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1.0 Introduction

Black & Veatch is providing project development services for a new wind park in
Saginaw and Midland counties, Michigan. The wind park is expected to include 77 wind turbines
spanning Jonesfield, Mt. Haley, and Porter Townships. This report focuses on26avind
turbine locations and the 1 alternate location proposed in Jonesfield Township, and will discuss
the regulatory requirements, ambient sound level survey results, and the results of the project
acoustical model.

2.0 Regulatory Summary

The proposed Merdian Wind Park must comply with sound level limits set forth in
Jonesfield, Mt. Haley, and Porter Township ordinances. The following sections summarize the
requirements in Jonesfield Township.

2.1 JONESFIELD TOWNSHIP

Section 612(l) of the Jonesfield Township@ing Ordinancelimits sound levels
generated by a wind turbine to 60 decibelsit the boundaries of a wind turbine generator

project. DTEhasadditionally committed to limiting sound levels to$ 4 % OAAOO DOAAOEAAG

55 dBA Leq(1-hour) at non-participating property lines, and 45 dBA lsq (1-hour) at non-
participating residences, and to model predied sound levels using aracoustical model that
incorporates conservative assumptions.

3.0 Ambient Sound Level Survey

An ambient sound level survey bthe proposed Meridian Wind Park was completed
15 October 2018 through 17 October 2018 in Midland and Saginaw County, Michigan. Three
measurement locations were selected within thareaof the proposedproject site to measure
and monitor the ambient acousical environment. One measurement location was selected in
each township, representative of the expected worstase receptors based on ththen current
turbine arrangement. The survey was completed to quantify and qualify the existing acoustical
environment at the site in support of the permitting process.

3.1 SURVEY PROCEDURE

The ambient sound level survey was completed in accordance with relevant portions of
general industry standards including ANS51.13, ANS$12.9, ANS$12.18, ASTME1014, and
1ISO1996. All sound levels were measured using Typkor Type 2 sound level meters that met
the requirements of ANSIS1.4. The sound level meters were capable of determining specific
average and statistical sound levels over a specified duration. The microphonesne equipped
with windscreens provided by the manufacturer. All equipment was laboratory calibrated
within twelve months prior to the survey and the calibrations are traceable to the National
Institute of Standards and Technology (NIST). (See4.2Appendix D.

In order to effectively quantify and qualify the existing sound levels, the ambient survey
included both continuous sound level monitoring and shorterm sound level measurements.
Ambient sound levels were measured at locations corresponding to receptors (residential
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buildings) identified prior to and during the ambient sound level survey. The exact survey
locations were identified at the time of the survey and wre selected to capture acoustical
environments representative of the nearby receptors.

3.1.1 Continuous Monitoring

Continuous sound monitors were placed at three monitoring locations for at least 38
hours. The measurement periods included at least two (2) evemj and nighttime periods
between 7:00 p.m. on 15 October 2018 and 10:00 a.m. on 17 October 2018. The continuous
sound monitors were locked and secured within a case in the public riglaf-way (ROW). They
were unmanned, but periodically inspected by Black &eatch professionals to ensure
continuous operation. The microphone was placed approximately 5 feet above the ground.

3.1.2 ShortTerm Monitoring

Attended short-term monitoring was conducted at a continuous sound monitoring
location not equipped to record octae band sound level data, and one additional location in
order to further quantify the existing acoustical environment near the existing Gratiot Wind
Park to the southwest. These measurements were attended and performed by Black & Veatch
acoustical professonals.

3.2 SOUND MEASUREMENTCIXDIONS

The sound measurement locations (SMLSs) listed in Table 1 (shown in Figure 2) were
selected to correspond to receptors (i.e., residences) that will be within close proximity of
project wind turbines, with at least one reeptor located within each affected township.
Continuous sound level monitoring was completed at SML1, SML2, and SML3. The additional
measurement location (SML4) was added to determine the existing wind farm sound levels to
the southwest of the proposedoroject site. Wind speed data from nearby MBS International
Airport is included for informational purposes in 4.4.2Appendix E
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Tablel ¢ Sound Measurement Locations

LAT/LONG SITE DESCRIPTIO] CONTINUOUY SHORATERM
SML1 N 43.502287 Country Road, Porter X X
W -84.389520 Township
SML2 N 43.454885 Country Road X N/A
W -84.350469 Jonesfield Township
SML3 N 43.507124 Country Road, Mt. X X
W -84.350726 Haley Township
SML4 N43.466186 Country Road in Porte
W-84.419672  Township near existing N/A X
Gratiot wind park.
704'000 7061000 708IOOO 7 0‘000 7 2l000 7 4I000 7 SIOOO 71 SIOOO 7201000
(2]
k: g
E b i g
2 N E
b ::_-: ‘ ™
: e g
3 ,8_—
DTE Mrii Wind Park @ Roceplor
Ambient Survey Measurement Locations ©  Survey Location
e (Margin scale: UTM Zone 16 coordinates in meters.) +  Wind Turbine

Figurel - Sound Measurement Locations

BLACK & VEATCQHmbient Sound Level Survey
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3.3 SURVEY RESULTS

3.3.1 Sound Measurement Location 1
An acoustical monitor was placed at SML1 to collect ambient measurements during
daytime and evening hours. Average wind speeds measured intermittently at microphone
height during the survey ranged from 3 to 9 mph. The noticeable sound sources were wind in
grass, birds and insects, distant traffic and farm equipment. Backgroundslsound levels ranged
from 28 dBA! to 48 dBA and are shown in Figure 3. Shetérm measurements are shown in

Figure 4.
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3.3.2 Sound Measurement Locain 2

An acoustical monitor was placed at SML2 to collect ambient measurements during
daytime and evening hours. Average wind speeds measured intermittently at microphone
height during the survey ranged from 2 to 14 mph. The perceived sound sources were wiim
grass and crops, distant traffic, and faint sound from the Gratiot Wind Park. Backgroungh L
sound levels ranged from 20 dBAto 51 dBA as shown in Figure 5.

The acoustical monitor at SML2 collected onthird octave band data through the
survey. 10minute excerpts of that measured data are included in Figure 6, for comparison to
short-term measurements at other locations.

SML2 - 10 minute sound level data
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SML2 - Short term measurements
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3.3.3 Sound Measurement Location 3

An acoustical monitor was placed aBML3 to collect ambient measurements during
daytime and evening hours. Average wind speeds measured intermittently at microphone
height during the survey ranged from 2 to 8 mph. The noticeable sound sources were wind in
grass and crops, faint sound from ge-mounted electrical equipment nearby, distant traffic, and
trickling water from drain tiles and a culvert near road. Background § sound levels ranged
from 20 dBA3to 51 dBA as shown in Figure 7. Sheterm measurements are shown in Figure 8.

SML3 - 10 minute sound level data
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3.3.4 Sound Measurement Location 4

Short term measurements were conducted at SML4 to quantify the ambient acoustical
environment near the edge of the proposed wind park, and to measure the impact of
neighboring Gratiot Wind Park to the southwest. Average wind speeds during the
measurementsranged from 4 to 17 mph. The noticeable sound sources were wind turbines in
Gratiot Wind Park, wind in trees, crops, powerlines, and occasional distant traffic. Results of the

short term measurements are shown in Figure 9.

SML4 - Short term measurements
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4.0 Acoustical Model

The environmental sound levels resulting from the operation of 7Meridian Wind Park
WTGs were predicted using commercial acoustical modeling software (DataKustik CadnaA
version 2020 MR 1) that implements ISO 9618nd NORD200Galculation methodologiesISO
9613 methodology was utilized as the primary calculation methodogy, using conservative
assumptions(consistent with Mt. Haley Township modeling requirements)or meteorological
and groundconditions throughout the Wind Park.The ISO 9613 acoustical model was used to
identify receptors and turbines that would be further evaluated using the newer NORD2000
calculation methodology. NORD2000 was developed by the Danish Environmental Protection
Agencyto accurately model noise propagation in more detailegite-specific meteorological
conditions.

4.1 SOUND SOURCES

Two types of turbines are expected to be implemented in the Wind Park, 67 of which
will be 2.82 MW GE 2.82127 turbines, the remaining ten will be 3.6 MW Vestas V13&he ten
Vestas turbines will be installed in Jonesfield Township; the remaining 16 turbas installed in
the township will be GE turbinesEach WTG is assumed to be an omnidirectional point source
located at hub height. Hub height for the GE 2.827 turbines is 89 meters, and 82 meters for
the Vestas V136 turbines. Sound sources other thangiMeridian WTGs were not included in
the acoustical model.

Vendor provided sound power level data wagcorporated in both acoustical modes.
The vendor provided sound power level for the Vestas turbine i$08.5 dBA. The vendor
provided sound power level br the GE turbine is110 dBA.

Vendor supplied mitigation was implemented for both turbine typesThe Vestas
serrated trailing edge (STE) blade reduces overall sound power level to 105.5 dB&r GE
turbines, a low noise trailing edge (LNTE) blade option reduces overall sound power level to
108.5 dBA.Sound modelling for Jonefeld Township assumes thaall wind turbines in the
township are supplied with LNTE/STE blades.

In addition to the vendor supplied mitigation, operational controls tofurther reduce
OOOAET A OI OT A 1AGAT O xAOA EIi Bl Al AT OAA AO O i1 A 0Oc¢
mode limits turbine rotation speed, thereby reducing turbine sound levels. GE NRO is
categorized by the overall sound power level of the turbine at the reduced speed, from NRO 108
(108 dBA sound power level) to NRO 105 (105 dBA sound power levelNRO was appliedo the
model as needed tacertain GEturbines to show that the turbines can be operated withirDTE
OAAOO BoDl s Afdlldist of turbines with preliminary assumed operational profiles
is included in Appendix A

4.1.1 1SO 9613 Methodlogy

Turbine sound levels in the ISO 9613 model includedn additional 2 dB as required by
Mt. Haley township regulations. Overall modeled sound power level for turbines equipped with
LNTE/STE blades, after the 2B addition, is 107.5 dBA for the Vestas turbines and 10.5 dBA
for the GE turbines.The additional 2 dB was includedn all operating conditionsfor turbines in
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Jonesfield and Porter townships as a conservative sound modeling assumption, accounting for
any fluctuations in steadystate turbine sound levels.

4.1.2 NORD2000 Methodlogy

Turbine sound levels in the NORD2000 model used vendor supplied sound power levels
with the addition of vendor-specified uncertainty. GE turbine datasheets specify an uncertainty
of 0.8 dB for turbine sound power levels, which was addet their expected sound power levels
in the acoustical model. Vestas datasheets did not specify an uncertainty value for sound power
levels, so 1 dB was added as a conservative assumptidhese uncertainty values were included
for all turbine operating conditions and mitigation methods, including all levels of NR@verall
modeled sound power levefor turbines with LNTE/STE, after the addition of uncertainty, is
106.5 dBA for the Vestas turbines and 09.3 dBA for the GE turbineswith NRO adjustments
applied to certain GE turbines

4.2 RECEPTORS

Over 340 receptorsin Jonesfield Township including residencesand public buildings,
were included in the acoustical model based on data provided by the project teaReceptors
were given a height of 2 m (6.5 feet)laove the ground, andany noise level falling between two
whole decibelswas rounded to the nearest whole numbe, both as required by Mt. Haley
Township regulations.Receptors were classified into two groups for assessing compliance:
participants and non-participants. ParticipantsareparcelsET A1 OAAA ET $4% 8O0 ODAAE
permit application and parcels outside the Project Site but under a Participation Agreement
while non-participants are parcels that are subject to neither a standard utility easement for
wind energy developmentnor participation agreement A labeled map of Jonesfield Township
parcels and receptors is included ilAppendix B.

4.3 SOUND PROPAGATION

Thefollowing assumptions were included in the acoustical model, which yield
conservative results in terms of sound propagation (i.e., including a safety margin for actual
operation):
9 Terrain / topography based on the most current GIS data available.
T Groundi0 AOOOI AA O1 AA AAT OOOCEAAI T U OiI EGAAG j
assumption for most of the year since the ground within the wind park is mainly

1 Shielding / attenuation effects of inerceding barriers (such as residential
buildings) and foliage were not included in the acoustical model.

4.3.1 1SO 9613
9 The acoustical model considers all receptors to be downwind from all sound
sources, which is a conservative assumption. The downwind calculati assumes
a wind speed of 1 to Sn/s (approximately 2 to 11 mph) at 3to 11 m
(approximately 10 to 36 ft) above the ground.
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1 1SO 9613 calculations are representative of atmospheric conditions causing
downward refraction of sound waves, i.e., a moderate tgperature inversion
such as would be present on a clear, calm night.

4.3.2 NORD2000

1 The acoustical model was run for wind speedsom 7 to 15 m/s (approximately
16 to 34 mph) at 89 meters (GE turbine hub height).

9 Aterrain roughness of 0.05 meters was used, comssent with agricultural areas
with vegetation.

1 Results were calculated for twelve wind directions, in 3@egree increments.

1 Atemperature gradient of -9.8 degrees Celsius per kilometer-28 degrees
Fahrenheit per mile)was used to representative of a welmixed layer, typical of
windy days.

4.4 MODELING RESULTS

4.4.1 1SO 9613

The ISO 9613predicted sound levels resulting from the operation of the Meridian Wind
Park in Jonesfield Township are shown in Figure 9. The sound modatsumingworse-case
conditions and including application of NROat certain GE turbines predicts sound levels ai
receptor potentially exceeding45 dBALcq (1-hour) as shown in Table 24.4.2Appendix Chas a
full list of receptors and expected sound levelsThe wind park ispredicted to comply with

*TTAOEEAT A 41 x1 OEED 1 EIi EOCO A& O OI OT A 1 AMATI O AO

for non-participating property lines.

Table2 - Potential ExceedanceslSO Methodology

EASTING | NORTHING | PARTICIPANT APPLICABLE | POTENTIAL
RECEPTOR] (M) (M) STATUS LIMIT EXCEEDANCE

1873 714456.5 4814563.6 Non-Participant 45 dBA

4.4.2 NORDZ2000

The 1ISO 9613 results were used tientify receptors that would be evaluated in greater
depth using the NORD2000 modeling methodologireceptor 1873was evaluatedat various
conditions as described in Sectiod.3.2to determine if compliance could be reached by
mitigating or curtailing the contributing turbines during specific meteorological conditions.

For all evaluatedmeteorological conditions, non-participating receptor 1873 is
DOAAEAOGAA O ATipPIlU xEOE *11AOEEAI A 41iThel OEED
wind park is predicted to comply with Jonesfield Township limits for sound levels at project
AT OT AAOEAONRO AD GA & @ %A Daadityiating fope®y iBes.] 1 1
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Appendix A.

Table3 ¢ Wind turbine modelingparameters

TURBINE | EASTING | NORTHING [ SOUND POWER VENDOR ASSUMED OPERATIONA
) ) LEVEL(dBA) MITIGATION | CONTROLS

2 703900 4816742 110.5 LNTE

3 705150.3 4817918 107 LNTE NRO 105
4 705732.6 4817869 107 LNTE NRO 105
5 705703.8 4818435 107 LNTE NRO105
6 705508.3 4816682 110.5 LNTE -

8 706748.7 4817956 107 LNTE NRO 105
10 707421.4 4818370 107 LNTE NRO 105
12 707370.5 4816380 109 LNTE NRO 107
14 708636 4819707 110.5 LNTE -

15 708541.3 4818536 107 LNTE NRO 105
16 708664.4 4817933 107 LNTE NRO105
17 708528.1 4816819 108 LNTE NRO 106
18 708893.7 4816608 110.5 LNTE -

19 710187.1 4820251 109 LNTE NRO 107
20 710229.3 4819719 110.5 LNTE -

22 709935.4 4818025 107 LNTE NRO 105
23 710478.8 4817996 107 LNTE NRO 105
24 710373.1 4818681 107 LNTE NRO 105
25 710711 4816953 107 LNTE NRO 105
26 711625.8 4820325 110.5 LNTE -

27 711578 4818048 107 LNTE NRO 105
28 712127.7 4818068 107 LNTE NRO 105
29 712178.4 4816980 107 LNTE NRO 105
30 713505.4 4821882 107 LNTE NRO 105
31 713746.3 4821457 107 LNTE NRO 105
32 713163.8 4820130 109 LNTE NRO 107
33 713648.5 4820113 107 LNTE NRO 105
35 7131335 4818217 107 LNTE NRO 105
36 713508.4 4818922 107 LNTE NRO 105
37 713539.1 4818162 107 LNTE NRO 105
38 7149725 4821864 110.5 LNTE -

39 714990.7 4821339 107 LNTE NRO 105
40 714600.6 4819775 107 LNTE NRO 105
41 714702.5 4820344 107 LNTE NRO 105
42 715288.8 4820375 107 LNTE NRO 105
45 715453.5 4818244 107 LNTE NRO 105
46 716363.4 4821467 107 LNTE NRO 105
47 716965.5 4821481 107 LNTE NRO 105
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TURBINE | EASTING | NORTHING [ SOUND POWER VENDOR ASSUMED OPERATIONA
) ) LEVEL(dBA) MITIGATION | CONTROLS

716992.1 4820605 LNTE NRO 105
49 716235.8 4819032 107 LNTE NRO 105
51 716663.6 4818207 107 LNTE NRO 105
52 717796.3 4821834 107 LNTE NRO 105
53 718002.2 4821436 107 LNTE NRO 105
54 718556.3 4822020 107 LNTE NRO 105
55 718745.7 4821473 107 LNTE NRO 105
56 717904.2 4819822 107 LNTE NRO 105
57 717963.5 4820660 107 LNTE NRO 105
58 718354.3 4820442 107 LNTE NRO 105
59 717956.7 4819017 107 LNTE NRO 105
60 718103.9 4818282 107 LNTE NRO 105
61 718398.3 4818906 107 LNTE NRO 105
62 713195.8 4817171 107 LNTE NRO 105
63 713495 4816891 107 LNTE NRO 105
64 713822.8 4816622 107 LNTE NRO 105
65 713930.2 4817241 107 LNTE NRO 105
66 713813.4 4814979 107 LNTE NRO 105
67 713968.2 4814579 107 LNTE NRO 105
68 713310.2 4813183 107.5 STE -
69 713910.5 4813593 107 LNTE NRO 105
70 713940.5 4812027 107.5 STE -
71 714779.4 4817336 107 LNTE NRO 105
72 715420.6 4817252 107 LNTE NRO 105
73 715367.6 4816423 107 LNTE NRO 105
74 715463 4816045 107 LNTE NRO 105
75 714959.1 4814399 107 LNTE NRO 105
76 715139.1 4815131 107 LNTE NRO 105
77 714878.5 4811710 107.5 STE =
78 715248.7 4811451 107.5 STE -
79 716806.5 4816479 107 LNTE NRO 105
80 716942 4817137 107 LNTE NRO 105
81 716690.7 4814439 107.5 STE -
82 716578.5 4813459 107.5 STE -
83 718308.4 4817368 107 LNTE NRO 105
84 718272 4816901 107 LNTE NRO 105
85 718157.4 4812989 107.5 STE -
86 718754.8 4813295 107.5 STE -
87 718272.6 4811715 107.5 STE -
88 718291.1 4811109 107.5 STE -
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Appendix B.

BLACK & VEATGHppendix B
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