dr. Pierpont is termed a case-crossover
study. [...] Further the report was peer-reviewed by some of the top experts in the U.S.
and Britain who have experience with vestibular disturbances and adverse health
conditions.”

Response:  The following components of the aforementioned comment are not true:
“epidemiological study conducted by Dr. Pierpont” and ““the report was peer-reviewed. Dr.
Pierpont’s work was not an epidemiological study, but a series of case reports and it did not
undergo the rigor of a peer review process which generally uses anonymity and employs a
double-blind process whereby the authors and peer reviewers remain unknown or blinded to each
other. Dr. Pierpont’s peer review process appears to be among colleagues and friends and not a
single- or double-blind process. She used nontraditional references such as newspaper articles
and television interviews in support of her hypothesis. In rebuttal testimony to the Wisconsin
Public Utilities Commission, Dr. Mark Roberts stated the following. “My assessment is that the
material (Pierpont research) describing the phenomena does not appear to have been peer
reviewed in a critical, blinded fashion in the same manner as the articles published in the leading
medical journals. In addition, some of the references that | have seen cited are newspaper
articles, TV interviews, and addresses before legislative bodies. Those are not traditional formats
to present scientific data. It shortcuts the review process that is part of the scientific process of
discovery.”

Dr. Roberts also concluded the following:

1. “Wind Turbine Syndrome” is not a medical diagnosis supported by peer reviewed,
published, scientific literature;

2. The materials presented to support “Wind Turbine Syndrome” are not of sufficient
scientific quality nor have they received the rigorous scientific review and vetting that is
customarily part of the peer review and publishing process;

3. The tried and true scientific method of developing a hypothesis, testing that hypothesis,
publishing the results and having others attempt to repeat the research has not been done
to test the existence of a health condition called “Wind Turbine Syndrome;”

4. An accumulation of anecdotal interviews with self-selected persons living near a wind
turbine does not constitute an epidemiological study and is not sufficient to determine
causation;

5. The bases for claimed adverse health effects due to wind turbines cited by Mr. James
either cannot withstand scientific scrutiny or have nothing to do with wind turbines; and
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6. Siting a wind turbine within view of a residence and the operation of that turbine could be

a source of annoyance to those living in the residence®.”

Claim — Health effects from wind turbine sound is plausible based on currently existing
information

Response: Scientific evidence challenges the notion that adverse health effects from wind
turbine sound is plausible. Dr. Pierpont claims that infrasound at 4-8 Hz enters the lungs and
vibrates the diaphragm and its attached liver, passing confusing messages on to the visceral
graviceptors. Dr. Pierpont gives no evidence to support this, but instead uses references to whole
body vibration, applied to the feet or seat, which is a completely different excitation to that from
sound. A simple order of magnitude calculation using basic physics, shows that the movement of
the diaphragm under the forces which might result from wind turbine noise is less than
10 microns. That is less than one hundredth of a millimeter or about one tenth of the average
thickness of human hair. During normal breathing, the diaphragm moves several centimeters.

Another part of Pierpont’s hypothesis states that infrasound from wind turbines, at a frequency of
1-2 Hz, vibrates the chest, adding to the confusing signals which upset the balance system.
However, there is already a strong source of infrasound inside the body. The human heart beats
at 1-2 Hz, giving far greater magnitudes than might be produced by infrasound from wind
turbines at these frequencies. The beating heart vibrates the surface of the body at a high enough
level to bge2 picked up by a stethoscope, or even the ear. The sound produced by wind turbines
does not.

Claim — Some people exposed to wind turbine sound are suffering psychological distress and
other related harm which warrants the label “health effects” or “disease”

Response: There is not universal agreement that exposure to wind turbine sound causes adverse
human health effects. The Chief Medical Officer of Ontario reviewed potential human health
effects of wind turbines. The review concludes that while some people living near wind turbines
report symptoms such as dizziness, headaches, and sleep disturbance, the scientific evidence
available to date does not demonstrate a direct causal link between wind turbine noise and
adverse health effects. Several reviews of currently available scientific data have determined that
there is no direct casual relationship between wind turbine generated sound and health effects.
Both Dr. Mark Roberts, MD, PhD and former State Epidemiologist for the Oklahoma State
Department of Health®® and Dr. Arlene King, the Chief Medical Officer for Ontario® concluded
there is inadequate evidence to establish a causal link between exposure to wind turbine noise
and adverse human health effects. Please refer to responses 5, 23.1, 23.7, 23.16, and 26 of Data
Request No. 14 for further information concerning wind turbine generated sound and health
effects.

°! Testimony of Dr. Mark Roberts to the Wisconsin Public Utilities Commission, docket number 6630-CE-302.
%2 Testimony of Dr. Geoff Leventhall to the Wisconsin Public Utilities Commission, docket 6603-CE-302.

% Testimony of Dr. Mark Roberts to the Wisconsin Public Utilities Commission, docket number 6630-CE-302.
% “The Potential Health Impact of Wind Turbines.” Chief Medical Officer of Health Report. May 2010.
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Furthermore, a report, “Wind Turbine Sound and Health Effects: An Expert Panel Review”,
prepared by a multidisciplinary panel is of medical doctors, audiologists, and acoustical
professionals from the United States, Canada, Denmark, and the United Kingdom stated that
“there is no evidence that the audible or sub-audible sounds emitted by wind turbines have any
direct adverse physiological effects”. It was also determined that “the ground-borne vibrations
from wind turbines are too weak to be detected by, or to affect, humans”®. The sound level
from wind turbines at common residential setbacks is not sufficient to cause hearing impairment
or other direct health effects, although some people may find it annoying. *® This sentiment is
echoed in the findings of an European Union financed study that released it final report,
“WINDFARM perception: Visual and acoustic impact of wind turbine farms on residents” in
2008. It was stated that

“There is no indication that the sound from wind turbines had an effect on respondents’
health, except for the interruption of sleep. At high levels of wind turbine sound (more
than 45 dBA) interruption of sleep was more likely than at low levels. Higher levels of
background sound from road traffic also increased the odds for interrupted sleep.

Annoyance from wind turbine sound was related to difficulties with falling asleep and to
higher stress scores. From this study it cannot be concluded whether these health effects
are caused by annoyance or vice versa or whether both are related to another factor.””%’

Claim — “There is ample scientific evidence to conclude that wind turbines cause serious health
problems for some people living nearby”

Response: Several reviews of currently available scientific data have determined that there is no
direct casual relationship between wind turbine generated sound and health effects. Please refer
to responses 5, 23.1, 23.7, 23.16 and 26 of Data Request No. 14 for further information
concerning wind turbine generated sound and health effects. Both Dr. Mark Roberts, MD, PhD
and former State Epidemiologist for the Oklahoma State Department of Health®® and Dr. Arlene
King, the Chief Medical Officer for Ontario® concluded there is inadequate evidence to establish
a causal link between exposure to wind turbine noise and adverse human health effects.

Claim — “The reports that claim that there is no evidence of health effects are based on a very
simplistic understanding of epidemiology and self-serving definitions of what does not count as
evidence”

Response: This statement is simply not true. Both Dr. Mark Roberts, MD, PhD and former
State Epidemiologist for Oklahoma State Department of Health'® and Dr. Arlene King, the

% Wind Turbine Sound and Health Effects: An Expert Panel Review. Available at
http://www.canwea.ca/pdf/talkwind/Wind_Turbine_Sound_and_Health_Effects.pdf.

% “The Potential Health Impact of Wind Turbines.” Chief Medical Officer of Health Report. May 2010.

" WINDFARM perception: Visual and acoustic impact of wind turbine farms on residents. Available at
http://www.windaction.org/?module=uploads&func=download&fileld=1615.

% Testimony of Dr. Mark Roberts to the Wisconsin Public Utilities Commission, docket number 6630-CE-302.

% “The Potential Health Impact of Wind Turbines.” Chief Medical Officer of Health Report. May 2010.

100 Testimony of Dr. Mark Roberts to the Wisconsin Public Utilities Commission, docket number 6630-CE-302.
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Chief Medical Officer for Ontario’®* concluded there is inadequate evidence to establish a causal

link between exposure to wind turbine noise and adverse human health effects'*.

Claim — Infrasound from wind turbines below the threshold of perception can affect the inner ear

Response: Several natural functions such as the heart beating, blood flowing, muscle vibrations
and breathing cause infrasound and low frequency noise at low levels but do not cause adverse
health effects and in fact are necessary to sustain human life. While evidence exists that
infrasound below the threshold of perception can cause movement of the inner ear this does not
establish a casual relationship between wind turbine sound and adverse health effects.

Claim — ASHRAE supports the claim that adverse health effects are related to inaudible low
frequency and infrasound

Response: ASHRAE does concern itself with noise and vibration for indoor environments,
primarily in regard to heating, ventilation and air-conditioning systems (HVAC). The design
goals that ASHRAE recommends are aimed at providing comfort, speech privacy and speech
intelligibility as appropriate to room uses. Studies of office noise such as the one cited by
E-Coustic Solutions'® are quite prevalent and many have found that audible sounds from poorly-
designed HVAC systems affect the concentration, productivity and attitude of office workers.
Furthermore, Geoff Leventhall had an opportunity to discuss the relevance of his research to
wind turbines. That particular research of low-frequency “rumble” in HVAC noise was not
applicable to wind turbines because the spectrum was dissimilar in frequency and in levels, and
the findings indicated little effect due to low-frequency noise.'%*

The design goals that ASHRAE recommends are through either the RC Mark Il rating system or
the NC rating system. These rating systems consider high-frequency sounds, mid-frequency
sounds and low-frequency sounds(the NC rating system was updated in 2008 to include low
frequencies, contrary to the claim by E-Coustic Solutions'®), but neither of these rating systems
address infrasound. The recommended criteria, even for residential bedrooms, allow low-
frequency noise at 60 dB or potentially higher in frequencies below 31.5 Hz.

Claim — Low-frequency components of wind turbine sound causes extraordinary effects inside
buildings and causes effects upon an extraordinarily broad area.

Response: The specific effects of low-frequency sound which E-Coustic Solutions discusses are
nothing more than phenomena that billions of people encounter every day in a built environment.
These effects do not identify anything inherently problematic. The comment also mentions the

101 «“The Potential Health Impact of Wind Turbines.” Chief Medical Officer of Health Report. May 2010.

92 wind Turbine Sound and Health Effects: An Expert Panel Review. Available at
http://www.canwea.ca/pdf/talkwind/Wind_Turbine_Sound and_Health_Effects.pdf.

103'K . Persson Waye, R. Rylander, S. Benton and H. G. Leventhall. Effects on performance and work quality due to
low-frequency ventilation noise. Journal of Sound and Vibration, 1997.

104 Testimony of Dr. Geoff Leventhall to the Wisconsin Public Utilities Commission, docket number 6630-CE-302.
105 ANSI S12.2-2008 American National Standard Criteria for Evaluating Room Noise.
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effect of distance upon sound levels (from a source which the author does not cite). The
particular effect described seems to be once again a physical phenomenon that is not wind-
turbine specific and is not inherently problematic. These statements of simple facts do not
support any claim that wind turbine noise is intrinsically different than many other often-
encountered noise sources.

23.18 E-Coustic Solutions Comment 18 (page 21)

Claim — Sound modeling should have included a 3 dB tolerance to account for the 1SO-
methodology

Response: A 3 dB correction to account for uncertainty in ISO 9613 Part 2 was implemented by
applying conservative assumptions concerning sound propagation. The use of conservative
modeling assumptions results in more than 3 dB increase over less conservative methods;
therefore, no additional corrections were applied.

Please refer to responses 12 and16 of Data Request No. 14 for further details on 1ISO 9613-2, the
modeling methodology and modeling assumptions.

Refer to Section 1.3 and Appendix D of the Tule Wind Project — Draft Noise Analysis Report
(February 2011) for further details on the modeling methodology and ISO 9613 Part 2.

23.19 E-Coustic Solutions Comment 19 (page 21)

Response: E-Coustic Solutions’ assertion that sound power levels are inappropriately used in
this analysis is simply not true, and is potentially misleading. Sound power levels have been
addressed in responses 14, 23.11 and 23.15 of Data Request No. 14. Standardized and repeatable
measurements are desirable, not a deficiency.

PUBLIC HEALTH AND SAFETY

24, Please provide a discussion of the potential health effects resulting form two or more
turbines operating near each other and causing repetitive, low frequency “periodic
beats™.

Response: G.P. van den Berg reported that often late in the afternoon or in the evening the
turbine sound acquires a distinct ‘beating’ character, the rhythm of which is in agreement with
the blade passing frequency.’® He also notes that “It is not clear to what degree this fluctuating
character determines the relatively high annoyance caused by wind turbine sound and to a
deterioration of sleep quality.” He continues to note that “wind turbine sound measurements are

196 G.P. van den Berg, “The Beat is Getting Stronger: The Effect of Atmospheric Stability on Low Frequency
Modulated Sound of Wind Turbines”, in Noise Notes, volume 4, number 4.
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easier when performed in a stable atmosphere, which agrees well with the night being the
sensitive period for noise immission.”*%’

However, post construction noise measurements performed at the Mars Hill and Stetson wind
farms under the stable conditions that van den Berg recommends show that measured noise
levels are within 5 dBA of modeled noise levels, and were also within acceptable ranges. The
Tule noise analysis incorporated over 5 dBA of conservatism, and in that regard adequately
assessed project-related noise levels. Furthermore, the actual force upon a body created by the
infrasonic and low frequency noise emissions from operating wind turbines creates a
displacement of approximately 10 microns, or one-tenth the thickness of the average human hair.
Normal breathing, heart beats, and body motions produce larger displacements than 10 microns
and do not cause adverse health effects'®. For this reason, there is limited potential for adverse
human health effects due to the operation of wind turbines.

25.  Please provide an explanation of the studies considered and addressed to evaluate
potential health effects from low frequency noise.

Response: Long-term exposure to very high levels of low frequency noise has been shown to
have adverse effects on health. It has been demonstrated that high levels of low frequency noise
can excite body vibrations, such as a chest resonance vibration that can occur at a frequency of
50 Hz to 80 Hz'®. These chest wall and body hair vibrations have also been shown to occur at
the infrasonic range™®***. However, in those instances, levels were significantly higher than the
amounts of low frequency noise emitted by wind turbines. Studied health effects of low
frequency sound include vibroacoustic disease which has been linked to prolonged exposure to
high intensity low frequency noise, in excess of 110 dB, not low intensity low frequency
noise™?31  Additionally studies have found that there is no evidence of adverse health effects
related to low intensity low frequency noise, below 90 dB.® Low frequency sound and
infrasound associated with wind turbines are well below 90 dB. Other studies have explored the
effects of acoustic excitation by measuring the resulting vibration, non-aural effects and the
perception of unpleasantness or annoyance among those exposed to low frequency noise
including the following:

197 G.P. van den Berg, “The Beat is Getting Stronger: The Effect of Atmospheric Stability on Low Frequency
Modulated Sound of Wind Turbines”, in Noise Notes, volume 4, number 4.

198 Testimony of Dr. Geoff Leventhall to the Wisconsin Public Utilities Commission, docket 6603-CE-302.

199 eventhall, G. (2007). What is infrasound? 93(1-3), (130 -137).

19 Mohr G.C., Cole J.N., Guild E., and Gierke von, H. E. (1965). Effects of Low Frequency and Infrasonic Noises
on Man. 36.817 -827).

111 Schust, M. (2004). Effects of low frequency noise up to 100 Hz. Noise and Health. 6(23), (73 -85).

112 Castelo Branco N.A.A. and Rodriguez E. (1999). The Vibroacoustic Disease - An Emerging Pathology. Aviation
Space & Environmental Medicine. 70(3,Pt2), (Al -A6).

13 Takahashi, Y., Yonekawa, Y., and Kanada, K. (2001). A new approach to assess low frequency noise in the
working environment. Industrial Health. 39(3), (281 -286).

114 Maschke, C. (2004). Introduction to the special issue on low frequency noise. Noise and Health. 6(23), (1 -2).

15 «\Wind Turbine Noise Issues.” Renewable Energy Research Laboratory; University of Massachusetts. 2006.
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Early Response of the Organism to Low Frequency Acoustical Oscillations. Noise and
Vibration Bulletin. 11(65), (100 -103).

e Maschke, C. (2004). Introduction to the special issue on low frequency noise. Noise and
Health. 6(23), (1 -2).

e Mohr G.C,, Cole J.N., Guild E., and Gierke von, H. E. (1965). Effects of Low Frequency
and Infrasonic Noises on Man. 36.817 -827).
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(3460 -3470).

e Pedersen, E. and Persson, Waye K. (2007). Wind turbine noise, annoyance and self-
reported health and well-being in different living environments. 64(7), (480 -486).

e Pedersen, E. and Waye, K. P. (2008). Wind Turbines - Low Level Noise Sources
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e Persson Waye K. and Rylander R. (2001). The Extent of Annoyance and Long-Term
Effects Among Persons Exposed to LFN in the Home Environment. 240.483 -497).
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e Takahashi, Y., Yonekawa, Y., Kanada, K., and Maeda, S. (1999). A pilot study on the
human body vibration induced by low frequency noise. Industrial Health. 37(1), (28 -35).

e Takahashi, Y., Yonekawa, Y., and Kanada, K. (2001). A new approach to assess low
frequency noise in the working environment. Industrial Health. 39(3), (281 -286).

e Takahashi, Y., Kanada, K., Yonekawa, Y., and Harada, N. (2005). A study on the
relationship between subjective unpleasantness and body surface vibrations induced by
high-level low-frequency pure tones. Industrial Health. 43(3), (580 -587).

e Tesarz M., Kjellberg A., Landstroem U., and Holmberg K. (1997). Subjective Response
Patterns Related to Low Frequency Noise. Journal of Low Frequency Noise, Vibration
and Active Control. 16(2), (145 -149).

e Waye K. (2004). Effects of Low-Frequency Noise on Sleep. Noise and Health. 6(23),
(87-91).

In fact, wind turbines produce modest and acceptable amounts of low frequency noise, as shown
by post-construction noise measurement data publicly available and reasonably obtainable on the
internet. A field study performed by Epsilon Associates measured low frequency noise
associated with two modern turbines, the GE 1.5sle and the Siemens 2.3-93."° Using existing
ANSI criteria for the evaluation of interior noise levels, Epsilon Associates determined that noise
generated by wind farms at distances beyond 1,000 feet were below the low frequency noise
criteria for bedrooms, classrooms and hospitals. In addition to meeting ANSI background noise
criteria the measured interior noise levels also demonstrate that wind turbine setbacks of 1,000
feet will not cause “more than minimal annoyance (if any) from low frequency noise, and there
should be no wind rattles or perceptible vibration of light-weight walls or ceilings within
homes.”

The overall noise level and spectrum of the GE 1.5-sle turbine is similar to the noise emissions of
the GE 1.5 XLE, one of the turbines being considered for use in the Tule Wind Project.
The Siemens 2.3-93 turbine, also used in the Epsilon study, has similar sound emissions, within
+3 dB, to the 2.0 MW and 3.0 MW turbines being considered for use in the Tule Wind Project.
Current setbacks for the Tule Wind Project are more than 1,500 feet from the nearest non-
participating home. Based on the Epsilon noise study, low frequency noise at a distance of
1,500 feet will have no audible infrasound and will meet ANSI S12.2 criteria for acceptable
indoor levels for low frequency sound.

Most of the concerns arising from the notion that wind turbines emit powerful amounts of low-
frequency noise stem from E-Coustic Solutions’ apparent reliance on outdated NASA reports
that demonstrate that downwind-configured wind turbines produce high levels of low frequency
noise. The same NASA report also very clearly states that modern upwind-configured wind
turbines do not emit nearly as much low frequency noise as the older, out-of-production,
downwind-configured wind turbines. The turbines proposed for the Tule wind project would be
modern upwind-configured and, therefore, would emit the small amounts of low frequency noise

118 Epsilon Associate, Inc. “A Study of Low Frequency Noise and Infrasound from Wind Turbines.” July 2009.
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that are documented in the sources discussed above. As discussed in response number 24 of Data
Request No. 14, these levels are not harmful to the human body and in fact are produced by
heartbeats and other natural functions. Therefore, no adverse health effects from low frequency
noise are anticipated.

26.  Please provide an explanation of how the human body responds to extremely low levels
of energy, such as inaudible low frequency sound and infrasound. Please also describe
the potential health effects of infrasound and low frequency sound as compared to the
effects of audible sound levels. Please take into consideration the auditory system’s
response to levels of low frequency sound and infrasound at pressures significantly lower
than what is necessary to reach the threshold of audibility.

Response: The turbines at the Tule Wind Project will emit limited levels of low frequency and
infrasonic sound. Recently some concerns have been raised about possible health effects from
these inaudible sound levels. One theory comes from Dr. Nina Pierpont who claims that health
effects including dizziness, headache, visual blurring and tachycardia, or “Wind Turbine
Syndrome”, can occur as a result of exposure to wind turbine sound. Dr. Pierpont claims that
“Wind Turbine Syndrome”, a term she coined, results from a disturbance to the vestibular system
by exposure to low levels of infrasound and low frequency sound emitted by wind turbines.

The topics of “Wind Turbine Syndrome”, infrasound and low frequency sound below the
threshold of hearing have been addressed by Dr. Geoff Leventhall in his testimony in the Glacial
Hills wind farm project in Wisconsin. Dr. Leventhall, a former professor who founded an
acoustics research program in England that specialized in low frequency and infrasonic research,
is internationally recognized as having expertise in the topics of low frequency and infrasound.
Dr. Leventhall stated:

Attempts to claim that illnesses result from inaudible wind turbine noise do not
stand up to simple analyses of the very low forces and pressures produced by the
sound from wind turbines. Additionally, the body is full of sound and vibration at
infrasonic and low frequencies, originating in natural body processes. As an
example, the beating heart is an obvious source of infrasound within the body.
Other sources of background low frequency noise and vibration are blood flows,
muscle vibrations, breathing, fluids in the gut and so on. The result is that any
effect from wind turbine noise, or any other low level of noise, which might be

E)lr70duced within the body is ’lost® in the existing background noise and vibration.

Dr. Leventhall goes on to state that “the wide range of symptoms” which Dr. Pierpont associates
with “Wind Turbine Syndrome” are “well known to others as the stress effects of audible noise,
to which a small number of persons are susceptible.”

17 Testimony of Dr. Geoff Leventhall to the Wisconsin Public Utilities Commission, docket 6603-CE-302.
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The work of Dr. Pierpont relied heavily on the research of Dr. Neil Todd from the Faculty of
Life Science at University of Manchester, who recently reprimanded Pierpont for her
misinterpretation and use of his research. Dr. Pierpont’s “Wind Turbine Syndrome” theory has
incorrectly sought to insert air-borne noise issues into a paper which is entirely about vibration
through direct contact with the skull. Dr. Todd states the following concerning Pierpont’s
interpretation of his research:

Our research is being cited to support the case that ‘wind turbine syndrome’ is
related to a disturbance of vestibular apparatus produced by low-frequency
components of the acoustic radiations from wind turbines. Our work does not
provide the direct evidence suggested. We described a sensitivity of the vestibular
system to low-frequency vibration of the head (through direct physical contact), at
about 100Hz, and not air-conducted sound.*'®

Dr. Leventhall also quoted Dr. Todd, who states that:

At present | do not believe that there is any direct evidence to show that any of the
above acoustico-physiological mechanisms (associated with wind turbine
syndrome) are activated by the radiations from wind turbines. Even if the
vestibular system were activated in a controlled acoustic environment, it is not
necessarily the case that it would produce pathological effects. Until such
evidence is available | have an open mind on “wind turbine syndrome.**°

Dr. Leventhall goes on to state:

Throughout Pierpont’s work there is no clear indication of the excitation levels
which she believes might cause a problem. While she must be aware of safe and
unsafe doses of medication, she continues to close her mind to the concept of safe
doses of sound, although *’safe sound” is our everyday experience. Thus,
Pierpont’s hypothesis [related to “Wind Turbine Syndrome™] fails.*?°

Dr. Leventhall summarizes additional technical portions of Pierpont’s theory that infrasound
causes health effects by stating:

Pierpont’s second hypothesis is equally unfounded. She says that infrasound at 4
— 8Hz enters the lungs and vibrates the diaphragm and its attached liver, so
passing confusing messages on to the visceral graviceptors. She gives no evidence

18 Dr Neil Todd Faculty of Life Science University of Manchester (Todd, N., Rosengren, S. M., and Colebatch,
J. G. (2008): Tuning and sensitivity of the human vestibular system to low frequency vibration. Neuroscience
Letters 444, 36 - 41.) as cited in Levanthal testimony to the Wisconsin Public Utilities Commission, docket 6603-
CE-302.

19 Dr Neil Todd Faculty of Life Science University of Manchester (Todd, N., Rosengren, S. M., and Colebatch,
J. G. (2008): Tuning and sensitivity of the human vestibular system to low frequency vibration. Neuroscience
Letters 444, 36 - 41.) as cited in Levanthal testimony to the Wisconsin Public Utilities Commission, docket 6603-
CE-302.

120 Testimony of Dr. Geoff Leventhall to the Wisconsin Public Utilities Commission, docket 6603-CE-302.
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to support this, but instead uses references to whole body vibration, applied to the
feet or seat, which is a completely different excitation to that from sound. A simple
order of magnitude calculation, using basic physics of the level which will be
known to a 16-year-old school pupil, shows that the movement of the diaphragm
under the forces which might result from wind turbine noise is less than 10
micron. That is less than one hundredth of a millimeter or about one tenth of the
average thickness of human hair. During normal breathing, the diaphragm moves
several centimeters.[...] Another part of Pierpont’s second hypothesis states that
infrasound from wind turbines, at a frequency of 1 — 2Hz, vibrates the chest, so
adding to the confusing signals which upset the balance system. However, there is
already a strong source of infrasound inside the body, beating at 1 -2 Hz, giving
far greater magnitudes than might be produced by infrasound from wind turbines
at these frequencies: the human heart. The beating heart vibrates the surface of
the body at a high enough level to be picked up by a stethoscope, or even the ear.
The sound produced by wind turbines does not.***

Dr. Leventhall also commented on an issue raised by Mr. Richard James of E-Coustic Solutions:

James uses Dr. Neil Todd as an example to ‘demonstrate that there is sufficient
evidence to present a causal link between ILFN (infrasound and low frequency
noise) and adverse health effects.” What Dr. Todd actually showed was that, for a
vibration input through physical contact to the mastoid area at the back of the
head, certain reflexes, indicative of a vestibular response, continue to about 15dB
lower than the level at which the hearing mechanism of the inner ear ceases to
respond to vibration in the skull. It takes only a little thinking to realize that all of
the people who use bone conduction hearing aids are receiving vibration inputs to
their vestibular system at levels well above the system’s perception threshold.
This does not affect them.'?

The testimony of Drs. Leventhall and Todd state that there are no scientifically valid peer
reviewed studies showing any adverse health effects from infrasonic or low frequency noise
emitted from turbines, and that there is no valid mechanism by which the infrasound produced by
turbines could affect the human body any differently than other infrasound produced within the
body. Therefore, no adverse health effects are anticipated from any infrasound produced by
turbines associated with the Tule Wind Project.

217, Please provide justification for the noted 1,000 foot setback (from Epsilon Associates
report) from wind turbines to residences and an explanation of the methodology used to
determine this setback. Please comment on how the elevation of wind turbines as
compared to residences, based on topography and terrain, was considered in
determining setbacks. Please comment on the appropriateness of a 1.25-mile or 2-mile

121 Testimony of Dr. Geoff Leventhall to the Wisconsin Public Utilities Commission, docket 6603-CE-302.
122 Testimony of Dr. Geoff Leventhall to the Wisconsin Public Utilities Commission, docket 6603-CE-302.
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setback from turbines to residences and sensitive receptors, including justification
supporting the response.

Response: Through a series of measurements, Epsilon Associates determined that at a distance
of 1,000 feet sound emissions from GE 1.5sle and Siemens 2.3-93 wind turbines conform to
applicable ANSI standards, including ANSI/ASA S12.9 Part 4 and ANSI/ASA S12.2.
Measurement data was collected through a series of interior and outdoor measurements
performed at existing wind farms. Data collected in the field study consisted of outdoor
measurements at various distances from the turbines and concurrent interior and exterior
measurements at residences. Comparing measured sound levels with ANSI criteria for the
evaluation of interior sound levels, Epsilon Associates determined that sound generated by wind
farms at distances beyond 1,000 feet were below the low frequency noise criteria for bedrooms,
classrooms and hospitals. In addition to meeting ANSI background noise criteria, the measured
interior noise levels also demonstrate that wind turbine setbacks of 1,000 feet will not cause
“more than minimal annoyance (if any) from low frequency noise, and there should be no wind
rattles or perceptible vibration of light-weight walls or ceilings within homes.”*?

As previously noted, the distance of 1,000 feet is based on field measurements; therefore the
elevation between the turbine and each monitoring location may vary. The exact height of the
turbines was not noted in the report; therefore the elevation of the turbines in comparison to the
residences cannot be determined. Setbacks for the Tule Wind Project are based on cumulative
sound levels, not a single turbine setback, and account for site specific elevation and terrain.
Setbacks of 1.25 miles and 2.0 miles, as suggested by E-Coustic Solutions, are not required, nor
are they supported by measurement or modeling data. The San Diego County noise ordinance
requires that operational noise comply with San Diego County Code of Regulatory Ordinances
Section 36.404. HDR performed detailed noise modeling of project related sound to determine
the compliance with the noise ordinance. The model created for the Tule Wind Project accounts
for the current turbine layout, number of total turbines, elevation and site specific terrain.

Please refer to Response 2 of Data Request No. 14 for additional details on the Epsilon
Associates field study and necessary setbacks.

28. Please provide an explanation of the potential for shadow flicker to occur, taking into
consideration the proposed location of the wind turbines in relationship to nearby
residences and other sensitive receptors.

Response: Shadow flicker is commonly defined as alternating changes in light intensity at a
given stationary location. In order for shadow flicker to occur, three conditions must be met:

1. The sun must be shining with no clouds obscuring the sun.
2. The rotor blades must be spinning and be located between the receptor and the sun.

3. The receptor must be sufficiently close to the turbine to be able to distinguish a shadow
created by the turbine

123 Epsilon Associate, Inc. “A Study of Low Frequency Noise and Infrasound from Wind Turbines.” July 2009.
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The frequency of occurrence of shadow flicker at a given receptor tends to decrease with
increasing distance between turbine and receptor. Additionally, the intensity of shadow flicker at
a given receptor also decreases with increasing distance between turbine and receptor because
the shadow cast by the rotor blade decreases in size as the distance from the turbine increases.
The combination of these two factors means that even for receptors which are in a theoretical
path of a shadow cast from a proposed turbine, a discernable shadow will not be realized due to
the distance between many of these receptors and the proposed turbines.

For receptors which have the potential to experience shadow flicker from wind turbines, the
number of experienced shadow flicker hours is generally small for a number of reasons,
including the daily change in the sun’s path and cloud cover, the fact that turbines do not operate
100 percent of the time over the course of the year, and typical setback requirements.

For the Tule Wind Project, the proposed location of the wind turbines in relationship to nearby
residences and sensitive receptors (occupied house) is such that the vast majority of proposed
turbines will be physically unable to cast a shadow in the direction of the vast majority of
receptors, including the largest group of receptors south of Interstate 8 (I-8) near Old Highway
80 and several, though not all, receptors north of 1-8. That is to say, a turbine which lies within
approximately 60 degrees due north relative to a receptor at the Tule Wind Project’s latitude, will
never cast a shadow on that receptor. As discussed in greater detail below in Response 29, there
are four sensitive receptors with the potential to experience shadow flicker from the Tule Wind
Project. Please see Response 29 of Data Request No. 14 and the corresponding graphics for an
analysis of the potential for sensitive receptors to experience shadow flicker as a result of the
Tule Wind Project.

29. Please provide a graphic depicting the exposure of shadows from the wind turbines on
adjacent properties, particularly residences and other sensitive receptors, considering
the proposed locations of the turbines, topography, and day/night lighting. Please also
provide calculations of the anticipated shadow exposure on adjacent residences and
other sensitive receptors and a table summarizing this information.

While the vast majority of receptors near the project area will have no shadow flicker from the
Tule Wind Project turbines, a limited shadow flicker model run was made to determine potential
shadow flicker that could occur at several sensitive receptors. Receptors within 2,000 meters
(6,562 feet) of any proposed turbine were considered. Beyond 2,000 meters, it is reasonable to
assume that the human eye would not be able to discern a shadow cast from a wind turbine. Of
the identified receptors within 2,000 meters of proposed turbines, four homes were included in
the model run, while others were not included in the model run because it is physically
impossible for any proposed turbine to cast a shadow on these receptors due to the fact these
receptors lie within 60 degrees of due north from the receptors, outside of the sun’s path at any
point in the year. Attached are modeling results and corresponding graphics depicting the classic
butterfly pattern associated with shadow flicker. The modeling was completed using many
different inputs, including:

1. Real Data
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e Actual coordinates of turbines
e Actual coordinates of receptors
e Actual topographic data

2. Conservative Assumptions

e Specifications of the turbines being considered with the highest hub height and
longest rotor diameter

e 100 percent turbine operation
e No vegetative screening

e Receptors can be impacted from all directions (i.e., “greenhouse mode™)

3. Realistic Features

e Actual wind data from a local meteorological tower to account for the percentage
of time wind blows from each direction.

e National Weather Service sunshine probability data to approximate average cloud
cover.

This combination of inputs results in conservative model results. As shown in Table 29-1 below,
the home with the most shadow flicker as predicted by the model is on the northwest side of the
project where an annual total of 17 hours, 36 minutes of shadow flicker was predicted.

Table 29-1. Tule Wind Project Shadow Flicker Impact by Receptor

Receptor Location Elevation Shadow Hours ggasdg\évr Max Shadow Hours per
Receptor | (UTM NAD83 Zone 11)* per Year \zlear Hours per Day Year
1D
X- Y- [HH:MM/Year]®| [Days/Year] | [HH:MM/Day]®| [HH:MM/Yr]®
Coordinate| Coordinate [m] (Worst Case) |(Worst Case)| (Worst Case) |(Conservative)
Home 1 | 569,149.57|3,619,849.70| 1133.9 24:15 78 0:27 14:11
Home_32| 566,421.29|3,619,605.44| 1111.4 13:40 82 0:13 9:14
Home_42| 566,409.75|3,620,055.86| 1121.5 9:55 59 0:14 6:20
Home_47| 557,803.90(3,630,391.08| 1429.7 32:32 151 0:29 17:36

# The coordinate system is the Universal Transverse Mercator (UTM) system, using North American Datum 1983
(NAD 83), Zone 11.

® Total hours per year of shadow flicker at this receptor under worst-case conditions.

¢ Days per year in which shadow flicker is possible at this receptor under worst-case conditions.

9 The maximum daily hour and minutes of shadow flicker at this receptor, under worst-case conditions. This value is
the single day maximum due to the combination of receptor and turbine locations, and sun path across the sky. All
other days will be less than this maximum as the sun path changes throughout the year. All days will also be less
than this maximum due to real world conditions such as cloud cover, changes in wind direction, and less than
100% wind turbine operation.

¢ Conservatively predicted hours of shadow flicker at this receptor, including sunshine probability and actual wind
direction data. Actual hours should be less than this value due to less than 100% wind turbine operation, and other
mitigating factors such as screening due to trees or structures.
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Actual shadow flicker hours experienced are expected to be significantly less due to the
conservative assumptions listed. To put this value in perspective, the total annual daylight hours
in nearby Chula Vista (and equivalent latitudes) is approximately 4,444 hours; therefore this
conservative amount represents less than 0.4 percent of the total possible sunlight hours in a
year. As discussed in greater detail in Response 30 of Data Request No. 14, there is currently no
published scientific evidence to positively link wind turbines with adverse health effects.

30. Please provide an analysis of the potential health effects on adjacent residences and
sensitive receptors as a result of shadow flicker.

Shadow flicker from wind turbines does not cause seizures in persons with photosensitive
epilepsy. Data from the Epilepsy Foundation indicates that although the frequency of flashing
light that is most likely to cause seizures varies from person to person, generally, the frequency
of flashing lights most likely to trigger seizures is between 5 and 30 Hertz'?* (Hz refers to flashes
per second). The large modern three-bladed wind turbines under consideration for this project
rotate at approximately 19 revolutions per minute (rpm) or less'?®. Even assuming a slightly
faster rotation speed of 20 rpm, the blade passing frequency is approximately 1 Hz (20 rev/min *
min/60 sec * 3 blades), is well below the critical frequency of 5 Hz'?®. There is currently no

published scientific evidence to positively link wind turbines with adverse health effects™’.

The majority of documentation related to non-seizure health impacts due to shadow flicker
consists of informal testimonials given by residents or drivers on roadways in proximity to a
wind turbine. These testimonials cite headaches, vertigo, nausea, blinding effects, disorientation,
loss of balance, and increased levels of stress and anxiety as symptoms directly related to wind
turbine shadow flicker. These testimonials are primarily available on websites often cited by
anti-wind advocates rather than formal medical literature. Some complaints regarding these
symptoms do appear in more formal materials, but are merely reported and are not studied or
discussed in any detail*®. Several of these sources state that complaints of headaches and other
similar symptoms are highly, but not perfectly, correlated with annoyance complaints. To date,

124 Epilepsy Foundation. (n.d.). Photosensitivity and Seizures. Retrieved June 2010, from
http://www.epilepsyfoundation.org/about/photosensitivity/

2 The Wind Power. Wind turbines and windfarms database, technical data. Retrieved April 2011, from
http://www.thewindpower.net/wind-turbine-datasheet-technical-47-gamesa-g90-2000.php

126 Burton, T., Sharpe, D., & Jenkins, N. (2001). Wind Energy Handbook. West Sussex, England: John Wiley &
Sons, Ltd.

127 National Health and Medical Research Council. (2010, July). Wind Turbines and Health. Retrieved August 2010,
from:

http://www.nhmrc.gov.au/_files_nhmrc/file/publications/synopses/public_statement wind_turbines_and_health.pdf
128 Michigan Public Service Commission. (2010, January). Report on the Impact of Setback Requirements and Noise
Limitations in Wind Zones in Michigan. Retrieved August 2010, from
http://www.michigan.gov/documents/mpsc/werzb_rpt_01-2010 309001 _7.pdf, North Dakota Legislative Council.
(2009, October). Allocation of Wind Rights — Background Memorandum. Retrieved August 2010, from
http://www.legis.nd.gov/assembly/61-2009/docs/pdf/19041.pdf, Minnesota Department of Health. (2009). Public
Health Impacts of Wind. Retrieved June 2010, from
http://energyfacilities.puc.state.mn.us/documents/Public%20Health%20Impacts%200f%20Wind%20Turbines,%205
.22.09%20Revised.pdf
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the available published, peer-reviewed literature states that no studies or scientific evidence links
shadow flicker to adverse health impacts*® **°.

31. Please provide an explanation of the safety concerns or hazards (e.g., vehicle driver
distraction) that may occur as a result of shadow flicker.

Response: A concern that is occasionally raised is that shadow flicker occurring on a roadway
could distract drivers and cause accidents. In order to obtain a driver’s license, motorists are
generally evaluated through a road test on their ability to react appropriately to the various
situations they encounter. Shadows on the road way or road side distractions are a common
occurrence. A whole segment of the advertising industry has been developed that takes
advantage of the passing motorist attention. Numerous cities now have massive “big screen
TVs” erected beside major highways, yet there is no data showing these entities cause accidents.
Wind turbines or their fleeting shadows do not have these attention demanding qualities.

Shadows on roadways can be caused by nearby trees or buildings, or the earth’s terrain itself. A
car passing through shadows caused by anything can experience shadow flicker at very high
frequencies dependent on vehicle speed and the object(s) causing the shadow. Moving shadows
on roadways can be caused by wind turbines, a single passing cloud, or an airplane. Regardless
of the source of the shadow or any other potential change that a driver notices gradually or
suddenly, it is generally the responsibility of the motorist to maintain control of their vehicle in
the face of any situation they encounter. A moving car would pass quickly through any shadow
on a road caused by a turbine associated with the Tule Wind Project, and therefore any potential
for distraction would be remote. Because vehicles on roadways are not stationary objects, it is
not appropriate to include roadways as part of a shadow flicker analysis, as shadow flicker is
commonly defined as alternating changes in light intensity at a given stationary location.

Current research involving motor vehicle accidents have highlighted the increased risk of driver
activities that focus on attention diverting activities such as cell phone use, map reading, etc and
have not identified shadow flicker or shadows in general as a source of driver distraction
sufficient to increase the risk of accidents™®.

32. Please provide a response to a comment that suggests that shadow flicker setbacks for
current wind turbine designs should be 10 rotational diameters (approximately 1000
meters); flash frequency should not exceed three per second; and the shadows cast by
one turbine on another should not have a cumulative flash rate exceeding three per
second.

129 National Health and Medical Research Council. (2010, July). Wind Turbines and Health. Retrieved August 2010,
from:

http://www.nhmrc.gov.au/ files_nhmrc/file/publications/synopses/public_statement wind_turbines_and health.pdf
130 Ohio Department of Health. (2008, March). Retrieved August 2010, from
http://www.odh.ohio.gov/ASSETS/C43A4CD6C24B4F8493CB32D525FB7C27/Wind%20Turbine%20SUMMAR
Y %20REPORT.pdf

B! Driver Distraction in Commercial Vehicle Operations (Doc. No. FMCSA-RRR-09-042), U.S. Department of
Transportation, Federal Motor Carrier Safety Administration, Office of Analysis, Research and Technology,
September 20009.
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The frequency of occurrence and intensity of shadow flicker at a given receptor tends to decrease
with increasing distance between turbine and receptor. However, to our knowledge, there is no
mathematic or scientific method or empirical observation that supports the specific value of 10
rotor diameters as an appropriate setback or as an appropriate distance to include as part of a
regulatory approach to shadow flicker. Additionally, while rotor diameter impacts the area
affected by shadow flicker, the width of the blade is the more important parameter in creating a
distinct flicker over a long distance, and therefore, it is illogical to base setbacks on a rotor
diameter basis for purposes of controlling shadow flicker.

Concerns related to flash frequency generally are rooted in a concern about triggers for
photosensitive epilepsy. Assuming this, and as discussed in the response to item number 30,
shadow flicker from wind turbines does not cause seizures in persons with photosensitive
epilepsy. Generally, the frequency of flashing lights most likely to trigger seizures is between 5
and 30 Hz (flashes per second)*®, rather than the 3 flashes per second noted here. The rotation
speed of modern wind turbines is much less than 5 Hz, or the lowest frequency of concern as
cited by the Epilepsy Foundation.

The cumulative flash rate comment also appears to be rooted in a concern about triggers for
photosensitive epilepsy. Assuming a rotor speed of 20 revolutions per minute, which equates to a
flash frequency of approximately 1 Hz, five turbines (1 Hz * 5 = 5 Hz) would have to be aligned
between the receptor and the sun to increase the frequency to something close to the 5 Hz
identified by the Epilepsy Foundation as a level of interest for photosensitive epilepsy. Given
that the proposed turbines are generally aligned on a north-south line for the majority of the
proposed project, and given that the vast majority of the turbines lie to the north of receptors, the
occurrence of five or more turbines aligning between the receptor and sun would be virtually
impossible. If five or more turbines did align, the spacing between the turbines themselves
combined with the setback distance between receptor and turbines would create a situation where
a shadow cast from the fifth turbine in a line would not be discernable at the receptor in a line
with all five (or more) turbines. Therefore, cumulative flash rates are not an anticipated public
health concern for the Tule Wind Project.

33. Please provide an explanation of the potential for ice throw to occur from wind turbine
blades, as well as the associated potential safety hazard to people or passing vehicles.

Response: Rime ice or glace ice can form on a wind turbine given the right combination of
temperature and moisture. Rime ice will occur when objects such as trees or wind turbines are
exposed to low temperatures in combination with fog. Depending on the duration of the ice
conditions, significant amounts of rime ice can collect on the turbines and increase static and
dynamic loads. Glace ice can occur when a warm front drifts above cold air. The falling rain can
get cooled down to temperatures below the freezing point without actually freezing into solid ice.
If the super-cooled rain hits the surface or objects with temperatures below 32 degrees
Fahrenheit, it will instantly turn to a layer of solid ice. Both types of ice would only occur when
the temperature is below freezing (32 degrees Fahrenheit). In the project area, the average low

132 American Epilepsy Foundation: http://www.epilepsyfoundation.org/about/photosensitivity/
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temperature is above freezing throughout the year, with the exception of December, which has an
average low temperature of 32 degrees Fahrenheit. In general, the potential for ice would be
limited to winter (late November-February), when overnight temperatures can dip into the 20s
and lower 30s.

With a non-operating turbine (stationary rotor), the ice will accumulate and eventually fall to the
ground below the turbine in a pattern generally the width of the rotor diameter and downwind of
the turbine. The lightest ice particles generally will be carried the farthest downwind, and the
heavier pieces generally will fall straight down, thus posing a potential hazard to objects and

personnel in a relatively small area beneath the turbine™.

With an operating turbine, ice will also accumulate and eventually be shed subject to the gravity
forces (as with stationary turbines) and be thrown horizontally some distance from the turbine
due to the centrifugal force developed by the rotating rotor. Ice thrown from operating turbines is
anticipated to have the potential to travel greater distances, as opposed to ice shed from turbines
in a stationary position™***.

Potential safety hazards associated with the Tule Wind Project could therefore occur from ice
throw during the infrequent nights in the winter when the temperature and weather conditions are
conducive to icing and the turbines are in motion. Industry professionals have recognized and
analyzed these risks and through various studies have developed siting setback recommendations
which mitigate the risk to personnel and property. The recommendation provided in the literature
and by specific turbine manufacturers indicates that the empirically derived most conservative
setback distance for the turbine is 1.5 times (hub height + rotor diameter). This is a distance
which can effectively be regarded as a “safe” distance™***"*¥ peyond which there is negligible
risk of injury from ice throw. For the proposed turbines (100 meter hub height and 100 meter
rotor) the most conservative safe distance would then be 300 meters (~984 feet). The 984 feet
should be considered a conservative distance for discussions of health and safety related to ice
throw for the Tule Wind Project. The nearest occupied home to a turbine under the current layout
is 2,407 feet; the nearest turbines to the Cottonwood and Lark Canyon campgrounds are at least
2,356 feet and 1,123 feet away, respectively. The likelihood of members of the public occupying
the campgrounds during freezing conditions is very low. Therefore there is little anticipated risk
from ice throw at residences or campgrounds.

133 Recommendation for Risk Assessments of Ice Throw and Blade Failure in Ontario Prepared by Garrad Hassan
for the Canadian Wind Association; 31 May 2007.

134 Recommendation for Risk Assessments of Ice Throw and Blade Failure in Ontario Prepared by Garrad Hassan
for the Canadian Wind Association; 31 May 2007.

135 Risk Analysis of Ice Throw from Wind Turbines, Henry Seifert, Annette Westerhellweg, Jurgen Kroning, Paper
presented at BOREAS 6,9 to 11 April 2003, Pyha, Finland.

136 Sethack Considerations for Wind Turbine Siting, GE Wind; Dated 2009.

37 |ce Shedding and Ice Throw — Risk and Mitigation, GE Energy/ GER-4262 (04/06); Dated 2006.

138 Risk Analysis of Ice Throw from Wind Turbines, Henry Seifert, Annette Westerhellweg, Jurgen Kroning, Paper
presented at BOREAS 6,9 to 11 April 2003, Pyha, Finland.
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There are points along McCain Valley Road (the only public road in the vicinity of proposed
turbines) that are located within 984 feet from the closest turbines (the closest location is
approximately 496 feet).

For areas within 984 feet of the turbines, there would be limited risk of potential safety hazards
to people or passing vehicles from ice throw. The likelihood of members of the public being
within this area (either on McCain Valley Road or elsewhere in public areas) during potential ice
throw events is extremely low, since the temperatures are only conducive to icing intermittently
during winter nights (which would have low use of both the roads and the public areas), and the
turbines would not necessarily be in operation during every potential ice event, thereby limiting
the possibility for ice to be thrown any distance beyond the blade length.

The following measures would further minimize and mitigate the potential for adverse effects to
the general public from ice throw:

e The fences and warning signs that will be installed under the direction of the BLM will
serve to keep members of the public away from areas directly under turbines, thereby
reducing the risk of injury.

e |If the blades become iced, it is likely they will become unbalanced and the vibration
sensor will stop the turbine, or the wind measuring instruments will freeze over and cause
an automatic shutdown, reducing the potential for ice throw.

If operations and maintenance personnel must enter the turbine area when there is an ice
accumulation, standard safety precautions and safety protocols would be followed including but
not be limited to*34°:

Remotely shutting down the turbine,

Yawing the turbine to position the rotor on the side opposite from the tower door.
Parking vehicles at a safe distance from the tower.

Restarting the turbine remotely when work is complete and personnel are clear.

e Wearing standard personnel protective gear, such as hard hats.

Based on the low frequency and the anticipated low likelihood of icing conditions, the distance
between the closest occupied residence to the proposed turbines (2,407 feet), and standard safety
precautions and safety protocols, the risk to public health and safety from ice throw is anticipated
to be insignificant.

34. Please comment on the structural integrity of the wind turbines in regard to withstanding
extremely cold temperatures.

139 |ce Shedding and Ice Throw — Risk and Mitigation, GE Energy/ GER-4262 (04/06); Dated 2006.
140 Risk Analysis of Ice Throw from Wind Turbines, Henry Seifert, Annette Westerhellweg, Jurgen Kroning, Paper
presented at BOREAS 6,9 to 11 April 2003, Pyha, Finland.
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Response: Turbines sold in North America are generally adaptable to the extreme cold as
accounted for in the design and certification process. Wind turbines are regularly found in
northern climes of the US and in Canada and function in extreme cold.

The International Standard IEC 61400-1'* indicates that the extreme temperature range for the
standard wind turbine is -20C to+50C (-4Fto +122F). Based on historical weather data for the
Jacumba area?, record lows in the winter have been recorded at 20F and record highs in the
summer have been recorded at 120F, within the standard wind turbine temperature range.
Therefore, no cold weather structurally related problems are anticipated for the Tule project.

Furthermore, all turbines will be inspected by an independent engineering company (e.g.,
Germanischer Lloyd, DNV or other appropriate independent engineer) prior to commissioning of
the project. This will require each turbine to have a statement of Compliance for Design
Assessment that the turbine is in compliance with the IEC 61400-1 rules for safe design,
including their ability to withstand the temperature range for the project area.

35. Please provide an explanation of the potential health effects of electromagnetic energy
resulting from the wind turbines, also referred to as “dirty electricity”.

Response: Electromagnetic energy and “dirty electricity” refer to different phenomena. As
described in Draft EIR/EIS Section D.10.8.1, an Electromagnetic Field (EMF) is a physical field
produced by electrically charged objects, when a current passes through a wire. Dirty electricity,
on the other hand, is poor power quality. This poor power quality could create a ground current
that will lead to an unbalance circuit problem on the system, which in turn might cause stray
voltage.

Wind turbines create electromagnetic fields from the power facilities that are a part of the turbine
makeup. As described in the Draft EIR/EIS Section D.10.8.1, electric and magnetic fields
attenuate rapidly with distance from the source. The electrical wiring of the wind turbine
generator is also surrounded by an electrically-conductive metal cover, so any EMF levels
outside of the wind turbine would be very low. In addition, given the large distances between
the proposed turbines and homes (2,407 feet or greater) and the Cottonwood and Lark Canyon
campgrounds (2,356 feet and 1,123 feet or greater, respectively), the turbines are not anticipated
to result in measurable levels in EMF at residences or campgrounds. Finally, as discussed in
Section D.10.8.6 of the Draft EIR/EIS, there is inadequate or no evidence of health effects at low
exposure levels.

Stray voltage could occur if the electrical equipment in the turbines is not maintained properly.
Induced current or stray voltage has the potential for adverse health effects if not properly
grounded. As part of the commissioning of the project, turbines will be examined to confirm that
they are properly grounded, as discussed in Project Design Feature (PDF) 17 of the San Diego
Rural Fire Protection District (SDRFPD) approved Fire Protection Plan, dated November 3,

I International Standard IEC 61400-1.
2 A History of Significant Weather Events in Southern California. Updated February 2010. Accessed April 11,
2011. National Weather Services Forecast Office, San Diego, CA.
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2010. Regular operations and maintenance measures will similarly confirm that there are no
stray voltage issues through the life of the project. Therefore, no health effects would be
anticipated to occur from stray voltage.

36. Please provide detailed responses to comments 1, 7, 9, and 16 related to public health
and safety, as identified in the letter from Richard James of E-Coustic Solutions provided
in Attachment B.

Please see Responses 23.1, 23.7, 23.9, and 23.16 of Data Request No. 14 for detailed responses to
comments identified in the letter from E-Coustic Solutions.

37. Please provide detailed responses to comments 1 and 2 related to shadow flicker and
“dirty electricity”, as identified in the letter and exhibit from Stephan Volker provided in
Attachment B.

The concerns identified by Mr. Volker are largely addressed in Responses 28 through 32
(shadow flicker) and Response 35 (“dirty electricity””) of Data Request No. 14. Shadow flicker,
indeed, has been reported through informal testimonies as being an annoyance, but have not been
independently verified as a health concern in published scientific literature. See Response 30 of
Data Request No. 14 above for more details.

The National Highway Traffic Safety Administration (NHTSA) describes driver distraction as
something that could present a serious and potentially deadly danger, and identifies various
forms of distracted driving, including cell phone use, texting, eating, drinking, talking with
passengers, and using in-vehicle technologies and portable electronic devices, along with less
obvious forms of distractions including daydreaming or dealing with strong emotions. See
Response 31 of Data Request No. 14 for more details.

As mentioned in Response 28 above, the vast majority of receptors near the project area will
have no shadow flicker from the Tule Wind Project turbines. A few receptors could experience
shadow flicker throughout the year. See Response 29 above for more details.

VISUAL RESOURCES

38. Please provide the Tule Wind viewshed map (EIR/EIS Figure D.3-2) that reflects the

“Modified Project Layout”.
Response: Revised viewshed map is provided as part of this response letter (attached).

WATER (APRIL 8, 2011)

39. In addition to the water availability letters provided by Jacumba Community Services
District and Live Oak Springs Water Company in August 2010, please provide additional
documentation verifying the source and availability of water and/or will serve letters from
well water providers as well as water purveyors to meet the proposed use of approximately

19 million gallons of water during construction of the Tule Wind Project.
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Response: Tule Wind, LLC (Tule Wind) will rely on groundwater wells on Rough Acres Ranch
and on Ewiiaapaayp Band of Kumeyaay Indians tribal land to supply construction water demands
for the Tule Wind Project. Attached to this response is a letter from John Gibson of Hamann
Companies which confirms the availability of groundwater from Rough Acres Ranch. We are also
working with the Ewiiaapaayp Band of Kumeyaay Indians to obtain a similar letter of water
availability. This information is forthcoming.

In addition, attached to this response are two (2) reports from Geo-Logic Associates, which
collectively confirm that groundwater resources on Rough Acres Ranch and on Ewiiaapaayp tribal
land will be sufficient to supply both peak water use (124 gallons per minute (gpm)) and total water
use (estimated 19 million gallons) required to build the Tule Wind Project.

The Geo-Logic Associates Estimate of Available Groundwater (September 7, 2010) indicates that
the conservative peak water use rate required for construction of the Tule Wind Project would
require groundwater pumping at a rate of 124 gallons per minute (gpm). Based on groundwater
sufficiency tests conducted by Geo-Logic Associates on Rough Acres Ranch and Ewiiaapaayp
tribal land, Geo-Logic concluded in the Groundwater Investigation Report (December 10, 2010)
that combined groundwater resources between these two groundwater sources could easily supply
130 gpm, if not more, thereby demonstrating sufficient peak use supply.

Furthermore, the Geo-Logic Groundwater Investigation Report also demonstrates that both sources
also are sufficient to supply the estimated 19 million gallons necessary to construct the Tule Wind
Project. These conclusions are discussed in more detail below.

Rough Acres Ranch Wells — Based on the well test plan that was approved by the County of San
Diego, Geo-Logic conducted a step test followed by a 72-hour, 50 gallons per minute (gpm),
constant rate aquifer pumping test at Well No. 6a on Rough Acres Ranch. Based on the lack of
significant drawdown in the nearest observation well (36 feet away), and no evidence of an effect in
more distant observation wells, Geo-Logic concluded that there is significant groundwater
resources within this water production area. In fact, during testing Geo-Logic observed no
drawdown in wells located within one-third and one-half mile of the pumping well. Accordingly,
Geo-Logic concluded that interference with the nearest off-site wells, approximately one half mile
from the pumping well, is not anticipated at the 50 gpm level proposed during construction of the
Tule Wind Project.

Although Tule Wind does not anticipate the need to do so, the Geo-Logic Groundwater
Investigation Report concluded that it is possible to double the pumping rate at the Rough Acres
Ranch well to 100 gpm “without well interference or significant groundwater depletion.” At a 50
gpm rate, the Groundwater Investigation Report concludes that the maximum drawdown rate over a
nine-month period would be 66 acre-feet, and at 100 gpm, the maximum drawdown rate would be
136 acre-feet. Until pumping is increased by eight (8) times the 50 gpm rate (8x50=400 gpm) to 54
acre-feet per month (nearly 486 acre-feet per year) would the groundwater basin approach the 50%
depletion level of 500 acre-feet within the basin. To put this water supply in perspective, the total
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estimated construction water supply necessary for the Tule Wind Project is approximately a little
more than 58 acre-feet of water (19 million / 326,000 gallons per acre foot). Accordingly, the
Groundwater Investigation Report concludes that there is a more than sufficient water supply
available at Rough Acres Ranch.

Ewiiaapaayp Tribal Wells - In addition, as discussed in the Groundwater Investigation Report,
although there are no requirements for analysis of groundwater use on tribal lands, the aquifer
pumping test and analyses for two wells within Thing Valley (Ewiiaapaayp Tribal lands) indicate
that there is sufficient storage for use of groundwater within Thing Valley and no significant
impacts to groundwater storage are anticipated. Based on existing records, the South well is
reported to produce water at a rate of 30 gpm and the North well is reported to produce water at a
rate of 90 gpm.

GIS INFORMATION (April 8, 2011)

40. Please provide pole numbering for the revised transmission line route, to be added to the
modified Tule Wind Project graphics in the Final EIR/EIS.

Response: GIS meta data for transmission line pole numbering for the Modified Project Layout is
provided as part of this response letter (CD attached).
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Mr. Iain Fisher

Energy Division

California Public Utilities Commission
505 Van Ness Avenue

San Francisco, California 94102-3298

Subject: Data Request No. 14
Tule Wind Power Project
Exponent Project No. 1103183.000

Dear Mr. Fisher:

I 'am a Principal Scientist and Director of the Center for Occupational and Environmental Health in the
Chicago office of Exponent, a scientific research and consulting company headquartered in Menlo Park,
California. I have worked at Exponent since November, 2003. Prior to working at Exponent, [ held a
series of positions with advancing responsibility in the areas of public health, occupational medicine, and
academia. [ was employed at the Oklahoma State Department of Health from 1972 to 1990 and held a
series of positions culminating in my appointment as the State Epidemiologist, a post that I held from
1979 to 1982, followed by the position of Consulting Medical/Environmental Epidemiologist from 1983
to 1990. In both of these capacities, I directed epidemiologic investigations of a broad range of health
concerns, from food-borne outbreaks to cancer clusters. I was a faculty member of the Department of
Preventive Medicine at the Medical College of Wisconsin, Milwaukee, from 1990 to 1997, and 1
completed my tenure as Associate Professor and Acting Chairman of the Department. While on faculty
at the Medical College, I was a part-time Medical Director for Wisconsin Centrifugal, a foundry in
Waukesha, Wisconsin, and Miller Brewery, Milwaukee, Wisconsin. In this role, I supervised the health
monitoring programs, both company-mandated and OSHA-required, in addition to the day-to-day
clinical aspects of the employee health service. My responsibilities included biological surveillance of
employee population as well as worksite reviews and inspections. I have also served as Corporate
Medical Director for several global companies prior to joining Exponent.

I earned a Master’s degree in Education in 1972, an M.P.H. in Epidemiology and Biostatistics in 1974,
and a Ph.D. in Epidemiology and Biostatistics in 1979. I completed medical school in 1986, an
internship in Family Medicine in 1987, and a residency/fellowship in Occupational and Environmental
Medicine in 1990. I am a Fellow of the American College of Occupational and Environmental
Medicine. I have unrestricted licenses to practice medicine in Oklahoma, Wisconsin, and Illinois. In
addition to my employment experience, I am a past member (20002007 and 2008-2011) of the Board
of Directors for the American College of Occupational and Environmental Medicine in Arlington
Heights, Illinois. I have been a member of the Board of Directors of Vysis, Inc. in Downers Grove,
Illinois and the Board of Scientific Counselors for the Agency for Toxic Substances and Disease

1103183.000 AOTO 0411 MR02
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Registry in Atlanta, Georgia. In addition, I have served as an active participant on numerous state and
national professional committees and board of directors.

I was asked by Iberdrola Renewables, Inc. to review and comment on the health aspects of the response
to the “Data Request No. 14: Tule Wind Project.” My review consisted of an evaluation of draft
responses for clinical and epidemiological consistency with current peer-reviewed, published literature.
The responses adequately reflect the content of the scientific literature and are consistent with major
reviews by academic and industry groups.

While I am not an acoustical engineer, acoustician, or noise modeler, I did review and was able to follow
the processes described in the response to a level with which I am professionally comfortable and was
able to utilize the data to address questions regarding health effects relative to the Tule wind farm
project. The assumptions made regarding the modeling are generally consistent with other modeling
efforts concerning other wind farm projects with which I have been involved.

A number of the questions included in the response involve lay concerns unsupported in the peer-
reviewed literature, but reflect concerns of sufficient magnitude such that they should be addressed. A
prime example of these concerns is “dirty electricity.” While conjuring up visions of unhealthy
consequences, “dirty electricity” actually appears to be a repackaging of “stray voltage” or possibly
“EMF.” Each of these terms periodically has been linked with power generation, transmission or use,
yet there are no scientifically founded health effects associated with those entities or indications that
these entities are associated with wind-generated power. These lay observations should not detract from
the fact that there are no scientific, peer-reviewed studies that link wind turbines to specific diseases or
health conditions.

It is my opinion that the following specific responses to the “Data Request No. 14: Tule Wind Project” is
scientifically based and can be relied upon in the review of the proposed wind farm:

Items#: 1,3,5,9,10, 11,13, 14, 15, 17, 18, 91, 20, 21, 23, 24, 25, 26, 29, 30, 31, 32, 33, 35, 37.

Best regards,

Mark A. Roberts, M.D., Ph.D.

Principal Scientist

Director for the Center of Occupational
and Environmental Health

1103183.000 AOTO 0411 MR02
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NOISE

1. Please explain the characteristics of audible and inaudible sound as they relate to wind

turbines, as well as a discussion regarding the appropriate metric for measuring both.

Response: Wind turbine sound is created by mechanical components in the nacelle and through
aerodynamic generation. The dominant source of sound for modern turbines is the interaction of
the rotating blades with the air, called aerodynamic sound. Modern upwind-configured wind
turbines produce noise throughout the range of infrasonic, low, midrange, and high frequencies.
These broadband sound emissions typically exhibit peak spectral emissions around 500 Hz" to 1
kHz. The noise emitted by modern upwind-configured wind turbines contains very low amounts
of energy in the infrasonic range, low amounts of low frequency energy, and relatively more
energy in the audible range. Modern up-wind configured wind turbines are recognized as
emitting less low-frequency noise than older down-wind configured wind turbines?, illustrated in
Figure 1-1.

Figure 1-1. Low Frequency Hearing Threshold Levels

Low frequency hearing threshold levels
120 (German reference curve)

= 100 L
o ®
] ]
£ 80 L
= &
£
= 20
w

0

0 20 40 60 80 100 120

Frequency (Hz)

‘ source: Moorhouse et al, 2005: Propesed eriteria for the assessment of low frequency noise disturbance |

Sound is perceived and recognized by its loudness (pressure) and pitch (frequency). Human
hearing of sound loudness ranges between 0 dB (threshold of sound for humans) and 140 dB
(very loud and painful sound for most humans)®*. Not all sound pressures are perceived as being
equally loud by the human ear due to the fact that the human ear does not respond equally to all

! The frequency of sound is expressed in Hertz (Hz) which is equal to 1 cycle per second.

2 Anthony L. Rogers, Ph.D., James F. Manwell, Ph.D., Sally Wright, M.S., PE, “ Wind Turbine Acoustic Noise”
prepared by the Renewable Energy Research Laboratory, Department of Mechanical and Industrial Engineering,
University of Massachusetts at Amherst, January 2006.

® NASD.National Agricultural Safety Database. Noise: The Invisible Hazard. (1993), Available at
http://www.nasdonline.org/docs/d000801-d000900/d000882/d000882.html.

* NMCPHC. Navy and Marine Corps Public Health Center. Physics of Sound. (4-15-2009), Available at
http://www-nmcphc.med.navy.mil/downloads/occmed/toolbox/PHY SICSOFSOUND.ppt.
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frequencies. The frequency range of human hearing has been found to be between 20 Hz and
20,000 Hz for young individuals with a declining upper frequency range correlating with
increasing age>. The sound perception, “hearing,” for humans is less sensitive to lower
frequency (low pitch) and higher frequency (high pitch) sounds. As a result, the human ear can
most easily recognize sounds in the middle of the audible spectrum, which is ideally between
1 kHz to 4 kHz (1,000 to 4,000 vibrations per second)®. Figure 1-2 from Rogers, et al. shows the
hearing threshold for the human ear for low frequency noise expressed as sound pressure. The
figure shows that humans do not hear sounds below 20 Hz very well.

Figure 1-2. Spectral Content of Vestas V80 Noise Showing Infrasonic and Low Frequency

Figure 1-2 from Rogers, et. al shows noise levels downwind of a Vestas V80. When compared
with the threshold shown in the figure above, the figure below shows that the infrasonic and low
frequency content of the Vestas noise emissions are below the hearing human perception
threshold.

The data in Figure 1-2 are supported by data reported in “InfraSound, Low Frequency Noise &
Vibration from Wind Turbines”” by Dr. Andy McKenzie of the Hayes McKenzie Partnership
Ltd, as shown in Figure 1-3 below.

® Berglund, B., Hassmen, P., and Job, R. F. (1996). Sources and effects of low-frequency noise. Journal of the
Acoustical Society of America. 99(5), (2985 -3002).

® UNSW.The University of New South Wales. dB: What is a decibel? (2005), Available at
http://www.phys.unsw.edu.au/jw/dB.html.

" Available at http://www.envis.sk/storage/25McKenzie.pdf
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Figure 1-3. Wind Turbine Noise Measurement Data
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Data in Figure 1-3 above shows that infrasound from a 1-2 MW (megawatt) wind turbine
operating approximately 420 m away from the receiver are well below the threshold for
perception of infrasound.

Additionally these data are supported by measurement data reported in Australia by the
consulting firm Sonus Pty, Ltd®. The graph (Figure 1-4) below by Sonus compares infrasound
measurements at two operating wind farms, Clements Gap (CGWF - 61 dBG) and Cape
Bridgewater) (CBWF — 63 dBG), with data measured at a beach in the absence of wind turbine
noise. These three data sets are compared with the internationally recognized audibility threshold
for infrasonic noise.

The Sonus measurement results indicate that the levels of infrasound in the vicinity of the two
Australian wind farms are well below the audibility threshold of 85 dB(G) established by
international research.® The measurement results are of the same order as that measured from a
range of sources including a beach.

& Sonus Pty, Ltd. in “INFRASOUND MEASUREMENTS FROM WIND FARMS AND OTHER SOURCES”
prepared for Pacific Hydro Pty Ltd, November 2010.
° Sonus Pty, Ltd. in “INFRASOUND MEASUREMENTS FROM WIND FARMS AND OTHER SOURCES”
prepared for Pacific Hydro Pty Ltd, November 2010.
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Figure 1-4. Infrasound Summary Results from Two Australian Wind Farms
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Summary Graph - Infrasound measurement results from two Australian wind farms (Clements Gap at
61 dB(G) and Cape Bridgewater at 63 dB(G)) compared against measurement results at a beach
(measured at 75 dB(G)) and the internationally recognised Audibility Threshold (85 dB(G))

Measurements of operating wind turbines published by Epsilon and Associates (Epsilon) also
show that infrasonic sound emissions from modern upwind-configured wind turbines are below
audibility thresholds for even the more sensitive people at a distance of 1,000 feet. The results of
the Epsilon analysis and field testing indicate that there is no audible infrasound either outside or
inside homes at the any of the measurement sites — the closest site was approximately 900 feet
from a wind farm. Wind farms at distances beyond 1,000 feet meet the ANSI (American
National Standards Institute) standard for low frequency noise in bedrooms, classrooms, and
hospitals, and there should be no window rattles or perceptible vibration of lightweight walls or
ceilings within homes. In homes there may be slightly audible low frequency noise (depending
on other sources of low frequency noise); however, the levels are below criteria and
recommendations for low frequency noise within homes. ** The wind turbine types measured by
Epsilon include the GE 1.5sle and Siemens SWT 2.3-93.

19 Epsilon Associates, A Study of Low Frequency Noise and Infrasound from Wind Turbines, May 2009.
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Inaudible sound is not generally assessed in analyses of environmental noise (because it cannot
be heard), and there is limited merit in discussing an appropriate metric for inaudible sound in
the context of an assessment of environmental noise caused by wind turbines.

Low frequency noise can be problematic if it occurs at very high levels or levels higher than
what occurs from wind turbines. Mechanics who work on military aircraft are one example of
the subset of the general population who might be routinely exposed to very high levels of low
frequency noise. Excessive exposure to infrasound and low frequency noise (ILFN), which is
defined as all acoustical phenomena occurring at or below the frequency bands of 500 Hz has
been associated with a condition termed vibro-acoustic disease (VAD).), a thickening of
cardiovascular structures, such as cardiac muscle and blood vessels.* Other examples of
environments where the ILFN may reach levels and exposures that could lead to VAD include:

e Military, applications of infrasound as a non-lethal weapon;

e Work carried out in connection with the Apollo space program (i.e. levels equivalent to
exposure of astronauts during blast off);

e Echocardiography of aerospace workers (i.e. those working around ground running aero
engines); and

e Noise risks in military operations.

Levels of infrasound due to all of the above will have significant effects above 125 dB (linear).'?
The infrasound levels due to all of the above bear no connection to the sound produced by wind
turbines.™

In summary, there is clear, consistent, and objective evidence that modern wind turbines emit
very low levels of infrasonic and low frequency noise. The evidence also shows that these
emissions are below the internationally recognized threshold for perception of infrasound.
Furthermore, the Chief Medical Officer of Heath from Ontario, Canada stated: “There is no
evidence of adverse health effects from infrasound below the sound pressure level of 90dB
(Leventhall 2003 and 2006).**”

The appropriate metric to measure and assess audible wind turbine sound is dictated by the
context of the measurements. In this instance, the applicable sound limits are the context for this
discussion. Section 6951 of the San Diego County Zoning Ordinance requires that sound level
limits of Title 3, Division 6, Chapter 4 of the San Diego County Code (Noise Abatement and
Control) shall apply to large wind turbine systems. San Diego County Code of Regulatory
Ordinances Section 36.403 Sound Level Measurement specifies that sound level measurements

11 Castelo Branco NAA, Alves-Pereira M. (2004) Vibroacoustic disease. Noise & Health 2004; 6(23): 3-20.

12 Kryter, Karl D. The Effects of Noise on Man, Second Edition. Florida: Academic Press Inc., 1985

3 Direct testimony of Dr. Geoff Leventhall on behalf of Wisconsin Electric Power Company, before the Public
Service Commission of Wisconsin, E-docket number 6630-CE-302

1 Chief Medical Officer of Health, “The Potential Health Impact of Wind Turbines,” May 2010.
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“[...]shall be measured with a sound level meter using A-weighting and a “slow” response time,
as these terms are used in ANSI S1.1-1994 or its latest revision.

Additionally the San Diego County General Plan Part VIII Noise Element states:

“The most appropriate basic unit of measure for community noise is the A-weighted sound
level, abbreviated dBA. This unit gives a lower weight to low and high frequency sounds in
a manner similar to the relative lower efficiency of the ear at low or high frequencies.”*

In San Diego County, the appropriate metric for measuring audible wind turbine generated
sound is the A-weighted decibels. This is consistent with the County Noise Element, local
sound level limits*® and post-construction sound level measurement procedures.”” The A-
weighting scale simulates the frequency response of the human ear to both high, mid and low
frequency sounds.

2. Please provide an explanation of the general level and amount of low frequency noise
generated by wind turbines and how it compares to other noise sources. Please also
respond to the comment that low frequency sound increases as the distance from wind
turbines increases.

Response: Post-construction noise monitoring requirements for wind turbines are fairly new in
the United States, and therefore there is not an abundance of noise monitoring data available. A
recent field study performed by Epsilon Associates (A Study of Low Frequency Noise and
Infrasound from Wind Turbines, July 2009) contains a detailed discussion of measured low-
frequency noise from wind turbines. The study measured infrasound and low frequency sound
associated with two modern turbines, the GE 1.5sle and the Siemens 2.3-93. Using existing
ANSI criteria for the evaluation of interior sound levels, Epsilon Associates determined that
noise generated by wind farms at distances beyond 1,000 feet were below the low frequency
noise criteria for bedrooms, classrooms and hospitals. In addition to meeting ANSI background
noise criteria the measured interior noise levels also demonstrate that wind turbine setbacks of
1,000 feet will not cause “more than minimal annoyance (if any) from low frequency noise, and
there should be no wind rattles or perceptible vibration of light-weight walls or ceilings within
homes.”

The overall noise level and spectrum of the GE 1.5-sle turbine is similar to the noise emissions of
the GE 1.5 XLE, one of the turbines being considered for use in the Tule Wind Project. The
Siemens 2.3-93 turbine, also used in the Epsilon study, has similar sound emissions, within +/-
3 dB, to the 2.0 MW and 3.0 MW turbines being considered for use in the Tule Wind Project.
Current setbacks for the Tule Wind Project are more than 1,500 feet from the nearest non-
participating home. Based on the Epsilon noise study, low frequency noise at a distance of

15San Diego County General Plan Part V111 Noise Element. GPA 06-008. 2006 September 27. Pg. V111-6.
16 San Diego County Code of Regulatory Ordinances Section 36.404.
7 San Diego County Code of Regulatory Ordinances Section 36.403.
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1,500 feet will have no audible infrasound and will meet ANSI S12.2 criteria for acceptable
indoor levels for low frequency sound.

Infrasound and low frequency sound exposure is part of the everyday sound exposure. Natural
sources of low frequency and infrasound include wind and moving bodies of water such as rivers
and waterfalls. Common anthropogenic sources of low frequency and infrasound include
vehicular traffic, aircraft, rail traffic, HVAC equipment and other industrial sources. Household
appliances and everyday activities such as washing machines, running, swinging on a swing set,
and swimming also produce low frequency sound and infrasound.

Additionally the infrasonic and low-frequency noise emissions from wind turbines are often less
than levels emitted by natural sources like ocean waves crashing on a beach (crashing ocean
waves often produce a roar that has a distinct low-frequency tonal component that is much
louder than the noise emitted by a wind turbine).

The notion that sound pressure levels in any frequency range increase with increasing distance
from the noise source is not a factual statement. Sound levels in all frequencies including low
frequencies do not increase with increasing distance from the noise source. Sound pressure
waves travel in all directions, and therefore lose energy with increasing distance from the noise
source. Sound levels diminish as the sound propagates outward along the path from the source to
the receiver; this divergence is independent of frequency.*®!° A simple analogy is an unshaded
light bulb; the amount of light diminishes with increasing distance from the bulb.

There are instances in which sound levels in a particular location would experience a slight
increase in sound levels due to the presence of reflective surfaces. This does not mean that the
low frequency increases with distances, but that reflective surfaces may cause localized increases
in sound of all frequencies. This would be similar to placing a light bulb over a mirror, as some
of the light would reflect upwards and may appear brighter. But there would never be an
increase in the amount of light or energy as you move away from the source.

3. Please provide an explanation regarding how the existing ambient sound levels were
calculated for the project, including the standards and measurement procedures adhered
to in collecting this data. Please provide a discussion of how short term events or
background wind noises were considered in calculating existing ambient sound levels.

Response: Existing noise levels were not calculated, they were measured directly using
precision logging sound level meters and microphones. Measurement durations were 24 hours
long at each measurement location. Data were continuously recorded and logged in the memory
of the sound level meter for later download and analysis. Existing sound levels were analyzed in
terms of 1-hour intervals, consistent with many state and federal agency standards (i.e., Federal
Highway Administration, Federal Transit Administration, Federal Railroad Administration,
Minnesota Pollution Control Agency, Illinois Pollution Control Board, etc.), as well as common

18 Anderson Grant S and Kurze Ulrich J. Outdoor Sound Propagation. in Noise and Vibration Control Engineering:
Principles and Applications. Edited by Leo L. Neranek and Istvan L. Ver. 1992,

9 Harris, Cyril M. Handbook of Acoustical Measurements and Noise Control. Third Ed. Acoustical Society of
America. 1998.
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practice for environmental noise measurements. In regard to the San Diego County regulations,
the 1-hour measurement interval was required to compare existing sound levels against future
sound levels due to the project.

The intent of the sound measurement was to characterize the existing ambient sound
environment. Therefore, standardized measurement methods were chosen which have scope and
purpose that are compatible with this intent. The applicable standards from the ANSI and ASTM
International (formerly known as the American Society for Testing and Materials) are listed
Table 3-1 by their designation, title, and a paraphrase of the purpose and scope that is applicable
to the existing ambient sound measurement.

Table 3-1. Applicable Sound Measurement Standards for Existing Ambient Sound

ANSI S1.13 | Measurement of Sound Pressure Levels in Air

A fundamental standard providing a uniform procedure for measuring sound pressure levels at a single
point in space; it is applicable to a wide range of measurements indoors or outdoors.

ANSI S12.9/Part 2 Measurement of Environmental Sound. Part 2: Measurement of Long-Term,
Wide-Area Sound

Procedures to measure environmental sound levels for several purposes, including, “Assessment of the
general community noise environment and establishment of baseline environmental noise levels.” It
includes procedures for spatial and temporal sampling.

ASTM E1 014 | Measurement of Outdoor A-Weighted Sound Levels

Procedures to measure and document sound pressure levels outdoors for several purposes, including,
“Documentation of sound levels before the introduction of a new sound source (for example, assessment
of the impact due to a proposed use).”

The measurement of existing ambient sound levels for the Tule Wind Project followed
applicable portions of the above measurement standards.

The measurement procedures above consider short-term sound events an inherent feature of the
sound measurement, and do not exclude these sounds from the measurement. There are other
measurement methods which address the exclusion of short-term and transient sound events in
the environment. They are listed in Table 3-2 by designation, title, and a paraphrase of the
purpose and scope.

The standards above are not intended to characterize the existing ambient sound levels. They are
intended to measure the sound from a specific source. It is therefore inappropriate to use these
methods to document the existing (pre-construction) acoustic environment. The sound sources of
interest — the wind turbines — do not yet exist.
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Table 3-2. Applicable Sound Measurement Standards for
Short-Term and Transient Sound

ANSI S12.9/Part 3 | Measurement of Environmental Sound. Part 3: Short-Term Measurements with an
Observer Present

Procedures to measure sound from a specific source and to effectively eliminate the influence of
extraneous background sounds from the specific source.

ANSI S12.18 | Outdoor Measurement of Sound Pressure Level

Procedures to measure sound from a specific source or sources and to account for environmental
conditions with the purpose of obtaining reproducible sound pressure levels of the same sound source in
different environmental conditions.

ASTM E1780 | Measuring Outdoor Sound Received from a Nearby Fixed Source

Procedures to measure sound from a specific source at a location in the vicinity of that same source,
primarily for the purpose of comparing to criteria or regulatory limits.

The standards ANSI S12.9/Part3 and ANSI S12.18 both have procedures to remove the
influence of extraneous background sounds. When measuring a specific sound source, it is
impossible to separate the sound of the specific source of interest from the rest of the sounds in
the environment. Therefore it is necessary to perform two measurements: one of the total sound
(the source of interest combined with the remaining sounds in the background environment), and
one of just the background sound (the sounds in the environment without the source of interest).
Once this is accomplished, it is possible to mathematically derive the sound level of the specific
sound source on its own, without the background environment. This can be an intricate process,
because the background sound must be nearly identical in both measurements. If short-term or
transient noise events occur in either the total sound measurement or the background sound
measurement, the calculation will yield incorrect results. Therefore short term or transient events
are excluded when measuring a specific sound source.

Measuring the existing ambient sound environment for the Tule Wind Project did not follow
procedures of ANSI S12.18 described above. Despite the existence of a clause therein which
allows for measurement of ambient sound measurements, the introduction states the procedures
are primarily focused on measurements of specific sound sources, and the scope clause
specifically precludes use of ANSI S12.18 for environmental assessment or planning for
compatible land uses.

Short-term noise events that occurred during the measurement period are inherently integral to
the existing ambient sound environment for the Tule Wind Project; therefore these sounds were
included in the measurement results of the existing ambient sound environment, following
applicable portions of standards ANSI S1.13 and ANSI S12.9/Part 2 and ASTM E1014. In other
words, the analysis for the Tule Wind Project included short term events and background wind
noises in its measurements of existing ambient sound levels.
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4. Please provide an explanation regarding the sound characteristics of wind turbine noise,
including a discussion of how noise from wind turbines compares to noise generated
from other sources at comparable sound levels (e.g. aircraft or road noise) and how
noise from wind turbines compares to other sources in terms of annoyance. Please take
into consideration the modulating character of wind turbine noise, the mix of tones from
wind turbines and how they relate to the thresholds of perception, low frequency energy
(both audible and inaudible) generated by wind turbines, and the effect of spacing
between wind turbines.

Response: Wind turbine sound is created by mechanical components and through aerodynamic
generation. The dominant source of sound for modern turbines is the interaction of the rotating
blades with the air called aerodynamic sound. Aerodynamic sound produced by wind turbines is
broadband and contains: low and inaudible amounts of energy in the infrasonic range, low
amounts of low frequency energy which may or may not be audible, and relatively higher levels
of noise in the audible range of middle and high frequencies.

Table 4-1 depicts various common noise sources in comparison to the sound design goals of the
Tule Wind Project. As shown in Table 4-1, the sound design goals for the Tule Wind Project are
50 and 45 dBA, on an hourly Leq basis, for daytime and nighttime hours respectively. The sound
level limits depicted apply to the property line of residential parcels. Sound levels of 45 and
50 dBA are comparable to common interior sound sources such as modern refrigerators.

Table 4-1. Common Noise Sources
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% G.P. van den Berg. “The Beat is Getting Stronger: The Effect of Atmospheric Stability on Low Frequency
Modulated Sound of Wind Turbines.” Noise Notes VVolume 4 Number 4.
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In comparison to other exterior sound sources an hourly Leq of 45 dBA is relatively low. The
San Diego County threshold of significance allows for a sound level exposure of up to 60 dBA
CNEL or 53 dBA Leq for transportation related sources.* In comparison to the Tule Wind
Project, vehicular traffic can be 3 to 8 dBA louder than wind turbine generated noise. Both
vehicular traffic and aircraft overflight commonly approach or exceed 50 dBA Leq. Steady, low-
volume traffic pass-by events exhibit a rhythmic rise and fall in volume. Ocean waves crashing
on a beach also exhibit a rhythmic rise and fall in volume. In this manner noise from these
events exhibits amplitude modulation, which by virtue of its nature is not intrinsically annoying
or harmful to human health. Both traffic noise and ocean waves exhibit a mix of broadband, low
frequency, and infrasonic noise emissions — which by virtue of its nature is also not intrinsically
annoying or harmful to human health.

Wind turbines emit broad band noise. As the blades move closer and away from a stationary
listener, the noise they emit gets louder and softer. This rhythmic increase and decrease in noise
emissions is called amplitude modulation. The frequency content of amplitude modulated wind
turbine noise typically occurs between 500 Hz and 1,000 Hz.?Certain persons believe that the
amplitude modulated sound made by wind turbines makes their noise emissions more annoying
than other environmental noises like highway traffic noise. However, as mentioned previously,
noise which exhibits amplitude modulation is not considered to be annoying.

In fact, many people consider the rhythmic noise made by ocean waves to be desirable. Although
noise from ocean waves is largely broadband, it also contains low-frequency noise and is a
natural source of infrasound.

In one respect, differential spacing between wind turbines has the same effect as differential
spacing between any other sound sources in that at certain distances the combination of lines of
turbines will behave like a line-source. This effect is a matter of geometry, and these geometric
attributes were included in the sound analysis for the Tule Wind Farm. In another respect,
differential spacing between wind turbines may affect the amount of turbulence that downwind
turbines may experience. Current state of the art acoustical analysis tools do not incorporate
meteorological routines that would allow the assessment such inter-turbine turbulence. To ensure
that the noise analysis does not understate the noise from the project due to the inability to
account for such specific atmospheric effects, other, conservative assumptions were used in the
noise analysis, including use of 100% acoustically reflective ground, modeling of the hot
weather package (which includes additional noise from cooling equipment in the nacelle),
continuously downwind conditions in all directions and the addition of 2 dBs to the
manufacturer-stated sound emissions. Please refer to Response 7 of Data Request No. 14 for
further details on inter-turbine turbulence.

2! Estimated based on constant vehicular traffic
2 Colby et al. Wind Turbine Sound and Health Effects — An Expert Panel Review. American Wind Energy
Association. December 2009.
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5. Please provide an explanation of the relative level of annoyance resulting from low
frequency sound as it compares to perceptible, audible sound. Please take into
consideration the thresholds of perception for single pure tones as compared to tones
generated by wind turbines and the relative sensitivity of individuals to audible and
inaudible sound levels.

Response: It is difficult to correlate inaudible sounds (in any frequency band) to perceptible,
audible sounds because if a sound cannot be heard then its potential to annoy a person is very
difficult to establish objectively. This is particularly true in the outdoor environment as opposed
to in an audiology booth. We know that the low frequency and infrasonic energy in wind turbine
noise has enough energy to impart a displacement upon a human skin of approximately ten
microns (half the thickness of a strand of hair). We also know that heart beats, breathing, and
normal movements displace the areas of the human body significantly more than ten microns.?
In addition, the human body produces multiple sources of sound. Heart sounds are in the range
of 27 to 35 dB at 20-40 Hz** and lung sounds are reported in the range of 5-35 dB at 150-600
Hz?. Therefore, it is difficult to accept the hypothesis that sound pressure levels from wind
turbines in the inaudible portion of the acoustic spectrum have potential to annoy or impart
adverse health effects in a direct exposure to outcome continuum.

The responses to question 1 established that low frequency and infrasonic content of wind
turbine noise is below recognized thresholds of perception. There is anecdotal evidence that
suggests that audible wind turbine noise is annoying to some people. However, the Chief
Medical Officer of Health for Ontario Canada stated in a recent report, “The review concludes
that while some people living near wind turbines report symptoms such as dizziness, headaches,
and sleep disturbance, the scientific evidence available to date does not demonstrate a direct
causal link between wind turbine noise and adverse health effects. The sound level from wind
turbines at common residential setbacks is not sufficient to cause hearing impairment or other
direct health effects, although some people may find it annoying™?®.

The suggestion that inaudible sound from wind turbines causes annoyance is largely unsupported
by objective and factual data. There is no direct, causal link between inaudible sound from wind
turbines and annoyance. Pure single tones, also referred to as prominent discrete tones, exhibit an
increase of at least 5 dB from the adjacent octave bands. This makes them discernable as a tone,
and they stand out from the overall acoustic environment and are by definition more distinctly
audible. Common modern wind turbines do not emit prominent discrete tones®’?4%°,

2 Direct testimony of Dr. Geoff Leventhall on behalf of Wisconsin Electric Power Company, before the Public
Service Commission of Wisconsin, E-docket number 6630-CE-302.

2 Sakai, A., Feigen, L. P., and Luisada, A. A. (1971). Frequency distribution of the heart sounds in normal man.
Cardiovascular Research. 5(3), (358 -363).

% Fiz, J. A., Gnitecki, J., Kraman, S. S., Wodicka, G. R., and Pasterkamp, H. (2008). Effect of body position on lung
sounds in healthy young men. 133(3), (729 -736).

%6 Chief Medical Officer of Health, “The Potential Health Impact of Wind Turbines”, May 2010.

" Delta Test Report, “Measurement of Noise Emission from a Vestas V90 3 MW wind turbine “model 0",
December 10, 2009.

%8 General Electric, “Technical Documentation Wind Turbine Generator Systems GE 1.6xle - 50 Hz & 60 Hz”, 2009.
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6. Please provide an explanation of the methods used by HDR to measure sound generated
by the wind turbines, including an explanation for the use of the dB(A) scale as a metric
for determining noise impacts from wind turbines.

Response: HDR has not measured sound emissions from wind turbines associated with the
proposed project. The analysis results presented in the Tule Wind Project — Draft Noise Analysis
Report represent calculated project-related sound levels. Project-related sound levels were
calculated using Cadna-A, an acoustical analysis software package designed for evaluating
environmental noise from stationary and mobile sources. Cadna-A is a three-dimensional noise
model based on International Standards Organization (1SO) 9613, “Attenuation of Sound during
Propagation Outdoors,” adopted by the ISO in 1996. This standard provides a widely-accepted
engineering method for the calculation of outdoor environmental noise levels from sources of
known sound emission.

Several sound sources associated with project operations were modeled using Cadna-A including
the project collector substation, wind turbine generators and a SODAR unit. The sound analysis
evaluated noise impacts based on the maximum project build-out in terms of number of turbines.
The maximum build-out for the project allows for up to 128 1.5 MW turbines. In the assessment
of wind turbine-generated sound 128 Gamesa G87 2.0 MW turbines were modeled. If 2.0 MW
turbines, such as the G87, were to be utilized, approximately 100 locations would be built versus
the 128 locations modeled. Turbine locations and turbine types have not been finalized;
therefore, all potential locations were analyzed. Actual noise impacts utilizing a 2.0 MW turbine
would be less than modeled due to fewer turbines.

The sound analysis estimated project-related sound levels by incorporating a number of
modeling techniques whose net effect conservatively over-estimated noise propagation in the
project area. These techniques include assuming that the ground is 100% acoustically reflective,
that the noise levels associated with the hot weather package (which includes additional noise
from cooling equipment in the nacelle) were occurring all of the time, and other techniques as
described in response to question 16 that conservatively over-estimate project related noise
levels. Table 6-1 summarizes the conservative modeling assumptions and their effect on
modeling results.

The net effect of these conservative assumptions shown in the table above is the over-estimation
of project-related noise levels. As shown in Table 6-1, this noise analysis is reasonable,
appropriate, and is more conservative than required by the standards of practice in the field of
environmental acoustics.

2 Suzlon Energy A/S, “Sound Power Level $88-2.1MW”, October 25, 2010.
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Table 6-1. Modeling Assumptions and Influence on Calculated Sound Level

. . Effect on Calculated

Modeling Assumption Sound Level
Guaranteed sound level v. maximum manufacturer stated +2 dB
Continuous use of hot weather package® +2.6dB
Reflective ground +3dB
Continuous downwind conditions for all directions? ~0to2dB
Use of 128 2.0 MW turbines vs. 128 1.5 MW turbines® ~0to5dB
Total effect on calculated sound level 7.61t014.6 dB

! Lower emission modes of the hot weather package would be used during nighttime hours as the mode
modeled will only be used in temperature above 98° F.

2This results in the wind blowing in all directions continuously throughout an hour.

These are the most favorable propagation conditions (wind blows in all directions all the time).

*The Tule sound analysis modeled 2.0 MW turbines in a layout that is representative of maximum build-out
with a 1.5 MW turbine (resulting in 28 additional turbines). If 1.5 MW turbines were modeled using the
current layout, resulting sound levels would be up to 5 dB lower, based on the use of a GE 1.5 XLE turbine.

The A-weighting scale is a close approximation of the human response to different frequencies
of sound and is in broad use across many disciplines which address noise. The A-weighting scale
attenuates low-frequency noises in a manner that simulates how human ears attenuate low
frequency noise at low levels (approximately 40 dB). The A-weighting scale is the most
appropriate weighting scale for environmental acoustics analysis and to assess compliance with
applicable noise limits. State and Federal agencies that regulate environmental noise throughout
the United States rely on the A-weighted decibel, or dB(A) as the most appropriate metric for
assessing human response to noise. Applicable noise rules in California also rely on the A-
weighted decibel.

Section 6951 of the San Diego County Zoning Ordinance requires that sound level limits of
Title 3, Division 6, Chapter 4 of the San Diego County Code (Noise Abatement and Control)
shall apply to large wind turbine systems. San Diego County Code of Regulatory Ordinances
Section 36.403 Sound Level Measurement specifies that sound level measurements “[...] shall
be measured with a sound level meter using A-weighting and a “slow” response time, as these
terms are used in ANSI S1.1-1994 or its latest revision.

Additionally the San Diego County General Plan Part VVI1I Noise Element states:

“The most appropriate basic unit of measure for community noise is the A-weighted
sound level, abbreviated dBA. This unit gives a lower weight to low and high frequency
sounds in a manner similar to the relative lower efficiency of the ear at low or high
frequencies.”°

%93an Diego County General Plan Part VIII Noise Element. GPA 06-008. 2006 September 27. Pg. VIII-6.
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In San Diego County the appropriate metric for determining noise impacts from wind turbine
generated sound is the A-weighted decibels. This is consistent with the County Noise Element,
local sound level limits** and post-construction sound level measurement procedures.*

Please refer to Sections 1.3 and 3.1 of the Tule Wind Project — Draft Noise Analysis Report for
further details concerning the modeling methodology and applicable regulations.

7. Please provide an explanation of how temperature inversion, uncharacteristic weather
patterns, high wind shear above the boundary layer, periods of atmospheric turbulence
(as it relates to turbines mounted on high locations with rough terrain), and inter-turbine
turbulence resulting from inter-turbine spacing of less than 5 to 7 rotor diameters were
addressed in the sound modeling.

Response: The noise analysis report prepared and submitted for this project explains the
meteorological assumptions and features used in the Cadna-A noise model developed to
calculate project-related noise. Events such as temperature inversions, uncharacteristic weather
patterns, high wind shear above the boundary layer, periods of atmospheric turbulence, and inter-
turbine turbulence typically last for short durations, sometimes very short durations. Current state
of the art acoustical analysis tools do not incorporate meteorological routines that would allow
the assessment of micro-climatology like inter-turbine turbulence, atmospheric turbulence and
high wind shear above the boundary layer. Alternatively, conservative assumptions were used in
the noise analysis, including use of 100% acoustically reflective ground, modeling of the hot
weather package (which includes additional noise from cooling equipment in the nacelle),
continuously downwind conditions in all directions and the addition of 2 decibels to the
manufacturer-stated sound emissions. These assumptions ensure that the noise analysis does not
understate noise from the project.

Temperature Inversions

Atmospheric conditions influence the propagation of sound; the main effect is refraction (a
change in the direction of the sound waves) produced by vertical gradients of wind and
temperature. Normally the temperature decreases steadily with increasing height above the
ground. At night, the temperature sometimes decreases with decreasing height; this is called a
temperature inversion. During an inversion, the sound waves that would normally travel upward
and away from the noise source refracts (bends) downward. This causes noise levels at points
away from the source to be louder than they would be under non-inversion conditions.*®

%! San Diego County Code of Regulatory Ordinances Section 36.404
% San Diego County Code of Regulatory Ordinances Section 36.403
¥ page 3-12, “Handbook of Noise Control”, ed by Cyril M. Harris, second edition, 1979
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The sound modeling performed for the Tule Wind Project represents sound levels that would be
experienced under downwind propagation, or propagation under a “well-developed moderate
ground-based temperature inversion, such as commonly occurs at night.”*

Temperature inversions are most commonly caused by radiative cooling of the ground at night
leading to cooling of the air in contact with the ground. Such conditions are especially prevalent
on cloudless nights with little wind. If winds occurred at the ground level, the inversion layer
would become mixed with the layers above it and the inversion would begin to disappear.

Temperature inversions occurring within the lowest 50 to 100 meters of atmosphere can affect
noise levels measured on the ground. Such conditions may increase noise levels by focusing
sound wave propagation paths at a single point. Conventional approaches to assessing noise
propagation under temperature inversion conditions require knowledge of the temperature
gradient and assume that the noise source is located below the temperature inversion, typically
near the ground. In summary, when a layer of cool air is trapped at the ground surface (with a
layer of warmer air above it) and the winds are still, the resulting temperature inversion is known
to focus sound wave propagation paths (from noise sources operating in the layer of cold air,
most often on the ground) at a single point on the ground.

The effect of temperature inversions on noise propagation from wind turbines is not typical of
other sources. Wind turbines located on top of ridges are often located at elevations that are
much higher than nearby receivers. In those circumstances it is unlikely that conventional
temperature inversions in the lower 100 meters of the atmosphere would affect noise propagation
from sources elevated as high as wind turbines on top of ridges. A further consideration must be
that temperature inversion requires little to no wind in order to minimize atmospheric mixing and
hence develop. During calm conditions the wind turbine generators are unlikely to operate,
because the cut-in speed is approximately 3-4 m/s. *

In general, sound propagates best under stable conditions with a strong inversion, such as during
a clear night with low winds. In those situations, sound levels from wind turbines would be at
their lowest. Wind speeds under very stable conditions — Stability Class G — generally are 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 more moderate nighttime
inversions.*

Moderate nighttime inversions include periods when winds at the hub height are above the cut-in
speed and ground-level winds are still, so that there is no masking noise from ground-level
winds. These conditions are most likely to result in the highest levels of amplitude modulation,
be most favorable to noise propagation, and therefore result in wind turbine noise being the most
perceivable®”. Post-construction noise measurements were performed during these conditions, at

* International Organization for Standardization (1SO). ISO 9613-2:1996. Measurement of Environmental Sound.
Part 2: Measurement of Long-Term, Wide-Area Sound.

% Silverton Wind Farm Noise Impact Assessment, July 23, 2008, by Heggies Pty Ltd.

% Kenneth H. Kalinski, “Understanding Turbine Sound Impact Studies”, North American Wind Power, May 2008.
¥ Resource Systems Engineering, “Response to Powers Trust Objection”, November 3, 2009



Mr. lain Fisher

California Public Utilities Commission ATTACHMENT A
'\p/'ay & 2ot Data Request No. 14
age 19

Tule Wind Project

both the Mars Hill and Stetson wind farms. Over 300 hours of measurement data was collected
under these conditions. Analysis of that data confirmed that noise levels measured under these
moderate nighttime inversion conditions were within 5 dBA of modeled noise levels®.

Temperature inversions can be modeled using current acoustical software using conservative
methods that overestimate noise levels (as was done for this project) and also more refined
methods. A more refined method involves use of the CONCAWE routine in Cadna-A, which
allows a modeler to simulate very specific meteorological conditions including individual
stability classes and select wind speeds. Table 7-1 presents a comparison of analysis results of
three different and increasingly stable temperature inversions. Using a single Gamesa G87
turbine, one of the proposed turbine types for the Tule Wind Project, a model was developed to
compare the sound levels that may be experienced during a temperature inversion. A
comparison of modeled sound levels using various atmospheric stability classes and the
assumptions used in the Tule sound study is presented in Table 7-1 below.

Table 7-1. Comparison of VVarious Temperature Inversions

I1SO 9613-2 (Model Used 23
Receptor for Tule Sound Study) CONEAIE
Ll AR No Wind Rosel Stgb. Class=E Stz_:lb. Class=F
Wind = 4.5 m/s Wind = 2.5 m/s
500 ft 58.1 53.0 44.2
1000 ft 52.2 49.0 40.2
1500 ft 48.4 46.0 37.2
2000 ft 45.6 43.6 34.8

The Tule sound study utilized 1SO 9613-2 with no wind rose. These parameters represent a “well-
developed moderate ground-based temperature inversion, such as commonly occurs at night.”*®

2 meteorological corrections were applied to simulate inversions at various stability classes.

3Sound emissions used for CONCAWE calculations are relative to the operational wind speeds for each
class. The turbine sound emissions in the CONCAWE models do not include 2.6 dB for warm-weather
package noise. The periods in which these atmospheric stability classes are expected are cooler
nighttime and early morning periods

Analysis results in Table 7-1 shows that the Tule noise analysis conservatively overestimates the
project-related noise levels in a wide variety of atmospheric stability conditions, including strong
inversions with low wind speeds. As shown in Table 7-1 the modeled results for 1ISO 9613-2
(that used for the Tule sound study) using no wind rose, are approximately 2 dB to 5 dB above
the results for conditions consistent with stability class E, and approximately 11 dB to 16 dB
above the results for conditions consistent with stability class F. This demonstrates that the
modeling methods performed in the Tule noise analysis result in conservative over-estimates of
project-related noise that are adequately representative of meteorological conditions that lead to

% Resource Systems Engineering, “Response to Powers Trust Objection”, November 3, 2009.
¥ International Organization for Standardization (1SO). ISO 9613-2:1996. Measurement of Environmental Sound.
Part 2: Measurement of Long-Term, Wide-Area Sound.
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the most efficient noise propagation. These conditions include strong temperature inversions
with calm winds below the cut-in speed.

The noise analysis performed for the Tule Wind Project modeled a moderate inversion condition.
The Tule noise analysis also added more than five decibels of conservatism. In this manner, the
Tule noise analysis accounted for moderate inversions and conditions most favorable to noise
propagation, when ground-level masking is at its lowest level, and turbine noise is most
noticeable.

Uncharacteristic Weather Patterns

Uncharacteristic weather patterns means winds are blowing from a direction that they normally
do not blow from. The primary effect of this condition is to reduce noise levels at upwind
receivers and slightly increase noise levels at downwind receivers.”’ Even during these
conditions, wind direction changes throughout each hour; therefore downwind noise levels will
vary with fluctuations in wind direction. By comparison, the Tule noise analysis assumes that
the wind blows in each direction for the entire duration of an hour. The result of this unrealistic
meteorological condition is conservative over-estimates of project-related noise levels during
uncharacteristic weather patterns.

High Wind Shear Above the Boundary Layer

Wind speeds generally increase with increasing height above the ground. Irregularities in
features on the ground (buildings, terrain, trees and other vegetation) cause friction between the
ground and winds closest to it. That friction slows down wind speeds in the atmospheric layer
closest to the ground. Wind shear occurs where the lowest atmospheric layer meets a layer of the
atmosphere above it that is not affected by surficial friction: wind shear is the boundary between
the lower (slower) winds and the higher (faster) winds.

There is evidence that wind shear increases both the sound power emissions and the amplitude
modulation from wind turbines. Wind shear is highest and exhibits the greatest difference
between wind speeds at 10 meters and at 80 meters at low wind speeds. Wind shear reduces with
increasing wind speed to the point where it is, on average, of a similar value as that used in IEC
61400-11 to define wind turbine sound power levels. The difference between wind speeds at 10
meters and 80 meters at low wind speeds is more predominant at night. Night time wind shear is,
on average, higher than day time. There does not appear to be a large difference between average
wind shear in summer and winter. The evidence suggests that shear in winter may be slightly
higher but this may be due to the fact that there are longer nights when shear is higher. Wind
shear on a flat site is significantly higher than that on a hilly site, even a hilly site with low
rolling hills. The difference in wind speeds at 10 meters and 80 meters is also higher on a flat
site. This is true at all times of day and all times of the year.**

0 page 3-12, “Handbook of Noise Control”, ed by Cyril M. Harris, second edition, 1979
* Dick Bowdler, “Wind Shear and its Effect on Noise Assessment”, proceedings from the Third International
Conference on Wind Turbine Noise, Aalborg, Denmark, June 2009.
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While there is evidence to suggest that wind shear may increase the sound emissions, the effects
are site specific and cannot be predicted with currently available data. Wind turbine sound
emissions are measured using IEC 61400 Part 11. The wind turbine sound emission standard
does not require the reporting of sound emissions under various wind shear conditions; therefore
sound emissions for the proposed turbines, at various wind shear gradients is unavailable.
Additionally it is infeasible to model noise results over all of the weather conditions and shear
gradients that possibly could occur at a site. However, post-construction noise measurements
performed at Mars Hill and Stetson indicate that when wind shear conditions exist, measured
wind turbine noise levels are within five decibels of modeled results.*? This reinforces the
validity and conservatism of the Tule noise analysis.

There are also reports which claim that amplitude modulation may be affected by wind shear.
Dr. Andy Moorhouse performed a study to determine the prevalence of amplitude modulation in
wind farms in the UK and to identify the likely causes of amplitude modulation. Dr. Moorhouse
summarizes his findings:

The literature review indicated that, although there has been much research into
the general area of aerodynamic noise it is a highly complex field, and whilst
general principles are understood there are still unanswered questions.
Regarding the specific phenomenon of AM there has been little research and the
causes are still the subject of debate. AM is not fully predictable at current state
of the art. The survey of wind turbine manufacturers revealed that, although there
was considerable interest, few have any experience of AM.*

As stated by Dr. Moorehouse, there is no standard way to predict the occurrence of amplitude
modulation, and there is no universally-agreed upon way to assess the potential for annoyance
due to it. Therefore it is not possible to model it for the proposed Tule project. However, as
demonstrated above, the Tule noise model conservatively over-estimates project-related noise
levels.

Atmospheric Turbulence

Atmospheric turbulence causes inflow turbulent sound, meaning aeroacoustic noise is caused by
the interaction of the atmosphere and the turbine blades. G.P. van den Berg defines inflow
turbulent sound as being caused “Because of atmospheric turbulence there is a random
movement of air superimposed on the average wind speed. The contribution of atmospheric
turbulent to wind sound is named ‘in-flow turbulence sound’ and is broad band sound stretching
over a wide frequency range.”** A white paper prepared by the Renewable Energy Research

%2 Resource Systems Engineering, “Response to Powers Trust Objection”, November 3, 2009

% University of Salford. NANR233 “Research into aerodynamic modulation of wind turbine noise” Page 3 of 57,
June 2007.

* G.P. van den Berg. “The Beat is Getting Stronger: The Effect of Atmospheric Stability on Low Frequency
Modulated Sound of Wind Turbines.” Noise Notes VVolume 4 Number 4.
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Laboratory cites that while inflow turbulence sound contributes to the broadband noise but is not
yet fully quantified.* Therefore it is not possible to model it for the proposed Tule project.

The effects of atmospheric turbulence and the random micro-turbulence upon turbine blades will
result in both increases and decreases in wind turbine noise emissions on a short-term, transient,
instantaneous basis. Over a one-hour period, their net effect is unlikely to be dramatic.
Atmospheric turbulence at the ground level will also create more masking noises at the ground
level, making it harder to discern the turbine noise. The absence of atmospheric turbulence, and
the random micro-turbulent winds that randomly interact with moving wind turbine blades is an
ideal condition that does not occur in nature. These micro-turbulent winds occur whenever the
wind blows; blades interact with these winds whenever they move through the air. On this basis
it is reasonable to assume that reference sound power levels measured using IEC61400, and upon
which the Tule sound analysis is based, already incorporate the influence of random micro-
turbulent winds. As demonstrated above, the Tule noise model conservatively over-estimates
project-related noise levels.

While atypical conditions such as those listed may temporarily increase sound levels, the sound
analysis prepared for the Draft EIR/EIS prepared for the Tule Wind Project focused on
conservatively over-estimating project-related sound levels that would be experienced on a daily
basis.

The noise analyses performed for this project is consistent with the standards of practice in the
field of environmental acoustics, and generally overstates the noise impacts. The analysis
conservatively ignored ground absorption, and included an additional amount of conservatism
added to the sound power level of each wind turbine. The analysis also conservatively assumed
that the turbine was operating at its loudest rated sound power level condition for the entire
duration of one hour. Additionally this analysis assumed that the most efficient propagation
characteristics exist in all direction for the entire duration of one hour. These conservative
measures are consistent with standard practice in the field of applied environmental acoustics
and also help to ensure that wind turbine noise levels from the Project are not under-predicted.

Therefore, the noise analyses conducted for the Tule Wind Project meets the standard of practice
in the field of environmental acoustics, provides a conservative assessment of the noise from the
project, and adheres to the San Diego County Guidelines for Noise Impact Assessment.

Please refer to Responses 14, 15, and 16 of Data Request No. 14 for further details on wind
turbine sound emission, amplitude modulation and noise modeling methodology.

8. It has been argued that the manufacturer’s reported power levels for the wind turbines
represents a standardized value assuming ““typical” conditions of a neutral atmosphere
with a moderate wind shear gradient; therefore, the manufacture’s data does not
represent worst-case conditions. Please respond.

*® Rogers, et al. Wind Turbine Acoustic Noise. Renewable Energy Research Laboratory. January 2006.
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Response: By virtue of their nature, sound power levels are intended to describe the sound
emissions of a particular source in the absence of any specific environment; see Response 14 of
Data Request No. 14 for further discussion on this. Based on over 300 hours of measurements
performed by Epsilon Associates when wind turbine noise was most noticeable (when ground
level winds were still and did not mask wind turbine noise), noise emissions from a modern
1.5 MW wind turbine are within ranges considered acceptable by state and federal agencies that
regulate environmental noise. The analysis conducted by Epsilon Associates does represent
“worst-case” conditions, such as when winds are still and noise from the wind turbine is not
masked. It is infeasible to model noise results over all of the possible weather conditions and
shear gradients that could occur. Additionally, the noise analysis included several conservative
assumptions, including use of 100% acoustically reflective ground, modeling of the hot weather
package (which includes additional noise from cooling equipment in the nacelle), continuously
downwind conditions in all directions and the addition of 2 decibels to the manufacturer stated
sound emissions. These assumptions ensure that the noise analysis does not understate noise
from the project.

9. Please provide an explanation of the appropriate scale for measuring low frequency
noise levels or infrasound, including a discussion of how using different scales (A-
weighting, C-weighting, and Z-weighting) may affect the measurement of low frequency
noise. Please provide an analysis of the low frequency noise generated by the wind
turbines, using dB(C) weighted noise analysis. Also, please provide available sound
power level data for frequencies below 63 Hz for the proposed wind turbines.

Response: This question exists in the context of an environmental noise analysis for a proposed
wind turbine project. The sound analysis performed for the Tule Wind Project focuses on the
potential effect of airborne sound and vibration on humans. Hence, the weighting scale used in
the analysis, the A-weighting scale, is representative of human perception of sound. Existing
requirements in San Diego County also rely on A-weighting for sound measurements and
regulations. Please refer to Response 1 and 6 of Data Request No. 14 for further details on
applicable regulations and use of the A-weighting scale. While there are weighting scales other
than the A-weighting scale, which simulates human response to frequencies of sound, use of
other weighting scales produces results that do not reflect how human ears respond to different
frequencies of sound. Therefore they are not appropriate to use in the context of an
environmental acoustics analysis performed to assess compliance with applicable noise limits.
State, federal and local agencies that regulate environmental noise throughout the United States
rely on the A-weighted decibel, or dB(A) as the most appropriate metric for assessing human
response to noise. The San Diego County Noise Element also considers “the most appropriate
basic unit of measure for community noise” to be the A-weighted sound level, abbreviated dBA.
This unit gives a lower weight to low and high frequency sounds in a manner similar to the
relative lower efficiency of the ear at low or high frequencies.”*

The current sound study, Tule Wind Project — Draft Noise Analysis Report, dated February of
2011 provides an analysis of project related sound. The analysis includes an assessment of

“®San Diego County General Plan Part VIII Noise Element. GPA 06-008. 2006 September 27. Pg. VIII-6.
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project-related sound in comparison to existing noise requirements, on an A-weighted basis. Also
included in the current sound analysis for informational purposes is the operational project-
related sound level in dBC. Please refer to Tables 9 and 12 of the current sound study for
additional details.

The A-weighting scale attenuates low-frequency noises in a manner that simulates how human
ears attenuate low frequency noise. The C-weighting scale does not attenuate low frequencies as
much as the A-weighting scale. The intent of the C-weighting scale is to simulate human
perception at higher sound levels, in excess of 70 decibels. Use of C-weighting produce different
sound analysis results than those already reported in units of A-weighted decibels. The
difference between the A-weighted and C-weighted results are insignificant because it represents
low level frequencies that humans do not hear well and the applicable noise limits are not
expressed in C-weighted decibels.

Wind turbine sound emissions vary and are dependent on the rated power, turbine model, hub
height, wind conditions, and other factors. The maximum sound emissions stated by the
manufacturer for turbines considered for use on the Tule Wind Project vary from 104 dBA to
109 dBA. The Gamesa G87, the turbine with the greatest sound emissions, was used in the
sound analysis to determine the potential for noise impact.

The sound power level used in the Tule Wind Project analysis is based on maximum operating
conditions at 10 meters per second wind speeds, combined with noise from auxiliary fans to cool
the nacelle in hot weather. Additionally, 2 decibels were added to each octave band to account
for uncertainty. Table 9-1 presents the spectral sound power level data provided by Gamesa, the
modeled turbine manufacturer, for frequencies 63 Hz and below.

Table 9-1. Spectral Noise Emissions Data —

Gamesa G87
Octave Bands, SWL
(Hz)
Sound Emissions 31.5 63
Manufacturer 81.8 90.2
Modeled 83.8 92.2

Please refer to Section 3.2 of the Tule Wind Project — Draft Noise Analysis Report for further
details on sound emissions and modeling.

The Z-weighting scale is a linear scale that does not weight any of the frequencies: it is flat,
linear, and unweighted. Low frequency sounds would appear relatively higher in Z-weighting
than in A-weighting. In the context of an environmental noise assessment performed to assess
the potential effect of airborne sound on humans and determine compliance with A-weighted
noise limits, there is no merit to expressing project-related noise using Z-weighting. The
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Z-weighting scale is not representative of the manner in which humans perceive low frequency
sound; therefore it is inappropriate to use this scale to assess the potential effect of airborne
sound on humans.

10.  Please provide a discussion of the sound and/or vibration effects that could result if two
or more turbines are operating near each other, either “in sync” or *““out of sync,”
including a discussion of the audible sound waves and low frequency sound waves that
would be produced. Please also address the potential sound effects of the turbines in
conjunction with proposed wind turbines in the area.

Response: Combinations of sound waves “in sync” usually refers to what acousticians call
coherent summation. This is applicable to sound only if the two sounds are received in perfect
unison and are perfectly identical sound waves.*” While important for engineering issues such as
loudspeaker design, this is not applicable to environmental acoustics. First, the effects of
coherent summation is very time and location specific. With a slight move a couple of feet over,
or a small wind or temperature change, the coherent summation will become incoherent
summation (out-of-sync). Furthermore the broadband sounds from two wind turbines are
random noise created by turbulence*® which cannot be summed coherently.*® Therefore the Tule
project is not anticipated to result in any exceedances of the applicable noise limits due to
coherent summation effects.

11. Please provide an explanation of how the American National Standards Institute’s
(ANSI) S12.9 and S12.18 procedures are applicable for measuring outdoor
environmental sound in the case of the wind turbines as a ground based noise source and
how they were considered in calculating sound levels resulting from the wind turbines.
Please also comment on how these standards consider atypical operational conditions
such as temperature inversion, uncharacteristic weather patterns, high wind shear above
the boundary layer, and periods of atmospheric turbulence (as it relates to turbines
mounted on high locations with rough terrain).

Response: The standards in the ANSI S12.9 series are intended to provide guidance on
measuring environmental sound sources and predicting community response based on sound
exposure. The primary purpose of ANSI S12.18 is to measure environmental sound from a
specific source and is most commonly used in compliance verification during post-construction.
Neither standard provides guidance on calculating sound levels from wind turbines prior to
construction; therefore neither standard was used to calculate sound levels resulting from project-
related sound sources.

The noise measurements made for the Tule Wind Project were performed in accordance with
recognized standards prior to construction measured the ambient acoustic environment before
wind turbines were built and commenced operation. Therefore, the issue of ground-based noise
sources lacks merit.

*" Kinsler, Lawrence E, et al. Fundamentals of Acoustics Fourth Ed. John Wiley and Sons, Inc. 2000.
*® Thomas S. Brooks, Airfoil Self-noise and Prediction, NASA Reference Publication 1218 (1989) 15.
“ Kinsler, Frey et. al. Fundamentals of Acoustics.
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The intent of the sound measurement was to characterize the ambient sound environment. The
results reflect all aspects of the existing ambient sound environment including the meteorological
conditions present at the time of measurement. The measurement cannot characterize a sound
source which isn’t there, such as the proposed wind turbines.

The standardized measurement methods with scope and purpose clauses compatible with
characterizing the ambient sound environment include ANSI S1.13, ANSI S12.9/Part 2,
ASTM E1014, and ASTM E1503. The measurement methods employed for this assessment were
consistent with these standards in whole or in part and were also consistent with several state and
federal agency measurement methods and good engineering practice. For a discussion of
calculated sound levels and uncharacteristic conditions, inversions, etc. please refer to the
response to question 7. Please refer to response number 3 for further details on ANSI S12.9 and
S12.18.

12. Please provide an explanation of how the International Organization for Standardization
(ISO) Standard 9613 (Part 2) is applicable for addressing the attenuation of outdoor
environmental sound in the case of the wind turbines as a ground based noise source and
how it was considered in calculating sound levels resulting from the wind turbines.

Response: 1SO 9613-2 (Attenuation of Sound during Propagation Outdoors) provides the
internationally-recognized and accepted methods for calculating environmental noise levels
including noise emissions from wind turbines. The Cadna-A software incorporates 1ISO 9613 in
the propagation calculations. The 1SO 9613 methods used by Cadna-A were endorsed by an
independent working group of European acoustical consultants.”® Additionally, post-construction
studies performed by Andrew Bullmore® and Kenneth Kalinski®* compared measured sound
levels from wind farms with corresponding calculation models of the same wind farms. These
comparisons showed that wind turbine sound levels modeled in CadnaA and utilizing the
ISO 9613-2 calculation methods can achieve good correlation with the post-construction
measurements, effectively validating the calculation for wind-turbine sound sources.

Please refer to Responses 13 and 16 of Data Request No. 14, as well as Section 1.3 and
Appendix D of the Tule Wind Project — Draft Noise Analysis Report for further details on the
modeling methodology and ISO 9613 Part 2.

13. Please comment on the recently promoted algorithm by the Swedish EPA for modeling
sound from wind turbines, which applies for both onshore and offshore turbines. The
model apparently incorporates enhancements to the ISO Standard 9613 (Part 2) that
addresses the specific characteristics of wind turbine sound emissions to propagate at a
decay rate of 3dB per doubling of distance for distances of several hundred meters away
from the turbine (as opposed to the 6dB decay rate in the ISO Standard).

%0 Bowadler et al., Prediction and Assessment of Wind Turbine Noise. Institute of Acoustics, Acoustics Bulletin.
March / April 2009.

*1 Bullmore et al. “Wind Farm Noise Predictions and Comparison with Measurements”. Third International
Meeting on Wind Turbine Noise. June 2009.

*2 Kalinski, Kenneth and Eddie Duncan. “Propagation Modeling Parameters for Wind Power Projects”. Sound &
Vibration. December 2008.



Mr. lain Fisher

California Public Utilities Commission ATTACHMENT A
'\p/'ay 4, 201 Data Request No. 14
age 27

Tule Wind Project

Response: Sound is a physical phenomenon subject to the laws of physics. Therefore the
Swedish EPA calculation for wind turbine sound levels is very similar to the calculation from
ISO 9613-2. Several combined attenuation factors account for the “decay rate” as a function of
distance: geometric divergence, atmospheric absorption, ground attenuation and meteorological
effects. Both standards account for geometric divergence equally. Atmospheric absorption is
accounted for in slightly different ways, but they will produce the same result for wind-turbine
sound sources. The difference between the two standards is how they account for ground
attenuation and meteorological effects.

Both standards, the 1ISO 9613-2 calculation and the Swedish calculation, are fundamentally based
upon geometric divergence from a point source exhibiting a 6 dB “decay rate” per distance
doubled. For atmospheric attenuation, the Swedish calculation makes a correction for
atmospheric absorption. This correction is a device which mimics the atmospheric absorption
calculation in 1SO 9613-2 when calculating each octave-band frequency separately.

Ground attenuation and metrological effects are lumped into one calculation. This calculation for
I1ISO 9613-2 is derived from empirical data, specifically field measurements of sound attenuation
over soft ground. Where there is hard ground instead of soft ground, the ISO 9613-2 calculation
institutes a broadband pressure doubling (which is approximately +3 dB). Ground attenuation
and meteorological effects for the Swedish calculation assumes reflective ground, and also
provides an adjustment for wind speed gradients using calculations from IEC 61400 Part 11. The
effect of the ground attenuation and meteorological effects may increase or decrease sound levels
from 1SO 9613-2 to the Swedish calculation, depending upon the modeling parameters. Effects
of different modeling parameters are far too variable to discuss in general terms.

For propagation over water the Swedish calculation uses another device to account for sound
“skipping” over the water. After a certain distance it institutes a 3 dB decay rate with distance as
opposed to the usual 6 dB rate. This is typically associated with sound propagation over water,
and it is similar to certain underwater effects in the ocean due to temperature layers. This is only
applicable to offshore wind-turbines, not the type of on shore turbines proposed for the Tule
Wind Project.

Both standards, the 1SO 9613-2 calculation and the Swedish calculation, will exhibit a 6 dB
“decay rate” per distance doubled when calculating the geometric divergence for a single point
source, such as a wind turbine. However, a number of point sources which span a large distance
closely resemble a line source. So for certain areas a series of point sources will naturally exhibit
the 3 dB decay rate of a line source. This will be true for any noise model which calculates the
total sound due to all sources, including the Cadna-A model used for the noise analysis for the
Tule Wind project.

Note that the Tule noise model decay rate (as a function of distance) was the result of geometric
divergence, atmospheric attenuation, hard reflective ground, and the total sound due to all
sources in the analysis, according to Cadna-A and the ISO 9613-2 calculations. Given the
different modeling parameters, it is impossible to determine whether the results would have
differed, either higher or lower, using the Swedish calculations. However, given the similarities



Mr. lain Fisher

California Public Utilities Commission ATTACHMENT A
'\p/'ay 4, 20t Data Request No. 14
age 28

Tule Wind Project

in the models they would not be likely to be materially different. Furthermore there are several
conservative assumptions built into the Tule noise model to avoid under-predicting noise levels,
explained further in response 16, which are not part of the Swedish calculation. Therefore the
calculated noise levels shown in HDR’s noise report are conservatively high noise levels and the
referenced Swedish standard is not relevant in the context of this analysis.

14. Please provide an explanation of how the International Electrotechnical Commission
(IEC) Standard 614000 (Part 11) is applicable for measuring outdoor environmental
sound in the case of the wind turbines as a ground based noise source and how it was
considered in calculating sound levels resulting from the wind turbines. Please also
comment on how this standard considers atypical operational conditions such as
temperature inversion, uncharacteristic weather patterns, high wind shear above the
boundary layer, and periods of atmospheric turbulence (as it relates to turbines mounted
on high locations with rough terrain).

Response: The purpose of a sound power measurement is to quantify the noise emission
characteristic of a sound source irrespective of its environment. This makes the resulting sound
power level useful for predicting the effect of introducing the noise source into any environment.
Using a forklift. as an arbitrary example of another sound source, the sound power measurement
will enable an analyst to predict how introducing a new forklift will affect the sound level inside
a warehouse. It also enables the analyst to predict how a new forklift will affect the sound levels
in an outdoor truck yard, a distinctly different environment than an indoor warehouse. In the
same respect, the IEC 61400 Part 11 measurement standard attempts to remove the influence of
the particular environment so the results can be used to predict sound levels in other
environments.

Wind turbines have different sound emission characteristics based upon its operating condition.
For an example, a forklift has a different sound emission characteristic when driving than the
sound emission characteristic when it is lifting. Therefore, the IEC 61400 Part 11 measurement
standard states its results as a function of wind speed. Generally higher wind speeds cause the
turbine to operate with higher noise emission levels; however, there is an upper limit to wind
turbine noise emissions. At a certain wind speed, which is different for different turbines, the
turbine will begin to regulate itself so it does not rotate any faster, there will be a maximum
rotation speed even as wind speeds may increase. The results of the sound power measurement
include all aspects of the wind turbine itself and are irrespective of uncharacteristic weather
patterns, etc.

The noise analysis prepared for the EIR/EIS did not specifically simulate atypical operational
conditions such as temperature inversions, uncharacteristic weather patterns, high wind shear
above the boundary layer, and periods of atmospheric turbulence. The sound analysis
conservatively estimated project-related sound levels that would be experienced on a daily basis
and did not focus on the atypical operational conditions previously stated. Rather, the noise
analysis incorporated a number of modeling techniques whose net effect conservatively over-
estimated noise propagation in the project area. These techniques include assuming that the
ground is 100% acoustically reflective, that the noise levels associated with the hot weather
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package, which includes additional noise from cooling equipment in the nacelle), were occurring
all of the time, and other techniques as described in response to question 16 that conservatively
over-estimate project related noise levels. Table 14-1 summarizes the conservative modeling
assumptions and their effect on modeling results.

Table 14-1. Modeling Assumptions and Influence on Calculated Sound Level

Modeling Assumption Eﬁeggﬁgéjﬁle%uellated
Guaranteed sound level v. maximum manufacturer stated +2 dB
Continuous use of hot weather package® +2.6dB
Reflective ground +3dB
Continuous downwind conditions for all directions? ~0to2dB
Use of 128 2.0 MW turbines vs. 128 1.5 MW turbines® ~0to5dB
Total effect on calculated sound level 7.6t014.6 dB

! Lower emission modes of the hot weather package would be used during nighttime hours as the
mode modeled will only be used in temperature above 98° F.

2This results in -the wind blowing in all directions continuously throughout an hour.

These are the most favorable propagation conditions (wind blows in all directions all the time).

*The Tule sound analysis modeled 2.0 MW turbines in a layout that is representative of maximum build-out
with a 1.5 MW turbine (resulting in 28 additional turbines). If 1.5 MW turbines were modeled using the
current layout, resulting sound levels would be up to 5 dB lower, based on the use of a GE 1.5 XLE turbine.

The net effect of these conservative assumptions show in the table above is the over-estimation
of project-related noise levels. These over-estimates account for events like micrometeorological
turbulence on the blades, turbine-to-turbine wake interaction, inversions, and other phenomena
that potentially affects wind turbine noise generation and propagation. As shown in the table
above, this noise analysis is reasonable, appropriate, and is more conservative than required by
the standards of practice in the field of environmental acoustics.

Note that there are four cooling modes that may be utilized with the Gamesa G87 and Gamesa
G90 turbine models. The cooling modes available with the hot weather package include two
modes in which additional fans are operating allowing for use in hot weather climates. The
relative increase in sound emissions for each cooling mode is summarized in Table 14-2 below,
provided by Gamesa.

Table 14-2. Gamesa G87 and G90 Cooling Modes Sound Emission

Increase in Sound Emission Level, dB
Turbine Type Mode 0 Mode 1 Mode 2 Mode 3
Gamesa G87 0 0 15 2.6
Gamesa G90 0 0 15 2.6
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The operating mode is dependant of the ambient temperature and power generated conditions at
a particular time. Mode 3 which provides the greatest sound emission was utilized in the sound
analysis presented in the Tule Wind Project — Draft Noise Analysis Report. This mode represents
a conservative operating assumption. The Tule noise model utilized the turbine operation mode
with the highest noise emission characteristic provided by the manufacturer: the highest wind
speed operation and the hot weather package. These conservative modeling decisions help
ensure that the noise analysis does not under-predict project-related noise.

15. Please provide an explanation of the existence and potential effects of amplitude
modulation (blade thumping) from wind turbines during periods of high turbulence or
wind shear levels, both on outdoor and indoor sound levels in the vicinity of the turbines.

Response: Amplitude modulation refers to the rhythmic increase and decrease in wind turbine
noise levels as the blades rotate closer to and away from a stationary listener. Blade thumping
typically refers to amplitude modulation that occurs with a “greater than normal degree of
regular fluctuation at blade passing frequency.”>® Several literature review and field studies
concerning amplitude modulation have been performed but there is little consensus on the cause
and prediction of amplitude modulation.

Dr. Andy Moorhouse performed a study to determine the prevalence of amplitude modulation in
wind farms in the UK and to identify the likely causes of amplitude modulation. Dr. Moorhouse
summarizes his findings:

“The literature review indicated that, although there has been much research into
the general area of aerodynamic noise it is a highly complex field, and whilst
general principles are understood there are still unanswered questions.
Regarding the specific phenomenon of AM [amplitude modulation] there has been
little research and the causes are still the subject of debate. AM [amplitude
modulation] is not fully predictable at current state of the art.”>*

While amplitude modulation in wind turbine sound can occur, it is not an issue at most locations.
The study performed by Dr. Moorehouse determined that amplitude modulation was “considered
to be a factor [in noise complaints] in four of the sites, and a possible factor in another eight [out
of 127 wind farms surveyed].”® The results of the study show that very few wind farms in the
UK had noise complaints resulting from amplitude modulation. Furthermore, the ability to
predict the amount of amplitude modulation is still uncertain.

The sound of ocean waves on a beach also exhibit amplitude modulation as the waves travel
through their cycle of approach, crashing on the beach, and receding. On that basis, amplitude

%% Moorhouse et al. “Research into Aerodynamic Modulation of Wind Turbine Noise: Final Report”. July 2007.
http://webarchive.nationalarchives.gov.uk/+/http://www.berr.gov.uk/files/file40570.pdf
> Moorhouse et al. “Research into Aerodynamic Modulation of Wind Turbine Noise: Final Report”. July 2007.
http://webarchive.nationalarchives.gov.uk/+/http://www.berr.gov.uk/files/file40570.pdf
** Moorhouse et al. “Research into Aerodynamic Modulation of Wind Turbine Noise: Final Report”. July 2007.
http://webarchive.nationalarchives.gov.uk/+/http://www.berr.gov.uk/files/file40570.pdf
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modulation is not intrinsically harmful or unpleasant. During periods of high turbulence,
amplitude modulation may be masked by the sound of turbulent winds. When ground-level
winds are still and winds at the hub height are above cut-in speed (wind shear), amplitude
modulation may be more noticeable to persons outdoors than when highly turbulent winds are
present.

The results of Dr. Moorehouse’s study of amplitude modulation from wind farms showed that
“27 of the 133 wind farm sites operational across the UK at the time of the survey had attracted
noise complaints at some point. An estimated total of 239 formal complaints have been received
about UK wind farm sites since 1991, 152 of which were from a single site. The estimated total
number of complainants is 81 over the same sixteen year period. This shows that in terms of the
number of people affected, wind farm noise is a small-scale problem compared with other types
of noise; for example the number of complaints about industrial noise exceeds those about wind
farms by around three orders of magnitude. In only one case was the wind farm considered by
the local authority to be causing a statutory nuisance. Again, this indicates that, despite press
articles to the contrary, the incidence of wind farm noise and AM [amplitude modulation] in the
UK is low. AM [amplitude modulation] was considered to be a factor in four of the sites, and a
possible factor in another eight. Regarding the four sites, analysis of meteorological data
suggests that the conditions for AM [amplitude modulation] would prevail between about 7%
and 15% of the time. AM [amplitude modulation] would not therefore be present most days,
although it could occur for several days running over some periods. Complaints have subsided
for three out of these four sites, in one case as a result of remedial treatment in the form of a
wind turbine control system. In the remaining case, which is a recent installation, investigations
are ongoing. “

Studies and literature review done to date show that amplitude modulation can be reported in
some noise complaints. There is no standard way to predict its occurrence, and there is no
universally-agreed upon way to assess the potential for annoyance due to it. Therefore it is not
possible and necessary to attempt to model it for the propose Tule project.

16. Please provide an explanation of the tolerance assumed for instrumentation error. It has
been argued that the HDR technical report included the 2 dB tolerance level associated
with IEC Standard 614000 (Part 11) for measuring the sound power produced by wind
turbines instead of the 3 dB tolerance applied by the I1SO 9613-2 methodology. Please
discuss the use of an appropriate tolerance and the potential effect of the calculation if
the other method would have been used (if appropriate).

Response: The sound power level used in the analysis is the manufacturer guaranteed sound
emissions. The guaranteed sound emissions are based on IEC Standard 61400 Part 11
measurement methods. The guaranteed sound emissions, adds 2 dB to the manufacturer stated
emission and is based on maximum operating conditions utilizing additional fans for hot weather
conditions at 10 meters per second wind speeds. The use of guaranteed sound emissions is
conservative, in that it assumes the wind turbines generate 2 dB more noise than manufacturer
reports for the turbines.
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A 3 dB correction to account for uncertainty in 1ISO 9613 Part 2 was accounted for through
conservative assumptions concerning sound propagation utilized in other portions of the analysis.
The use of conservative modeling assumptions results in more than 3 dB increase over less
conservative methods; therefore, no additional corrections were applied. Table 16-1 summarizes
the conservative modeling assumptions and their effect on modeling results.

Table 16-1. Modeling Assumptions and Influence on Calculated Sound Level

Effect on Calculated ST CElEUEEE

Sound Level
Guaranteed sound level v. maximum manufacturer stated +2 dB
Continuous use of hot weather package® +2.6dB
Reflective ground +3 dB
Continuous downwind conditions for all directions? ~0to2dB
Use of 128 2.0 MW turbines vs. 128 1.5 MW turbines® ~0to5dB
Total effect on calculated sound level 7.6t014.6 dB

! Lower emission modes of the hot weather package would be used during nighttime hours as the mode
modeled will only be used in temperature above 98° F.

2 This results in -the wind blowing in all directions continuously throughout an hour.

These are the most favorable propagation conditions (wind blows in all directions all the time).

*The Tule sound analysis modeled 2.0 MW turbines in a layout that is representative of maximum build-out
with a 1.5 MW turbine (resulting in 28 additional turbines). If 1.5 MW turbines were modeled using the
current layout, resulting sound levels would be up to 5 dB lower, based on the use of a GE 1.5 XLE turbine.

For a detailed discussion of the hot weather package, meteorological assumptions and other
modeling assumptions please refer to Responses 7 and 14 of Data Request No. 14.

Refer to Section 1.3 and Appendix D of the Tule Wind Project — Draft Noise Analysis Report for
further details on the modeling methodology and ISO 9613 Part 2.

17. Please provide a detailed description of the noise controls that would be incorporated
into the design of the proposed wind turbine facilities.

Response: Siting is the primary noise control method that is incorporated into the design of the
proposed wind turbine facility. It is also important to note that modern turbines have made great
strides in noise reduction technology from what was available in previous turbine generations.
Technological advancements that have most contributed to reduced sound emissions from wind
turbines include rotor placement, pitch-control rotors, low-noise gearboxes, use of insulated
nacelles, vibration-isolated mechanical equipment and variable speed operation.

18. Please provide a graphic depicting the specific area(s) that would be impacted by
nighttime construction noise.

Response: Nighttime construction is not currently planned therefore no impacts due to nighttime
construction noise are anticipated. As discussed in Section B, Project Description, Tule Wind,
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LLC anticipates that construction activities would occur between 7 a.m. and 7 p.m., Monday
through Saturday, but may involve extended hours as needed to complete certain construction
activities. When construction would occur outside of the hours permitted by the County of San
Diego, Tule Wind, LLC would follow established protocol and seek a variance from the County
noise requirements consistent with County Code Section 36.423. Tule Wind, LLC would also
provide advanced notice to property owners within 300 feet of planned activities. The advanced
notice would include the start and completion dates of construction and the hours of
construction. In addition, implementation of APM TULE NOI-4 would further minimize noise
impacts associated with construction. If a variance from the construction hours of 7 a.m. to
7 p.m. cannot be obtained from the County, no construction will occur outside the normal hours
of construction.

19. Please provide a graphic which identifies and labels the locations of the construction
noise impacted boundary lines.

Response: Figures 3 and 4 (attached) depict the location of properties that would most likely be
affected by sound from temporary roadway and transmission line construction activities if
incorporation of BMPs and mitigation were not implemented. Underground utility construction,
tower base construction, and batch plant operations are not anticipated to cause construction
noise impacts at adjacent parcels; therefore, no graphic has been provided for these activities.

Roadway and transmission line construction activities have the potential to cause temporary
impacts to six adjacent parcels. The adjacent property boundaries are in some instances as close
as 18 feet from the construction buffer zone and will experience the highest noise levels from
road construction and grading activities. However, with the incorporation of BMPs and
mitigation measures identified in the noise report based on comments submitted to the CPUC
incorporating the Modified Project Layout, construction sound levels at all adjacent property
boundaries are anticipated to comply with Sections 36.409 and 36.410 of the San Diego County
Noise Ordinance.

20. Please provide a graphic which identifies and labels the locations of the affected legally
occupied properties and the locations where portable noise barriers would be required.

Response: Figures 3 and 4 (attached) depict the location of properties that would most likely be
affected by sound from temporary roadway and transmission line construction activities if
incorporation of BMPs and mitigation were not implemented. Mitigation will be provided at the
highlighted parcels to will include a portable noise barrier. Exact height and length of each noise
barrier will be determined upon final design. With the incorporation of BMPs and mitigation
measures, the highest predicted construction noise level at an adjacent property boundary would
be reduced from 94 dBA to 74 dBA Leq, one decibel below the sound level limit of 75 dBA Leq
outlined in Section 36.409 of the San Diego County Noise Ordinance.

Field verification of legally occupied dwellings is pending; therefore it was conservatively
assumed that all parcels are legal residential properties. Prior to construction, a noise report will



Mr. lain Fisher

California Public Utilities Commission ATTACHMENT A
'\p/'ay 4, 2011 Data Request No. 14
age 34

Tule Wind Project

be finalized to demonstrate compliance with the San Diego County Code of Regulatory
Ordinances Section 36.409 and 36.410.

21. Please provide a noise evaluation for the proposed sonic detecting and ranging unit
(SODAR). Provide quantitative data that determines whether this proposed noise
generating unit complies with County Noise Ordinance, Section 36.404.

Response: The current sound study, Tule Wind Project — Draft Noise Analysis Report, dated
February of 2011 provides an analysis of project related sound including the SODAR unit. The
nearest residential property boundary is located approximately 4,500 feet from the proposed
SODAR unit. The calculated noise contribution from the SODAR unit is less than 0 dBA on an
hourly Leq basis at all residential property boundaries. This means that the sound levels from
the SODAR experienced at residences are low enough that they fall below the reference pressure
level used in calculating dB. Therefore, no noise impacts are predicted to occur due to SODAR
noise.

Please refer to Section 3.2 and Appendix B of the draft sound study for additional details
concerning the SODAR sound emissions and modeling.

22, Please provide a detailed response to the following comment received on the Draft
EIR/EIS:

The concrete batch plant would be subject to the sound level limits within County Code
Section 36.404 because it is not considered a temporary operation (e.g. it will operate for
more than three months).

If the plant would be considered a potential long-term noise source, please provide an
explanation of how this source would comply with County Noise Ordinance, Section
36.404.

Response: The concrete batch plant will only be used in the construction phase of the Tule
Wind Project; therefore, is subject to sound level limits for construction activities as stated
within County Code Section 36.409 and 36.410.

Please refer to Section 3.3 of the Tule Wind Project — Draft Noise Analysis Report for further
details on batch plant operations.
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23. Please provide detailed responses to specific comments 1 through 19 as identified in the
letter from Richard James of E-Coustic Solutions provided in Attachment B.

23.1 E-Coustic Solutions Comment 1 (page 1)

Claim — Setbacks of less than 1.25 miles are inadequate

“First, setbacks, from property lines to the nearest turbine of less than 2 kilometers
(1.25 miles) are clearly inadequate for most quiet rural communities. The presence of
nearby will not mask or otherwise offset the noise from wind turbines.”

Response: E-Coustic Solution’s comment that turbine setbacks less than 1.25 miles (6,600 feet)
are inadequate is not supported by recognized scientific studies, sound modeling or measurement
data. Additionally such claims conflict with current local wind turbine regulations. Section 6951
Part A of the San Diego County Zoning Ordinance requires setbacks of four times the height, or
1,968 feet, from property lines.”®

A turbine setback distance does not guarantee a particular noise level at property lines. The level
of project-related noise varies with the turbine layout, number of turbines, speed of the turbine
blades, meteorological conditions, terrain and the distance of the listener from the turbine;
therefore, a setback distance is inadequate to characterize the amount of project related noise at a
property line. The San Diego County noise ordinance requires that operational noise comply with
San Diego County Code of Regulatory Ordinances Section 36.404. Detailed noise modeling
which accounts for turbine layout, number of total turbines and site specific terrain was
performed for the Tule Wind Project in order to assess the project’s noise emissions and
compliance with San Diego County Code of Regulatory Ordinances Section 36.404.

E-Coustic Solution’s comment that the presence of (nearby noise sources) will not mask or
otherwise offset wind turbine noise is inconsistent with local noise assessment methods (masking
occurs when noise from one source hides (or masks) the noise from a second source. In this
context, wind-induced noise at ground level often has potential to mask or hide wind turbine
noise). Current noise regulations in San Diego County including Significance Guideline 4.1.A
and Section 36.404 of the San Diego County Code provide guidance on existing noise levels in
relation to project related noise. When existing noise levels are below 60 dB CNEL, an increase
of 10 dB over pre-existing conditions is allowed. In areas of greater noise exposure, an increase
of 3 dB is allowed. The assessment methods utilized for the Tule Wind Project are consistent
with current regulations in San Diego County. This means that the county guidelines already
address circumstances where a proposed activity may introduce a new noise source into the
acoustic environment; allowable incremental increases are identified. Background noise does
not have to mask wind turbine noise the existing noise limits allow some new noise to be made.

Claim — Validity of submitted noise reports and documents

% Calculation of minimum setback distance is based on a maximum turbine height of 492 feet. Actual setback
distance is dependant on final turbine hub height and rotor diameter.
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“The reports and documents submitted on behalf of the Project do not correctly or
adequately describe the impact of the proposed project on the host community, or its
residents whose homes and properties are close to the footprint of the project.”

Response: Reports and documents submitted on behalf of the project applicant reflect
measurements of modern upwind configured turbines and literature review of currently available
scientific data. The measurement reports cited, including the Epsilon report, compare
measurements of operating wind farms to established noise standards and metrics that are
commonly accepted in the U.S. and that are designed to protect the environment.*’

The white papers and other reports submitted, including “Wind Turbine Sound and Health
Effects An Expert Panel Review.” by the American Wind Energy Association (AWEA) and
“The Potential Health Impact of Wind Turbines” from the Chief Medical Officer of Health, are
based on literature reviews of scientific and medical databases.”® Both AWEA and the Chief
Medical Officer of Health cite current scientific and peer reviewed literature of wind turbine
generated sound and low frequency sound. The cited reports all support the conclusion that there
is no direct causal relationship between wind turbine sound and adverse health effects™as stated
in the Tule Wind Project — Draft Noise Analysis Report.

Claim — Audible and inaudible wind turbine noise cause health effects

“People living at distance up to 1 mile from wind turbines on flat land and, for turbines
located on ridges above the homes at distances of up to 2 miles are experiencing adverse
health effects from sleep disturbance at night from audible turbine noise.”

“Other aspects of wind turbine sound emissions, especially amplitude modulated infra
and low frequency sounds that may not be reach the threshold of audibility are currently
believed to be caused by vestibular disturbances from rapid modulations of the infra and
low frequency sound.”

Response: Several reviews of currently available scientific data have determined that there is no
direct causal relationship between wind turbine generated sound and health effects. The Chief
Medical Officer of Health of Ontario® recently performed a study focusing on the topic of wind
turbine noise and health. The study concluded the following concerning wind turbines and
health:

e While some people living near wind turbines report symptoms such as dizziness,
headaches, and sleep disturbance, the scientific evidence available to date does not
demonstrate a direct causal link between wind turbine noise and adverse health effects.

" Epsilon Associate, Inc. “A Study of Low Frequency Noise and Infrasound from Wind Turbines.” July 2009.

%8 «“Wind Turbine Sound and Health Effects An Expert Panel Review.” American Wind Energy Association,
Canadian Wind Energy Association. December 2009.

% “Wind Turbine Sound and Health Effects An Expert Panel Review.” American Wind Energy Association,
Canadian Wind Energy Association. December 2009.

% «“The Potential Health Impact of Wind Turbines.” Chief Medical Officer of Health Report. May 2010.
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e The sound level from wind turbines at common residential setbacks is not sufficient to
cause hearing impairment or other direct adverse health effects. However, some people
might find it annoying. It has been suggested that annoyance may be a reaction to the
characteristic “swishing” or fluctuating nature of wind turbine sound rather than to the
intensity of sound.

e Low frequency sound and infrasound from current generation upwind model turbines are
well below the pressure sound levels at which known health effects occur. Further, there
is no scientific evidence to date that vibration from low frequency wind turbine noise
causes adverse health effects.

e Community engagement at the outset of planning for wind turbines is important and may
alleviate health concerns about wind farms.

e Concerns about fairness and equity may also influence attitudes towards wind farms and
allegations about effects on health. These factors deserve greater attention in future
developments.

23.2 E-Coustic Solutions Comment 2 (page 2)

Claim — Measurements used to collect background sound levels do not meet recognized
standards.

Response: The E-Coustic Solutions comment reveals some confusion regarding when it is
appropriate to use a background sound measurement and when to measure ambient sound. To
clarify this issue, these two terms need to be defined. A discussion of when it is appropriate to
exclude certain sounds from a measurement will follow.

San Diego County Code of Regulatory Ordinances Section 36.402, Clause (a) defines the
ambient sound to be, *...the composite of existing noise from all sources at a given location and
time.” This is a common definition of ambient noise or ambient sound®!, such as the definitions
found in ANSI S1.1, ANSI S12.9, and ASTM C634. The same ordinance clause (in 36.402)
continues, “Ambient noise is sometimes referred to as background noise.” This is sometimes a
source of great confusion because background sound, in addition to often meaning ambient
sound in casual conversation, also has its own precise meaning and use. Specifically, background
sound includes all the other sounds which may interfere with the measurement of a particular
individual sound source or group of sound sources. Background sound is defined in the same
general standards ANSI S1.1, ANSI S12.9, and ASTM C634 as well as numerous national and
international standards which deal with measurement of particular sound sources.

Background sound measurements normally occur during the course of measuring a particular
sound source. It is impossible to separate the sound of the source of interest from the rest of the
sounds in the environment. Therefore, it is necessary to perform two measurements: one of the
total sound, and one of just the background sound. Once these two measurements are

% To add to the confusion, background sound is sometimes called background noise, and likewise ambient sound is
sometimes called ambient noise. Noise is sound, there is no physical difference. Noise is just unwanted sound.
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accomplished, it is possible to mathematically derive the sound level of the particular sound
source on its own, effectively eliminating the influence of environmental and extraneous
background sounds. This is a common definition of background sound, as defined in ANSI S1.1,
ANSI S12.9, and ASTM C634, as well as numerous national and international standards which
deal with measurement of particular sound sources. This can be a tricky process in uncontrolled
outdoor environments, because the background sound must be nearly identical in both
measurements. If short-term or transient noise events occur in either the total sound measurement
or the background sound measurement, the calculation will yield incorrect results.

The E-Coustic Solutions comment suggests that the measurement should exclude or suppress
certain short-term or transient sounds. While it is sometimes desirable and appropriate to
suppress transient or short-term noise events in the context of measuring a particular sound
source, measurements of the ambient noise environment to establish the environmental baseline
should be all-inclusive of all sounds in the environment. In order to establish a valid baseline, the
measurement should reflect the total sound exposure from the existing ambient environment.

The noise report for the project measured the actual sound of the existing ambient environment
without artificially suppressing any sounds which occurred during the measurement period. The
measurement method conformed to several ANSI and ASTM standards in whole or in part, as
well as being consistent with many state and federal agency measurement methods, including the
San Diego County noise regulations. Please refer to responses 2 and 11 of Data Request No. 14
for additional information.

23.3 E-Coustic Solutions Comment 3 (page 2)

Claim — Cadna-A model results understates impact

Response: Modeling methods used in the noise analysis for the Tule Wind Project are consistent
with internationally-recognized and accepted methods for calculating environmental noise levels.
The Cadna-A model developed for the Tule Wind Project utilizes modeling assumptions which
best reflect measurements from operating wind farms. Post-construction studies performed by
Andrew Bullmore®® and Kenneth Kalinski®® show that wind turbine sound levels modeled with
ISO 9613:2 using no ground attenuation, or reflective ground, best fit or overstated monitored
sound levels depending on the site and wind conditions. Please refer to responses 13 and 16 of
Data Request No. 14 for additional information regarding ISO 9613 and the modeling
assumptions.

Section 1.3 of the Tule Wind Project — Draft Noise Analysis Report, dated February 2011 also
includes further details on the modeling methodology.

23.4 E-Coustic Solutions Comment 4 (page 2)

62 Bullmore et al. “Wind Farm Noise Predictions and Comparison with Measurements”. Third International
Meeting on Wind Turbine Noise. June 2009.

8 Kalinski, Kenneth and Eddie Duncan. “Propagation Modeling Parameters for Wind Power Projects”. Sound &
Vibration. December 2008.
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Claim — Information provided concerning health risks, infra and low frequency sound, noise
limits, setbacks, background sound levels and computer modeling methods are incorrect,
incomplete or otherwise misleading.

Response: Reports and documents submitted on behalf of the project applicant reflect
measurements of modern upwind configured turbines and literature review of currently available
scientific data. Please refer to response number 23.1 of Data Request No. 14 for further details
on the materials cited in the Tule Wind Project — Draft Noise Analysis Report, dated February
2011,

23.5 E-Coustic Solutions Comment 5 (page 2)

Claim — Background sound study was inadequate

“Had the background studies met the procedural and protocol requirements of the
American National Standards Institute’s (ANSIS 12.9 and S12.18 standards for
measuring environmental sounds outdoors the study would have reported much lower
background sound levels. The Project would have a ‘significant impact’ under CEQA
Guidelines (Appendix G (VID).”

Response: The measurement of the existing ambient noise environment conforms to the
applicable portions of several standards and is consistent with the measurements associated with
San Diego County noise regulations. Existing ambient noise measurement methods utilized in
the noise analysis for the Tule Wind Project are consistent with several standards and practices
including ANSI S1.13, ANSI S12.9/Part 2, ASTM E1014, ASTM E1503, several state and
federal agency measurement methods, and good engineering practice. The study was adequate
and appropriate, and consistent with the accepted industry standards.

Please refer to response number 23.2 of Data Request No. 14 for further information concerning
the ambient noise measurement methods.

Claim — Had modeling properly addressed wind turbine emitted sound power predicted sound
levels would have been higher.

Response: The noise analysis conducted for the Tule Wind Project used the best available data
from wind turbine manufacturers to estimate project-related sound levels. Several conservative
assumptions were utilized in the Tule sound model including the turbine operation mode with the
highest noise emission characteristic, continuous downwind conditions, reflective ground
coverage and the use of noise emissions representative of the hot weather package. The
modeling was adequate and appropriate, and consistent with the accepted industry standards.

Please refer to responses 14 and 16 of Data Request No. 14 for further information concerning
wind turbine noise emission measurement methods and the modeling methodology.

23.6 E-Coustic Solutions Comment 6 (pages 2-3)
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Claim — Project noise levels would be in excess of standards and create a substantial permanent
increase in ambient noise level if the background study and computer modeling had been
performed according to the recommendation of E-Coustic Solutions

Response: E-Coustic Solution’s proposed background noise study and modeling methods are
inconsistent with current County regulations and best practices in the field of environmental
acoustics. The measurement of the existing ambient noise environment conforms to applicable
portions of several noise standards and is consistent with the measurements associated with San
Diego County noise regulations. Existing ambient noise measurement methods utilized in the
noise analysis for the Tule Wind Project are consistent with several standards and practices
including ANSI S1.13, ANSI S12.9/Part 2, ASTM E1014, ASTM E1503, several state and
federal agency measurement methods, and good engineering practice.

The San Diego County Code of Regulatory Ordinances Section 36.402, Clause (a) defines the
ambient sound to be, “...the composite of existing noise from all sources at a given location and
time.” The same ordinance clause (in 36.402) continues, “Ambient noise is sometimes referred to
as background noise.” The measurement performed for the Tule Wind Project depicts ambient
conditions including all existing sources. The use of a background sound level to represent
existing conditions, as proposed by E-Coustic Solutions, is inconsistent with CEQA as the
background sound level excludes existing noise sources that contribute to the ambient
environment.

Furthermore the modeling methods used in the noise analysis for the Tule Wind Project are
consistent with internationally-recognized and accepted methods for calculating environmental
noise levels. The Cadna-A model developed for the Tule Wind Project utilizes modeling
assumptions which best reflect measurements from operating wind farms. Please refer to
Section 1.3 of the Tule Wind Project — Draft Noise Analysis Report, dated February 2011, for
further details on the modeling methodology.

Please refer to response 23.2 of Data Request No. 14 for further details on the ambient noise
measurement methodology and the background measurement proposed by E-Coustic Solutions,
and to responses 13 and 16 for additional information regarding 1SO 9613 and the modeling
assumptions.

In summary, use of the methods advocated by E-Coustic Solutions would have resulted in
different, inappropriate, and unrepresentative noise analysis results. Furthermore, the resulting
inappropriate off-set distances would likely inhibit wind turbine developments in areas where
high quality wind resources and access to transmission lines make wind turbine developments
feasible.
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23.7 E-Coustic Solutions Comment 7 (page 3)

Claim — Wind turbine noise will result in adverse health effects

Response: Several reviews of currently available scientific data have determined that there is no
direct casual relationship between wind turbine generated sound and health effects. The sources
cited by E-Coustic Solutions which support the claim that wind turbine noise will result in
adverse health effects are not peer reviewed, do not support their claims with measurement data
and do not qualify as valid epidemiological studies. Furthermore, Dr. Geoff Leventhall
concluded that “a simple order of magnitude calculation, using basic physics of the level which
will be known to a 16-year-old school pupil, shows that the movement of the diaphragm under
the forces which might result from wind turbine noise is less than 10 microns. That is less than
one hundredth of a millimeter or about one tenth of the average thickness of human hair. During
normal breathing, the diaphragm moves several centimeters.”® Clearly wind turbine noise
would not cause adverse health effects to a human body.

Also, a review of the medical literature databases performed by Exponent, Inc. found no
evidence of a causal link between exposure to wind turbine noise and adverse health effects. As
of this review (by Exponent), there has not been a specific health condition documented in the
peer reviewed published literature to be classified as a disease caused by exposure to sound
levels and frequencies generated by the operation of wind turbines.®® Please refer to responses 5,
23.1, and 24-26 of Data Request No. 14 for further information concerning wind turbine noise
and health effects.

23.8 E-Coustic Solutions Comment 8 (page 3)

Claim — If the Project is approved as currently proposed there will be significant negative noise
impacts.

“The result of these technical flaws along with an outdated understanding of how the
human body responds to acoustical energy below the threshold of perception leads to a
conclusion that if the Project, as proposed, is approved, it will, with a high degree of
certainty, have negative noise impacts that are ‘significant.””

Response:  These specific claims are unsupported, and inconsistent with the norms of
environmental acoustics and how noise is regulated as an environmental pollutant in the United
States. In testimony during the Glacial Hills wind farm permit process, Dr. Geoff Leventhall
testified that the forces on the human body resulting from exposure to low frequency and
infrasonic noise produce a deflection of approximately 10 microns or about one tenth of the
average thickness of human hair. Normal lung function (breathing) causes a deflection of more

% Direct testimony of Dr. Geoff Leventhall on behalf of Wisconsin Electric Power Company, before the Public
Service Commission of Wisconsin, E-docket number 6630-CE-302

8 “Evaluation of the Scientific Literature on the Health Effects Associated with Wind Turbines and Low Frequency
Sound”, Exponent, Inc., October 20, 2009, and also in testimony by of Dr. Mark Roberts in Glacial Hills wind farm
project in Wisconsin, Broad Mountain wind farm project in Pennsylvania, and Goodhue Wind project in Minnesota.
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than a centimeter. Heart beats and normal body motions cause more deflection than ten microns
and, therefore, the forces imparted upon a human body by exposure to wind turbine noise are
meaningless.®

The Tule Wind Project — Draft Noise Analysis Report addressed all applicable noise
considerations in relation to local regulation and CEQA including:

e Exposure of persons to or generation of noise levels in excess of standards established in
the local general plan or noise ordinance, or applicable standards of the other agencies.

e Exposure of persons to or generation of excessive ground borne vibration or ground
borne noise levels.

e A substantial permanent increase in ambient noise levels in the project vicinity above
levels existing without the project.

e A substantial temporary or periodic increase in ambient noise levels in the project
vicinity above levels existing without the project.

Upon final design, approval of project layout, and prior to construction, a sound study will be
finalized to demonstrate compliance with the San Diego County Code of Regulatory Ordinances
Section 36.409 and 36.410; therefore, no significant noise impacts due to operational noise are
anticipated.

23.9 E-Coustic Solutions Comment 9 (page 3)

Claim — Wind turbine utilities produce sound levels in excess of a 40 dBA limit provided by the
World Health Organization for safe and healthful sleep.

Response: E-Coustic Solutions comment does not recognize several important concepts
associated with the World Health Organization’s (WHO) nighttime noise recommended limit.
First, the proposed project is subject to the noise limits enforced by the County; the WHO has no
jurisdiction in California. Second, the referenced WHO noise limit is nothing more than a
recommendation; it is not a regulatory limit; this concept is explicitly clear in the WHO
document. Third, the referenced WHO noise limit is actually expressed as an annual average of
all nighttime hours. In other words, it represents the hourly equivalent noise level (Leq) for each
of the eight nighttime hours, averaged over all 365 days of the year. It is not, as E-Coustic
Solutions erroneously implies, a one-hour noise limit. Therefore, statements that this proposed
project will exceed the WHO nighttime exterior sound level recommendation are not factual.

E-Coustic Solution’s claim that project-related sound levels will be in excess of WHO
recommendations are not supported by modeling or site specific meteorological data. The
modeling results presented in the Tule Wind Project — Draft Noise Analysis Report is
representative of a single hour in which turbines operate at maximum noise emission. Project-

% Direct testimony of Dr. Geoff Leventhall on behalf of Wisconsin Electric Power Company, before the Public
Service Commission of Wisconsin, E-docket number 6630-CE-302
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related sound levels will be less than those shown in the noise analysis report during periods
when wind speeds are below the cut-in speed. The proposed turbines do not operate at
maximum noise emissions during all hours of every day and night in a year.

Claim — Project-related sound levels will result in “a high level of community complaints”
stemming from sleeping disturbance and noise pollution.

Response: Annoyance is subjective and difficult to predict; therefore, it cannot be said with any
degree of certainty that the project-related sound levels will result in a “high level of community
complaints stemming from sleeping disturbance and noise pollution.” Finding 33 of the San
Diego County Noise Element discusses the topic of annoyance and the causes of annoyance:

“The degree of annoyance is closely related to both acoustical and non-
acoustical factors. The former include the levels and durations and number of
occurrences of identifiable noise events; the residual noise level; the variability of
the noise levels; the time of day; and special factors related to the character of
the information content of the noise. Non-acoustical factors include the
particular activity disrupted, the attitude of those affected, and factors specific to
particular sound sources, such as disagreements over barking dogs.”

As described in Finding 33 of the San Diego County Noise Element, aural sensitivity and
attitudes toward a project or sound source will affect the level of annoyance experienced by an
individual. Therefore, although it is possible that individuals may experience annoyance as a
result of the Tule wind project, it is not a predictable outcome and the setbacks used for siting
will serve to minimize the levels of noise as a source of potential annoyance.

Please refer to response to Data Request No. 14 response number 5 for additional information
concerning annoyance.

Claim — Wind turbine sound will result in health effects

“In_addition, there is mounting evidence that for the more sensitive members of the
community, especially children under six, people with pre-existing medical conditions,
particularly those with diseases of the vestibular system and other organs of balance and
proprioception, and seniors with existing sleep problems will be likely to experience
serious health risks.”

Response: Please refer to responses 5, 23.1, and 24-26 of Data Request No. 14 for further
information concerning wind turbine noise and health effects.

23.10 E-Coustic Solutions Comment 10 (pages 6-7)

Response: 1SO 9613-2 (Attenuation of Sound during Propagation Outdoors) provides the
internationally-recognized and accepted methods for calculating environmental noise levels
including noise emissions from wind turbines. The Cadna-A software incorporates 1ISO 9613 in
the propagation calculations. The 1SO 9613 methods used by Cadna-A were endorsed by an
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independent working group of European acoustical consultants.®” Additionally, post-construction
studies performed by Andrew Bullmore®® and Kenneth Kalinski®® compared measured sound
levels from wind farms with corresponding calculation models of the same wind farms. These
comparisons showed that wind turbine sound levels modeled in Cadna-A and utilizing the
ISO 9613-2 calculation methods can achieve good correlation with the post-construction
measurements, effectively validating the calculation for wind-turbine sound sources. See
responses 12 and 23.3 of Data Request No. 14 for information regarding the ISO 9613-2
calculation method.

The comment from E-Coustic Solutions regarding blast waves is not applicable because blast
waves are not sound waves; they exhibit some similar behaviors but they are fundamentally
different and methods of calculating blast effects are likewise different. Wind turbine noise
emissions are not comparable to blast waves.

See response 13 of Data Request No. 14 for information regarding the recent calculation method
from the Swedish EPA. The E-Coustic Solutions comment is factually incorrect when it states
that the calculation for sound propagation considers a decay rate of 3 dB per doubling of
distance. Over land, propagation occurs at a decay rate of 6 dB per doubling of distance, just as
the 1SO 9613-2 calculation does. The Swedish method does implement a different propagation
calculation for offshore wind turbines (that means wind turbine noise propagation over open
water), which includes a device to propagate at 3 dB per doubling of distance, in addition to the
standard propagation for point sources at 6 dB per doubling of distance. The installation of wind
turbines in open water is not proposed as part of the Tule Wind Project. Therefore, the E-
Coustic Solutions’ reference to the Swedish EPA methods is incorrect, inapplicable, and
inappropriate.

23.11 E-Coustic Solutions Comment 11 (pages 7-8)

Claim — Using sound power levels measured according to the method in IEC 61400/Part 11 will
under-predict sound levels during conditions of a nighttime stable atmosphere.

Response: See response 14 of Data Request No. 14 for an explanation of the purpose and use of
sound power levels. By virtue of their nature, sound power level data intentionally removed the
effect of the listening environment to allow prediction of noise from the source under study in a
variety of listening environments. The sound power data is intended to be irrespective of a
particular environment, contrary to the suggestion of E-Coustic Solutions. This comment from
E-Coustic Solutions is fundamentally misleading. The internationally-recognized way to
establish a sound power level for a single wind turbine is through methods contained in
IEC 61400. Use of a different measurement standard to establish the reference sound power
level is inappropriate.

%7 Bowdler et al., Prediction and Assessment of Wind Turbine Noise. Institute of Acoustics Acoustics Bulletin.
March / April 2009.

% Bullmore et al. “Wind Farm Noise Predictions and Comparison with Measurements”. Third International
Meeting on Wind Turbine Noise. June 2009.

% Kalinski, Kenneth and Eddie Duncan. “Propagation Modeling Parameters for Wind Power Projects”. Sound &
Vibration. December 2008.
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Use of that reference sound power level to assess wind turbine noise levels under different
stability regimes is independent of the IEC 61400 method, because that is simply a measurement
method and assessing wind turbine noise levels under different conditions requires modeling.
That modeling should be based on ISO 9613. On this basis, this comment is misleading.

Furthermore, temperature inversions often form during stable nighttime conditions when ground-
level wind speeds range from mild/calm to still (no wind). Normally, the temperature of the
atmosphere gets colder as you move higher above the earth’s surface. A temperature inversion is
an atmospheric condition in which the atmospheric temperature increases with height above
ground (cool air is trapped near the ground with warmer air above it). Temperature inversions are
most commonly caused by radiative cooling of the ground at night leading to cooling of the air in
contact with the ground. Such conditions are especially prevalent on cloudless nights with little
wind. If winds occurred at the ground level, the inversion layer would become mixed with the
layers above it and the inversion would begin to disappear.

During episodes of stable atmosphere, temperature inversions occurring within the lowest 50 to
100 meters of atmosphere can affect noise levels measured on the ground. Such conditions may
increase noise levels by focusing sound wave propagation paths at a single point. Conventional
approaches to assessing noise propagation under temperature inversion conditions require
knowledge of the temperature gradient and assume that the noise source is located below the
temperature inversion, typically near the ground. In summary, when a layer of cool air is trapped
at the ground surface (with a layer of warmer air above it) and the winds are still, the resulting
temperature inversion is known to focus sound wave propagation paths (from noise sources
operating in the layer of cold air, most often on the ground) at a single point on the ground.

When the atmosphere is stable, the effect of temperature inversions on noise propagation from
wind turbines is not typical of other sources. Wind turbines located on top of ridges are often
located at elevations that are much higher than nearby receivers. In those circumstances it is
unlikely that conventional temperature inversions in the lower 100 meters of the atmosphere
would affect noise propagation from sources elevated as high as wind turbines on top of ridges.
A further consideration must be that temperature inversions require little to no wind in order to
minimize atmospheric mixing and hence develop. During calm conditions the wind turbine
generators are unlikely to operate, because the cut-in speed is approximately 3-4 m/s.

In general, sound propagates best under stable conditions with a strong inversion, such as during
a clear night with low winds. In those situations, sound levels from wind turbines would be at
their lowest. Wind speeds under very stable conditions—Stability Class G—generally are too
low to generate electricity, and thus, the wind turbines would produce little or no noise because
they would not be operating. As a result, worst-case conditions for wind turbines tend to be
under more moderate nighttime inversions.”

Moderate nighttime inversions include periods when winds at the hub height are above the cut-in
speed and ground-level winds are still; the still ground-level winds do not create any masking

"0 Silverton Wind Farm Noise Impact Assessment, July 23, 2008, by Heggies Pty Ltd.
™ Kenneth H. Kalinski, “Understanding Turbine Sound Impact Studies”, North American Wind Power, May 2008.
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noise. These conditions are most likely to result in the highest levels of amplitude modulation, be
most favorable to noise propagation, and wind turbine noise being the most perceivable’®. Post-
construction noise measurements were performed during these conditions, at both the Mars Hill
and Stetson wind farms. Over 300 hours of measurement data was collected under these
conditions. Analysis of that data confirmed that noise levels measured under these conditions
were within 5 dBA of modeled noise levels™. The noise analysis performed for the Tule project
modeled a moderate inversion condition. The Tule noise analysis also added more than 5 dBs of
conservatism. In this manner, the Tule noise analysis accounted for moderate inversions and
conditions most favorable to propagation, when ground-level masking is at its lowest level, and
turbine noise is most noticeable.

Under an inversion there may be less wind-generated masking sound near the ground under the
boundary layer. The noise levels are not necessarily louder during these environmental
conditions, but they may be more perceivable in the absence of the masking effects of ground-
level winds. Several other measures have been enacted in the sound propagation model to avoid
under-predicting the sound levels. These are discussed in greater detail in response 16 of Data
Request No. 14, and the Tule Wind Project — Draft Noise Analysis Report, dated February 2011
(Section 1.3 and Appendix D).

23.12 E-Coustic Solutions Comment 12 (pages 8-9)

Claim — Modeling methods and assumptions should have included 3 dB to account for
uncertainty in 1ISO 9613-2

Response: Several measures of conservatism have been taken in the noise model to avoid under-
predicting the sound levels at the receiver. A 3dB correction to account for uncertainty in 1SO
9613 Part 2 was accounted for through other conservative assumptions used in the modeling. The
use of conservative modeling assumptions results in more than 3 dB increase over less
conservative methods; therefore, no additional corrections were applied.

Please refer to responses 7 and 16 of Data Request No. 14 for further details on the modeling
methodology and assumptions.

23.13 E-Coustic Solutions Comment 13 (page 9)

Claim — Predicted sound levels underestimate nighttime noise under stable atmospheric
conditions.

Response: E-Coustic Solutions does not support their claim with measurement data. As stated
previously, during stable nighttime conditions, ground-level wind speeds range from mild/calm
to still (no wind); often temperature inversions form. Normally, the temperature of the
atmosphere gets colder as you move higher above the earth’s surface. A temperature inversion is
an atmospheric condition in which the atmospheric temperature increases with height above

"2 Resource Systems Engineering, “Response to Powers Trust Objection”, November 3, 2009.
" Resource Systems Engineering, “Response to Powers Trust Objection”, November 3, 2009.
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ground (cool air is trapped near the ground with warmer air above it). Temperature inversions are
most commonly caused by radiative cooling of the ground at night leading to cooling of the air in
contact with the ground. Such conditions are especially prevalent on cloudless nights with little
wind. If winds occurred at the ground level, the inversion layer would become mixed with the
layers above it and the inversion would begin to disappear.

During episodes of stable atmosphere, temperature inversions occurring within the lowest 50 to
100 meters of atmosphere can affect noise levels measured on the ground. Such conditions may
increase noise levels by focusing sound wave propagation paths at a single point. Conventional
approaches to assessing noise propagation under temperature inversion conditions require
knowledge of the temperature gradient and assume that the noise source is located below the
temperature inversion, typically near the ground. In summary, when a layer of cool air is trapped
at the ground surface (with a layer of warmer air above it) and the winds are still, the resulting
temperature inversion is known to focus sound wave propagation paths (from noise sources
operating in the layer of cold air, most often on the ground) at a single point on the ground.

When the atmosphere is stable, the effect of temperature inversions on noise propagation from
wind turbines is not typical of other sources. Wind turbines located on top of ridges are often
located at elevations that are much higher than nearby receivers. In those circumstances it is
unlikely that conventional temperature inversions in the lower 100 meters of the atmosphere
would affect noise propagation from sources elevated as high as wind turbines on top of ridges.
A further consideration must be that temperature inversion require little to no wind in order to
minimize atmospheric mixing and hence develop. During calm conditions the wind turbine
generators are unlikely to operate, because the cut-in speed is approximately 3-4 m/s.™

In general, sound propagates best under stable conditions with a strong inversion, such as during
a clear night with low winds. In those situations, sound levels from wind turbines would be at
their lowest. Wind speeds under very stable conditions—Stability Class G—generally are too
low to generate electricity, and thus, the wind turbines would produce little or no noise because
they would not be operating. As a result, worst-case conditions for wind turbines tend to be
under more moderate nighttime inversions.”

Moderate nighttime inversions include periods when winds at the hub height are above the cut-in
speed and ground-level winds are still; the still ground-level winds do not create any masking
noise. These conditions are most likely to result in the highest levels of amplitude modulation, be
most favorable to noise propagation, and wind turbine noise being the most perceivable’. Post-
construction noise measurements were performed during these conditions, at both the Mars Hill
and Stetson wind farms. Over 300 hours of measurement data was collected under these
conditions. Analysis of that data confirmed that noise levels measured under these conditions
were within 5 dBA of modeled noise levels.”” The noise analysis performed for the Tule project
modeled a moderate inversion condition. The Tule noise analysis also added more than 5 dBs of

™ Silverton Wind Farm Noise Impact Assessment, July 23, 2008, by Heggies Pty Ltd.

" Kenneth H. Kalinski, “Understanding Turbine Sound Impact Studies”, North American Wind Power, May 2008.
"® Resource Systems Engineering, “Response to Powers Trust Objection”, November 3, 2009.

" Resource Systems Engineering, “Response to Powers Trust Objection”, November 3, 2009.
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conservatism. In this manner, the Tule noise analysis accounted for moderate inversions and
conditions most favorable to propagation, when ground-level masking is at its lowest level, and
turbine noise is most noticeable.

Please refer to responses 7 and 16 of Data Request No. 14 for further details on the modeling
methodology and assumptions.

23.14 E-Coustic Solutions Comment 14 (page 9)

Response: The limits stated by E-Coustic Solutions for source heights mischaracterize the
language that is actually in 1ISO 9613-2. Section 9 of the ISO Standard discusses the accuracy of
calculations, and lists the accuracy according to certain geometric conditions in Table 5, therein.
Table 5 from 1SO 9613-2 is reproduced in the E-Coustic Solutions comment as Figure 12 on
page 21. The data in Table 5 means that the standard can provide an estimate of accuracy within
those heights based upon previous study, but that the standard does not provide an estimate of
accuracy for heights and distances greater than listed in the table. The language in 1ISO 9613-2
does not prohibit using those calculations with source and receiver heights and distances greater
than listed in the table. The calculations are based upon physical principles and are found in
several standards and academic resources; they are not unique to this standard and its table of
estimated accuracy.

Furthermore, E-Coustic Solutions seems to have misinterpreted the table of estimated accuracy
by stating that it is limited to “noise sources that are no more than 30 meters above the receiving
locations.” Actually, the height value is based upon a mean (average) of the source and receiver
height, so for a receiver that is 2 meters high [6 feet] the table of accuracy values will still apply
to sources that are 58 meters high [190 feet], because the mean height of the source and receiver
is then 98 feet (30 meters). A wind turbine with a hub height of 80 meters will be far enough
outside the parameters shown in the table to be unable to estimate the accuracy associated with
the sound propagation, apart from saying that it will likely be greater than £3 dB. But it is not as
far outside the parameters as characterized by E-Coustic Solutions (the source height is about
35% higher than the table of estimated accuracy can account for, not 167% that E-Coustic
Solutions stated).

For modeling wind turbines, the 1SO 9613-2 methods used by Cadna-A were endorsed by an
independent working group of European acoustical consultants.”® Additionally, post-construction
studies performed by Andrew Bullmore™ and Kenneth Kalinski®® compared measured sound
levels from wind farms with corresponding calculation models of the same wind farms. These
comparisons showed that wind turbine sound levels modeled in Cadna-A and utilizing the

8 Bowdler et al., Prediction and Assessment of Wind Turbine Noise. Institute of Acoustics Acoustics Bulletin.
March / April 2009.

™ Bullmore et al. “Wind Farm Noise Predictions and Comparison with Measurements”. Third International
Meeting on Wind Turbine Noise. June 2009.

8 Kalinski, Kenneth and Eddie Duncan. “Propagation Modeling Parameters for Wind Power Projects”. Sound &
Vibration. December 2008.
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ISO 9613-2 calculation methods can achieve good correlation with the post-construction
measurements when the modeling parameters are chosen appropriately.

In summary, the 1ISO 9613-2 standard can provide an estimate of accuracy for certain geometric
parameters of the source and receiver (heights and distances). But it does not preclude the use of
the calculations outside of these parameters. Wind turbines are outside these parameters and so
may have a level of uncertainty greater than 3 dB, but wind turbines are not as far outside these
parameters as E-Coustic Solutions implies. Additionally wind turbine models have been
compared to field measurements with acceptable results as shown in the Kalinski study.®

Please refer to responses 12 and 23.3 of Data Request No. 14 for further details on the modeling
methodology and post-construction monitoring.

The limits stated by E-Coustic Solutions for source heights and distances do not preclude the use
of the calculations outside of these limits. The portions of the calculations used in the noise
model for the Tule Wind Project are based upon physical principles and are found in several
standards and academic resources. These limits are merely a statement of where there is a well-
studied level of uncertainty, and these estimated levels of uncertainty may be applied when using
all portions of the ISO 9613-2 calculations.

23.15 E-Coustic Solutions Comment 15 (pages 12-15)

Claim — Wind turbine sound causes annoyance at sound levels 10 dBA or more below the sound
levels that would cause equivalent annoyance from other sources.

Response: Annoyance is subjective and influenced by aural sensitivity and attitudes toward a
project. Please refer to response numbers 5 and 23.9 of Data Request No. 14 for additional
information concerning annoyance.

Claim — IEC 61400-11 test procedures do not represent a “worst case” sound propagation
condition.

Response: The noise study for the project used very conservative assumptions. This is discussed
in greater detail in responses 7 and 8 of Data Request No. 14.

The sound power level measurement method described in IEC 61400-11 does not address
propagation in any particular environment. The purpose of a sound power measurement is to
quantify the noise emission characteristic of a sound source irrespective of its environment. This
makes the resulting sound power level useful for predicting the effect of introducing the noise
source into any environment. Sound propagation is addressed through the Cadna-A model.

The Cadna-A model developed for the Tule Wind Project utilizes modeling assumptions which
best reflect measurements from operating wind farms. Post-construction studies show that wind

8 Kalinski, Kenneth and Eddie Duncan. “Propagation Modeling Parameters for Wind Power Projects”. Sound &
Vibration. December 2008.
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turbine sound levels modeled with 1SO 9613:2 using no ground attenuation best fit monitored
sound levels. Additionally, conservative assumptions such as the use of the manufacturer
guaranteed sound levels and modeling of the hot weather package were also used in the sound
model developed for the Tule Wind Project. These modeling assumptions are all implemented
with the goal to avoid under-predicting sound levels.

Please refer to response 14 of Data Request No. 14 for further details on IEC 61400-11.

Claim — Amplitude modulated sound results in sound fluctuating 5 dBA or more

Response: Wind turbines emit broad band noise with a spectral peak around 500 Hz. As the
blades move closer and farther away from a stationary listener, the noise they emit gets louder
and softer. This rhythmic increase and decrease in noise emissions is called amplitude
modulation, and the amount of modulation varies according to proximity to the wind turbine.
Sound from many sources exhibits amplitude modulation. Steady, low-volume traffic pass-by
events exhibit a rhythmic rise and fall in volume. Ocean waves crashing on a beach also exhibit a
rhythmic rise and fall in volume. In this manner noise from these events exhibit amplitude
modulation, this by virtue of its nature is not intrinsically annoying or harmful to human health.
In fact, many people consider the rhythmic noise made by ocean waves to be desirable.

Please refer to response number 4 of Data Request No. 14 for further details on the
characteristics of wind turbine sound and amplitude modulation.

In addition, it should be noted that the E-Coustic study does not present site-specific data and
does not appear to be based on any consideration of the Tule project’s specific conditions. In
fact, it appears to have been written for another project entirely (the Kent Breeze Project, which
is mentioned on page 13 of the report).

23.16 E-Coustic Solutions Comment 16 (pages 16-19)

Claim — Low frequency sounds and infrasound should be measured using dBC and dBG,
respectively

Response: This question exists in the context of an environmental noise analysis for a proposed
wind turbine project. Existing requirements in San Diego County rely on A-weighting for sound
measurements and regulations. The A-weighting scale is a close approximation of the human
response to different frequencies of sound and is in broad use across many disciplines which
address noise. While there are weighting scales other than the A-weighting scale (which
simulates human response to frequencies of sound), use of other weighting scales produces
results that do not reflect how human ears respond to different frequencies of sound. Therefore,
they are not appropriate to use in the context of an environmental acoustics analysis performed to
assess compliance with applicable noise limits.

The A-weighting scale attenuates low-frequency noises in a manner that simulates how human
ears attenuate low frequency noise at low levels (approximately 40 dB). The C-weighting scale
does not attenuate low frequencies as much as the A-weighting scale because it simulates how
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humans perceive sound at higher levels (approximately 80 dB). Use of C-weighting produces
different noise analysis results than those already reported in units of A-weighted dBs. The
differences between the A-weighted and C-weighted results are not pertinent because sound
levels at receptors will not reach levels as high as 80 dB due to the wind turbines.

The G-weighting scale emphasizes frequencies centered at 20 Hz; it begins to heavily discount
the influence of frequencies above 40 Hz and below 5 Hz. A comparison of weighting scales is
shown in the graph below.?>® In the context of an environmental noise assessment performed to
assess compliance with A-weighted noise limits, there is no merit to expressing project-related
noise using G-weighting.
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Please refer to responses 1, 6 and 9 of Data Request No. 14 for further details on applicable
regulations and use of the A-weighting scale.

Claim — Infrasound from wind turbines will be audible for some people at levels lower than what
is required for threshold of perception, based on a single pure tone

Response: The science behind the perception of infrasound and minimum audible field for
infrasound has been studied by the evaluation of pure tone and the presence of background noise.
The threshold of perception found amongst studies is not consistent due to variability in study
conditions and subjects. There is not consensus and very little data to evaluate the exact effect of
background noise on the audibility of infrasound.

8 ANSI S1.4-1983. American National Standard Specification for Sound Level Meters.
8|SO 7196:1995. Acoustics — Frequency-weighting characteristic for infrasound measurements.
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This uncertainty is discussed by Moller and Pedersen below.

“Generally low-frequency and infrasonic sounds from everyday life are not pure
tones alone, but rather combinations of different random noises and tonal
components. It is however, impossible to make thresholds for all imaginable
combinations of sounds that exist, and as seen above there is no final conclusion
about possible higher or lower sensitivity to noise bands than to pure tones.
Anyway, differences seem to be relatively modest, and the pure-tone threshold can
with a reasonable approximation be used as a guideline for the thresholds also
for nonsinusoidal sounds.”®*

As stated by E-Coustic Solution the threshold for perception presented in the Watanbe and
Pedersen study is based on pure tones; therefore, the threshold of audibility in the presence of
other sounds will vary. The differences in the minimum audible field will be relatively modest
and pure tone thresholds serve as a reasonable approximation.®.

Measurements of operating wind turbines published by Epsilon and Associates®® show that
infrasonic sound emissions from modern upwind-configured wind turbines are below audibility
thresholds for even the more sensitive people at a distance of 1,000 feet. Infrasound levels
measured at a distance of 1,000 feet from GE 1.5 sle and Siemens SWT 2.3 wind turbine
generators were more than 20 dBs below the median thresholds of hearing.

Please refer to responses 1 and 2 of Data Request No. 14 for further details on infrasound and
low frequency sound.

Claim — Statements that infrasound is not significant because it does not reach the amplitudes
above the threshold of perception are mischaracterizing wind turbine infrasound

Response: This is simply not true. The Tule Wind Project — Draft Noise Analysis Report
addressed all applicable noise considerations and “significance” determinations in relation to
local regulation and CEQA including:

e Exposure of person to or generation of noise levels in excess of standards established in
the local general plan or noise ordinance, or applicable standards of the other agencies.

e Exposure of persons to or generation of excessive ground borne vibration or ground
borne noise levels.

e A substantial permanent increase in ambient noise levels in the project vicinity above
levels existing without the project.

e A substantial temporary or periodic increase in ambient noise levels in the project
vicinity above levels existing without the project.

8 Moller H. and Pedersen C.S. Hearing at low and infrasonic frequencies. Noise Health 2004;6:37-57.
& Moller H. and Pedersen C.S. Hearing at low and infrasonic frequencies. Noise Health 2004;6:37-57.
8 Epsilon Associate, Inc. “A Study of Low Frequency Noise and Infrasound from Wind Turbines”. July 2009.
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Post-construction measurements show that the amount of low frequency sound and infrasound
from wind turbines is modest and acceptable according to ANSI standards. Please refer to
response 26 of Data Request No. 14 for further information on infrasound.

Claim — Infrasound and low frequency sound below the threshold of perception can cause health
effects.

Response: Several reviews of currently available scientific data have determined that there is no
direct casual relationship between wind turbine generated sound and health effects. A review of
the medical literature databases performed by Exponent, Inc. found no evidence of a causal link
between exposure to wind turbine noise and adverse health effects. As of this review (by
Exponent), there has not been a specific health condition documented in the peer reviewed
published literature to be classified as a disease caused by or associated with exposure to sound
levels and frequencies generated by the operation of wind turbines.®’

The Chief Medical Officer of Health of Ontario® recently performed a study focusing on the
topic of wind turbine noise and health. The study also concluded the following concerning wind
turbine and health:

e While some people living near wind turbines report symptoms such as dizziness,
headaches, and sleep disturbance, the scientific evidence available to date does not
demonstrate a direct causal link between wind turbine noise and adverse health effects.

e The sound level from wind turbines at common residential setbacks is not sufficient to
cause hearing impairment or other direct adverse health effects. However, some people
might find it annoying. It has been suggested that annoyance may be a reaction to the
characteristic “swishing” or fluctuating nature of wind turbine sound rather than to the
intensity of sound.

e Low frequency sound and infrasound from current generation upwind model turbines are
well below the pressure sound levels at which known health effects occur. Further, there
is no scientific evidence to date that vibration from low frequency wind turbine noise
causes adverse health effects.

Please refer to responses 5, 23.1, 23.7, and 26 of Data Request No. 14 for further information
concerning infrasound, low frequency sound, and health effects.

Claim — Dr. Nina Pierpont established a causal link between wind turbine infrasound and low
frequency sound and medical pathologies

87 «Evaluation of the Scientific Literature on the Health Effects Associated with Wind Turbines and Low Frequency
Sound”, Exponent, Inc., October 20, 2009, and also in testimony by of Dr. Mark Roberts in Glacial Hills wind farm
project in Wisconsin, Broad Mountain wind farm project in Pennsylvania, and Goodhue Wind project in Minnesota.
% “The Potential Health Impact of Wind Turbines.” Chief Medical Officer of Health Report. May 2010.
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Response: While the work of Dr. Nina Pierpont intends to establish a causal link between wind
turbine infrasound and low frequency sound and health effects, she fails to do so.

Association is not equal to causation. Researchers can find an association, also called a
correlation, which is a relationship, negative or positive, between two or more variables. Often
an association is identified through statistical inferences before a causal relationship is
established. Historically, there have been careful clinical observations (e.g., case reports and
series) that have stimulated a number of now-classic epidemiology research efforts that have
identified important associations and ultimately the determinants of causal relationships. There
have also been case reports identifying associations that did not hold up under epidemiological
scrutiny, such as those associating blunt force trauma and cancer. For this reason, case studies
cannot be used to determine causation. A causal association can only be established by the
evaluation of well designed and executed epidemiologic studies.

A landmark discussion of the process of moving from a disease being associated with a risk
factor to a point where the scientific community is comfortable attributing causation to a risk
factor was put forth by Sir Austin Bradford Hill in 1965. It was during this time that a number of
papers, including the Surgeon General Report issued in 1964, began to more formally delineate
the scientific reasoning process that justifies a conclusion that observed associations between an
exposure and a disease are the result of a causal relationship between the exposure and the
disease. Key statements from scientists during that time include the following:

“Disregarding then any such problem in semantics we have this situation. Our
observations reveal an association between two variables, perfectly clear-cut and
beyond what we would care to attribute to chance. What aspects of that
association should we especially consider before deciding that the most likely
interpretation of it is causation?” [italics added]. Hill’s nine criteria for causation
have been described in a number of ways. They are commonly referred to as
strength, consistency, specificity, temporality, biological gradient, plausibility,
coherence, experiment, and analogy®.

Numerous reviews of Dr. Pierpont’s research conclude that it fails to establish a causal link due
to several reasons, including the fact that her samples were deliberately selected and their sizes
were too small, as well as the fact that there was no control group®. Several reviews of currently
available scientific data have determined that there is no direct casual relationship between wind
turbine-generated sound and adverse health effects.

Please refer to responses 5, 23.1, 23.7, 23.16 and 26 of Data Request No. 14 for further
information concerning infrasound, low frequency sound and health effects.

8 Hill AB. (1965). The Environment and Disease: Association or Causation? Proc R Soc Med. 58295 -300).
% Testimony of Dr. Mark Roberts to the Wisconsin Public Utilities Commission, docket number 6630-CE-302.
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Claim — The research conducted by Dr. Nina Pierpont meets the standards of a peer reviewed
epidemiological study.

“The type of epidemiological study conducted by Dr. Pierpont is termed a case-crossover
study. [...] Further the report was peer-reviewed by some of the top experts in the U.S.
and Britain who have experience with vestibular disturbances and adverse health
conditions.”

Response:  The following components of the aforementioned comment are not true:
“epidemiological study conducted by Dr. Pierpont” and ““the report was peer-reviewed. Dr.
Pierpont’s work was not an epidemiological study, but a series of case reports and it did not
undergo the rigor of a peer review process which generally uses anonymity and employs a
double-blind process whereby the authors and peer reviewers remain unknown or blinded to each
other. Dr. Pierpont’s peer review process appears to be among colleagues and friends and not a
single- or double-blind process. She used nontraditional references such as newspaper articles
and television interviews in support of her hypothesis. In rebuttal testimony to the Wisconsin
Public Utilities Commission, Dr. Mark Roberts stated the following. “My assessment is that the
material (Pierpont research) describing the phenomena does not appear to have been peer
reviewed in a critical, blinded fashion in the same manner as the articles published in the leading
medical journals. In addition, some of the references that | have seen cited are newspaper
articles, TV interviews, and addresses before legislative bodies. Those are not traditional formats
to present scientific data. It shortcuts the review process that is part of the scientific process of
discovery.”

Dr. Roberts also concluded the following:

1. “Wind Turbine Syndrome” is not a medical diagnosis supported by peer reviewed,
published, scientific literature;

2. The materials presented to support “Wind Turbine Syndrome” are not of sufficient
scientific quality nor have they received the rigorous scientific review and vetting that is
customarily part of the peer review and publishing process;

3. The tried and true scientific method of developing a hypothesis, testing that hypothesis,
publishing the results and having others attempt to repeat the research has not been done
to test the existence of a health condition called “Wind Turbine Syndrome;”

4. An accumulation of anecdotal interviews with self-selected persons living near a wind
turbine does not constitute an epidemiological study and is not sufficient to determine
causation;

5. The bases for claimed adverse health effects due to wind turbines cited by Mr. James
either cannot withstand scientific scrutiny or have nothing to do with wind turbines; and
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6. Siting a wind turbine within view of a residence and the operation of that turbine could be

a source of annoyance to those living in the residence®.”

Claim — Health effects from wind turbine sound is plausible based on currently existing
information

Response: Scientific evidence challenges the notion that adverse health effects from wind
turbine sound is plausible. Dr. Pierpont claims that infrasound at 4-8 Hz enters the lungs and
vibrates the diaphragm and its attached liver, passing confusing messages on to the visceral
graviceptors. Dr. Pierpont gives no evidence to support this, but instead uses references to whole
body vibration, applied to the feet or seat, which is a completely different excitation to that from
sound. A simple order of magnitude calculation using basic physics, shows that the movement of
the diaphragm under the forces which might result from wind turbine noise is less than
10 microns. That is less than one hundredth of a millimeter or about one tenth of the average
thickness of human hair. During normal breathing, the diaphragm moves several centimeters.

Another part of Pierpont’s hypothesis states that infrasound from wind turbines, at a frequency of
1-2 Hz, vibrates the chest, adding to the confusing signals which upset the balance system.
However, there is already a strong source of infrasound inside the body. The human heart beats
at 1-2 Hz, giving far greater magnitudes than might be produced by infrasound from wind
turbines at these frequencies. The beating heart vibrates the surface of the body at a high enough
level to bge2 picked up by a stethoscope, or even the ear. The sound produced by wind turbines
does not.

Claim — Some people exposed to wind turbine sound are suffering psychological distress and
other related harm which warrants the label “health effects” or “disease”

Response: There is not universal agreement that exposure to wind turbine sound causes adverse
human health effects. The Chief Medical Officer of Ontario reviewed potential human health
effects of wind turbines. The review concludes that while some people living near wind turbines
report symptoms such as dizziness, headaches, and sleep disturbance, the scientific evidence
available to date does not demonstrate a direct causal link between wind turbine noise and
adverse health effects. Several reviews of currently available scientific data have determined that
there is no direct casual relationship between wind turbine generated sound and health effects.
Both Dr. Mark Roberts, MD, PhD and former State Epidemiologist for the Oklahoma State
Department of Health®® and Dr. Arlene King, the Chief Medical Officer for Ontario® concluded
there is inadequate evidence to establish a causal link between exposure to wind turbine noise
and adverse human health effects. Please refer to responses 5, 23.1, 23.7, 23.16, and 26 of Data
Request No. 14 for further information concerning wind turbine generated sound and health
effects.

°! Testimony of Dr. Mark Roberts to the Wisconsin Public Utilities Commission, docket number 6630-CE-302.
%2 Testimony of Dr. Geoff Leventhall to the Wisconsin Public Utilities Commission, docket 6603-CE-302.

% Testimony of Dr. Mark Roberts to the Wisconsin Public Utilities Commission, docket number 6630-CE-302.
% “The Potential Health Impact of Wind Turbines.” Chief Medical Officer of Health Report. May 2010.
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Furthermore, a report, “Wind Turbine Sound and Health Effects: An Expert Panel Review”,
prepared by a multidisciplinary panel is of medical doctors, audiologists, and acoustical
professionals from the United States, Canada, Denmark, and the United Kingdom stated that
“there is no evidence that the audible or sub-audible sounds emitted by wind turbines have any
direct adverse physiological effects”. It was also determined that “the ground-borne vibrations
from wind turbines are too weak to be detected by, or to affect, humans”®. The sound level
from wind turbines at common residential setbacks is not sufficient to cause hearing impairment
or other direct health effects, although some people may find it annoying. *® This sentiment is
echoed in the findings of an European Union financed study that released it final report,
“WINDFARM perception: Visual and acoustic impact of wind turbine farms on residents” in
2008. It was stated that

“There is no indication that the sound from wind turbines had an effect on respondents’
health, except for the interruption of sleep. At high levels of wind turbine sound (more
than 45 dBA) interruption of sleep was more likely than at low levels. Higher levels of
background sound from road traffic also increased the odds for interrupted sleep.

Annoyance from wind turbine sound was related to difficulties with falling asleep and to
higher stress scores. From this study it cannot be concluded whether these health effects
are caused by annoyance or vice versa or whether both are related to another factor.””%’

Claim — “There is ample scientific evidence to conclude that wind turbines cause serious health
problems for some people living nearby”

Response: Several reviews of currently available scientific data have determined that there is no
direct casual relationship between wind turbine generated sound and health effects. Please refer
to responses 5, 23.1, 23.7, 23.16 and 26 of Data Request No. 14 for further information
concerning wind turbine generated sound and health effects. Both Dr. Mark Roberts, MD, PhD
and former State Epidemiologist for the Oklahoma State Department of Health®® and Dr. Arlene
King, the Chief Medical Officer for Ontario® concluded there is inadequate evidence to establish
a causal link between exposure to wind turbine noise and adverse human health effects.

Claim — “The reports that claim that there is no evidence of health effects are based on a very
simplistic understanding of epidemiology and self-serving definitions of what does not count as
evidence”

Response: This statement is simply not true. Both Dr. Mark Roberts, MD, PhD and former
State Epidemiologist for Oklahoma State Department of Health'® and Dr. Arlene King, the

% Wind Turbine Sound and Health Effects: An Expert Panel Review. Available at
http://www.canwea.ca/pdf/talkwind/Wind_Turbine_Sound_and_Health_Effects.pdf.

% “The Potential Health Impact of Wind Turbines.” Chief Medical Officer of Health Report. May 2010.

" WINDFARM perception: Visual and acoustic impact of wind turbine farms on residents. Available at
http://www.windaction.org/?module=uploads&func=download&fileld=1615.

% Testimony of Dr. Mark Roberts to the Wisconsin Public Utilities Commission, docket number 6630-CE-302.

% “The Potential Health Impact of Wind Turbines.” Chief Medical Officer of Health Report. May 2010.

100 Testimony of Dr. Mark Roberts to the Wisconsin Public Utilities Commission, docket number 6630-CE-302.
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Chief Medical Officer for Ontario’®* concluded there is inadequate evidence to establish a causal

link between exposure to wind turbine noise and adverse human health effects'*.

Claim — Infrasound from wind turbines below the threshold of perception can affect the inner ear

Response: Several natural functions such as the heart beating, blood flowing, muscle vibrations
and breathing cause infrasound and low frequency noise at low levels but do not cause adverse
health effects and in fact are necessary to sustain human life. While evidence exists that
infrasound below the threshold of perception can cause movement of the inner ear this does not
establish a casual relationship between wind turbine sound and adverse health effects.

Claim — ASHRAE supports the claim that adverse health effects are related to inaudible low
frequency and infrasound

Response: ASHRAE does concern itself with noise and vibration for indoor environments,
primarily in regard to heating, ventilation and air-conditioning systems (HVAC). The design
goals that ASHRAE recommends are aimed at providing comfort, speech privacy and speech
intelligibility as appropriate to room uses. Studies of office noise such as the one cited by
E-Coustic Solutions'® are quite prevalent and many have found that audible sounds from poorly-
designed HVAC systems affect the concentration, productivity and attitude of office workers.
Furthermore, Geoff Leventhall had an opportunity to discuss the relevance of his research to
wind turbines. That particular research of low-frequency “rumble” in HVAC noise was not
applicable to wind turbines because the spectrum was dissimilar in frequency and in levels, and
the findings indicated little effect due to low-frequency noise.'%*

The design goals that ASHRAE recommends are through either the RC Mark Il rating system or
the NC rating system. These rating systems consider high-frequency sounds, mid-frequency
sounds and low-frequency sounds(the NC rating system was updated in 2008 to include low
frequencies, contrary to the claim by E-Coustic Solutions'®), but neither of these rating systems
address infrasound. The recommended criteria, even for residential bedrooms, allow low-
frequency noise at 60 dB or potentially higher in frequencies below 31.5 Hz.

Claim — Low-frequency components of wind turbine sound causes extraordinary effects inside
buildings and causes effects upon an extraordinarily broad area.

Response: The specific effects of low-frequency sound which E-Coustic Solutions discusses are
nothing more than phenomena that billions of people encounter every day in a built environment.
These effects do not identify anything inherently problematic. The comment also mentions the

101 «“The Potential Health Impact of Wind Turbines.” Chief Medical Officer of Health Report. May 2010.

92 wind Turbine Sound and Health Effects: An Expert Panel Review. Available at
http://www.canwea.ca/pdf/talkwind/Wind_Turbine_Sound and_Health_Effects.pdf.

103'K . Persson Waye, R. Rylander, S. Benton and H. G. Leventhall. Effects on performance and work quality due to
low-frequency ventilation noise. Journal of Sound and Vibration, 1997.

104 Testimony of Dr. Geoff Leventhall to the Wisconsin Public Utilities Commission, docket number 6630-CE-302.
105 ANSI S12.2-2008 American National Standard Criteria for Evaluating Room Noise.
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effect of distance upon sound levels (from a source which the author does not cite). The
particular effect described seems to be once again a physical phenomenon that is not wind-
turbine specific and is not inherently problematic. These statements of simple facts do not
support any claim that wind turbine noise is intrinsically different than many other often-
encountered noise sources.

23.18 E-Coustic Solutions Comment 18 (page 21)

Claim — Sound modeling should have included a 3 dB tolerance to account for the 1SO-
methodology

Response: A 3 dB correction to account for uncertainty in ISO 9613 Part 2 was implemented by
applying conservative assumptions concerning sound propagation. The use of conservative
modeling assumptions results in more than 3 dB increase over less conservative methods;
therefore, no additional corrections were applied.

Please refer to responses 12 and16 of Data Request No. 14 for further details on 1ISO 9613-2, the
modeling methodology and modeling assumptions.

Refer to Section 1.3 and Appendix D of the Tule Wind Project — Draft Noise Analysis Report
(February 2011) for further details on the modeling methodology and ISO 9613 Part 2.

23.19 E-Coustic Solutions Comment 19 (page 21)

Response: E-Coustic Solutions’ assertion that sound power levels are inappropriately used in
this analysis is simply not true, and is potentially misleading. Sound power levels have been
addressed in responses 14, 23.11 and 23.15 of Data Request No. 14. Standardized and repeatable
measurements are desirable, not a deficiency.

PUBLIC HEALTH AND SAFETY

24, Please provide a discussion of the potential health effects resulting form two or more
turbines operating near each other and causing repetitive, low frequency “periodic
beats™.

Response: G.P. van den Berg reported that often late in the afternoon or in the evening the
turbine sound acquires a distinct ‘beating’ character, the rhythm of which is in agreement with
the blade passing frequency.’® He also notes that “It is not clear to what degree this fluctuating
character determines the relatively high annoyance caused by wind turbine sound and to a
deterioration of sleep quality.” He continues to note that “wind turbine sound measurements are

196 G.P. van den Berg, “The Beat is Getting Stronger: The Effect of Atmospheric Stability on Low Frequency
Modulated Sound of Wind Turbines”, in Noise Notes, volume 4, number 4.
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easier when performed in a stable atmosphere, which agrees well with the night being the
sensitive period for noise immission.”*%’

However, post construction noise measurements performed at the Mars Hill and Stetson wind
farms under the stable conditions that van den Berg recommends show that measured noise
levels are within 5 dBA of modeled noise levels, and were also within acceptable ranges. The
Tule noise analysis incorporated over 5 dBA of conservatism, and in that regard adequately
assessed project-related noise levels. Furthermore, the actual force upon a body created by the
infrasonic and low frequency noise emissions from operating wind turbines creates a
displacement of approximately 10 microns, or one-tenth the thickness of the average human hair.
Normal breathing, heart beats, and body motions produce larger displacements than 10 microns
and do not cause adverse health effects'®. For this reason, there is limited potential for adverse
human health effects due to the operation of wind turbines.

25.  Please provide an explanation of the studies considered and addressed to evaluate
potential health effects from low frequency noise.

Response: Long-term exposure to very high levels of low frequency noise has been shown to
have adverse effects on health. It has been demonstrated that high levels of low frequency noise
can excite body vibrations, such as a chest resonance vibration that can occur at a frequency of
50 Hz to 80 Hz'®. These chest wall and body hair vibrations have also been shown to occur at
the infrasonic range™®***. However, in those instances, levels were significantly higher than the
amounts of low frequency noise emitted by wind turbines. Studied health effects of low
frequency sound include vibroacoustic disease which has been linked to prolonged exposure to
high intensity low frequency noise, in excess of 110 dB, not low intensity low frequency
noise™?31  Additionally studies have found that there is no evidence of adverse health effects
related to low intensity low frequency noise, below 90 dB.® Low frequency sound and
infrasound associated with wind turbines are well below 90 dB. Other studies have explored the
effects of acoustic excitation by measuring the resulting vibration, non-aural effects and the
perception of unpleasantness or annoyance among those exposed to low frequency noise
including the following:

197 G.P. van den Berg, “The Beat is Getting Stronger: The Effect of Atmospheric Stability on Low Frequency
Modulated Sound of Wind Turbines”, in Noise Notes, volume 4, number 4.

198 Testimony of Dr. Geoff Leventhall to the Wisconsin Public Utilities Commission, docket 6603-CE-302.

199 eventhall, G. (2007). What is infrasound? 93(1-3), (130 -137).

19 Mohr G.C., Cole J.N., Guild E., and Gierke von, H. E. (1965). Effects of Low Frequency and Infrasonic Noises
on Man. 36.817 -827).

111 Schust, M. (2004). Effects of low frequency noise up to 100 Hz. Noise and Health. 6(23), (73 -85).

112 Castelo Branco N.A.A. and Rodriguez E. (1999). The Vibroacoustic Disease - An Emerging Pathology. Aviation
Space & Environmental Medicine. 70(3,Pt2), (Al -A6).

13 Takahashi, Y., Yonekawa, Y., and Kanada, K. (2001). A new approach to assess low frequency noise in the
working environment. Industrial Health. 39(3), (281 -286).

114 Maschke, C. (2004). Introduction to the special issue on low frequency noise. Noise and Health. 6(23), (1 -2).

15 «\Wind Turbine Noise Issues.” Renewable Energy Research Laboratory; University of Massachusetts. 2006.
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human body vibration induced by low frequency noise. Industrial Health. 37(1), (28 -35).

e Takahashi, Y., Yonekawa, Y., and Kanada, K. (2001). A new approach to assess low
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e Takahashi, Y., Kanada, K., Yonekawa, Y., and Harada, N. (2005). A study on the
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In fact, wind turbines produce modest and acceptable amounts of low frequency noise, as shown
by post-construction noise measurement data publicly available and reasonably obtainable on the
internet. A field study performed by Epsilon Associates measured low frequency noise
associated with two modern turbines, the GE 1.5sle and the Siemens 2.3-93."° Using existing
ANSI criteria for the evaluation of interior noise levels, Epsilon Associates determined that noise
generated by wind farms at distances beyond 1,000 feet were below the low frequency noise
criteria for bedrooms, classrooms and hospitals. In addition to meeting ANSI background noise
criteria the measured interior noise levels also demonstrate that wind turbine setbacks of 1,000
feet will not cause “more than minimal annoyance (if any) from low frequency noise, and there
should be no wind rattles or perceptible vibration of light-weight walls or ceilings within
homes.”

The overall noise level and spectrum of the GE 1.5-sle turbine is similar to the noise emissions of
the GE 1.5 XLE, one of the turbines being considered for use in the Tule Wind Project.
The Siemens 2.3-93 turbine, also used in the Epsilon study, has similar sound emissions, within
+3 dB, to the 2.0 MW and 3.0 MW turbines being considered for use in the Tule Wind Project.
Current setbacks for the Tule Wind Project are more than 1,500 feet from the nearest non-
participating home. Based on the Epsilon noise study, low frequency noise at a distance of
1,500 feet will have no audible infrasound and will meet ANSI S12.2 criteria for acceptable
indoor levels for low frequency sound.

Most of the concerns arising from the notion that wind turbines emit powerful amounts of low-
frequency noise stem from E-Coustic Solutions’ apparent reliance on outdated NASA reports
that demonstrate that downwind-configured wind turbines produce high levels of low frequency
noise. The same NASA report also very clearly states that modern upwind-configured wind
turbines do not emit nearly as much low frequency noise as the older, out-of-production,
downwind-configured wind turbines. The turbines proposed for the Tule wind project would be
modern upwind-configured and, therefore, would emit the small amounts of low frequency noise

118 Epsilon Associate, Inc. “A Study of Low Frequency Noise and Infrasound from Wind Turbines.” July 2009.
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that are documented in the sources discussed above. As discussed in response number 24 of Data
Request No. 14, these levels are not harmful to the human body and in fact are produced by
heartbeats and other natural functions. Therefore, no adverse health effects from low frequency
noise are anticipated.

26.  Please provide an explanation of how the human body responds to extremely low levels
of energy, such as inaudible low frequency sound and infrasound. Please also describe
the potential health effects of infrasound and low frequency sound as compared to the
effects of audible sound levels. Please take into consideration the auditory system’s
response to levels of low frequency sound and infrasound at pressures significantly lower
than what is necessary to reach the threshold of audibility.

Response: The turbines at the Tule Wind Project will emit limited levels of low frequency and
infrasonic sound. Recently some concerns have been raised about possible health effects from
these inaudible sound levels. One theory comes from Dr. Nina Pierpont who claims that health
effects including dizziness, headache, visual blurring and tachycardia, or “Wind Turbine
Syndrome”, can occur as a result of exposure to wind turbine sound. Dr. Pierpont claims that
“Wind Turbine Syndrome”, a term she coined, results from a disturbance to the vestibular system
by exposure to low levels of infrasound and low frequency sound emitted by wind turbines.

The topics of “Wind Turbine Syndrome”, infrasound and low frequency sound below the
threshold of hearing have been addressed by Dr. Geoff Leventhall in his testimony in the Glacial
Hills wind farm project in Wisconsin. Dr. Leventhall, a former professor who founded an
acoustics research program in England that specialized in low frequency and infrasonic research,
is internationally recognized as having expertise in the topics of low frequency and infrasound.
Dr. Leventhall stated:

Attempts to claim that illnesses result from inaudible wind turbine noise do not
stand up to simple analyses of the very low forces and pressures produced by the
sound from wind turbines. Additionally, the body is full of sound and vibration at
infrasonic and low frequencies, originating in natural body processes. As an
example, the beating heart is an obvious source of infrasound within the body.
Other sources of background low frequency noise and vibration are blood flows,
muscle vibrations, breathing, fluids in the gut and so on. The result is that any
effect from wind turbine noise, or any other low level of noise, which might be

E)lr70duced within the body is ’lost® in the existing background noise and vibration.

Dr. Leventhall goes on to state that “the wide range of symptoms” which Dr. Pierpont associates
with “Wind Turbine Syndrome” are “well known to others as the stress effects of audible noise,
to which a small number of persons are susceptible.”

17 Testimony of Dr. Geoff Leventhall to the Wisconsin Public Utilities Commission, docket 6603-CE-302.
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The work of Dr. Pierpont relied heavily on the research of Dr. Neil Todd from the Faculty of
Life Science at University of Manchester, who recently reprimanded Pierpont for her
misinterpretation and use of his research. Dr. Pierpont’s “Wind Turbine Syndrome” theory has
incorrectly sought to insert air-borne noise issues into a paper which is entirely about vibration
through direct contact with the skull. Dr. Todd states the following concerning Pierpont’s
interpretation of his research:

Our research is being cited to support the case that ‘wind turbine syndrome’ is
related to a disturbance of vestibular apparatus produced by low-frequency
components of the acoustic radiations from wind turbines. Our work does not
provide the direct evidence suggested. We described a sensitivity of the vestibular
system to low-frequency vibration of the head (through direct physical contact), at
about 100Hz, and not air-conducted sound.*'®

Dr. Leventhall also quoted Dr. Todd, who states that:

At present | do not believe that there is any direct evidence to show that any of the
above acoustico-physiological mechanisms (associated with wind turbine
syndrome) are activated by the radiations from wind turbines. Even if the
vestibular system were activated in a controlled acoustic environment, it is not
necessarily the case that it would produce pathological effects. Until such
evidence is available | have an open mind on “wind turbine syndrome.**°

Dr. Leventhall goes on to state:

Throughout Pierpont’s work there is no clear indication of the excitation levels
which she believes might cause a problem. While she must be aware of safe and
unsafe doses of medication, she continues to close her mind to the concept of safe
doses of sound, although *’safe sound” is our everyday experience. Thus,
Pierpont’s hypothesis [related to “Wind Turbine Syndrome™] fails.*?°

Dr. Leventhall summarizes additional technical portions of Pierpont’s theory that infrasound
causes health effects by stating:

Pierpont’s second hypothesis is equally unfounded. She says that infrasound at 4
— 8Hz enters the lungs and vibrates the diaphragm and its attached liver, so
passing confusing messages on to the visceral graviceptors. She gives no evidence

18 Dr Neil Todd Faculty of Life Science University of Manchester (Todd, N., Rosengren, S. M., and Colebatch,
J. G. (2008): Tuning and sensitivity of the human vestibular system to low frequency vibration. Neuroscience
Letters 444, 36 - 41.) as cited in Levanthal testimony to the Wisconsin Public Utilities Commission, docket 6603-
CE-302.

19 Dr Neil Todd Faculty of Life Science University of Manchester (Todd, N., Rosengren, S. M., and Colebatch,
J. G. (2008): Tuning and sensitivity of the human vestibular system to low frequency vibration. Neuroscience
Letters 444, 36 - 41.) as cited in Levanthal testimony to the Wisconsin Public Utilities Commission, docket 6603-
CE-302.

120 Testimony of Dr. Geoff Leventhall to the Wisconsin Public Utilities Commission, docket 6603-CE-302.



Mr. lain Fisher

California Public Utilities Commission ATTACHMENT A
'\p/'ay & 201 Data Request No. 14
age 65

Tule Wind Project

to support this, but instead uses references to whole body vibration, applied to the
feet or seat, which is a completely different excitation to that from sound. A simple
order of magnitude calculation, using basic physics of the level which will be
known to a 16-year-old school pupil, shows that the movement of the diaphragm
under the forces which might result from wind turbine noise is less than 10
micron. That is less than one hundredth of a millimeter or about one tenth of the
average thickness of human hair. During normal breathing, the diaphragm moves
several centimeters.[...] Another part of Pierpont’s second hypothesis states that
infrasound from wind turbines, at a frequency of 1 — 2Hz, vibrates the chest, so
adding to the confusing signals which upset the balance system. However, there is
already a strong source of infrasound inside the body, beating at 1 -2 Hz, giving
far greater magnitudes than might be produced by infrasound from wind turbines
at these frequencies: the human heart. The beating heart vibrates the surface of
the body at a high enough level to be picked up by a stethoscope, or even the ear.
The sound produced by wind turbines does not.***

Dr. Leventhall also commented on an issue raised by Mr. Richard James of E-Coustic Solutions:

James uses Dr. Neil Todd as an example to ‘demonstrate that there is sufficient
evidence to present a causal link between ILFN (infrasound and low frequency
noise) and adverse health effects.” What Dr. Todd actually showed was that, for a
vibration input through physical contact to the mastoid area at the back of the
head, certain reflexes, indicative of a vestibular response, continue to about 15dB
lower than the level at which the hearing mechanism of the inner ear ceases to
respond to vibration in the skull. It takes only a little thinking to realize that all of
the people who use bone conduction hearing aids are receiving vibration inputs to
their vestibular system at levels well above the system’s perception threshold.
This does not affect them.'?

The testimony of Drs. Leventhall and Todd state that there are no scientifically valid peer
reviewed studies showing any adverse health effects from infrasonic or low frequency noise
emitted from turbines, and that there is no valid mechanism by which the infrasound produced by
turbines could affect the human body any differently than other infrasound produced within the
body. Therefore, no adverse health effects are anticipated from any infrasound produced by
turbines associated with the Tule Wind Project.

217, Please provide justification for the noted 1,000 foot setback (from Epsilon Associates
report) from wind turbines to residences and an explanation of the methodology used to
determine this setback. Please comment on how the elevation of wind turbines as
compared to residences, based on topography and terrain, was considered in
determining setbacks. Please comment on the appropriateness of a 1.25-mile or 2-mile

121 Testimony of Dr. Geoff Leventhall to the Wisconsin Public Utilities Commission, docket 6603-CE-302.
122 Testimony of Dr. Geoff Leventhall to the Wisconsin Public Utilities Commission, docket 6603-CE-302.
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setback from turbines to residences and sensitive receptors, including justification
supporting the response.

Response: Through a series of measurements, Epsilon Associates determined that at a distance
of 1,000 feet sound emissions from GE 1.5sle and Siemens 2.3-93 wind turbines conform to
applicable ANSI standards, including ANSI/ASA S12.9 Part 4 and ANSI/ASA S12.2.
Measurement data was collected through a series of interior and outdoor measurements
performed at existing wind farms. Data collected in the field study consisted of outdoor
measurements at various distances from the turbines and concurrent interior and exterior
measurements at residences. Comparing measured sound levels with ANSI criteria for the
evaluation of interior sound levels, Epsilon Associates determined that sound generated by wind
farms at distances beyond 1,000 feet were below the low frequency noise criteria for bedrooms,
classrooms and hospitals. In addition to meeting ANSI background noise criteria, the measured
interior noise levels also demonstrate that wind turbine setbacks of 1,000 feet will not cause
“more than minimal annoyance (if any) from low frequency noise, and there should be no wind
rattles or perceptible vibration of light-weight walls or ceilings within homes.”*?

As previously noted, the distance of 1,000 feet is based on field measurements; therefore the
elevation between the turbine and each monitoring location may vary. The exact height of the
turbines was not noted in the report; therefore the elevation of the turbines in comparison to the
residences cannot be determined. Setbacks for the Tule Wind Project are based on cumulative
sound levels, not a single turbine setback, and account for site specific elevation and terrain.
Setbacks of 1.25 miles and 2.0 miles, as suggested by E-Coustic Solutions, are not required, nor
are they supported by measurement or modeling data. The San Diego County noise ordinance
requires that operational noise comply with San Diego County Code of Regulatory Ordinances
Section 36.404. HDR performed detailed noise modeling of project related sound to determine
the compliance with the noise ordinance. The model created for the Tule Wind Project accounts
for the current turbine layout, number of total turbines, elevation and site specific terrain.

Please refer to Response 2 of Data Request No. 14 for additional details on the Epsilon
Associates field study and necessary setbacks.

28. Please provide an explanation of the potential for shadow flicker to occur, taking into
consideration the proposed location of the wind turbines in relationship to nearby
residences and other sensitive receptors.

Response: Shadow flicker is commonly defined as alternating changes in light intensity at a
given stationary location. In order for shadow flicker to occur, three conditions must be met:

1. The sun must be shining with no clouds obscuring the sun.
2. The rotor blades must be spinning and be located between the receptor and the sun.

3. The receptor must be sufficiently close to the turbine to be able to distinguish a shadow
created by the turbine

123 Epsilon Associate, Inc. “A Study of Low Frequency Noise and Infrasound from Wind Turbines.” July 2009.
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The frequency of occurrence of shadow flicker at a given receptor tends to decrease with
increasing distance between turbine and receptor. Additionally, the intensity of shadow flicker at
a given receptor also decreases with increasing distance between turbine and receptor because
the shadow cast by the rotor blade decreases in size as the distance from the turbine increases.
The combination of these two factors means that even for receptors which are in a theoretical
path of a shadow cast from a proposed turbine, a discernable shadow will not be realized due to
the distance between many of these receptors and the proposed turbines.

For receptors which have the potential to experience shadow flicker from wind turbines, the
number of experienced shadow flicker hours is generally small for a number of reasons,
including the daily change in the sun’s path and cloud cover, the fact that turbines do not operate
100 percent of the time over the course of the year, and typical setback requirements.

For the Tule Wind Project, the proposed location of the wind turbines in relationship to nearby
residences and sensitive receptors (occupied house) is such that the vast majority of proposed
turbines will be physically unable to cast a shadow in the direction of the vast majority of
receptors, including the largest group of receptors south of Interstate 8 (I-8) near Old Highway
80 and several, though not all, receptors north of 1-8. That is to say, a turbine which lies within
approximately 60 degrees due north relative to a receptor at the Tule Wind Project’s latitude, will
never cast a shadow on that receptor. As discussed in greater detail below in Response 29, there
are four sensitive receptors with the potential to experience shadow flicker from the Tule Wind
Project. Please see Response 29 of Data Request No. 14 and the corresponding graphics for an
analysis of the potential for sensitive receptors to experience shadow flicker as a result of the
Tule Wind Project.

29. Please provide a graphic depicting the exposure of shadows from the wind turbines on
adjacent properties, particularly residences and other sensitive receptors, considering
the proposed locations of the turbines, topography, and day/night lighting. Please also
provide calculations of the anticipated shadow exposure on adjacent residences and
other sensitive receptors and a table summarizing this information.

While the vast majority of receptors near the project area will have no shadow flicker from the
Tule Wind Project turbines, a limited shadow flicker model run was made to determine potential
shadow flicker that could occur at several sensitive receptors. Receptors within 2,000 meters
(6,562 feet) of any proposed turbine were considered. Beyond 2,000 meters, it is reasonable to
assume that the human eye would not be able to discern a shadow cast from a wind turbine. Of
the identified receptors within 2,000 meters of proposed turbines, four homes were included in
the model run, while others were not included in the model run because it is physically
impossible for any proposed turbine to cast a shadow on these receptors due to the fact these
receptors lie within 60 degrees of due north from the receptors, outside of the sun’s path at any
point in the year. Attached are modeling results and corresponding graphics depicting the classic
butterfly pattern associated with shadow flicker. The modeling was completed using many
different inputs, including:

1. Real Data
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e Actual coordinates of turbines
e Actual coordinates of receptors
e Actual topographic data

2. Conservative Assumptions

e Specifications of the turbines being considered with the highest hub height and
longest rotor diameter

e 100 percent turbine operation
e No vegetative screening

e Receptors can be impacted from all directions (i.e., “greenhouse mode™)

3. Realistic Features

e Actual wind data from a local meteorological tower to account for the percentage
of time wind blows from each direction.

e National Weather Service sunshine probability data to approximate average cloud
cover.

This combination of inputs results in conservative model results. As shown in Table 29-1 below,
the home with the most shadow flicker as predicted by the model is on the northwest side of the
project where an annual total of 17 hours, 36 minutes of shadow flicker was predicted.

Table 29-1. Tule Wind Project Shadow Flicker Impact by Receptor

Receptor Location Elevation Shadow Hours ggasdg\évr Max Shadow Hours per
Receptor | (UTM NAD83 Zone 11)* per Year \zlear Hours per Day Year
1D
X- Y- [HH:MM/Year]®| [Days/Year] | [HH:MM/Day]®| [HH:MM/Yr]®
Coordinate| Coordinate [m] (Worst Case) |(Worst Case)| (Worst Case) |(Conservative)
Home 1 | 569,149.57|3,619,849.70| 1133.9 24:15 78 0:27 14:11
Home_32| 566,421.29|3,619,605.44| 1111.4 13:40 82 0:13 9:14
Home_42| 566,409.75|3,620,055.86| 1121.5 9:55 59 0:14 6:20
Home_47| 557,803.90(3,630,391.08| 1429.7 32:32 151 0:29 17:36

# The coordinate system is the Universal Transverse Mercator (UTM) system, using North American Datum 1983
(NAD 83), Zone 11.

® Total hours per year of shadow flicker at this receptor under worst-case conditions.

¢ Days per year in which shadow flicker is possible at this receptor under worst-case conditions.

9 The maximum daily hour and minutes of shadow flicker at this receptor, under worst-case conditions. This value is
the single day maximum due to the combination of receptor and turbine locations, and sun path across the sky. All
other days will be less than this maximum as the sun path changes throughout the year. All days will also be less
than this maximum due to real world conditions such as cloud cover, changes in wind direction, and less than
100% wind turbine operation.

¢ Conservatively predicted hours of shadow flicker at this receptor, including sunshine probability and actual wind
direction data. Actual hours should be less than this value due to less than 100% wind turbine operation, and other
mitigating factors such as screening due to trees or structures.
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Actual shadow flicker hours experienced are expected to be significantly less due to the
conservative assumptions listed. To put this value in perspective, the total annual daylight hours
in nearby Chula Vista (and equivalent latitudes) is approximately 4,444 hours; therefore this
conservative amount represents less than 0.4 percent of the total possible sunlight hours in a
year. As discussed in greater detail in Response 30 of Data Request No. 14, there is currently no
published scientific evidence to positively link wind turbines with adverse health effects.

30. Please provide an analysis of the potential health effects on adjacent residences and
sensitive receptors as a result of shadow flicker.

Shadow flicker from wind turbines does not cause seizures in persons with photosensitive
epilepsy. Data from the Epilepsy Foundation indicates that although the frequency of flashing
light that is most likely to cause seizures varies from person to person, generally, the frequency
of flashing lights most likely to trigger seizures is between 5 and 30 Hertz'?* (Hz refers to flashes
per second). The large modern three-bladed wind turbines under consideration for this project
rotate at approximately 19 revolutions per minute (rpm) or less'?®. Even assuming a slightly
faster rotation speed of 20 rpm, the blade passing frequency is approximately 1 Hz (20 rev/min *
min/60 sec * 3 blades), is well below the critical frequency of 5 Hz'?®. There is currently no

published scientific evidence to positively link wind turbines with adverse health effects™’.

The majority of documentation related to non-seizure health impacts due to shadow flicker
consists of informal testimonials given by residents or drivers on roadways in proximity to a
wind turbine. These testimonials cite headaches, vertigo, nausea, blinding effects, disorientation,
loss of balance, and increased levels of stress and anxiety as symptoms directly related to wind
turbine shadow flicker. These testimonials are primarily available on websites often cited by
anti-wind advocates rather than formal medical literature. Some complaints regarding these
symptoms do appear in more formal materials, but are merely reported and are not studied or
discussed in any detail*®. Several of these sources state that complaints of headaches and other
similar symptoms are highly, but not perfectly, correlated with annoyance complaints. To date,

124 Epilepsy Foundation. (n.d.). Photosensitivity and Seizures. Retrieved June 2010, from
http://www.epilepsyfoundation.org/about/photosensitivity/

2 The Wind Power. Wind turbines and windfarms database, technical data. Retrieved April 2011, from
http://www.thewindpower.net/wind-turbine-datasheet-technical-47-gamesa-g90-2000.php

126 Burton, T., Sharpe, D., & Jenkins, N. (2001). Wind Energy Handbook. West Sussex, England: John Wiley &
Sons, Ltd.

127 National Health and Medical Research Council. (2010, July). Wind Turbines and Health. Retrieved August 2010,
from:

http://www.nhmrc.gov.au/_files_nhmrc/file/publications/synopses/public_statement wind_turbines_and_health.pdf
128 Michigan Public Service Commission. (2010, January). Report on the Impact of Setback Requirements and Noise
Limitations in Wind Zones in Michigan. Retrieved August 2010, from
http://www.michigan.gov/documents/mpsc/werzb_rpt_01-2010 309001 _7.pdf, North Dakota Legislative Council.
(2009, October). Allocation of Wind Rights — Background Memorandum. Retrieved August 2010, from
http://www.legis.nd.gov/assembly/61-2009/docs/pdf/19041.pdf, Minnesota Department of Health. (2009). Public
Health Impacts of Wind. Retrieved June 2010, from
http://energyfacilities.puc.state.mn.us/documents/Public%20Health%20Impacts%200f%20Wind%20Turbines,%205
.22.09%20Revised.pdf




Mr. lain Fisher

California Public Utilities Commission ATTACHMENT A
'\p/'ay 4, 201t Data Request No. 14
age 70

Tule Wind Project

the available published, peer-reviewed literature states that no studies or scientific evidence links
shadow flicker to adverse health impacts*® **°.

31. Please provide an explanation of the safety concerns or hazards (e.g., vehicle driver
distraction) that may occur as a result of shadow flicker.

Response: A concern that is occasionally raised is that shadow flicker occurring on a roadway
could distract drivers and cause accidents. In order to obtain a driver’s license, motorists are
generally evaluated through a road test on their ability to react appropriately to the various
situations they encounter. Shadows on the road way or road side distractions are a common
occurrence. A whole segment of the advertising industry has been developed that takes
advantage of the passing motorist attention. Numerous cities now have massive “big screen
TVs” erected beside major highways, yet there is no data showing these entities cause accidents.
Wind turbines or their fleeting shadows do not have these attention demanding qualities.

Shadows on roadways can be caused by nearby trees or buildings, or the earth’s terrain itself. A
car passing through shadows caused by anything can experience shadow flicker at very high
frequencies dependent on vehicle speed and the object(s) causing the shadow. Moving shadows
on roadways can be caused by wind turbines, a single passing cloud, or an airplane. Regardless
of the source of the shadow or any other potential change that a driver notices gradually or
suddenly, it is generally the responsibility of the motorist to maintain control of their vehicle in
the face of any situation they encounter. A moving car would pass quickly through any shadow
on a road caused by a turbine associated with the Tule Wind Project, and therefore any potential
for distraction would be remote. Because vehicles on roadways are not stationary objects, it is
not appropriate to include roadways as part of a shadow flicker analysis, as shadow flicker is
commonly defined as alternating changes in light intensity at a given stationary location.

Current research involving motor vehicle accidents have highlighted the increased risk of driver
activities that focus on attention diverting activities such as cell phone use, map reading, etc and
have not identified shadow flicker or shadows in general as a source of driver distraction
sufficient to increase the risk of accidents™®.

32. Please provide a response to a comment that suggests that shadow flicker setbacks for
current wind turbine designs should be 10 rotational diameters (approximately 1000
meters); flash frequency should not exceed three per second; and the shadows cast by
one turbine on another should not have a cumulative flash rate exceeding three per
second.

129 National Health and Medical Research Council. (2010, July). Wind Turbines and Health. Retrieved August 2010,
from:

http://www.nhmrc.gov.au/ files_nhmrc/file/publications/synopses/public_statement wind_turbines_and health.pdf
130 Ohio Department of Health. (2008, March). Retrieved August 2010, from
http://www.odh.ohio.gov/ASSETS/C43A4CD6C24B4F8493CB32D525FB7C27/Wind%20Turbine%20SUMMAR
Y %20REPORT.pdf

B! Driver Distraction in Commercial Vehicle Operations (Doc. No. FMCSA-RRR-09-042), U.S. Department of
Transportation, Federal Motor Carrier Safety Administration, Office of Analysis, Research and Technology,
September 20009.
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The frequency of occurrence and intensity of shadow flicker at a given receptor tends to decrease
with increasing distance between turbine and receptor. However, to our knowledge, there is no
mathematic or scientific method or empirical observation that supports the specific value of 10
rotor diameters as an appropriate setback or as an appropriate distance to include as part of a
regulatory approach to shadow flicker. Additionally, while rotor diameter impacts the area
affected by shadow flicker, the width of the blade is the more important parameter in creating a
distinct flicker over a long distance, and therefore, it is illogical to base setbacks on a rotor
diameter basis for purposes of controlling shadow flicker.

Concerns related to flash frequency generally are rooted in a concern about triggers for
photosensitive epilepsy. Assuming this, and as discussed in the response to item number 30,
shadow flicker from wind turbines does not cause seizures in persons with photosensitive
epilepsy. Generally, the frequency of flashing lights most likely to trigger seizures is between 5
and 30 Hz (flashes per second)**®, rather than the 3 flashes per second noted here. The rotation
speed of modern wind turbines is much less than 5 Hz, or the lowest frequency of concern as
cited by the Epilepsy Foundation.

The cumulative flash rate comment also appears to be rooted in a concern about triggers for
photosensitive epilepsy. Assuming a rotor speed of 20 revolutions per minute, which equates to a
flash frequency of approximately 1 Hz, five turbines (1 Hz * 5 = 5 Hz) would have to be aligned
between the receptor and the sun to increase the frequency to something close to the 5 Hz
identified by the Epilepsy Foundation as a level of interest for photosensitive epilepsy. Given
that the proposed turbines are generally aligned on a north-south line for the majority of the
proposed project, and given that the vast majority of the turbines lie to the north of receptors, the
occurrence of five or more turbines aligning between the receptor and sun would be virtually
impossible. If five or more turbines did align, the spacing between the turbines themselves
combined with the setback distance between receptor and turbines would create a situation where
a shadow cast from the fifth turbine in a line would not be discernable at the receptor in a line
with all five (or more) turbines. Therefore, cumulative flash rates are not an anticipated public
health concern for the Tule Wind Project.

33. Please provide an explanation of the potential for ice throw to occur from wind turbine
blades, as well as the associated potential safety hazard to people or passing vehicles.

Response: Rime ice or glace ice can form on a wind turbine given the right combination of
temperature and moisture. Rime ice will occur when objects such as trees or wind turbines are
exposed to low temperatures in combination with fog. Depending on the duration of the ice
conditions, significant amounts of rime ice can collect on the turbines and increase static and
dynamic loads. Glace ice can occur when a warm front drifts above cold air. The falling rain can
get cooled down to temperatures below the freezing point without actually freezing into solid ice.
If the super-cooled rain hits the surface or objects with temperatures below 32 degrees
Fahrenheit, it will instantly turn to a layer of solid ice. Both types of ice would only occur when
the temperature is below freezing (32 degrees Fahrenheit). In the project area, the average low

132 American Epilepsy Foundation: http://www.epilepsyfoundation.org/about/photosensitivity/



Mr. lain Fisher

California Public Utilities Commission ATTACHMENT A
'\p/'ay & 201 Data Request No. 14
age 72

Tule Wind Project

temperature is above freezing throughout the year, with the exception of December, which has an
average low temperature of 32 degrees Fahrenheit. In general, the potential for ice would be
limited to winter (late November-February), when overnight temperatures can dip into the 20s
and lower 30s.

With a non-operating turbine (stationary rotor), the ice will accumulate and eventually fall to the
ground below the turbine in a pattern generally the width of the rotor diameter and downwind of
the turbine. The lightest ice particles generally will be carried the farthest downwind, and the
heavier pieces generally will fall straight down, thus posing a potential hazard to objects and

personnel in a relatively small area beneath the turbine™.

With an operating turbine, ice will also accumulate and eventually be shed subject to the gravity
forces (as with stationary turbines) and be thrown horizontally some distance from the turbine
due to the centrifugal force developed by the rotating rotor. Ice thrown from operating turbines is
anticipated to have the potential to travel greater distances, as opposed to ice shed from turbines
in a stationary position™***.

Potential safety hazards associated with the Tule Wind Project could therefore occur from ice
throw during the infrequent nights in the winter when the temperature and weather conditions are
conducive to icing and the turbines are in motion. Industry professionals have recognized and
analyzed these risks and through various studies have developed siting setback recommendations
which mitigate the risk to personnel and property. The recommendation provided in the literature
and by specific turbine manufacturers indicates that the empirically derived most conservative
setback distance for the turbine is 1.5 times (hub height + rotor diameter). This is a distance
which can effectively be regarded as a “safe” distance™***"*¥ peyond which there is negligible
risk of injury from ice throw. For the proposed turbines (100 meter hub height and 100 meter
rotor) the most conservative safe distance would then be 300 meters (~984 feet). The 984 feet
should be considered a conservative distance for discussions of health and safety related to ice
throw for the Tule Wind Project. The nearest occupied home to a turbine under the current layout
is 2,407 feet; the nearest turbines to the Cottonwood and Lark Canyon campgrounds are at least
2,356 feet and 1,123 feet away, respectively. The likelihood of members of the public occupying
the campgrounds during freezing conditions is very low. Therefore there is little anticipated risk
from ice throw at residences or campgrounds.

133 Recommendation for Risk Assessments of Ice Throw and Blade Failure in Ontario Prepared by Garrad Hassan
for the Canadian Wind Association; 31 May 2007.

134 Recommendation for Risk Assessments of Ice Throw and Blade Failure in Ontario Prepared by Garrad Hassan
for the Canadian Wind Association; 31 May 2007.

135 Risk Analysis of Ice Throw from Wind Turbines, Henry Seifert, Annette Westerhellweg, Jurgen Kroning, Paper
presented at BOREAS 6,9 to 11 April 2003, Pyha, Finland.

136 Sethack Considerations for Wind Turbine Siting, GE Wind; Dated 2009.

37 |ce Shedding and Ice Throw — Risk and Mitigation, GE Energy/ GER-4262 (04/06); Dated 2006.

138 Risk Analysis of Ice Throw from Wind Turbines, Henry Seifert, Annette Westerhellweg, Jurgen Kroning, Paper
presented at BOREAS 6,9 to 11 April 2003, Pyha, Finland.
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There are points along McCain Valley Road (the only public road in the vicinity of proposed
turbines) that are located within 984 feet from the closest turbines (the closest location is
approximately 496 feet).

For areas within 984 feet of the turbines, there would be limited risk of potential safety hazards
to people or passing vehicles from ice throw. The likelihood of members of the public being
within this area (either on McCain Valley Road or elsewhere in public areas) during potential ice
throw events is extremely low, since the temperatures are only conducive to icing intermittently
during winter nights (which would have low use of both the roads and the public areas), and the
turbines would not necessarily be in operation during every potential ice event, thereby limiting
the possibility for ice to be thrown any distance beyond the blade length.

The following measures would further minimize and mitigate the potential for adverse effects to
the general public from ice throw:

e The fences and warning signs that will be installed under the direction of the BLM will
serve to keep members of the public away from areas directly under turbines, thereby
reducing the risk of injury.

e |If the blades become iced, it is likely they will become unbalanced and the vibration
sensor will stop the turbine, or the wind measuring instruments will freeze over and cause
an automatic shutdown, reducing the potential for ice throw.

If operations and maintenance personnel must enter the turbine area when there is an ice
accumulation, standard safety precautions and safety protocols would be followed including but
not be limited to*34°:

Remotely shutting down the turbine,

Yawing the turbine to position the rotor on the side opposite from the tower door.
Parking vehicles at a safe distance from the tower.

Restarting the turbine remotely when work is complete and personnel are clear.

e Wearing standard personnel protective gear, such as hard hats.

Based on the low frequency and the anticipated low likelihood of icing conditions, the distance
between the closest occupied residence to the proposed turbines (2,407 feet), and standard safety
precautions and safety protocols, the risk to public health and safety from ice throw is anticipated
to be insignificant.

34. Please comment on the structural integrity of the wind turbines in regard to withstanding
extremely cold temperatures.

139 |ce Shedding and Ice Throw — Risk and Mitigation, GE Energy/ GER-4262 (04/06); Dated 2006.
140 Risk Analysis of Ice Throw from Wind Turbines, Henry Seifert, Annette Westerhellweg, Jurgen Kroning, Paper
presented at BOREAS 6,9 to 11 April 2003, Pyha, Finland.
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Response: Turbines sold in North America are generally adaptable to the extreme cold as
accounted for in the design and certification process. Wind turbines are regularly found in
northern climes of the US and in Canada and function in extreme cold.

The International Standard IEC 61400-1'* indicates that the extreme temperature range for the
standard wind turbine is -20C to+50C (-4Fto +122F). Based on historical weather data for the
Jacumba area?, record lows in the winter have been recorded at 20F and record highs in the
summer have been recorded at 120F, within the standard wind turbine temperature range.
Therefore, no cold weather structurally related problems are anticipated for the Tule project.

Furthermore, all turbines will be inspected by an independent engineering company (e.g.,
Germanischer Lloyd, DNV or other appropriate independent engineer) prior to commissioning of
the project. This will require each turbine to have a statement of Compliance for Design
Assessment that the turbine is in compliance with the IEC 61400-1 rules for safe design,
including their ability to withstand the temperature range for the project area.

35. Please provide an explanation of the potential health effects of electromagnetic energy
resulting from the wind turbines, also referred to as “dirty electricity”.

Response: Electromagnetic energy and “dirty electricity” refer to different phenomena. As
described in Draft EIR/EIS Section D.10.8.1, an Electromagnetic Field (EMF) is a physical field
produced by electrically charged objects, when a current passes through a wire. Dirty electricity,
on the other hand, is poor power quality. This poor power quality could create a ground current
that will lead to an unbalance circuit problem on the system, which in turn might cause stray
voltage.

Wind turbines create electromagnetic fields from the power facilities that are a part of the turbine
makeup. As described in the Draft EIR/EIS Section D.10.8.1, electric and magnetic fields
attenuate rapidly with distance from the source. The electrical wiring of the wind turbine
generator is also surrounded by an electrically-conductive metal cover, so any EMF levels
outside of the wind turbine would be very low. In addition, given the large distances between
the proposed turbines and homes (2,407 feet or greater) and the Cottonwood and Lark Canyon
campgrounds (2,356 feet and 1,123 feet or greater, respectively), the turbines are not anticipated
to result in measurable levels in EMF at residences or campgrounds. Finally, as discussed in
Section D.10.8.6 of the Draft EIR/EIS, there is inadequate or no evidence of health effects at low
exposure levels.

Stray voltage could occur if the electrical equipment in the turbines is not maintained properly.
Induced current or stray voltage has the potential for adverse health effects if not properly
grounded. As part of the commissioning of the project, turbines will be examined to confirm that
they are properly grounded, as discussed in Project Design Feature (PDF) 17 of the San Diego
Rural Fire Protection District (SDRFPD) approved Fire Protection Plan, dated November 3,

I International Standard IEC 61400-1.
2 A History of Significant Weather Events in Southern California. Updated February 2010. Accessed April 11,
2011. National Weather Services Forecast Office, San Diego, CA.
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2010. Regular operations and maintenance measures will similarly confirm that there are no
stray voltage issues through the life of the project. Therefore, no health effects would be
anticipated to occur from stray voltage.

36. Please provide detailed responses to comments 1, 7, 9, and 16 related to public health
and safety, as identified in the letter from Richard James of E-Coustic Solutions provided
in Attachment B.

Please see Responses 23.1, 23.7, 23.9, and 23.16 of Data Request No. 14 for detailed responses to
comments identified in the letter from E-Coustic Solutions.

37. Please provide detailed responses to comments 1 and 2 related to shadow flicker and
“dirty electricity”, as identified in the letter and exhibit from Stephan Volker provided in
Attachment B.

The concerns identified by Mr. Volker are largely addressed in Responses 28 through 32
(shadow flicker) and Response 35 (“dirty electricity””) of Data Request No. 14. Shadow flicker,
indeed, has been reported through informal testimonies as being an annoyance, but have not been
independently verified as a health concern in published scientific literature. See Response 30 of
Data Request No. 14 above for more details.

The National Highway Traffic Safety Administration (NHTSA) describes driver distraction as
something that could present a serious and potentially deadly danger, and identifies various
forms of distracted driving, including cell phone use, texting, eating, drinking, talking with
passengers, and using in-vehicle technologies and portable electronic devices, along with less
obvious forms of distractions including daydreaming or dealing with strong emotions. See
Response 31 of Data Request No. 14 for more details.

As mentioned in Response 28 above, the vast majority of receptors near the project area will
have no shadow flicker from the Tule Wind Project turbines. A few receptors could experience
shadow flicker throughout the year. See Response 29 above for more details.

VISUAL RESOURCES

38. Please provide the Tule Wind viewshed map (EIR/EIS Figure D.3-2) that reflects the

“Modified Project Layout”.
Response: Revised viewshed map is provided as part of this response letter (attached).

WATER (APRIL 8, 2011)

39. In addition to the water availability letters provided by Jacumba Community Services
District and Live Oak Springs Water Company in August 2010, please provide additional
documentation verifying the source and availability of water and/or will serve letters from
well water providers as well as water purveyors to meet the proposed use of approximately

19 million gallons of water during construction of the Tule Wind Project.
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Response: Tule Wind, LLC (Tule Wind) will rely on groundwater wells on Rough Acres Ranch
and on Ewiiaapaayp Band of Kumeyaay Indians tribal land to supply construction water demands
for the Tule Wind Project. Attached to this response is a letter from John Gibson of Hamann
Companies which confirms the availability of groundwater from Rough Acres Ranch. We are also
working with the Ewiiaapaayp Band of Kumeyaay Indians to obtain a similar letter of water
availability. This information is forthcoming.

In addition, attached to this response are two (2) reports from Geo-Logic Associates, which
collectively confirm that groundwater resources on Rough Acres Ranch and on Ewiiaapaayp tribal
land will be sufficient to supply both peak water use (124 gallons per minute (gpm)) and total water
use (estimated 19 million gallons) required to build the Tule Wind Project.

The Geo-Logic Associates Estimate of Available Groundwater (September 7, 2010) indicates that
the conservative peak water use rate required for construction of the Tule Wind Project would
require groundwater pumping at a rate of 124 gallons per minute (gpm). Based on groundwater
sufficiency tests conducted by Geo-Logic Associates on Rough Acres Ranch and Ewiiaapaayp
tribal land, Geo-Logic concluded in the Groundwater Investigation Report (December 10, 2010)
that combined groundwater resources between these two groundwater sources could easily supply
130 gpm, if not more, thereby demonstrating sufficient peak use supply.

Furthermore, the Geo-Logic Groundwater Investigation Report also demonstrates that both sources
also are sufficient to supply the estimated 19 million gallons necessary to construct the Tule Wind
Project. These conclusions are discussed in more detail below.

Rough Acres Ranch Wells — Based on the well test plan that was approved by the County of San
Diego, Geo-Logic conducted a step test followed by a 72-hour, 50 gallons per minute (gpm),
constant rate aquifer pumping test at Well No. 6a on Rough Acres Ranch. Based on the lack of
significant drawdown in the nearest observation well (36 feet away), and no evidence of an effect in
more distant observation wells, Geo-Logic concluded that there is significant groundwater
resources within this water production area. In fact, during testing Geo-Logic observed no
drawdown in wells located within one-third and one-half mile of the pumping well. Accordingly,
Geo-Logic concluded that interference with the nearest off-site wells, approximately one half mile
from the pumping well, is not anticipated at the 50 gpm level proposed during construction of the
Tule Wind Project.

Although Tule Wind does not anticipate the need to do so, the Geo-Logic Groundwater
Investigation Report concluded that it is possible to double the pumping rate at the Rough Acres
Ranch well to 100 gpm “without well interference or significant groundwater depletion.” At a 50
gpm rate, the Groundwater Investigation Report concludes that the maximum drawdown rate over a
nine-month period would be 66 acre-feet, and at 100 gpm, the maximum drawdown rate would be
136 acre-feet. Until pumping is increased by eight (8) times the 50 gpm rate (8x50=400 gpm) to 54
acre-feet per month (nearly 486 acre-feet per year) would the groundwater basin approach the 50%
depletion level of 500 acre-feet within the basin. To put this water supply in perspective, the total
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estimated construction water supply necessary for the Tule Wind Project is approximately a little
more than 58 acre-feet of water (19 million / 326,000 gallons per acre foot). Accordingly, the
Groundwater Investigation Report concludes that there is a more than sufficient water supply
available at Rough Acres Ranch.

Ewiiaapaayp Tribal Wells - In addition, as discussed in the Groundwater Investigation Report,
although there are no requirements for analysis of groundwater use on tribal lands, the aquifer
pumping test and analyses for two wells within Thing Valley (Ewiiaapaayp Tribal lands) indicate
that there is sufficient storage for use of groundwater within Thing Valley and no significant
impacts to groundwater storage are anticipated. Based on existing records, the South well is
reported to produce water at a rate of 30 gpm and the North well is reported to produce water at a
rate of 90 gpm.

GIS INFORMATION (April 8, 2011)

40. Please provide pole numbering for the revised transmission line route, to be added to the
modified Tule Wind Project graphics in the Final EIR/EIS.

Response: GIS meta data for transmission line pole numbering for the Modified Project Layout is
provided as part of this response letter (CD attached).



Attachments



2 3\/%/\?

W

C

a tic
S\,

D
\%
Y o
3
| b

|

\vﬁr/

SAIRATAN

BEV Land

2y

—%\j ?f
} 0 (L, |»

L TR

Campo
Indizin

N

g | i C
Lo | | L. J
. d.
S GREAT BLUE i N\ -— o — /Jh@lmn
g MOV oo BN | (qé ——— Reservation
—- @ N LN - N
W\V%ccc;;‘ﬁsv K N 53 Camnpo . pz\ \f'\*’ Y |
‘ . 3 . ‘ ,
C s IS Rg Indizin AN
s §P\ S indiar AN |
N V\E
N

AN
NS N :
N e o N
) W\ Reservation Lﬂw Vi |
o .
f |

[>=]
S
AW w
N\ -
> ]
WL B
S _ al 3

|
!
I a
\ g
N% i g
\? 6 ey | N1
™ q b E Stats of
i\ "C;S 9 california
- \\/\\J % : &l PAss RD E :
” J W\'\S o (
g Carmnpo Indian RED SHANK LN B
Rasgryarian ! q ) g
o g Land | -
[a} — |
§ S "o A
N ec’ qu MANZ, al oz
}t cHurCH RP_ 3?\ S 4 oo iTA ! \QJ:
() i~ 8}
%, Tf/ < g, }A j S s
f - - L 41%,0 May 80}
| . _ S X
Rough Grading for Roadway Construction @ T " .
R

LLEY RD.

Noise Sensitive Land Use | -~ & d
) S —
o Impacted Home } N 34
— WJE\?/EL VALLEY WY 2 ;& Eﬁo
\ - Impacted Parcel Z’i ’’’’’’ 7} t.s K )v i
: | ’ %\n N g@ 3\ S
/L,v\ J

/R S P ,
Roadway Construction Temporary Noise Impacts

I_I)R FIGURE 3

ONE COMPANY | Many Solutions« Tule, LLC | Tule Wind Project | Noise Analysis

ﬁ
Y
|
A
|
! A
N
-
[ OQ SoL RD
Lo
_,Jjﬁ

JIQEL VA




R SRR

Transmission Line Construction Limits -

Noise Sensitive Land Use b

T

o
&/
W

e w&g

o Impacted Home

- Impacted Parcels

AT

BEV Land

2

il

ii

7

£ J

Ve ?gmww

Py

o /3

N Hengm o N\
L ° N v Q\\\ 1N
R W N = Campo
2 i 6;¢4 R
(i?}% ZEE@
SN Vi
\>®<EM
i

i

!

! > ~ °

| e Indizn -

| N (ngEn Z"Q
| AN rRasarvation &
| \ L El \F )

Inset of Area A

Campo
Indian L%

_{thﬁtllan_
Rgservation

1

/4
|
RIBBONWQOD RD

Stata of
Californiz

N AN

j 41B |
N 40B _ |
VR 7B | 398 o |
RO% ,L =
a 138B
o - d

e Ebs
0 05

=
398 TE N

/1
&

37B
0 $®o

WJE\ﬁ\/EL VALLEY WY

[a]
0 500 1000 2000 =
[o}
S 9.
QQ/ Py
p

EWEL VALLEY RD.

»

2 0 LW
Mnﬁ\@éﬁ Y
NN 4 ) \ij?mv\

Transmission Line Construction Temporary Noise Impacts

I_I)R FIGURE 4

ONE COMPANY | Many Solutions Tule, LLC | Tule Wind Project | Noise Analysis




[e®
MNWTA
W

W\
N
Gy GOOMNOMLY [T

L,
“ULey RD

<og,

WS

Py
O
ANGEL DR

~
b

LoST VALLEY. _RD

fa)
4
fa)
[}
(¢}
3
z
o
[
@
4
ROADRUNNEE LN
é =
9
1,4/0
%
Q% FOURCS
%, RANCHRD
%
R
TLEROY RD &,
3 )
< Q )
= ~—
MANZAN, 5
\
;DULCE U
o
LD HIGHV\/AY 80(@
(D4 ]

i

i

AT VSN RN

DI NSONEN

(O Proposed Turbine

® Home

Shadow Flicker (Hr/Yr)

0.015-10
10-20
20-30
30-40
40-50
50-100

100-150

5 >

150-200

> 200

o

4=

—. T

B

ONE COMPANY | Many Solutions «

Shadow Flicker Model Result

FIGURE 1 of 2
Tule Wind, LLC | Tule Wind Project | Shadow Flicker Analysis




CANEBRAKE Rp

T

(O Proposed Turbine

3

® Home

Shadow Flicker (Hr/Yr)

" oo1s10

10-20

o J /<

20-30

m{

30-40

40-50

50-100

o

100-150

150-200

> 200

MTA Oy L

B

ONE COMPANY | Many Solutions «

Shadow Flicker Model Result

FIGURE 2 of 2
Tule Wind, LLC | Tule Wind Project | Shadow Flicker Analysis




WindPRO version 2.7.486 _Jan 2011

ﬁrc]ecl: Printed/Page
Tule_SF_ver3 20110415 4/27/2011 1:01 PM /1
Licensed user:
HDR

701 Xenia Av. So. Suite 600
US-MINNEAPOLI MN 55416

Anjali Malhotra / Anjali.Malhotra@hdrinc.com

Calculated:

> —~

SHADOW - Main Result
Calculation: Tule ver5 20110427

—

Assumptions for shadow calculations

Maximum distance for influence 2,000 m
Minimum sun height over horizon for influence 3°

Day step for calculation 1 days
Time step for calculation 1 minutes

Sunshine probability S/S0 (Sun hours/Possible sun hours) []
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0.84 0.87 0.90 0.94 0.95 0.97 0.91 0.91 0.93 0.92 0.87 0.82

Operational time

N NNE ENE E ESE SSE S SSW WSW W WNW NNW Sum
908 1,296 509 545 228 67 389 582 1,418 2,220 378 220 8,760
Idle start wind speed: Cut in wind speed from power curve

ZVI (Zones of Visual Influence) calculation is performed before flicker
calculation so non visible WTG do not contribute to calculated flicker values.
WTG will be visible if it is visible from any part of the receiver window. The
ZVI| calculation is based on the following assumptions:
Height contours used: Height Contours: cnte_meter_clp_windpro2.wpo (5)
Obstacles used in calculation

Eye height: 1.5 m Scale 1:250,000
Grid resolution: 10 m New WTG Shadow receptor
WTGs
UTM NADS83 Zone: 11 WTG type
East North z Row data/Description Valid Manufact. Type-generator Power, Rotor Hub RPM
rated diameter height
UTM NADS83 Zone: 11 [m] [kw] [m] [m] [RPM]
A-2 561,804.09 3,631,201.77 1,377.7 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
A-3 561,917.94 3,630,952.68 1,377.7 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
A-4 561,937.73 3,630,452.20 1,364.5 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
A-5 562,002.45 3,630,201.98 1,353.3 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
A-6 562,158.29 3,629,984.81 1,339.9 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
A-7 561,802.03 3,630,710.09 1,384.5 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
B-1 561,289.75 3,628,131.76 1,377.7 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
B-2 561,868.64 3,627,578.30 1,366.1 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
C-1 562,790.65 3,628,185.17 1,341.1 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
Cc-2 562,903.04 3,627,944.03 1,353.3 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
D-1 563,244.02 3,628,629.42 1,316.7 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
D-2 563,412.87 3,628,403.90 1,319.7 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
G -10 567,438.77 3,621,473.50 1,219.2 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
G-11 567,575.86 3,621,267.02 1,219.2 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
G-12 567,744.21 3,621,058.98 1,219.2 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
G-13 567,802.86 3,620,795.53 1,213.7 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
G-14 567,938.48 3,620,579.14 1,201.5 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
G -15 568,097.18 3,620,360.00 1,207.0 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
G -16 568,183.19 3,620,112.40 1,207.0 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
G-18 568,728.19 3,618,869.03 1,158.2 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
G-4 567,350.19 3,623,255.86 1,253.1 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
G-5 567,361.37 3,622,967.50 1,255.8 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
G-6 567,266.06 3,622,623.30 1,260.1 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
G-7 567,207.74 3,622,267.96 1,255.5 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
G-8 567,270.07 3,622,000.26 1,243.6 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
G-9 567,338.61 3,621,734.47 1,233.2 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
|-5 559,429.81 3,631,473.34 1,682.5 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 67.0 16.7
| -6 559,543.42 3,631,133.13 1,670.3 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 67.0 16.7
K-1 559,144.24 3,631,122.37 1,719.1 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 67.0 16.7
K-2 559,111.38 3,630,750.68 1,730.1 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 67.0 16.7
K-3 559,106.52 3,630,487.43 1,694.7 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 67.0 16.7
Qe conlinucd on nexipage

WindPRO is developed by EMD International A/S, Niels Jernesvej 10, DK-9220 Aalborg @, TIf. +45 96 35 44 44, Fax +45 96 35 44 46, e-mail: windpro@emd.dk
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UTM NAD83 Zone: 11 WTG type
East North z Row data/Description Valid Manufact. Type-generator Power, Rotor Hub RPM
rated diameter height

UTM NAD83 Zone: 11 [m] [kW] [m] [m] [RPM]

K -4 558,990.58 3,630,073.55 1,694.7 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 67.0 16.7
K -5 558,914.30 3,629,758.58 1,670.3 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 67.0 16.7
K -6 558,888.83 3,629,452.77 1,658.1 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 67.0 16.7
L-1 559,624.18 3,630,894.11 1,694.7 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 67.0 16.7
L-2 559,580.77 3,630,657.60 1,682.5 GAMESA G90/2000 2000 90...Yes GAMESA (G90/2000-2,000 2,000 90.0 67.0 16.7
L-3 559,763.88 3,630,497.11 1,670.3 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 67.0 16.7
L-4 559,645.85 3,630,259.85 1,694.7 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 67.0 16.7
L-5 559,692.55 3,630,009.01 1,694.7 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 67.0 16.7
L-6 559,772.75 3,629,674.77 1,706.9 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 67.0 16.7
L-7 559,843.38 3,629,457.53 1,694.7 GAMESA G90/2000 2000 90...Yes GAMESA (G90/2000-2,000 2,000 90.0 67.0 16.7
L-8 559,905.82 3,629,182.17 1,706.9 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 67.0 16.7
L-9 559,796.22 3,628,959.98 1,736.8 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 67.0 16.7
M -1 559,279.09 3,629,660.47 1,682.5 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 67.0 16.7
M -2 559,294.62 3,629,466.37 1,692.9 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 67.0 16.7
M-3 559,153.94 3,629,211.21 1,694.7 GAMESA G90/2000 2000 90...Yes GAMESA (G90/2000-2,000 2,000 90.0 67.0 16.7
M -4 559,160.96 3,628,928.50 1,719.1 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 67.0 16.7
N-1 558,753.82 3,628,742.19 1,731.3 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 67.0 16.7
R-1 568,413.18 3,619,583.43 1,194.8 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
R -10 569,882.81 3,621,261.12 1,226.1 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
R-11 570,190.51 3,621,259.66 1,219.2 GAMESA G90/2000 2000 90...Yes GAMESA (G90/2000-2,000 2,000 90.0 78.0 16.7
R-2 568,610.26 3,619,352.40 1,182.6 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
R-7 568,988.30 3,622,595.05 1,207.0 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
R-8 568,933.80 3,622,211.49 1,231.4 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
R-9 569,791.12 3,621,506.35 1,231.4 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
S-1 568,261.71 3,623,266.45 1,219.2 GAMESA G90/2000 2000 90...Yes GAMESA (G90/2000-2,000 2,000 90.0 78.0 16.7
T-1 568,290.86 3,621,677.98 1,219.2 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7
T-2 568,372.54 3,621,344.84 1,207.0 GAMESA G90/2000 2000 90...Yes GAMESA G90/2000-2,000 2,000 90.0 78.0 16.7

Shadow receptor-Input
UTM NADS83 Zone: 11

No. East North z Width Height Height Degrees from Slope of Direction mode
a.g.l. south cw window
[m] [(m]  [m]  [m] [l (]
Camp_45 567,895.53 3,621,389.12 1,189.6 1.0 1.0 1.0 -180.0 90.0 "Green house mode"
Camp_46 561,712.05 3,629,422.31 1,328.8 1.0 1.0 1.0 -180.0 90.0 "Green house mode"
Home_1 569,149.57 3,619,849.70 1,133.9 1.0 1.0 1.0 -180.0 90.0 "Green house mode"
Home_32 566,421.29 3,619,605.44 1,111.4 1.0 1.0 1.0 -180.0 90.0 "Green house mode"
Home_42 566,409.75 3,620,055.86 1,121.5 1.0 1.0 1.0 -180.0 90.0 "Green house mode"
Home_47 557,803.90 3,630,391.08 1,429.7 1.0 1.0 1.0 -180.0 90.0 "Green house mode"
Calculation Results
Shadow receptor
Shadow, worst case Shadow, expected values
No. Shadow hours Shadow days Max shadow Shadow hours
per year per year hours per day per year
[hiyear] [days/year] [h/day] [hiyear]

Camp_45 137:46 193 1:20 82:19

Camp_46 9:00 78 0:11 5:14

Home_1 24:15 78 0:27 14:11

Home_32 13:40 82 0:13 9:14

Home_42 9:55 59 0:14 6:20

Home_47 32:32 151 0:29 17:36

WindPRO is developed by EMD International A/S, Niels Jernesvej 10, DK-9220 Aalborg @, TIf. +45 96 35 44 44, Fax +45 96 35 44 46, e-mail: windpro@emd.dk
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SHADOW - Main Result
Calculation: Tule ver5 20110427

—

Total amount of flickering on the shadow receptors caused by each WTG
No. Name Worst case Expected
[hiyear] [hiyear]
A -2 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (9) 0:00 0:00
A -3 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (20) 0:00 0:00
A -4 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (11) 0:00 0:00
A -5 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (18) 0:00 0:00
A -6 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (32) 0:00 0:00
A -7 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (23) 0:00 0:00
B -1 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (34) 0:00 0:00
B -2 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (33) 0:00 0:00
C -1 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (31) 0:00 0:00
C -2 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (19) 0:00 0:00
D -1 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (30) 0:52 0:24
D -2 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (66) 0:00 0:00
G -10 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (25) 46:54 25:31
G -11 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (15) 57:40 37:14
G -12 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (16) 0:00 0:00
G -13 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (47) 0:00 0:00
G -14 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (50) 4:43 3:07
G -15 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (60) 11:38 7:59
G -16 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (57) 16:52 9:18
G -18 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (48) 0:00 0:00
G -4 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (29) 0:00 0:00
G -5 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (64) 0:00 0:00
G -6 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (65) 0:00 0:00
G -7 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (55) 0:00 0:00
G -8 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (52) 0:00 0:00
G -9 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (63) 0:00 0:00
I -5 GAMESA G90/2000 2000 90.0 !O! hub: 67.0 m (53) 0:00 0:00
| -6 GAMESA G90/2000 2000 90.0 !O! hub: 67.0 m (22) 0:00 0:00
K -1 GAMESA G90/2000 2000 90.0 !O! hub: 67.0 m (68) 0:00 0:00
K -2 GAMESA G90/2000 2000 90.0 !O! hub: 67.0 m (54) 8:12 5:17
K -3 GAMESA G90/2000 2000 90.0 !O! hub: 67.0 m (38) 4:29 2:44
K -4 GAMESA G90/2000 2000 90.0 !O! hub: 67.0 m (39) 4:25 2:13
K -5 GAMESA G90/2000 2000 90.0 !O! hub: 67.0 m (49) 5:46 2:42
K -6 GAMESA G90/2000 2000 90.0 !O! hub: 67.0 m (21) 0:00 0:00
L -1 GAMESA G90/2000 2000 90.0 !O! hub: 67.0 m (40) 0:00 0:00
L -2 GAMESA G90/2000 2000 90.0 !O! hub: 67.0 m (67) 0:00 0:00
L -3 GAMESA G90/2000 2000 90.0 !O! hub: 67.0 m (35) 0:00 0:00
L -4 GAMESA G90/2000 2000 90.0 !O! hub: 67.0 m (10) 2:03 1:10
L -5 GAMESA G90/2000 2000 90.0 !O! hub: 67.0 m (41) 0:00 0:00
L -6 GAMESA G90/2000 2000 90.0 !O! hub: 67.0 m (45) 2:16 1:16
L -7 GAMESA G90/2000 2000 90.0 !O! hub: 67.0 m (14) 2:05 1:14
L -8 GAMESA G90/2000 2000 90.0 !O! hub: 67.0 m (12) 2:02 1:15
L -9 GAMESA G90/2000 2000 90.0 !O! hub: 67.0 m (46) 1:42 1:03
M -1 GAMESA G90/2000 2000 90.0 !O! hub: 67.0 m (7) 3:24 1:36
M -2 GAMESA G90/2000 2000 90.0 !O! hub: 67.0 m (8) 4:13 1:55
M -3 GAMESA G90/2000 2000 90.0 !O! hub: 67.0 m (44) 0:00 0:00
M -4 GAMESA G90/2000 2000 90.0 !O! hub: 67.0 m (42) 0:00 0:00
N -1 GAMESA G90/2000 2000 90.0 !O! hub: 67.0 m (13) 0:00 0:00
R -1 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (17) 14:36 9:18
R -10 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (51) 1:09 0:42
R -11 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (59) 0:00 0:00
R -2 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (56) 0:00 0:00
R -7 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (24) 0:00 0:00
R -8 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (27) 0:00 0:00
R -9 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (28) 1:34 0:54
S -1 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (58) 0:00 0:00
No.nc connued on nexipage
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...continued from previous page

No. Name Worst case Expected
[hiyear] [hiyear]
T -1 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (61) 0:00 0:00
T -2 GAMESA G90/2000 2000 90.0 !O! hub: 78.0 m (26) 30:28 17:50

WindPRO is developed by EMD International A/S, Niels Jernesvej 10, DK-9220 Aalborg @, TIf. +45 96 35 44 44, Fax +45 96 35 44 46, e-mail: windpro@emd.dk
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IBERDROLA
RENEWARLES

April 6, 2010

Mr. John Gibson
Hamann Companies
1000 Pioneer Way
El Cajon, Ca 92020

Ra: Tule Wind Project — Groundwater Availability Confimation Request

Dear Mr. Gibson:

As part of the Draft EIR/EIS process, Tule Wind, LLC (Tule Wind) has been requested by the
California Public Utilities Commission (CPUC) to provide additional documentation verifying its
construction water sources and their avaiiability from the well water providers that wili supply
construction water for the Tule Wind Projeci. As you know, Tute Wind intends to pump groundwater
from walls [ocated an Rough Acres Ranch (specifically Well No. 6a) to supply a portion of its water
needs for the construction of the Tule Wind Project.

As you may remember, groundwater testing based on County of San Diege Guidelines was
conducted on Rough Acres Ranch with approval from Hamann Companies in the summer of 2010 by
Geo-Logic Associates on behalf of Tule Wind. The results of the testing were presented in the
Groundwater Investigation prepared by Geo-Logic Associates (December 2010).

Based on the well test plan that was approved by the County of San Diego, Geo-Logic
conducted a step test, followed by a 72-hour, 50 gallons per minute, constant rate aquifer pumping test
at Well No. 6a on Rough Acres Ranch. Based on the lack of significant drawdown in the nearest
observation well (36 feet away), and no evidence of an effect in more distant observation wells, Geo-
Logic conciuded that there is significant groundwater resources within this water production area. In
fact, during testing Geo-Logic observed no drawdown in wells located within ong third and one half
mile of the purmping well, Accordingly, Geo-Logic concluded that interference with the nearest off-site
wells, approximately ane hatf mile from the pumping well, is not anticipated at the level proposed
during construclion of the Tule Wind Project. Furthermore, although Tule Wind does not anticipate the
need to do so, the Geo-Logic Groundwater Investigation concluded that it is possibie to double Lhe
expected pumping rate at the Rough Acres Ranch well to 100 gallens per minute “without well
interference or significant groundwater depletion.”

Since the Geo-Logic Groundwater Investigation was performed in December 2010, Tule Wind
has valuntarily modified the Tule Wind Project to reduce the proposed nurmber of wind turbines from
124 turbines 1o 128 turbines. Accordingly, Geo-Logic prepared a Modified Construction Water Supply
Memo (February 28, 2011) to determine the amount of water that would be saved through Tule Wind's
voluntary madifications to the Tule Wind Project. The table balow astimates groundwater demand to
construct the proposed modified project layout, comparad to the previous project layoul.
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Mr. John Gibson
Hamann Companies

April 6, 2011
Page 2
Daily Rate
Project Componeants {gpd) Days Gallans
Road Construction B 120000 | 72| 8.640.000
 [Turbines T 15,000 67 1,005,000
134 Turbines Dust Suppression During Foundation Construction 100,000 67 6,700,000
Dust Supprassion Dunng Turbine Erection 50 000 60 3,000,000
Fire Protection-one-time filling of four {4) 10,000 gallon lanks N 40,000
Total 19,385,000
| Daily Rate ‘r
128 Turbines (gpd) Days Gallons
Road Construction 120000 | 72 | 8.640,000
, Turbines - ST 45,000 | 6a 960,000
128 Turbines {40 o Suppression During Turbine Erection . 100,000 64 | 6, 400,000
Dust Suppression During Turbine Erection . 50000 | 58 | 2,800,000
Fire Protection- one-lime {iling of four (4) 10 000 gallon tanks 1 43,000
Total | 18,940,000

Source: Geo-Logic Associates Modifled Construction Water Supply Evaluation Memo (February 28, 2011).

As demonstrated in the table, Tule Wind's voluntary project modification would slightly reduce
the total water demand for the construction of the Tule Wind Project. Based on this fact, Geo-Logic
concluded in its Modified Construction Water Supply Evaluation Memo (February 2011) that its
analysis in the Groundwater Investigation (December 2010), which evaluated a higher waler demand
for the Tule Wind Project, remained valid and that there would he a sufficient water supply lo serve the
Tule Wind Project as modified by Tule Wind.

As confirmation of Hamann Companies' commitment {o provide construction water from
groundwater resources an Rough Acres Ranch and acknowledgement that this water has not been
commitled Lo other entities for use during the construction of the Tule Wind project, Tule Wind
raspectiully requests your signature below to confirm your participation as a source of construction
water for the Tule Wind Project.

Please return this signed letter to me at your earliest convenience, so that | can convey it to
the CPUC by April 8, 2011, the date the CPUC has requested that Tule Wind confirm the availability of
the Rough Acres Ranch construction water source.

Thank you for your cooperation and your continued support of the Tule Wind Project. Please
do not hesitate to call me at 760-445-3081 or email me at Harley M nald@iberdrolaren. com with
any questions or concerns.

Sincerely,

[ibhnol i —

Harley McDonald
Business Developer

Altached: Geo-Logic Associates, Groundwater Investigation Report (December 2010)
Geo-Logic Associates Modified Construction Water Supply Evaluation Memao

{February 28, 2011)



o

Mr. dohin Gibson
Hamann Companies
April 6, 2011

Page 3

On behalf of Hamann Companies, | confirm that Tuie Wind, LLC has permission to withdraw
groundwater from wells located on Rough Acres Ranch for construction of the Tule Wind Praject. |
also confirm that these groundwater resources have not been committed to any other entities during
the period that they will be required for the construction of the Tule Wind Project, and that they are

reserved for construction of the Tule Wind Project.
"
Date:% & g; lh\\ ———
John Giby
Acquisition
Hamann Companies




April 8, 2010

Mr. William Micklin

Chief Executive Officer

Ewiiaapaayp Band of Kumeyyay Indians
4054 Willows Road

Alpine, CA 91901

Re: Tule Wind Project — Groundwater Availability Confirmation Request
Dear Mr. Micklin:

As part of the Draft EIR/EIS process, Tule Wind, LLC (Tule Wind) has been requested by the
California Public Utilities Commission (CPUC) to provide additional documentation verifying its
construction water sources from the well water providers that will supply construction water for the
Tule Wind Project. As you know, Tule Wind intends to pump groundwater from wells located on
Ewiiaapaayp Tribal land to supply a portion of its water needs for the construction of the Tule Wind
Project.

As you know, there are two groundwater production wells located on the Ewiiaapaayp tribal
lands (North and South wells).

North Well. Based on tribal approval, Geo-Logic Associates on behalf of Tule Wind
conducted groundwater testing on the North well in the summer of 2010. The North well is capable of
producing groundwater at up to 90 gallons per minute (gpm). The North well was constructed to
provide water to a commercial water bottling facility constructed adjacent to the tribal fire station,
though the bottling facility never opened and the North well remains idle.

South Well. According to a report provided by the Ewiiaapaayp Tribe, the South well has the
potential to produce water at a rate of about 30 gpm. It is used to provide water to a storage tank that
supplies water to tribal members at the residences and the fire station. Since there are no permanent
residents on tribal lands, the South well only pumps occasionally to maintain the water level in the
tank.

As reported in the Groundwater Investigation Report, the aquifer pumping test and analyses
indicate that there is sufficient storage for use of groundwater within Thing Valley and no significant
impacts to groundwater storage are anticipated. However, the pumping test data and the noted
boundary condition identified during the test after 1700 minutes suggests that to support the project
water needs, it may be necessary to pump at a lesser rate or lesser frequency at the aquifer pumping
test well, and supplement water from this well with water from another well within Thing Valley such as
the observation well. Based on the groundwater testing conducted at the North well and reports
provided for the South well, groundwater water resources are available at a combined (North and
South wells) rate of 120 gpm.



Mr. William Micklin

Ewiiaapaayp Band of Kumeyyay Indians
April 8, 2011

Page 2

As confirmation of Ewiiaapaayps’ commitment to provide construction water from groundwater
resources on tribal land and acknowledgement that this water has not been committed to other entities
for use during the construction of the Tule Wind project, Tule Wind respectively requests your
signature below to confirm your participation as a source of construction water for the Tule Wind
Project.

Please return this signed letter to me at your earliest convenience, so that | can convey it to
the CPUC by April 8, 2011, the date the CPUC has requested that Tule Wind confirm the availability of
the Ewiiaapaayp Tribe’s groundwater for use during construction.

Thank you for your cooperation and your continued support of the Tule Wind Project. Please
do not hesitate to call me at 760-445-3081 or email me at Harley.McDonald@iberdrolaren.com with
any questions or concerns.

Sincerely,

Harley McDonald
Business Developer

Attached: Geo-Logic Associates, Groundwater Investigation Report (December 2010)
Geo-Logic Associates Modified Construction Water Supply Evaluation Memo
(February 28, 2011)
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Ewiiaapaayp Band of Kumeyyay Indians
April 8, 2011
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On behalf of Ewiiaapaayp Band of Kumeyyay Indians, | confirm that Tule Wind, LLC has permission to
withdraw groundwater from wells located on Ewiiaapaayp Tribal land at mutually agreed upon terms
for construction of the Tule Wind Project. | also confirm that these groundwater resources have not
been committed to any other entities during the period they will be required for the construction of the
Tule Wind Project, and that they are reserved for construction of the Tule Wind Project.

R YCARN

Robert Pinto Sr.
Tribal Chairman
Ewwiiaapaayp Band of Kumeyyay Indians

Date: April 8, 2011




GROUNDWATER INVESTIGATION REPORT

TULE WIND FARM
EAST SAN DIEGO COUNTY, CALIFORNIA

Project Proponent:
Jeffrey Durocher, Wind Permitting Manager
Iberdrola Resources
1125 NW Couch Street, Suite 700
Portland, Oregon 97209
Case No. 3300-09-019
ER No. 09-21-001

Prepared for:
HDR, Inc.
8690 Balboa Avenue, Suite 200
San Diego, CA 92123-1502

and

County of San Diego
Department of Planning and Land Use
5201 Ruffin Road, Suite B
San Diego, CA 92123

Prepared By:

faot { felrte

“Sarah J. Battelle, CHG 619

Geo-Logic Associates
16885 W. Bernardo Drive, Suite 305
San Diego, CA 92127
JN:2010-0005

DECEMBER 2010



Groundwater Investigation Report

Tule Wind Farm
TABLE OF CONTENTS

SECTION PAGE
EXECUTIVE SUMMARY ....uiiiiiisininisnicsnnississsncssisssnssssssssssssssssssssssssssses Y
1.0 INTRODUCTION....uuiiiiiiiinsnnisnnsssncssnssssnsssncssssssssssssssssssssssssssssssssssssssssssssssssssssssss 1
1.1 Purpose of the Report.........coueicineicisencsssencsssnicssansssascsssssssasesnes 1
1.2  Project Location and Description...... . 1
1.2.1 Thing Valley Water Production Area........ccceeererrurecenes w2
1.2.2 Rough Acres Ranch Water Production Area ........cceeeeeeneeee 2
1.2.3  Project DesCription ......c.ccccceecesenccssnncsssnscssanscssanssssassssssssssasssssassssnns 2
1.3  Applicable Groundwater Regulations..... 3
2.0 EXISTING CONDITIONS 3
2.1 Topographic Setting...........ccieveissnisrnssenssnnssecssnnnssncsnnsssecsannes 4
2.1.1 Thing Valley Water Production Area.......cccceccerrureecnaces R
2.1.2 Rough Acres Ranch Water Production Area .. 4
2.2 Climate ... 4
2.2.1 Climate of the Thing Valley Water Production Area..........cceeee. 4
2.2.2 Climate of the Rough Acres Ranch Water Production Area ...... 5
2.3 Land Use . 5

2.3.1 Land Use Surrounding the Thing Valley Water Production
ATCQ uueeeerireiiiceninnnsnncssnisssisssesssissssssssssssessssssssssssssssssssasnss 5

2.3.2 Land Use Surrounding the Rough Acres Ranch Water

Production Area ..... 5
2.4 Water Demand ........ieicviiisiisninsninsninsnissncssnisssissssssssisssissssssssessssssssans 5
2.5 Geology aNd SOIIS ....cuueicrrrricsrncnsrnicssnissssnessancsssnsssssnessssnssssssssssesssssssssssssnss 6
2.5.1 Geology and Soils of the Thing Valley WPA..... 7
2.5.2 Geology and Soils of the Rough Acres Ranch WPA .................... 7
2.6  Hydrogeologic UnitS......cceourersercssancsssancssrascssssssssasesssassssssssssassssnns 8
2.6.1 Hydrogeologic Units of the Thing Valley WPA .........ccccceeevureccnnes 8
2.6.2 Hydrogeologic Units of the Rough Acres Ranch WPA ............... 9
2.7  Hydrologic Inventory and Groundwater Levels........cccceeeerurecens 9
2.7.1 Thing Valley WPA Hydrologic InvVentory .......c.cceeeueeesvanes 9

C:\SHARED\2010.0005\GWI_REPORT.DOC 11



Groundwater Investigation Report

Tule Wind Farm
2.7.2 Rough Acres Ranch WPA Hydrologic Inventory .........ccceeeeeenaces 10
2.8  Water Quality.... 12
3.0 WATER QUANTITY IMPACT ANALYSIS ...coiiiiisircsnnnsnnssncsnnsssecssecsanes 12
3.1 Guidelines for Determination of Significance .........ccceeeeeveueccssanccenns 13
3.2  Methodology.... 14
3.3  Waell Test Results..... ceeesssesssnesnnsnnenene 15
34 Cumulative Impacts Analysis ........ .16
3.4.1 Groundwater Recharge.. cessesssssessnsssssanssanes 17
3.4.2 Groundwater Demand.. ceeessesssesssnesanesanenns 17
3.4.3 Groundwater in Storage... .. 18
3.4.4 Long-Term Groundwater Availability ......cccccceereecrrunecanns 18
3.5 Significance of impacts Prior to Mitigation.............ccueecuecnennen. 18
3.6  Mitigation Measures and Design Considerations ..........cceeeeeeeercssanccsnnsenes 19
3.7 Conclusions.... 19
4.0 SUMMARY OF PROJECT IMPACTS AND MITIGATIONS.......cceeveirueenns 19
5.0 CLOSURE .20
6.0 REFERENCES .20
7.0  LIST OF PREPARERS AND PERSONS AND ORGANIZATIONS
CONTACTED iveiiistinnninnnssessssssssssssssssssssssssssssssssssassssssssssss .21
FIGURES
Figure 1 Project Location Map
Figure 2A  Well Location Map — Thing Valley Aquifer Test Site
Figure 2B Well Location Map — Rough Acres Ranch Aquifer Test Site
Figure 3A°  Watershed Map - Thing Valley Aquifer Test Site
Figure 3B Watershed Map — Rough Acres Ranch Aquifer Test Site
Figure 4A  Soils Map - Thing Valley Aquifer Test Site
Figure 4B Soils Map — Rough Acres Ranch Aquifer Test Site
Figure 5 Geologic Map — Thing Valley Aquifer Test Site

C:\SHARED\2010.0005\GWI_REPORT.DOC 111



Groundwater Investigation Report
Tule Wind Farm

Figure 6 Conceptual hydrogeologic Cross-Section — Thing Valley Study

Area

Figure 7 Geologic Map — Rough Acres Ranch Aquifer Test Site

Figure 8 Conceptual Hydrogeologic Cross-Section — Rough Acres

Ranch Study Area

APPENDIXES

Appendix A

Appendix B

Appendix C

Observations and Analyses of Aquifer Characteristics — Ewiiaapaayp
Reservation, Thing Valley

Observations and Analyses of Aquifer Characteristics — Rough Acres
Ranch, McCain Valley

Cumulative Impact Analysis

GLOSSARY OF TERMS, ACRONYMS, AND ABBREVIATIONS

af
APN
CIMIS
DWR
ETo
Ft
gpd
gpm
msl
SCS
t/t’

Acre feet

Assessor’s Parcel Number

California Irrigation Management Information System
Department of Water Resources

Evapotranspiration

Feet

Gallons per day

gallons per minute

mean sea level

Soil Conservation Survey

Time since pumping started divided by time since pumping stopped

C:\SHARED\2010.0005\GWI_REPORT.DOC 1v



Groundwater Investigation Report
Tule Wind Farm

EXECUTIVE SUMMARY

A groundwater investigation was conducted to evaluate the groundwater resources within
Thing Valley on the Ewiiaapaayp Reservation and Rough Acres Ranch in McCain
Valley. The purpose of the investigation was to assess the availability of groundwater as
a resource in support of the Tule Wind Farm construction project, which proposes to be
extracted at these locations over a nine-month construction period. The groundwater
investigation included long-term 72-hour constant rate pumping tests and subsequent
analysis of the data to assess the hydraulic properties of the aquifer at each of these
locations.

Results of the groundwater investigation suggest that both locations provide viable
groundwater resources in support of project construction. Although groundwater
resources on Tribal land are not within the jurisdiction of the County, pumping test
results indicate that the Reservation well appears to be somewhat limited at the test
pumping rate of 80 gallons per minute (gpm). Based on a boundary condition identified
during the course of the aquifer pumping test, it is recommended that a reduced pumping
rate and a reduced frequency be used at this well. However, pumping from other
Reservation wells may be used to supplement pumping from the test well.

At the Rough Acres Ranch, pumping at 50 gpm showed no evidence of well interference,
or significant depletion of the groundwater in storage within the pumping well. In fact,
analysis of the data suggests that pumping could be doubled without any significant
impact. Based on the results of the aquifer test, no significant impacts to this
groundwater resource are anticipated associated with pumping at the Rough Acres Ranch
test well.
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1.0 INTRODUCTION
1.1  Purpose of the Report

This groundwater investigation report describes field conditions, and presents the results
of field and analytical procedures used to evaluate groundwater resource availability
within the Thing Valley area of the Ewiiaapaayp Reservation and the Rough Acres Ranch
area of McCain Valley to support construction of the proposed Tule Wind Project. The
Tule Wind Project will include the construction of 134 wind turbines, and associated
service roads, transmission lines and ancillary structures over a period of approximately
nine months during which time groundwater will be extracted from the underlying
aquifers to support construction activities. This investigation also addresses the
sustainability of groundwater withdrawal from the aquifers with respect to the existing
and proposed future uses. Construction is slated to begin in the third quarter 2011, and
the wind turbine facility is scheduled to come on line in the fourth quarter 2012.

Engineering estimates indicate that construction, and associated groundwater extraction,
is expected to last approximately nine months. According to the project developer,
groundwater demand for the project is expected to occur in four phases. Initially the
project will require approximately 120,000 gallons of water per day (gpd) during road
building (60 gallons per minute [gpm]), increasing to 250,000 gpd (equivalent to a
constant rate of 124 gpm) while both road and turbine foundation construction and
construction-related dust suppression. Water demand will then decrease to
approximately 130,000 gpd (a constant rate of 65 gpm) following completion of the 72-
day road construction portion of the project, while turbine foundation construction
continues, and finally decrease to 100,000 gpd (50 gpm) for dust control during the
remainder of the project. Subsequent site work is not expected to require additional
groundwater supply. The total volume of extracted groundwater to support the project is
anticipated to be approximately 65 to 125 acre-feet.

When the Tule Wind Project turbines become operational, only a limited quantity of
water will be required, estimated at 2,500 gallons per day to supply the operations and
maintenance building services and support staff.

1.2  Project Location and Description

The Tule Wind Farm will be developed on 15,350 acres in eastern San Diego County.
The project area is located approximately one mile north in Interstate 8 (I-8), generally
between La Posta Truck Trail on the west and McCain Valley Road on the east (Figure
1). Given the large size of the project area and the need for water throughout, two sites
were identified for water production: Thing Valley and McCain Valley (Rough Acres
Ranch). These areas are described in more detail in the following sections.

1.2.1 Thing Valley Water Production Area

The Thing Valley Water Production Area is located approximately 10 miles north of I-8
off La Posta Truck Trail/Thing Valley Road on the Ewiiaapaayp Reservation (Figure
2A). The reservation is located in an isolated, triangular-shaped, southeasterly-draining
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valley near the headwaters of La Posta Creek. Ground surface elevations range from
5000 to 5100 feet on the valley floor, but rise to over 6200 feet along the surrounding
ridgelines. Reservation structures dot the valley floor, and include a fire station, an
abandoned water bottling facility, and several abandoned, vacant, or partially-occupied
residential structures. Two groundwater production wells (“north well” and “south well”)
were constructed in August 1980 near the center of the valley. The “south well” is
connected to a series of solar panels that power an electric submersible pump. This well
pumps water to a storage tank at the northwestern end of the valley, and the stored water
supplies the Reservation. The “north well” is located approximately 60 feet northeast of
the “south well”. It is equipped with an electric submersible pump, but it is not currently
used for water production. According to personal communications with the tribal
representative and review of the tribal website, there are no permanent inhabitants within
the valley, through tribal members visit the location periodically. The nearest residence
is approximately 4 miles south of the subject valley in the larger Thing Valley. The
“north well” and “south well” occupy Assessor’s Parcel Number (APN) 4130800300, and
the remainder of the valley spans APNs 4131503000, 4130800100, and 4130800200.

The “far field” observation well is located within APN 4131503200.

1.2.2 Rough Acres Ranch Water Production Area

The Rough Acres Ranch Water Production Area is located approximately one mile north
of 1-8 between Ribbonwood Road on the west and McCain Valley Road on the east
(Figure 2B). This site occupies the broad alluviated, southeasterly-draining McCain
Valley that, within the project area, is bounded on the north and south by low-relief
granitic hills. Ground surface elevations in the valley range from approximately 3600
feet above mean sea level at the northwestern corner of the project area and along the
northern bounding hills to about 3450 feet above mean sea level at the southeastern
corner of the project area. Within the project area, Rough Acres Ranch is surrounded by
scattered residences on the west and south, a low-security detention facility and landing
strip on the east, and open space on the north. The valley floor is used for livestock
grazing. The Rough Acres Ranch property is crossed by a series of graded dirt roads, and
contains a number of active and idle groundwater production wells that are used for
domestic and agricultural supply. The area of the aquifer test spans APNs 6110600300,
6110700100, 6110900200, 6110900300, 6110900400, 6110901800, and 6111100100.

1.2.3 Project Description

The Tule Wind Farm project will include the construction of up to 134 wind turbines and
associated roads, transmission lines and support facilities. Based on information
provided by the project developer, IBR, the following water requirements have been
estimated for the project construction (all work is anticipated to be performed over five-
day work weeks):

1. Road Construction — Up to 120,000 gallons per work day will be required over a 72-
day construction period. This translates to an average pumping rate of approximately
60 gpm assuming sufficient storage is available to allow for pumping seven days a
week (83 gpm if the pumps are only active during work days).
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2. Turbine Foundation Concrete Mixing — Turbine foundation construction is estimated
to require 7,500 to 15,000 gallons of water per foundation. With 134 foundations to
build, water demand will be approximately 15,000 and 30,000 gpd (assuming that
two foundations are constructed each day in accordance with the 72-day work
schedule). This much water use equals an average maximum pumping rate of
approximately 15 gpm. The maximum continuous pumping rate (24-hours per day,
seven days per week), required to support concrete mixing for three turbine
foundations per day (45,000 gallons) is equivalent to 31 gpm.

3. Dust Control — During subsequent construction activities, approximately 50,000 to
100,000 gallons of water per working day will be required for dust control on project
roads. The average continuous pumping rate required during these activities would
be 50 gpm for an estimated nine-month construction period.

The pumping rates stipulated above are based on the assumption that there will be
sufficient storage space to allow for groundwater extraction 24 hours per day, seven days
per week. If there is insufficient water storage capacity to allow for continuous pump
operation, higher incremental pumping rates would be required. Based on the aquifer
testing performed for this report, the wells may not be able to pump at higher incremental
pumping rates for peak demand.

1.3  Applicable Groundwater Regulations

Groundwater utilization for projects within the County of San Diego must address the
requirements in the County of San Diego Groundwater Ordinance No. 9826, which
stipulates that development and utilization of groundwater will not affect those who are
dependent upon groundwater unless it can be demonstrated that there is an adequate
supply to provide both the project and the existing users. In addition, since the project is
proposing to use more than 20,000 gallons per day, it is considered a water intensive
project according to the Groundwater Ordinance, and requires an evaluation of the
cumulative groundwater impacts. The Ordinance provides for methods of analysis to
determine potential impacts to the groundwater resource, and this investigation endeavors
to address those potential impacts following the Ordinance-prescribed guidelines.

This project will result in groundwater extraction and utilization that may affect the local
environment, a unique resource, and groundwater-dependent habitats. As a result, the
California Environmental Quality Act (CEQA) requires an evaluation of environmental
impacts associated with groundwater extraction, as well as other components of the
project.

2.0 EXISTING CONDITIONS

This section of the water investigation report describes the existing conditions of the
project areas, including topography, climate, geology and hydrogeology, surrounding
land use, hydrology, and water quality.
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2.1 Topographic Setting

2.1.1 Thing Valley Water Production Area

The Thing Valley Production area is situated in a triangular shaped valley near the
headwaters of La Posta Creek. Ground surface elevations range from approximately
5100 feet above mean sea level (amsl) at the north end of the valley floor to about 5000
feet amsl at the south end of the valley floor (Figures 3A). Bounding ridgelines rise to
over 6300 feet amsl. The watershed for the production area is approximately 2310 acres,
draining the area to the northwest that includes the eastern flanks of the Laguna
Mountains to the west and the southwestern flanks of the Sawtooth Mountains to the
northeast.

2.1.2 Rough Acres Ranch Water Production Area

The Rough Acres Ranch Water Production Area is situated in McCain Valley, a broad
south- to southeasterly trending valley that is generally bounded by the eastern flanks of
the Laguna Mountains to the west and the In-Ko-Pah Mountains to the north and east.
The valley is over 13 miles long, extending from the In-Ko-Pah Mountains to the north,
and draining into Tule Canyon and Carrizo Gorge at the southeast. McCain Valley
includes a large number of tributaries, including Tule Creek that passes through the
Rough Acres Ranch study area as a dry wash at most times of the year. Because of the
vast expanse of the drainage area, for purposes of this investigation and following
guidance from the County Hydrogeologist, the watershed area is defined as an area of
one-half mile radius surrounding the proposed production well (Figure 3B).

2.2 Climate

For purposes of this water supply study, the climate factors of most concern include
precipitation and evapotranspiration. Data provided in this section comes from the
County of San Diego Department of Planning and Land Use General Plan Update —
Groundwater Study, State of California Department of Water Resources, and the
California Irrigation Management System (CIMIS) databases.

2.2.1 Climate of the Thing Valley Water Production Area

At elevations of over 5000 feet, the Thing Valley WPA has a relatively mild climate.

The site is located just east of the Laguna Mountains, and as a result, it sits in the rain
shadow of these mountains. Historical climate data from the Campo area were used to
conservatively represent conditions at this site. Based on information available from the
California Department of Water Resources, the area receives an average of 15.6 inches of
rainfall per year, with 80 percent of the rainfall occurring between November and March
of each year. According to the State of California Reference Evapotranspiration Map
developed by CIMIS, the site is located in Evapotranspiration Zone 16, with an average
of 62.5 inches of evapotranspiration per year.
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2.2.2 Climate of the Rough Acres Ranch Water Production Area

While 2000 feet lower in elevation, and about 10 miles east of the Thing Valley WPA,
the Rough Acres Ranch WPA has similar values for rainfall and evapotranspiration.
Using historical precipitation records from a monitoring station in Boulevard, California
(approximately 2 miles south of the site), the average annual precipitation for the area is
approximately 15.8 inches. The Rough Acres and Thing Valley WPAs are located in the
same Evapotranspiration Zone, which indicates an average annual evapotranspiration of
62.5 inches.

2.3 Land Use

2.3.1 Land Use Surrounding the Thing Valley WPA

The Thing Valley WPA is located within the Ewiiaapaayp Reservation. According to the
San Diego County General Plan, the site is located within the Mountain Area Community
Planning Area with a land use designation as Indian Reservation. The highlands of the
watershed area are located within the Cleveland National Forest, and the San Diego
County General Plan identifies this area as the Central Mountain Community Planning
Area, with an open space forest designation.

There are no full-time residents or industries within the Reservation limits, though the
Reservation includes several abandoned structures and structures that are used
periodically, as well as a fire station and a structure that was to be used as a water
bottling plant. Aside from these structures, the surrounding land is undeveloped
mountain and valley terrain. The nearest residents are located approximately 3 miles
south of the WPA at Thing Valley Ranch.

2.3.2 Land Use Surrounding the Rough Acres Ranch WPA

The Rough Acres Ranch WPA is located in a sparsely populated region of the county.
According to the San Diego County General Plan, the site is located within the Mountain
Area Community Planning Area and has a land use designation as general agricultural.
Properties surrounding the site are designated as general rural, and one parcel to the east
is designated as National Forest/State Parks.

Consistent with the designated land uses, the Rough Acres Ranch is used for livestock
grazing, and this property is surrounded by large lot residences to the west and south, a
low-security detention center and rural air field to the east, and high desert open space to
the north and east.

24  Water Demand
Because there are no residents or uses for groundwater within the Thing Valley WPA,

and the County has no jurisdiction over groundwater use on tribal lands, there is no
requirement to evaluate water demands in this area.
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For the Rough Acres Ranch WPA, a conservative approach was used to ensure that the
proposed project would not affect adjacent groundwater users. It is assumed that all
groundwater for this project will be derived from the Rough Acres Ranch WPA even
though the project will also utilize water from the Thing Valley WPA.

As recommended by the County Groundwater Geologist, the water production area was
restricted to a one-half mile radius surrounding the production wells (the estimated
maximum area of interference from the pumping well). However, to evaluate other
groundwater uses, the evaluation radius was extended in some instances to about three
quarters of a mile. Within this evaluation area, seven single family residences were
identified, including one residence that operates an apparent poultry farm. In addition to
the residences, the Rough Acres Ranch property is utilized for free-range livestock
grazing, with an estimated head count of 100 animals. Using residential water demand
values provided by the County’s Guidelines for Determining Significance and published
values for livestock water usage, the groundwater demand for the project is estimated in
the following table:

Demand Demand

Water Use (Acre-Feet per Year) (Acre-Feet per Month)
Proposed Project Construction
(9 month duration) 60 6.7
Post-Project Maintenance 2.8 0.23
Residential Water Use
(7 residential properties; 0.5 acre-feet per year per residence) 35 0.29
Livestock Grazing
(100 head; 19 gallons per day per animal) 2.13 0.18
Poultry Raising
(500 birds; 770 liters per 1000 birds per day ) 0.11 0.01

Totals: 65.74 7.18

2.5 Geology and Soils

The Thing Valley and Rough Acres Ranch WPAs are situated within batholithic rocks of
the Peninsular Ranges Geomorphic Province. Batholithic rocks were generally emplaced
in the late Mesozoic to early Cenozoic eras. Post-emplacement uplift, weathering, and
erosion has resulted in formation of surficial soils and alluvial deposits that mantle the
crystalline bedrock. Due to the remote locations and paucity of mineral resources,
neither site has been studied in detail, and most of the available geologic information
comes from regional geologic studies, including the “Preliminary Geologic Map of the
30’ x 60’ El Cajon Quadrangle” (Todd, 2004) and “Mineral Resources of the Sawtooth
Mountains and Carrizo Gorge/Eastern McCain Valley Wilderness Study Areas (Todd, et
al., 1987). Soils information is provided by the United Sates Department of Agriculture -
Soil Conservation Service and Forest Service. Geologic and soils conditions specific to
each WPA and its watershed are described below.
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2.5.1 Geology and Soils of the Thing Valley WPA

The Thing Valley WPA is flanked by the Laguna Mountains to the west and the
Sawtooth Mountains to the north and east. Based on the available geologic information,
in the vicinity of the WPA, the two mountain ranges are geologically similar, and are
composed of the early Cretaceous-age Las Bancas Tonalite, an assemblage of lightly
foliated tonalite, granodiorite, and quartz diorite. In addition, at the northernmost portion
of the watershed, the Sawtooth Mountains are also underlain by a variety of Triassic and
Jurassic-age metasedimentary rock units.

Along the valley floor, the crystalline bedrock is overlain by recent alluvium. Based on
the logs of the groundwater production wells, the thickness of alluvium is estimated to be
approximately 30 to 50 feet.

Based on maps prepared by the Soil Conservation Service (now Natural Resources
Conservation Service), and presented on Figure 4A the following table presents the soil
types and their properties within the Thing Valley WPA watershed area:

Moisture Holding Runoff Maximum Runoff  Area
Soil Type Capacity (in) Potential Percentage (acres)
Acid Igneous Rock Land (AcG) 0.10 Rapid 100% 250
Bancas Stony Loam (BbG) 355 Rapid to Very 81% 1000

Rapid
Crouch Coarse Sandy Loam (CtE) 4.5-7 Medium 71% 50
Crouch Coarse Sandy Loam (CtF) 4-6 Rapid 74% 40
Crouch Rocky Coarse Sandy Loam (CuE) 3.5-5 Medium 78% 30
Crouch Rocky Coarse Sandy Loam (CuG) 3.5-5 Rap}({iatpoid\/ery 78% 100
Mottsville Loamy Coarse Sand (MvC) 45 Slow to 74% 40
medium

Mottsville Loamy Coarse Sand (MvD) 4-5 Medium T4% 30
Sheephead Rocky Fine Sandy Loam (SpG2) 2-3 Rap;({iatpoid\/ery 87% 750
Steep Gullied Land (StG) Not Available Rapid 100% 10

2.5.2 Geology and Soils of the Rough Acres Ranch WPA

The Rough Acres Ranch WPA is located at the eastern edge of the Peninsular Ranges.
Available geologic information in the vicinity of the WPA indicates that the area is
underlain by the early to late Cretaceous era La Posta Tonalite, an assemblage of
horneblende-biotite trondhjemite and granodiorite that is exposed on the low-relief
highlands surrounding and within McCain Valley. Along the valley floor, the crystalline
bedrock is overlain by recent alluvium. Based on the logs of the groundwater production
wells in the valley, the thickness of alluvium is estimated to be 30 and 70 feet.

Based on maps prepared by the Soil Conservation Service (now Natural Resources
Conservation Service), presented on Figure 4B, the following table presents the soil types
and their properties within the Rough Acres Ranch WPA watershed area:
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Moisture Holding Runoff Maximum Runoff  Area
Soil Type Capacity (in) Potential Percentage (acres)
Acid Igneous Rock Land (AcG) 0.1 Rapid 100% 10
Calpine Coarse Sandy Loam (CaC) 45-6.5 Slow to 72% 5
medium
La Posta Loamy Coarse Sand .
(LaE2) 2-3 Medium 87% 60
La Posta Rocky Loamy Coarse Sand 12 Medium 949% 150
(LcE2)
Loamy Alluvial Land (Lu) 6-9 Slow 62% 120
Mottsville Loamy Coarse Sand Slow to
MvC) 43 medium 75% 110
Tollhouse Rocky Coarse Sandy Medium to
Loam (ToE2) 1-2 rapid 94% 30

2.6  Hydrogeologic Units

This section of the water investigation report describes the water-bearing units at each
site and their general hydraulic properties.

2.6.1 Hydrogeologic Units of the Thing Valley WPA

The hydrogeologic units of the Thing Valley WPA include the recent alluvial soils and
the underlying fractured Las Bancas Tonalite. The alluvium is restricted to the lowest
portion of the valley floor; based on available geologic maps and Soil Conservation
Service surveys, it underlies less than 10 percent of the watershed. In contrast, the Las
Bancas Tonalite underlies the entire watershed area, either directly or beneath the
alluvium.

A California State Department of Water Resources well completion report (no. 058539)
is available for the “south” well that was used as the observation well for the aquifer
testing in this study. Drilling logs for the “north” aquifer pumping test well and far-field
observation wells were not available. Based on the log for the south well, the alluvium at
this location is approximately 12 feet thick. Relatively weathered “granitic” bedrock
extends from 12 to 50 feet below ground surface, and relatively unweathered “granitic”
rock was encountered from 50 feet to the bottom of the hole at 400 feet. The geologic
conditions at the north and far-field wells would be expected to be generally similar
based on inspection of the surface geology.

A static water level was measured at each of the three test wells prior to the start of the
step-drawdown test (Section 2.7). The static water levels in each well were sufficiently
deep, and is likely below the base of alluvium. This suggests that alluvium groundwater
is ephemeral, and does not contribute significantly to the available groundwater resource
at this site.

The fractured Las Bancas Tonalite appears to be the most significant aquifer within the
Thing Valley WPA. Using the recommendations from the County Groundwater
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Geologist, a specific yield of 0.1 percent has been established for this unit. Figure 6
presents a conceptual hydrogeologic cross section through the Thing Valley WPA.

2.6.2 Hydrogeologic Units of the Rough Acres Ranch WPA

The hydrogeologic units of the Rough Acres Ranch WPA include the recent alluvial soils
and the underlying weathered and fractured La Posta Tonalite. As shown on Figure 7,
the alluvium covers the broad valley floor, and based on available geologic maps and Soil
Conservation Service surveys (Figure 4B), it underlies approximately 50 to 60 percent of
the watershed. The alluvium is directly underlain by the Las Bancas Tonalite, which is
also exposed as outcroppings throughout the watershed. Figure 8 depicts a conceptual
hydrogeologic cross section through this WPA.

While seven wells were used for the aquifer test in this study area, only the pumping well
and two observation wells are within the prescribed one-half mile radius watershed. A
California State Department of Water Resources well completion report (no. 1089956) is
available for the pumping well. Geologic information suggests that the alluvium in the
center of the valley is approximately 70 to 80 feet thick. Weathered bedrock extends to a
depth of about 230 feet, and below that depth to the total depth of boring (420 feet), the
crystalline rock is relatively unweathered. Static water levels measured in the pumping
and observation well suggest that the lower 45 to 50 feet of alluvium is saturated. Little
alluvium is noted on the logs for other observation wells in the test area, and well depths
typically range from 400 to 900 feet, indicating that the fractured La Posta Tonalite is the
primary source of groundwater for production wells in the area.

The fractured La Posta Tonalite appears to be the most significant aquifer within the
Rough Acres Ranch WPA, with the alluvium providing at least seasonal recharge to the
subjacent bedrock aquifer. Using the recommendations from the County Groundwater
Geologist, a specific yield of 0.1 percent has been established for this bedrock aquifer.
Published specific yield values for mixed sand and gravel aquifers (Driscoll, 1986)
indicate a range of 10 to 25 percent.

2.7  Hydrologic Inventory and Groundwater Levels

2.7.1 Thing Valley WPA Hyvdrologic Inventory

As described in Section 2.6.1, two groundwater production wells are located within the
Thing Valley WPA watershed. The wells are owned by the Ewiiaapaayp Tribe. The
“south” well is currently used for as-needed water supply and pumps water to a storage
tank. The “north” well was constructed to supply water to a proposed water bottling
facility, but it is not currently used. Outside of the project watershed area, approximately
one mile south of the north and south wells, is the “Thing Valley” observation well that is
located near the confluence of La Posta Creek and an unnamed tributary. No other wells
are known to exist within the watershed area. Well construction information and static
water levels are provided in the following table.
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Total Seal Production Water Level — August 2010
Well Name Depth (ft) Depth (ft) Rate (g_pm) (feet below top of casing)
“North” Well 400 22 Idle 54.81
“South” Well Unknown Unknown Up to 30 gpm 49.34
“Thing Valley” Well Unknown Unknown Idle — No Pump 77.62

Locations for these wells are shown on Figure 5. The locations and elevations of these
wells are not surveyed; however, using approximate ground surface elevations to
establish an approximate groundwater elevation, a hydraulic gradient of 0.05 feet per foot
is estimated. The approximated groundwater elevations suggest a southeasterly flow
direction down Thing Valley.

According to a report provided by the Ewiiaapaayp Tribe, the “South” well has the
potential to produce water at a rate of about 30 gpm. It is used to provide water to a
storage tank that supplies water to tribal members at the residences and the fire station.
Since there are no permanent residents in the reservation, the south well only pumps
occasionally to maintain the water level in the tank.

The North well is capable of producing groundwater at up to 90 gpm, and a pumping test
conducted on the well following its construction indicates a specific yield of 55 gpm.
The North well was constructed to provide water to a commercial water bottling facility
constructed adjacent to the tribal fire station, though the bottling facility never opened
and the North well remains idle.

The Thing Valley well is located approximately one mile south of the north and south
wells and is not equipped with a pump or power. The well has no cap, and is open to the
atmosphere and needs to be secured to be in compliance with California State Well
Standards (Bulletin 74-90).

Surface water bodies within the Thing Valley WPA watershed include the ephemeral La
Posta Creek and its unnamed, ephemeral tributaries. La Posta Creek passes within
approximately 400 feet to the west of the south well. There are no reservoirs or ponds
within the watershed, and no springs have been mapped in the area.

2.7.2 Rough Acres Ranch WPA Hydrologic Inventory

While only two wells (Wells 6 and 6a) are located within the prescribed 502-acre
watershed area, seven wells surrounding the project area were evaluated during this
project. Of these, four are equipped with pumps and are actively used for municipal
water supply or to provide water to livestock. The remaining three well are either
equipped with pumps and are not currently used, or have not been equipped with pumps.
Well construction, current estimated production, and static water levels are provided on
the following table.
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Total Seal Production Water Level — August 2010
Well Name Depth (ft) Depth (ft) Rate (g_pm) (feet below top of casing)
Well No. 6a “North” Well 385 75 1 28.0
Well No. 6 “South” Well Unknown Unknown 1 27.80
Walker Residence Well Unknown Unknown <0.5 54.78
Well No. 9 Livestock Supply Well Unknown Unknown <0.5 29.45
Well No. 2 185 24 No Power 23.92
Well No. 4 185 91 No Pump 10.98
Well No. 8 970 50 Pump 17.95

Locations for these wells are shown on Figure 7. The locations and elevations of these
wells are not surveyed; however, using approximate ground surface elevations to
establish an approximate groundwater elevation, a hydraulic gradient of 0.01 feet per foot
is estimated. The approximated groundwater elevations suggest convergent flow toward
McCain Valley, with a general southeasterly flow within the valley.

Based on aquifer testing conducted as part of this investigation and well testing
conducted during construction, Well No. 6 and No. 6a are capable of producing
groundwater at 50 to 60 gpm. The well test conducted on well No. 6a after construction
indicates a specific yield of 60 gpm. Currently these wells are principally used to supply
water to grazing livestock, and are estimated to provide water at a rate of about 1500
gallons per day, or 1.05 gpm on average.

Well logs were not available for the Walker residence well, which provides potable water
for a single-family residence. Using recommendations provided by the County
Groundwater Geologist for a typical residential well, it is estimated that this well
produces about one-half acre-foot per year, or about 0.5 gpm on average.

Well logs were also not available for the “Livestock” Well No. 9 located between the
Walker residential well and Wells No. 6 and No. 6a. This well provides water for
grazing livestock in troughs located throughout the ranch. It is estimated that this well
produces water at a rate of about 500 gallons per day, or about one third of a gpm on
average.

Well No. 2 is located approximately one mile northeast of Wells No. 6 and No. 6a. First
groundwater was encountered at a depth of 70 feet below ground surface in “black and
white rock” interpreted to be the La Posta tonalite. Well tests conducted during
construction indicate a specific yield of 10 gpm over a three hour test period. Currently,
the well is idle.

Well No. 4 is located approximately one mile north of Wells No. 6 and No. 6a. First
groundwater was encountered at a depth of 35 feet in “decomposed granite”. Well tests
conducted during construction indicate a specific yield of 15 gpm over a one hour test
period. There is no pump in this well.
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Well No. 8 is located about 3 miles east of Wells No. 6 and No. 6a, just east of McCain
Valley Road. First groundwater was encountered at a depth of 30 feet in “weathered
granitic rock”. A specific yield was not achieved during the post-construction well test,
which pumped the well at 50 gpm for 8 hours and recorded 800 feet of drawdown.

In addition to the wells within the prescribed watershed and those used as observation
wells during the aquifer testing conducted as part of this study, there are seven residences
within three-quarters of a mile of the project site, and each has its own water supply well.
It is estimated that each of the seven additional residences utilizes about one-half acre-
foot of water per year, and one of the residences has a small poultry farm with an
estimated 500 birds that utilizes an additional 0.11 acre-foot of water per year. In total,
the additional water use in the vicinity of the site is estimated to be about 3.61 acre-feet
per year, or about 2.25 gpm on average.

Surface water bodies within the Rough Acres Ranch WPA watershed include the
ephemeral Tule Creek. Although the USGS topographic map of the area identifies a
small reservoir near the northwestern portion of the watershed, that feature was not
observed within the study area. Rough Acres Ranch discharges water from Wells No. 6
and No. 6a to a small livestock watering reservoir about 2000 feet north of these wells.
The reservoir is not lined, and as a result, water infiltrates rapidly into the ground. A
groundwater spring was observed on the canyon wall adjacent to Well No. 4. The
estimated flow rate from the spring is less than 1 gpm. No other surface water bodies are
present within the watershed or surrounding study area.

2.8  Water Quality

Because this water development project is intended to provide water for construction
rather than for potable use, no water quality evaluation has been conducted.

3.0 WATER QUANTITY IMPACT ANALYSIS

Water quantity impact analyses were performed in accordance with the County of San
Diego Groundwater Ordinance, the County’s Guidelines for Determining Significance
and Report Format and Content Requirements — Groundwater Resources and the
approved Groundwater Investigation Workplan and Well Test Plan developed for the
Tule Wind Project. Based on the County guidelines for determining significance and
correspondence with the County, the water quantity analysis section must address well
interference, and 50 percent reduction of groundwater in storage associated with
groundwater extraction for construction. In addition, in accordance with the County’s
Groundwater Ordinance, because it is anticipated that groundwater extraction will exceed
20,000 gpd, which is considered a water intensive use, a cumulative groundwater
evaluation is required.

This section provides an analysis of the groundwater conditions and a determination of
significant impacts to the groundwater resources, based on CEQA guidelines. It should be
noted however that the County does not have jurisdiction over water use on tribal lands,
including the wells in Thing Valley on the Ewiiaapaayp Reservation. Aquifer testing on
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the Reservation was performed to assess available water for the project construction and
a summary of these results is included herein.

Because the Thing Valley WPA is located within the Ewiiaapaayp Reservation, there is
no regional authority governing the use of this water. As a result, the water quantity
impact analysis has been limited to performance of a 72-hour aquifer pumping test from
the North Well at a rate of 80 gpm followed by measurements of recovery back to static
conditions. Over the test, the water level was drawn down approximately 80 feet in the
pumping well, and about 17 feet in the nearest observation well, and less than one quarter
of a foot in the Thing Valley observation well about one mile downgradient of the
pumping well. Analysis of the test data as presented in Appendix A.

Thing Valley Water Quantity Impact Analysis. Thing Valley test data were recorded by
Solinst Levelogger Gold pressure transducer data loggers placed in the pumping well and
two observation wells. The aquifer transmissivity (the capacity of the well to transmit
water) was calculated by a variety of methods using AquiferTest Pro, Version 3.5,
numerical modeling software (Rohrich and Waterloo Hydrogeologic, 2002) and ranges
from about 100 to 835 ftz/day depending on the data (early, middle, late portions of the
test) obtained during pumping and recovery; the average transmissivity was calculated to
be 393 ft2/day. A summary of the calculated transmissivity values and additional
calculated values from the pumping test are provided in Appendix A.

A plot of time versus drawdown was developed from the aquifer pumping test data.
Based on the data, a projected total drawdown in the pumping well of 190 feet is
expected. A negative boundary condition occurs after 1700 minutes (about 28 hours) and
pumping of 136,000 gallons of water. During the intial 1700 minutes of the pumping
test, the drawdown cone around the pumping well was likely pulling water from the
portion of the fractured rock within Thing Valley. As the cone developed further, the
cone is interpreted to have intercepted less fractured bedrock (most likely along the
canyon walls) resulting in diminished production (the negative boundary effect).

Considering that the pump has been inoperable for some time prior to the aquifer
pumping test, it may be beneficial to remove the pump and conduct an inspection of the
well casing and pump for corrosion damage and encrustation to ensure that the well(s) are
optimally operable for the duration of the construction program.

3.1 Guidelines for Determination of Significance

For groundwater extraction projects in this fractured rock basin such as the Tule Wind
Project, the County Guidelines state:

“egroundwater impacts will be considered significant if a soil moisture balance, or
equivalent analysis, conducted using a minimum of 30 years of precipitation data,
including drought periods, concludes that at any time groundwater in storage is
reduced to a level of 50 percent or less as a result of groundwater extraction.
Groundwater impacts are considered significant if a soil moisture balance or
equivalent analysis conducted using a minimum of 30 years of precipitation data,
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including drought periods, concludes that at any time groundwater in storage is
reduced to a level of 50 percent or less as a result of the project groundwater
demands.”

The Guidelines also state:

“As an initial screening tool, offsite well interference will be considered a
significant impact if after a five year projection of drawdown, the results indicate
a decrease in water level of 20 feet or more in the offsite wells. If site-specific
data indicates water bearing fractures exist which substantiate an interval of more
than 400 feet between the static water level in each offsite well and the deepest
major water bearing fracture in the well(s), a decrease in saturated thickness of
5% or more in the offsite wells would be considered a significant impact.”

In addition, based on conversations with the County Groundwater Geologist, a basin-
wide cumulative analysis is not required because the project’s groundwater extraction
period is limited to approximately 9 months. For purposes of the cumulative analysis,
with the approval of the County Groundwater Geologist, the Rough Acres Ranch Water
Production Area boundary has been defined as an area with a one-half mile radius
surrounding the projected ranch groundwater extraction well No. 6a.

3.2  Methodology

In accordance with the approved well test plan for the Tule Wind Project, a step test
followed by a 72-hour constant rate aquifer pumping test was conducted at Well No. 6a at
the Rough Acres Ranch to evaluate hydraulic characteristics in this proposed construction
supply well. Prior to initiating the pumping test, area residents were contacted to request
their participation in the test. In order to participate, the resident was asked to
discontinue pumping and allow measurement of changes in water levels in their supply
well over the testing period. The following residents listed with their Assessor’s Parcel
Number (APN) were contacted:

Resident APN Response

Dave and Linda Shannon 611-091-14 No domestic water storage on site
Dennis and Celeste Wilson 611-091-15 No domestic water storage on site
York Heimerdinger 611-091-02 Has storage but refused the test
Jeff and Peggy Garber 611-090-15 Has storage but refused the test
Lynn Wilson 611-050-24 No domestic water storage on site
Wayne and Frankie Thibodeau 611-091-07 No return call

As presented in this table, none of the surrounding residents agreed to participate in the
test. However, because the well pumping test was being performed on the Rough Acres
Ranch, most of the available wells on the ranch were made available for monitoring. In
addition, the Ranch Manager, Mr. Walker, made his residential supply well available for
the duration of the test. A Solinst Levelogger Gold data logger was placed in each of the
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available ranch wells prior to the long-term constant rate pumping test. These well
locations are presented on Figure 7.

The 72-hour aquifer pumping test was conducted between August 24, and 27, 2010,
followed by measurement of well recovery to static conditions. Direct water level
measurements could not be performed in 4-inch diameter cased pumping well No. 6a,
because of limited access through the well head, with only sufficient room to place the
levelogger pressure transducer into the well to a depth of 114 feet below the water level
for measurements of the water level in this well. Because of limited access through the
wellhead at Well No. 6, located approximately 36 feet from the pumping well, water
levels in this observation well were measured manually with an electric water level
meter. Flow from the pumping well (at about 50 gpm) was measured with an in-line flow
meter and water was discharged to a stock pond location approximately 2000 feet
northeast of the pumping well. In addition, barometric pressure was measured with the
Solinst Barologger Gold transducer, placed in the pumping well pump house adjacent to
the pumping well. The pumping well static water level at the start of the test was about
28 feet below ground surface (bgs) and the pump depth was reportedly positioned at an
estimated depth of 350 feet, though the pump depth could not be verified. During the
pumping test, the maximum drawdown in the pumping well was 77.5 feet. In the nearest
observation Well No. 6, the water level was drawn down a maximum of 3.7 feet. An
estimated 216,000 gallons of water was pumped to the stock pond.

Results of the pumping and recover tests were plotted on semilog plots to evaluate the
data. County Guidelines were reviewed and incorporated into the analysis. In addition,
the long-term aquifer test data were analyzed using AquiferTest Pro, Version 3.5,
numerical modeling software (Rohrich and Waterloo Hydrogeologic, 2002) to calculate
aquifer hydraulic properties.

3.3 Well Test Results

As required by the County Guidelines, a plot of the pumping test time versus drawdown
curve in the pumping well was used to estimate the drawdown in the pumping well after
five years (2,600,000 minutes) of pumping at an average of 50 gpm as performed during
the pumping test. From the graphed pumping data, the projected draw down is 87 feet
after five years (Figure 3; Appendix B). Recognizing the project water requirements are
needed over an estimated 9-month construction period, 84 feet of drawdown is predicted.
In the event that during the construction, a higher pumping rate is needed, using
proportions, doubling the pumping rate to 100 gpm would produce a drawdown of 174
feet after five years.

Using the plot of the drawdown plotted against time presented logarithmically since
pumping started (Figure 3; Appendix B), aquifer transmissivity can be calculated using
the Cooper-Jacobs approximation to the Theis equation:
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T =239/ azns

where,
T = transmissivity in square feet per day
Q = average pumping rate in ft’/ day (e.g., 50 gpm multiplied by 193 = 9650 ft’/ day)
n=3.14
As = change in drawdown over one logarithm of time (3.13 ft. from Appendix B, Figure 3)

Based on this equation, a transmissivity of 563 square feet per day is calculated from the
pumping data. Using Aquifer Test Pro numerical modeling software, curve matching
methods were used on the time versus drawdown plots to calculate transmissivity,
hydraulic conductivity, and storativity by different methods. The transmissivity values
obtained from the pumping well ranged from between 26.9 and 630 square feet per day.
The analytical results show higher transmissivity (and hydraulic conductivity values) for
curves matched to the observation well No. 6 and range from 0.375 to 3750 square feet
per day. It is believed that the relatively thick alluvial section in this area of McCain
Valley acts as a reservoir recharging the underlying fractured bedrock system. If the
fractures in the bedrock are limited, the actual volume of groundwater available may be
controlled by these thicker sections of alluvium and the more highly fractured bedrock. A
summary of the calculated hydraulic properties from the aquifer tests, are presented in
Table 1 included in Appendix B.

The recovery data were evaluated to assess long-term affects on the groundwater aquifer.
The plot of residual drawdown versus t/t’” (the ratio of time to time since pumping
stopped) plotted on a logarithmic scale was used to evaluate aquifer storage. At t/t’ equal
to 1, a residual drawdown would indicate permanent dewatering of the aquifer and
greater than 2 feet of residual drawdown would indicate a failed pumping test. As shown
on Figure 4 in Appendix B, when the resultant recovery curve is projected back to t/t’
equals 1, a residual drawdown of 0.33 feet is obtained indicating a successful test.

Based on the lack of significant drawdown (3.7 feet) in the nearest observation well 36
feet away, and no evidence of an effect in more distal observation wells suggests that the
there is significant water within this water production area. Interference with the nearest
off-site wells approximately one half mile from the pumping well are not anticipated
from the level of pumping proposed during project construction.

34 Cumulative Impacts Analysis

Because the project water needs exceed 20,000 gallons of water per day, a cumulative
basin analysis is required. To address these cumulative requires, GLA worked directly
with the County’s Groundwater Geologist, Mr. Jim Bennett, to develop a reasonable
approach. Because the McCain Valley is an extensive groundwater basin and pumping is
proposed from a limited area of the basin, it was agreed that the cumulative analysis
would be limited to a ¥2 mile radius about the pumping Well No. 6A. The cumulative
analysis was performed using spreadsheets and calculations initially developed by Mr.
Bennett.
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Initially, project groundwater extraction at 50 gpm (72,000 gpd) and area residential and
operational water demands were evaluated against monthly groundwater recharge during
a drought condition to determine if project extraction will exceed 50 percent of the total
storage capacity within an effective area of McCain Valley defined as approximately
within one half mile of the proposed pumping Well No. 6a. A second analysis was
performed with double the pumping (100 gpm) to further evaluate increased water
utilization at this well. Using drought year precipitation data from the Boulevard gauging
station (July 1998 through June 2005), when groundwater recharge is minimal and water
is extracted from storage, a conservative assessment of possible groundwater impacts was
developed.

3.4.1 Groundwater Recharge

In the spreadsheet, groundwater recharge was estimated from available precipitation data
for the Boulevard gauging station over a seven year drought period from July 1998
through June 2005, provided by the County Groundwater Geologist. The recharge area
was considered to be an area encompassing the Y2-mile radius surrounding the pumping
well, equivalent to 502 acres. The groundwater recharge also accounts for
evapotranspiration based on an average of 62.5 inches per month as established by
California Reference CIMIS ETo map, Zone 16.

3.4.2 Groundwater Demand

For the groundwater demand, the project water needs were incorporated with standard
assumptions of water needs for other known potential groundwater users including
residents, livestock, and other users identified within approximately %2 of the pumping
well. To be conservative some land uses within 3 mile of the pumping well were
included into the overall area groundwater demand calculations. The groundwater
demand calculation assumed that there were seven residents using 0.5 acre feet of water
per year in accordance with County Guidelines. From literature (The Ohio State
University Extension, 2002), an estimated 100 head of cattle graze on the Rough Acres
Ranch, would require an estimated daily intake of 19 gallons per animal per day (the
maximum estimated daily water intake required for a bull in 90 degree temperatures),
equivalent to 2.13 acre feet of water. It should be noted that slightly lower water
consumption values (up to 15 gallons per day) are estimated for various classes of horses
that may also be grazing on the Ranch lands. A poultry farm, estimated to include 500
poultry, is located to the south of Rough Acres Ranch and based on available literature
from Pennsylvania State University (2002), a conservative estimate of 100 gallons per
day or 0.11 acre feet of water consumption each year is assumed to support these
animals.

These water quantities in combination with the estimated 9-month construction schedule
of water demand from the pumping well on Rough Acres Ranch of 50 gpm resulted in an
overall groundwater demand of 7.18 acre-feet per month, or 65.74 acre-feet per year.
The groundwater demand would increase to 13.88 acre-feet per month and 125.74 acre-
feet per year with a corresponding doubling of the production from the pumping well to
100 gpm.
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3.4.3 Groundwater in Storage

The groundwater storage capacity was calculated using conservative estimated of the
saturated thickness of each of the hydrogeologic units underlying the water production
area as observed in boring logs within the McCain Valley. For this analysis, it is
assumed that the saturated thicknesses include 20 feet of alluvium, 10 feet of residuum,
and 500 feet of fractured bedrock. Assuming that these materials are continuous over the
502 acre water production area, conservative estimates of the specific yield for each unit
was obtained from the County. As summarized in Table 1 in Appendix C, the greatest
specific yield is associated with the alluvium at 10%, the specific yield for the residuum
is 5%, and because the fractured bedrock yields water only within the fractures, the
specific yield for this unit is 0.10%.

By multiplying the 502 acres by the specific yield and by the saturated thickness for each
hydrogeologic unit, the total groundwater in storage within the %2-mile water production

area is 1002 acre feet of water.

3.4.4 Long-Term Groundwater Availability

Based on the proposed 9-month construction period and the project groundwater demand
along with adjacent water users, subtracted from the existing groundwater in storage, in
combination with the anticipated groundwater recharge generated over a seven year
drought cycle, there will be no long-term groundwater requirements in support of the
project. As shown on Table 2 in Appendix C, the maximum drawdown within the
subject area is about 66 acre-feet, well above the 50% basin depletion level of 500 acre-
feet. Even if project pumping were to be increased to 100 gpm, a maximum of 136 acre-
feet of drawdown is calculated within the basin (Table 3; Appendix C). In fact, until
pumping is increased by eight times to 54 acre-feet per month or nearly 486 acre-feet per
year would the basin approach the 50% depletion level of 500 acre-feet (Table 4;
Appendix C).

Based on these analyses, the long-term result of pumping at 50 gpm reduces the
groundwater in storage to 94% and a maximum reduction to 92% of the total
groundwater in storage during the 7-year drought period. Under an increased (100 gpm)
pumping scenario, the groundwater in storage is reduced to 86% of the total with an
average of 89%.

Following the project construction phase, the estimated water demand for the project site
is estimated to be 2500 gallons per business day or about 2 acre-feet per year, associated
with the operations and maintenance facility for the wind turbines. Based on the
calculations of groundwater availability this level of use would have no significant
impact on the groundwater in storage within McCain Valley.

3.5 Significance of Impacts Prior to Mitigation

Based on the results of the aquifer pumping test at the Rough Acres Ranch well No. 6a,
the criteria for well interference and 50% depletion of groundwater in storage associated
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with the proposed project will not be met. No significant impacts to groundwater are
anticipated associated with the project.

3.6  Mitigation Measures and Design Considerations

Based on the lack of significant impacts to groundwater associated with the proposed
project, no groundwater mitigation measures are proposed for the project.

3.7 Conclusions

Based upon the analyses performed, well interference is not anticipated to be a significant
impact for the Tule Wind Farm construction project. During the pumping test, a
maximum of 3.7 feet of drawdown was observed in the nearest observation well 36 feet
away from the pumping well. No observed drawdown was identified in wells located
within one third and one half mile of the pumping well.

The potential for depletion of groundwater in storage within the McCain Valley is not
anticipated. Results of the groundwater demand during a drought period indicate that
eight times the anticipated groundwater pumping would be required to drawn
groundwater to the 50% depletion level.

4.0 SUMMARY OF PROJECT IMPACTS AND MITIGATION

Based on the results of pumping tests and analysis of the data, there is sufficient
groundwater to meet the project demands. Review of cumulative analyses performed
within a ¥2 mile radial area of McCain Valley about the aquifer pumping test well
indicates based on the available groundwater storage within McCain Valley, it is possible
to increase pumping at the Rough Acres Ranch aquifer test well significantly without
well interference or significant groundwater depletion.

Although there are no requirements for analysis of groundwater use on tribal lands, the
aquifer pumping test and analyses indicate that there is sufficient storage for use of
groundwater within Thing Valley and no significant impacts to groundwater storage are
anticipated. However, the pumping test data and the noted boundary condition identified
during the test after 1700 minutes suggests that to support the project water needs, it may
be necessary to pump at a lesser rate or lesser frequency at the aquifer pumping test well,
and supplement the water from this well with water from another well within Thing
Valley such as the observation well. In addition, because the well has been inoperable
for some time, it is recommended that this well and pump be inspected and rehabilitated
as necessary to ensure that the well operates optimally for the duration of the construction
project.
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5.0 CLOSURE

This report was prepared in general accordance with acceptable professional geotechnical
and hydrogeologic principles and practices. This report makes no other warranties, either
expressed or implied as to the professional advice or information included herein.
Although the groundwater investigation performed included constant rate pumping over a
72-hour period, it is not possible to fully anticipate an aquifer’s behavior over the
proposed 9-month construction period. It is understood that the project intends to obtain
will serve letters to purchase water from off-site vendors if it is needed. The use of off-
site water suppliers is recommended in the event that groundwater supplies are not fully
supportive of the project. Our firm should be notified of any pertinent change in the
project, or if conditions are found to differ from those described herein, because this may
require a reevaluation of the conclusions. This report has not been prepared for use by
parties or projects other than those named or described herein. It may not contain
sufficient information for other parties or purposes.
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Geologists, Hydrogeologists and Engineers

Date: November 8, 2010
Project No.: 2010-0005

To: John Hower, CEG
Sarah Battelle, CHG

From: Mark Vincent, CHG

Regarding: Observations and Analyses of Aquifer Characteristics
Thing Valley, San Diego County, California

INTRODUCTION

This memo presents a summary of observations and analyses made following a stepped
and a constant rate aquifer pumping and recovery test in wells located in Thing Valley
located approximately 10 miles north of I-8 off La Posta Truck Trail/Thing Valley Road
in the Ewiiaapaayp Reservation, in eastern San Diego County, California. The tests were
performed to determine whether sufficient volumes of water are available for the Tule
Wind Farm construction projects. Analyses performed included calculation of
transmissivity, hydraulic conductivity, and storativity for a pumping well and observation
wells.

WELL AND AQUIFER CONDITIONS

A well labeled as South Well was used as the pumping well for this test. Another well
labeled as North Well is located 61.5 feet to the west of the pumping well and was
monitored and analyzed as an observation well. A third well identified as Thing Valley
Well is located approximately 5,517 feet south-southeast of the pumping well and was
also used as an observation well (Figure 1).

Records for drilling and construction of the wells used for these pumping tests are
incomplete or nonexistent. A well identified on Department of Water Resources (DWR)
records as the "Cuyapaipe Community Well" (identified as Form No. 058539) is believed
to be the log for South Well. No records are available for North Well or Thing Valley
Well.

Although DWR records indicate that slotted well casing was installed to a depth of 122
feet, they do not indicate whether or not casing exists below that depth or if the casing
was installed prior to drilling the well to a total depth of 400 feet. The North and South
Wells used in this pumping test have existing electric submersible pumps installed in
them. Based on the production rates achieved during the tests performed, the wells are
likely to be outfitted with four-inch diameter electric submersible pumps. Based on the
depth and pressure head on the transducers installed in the wells for the test, it was
assumed that all of the boreholes are 400 feet deep and are 10-inches in diameter. It was
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further assumed that the wells were constructed with 6-inch diameter well casing and that
they are perforated or screened over the entire saturated thickness. Details of well
construction could not be verified in the field because of the presence of pumps,
discharge pipes, electrical wires, and surface sanitary seals.

The area immediately around North Well and South Well is underlain by alluvium
comprised of poorly sorted sand, gravel, and silt derived from the crystalline basement
rock exposed on the adjacent canyon sidewalls. The crystalline basement rocks are
classified as tonalite and yield groundwater from fractures. The well log reportedly
recorded for South Well indicates that there are about 12 to 15 feet of alluvium overlying
the tonalite. An alternative interpretation of the log is that some of the materials
described in the log to a depth of 50 feet could also be coarse-grained alluvium locally
derived from the surrounding tonalite. Groundwater was measured at a depth of 54.81
feet below the top of sanitary seal on North Well (approximately 8-inches above ground
surface) and was measured at a depth of 49.34 feet below the sanitary seal in South Well
(also about 8-inches above ground surface). Groundwater was measure at a depth of
77.62 feet below the top of the conductor casing on Thing Valley Well (the conductor
casing extends approximately 6-inches above ground surface).

TEST METHODS

Observations of groundwater elevation were recorded in a pumping well and two
observation wells in Thing Valley. Data was collected using pressure transducers
connected to data loggers. Barometric pressure changes were recorded during the test
and corrections were made to the pressure head data collected during the tests.

A stepped aquifer pumping test was performed using North Well to determine the
optimum pumping rate for a longer duration test. The pressure transducers were
deployed and began recording data on August 12, 2010 to perform the stepped pumping
test. The stepped pumping test was performed at pumping rates of 72 gallons per minute
(gpm), 88 gpm, and 90 gpm. The pump could not be throttled down below 72 gpm
without water exiting a by-pass / check valve and had a maximum yield of 90 gpm. A
semi-logarithmic plot of elapsed time versus drawdown for the stepped pumping test is
shown on Figure 2.

The constant rate pumping and recovery test was performed from August 16 through 19,
2010. The pump was powered-down on August 19, 2010 and allowed to recover until
August 23, 2010 when the pressure transducers were removed from the wells. South
Well was initially pumped at an average rate of 88 gpm and was corrected to 80 gpm
during a period from about 1 to 2 hours into the test. Recovery tests were performed by
turning off the pumps and recording the increasing head levels over time.

DATA ANALYSIS
Changes in groundwater level data recorded during this test were corrected for barometric

pressure changes and used to generate a file containing tabulated time and changes in
pressure head. The data was used to generate time-drawdown graphs for the pumping
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and observation wells and imported into computer software used to calculate the
transmissivity and storativity of the fractured tonalite.

The stepped pump test analysis consists of plotting the drawdown versus time for each
pumping rate on a time versus drawdown plot with time plotted on a logarithmic scale.
Forward projections of each segment representing a different pumping rate can be used to
predict the likely drawdown for the pumping well during for the selected duration of the
test. A pumping rate of 80 gpm was selected as the target pumping rate because it would
allow for ample drawdown without the well running dry during the test.

The method of Schafer (1978) was employed to determine how much of the data set for
North Well was impacted by casing storage effects. The method is a simplification of the
method first developed by Papadopulos and Cooper (1967) but does not require prior
knowledge of the transmissivity or well efficiency. The point at which casing storage
effects are overcome was calculated to occur approximately 12 to 14 minutes into the test
based on the assumptions about well construction practices, pumping rates, and
drawdown. Very early pumping data was ignored in the analyses described below due to
casing storage effects and the non-uniform drawdown curve caused by the change in the
pumping rate from 88 to 80 gpm.

Time versus drawdown plots were prepared for the pumping and observation wells for
the pumping and recovery portions of the test. The plots are shown with the time axis
plotted on a logarithmic scale and drawdown on a linear scale.

Figure 3 shows the time-drawdown plot for North Well during pumping. The first 12 to
14 minutes of the test show the effects of attempting to establish a constant pumping rate
and casing storage effects. A slight recovery in the drawdown is noted from around 14
minutes to approximately 33 minutes due to a reduction in the pumping rate from 88 to
80 gpm. The North Well drawdown plots as a straight line on the time-drawdown chart
representing constant aquifer properties during that portion of the drawdown cone
development. A sudden change in the drawdown curve starts at approximately 1,700
minutes and changes again at approximately 3,000 minutes. The steepening of the time
drawdown curve noted at approximately 1,700 and 3,000 minutes likely indicates a
negative boundary effect.

A residual drawdown plot for the North Well is shown on Figure 4. The plot shows the
change in drawdown versus the ratio of the time since the pump test started divided by
the time since the recovery portion of the test started (t/t"). An inflection point is noted at
approximately t/t' =100 possibly due to some type of boundary effect. The residual
drawdown at a t/t” ratio of 1 extends through the origin and there is no discernable change
in storage noted in the pumping well over the course of the pumping and recovery
portions of the aquifer stress test.

A time-drawdown plot of South Well located 61.5 feet away from the pumping well
shows a sharp decrease in drawdown from approximately 51 minutes to approximately 65
minutes which is considered to be the result of the decrease in pumping rate from 88 to
80 gpm (Figure 5). The South Well plot shows a slight increasing slope to the semi-
logarithmic plot but shows a very strong inflection point at approximately 1,700 minutes
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into the test. This is interpreted to be the result of a negative boundary effect similar to
that observed on the time-drawdown plot from North Well (compare Figures 3 and 5).

The South Well recovery portion of the test is plotted as the residual drawdown versus
t/t shows a concave upwards curvature to the semi-logarithmic plot (Figure 6) indicative
of changing aquifer conditions from a t/t” ratio of about 10 to 200 into the recovery test
period. The line segment from a t/t" ratio of 200 the end of the test is a straight line plot
indicative of constant aquifer conditions. The residual drawdown value measured for a
t/t’ ratio of 1 is about -3.5 feet. Though this value is not within about one half of a foot as
would be expected from a successful test, it may not be especially significant for an
observation well when the pumping well shows no changes in storage effect.

The Thing Valley Well located approximately 5,517 feet south of the pumping well was
monitored for changes in head. A possible cumulative drawdown of approximately 0.25
feet was observed from approximately 400 minutes until the end of the test (Figure 7).
The recovery portion of the well is shown on Figure 8 and is shows a large sudden
change in measured head near the end of the monitoring period. This is interpreted as a
slippage of the transducer cable and is probably not a valid recovery curve.

Water level drawdown data were evaluated using the computer software program
AquiferTest version 3.5 (Waterloo Hydrogeologic, 2002). The program performs curve
matching of the time drawdown data to calculate transmissivity, hydraulic conductivity,
and storativity using different methods. The methods employed included Cooper-Jacob
(1946), Moench (1993), Neuman (1975), and Theis (1935).

DISCUSSION

As shown on Table 1, the calculated hydraulic conductivity values for all of the analytical
methods employed ranged from a low of 0.285 feet/day for data collected from North
Well using Neuman's method for the data collected from the end of the data set to a high
of 2.39 feet/day for the early time recovery phase of South Well using the Theis
Recovery method. An average conductivity of 1.122 feet/day was calculated from all
methods from both South Well and North Well. The Storativity values range from a low
of 3.33E-09 for North Well middle to late time data and a high of 4.19E+01 for a match
to the very late time data recorded in South Well.

All of the analytical results show a higher transmissivity and hydraulic conductivity value
for matches to the early time drawdown data and show lower values for matches to late
time drawdown data. This is most likely the result of a higher degree of fracturing in the
rock around the wells. North Well and South Well are located in a portion of Thing
Valley which is entirely covered in up to 50 feet of alluvium (Figure 9). Inspection of
aerial photographs from Google Earth show the local canyons and drainages are
controlled by large scale joint sets. Areas of maximum fracturing will have higher
transmissivity and hydraulic conductivity associated with them and also will be more
prone to erosion.

During the pumping test, a cone of depression developed radially around the well until
the cone intercepted lower transmissivity/less fractured rock at the canyon side walls (the
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negative boundary effect observed approximately 1,700 minutes into the test). After that
time, the majority of the water entering the wells is coming from directly up and down
canyon. A later stage negative boundary effect near the 3,000 minute mark observed in
North Well may be a secondary negative boundary effect associated with translation of
the cone of depression outside the portions of the canyon overlain by alluvium. Although
the alluvium was not thought to be saturated during the test it is likely to act like a sponge
slowing the downgradient flow of groundwater.

Because the fractures in the bedrock appear to be of aerially limited extent, the actual
volume of groundwater available may be limited with larger volumes of groundwater
available within the canyon areas where fracturing may be most prevalent.

CLOSURE

This summary of observations and analyses has been prepared in general accordance with
accepted professional geotechnical and hydrogeologic principles and practices. This
report makes no other warranties, either expressed or implied as to the professional
advice or information included in it. Our firm should be notified of any pertinent change
in the project, or if conditions are found to differ from those described herein, because
this may require a reevaluation of the conclusions. This report has not been prepared for
use by parties or projects other than those named or described herein. It may not contain
sufficient information for other parties or purposes.

Geo-Logic Associates

Mark W. Vincent, PG 5767, CEG 1873, CHg 865
Senior Geologist

Attachments: Table 1 - Aquifer Stress Test Results
Figure 1 - Well Location Plan
Figure 2 - Step Test Time Drawdown Plot
Figure 3 - North Well Time Drawdown Plot Pumping
Figure 4 - North Well Time Drawdown Plot Recovery
Figure 5 - South Well Time Drawdown Plot Pumping
Figure 6 - South Well Time Drawdown Plot Recovery
Figure 7 - Thing Valley Well Time Drawdown Pumping
Figure 8 - Thing Valley Well Time Drawdown Recovery
Figure 9 - Geologic Map
Appendix A - Analytical Results from Aquifer Test Program
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Aquifer Stress Test Results

Table 1

Thing Valley
Distance Groundwater
From Groundwater| Depth from | Assumed | Average
Pumping Depth from Ground Aquifer | Pumping
Well Well TOC Surface Thickness Rate Transmissivity Conductivity
Designation | Condition (feet) (feet) (feet) (feet) (gpm) | Analytical Method (feet”2/day) (feet/day) Storativity Comments
North Well Pumping 1 54.81 54.14 350 81 Cooper-Jacob 488 1.390 3.33E-09 Match to mid-late data.
North Well Pumping 1 54.81 54.14 350 81 Cooper-Jacob 176 0.502 3.05E-02 Match to late data.
North Well Pumping 1 54.81 54.14 350 81 Moench 261 0.741 4.45E-04 Match to late data.
North Well | Pumping 1 54.81 54.14 350 81 Neuman 99.8 Minimum 0.285 Minimum 3.82E-04 Match to late data.
North Well Pumping 1 54.81 54.14 350 81 Theis 256 0.733 3.57E-04 Match to late data.
North Well Pumping 1 54.81 54.14 350 81 Walton 115 0.327 2.41E-02 Match to late data.
North Well [ Recovery 1 54.81 54.14 350 81 Theis Recovery 669 1.910 NA Match to early data.
North Well [ Recovery 1 54.81 54.14 350 81 Theis Recovery 473 1.350 NA Match to middle data.
North Well [ Recovery 1 54.81 54.14 350 81 Theis Recovery 337 0.963 NA Match to late data.
South Well Pumping 61.5 49.34 48.67 350 81 Cooper-Jacob 513 1.470 8.29E+00 Match to late data.
South Well Pumping 61.5 49.34 48.67 350 81 Cooper-Jacob 294 0.841 4.19E+01 Match to very late data.
South Well Pumping 61.5 49.34 48.67 350 81 Moench 467 1.330 1.35E-05 Match to late data.
South Well Pumping 61.5 49.34 48.67 350 81 Neuman 469 1.340 9.12E-04 Match to late data.
South Well | Pumping 61.5 49.34 48.67 350 81 Theis 477 1.360 2.10E-03 Match to late data.
South Well Pumping 61.5 49.34 48.67 350 81 Walton 477 1.360 8.76E+00 Match to late data.
South Well | Recovery 61.5 49.34 48.67 350 81 Theis Recovery 835 Maximum 2.39 Maximum NA Match to early data.
South Well [ Recovery 61.5 49.34 48.67 350 81 Theis Recovery 508 1.450 NA Match to middle data.
South Well [ Recovery 61.5 49.34 48.67 350 81 Theis Recovery 311 0.888 NA Match to late data.
Average Values 393 1.122 3.88E-03
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Figure 6
South Well
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Thing Valley Well
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Waterloo Hydrogeologic, Inc.

Pumping Test Analysis Report

460 Philip Street - Suite 101

Project: Thing Valley

Waterloo, Ontario, Canada

Number: 2010-0005

Phone: +1 519 746 1798

Client:

Thing Valley Wells [Cooper-Jacob Time-Draw dow n]

Time [min]
1 10 100 1000 - gb”t*;]"v‘(/e':l
0 —y————— outh We
| 'o'\ A Thing Valley Well
13.762-J
_ 27524
g |
o
°
: |
o
41.286
u
-\\
1 u
55.048 - ~
68.81

Pumping Test: Thing Valley Wells
Analysis Method: Cooper-Jacob Time-Drawdown

Analysis Results:  Transmissivity: 4.88E+2 [ft¥/d] Conductivity: 1.39E+0 [ft/d]
Storativity: 3.33E-9
Test parameters:  Pumping Well: Pumping Well Aquifer Thickness: 350 [ft]
Casing radius: 0.25 [ft] Confined Aquifer
Screen length: 350 [ft]
Boring radius: 0.42 [ft]
Discharge Rate: 80.111574 [U.S. gal/min]
Comments: North Well Match to mid-late data.
Evaluated by: MWV

Evaluation Date: 10/29/2010




Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report

460 Philip Street - Suite 101 Project: Thing Valley
Waterloo, Ontario, Canada Number: 2010-0005
Phone: +1 519 746 1798 Client:

Thing Valley Wells [Cooper-Jacob Time-Draw dow n]

Time [min]
1 10 100 1000 = North Well

0 .. b . ) e @ South Well

o'\ A Thing Valley Well

13.762—-|\\

27.524 \

41.286
] | \
] [ |
1 |

55.048

68.81

Drawdown [ft]

Pumping Test: Thing Valley Wells
Analysis Method: Cooper-Jacob Time-Drawdown

Analysis Results:  Transmissivity: 1.76E+2 [ftz/d] Conductivity: 5.02E-1 [ft/d]
Storativity: 3.05E-2

Test parameters:  Pumping Well: Pumping Well Aquifer Thickness: 350 [ft]
Casing radius: 0.25 [ft] Confined Aquifer
Screen length: 350 [ft]
Boring radius: 0.42 [ft]
Discharge Rate: 80.111574 [U.S. gal/min]

Comments: North Well match to late data.

Evaluated by: MWV

Evaluation Date: 10/29/2010




Waterloo Hydrogeologic, Inc.

Pumping Test Analysis Report

460 Philip Street - Suite 101

Project: Thing Valley

Waterloo, Ontario, Canada

Number: 2010-0005

Phone: +1 519 746 1798

Client:

Thing Valley Wells [Cooper-Jacob Time-Draw dow n]

Time [min]
1 10 100 1000 - gb”t*;]"v‘(/e':l
0 —y————— outh We
| 'o'\ A Thing Valley Well
13.762-J
_ 27524
g |
o
°
: |
o
41.286
u
|
1 u
55.048 -
68.81

Pumping Test: Thing Valley Wells
Analysis Method: Cooper-Jacob Time-Drawdown

Analysis Results:  Transmissivity: 5.13E+2 [ft¥/d] Conductivity: 1.47E+0 [ft/d]
Storativity: 8.29E+0
Test parameters:  Pumping Well: Pumping Well Aquifer Thickness: 350 [ft]
Casing radius: 0.25 [ft] Confined Aquifer
Screen length: 350 [ft]
Boring radius: 0.42 [ft]
Discharge Rate: 80.111574 [U.S. gal/min]
Comments: South Well match to late data.
Evaluated by: MWV

Evaluation Date: 10/29/2010




460 Philip Street - Suite 101
Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Waterloo Hydrogeologic, Inc.

Pumping Test Analysis Report

Project: Thing Valley

Number: 2010-0005

Client:

Thing Valley Wells [Cooper-Jacob Time-Draw dow n]

Time [min]
1 10 100 1000 - gb”t*;]"v‘(/e':l
0 —y————— outh We
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13.762-J
_ 27524
g |
o
°
: |
o
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u
|
1 u
55.048 -
68.81

Pumping Test: Thing Valley Wells

Analysis Method: Cooper-Jacob Time-Drawdown

Analysis Results:  Transmissivity: 2.94E+2 [ft¥/d] Conductivity: 8.41E-1 [ft/d]
Storativity: 4 19E+1

Test parameters:  Pumping Well: Pumping Well Aquifer Thickness: 350 [ft]
Casing radius: 0.25 [ft] Confined Aquifer
Screen length: 350 [ft]
Boring radius: 0.42 [ft]

Discharge Rate:

80.111574 [U.S. gal/min]

Comments:

South Well match to very late data.

Evaluated by: MWV

Evaluation Date: 10/29/2010




Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report

460 Philip Street - Suite 101 Project: Thing Valley

Waterloo, Ontario, Canada Number: 2010-0005

Phone: +1 519 746 1798 Client:

Thing Valley Wells [Cooper-Jacob Time-Draw dow n]

Time [min] .
1000 A Thing Valley Well
0
0.016
__ 0033
c
3
o
°
5 |
a
0.049
A
0.066
0.082
Pumping Test: Thing Valley Wells

Analysis Method: Cooper-Jacob Time-Drawdown

Analysis Results:  Transmissivity: 2.41E+4 [ft¥/d] Conductivity: 6.88E+1 [ft/d]
Storativity: 7.34E-4
Test parameters:  Pumping Well: Pumping Well Aquifer Thickness: 350 [ft]
Casing radius: 0.25 [ft] Confined Aquifer
Screen length: 350 [ft]
Boring radius: 0.42 [ft]
Discharge Rate: 80.111574 [U.S. gal/min]
Comments: Thing Valley program best fit match.
Evaluated by: MWV
Evaluation Date: 11/4/2010




@ Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report
460 Philip Street - Suite 101 Project: Thing Valley
. I:> Waterloo, Ontario, Canada Number: 2010-0005
Phone: +1 519 746 1798 Client:
Thing Valley Wells [Moench Fracture Flow]
1/u .
1E2  1E1 1E+0  1E+1  1E+2  1E+3  1E#4  1E+5  1E+6 A  Thing Valley Wel
1 2 b i m  North Well
] @ South Well
-1E+2
1E+1 — ///Z
ey
THES/Ge)| | —|THES (Ss')
-1E+1
1E+0 i
5 F Ncry/Well B
= J L1E0 =
1E-14 7/ i
Wléy \_/gell L 1E-1
1E-24 /
/ / 1E-2
1E-3 AL L L L B L AL I
1E4 1E-3 1E2 1E-1 1E+0 1E+1 1E+2 1E+3
t/r2 [min/ft?]
Pumping Test: Thing Valley Wells
Analysis Method: Moench Fracture Flow
Analysis Results:  Transmissivity: 2.61E+2 [ft¥/d] Conductivity: 7.47E-1 [ft/d]
Storativity: 4.45E-4
Test parameters:  Pumping Well: Pumping Well Aquifer Thickness: 350 [ft]
Casing radius: 0.25 [ft] b: 350 [ft]
Screen length: 350 [ft] Kv/Kh: 0.1
Boring radius: 0.42 [ft] C: 0.554
Discharge Rate: 80.111574 [U.S. gal/milK(block)/K(Skin): 0.1
Ss(blk)/Ss(fract): 200 K(block)/K(fracture): 0.1
Comments: North Well match to late data.
Evaluated by: MWV
Evaluation Date: 10/29/2010
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Waterloo Hydrogeologic, Inc.
460 Philip Street - Suite 101
Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Pumping Test Analysis Report

Project: Thing Valley

Number: 2010-0005

Client:

Thing Valley Wells [Moench Fracture Flow]

Evaluation Date:

1/u .
1E2  1E1 1E+0  1E+1  1E+2  1E+3  1E#4  1E+5  1E+6 A  Thing Valley Wel
VB2 i il il il il ol m  North Well
] @ South Well
-1E+2
1E+1- — 4! S
p | // B
THEI EiS (Ss) 1B
1E+0
5 { NorthyWell B0 @
= / - =
1E-14 / ®
- 1E-1
ot Vediby Well s
1E-24 / /
/ / 1E2
1E-3 B LI L B, B L e B A
1E6 1E5 1E4 1E3 1E2 1E1 1E+0 1E+1
t/r2 [min/ft?]
Pumping Test: Thing Valley Wells
Analysis Method: Moench Fracture Flow
Analysis Results:  Transmissivity: 4.67E+2 [ft¥/d] Conductivity: 1.33E+0 [ft/d]
Storativity: 1.35E-5
Test parameters:  Pumping Well: Pumping Well Aquifer Thickness: 350 [ft]
Casing radius: 0.25 [ft] b: 350 [ft]
Screen length: 350 [ft] Kv/Kh: 0.1
Boring radius: 0.42 [ft] C: 0.554
Discharge Rate: 80.111574 [U.S. gal/milK(block)/K(Skin): 0.1
Ss(blk)/Ss(fract): 200 K(block)/K(fracture): 0.1
Comments: South Well match to late data.
Evaluated by: MWV

11/1/2010




@ Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report

460 Philip Street - Suite 101 Project: Thing Valley
. I:> Waterloo, Ontario, Canada Number: 2010-0005
Phone: +1 519 746 1798 Client:

Thing Valley Wells [Moench Fracture Flow]

1/u .
1E2  1E1  1E+0 1E+1  1E+2 1E+3 1E+4 1E+5 1E+6 A Thing Valley Well
:1E+1
1E+1 — ——
3 ] -
1 .
THIE! (Qc) TI—I:IQ(Ss) :1E+0
1E+0
= ] [7)
§ :1E—1 =
1E-14
/Thing Valiey Wel F1E2
1E-2 / [
/ 1E3
1E-3 =

LBEE e i ) e
1E-5 1E-4 1E3 1E-2 1E-1 1E+0 1B+ 1E+2
t/r2 [min/f1?]

Pumping Test: Thing Valley Wells
Analysis Method: Moench Fracture Flow

Analysis Results:  Transmissivity: 3.61E+3 [ft¥/d] Conductivity: 1.03E+1 [ft/d]
Storativity: 6.28E-4

Test parameters:  Pumping Well: Pumping Well Aquifer Thickness: 350 [ft]
Casing radius: 0.25 [ft] b: 350 [ft]
Screen length: 350 [ft] Kv/Kh: 0.1
Boring radius: 0.42 [ft] C: 0.554
Discharge Rate: 80.111574 [U.S. gal/milK(block)/K(Skin): 0.1
Ss(blk)/Ss(fract): 200 K(block)/K(fracture): 0.1

Comments: Moench match to Thing Valley Well data.

Evaluated by: MWV

Evaluation Date: 11/4/2010




@ Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report
460 Philip Street - Suite 101 Project: Thing Valley
. I:> Waterloo, Ontario, Canada Number: 2010-0005
Phone: +1 519 746 1798 Client:
Thing Valley Wells [Neuman]
1/u .
1E1 1E+0  1E+1  1E+2  1E+3  1E+4  1E+5  1E46  1E+7 A Thing Valley Well
]I I AT T AR AT R —y m  North Well
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Pumping Test: Thing Valley Wells
Analysis Method: Neuman
Analysis Results:  Transmissivity: 2.13E+1 [ft¥/d] Conductivity: 6.09E-2 [ft/d]
Storativity: 1.96E-2 Specific Yield: 1.96E+2
Test parameters:  Pumping Well: Pumping Well Aquifer Thickness: 350 [ft]
Casing radius: 0.25 [ft] Beta: 0.005
Screen length: 350 [ft]
Boring radius: 0.42 [ft]
Discharge Rate: 80.111574 [U.S. gal/min]
LOG(Sy/S): 4
Comments: North Well match to all data.
Evaluated by: MWV

Evaluation Date:

10/29/2010




@ Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report
460 Philip Street - Suite 101 Project: Thing Valley
. I:> Waterloo, Ontario, Canada Number: 2010-0005
Phone: +1 519 746 1798 Client:
Thing Valley Wells [Neuman]
1/u .
1E1  1E:0 1B+l 1E+2  1E+3  1E+4  1E45  1E+6  1E47 A  Thing Valley Wel
L e e s e S e S BT m  North Well
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1E-3 1E2 1E1 1E+0 1B+ 1E+2 1E+3 1E+4
t [min]
Pumping Test: Thing Valley Wells
Analysis Method: Neuman
Analysis Results:  Transmissivity: 9.98E+1 [ft¥/d] Conductivity: 2.85E-1 [ft/d]
Storativity: 3.82E-4 Specific Yield: 3.82E+0
Test parameters:  Pumping Well: Pumping Well Aquifer Thickness: 350 [ft]
Casing radius: 0.25 [ft] Beta: 0.005
Screen length: 350 [ft]
Boring radius: 0.42 [ft]

Discharge Rate:

LOG(Sy/S):

80.111574 [U.S. gal/min]

4

Comments:

North Well match to late data.

Evaluated by:

Evaluation Date:

MWV

10/29/2010




@ Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report
460 Philip Street - Suite 101 Project: Thing Valley
. I:> Waterloo, Ontario, Canada Number: 2010-0005
Phone: +1 519 746 1798 Client:
Thing Valley Wells [Neuman]
1/u .
1E1 1E+0  1E+1  1E+2  1E+3  1E+4  1E+5  1E46  1E+7 A Thing Valley Well
1 B @il il i il m  North Well
] @ South Well
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t [min]
Pumping Test: Thing Valley Wells
Analysis Method: Neuman
Analysis Results:  Transmissivity: 4.69E+2 [ft¥/d] Conductivity: 1.34E+0 [ft/d]
Storativity: 9.12E-4 Specific Yield: 9.12E+0
Test parameters:  Pumping Well: Pumping Well Aquifer Thickness: 350 [ft]
Casing radius: 0.25 [ft] Beta: 0.005
Screen length: 350 [ft]
Boring radius: 0.42 [ft]
Discharge Rate: 80.111574 [U.S. gal/min]
LOG(Sy/S): 4
Comments: South Well match to late data.
Evaluated by: MWV

Evaluation Date: 10/29/2010




@ Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report
460 Philip Street - Suite 101 Project: Thing Valley
. I:> Waterloo, Ontario, Canada Number: 2010-0005
Phone: +1 519 746 1798 Client:
Thing Valley Wells [Neuman]
1/u .
1E1 1E+0  1E+1  1E+2  1E+3  1E+4  1E+5  1E46  1E+7 A Thing Valley Well
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1E1 1E+0 1E+1 1E+2 1E+3 1E+4 1E+5 1E+6
t [min]
Pumping Test: Thing Valley Wells
Analysis Method: Neuman
Analysis Results:  Transmissivity: 4.06E+3 [ft¥/d] Conductivity: 1.16E+1 [ft/d]
Test parameters: Pumping Well: Pumping Well Aquifer Thickness: 350 [ft]
Casing radius: 0.25 [ft] Beta: 0.005
Screen length: 350 [ft]
Boring radius: 0.42 [ft]
Discharge Rate: 80.111574 [U.S. gal/min]
LOG(Sy/S): 4
Comments: Thing Valley data
Evaluated by: MWV
Evaluation Date: 11/4/2010




@ Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report
460 Philip Street - Suite 101 Project: Thing Valley
. I:> Waterloo, Ontario, Canada Number: 2010-0005
Phone: +1 519 746 1798 Client:
Thing Valley Wells [Neuman]
1/u .
1E1  1E+0  1E+1  1E+2 1E+3  1E+4 1E«5 1E+6 1E+7 A Thing Valley Well
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Pumping Test: Thing Valley Wells

Analysis Method: Neuman

Analysis Results:  Transmissivity: 4.35E+3 [ft¥/d] Conductivity: 1.24E+1 [ft/d]
Test parameters:  Pumping Well: Pumping Well Aquifer Thickness: 350 [ft]
Casing radius: 0.25 [ft] Beta: 0.005
Screen length: 350 [ft]
Boring radius: 0.42 [ft]
Discharge Rate: 80.111574 [U.S. gal/min]
LOG(Sy/S): 4
Comments: Thing Valley data
Evaluated by: MWV
Evaluation Date: 11/4/2010




@ Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report
460 Philip Street - Suite 101 Project: Thing Valley
. I:> Waterloo, Ontario, Canada Number: 2010-0005
Phone: +1 519 746 1798 Client:
Thing Valley Wells [Theis]
1/u
1E1  1E:0 1B+l 1E+2  1E+3  1E+4  1E45  1E+6  1E47 m  North Well
1 2 i i e  South Well
] - A Thing Valley Well
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Pumping Test: Thing Valley Wells
Analysis Method: Theis
Analysis Results:  Transmissivity: 2.56E+2 [ft¥/d] Conductivity: 7.33E-1 [ft/d]
Storativity: 3.57E-4
Test parameters:  Pumping Well: Pumping Well Aquifer Thickness: 350 [ft]
Casing radius: 0.25 [ft] Confined Aquifer
Screen length: 350 [ft]
Boring radius: 0.42 [ft]
Discharge Rate: 80.111574 [U.S. gal/min]
. North Well match to late data.
Comments: South Well match to early data.
Evaluated by: MWV

Evaluation Date:

10/29/2010
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Waterloo Hydrogeologic, Inc.
460 Philip Street - Suite 101
Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Pumping Test Analysis Report

Project: Thing Valley

Number: 2010-0005

Client:

Thing Valley Wells [Theis]

1/u
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Pumping Test: Thing Valley Wells
Analysis Method: Theis
Analysis Results:  Transmissivity: 4.77E+2 [ft¥/d] Conductivity: 1.36E+0 [ft/d]
Storativity: 2.10E-3
Test parameters:  Pumping Well: Pumping Well Aquifer Thickness: 350 [ft]
Casing radius: 0.25 [ft] Confined Aquifer
Screen length: 350 [ft]
Boring radius: 0.42 [ft]
Discharge Rate: 80.111574 [U.S. gal/min]
Comments: Match to South Well late data.
Evaluated by: MWV
Evaluation Date: 10/29/2010




Waterloo Hydrogeologic, Inc.

460 Philip Street -
Waterloo, Ontario,

Phone: +1 519 746 1798

Pumping Test Analysis Report

Suite 101

Project: Thing Valley

Canada

Number: 2010-0005

Client:

10
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Pumping Test: Recovery Test
Analysis Method: Theis Recovery
Analysis Results:  Transmissivity: 3.37E+2 [ft¥/d] Conductivity: 9.63E-1 [ft/d]
Test parameters:  Pumping Well: Pumping Well Aquifer Thickness: 350 [ft]
Casing radius: 0.25 [ft] Confined Aquifer
Screen length: 350 [ft]
Boring radius: 0.42 [ft]
Discharge Rate: 81 [U.S. gal/min]
Pumping Time 4320 [min]
Comments: North Well recovery match to late data.
Evaluated by: MWV
Evaluation Date: 11/2/2010




Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report

460 Philip Street - Suite 101 Project: Thing Valley
Waterloo, Ontario, Canada Number: 2010-0005
Phone: +1 519 746 1798 Client:

10

Recovery Test [Theis Recovery]
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Pumping Test: Recovery Test
Analysis Method: Theis Recovery
Analysis Results:  Transmissivity: 4.73E+2 [ft¥/d] Conductivity: 1.35E+0 [ft/d]
Test parameters:  Pumping Well: Pumping Well Aquifer Thickness: 350 [ft]
Casing radius: 0.25 [ft] Confined Aquifer
Screen length: 350 [ft]
Boring radius: 0.42 [ft]
Discharge Rate: 81 [U.S. gal/min]
Pumping Time 4320 [min]
Comments:
Evaluated by:
Evaluation Date: 11/2/2010




Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report

460 Philip Street - Suite 101 Project: Thing Valley
Waterloo, Ontario, Canada Number: 2010-0005
Phone: +1 519 746 1798 Client:

16.18

Recovery Test [Theis Recovery]

17y
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W North Well
@ South Well

] |
48.54
64.72 |
Pumping Test: Recovery Test
Analysis Method: Theis Recovery
Analysis Results:  Transmissivity: 3.11E+2 [ft¥/d] Conductivity: 8.88E-1 [ft/d]
Test parameters:  Pumping Well: Pumping Well Aquifer Thickness: 350 [ft]
Casing radius: 0.25 [ft] Confined Aquifer
Screen length: 350 [ft]
Boring radius: 0.42 [ft]
Discharge Rate: 81 [U.S. gal/min]
Pumping Time 4320 [min]
Comments: South Well Recovery match to late data.
Evaluated by: MWV
Evaluation Date: 11/2/2010




Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report

460 Philip Street - Suite 101 Project: Thing Valley
Waterloo, Ontario, Canada Number: 2010-0005
Phone: +1 519 746 1798 Client:

Recovery Test [Theis Recovery]

T
10 100 1000 m  North Well
0 — — — @ South Well
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Pumping Test: Recovery Test
Analysis Method: Theis Recovery
Analysis Results:  Transmissivity: 5.08E+2 [ftz/d] Conductivity: 1.45E+0 [ft/d]
Test parameters:  Pumping Well: Pumping Well Aquifer Thickness: 350 [ft]
Casing radius: 0.25 [ft] Confined Aquifer
Screen length: 350 [ft]
Boring radius: 0.42 [ft]
Discharge Rate: 81 [U.S. gal/min]
Pumping Time 4320 [min]
Comments: South Well Recovery match to middle data.
Evaluated by: MWV

Evaluation Date: 11/2/2010
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COUNTY OF SAN DIEGO
DEPARTMENT OF ENVIRONMENTAL HEALTH

1255 Imperial Ave | 0.
San Diego, CA 92101 e
619-338-2222
INVOICE
ERMIT TYPE & NUMBER: LWEL 16225 INVOICE DATE: 16 SEP 2004
'ERMIT OWNER: CONTACT:
IANOS DRILLING & PUMP
5052 LAWSON VALLEY RD.
AMUL CA 91935
611-080-03 APPLICANT:
\PN: 6+3-876-83-88 511-070-01 FADEM ROBERT S&MARY O TRUST B1

iITE ADDRESS:3%50 MCCAIN VALLEY RD

BOULEVARD 91905
-OCATION DESCRIPTION: 3758 MCCAIN VALLEY AD.~ALLHAELLD046 ~

'ROJECT DESCRIPTION/SCOPE
dumber of Wells on Permit Application: 1
Jascription of Work: well drilling

‘ype of Use for Each Well: domestic

“EE/DEFOSIT DETAILS

FEE CODE DESCRIPTION TIME ACCT. | ACCT. CODE

AMOUNT

BLEQ1--EHO WATER WELL PERMIT 429E01 9773-773

Al

390.00

TOTAL AMOUNT DUE

$390.00




COUNTY OF SAN DIEGO DEH USE ONLY
DEPARTMENT OF ENVIRONMENTAL HEALTH |PERMIT#w /(2257

WELL PERMIT APPLICATION WELL COMPUTER #
/) o 4 R FEE.
rlcr A3 / dO Gy WATER DIST: A
1. Property Owner: / /,-f s B e (’f At 7 Al € 7 Phone’” WS T Ay
) :""/.’ Lot Foe i ., / & ¢ A s "f'," L 20
.. ! Maliing Address I Cy 519 -060-03 Zip
2. Well Location - Assessors Parcel Number_ 7—r—f-—=———=r7o——E1-> 611-070-01
—L < :
./2'4 4 /e‘?f i a//u 4~ [Baunc EvARD
Sit.AddrTs T cty ./, ry - Zip
. L] E /t' - \'/f “Z"' .".-"r' f/[-"rfu o SR A
3.. Well Contractor - Well Driller _ = 7. f/,} St __ Company Name: i /E’/
[loe ) Cotonre fl . e /ERL
, Maiing Addrass City Zip
‘ "./ e / £ R L .
Phone#: LR ] & €. c-57#:" Y~ 7.7.) A Cash Deposit O Bond Posted
4. Use: O Private O Public  Qlindustial O Cathodic O Other
5. Type of Work! ONew QO Reconstruction 0 Destruction  Time Extension: .0 1st O 2nd
6. Type of Equipment: A e p A
7. Depth of Well: Proposed: L Existing: <"
8. Proposed:
Casing Conductor Casing Filter/Filler Material Perforations
Type: = 5/ L QYes OQONo QYes ONo
Depth: T  Depth: ft.  From: Toi__ From: To:
Diameter "/ _in,  Diameter in. Type: From: To:
WallGauge: _/ [ Wal/Gauge: Wall/Gauge: From: To.
9. Annular Seal: Depth: 5 - ft.  Sealing Material: A TN s
Borehole diameter: ! in.  Conductor diameter: in.  Annular Thickness__— in.
10. Date of Work: Start: Y Complete: ~~ _“7- 7

On sites served by public water, contact the local water agency for meter protection requirements.

| hereby agree to comply with alf regutations of the Department of Environmental Health, and with all ordinances and laws of
the County of San Diego and the State of California pertaining to well construction, repair, modification and dastruction.
Immediately upon completion of work, | will furnish the Department of Environmental Health with a complete and accurate log
of the well. | accept rasponsibility for all work done as part of this permit and alt work will be performed under my direct
supervision. R

' . —
;i A S e
Contractor's Signature; po B2 ) L. /f’f L Date: / /' i 4

DISPOSITION OF APPLICATION (Department of Environmental Health Use only)

}flApproved QO Denied Special Conditions: Grading and clearing associated with access to, or the
construction, maintenance or destruction of water wells, may require additional permits from the County of
San Diego and/or other agencies. '

4 Pt
A i 1™ v i~ T ny
Specialist R /CuAvn e (L C ax Date; < ! 3&:} (el
DEH-LLI-731a (Rev, 4/02) NCR N Fage 1 of 2
; ._“_. . H ki fl fro ) /"' F(-‘..: - J’_ '1._1 —
e v (f LSOV Y Lo S N

v



' Control #: _ A /L. |4 2T 5

COYNTY'OF SAN DIEGO r,
DEPARTMENT OF ENVIRONMENTAL HEAL{H Assessor’s Parcel Number: domtl——613-012
. 611-060-03
' LOCATION 611-070-01

Indicate below the vicinity and .exac“ location of well with respect to the following items: Property lines,

watar bodies or water courses, drainage pattern, easements, roads, existing wells, sewers and private
tential contaminatiog sources, including dimensions.

sewagje disposal systems and other
Nig o ¢ 1E & B Mﬁ_‘
) / + :2_ ‘

) ’ . o .y
a0 e 753 S Yy i
3
¥
; H
’ . PARCEL 5 »
160 acres -~
= E‘_ _ .'1-3 / =
_ EL9 PARCEL 4
Thes RIE 200Qlacres 160 acres
TS R7E NN PARCE
. 81.6}
- PARCEL 1-
= =
— A 80 acres o ra
wol.
|
3
PARCEL 10 [FARGE
40,45 acres 120 ac 5-.
o , . - ’ . Ca X : | "-. - -
| i'7 b T " o __“_j PARCELG | '— V"" -
o ‘ 120 acres : -
+ SECTIONS DERHN M [z - e
. | MOAREESTS M ActoeD- 1Y g R
DEHAU 731b (Rev.H2002) NCR - Mme r:mu; PAT&MM&’?BH o e T . ‘l';
: Sl B THAR S iy I RS - e T : ) Fatdigln




Caunty Mail Stetion =A-21

Fl'ﬁSTCAnaoNcuPY,‘ ,' \l '\/M

oA /0

C-DUNW on mﬂlﬂﬂﬂ | .
OEPARTMENT OF HEALTH SERVICES

-2

Ly

ASSESSORS PARCEL NUMBER;

1704 PACIFIC HIGHWAY, SAN DIEGO, CA 92101-2417

Notles of Inmat No. WATER WELL DRILLERS REPORT . Eeave Wall No.
Lacal Parmelt Ho. o Outt o oo (INSERT under ORIGINAL PAGE w/carbon of State Form) Ocher Yisll Na,

B - ?
(1) OWNER: Neme Jobo Grubters %G {12) WELL LOG: Taui depth @00, Demh of coroisad wat {55~ 11,
Adcrets ' framfy. to it Formation [Deeribe by color, chareeter, sliv or muterial)
Gry To Q:2oz LansE. Sork :
(2] LOCATION OF WELL (Ses instructiomsl b e (A 28, GEAY
Caurtty -- = Chwrsar's Wall Numbur L0 = Bubich - sutet ST Rola®

Well ackrems if iffarent from above ..

20.-2t = sulha Lk g )

Tawnnip Rangs

Sacvon

Clrancy from olth, roeds, eliroads, fence, ot

190 - EBoack coilr Bock

YW surface nninrv saal provided? Yes 8 No GO {0 ye, to dcutn — e T
Ware pirath tealed aghinsg pollutlon? Ym 0 No % noervdd e L

AnEds
LAY -9 - Govy )
" DEPARTMENT USE ONLY {3 TYPL OF WORKu
Completed Well Conrmucdont New Wal O Derpaning O
RAsconruction . a
Caa Reenaditlaning - a
Caa frapaciad o HorzonaiWall . 0
: . Duouction QO (Dweribe
Camumant dmtruction mamrials and
S procedurss n fum "(12)
‘ . {#) PAOPOSED USE: -
Wetwr Sampla Taken?, Oomertic |
Irrigacion ‘o
Sanicarian’s Approvalt Inchuscrind .
‘ ' » Toat Watl s
Swock a
Municins a
g~ '/‘; b COrher Q
{51 Egquipmwng (€} Gravel Packs  Maah S
Romry & Aevwrw O | Y O No & Size
Cikle =] Ar @ | Diamater of abwe
Cthee QO Bucket O | Packad from ta ft, -
(T} Casing Irmvalled: {B) Pawrforwdons "
Stewd B PMagtic D Cancryrs O Typs of perforston or size of screen
Prum Ta Dia, | Gage or From Ta- Slay -
. H. i | Vet (3 . Saw -
o T laall ol ‘e
{9) WELL SEAL:, ‘Mork Started ' 19 ‘Completed 19

WELL, DRILLERS STATEMENT: ! hereby declare under
penalty of perjury that the iaforwation provided
in this report 1s true. This water well waz initalled
in complfance with San Diego County Code and State

of C;Hfornil. Departoent of Water h:ources. Bulletin
No. 74

S1GNED %@FR}W

Maethod of sealing = b

{10} WATER LEVELS: p

Owoth af flret wanr, if W 7o [
Sanding level aitar well complaticn ' 4{ 4 o
{11) WELL TESTS: . ] . 1
Vinx wall pere mack? - Yo @ Na O 1f yws, by whom? DILLEn

Type af unt . Puma d Bailee O Alr ity EI®

Dapth wwawrstprrof pent e m Avand ol vt o T,

Discharge_LO_ guiimin atter 3 . hours  Watar tamgeniture e |

C:h-nlnl snalyyis made? Yoo @ Na @ 1f yus, by whom}
Was slyemric logmada?  Yu [ No I yes. atoch ceoy to this reoort

(Fersnn. fim. ar Corporation) (Type or Frint]
ADDRESS i
I _ ' 1p

LICERSE KO, IJATE THIS REPQRY

ons:enp-732 (1CONFIDENTIAL — NOT FOR PUBLIC USE WATER CODE SEC. 13752



DUPLICATE  STATE OF GALIFOENIA ——_[QWR USC ONLY DO NOT_ FUILL N
Oriller's Copy WELL COMPLETION REPORT | ( ¢ | | o | 4 [ | , | | ]
Page_-‘_of_-‘__ er (o Tnstruction Pa@phlst STATE WELL ND,/STATION NO.
Owner’s Well No. 3 | % ~. 0909404 bl Lo ) Lug Ty g ]
Date Work Began _1(1=1=04  Ended_16 “‘ﬁ' nd ‘ LATITUDE LONGITUDE
i N 3 ;
* Local Permit Agency _San Ndanes B4 I N O O O G B 1
Permit No. _{WET, 18225 Pevfnit Date . O 1674 APN/TRS/OTHER
GEQLOCIC LOG LL OWNER
QRIENTATION (%) r VERTICAL HO : : - e
G I " RIZONTAL ANGLE {BREGIFY) o niog
DEPTH FRGW METHOD ratary PO _adr _ ;Mm\}ﬁ:é A sy ulay
SURFACE DESCRIPTION R Do 0330
B FL Describe material, grain size, color, grah, "™ *C'p"\(/\ \ \\'\,\ T TeTATE P
, = LOCATIDN
D12 looie zail s AR AN }n"r*ndwq’ Loy
2018 L. oAy i) TN wﬁxfﬁmﬂﬁf
15170 ihlack & white ok AN f{:ﬂ um,) NI D g
10171 isofrar PN | ok £i1 Y Page _170 _ Parcel 013
. - Xt ‘ : =
21,90 black & wh 1\:1;:&—% distip 0 ) Fange 7 Section ]
s} I : o, y I N Long ! ! i
i ) DEG MM, BEC, DEG. M, BEC,
: - LOCATION SKETCH — ACTIVITY (=) —
: NORTH 3 NEW WeLL
a MCDIFIGATION/REPAIR
| — Despen
: — Dthet (Spacily)
T
.' — DESTROY (Depertoe
| Procedures and Matariais |
! R Ustdar "GEOLOGIC LOG")
! . USES ()
! YA ) WaATER SUPPLY
' | - ¢ fff’. iy Domestlo — Public
- ! E A d_,;-{?..f{ — lrrigatipn . ngugirial
! ! W ! (Ja!j - g MONITORING
: : R I TEST WELL ___
| 1  GATHORMG PROTECTION .. .
: . MEAT EXCHAMGE
: : DIRECT PUSH
t T INJECTION
. ' VAFOR EXTRAGTION ___
: : SPARAING
: : Usrats or Deseibe Distence of Well fom Roads, Buldig REMEDIATION
I | Fances, Rivers, etc. and attech d ve ardditional paper gf QTHER (SPEGIFY)
! , Necessiry. FLEASE BE ACCURATE, & COMPLETE,
1 1
: T WATER LEVEL & YIELD OF COMFLETED WELL
; X DEPTH TO FIRST WATER _Z{  (F1) BELDW SURFACE"
' T DEPTH OF STATIC :
: i WaATER LeveL 4D (Ft) & DATE MEasLAEp 1 D=4~ (14
I ! EsTIMATED viELD - 10 epmy s TesT TYRE Birtife
TOTAL DEFTH OF BORING G000 (Feer) TEST LENGTH _1____ (Hra) TOTAL DRAWDCWN (FL)
TOTAL DEPTH OF COMPLETED WELL 187 (Foer) * May not be representagive of @ well's lomg-rerms yield,

DEPTH A CASING (8) DEETH ANNULAER MATERIAL
FROM SURFACE | B2RE —pE (=) FROM SURFACE —TVFE
. DIA. MATERIAL / INTERNAL GAUGE SLOT BIZE cE- | BEN- )
(manas) g B § 3 GRADE DIAMETER | OR WALL IF ANY MENT {TONITE| FiLL FILTER PAGK
F. & Fu g EE' . (Inghws) THICKNESS {Inches) F. to Ft tea e ey {TYPE/BIZE)
AR 1 11 Az Srepl 4 rin 158 n_lzs w |-

- = e d -y

CERTIFICATION STATEMENT

ATTACHMENTS (=)

— Gieologic Log

DRILLING & BIMP

I, the undarsigned, cartily that this report is complete and accurate to the best of my knowledge and behied,
name _J LM MANOGS

— Wall Construction Diagram
— (eophysical Log(s)

{PERSON, FIRM, OR CORPORATION) (TYPED OR FRINTEDY

D P R LT ny THMITT ~ Ha T
. SollWater Chemical Analyaaa 1 5 ﬂ L"ﬁ r AW } '{ U?JY \.:) ¥ w2 A. .:\J g ‘-_-A "‘ e )
‘ ADDRESS oY .. STATE T3
i other . : s
ATTACH ADDITIONAL INFORMATION, IF (T EXISTS Sigrad i "/I{ A E L LU = ‘
i 15735, c-p‘i uc:us:n WAER WELL cmrrm:’lun DATE SIGHED Digy | UMBER

IPWR 148 REV, I5-03

IF ADDITIONAL SPAGEHG.H;E,EDEB{ USE NEXT CONSECUTIVELY NUMBERED FOFIM
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COUNTY OF SAN DIEGO

DEPARTMENT OF ENVIRONMENTAL HEALTH

1255 Imperial Ave ' :ﬁ‘: 2
San Diego, CA 92101

619-338-2222

INVOICE

JERMIT TYPE & NUMBER:LWEL 16223 INVOICE DATE: 16 SEP 2004
PERMIT OWNER: CONTACY:

VMANOS DRILLING & PUMP

16052 LAWSON VALLEY RD.

JAMUL CA 91935

611-060-03 APPLICANT:
APN: 589-+50-04=6@ 611-070-01 FADEM ROBERT S&MARY O TRUST B1
SITE ADDRESS: 805% MCCAIN VALLEY RD BOULEVARD 91905

LOCATION DESCRIPTION=8657 MCCAIN VALLEY RD, dalrruitN-02020

PROJECT DESCRIPTION/SCOPE
Number of Wells on Permit Application: 1
Description of Work: well drilling

Typa of Use for Each Well: domestic

FEE/DEPOSIT DETAILS
FEE CODE DESCRIPTION TIME ACCT. | ACCT. CODE AMOUNT
6LEO1--EHO WATER WELL PERMIT A29E01 9773-773 390.00

TOTAL AMOUNT DUE $390.00




Gl 5 COUNTY OF SAN DIEGO DEH USE ONLY
DEPARTMENT OF ENVIRONMENTAL HEALTH PERM'TAWEL] (.92.'23
WELL PERMIT APPLICATION WELL COMPUTER #

Ao fiéf OO0 e aes FEE: —
/-)f';! cr / 1&2@_{_4”_( WATER DIST:

f i ' s - e A .
1. Property Owner.__. / LAty g) i / pod B e F’hone:c--"' ;v’ff_.- L »
: (". [‘.‘-J' fl f-/: C‘-‘) AR ; A /I A f/.--"'.” / "’A:! ! :} "“"j “?--!ﬂ;

- Mailing Address / {/_1“ e B | City 811 03 Zip
2. Well Location - Assessors Parcel Number_{ E//eb = S slimmmpinfirdirm—3 a14 47001
. i r

e fff o ~'.+ ¥ f | R S Z = BDULEVARD 91905
Site Address 7 , City 4y, / ; Iip

R -. | e . \"«. gy - -.55’" ;_c" __,ﬂ' L .
3. Well Contractor - Well Driller  ~ /11 - } ]_/: L / "fCo&n"lpany Nfanfne:*" el -
f 7

Vs
ek 2 ,{/ J,gr_,_, A / ., ‘ \\/ A f 7 (: =

Maling Aodress Clty 2ip

A

Phone#: “‘/{.‘/J-ﬂ’ L2 C-ST#:.‘_-)&?‘(."}? 2 3 ®Cash Deposit 0O Bond Posted
Use. @Private QPublic  Qlndustrial @ Cathodic O Other

Type of Work: DO New QO Reconstruction O Destruction  Time Extension: . Q 1st QO 2nd
Type of Equipment: / T g

Depth of Well: Proposed: Do . Existing: o
Proposed:

x N oA

Casing Conductor Casing Filter/Filler Material Perforations
Type: S sr OYes ONo DYes ONo
Depth: i Depth; ft.  From: To: From: To:
Diameter 7 _in. Diameter in, Type: From: To:
Wall/Gauge: _ \-""Jy' Wall/Gauge: Wall/Gauge: From: To:
—— —_—

.

Yoo . \ . L - r
9. Annular Seal: Depth: - ft.  Sealing Material: Fioar s ot AR (L
Borehole diameter: P in. Conductor diameter: in.  Annular Thickness < in.

! )

10. Date of Work: Start: R R G Complete: 7 2. e’

P

On sites served by public water, contact the local water agency for meter protection requirements.

! hereby agree to comply with all reguiations of the Department of Environmental Health, and with all ordinances and laws of
the County of San Diego and the State of California pertaining fo well construction, repair, modification and destruction.
Immediately upon completion of work, [ will furnish the Department of Environmental Health with a complate and accurate log
of the well. | accept rasponsibifity for all work done as part of this permit and all work will be performed under my direct
Supervision. T

T o - . .
Contractor's Signature; ‘\VJ”..J,}\ Iy Date: ff S

PO o 7 o
S

,
~

DISPOSITION OF APPLICATION (Department of Environmental Health Use only)

hiApprnvad Q Denled Special Conditions: Grading and clearing associated with access to, or the
construction, maintenance or destruction of water wells, may require additional permits from the County of
San Diego. and/or other agencies.

[ 3 I T . . : .
Specialist:&’{:‘j«"ﬁu it (7 Lo Date: __“1 | Gh'/ fy _
DEH-LL-731a (Rev. 4:’02)_‘NCR } \J.f / . Page 1 of 2 - ‘
/fi t- {'";‘f.: "‘ / r'.i/),- / (_:.- h ‘_i S ,//E’ » -‘ "‘ ' "f_; lf. (,ﬁ/d



S ent e

COUNTY OF SAN DIEGO

DEPARTMENT OF ENVIRONMENTAL HEALTH

Indicate below the vicinity and exact Igcation of well with respect to the following ita}ns: Property lines,
water bodies or water courses, drainage pattern, easements, roads, existing wells, sewers and private
sewage disposal systems and other potgntial contamination sources, including dimensions

-

7.
. r
.

Control #: LJUE( /év 22 %

LOCATION

AsSsessor's Parcel Number:
611-060-03 -
811-070-01

ARc.r & ;
. - " -
- _8 ?—- i L- :"':'
4
| X
‘ PARCEL 5 | 3
180 acres =
—— 3
) // T;f"" ) “
/ v
ayam § A
:J ::' :::". f' ‘..}’ = =3
z. i v /1 _:4- 25
| 2
. ARCEL g ¥~  PARCEL .
Ths RIE 3\00 acres f 160 acre ‘
TiIs RIE ' '
\ ,- BF:IABR'ICEL 3
. . acres
= p PARCEL 1. o
= 4 80 acres = ot
lesm ] T ——
@D
l (razf)
,43 ' EL7T i
a00 acres s
PARCEL 2 =
l 160 acres T
_F'ARCEL' F'ARL,EL 8
40.45 acres 120 acres
- | d
-.‘\\-\_‘ . " ) . . d
T | ¥ e i es
re :{a | ._'j_ PARCELE |, & - AT
| |120mcres ' T B
. L
DEHLU 731b (Rev. 7"}'2":30-2) NGR Aﬂmﬁe Fﬁm 03, ?AT&F‘.&-.‘#Zﬁ - . -
S | DATE. OF PATMATS ‘o i € i




=\ 3

Caunty Mail Strtlon —A:21 ] S L ASSESSORS PARCEL NUMBER:
FIRST CARBON COPY . GOUNTY QR EANDIEGE
DEPAHTMENT QF HEALTH SEHVICES . o .
1700 PACINIC HIGHWAY, SAN DIEGD, CA 92101-2417 - @
Notics of Inoent Ne. ‘ - WATER WELL DRILLERS REPORT | Srave Well NS -
Lol Parmit No. o Cate mema . (INSERT under ORIGINAL PAGE w/carben of State Form) Other Wail Na,
~ - . 1
(1) OWNER: Mume —300p C\bson %S {12) WELL LOG: Tl depth BTt Ovpth of w-udmﬁn
Akl wak ﬂ‘ XYY “e‘“.q . framft. o {v, Formation (Dnaribe by color, charscor, dis or mwiaciall
=1, T :
(2] LOCATION OF WELL (5w Iwzructional® Y
Caynrty L e Owarmr's Well Numise
Well gcicram H diitsrent from sbave .. :
Township Aange Saction
Oixtarsca ifrom ol thal, roads, rillroacs, fenowl, e
" DEPARTMENT USE ONLY {3 TYPEORWORK
Complatsd Well Canprucdon: Now Wall @ Despening €]
Dta . Asconmtretion . 0O
- ) _ . | Raconditioning, - a
Dats lrscwcmad - : Horizentd Wall - a -
o Dutructdon C) (Describe
Commant duitruction materlay and
o proc s in lum {12)
- (4} PROPOSED USE: -
Water Sample Taken?, ‘ Qomerilc B
Irvl gulon &
 Saniairlan’s Apgroval: : ‘ Ingustrial 0
m Tt Well P
. Stock a
‘ Muaicips a
B . - Cher a
{81 Equlpmenw (6] Gravel Pecki HleCDS
Rawry GO .. Awvena O | Ya O No @ Sus
Cible a Mr 0 | Dismatar of sbove
Cthee O Buckyt O ] Pasked from ta . -
(2) Casing Irauiltad: (8) Parfocadons ‘ —
Stenl @ Planic O Concrete O Type of pwfarstion or size of sreen
Fram Ta Dla, 1 Goge or From Ta- Say '\ o
ft. H. . Wall . LN e - ' -
Q taenighl (2%
(3) WELL SEAL:. ‘ T |MorE Started 19 Complated o
WELL ORILLERS STATEMENT: [ hareby declare under
Was purfuce Mlmmpmmwu @ NoQ Itym a e e penalty of perjury that the information provided
Ware sirats saaled aghing polfution? Yo O Ne O loterval tt | {n this report 15 trus, This water well waz {nstalled
Maethad of sealing M‘-’ T in comp)fance with- San Dfego County Code and Stata
of Ealifomh. mpartmﬂt of Mater Resources, Bullet{n
(10) WATER LEVELS: p No. 74.
Cwpth of flryt watar, if known Bo : | erane
B ) v
Smanding level atter wall ¢omplation ad n 2Tl Briller
{11) WELL TESTS: . ) ) 1 o :
Wasveall st mace? © Yer (@ Ns O Wyes, by whom?  DRILLER, _{Person, ¢Trm, or Corporation) (Type or Friat)
Typsofuss ~ Puma O Bailer O Alr firt @ . .
Dapth o watar at saart of it Iy, At and of et ;_— n, ADDRESS
_m.m..-q.__h_ @limin after .md=_ hours Wrter mpersture LS200 1 oryy 11p
Cramical snalytis mada? Yas O No B 1f yes, by whom] ;
Wi stectric fag made? Y O No B if yes, attach cony 1o this recort LIGENSE KO. _____DATE THIS REPORT i

ous:enp-13z (BCONFIDENTIAL — NOT FOR PUBLIC USE — WATER CODE SEC, 13752



DUPLICATE
Driiter's Copy
Page 1 of 1
Owner's Well No.

WELL COMPLETION REPORT L1 1 | (o | ([ (| []

Date Work Began _9--27..04

STATLE OF CALIFORNIA

Refer ta Thstruction Pag'phlet

ne. ()9()

, Ended _%=-30-04

Local Permit Agency 2an Diegp T O 8.
Permit No. _LWEL1/223

443 :||||I‘|]‘|_|a|rI1]

e DWHR URE _ONLY — DO NOT FILL IN =——

STATE WELL NQUSTATION NOQ,

LATITUDE LONGITUDE

Lo bt

GEOLOCIC LOG

Permit Date’9-16-04

APN/TRY/GTHER

. ORIENTATION {2} veﬂncAL —_ HORIZONTAL . — ANGLE .., (BPECIFY)
pAlLLING

= METHOD . TGiary ‘FuD__ @l 1" o |

SURFACE DESCRIPTION SR B

& 1o FL Desiribe material, grain size, color, e'tc.:\ \ \n\

nY

= A
| _,.ﬁnr"'llr

Eopeoil

LOCATION
M‘n‘ .n'i o Vallay B

ook 7ot Page‘l 50 Parcel {11

lﬁéé_‘ Rsmge L_ Section T 'vf-f*

.
:_r..n_1_,-ﬂu

| N Lung 1 I w

MIN. - SEC. DEG. MIN. SEC.

LOCATION SKETCH — ACTIVITY (=) —

/’3&)\\

T

AR
TN

AN

. L-\_(-. \‘\_,t o

\\ \\\\ \J

\\\

NORTH . .
=} NEW WELL ]

MUDIFICATION/REPAIR
sans [HR0RAN
— Othar (Gpecify)

— . DESBTAQY (Describe
Procadures and Materlala
- Under "GEDLOGIC LOG™)

USES (2}
w,nT SUPPLY
Dnmoatlc s Publlc
e rtigaflof ___ Indugtrial
E MONITORING ___
R .‘ [N ) ’ TEST WELL
£ . ,—7 e CATHODIC PROTECTION
.f‘ﬁ"v b HEAT EXCHANGE
L . e
. DIRECT PUSH
/ ‘! ' INJECTION
VAPOR EXTRACTION —
SPARGING

. Rhustrate or

Fenicet, Rivers, gle. and attach.@ 3¢ additional ) OTHER (SPECIFY) ——
necessary. PLEASE BE ACCUR'An% & COMPLETE. y

SOUTH AEMEDIATION
Describe Pistance of Well Hoads, Buildings

TOTAL DEFTH OF BORING .. 800 (Feet)
TOTAL DEFTH OF COMELETED WELL __ 200 (Fet)

DEFTH TO
DEFTH OF

WATER LEVEL_ 35  (Ft)aDaTEMeAsuReD 3=30=104 -
ESTMATED VIELD * 2 (epm & TesT tvee_aix i L
TEST LENGTH _£ (Hrs) TOTAL DRAWDOWN__==___ (FL)

* May not be representative of a well's long-tevm yield,

WATER.LEVEL & YIELD' OF CDMPLETE-D WELL
FIRST WATER _ B0 (Ft) BELOW SURFAGE
STATIC

CASING (8)

ANNULAR MATERIAL

BEPTH QDRE- DEPTH
FROM SURFACE | oy g | _TYPE (=) . . FROM SURFAGE TYPE
DIA. ' .| INTERNAL GAUGE SLOT SIZE CE- | BEN-
{Inchag) E § E ”’EEEE',E“.e DIAMETER [ OR WALL IF AMY L MENT [TONITE|] FILL -Fu_TEE SF:QSK
F.. 1o Pt EE (nghes) | THICKNESS {Inches) F.. fo P (et | 1 (v }
nFng 11 w otoal "_yr."F'. 1ﬁ3 O.'204 i 4

v Othar

i ATTACHMENTS ( +)
e (A0lOGC Log ]
— Wall Gonstruction Diagram
e (leophyslcal Log(s)
 SolWater Chemical Analyses

ATTACH ADDITIONAL INFORMATION, iF IT EXISTS,

IE ; .
[PERSON, FIRM, OR CORPORATION). (TYPED OR PRINTED)

CERTIFICATION STATEMENT
|, the undamlgned cartify that this raport is complate and accurata to the best of my knowledga and beligt,

2UMP

16052

DWR 158 REY, 0503

LAWSON VLY RD, JAMUL, CA 91%35

cAY STATE T3
T gt
2, -4, of

DATE SIGNED C57 LICENSE WUMBER
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COUNITY OF AN DIEGU

o DEPARTMENT OF ENVIRONMENTAL HEALTH %L
1255 Imperial Ave -
San Diego, CA 92101
619-338-2222

INVOICE
ZRMIT TYPE & NUMBER: LWEL 16226 INVOICE DATE: 16 SEP 2004
ZAMIT OWNER: CONTACT:
\DEM AOBERT S&MARY O TRUST B1
53 OCEAN ST

_ 92008
- 611-060-03 APPLICANT:

PN: 6+436-0+-80 §11-070-01 FADEM ROBERT S&MARY O TRUST B1

ITE ADDRESS: 2533 MCCAIN VALLEY RD
OCATION DESCRIPTION: 2834 MCCAIN VALLEY RD,

ROJECT DESCRIPTION/SCOPE
umber of Wells on Parmit Application:?
iescription of Work:new

ype of Use for Each Weliprivate

‘EE/DEPOSIT DETAILS
FEE CODE DESCRIPTION TIME ACCT. } ACCT. CODE AMOUNT
6LEQ1--EHO WATER WELL PERMIT A429E01 9773-773 390.00

T T s vy |

TOTAL AMOUNT DUE $390.00




COUNTY OF SAN DIEGO DEH USF oY
DEPARTMENT OF ENVIRONMENTAL HEALTH | PERMIT#W (- bzl
WELL PERMIT APPLICATION WELL COMPUTER #

/QAMC: l/ E éj} /2 L00 FEE:

P

TS WATER DIST.

) \ oras / . N L '; ; {_,’I o ‘(' "-f’ 3 “‘f'
1. Property Owner: g A L Phone; ~ " - el
- ' a ’ ' ! 1 ;- - .
FC D ey 4 des AN RS T g Dep

= 7 zp

" Mading Addrasa

City
2. Well Location - Assessors Parcel Number, =T 21 1:3?3:3?
e,y <5 A, —— BOULEVARD 91905
SileAndm“ss . C‘lly\ - o r i Zip

A S5 R I R ‘
' . iy ,, I R N B .
3. Well Contractor - Well Driller ~S oM e S Company Name: . Ll ps
."f'_'_-. o \ .:J C..-- ,_.-;r.-'! ] -

2 I i
T /l-‘..f"" A e S "3),-"

o

-l
Mailing Address City fip

Phone#: t '/-Jf -/ rj’ e C-57# , 7 ).2 Or-Cash Deposit O Bond Posted
Use: @Private  OPublic  Olndustial O Cathodic O Other
Type of Work: ONew O Reconstruction QO Destruction  Time Extension: . Q 1st O 2nd
Type of Equipment: Ry g Y |

Depth of Well: Proposed: o : Existing: e

= B

Proposed:

Casing  _ Conductor Casing Filter/Filler Material Perforations
Type: Lo L QOYes ONo QO Yes ONo
Depth: L Depth: ft,  From; To: From: To:
Diameter 7 in.  Diameter in.  Type: From: To:
Wall/Gauge: _ < "" Wall/Gauge: Wall/Gauge: From: To:

T
v

P
L

9. Annular Seal: Depth: -7 ft.  Sealing Material: I e R
Borehole diameter; . in.  Conductor diameter: in.  Annular Thickness in.

.o

10. Date of Work: Start: R Complete: AR A

On sites served by public water, contact the local water agency for meter protection requirements,

! hereby agree to comply with all reguiations of the Department of Environmental Health, and with all ardinances and laws of
the Counly of San Diego and the Stata of California pertaining to well construction, repair, muodification and destruction.
Immediately upon completion of work, I will furpish the Department of Environmental Health with a complete and accurate log
of the well. | accept responsibility for alf work done as part of this permit and all work will be performed under my direct
suparvision. T

S e Date: -

Contractor's Signature: W

DISPOSITION OF APPLICATION (Department of Environmental Health Use only)

)S.‘I\Approved QDenied Special Conditions: Grading and clearing associated with access to, or the
construction, maintenance or destruction of water wells, may require additional permits from the County of
San Diego and/or other agencies.

kY ¢t C ooy S i o
SPECIEHS T '.“_"H ){ £ -\‘V\_,L,L{‘ T I N \_S._‘\‘_ . Date: " | j o !C/ l
DEH-LU-T31a (Rev. 402} NGR } P Page 1of 2 .
1 S PO A P . s
..’; f . K : r’f‘-‘l 'f N (,, . L ks 2 3 /_u '_".. . Lo -'/_.-



g Gontrot # Wl |2\

COIJNTY OF SAN DIEGO -
DEFARTMENT OF ENVIRONMENTAL HEALTH Assessor’s Farcel Number: (i1 S 9 T ek i
6£11-0680-03
611-070-01

LOCATION

Indicate helow the vicinity and exact‘focation of well with respect to the following items: Property lines,

water bodies or water courses, drainage pattern, easements, roads, existing wells, sewers and private
sources, including diménsions.

sewage disposal systems and other potential contaminat{o _
rnce (B B2 fdrmrrrey 600 scegs
&3 | 25 Y Elo
| 4
¥
. - JPARCELS | fff
160 acres X
:_1 - 53 - ot N oy
== - e
. PARCEL 9 PARCEL4
T3 RIE 200 acies 160 acres
TS RIE | PARCEL 3|
. 81.81 acres
= PARCEL 1- -
- 4 80acres 2 ad
wswy | '
(£
Goel)
i1 ' m < s ;
600 acres : L s h
PARCEL 10
40.45 acres
¥
;'F ___. ‘ P \EL E :E‘- f.rf"_ ......-
| f20aores T
; ;. “ AL el e

DEH.LU 7310 (Rev, TROOZ) NCR + mm..sﬁ r‘:mua.ﬂ. ]



Zaunty Miil Sation —A-21

Z'RST CARBAON COPY

CDUNTY oF E.AN TIEGO

EFARTMENT OF HEALTH SERVICES
1700 FACIEIC HIGHWAY, SAN DIEGO, CA 52101“2417

WATER WELL DRILLERS REPORAT

ASSESSORS PARCEL NUMBER:

- . L

Sow Will No. =

Noilca of [ntent Na,

ool Pemit Ne, or Cate 2 {INSERT under QRIGINAL PAGE w/carbon of Staws Form} Cthee Wall Na.

m OWNER: tame —20WM Wieel, W' 2, © | (12 WELL LOG: Toul daph 2ER1t. Drneh of comptesed wall \9¢ 1,
w . fromft. m {1, Formation {Cwicilie by color, charaster, diy or maorisl)

0V ‘ Zia Uﬂl"-ﬁmlﬂ;hﬁ .

(2} LOCATION OF WELL {See Inmrructionl Co - - X o AANG L L v

Caunty - - Cwner's Watl Numbsr ' 150 V3D = v (& GPM

Well addren H dttarent from atove . \LY — (AL = Cgpr pRumaE, A YW g oy

Tawnihip Range Secdon 19% - tas— Losty Asci f 20 Gﬂ.

Dhxtanca from ol th, roadh, llrcads, fweal, w

a0 — 240 — Serl . Loy

" DEPARATMENT USE QNLY {3 TYPE QF WORK!:
Complated Wall Canmrugtdont Mew Wall & Qupeing O
Rsonrmructian a
Daa - Awndtioning a
Cawa ltﬂmﬂrd Horlzonwl Wail - a
Duruction O (Qmaribe
cﬂm‘“'ﬂ“ dastryction materisy and

procedurss in lom (12)

{4) PROPOSED USE:

Water Samcis Tlhmé' Oonnanttic B
, Irrigation &
Swiaran’s Asgrovals : Industrisd g
w Tast Wik P
Suck a
Municips a
Jeflig % Other a
{8} Equlament {6) Grawe Pucks ""'/fly
Romry & Aewsse O | Yo & No O Sie
Cibia (] Alr o | Olamater of abeve el
Cher ] Bucket O Pachead from 0 14 \RE” f, -
(7] Cusing lraalled: 8] Perfocations N
Steed & . PanicT  Caneyte O Typa af perforadan or size of xawen
Fram Ta Din | Gage or From Ta- SHaot -
. H. in. Yl [z [ 8 Slaw -
o la le¥| (¥ O 1gs | 3 aatis
{3} WELL SEAL:. ‘Work Started , " 19 Completed 19
i . WELL ORILLERS STATEMENT: 1 hereby declare under
Wiz mﬂnunnurvudnmﬂd-d?Yuﬂ’NuU Hoyes :od-mh..ﬂ&__h. penalty of perfury that the information provided

Wers st sewed sghin polfution? Ye O No @ Inosrval —_— i
Mathad af tanling =

{10) WATER LEVELS: /

Owath of flert water, if known fo
sanding level atie wall sompletian i '5"5- M.
(11} WELL TESTS: . : .

Vs vell st mace? © Yor @ No O Myes,by whom? YR
Tyoeof tet - Pume O Bailer O Alellk O .
Depth ta watar a saart of test Atang of tmrg .

Discnarot—LE . gwiimin atver _J_...hnun Water tamperiture _.P".L‘L
Chwmical anatyria rrudnl' T O No @ ifym, by whom!

W strctric lag rmd-? Y U5 MHa B If yet, attch cooy ta iy reoort

in this report 1% true. This water wall was fnstalled
{n compliance with- San Diego County Code and State
of Califomia. Deparr.n:nt of ¥Water Resources, Bulletia
Ko. 74,

A -

& r

5 IGNED

er

(persan, fira, ar torporation] (Type or Friat)

&

ADDRESS
EITY iIp
LICENSE KO. DATE THIS REPORT \

ons:ep-132 (BCONFIDENTIAL — NOT FOR PUBLIC USE — WATER CODE SEC 13752



DUPLICATE

) STATE (3F CALIFORNIA OWR USE ONLY — DO NOT FILL N
Driller's Copy WELL COMPLETION REPORT |_| [ N O I |
Page_ 1 of 1 __ Réfer o Imtmcﬁ:m Famphlet STATE WELL NO./STATION NO,
Owner's Well No, ¥4 el N 909442 I I l ‘ [ 1 I | 10 l
Date Work Began _g_ 25 a4 Endcd__g_.._ﬂ_%__ LATITUDE _ LONGITUBE

Local Permit Agency  San—pdagd B, 0.5 0 Lo Do by o111 ]
APN/TRE/OT
Permit No. LYRL16226— .  Pernit Bato 916204 =
GEOLOCGIC LOG — - . LL OWNER
CRIENTATION { ) 5 Ll\hrliémcn HOHIZONTAL__,M': | ANGLE [BRECIFY) ['E:I\n\ﬂﬂ H ofhanies
— METHOD ot ATy ' FUD Eir 1008 Riarber Way
BURFAGE DESCHIPTION R el =1 H.?i%n —Cn. @ 2020
rr © r Deascribe material, prain size, color, gte,Ss oo BTATE ar
T A p\(/\\ \ \ EVE} L LOCATION —
Al N | - T iLV-ET) Sy i x| e 1157
': N Il hnaiinininiadl” A -2 == e
AT =FuTa)
N Pagt* 140 Parcel 111 —
= Range L‘_ Section S
] N Long \ ] w
. BEC. DEG. MIN, 8EC,
T LOCAT[ON SKETCH ACTIVITY (=) =
! NORTH H— NEW WELL
S " MODIFIGATION/REFAIR
1 — Daapan
: — Owher (Specity)
T
- — DESTROY {Daserits
! s e i
r T naer
: N USES ()
| e o p ‘r' ‘ WS'EEH sleeLY
| T - ‘ ‘#_‘{ i '““F _{5) d' LT C ] L — ]
: : ‘l-- “___‘.'-’-‘ A o e Irripatipn oo Indysirial
[
! ! u g . MONITORING ___
' 5 . . TEST WELL —
. | . GATHODIC PROTECTION —
: T HEAT EXCHAMGE ___
; : DIREST PUSH e
I ! INJECTION o
: : VAPOR EXTRAGTION
! ! HPARGING
T SOUTH
i ; Thustrate or Deverthe Dintanm of Well Runds Buildding, REMEDIATION —m
| T . Ferices, Rigers, ¢lg. aned ath ,.,,?, Ewif QOTHER {SPECIFY)
: T necensgry. FLEASE BE ACC URATE & GUHPLET
1 1
: ; WATER LEVEL & YIELD OF COMPLETED WELL
T T DEPTH T FIRST WATER .3 (). (Ft) BELOW SURFAGE
: : DEPTH OF STATIC
T T WATER LEVEL __ 35 (Ft) & DATE MEASURED g 77 014
I I ESTMATED viEtD " _ 15 (apwy s test Tyee_a i i £t
TOTAL DEPTH OF BORING _;Lﬁﬂ_gFeet) TEST LENGTH .1 (Hra) TOTAL DRAWDOWN_= {Ft}
TOTAL DEPTH OF COMPLETED WELL 1R85 (Feet) * May not be represemtative of & well's lomg-term yicld,

DEPTH BORE. CASING (8) DEPTH ANNULAR MATERIAL
FROM SURFACE | YiolE ElZ) FROM SURFAGE TYPE
DIA. MATERIA INTEAMAL GAUGE SLOT SIZE CE- | BEN-
(Inchas) 5 E ‘é # mmeU tIAMETER | OR WALL IF ANY MENT {TONITE| FILL FILTER PACK
.ot FL 5 g {inches) | THICKNESS (Inahan) F. to Fu (el ey | (= (TYFE/SIZE)
n' 91 12 ] St L 5./l3.— 184 .91 3k
AR S LU - 2 P 4 poh40 L AL O

2 o s ]
s

ATTACHMENTS ()

C'WH 184 REY. (5-03

IF ADDITIONAL SEACE.JS.J"EEDED..USE NEXT CONSEGUTIVELY NUMBERED FORM

e — CERTIFICATION STATEMENT

‘ I, the undarsigned, certify that this repor s complate and accurate to the bast of my knowledge and belief,
— Geologic Log . ’ ‘
___ Well Construction Dlagram NAME Iime

: (PERSON, FIRM, DR CORPORATION} INIED)
QLI Gapphyslcal Log(a) o . . ] :
. Soll'Water Chemical Analyses 8 1\6 052 LANSO‘J V.Y BD, JAMUT,, C‘A 21235
‘ herl ADDRESS \w.,. iy , F::bTA My
- --“,_:r.\..
f/‘ oo Tt 2y o b TET qgngan
ATTACH ADDITIONAL INFORMATION, IF IT EXIZTS. 5 ? 57 TCENSED W w:u CONTRAGTOR TR SIGHED T w LIGENSE_WUNBER



| 'COUNTY OF SAN DIEGO
.‘ DEPARTMENT OF ENVIRONMENTAL HEAI:TH

-\‘ | ‘ ; oy |
3 Control #: e | b2stip
Assessor’s Pargel Number:_¢#/f - 49 -2/

LOCATION.
Indicate below the-vicinity and exact’focation of well with respect to the fg iloﬁing it'qms: Property lines,
water hodles or water courses, drainage pattern, easements, roads, existihg wells, sewers and private
sewage disposal systems and other pdtential contamination sources, inclhding diménsions.
Pucel & [ >z oures
e Ll - v my
Pl .—.D Sy d (L) .
d
I
: 1 - | PARCELS] ¥
] 160 acres b
=1 34 35
. | PARCEL 8 ' PARCEL 4
Tl RIE 200 acres . 160 acres
TIS RIE PARCEL 3
- PARCEL 1- |
- Tt 80 acres 3 o
tsm | ‘
A
\ ‘ ¥ (a2l
' a8 ' PARCEL7 & T 1 vieo
600 acres  — B I 4 e '_
i [earceL2] ;- L e TR
- I L .| 160acres | - - ‘ . X
PARCEL 10
40.45 acres ‘
#
/,v._\\ . _ ' .
Ny S -
3 ITHTRE, i
DEH:LY 'ram(ﬁgy'.\?/;bdm NCR - - - L;
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= COUNTY OF SAN DIEGO

DEPARTMENT OF ENVIRONMENTAL HEALTH

1255 Imperial Ave 9\ 5

San Diego, CA 92101
619-338-2222

INVOICE

PERMIT TYPE & NUMBER: LWEL 16224

PERMIT OWNER: CONTACT:
MANOS DRILLING & PUMP

16052 LAWSON VALLEY RD.

INVOICE DATE: 16 SEP 2004

JAMUL CA 91835

APPLICANT:

APN: 611-030-01-00 HAMANN ROBERT D FAMILY TRUST 04

SITE ADDRESS: 3041 MCCAIN VALLEY RO .
LOCATION DESCRIPTION:3041 MCCAIN VALLEY RD. JACUMBA 91935

PROJECT DESCRIPTION/SCOPE
Number of Wells on Permit Application: 1
Description of Work: well drilling

Type of Use for Each Well: domestic

FEE/DEPOSIT DETAILS
FEE CODE DESCRIPTION TIME ACCT. | ACCT. CODE AMOUNT
6LE01--EHO WATER WELL PERMIT 429E01 9773-773 390.00

9~ 1404

L wwnd Lat L
F773 TS 4ZWEll Fi

R O

[

TOTAL AMOQUNT DUE $390.00




o
A}

COUNTY OF SAN DIEGO DEH USE ONLY
DEPARTMENT OF ENVIRONMENTAL HEALTH | PERMITAWEL J4- 22
WELL PERMIT APPLICATION WELL COMPUTER # .
Fal FEE:
(s i) §0 Nepr '
ATpeee B Y9 TS WATER DIST.
1. Property Owner: l ‘ O A { A T i e Phone:/‘/‘”"j-wf' 7Ly
s A T } ¢ - " = S
f“'..- n A : AT K { / " 7 e Lo b M
. ! Mailing Addrass f City ZIp
2. Well Location - Assessors Parcel Number é" ( / - ir '5 o @ﬁ_! .
M ﬂr{r -‘-"1:44 '\__J"/-., '.'-"‘lr"\ L. et e
&ta Address o ' Clty ; , ] Zlp
. 1 S4 o s AT Py r e P ¢
3. Well Contractor - Well Driller ' * .34 ./ Fadde s Company Namé: _ " L e My e
R I' - Mailing Addrass P City Zip
Phone#: - f § ‘," ‘C‘  {n C-57#: Ao 720 .G:Cash Deposit O Bond Posted
4 Use: a Private Q Public O Industrial Q Cathodic Q Other
5. Type of Work: @ New DO Reconstruction O Destructon  Time Extension: O 1st 0 2nd
6. Type of Equipment: RN AN _
7. Depth of Well; Proposed: 0 Existing: - -
B. Proposed:
Casing Conductor Casing Filter/Filler Material Perforations
Type: LS QYes QO No OvYes QONo
Depth: S Depth: ft.  From: To: From: To:
Diameter ~__in.  Diameter in.  Type: From: To:
Wall/Gauge: _ / | i Wali/Gauge: Wall/Gauge: From: To:
_ _'“—f %
9. Annular Seal: Depth: _-__ - ft.  Sealing Material: -+~ -~ . '+ '/ / (- A
Borehole diameter: - in.  Conductor diameter: in.  Annular Thickness in.
10. Date of Work: Start: A s Complete: ~ & ' & .~

On sites served by public water, contact the local water agency for meter protection requirements.

! hereby agree to comply with all reguiations of the Dapartment of Environmental Health, and with all ordinances and laws of
the County of San Diego and the State of California pertaining to well construction, repair, modification and destruction.
Immediataly upon completion of work, | will furnish the Department of Environmental Health with a complete and accurale log
of the well. | accept responsibility for all work done as part of this permit and all work will be performed under my diract
supervision,

Contractor's Signature:

o p / LN Date: R A

DISPOSITION OF APPLICATION (Department of Environmental Health Use only)

Approved QO Denied Special Conditions: Grading and clearing associated with access to, or the
construction, maintenance or destruction of water wells, may require additional permits from the County of
San Diego andfor other agencies.

I RS . 2 o g
. - ’ bt . o . {. Ly
Specaalasti\kﬂ’,/f Yot (“ e . Date: if,fl (= /u‘)‘
I
DEH-LU-731a (Rev. 4/02) NGR , .. Page 1 of 2 P
;,\ : : .-:'-;,’ ,-‘j/ - : . v i 4 i’/ -

’ r



COUNTY QF SAN DIEGO

“indicate below the vicinity and axac/t location of well with respect to the following items: Property lines,
water bodies or water courses, drainage pattern, easements, roads, existing wells, sewers and private

- DEPARTMENT OF ENVIRONMENTAL HEAL’!’H

Controt #: [ i/ L i 7 7.4
Assessor’s Parcel Number: ‘(Ev//

“ LOCATION

; .

sewage disposal systems and other potentjal contamination sources, ingluding dimensions.

- 032 ~0R

Nice | 5 acris
: o
20 53 v o
d
r
g M
g PARCEL 5 -
160 acres =
22, 27 3 38
. PARCEL 9 PARCEL 4
TS R7IE 200 acres 180 acres .
TS RIE PARCEL 3]
81.81 acres
1
— y PARCEL 1-
f =y 'L.J\_ a -
— NN -BD acres g z.
(% L - [
N s
-
(1Y)
(o)
= " PARCEL7 & ' ¥
600 acres s L
PARCEL 2 - e
... .1 180 acres a -7
PARCEL10 | PARCEL 8
40.45 acres 120 acres
' Y .. o i - e L
i il T - leaRCELE]. Y = -
I [ - | 120'acras : -
L xﬁqﬂm '-Dﬁf}w” AND - eabiptll N - -
- 1! -, EEE"WWHU&]W o e Ll s
DEH:LU 731b (RB‘V.“'%’EZ(;UZ) MCR - o : E - -
i




Caunty Mail Suxtion —A<21
FIRST CARBON COPY \C, _,_)0

Matica of Intme No,
Lacel Permit Na,

COUNTY oF m‘ﬂlﬁﬁﬂ | .
DEPARTMENT OF HEALTH SERVICES

ASSESSORS PARCEL RUMBER:

1700 PACIAIC HIBHWAY SAN DIEGD, CA $2101-2417

WATER WELL ORILLERS REPORT ' Saw ¥l No.
(INSERT under QRIGINAL PAGE w/carhon of State Form)  Other Woll Na,

(1) OWNER: Namw TOWR UdEcc, # %
Adcrves '

(12) WELL LOG: Toua! depth BOCNe. Dopen of cornpieud wail ZD_tr,
from ft. o it, Formation {Dwicribe by calar, charseoar, 20 oF aterinl)

‘-r-*;_ms.er

GOV Ik
(2} LOCATION OF WELL (See Mewtructionalt .
Caumry = e Owernnr’s Well Numbar '

Weil addram f diHerent from abave .

o - rr H“rm

Tawnnlp Ranga

. Saction

S? -~ |1 '
Uo={12 5 )

2 —7% -

Dlranes from clthm, roads, ilrgadd, fenow, e

Tas- = < A

223 — Hoo o PuAck! COtiTE Rec

Wiz sirfucy sinitry sesl provided? Yex 7 No (0 It yas, 10 dwath .._lh_.fl-
Wars srata sesied aghingt pollytion? Ya O No B lnoervw e L

Mathod of yaallng T
{10) WATER LEVELS: P
T

Cwoth gf Tt water, if Wowm H
Smnding level sttwr wall complation A .
{11) WELL TESTS! o - .

Vs veell taat maca? © Yer B No @ Hyer, by whom?  DAKLRAL

Type of tnt - Pumo O Saiter O Al liiy O —

Depth g watrat s el oae = _ K, Arand ol ot e
_ol-:nuw_.j_nﬂlmin attir Y= hours  Water tempseniture Lo |

Charnical snalysis made? Ya 0 ' Na OF If yer, by whom!
W elycirie lag made? Ya 0O No @ i yes, acoach £00Y 10 thiz moart

ADDRESS

" DEFARTMENT USE ONLY {3 TYFL OF WORKI
Complated Wall Canstruedon; Hew Wall & Despaning O
Rsconsructian . a
O . Rengltlonlng - a -
Caty lrapwcmad Horizontsl Wail - (m] —
S Geatructian O {Oucribe
Cammuiti detycdon matarkls wud
’ procedures In Jum (12)
= (4) PROPOSED USE: -
Water Sempte Takan?. Comertia . m
Irrigation o
_ Sanitarian'y Mmﬂ!: Inchustrla .a
_ = Tost Well
- o b
‘ Munlcipsl a
. % ‘/‘*_ : . : Othwr a
{5} Equlpmemc (6] Gravel Pack:
Raory & Aeverss O | Ya 0 Ne @& Sl
Gabe O Ar B | Ciamsur of sbove
Other O Bucker O | Pecked from w . -
{7} Casing Iraresiledt (8} Perforadors *
Steel & :PanicQ Cancrate O | Typaef pertorutian o site of screen
From Ta Din, | Gagmor From Ta: Hat -
o ft. in. Wail 15 L3 Him -
O lay Lont [¥Y
{3) WELL SEAL:. ‘Work Started " 19° ‘Com d 19

WELL DRILLERS SYATEMENT: [ harchy declare under
penalty of perjury that the {nformation provided
in this report 1s trus, This water well was installed
tn compl{ance with- San Dlego County CLode and State
of c;lifornia. Departn:nt of Water Resources, Bulletin
No. 4.

SIGNED (. 1
2 ryller T

{Person, firm, or torparation] {Type or Print)

eI _ Z1p
LIGENSE MO, __OATE_THIS REPORT

'=ﬁl-l—l-ﬂ

ous:enP-732 (BCONFIDENTIAL — NOT FOR PUBLIC USE — WATER CODE SEC. 13752



‘DUPLICATE . STATE OF CALIFORNIA e GWR USE OM\Y _— DO NGT FILL IN ——
Driller's Copy WELL COMPLETION REPORT I [N N N T N NI A l
Pﬂgﬁ j of 1 Rafer: to Iﬂstru.gﬁan Pamphlet | STATE WELL NOJSTATION NO.
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Fain Drilling & Pump Co. Inc. .. =
gaPumpCo.fnc... . () @ Invoice
-, 12029 Otd Castie Ra. 6" o
@;\‘_? Valley Center, CA 92082 AL Date invoice #
Phone (760) 749-0701 ) ‘
2/15/2005 8049
Fax (760) 749-6380 /)n rf b 4
Bilt To N
HAMANN COMPANIES
1000 PIONEER WAY
EL CAJON, CA 92020
P.Q. No. Terms Praoject
Due on receipt
Description Qty Rate Amourit
WELL DRILLING {TEST HOLE) APN 611 090 03
PARCEL # 10 40.45 ACRES
MOVE IN AlD SET UP 15T. TIME 1 500.00 500.00
DRILLING 6.5" DIA HOLE 400 12.00 4,800.00
BACKFILL TEST HOLE AND CEMENT TOP 1 400.00 400.00
MOVE BACK TO TEST HOLE AND SET UP 2ND TIME 1 500.00 500.00
DRILL QUT AND CLEAN OUT EXISTING 400 FT. 1 400.00 400,00
DRILLING FROM 400-850 FT. 6.5" DIA HOLE 450 14.00 6,300.00
BACKFILL AND DESTROY TEST HOLE 1 400.00 400.00
WELL PERMIT AND FILING FEES 1 490.00 490.00
Total $13,790.00
Payments/Credits $0.00
Balance Due .3 790.00
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Fain Drilling & Pump Co. Inc. lnvoice
12029 Oid Castle Rd.
Valley Center, CA 92082 Date Invoice #
Phone [760) 749-0701 2/11/2005 2048
Fax (760) 749-6380
8ill To
THE HAMANN COMPANIES
1000 PIONEER WAY
EL CAJON, CA 92020
P.O. No. Terms Project
Due on receipt
Description Qty Rate Amount
DRILLING 970 FT DEEP WELL APN 611 110 01
PARCEL & 120 AC
EQUIPMENT SET UP 1 500.00 £00.00
DRILLING &46.5" DIA HOLE 400 12.00 4,800.00
DRILLING 400-800' 6.5" DIA HOLE 400 14.00 5. 600.00
DRILLING 800 -970' 6.5 DIA HOLE 170 15.00 2,720.00
REAMING 4" TO 10" DIA HOLE 226 12.00 2,712.00
FURNISH AND INSTALL &" WELL CASING 228 132.00 2,964.00
INSTALL 50 FT. SURFACE SEAL 1 1,500.00 1,.500.00
WELL PERMIT AND FILING FEES 1 490.00 490.00
Total $21,286.00
Payments/Credits $0.00

$21,286.00
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Groundwater Investigation Report
Tule Wind Farm

APPENDIX B

OBSERVATIONS AND ANALYSIS OF AQUIFER
CHARACERISTICS

ROUGH ACRES RANCH

MCCAIN VALLEY, EAST SAN DIEGO COUNTY, CALIFORNIA




Geologists, Hydrogeologists and Engineers

Date: December 1, 2010
Project No.: 2010-0005

To: John Hower, CEG
Sarah Battelle, CHG

From: Mark Vincent, CHG

Regarding: Observations and Analyses of Aquifer Characteristics
Rough Acres Ranch, San Diego County, California

INTRODUCTION

This memo presents a summary of observations and analyses made following a stepped
and a constant rate aquifer pumping and recovery test in wells located at Rough Acres
Ranch located approximately in McCain Valley in eastern San Diego County, California.
The tests were performed to determine whether sufficient volumes of water are available
for the Tule Wind Farm construction projects. Analyses performed included calculation
of transmissivity, hydraulic conductivity, and storativity for a pumping well and
observation wells.

WELL AND AQUIFER CONDITIONS

A well labeled as Well #6a was used as the pumping well for this test. Another well
labeled as Well #6 (also referred to as South Well) is located 36 feet away from the
pumping well and was monitored and analyzed as an observation well. More distant
observation wells were monitored including Well #9 (Horse Corral Well), Walker
Residence Well, Well #4 (RV Well), Well #2, and Well #8 (Far Field Well) (Figure 1).

Records for drilling and construction of the wells used for these pumping tests are
incomplete or nonexistent. A well identified on Department of Water Resources (DWR)
records as being owned by Harmony Grove Partners (identified as Form No. 1089956) is
believed to be the log for Well #6a. Logs for Well #4 (RV Well) and Well #8 (Far Field
Well) were also obtained. No records are available for Well #6 (South Well), The
Walker Residence Well, Well #9 (Horse Corral Well), or Well #2.

Although DWR records indicate the borehole for Well #6a was drilled to a total depth of
420 feet, the bottom of the well is recorded to be at a depth of 385 feet below ground
surface. Records are incomplete but it was assumed that the well screen extends from a
depth of 75 to 385 feet below ground surface. A cement sanitary seal is reported to
extend from ground surface to a depth of 56 feet. Wells #6 and #6a used in this pumping
test have existing electric submersible pumps installed in them. Based on the production
rates achieved during the tests performed, the wells are likely to be outfitted with four-
inch diameter electric submersible pumps. Based on the depth and pressure head on the

250 West First Street, Suite 228 Claremont, CA 91711 Phone: (909) 626-2282 FAX: (909) 626-1233
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transducers installed in the wells for the test, it was assumed that both of the boreholes
are 385 feet deep and are 6.5-inches in diameter. It was further assumed that the wells
were constructed with 4-inch diameter well casing and that they are perforated or
screened from a depth of 75 feet below ground surface. Details of well construction
could not be verified in the field because of the presence of pumps, discharge pipes,
electrical wires, and surface sanitary seals. Available well logs are included at the back
of this document.

The area immediately around Well #6 and #6a is underlain by alluvium comprised of
poorly sorted sand, gravel, and silt derived from the crystalline basement rock exposed on
the adjacent canyon sidewalls. The crystalline basement rocks are classified as tonalite
and yield groundwater from fractures. The well log reportedly recorded for Well #6a
indicates that there is about 70 to 85 feet of alluvium overlying the tonalite. Groundwater
was measured at a depth of 27.81 feet below the top of sanitary seal on Well #6a.

TEST METHODS

Observations of groundwater elevation were recorded in a pumping well and six
observation wells in McCain Valley. Data was collected using pressure transducers
connected to data loggers. Barometric pressure changes were recorded during the test
and corrections were made to the pressure head data collected during the tests.

A stepped aquifer pumping test was performed using Well #6a to determine the optimum
pumping rate for a longer duration test. The pressure transducers were deployed and
began recording data on August 20, 2010 to perform the stepped pumping test. The
stepped pumping test was performed at pumping rates of 28 gallons per minute (gpm), 38
gpm, 55 gpm and 60 gpm. A semi-logarithmic plot of elapsed time versus drawdown for
the stepped pumping test is shown on Figure 2.

The constant rate pumping and recovery test was performed from August 24 through 27,
2010. The pump was powered-down on August 27, 2010 and allowed to recover for 10
hours when the pressure transducers were removed from the wells. A recovery test was
performed by turning off the pumps and recording the increasing head levels over time.

DATA ANALYSIS

Changes in groundwater level data recorded during this test were corrected for barometric
pressure changes and used to generate a file containing tabulated time and changes in
pressure head. The data was used to generate time-drawdown graphs for the pumping
and observation wells and imported into computer software used to calculate the
transmissivity and storativity of the fractured tonalite.

The stepped pump test analysis consists of plotting the drawdown versus time for each
pumping rate on a time versus drawdown plot with time plotted on a logarithmic scale.
Forward projections of each segment representing a different pumping rate can be used to
predict the likely drawdown for the pumping well during for the selected duration of the
test. A pumping rate of 50 gpm was selected as the target pumping rate because it would
allow for ample drawdown without the well running dry during the test.

2
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The method of Schafer (1978) was employed to determine how much of the data set for
Well #6a was impacted by casing storage effects. The method is a simplification of the
method first developed by Papadopulos and Cooper (1967) but does not require prior
knowledge of the transmissivity or well efficiency. The point at which casing storage
effects are overcome was calculated to occur approximately 23 to 25 minutes into the test
based on the assumptions about well construction practices, pumping rates, and
drawdown. Very early pumping data was ignored in the analyses described below due to
casing storage effects.

Time versus drawdown plots were prepared for the pumping and observation wells for
the pumping and recovery portions of the test. The plots are shown with the time axis
plotted on a logarithmic scale and drawdown on a linear scale.

Figure 3 shows the time-drawdown plot for Well #6a during pumping. The first 23 to 25
minutes of the test show the casing storage effects. Well #6a drawdown plots as a
straight line on the time-drawdown chart representing constant aquifer properties during
that portion of the drawdown cone development. A sudden change in the drawdown
curve starts at approximately 11 or 12 minutes; which may reflect leakage from the
alluvium above the fractured bedrock.

A residual drawdown plot for Well #6a is shown on Figure 4. The plot shows the change
in drawdown versus the ratio of the time since the pump test started divided by the time
since the recovery portion of the test started (t/t”). The residual drawdown at a t/t” ratio
of 1 is shown to be about 0.33 feet (a less than significant change in storage noted in the
pumping well over the course of the pumping and recovery portions of the aquifer stress
test).

A time-drawdown plot of Well #6 (the observation well also referred to as South Well)
located 36 feet away from the pumping well shows a decrease in drawdown from
approximately 30 minutes to approximately 400 minutes which may result from leakage
from the alluvium above the fractured bedrock (Figure 5). The Well #6 plot shows even
less drawdown versus time after 400 minutes possibly reflecting the fractured bedrock
aquifer.

The Well #6 recovery portion of the test is plotted as the residual drawdown versus t/t"
shows a flat line on the semi-logarithmic plot (Figure 6) indicative of uniform aquifer
conditions from a t/t ratio of about 8 to 110 into the recovery test period. The residual
drawdown value measured for a t/t’ ratio of 1 is about -0.22 feet. It is not regarded to be
significant compared to the County standard maximum change of 0.5 feet.

The Well #9 (Horse Corral Well) was monitored and the time-drawdown plot reflects that
the well pump cycled on and off five times during the test (Figure 7). No analyses were
performed for this well because the changes in drawdown versus time due to the pump
activating are far greater than any drawdown likely to be induced by the pumping test at
Well #6a.
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Well #2 (Pond Well) and Well #9 (Far Field Well) were monitored for changes in head
during the pumping test. Figure 8 and 9 show the time-drawdown plots for Wells #2 and
#9. Both plots show similar small, cyclic, barometric changes in head but are not likely
to have resulted from the pumping test. No analyses were performed using the data from
these wells.

Water level drawdown data were evaluated using the computer software program
AquiferTest version 3.5 (Waterloo Hydrogeologic, 2002). The program performs curve
matching of the time drawdown data to calculate transmissivity, hydraulic conductivity,
and storativity using different methods. The methods employed included Cooper-Jacob
(1946), Moench (1993), Neuman (1975), and Theis (1935).

DISCUSSION

As shown on Table 1, the calculated hydraulic conductivity values for all of the analytical
methods employed ranged from a low of 7.50E-04 feet/day for data collected from Well
#6 (South Well) using the Theis method for the data collected from the end of the
recovery test to a high of 7.50E+00 feet/day using the Cooper Jacob method with late
time data for Well #6 (South Well). An average conductivity of 1.85 feet/day was
calculated from all methods from both Well #6 and #6a. The Storativity values range
from a low of 4.48E-06 for Well #6 late time data calculated using the Moench Fracture
Flow method and a high of 7.87E-01 for a match to the late time data recorded in Well #6
using the Moench method with the vertical hydraulic conductivity set at one-tenth the
horizontal hydraulic conductivity.

All of the analytical results show a higher transmissivity and hydraulic conductivity value
for matches to the observation Well #6. The pumping well and observation well used for
these analyses are located in a portion of McCain Valley which is entirely covered in up
to 75 to 80 feet of alluvium (Figure 10). Based on the measured depth to groundwater in
Well #6 and #6a, approximately 47 to 52 of saturated alluvium overlies the fractured
bedrock at the test site (Figure 11). The saturated alluvium is likely to act like a reservoir
recharging the fractures in the bedrock. The aerial extent of the fractured bedrock aquifer
and the amount of storage in the fractures is likely controlled in part by the presence of
the alluvial aquifer. Because the fractures in the bedrock appear to be of aerially limited
extent, the actual volume of groundwater available may be limited with larger volumes of
groundwater available within the canyon areas where fracturing may be most prevalent
and alluvium is saturated.
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CLOSURE

This summary of observations and analyses has been prepared in general accordance with
accepted professional geotechnical and hydrogeologic principles and practices. This
report makes no other warranties, either expressed or implied as to the professional
advice or information included in it. Our firm should be notified of any pertinent change
in the project, or if conditions are found to differ from those described herein, because
this may require a reevaluation of the conclusions. This report has not been prepared for
use by parties or projects other than those named or described herein. It may not contain
sufficient information for other parties or purposes.

Geo-Logic Associates

Mark W. Vincent, PG 5767, CEG 1873, CHg 865
Senior Geologist

Attachments: Table 1 - Aquifer Stress Test Results
Figure 1 - Well Location Plan
Figure 2 - Step Test Time Drawdown Plot
Figure 3 - North Well Time Drawdown Plot Pumping
Figure 4 - North Well Time Drawdown Plot Recovery
Figure 5 - South Well Time Drawdown Plot Pumping
Figure 6 - South Well Time Drawdown Plot Recovery
Figure 7 - Thing Valley Well Time Drawdown Pumping
Figure 8 - Thing Valley Well Time Drawdown Recovery
Figure 9 - Geologic Map
Appendix A - Analytical Results from Aquifer Test Program
Appendix B - Department of Water Resources Well Completion Reports
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Table 1

Aquifer Stress Test Results
Rough Acres Ranch - McCain Valley

Distance | Groundwater
From Depth from | Assumed | Average
Pumping Ground Aquifer | Pumping
Well Well Surface Thickness Rate Transmissivity Conductivity

Designation | Condition (feet) (feet) (feet) (gpm) Analytical Method (feet"2/day) (feet/day) Storativity Comments

Well #6a Pumping 1 28 500 50 Cooper-Jacob 6.30E+02 1.26E+00 NA Match to late data.

Well #6a Pumping 1 28 500 50 Moench Fracture Flow 1.12E+02 2.25E-01 2.70E-04 Match to late data.

Well #6a Pumping 1 28 500 50 Moench 1.21E+02 2.43E-01 1.72E-01 Match to late data.

Well #6a Pumping 1 28 500 50 Neuman 5.69E+01 1.14E-01 1.62E-02 Spec Yld. = 1.62E+02

Well #6a Pumping 1 28 500 50 Theis 2.69E+01 5.39E-02 1.64E-01 Match to early data.

Well #6a Pumping 1 28 500 50 Theis 1.51E+02 3.03E-01 3.19E-05 Match to late data.

Well #6a Pumping 1 28 500 50 Walton 1.11E+02 2.21E-01 7.08E-04 Match to late data.

Well #6a Recovery 1 28 500 0 Theis Recovery 2.17E-02 4.35E-05 NA Match to early data.

Well #6a Recovery 1 28 500 0 Theis Recovery 7.27E+00 1.45E-02 NA Match to late data.
South Well #6 | Pumping 36 27.81 500 50 Cooper-Jacob 2.14E+03 4.28E+00 NA Match to middle data.
South Well #6 | Pumping 36 27.81 500 50 Cooper-Jacob 3.75E+03 7.50E+00 NA Match to late data.
South Well #7 | Pumping 36 27.81 500 50 Moench Fracture Flow 2.95E+03 5.91E+00 4.48E-06 Match to late data.
South Well #6 | Pumping 36 27.81 500 50 Moench 1.30E+03 2.60E+00 7.87E-01 Kv=1/10 Kh
South Well #6 | Pumping 36 27.81 500 50 Neuman 9.67E+02 1.93E+00 NA Match to all data.
South Well #6 | Pumping 36 27.81 500 50 Theis 3.18E+03 6.36E+00 3.29E-06 Match to late data.
South Well #6 | Pumping 36 27.81 500 50 Walton 1.13E+03 2.26E+00 1.47E-03 Match to early data.
South Well #6 | Recovery 36 27.81 500 0 Theis Recovery 3.75E-01 7.50E-04 NA Match to early data.
South Well #6 | Recovery 36 27.81 500 0 Theis Recovery 2.23E+00 4.47E-03 NA Match to late data.

Average Values 9.24E+02 1.85E+00 1.14E-01
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Figure 2
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Figure 3
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Figure 5
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Figure 6
South Well - Observation Well
Residual Drawdown Plot
Rough Acres Ranch
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Figure 7
Horse Corral Well
(Observation Well)
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Figure 8
Well #2 - Observation Well
Distance-Drawdown Plot
Rough Acres Ranch
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Figure 9

Well #8 Far Field - Observation Well
Time-Drawdown Plot
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Appendix A
Analytical Results from Aquifer Test Program



@ Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report
460 Philip Street - Suite 101 Project: Rough Acres
. I:> Waterloo, Ontario, Canada Number:
Phone: +1 519 746 1798 Client:
Pumping Test Name [Theis]
1/u .
1E1 1E+0 1E+1 1E+2 1E+3 1E+4 1Es5 1E46 1E+7 m  Well#6a - Pumping Well
-1E+2
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] | —]
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[ |
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= ] L1E0
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1E2 1E1 1E0 1E+1 1E+2
t/r2 [min/ft?]

1E5 1E4 1E3

Pumping Test: Pumping Test Name

Analysis Method: Theis

Analysis Results:  Transmissivity: 1.51E+2 [ft¥/d] Conductivity: 3.03E-1 [ft/d]
Storativity: 3.19E-5
Test parameters:  Pumping Well: Well #6a Aquifer Thickness: 500 [ft]
Casing radius: 0.167 [ft] Confined Aquifer
Screen length: 310 [ft]
Boring radius: 0.271 [ft]
Discharge Rate: 50 [U.S. gal/min]
Comments: Match to late time data. Pumping Well.
Evaluated by: MWV
Evaluation Date: 11/18/2010




Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report

460 Philip Street - Suite 101 Project: Rough Acres
Waterloo, Ontario, Canada Number:
Phone: +1 519 746 1798 Client:

Pumping Test Name [Cooper-Jacob Time-Draw dow n]

Time [min]
10 100 1000 @  Well #6 - South Well
0 I I I [ A} I I I I ] I I I
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1}
i .$
1492 \
= 1 )
3 ()
< %
[
5 E Q
2.238 \
\ °.
)
2.984 ~
3.73

Pumping Test: Pumping Test Name
Analysis Method: Cooper-Jacob Time-Drawdown

Analysis Results:  Transmissivity: 3.75E+3 [ft¥/d] Conductivity: 7.50E+0 [ft/d]
Storativity: 2.28E-7

Test parameters: Pumping Well: Well #6a Aquifer Thickness: 500 [ft]
Casing radius: 0.167 [ft] Confined Aquifer
Screen length: 310 [ft]
Boring radius: 0.271 [ft]
Discharge Rate: 50 [U.S. gal/min]

Comments: Match to latest time data. Observation Well.

Evaluated by: MWV

Evaluation Date: 11/18/2010




Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report

460 Philip Street - Suite 101 Project: Rough Acres
Waterloo, Ontario, Canada Number:
Phone: +1 519 746 1798 Client:

Pumping Test Name [Cooper-Jacob Time-Draw dow n]

Time [min]
10 100 1000 ®  Well #6 - South Well

0.746

1.492 \

o
1 I\
2.238

Drawdown [ft]
o
® o

2.984

3.73

Pumping Test: Pumping Test Name
Analysis Method: Cooper-Jacob Time-Drawdown

Analysis Results:  Transmissivity: 2.14E+3 [ft¥/d] Conductivity: 4.28E+0 [ft/d]
Storativity: 1.01E-4

Test parameters: Pumping Well: Well #6a Aquifer Thickness: 500 [ft]
Casing radius: 0.167 [ft] Confined Aquifer
Screen length: 310 [ft]
Boring radius: 0.271 [ft]
Discharge Rate: 50 [U.S. gal/min]

Comments: Match to middle time data. Observation Well.

Evaluated by: MWV

Evaluation Date: 11/18/2010




@ Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report

460 Philip Street - Suite 101 Project: Rough Acres
. I:> Waterloo, Ontario, Canada Number:
Phone: +1 519 746 1798 Client:

Pumping Test Name [Moench Fracture Flow ]

1/u
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t/r2 [min/f 2]
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Pumping Test: Pumping Test Name
Analysis Method: Moench Fracture Flow

Analysis Results:  Transmissivity: 2.95E+3 [ft¥/d] Conductivity: 5.91E+0 [ft/d]
Storativity: 4.48E-6

Test parameters:  Pumping Well: Well #6a Aquifer Thickness: 500 [ft]
Casing radius: 0.167 [ft] b: 357 [ft]
Screen length: 310 [ft] Kv/Kh: 0.1
Boring radius: 0.271 [ft] C: 0.231
Discharge Rate: 50 [U.S. gal/min] K(block)/K(Skin): 0.1
Ss(blk)/Ss(fract): 200 K(block)/K(fracture): 0.1

Comments: Match to late time data.

Evaluated by: MWV

Evaluation Date: 11/18/2010




@ Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report
460 Philip Street - Suite 101 Project: Rough Acres
. I:> Waterloo, Ontario, Canada Number:
Phone: +1 519 746 1798 Client:
Pumping Test Name [Moench]
1/u
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t/r2 [min/ft2]
Pumping Test: Pumping Test Name
Analysis Method: Moench
Analysis Results:  Transmissivity: 1.30E+3 [ft¥/d] Conductivity: 2.60E+0 [ft/d]
Storativity: 7.87E-1 Conductivity (vertical): 2.60E-1 [ft/d]
Test parameters:  Pumping Well: Well #6a Aquifer Thickness: 500 [ft]
Casing radius: 0.167 [ft] Unconfined Aquifer
Screen length: 310 [ft] S/Sy: 0.001
Boring radius: 0.271 [ft] Kv/Kh: 0.1
Discharge Rate: 50 [U.S. gal/min] Gamma: 1E9

b: 357 [ft]

Comments: Match to late time data.

Evaluated by: MWV

Evaluation Date: 11/18/2010




@ Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report
460 Philip Street - Suite 101 Project: Rough Acres
. I:> Waterloo, Ontario, Canada Number:
Phone: +1 519 746 1798 Client:
Pumping Test Name [Neuman]
1/u
1E1 1E+0 1E+1 1E«2 1E+3 1E#4 1E+5 1E+6 1E+7 ®  Well#6 - South Well
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1EA1 1E+0 1E+1 1E+2 1E+3 1E+4 1E+5 1E+6
t [min]
Pumping Test: Pumping Test Name
Analysis Method: Neuman
Analysis Results:  Transmissivity: 9.67E+2 [ft¥/d] Conductivity: 1.93E+0 [ft/d]
Test parameters:  Pumping Well: Well #6a Aquifer Thickness: 500 [ft]
Casing radius: 0.167 [ft] Beta: 0.005
Screen length: 310 [ft]
Boring radius: 0.271 [ft]
Discharge Rate: 50 [U.S. gal/min]
LOG(Sy/S): 4

Comments: Match to entire data set.

Evaluated by: MWV

Evaluation Date: 11/18/2010




@ Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report

460 Philip Street - Suite 101 Project: Rough Acres
. I:> Waterloo, Ontario, Canada Number:
Phone: +1 519 746 1798 Client:

Pumping Test Name [Theis]

1/u
1E1  1E+0 1B+ 1E+2 1E+3 1E+4  1E+5 1E+6  1E47 ®  Well#6 - South Well
-1 E+1
1E+14 L | THES
; -
-1E+0
1E+0 i
’S (7]
= =
-1E-1
1E-14 g
/ -1E-2
1E-24
1E3
1E-3 B B L B AL B L L B AL,
1E4 1E-3 1E2 1E-1 1E+0 1E+1  1E+2 1E+3
t/r2 [min/ft2]
Pumping Test: Pumping Test Name
Analysis Method: Theis
Analysis Results:  Transmissivity: 1.13E+3 [ft¥/d] Conductivity: 2.26E+0 [ft/d]
Storativity: 1.47E-3
Test parameters:  Pumping Well: Well #6a Aquifer Thickness: 500 [ft]
Casing radius: 0.167 [ft] Confined Aquifer
Screen length: 310 [ft]
Boring radius: 0.271 [ft]
Discharge Rate: 50 [U.S. gal/min]

Comments: Match to early time data. Observation Well.

Evaluated by: MWV

Evaluation Date: 11/18/2010




@ Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report
460 Philip Street - Suite 101 Project: Rough Acres
. I:> Waterloo, Ontario, Canada Number:
Phone: +1 519 746 1798 Client:
Pumping Test Name [Theis]
1/u
1E1 1E«0 1Ef 1E+2 1E+3 1Ee4  1E5  1E46  1E+7 ®  Well#6 - South Wel
] -1E+1
1E+1 —
] ]
-1E+0
1E+0
=5 -1E-1 »
= s =
1E-14 /
/ H1E-2
1E-2-
1E3
1E-3 AL B B B AL B L B AL B L e
17 1E6 1E5 1E4 1E-3 1E2 1E-1 1E+0
t/r2 [min/ft2]
Pumping Test: Pumping Test Name
Analysis Method: Theis
Analysis Results:  Transmissivity: 3.18E+3 [ft¥/d] Conductivity: 6.36E+0 [ft/d]
Storativity: 3.29E-6
Test parameters:  Pumping Well: Well #6a Aquifer Thickness: 500 [ft]
Casing radius: 0.167 [ft] Confined Aquifer
Screen length: 310 [ft]
Boring radius: 0.271 [ft]
Discharge Rate: 50 [U.S. gal/min]
Comments: Match to late time data.
Evaluated by: MWV
Evaluation Date: 11/18/2010




460 Philip Street - Suite 101
Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Waterloo Hydrogeologic, Inc.

Pumping Test Analysis Report

Project: Rough Acres

Number:

Client:

Pumping Test Name [Cooper-Jacob Time-Draw dow n]

Time [min] )
0 I I bl L Ll Ml
1
49
14.049 B
|
28099 =
= |
g |
©
§ [ |
a 1 |
42.148 |
56.198
:\\
70.247
Pumping Test: Pumping Test Name
Analysis Method: Cooper-Jacob Time-Drawdown
Analysis Results:  Transmissivity: 6.30E+2 [ftz/d] Conductivity: 1.26E+0 [ft/d]
Test parameters: Pumping Well: Well #6a Aquifer Thickness: 500 [ft]
Casing radius: 0.167 [ft] Unconfined Aquifer
Screen length: 310 [ft]
Boring radius: 0.271 [ft]

Discharge Rate:

50 [U.S. gal/min]

Comments: Match to late time data.

Evaluated by: MWV

Evaluation Date: 11/17/2010




Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report

vV

460 Philip Street - Suite 101 Project: Rough Acres
. I:> Waterloo, Ontario, Canada Number:
Phone: +1 519 746 1798 Client:

Pumping Test Name [Moench Fracture Flow ]

1/u .
1E2 1E1 1E+0 1E+1 1E+2 1E+3 1E+4 1Es5 1E46 m  Well#6a - Pumping Well
- 1E+2
1E+1
-1E+1
1E+0 =
= [%2]
= =
-1E+0
e -
-1E-1
1E24—— / '
l 1E-2
1E3 R B B B B B B AL
14 1E3 1E2 1EBE1 1E0 1B 1E2 1E+3
t/r2 [min/ft?]
Pumping Test: Pumping Test Name
Analysis Method: Moench Fracture Flow
Analysis Results:  Transmissivity: 1.12E+2 [ft¥/d] Conductivity: 2.25E-1 [ft/d]
Storativity: 2.70E-4
Test parameters:  Pumping Well: Well #6a Aquifer Thickness: 500 [ft]
Casing radius: 0.167 [ft] b: 357 [ft]
Screen length: 310 [ft] Kv/Kh: 1
Boring radius: 0.271 [ft] C: 0.231
Discharge Rate: 50 [U.S. gal/min] K(block)/K(Skin): 0.1
Ss(blk)/Ss(fract): 20 K(block)/K(fracture): 0.1
Comments: Match to late time data.
Evaluated by: MWV
Evaluation Date: 11/17/2010




@ Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report
460 Philip Street - Suite 101 Project: Rough Acres
. I:> Waterloo, Ontario, Canada Number:
Phone: +1 519 746 1798 Client:
Pumping Test Name [Moench]
1/u .
1E4 1E3 1E2 1E1 1E:0 1E+1 1E+2 1E+3 1E+4 m  Well#6a - Pumping Well
-1E+2
1E+1 F
-1E+1
1E+0 s
= [%2]
= =
-1E+0
1E-14 / / g
/ :1E-1
1E-2- g
I 1E2
1E3 L B B B B AL L
163 1E2 1E1 1B0 1E+1 1E+2 1E3 1E+4
t/r2 [min/ft?]
Pumping Test: Pumping Test Name
Analysis Method: Moench
Analysis Results:  Transmissivity: 1.21E+2 [ft¥/d] Conductivity: 2.43E-1 [ft/d]
Storativity: 1.72E-1 Conductivity (vertical): 2.43E-1 [ft/d]
Test parameters:  Pumping Well: Well #6a Aquifer Thickness: 500 [ft]
Casing radius: 0.167 [ft] Unconfined Aquifer
Screen length: 310 [ft] S/Sy: 0.001
Boring radius: 0.271 [ft] Kv/Kh: 1
Discharge Rate: 50 [U.S. gal/min] Gamma: 1E9

b: 357 [ft]

Comments:

Evaluated by:

Evaluation Date: 11/17/2010




Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report

460 Philip Street - Suite 101 Project: Rough Acres
Waterloo, Ontario, Canada Number:
Phone: +1 519 746 1798 Client:

Pumping Test Name [Neuman]
1/u

1E1 1E+0 1E+1 1E+2 1E+3 1Es+4 1E+5 1E+6 1E+7 W Well#6a - Pumping Well
* ] -1E+3
1E+14 |
] ——F1E+2
—— F
—THEE
= 1E+04
g E — E1E+1
o ] 08 : s
= 1 =
s L
= 1E F ! 1E+0
L ik
JSIETR |
1E-2] T T
] 1E-1
1E-3 T T TR T T TR T TP T T T Trrm—
1E-2 1E1 10 1BE+1 1E+2 1E:3 1BE4 1E5
t [min]
Pumping Test: Pumping Test Name
Analysis Method: Neuman
Analysis Results:  Transmissivity: 5.69E+1 [ft¥/d] Conductivity: 1.14E-1 [ft/d]
Storativity: 1.62E-2 Specific Yield: 1.62E+2
Test parameters:  Pumping Well: Well #6a Aquifer Thickness: 500 [ft]
Casing radius: 0.167 [ft] Beta: 0.005
Screen length: 310 [ft]
Boring radius: 0.271 [ft]
Discharge Rate: 50 [U.S. gal/min]
LOG(Sy/S): 4
Comments: Match to late time drawdown data.
Evaluated by: MWV

Evaluation Date: 11/17/2010




@ Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report
460 Philip Street - Suite 101 Project: Rough Acres
. I:> Waterloo, Ontario, Canada Number:
Phone: +1 519 746 1798 Client:
Pumping Test Name [Theis]
1/u .
1E1 1E+0 1E+1 1E+2 1E+3 1E+4 1E+5 1E+6 1E+7 W Well#6a - Pumping Well
:1E+3
1E41- [ THEY
4 /_'
/
-1E+2
1E+0
R LB 2
= | i =
1E-14 r
:1E+0
1E-2- / '
/ 1EA1
1E-3 L B e B B B e
1E+0 1E+1 1E+2 1E+3 1E44 1E+5 1E+6 1E+7
t/r2 [min/ft?]
Pumping Test: Pumping Test Name

Analysis Method: Theis

Analysis Results:  Transmissivity: 2.69E+1 [ft¥/d] Conductivity: 5.39E-2 [ft/d]
Storativity: 1.64E-1
Test parameters:  Pumping Well: Well #6a Aquifer Thickness: 500 [ft]
Casing radius: 0.167 [ft] Confined Aquifer
Screen length: 310 [ft]
Boring radius: 0.271 [ft]
Discharge Rate: 50 [U.S. gal/min]
Comments: Match to early time data.
Evaluated by: MWV

Evaluation Date:

11/18/2010




@ Waterloo Hydrogeologic, Inc. Pumping Test Analysis Report

460 Philip Street - Suite 101 Project: Rough Acres
. I:> Waterloo, Ontario, Canada Number:
Phone: +1 519 746 1798 Client:

Pumping Test Name [Walton]

1/u .
1E1 1E+0 1E+1 1E+2 1E+3 1E+4 1E+5 1E+6 1E+7 W Well#6a - Pumping Well
1E+1
05— 1E+1
1E+0E /7 = :
<
= 7]
2 =
s =
2 -1E+0
1E-14 g
] 3
4
- i -1E-1
; / z
6
i 1E2
14 1E3 1E2 1EBE1 1E0 1B 1E2 1E3
t [min]
Pumping Test: Pumping Test Name
Analysis Method: Walton
Analysis Results:  Transmissivity: 1.11E+2 [ft¥/d] Conductivity: 2.21E-1 [ft/d]
Storativity: 7.08E-4 c: 1.30E+5 [min]
Test parameters:  Pumping Well: Well #6a Aquifer Thickness: 500 [ft]
Casing radius: 0.167 [ft] r/L: 0.005
Screen length: 310 [ft]
Boring radius: 0.271 [ft]
Discharge Rate: 50 [U.S. gal/min]

Comments:

Evaluated by: MWV

Evaluation Date: 11/17/2010




Appendix B
Department of Water Resources Well Completion Reports
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INVOICE

VOUUNITY UF DAN DIEGO
DEPARTMENT OF ENVIRONMENTAL HEALTH
1255 Imperial Ave .
San Diego, CA 92101

619-338-2222

SAMIT TYPE & NUMBER:LWEL 16226

ZAMIT OWNER:

CONTACT:

\DEM ROBERT S&MARY O TRUST B1

i53 OCEAN ST

92008

611-060-03

PN: 6+--346-6+68 511-070-01

ITE ADDRESS: 2633 MCCAIN VALLEY RD
QCATION DESCRIPTION: 2838 MCCAIN VALLEY RD,

ROJECT DESCRIPTION/SCOPE
umber of Wells on Paermit Application:1

igseription of Work:new

ype of Use for Each Welliprivate

6LEQ1--EHO

FADEM ROBERT S&MARY O TRUST Bt

INVOICE DATE: 16 SEP 2004

9773-773

TOTAL AMOUNT DUE



o e

¢ 15, COUNTY OF SAN DIEGO DS UGE OMLY |
DEPARTMENT OF ENVIRONMENTAL HEALTH  PERMIT#wW (% 12
,/n WELL PERMIT APPLICATION WELL COMPUTER #
nivee |17 éﬂ iy @09 FEE:
;o o o p . .
1. Property Owner: LA I U O prone: 1/ YLy
17 /4 LTy 2.2
A8 2
611-060-03
91905
Zp
"y

Q Bond Postad

4. Use: G Private  QPublic  Qlndustial O Cathodic O Other
5. Type of Work: O New O Reconstruction C1 Destruction  Time Extension: A 1st O2nd
6. Type of Equipment;
7. Depth of Well: Proposed:; Existing: T —
8. Proposed:
Casing Conductor Casing Filter/Filler Material Perforations
Type: o 7 7& 4 QYes QONo OYes ONo
Depth: i Depth; ft.  From; To From: To
Diamater 7 in.  Diameter in. Type: Frorm: To
Wall/Gauge: _ < "" : Wall/Gauge: Wall/Gauge: From: To
—_—
9. Annular Seal: Depth: . % __ft.  Sealing Material: AT R
Borehole diameter: in. Conductor diameter: in.  Annular Thickness in.
10. Date of Work: Start: 2T s Complete: 7 - .2 7
On sitas served by public water, contact the local water agency for meter protection requirements,
Environmental Health, and with alf ordinances and laws of
wall construction, repair, modification and destruction.
¢ of Environmental Health with a complete and accurate log
his permit and all work will be performed under my direct
supervision.
Contractor's Signature: Date: oo

DISPOSITION OF APPLICATION (Department of Environmental Health Use only)

)Si Approved U Denied Special Conditions: Grading and clearing associated with access to, or the
construction, maintenance or destruction of water wells, may require additional permits from the County of
San Diego and/or other agencies.

DPEH-LU-T31a (Rev. 4/0Z)} NCR



oy Gontrol #: -\l |b 22

DEPARTMENT OF ENVIRONMENTAL HEAETH ~  Assessor's Parcel Number: totr=—yzrr~zry
611-060-03

LOCATION 611-070-01

Indicate below the vicinity and exact’{ocation of well with respect to the following ifqi‘ns: Property lines,
water bodies or water courses, drainage pattern, easements, roads, existing wells, sewers and private
sewage disposal systems and other sources, including diménsions.

DEMLU 731b (Rev, 7/2002) NCR



Zaunty Mail Siation —A21

ZIRST CARGAN COPY

. GOUNTY GESANTDIEGOD
EPARTMENT OF HEALTH SERVIGES

AS3ESSORS PARCEL NUMBER:

1700 PACLEIC HIGHWAY, SAN OIECO, CA 82101-2417

Notlee of Intent Na,
ocal Pemit No, or Oste 2

1) QWNER: Namw

Ader s

Gy

{23 LOGATION OF WELL {See bwrructionsft

Cauncy o Cvomar ) Watl Numbar
Waeil addrms it diterent from sbave

Towniship Rangm Se-don

Cireancn from oities, roudy, relincads, fences, st

DEFPARTMENT
Complated Wdl Canmrueont
Data
E}lu

Wrter Samole Takmi?|

Senltarian’s Agproval:

{8} Equipment

Aoy & Revens O
Gatte a ‘Alr v |
octer O Bucket O

{7) Casing lrarcailed:
Steed & . Patic O Conawts O

Fram
(L A

(3} WELL SEAL:
Wiz sarface mniary seal provided? Yos " Na T It ye, to amoth _,3_‘;_,_«.
Wers rtrata teaied 30l peflution? Y O No M lnoyreal te

{11} WELL TESTS:

VWaswall et mack? - Y @ No O I yas, by whom? '&‘NML
Tyee of st Puma O Bailer O Alr lite OO :
Depth ta watas at start af tert At ang of g _ i,

Dxm-ro-_lf__ gl /min atver _J_...hmm Water tampeniture
Quml’ul snalyria m-mr Y= O Na @ Ifym, by whom?
W steerric lag rmdo? Yea O Mo @ H vet, 3toich cooy to this reoert

ons:ep-112 (ICONFIDENTIAL — NOT FOR PUBLIC USE

WATER WELL DRILLERS REPORT
{INSERT under QRIGINAL PAGE w/casbon of Stats Form)

Swiw Well No,
Qthee Wallt Na.

{12) WELL LOG: Tout depeh 2621t Deaeh of camplawd weit APE 1,

Formation coler, ehargter, g2 of rmavariel)

hereby declare wnder

VELL DRILLERS STATEMENT: 1
informaticn provided

penalty of perjury that the
in this report is true. This water wall was fnstalled
{n compliance with San Dfego County Code and Stace
:f Califomh. Department of ¥ater Resowrces, Bulletin
0. 74.

SIORED

(Person, fTrm, or Corparatian] (Type or Priat)

&

ADDRESS
(933 ZIP
LICEXSE KO. DATE TS REPORT

— WATER CODE SEC. 13752



Local Permit Agency San—Dioons ¥ _1n_g &

Permit No, T

GEOLOCIC LOG

LL OWNER

ORIENTATION { ) VEATICAL  —_ HOFIZONTAL " _ ANGLE ____ (&
. oAlLLiNG e fareen

METHOD Xafary

FLUIO

DESCRIPTION

Deseribe material,

DEPTH OF BORINC _2H0 _ (Feet)
TOTAL DEPTH OF COMPLETED WELL

— Geologic Log
— Waell Congtruction CHagram
—— Geophysical Leals)

— \Z&Wamr Chemicsl Analyaes
—Other

ATTACH ADDITIONAL INFORMATION, IF IT EXISTS.

DWR 184 REV. 0503

IF ADDITIONAL

LOCATION

LOCATION SKETCH
NORTH

Long

| 1 w

DEG.

MM, gEC,
ACTIVITY (=)
H— NEW WELL
MODIFIGATION/REPAIR

—— Deepen
—— Olhar (Specity)

—— DESTROY (Qescribe
Procedures and Materials
Under “GEOLOGIC

USES (2)
Wi‘iﬁ: SURRLY
L T2 L — T T
e |rripation o Ingystrial
MONITORING
TEST WELL
CATHODIC PROTECTION —
HEAT EXCHANGE
DIRECY PUEH .
INJECTION
VAPOR EXTRAGTION
SPARGING .
REMEDIATION
QTHER {SPECIFY) —

WATER LEVEL & YIELD OF COMPLETED WELL

DEPTH TQ FIAST WATER _1.3.(}. (R) BELOW SURFACE

DEPTH OF STATIC

WATER LEvEL 35 (Fl) & DATE MEASURED
ESTIMATED vIELD * 15 (aPm) & TEST Tyke

TEST LENGTH .1 (Hr) TOTAL DRAWDOWN_=

DEPTH
FRQOM SURFACE

(Ft}

ANNULAR MATERIAL

CE- BEN-

MENT ONITE FILL

[RANE S

TYPE

FILTEA PACK
(TYPE/SIZE)

(=)

JF L
w oy o

Y
I.l

I, the undersigned, cartify that this.report Is complate and accurate to the best of my knowladge and bellef.

(PERSON, FIRM, OR COR TION) INED)

603

'/
/!

USE NEXT CONSECUTIVELY NUMBERED FORM



| .-.nll ! ; P
COUNTY OF SAN DIEGO - Gontrdl #: _ el (22l i
DEPARTMENT OF ENVIRONMENTAL HEALTH ~  Assessor’s Pardel Number: 427/~ /1 -2

LLOCATION

Indicate below.the vicinity and exact’focation of well with respect to the wing itlajns: Property lines,
water bodles or water courses, dralhage pattern, easements, roads, wells, sewers and private
sewage disposal systems and other dimeénsions.

DEH:LU 7310 (Rev, 7/2002) NCR -
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QUADRUPLICATE ~ FEB 09 201

§TATE OF CALIFORNIA

L COMPLETION REPOR]1

Refer to Instruction Pamphlat

%. 1083956

QRIENTATION (M) —t VEATICAL o HORIZONTAL o ANGLE . (SFECIFY}
DAICUING
METHOD FLUID
PESCRIPTION

Describe material, prain size. color,

TOTAL DEPTH QF
TOTAL DEFTH OF

’
LOCATION
i Section =
Ty Long 4 . "
; [ H T £EC.
LOCATION SKETCH ACTIVITY ()
NOHTH

i NaW WELL

MODIFICATION/REPAIR
e Daopen
i Githar (Spacily)

e DESTROY
Procedures
Uindar “GEOLOGIC

USES ()
‘ WATER SUPRLY
—— Domastie . Public
— Irigation . (ndusiii
MONITORING -
. TERT WELL
CATHOOI PROTECYION .
HEAT EXCHANGE ..
OIREET PusH
INJEGTION *__
VAROR EXTRACTION ——
SPARGING
REMEDATION ___
OTHER (SPEGIFY)

e

WATER LEVEL & YIELD OF COMPLETED WELL
DEFTH TO FIRST WATER 373 (M) BELOW SURFACE
DEPTH OF STATIC

WATER LEVEL . 3Q___ (Ft) & DATE MEABURED 13 f@ego
ESTIMATED YIELD - 503 (GFM) A TEST TYFER 1 11 Ffd .

TEST LENGTH 2 () TOTAL DRAWDOWN__ = (Ft)

I, the undersigned, ceitity that this repon Is complete and accurate to the bast of my knowledge and belitef.

— Geologlc Log

- Well Construrtion Diagmam
——. Gaophysical Log(s)

___ SollWaeter Chemical Analyses

ATTACH ADDITIONAL INFOANMATION, IF (T EXISTE,

DWR 188 KEv. 0803 P ADDITIONAL

NAME nE % @ FLIMT 7 GUIME

URE NEXT CONSECUTIVELY ‘NUMBERED FORM
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Fain Drilling & Pump Co. Inc. lnvoice
12029 OIid Castle Rd.

Valley Center, CA 92082 Date invoice #
Phone (760) 749-0701 2/11/2005 8048

Fax (760) 749-6380

a8 Te

THE HAMANN COMPANIES
1000 PIONEER WAY
EL. CAJON, CA 92020

P.O. No. Terms Project
Due on receips
Description Qty Rate Amount
DRILLING 970 FT DEEP WELL APN 611 110 01
PARCEL 6 120 AC
EQUIPMENT SET UP 1 500.00 500.00
DRILLING 4.5" DIA HOLE 400 12.00 4.800.00
DRILLING 400-800' 6.5 DIA HOLE 400 14.00 5,&00.00
PRILLING 800 - 970" 6.5° DIA HOLE 170 16.00 2,720.00
REAMING 6 TO 10" DIA HOLE 226 12.00 2.712.00
FURNISH AND INSTALL 6" WELL CASING 228 13.00 2,964.00
INSTALL 50 FT. SURFACE SEAL 1 1,500.00 1.500.00
WELL PERMIT AND FILING FEES 1 490.00 490.00
Total $21,286.00
Payments/Credits $0.00

Balance Due $21,286.00



TRIPLICATE STATE OF CALIFORNIA

COMPLETION REPORT

Refor to Inatruction Pumphlst

Ne. 0909549 Lol b Lo byt
Date Work Began __ot4 sg5 . Ended —249485———
Local Permit Ageney  ——pgpa
ELL OWNER
ORIENTATION (x) VEATICAL ___HORIZONTAL ___ ANGLE ___(SFECIFY)
e Higia0D __ Rotary Fup _ALE
DESCRIPTION

Desoribe material, prain vize, color, ete

TOTAL DEPTH OF BORING _970 . (Feet)
TOTAL DEPTH OF COMPLETED WELL 820 (Foct)

Rnilavard
Cournity —_San Diego
APN Book )1 Page 110 Parcel G1
Townshq:p 278 Ruange ZE ___ Section 13

Lat. N Long _LLZ.J..,?_IM

' DEG. MIN. C.

LOCATION SKETCH = ACTl'VlTY ( * )
NQRATH = NEW WELL

MODIFICATION/REPAIR
—0 Davpen
—— QOther (Specuv)

d

—— DESTROY (Deacribe
Procoduras and Materials

Under "GEDLOGIC
USES (=)
WATER SUPPLY
& Qomestic *___ Publc
—— Irrigatior ___ industrial
MONITORING
TEST WELL —
CATHODIC PROTEGTION ___
HEAT EXGHANGE o
DIREGT PUSH —
INJECTION o
VAPOR EXTRACTION
SPARGING
REMEDIATION
OTHER (SPECHFYY —

2o’

fltustra (mm Rouids, Buildings,
Fences, fse (u!tlmumd el ever if
neceRsd

WATER LEVEL & YIELD OF COMPLETED WELL

DEPTH TO FIRST WATER _3(  (F!) BRLOW SUAFACE

DEPTH OF STATIC
WATER LEVEL (Ft.) & DATE MEASURED

£oTIMATED VIELD * _ 50 (GPM) & TEST TYRE
TEST LENGTH a aean {Hre) TOTAL DRAWDGWN_&D.Q_ (Fu)

CERTIFICATION

|, the undersigned, certify that this report is complete and accunata ta the bast of my knowledge and belief,

— Gedlogic Log

-a B .
. Wel Conatruction Diagram NAME Faio Dri
___ Geophyslcal Log(s)

Sollwater Chamical Analyses

ATTACH ADDITIONAL INFORMATION, IF IT EXISTS,

TAVR 188 REV. 05-U3 IF ADDITIONAL

&
Castle R, Valley

Cenver, Co Y2081

STATE P
27110705 FIBAGS

, USE NEXT CONSECUTIVELY NUMBERED FORM
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Groundwater Investigation Report
Tule Wind Farm

APPENDIX C

CUMULATIVE WATER QUANTITY IMPACTS ANALYSIS

ROUGH ACRES RANCH WATER PRODUCTION AREA

MCCAIN VALLEY, EAST SAN DIEGO COUNTY, CALIFORNIA




Table 1

Estimated Groundwater Demand - Rough Acres Ranch Water Production Area

Land Use
Scenario Land Use Quantity Water Demand per Unit (afy) Total Demand (afy)
Single Family Residential 7 0.5 3.5
Cattle/Livestock Free-Range Grazing
Existing Conditions (100 head) 1 2.13 2.13
Poultry
(500 hens) 1 0.11 0.11
Total Water Demand (Existing Conditions) 5.74
Single Family Residential 7 0.5 3.5
Cattle/Livestock Free-Range Grazing
Existing Conditions  [(100 head) 1 2.13 2.13
Plus 9-Month Construction|Poultry
at 50 gpm (500 hens) 1 0.11 0.11
Project 9-month Construction (50 gpm) 1 60 60
Total Water Demand (Existing Conditions Plus 9-Month Construction at 50 gpm) 65.74
Single Family Residential 7 0.5 3.5
Cattle/Livestock Free-Range Grazing
Existing Conditions  [(100 head) 1 2.13 2.13
Plus 9-Month Construction|Poultry
at 100 gpm (500 hens) 1 0.11 0.11
Project 9-month Construction (50 gpm) 1 120 120
Total Water Demand (Existing Conditions Plus 9-Month Construction at 100 gpm) 125.74

Note: afy - acre feet per year; gpm - gallons per minute




Table 2
Groundwater in Storage Calculation - Effects of Pumping at 50 GPM
Rough Acres Ranch Water Production Area

Saturated | GWin
Thickness | Storage
Hydrogeologic Unit Area (acres) Specific Yield (%) (ft) (af)
Fractured Rock 502 0.10% 500 251
Residuum 502 5% 10 251
Alluvium 250 10% 20 500
Total 1002
Change in Groundwater in Storage (50 gpm)
Cumulative Groundwater Impacts Analysis
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Table 3

Groundwater in Storage Calculation - Effects of Pumping at 100 GPM
Rough Acres Ranch Water Production Area

Saturated
Hydrogeologic Unit Area (acres) Specific Yield (%) | Thickness (ft) GW in Storage (af)
Fractured Rock 502 0.10% 500 251
Residuum 502 5% 10 251
Alluvium 250 10% 20 500
Total 1002
Change in Groundwater in Storage (100 gpm)
Cumulative Groundwater Impacts Analysis
1000
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Table 4
Groundwater in Storage Calculation - Effects of Pumping at 400 GPM
Rough Acres Ranch Water Production Area

Saturated
Hydrogeologic Unit Area (acres) Specific Yield (%) | Thickness (ft) GW in Storage (af)
Fractured Rock 502 0.10% 500 251
Residuum 502 5% 10 251
Alluvium 250 10% 20 500
Total 1002
Change in Groundwater in Storage (400 gpm)
Cumulative Groundwater Impacts Analysis
1000.00
900.00 -
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g
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T
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Geologists, Hydrogeologists and Engineers

MEMORANDUM
TO: Patrick O’Neill, HDR
FROM: Sarah J. Battelle, Geo-Logic Associates
DATE: February 28, 2011
SUBJECT: MODIFIED CONSTRUCTION WATER SUPPLY EVALUATION

TULE WIND PROJECT
EAST SAN DIEGO COUNTY, CALIFORNIA

At your request, this memorandum is being provided to supplement the Tule Wind Farm Groundwater
Investigation Report (Geo-Logic, 2010), and to address the change in anticipated water needs for the
Tule Wind Project construction based on recent revisions to the project description, which reduces the
number of wind turbines from 134 to 128.

1. Water Capacity Analysis in Groundwater Investigation Report

The conclusions reached in the Groundwater Investigation (Geo-Logic 2010) remain valid. The
groundwater investigation revealed that the combined groundwater resources on Tribal land and
Rough Acres Ranch are sufficient to accommodate the maximum anticipated pumping rate of 130
gallons per minute (gpm) during the construction of the Tule Wind Project.

2. Water Supply Analysis

The purpose of our groundwater investigation was to evaluate the available groundwater resources in
the area to support project construction based on initial gross water supply needs for various
construction elements associated with a 134 wind turbine project as provided by Iberdrola
Renewables, Inc. (IRI). The Groundwater Investigation Report assumed the total volume of extracted
groundwater to support the construction of the 134-turbine Tule Wind Project conservatively could be
approximately 65 to 125 acre-feet (approximately 21 to 41 million gallons). This analysis utilized a
conservative estimate of the anticipated total volume of extracted groundwater to assess whether
groundwater resources had sufficient capacity to support the maximum total required project water
demand over the estimated nine (9) month construction period. The report concluded that there was
sufficient groundwater to support the project water needs (Geo-Logic, 2010).

However, following additional discussions with project members, subsequent to the release of the
Groundwater Investigation Report, as described below, the Tule Wind Project’s anticipated
construction water supply demand is significantly less than that estimated in the Groundwater
Investigation Report, and in line with the 17.5 million gallon estimate included in the Draft
Environmental Impact Report/Environmental Impact Statement (EIR/EIS).

2.1. Calculating the Tule Wind Project’s Water Supply Demand

Based on information provided by IRI (2010) the estimated water demand has been refined. Table A
(below) summarizes the project construction activities that require water (IRI, 2010). The table
provides estimated water use totals for the original 134 wind turbine project, and the more recently
proposed 128 wind turbine project, during the construction period. Analysis of groundwater resources
in the area available for construction activity is provided in the Groundwater Investigation Report
(Geo-Logic, 2010).
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As provided by IRI, construction activities include turbine foundation construction, new and modified
access road construction, and associated dust suppression. The construction period for these activities
is anticipated to be approximately nine (9) months in length. Table A identifies the estimated water
demand based on IRI’s construction experience. In addition, the water demand estimates provided in
the table include filling four (4) 10,000 gallon water tanks one time for fire suppression. The San
Diego Rural Fire Protection District will be responsible for maintaining water tank levels for the life of
the Project.

2.2.
1.

Project Construction Activities — Estimated Water Demand
Road Construction — Up to 120,000 gallons per day (gpd) will be required over an approximate
72-day construction period, or approximately 8,640,000 gallons of water for road construction.
This amount is not anticipated to change for the 128 turbine project.

Turbine Foundation Concrete Mixing — Turbine foundation construction is estimated to require
7,500 to 15,000 gallons of water per foundation, depending on the size of the wind turbine
selected (larger turbines require more water for their foundations). Assuming construction of two
foundations per day, water demand will be approximately 15,000 to 30,000 gpd. However, if
larger turbines are used (such as a 3.0 MW turbine), then less turbines would be built to create a
201 MW project. For purposes of estimating total water demand for this construction activity,
15,000 gpd (67 days for 134 turbine foundations), or approximately 1,005,000 gallons is estimated
for turbine foundation concrete mixing. This amount would decrease slightly by approximately
45,000 gallons (6 turbines x 7,500 gallons per foundation) for the 128 turbine project.

Dust Suppression During Turbine Foundation Construction — Dust suppression activities during
turbine foundation construction is estimated to require 100,000 gpd for a maximum of 67 days for
134 turbines, or approximately 6,700,000 gallons. This amount would decrease slightly by
approximately 300,000 gallons (2 foundations per day, 6 less foundations x 100,000 gpd) for the
128 turbine project.

Dust Suppression During Turbine Erection — An estimated sixty (60) days for turbine erection
will be required. During this period of turbine erection, approximately 50,000 gpd will be
required for dust control on project roads, or approximately 3,000,000 gallons. This amount
would decrease slightly by approximately 100,000 gallons (2-3 turbines erected per day x 50,000

gpd).

Fire Protection (Four 10,000 gallon tanks) — 40,000 gallons total, which constitutes a one-time
filling of all four (4) 10,000 gallon tanks. There would be no change in this water supply estimate
under either the 134 or 128 turbine project.

Table A (below) summarizes the anticipated water demand for the 134 and 128 wind turbine projects.
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Table A

Estimated Project Construction Water Supply

for 134 Wind Turbines versus 128 Wind Turbines

Daily rate Daily rate
134 Turbines (gpd) Days Gallons 128 Turbines (gpd) Days Gallons
Road construction 120,000 72 8,640,000 | Road construction 120,000 72 8,640,000
Turbine Foundations 15,000 67 1,005,000 | Turbine Foundations 15,000 64 960,000
Dust Suppression During Dust Suppression During
Foundation Construction 100,000 67 6,700,000 | Foundation Construction 100,000 64 6,400,000
Dust Suppression During Dust Suppression During
Turbine Erection 50,000 60 3,000,000 | Turbine Erection 50,000 58 2,900,000
Fire Protection - 4 tanks 1 40,000 | Fire Protection - 4 tanks 1 40,000
Total (gals) | 19,385,000 Total (gals) | 18,940,000
Total (acre-feet) 59.5 Total (acre-feet) 58.0

2.3. Analysis of Construction Water Demand Reduction with 128 Turbine Project

As presented in the table above, a reduction of six turbines will reduce construction water demand
during turbine foundation construction by approximately 45,000 gallons (at 7,500 gallons per turbine
foundation), dust suppression during foundation construction by approximately 300,000 gallons (3
days at 100,000 gpd), and dust suppression during turbine erection by approximately 100,000 gallons
(2 days at 50,000 gpd), for a total reduction of approximately 445,000 gallons (approximately 1.4
acre-feet).

The Draft EIR estimates that the construction of the Tule Wind Project would require approximately
17.5 million gallons of water (approximately 53.7 acre-feet). (Draft EIR/EIS, 2010). The modified
128 turbine project would exceed this estimate by approximately 8%, or 1,440,000 gallons
(approximately 4.4 acre-feet).

The Groundwater Investigation Report conservatively assumed that construction water supply required

would be 65 to 125 acre-feet and concluded that there would be a sufficient water supply available to
serve this demand. Based on the revised analysis presented above, the identified groundwater supply
will be sufficient to serve either the 134 or 128 turbine projects.

3. Operations

Future operational needs for the project associated with the turbine operations and maintenance
(O&M) have been estimated at 2,500 gallons per day, equivalent to about two (2) gallons per minute
supplied by a well to be drilled in the vicinity of the O&M building. No change in water demand
associated with operation of the wind project is anticipated due to the reduction of six wind turbines.

4. Conclusion

Based on the assumptions used for the project water needs, as provided by IRI (2010) and presented
herein, when comparing the 134 turbine project (analyzed in the Draft EIR/EIS) to the 128 turbine
project, the reduction in wind turbines will result in an estimated reduction of approximately 445,000
gallons. The existing analysis included in our Groundwater Investigation Report dated December
2010, which evaluated a more conservative, higher water demand, supplemented by the analysis
herein associated with a lesser demand and smaller impact to the local groundwater resource,
demonstrates that there is a sufficient water supply available to serve the 128 turbine project.
Accordingly, the conclusions reached in the Groundwater Investigation (Geo-Logic 2010) remain
valid, as supplemented by the information and analysis provided herein. If you have any questions,
please call me at (858) 451-1136.
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