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Executive Summary

Hankard Environmental conducted noise level measurements at the Lake Winds Energy Park
(LWEP) in Mason County, Michigan in the spring of 2017. The measurements were conducted at
the request of Mason County, and followed the procedures laid out in the April 2015 Mitigation
Plan Sound Testing Protocol and the acoustical standards referenced therein, the December 2015
Consent Judgement, and the January 2017 First Amendment to Consent Judgement. The purpose
of the measurements was to determine whether noise emissions from the LWEP comply with
Section 17.70.17.a of the Mason County Zoning Ordinance, which states that noise from a wind
energy facility cannot exceed 45 dBA at the property line of an unpooled parcel on which there is
an occupied building or dwelling. Measurements were conducted at four locations: two from the
2016 measurement campaign (Locations 2 and 10), and two new locations (Locations 1 and 6).
Noise levels were measured during two different multi-day surveys: one three-day survey in
April 2017 and one five-day survey in May 2017.

Per the January 2017 First Amendment to the Consent Judgement, testing at all locations was to
be conducted with all turbines at the LWEP operating at full electrical power under unmitigated
conditions. For the purposes of this 2017 analysis, turbines operating in normal mode (NRO 0)
were considered to be at “full electrical power” when their output was 90% or more of rated
power (1,815 kW). Unfortunately, a review of power output versus wind speed data by Hankard
Environmental found that many turbines were operated in reduced power mode during the April
2017 measurements. Many of the turbines closest to the measurement locations were
programmed to reach a maximum power output of approximately 85% of full capacity. Thus, all
of the April measurement data is invalid for the purposes of this analysis. Furthermore, repairs,
programming changes, and validation of full operations were not fully completed until
approximately May 10th. Thus, no valid measurement could be obtained until at least that date.
Once Hankard Environmental received word on May 10t that turbines were back at 100%, we
began to watch the weather forecast, and not until May 16t were the winds forecast to be
sufficient for measurements. Typically, measurements on this project are conducted from mid to
late March until late May. Thus, most of the Spring 2017 measurement season was unavailable to
us due to the turbine malfunctions. Even after all repairs were made, one turbine was still
operating in reduced mode. However, this turbine is the fourth-closest to one of the measurement
locations and did not have a significant acoustical affect, and data from that site in May 2017 is
considered valid.

The Mason County noise limit applies only to noise generated by the wind turbine generators
(WTGs). However, microphones placed outside measure all noise that is present in the
environment, including that from the WTGs and that from non-WTG sources such as traffic,
aircraft, farming activities, homeowner activities, dogs, birds/insects/amphibians, and wind
blowing across the microphone and through nearby vegetation. To separate WIG from non-WTG
noise, the measured data was analyzed in accordance with the LWEP Mitigation Plan Sound
Testing Protocol, applicable portions of American National Standards Institute (ANSI) S12.9 Part
3 and ANSI S12.18, as well as methods developed by Hankard Environmental based on our
experience with previous WTG field measurement surveys.

The following paragraphs summarize, for each measurement location, the levels of WTG-only
noise measured, whether the measured levels meet the Mason County limit, and whether the
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measured data set is sufficient to confidently conclude that maximum WTG noise levels were
captured and compliance has been adequately demonstrated. Our conclusions regarding the
latter are based primarily on the provisions of ANSI S12.18. This is prudent, as the Consent
Judgement states that testing shall be conducted in accordance with the “mitigation plan and
incorporated protocols”, which refers to the Mitigation Plan Sound Testing Protocol. The Sound
Testing Protocol states that testing “will follow the procedures of ANSI Standard S12.9/Part 3...
and ANSI S12.18”. ANSI S12.9 primarily covers the procedures for measuring noise levels and
analyzing the resulting data to determine WTG-only noise levels.

The purpose of ANSI S12.18 is “to specify procedures for measuring and reporting sound
pressure levels from specific sources outdoors and to specify a set of reproducible atmospheric
conditions to obtain reproducible measurements”. The Applications section of ANSI S12.18 says
“A major application of this standard is obtaining reproducible sound pressure levels from the
same source at the same microphone location on different days”. Section 7.4 of S12.18 states that
“repeated measurements at a receiver position are required to assess the repeatability of the
measurement results” and “A minimum of three repetitions under equivalent conditions is
recommended."

Given that the noise level data measured for this study will be used to demonstrate that maximum
WTG-only noise levels are consistently in compliance with Mason County Standards, not just
during the measurements but for all time going forward, the data set needs to be robust. This is
further mandated by the complexities of WTG noise emissions (changing source strength,
multiple large noise sources located high in the air, and sources located in many different
directions from receptor locations), and the complexities of the propagation of WTG noise
through the atmosphere (varying atmospheric conditions including stability, wind direction, and
wind speed).

In our professional opinion, for a given set of data to be used to confidently conclude that
maximum WTG-only noise levels have been captured, and that the levels are reasonably
representative of the maximum levels that regularly occur at a site, even a conservative reading
of ANSI 512.18 would require the following;:

1. The source should be at full power. This is defined on this project as the nearest turbine(s)
at 90% of full electric power or greater on a 10-minute average basis. Clearly, the closest
turbine must be at full power. In most cases, the second-closest turbine has a measurable
effect on the total WIG-only noise, so it should also be at full power. Having additional
nearby turbines at full power only increases the quality of the data.

2. The atmospheric conditions should include, at a minimum, the wind direction, wind
speed, and temperature inversion parameters defined by ANSI S12.18. It is also known
that noise propagates more efficiently in a stable atmosphere, thus this condition increases
the quality of the data.

3. The quantity of data needed depends on both the quality of the data and how close the
measured levels are to the limit. The standard is clear in that “a minimum of three
repetitions under equivalent conditions is recommended." Thus, three 10-minute periods
of valid data should be the minimum requirement. To determine if the data satisfies the
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standard’s call for the measured noise levels to be representative of maximum WTG noise
levels on “different days”, the data should either (1) be actually conducted on different
days (nights) and show similar, reproducible results, or (2) be of a quantity and quality
on one day (night) such that reproducibility is well demonstrated. For example, a
significant quantity (at least twice the minimum of 3 periods to represent two nights) of
high quality data (four closest turbines at full power and a stable atmosphere) could be
used to confidently claim compliance. Also of importance is how close the results are to
the limit. Results that are within 1 dB of the limit should receive more scrutiny than those
that are 2 to 3 dB below the limit.

It is within this framework that the following conclusions are made regarding the 2017 noise level
measurement data, and the confidence with which it can be used to demonstrate compliance with
the Mason County noise level standard.

Location 1

The noise level data collected on the night of May 16-17, 2017 are representative of loudest WTG
conditions. The wind direction was from the south, placing T-23, T-20, and T-24 upwind of the
measurement location and T-10 downwind. There were 15 10-minute periods during which the
closest turbine (T-23) was operating at full power. Of these, there were 9 periods during which
the closest 2 turbines were at full power, and 6 periods during which all four closest turbines
were at full power. The total measured noise level (10-minute Leqs, dBA), including noise from
both turbine and non-turbine sources, ranges from 42.8 to 43.2 dBA. A shutdown of the nearby
turbines was conducted, and the measured ambient noise level was 35.6 dBA. The resulting WTG-
only noise levels range from 42.2 to 42.5 dBA (10-minute Legs), all of which comply with the 45
dBA standard. Data collected on the other two nights of measurements in 2017 were not valid
due to nearby turbines being operated in reduced-power mode.

The measured WTG-only one-third octave band frequency spectra show only a weak
resemblance to the characteristic shape of WTG-only noise that has previously been identified at
the LWEP. As described in the Noise Level Compliance Report for the Lake Winds Energy Park
- Spring 2016 Noise Level Measurements (Figure 7-5 therein), WTG-only spectra contain low
frequency noise levels below 60 dB, a dip in the 125 to 200 Hz region, a peak at 315 Hz, and a
steady drop off in noise levels above this peak (approximately 9 dB per octave). The somewhat
weak resemblance of the Location 1 spectra to this shape are due to the relatively low WTG noise
levels (because of the greater distance to the nearest turbines relative to other locations) and the
presence of some background noise (mainly ground wind) remaining in the WTG-only levels
even after processing.

The data collected at Location 1 in 2017 are sufficient to confidently demonstrate compliance with
the Mason County standard. While only consisting of one night, the data are of high quality (four
closest turbines at full power, stable atmosphere), the atmospheric conditions were within ANSI
S12.18 parameters, three times the minimum number of data points were collected, and the
resulting levels are more than 2 dB below the standard. Thus, compliance is considered
demonstrated, and no further testing is recommended.
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Location 2

The noise level data measured on the night of May 17-18, 2017 are representative of loudest WTG
noise conditions. The wind direction was from the south-southwest, placing T-6 and T-4
downwind of the measurement location, and T-15 and T-18 upwind. After a storm passed
through, measurement conditions were excellent for the direct measurement of WTG-only noise
levels due to the significant decrease in ground-level wind speeds. There were three 10-minute
periods when the nearest turbine (T-6) was operating at full electrical power. During one of these
periods, three of the four closest turbines were at full power, and the third-closest was at 88%.
The measured 10-minute noise levels range from 43.8 to 44.3 dBA, all of which comply with the
45 dBA standard. No shutdown was conducted due to the compliance of the directly measured
noise levels, and because of the warm temperature it would have taken about two hours for the
turbine cooling fans to completely shut off, at which point the sun would be rising and traffic
would increase, thus significantly changing conditions. As expected, even the directly measured
one-third octave band spectra for the three full-power 10-minute periods show the characteristic
shape of WTG-only noise. Data collected on two other nights in 2017 were not valid due to nearby
turbines being operated in reduced-power mode (April) or insufficient wind for full power
operation (May).

The data collected at Location 2 on May 17-18, 2017 provide one night of valid data. However, in
our opinion it cannot be used alone to confidently conclude that noise levels are in compliance
with the Mason County standard. This is because the nearest turbine was at full power for only
the minimum three periods, let alone twice that many. During only one of these periods were the
nearest two turbines at full power. In our opinion, this does not satisfy ANSI S12.18 as described
above. Furthermore, the data collected at Location 2 in 2016 was insufficient to assess compliance.

Location 6

The noise level data collected on the night of May 16-17, 2017 are representative of loudest WTG
noise conditions. The wind direction was from the south, placing all four closest turbines (T-28,
T-34, T-39, and T-38) upwind of the measurement location. There were eight 10-minute periods
during which the closest turbine (T-24) was operating at full power, of which six periods had the
closest 3 turbines at full power. The fourth-closest turbine (T-38) never reached full power, as it
was apparently being operated in a reduced-noise mode. This is not significant due to the relative
distance of this and the other 3 turbines. Thus, the resulting measurements contain 8 10-minute
periods that are valid for demonstrating compliance at Location 6.

During this night, total levels were in the 45 to 46 dBA range, and field personnel noted the
influence of frogs and wind on the measured levels. Because of this, all turbines within
approximately 8,000 feet of Location 6 were shut down to obtain an ambient noise level. The two
10-minute periods toward the end of the shutdown were representative of ambient conditions, as
this was when the turbine cooling fans finally became inaudible. The wind speeds during the
turbine-on periods were within 1.5 m/s of the values during the ambient periods, which is in
accordance with the Mitigation Plan Sound Testing Protocol.

The ambient noise levels were subtracted from the total measured noise levels in accordance with
ANSI S12.9. The resulting WTG-only noise levels range from 43.7 to 44.1 dBA, all of which comply
with the Mason County standard. The spectra resemble the characteristic shape of WTG-only
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noise that has been previously identified at the LWEP. At this site, this includes a dip around 200
Hz and a peak at 315 Hz. The slope above the peak was not as steep in this case due to the
significant amount of frog noise at 1 kHz and 2 kHz.

The data collected at Location 6 in 2017 provide one night of valid data. However, in our opinion
it cannot be used alone to confidently conclude that noise levels are in compliance with the Mason
County standard. This is primarily because the measured WTG-only noise level is within 1 dB of
the standard. In addition, the six valid periods of data represent the minimum number of
samples, but over the same night instead of two different nights. Finally, the fourth-closest
turbine was in reduced-power mode.

Location 10

The noise level data collected on the night of May 19-20, 2017 are representative of loudest WTG
noise conditions. The wind direction was from the east-northeast, placing the nearest turbine (T-
47) in a downwind/crosswind position, T-46 upwind, T-49 crosswind, and T-50 downwind of the
measurement location. The two closest turbines (T-47 and T-46) reached full power during one
10-minute period. During that period, T-49 was at 74% power and T-50 was at 82% power. The
measured total noise level during this period was 44.8 dBA, which complies with the Mason
County standard. The spectrum for this period shows only a weak resemblance to a WTG-only
spectrum, with the 200 Hz dip and the 315 Hz peak mostly obscured by wind noise. Therefore,
this level of 44.8 dBA certainly contains some background noise, and the WTG-only level is
certainly lower.

The data collected at Location 10 in 2017 provide one 10-minute period of valid data. Noise levels
were collected on other nights in 2017 at Location 10, but the nearest turbines were not operating
at full power during any of those periods. In 2016, valid noise levels were collected for two 10-
minute periods on one night and one 10-minute period on another night. During these three 10-
minute periods in 2016, the nearest turbine operated at full power, but operations of the other
nearby three turbines ranged from 50 to 80%. At no time did the nearest two turbines operate at
full power. Thus, even taken collectively, the valid 2016 and 2017 data at Location 10 only provide
one night of data that satisfy ANSI S12.18. Additionally, the WTG-only noise levels are within 1
dB of the standard.

Future Testing Recommendations

At this point in the 2016-2017 noise testing process, a sufficient number of valid test samples have
been obtained on a sufficient number of nights to confidently conclude that maximum WTG-only
noise levels are in compliance with the Mason County standard at Location 5 (from 2016) and
Location 1 (2017). Valid WTG-only noise levels have been obtained on one night at each of
Locations 2, 6, and 10, and all measured levels comply with the Mason County standard. In our
opinion, one additional night of valid data should be obtained at each of these three locations in
order to confidently conclude that WTG-only noise levels are in compliance with the Mason
County standard.
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1. Introduction

The Lake Winds Energy Park (LWEP) is a 100 megawatt (MW) utility-grade wind energy system
consisting of 56 Vestas V100-1.8 MW wind turbine generators (WTG) located in the Riverton and
Summit Townships of Mason County, Michigan. The general location of the facility is shown in
Figure 1-1, and the layout of the facility is shown in Figure 1-2. The LWEP was constructed in
2011 and 2012, and began commercial operation in November 2012. Noise emissions from the
LWEP must meet the sound level limits of the Mason County Zoning Ordinance!. Post-
construction sound studies were completed by other acoustical consultants in 2013, 2014, and
2015. Court proceedings arose from those test results.

Subsequent to the initiation of legal action, a Mitigation Plan Sound Testing Protocol? was agreed
to by the parties. In 2015, testing according to this protocol confirmed that the noise mitigation
measures (Noise Reduced Operation (NRO) Mode 2) in place at four of the eight original testing
locations were both necessary and sufficient to maintain compliance. Pursuant to the December
2015 Consent Judgement?, turbines near one of the eight original testing locations (Location 7) is
to remain in NRO Mode 2 for the remainder of LWEP operations. After three rounds of testing at
another of the locations (Location 5), there was still no viable data for the Mason County Planning
Commission (the Commission) to form a conclusion on compliance.

Through the terms of the December 2015 Consent Judgement, the Commission selected Hankard
Environmental, Inc. as a new third-party acoustical consultant. Hankard Environmental is a
Wisconsin-based acoustical consulting firm with significant wind energy facility noise
measurement and analysis experience. The Commission requested that Hankard Environmental
conduct a new post-construction sound survey per the Consent Judgement and the April 2015
revision* to the Mitigation Plan Sound Testing Protocol.

Hankard Environmental conducted testing at four locations around the LWEP in the spring of
2016. Testing was conducted during three four-day surveys: one in each of March, April, and May
2016. These surveys and their results are outlined in Hankard Environmental’s Noise Level
Compliance Report for the Lake Winds Energy Park - Spring 2016 Noise Level Measurements3,
which was submitted to Mason County in August 2016.

1 Mason County, Michigan. Mason County Zoning Ordinance, Section 17.10 — Utility Grid Wind Energy Systems,
Subsection 17.a — Sound Level Limits.

2 Appendix 2 of April 18, 2014 memorandum from Consumers Energy to Mason County.

3 Consent Judgment. Consumers Energy Company v. Mason County. 51 Circuit Court for the County of Mason, Case
No. 14-09-AA. Entered December 18, 2015.

4 Appendix 2 of May 8, 2015 memorandum from Consumers Energy to Mason County.

5 Hankard Environmental, Inc. Noise Level Compliance Report for the Lake Winds Energy Park — Spring 2016 Noise
Level Measurements. August 2016.
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Pursuant to the January 2017 First Amendment to the Consent Judgement® and the March 2017
update to the Mitigation Plan Sound Testing Protocol’, Hankard Environmental conducted
further testing at four locations at the LWEP in the spring of 2017. Testing was conducted during
two multi-day surveys: one in April and one in May.

This report describes the Mason County noise standard, the layout of the LWEP and the locations
where noise levels were measured in 2017, the noise level measurement methods and data
analysis methods, the resulting noise levels, and conclusions regarding the sufficiency of the
measured data to confidently conclude whether the LWEP WTG-only noise levels comply with
the sound level limits of the Mason County Zoning Ordinance. The latter takes into account the
noise levels measured in 2016 as well.

6 First Amendment to Consent Judgment. Consumers Energy Company v. Mason County. 51st Circuit Court for the
County of Mason, Case No. 14-09-AA. Entered January 10, 2017.
7 Appendix 2 of March 3, 2017 memorandum from Consumers Energy to Mason County.
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Figure 1-1: General Location of the LWEP
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Figure 1-2: LWEP Facility Layout
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2.  Applicable Regulation

Noise emissions from the LWEP must adhere to the sound level limits contained within the
Mason County Zoning Ordinance, Section 17.70, Subsection 17.a. The pertinent portion of this
ordinance is provided below.

17. Noise levels.
a. Sound Level Limits.

1. The A-weighted equivalent sound level (LA.q) measured at the property line of an unpooled
(single) parcel (as defined in subsection 19 hereof) upon which there is an occupied building
or dwelling shall not exceed 45 dBA. If the unpooled parcel does not have an occupied
principal building or dwelling on it, then the 45 dBA sound limit may be exceeded at the
property line; provided that when an occupied principal building or dwelling is built on such
unpooled parcel after the special land use permit has been issued, the sound level shall not
exceed 45 dBA measured at the nearest wall of the occupied building or dwelling located on
the unpooled parcel and in compliance with the minimum required front, side and rear yard
setbacks then in effect within the zoning district in which the occupied building or dwelling
is located.

2. On a pooled parcel, the ten-minute LA.q sound level measured at the wall of an occupied
building nearest to the wind turbine or turbines shall not exceed 55 dBA.

3. These sound level limits are to be evaluated using the A-weighted equivalent sound level
(LAeq) descriptor. The LAeq should be measured using a ten-minute time interval.

4. The sound level limits listed above apply to the contribution from the wind energy system
only and do not include contributions from background ambient sounds.
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3. Noise Level Measurement Methods

3.1 Equipment

All noise measurement equipment used on this project meets the Type 1 requirements of
American National Standards Institute (ANSI) standard S1.48. Noise levels were measured using
Larson Davis Model 831 sound level meters, associated pre-amplifiers, and “2-inch-diameter free-
field precision microphones. All noise measurement and field calibration equipment was certified
by a traceable laboratory within the past year. (Calibration certificates can be found in Appendix
A). In addition, field calibrations were conducted before and after each measurement. The drift
in the measured noise level was minimal (+0.2 dB over the entire measurement survey) and
within acceptable limits defined by ANSI standards.

The microphones were mounted on tripods and positioned approximately 1.5 meters above the
ground (per ANSI standard 512.9%). The microphones were covered with hydrophobically treated
seven-inch diameter, 80 pores per inch density windscreens (ACO-Pacific WS7-80T). All
electronic equipment was contained in weatherproof cases and was powered by batteries.

At each measurement location, ground wind speed and direction were measured using a Vaisala
WXT532 ultrasonic anemometer mounted on a tripod approximately 2 meters above the ground
(per ANSI standard S12.18%), and placed within approximately 3 meters of the microphone.
Figure 3-1 shows a typical noise/wind measurement configuration.

The sound level meters were time-synchronized with the LWEP control system to within
approximately 1 second to allow for the integration of noise and ground wind data with WTG
operations data. The sound level meters were configured to continuously measure and record 10-
second averages of the following metrics: overall Leq, Lio, Lso, and Log, as well as the one-third
octave band Leq levels (6.3 Hz to 10 kHz). The meters also logged ground wind speed and
direction every 10 seconds.

8 ANSI. American National Standard Specification for Sound Level Meters. Standard ANSI S1.4-1983 (R2006).

9 ANSI. Quantities and Procedures for Description and Measurement of Environmental Sound — Part 3: Short-term
Measurements with an Observer Present. Standard ANSI/ASA $12.9-2013/Part 3. Available at webstore.ansi.org.
10 ANSI. Outdoor Measurement of Sound Pressure Level. Standard ANSI/ASA $12.18-1994 (R2009).
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Figure 3-1. Typical Noise/Wind Measurement Setup

3.2 Locations

As mandated by the Mitigation Plan Sound Testing Protocol, the Consent Judgement, and the
First Amendment to the Consent Judgment, measurements were conducted at four sites:
Locations 1, 2, 6, and 10. Figures 3-2 through 3-5 each show a map of one measurement location.
Table 3-1 lists, for each measurement location, the distance and direction to the nearest four
turbines. (The directions listed are from the measurement location to the turbine.)

Table 3-1: Distance and Direction from Measurement Locations to Nearest Turbines

Meas Nearest Turbine 2nd Nearest 3rd Nearest 4th Nearest
Loc ID Dist Dir ID Dist Dir ID Dist Dir ID Dist Dir
(ft)  (deg) (ft) (deg) (ft)  (deg) (ft)  (deg)
T-23 1540 180 T-20 1,800 130 T-10 2,170 330 T-24 2,330 220
T6 1040 20 T-15 1,650 210 T4 2,040 0 T-18 2,100 170
T-28 1,030 160 T-34 2,870 180 T-39 3,960 200 T-38 4,020 160
10 T-47 1430 280 T-46 1,560 80 T-49 1,780 140 T-50 2,530 220
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Figure 3-2: Map of Measurement Location 1
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Figure 3-3: Map of Measurement Location 2
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Figure 3-4: Map of Measurement Location 6
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Figure 3-5: Map of Measurement Location 10
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3.3 Dates

Noise levels were measured during two multi-day surveys in April and May of 2017. After
contracting was complete in mid-February, staff monitored the weather forecast for the area on a
daily basis. The first survey was scheduled as soon as sufficient nighttime hub-height wind
speeds were forecast. Once on-site, measurements were conducted each night unless the wind
turbines were not operating at sufficient power and not forecast to do so, or during rain or storms.
Staff stayed on-site for four to six nights, and only left when the forecast called for prolonged
periods (i.e. days) of insufficient hub-height wind speeds or inclement weather. This process was
planned to continue until three surveys had been completed, or until the beginning of June, at
which time weather and other environmental conditions have historically been less conducive to
measuring turbine noise.

Table 3-2 lists the dates and times when measurements were conducted. Although the LWEP is

in the Eastern time zone, the turbine control system is on Central time, thus all dates and times in
this report are given in Central Daylight Time (CDT) to synchronize with the control system.

Table 3-2: Dates and Times of Spring 2017 Measurements

Date Location Start Time End Time Location Start Time End Time

(CDT) (CDT) (CDT) (CDT)

April 8-9 1 21:30 4:00 6 21:50 3:40

April 9-10 1 19:00 1:20 6 19:50 1:10

April 10-11 2 15:30 17:14 10 15:30 17:10

May 16-17 1 20:40 3:08 6 21:.00 3:.00

May 17-18 2 20:50 4:00 6 21:10 4:00
May 18-19 2 21:20 0:00 - - -
May 19-20 10 1:10 4:30 - - -
May 20-21 10 20:10 23:.00 - - -

3.4 Procedures

The measurement and analysis procedures followed the applicable portions of ANSI S12.9 Part 3
(2013) Quantities and Procedures for Description and Measurement of Environmental Sound:
Short-Term Measurements with an Observer Present, and ANSI 512.18-1994 (R2009) Outdoor
Measurement of Sound Pressure Level. Noise levels were measured at two locations on any given
night, except on nights when forecast turbine operations and wind direction indicated that only
one location had a chance of producing valid measurements. The selection of which locations to
measure on any given night was made by Hankard Environmental on the day of the
measurement, and was based primarily on wind direction and forecast wind speed at a height of
100 meters. (In general, the loudest WTG noise levels are measured when the closest turbines are
situated upwind of the measurement location and the hub-height wind speed is approximately
10 m/s.) Once measurement locations for the day were chosen, wind conditions were monitored
and field staff deployed to the locations as soon as turbine operations exceeded approximately
50% of capacity. The measurement equipment was set up, which generally takes about 15
minutes, and left to run continuously as described in Section 3.1 above.
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Next, field staff began noting the audibility of turbine noise and flagging the times when non-
WTG noise sources were present, including but not limited to traffic, aircraft overflights, wind
blowing through nearby vegetation, insects/birds/frogs, and barking dogs. Based on our
experience with previous wind turbine noise measurement projects, the type of notes that prove
most useful in the subsequent data analysis depends on the onsite conditions.

On nights when ground winds are calm (less than about 1 to 2 m/s) and non-WTG noise sources
are present infrequently, one only needs to note the approximate times when non-WTG noise is
audible. After a review of the resulting noise level time history and frequency spectra to remove
any non-WTG event noise, the remaining dataset consists of primarily WIG-only noise. Figure
3-6 shows an example field measurement form from such a night.

The more challenging situation is a night when ground wind speeds are moderate (about 2 to 5
m/s) on a continuous basis, and/or consistent non-WTG noise (particularly traffic) is present. In
this case, the objective of the field notes is to identify those periods when WTG noise is most
prominent. For example, 10-second intervals are noted when there was a lull in ground wind or
when no traffic was audible. Intervals when wind or traffic is particularly audible are also noted.
In the subsequent analysis of the data, frequency spectra from these 10-second intervals are
compared to determine which times are and are not related to WTG operations. Figure 3-7 shows
an example field form from such a night.

Turbine shutdowns were conducted in order to measure the ambient (non-WTG) noise levels. If
the non-turbine conditions (wind, local activity, insect/bird/frog noise) during the shutdown are
comparable to the conditions while the turbines are at full power, the ambient noise level can be
logarithmically subtracted from the full-power turbine-on level to determine the WTG-only level.

After the first week of testing in March 2016, Hankard Environmental concluded that shutting
down the turbines every other hour (as outlined in the Mitigation Plan Sound Testing Protocol)
is only necessary if during any given measurement it is the opinion of field personnel that the
WTG-only noise level is approaching or greater than the 45 dBA limit. This determination comes
from our intent watching of the instantaneous noise level (Leq, fast, dBA), listening to the acoustic
environment, and monitoring of the L¢q calculated over the 31 to 1,000 Hz octave bands only.
Until the WTG-only noise level regularly exceeds about 44 dBA, it is preferable to keep the
turbines running. This maximizes the amount of time spent measuring “turbine on” conditions,
which maximizes the chance that the loudest turbine conditions will be captured.

This is particularly important for establishing the repeatability of the turbine-on levels. In
addition, it takes time for the turbines to fully shut down. Once the shutdown signal is sent to a
turbine, the blades stop rotating within minutes. However, the cooling fans continue to run until
the internal nacelle temperature reaches a fixed setpoint. Depending on the outside temperature,
this can take from 45 minutes to over 2 hours. An accurate “turbine off” measurement cannot be
made until the fans are inaudible. During the intervening time, it is possible for the local
conditions and ground winds to change dramatically, making the “turbine off” measurement not
comparable to the “turbine on” measurement.
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Figure 3-6: Field Notes from a Night when WTG Noise was Dominant
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Figure 3-7: Field Notes from a Night when Non-WTG Noise was Dominant
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4. Source and Atmospheric Conditions during Measurements

The goal of this study is to determine if noise levels from the WTGs are in compliance with the
Mason County Zoning Ordinance, which states that WTG noise levels “shall not exceed 45 dBA”
at an unpooled parcel. If a small number of noise samples are used to demonstrate compliance
for all time, the measurements must capture conditions that produce the loudest WTG noise
levels at residences. Loudest conditions are present when (1) nearby WTG operations are at or
near full capacity, (2) the measurement locations are downwind from the noise sources, and (3)
atmospheric conditions are conducive to efficient propagation of sound from the turbines to the
measurement locations. The following sections describe the extent to which each of these
conditions was present during the spring 2017 measurements, and Section 4.4 outlines which
measurements represent the loudest conditions for each site.

41 Turbine Operations

The Vestas V100-1.8 turbines reach their maximum acoustical output when hub-height wind
speeds are approximately 10 m/s, at which point the turbine rotor reaches its maximum
rotational speed. Winds speeds in excess of this create more electrical power, but do not create
additional acoustic output because the blades do not rotate any faster. For the purposes of this
analysis, maximum turbine operation is defined by the Mitigation Plan Sound Testing Protocol,
which states “Full electrical power shall be defined as the nearest mitigated turbine(s) to a test
location producing at least 80% of rated electric power in the applicable Mode 2, or 90% for the
nearest turbine operating in NRO Mode 0 (test site 5 only). If testing under full electrical power,
and suitable weather/ambient sound conditions, is not achieved in six nights, the testing shall be
extended”. Given that all turbines are to be running in normal mode for the spring 2017 testing,
it is the 90% threshold that applies. Table 4-1 lists, for each location and measurement day, the
number of 10-minute intervals during which there was full electrical power production (= 90%)
at the four nearest turbines.

4.2 Wind Direction

In general, outdoor noise levels are louder downwind of a source than they are upwind or at
some intermediate angle. In the case of wind farms, this is not straightforward because the noise
sources (nearby turbines) are distributed around and in many different directions from any given
measurement location. Wind direction is less important for those turbines within approximately
2,000 feet because WTG noise emissions are similar upwind and downwind of the turbine (and
somewhat lower to the sides). Wind direction and atmospheric conditions become more
important for middle-distance turbines (2,000 to 5,000 feet), as they play a greater role in how
much emitted sound energy reaches a measurement location. Turbines that are more than 5,000
feet from measurement locations where the closest turbines are in the 1,500-foot range do not
significantly affect the total measured level, as their contribution is more than 10 dB below that
from the closest turbines, adding a negligible amount to the total sound level. Table 4-2 lists the
prevailing wind direction during each measurement, as well as which locations were downwind
of which turbines.
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Table 4-1: Turbine Operations During 2017 Measurements

Number of Valid 10-Minute Periods with Full Power

Location Date Nearest Nearest Nearest
Upwind Turbine 2 Turbines 4 Turbines

April 8-9 0 0 0

1 April 9-10 0 0 0
May 16-17 15 9 6

April 10-11 0 0 0

2 May 17-18 3* 1* 0
May 18-19 0

April 8-9 5 0 0

6 April 9-10 0
May 16-17 8 7 0

May 17-18 0* 0* 0

April 10-11 0 0

10 May 19-20 1 1 0
May 20-21 0 0

* After excluding periods with excessive wind noise contamination or ground wind speed above 5 m/s

Table 4-2: Turbine Wind Orientation Relative to Measurement Location

Wind  Nearest Turbine 2nd Nearest 3rd Nearest 4th Nearest
Location Date Direction ) - . i . . . .
(from) ID Orientation ID Orientation ID Orientation ID  Orientation

April 8-9 S T-23  upwind T-20 crosswind T-10 downwind T-24  upwind
1 April9-10  SSW  T-23  upwind T-20 crosswind T-10 crosswind T-24  upwind
May 16-17  SSW  T-23  upwind T-20 crosswind T-10 crosswind T-24  upwind

April10-11  NNE T-6 upwind T-15 downwind T-4 upwind T-18  downwind
2 May 17-18 SSW  T-6 downwind T-15  upwind T-4  downwind T-18  upwind
May 18-19 N T-6 upwind T-15 downwind T-4 upwind T-18 downwind

April 8-9 SSW  T-28  upwind T-34  upwind T-39  upwind T-38  upwind
April 9-10 S T-28  upwind T-34  upwind T-39  upwind T-38  upwind
May 16-17  SSW  T-28  upwind T-34  upwind T-39  upwind T-38  upwind
May 17-18 SSW  T-28  upwind T-34  upwind T-39  upwind T-38  upwind

April 10-11  NNE  T-47 crosswind ~ T-46 crosswind  T-49 crosswind  T-50 downwind
10 May 19-20 ENE  T-47 downwind T-46  upwind T-49  crosswind T-50 downwind
May 20-21 E T-47 downwind ~ T-46  upwind T-49  upwind T-50 crosswind
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4.3 Atmospheric Conditions

Certain atmospheric conditions can increase or decrease the level of sound received at the ground
away from the source. The most important of these are atmospheric stability, wind gradients, and
temperature inversions. Atmospheric stability describes the tendency of pockets of air to move
vertically. During sunny days, the sun heats the ground and the ground then heats the air. Heated
masses of air rise and shift, and in this unstable state, there is a lot of atmospheric mixing and
turbulence. These conditions are not favorable for sound propagation, and therefore
measurements taken under such conditions should not be considered representative of loudest
conditions. Neutral stability is more favorable for sound propagation, and a stable atmosphere is
most conducive to long-range sound propagation. Atmospheric stability is rarely measured
directly, and for this study was inferred based on other observations (such as ground wind speed,
time of day, solar insolation, and cloud cover) using the meteorological Pasquill stability classes.

After sunset and at night, there is a greater chance for both wind gradients and temperature
inversions to occur. A wind gradient is the difference between the wind speeds at the ground and
at hub height. A strong positive wind gradient is when ground wind speeds are low (< 3 m/s)
while hub-height wind speeds are relatively high ( 8 m/s). Under these conditions, sound
waves traveling away from and downwind of a source bend down toward the ground and noise
levels are greater than in the upwind direction. Temperature inversions, where temperature
increases with height, bend sound waves down toward the ground in all directions from the
source. Noise levels during a temperature inversion are, as a result, louder than what they would
be otherwise. Temperature inversions form most often on calm, clear evenings and nights, when
the ground (no longer heated by the sun) and the air close to the ground cool faster the air higher

up.

In the next section, Table 4-3 lists the atmospheric stability and the strength of the wind gradient
during each measurement. On many nights, turbine operations were at or near maximum (high
hub-height wind speeds) and ground winds were low, indicating a strong wind gradient. On
days when conditions required late afternoon measurements, both hub-height and ground winds
were low to moderate, indicating a weak wind gradient.

44  Representation of Loudest Conditions

Table 4-3 summarizes, for each measurement, the occurrence of full operation of at least the
closest turbine for at least one 10-minute interval, the observed atmospheric stability, and
whether the wind direction was such that the measurement location was downwind of the
nearest turbine(s). Also shown is our opinion as to whether the measured noise levels are
representative of the loudest condition that might occur at each location.

At Location 1, data representative of loudest conditions was measured on May 16-17. Optimal
wind and atmospheric conditions were present, and all four nearest turbines were operating at
full power. Thus, as described in Section 7 below, definitive conclusions can be reached about
WTG noise levels at Location 1 on one night. On the other nights, nearby turbine operations were
not at full power due to being in low power mode.

LWEP Spring 2017 Noise Level Compliance Analysis — September 2017 23



Data representative of loudest conditions was measured at Location 2 on May 17-18. The closest
two turbines operated at full power, although only for one 10-minute period. The atmosphere
was stable at this time, and the south-southwest wind placed the nearest turbines either directly
upwind or downwind of the measurement (which the best that can be expected due to Location
2 having nearest turbines to the north and south). On the other nights, nearby turbine operations
were not at full power due to being in low power mode (April) or lack of sufficient wind (May).

In April at Location 6, the nearest turbine was (just) at full power, but the second- and fourth-
closest turbines were running in reduced-noise mode. Therefore, these nights are not
representative of loudest conditions. On May 16-17, there were six 10-minute periods of full
operations at the nearest three turbines, the wind and stability criteria were satisfied, and
therefore this data is representative of loudest conditions. On May 17-18, prior to a storm passing
through, full operations were achieved at the nearest three turbines and the atmospheric stability
was neutral. However, the pre-storm data contained a significant amount of wind noise, and no
background levels could be measured due to the storm and the difference between pre- and post-
storm wind conditions. Therefore, data from this night is not useful for determining compliance.

At location 10, there was one 10-minute period on May 19-20 when the closest two turbines were
at full power and the atmosphere was neutral. This data is considered representative of loudest
conditions. On the other nights, nearby turbine operations were not at full power. On the other
nights, nearby turbine operations were not at full power due to being in low power mode (April)
or lack of sufficient wind (May).

Table 4-3: Measurements Representative of Loudest Conditions

. i ?
Wind  Loudest .. Atmospheric Full Turbine Power? Loudest

Location ~ Date  Direction Wind o oy Stability ~ Nearest Nearest Nearest ¢ itiong?

(from) Direction? Upwind 2
April 8-9 S YES strong neutral no no no no
1 April 9-10  SSW YES strong unstable/neutral  no no no no
May 16-17  SSW YES strong stable YES YES YES YES
April10-11  NNE YES  v.weak neutral no no no no
2 May 17-18  SSW YES  v.strong stable YES  YES no YES
May 18-19 N YES weak neutral no no no no
April 89  SSW YES mid neutral YES no no no
6 April 9-10 S YES mid  unstable/neutral YES no no no
May 16-17  SSW YES strong stable YES  YES no YES
May 17-18 SSW YES strong neutral YES  YES no no
April10-11  NNE no v. weak neutral no no no no
10 May19-20 ENE YES strong neutral YES YES YES YES
May 20-21 E YES weak neutral no no no no
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5. Noise Level Analysis Method

As described in Section 2, the noise level limit at the property line of an unpooled parcel upon
which there is an occupied building or dwelling is 45 dBA. However, this applies to WTG noise
only, and the microphones placed at the measurement locations measure noise from the WTGs,
as well as that from traffic, planes, birds/insects/amphibians, the activities of residents, and wind
blowing across the microphone and through vegetation. The measurement data must be analyzed
in order to separate WTG noise from non-WTG noise. The data analysis process is outlined in the
LWEP Mitigation Plan Sound Testing Protocol, follows applicable portions of ANSI S12.9 Part 3,
and includes techniques developed by Hankard Environmental based on our in-depth experience
with other wind turbine noise projects.

The first step in the data analysis process is to identify all of the 10-minute periods for which the
closest WTG was operating at full electric power (90% of rated load or greater). According to the
Mitigation Plan Sound Testing Protocol, it is these periods that must be analyzed to determine
compliance. Other periods may be analyzed, but only for the sake of providing additional
information that may be useful in general, and not to determine compliance.

The next step in the Mitigation Plan and ANSI 512.9 data analysis method is to create and review
noise level versus time plots (time series) for each measurement survey at each location. For those
10-minute periods being analyzed, the 10-second samples during which non-WTG noise was
noted by field technicians are removed. This mainly applies to noise from traffic, planes, dogs,
etc. In addition, Hankard Environmental reviews the frequency spectrum of each 10-second
sample remaining in the dataset. We further eliminate 10-second samples that have an erratic
spectral shape, often due to sources that the technicians may not have noticed. WTG-only noise
level has a distinct spectral shape, and no 10-second samples with any sign of WTG noise are
eliminated in this manner. Finally, per ANSI S12.9, noise level measurements made when ground
wind speeds exceed 5 m/s are discarded. ANSI S512.9 allows for the elimination of up to half of
the data points in any given interval (10 minutes in this case). The remaining 10-second Leq
samples are then used to calculate the 10-minute Leg.

Next, per ANSIS12.9, the overall A-weighted Leq can be re-calculated using only the 31.5 through
1,000 Hz octave band noise levels if there is noise present from bird/insect/amphibian noise or
wind noise present. Given that noise from frogs and/or wind was audible during all of the Spring
2017 measurements, this method was applied to all of the measured data. The resulting noise
level is termed the “special Leq” herein, noted as Leqs (ABA). This was applied to both turbine-on
and turbine-off measurements.

On nights when a valid background noise level was obtained (turbines off), this was
logarithmically subtracted from the turbine-on noise level (after having a 1.5 dBA uncertainty
subtracted from it per ANSI 512.9) to obtain the WTG-only 10-minute Legs (ABA). On nights when
no valid background noise level data was obtained, the measured levels were taken directly as
the WTG-only levels. It is these WTG-only noise levels that were compared to the Mason County
standard.

LWEP Spring 2017 Noise Level Compliance Analysis — September 2017 25



6. Measurement and Analysis Results

This section describes the results of the noise level measurements and data analysis for each
location. Conclusions are given in Section 7, along with statements on data validity and
compliance with Mason County standards.

6.1 Location1

April 8-9, 2017

Measurements were conducted between 21:30 CDT on April 8% and 4:00 on April 9t. The wind
direction was from the south, placing T-23, T-20, and T-24 upwind of the measurement location
and T-10 downwind. Of the four closest turbines only T-10 (the third closest) consistently
operated at full output during the measurements. T-20, the second closest turbine, reached 90%
power during approximately 50 minutes of the night (0:30 to 1:10). However, the closest turbine
(T-23) never achieved 90% power, and its output never exceeded 1,540 kW. Therefore, the April
8-9 measurements contain no 10-minute periods that are valid for determining compliance at
Location 1, because the nearest turbine was being operated in reduced power mode.

April 9-10, 2017

Measurements were conducted between 19:00 on April 9t and 1:20 on April 10t. The wind
direction was from the south, placing T-23, T-20, and T-24 upwind of the measurement location
and T-10 downwind. Of the four closest turbines only T-10 (the third closest) consistently
operated at full output during the measurements. T-20, the second closest turbine, reached 90%
power during four 10-minute periods (22:40, 22:50, 0:20, and 1:10). However, the closest turbine
(T-23) never achieved 90% power, with its output never exceeding approximately 1,540 kW.
Therefore, the April 9-10 measurements contain no valid periods for demonstrating compliance
at Location 1, because the nearest turbine was being operated in reduced power mode.

May 16-17, 2017

Measurements were conducted between 20:40 on May 16t and 3:08 on May 17t. The wind
direction was from the south, placing T-23, T-20, and T-24 upwind of the measurement location
and T-10 downwind. There were 15 10-minute periods during which the closest turbine (T-23)
was operating at or above 90%. Of these, there were 9 periods during which the closest 2 turbines
were operating at full power, and 6 periods (21:20 through 21:50, and again from 22:20 through
22:50) during which all four closest turbines were at full power. Therefore, the April 9-10
measurements contain 15 10-minute periods that are valid for demonstrating compliance at
Location 1.

Figure 6-1 shows the time series for the entire measurement period, including the 10-second Legs
(dBA), the 1-minute average ground wind speed, the 10-minute average ground wind speed, and
the 10-minute average hub-height wind speed at the nearest turbines. Transient noise from
passing vehicles and aircraft overflights is obvious. Figure 6-2 removes the noise levels during
non-WTG events (based on field notes, the level versus time signature, and the spectral content
of the signal during noted events) and adds the 10-minute Legs calculated without those events.
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Figure 6-1: Location 1 Raw Time Series — May 16-17
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Figure 6-2: Location 1 Time Series Without Transient Events — May 16-17
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All turbines within approximately 8,000 feet of Location 1 were shut down from 23:10 to 1:15 to
obtain an ambient noise level. Table 6-1 lists the 10-minute Legs for each of the 15 full-power
turbine-on periods, as well as the lowest 10-minute turbine-off L.qs measured during the
shutdown after the cooling fans had become inaudible. The shading corresponds to the shading
of the 10-minute periods in the time series plots (Figures 6-1 and 6-2), with light grey representing
periods with the nearest turbine at full power, medium grey representing the nearest two at full
power, dark grey representing all four nearest turbines at full power, and light red representing
the ambient period. Note that because the night’s measurements ended at 3:08, the 3:00
measurement is an 8-minute average level rather than a 10-minute level. Except for the period
beginning at 3:00, all of the turbine-on periods had wind speeds within 1.5 m/s of the values
during the ambient period. Also shown is the 1.5 dB uncertainty level from ANSI S12.9 Part 3 and
the resulting WTG-only Legs for each turbine-on period. The WTG-only 10-minute Legs ranges
from 42.2 to 42.7 dBA.

Table 6-1: Location 1 Measured & WTG Noise Levels — May 16-17

10-Minute WSy  WShh  # Nearest 10-Minute Legs (dBA)

S e o GR Memre Vel vy PR wicony
20:40 15 92 3 432 A A A 426
20:50 15 9.0 2 43.1 42.5
21:20 15 9.3 4 43.1 42.5
21:30 15 9.2 4 43.0 424
21:40 1.9 9.1 4 42.8 42.2
22:10 15 9.3 2 42.8 42.2
22:20 1.7 9.1 3 42.8 42.2
22:30 15 9.1 4 42.8 42.2
22:40 15 9.3 4 42.8 42.2
22:50 15 8.9 3 429 42.3
1:.00 1.1 9.3 ambient -- 35.6 1.5 34.1

1:20 1.8 9.5 1 43.3 42.7
1:30 1.9 9.6 1 43.1 425
2:10 1.6 9.3 3 43.2 42.6
2:30 1.3 9.0 3 433 42.7
3:00* 1.7 1.7 3 42.8* \ Y \/ 42.2

* The period beginning at 3:00 was 8 minutes in duration and had a hub-height wind speed more than 1.5 m/s
different than the ambient period beginning at 1:00.

Figure 6-3 shows the one-third octave band frequency spectra for the 15 10-minute periods of full-
power turbine-on data shown in Table 6-1, as well as the one 10-minute ambient period. The
presence of frogs is evident in the primary peak at 2 kHz, and a lesser peak at 1 kHz. The frogs
were active throughout the night, becoming quieter in the early morning hours, and the peaks
persist in most 10-minute spectra. This primary peak is not included in the calculated 10-minute
Legs values, because the Legs spans only the 25 Hz to 1,250 Hz portion of the frequency range.
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Figure 6-3: Location 1 Ten-Minute Spectra — May 16-17

These spectra show only a weak resemblance to the characteristic shape of WIG-only noise that
has been identified on the LWEP. As described in the Noise Level Compliance Report for the Lake
Winds Energy Park - Spring 2016 Noise Level Measurements (Figure 7-5 therein), WIG-only
spectra contain a dip in the 125 to 200 Hz region, a peak at 315 Hz, and an approximately 9 dB
per octave slope above 315 Hz. The lack of this shape for the Location 1 spectra shown in Figure
6-3 are due to the relatively low WTG noise levels (because of the slightly greater distance to the
nearest turbines relative to other locations) and the presence of some background noise (wind
through the trees).
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6.2 Location 2

April 10-11, 2017

Due to weather conditions, measurements on April 10th were conducted in the late afternoon.
Measurement began at 15:30, but ended at 17:14 as field staff were alerted to an approaching
thunderstorm by Consumers Energy. During the measurements, the wind direction was initially
from the north-northwest, and then shifted to the north-northeast. This placed T-6 and T-4
upwind of the measurement location, and T-15 and T-18 downwind. None of the four closest
turbines reached more than 30% output during the measurement. Therefore, the April 10
measurements contain no 10-minute periods that are valid for determining compliance at
Location 2.

May 17-18, 2017

Measurements were conducted between 20:50 on May 17t and 4:00 on May 18th. The wind
direction was from the south-southwest, placing T-6 and T-4 downwind of the measurement
location, and T-15 and T-18 upwind. A thunderstorm passed through the area between
approximately 0:10 and 02:30 on May 18. Staff took shelter and covered the windscreen to protect
the microphone from the rain, but left the sound level meter and anemometer running during the
storm. The microphone cover was removed at approximately 2:42. Figure 6-4 shows the noise
level versus time for the entire measurement period, including the 10-second Legs (dBA), the 1-
minute average ground wind speed, the 10-minute average ground wind speed, and the 10-
minute hub-height wind speed at the nearest turbines. Figure 6-5 removes the noise levels during
transient non-WTG events (based on field notes, the time series, and the spectral content of the
signal during noted events) and adds the 10-minute Legs calculated without those events.

As can be seen, the 10-minute noise levels before the storm (20:40 to 0:30) range from about 47 to
53 dBA. These levels contain both WTG noise and a significant amount of wind noise. In
particular, field notes indicate there was audible noise from the wind blowing through the thick
stand of mature pine trees located to the southwest and southeast. Staff expected to see higher
ground-level wind speeds than those observed (1-2 m/s on average, with gusts only as high as 3
m/s). We believe this is because Location 2 is well-protected (shielded) from ground-level winds
from the south due to the pine trees, other trees and vegetation, and the residence and garage.
Before the storm, it was staff’s intent to call for a turbine shut-down in order to measure ambient
noise levels.

After the storm, a decision had to be made whether to continue turbine-on measurements
(conditions were excellent and turbine sound was clearly audible) or to call for a shutdown to
obtain an ambient noise level to correct the pre-storm measurements. For two reasons, it was felt
that it was either one or the other. First, there were only two to three hours before birds and traffic
activity would start. Second, due to the temperature, the shutdown would take at least two hours
before the cooling fans would fully shut down. In the field, staff noticed a significant decrease in
background sound levels compared to before the storm. In retrospect, the ground-level winds
decreased by about 1 m/s after the storm, hub-height wind speeds decreased by 5 m/s.
Specifically, hub-height winds decreased from between 12 and 15 m/s before the storm between
7 and 10 m/s afterward. Due to this decrease in hub-height wind speeds and the corresponding
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decrease in audible background noise, the shutdown would not have represented pre-storm
turbine-off conditions. Thus, we feel the right decision was made.

After the storm, conditions were excellent for the direct measurement of WTG-only noise levels
due to the significant decrease in ground-level and hub-height wind speeds. There were three 10-
minute periods after the storm when the nearest turbine (T-6) was operating at full electrical
power. During one of these periods, three of the four closest turbines were operating at full
electric power, and the third-closest was at 88%. Table 6-2 lists the 10-minute Leqs for each of the
three full-power turbine-on periods after the storm. Note that because the cover was removed
from the microphone between 2:42 and 2:43, the 2:40 measurement is actually a 7-minute average
level rather than a 10-minute level. The resulting measured 10-minute Legs range from 43.8 to 44.3
dBA.

Table 6-2: Location 2 Measured Noise Levels — May 17-18

10-Minute  WSg WShh  # Nearest 10-Minute Legs (dBA)
Start @ Full Measured Measured , Imputed
Time (mis) ~ (mis) Power Turbine-On Ambient Uncertainty Ambient WTG-Only
2:40% 0.9 9.8 2 43.8 - - - <438
2:50 1.0 10.1 1 44.3 - - - <443
3:.00 11 94 1 44.0 - - - <44.0

* The period beginning at 2:40 was 7 minutes in duration.
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Figure 6-4. Location 2 Raw Time Series — May 17-18
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Figure 6-5: Location 2 Time Series Without Transient Events — May 17-18
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Figure 6-6 shows the one-third octave band spectra for the three full-power 10-minute periods.
The turbine-on spectra show the characteristic shape of WTG-only noise levels, specifically low-
frequency levels below about 60 dBA, a mid-frequency dip, a peak at 315 Hz, and a steady drop-
off in levels at frequencies higher than the mid-band peak.

Figure 6-6: Location 2 Ten-Minute Spectra — May 17-18

May 18-19, 2017

Measurements were conducted between 21:20 on May 18t and 0:00 on May 19t%. The wind
direction was from the north, placing T-6 and T-4 upwind of the measurement location, and T-15
and T-18 downwind. T-15, the third closest turbine, reached 90% power during one 10-minute
period (21:40). However, the closest turbine (T-6) never achieved 90% power. Therefore, the May
18-19 measurements contain no 10-minute periods that are valid for demonstrating compliance
at Location 2.
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6.3 Location 6

April 8-9, 2017

Measurements were conducted between 21:50 on April 8t and 3:40 on April 9% The wind
direction was from the south, placing all four of the nearest turbines upwind of the measurement
location (T-28, T-34, T-39, and T-38). The closest turbine, T-28, achieved full electric power during
five 10-minute intervals during the course of the measurement. Based on a comparison of power
production versus hub-height wind speed during this measurement period and during the May
2017 measurements, it appears that this turbine was not fully functioning in April. Furthermore,
the 2nd closest turbine (T-34) and 4t closest (T-38) never achieved more than 85% of full power
due to being operated in low noise mode. The third closest turbine did achieve full power for a
number of periods, and appears to have been working properly. Based primarily on the lack of
full power at the 2nd closest turbine, but also on the questionable operation of the nearest turbine
and the reduced operation of the 4th closest, none of the data collected during this measurement
period is considered valid for analysis.

April 9-10, 2017

Measurements were conducted between 19:50 on April 9th and 1:10 on April 10th. The wind
direction was from the south, placing all four of the nearest turbines upwind of the measurement
location (T-28, T-34, T-39, and T-38). The closest turbine, T-28, achieved full electric power during
three 10-minute intervals during the course of the measurement. Based on a comparison of power
production versus hub-height wind speed during this measurement period and during the May
2017 measurements, it appears that this turbine was not fully functioning in April. Furthermore,
the 2nd closest turbine (T-34) and 4th closest (T-38) never achieved more than 85% of full power
due to being operated in low noise mode. The third closest turbine did achieve full power for a
number of periods, and appears to have been working properly. Based primarily on the lack of
full power at the 2nd closest turbine, but also on the questionable operation of the nearest turbine
and the reduced power operation of the 4th closest, none of the data collected during this
measurement period is considered valid for analysis.

May 16-17, 2017

Measurements were conducted between 21:00 on May 16t and 3:00 on May 17th. The wind
direction was from the south, placing all four closest turbines (T-28, T-34, T-39, and T-38) upwind
of the measurement location. There were eight 10-minute periods during which the closest
turbine (T-28) was operating at or above 90%, of which six periods had the closest 3 turbines
operating at full power. The fourth-closest turbine (T-38) never reached full power. With a
maximum output of approximately 1,540 kW, this turbine was operating in a reduced mode.
Overall, the May 16-17 measurements contain 8 10-minute periods that are valid for
demonstrating compliance at Location 6.

Figure 6-7 shows the time series for the entire measurement period, including the 10-second Legs
(dBA), the 1-minute average ground wind speed, the 10-minute average ground wind speed, and
the 10-minute average hub-height wind speed at the nearest turbines. Higher levels of transient
noise from passing vehicles, wind gusts, and aircraft overflights are evident. Also indicated by
shading are the 10-minute periods where the nearest turbines were operating at full electrical
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power. Figure 6-8 shows the same information, but with transient events removed based on a
review of field notes, the level versus time signature, and the spectral content of the signal during
noted events. Also shown in Figure 6-8 is the 10-minute Legs calculated without the transient
events.

All turbines within approximately 8,000 feet of Location 6 were shut down from 23:10 to 1:15 to
obtain an ambient noise level. Total levels prior to the shutdown were in the 45 to 46 dBA range,
and field personnel noted the influence of frogs and wind on the measured levels. The two 10-
minute periods toward the end of the shutdown were used as representative of ambient
conditions, as this is when the cooling fans in the turbines finally became inaudible.
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Table 6-3 lists the measured noise levels, wind conditions, and turbine operating conditions for
both the eight 10-minute periods during which the nearest turbine was operating at full electric
power and the two 10-minute turbine-off periods during which the turbine cooling fans had
become inaudible. All of the turbine-on periods had wind speeds within 1.5 m/s of the values
during the ambient period. Also shown is the 1.5 dB uncertainty level from ANSI S12.9 Part 3 and
the resulting WTG-only Legs for each turbine-on period. The WIG-only 10-minute Legs ranges
from 43.7 to 44.1 dBA.

Table 6-3: Location 6 Measured & WTG Noise Levels — May 16-17

10-Minute WSy  WShn  # Nearest 10-Minute Legs (dBA)

Tme s s PP Ampent | Uncertainy  RISC wic-only
0:50 29 105  ambient - 204 15 38.9

1:00 27 97 ambient - 39.4 15 37.9

1:40 28 100 3 448 438
150 29 101 3 45.0 441
2:00 27 100 3 44.9 43.9
210 26  10.1 3 4.7 3.7
2:20 28 103 3 448 438
2:30 29 103 3 44.7 3.7
2:40 26 96 2 44.9 43.9
250 29 94 1 4.9 \ \ \ 43.9

Figure 6-9 shows the one-third octave band frequency spectra for the 8 10-minute periods of full-
power turbine-on data shown in Table 6-3, as well as the two 10-minute ambient periods. The
presence of frogs is evident in the local peaks at 1 kHz and 2 kHz. The frogs were active
throughout the night, becoming quieter in the early morning hours, and the peaks persist in most
10-minute spectra. The 2 kHz and part of the 1 kHz peak are not included in the calculated 10-
minute Legs values, because that only spans the 25 Hz to 1,250 Hz portion of the frequency range.

These spectra resemble the characteristic shape of WTG-only noise that has been identified at the
LWEP. At this site, this includes a dip around 125 to 200 Hz and a peak at 315 Hz. The slope above
the peak was shallower in this case due to the significant amount of frog noise.
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Figure 6-9: Location 6 Ten-Minute Spectra — May 16-17
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May 17-18, 2017

Measurements were conducted between 21:10 on May 17th and 4:00 on May 18th. The wind
direction was from the south-southwest, placing the four closest turbines upwind of the
measurement location. There were 30 10-minute periods where the nearest turbine operated at
full electric power. Of these, the 2nd and 3rd closest were also at full power for 27 periods. The 4th
closest turbine was in low power mode, so it never exceeded 85% power.

A thunderstorm passed through the area between approximately 0:10 and 02:30 on May 18. Staff
took shelter and removed the measurement system from the site for the duration of the storm.
Staff did not return to Location 6 after the storm, because (1) power production was very low via
the reports we received from the LWEP operator, thus full power data would not have been
obtained, (2) atmospheric conditions had changed drastically, thus valid ambient measurements
could not be taken, and (3) conditions at Location 2 where we were at the time were very good
for measurements, thus we decided to focus our efforts there.

Figure 6-10 shows the time series for the entire measurement period, including the 10-second Legs
(dBA), the 1-minute average ground wind speed, the 10-minute average ground wind speed, and
the 10-minute average hub-height wind speed at the nearest turbines. Higher levels of transient
noise from passing vehicles and wind gusts are evident. Also indicated by shading are the 10-
minute periods where the nearest turbines were operating at full electrical power. Figure 6-11
shows the same information, but with transient events removed based on a review of field notes,
the level versus time signature, and the spectral content of the signal during noted events. Also
shown in Figure 6-11 is the 10-minute Legs calculated without the transient events.

As can be seen, the 10-minute noise levels before the storm (21:10 to 0:10) range from about 46.5
to 49.0 dBA. These levels contain both WTG noise and a significant amount of wind noise, as well
as frog noise. Before the storm, it was staff’s intent to call for a turbine shutdown in order to
measure ambient noise levels. After the storm, staff called the control center for turbine power
information approximately every half hour. Post-storm power levels were significantly below
pre-storm levels, indicating significantly lower hub-height wind speeds. This was borne out by
data subsequently received from Consumers Energy, which showed that hub-height winds
decreased from between 12 and 15 m/s before the storm to between 6 and 8 m/s afterward. This
is well outside the 1.5 m/s acceptable wind speed difference.

Due to the significant decrease in hub-height wind speeds and the corresponding decrease in
audible background noise, a shutdown would not have represented pre-storm turbine-off
conditions. Therefore, the May 17-18 data cannot be used to demonstrate compliance due to the
significant influence of wind noise that cannot be separated out.
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Figure 6-10: Location 6 Raw Time Series — May 17-18
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Figure 6-11: Location 6 Time Series Without Transient Events — May 17-18
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To confirm this conclusion, we analyzed the 10-second periods that staff had noted as having less
wind influence than turbines (although none of the periods were noted as having zero wind
influence). Figure 6-12 shows the spectra of these 10-second periods. These spectra show evidence
of both high winds and turbine operations. High winds are evident in the less prominent 315 Hz
turbine peak and the less steep high-frequency roll-off. The noise from turbine operations is only
somewhat evident given the peak at 315 Hz and the slight dip around 200 Hz. In addition, frog
activity is evident in the peaks at 1 kHz and 2 kHz.

Figure 6-12: Location 6 Noted Ten-Second Spectra — May 17-18

Figure 6-13 shows the one-third octave band frequency spectra for the 10-minute periods of full-
power turbine-on data before the storm. These spectra also show evidence of both high winds
and turbine operations. High winds here are evident in the low frequency levels, which are above
60 dB, as well as the less prominent 315 Hz turbine peak and the less steep high-frequency roll-
off. The noise from turbine operations only barely evident given the slight peak at 315 Hz and the
slight dip around 200 Hz. In addition, frog activity is evident in the peaks at 1 kHz and 2 kHz.
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Figure 6-13: Location 6 Ten-Minute Spectra - May 17-18
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6.4 Location 10

April 10-11, 2017

Due to weather conditions, measurements on April 10th were conducted in the late afternoon.
Measurement began at 15:30, but ended at 17:10 as field staff were alerted to an approaching
thunderstorm by Consumers Energy. During the measurements, the wind direction was from the
north. This placed the closest 2 turbines (T-46 and T-47) in a crosswind position, and the next 2
turbines (T-49 and T-50) in a downwind/crosswind position. None of the four closest turbines
reached more than 30% output during the measurement. Therefore, the April 10 measurements
contain no 10-minute periods that are valid for determining compliance at Location 10.

May 19-20, 2017

Measurements were conducted between 1:10 and 4:30 on May 20th. The wind direction was from
the east-northeast, placing the T-47 in a downwind/crosswind position, T-46 upwind, T-49
crosswind, and T-50 downwind of the measurement location. closest turbines upwind of the
measurement location. The closest turbines (T-47 and T-46) reached full power during one 10-
minute period. During that period, T-49 was at 74% power and T-50 was at 82% power.

Figure 6-14 shows the time series for the entire measurement period, including the 10-second Legs
(dBA), the 1-minute average ground wind speed, the 10-minute average ground wind speed, and
the 10-minute average hub-height wind speed at the nearest turbines. The transient higher levels
are due to staff activity, wind gusts, aircraft overflights, and audible traffic on both Anthony Road
and Morton Road. Also indicated by shading is the one 10-minute period (2:10) where the nearest
2 turbines were operating at full electrical power.

Figure 6-15 shows the same information, but with transient events removed based on a review of
field notes, the level versus time signature, and the spectral content of the signal during noted
events. Also shown in Figure 6-15 is the 10-minute Legs calculated without the transient events.
As can be seen, the 10-minute noise level for the one full-power period is 44.8 dBA. This is also
shown in tabular form in Table 6-4.

Table 6-4: Location 10 Measured Noise Level - May 19-20

10-Minute  WSg WShh  # Nearest 10-Minute Legs (dBA)
Start @ Full Measured Measured . Imputed
Time (mis)  (mis) Power Turbine-On Ambient Uncertainty Ambient WTG-Only
2:10 3.7 9.3 2 44.8 -- -- -- <448
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Figure 6-14: Location 10 Raw Time Series — May 19-20
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Figure 6-15: Location 10 Time Series Without Transient Events — May 19-20
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Figure 6-16 shows the 10-minute spectrum for the one full-power period after the transient events
have been removed. The turbine noise shape is only faintly visible, with the 200 Hz dip and the
315 Hz peak mostly obscured by wind noise. An ambient measurement would be useful to
separate the turbine noise from the wind noise, but (as can be seen in Figures 6-14 and 6-15) the
hub-height wind consistently decreased after this 10-minute period and did not recover for the
rest of the night.

Figure 6-16: Location 10 Ten-Minute Spectrum — May 19-20
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It is possible, however, to partially separate the wind component from the turbine component on
a time basis. Figure 6-17 shows the spectra of those 10-second periods that staff had noted as
having less wind influence than turbines (although none of the periods were noted as having zero
wind influence). There is less wind influence as the low-frequency levels are below 60 dB, the 200
Hz dip is more visible, and the high-frequency roll-off is slightly steeper.

Figure 6-17: Location 10 Noted Ten-Second Spectra — May 17-18

May 20-21, 2017

Measurements were conducted between 20:10 and 23:00 on May 20th. The wind direction was
from the east, placing T-47 downwind of the measurement location, T-46 upwind, T-49
crosswind, and T-50 within 45 degrees of downwind. Of the four closest turbines only T-50 (the
fourth closest) reached 90% power during one 10-minute period. Neither of the closest two
turbines (T-47 and T-46) achieved 90% power. In addition, the 10-minute average ground wind
speed ranged from 3.8 to 5.4 m/s. Therefore, the May 20-21 measurements contain no 10-minute
periods that are valid for determining compliance at Location 10.
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7. Conclusions

The following paragraphs summarize, for each measurement location, the levels of WTG-only
noise measured, whether the measured levels meet the Mason County limit, and whether the
measured data set is sufficient to confidently conclude that maximum WTG noise levels were
captured and compliance has been adequately demonstrated. Our conclusions regarding the
latter are based primarily on the provisions of ANSI S12.18. This is prudent, as the Consent
Judgement states that testing shall be conducted in accordance with the “mitigation plan and
incorporated protocols”, which refers to the Mitigation Plan Sound Testing Protocol. The Sound
Testing Protocol states that testing “will follow the procedures of ANSI Standard S12.9/Part 3...
and ANSI S12.18”. ANSI S12.9 primarily covers the procedures for measuring noise levels and
analyzing the resulting data to determine WTG-only noise levels.

The purpose of ANSI S12.18 is “to specify procedures for measuring and reporting sound
pressure levels from specific sources outdoors and to specify a set of reproducible atmospheric
conditions to obtain reproducible measurements”. The Applications section of ANSI S12.18 says
“A major application of this standard is obtaining reproducible sound pressure levels from the
same source at the same microphone location on different days”. Section 7.4 of S12.18 states that
“repeated measurements at a receiver position are required to assess the repeatability of the
measurement results” and “A minimum of three repetitions under equivalent conditions is
recommended."

Given that the noise level data measured as part of this study will be used to demonstrate that
maximum WTG-only noise levels are consistently in compliance with Mason County Standards,
not just during the measurements but for all time going forward, the data set needs to be robust.
This is further mandated by the complexities of WTG noise emissions (changing source strength,
multiple large noise sources located high in the air, and sources located in many different
directions from receptor locations), and the complexities of the propagation of WTG noise
through the atmosphere (varying atmospheric conditions including stability, wind direction, and
wind speed).

In our professional opinion, for a given set of data to be used to confidently conclude that
maximum WTG-only noise levels have been captured, and that the levels are reasonably
representative of the maximum levels that regularly occur at a site, even a conservative reading
of ANSI 512.18 would require the following:

1. The source should be at full power. This is defined on this project as the nearest turbine(s)
at 90% of full electric power or greater on a 10-minute average basis. Clearly the closest
turbine needs to be at full power. In most cases, the second-closest turbine has a
measurable effect on the total WTG-only level, so it to should also be at full power. Having
additional nearby turbines at full power only increases the quality of the data.

2. The atmospheric conditions should include, at a minimum, the wind direction, wind
speed, and temperature inversion parameters defined by ANSI S12.18. It is also known
that noise propagates more efficiently in a stable atmosphere, thus this condition increases
the quality of the data.
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3. The quantity of data needed depends on both the quality of the data and how close the
measured levels are to the limit. The standard is clear in that “a minimum of three
repetitions under equivalent conditions is recommended." Thus, three 10-minute periods
of valid data should be the minimum requirement. To determine if the data satisfies the
standard’s call for the measured noise levels to be representative of maximum WTG noise
levels on “different days”, the data should either (1) be actually conducted on different
days (nights) and show similar, reproducible results, or (2) be of a quantity and quality
on one day (night) such that reproducibility is well demonstrated. For example, a
significant quantity (at least twice the minimum of 3 periods to represent two nights) of
high quality data (four closest turbines at full power and a stable atmosphere) could be
used to confidently claim compliance. Also of importance is how close to the limit the
results are. Those that are within 1 dB of the limit should receive more scrutiny than those
that are 2 to 3 dB below the limit.

It is within this framework that the following conclusions are made regarding the 2017 noise level
measurement data, and the confidence to which it can be used to demonstrate compliance with
the Mason County noise level standard.

Location 1

The noise level data collected on the night of May 16-17, 2017 are representative of loudest WTG
conditions. The wind direction was from the south, placing T-23, T-20, and T-24 upwind of the
measurement location and T-10 downwind. There were 15 10-minute periods during which the
closest turbine (T-23) was operating at full power. Of these, there were 9 periods during which
the closest 2 turbines were at full power, and 6 periods during which all four closest turbines
were at full power. The total measured noise level (10-minute Legs, dBA), including noise from
both turbine and non-turbine sources, ranges from 42.8 to 43.2 dBA. A shutdown of the nearby
turbines was conducted, and the measured ambient noise level was 35.6 dBA. The resulting WTG-
only noise levels range from 42.2 to 42.5 dBA (10-minute Legs), all of which comply with the 45
dBA standard. Data collected on the other two nights of measurements in 2017 were not valid
due to nearby turbines being operated in reduced-power mode.

The measured WTG-only one-third octave band frequency spectra show only a weak
resemblance to the characteristic shape of WTG-only noise that has previously been identified at
the LWEP. As described in the Noise Level Compliance Report for the Lake Winds Energy Park
- Spring 2016 Noise Level Measurements (Figure 7-5 therein), WTG-only spectra contain low
frequency noise levels below 60 dB, a dip in the 125 to 200 Hz region, a peak at 315 Hz, and a
steady drop off in noise levels above this peak (approximately 9 dB per octave). The somewhat
weak resemblance of the Location 1 spectra to this shape are due to the relatively low WTG noise
levels (because of the greater distance to the nearest turbines relative to other locations) and the
presence of some background noise (mainly ground wind) remaining in the WTG-only levels
even after processing.

The data collected at Location 1 in 2017 are sufficient to confidently demonstrate compliance with
the Mason County standard. While only consisting of one night, the data are of high quality (four
closest turbines at full power, stable atmosphere), the atmospheric conditions were within ANSI
S12.18 parameters, three times the minimum number of data points were collected, and the
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resulting levels are more than 2 dB below the standard. Thus, compliance is considered
demonstrated, and no further testing is recommended.

Location 2

The noise level data measured on the night of May 17-18, 2017 are representative of loudest WTG
noise conditions. The wind direction was from the south-southwest, placing T-6 and T-4
downwind of the measurement location, and T-15 and T-18 upwind. After a storm passed
through, measurement conditions were excellent for the direct measurement of WTG-only noise
levels due to the significant decrease in ground-level wind speeds. There were three 10-minute
periods when the nearest turbine (T-6) was operating at full electrical power. During one of these
periods, three of the four closest turbines were at full power, and the third-closest was at 88%.
The measured 10-minute noise levels range from 43.8 to 44.3 dBA, all of which comply with the
45 dBA standard. No shutdown was conducted due to the compliance of the directly measured
noise levels, and because of the warm temperature it would have taken about two hours for the
turbine cooling fans to completely shut off, at which point the sun would be rising and traffic
would increase thus significantly changing conditions. As expected, even the directly measured
one-third octave band spectra for the three full-power 10-minute periods show the characteristic
shape of WTG-only noise. Data collected on two other nights in 2017 were not valid due to nearby
turbines being operated in reduced-power mode (April) or insufficient wind for full power
operation (May).

The data collected at Location 2 on May 17-18, 2017 provide one night of valid data. However, in
our opinion it cannot be used to confidently conclude that noise levels are in compliance with the
Mason County standard. This is because the nearest turbine was at full power for only the
minimum three periods, let alone twice that many. During only one of these periods were the
nearest two turbines at full power. In our opinion, this does not satisfy ANSI S12.18 as described
above. Furthermore, the data collected at Location 2 in 2016 was insufficient to assess compliance.

Location 6

The noise level data collected on the night of May 16-17, 2017 are representative of loudest WTG
noise conditions. The wind direction was from the south, placing all four closest turbines (T-28,
T-34, T-39, and T-38) upwind of the measurement location. There were eight 10-minute periods
during which the closest turbine (T-28) was operating at full power, of which six periods had the
closest 3 turbines at full power. The fourth-closest turbine (T-38) never reached full power, as it
was apparently being operated in a reduced-noise mode. This is not significant due to the relative
distance of this and the other 3 turbines. Thus, the resulting measurements contain 8 10-minute
periods that are valid for demonstrating compliance at Location 6.

During this night, total levels were in the 45 to 46 dBA range, and field personnel noted the
influence of frogs and wind on the measured levels. Because of this, all turbines within
approximately 8,000 feet of Location 6 were shut down to obtain an ambient noise level. The two
10-minute periods toward the end of the shutdown were representative of ambient conditions, as
this is when the turbine cooling fans finally became inaudible. The wind speeds during the
turbine-on periods were within 1.5 m/s of the values during the ambient periods, which is in
accordance with the Mitigation Plan Sound Testing Protocol.
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The ambient noise levels were subtracted from the total measured noise levels in accordance with
ANSIS12.9. The resulting WTG-only noise levels range from 43.7 to 44.1 dBA, all of which comply
with the Mason County standard. The spectra resemble the characteristic shape of WTG-only
noise that has been previously identified at the LWEP. At this site, this includes a dip around 200
Hz and a peak at 315 Hz. The slope above the peak was not as steep in this case due to the
significant amount of frog noise at 1 kHz and 2 kHz.

The data collected at Location 6 in 2017 provide one night of valid data. However, in our opinion
it cannot be used to confidently conclude that noise levels are in compliance with the Mason
County standard. This is primarily because the measured WTG-only noise level is within 1 dB of
the standard. In addition, the six valid periods of data represent the minimum number of
samples, but over the same night instead of two different nights. Finally, the fourth-closest
turbine was in reduced-power mode.

Location 10

The noise level data collected on the night of May 19-20, 2017 are representative of loudest WTG
noise conditions. The wind direction was from the east-northeast, placing the nearest turbine (T-
47) in a downwind/crosswind position, T-46 upwind, T-49 crosswind, and T-50 downwind of the
measurement location. The two closest turbines (T-47 and T-46) reached full power during one
10-minute period. During that period, T-49 was at 74% power and T-50 was at 82% power. The
measured total noise level during this period was 44.8 dBA, which complies with the Mason
County standard. The spectrum for this period shows only a weak resemblance to a WTG-only
spectrum, with the 200 Hz dip and the 315 Hz peak mostly obscured by wind noise. Therefore,
this level of 44.8 dBA certainly contains some background noise, and the WTG-only level is
certainly lower.

The data collected at Location 10 in 2017 provide one 10-minute period of valid data. Noise levels
were collected on other nights in 2017 at Location 10, but the nearest turbines were not operating
at full power during any of those periods. In 2016, valid noise levels were collected for two 10-
minute periods on one night and one 10-minute period on another night. During these three
periods in 2016, the nearest turbine operated at full power, but operations of the other nearby
three turbines ranged from 50 to 80%. At no time did the nearest two turbines operate at full
power. Thus, even taken collectively, the valid 2016 and 2017 data at Location 10 only provide
one night of data that satisfy ANSI S12.18. Additionally, the WTG-only noise levels are within 1
dB of the standard.

Future Testing Recommendations

At this point in the 2016-2017 noise testing process, a sufficient number of valid test samples have
been obtained on a sufficient number of nights to confidently conclude that maximum WTG-only
noise levels are in compliance with the Mason County standard at Location 5 (from 2016) and
Location 1 (2017). Valid WTG-only noise levels have been obtained on one night at each of
Locations 2, 6, and 10, and all measured levels comply with the Mason County standard. In our
opinion, one additional night of valid data should be obtained at each of these three locations in
order to confidently conclude that WTG-only noise levels are in compliance with the Mason
County standard.
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Figure A-1. 2016 Calibration Certificate for Field Calibrator
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Calibration Certificate

Certificate Number 2017003949
Customer:

Hankard Environmental

211 East Verona Avenue

Verona, WI 53593, United States

Model Number  CAL200

Serial Number 3527

Test Results Pass

Initial Condition AS RECEIVED same as shipped
Description Larson Davis CAL200 Acoustic Calibrator

Evaluation Method

Compliance Standards
IEC 60942:2003

The quality system is registered to 1ISO 9001:2008.

the customer as needed.

approximately 95% confidence level.

from the organization issuing this report.

Procedure Number
Technician
Calibration Date
Calibration Due
Temperature
Humidity

Static Pressure

- Standards Used (EEEAY
Description Cal Date Cal Due Cal Standard
Agilent 34401A DMM 09/07/2016  09/07/2017 001021
Sound Level Meter / Real Time Analyzer 04/10/2017  04/10/2018 001051
Microphone Calibration System 08/17/2016  08/17/2017 005446
1/2" Preamplifier 10/06/2016  10/06/2017 006506
Larson Davis 1/2" Preamplifier 7-pin LEMO 08/22/2016  08/22/2017 006507
1/2 inch Microphone - RI - 200V 10/03/2016  10/03/2017 006511
Pressure Transducer 07/01/2016  07/01/2017 007368

D0001.8386

Scott Montgomery

14 Apr 2017

14 Apr 2018

24 °C +03°C
28 %RH + 3 %RH
1011 kPa t1kPa

The data is aquired by the insert voitage calibration method using the reference microphone's open
circuit sensitivity. Data reported in dB re 20 pPa.

Compliant to Manufacturer Specifications per D0001.8190 and the following standards:
ANS| 51.40-2008

Issuing lab certifies that the instrument described above meets or exceeds all specifications as stated in the referenced procedure
(unless otherwise noted). It has been calibrated using measurement standards traceable to the Sl through the National institute of
Standards and Technology (NIST), or other national measurement institutes, and meets the requirements of ISO/IEC 17025:2005.
Test points marked with a £ in the uncertainties column do not fall within this laboratory's scope of accreditation.

This calibration is a direct comparison of the unit under test to the listed reference standards and did not involve any sampling plans to
complete. No allowance has been made for the instability of the test device due to use, time, etc. Such allowances would be made by

The uncertainties were computed in accordance with the 1SO Guide to the Expression of Uncertainty in Measurement (GUM). A
coverage factor of approximately 2 sigma (k=2) has been applied to the standard uncertainty to express the expanded uncertainty at

This report may not be reproduced, except in full, unless permission for the publication of an approved abstract is obtained in writing

Larson Davis, a division of PCB Piezotronics, Inc
1681 West 820 North

Provo, UT 84601, United States

716-684-0001

AN

4142017 2:59:51PM Page1of 3

36

©® ARSON DAVIS

A PCB PIEZOTRONICS DIV.

D001 8410 Rev A

Figure A-2. 2017 Calibration Certificate for Field Calibrator
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Calibration Certificate

Certificate Number 2016008002
Customer:

Hankard Environmental

306 Rose Finch Circle

Highlands Ranch, CO 80129, United States

Model Number 831 Procedure Number DO0001.8378

Serial Number 0004244 Technician Ron Harris

Test Results Pass Calibration Date 2 Sep 2016
Calibration Due

iti iti As Manufactured

ndtial Gonditfon Temperature 231 °C +0.01°C

Description Larson Davis Model 831 Humidity 505 9%RH x0.5%RH
Static Pressure 86.18 kPa +0.03kPa

Evaluation Method Tested electrically using PRM831 S/N 046421 and a 12.0 pF capacitor to simulate microphone

capacitance. Data reported in dB re 20 pPa assuming a microphone sensitivity of 50.0 mV/Pa

Compliance Standards Compliant to Manufacturer Specifications and the following standards when combined with
Calibration Certificate from procedure D0001.8384:

IEC 60651:2001 Type 1 ANSI 51.4-2014 Class 1
IEC 60804:2000 Type 1 ANSI| 81.4 (R2008) Type 1
IEC 61252:2002 ANSI S1.11 (R2009) Class 1
IEC 61260:2001 Class 1 ANSI §1.25 (R2007)

IEC 61672:2013 Class 1 ANSI S1.43 (R2007) Type 1

Issuing lab certifies that the instrument described above meets or exceeds all specifications as stated in the referenced procedure
(unless otherwise noted). It has been calibrated using measurement standards traceable to the Sl through the National Institute of
Standards and Technology (NIST), or other national measurement institutes, and meets the reguirements of ISO/IEC 17025:2005.
Test points marked with a 1 in the uncertainties column do not fall within this laboratory's scope of accreditation.

The quality system is registered to 1SO 9001:2008.

This calibration is a direct comparison of the unit under test to the listed reference standards and did not involve any sampling plans to
complete. No allowance has been made for the instability of the test device due to use, time, etc. Such allowances would be made by
the customer as needed.

The uncertainties were computed in accordance with the 1ISO Guide to the Expression of Uncertainty in Measurement (GUM). A
coverage factor of approximately 2 sigma (k=2) has been applied to the standard uncertainty to express the expanded uncertainty at
approximately 95% confidence level.

This report may not be reproduced, except in full, unless permission for the publication of an approved abstract is obtained in writing
from the organization issuing this report.

Standards Used
Description CalDate  Cal Due Cal Standard
Hart Scientific 2626-S Humidity/Temperature Sensor 06/17/2016  06/17/2017 006946
SRS DS360 Ultra Low Distortion Generator 11/10/2015  11/10/2016 007167

Larson Davis, a division of PCB Piezotronics, Inc
1681 West 820 North

Provo, UT 84601, United States

T16-684-0001

®LARSONDAVIS

ACCREBITED) A PCB PIEZOTRONICS DIV.

9/22/2016 11:12:47AM Page 1 of 7 DO001.8407 Rev A

Figure A-3. 2016 Calibration Certificate for Sound Level Meter 4244
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Calibration Certificate

Certificate Number 2016008003
Customer:

Hankard Environmental

306 Rose Finch Circle

Highlands Ranch, CO 80129, United States

Model Number 831 Procedure Number DO0001.8378

Serial Number 0004250 Technician Ron Harris

Test Results Pass Calibration Date 2 Sep 2016
Calibration Due

iti iti As Manufactured

ndtial Gonditfon Temperature 2295 °C +0.01°C

Description Larson Davis Model 831 Humidity 516 %RH 0.5 %RH
Static Pressure 86.18 kPa +0.03kPa

Evaluation Method Tested electrically using PRM831 S/N 046422 and a 12.0 pF capacitor to simulate microphone

capacitance. Data reported in dB re 20 pPa assuming a microphone sensitivity of 50.0 mV//Pa

Compliance Standards Compliant to Manufacturer Specifications and the following standards when combined with
Calibration Certificate from procedure D0001.8384:

IEC 60651:2001 Type 1 ANSI 51.4-2014 Class 1
IEC 60804:2000 Type 1 ANSI| 81.4 (R2008) Type 1
IEC 61252:2002 ANSI S1.11 (R2009) Class 1
IEC 61260:2001 Class 1 ANSI §1.25 (R2007)

IEC 61672:2013 Class 1 ANSI S1.43 (R2007) Type 1

Issuing lab certifies that the instrument described above meets or exceeds all specifications as stated in the referenced procedure
(unless otherwise noted). It has been calibrated using measurement standards traceable to the Sl through the National Institute of
Standards and Technology (NIST), or other national measurement institutes, and meets the reguirements of ISO/IEC 17025:2005.
Test points marked with a 1 in the uncertainties column do not fall within this laboratory's scope of accreditation.

The quality system is registered to 1SO 9001:2008.

This calibration is a direct comparison of the unit under test to the listed reference standards and did not involve any sampling plans to
complete. No allowance has been made for the instability of the test device due to use, time, etc. Such allowances would be made by
the customer as needed.

The uncertainties were computed in accordance with the 1ISO Guide to the Expression of Uncertainty in Measurement (GUM). A
coverage factor of approximately 2 sigma (k=2) has been applied to the standard uncertainty to express the expanded uncertainty at
approximately 95% confidence level.

This report may not be reproduced, except in full, unless permission for the publication of an approved abstract is obtained in writing
from the organization issuing this report.

Standards Used
Description CalDate  Cal Due Cal Standard
SRS DS360 Ultra Low Distortion Generator 01/25/2016  01/25/2017 006239
Hart Scientific 2626-S Humidity/Temperature Sensor 06/17/2016  06/17/2017 006946

Larson Davis, a division of PCB Piezotronics, Inc
1681 West 820 North

Provo, UT 84601, United States

T16-684-0001

®LARSON DAVIS

ACCREBITED) A PCB PIEZOTRONICS DIV.

92212016 11:10:34AM Page 1 of 7 DO001.8407 Rev A

Figure A-4. 2016 Calibration Certificate for Sound Level Meter 4250
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~ Certificate of Calibration and Compliance

~

Microphone Model: 377B02 Serial Number: 166040 Manufacturer: PCB

Calibration Environmental Conditions
Environmental test conditions as printed on microphone calibration chart.

Reference Equipment
Manufacturer Model # Serial # PCB Control # Cal Date Due Date
National Instruments PCle-6351 1896F08 CA1918 10/29/15 10/28/16
Larson Davis PRM915 150 CA2116 5/4/16 514117
Larson Davis PRM902 5045 CA1756 2126/16 2124117
Larson Davis PRM916 131 CAI1203 210/16 2110017
Larson Davis CAL250 4147 LDOI8 3716 nmnz
Larson Davis 2201 145 CA2046 SN916 51917
Bruel & Kjacr 4192 2954556 CA2323 2/1/16 2017
Larson Davis GPRM902 4162 CAI088 12/4/15 12/2/16
Newport iTHX-SD/N 1080002 CAIlS11 2119/16 217117
Larson Davis PRA951-4 234 CAl154 9/15/15 9/15/16
Larson Davis ADPO0S 0 0 not required not required
Larson Davis PRM915 146 CA2115 2/1416 21017
0 0 0 0 not required not required
1] 0 0 1] not required not required
0 0 0 0 not required not required

Frequency sweep performed with B&K UA0033 electrostatic actuator.

Condition of Unit
As Found: n/a

As Left: New Unit, In Tolerance

Notes

. This certificate shall not be reproduced, except in full, without written approval from PCB Piezotronics, Inc.
. Calibration is performed in compliance with 1SO 9001, 1SO 10012-1, ANSI/NCSL 7.540.3 and 150 17025.
. See Manufacturer’s Specification Sheet for a detailed listing of performance specifications.

. Open Circuit Sensitivity is measured using the insertion voltage method following procedure AT603-5.
Measurement uncertainty (95% confidence level with coverage factor of 2) for sensitivity is +/-0.20 dB.

. Unit calibrated per ACS-20.

~N o B W R e

Technician:  Leonard Lukasik ({ - Date: August 11,2016

=X\ ®PCB PIEZOTRONICS

Bt VIBRATION DMVISION
CALIRRTION CENT #3p r 3425 Walden Avenue, Depew, New York, 14043

TEL: 888-684-0013 FAX: T16-685-3886  www.pcb.com
Page | of 2

. Calibration of reference equipment is traceable to one or more of the following National Labs; NIST, PTB or DFM.

RCAL I 2 EITRITIY A

Figure A-5. Calibration Certificate for Microphone Capsule 166040
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~ Certificate of Calibration and Compliance ~

Microphone Model: 377B02 Serial Number: 166245 Manufacturer: PCB

Calibration Environmental Conditions
Environmental test conditions as printed on microphone calibration chart.

Reference Equipment
Manufacturer Model # Serial # PCB Control # Cal Date Due Date
National [nstruments PCle-6351 1896F08 CAI918 10/29/15 10/28/16
Larson Davis PRM915 150 CA2116 514116 54117
Larson Davis PRM902 5045 CAl756 2/26/16 2/24/17
Larson Davis PRM916 131 CA1203 2/10/16 21017
Larson Davis CAL250 4147 LD018 31716 nmi
Larson Davis 2201 145 CA2046 5/19/16 51917
Bruel & Kjaer 4192 2954556 CA2323 2/1/16 2117
Larson Davis GPRM902 4162 CAI1088 12/4/15 122/16
Newport iTHX-SD/N 1080002 CAlSI 2/19/16 20717
Larson Davis PRAG51-4 234 CAIll54 9/15/15 9/15/16
Larson Davis ADP0O0S 0 0 not required not required
Larson Davis PRM915 146 CA2115 2/10/16 201017
0 0 0 0 not required not required
0 0 0 0 not required not required
0 0 0 0 not required not required

Frequency sweep performed with B&K UA0033 electrostatic actuator.

Condition of Unit
As Found: n/a

As Left: New Unit, In Tolerance

Notes
1. Calibration of reference equipment is traceable to one or more of the following National Labs; NIST, PTB or DFM.
2. This certificate shall not be reproduced, except in full, without written approval from PCB Piezotronics, Inc.
3. Calibration is performed in compliance with ISO 9001, ISO 10012-1, ANSI/NCSL Z540.3 and ISO 17025.
4. See Manufacturer’s Specification Sheet for a detailed listing of performance specifications.
5. Open Circuit Sensitivity is measured using the insertion voltage method following procedure AT603-5.
6. Measurement uncertainty (95% confidence level with coverage factor of 2) for sensitivity is +/-0.20 dB.
7. Unit calibrated per ACS-20.

Technician:  Leonard Lukasikl/ Date: August 3, 2016

o
)

XL ®PCB PIEZOTRONCS

SN VIBRATION DIVISION

TR

causauoxcenr eor 3425 Walden Avenue, Depew, New York, 14043
TEL: 888-684-0013  FAX: 716-685-3886  www.pch.com

ek,

"
o

Page | of 2
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Figure A-6. Calibration Certificate for Microphone Capsule 166245
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1(1)
Test report no. H31-16380045

TEST REPORT

Product family WXTS30 series
Product type WXTE32

Order code 2B1B1A1B1B1B
Serial number M3850300
Manufacturer Vaisala Oyj, Finland
Test date 23 September 2016

This test report certifies that the product was thoroughly tested and inspected,
and found to meet its published lest limits when it was shipped from Valsala,

Test results

Test Result Lower limit Upper limit Unit
Zero wind speed 0 0 0.4 mfs
Heating current NIA, - - -
Current {senvice port) 1.16 0.5 2 mA
Communication {service port) pass PASS PASS -
Current (main port) 0.83 0.5 2 mA
Communication (main port} pass PASS PASS -

Ambient conditions / Humidity 33.01 25 %RH, Temperature 21.95 +1 °C, Pressure 1013.28 £1 hPa.

Signalure o =
= 2

Techniclan

This report shall not be reproduced except in fulf, without the written approval of Vaisala,  DOC233150-A.doc

Valsala Oy | PO Box 26, FI-00421 Helsinki, Firdand
Phene +558 9 Bo4 91 Fax +358 4 8949 2227

Figure A-7. Conformance Certificate for Anemometer M3850300
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1(1)
Test report no. H31-16380046

TEST REPORT

Product family WXT530 series
Product type WXTS532

Order code 2B181A1B1B1B
Serial number M3850301
Manufacturer aisala Oyj, Finland
Test date 23 September 2016

This test report certifies that the product was thoroughly tested and inspected,
and found to meet its published test limits when it was shipped from Vaisala.

Test results

Test Result Lower limit Upper limit Unit
Zero wind speed 0 0 0.4 rmis
Heating current A - - -
Current {service port) 125 0.5 2 mA
Communication (zervice port) pass PASS PASS -
Current (main port) 0.81 0.5 2 méa
Communication {main port) pass FASS PASS -

Ambient conditions / Humidity 33.54 £5 %RH, Temperature 21.94 +1 °C, Pressure 1013.1 £1 hPa.

Technician

Thiz repornt shall nof be reproduced excepnt in full, without the written approval of Vaisala,  DOGC233150-A.doc

Val=ala Oy| | PO Box 26, FI-00421 Helsinki; Finland
Phone +358 8BB4 31 | Fax +354 & E549 2&?

Figure A-8. Conformance Certificate for Anemometer M3850301
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