m COMMERCE
DEPARTMENT

September 28, 2017

Mr. Daniel Wolf

Executive Secretary

Minnesota Public Utilities Commission
121 7t Place East, Suite 350

St. Paul, MN 55101-2147

RE: Bent Tree Wind Farm Noise Monitoring — Monitoring Report
Docket No. ET6657/WS-08-573

Dear Mr. Wolf:

The Department of Commerce's Energy Environmental Review and Analysis (EERA) staff submits
the enclosed Bent Tree Wind Farm Post-Construction Noise Assessment Report (Report) pursuant
to the Commission’s August 24t 2016 order requiring noise monitoring, noise study and further
study to address noise-related complaints filed by three landowners regarding the Bent Tree project
(E-dockets WS-08-573, Document ID 20168-124382-01).

DNV GL-Energy was selected to complete noise monitoring at the Bent Tree Wind Farm as ordered
by the Commission, and EERA consulted with Commission staff on the contract, work terms, and
scope of work. DNV GL-Energy conducted the noise assessment in accordance with the Guidance
for Large Wind Energy Conversion System Noise Study Protocol and Report authored by the
Minnesota Department of Commerce! and the Post Construction Noise Measurement Study
Protocol developed by DNV GL- Energy (attached to this letter). The enclosed Report details the
outcomes of the monitoring and identifies 16 total hours of non-compliance during the monitoring
period.

As discussed in Appendix A of the Large Wind Energy Conversion System Noise Study Protocol and
Report, if noise exceedances are recorded, it is necessary to determine the increment due to the
turbine noise. Due to the exceedances documented during the monitoring period, an additional
measurement campaign to properly isolate wind turbine sound from total measured sound is
recommended in the Report.

Based on the recommendation in the Report and consultation with Commission staff, EERA has
requested DNV-GL to conduct further measurements to isolate noise contribution from Bent Tree

! Minnesota Department of Commerce, Energy Facilities Permitting. October 8, 2012. Guidance for
Large wind Energy Conversion System Noise Study Protocol and Report.
https://mn.gov/commerce/energyfacilities/documents/FINAL%20LWECS%20Guidance%20Noise%20St
udy%20Protocol%200CT%208%202012.pdf
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Wind Farm turbines. Specifically, at EERA’s request, DNV-GL has developed the attached Phase 2
Post-Construction Noise Measurement Study Protocol. Following this protocol, wind turbine sound
will be isolated from total measured sound by conducting measurements with all turbines
operational and also conducting measurements with a subset of wind turbines in proximity to
complaint receptors turned off (“on/off monitoring”) across a range of wind and atmospheric
conditions. We believe completion of an “on/off” monitoring campaign is necessary to fulfill the
Commission’s August 24t order to conduct monitoring consistent with the guidance contained in
the Large Wind Energy Conversion System Noise Study Protocol and Report.

EERA plans to move forward with DNV GL conducting this additional monitoring according to the
Phase 2 Post-Construction Noise Measurement Study Protocol and will continue to consult with
Commission staff on an ongoing basis.

Please do not hesitate to contact me if you have any questions concerning this letter.

Sincerely,

s/ Louise I. Miltich

Louise Miltich

Energy Environmental Review and Analysis

85 7t Place East, Suite 280, Saint Paul, MN 55101
P: 651-539-1853

C: 651-470-1666

enclosure: Report: Bent Tree Wind Farm Post-Construction Noise Assessment
Report/Protocol: Post Construction Noise Measurement Study Protocol
Report/Protocol: Phase 2 Post-Construction Noise Measurement Study Protocol
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IMPORTANT NOTICE AND DISCLAIMER

1. This document is intended for the sole use of the Customer as detailed on the front page of this document to
whom the document is addressed and who has entered into a written agreement with the DNV GL entity issuing
this document ("DNV GL"). To the extent permitted by law, neither DNV GL nor any group company (the "Group")
assumes any responsibility whether in contract, tort including without limitation negligence, or otherwise
howsoever, to third parties (being persons other than the Customer), and no company in the Group other than
DNV GL shall be liable for any loss or damage whatsoever suffered by virtue of any act, omission or default
(whether arising by negligence or otherwise) by DNV GL, the Group or any of its or their servants, subcontractors
or agents. This document must be read in its entirety and is subject to any assumptions and qualifications
expressed therein as well as in any other relevant communications in connection with it. This document may
contain detailed technical data which is intended for use only by persons possessing requisite expertise in its
subject matter.

2. This document is protected by copyright and may only be reproduced and circulated in accordance with the
Document Classification and associated conditions stipulated or referred to in this document and/or in DNV GL's
written agreement with the Customer. No part of this document may be disclosed in any public offering
memorandum, prospectus or stock exchange listing, circular or announcement without the express and prior
written consent of DNV GL. A Document Classification permitting the Customer to redistribute this document
shall not thereby imply that DNV GL has any liability to any recipient other than the Customer.

3. This document has been produced from information relating to dates and periods referred to in this document.
This document does not imply that any information is not subject to change. Except and to the extent that
checking or verification of information or data is expressly agreed within the written scope of its services, DNV GL
shall not be responsible in any way in connection with erroneous information or data provided to it by the
Customer or any third party, or for the effects of any such erroneous information or data whether or not
contained or referred to in this document.

4. Any energy forecasts estimates or predictions are subject to factors not all of which are within the scope of the

probability and uncertainties contained or referred to in this document and nothing in this document guarantees
any particular energy output, including factors such as wind speed or irradiance.

KEY TO DOCUMENT CLASSIFICATION

. ) . . For disclosure only to named individuals within the Customer’s
Strictly Confidential : organization.

For disclosure only to individuals directly concerned with the
Private and Confidential : subject matter of the document within the Customer’s
organization.
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1 INTRODUCTION

The Department of Commerce, Energy, Environment Review and Analysis (EERA, formerly Energy Facilities
Permitting) of the state of Minnesota has requested, on behalf of Wisconsin Power and Light Co (*WPL" or
the “"Company”), that Garrad Hassan America, Inc. (DNV GL) perform a post-construction noise assessment
for the Bent Tree Wind Farm (the “Project”). The Project is located in Freeborn County, MN, approximately
90 miles south of Minneapolis, consisting of 122 Vestas V82-1.65 MW wind turbine generators (WTG) with a
hub height of 80 m and a rotor diameter of 82 m. The Project began operation in 2011.

This post-construction noise assessment (the “"Assessment”) has been completed in accordance with the
Guidance for Large Wind Energy Conversion System Nosie Study Protocol and Report (LWECS Guidance)
authored by the Minnesota Department of Commerce [1], and the Post-Construction Noise Measurement
Study Protocol (DNV GL Protocol) developed by DNV GL [2]. More specifically, the Assessment was
requested by EERA due to on-going complaints at two receptors within the Project Area; the Hagen and
Langrud receptors.

The purpose of this Assessment is to determine the post-construction noise levels and compliance with
Minnesota noise standards.

2 BACKGROUND

2.1 Environmental Sound Background

Sound levels are expressed in the decibel unit and are quantified on a logarithmic scale to account for the
large range of acoustic pressures to which the human ear is exposed. A decibel (dB) is used to quantify
sound levels relative to a 0 dB reference. The reference level of 0 dB is defined as a sound pressure level of
20 micropascals (upa), which is the typical lower threshold of hearing for humans.

Sound levels can be presented both in broadband (sound energy summed across the entire audible
frequency spectrum) and in octave band spectra (audible frequency spectrum divided into bands).

Frequency is expressed in the Hertz unit (Hz), measuring the cycles per second of the sound pressure waves.
The audible range of the human ear spans from 20 to 20,000 Hz. Since the human ear does not perceive
every frequency with equal loudness, spectrally varying sounds are often adjusted with a weighting filter.
The A-weighting filter is applied to closely approximate the human ear's response to sound. Sound

expressed in the A-weighted scale is denoted dBA. A C-weighting filter can also be applied, which can be
used to evaluate the potential presence of low-frequency sounds and is denoted as dBC.

A sound source has a certain sound power level (PWL) rating which describes the amount of sound energy
per unit of time. This is a basic measure of how much acoustical energy a sound source can produce and is
independent of its surroundings. Sound pressure is created as sound energy flows away from the source.
The measured sound pressure level (SPL) at a given point depends not only on the power rating of the
source and the distance between the source and the measurement point (geometric divergence), but also on
the amount of sound energy absorbed by environmental elements between the source and the measurement
point (attenuation). Sound attenuation factors include meteorological conditions such as wind direction,
temperature, and humidity; sound interaction with the ground; atmospheric absorption; terrain effects;
diffraction of sound around objects and topographical features; and foliage.

DNV GL - Document No.: 10046144-HOU-R-02, Issue: B, Status: Final Page 6
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2.2 Minnesota Noise Limits

The regulations applicable to the Project are the Minnesota Noise Standards [3].
Minnesota Pollution Control Agency (MPCA) 7030.0040 Noise Standards state the following:
7030.0040 Noise Standards.

Subpart 1. Scope. These standards describe the limiting levels of sound established on the basis of
present knowledge for the preservation of public health and welfare. These standards are consistent
with speech, sleep, annoyance, and hearing conservation requirements for receivers within areas
grouped according to land activities by the noise area classification (NAC) system established in

part 7030.0050. However, these standards do not, by themselves, identify the limiting levels of
impulsive noise needed for the preservation of public health and welfare. Noise standards in subpart
2 apply to all sources.

Subpart. 2. Noise Standards.

Table 2-1 Minnesota Noise Standards

Daytime | Nighttime

Noise Area Classification | Lso | Lio | Lso Lio

1 60 | 65 | 50 55
2 65 | 70 | 65 70
3 75 | 80 75 80

Nighttime hours are between 10 pm and 7 am, as per the MPCA noise standards.

The Project is considered under noise area classification 1, which includes homes, other residential uses,
religious activities, and educational services. The applicable nighttime Lso limit is therefore 50 dBA and the
applicable nighttime Lio limit is 55 dBA at each receptor. Daytime Lso and Lio limits are 60 dBA and 65 dBA,
respectively.

Sound pressure levels can be reported in a variety of ways. Lso and Lio represent noise levels that are
exceeded 50% and 10% of the time, respectively. Leq represents the average sound over a period of time.
Lso, L1o, and Leq sound pressure levels can be reported in dBA and dBC, both of which are used throughout
this report. All sound levels are presented as hourly averages as per Minnesota standards.

2.3 Sources of Sound

Measurement of Project-related sound requires an understanding of sound produced by Project components.
The sources of noise produced by the Project are comprised of the wind turbine generators and transformers,
and the substation.

The broadband sound power level for the Vestas V82-1.65 MW wind turbine generators, at a hub height of
80 m, was provided by EERA and the Company [4]. According to the information obtained, the maximum
acoustic emission at standard setting (no sound restriction control mode) is 103.2 dBA *+ 2 dB for the Vestas
V82-1.65 MW.

DNV GL - Document No.: 10046144-HOU-R-02, Issue: B, Status: Final Page 7
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2.4 Measurement Methods

All instrumentation, measurement settings, data collection, processing and reporting procedures have been
conducted in accordance with the LWECS Guidance as well as with the MPCA’s Measurement Procedure for
Non-impulsive noise, designated as method NTP-1 [5]. The methodology additionally considered the
following ISO standards related to acoustic sound measurements: 1996-1, 1996-2 and 1996-3 [6].

2.5 Instrumentation

The instrumentation used for the post-construction noise monitoring included the following:

e Larson Davis soundmeters model 831 Class I;

e FreeField V2 inch microphone model 377B02;

e Preamplifier model PRM831;

e Vaisala Weather Transmitter model SEN-031;

e Larson Davis Precision Acoustic on-site Calibrator model CAL200; and

e Complete kit for outside sound measurement (including large tripods, wind and rain screen,
protective Pelican case and long range batteries).

The sound meters meet the IEC 61672 Class 1 specifications. All instruments had a valid calibration, and
calibration sheets are included in Appendix C of this document. Based on the above descriptions, the
instrumentation complies with the requirements of the Guidance and NTP-1 [3].

Table 2-2 below summarizes the equipment used at each monitoring location.

Table 2-2 Monitoring Equipment Serial Numbers by Monitoring Location

Monitoring location | Sound Level Meter Preamplifier Microphone Weather sensor
Langrud (MO1) 3308 19107 152980 G404008
Hagen (M02) 3004 46571 163147 H4720002

The following meteorological parameters were recorded, with the Vaisala weather station, at the in-situ
measurement locations that were within the Project area:

¢ Wind speed and direction;
e Relative humidity and precipitation;
e Temperature.

2.6 Data Collection

Over two weeks (17 days) of data was collected from midday 6 June 2017 through the afternoon of 23 June
2017 to collect data in various wind conditions, during day and night, and during different operational
regimes. During this period, ambient sound was not overly affected by farming activity such as significant
planting or harvesting. However, the ambient sound was relatively high at both receptors due to wind
induced noise on nearby vegetation and tree leaves, and frequent bird chirping and insect sounds within the

DNV GL - Document No.: 10046144-HOU-R-02, Issue: B, Status: Final Page 8
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vicinity of the measurement points. This type of ambient noise typically results in higher measured sounds
throughout a campaign as opposed to a measurement campaign in early spring or late fall.

During the two weeks of measurements collected for the Assessment, the wind turbines were operational
except during periods of maintenance or forced utility curtailment which resulted in reduced turbine
production (i.e. turbine curtailment). Curtailment and maintenance records were provided by EERA on behalf
of the Project operator [7]. To accurately capture the noise levels, DNV GL excluded noise measurements
from the Assessment when turbine downtime or curtailment occurred at turbines within 1.5 miles of the
measurement points (see Appendix A), distance at which wind turbine sound becomes negligible at the
audited receptors. These measurements represent the core of the post-construction measurement campaign.

It should be noted that the LWECS Guidance requires a minimum of 7 days of measurements; due to the
un-planned forced utility curtailment during the 15t week of measurements, the campaign was extended by
more than 1 week to ensure a sufficient and representative dataset was gathered for the Assessment.

Microphones were installed on tripods approximately 5 feet above ground, and site calibration was
performed before and after each monitoring period, as well as at the midway point of the measurement
campaign. As per the Table 2-3, the differential calibration was not greater than 0.5 dBA. The microphones
were both placed at least 20 feet from large reflecting surfaces. Photos of sound equipment stations at each
measurement point are included in Appendix B.

Table 2-3 Site Calibration log

Mid-campaign site End-of-campaign site
Monitoring calibration calibration
location Date Differential Date Differential
(dBA) (dBA)
Langrud (BT-M01) | 14 June 2017 -0.04 23 June 2017 -0.17
Hagen (BT-M02) 14 June 2017 -0.04 23 June 2017 0.12

Sound measurements were made continuously using a FAST response setting and were averaged and stored
every 10 seconds and hour, along with the relevant statistics for the periods. Sound events louder than 60
dBA were recorded for analysis and possible filtering.

The recorded measurements included un-weighted sound (in dB); A-weighted as Lio, Lso, Loo and Leq (dBA);
and C-weighted Lio, Lso, Leo and Leq (dBC). Third octave band measurements ranging from 16 Hz to 8000 Hz
were also recorded. A-weighted Leq, Lio, Lso, and Lso; and C-weighted Leq were also recorded on an hourly
basis. C-weighted Lio, Lso, and Loo were calculated from the 10 second C-weighted Leq records.

Because environmental sound measurements are greatly influenced by wind-induced sound, the
measurement stations included a foam wind screen, as per industry standards. This enabled the
measurement of sound (without significant wind-induced sound effects on the microphone) in winds up to 11
miles per hour (mph) (i.e. 5 m/s) at the measurement level. Measurements taken during winds higher than
11 miles per hour and other adverse conditions such as rain were not used in the measurement campaign as
per Monitoring Condition 4 of the LWECS Guidance.

It should be noted that units in this report are generally provided in English units, to suit the Minnesota
regulatory body and related guidance document. However, wind turbine data is generally reported worldwide
in metric units, as per the international standards that govern certification.

DNV GL - Document No.: 10046144-HOU-R-02, Issue: B, Status: Final Page 9
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Table 2-4 below provides a comparison between wind speed in miles per hour and meters per second.

Table 2-4 Wind speed units comparison

Miles per Meters per
hour (mph) second
(m/s)

1 0.4

2 0.9

3 1.3

4 1.8

5 2.2

6 2.7

7 3.1

8 3.6

9 4.0

10 4.5

11 4.9

12 5.4

13 5.8
14 6.3

15 6.7

16 7.2

17 7.6

18 8.0

19 8.5
20 8.9

In addition to wind speed and wind direction, temperature, relative humidity and precipitation at the

microphone height and location were recorded by the weather stations; and hub height hourly anemometry
and operational data were also provided from the turbines’ internal SCADA system [7]. Precipitation data
obtained on-site was compared to the nearest National Oceanic and Atmospheric Administration (NOAA)
station, and data broadly concurred. Due to the benefit of the in-situ weather stations, the related data was

used for data processing in lieu of data from a distant NOAA station.

DNV GL - Document No.: 10046144-HOU-R-02, Issue: B, Status: Final
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3 MEASUREMENT LOCATIONS

Post-construction sound levels were measured at two locations (BT-M01, BT-M02). These locations are

shown below in Figure 1.

Figure 1 Sound Measurement Locations
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The two on-site measurement points, BT-M01 and BT-M02, were located at the two complaint receptor
locations to adequately characterize the total sound levels, including the contribution of the Project, as
required by the LWECS Guidance. The measurement location coordinates are listed in Table 3-1 and shown

in more detail in Figure 2.

Table 3-1 Final Measurement Point Locations

Final Measurement
Point

Easting Northing

Distance to nearest
turbine, ft

Langrud (BT-MO01)

462985 4841921

1150 - Turbine 362

Hagen (BT-M02)

462949 4847019

1525 - Turbine 132

UTM NADS83 zone 15

DNV GL - Document No.:
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Figure 2 Sound Measurement Locations — Detailed view
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Existing ambient noise levels at the measurement points were characterized mainly by wind induced noise

on nearby tree leaves and vegetation, domestic and rural activities, natural bird and insect sounds,

DNV GL - Document No.: 10046144-HOU-R-02, Issue: B, Status: Final
www.dnvgl.com

Page 12



transportation noise on secondary gravel and asphalted roads, and occasional noise from the wind farm. The
Project has no nearby neighboring wind farms.

Photos of the measurement points and stations can be found in Appendix B.

4 NOISE MONITORING RESULTS

The results presented in this section include the full two weeks of measurement data, meeting the conditions
of 1.b. of the LWECS Guidance for BT-M01 and BT-M02.

Data is presented at hourly intervals and excludes periods of precipitation and microphone height winds
greater than 11 miles per hour (mph) per the LWECS Guidance. For BT-M01 and BT-M02, precipitation and
microphone height wind speed data was taken from the weather stations located at each measurement
station. It should be noted that due to overhead shielding by trees, some light precipitation might not have
been recorded by the precipitation sensor at BT-M02.

Periods of extraneous sound not associated with the Project or the typical natural environment (lawn
mowers, farm equipment, etc.), which are in excess of 60 dBA, were excluded from the dataset. The sound
meters used for the campaign record the sound exceedances above 60 dBA, which allows for proper data
analysis and filtering of extraneous events.

In addition, records coinciding with periods of turbine downtime due to maintenance or utility curtailment
were excluded as sound levels would likely be affected by the down turbine(s). DNV GL identified those
periods based on a turbine downtime report provided by EERA on behalf of the Company [7]. This was done
to eliminate any sound recordings that would be quieter than expected due to turbine downtime. Doing so
ensures that all valid data presented demonstrates sounds levels typically expected during Project

operations at corresponding hub height wind speeds. It should be noted that records when the wind turbines
were not operating due to winds below the cut-in wind speed were not excluded from the dataset. Therefore,
the results shown in Section 4 graphs do not include contribution from the facility when hub height wind
speeds are generally below 6.7 mph (i.e. 3 m/s).

It shall be noted that the timestamps were adjusted on the datasets acquired after the mid-campaign site
intervention, in order to accurately coincide with the actual date and time of measurements. No other
adjustments were applied to the data.

In the figures presented for each measurement point, excluded data is identified by gray and green vertical
shading. For each measurement point, as required by the LWECS Guidance, hourly data series for the
measurement period is presented as A-weighted and C-weighted Leq, Lio, Lso, and Loo. These data series are
compared against microphone wind speed, hub height wind speed, and precipitation. Hourly Lio and Lso data
are also charted against the daytime and nighttime Lio and Lso MPCA noise limits to demonstrate instances
of non-compliance. Nighttime hours are between 10 pm and 7 am, as per the MPCA noise standards.

4.1 Measurement Point BT-MO01 - Langrud

BT-MO1 is in the south of the Project area. Excluded data includes periods of precipitation and microphone
height wind speeds greater than 11 mph; and 101 hours of excluded data due to turbine curtailment and the
operation of a lawn mower and other miscellaneous farm equipment near the measurement station. Records
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when the wind turbines were not operating due to winds below the cut-in wind speed, were not excluded.
There was a short period where recordings were not taken from 14 June to 15 June due to data collection
and battery maintenance on the sound equipment.

Table 4-1 below summarizes the excluded and remaining data, as a percentage and number of hours based
on the overall measurement hours.

Table 4-1 BT-M01 Excluded data

BT-MO1 Excluded data as a % of total data and number of
hours
Percentage (%) Hours
Turbine curtailment 24.5% 93
Precipitation 6.3% 24
Microphone wind speed >11 mph 0.0% 0
Extraneous noise 3.1% 8
Total Hours Remaining 67.0% 254

Hourly A-weighted Leq values during valid hours over the course of the measurement period ranged from
28.1 dBA to 59.6 dBA.

The A-weighted and C-weighted Leq values are plotted with precipitation in Figure 3, and with hub height
wind speed in Figure 4. The grey- and green-shaded areas represent the excluded data discussed above and
in Table 4-1. The majority of excluded time periods are due to turbine curtailment events during the first
week of the measurement campaign. Some spikes in Leq values correspond to periods of lawn mowing
and/or farm machinery near the measurement station. There is general correlation between Leq values and
hub height wind speeds.

The relevant portion of the graph with regards to potential sound level exceedances with the LWECS
Guidance are outside of the shaded areas.
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Figure 3 BT-MO01 Hourly Leq with Prec
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Figure 4 BT-MO01 Hourly Leq with Hub Height Wind Speed
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Figure 5 and Figure 6, A-weighted and C-weighted centiles are plotted with hub height wind speeds. The
marker on these figures represents the Lso, with the top of the line representing the Lio and the bottom of
the line representing the Loo. A longer line between the Lio and Loo values means that there was more
variability within the hour’s sound levels. During the campaign, general correlation between centile levels
and hub winds were observed during most periods of valid data.
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Figure 5 BT-M01 Hourly A-Weighted Centiles with Hub Height Wind Speed
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Figure 6 BT-M01 Hourly C-Weighted Centiles with Hub Height Wind Speed
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In Figure 7 and Figure 8, A-weighted and C-weighted centiles are plotted with microphone height wind
speeds. Microphone height winds can indicate the influence of wind noise on measured levels observed
during periods of excluded data when microphone wind speeds were greater than 11 mph. Sound levels are
generally correlated with microphone height wind speeds demonstrating the general effect of wind influence
on ambient sound, regardless of wind turbine operations.
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Figure 7 BT-MO1 Hourly A-Weighted Centiles with Microphone Wind Speed
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Figure 8 BT-M01 Hourly C-Weighted Centiles with Microphone Wind Speed
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Figure 9 and Figure 10 compare the measurement data against the MPCA L10 and L50 nighttime and
daytime limits. Excluded data points are shown as light grey dots, while valid data points are shown as black
dots. Seven (7) hours of exceedance of the Lio and/or Lso limits were identified at BT-M01; the exceedances
are shown as black dots circled in red on the graphs. Further details are provided in Table 4-2 below.

Table 4-2 BT-M01 MPCA Limit Exceedances

BT-MO1 Exceedances
Date Time (1 hour Statistic Exceeded Lio Sound | Lso Sound
period starting at) Level Level
7 June 4:00 am LA10 nighttime limit of 55.0 | 55.5 n/a
13 June | 5:00 am LA10 nighttime limit of 55.0 | 56.2 n/a
13 June | 6:00 am LA10 nighttime limit of 55.0; | 55.2 50.8
LA50 nighttime limit of 50.0
14 June | 6:00 am LA10 nighttime limit of 55.0; | 56.9 50.8
LA50 nighttime limit of 50.0
16 June | 5:00 am LA10 nighttime limit of 55.0 | 55.9 n/a
18 June | 4:00 am LA10 nighttime limit of 55.0; | 55.9 52.6
LA50 nighttime limit of 50.0
18 June | 5:00 am LA10 nighttime limit of 55.0; | 61.8 53.5
LA50 nighttime limit of 50.0

During most of the seven exceedance periods, bird sounds and/or wind induced sound on tree leaves appear
to be the primary contributor to the exceedances. Birds are chirping and singing in several of the recordings
at the beginning of most exceedance periods between the hours of 4:00 am and 6:00 am. Wind turbine
sound appears to be audible in the recordings during some of the exceedance periods. However, the
contribution from the wind turbines cannot be determined without further detailed investigations in order to
isolate wind turbine sound from total measured sound.

However, exceedance cannot be attributed to the wind turbines without further detailed investigations, in
order to isolate wind turbine sound from total measured sound.
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Figure 9 BT-MO1 Houly L10 Sound Levels vs. MPCA Noise L
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Figure 10 BT-M01 Hourly L50 Sound Levels vs. MPCA Noise L
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4.2 Measurement Point BT-M02 - Hagens

BT-MO02 is in the northern portion of the Project area. Excluded data includes periods of precipitation and
microphone height wind speeds greater than 11 mph; and 108 hours of excluded data due to turbine
curtailment and lawn mowing and other extraneous sound near the measurement station. Records when the
wind turbines were not operating due to winds below the cut-in wind speed, were not excluded. There was a
short period without recordings from 14 June to 15 June for data collection and battery maintenance on the
sound equipment.

Table 4-3 below summarizes the excluded and remaining data, as a percentage and number of hours based
on the overall measurement hours.

Table 4-3 BT-M02 Excluded data

BT-MO02 Excluded data as a % of total data and number of
hours
Percentage (%) Hours
Turbine curtailment 22.4% 85
Precipitation 4.7% 18
Microphone wind speed >11 mph 0.5% 2
Extraneous noise 6.1% 23
Total Hours Remaining 66.2% 251

Hourly A-weighted Leq values during valid hours over the course of the measurement period ranged from
25.0 dBA to 60.3 dBA. It shall be noted that most periods of winds >11 mph occurred during periods of
turbine forced utility curtailment and are therefore accounted for under “Turbine curtailment”.

The A-weighted and C-weighted Leq values are plotted with precipitation in Figure 11, and with hub height
wind speed in Figure 12. The grey- and green-shaded areas represent the excluded data discussed above
and in Table 4-3. The majority of excluded time periods are due to turbine curtailment events during the
first week of the measurement campaign. There is general correlation between Leq values and hub height
wind speeds.

The relevant portion of the graph with regards to potential exceedances as per the LWECS Guidance are
outside of the shaded areas.
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Figure 11 BT-MO02 Hourly Leq with Prec
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Figure 12 BT-M02 Hourly Leq with Hub Height Wind Speed
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In Figure 13 and Figure 14, A-weighted and C-weighted centiles are plotted with hub height wind speeds.
The marker on these figures represents the L50, with the top of the line representing the L10 and the
bottom of the line representing the L90. A longer line between the L10 and L90 values means that there was
more variability within the hour’s sound levels. During the campaign, general correlation between centile
levels and hub winds were observed during most periods of valid data.

DNV GL - Document No.: 10046144-HOU-R-02, Issue: B, Status: Final Page 29
www.dnvgl.com



Figure 13 BT-MO02 Hourly A-Weighted Centiles with Hub Height Wind Speed
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Figure 14 BT-M02 Hourly C-Weighted Centiles with Hub Height Wind Speed
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In Figure 15 and Figure 16, A-weighted and C-weighted centiles are plotted with microphone height wind
speeds. As mentioned above in Section 4.1, microphone height winds can be an indicator of the influence of
wind noise on measured levels.
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Figure 15 BT-M02 Hourly A-Weighted Centiles with Microphone Wind Speed
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Figure 16 BT-M02 Hourly C-Weighted Centiles with Microphone Wind Speed
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Figure 17 and Figure 18compare the measurement data against the MPCA Lio and Lso nighttime and daytime
limits. Excluded data points are shown as light grey dots, while valid data points are shown as black dots.
Nine (9) hours of exceedance of the Lio and/or Lso limits were identified at BT-M02; the exceedances are
shown as black dots circled in red on the graphs. Further details are provided in Table 4-4 below.

Table 4-4 BT-M02 MPCA Limit Exceedances

BT-MO02 Exceedances
Date Time (1 hour Statistic Exceeded Lio Sound Lso Sound
period starting at) Level Level
13 June 10:00 pm LA10 nighttime limit of 55.0; | 56.3 52.3
LA50 nighttime limit of 50.0
13 June | 11:00 pm LA50 nighttime limit of 50.0 | n/a 50.3
16 June 6:00 am LA10 nighttime limit of 55.0 | 56.1 n/a
19 June | 5:00 am LA10 nighttime limit of 55.0 | 61.0 n/a
19 June 6:00 am LA10 nighttime limit of 55.0 | 55.3 n/a
20 June 5:00 am LA10 nighttime limit of 55.0 | 57.5 n/a
22 June | 2:00 am LA10 nighttime limit of 55.0; | 58.4 52.5
LA50 nighttime limit of 50.0
22 June | 5:00 am LA10 nighttime limit of 55.0 | 57.3 n/a
23 June 5:00 am LA10 nighttime limit of 55.0 | 55.7 n/a

During most of the nine exceedance periods, bird sounds and/or wind induced sound on tree leaves appear
to be the primary contributor to the exceedances. Birds are chirping and singing in several of the recordings
at the beginning of most exceedance periods between the hours of 4:00 am and 6:00 am. Wind turbine
sound appears to be audible in the recordings during some of the exceedance periods. However, the
contribution from the wind turbines cannot be determined without further detailed investigations in order to
isolate wind turbine sound from total measured sound.
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Figure 17 BT-M02 Hourly L10 Sound Levels vs. MPCA Noise L
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Figure 18 BT-M02 Hourly L50 Sound Levels vs. MPCA Noise L
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4.3 Summary of Exceedances

16 total hours of non-compliance were identified at BT-M01 and BT-M02, as described in Table 4-5 and
Table 4-6 below, and accompanying summaries.

Table 4-5 BT-M01 Langrud MPCA Limit Exceedances

Date Time (1 hour Statistic Exceeded Lio Sound Lso Sound
period starting at) Level Level

7 June 4:00 am LA10 nighttime limit of 55.0 | 55.5 n/a

13 June 5:00 am LA10 nighttime limit of 55.0 | 56.2 n/a

13 June 6:00 am LA10 nighttime limit of 55.0; | 55.2 50.8
LA50 nighttime limit of 50.0

14 June 6:00 am LA10 nighttime limit of 55.0; | 56.9 50.8
LA50 nighttime limit of 50.0

16 June 5:00 am LA10 nighttime limit of 55.0 | 55.9 n/a

18 June 4:00 am LA10 nighttime limit of 55.0; | 55.9 52.6
LA50 nighttime limit of 50.0

18 June 5:00 am LA10 nighttime limit of 55.0; | 61.8 53.5
LA50 nighttime limit of 50.0

Table 4-6 BT-M02 Hagens MPCA Limit Exceedances
Date Time (1 hour Statistic Exceeded Lio Sound Lso Sound
period starting at) Level Level

13 June 10:00 pm LA10 nighttime limit of 55.0; | 56.3 52.3
LA50 nighttime limit of 50.0

13 June 11:00 pm LA50 nighttime limit of 50.0 | n/a 50.3

16 June 6:00 am LA10 nighttime limit of 55.0 | 56.1 n/a

19 June 5:00 am LA10 nighttime limit of 55.0 | 61.0 n/a

19 June 6:00 am LA10 nighttime limit of 55.0 | 55.3 n/a

20 June 5:00 am LA10 nighttime limit of 55.0 | 57.5 n/a

22 June 2:00 am LA10 nighttime limit of 55.0; | 58.4 52.5
LA50 nighttime limit of 50.0

22 June 5:00 am LA10 nighttime limit of 55.0 | 57.3 n/a

23 June 5:00 am LA10 nighttime limit of 55.0 | 55.7 n/a

During most of the 16 exceedance periods, bird sounds and/or wind induced sound on vegetation and tree
leaves appear to be the primary contributor to the exceedances. Aside from two (2) 13 June and one (1) 22
June exceedances at BT-M02, all exceedances occurred between the hours of 4 and 7 am. Birds are chirping
and singing in several of the recordings at the beginning of most exceedance periods starting between the
hours of 4:00 am and 6:00 am.

Wind turbines were producing power during all exceedances, however with varying production ranging from
50 kW to 1,500 kW. Wind turbine sound appears to be audible in the recordings during some of the
exceedance periods. However, the contribution from the wind turbines cannot be determined without further
detailed investigations in order to isolate wind turbine sound from total measured sound.
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5 CONCLUSION

DNV GL has completed this post-construction noise assessment in accordance with the Guidance for Large
Wind Energy Conversion System Nosie Study Protocol and Report (LWECS Guidance) authored by the
Minnesota Department of Commerce [1], and the Post-Construction Noise Measurement Study Protocol
(DNV GL Protocol) developed by DNV GL [2]. More specifically, the Assessment was requested by EERA due
to on-going complaints at two receptors within the Project Area; the Hagen and Langrud receptors.

Post-construction noise levels were hence determined at two locations within the Project area using in-situ
sound meters and weather sensors.

Hourly A-weighted Leq values fluctuated at each measurement point as follows:
e 28.1 dBA to 59.6 dBA for BT-M0O1 (Langrud); and
e 25.0 dBA to 60.3 dBA for BT-M02 (Hagen).

16 total hours of non-compliance with the LWECS Guidance were identified at BT-M01 and BT-M02. During
most of the exceedance periods, bird sounds and/or wind induced sound on vegetation and tree leaves
appear to be the primary contributor to the exceedances. Wind turbine sound appears to be audible in the
recordings during some of the exceedance periods. However, as stipulated in Appendix A of the LWECS
Guidance, further detailed investigations would be necessary to assess the contribution of the wind turbines
to the total sound levels experienced at the receptors.

As such, it is recommended to perform an additional measurement campaign to properly isolate wind turbine
sound from total measured sound. This is achieved by conducting measurements where a subset of wind
turbines in proximity of the complaint receptors are turned off and on under various wind and atmospheric
conditions.
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APPENDIX A — NEARBY TURBINES TO MEASUREMENTS POINTS

Turbines within 1.5 miles of each measurement point are listed in the table below.

Corresponding

Turbine ID Easting Northing Measurement
Point
T212 463605 4843373 Langrud (M01)
T215 463487 4842910 Langrud (M01)
T220 463543 4842412 Langrud (M01)
T233 462250 4842035 Langrud (M01)
T235 462002 4842033 Langrud (M01)
T236 461353 4841760 Langrud (M01)
T239 462266 4841548 Langrud (M01)
T241 464857 4842126 Langrud (M01)
T242 464133 4841911 Langrud (M01)
T323 461124 4842656 Langrud (M01)
T324 461661 4842451 Langrud (M01)
T325 464357 4842609 Langrud (M01)
T362 462655 4842008 Langrud (M01)
T368 464659 4842396 Langrud (M01)
T369 464424 4842187 Langrud (M01)
T380 462503 4841682 Langrud (M01)
T383 461749 4841732 Langrud (M01)
T385 461300 4842304 Langrud (M01)
T427 464076 4842611 Langrud (M01)
T440 464399 4843200 Langrud (M01)
T122 462032 4848134 Hagen (M02)
T123 461789 4848005 Hagen (M02)
T127 463548 4848137 Hagen (M02)
T131 463816 4847430 Hagen (M02)
T132 463324 4847251 Hagen (M02)
T134 464343 4848417 Hagen (M02)
T135 463846 4848264 Hagen (M02)
T141 464733 4847071 Hagen (M02)
T151 461771 4846535 Hagen (M02)
T152 461356 4846831 Hagen (M02)
T161 463727 4845838 Hagen (M02)
T162 463592 4845462 Hagen (M02)
T163 462497 4845748 Hagen (M02)
T166 461883 4845729 Hagen (M02)
T168 464023 4846121 Hagen (M02)
T169 464341 4845718 Hagen (M02)
T170 464102 4845475 Hagen (M02)
T283 462210 4846230 Hagen (M02)
T284 462537 4846228 Hagen (M02)
T285 464575 4845843 Hagen (M02)
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T357 462865 4846369 | Hagen (M02)
T358 463725 4846605 Hagen (M02)
T359 464791 4846106 | Hagen (M02)
T397 463111 4846525 Hagen (M02)
T420 463205 4847812 | Hagen (M02)
T422 461531 4846450 Hagen (M02)
T436 461228 4846459 | Hagen (M02)
T437 461406 4846058 | Hagen (M02)
T456 462723 4845507 | Hagen (M02)

UTM NADS83 Zone 15
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APPENDIX B — MEASUREMENT POINT PHOTOS

i g{{%ﬂi ﬁw’? A
BT-MO1 facing Project BT-MO1 facing residence

BT-MO02 facing Project BT-MO02 facing residence
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APPENDIX C — CALIBRATION SHEETS




Certificate of Calibration and Conformance

This document certifies that the instrument referenced below meets published specifications per
Procedure PRD-P283; ANSI 51.4-1983 (R 2008) Type 1: S1.4A-1985; S1.43-1297 Type 1; S1.11-
2004 Octave Band Class 0; 51.25-1891; |[EC 61672-2002 Class 1; 60651-2001 Type 1; 60804-2000
Type 1, 61260-2001 Class (; 61252-2002,

Manufacturer: Larson Davis Temperature: 74.9 °F
Model Number: 831 2383  °C
Serial Number: 3004 Rel. Humidity: 41.4 %
Customer: TMS Rental Prassure: 979 mbars
Description: Sound Level Meter 979 hPa
Mote: As FoundiAs Left: In Tolerance
Upon receipt for testing, this instrument was found 1o be:
Within the stated tolerance of the manufacturer's specification.
Calibration Date: /52017 Galibration Dua:
Calibration Standards Used:
Manufacturer Model Serial Mumber Cal Due
Stanford Research Systems D53460 123270 42572018

This Certificate atfests that this instrument has been calibraled under the stated conditions with Measuwrement and
Test Equipment {M&TE} Standards traceable to tha National Institute of Standards and Technology (MIST). All of the
Measurament Standards hava been calibrated to thewr manufaciurers’ specifled accuracy / uncetainty, Evidence of
traceability and accuracy is on file at The Modal Shop andior Larson Davis Corporale Headguaners, An acceptable
accuracy ratio between the Standard(s) and the ftam calibrated has been maintained. This instrument meets or
exceeds the manufaciurer's published specification unless noled.

e ———————— e R ™™ . L -—A R - P

The results docwmented in this cerificate relzte only to the ifem(e) calibrated ar tastad. Calibration inbareal
assignment and adjustmeant are the responsibility of the end user. This cerificate may not be reproduced, axcept in

full, without the written approval of The Modal Shop.

Technician: Adam Magaa signature:
3148 East Kemper Road
GCinclnnati, OH, 45241
Phone: (513) 351-9619
{annhasﬂ AAGET
A PCB GROUP CO. wanw.modalshop.com
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~Certificate of Calibration~

5149 Enst Kemper Rd.
Cincinnati, OH 45241
Fhi: 313-33]1-921%
Fax: 513-458-2172
www. modelshop. com

Manufaciurer: PCB Customer: TMS Remtal
Model Number: 377B02 Address:
Serial Number: 163147
Aszet [Tx: Calibration Date: Apr 20, 2017 11:58:29
Description: Free-Field Microphane Due Date:
Sensitivity: 250 He 1 kH=z Temperatore: T5(24) "F{"C)
=26.24 =263 dB e 1VPa Humidity: 42 %
48.73 43,22 mViPa Amblent Pressure: 0046  mhbar
Cal. Results: In Tolerance Polarization Yoltage: ] VDO
= T 1 e S I S 0 ——
] b | ] = _'r,_,.--— ]
¥ ! | - — = - e ; I
1 I A s - 11 _.;.. _'_"___-:""‘:'n' . — ! |
| SN W— F— - - - | N——
= = - | I I | L '."'\\\ [ |
ﬂ =5 1 Fragataey Responss Charastensines :.'['hc Upges Curve i r!'_c frae fleld characteriste I |
for the microphone with protection grid. The lower curve i the pressame responss | I |
recarded by elecirostabc actuator. [ . I T = 1
A f————————— e —————— | i i i
SBensitivity : The stated sensitivity is the open.cirouit sensitivity. When used witha | I : |
typical preamplifier the sexsitivity will be 0.2 dB lower. T | | | I
15 e ——— e + i i
1i] 100 1HM 1CCER
Frequency [Hz|
Traceability: ~ The calibration is traceable through 683/2844 13-14.
Motes: Calibration resulis selate aaly to the items calibrated.
This certificate may not be reprodweed, except in full, withowt writhen permission
‘This calibration is performed in complhiance with IS0 9001, 150 17025 and ANST 540,
Measuremsent epcertaiaty {250 Hz wensitvity calibrstion) st 95% confldence level: 0.30 dB.
Calibrated per procodure PRD-F204,
User Note: s Found £ As Left: In Tolerance,
Frequency Response with referemce to level at 250 Hz
Froquaney Upper Frequency Unper Frequeney Upper Freguency Upper
(Hz} {dR) (Hx) AR} (Ha) (AR} MHzy (dmy
i} ALLF 630 =10l 4300 006
5 0.0 B 0.0z S0 007
315 L.1% ] .03 500 0.0%9
40 013 1 .03 400 [T
50 008 1250 003 7180 013
63 108 1400 .03 B 0.8
R 0.0 160 0.02 Q30 021
10k 008 18104 0.0z 1001 0.0
118 LM 2000 003 11200 002
140 a3 2240 003 12500 0.8
200 02 2504 .04 14000 048
150 0o 2600 005 L0 .85
315 002 3150 0.05 18000 115
400 00L 3550 008 20000 117
Sl 01 A0 0,04
Technician: Ed Devlin Reference Equipment Used:
e ;f.a'ﬁ s"“ L-. Manyf  Model Serial  Cal. Date Due Date
Approval: otz ik GRAS 40AG 9542 S20/2Me 92002017
Calibration Lab
CALIBAATION CEAT 2644.01 Page | of |




3149 Bast Kemper Rad,
Crincinrali, O 45241

~Calibration Certificate~ ™ =12:251.5515

Fax: 513-458-2172
wwwsmodalshop, com

Manufacturer: Larson Davis Asset [

Maodel: CALID Calibration Date: Apr 20, 2017 12:43:17
Serial Number: 11085 Duze Date:

Dreseription: Aconstic Calibrator Techmcian: Ed Devlin

,
Customer: TMS Eental Approval: %E}‘ {'; -‘L\

Calibration Hesults: Temperatuns: 24 7C (75 “F})
Measured SPL : 9391 dB re. 20pPa Humidity: 42.00%
Measured Frequency ; 1000000 Hz Pressure: 0939 mbar

Upon receipt for calibration, the instrument was found to be:
WITHIN  ihe stated wolerance of the manufaciurer’s specification.

MNote: Az Found f As Lefi: In Tolerance.

Measurement uncertainty al 95% confidence level: 0,25 dB

The subject instrument was calibrated o the indicated specification using standurds stated below or to accepted
values of natural phvsical constants, This document certifies that the instrument met the following specification

This calibration s traceable through : 633/284413-14

Mites:

The calibration was performed under operating procedures intended to implement the requirements of IS0 9001,
IS0 17025 and ANSI Z340. Unless otherwise noted, the reported value is both "as found” and "as left” data.
Calibration resulis relate only to the items calibrated. This certificate may not be reproduced, except in full,
without written permission.

Reference Equipment Used:
Manuf. Model Serial Cal, Date  Due Date
GRAS 40AG 9342 QROZOI6 2002017
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3149 East Feampsar Fadad.
Chincinnali, OFL 4524 )

~Calibration Certificate~ Ph: 513-351.5915

Fax: 513-458-2172
wwey, nadalksh op, comy

Manufacturer: Larson Davis Asset [0
Maodel: CALZ00 Calibration Date: Apr 20, 2017 12:50:20
Eerial Number: 11085 Due Date:
Description: Acomstic Calibrator Techmician: Ed Devlin
7

. ' . F Pl T,
Customer: THS Rental Approval: %I- (o |5‘r, én.
Calibration Results: Temperature: 24 *C (715 °F)
MMeasured SPL 1 113.90 dB re. 20puPa Humidity: 42.00%
Measured Frequency : 1000000 Hz Pressure: 9939 mbar

Upan receipt for calibration, the instrument was found o be:
WITHIN  the stated wlerance of the manufacturer’s specification

Note: As Found / As Left: Im Tolerance.

Mensurement uncertainty at 95% confidence level: 0,25 dB

The subject instrument was calibrated to the indicated specification using standards stated below or to accepted
values of natural physical constants. This document certifies that the instrument met the following specification

This calibration is traceable through ; 6832844 13-14

Motes:

The calibration was performed under operating procedures intended to implement the requirements of IS0 9001,
180 17025 and ANSI Z540. Unless otherwise noted, the reported valoe is both "as found™ and "as left” data,
Calibration results relate only o the items calibrated. This certificate may not be reprodeced, except in full,
without writien permission,

Reference Equipment Used:
Manuf, Maodel Serial Cal Date  Due Date
GEAS 40AG 9542 WAA016 202017
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Certificate of Calibration and Conformance

This document certifies that the instrument referenced below mests published specifications per
Procedure PAD-P263; ANSI 51.4-1983 (R 2006) Type 1; S1.4A-1985; 51.43-1997 Type 1; 51.11-
2004 Octave Band Class 0; 51.258-1991; IEC 81672-2002 Class 1; 60651-2001 Type 1; 60804-2000
Type 1; 61260-2001 Class 0; 61252-2002.

Manufacturer: Larson Davis Temparature: 75.5 F
Model Number: 831 2420 %G
Serial Number: 3308 Rel. Humidity: 373 %
Customer: TMS Hental Pressure: 986.9 mbars
Description: Sound Lavel Meter 986.9 hPa
Maota: As Found / As Left: In Tolerance
Upon receipt for testing, this instrument was found o be:
Within the stated tolerance of the manufacturer's specification,

Calibration Date: 4/5/207 Calibration Due;
Calibration Standards Used:

Manufaciurer Mlodel Serial Number Cal Due

Stanford Research Systems DE360 123270 4192017
Larson Davis 2239 1ne 422017

This Cerlificale attests that this instrument has bean calibrated under the staled conditions with Measurement and
Tesl Equipmeant (MATE) Standards traceabls 1o the Matonal Instituie of Standards and Technology (MIST). All of the
Maasuremant Standards have baen calibratad o thair manulacturers” specilied accuracy uncertainty, Evidence of
traceability and acouracy is on file at The Modal Shop andfor Larson Davis Corporate Headquarnars, An accepiable
accuracy ratio between the Standard(s) and the item calibrated has been mainfained. This Instrument mests o
exceeds the manufaciurer’s published specification unless noted.

Tha results decumented in this cerificate relate only to the item(s) calibrated or tested. Calibeation mtarval
assignment and adjustment are the responsibility of the end user, This cerificate may not ba reproduced, excagt in

full, without the written aparoval of The Modal Shop
Nl Wt

Technician: Adam Magee Signature;
3143 East Kemper Road
Vi Cincinnati, OH. 45241
. Ehone: 1513%%51-991%
i 405
A PCH GROUP CO. uw.rrm[gatghﬂg?mm
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T H E 3149 Easy Kemper FRd,
MODAL Cimotnnars, OH 4524 |
SHOP . . . Ph: S13-351-9%1%9
[ ~Certificate of Calibration~ Fox: $13-458.2172
T www.modalshop.com
Manufactorer: FCH Customer: TMS Rental
Model Number; 377802 Address:
Serial Number: 152980
Asset 1 Calibration Date: Apr 20, 2017 11:534:25
Description: Free-Field Microphone Drige Diabe:
Sensliiivity: 250 He 1 kHz Temperature: 75¢24) "F(*C)
-26.76 2685 dBre. 1¥/Pa Humidity: 42 %
4592 4544 mV/Pa Ambient Pressure: 9046  mbar
Cal. Results: In Tolerance Polarization Voltage: 0 VI
LY i— — TTTT BN N 6 1 Y S S ':]'..' 1
1 | [ - | mp | q
I — 1 ! = = frit by H -
T L} - s bt e 1 |
el 4 - | N — —
| =R = | >
8 51 Frequescy Respanse Cheracieristics : The upper curve is the fres Feld chamcteristic : ;
for (R andcrophons with protection grad, The Iower corve &8 (e pressuns reipiome 1 i !
recardad by lactrostatie schaator, i I 1 -
A0 = T S o e 1 1
Senaitivity : The stated sensitivity is the open-clreuin seasivity, When used with a | | 1
typacal preamplifier the sensitivicy will be 02 dB lower. | — {
15 . ‘ SN [— — s —
1] 100 100 JLLELH
Fregquency [Hz]
Traceability:  The calibration is traceable through 683/284413-14.
Motes: Calibration results relale only tothe items calibragsd,
This certifscate may not be reproduced, except in foll, without written permizsion,
This calibration is pecformed in compliance with 130 9001, 150 17025 and ANST 2540,
Measurement uncertainty {150 Hz senstivity calibration) 2t 95% confidence kevel; 0,30 dR,
Calibrated per procedure PRD-P204.
User Mote: As Pound / As Left: In Tolesance.

Frequency Response with reference to level at 250 Hz
Frequency Upper Frequency Upper Freguescy Upper Frequency Upper

Hz) ) (Hz) felly [Hz) (B Ha) (dE)
20 1% 630 it 4500 -0
25 .09 B0 0oz 5000 -D.0E
IS 10 L0 003 S600) .07
40 .18 1130 003 300 207
0 LIS 1250 03 T 06
63 021 1400 o3 2001 g1
0 niic] 1600 ol ) 003
100 0ol 1800 0o 10000 109
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i ol 4000 007
Technician: Ed Devlin Reference Equipment Used:
= 'f"_’:‘ i; -‘:L. Mangf.  Mods! Serial  Cal Date Due Duate
Approval: e/ R GRAS S0AG 9542 WA2016 9202017
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ABOUT DNV GL

Driven by our purpose of safeguarding life, property and the environment, DNV GL enables organizations to
advance the safety and sustainability of their business. We provide classification, technical assurance, software
and independent expert advisory services to the maritime, oil & gas and energy industries. We also provide
certification services to customers across a wide range of industries. Combining leading technical and operational
expertise, risk methodology and in-depth industry knowledge, we empower our customers’ decisions and actions
with trust and confidence. We continuously invest in research and collaborative innovation to provide customers
and society with operational and technological foresight. Operating in more than 100 countries, our professionals
are dedicated to helping customers make the world safer, smarter and greener.
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IMPORTANT NOTICE AND DISCLAIMER

1. This document is intended for the sole use of the Customer as detailed on the front page of this document to
whom the document is addressed and who has entered into a written agreement with the DNV GL entity issuing
this document ("DNV GL"). To the extent permitted by law, neither DNV GL nor any group
company (the "Group") assumes any responsibility whether in contract, tort including without limitation
negligence, or otherwise howsoever, to third parties (being persons other than the Customer), and no company
in the Group other than DNV GL shall be liable for any loss or damage whatsoever suffered by virtue of any act,
omission or default (whether arising by negligence or otherwise) by DNV GL, the Group or any of its or
their servants, subcontractors or agents. This document must be read in its entirety and is subject to any
assumptions and qualifications expressed therein as well as in any other relevant communications in connection
with it. This document may contain detailed technical data which is intended for use only by persons possessing
requisite expertise in its subject matter.

2. This document is protected by copyright and may only be reproduced and circulated in accordance with the
Document Classification and associated conditions stipulated or referred to in this document and/or in DNV GL's
written agreement with the Customer. No part of this document may be disclosed in any public offering
memorandum, prospectus or stock exchange listing, circular or announcement without the express and prior
written consent of DNV GL. A Document Classification permitting the Customer to redistribute this document
shall not thereby imply that DNV GL has any liability to any recipient other than the Customer.

3. This document has been produced from information relating to dates and periods referred to in this document.
This document does not imply that any information is not subject to change. Except and to the extent that
checking or verification of information or data is expressly agreed within the written scope of its services, DNV GL
shall not be responsible in any way in connection with erroneous information or data provided to it by the
Customer or any third party, or for the effects of any such erroneous information or data whether or not
contained or referred to in this document.

4. Any wind or energy forecasts estimates or predictions are subject to factors not all of which are within the scope
of the probability and uncertainties contained or referred to in this document and nothing in this document
guarantees any particular wind speed or energy output.

KEY TO DOCUMENT CLASSIFICATION

For disclosure only to named individuals within the

Strictly Confidential Customer’s organization.

For disclosure only to individuals directly concerned with
Private and Confidential : the subject matter of the document within the Customer’s
organization.

Commercial in Confidence : Not to be disclosed outside the Customer’s organization.

DNV GL only : Not to be disclosed to non-DNV GL staff

Distribution for information only at the discretion of the
Customer (subject to the above Important Notice and
Disclaimer and the terms of DNV GL's written agreement
with the Customer).

Customer’s Discretion

Available for information only to the general public (subject

Published to the above Important Notice and Disclaimer).
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1 INTRODUCTION

1.1 Background

The Department of Commerce, Energy, Environment Review and Analysis (EERA, formerly Energy Facilities
Permitting) of the state of Minnesota has requested, on behalf of Wisconsin Power and Light Co (*WPL" or
the “Customer”), that Garrad Hassan America, Inc. ("DNV GL") provide Acoustic audit services, in the form
of a post-construction noise measurement audit for the Bent Tree Wind Farm (“Bent Tree” or “Project”). The
Project is located near the town of Hartland, in Freeborn County, Minnesota, approximately 90 miles south
of Minneapolis. The Project consists of 122 Vestas V82-1.65 MW wind turbine generators, which began
operation in 2011.

The purpose of the proposed noise measurement protocol is to satisfy the requirements of the Project’s
permit while following the “Guidance for Large Wind Energy Conversion System (LWECS) Noise Study
Protocol and Report” (*Guidance”) [1] issued by the EERA, in collaboration with the Minnesota Pollution
Control Agency (MPCA) 7030.0040 Noise standards [2]. More specifically, the audit will be conducted, at the
request of EERA, due to on-going complaints at two receptors within the Project Area; the Hagen and
Langrud receptors.

The present document outlines the noise measurement protocol that has been developed prior to
undertaking the post-construction noise measurements. The measurement campaign will enable the EERA to
validate if compliance is met at the complainants, as evaluated according to the Guidance.

1.2 Compliance with the Guidance Requirements

Table 1-1 below helps demonstrate the compliance of the protocol proposed herein by providing the key to
Sections of this report relevant to the requirements of the Guidance.

DNV GL - Document No. 10046144-HOU-R-01-A, Issue: A, Status: Draft Page 2
www.dnvgl.com



Guidance Requirements

Table 1-1 Compliance Matrix.

Relevant Section in this Report

Comments on the Protocol

described in this Report

Monitoring Conditions

1. Monitoring Within the Project,
Same Locations, Turbines On,

Turbines Off.

Sections 2.2.1 & 2.3.1

Compliant with Guidance 1.b as it
is a post-construction audit

2. Monitoring Off-Site, Same

Timeframe. Section 2.2.1 As agreed with the EERA
3. Results from Monitoring Compliant with Guidance 1.b as it
Without Turbines Present or N/A

Operating.

is a post-construction audit

4. Data Sets. Sections 2.3.1 & 2.4 Compliant
5. Seasonal Timing. Section 2.3.2 Compliant
6. All Turbines Operating. Section 2.2.1 Compliant
Compliant, with consideration that
Monitoring Locations the locations are for two
2. 8.9 10, 11, 12 & 13 complaints (e.g. at two receptors)
P me e Section 2.2 and will not include an off-site
location

Monitoring Duration

Section 2.3.1 Compliant
14.
Monitoring Wind Speeds
15,16 & 17 Sections 2.1 & 2.3.1 Compliant
Instruments
18. Section 2.1 Compliant
Methodology
19, 20, 21 & 22 Section 2.3.1 & 2.4 Compliant
Processing the Data
23,24 & 25 Sections 2.4 & 2.4.1 Compliant
Results and Charts
26. Results at Varying Wind Section 2.4 Compliant

Speeds

DNV GL - Document No. 10046144-HOU-R-01-A, Issue: A, Status: Draft

www.dnvgl.com
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Guidance Requirements

Relevant Section in this Report

Comments on the Protocol
described in this Report

27. Results at Varying

Frequencies. Section 2.4 Compliant

28. Document Varying Wind Compliant; will be obtained from
Directions and Other Section 2.4 turbine anemometry and weather
Meteorological Conditions sensors at measurement locations
29. Comparison to Minnesota ion 2.4.4 li

Noise Standards. Section 2.4. Compliant

30.' Map Location of Monitoring Section 2.4 & Figure 2-1 Compliant

Points.

31. Results of Noise Modeling. Sections 2.4.2 & 2.4.3 Compliant

Conclusions

32. Section 2.4 Compliant

Noise Study Protocol

33 & 34 Sections 2.4 & 3 Compliant

Noise Study Report

35 & 36 Sections 2.4 & 3 Compliant

E-Filing

37 Section 3 Compliant

DNV GL - Document No. 10046144-HOU-R-01-A, Issue: A, Status: Draft

www.dnvgl.com
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2 METHODOLOGY

All instrumentation, measurement settings, data collection, processing and reporting procedures will be
compliant with the Guidance as well as with the MPCA’s Measurement Procedure for Non-impulsive noise,
designated as method NTP-1 [3]. The methodology will additionally consider the following ISO standards
related to acoustic sound measurements: 1996-1, 1996-2 and 1996-3 [4]. The following subsections provide
details and description.

2.1 Instrumentation

The acoustic and meteorological measurements data gathered in the context of this study will be obtained
using the following instruments (see Appendix A for photographs):

e Larson Davis sound meter model 831 Class I;

e FreeField 2 inch microphone model 377B02;

e Preamplifier model PRM831; and

e Complete kit for outside noise measurement (including a wind and rain screen, protective Pelican

case, long range batteries, etc.).

The sound meters used by DNV GL meet the IEC 61672 Class 1 specifications. The accuracy of the sound
meter calibration will be verified on site before and after each measurement with a Larson Davis CAL200
Class I calibrator: the differential calibration will not be greater than 0.5 dBA. All instruments will have a
valid calibration. In addition to recording sound levels, the Larson Davis sound meter will also record sounds
at the beginning of each monitoring hour and when certain levels are attained. In addition to observations
from the DNV GL field engineer, this facilitates the screening of particular events and determining if the
corresponding high sound level is representative of the ambient noise or if it is an exceptional event which
should be rejected from the final dataset.

The following meteorological parameters will be recorded, at the measurement locations and heights:

e Wind speed and direction;

e Precipitation and relative humidity;

e Temperature.
In addition, operational data, including wind turbine anemometry data, will be considered during the post-
construction campaign.

Based on the above descriptions, the instrumentation will comply with the requirements of the Guidance and
NTP-1 [3].

DNV GL - Document No. 10046144-HOU-R-01-A, Issue: A, Status: Draft Page 5
www.dnvgl.com



2.2 Selection of Measurement Locations

It is expected that existing ambient noise levels (e.g. without the contribution of the Project) will be
characterized mainly by domestic and rural activities, natural sounds and transportation noise on secondary
roads. The following subsections describe the approach suggested to comply with the requirements of the
Guidance.

2.2.1 On-site monitoring

On-site monitoring will be conducted at the two receptors, identified as BT-M01 and BT-M02, while the
Project is in full operation. Table 2-1 summarizes the selected monitoring locations.

Figure 2-1 presents a general overview map of the measurement locations in relation to the Project.
Figure 2-2 provide preliminary locations for the equipment on the properties. Final locations on the
properties will be confirmed during equipment set-up in order to ensure compliance with the Guidance and
measurement best practices.

As discussed with EERA, off-site monitoring will not be conducted as it does not provide additional benefit in
evaluating compliance at the complainants receptors.

Table 2-1 Measurement Point Summary

Measurement point Receptor address Distance to nearest Notes

ID turbine

BT-MO1 (Langrud) 25887 - 705t 350 m (1150 feet) Closest wind turbines
Avenue, Alden, MN from Turbine 362 are NE and SE
56009

BT-M02 (Hagen) 70286 - 290%™ Street, 465 m (1525 feet) Closest wind turbine is
Hartland, MN 56042 from Turbine 132 West

DNV GL - Document No. 10046144-HOU-R-01-A, Issue: A, Status: Draft Page 6
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Figure 2-2 Equipment Locations
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2.3 Data Collection

2.3.1 Measurements

Un-attended measurements will last for at least 7 days, in order to collect data in various wind conditions,
during day and night. This timeframe may be extended if it is deemed that too much data will be filtered out
due to extended periods of high wind or precipitation.

Microphones will be installed approximately 1.5 m (5 feet) above ground, and site calibration will be
performed before and after each monitoring period. The microphones will also be placed at least 6 m (20
feet) from large reflecting surfaces.

Measurements will be made continuously using a FAST response setting and will be averaged and stored
every 10 seconds, along with the relevant statistics for that period. Sound events louder than 60 dBA will be
recorded for analysis and possible filtering. The remaining data will be averaged on an hourly basis during
post processing.

The measurements will include un-weighted sound (in dB); A-weighted as Lio, Lso, Loo and Leq (dBA); and
C-weighted Lio, Lso, Leo and Leq (dBC). Third octave band measurements ranging from 16 Hz to 8000 Hz will
also be recorded.

Environmental sound measurements are greatly influenced by wind-induced sound. To avoid this unwanted
effect, DNV GL uses a foam wind screen, as per industry standards. This enables the measurement of sound
(without wind-induced sound effects on the microphone) in winds up to 11 miles/hour (i.e. 5 m/s) at the
measurement level. Measurements taken during winds higher than 11 miles per hour and other adverse
conditions such as rain will not be used in the measurement campaign as per Monitoring Condition 4 of the
Guidance. For each location both raw and filtered data will be provided along with the percentage of data
removed.

In addition to wind speed and direction, temperature, precipitation and relative humidity monitoring at the
microphone level, hub height hourly anemometry and operational data will be provided from the turbines
internal SCADA system.

A log of precipitation events occurring during the measurement period will be obtained from the nearest
weather station.

2.3.2 Seasonal Timing

Post-construction measurements will be conducted in spring 2017, while the Project is in full operation.
Spring has a variety of wind and atmospheric conditions, with less intrusion of natural sounds.

2.4 Data Processing and Reporting

Once the post-construction measurement campaign is complete, all data sets will be quality controlled as
per the Guidance requirements notably including:

e Results at varying wind speeds,
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e Results at varying frequencies,
e Wind speed, direction and relevant meteorological conditions, and
e Percentage of filtered data for each hour will be reported.

Collected data and reporting will align with the Guidance’s requirements and identification of any hourly
exceedances, if any. As per the Guidance’s requirements, the report will discuss the following:

e A narrative conclusion regarding how well the results compare to the expected sound levels for the
project; including explanations, to the extent possible, if the results do not compare favorably.

e A summary of the Lig and Lsg hourly determinations that are above the Minnesota noise standards
for each monitoring location.

e A narrative conclusion regarding how well the results provide information regarding the modeling as
a predictor of probable compliance with the Minnesota noise standards; including explanations, to
the extent possible, if the results do not compare favorably.

2.4.1 Data processing in compliance with the Guidance

Hourly data series for the entire measurement period for each point will be created in the form of Lo, Lso Loo
and Leq sound levels, in dB, dBA and dBC. These cleaned data series as well as concurrent data series of
wind speed (miles per hour) at hub height and microphone height and relative humidity will be presented in
different charts (one per measurement point).

For the worst case receptor measurement location, a comparative third-octave band chart will be created for
a representative wind speed and over a range of at least 16 Hz to 8000 Hz, using un-weighted, A-weighted,
and C-weighted Leq data.

2.4.2 Validation of noise modelling

In order to evaluate the accuracy of pre-construction noise modelling, the total quality-controlled measured
night-time A-weighted Lsp values for each measurement will be compared to modeled sound levels
(including ambient noise) at each of the 2 receptors. Large discrepancies, if any, will be documented.

A map of the simulated noise contours will also be presented, adjusted to the final as-built turbine layout.
2.4.3 Discussion of noise modelling performance as a probable predictor of
compliance

Should any large discrepancies between modelling and measured data be observed; a discussion will be
provided to help understand the differences to the extent possible. The focus will be to provide useful
information for future noise modelling and noise measurements.

2.4.4 Identification of hourly exceedances

For compliance purposes, hourly Lsp and Lig data series will be graphed and every data point will be
compared to the MPCA limits [2] for every receptor. Periods of high wind and precipitation will be identified.
It is understood that the limits apply to total noise and not just facility noise, unless there are exceedances
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in which case Project attribution, e.g. assessing contribution from the Project only, may be investigated at a
later stage.
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3 CONCLUSION

EERA has requested, on behalf of WPL, that DNV GL provide a post-construction noise measurement audit
and protocol for the Bent Tree Wind Farm. The Project is located near the town of Hartland, in Freeborn
County, Minnesota, approximately 90 miles south of Minneapolis. The Project consists of 122 Vestas V82-
1.65 MW wind turbine generators, which began operation in 2011.

This protocol has been developed to follow the “Guidance for Large Wind Energy Conversion System Noise
Study Protocol and Report”, wherever applicable in the context of a post-construction audit at complainant’s
properties.

This protocol as well as the final noise measurement report will be E-filed as per the instructions in the
Guidance paragraphs 33 through 37.
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APPENDIX A — TYPICAL INSTRUMENTATION PHOTOGRAPH

In-situ set-up of Sound Measurement Equipment
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1 INTRODUCTION

The Department of Commerce, Energy, Environment Review and Analysis (EERA, formerly Energy Facilities
Permitting) of the state of Minnesota has requested, on behalf of Wisconsin Power and Light Co ("WPL" or
the “Customer”), that Garrad Hassan America, Inc. ("DNV GL") provide Acoustic audit services, in the form
of a post-construction noise measurement audit for the Bent Tree Wind Farm ("Bent Tree” or “Project”). The
Project is located near the town of Hartland, in Freeborn County, Minnesota, approximately 90 miles south
of Minneapolis. The Project consists of 122 Vestas V82-1.65 MW wind turbine generators, which began
operation in 2011.

1.1 Background

An audit was conducted in June 2017 by DNV GL [1], closely following the requirements under the
“Guidance for Large Wind Energy Conversion System (LWECS) Noise Study Protocol and Report”
(“Guidance”) [1] issued by the EERA, in collaboration with the Minnesota Pollution Control Agency (MPCA)
7030.0040 Noise standards [3]. More specifically, the audit was conducted, at the request of the EERA, due
to on-going complaints at two receptors within the Project Area; the Hagen and Langrud receptors. The
audit, which measured the total noise experienced at the receptors, concluded that:

"(...) 16 total hours of non-compliance with the LWECS Guidance were identified at BT-M01
and BT-MO02. During most of the exceedance periods, bird sounds and/or wind induced
sound on vegetation and tree leaves appear to be the primary contributor to the
exceedances. Wind turbine sound appears to be audible in the recordings during some of the
exceedance periods. However, as stipulated in Appendix A of the LWECS Guidance, further
detailed investigations would be necessary to assess the contribution of the wind turbines to
the total sound levels experienced at the receptors.

As such, it is recommended to perform an additional measurement campaign to properly
isolate wind turbine sound from total measured sound. This is achieved by conducting
measurements where a subset of wind turbines in proximity of the complaint receptors are
turned off and on under various wind and atmospheric conditions.”

As requested by the EERA, a second audit (i.e Phase 2 audit), will be undertaken with the primary goal of
isolating the wind turbine sound from the total measured sound.

The present document outlines the noise measurement protocol for this Phase 2 audit, which has been
developed prior to undertaking the noise measurements. The measurement campaign will enable the EERA
to validate if compliance is met at the complainants.

DNV GL - Document No. 10046144-HOU-R-03-A, Issue: A, Status: Draft Page 2
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2 METHODOLOGY

All instrumentation, measurement settings, data collection, processing and reporting procedures will be
compliant with MPCA’s Measurement Procedure for Non-impulsive noise, designated as method NTP-1 [4]
and will additionally consider the following ISO standards related to acoustic sound measurements: 1996-1,
1996-2 and 1996-3 [5]. The following subsections provide details and description.

2.1 Instrumentation
The acoustic and meteorological measurements data gathered in the context of this study will be obtained
using the following instruments (see Appendix A for photographs):

e Larson Davis sound meter model 831 Class I;

e FreeField 2 inch microphone model 377B02;

e Preamplifier model PRM831;

e Vaisala Weather Transmitter model SEN-031; and

e Complete kit for outside noise measurement (including a wind and rain screen, protective Pelican

case, long range batteries, etc.).

The sound meters used by DNV GL meet the IEC 61672 Class 1 specifications [6]. The accuracy of the sound
meter calibration will be verified on site before and after each measurement with a Larson Davis CAL200
Class I calibrator: the differential calibration will not be greater than 0.5 dBA. All instruments will have a
valid calibration. In addition to recording sound levels, the Larson Davis sound meter will also record sounds
at the beginning of each monitoring hour and when certain levels are attained. In addition to observations
from the DNV GL field engineer, this facilitates the screening of particular events and determining if the
corresponding high sound level is representative of the ambient noise or if it is an exceptional event which
should be rejected from the final dataset.

The following meteorological parameters will be recorded, at the measurement locations and heights:
e Wind speed and direction;
e Precipitation and relative humidity;

e Temperature.

In addition, operational data, including wind turbine anemometry data, will be considered during the post-
construction campaign.

2.2 Measurement Locations

On-site monitoring will be conducted at the two receptors, identified as BT-M01 and BT-M02, while the
Project is in full operation and while a subset of wind turbines will be parked. Table 2-1 summarizes the
selected monitoring locations, which are the same as for the initial audit [1].

DNV GL - Document No. 10046144-HOU-R-03-A, Issue: A, Status: Draft Page 3
www.dnvgl.com



Figure 2-1 presents a general overview map of the measurement locations in relation to the Project.
Figure 2-2 provide locations for the equipment on the properties.

Table 2-1 Measurement Point Summary

Measurement point Receptor address Distance to nearest Notes

ID turbine

BT-MO1 (Langrud) 25887 - 705 350 m (1150 feet) Closest wind turbines
Avenue, Alden, MN from Turbine 362 are NE and SE
56009

BT-M02 (Hagen) 70286 - 290™ Street, 465 m (1525 feet) Closest wind turbine is
Hartland, MN 56042 from Turbine 132 West
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2.3 Data Collection

2.3.1 Measurements

Un-attended measurements will last for approximately 7 days, in order to collect data in various wind
conditions, during day and night. This timeframe may be extended if it is deemed that too much data will be
filtered out due to extended periods of very high wind or precipitation.

Microphones will be installed approximately 1.5 m (5 feet) above ground, and site calibration will be
performed before and after each monitoring period. The microphones will be placed at least 6 m (20 feet)
from large reflecting surfaces.

Measurements will be made continuously using a FAST response setting and will be averaged and stored
every 10 seconds, along with the relevant statistics for that period. Sound events louder than 60 dBA will be
recorded for analysis and possible filtering.

The measurements will include un-weighted sound (in dB) and A-weighted as Lio, Lso, Loo and Leq (dBA).
Third octave band measurements ranging from 16 Hz to 16000 Hz will be recorded.

Environmental sound measurements are greatly influenced by wind-induced sound. To avoid this unwanted
effect, DNV GL will use a 175 mm (7 in) foam wind screen, as per industry standards. This enables the
measurement of sound (without significant wind-induced sound effects on the microphone) in winds across a
wider range of wind turbine operational wind speeds. For each location both raw and filtered data will be
stored along with the percentage of data removed.

In addition to wind speed and direction, temperature, precipitation and relative humidity monitoring at the
microphone level, hub height hourly anemometry and operational data will be provided from the turbines
internal SCADA system.

A log of precipitation events occurring during the measurement period will be obtained from the nearest
weather station.

2.3.2 Operational wind turbines (ON)

Measurements will last for 3-4 days, in order to collect data under various wind conditions. This timeframe
may be extended if it is deemed that too much data will be filtered out due to extended periods of high wind
or precipitation. The timeframe may also be extended if it is deemed that a representative range of wind
turbine operational noise conditions did not occur.

2.3.3 Parked wind turbines (OFF)

Measurements will be conducted with turbines in a parked or “off” condition, for a duration of 2-3 days,
during nighttime hours only. This will allow collection of data in various wind and atmospheric conditions
when the ambient sound is at its lowest, i.e. at night, and without the contribution of the facility. Nighttime
hours are between 10 pm and 7 am, as per [2].

73 turbines out of the 122 operational turbines will be parked during this period. This represents all wind
turbines within 1.5 miles of the measurement points. At a distance beyond 1.5 miles, the noise contribution
from the remaining 49 turbines is considered insignificant (i.e. their cumulative noise contribution is
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approximately 10 dB lower when compared to the cumulative contribution of the entire wind farm).
Figure 2-3 and Appendix B, identifies wind turbines to be parked.
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Measurements will be conducted in late Fall 2017. This period has a variety of wind and atmospheric
conditions, with less intrusion of natural sounds from nearby vegetation.

2.4 Data Processing and Reporting

Once the post-construction measurement campaign is complete, all data sets will be quality controlled. For
each monitoring point, quality controlled A-weighted Leq nighttime data will be binned per wind speed (at
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microphone height), for the operational and parked scenarios described under Sections 2.3.2 and 2.3.3.

Turbine ON and Turbine OFF plots will be provided, including the 95% confidence interval limits.

The wind turbine only contribution at each wind speed bin will then be computed by logarithmically
subtracting the turbine OFF results from the turbine ON results.

The maximum wind turbine only contributions will be compared against the MPCA limits [3] for every
receptor, and within the exceedance context identified under the initial audit [1].

The report will include the methodology, analysis results and identification of any wind turbine only
exceedances, for review by the EERA.
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3 CONCLUSION

EERA has requested, on behalf of WPL, that DNV GL provide a post-construction noise measurement audit
and protocol for the Bent Tree Wind Farm. The Project is located near the town of Hartland, in Freeborn
County, Minnesota, approximately 90 miles south of Minneapolis. The Project consists of 122 Vestas V82-
1.65 MW wind turbine generators, which began operation in 2011.

An initial audit was conducted in June 2017 at two receptors, where total noise exceedances were recorded.
As per the Guidance, further detailed investigations are necessary to assess the contribution of the wind
turbines to the total sound levels experienced at the receptors. As such, an additional measurement
campaign will be undertaken to properly isolate wind turbine sound from total measured sound

This protocol has been developed for the additional measurements, i.e. Phase 2 measurements.

This protocol as well as the final noise measurement report will be E-filed as per the instructions in the
Guidance paragraphs 33 through 37.

DNV GL - Document No. 10046144-HOU-R-03-A, Issue: A, Status: Draft Page 10
www.dnvgl.com



4 REFERENCES

[1] Bent Tree Wind farm Post-Construction Noise Assessment, 10046144-HOU-R-02-B, dated 30 August
2017, DNV GL.

[2] Minnesota Department of Commerce, Energy Facility Permitting. "Guidance for Large Wind Energy
Conversion System Noise Study Protocol and Report.” October 8 2012.

[3] Minnesota Administrative Rules. 7030.0040 NOISE STANDARDS.
https://www.revisor.leg.state.mn.us/rules/?id=7030.0040

[4] A Guide to Noise Control in Minnesota - Acoustic Properties, Measurement, Analysis and Regulation,
Minnesota Pollution Control Agency, 2008.

[5] ISO 1996-2 “Acoustics -- Description, measurement and assessment of environmental noise -- Part 2:
Determination of environmental noise levels”.

[6] International Electrotechnical Commission, “"IEC 61672 Electroacoustics — Sound Level Meter,” First
Edition 2002-05.

DNV GL - Document No. 10046144-HOU-R-03-A, Issue: A, Status: Draft Page 11
www.dnvgl.com



APPENDIX A - TYPICAL INSTRUMENTATION PHOTOGRAPH

NN

In-situ set-up of Sound Measurement Equipment
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APPENDIX B — WIND TURBINES TO BE PARKED

UTM Zone 15 NADS83

Turbine Easting (m) Northing (m) Parked (Y/N)
WT102 463573 4848967 Yes
WT103 463259 4848971 Yes
WT122 462032 4848134 Yes
WT123 461789 4848005 Yes
WT127 463548 4848137 Yes
WT131 463816 4847430 Yes
WT132 463324 4847251 Yes
WT134 464343 4848417 Yes
WT135 463846 4848264 Yes
WT141 464733 4847071 Yes
WT146 466619 4847426
WT147 466317 4847225
WT150 460233 4845683
WT151 461771 4846535 Yes
WT152 461356 4846831 Yes
WT153 460931 4846397 Yes
WT156 461197 4845460 Yes
WT160 462054 4844763
WT161 463727 4845838 Yes
WT162 463592 4845462 Yes
WT163 462497 4845748 Yes
WT165 459734 4847400
WT166 461883 4845729 Yes
WT168 464023 4846121 Yes
WT169 464341 4845718 Yes
WT170 464102 4845475 Yes
WT171 466459 4846838
WT173 466986 4846708
WT174 460218 4844723
WT175 460552 4844581
WT176 460268 4844169
WT181 461692 4845198 Yes
WT182 461457 4845073
WT183 460923 4844682
WT186 463064 4844550
WT189 463669 4844263
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Turbine UTM Zone 15 NADS3 Parked (Y/N)
WT190 463285 4844258 Yes
WT191 463107 4843959 Yes
WT193 464392 4844644
WT194 464147 4844644
WT195 465082 4844005
WT196 464664 4843838
WT197 460182 4843345
WT199 460536 4842783
WT200 460231 4842839
WT201 460105 4842253
WT212 463605 4843373 Yes
WT215 463487 4842910 Yes
WT220 463543 4842412 Yes
WT221 464365 4843615 Yes
WT227 465211 4842121 Yes
WT231 460090 4841843
WT233 462250 4842035 Yes
WT235 462002 4842033 Yes
WT236 461353 4841760 Yes
WT239 462266 4841548 Yes
WT241 464857 4842126 Yes
WT242 464133 4841911 Yes
WT274 460047 4840894
WT283 462210 4846230 Yes
WT284 462537 4846228 Yes
WT285 464575 4845843 Yes
WT304 464816 4849101
WT305 459841 4848023
WT309 463844 4844648
WT311 464043 4844020 Yes
WT312 459604 4840902
WT316 464663 4844379
WT317 460389 4842200
WT322 461509 4845628 Yes
WT323 461124 4842656 Yes
WT324 461661 4842451 Yes
WT325 464357 4842609 Yes
WT326 465134 4842830 Yes
WT331 465297 4844229
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Turbine UTM Zone 15 NADS3 Parked (Y/N)
WT341 465261 4843118

WT356 460124 4848194

WT357 462865 4846369 Yes
WT358 463725 4846605 Yes
WT359 464791 4846106 Yes
WT360 465290 4846287

WT362 462655 4842008 Yes
WT365 464670 4843243 Yes
WT367 465016 4843383

WT368 464659 4842396 Yes
WT369 464424 4842187 Yes
WT380 462503 4841682 Yes
WT381 463593 4843831 Yes
WT382 465635 4843857

WT383 461749 4841732 Yes
WT385 461300 4842304 Yes
WT386 460249 4841436

WT388 459348 4847909

WT389 459030 4847912

WT390 459469 4848309

WT392 459221 4848526

WT397 463111 4846525 Yes
WT420 463205 4847812 Yes
WT421 461700 4848484 Yes
WT422 461531 4846450 Yes
WT423 460921 4845720 Yes
WT425 464466 4845252 Yes
WT426 464244 4845064 Yes
WT427 464076 4842611 Yes
WT428 462324 4844713 Yes
WT429 462482 4844212 Yes
WT430 461551 4844570

WT435 460887 4844225

WT436 461228 4846459 Yes
WT437 461406 4846058 Yes
WT438 462885 4844210 Yes
WT440 464399 4843200 Yes
WT442 461794 4844504

WT453 461197 4844469
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Turbine UTM Zone 15 NADS3 Parked (Y/N)
WT455 463596 4844689 Yes
WT456 462723 4845507 Yes
WT462 466158 4847631
WT463 463836 4849260
WT465 460405 4848393
WT501 462059 4844164
WT95 462237 4848992 Yes
WT96 462013 4848698 Yes
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