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Executive Summary

Aercoustics Engineering Limited (Aercoustics) has been retained by North Kent Wind 1 LP
to complete acoustic immission audit (I-audit) measurements at the North Kent 1 Wind
Power Project (NKWPP). NKWPP operates under Renewable Energy Approval (REA)
#5272-A9FHRL, issued on June 29, 2016 [1].

A Noise Abatement Action Plan (NAAP) was implemented at NKWPP to address the non-
compliant cumulative sound impact calculated at receptor R3408 during Phase 2 of the
prior l-audit campaign [2]. In order to verify that the NAAP is effective, I-audit testing was
completed at receptor R3408 and proved compliance in the l-audit report issued by
Aercoustics on December 1, 2020 [3]. Following concerns from the MECP regarding
daytime compliance at this receptor, NKWPP proposed an additional l-audit testing
campaign in order to assess daytime turbine sound impact.

This report summarises the results of daytime I-audit testing completed at receptor R3408.

Daytime monitoring near receptor R3408 spanned the following dates:

R3408 March 30, 2021 May 10, 2021 6.0

The audit has been completed as per the methodology outlined in Parts D and E5.5 RAM-I
(Revised Assessment Methodology) of the “MECP Compliance Protocol for Wind Turbine
Noise” (Updated: April 21, 2017) with the exception of the deviation from Section D5.2 of
the Protocol to collect and analyse measurement data during daytime hours, between
07:00 and 19:00 (i.e. daytime only) [4].

Based on the results presented in Section 10.2 of this report, the cumulative daytime-

sound impact calculated at R3408 complies with the MECP sound level limits at all wind
bins having sufficient data for assessment.

L) aercoustics
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1 Introduction

Aercoustics Engineering Limited (Aercoustics) has been retained by North Kent Wind 1 LP
to complete daytime acoustic immission audit (I-audit) measurements at the North Kent 1
wind Power Project (NKWPP), for the Ministry of the Environment, Conservation and
Parks (MECP). NKWPP operates under Renewable Energy Approval (REA) #5272-
A9FHRL, issued on June 29, 2016 [1].

A Noise Abatement Action Plan (NAAP) was implemented at NKWPP to address the non-
compliant cumulative sound impact calculated at receptor R3408 during Phase 2 of the
prior l-audit campaign [2]. Although compliance with the sound level limits was
demonstrated during nighttime hours through an I-audit at R3408 [3], the MECP indicated
concern that the daytime sound impact at receptor R3408 may not be compliant.

To evaluate whether the turbine sound impact is compliant during daytime hours,
Aercoustics has conducted an additional I-audit campaign at R3408 to assess the daytime
turbine sound impact, as proposed by NKWPP.

The daytime l-audit methodology was based on unattended measurements and was
conducted per the Compliance Protocol for Wind Turbine Noise (the Protocol), with the
exception of the deviation from Section D5.2 of the Protocol to collect and analyse
measurement data during daytime hours, between 07:00 and 19:00 (i.e. daytime only) [4].

2 Facility Description

The North Kent 1 Wind Power Project is located in Chatham-Kent, Ontario. The site is
bound by Corktown Line to the north, Pioneer Line to the south, Bear Line Rd to the west,
and Centre Side Road to the east.

The NKWPP consists of 34 Siemens SWT-113 wind turbines for power generation, with a
total nameplate capacity of 100 MW. Each turbine has a hub height of 99.5 meters, a rotor
diameter of 113 meters, and an individual nameplate capacity of either 2.628 MW,
2.772 MW, 2.942 MW, or 3.2 MW. The facility operates 24 hours per day, 7 days per week.
A Site Plan of the facility and the surrounding area are provided in Appendix A.1.

As per the NAAP issued on May 11, 2020 [5], turbines T3 and T4 operate on a reduced
noise mode with a capacity of 2.628 MW during night-time hours (19:00 to 07:00). During
all other hours, T3 and T4 operate on the 2.772 MW operating mode.

There are two wind facilities within 10 kilometres of the NKWPP: East Lake St. Clair Wind
(“ELSC”) and Marsh Line Wind Farm (“Marsh Line”). With respect to the monitor location,
the nearest ELSC turbine is Turbine T138, 5.2 km to the west of monitor R3408. The
nearest Marsh Line turbine is Turbine T5, 8.5 km to the southwest of monitor R3214.

L) aercoustics
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3 Audit Receptor Selection

As requested by the MECP, one receptor! location was chosen for a daytime I-audit:
R3408. Noise monitoring equipment was erected near this receptor. This report addresses
the measurements conducted at R3408 between March 30, 2021, and May 10, 2021.

During the receptor selection process in the prior campaign, NKWPP consulted with the
MECP District and Approvals branches regarding the inclusion of a complaint location in
the l-audit. It was agreed upon by the MECP that Receptor R3408 could be included as a
receptor location, despite it not fulfilling the specific selection criteria in the REA. The
MECP was also consulted regarding the specific location of the monitoring equipment for
R3408. Approval regarding this measurement location was confirmed in an email from the
MECP on December 6, 2018, which also stipulated that for this location both the
Crosswind and Downwind conditions should be included in the final report.

A full summary of the results of the receptor selection process for the prior I-audit
campaign is included in Appendix B, with some pertinent information included in
Section 3.1. Details regarding the land access permission activities for this project are
available upon request.

3.1 Receptor Selection Criteria

Receptor selection criteria are outlined in REA Section E1 and paraphrased below.
“Predicted noise impact” refers to the predicted cumulative impact using the sound model
outlined in the noise assessment report [6]2, updated to only include the turbines that were
constructed. “Primary Turbine” refers to the turbine having the highest predicted impact at
a given receptor location. “Downwind” refers to the direction from monitor to primary
turbine being within +/-45° of the direction of the prevailing winds.

E1(3): - Selected receptors should have the highest possible predicted noise impacts
- Selected receptors should be in the direction of the prevailing winds

The prevailing wind direction used for receptor selection was determined using historical
weather data for the site. This data was filtered to isolate for the conditions during which
the facility would generate over 85% power, to match the conditions required to fulfill the
filtering requirements of the Protocol. A wind rose showing the historical wind direction at
the site is included Figure 1. The predominant wind direction is southwest, specifically
235°.

11n this report, the term “receptor” refers to the Points of Reception outlined in Section E.1(2) of
the REA. The term “monitor” refers to the location of the measurement equipment used to assess
the worst-case impact at the associated receptor.

2 |t is noted that the noise assessment report in [6] included 45 turbines, but only 34 turbines were
constructed. As such, the receptor selections for the I-audit measurements in this report were
conducted using the predicted sound impact of 34 turbines (as-built), modelled by DNV-GL.
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Figure 1: Historical Wind Roses for NKWPP, filtered for hub-height wind speeds above 10 m/s
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4 Audit Measurement Locations

The following section describes the measurement location used for R3408 and provides
context to the ambient acoustic environment observed at the NKWPP.

4.1 Existing Ambient Environment

The ambient acoustical environment measured at R3408 was observed to be dominated
by wind-related and animal noise. These factors are described below.

4.1.1 Wind-Related Ambient Noise

Wind-related noise is comprised of two sources: self-noise and foliage noise. Self-noise
results from wind blowing over objects associated with the monitoring equipment and is
similar to what one might observe when wind blows over the ear on a windy day. Self-
noise is present in all monitoring campaigns at high wind speeds. Conversely, foliage
noise depends on the vegetation in the area surrounding the monitor. Measures to reduce
the impact of wind-related noise were employed at the monitor location, as prescribed in
the Protocol; a secondary wind screen was installed to reduce self-noise, and the
monitoring equipment was located away from trees as much as practically possible.

Monitor R3408 was situated approximately 60 meters from a row of large trees. During
the measurement campaign, corn crops were planted surrounding the monitor. Crops
remained small and low to the ground up to the point of monitor removal, and as such this
crop was neither observed nor expected to affect the measurement sound levels
significantly.

Despite the presence of nearby foliage, the influence of foliage noise on the measured
sound levels was observed to be relatively minimal at lower wind speeds when compared
to monitors more closely situated to crops or tall trees. Measurement data at higher wind
speeds is expected to be impacted by both foliage noise as well as wind self-noise.

4.1.2 Traffic Noise

Greenvalley Line, located 20 meters southeast of R3408, was not observed to be a
significant ambient noise source at this location, both through observations during site
visits and listening analysis of the measured data. The effect of any residual traffic noise
in this dataset is expected to be minimal.

4.1.3 Noise from Local Fauna

Noise from fauna refers to noise typically arising from the activity of insects, birds,
livestock, or dogs. Noise of this nature may be concentrated at high frequencies (such as
crickets chirping) or limited to shortZerm events (such as dogs barking). Noise from fauna
is considered extraneous noise.

Animal activity contributed significantly to the ambient noise in the area around receptor
R3408, specifically insect noise and dogs. Dog barking is characterized by elevated sound

L) aercoustics
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pressure levels in the 400 to 1250 Hz range. Bird noise was especially prominent
throughout the campaign, particularly during early morning periods.

Instances of transient noise from fauna were filtered out either manually by listening
analysis or automatically by the transient (LAeq - L90) filter, described in Section 6.1.
Periods of steady, high-frequency extraneous noise from fauna, such as insect noise and
bird noise, were filtered out by excluding high-frequency 1/3rd-octave data, as described
in Section 6.5.

4.1.4 Noise from Farming Activities

Noise generated by farming equipment was shown to be a significant source of
contamination throughout the daytime testing campaign. The intervals including farming
activities were filtered out either manually by listening analysis or automatically by the
transient (LAeq - L90) filter, described in Section 6.1.

4.2 Monitoring Location

Table 1 provides specific details of the receptor and monitoring equipment locations. The
immediate surroundings of the monitor location are also described below. Photos of the
surrounding area and measurement setup are included in Appendix A.3 and A.4.

Table 1: Receptor and Monitor Locations

394,394 E

March 30, Receptor 4.709.342 N 713 35.7
R3408 2021 — May 304 493 E
10, 2021 Monitor 4.709.376 N 683 36.0

Tt Predicted sound pressure level determined using an as-built sound model created by DNV-GL

The closest turbine to Receptor R3408 is Turbine T3. Monitor R3408 was located roughly
20 meters from Greenvalley Line on the same side of the road as Receptor R3408 and
683 meters to the northwest of Turbine T3. The ground cover between the measurement
location and Turbine T3 was open field and was planted with corn crops towards the end
of the measurement campaign. The monitoring equipment was situated approximately
100 meters east of Receptor R3408. The noise monitor was located sufficiently far from
the foliage present at Receptor R3408 as to minimize its impact on the ambient sound
levels at the monitor location, however, data measured at higher windspeeds is still
expected to be impacted by this foliage noise in addition to wind self-noise.

5 Measurement Methodology

The acoustic audit was conducted at receptor R3408 and spanned from March 30, 2021
to May 10, 2021.

L) aercoustics
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Measurements and data analyses were conducted per the Protocol, with the exception of
assessing daytime-only periods. Specific details regarding the methodology are presented
in this section.

5.1 Test Equipment

Measurement equipment used for the I-audit campaign, both acoustic and non-acoustic,
is detailed below. Equipment specifications and measurement positions comply with
MECP Protocol sections D2 — Instrumentation and D3 — Measurement Procedure,
respectively. Each remote monitoring unit is comprised of the following:

- One (1) Type 1 sound level meter, with microphone and pre-amplifier installed at
a height of 3 meters (1.5 m higher than the receptor height modelled for R3408 for
Approval purposes?®), at least 5 meters from any large reflecting surfaces.

- One (1) primary and one (1) secondary windscreen for the microphone. The
1/3-octave band insertion loss of the secondary windscreen has been tested and
was accounted for in the measurement analysis.

- One (1) anemometer, installed 10 metres above ground level (10-m AG").

Table 2 lists the specific model and serial numbers for the equipment used during the
measurement campaign.

Table 2: Equipment Details

Data Acquisition Card NI 9234 1CO00A6B
Signal Conditioner 480E09 34594
R3408 Microphone/Pre-Amplifier Pair 378B02 125631
Microphone 377B02 166229
Pre-Amplifier 426E01 044002
Weather Anemometer WXT 536 R3250322

Equipment lab calibration follows the guidance provided in Section D2.3 of the Protocol
for sound level meters and acoustic calibrators, and Section 6.3 of the IEC 61400-11
Edition 3.0 standard for weather anemometers.

The measurement chain was field calibrated before and after the measurement campaign
using a type 4231 Briel & Kjeer acoustic calibrator. Calibration certificates have been
included in Appendix F.

3 The increased measurement height represents a conservative assessment based on the higher
predicted sound pressure level and reduced impact of wind-generated foliage noise from crops
situated directly below the measurement position.

L) aercoustics



NKWPP — Daytime Acoustic Immission Audit— R3408 Page 14

5.2 Measurement Parameters

During the measurement campaign, acoustic and weather data were logged
simultaneously in one-minute intervals.

Measured acoustic data includes A-weighted overall equivalent sound levels (LAeg),
90" percentile statistical levels (Lso)*, and 1/3-octave band levels between 20 Hz and
10,000 Hz (inclusive). Raw signal recordings were also stored for listening and post-
processing. Measured weather data includes average wind direction, wind speed,
temperature, relative humidity, and atmospheric pressure. The maximum and minimum
wind speed for each one-minute interval was also stored.

To account for the effect of wind speed on the measured sound level, intervals are sorted
into integer wind bins based on their measured 10-m AGL wind speeds. Each wind bin
ranges from 0.5 m/s below to 0.5 m/s above each integer wind speed (i.e. the 5 m/s wind
bin comprises all intervals having average wind speeds between 4.5 m/s and 5.5 m/s).

6  Assessment Methodology

6.1 Data Reduction and Filtering

Data reduction procedures have been employed to remove invalid and extraneous data
points from the measured dataset to form a refined assessment dataset. Specific filters
are described below.

A measurement interval is excluded if any of the following criteria are not satisfied:

The interval occurred between 7 AM to 7 PM

No precipitation was detected within 60 minutes before or after the interval
The ambient temperature was above -20eC

The measured LAy was no more than 6 dB greater than the Lg value

Significant extraneous transient events are often detectable by comparing the LAeq with
the Lgo level for the same interval. At this location, if the measured Lgo differed from the
LA<q by more than 6 dB, the interval was automatically excluded. If necessary, listening
tests are conducted to identify contaminated intervals not excluded by the filters listed
above.

6.2 Manual Exclusion of Data

The application of the filtering methodology outlined in the Protocol and summarized
throughout Section 6.1 of this report results in a dataset with significantly less acoustic
contamination than is present in the unfiltered dataset. Despite this, however, it has been
found that these automatic filters are not always sufficient to remove all contaminated data

4 Lgo refers to the sound level that is exceeded for 90% of samples in the measurement interval.
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intervals. In situations where contamination is suspected in the assessment dataset,
listening tests are conducted on the audio recordings to confirm and, if possible, to identify
the contamination. Intervals containing significant contamination are manually excluded
from the assessment data. This follows the guidance from the Protocol to assess sound
levels without extraneous ambient noise.

Data are also manually excluded if it is suspected that any of the measurement equipment
is not functioning according to its specification, which may occur during extreme weather
conditions such as freezing rain.

6.3 Exclusion of High-Frequency Data — Ambient Contamination

Steady acoustical contamination from nearby insects, birds, and wind-related noise is
present in the measurement data at R3408 at higher acoustical frequencies.
Consequently, this high-frequency contamination was removed from the 1/3-octave
spectra of each measurement interval, per the guidance provided in Section D5.3 of the
Protocol.

The exclusion of this high-frequency data allows for the assessment of measurement
intervals which would otherwise be manually invalidated and does so while accounting for
the acoustical impact of the relevant wind turbine facilities. The high frequency acoustical
contribution from the relevant wind facilities is small — this is because high frequency
sound is more easily absorbed by the atmosphere as it propagates across long distances.

The contribution from NKWPP as well as its neighbours at these excluded frequencies
was predicted at the monitoring location using the as-built turbine model and was found
to be 26 dBA at the monitor location. This contribution was then added logarithmically to
the calculated Turbine-Only sound level at the monitor location.

6.4 Wind Gusting

High levels of wind-related noise have been observed during intervals where the maximum
measured 10-m AGL wind speed differed greatly from the average value for the same
interval. An automatic filter has been applied to remove intervals of gusting at this monitor.

6.5 Turbine Power & Wind Direction

Intervals that pass the filtering criteria listed above are sorted into Total Noise® or
Background periods according to the conditions listed below. If neither Total Noise nor
Background conditions are met, the data point is excluded.

Total Noise: All facility turbines within 3 km must be rotating and generating
power. For receptor R3408 these turbines were:

o T3, T4,T5,T14,T20, T26, T27, T33, T44, T45, T46, T52.

5 Total Noise refers to the measured sound level with the turbines running prior to the correction
for Background sound (i.e. the total sound level of the turbines plus the ambient).
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Background: Facility turbines must be parked and not generating power such that
the predicted impact at the measurement location is less than 30 dBA. For receptor
R3408 these turbines were:

o T3, T4

The Protocol also requires additional criteria be met by each Total Noise data point based
on the conditions of the nearest turbine to each monitor location. Specifically,

“Only downwind data will be considered in the analysis. With reference to the Turbine
location, downwind directions are +45 degrees from the line of sight between the Turbine
and receptor/measurement location.” {Section D5.2(4)}

and

“Only data when the turbine’s electrical output sound power level is approximately equal to
or greater than 85% of its rated electrical power output should be included in the analysis.
In addition, the turbine should also be operating at approximately 90% or more of its
maximum sound power level; (percentage based on energy/logarithmic calculation).”
{Section D5.2(5)}

Based on the E-Audit test results at NKWPP, the project turbines reach 90% of their
maximum measured sound power level at a power output significantly below that which
corresponds to 85% of the turbine’s rated electrical power. Further to this, the power output
corresponding to the maximum sound power level is also below that which corresponds
to 85% of rated electrical power for all three turbine variants at NKWPP. For these
reasons, using the 85% turbine power threshold alone will not effectively capture the
worst-case impact at NKWPP, which was found to occur at an operating condition which
corresponds to a lower power output.

For this reason, the 90% sound power condition has been selected to determine the power
threshold corresponding to the worst-case impact from the turbine-type closest to R3408.
In this case the closest turbine is T3, with a rated power of 2.772 MW. Based on the E-
audit test conducted at T36 [7] with a similar power output, the 90% sound power condition
for this turbine type is reached at a power output of 1.489 MW. This is the power threshold
that has been used for filtering this dataset. Details regarding the measured sound power
levels of the NKWPP turbines and the 90% sound power calculations are included in
Appendix G.

Regarding the downwind condition, R3408 was selected as a measurement location
because of complaints received by North Kent Wind 1 and the MECP District Office. Based
on consultation with the MECP District and Approvals branch, both the downwind and
crosswind case has been assessed at this monitor location. This was done for this location
because itis situated in a predominantly crosswind location relative to the closest turbines,
T3 and T4.
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6.6 Turbine Operating Conditions

Wind facility SCADA information was provided for the duration of the measurement
campaign by the North Kent 1 Wind Power Project. This data was used to verify that the
NKWPP wind turbines were operational for Total Noise intervals and parked for
Background intervals. The turbine operating conditions were verified by the NKWPP for
the duration of the campaign; see Appendix D.

Despite turbines meeting the operational criteria for Total Noise intervals, the SCADA
information provided indicated that the wind farm was curtailed for portions of the Total
Noise data during the campaign. Based on the measurement data collected, the inclusion
of curtailed periods resulted in lower average sound pressure levels compared to normal
operating conditions. As a result, curtailed periods as well as the subsequent 5-minute
ramp-up period were excluded from the final dataset as they do not capture normal turbine
operating conditions and may artificially reduce the calculate noise impact of the wind
farm.

6.7 Aggregate Angle

Section E5.5(10) of the RAM-I assessment methodology allows for the consideration of
more than one turbine when determining the downwind angle, stating:

“In unique circumstances, the Ministry will consider not only the individual turbine with the
highest predicted impact at the subject receptor, but a group of turbines that represent the
greatest contribution at the receptor. Greatest contribution means turbines that have sound
pressure levels that are up to two (2) dB lower at the receptor/measurement location than
the turbine with the highest predicted impact at the receptor/measurement location. In
addition, with reference to the measurement location (vertex), only turbine configuration
that are within an angle of 90 degrees can be considered in the assessment.”

Appendix F11 of the Protocol provides further guidance on the application of this
assessment methodology.

R3408 is not located in the predominant downwind direction from the closest turbines, and
so the collection of sufficient downwind data was hindered by limited downwind (easterly)
conditions over the course of the measurement campaign. For this reason, the aggregate
angle analysis option was exercised at this location. Specifically, both turbine T3 and T4
were used for the purposes of downwind direction filtering. The position of the closest
turbine, Turbine T3, was used for the purposes of crosswind direction filtering, as is
standard practice.

6.8 Sample Size Requirements

Section D3.8 of the Protocol requires at least 120 Total Noise intervals and 60 Background
intervals in a wind bin for that bin to be deemed complete.

RAM-I analysis, described in Section E5.5 of the Protocol, is employed in cases where
insufficient data is collected after an extended monitoring campaign lasting 6-weeks or
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more. The NKWPP daytime campaign lasted 6-weeks at the R3408 monitor and therefore
RAM-I analysis was applied. The RAM-I methodologies used in this assessment, in
addition to those already mentioned are detailed below. Further details regarding the data
analysis methodology are provided in Section 9.

Section E5.5(1)

The range of wind bins which may be used to assess compliance is expanded to include
a minimum of one of the following conditions:

a. ‘“three (3) of the wind speed bins between 1 and 7 m/s (inclusive), or

b. two (2) of the wind speed bins between 1 and 4 m/s (inclusive)”

Section E5.5(5)
The RAM-I assessment methodology relaxes the sample size requirements, stating:

“The Ministry may accept a reduced number of data points for each wind speed bin with
appropriate justification. [...] The acceptable number of data points will be influenced by
the quality of the data (standard deviation)”

The threshold of 60 data points for Total Noise measurements and 30 data points for
Background measurements is used in this assessment.

6.9 Contribution from Adjacent Wind Facilities

The nearest wind facility to NKWPP is East Lake St. Clair Wind. The closest ELSC turbine
to a monitoring location is Turbine T138, 5.2 km to the west of monitor R3408. At this
distance, sound impact from ELSC is considered to be negligible and thus no contributions
from adjacent wind facilities were considered in this study.

7 Sound Level Limits

Sound level limits are set by the MECP and vary based on the classification of the
surrounding acoustic environment as well as the measured background sound level (if
available). The area surrounding the facility has been deemed in the original Noise
Assessment Report to be Class lll, having exclusion limits based on 10-m AGL wind
speed as noted in Table 3 below.

Table 3: MECP Sound Level Limits for Wind Turbines

06 40
7 43

Sections D3.5 and D6 of the Protocol state that in wind bins where the measured
background sound levels are greater than the applicable exclusion limits, the sound level
limit for that wind bin is the background sound level without extraneous noise sources. In
effect, the exclusion limits outline the minimum sound level limit by wind bin, with increases
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in sound level limit permissible if it can be shown through measurements that the existing
background sound level is higher than the exclusion limit. Any complete wind bins where
the measured background sound level exceeded the exclusion limit are noted in Table 5
and Table 6.

8 Audit Results

Acoustic and weather data measured during the l-audit campaign are summarized in the
following section.

8.1 Weather Conditions

General weather conditions observed in the assessment dataset during the daytime l-audit
are summarized in Table 4.

Table 4: General Weather Conditions — Range of Measured Values

| 10-m AGL ' Hub height
Atmospheric Wind Relative ;
Pressure Speed Humidity TemF%r]a (e Wm[(:nig]eed
[hPa] [m/s] [%]
R3408 Mlm-mum 975 0 23.6 -5.1 0
Maximum 1012 17.2 94.8 27.2 21.8

8.2 Wind Direction

A wind rose was created for R3408 using the yaw angle from the nearest wind turbines
and the wind speeds from the 10-m AGL anemometer. As noted in Section 6.8 of this
report, RAM-I methodology is being used, and thus all 10-m AGL wind speeds from 1 m/s
to 7 m/s can be used in the assessment.

The wind rose is provided in Figure 2. The distribution of wind directions observed during
the measurement campaign roughly agrees with the historical wind rose (see Section 3.1),
especially considering that the historical wind rose in Figure 1 is based on hub-height wind
speeds, and is filtered for 10 m/s and greater. It is worth noting that the winds from the
west appear to be diminished at this location. It is suspected that this is due to localized
shielding from the trees located on the R3408 property. Supplementary wind roses for the
specific valid Total Noise and Background datasets are included in Appendix E.

O aercoustics aercoustics.com
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Figure 2: Measured wind rose for R3408 for the daytime I-audit campaign®

8.3 Sound Levels

R3408 was originally selected as a measurement location because of complaints received
by North Kent Wind 1 and the MECP District Office. Based on consultation with the MECP
District and Approvals branch, both the downwind and crosswind cases have been

6 The Wind Rose in this figure reflects all measured data across the entirety of the measurement
campaign at R3408, as detailed in Table 1. The turbine from which the yaw angle information was
taken is T3.
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assessed at this monitor location. This was done for this location because it is situated in
a predominantly crosswind location relative to the closest turbines, T3 and T4.

8.3.1 Downwind Sound Levels

Table 5 presents the average downwind measured sound levels at monitor R3408.
Results are separated by wind bin into Total Noise and Background periods.

Table 5: Average Downwind Measured Sound Levels at R3408, RAM-I Analysis
I-audit Wind Bins (m/s)
Measurement

Period Dt 1 4 5

Receptor

Number of Samples 0 0 0 13 80 110 | 213

Total Noise | Average LAeq [dBA] - - - - 40.6 425 | 434
Standard Deviation

(dB] - - - - 1.6 1.5 1.1

R3408

Number of Samples 68 51 21 50 85 90 67
Background | Average LAeq[dBA] | 32.7 # 33.3 324 347  35.6 | 387 412

Standafgg]ewaﬂon 37 30 21 18 19 18 15

- Significantly fewer than the minimum data counts outlined in Section 6.8 were attained in this wind bin.

A visualization of the downwind assessment datasets for R3408 is presented in Figure 3
below.

Sound Level vs. Wind Speed

« Total Noise  + Background
60

55
50
= 45
]
=
T 40
§ " + * +ﬂ i
L35 - ey +;+¢ il - — 2ok
g ¥ ++J+#+€*+ N 4% . e, ++t +V’?'++ ' MR
o + A B T ey ) “+ I
°‘_30 ++L+,‘++ *++;§+ ++ *+
° +§ op T RH 4
§25 +t1:+:+++*+ i
@ M
20
15
10 Plot Area
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.8 8.0 9.0 10.0

Windspeed (m/s)

Figure 3: R3408 - Measured Downwind Sound Levels for Turbine ON and Background vs Wind
Speed
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8.3.2 Crosswind Sound Levels

Table 6 presents the average crosswind measured sound levels at monitor R3408.
Results are separated by wind bin into Total Noise and Background periods.

Table 6: Average Crosswind Measured Sound Levels at R3408, RAM-I Analysis
I-audit Wind Bins (m/s)

Receptor Period

Measurement
Parameter

3

4

5

Number of Samples 0 18 118 265 335 | 281 121
Total Noise | Average LAeq [dBA] - - 39.0 | 39.8 | 41.0 | 42.1 | 43.7

Standard Deviation ) ) 14 1.9 23 1.8 13

R3408 [dB)

Number of Samples 68 51 21 50 85 90 67
Background | Average LAeq[dBA] | 32.7 # 33.3 | 324 347 356 | 387 412

Standard Deviation

(dB] 3.7 3.0 2.1 1.8 1.9 1.8 1.5

- Significantly fewer than the minimum data counts outlined in Section 6.6 were attained in this wind bin.

A visualization of the crosswind assessment datasets for R3408 is presented in Figure 4
below.

Sound Level vs. Wind Speed
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Figure 4: R3408 - Measured Crosswind Sound Levels for Turbine ON and Background vs Wind
Speed
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9  Discussion
Interpretation and discussion of the measured sound levels are provided in this section.

9.1 Effect of Filtering

The measurement data was assessed according to Part D of the Protocol with the
incorporation of the RAM-I data reduction methodology per Section E5.5 of the Protocol.
The effect of each filter on the measurement datasets, as well as the total portion of
measurement data excluded from the assessment data, are summarized in Table 7.

Table 7: Effect of Data Filtering on Measurement Dataset

Turbine Power Threshold 76% 76%
Wind Direction 74% 58%
Rain 9% 9%
Temperature 0% 0%
Wind Gust 0% 0%
Transient Contamination 21% 21%
Curtailment 18% 18%
Excluded from Total Noise 98% 94%

Table 7 illustrates the proportion of measurement time during the campaign that did not
meet the criteria for worst-case noise impact at each receptor. Data not excluded by
automatic or manual filters are used in the assessment of compliance. It is important to
note that the data remaining after these filters are applied represents the times when the
turbines were generating high power output in a downwind or crosswind condition without
significant transient contamination or inclement environmental conditions (such as rain or
low temperature). In other words, this remaining data represents the portion of time that
the immission impact from the facility is at its highest for the given monitor location.

9.2 Variability in Total Noise

As evident from Figure 4: R3408 - Measured Crosswind Sound Levels for Turbine ON and
Background vs Wind Speed for crosswind conditions, there is around 10 dB variation of
measured Total Noise levels at wind speeds of 5 m/s to 6 m/s. The standard deviation for
the 5 m/s case was computed at 2.3 dB (see Table 5). This level of variation is more than
anticipated for this wind speed and may be an indication of inconsistent noise emission
from the wind farm. The average Total Noise level in the bin was still found to be compliant
with the Sound Level Limit, and the cause of this variation is unclear.
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10 Assessment of Compliance

The following section presents an assessment of compliance for the NKWPP based on
the results of the immission audit.

10.1 Tonality Assessment

The tonality analysis results of the Emission audit measurements for T36 [7], were used
as a basis for tones at receptors which were likely to have been generated by the closest
turbine rather than an external source.

Based on discussions with North Kent Wind 1 LP. it was determined that to be consistent
with Sections 3.8.3 and Section 5.1 of the Compliance protocol, the tonal assessment
should be completed using IEC 61400-11 Ed. 3.0, with modifications to adapt the method
to immission measurements and the tonal penalty structure taken from 1ISO 1996-2:2007
Annex C. Namely, Section 5.1 of the compliance protocol states:

“If a tonal assessment ... indicates a tonal audibility value that exceeds 4 dB, the
Ministry will require that a tonal penalty be applied at all Receptors in accordance
with the penalties described in Annex C of ISO 1996-2, Reference” {Section D5.1}

For the tonal assessment, narrowband data was acquired and calculated for each 1-
minute interval used in the immission analysis and binned by wind speed. Each minute
was analysed in order to detect any tones with tonal audibility values greater than -3 dB
at any of the assessed frequencies. Similar to the methodology in IEC 61400-11, a tone
would have to be present in at least 20% of the valid measurement intervals to be
classified as relevant. This reduces the possibility of intermittent tones related to either the
unsteady operation of the turbines, or from other contaminating sources, being attributed
to the steady state operation of the turbines. The tonal audibility (Lw) for the most
prominent tones in each wind bin were then evaluated to determine if a tonal penalty would
be applicable. The penalty structure was taken from ISO1996-2 Annex C: namely that the
tonal penalty would be a positive number between 0 dB and 6 dB based on the degree of
tonal audibility of the worst-case tone. A tonal penalty is calculated as L« - 4 dB. i.e. a
tonal audibility of 6.5 would incur a penalty of 2.5 dBA on the overall Turbine Only level.

A 68 Hz tone was observed at receptor R3408 but was not prominent enough for a tonal
penalty to be applicable. A tonal assessment summary table is provided in Appendix E.

No tonal penalty was found to be applicable at R3408 based on detailed tonal audibility
analysis.

10.2 Assessment Tables

Cumulative Turbine-Only sound levels at R3408 are presented in the tables below. The
cumulative noise impact in the table is calculated using the data presented in Table 5 and
Table 6. Wind bins having insufficient data with which to determine the cumulative sound
impact are marked with a “-“. The signal-to-noise for each complete wind bin is also

L) aercoustics



NKWPP — Daytime Acoustic Immission Audit— R3408 Page 25

presented. The Cumulative Sound Impact is the difference between the average Total
Noise and Background sound levels from Table 8 and Table 9 unless otherwise noted.

Table 8: R3408 Assessment Table — Cumulative Downwind Turbine-only Sound Impact
Audited  Wind speed at 10-m AGL

Receptor [m/s]
Tonal Adjustment [dB] 0 0 0 0 0 0 0
Cumulative Sound Impact
R3408 | | Receptor Location [dBA] i i i i 22 +0 +0
Signal-to-noise [dB] - - - - 5.1 3.8 2.2

Background Sound Level [dBA] | 33 33 32 35 36 39 41
MECP Exclusion Limit [dBA] 40 40 40 40 40 40 43

Compliance? (Y/N) - - - - Yes | Yes | Yes
- Significantly fewer than the minimum data counts outlined in Section 6.8 were attained in this wind bin.

Table 9: R3408 Assessment Table — Cumulative Crosswind Turbine-only Sound Impact
Audited Wind speed at 10-m AGL

Receptor [m/s]
Tonal Adjustment [dB] 0 0 0 0 0 0 0
Cumulative Sound Impact
R3408 | Receptor Location [dBA] i i — £ +0 +0 +0
Signal-to-noise [dB] - - 6.6 5.1 5.5 3.3 25

Background Sound Level [dBA] | 33 33 32 35 36 39 41
MECP Exclusion Limit [dBA] | 40 40 40 40 40 40 43
Compliance? (Y/N) - - Yes | Yes | Yes | Yes | Yes

- Significantly fewer than the minimum data counts outlined in Section 6.8 were attained in this wind bin.

10.3 Assessment of Compliance

Based on the results presented in Section 10.2, the cumulative daytime-only sound impact
calculated at R3408 complies with the MECP sound level limits during both Downwind
and Crosswind conditions.

11 Conclusion

Aercoustics Engineering Limited has completed daytime acoustic immission audit
measurements at the North Kent 1 Wind Power Project, as requested by the Ministry of
the Environment, Conservation and Parks. NKWPP operates under Renewable Energy
Approval (REA) #5272-A9FHRL, issued on June 29, 2016 [1]. Testing was conducted in
accordance with the methodology outlined in Part D and Part E of the MECP Compliance
Protocol for Wind Turbine Noise, with the exception of the measurement