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All proponents of a wind farm development need to apply for a Certificate of Approval from the
Ministry of the Environment of Ontario. The noise assessment report required for the approval
process uses the guideline Ministry document, “Interpretation for Applying MOE NPC Technical
Publications to Wind Turbine Generators” released in 2004. The above guidance document was
to assist proponents of wind turbine installations in determining the list of necessary information
to be submitted when applying for a Certificate of Approval (Air and Noise) under Section 9 of
the Environmental Protection Act. The noise guidelines in MOE publications NPC-205/NPC-

232 as well as the wind generated noise levels were applied to set the noise limits.

The Ministry has now initiated a review of the interpretation of the above policies, due to
expanding body of knowledge of the noise impacts of wind turbines. The main aim of the
proposed review is to assess the appropriateness of the Ministry’s approach to regulating noise

impacts of wind turbines.

The scope and requirements of the review can be summarized as: a) Review of the 2006 doctoral
dissertation by van den Berg; b) Review of available noise policies and guidelines; review of
relevant scientific literature; and review of MOE’s current noise policies as applied to wind
turbine noise and c¢) Provide expert opinion based on the above findings; and d) Prepare a report
that provides advice on the state of the science regarding wind turbine noise, and on MOE
policies and procedures that relate to wind turbine facilities. The results of the investigations are

described below.

Van den Berg’s research was initiated as a result of complaints, in Netherlands, against an
existing wind farm in Germany very close to the Dutch border. The main hypotheses of the
research are: a) atmospheric stability, particularly stable and very stable conditions happen
mostly at night time and the hub-height wind speeds can be higher than those predicted from the
10 m high wind speeds using standard methods, such as the logarithmic profiles of the IEC
standard. And hence, the wind turbine noise levels can be higher than expected. It was also

conjectured that these discrepancies are prevalent during summer months; and b) beat-sounds
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can become very pronounced during stable and very stable conditions. Although, the data of van
den Berg’s research did not provide conclusive scientific evidence to support the above
hypotheses, further review of the literature showed that some of the basic conjectures may well
be true. Hence, the research of van den Berg must be considered as the catalyst that started
serious discussion on many noise aspects of wind farm. Future research must therefore provide

strong scientific data to validate these different noise concerns.

The noise policies from different Canadian provinces, USA states and a few other countries were
reviewed. General comparison of the noise regulations was presented. The main differences
between the different regulations seem to be: i) in the acceptable noise limits; and ii) in the
evaluation of receptor noise levels from the cumulative operation of the turbines in the wind
farm. Further, some jurisdictions have special legislation concerning wind turbines, while others
apply general recommendations. The Ministry of the Environment assessment process in

Ontario is similar to other jurisdictions.

A literature review, focussed mainly on a) Metrological effects on wind turbine noise generation;
b) Assessment procedures of wind turbine noise levels and their impact; c¢) Particular
characteristics of wind farm noise; and d) Human responses to wind farm noise levels, was
conducted. It showed that - local terrain conditions can influence meteorological conditions and
can affect the expected noise output of the wind turbines; assessment procedures of sound power
levels and propagation models, applied in different jurisdictions are quite similar in their scope;
wind farm noise do not have significant low-frequency (infrasound) components; and

modulations effects can impact annoyance;

The Ministry of the Environment’s procedures to assess wind farm noise levels follow a simple
procedure that is sound for most situations. However, additional concerns still need to be
addressed in the next round of revisions to their assessment process. These revisions may need
to be addressed after the results from future research provide scientifically consistent data for

effects such as meteorology, human response and turbine noise source character.
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1.0 INTRODUCTION
1.1 BACKGROUND

The Ministry of the Environment released a guideline document, “Interpretation for Applying
MOE NPC Technical Publications to Wind Turbine Generators” in 2004. The above guidance
document was to assist proponents of wind turbine installations in determining the list of
necessary information to be submitted when applying for a Certificate of Approval (Air and
Noise) under Section 9 of the Environmental Protection Act. The noise guidelines in MOE
publications NPC-205/NPC-232 as well as the wind generated noise levels were applied to set
the noise limits. The revisions to NPC-205/NPC-232 (in draft form) did not change the
evaluation of noise limits and/or procedures applicable to wind turbines. The three Ministry

documents are enclosed in Appendices A through C.

The Ministry has now decided to initiate a review of the interpretation of the above policies, due
to expanding body of knowledge of the noise impacts of wind turbines. The main aim of the
proposed review is to assess the appropriateness of the Ministry’s approach to regulating noise
impacts of wind turbines. And the Ministry, to support the proposed review, has retained Aiolos
Engineering to provide acoustical technical expert advice on the recent findings about low

frequency and wind profiles on wind turbine noise impacts.

The scope and requirements of the technical advice can be summarized as shown below:

(1) Review of the 2006 doctoral dissertation by van den Berg;
(2) Review of
2.1 available noise policies and guidelines;
2.2 Review of relevant scientific literature; and
2.3 Review of MOE’s current noise policies as applied to wind turbine and
(3) Provide expert opinion based on the above findings;
(4) Participate in a focus group discussion; and
(5) Prepare a report that provides advice on the state of the science regarding wind turbine
noise and on MOE policies and procedures that relate to wind turbine facilities.
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20 REVIEW OF G. P. VAN DEN BERG’S DISSERTATION

2.1 BACKGROUND

Dr. G. P. van den Berg of the University of Groningen conducted research on the noise
characteristics of wind turbines, the impact of wind profiles on its propagation as well as the
subjective response of sensitive receptors. The results of the above research are summarized in
the 2004 Journal of Sound and Vibration article (Reference 2) with the details given in his 2006

doctoral dissertation (Reference 1).

A list of documents used for this assessment is enclosed in the reference list. NOTE: References
2, 3 and 4 by van den Berg presents only summary results of his research and the complete
details are included in his dissertation (Reference 1). Hence, references 2, 3 and 4 will not be

commented upon in this review.

The main aims of van den Berg’s dissertation can be summarized as follows:

1) A group of residents complained against the perceived noise effects from a wind farm
located along the border between Germany and Netherlands and were unable to obtain
satisfactory resolution from the authorities and hence the university’s Science Shop for
Physics was retained to investigate the validity of the residents’ claims;

i)  The main complaints seem to centre around perception during evening and night hours,
and hence the dissertation focussed on atmospheric stability and the resulting noise
effects;

ii1) The main hypotheses are: a) atmospheric stability, particularly stable and very stable
conditions happen mostly at night time and the hub-height wind speeds can be higher
than those predicted from the 10 m high wind speeds using standard methods, such as the
logarithmic profiles of the IEC standard. And hence, the wind turbine noise levels can be
higher than expected. It was also conjectured that these discrepancies are prevalent
during summer months; and b) beat-sounds can become very pronounced during stable

and very stable conditions.
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The research uses a set of measurements near one wind farm as well as wind data from locations
between 10 km and 40 km from the wind farm area. The whole thrust of the dissertation is to

prove the hypotheses listed above.

The dissertation is broken into ten chapters, four general sections and four appendices. The
chapter titles are: I) Wind power, society and this book: an introduction; II) Acoustical practice
and sound research; III) Basic Facts; IV) Loud sound in weak winds; V) The beat is getting
stronger; VI) Strong winds blow upon all turbines; VII) Thinking of solutions; VIII) Rumbling

sound; IX) General conclusions and X) Epilogue.

Chapter I is basically an introduction and a justification for conducting the doctoral research by
van den Berg. The reasons are seen to be based on anecdotal responses rather than from a truly
scientific and statistical analysis of response surveys. Chapter II is a strong criticism of acoustic
consultants and their inadequate effort in finding the true wind turbine noise levels and their

potential impacts.

Chapters III, IV, V and VI are the relevant chapters for this review and assessment. The
assessment will be presented in subsequent sections. Chapters VII through X are not critical for

the current assessment and will not be commented upon. The assessments are presented next.

2.2 CHAPTER Il - Basic FACTS

Chapter 3 contains four sections and Sections 2 and 4 provide relevant background materials.

Section 2 discusses wind profiles and Section 4 presents the many sources of wind turbine sound.

2.2.1 Wind Profiles and Atmospheric Stability

The main contention of this dissertation is that the hub-height velocity can be much higher than
predicted with simple formula used currently in standards and other literature. This section
presents two simple velocity profile equations to obtain wind velocities at different heights

(Equations II1.1 and II1.3). Eq. III.3 is the standard logarithmic profile used in current literature.
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Figure 4.1. Wind speed profiles at 4 different sites

(From Reference 22 — Figure 1)

Five graphs were plotted for each site: Composite profile for all day data, profile for day data,
profile for night data, IEC standard logarithmic profile with the shear coefficient from observed
site conditions (Zy = 0.03) as well as the standard shear coefficient, Zy, of 0.05. The results do

indicate that for some terrains, the hub-height wind speeds can be more at night time than during
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day time when compared to the 10 m height wind speeds. However, the local conditions
determine the meteorology and one cannot, as analysed by van den Berg, apply information from
far-off sites to local conditions. Further, for the terrains in Australia, the Sound Power Levels at
night time would be around 2 dBA more than predicted from standard procedures from day time
profiles. It must also be highlighted that the measurements of Reference 22 clearly showed the
wind profiles were nearly identical between day and night time for the complex terrains of New

Zealand.

The main conclusions of this section are: a) wind shear is an important parameter that must be
accounted for appropriately in any assessment; and b) the effect of meteorology is highly

localized and strong conclusions cannot be easily transferred from site to site.

4.2 ASSESSMENT PROCEDURES OF WIND TURBINE NOISE LEVELS

Papers by Botha (Reference 22), Sloth (Reference 23) and Sondergaard (Reference 24) are
examples of work undertaken to look into the assessment procedures currently applied in many
jurisdictions. These three papers evaluate the application of sound power levels of wind turbines
standardized to a 10 m height wind speed. The main conclusion of these papers is that the
normal procedure of basing the analysis and assessment on the standardized sound power levels
is not sufficient. Sloth shows a method to incorporate the relevant sound immission data with
appropriate uncertainties accounted for so as to minimize noise annoyance. One such method is
suggested in Appendix F. Sonderggard has also pointed out that additional research is required
to account for many of these deficiencies. References 27 and 28 showed that many of the
propagation models have uncertainties associated with them and can produce “less than

accurate” results if local weather conditions are not properly modelled.

One of the main criticisms about noise assessment process of wind farm application is that the
sound power levels of wind turbines are measured and reported following the procedures of the
IEC-Standard [Reference 26]. It must be noted that the IEC 61400-11 standard for wind turbine

noise is a measurement standard and is primarily intended to define how manufacturers obtain
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and report the sound power from wind turbines under standardized wind shear conditions. It
does not prevent one from adjusting the sound power to reflect the actual site specific wind

shears obtained from testing.

4.3 PARTICULAR CHARACTERISTICS OF WIND FARM NOISE

Two main issues are usually discussed regarding the source characteristics of noise generated by
wind turbines — low frequency or infra sound and the swishing (thumping) sound normally

termed as the amplitude modulation phenomenon.

The measurement results from wind turbines, such as the data reported by van den Berg
(Reference 1) and Howe and McCabe (Reference 28) show the absence of significant low
frequency components and the same conclusion is highlighted by Regan and Casey ((Reference
25) in their primer on wind turbine noise aspects. The results of Reference 1 (van den Berg’s
dissertation) show that the infra-sound levels, even if present, are well below the threshold of

perception.

The nature of the amplitude modulation phenomenon and its relationship to the acoustical
beating phenomenon was already discussed in Section 2.4. The different principles of these
phenomena will not be discussed further. Due to the nature of the amplitude modulation
phenomenon, the swishing or thumping exists all the time. Only van den Berg has attempted to
show that the modulation gets stronger at night time. Our review of van den Berg’s work was
presented in Section 2. We were unable to find other works in the literature that provide
evidence for increased modulation at night time. The only effect, discussed in the next section,
of the phenomenon is the modulated sound becomes audible at night time. This could be due to
quieter ambient sound at night time. As Reference 18 states, “In summary, the modulation in the
noise from wind turbines is not yet fully explained and will not be reduced in the near future and

is therefore a factor of importance when discussing noise annoyance from wind turbines.”

Reference 30 has addressed the issues connected with modulation. One of its principal findings

is and we quote, “the common cause of complaint was not associated with low-frequency noise,
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but the occasional audible modulation of aerodynamic noise, especially at night. Data collected
showed that the internal noise levels were insufficient to wake up residents at these three sites.
However, once awoken, this noise can result in difficulties in returning to sleep.” Reference 30
does not use the term “beating” to describe the amplitude modulation that has been observed as
well as measured. It has been referred to simply as “aerodynamic modulation.” Reference 30
also points out that the many mechanisms hypothesized by van den Berg (Reference 1) for the
modulation behaviour are debatable. It was shown in Section 2 during the current investigation
that the data provided by Reference 1 do not support its findings. Further, no support was seen
for the modulation behaviour to get stronger under stable atmospheric classes at night time as
postulated by van den Berg. The same points were presented in Section 2 of this report. Finally,
Reference 30 discussed the many possible mechanisms that can cause the amplitude modulation
as well as provided measurement results to show that modulation can produce changes in noise
levels of the order of 10 dB. It concluded that detailed research is required to settle many of the

unknowns that can cause the amplitude modulation.

4.4 HUMAN RESPONSES TO WIND FARM NOISE LEVELS

A considerable body of literature is available on this subject, both scientific and anecdotal. Only
a few of the scientific and review articles, References 5, 12, 18, 20, and 25, are highlighted in the

current study.

According to Reference 25, the only health effect of wind turbine noise is annoyance. Sheppard
et al. (Reference 12) conducted a laboratory study with unbiased subjects and played different
sounds including wind turbine noise at various levels. Since the study was conducted in early
80s, the old type wind turbines were included in their investigations. Their study developed a
human response criterion for wind turbine generators based on receptor received noise levels and
termed it ‘Perception Detection Threshold.” The study showed that the thresholds for wind
turbine noise were below the thresholds of general tones. After validating the usefulness of the

response function, the following annoyance table, based on an old ISO standard, now defunct,
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was recommended to evaluate the community response. The annoyance table is presented in

Table 4.1 below.

Table 4.1 Estimated Community Response to Wind Turbine Generator Noise

(From Reference 12 —Figure 12 of Reference 12, based on an 1SO standard)

Amount in dB by which the rated noise Estimated Community Response
exceeds Threshold Level Category Description
0 None No Observed Reaction
5 Little Sporadic Complaints
10 Medium Widespread Complaints
15 Strong Threats of Community Action
20 Very Strong Vigorous Community Action

NOTE: Rated Noise Level — The actual noise level that would be measured at the receptor
locations;
Threshold Level — The average ambient sound level that would exist in areas around
the wind farm site.

A study, similar to that of Sheppard (Reference 12) is required to evaluate the detection threshold

for modern wind turbines.

The annoyance study of Pedersen and Waye concluded that annoyance increases with sound
levels. However, these annoyance studies have very small sample sizes and focussed on subjects
living close to wind farms. No blind survey was conducted. Only 65 of the 356 respondents
were exposed to noise levels of 37.5 dBA and above. The following categories — perception,
dose-annoyance, sensitivity, attitude to source, visual exposure and rural setting — were included
in the survey. The correlation between most of the categories and noise levels were small. The
noise level and annoyance response was proportional to the exposure level. However, the
sample size was too small. The subjects had prior exposure to wind turbines, making the sample
biased. It must be acknowledged that the research of Pedersen and Waye has provided important

insights into the human response of wind turbine noise and has considered important parameters.
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However, the work of Pedersen and Waye need to be expanded to include large enough samples

with unbiased subjects.

Finally, one of the arguments presented by anti-wind farm proponents is that ‘beating’ increases
human annoyance. The only result that can be culled from the literature, Reference 18, is that
the modulation frequencies, 0.5 to 1 Hz for wind turbines, are such that the wind turbine noise
can be detected. Since major studies on wind turbine beating and human annoyance have not

been conducted, major conclusions are not possible at this stage.

45 SUMMARY

Available literature on wind turbine noise was reviewed and the review focussed on four
categories, considered important to the Ministry’s stated goals. The results of the review were

presented in this section. The main findings of this section are:

A) The local terrain conditions can influence meteorological conditions and can affect the
expected noise output of the wind turbines;

B) Assessment procedures applied in different jurisdictions are quite similar in their scope;

C) Wind farm noise do not have significant low-frequency (infrasound) components;

D) Further study needed in order to determine effect of modulation on human annoyance.
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5.0 REVIEW OF MOE’S NOISE POLICIES AS APPLIED TO WIND
FARM NOISE

The Ministry of the Environment released a guideline document, “Interpretation for Applying
MOE NPC Technical Publications to Wind Turbine Generators” in 2004. The above guidance
document was to assist proponents of wind turbine installations in determining the list of
necessary information to be submitted when applying for a Certificate of Approval (Air and
Noise) under Section 9 of the Environmental Protection Act. A summary of these interpretations
by John Kowalewski was also published in the Canadian Acoustics Journal (Reference 33). The
noise guidelines in MOE publications NPC-205/NPC-232 as well as the wind generated noise
levels were applied to set the noise limits. These three documents are enclosed in Appendices A,

B and C.

5.1 MOE’s ASSESSMENT PROCESS

The assessment procedures of MOE are summarized below for completeness sake:

I) All wind farm applications must obtain a Certificate of Approval from MOE. If
individual wind turbines have a capacity of 2 MW or more, the project must undergo an
Environmental assessment review;

I) If there are no receptors within 1000 m of the wind farm boundary, no detailed noise
assessment is necessary;

III) The noise limits are established based on the location of the receptors in Class 1 & 2
areas and Class 3 areas.

IV) The sound power levels of the wind turbines are to be obtained from the standard
procedures contained in IEC Standard 61400-11, by applying the wind speeds at 10 m
height above ground. [Reference 26].

V) The sound pressure levels at each receptor location are to be evaluated applying the

procedures of ISO 9613.
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VI) The noise impact is assessed by comparing the predicted noise levels at individual
receptor location with the noise limits established in Step III. The noise impact is

evaluated at each wind speed over the operating range of the wind turbine specifications.

The noise limits are wind speed dependent and are summarized in Table 5.1 below.

Table 5.1 Ontario Noise Assessment Limits

Wind Speed (m/s) @ 10 m height 4 5 6 7 8 9 10 | 11

Wind Turbine Noise Criterion NPC-232
(dBA) (Rural) — Class 3 Areas

Wind Turbine Noise Criterion NPC-205
(dBA) (Urban) — Class 1 & 2 Areas

40 40 40 43 45 49 51 53

45 45 45 45 45 49 51 53

The MOE procedures outlined in Appendix A do not explicitly discuss the application of

penalties for source character or apply particular meteorological conditions.

The MOE’s assessment process is very similar to the procedures applied in the New Zealand
(Reference R19), as it recognizes the usefulness of masking effects of ambient wind. The
implicit assumption is that it is the ambient wind that generates the noise of wind turbines as well

as background noise levels at receptor locations.

The Ministry’s noise assessment guidelines for stationary sources of sound are based on the
premise that noise from the stationary sources may be annoying when it is audible over and
above the level of the so-called "ambient" or surrounding environmental "noise climate" at a
particular location. However, audibility does not necessarily mean annoyance. Furthermore,
annoyance is not the same for the entire population; people at the extreme of the statistical
distribution may be annoyed at different noise levels. Such an approach was considered a
‘sound’ policy from the inception of the Model Municipal Noise Control by-Law issued by MOE
in August 1978. The policies provide adequate protection from adverse noise pollution impacts

as well as not imposing restrictive conditions on industrial noise sources. However, the MOE’s
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assessment, even though has provided a very simple procedure, has been very general in its

overall scope. Two issues need to be resolved and are highlighted below.

5.2 PENALTY FOR SOURCE CHARACTER

The guideline document that deals with noise assessment of wind turbines, enclosed in Appendix
A, does not explicitly discuss penalties for characters such as tonal components of the wind
turbine noise levels, even though reference to NPC-104 is included in the interpretation
document. Further, the Ministry document, NPC-205 (enclosed in Appendix C) contains
guidelines for penalties, which must be used if a particular wind turbine was found to contain
tonal components. The implicit assumption is that the modern up-wind wind turbines have no
dominant tones in their spectrum. It must be pointed out that most of the measurement results
do show that the turbine noise spectrum is devoid of dominant tones. However, MOE needs to
clarify and include source character adjustments in the main body of the interpretation document
and even make references to the procedures contained in the IEC Standard (Reference 26) that

are used to determine the presence of tones in the noise spectrum.

53 METEOROLOGICAL CONDITIONS

One of the main arguments posed by van den Berg (Section 2) is that meteorological condition
affect wind speed profiles with height and that the hub-height wind speed may be higher than
predicted with the 10 m high wind speed being low. It was made clear in the review presented in
Section 2 that the evidence presented to support these arguments were tenuous at best. However,
the works of Botha (Reference 22) and Sondergaard (Reference 24) showed that local terrain
conditions can dictate the wind profiles and the measurements of Reference 22 has shown that in
flat terrains, the wind speed profile with height cannot be predicted accurately by standard

methods such as the logarithmic shear function applied in Reference 26.

It is therefore, possible that, for a ‘worst-case scenario’, the hub-height velocities can be higher
than expected thereby resulting in higher-than-expected noise levels with lower masking effect

of the ambient wind at receptor locations. Some preliminary evaluations presented in Reference
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32 showed that discrepancies of the order of 3 dBA are possible. Such a scenario needs to be
accounted for in the Ministry’s future updates of the assessment procedures. One example of a

possible assessment procedure is described in Appendix F.

5.4 SUMMARY

The assessment procedures, currently, applied in the Province of Ontario by the Ministry of the
Environment to evaluate wind farm noise levels were reviewed. The results showed that the
procedures may have to be revised to incorporate additional factors. One possible assessment

process is suggested Appendix F.
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6.0

CONCLUSIONS

As part of the review process of their assessment procedures, the Ministry of the Environment

for the Province of Ontario has instituted a work project with different tasks. Four individual

tasks were part of the review process.

The results of each of the tasks were presented in the previous sections. The conclusions for

each of the tasks were included at the end of the relevant sections. The basic conclusions are

summarized below:

A)

B)

©)

D)

The research work undertaken by G. P. van den Berg didn’t provide scientific evidence to
support the few major hypotheses postulated concerning the wind turbine noise
characteristics. However, the work of other researchers showed that local terrain
conditions can impact the local meteorology and thereby the resulting noise levels;
Assessment procedures applied in different jurisdictions showed the current Ministry of
the Environment process is similar to other jurisdiction. Further, the MOE process has
provided a balanced approach between noise impact and the need for wind farms, based
on currently available scientific data.

Literature review showed that additional research is still required to make definitive
conclusions about wind turbine noise impacts as well as human response to wind farms.
In addition, detailed research on meteorological conditions, and their impact on sound
generation needs to be undertaken to realise definitive conclusions;

The Ministry of the Environment’s procedures to assess wind farm noise levels follow a
simple procedure that is sound for most situations. However, additional concerns still
need to be addressed in the next round of revisions to their assessment process. These
revisions may need to be addressed after the results from future research provide
scientifically consistent data for effects such as meteorology, human response and turbine

noise source character.
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INTERPRETATION FOR APPLYING MOE NPC TECHNICAL
PUBLICATIONS TO WIND TURBINE GENERATORS

Noise impacts of proposed wind turbine generators, i.e. wind turbines, are considered in the course of assessing
an application for a Certificate of Approval (Air), in accordance with Section 9 of the Environmental Protection
Act. The purpose of this guidance document is to assist proponents of wind turbine installations in determining
what information should be submitted when applying for a Certificate of Approval (Air). It has been developed
in order to provide consistency in the submissions and to streamline the review and approval process.

As a minimum, the information package must include details of the wind turbine design and operation, location
of the wind turbine within the specific site and surrounding area as well as summary of compliance applicable
to noise. The following defines a template for reports to be submitted to the MOE. This information is
supplementary to the information in MOE Publication NPC-233, Information to be Submitted for Approval of
Stationary Sources of Sound.

REFERENCES

[1] NPC-102 - Instrumentation

[2] NPC-103 - Procedures

[3] NPC-104 - Sound Level Adjustments

[4] NPC-205 - Sound Level Limits for Stationary Sources in Class 1 & 2 Areas (Urban)

[5] NPC-206 - Sound Levels due to Road Traffic

[6] NPC-232 - Sound Level Limits for Stationary Sources in Class 3 Areas (Rural)

[7] NPC-233 - Information to be Submitted for Approval of Stationary Sources of Sound

[8] IEC 61400-11 - “Wind turbine generator systems - Part 11: Acoustic noise measurement techniques -
International Restrictions”, Dec. 2002

[9] ISO 9613-2 - “Acoustics-Attenuation of sound during propagation outdoors - Part 2: General method of
calculation”, Dec. 1996

[10] ETSU-R-97 - “The Assessment and Rating of Noise from Wind Farms”, Final Report, September 1996

TECHNICAL DEFINITIONS

"Class 1 Area"
means an area with an acoustical environment typical of a major population centre, where the
background noise is dominated by the urban hum.

"Class 2 Area"
means an area with an acoustical environment that has qualities representative of both Class 1
and Class 3 Areas, and in which a low ambient sound level, normally occurring only between
23:00 and 07:00 hours in Class 1 Areas, will typically be realized as early as 19:00 hours.

PIBS 4709e Version 1.0 - Last Revised July 6, 2004 Page 1 of 7



Other characteristics which may indicate the presence of a Class 2 Area include:

I. absence of urban hum between 19:00 and 23:00 hours;

ii. evening background sound level defined by natural environment and infrequent human
activity; and

iii. no clearly audible sound from stationary sources other than from those under
consideration.

"Class 3 Area"
means a rural area with an acoustical environment that is dominated by natural sounds having
little or no road traffic, such as the following:

I. a small community with less than 1000 population;
ii. agricultural area;
iii. a rural recreational area such as a cottage or a resort area; or a wilderness area.

Point of Reception

"Point of Reception” means any point on the premises of a person within 30 m of a dwelling or a
camping area, where sound or vibration originating from other than those premises is received.

For the purpose of approval of new sources, including verifying compliance with Section 9 of the
Act, the Point of Reception may be located on any of the following existing or zoned for future
use premises: permanent or seasonal residences, hotels/motels, nursing/retirement homes, rental
residences, hospitals, camp grounds, and noise sensitive buildings such as schools and places of
worship.

For equipment/facilities proposed on premises such as nursing/retirement homes, rental
residences, hospitals, and schools, the Point of Reception may be located on the same premises.

NOISE LIMITS

The noise limits for a wind turbine or an array of such units (referred to as a “wind farm”) are set relative to the
existing MOE Noise Guidelines in NPC-205/NPC-232 as well as to the wind generated background noise. The
proponents are required to demonstrate compliance with the following sound level limits:

Wind turbine installations in Class 1 & 2 Areas (Urban)
Wind speeds below 8 m/s

The lowest sound level limit at a Point of Reception in Class 1 & 2 Areas (Urban), under conditions of average
wind speed up to 8 m/s (29 km/h), expressed in terms of the hourly equivalent sound level (Leq) is 45 dBA or
the minimum hourly background sound level established in accordance with requirements in Publications NPC-
205/NPC-233, whichever is higher.
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Wind Turbine Installations in Class 3 Areas (Rural)
Wind speeds below 6 m/s

The lowest sound level limit at a Point of Reception in Class 3 Areas (Rural), under conditions of average wind
speed up to 6 m/s (22 km/h), expressed in terms of the hourly equivalent energy sound level (Leq) is 40 dBA or
the minimum hourly background sound level established in accordance with requirements in Publications NPC-
232/NPC-233, whichever is higher.

Wind Turbine Installations in Class 1& 2 and Class 3 Areas
Wind speeds above 8 and 6 m/s respectively

The sound level limit at a Point of Reception in Class Areas 1 & 2 (Urban) or in Class 3 Areas (Rural), under
conditions of average wind speed above 8 m/s and 6 m/s respectively, expressed in terms of the hourly
equivalent energy sound level (Leq), is the wind induced background sound level, expressed in terms of
ninetieth percentile sound level (Lago) plus 7 dB, or the minimum hourly background sound level established in
accordance with requirements in Publications NPC-205/NPC-232/NPC-233, whichever is higher.

A summary of the above limits is shown in figure and table below.

60
55 A
\

o ) >
Q awm =
()
-
o 35
c
S

30
%) L

25 A

20

4 5 6 7 8 9 10 11
Wind Speed in m/s

—e— Wind Induced Background Sound Level (L90)
—m— Wind Turbine Noise Criterion / Class 3 Area (Leq)
— — Wind Turbine Noise Criterion / Class 1&2 Area (Leq)

Wind Speed (m/s) 4 5 6 7 8 9 10 11
Wind Turbine Noise
Criterion NPC-232 (dBA)| 40 | 40 | 40 | 43 | 45| 49 | 51 | 53

Wind Turbine Noise
Criterion NPC-205 (dBA)

45 | 45 | 45 | 45 | 45 49 51 53
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NOTE:

1. The measurement of wind induced background sound level is not required to establish the applicable
criterion. The wind induced background sound level reference curve in the figure above was determined
by correlating the ninetieth percentile sound level (Lago) with the average wind speed measured at a
particularly quiet site.

2. If the existing minimum hourly background sound level, established in accordance with requirements in
Publications NPC-205/NPC-232/NPC-233, is selected as the sound level limit, the measurement of wind
speed (for the purpose of determination of wind induced background sound level) is not required. The
selected limit applies in the entire range of wind speed under consideration from 4 m/s to 11 m/s with
exception of the wind turbine noise criterion values higher than the existing minimum hourly
background sound level.

3. Wind Turbine Noise Criterion at wind speeds expressed as fractional values of m/s should be
interpolated from the above graph.
REPORT CONTENTS AND FORMAT

The noise report must contain the required information, organized in a clear and concise manner. The report
should include the following sections in the given sequence:

1. Introduction
Objectives of report
2. General Description of Wind Turbine Installation Site and Surrounds

Description of the site general environment, including: adjacent zoning, sensitive receiver
locations (Points of Reception); suitable mapping of the site and surrounding area, providing
elevations of source receivers and intervening structures or topography where applicable to the
assessment;

3. Description of Receptors
Detailed acoustical description of the area surrounding the facility including: Identification of the
closest and/or the critical Points of Reception, identifying noise sensitive residential or
institutional uses - (industrial, commercial uses are also desirable information); Determination of
the applicable minimum hourly background sound level limit at the critical Points of Reception,
in accordance with NPC 205/232 and NPC-233;

4. Description of Sources
Description of the wind turbine (wind farm) including: manufacturer & model number; Design
principle & geometric configuration (horizontal, vertical, upwind, downwind, rotor diameter and
centre height, blade type, number of blades, tower height); Power train (direct from rotor to
generator, indirect through gearbox); Operating details (single, twin or variable speed, power
curve, generator rated power output and rotational speed); Park lay-out (for a wind farm);

5. Wind Turbine Noise Emission Rating
Noise emission levels in terms of sound power level of the wind turbine as a function of wind
speed (determined in accordance with IEC 61400-11 method), provided by the wind turbine
manufacturer;
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Impact Assessment

Calculation of the sound pressure level at each critical Point of Reception for each wind turbine
or an aggregate of units (wind farm) using ISO 9613 method.

Noise impact assessment under a “worst case scenario” at the critical Points of Reception, up to a
distance of 1000 m from the wind turbine (or closest unit in a wind farm); Impact assessment is
not required for Points of Reception farther than 1000 m from the wind turbine (or closest unit in
a wind farm);

Comparison with the applicable noise limit;

Wind Turbine Summary Tables

Wind Turbine Source Summary Table and Wind Turbine Assessment Summary Table; (samples
attached);

Conclusions and Recommendations

Summary of impacts and verification of compliance with the noise limits;

Appendices, etc.

Details of measurements and calculations, specifications, plans, eng. dwgs, etc.

WIND TURBINE SUMMARY TABLES

The noise report must contain Wind Turbine Summary Tables, summarising the results of the Acoustical
Report and demonstrating compliance. The Wind Turbine Summary Tables must address pertinent
source(s) and receptors (Points of Reception).

The information in the Wind Turbine Summary Tables must be presented in two tables:

1.
2.

Wind Turbine Source Summary Table
Wind Turbine Assessment Summary Table

The following examples of summary tables must be incorporated into the report:
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Wind Turbine Noise Emission Summary Table

(add rows for additional sources)

Max PWL PWL
at wind at selected wind speed in m/s
Wind Turbine ID speed <6 7 3 9 10 1
m/s
1 WT6000 93 97 99 100 | 104 | 106
2
3
Note:

1. PWL denotes Sound Power Level in dB re 1072 Watt

2. Noise emissions of a wind farm are represented by a sum of PWL values for individual wind

turbine units.

PIBS 4709e

Version 1.0 - Last Revised July 6, 2004

Page 6 of 7



Wind Turbine Noise Impact Assessment Summary Table
Identify all receptors (add rows for additional Points of Reception)

Sound Level Limit (dBA)
Calculated Sound Pressure Applicable
Point Distance to Level at Receptor (dBA) at selected Wind Speed in m/s | Background | Compliance
of Reception .| closestWind | ot selected Wind Speed in m/s Sound Level | with Limit
D Receptor Description Turbine (m) p (Yes/No)
6 6
or | 7|8 |9 |w|1tfor | 7|89 |10]11|NPC [ NPC
205 | 232
< <
R1 Residence to East 100 43 | 44 | 48 | 50 | 54 | 56| 45 |45 | 45 | 49 | 51 | 53| 46 No
R2 Apt. Bldg. to South 150 40 | 42 | 45 | 47 |51 | 53| 45 |45 | 45|49 |51 |53 51 No
R3 Nursing Home to 200 37 39 42 | 44 | 48 | 50 | 45 45 45 | 49 51 | 53 47 Yes
West
R4 Residence to North 260 3538|4042 |46 |48 40 |43 |45 |49 |51 |53 44 Yes

Note: Values in the table which are underlined/bold denote an excess over the applicable limit.
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Sound Level Limits for Stationary Sources in Class 3 Areas (Rural)

Publication NPC-232
October 1995

This Publication establishes sound level limits for stationary sources such as industrial and commercial establishments

or ancillary transportation facilities, affecting points of reception in Class 3 Areas (Rural). It replaces Publication NPC-132
"Guidelines for Noise Control in Rural Areas" of the "Model Municipal Noise Control By-Law, Final Report, August 1978".
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1. SCOPE

This Publication establishes sound level limits for stationary sources of sound such as industrial and commercial
establishments or ancillary transportation facilities, affecting points of reception in Class 3 Areas (Rural). The
limits apply to noise complaint investigations carried out in order to determine potential violation of Section 14
of the Environmental Protection Act. The limits also apply to the assessment of planned stationary sources of
sound in compliance with Section 9 of the Environmental Protection Act, and under the provisions of the
Aggregate Resources Act and the Environmental Assessment Act.
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This Publication does not address sound and vibration produced by blasting; blasting in quarries and surface
mines is considered in Reference [7].

The Publication includes an Annex, which provides additional details, definitions and rationale for the sound level
limits.

2. REFERENCES
Reference is made to the following publications:
[1] NPC-101 - Technical Definitions
[2] NPC-102 - Instrumentation
[3] NPC-103 - Procedures
[4] NPC-104 - Sound Level Adjustments
[5] NPC-205 - Sound Level Limits for Stationary Sources in Class 1 & 2 Areas (Urban)
[6] NPC-206 - Sound Levels due to Road Traffic
[7] NPC-119 - Blasting
[8] NPC-216 - Residential Air Conditioning Devices
[10] NPC-233 - Information to be Submitted for Approval of Stationary Sources of Sound

[12] ORNAMENT, Ontario Road Noise Analysis Method for Environment and Transportation, Technical
Document, Ontario Ministry of the Environment, ISBN 0-7729-6376, 1989

References [1] to [4] and [7] can be found in the
Model Municipal Noise Control By-Law, Ontario Ministry of the Environment, Final Report, August 1978.

2. DEFINITIONS

"Ambient sound level"
means Background sound level.

"Background sound level"
is the sound level that is present in the environment, produced by noise sources other than the source
under impact assessment. Highly intrusive short duration noise caused by a source such as an aircraft
fly-over or a train pass-by is excluded from the determination of the background sound level.

"Class 1 Area"
means an area with an acoustical environment typical of a major population centre, where the
background noise is dominated by the urban hum.
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"Class 2 Area"
means an area with an acoustical environment that has qualities representative of both Class 1 and
Class 3 Areas, and in which a low ambient sound level, normally occurring only between 23:00 and 07:00
hours in Class 1 Areas, will typically be realized as early as 19:00 hours.

Other characteristics which may indicate the presence of a Class 2 Area include:

. absence of urban hum between 19:00 and 23:00 hours;
. evening background sound level defined by natural environment and infrequent human activity;
and
. no clearly audible sound from stationary sources other than from those under impact
assessment.
"Class 3 Area"

means a rural area with an acoustical environment that is dominated by natural sounds having little or
no road traffic, such as the following:

. a small community with less than 1000 population;

. agricultural area;

. a rural recreational area such as a cottage or a resort area; or
. a wilderness area.

Other technical terms are defined in Reference [1] and in the Annex to Publication NPC-232.
3. ESTABLISHMENT OF LIMITS - OBJECTIVE

The sound level limit at a point of reception must be established based on the principle of "predictable worst
case" noise impact. In general, the limit is given by the background sound level at the point of reception. The
sound level limit must represent the minimum background sound level that occurs or is likely to occur during the
operation of the stationary source under impact assessment.

4. BACKGROUND SOUND LEVELS OF THE NATURAL ENVIRONMENT

The One Hour Equivalent Sound Level (L.,) and/or the One Hour Ninetieth Percentile Sound Level (Ly,) of the
natural environment shall be obtained by measurement performed in accordance with Section 7. The results
of the measurements must not be affected by the sound of the stationary source under impact assessment.

The time interval between the background sound level measurement and the measurement of the sound level
produced by the stationary source under impact assessment should be minimized as much as possible.
Preferably, the two measurements should be carried out within one hour of each other.

5. SOUND LEVELS DUE TO STATIONARY SOURCES

Q) Complaint Investigation of Sta tion ary Sources
The One Hour Equivalent Sound Level (L) and/or the Logarithmic Mean Impulse Sound Level (L)
produced by the stationary sources shall be obtained by measurement performed in accordance with
Section 7.
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(2) Approval of Stationary Sources
The One Hour Equivalent Sound Level (L) and/or the Logarithmic Mean Impulse Sound Level (L)
produced by the stationary sources shall be obtained by measurement or prediction. The estimation of
the L., and/or L, of the stationary source under impact assessment shall reflect the principle of
"predictable worst case" noise impact. The "predictable worst case" noise impact occurs during the hour
when the difference between the predicted sound level produced by the stationary source and the
background sound level of the natural environment is at a maximum.

6. PROCEDURES

All sound level measurements of the One Hour Equivalent Sound Level (L.,) and the Logarithmic Mean Impulse
Sound Level (L.,,) shall be made in accordance with Reference [3].

All sound level measurements of the One Hour Ninetieth Percentile Sound Level (Ly,) shall be made using a
Sound Level Meter capable of measuring percentile sound levels. The meter shall meet the applicable
requirements for an Integrating Sound Level Meter of Reference [2]. The measurements shall be carried out
following procedures for the measurement of varying sound described in Reference [3].

Sound from existing adjacent stationary sources may be included in the determination of the background hourly
sound levels L., and Ly, if such stationary sources are not under consideration for noise abatement by the
Municipality or the Ministry of Environment and Energy.

7. SOUND LEVEL LIMITS - GENERAL

(1) For impulsive sound, other than Quasi-Steady Impulsive Sound, from a stationary source, the sound
level limit at a point of reception within 30 m of a dwelling or a camping area, expressed in terms of the
Logarithmic Mean Impulse Sound Level (L), is the lower of:

. the background One Hour Equivalent Sound Level (L.,) obtained pursuant to Section 5; and
. the background One Hour Ninetieth Percentile Sound Level (Ly,) plus 15 dB, i.e. Ly, + 15 dB,
obtained pursuant to Section 5.

(2) For sound from a stationary source, including Quasi-Steady Impulsive Sound but not including other
impulsive sound, the sound level limit at a point of reception within 30 m of a dwelling or a camping
area, expressed in terms of the One Hour Equivalent Sound Level (L), is the lower of:

. the background One Hour Equivalent Sound Level (L.,) obtained pursuant to Section 5; and
. the background One Hour Ninetieth Percentile Sound Level (Ly,) plus 10 dB, i.e. Ly, + 10 dB,
obtained pursuant to Section 5.
8. SOUND LEVEL LIMITS - SPECIFIC IMPULSIVE SOUNDS
(1) For impulsive sound, other than Quasi-Steady Impulsive Sound, from a stationary source which is an

industrial metal working operation (including but not limited to forging, hammering, punching, stamping,
cutting, forming and moulding), the sound level limit at a point of reception within 30 m of a dwelling or
a camping area, expressed in terms of the Logarithmic Mean Impulse Sound Level (L,,,), is 60 dBAl, if
the stationary source were operating before January 1, 1980, and otherwise is 50 dBAl.

(2) For impulsive sound, other than Quasi-Steady Impulsive Sound, from a stationary source which is the
discharge of firearms on the premises of a licensed gun club, the sound level limit at a point of reception
within 30 m of a dwelling or a camping area, expressed in terms of the Logarithmic Mean Impulse Sound
Level (L y), is:
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. 70 dBAI if the gun club were operating before January 1, 1980; or
. 50 dBAI if the gun club began to operate after January 1, 1980; or
. the L, prior to expansion, alteration or conversion.
3) For impulsive sound, other than Quasi-Steady Impulsive Sound, from a stationary source which is not

a blasting operation in a surface mine or quarry, characterized by impulses which are so infrequent that
they cannot normally be measured using the procedure for frequent impulses of Reference [3], the sound
level limit at a point of reception within 30 m of a dwelling or a camping area, expressed in terms of the
impulse sound level, is 100 dBAI.

9. SOUND LEVEL LIMITS - PEST CONTROL DEVICES
(1) For impulsive sound, other than Quasi-Steady Impulsive Sound, from a pest control device employed
solely to protect growing crops, the sound level limit at a point of reception within 30 m of a dwelling or
a camping area, expressed in terms of the Logarithmic Mean Impulse Sound Level (L,,,), is 70 dBAI.
(2) For sound, including Quasi-Steady Impulsive Sound but not including other impulsive sound, from a pest
control device employed solely to protect growing crops, the sound level limit at a point of reception
within 30 m of a dwelling or a camping area, expressed in terms of the One Hour Equivalent Sound
Level (L), is 60 dBA.
10. PROHIBITION - PEST CONTROL DEVICES
The operation of a pest control device employed solely to protect growing crops is prohibited during the hours
of darkness, sunset to sunrise.
11. PRE-EMPTION
The least restrictive sound level limit of Sections 8, 9 and 10 applies.
12. EXCLUSION
No restrictions apply to any stationary source resulting in a One Hour Equivalent Sound Level (L) or a
Logarithmic Mean Impulse Sound Level (L), at a point of reception within 30 m of a dwelling or a camping area,
lower than the minimum values for that time period, as specified in Table 232-1.
TABLE 232-1
Minim um Values of One Hour L., or L, by Time of Day
Time of Day One Hour L., (dBA) or L., (dBAI)
0700 - 1900 45
1900 - 2300 40
2300 - 0700 40
May 21, 1999
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Annex to Publication NPC-232

Sound Level Limits for Stationary Sources in Class 3 Areas (Rural)
October 1995

A.l.

A.2.

GENERAL

The definitions in Publication NPC-232 of a Class 3 Area (Rural), as well as Class 1 and 2 Areas (Urban), provide
a broad characterization of the areas including a range of localities. In formulating the definitions, consideration
was given to the fact that the terms "rural” and "urban" embody a conception of distinct types of dwelling habitat.

On one hand, the term "urban" traditionally conveys a distinct image of a concentration of people and activities
in a predominantly man-made environment dominated by road traffic noise, making intensive use of the space
available. On the other hand, the term "rural” brings to mind a sparse distribution of people and activities in a
predominantly natural environment using land extensively (farming) or not at all (wilderness areas). In between
these two categories fall areas that exhibit characteristics of both "urban" and "rural" areas, particularly at
different times of the day.

It is, however, evident that not all of the environment will fit neatly into one of these categories. The
predominance of road traffic in the area is a significant factor in determining rurality. For example, a residential
property in an isolated recreational area, but close to a major roadway, would not be considered to be located
in a Class 3 Area.

While examples of a rural setting, described in Publication NPC-232 provide some general guidelines, any
classification of a point of reception as being in a Class 1, 2 or 3 Area should be made on an individual basis.
The classification can, and should, utilize normally available information on zoning by-laws, official plans, and
other policy statements, as well as the future character of the particular piece of land in question and the land
in its vicinity.

The standard of environmental noise acceptability for a stationary source is, in general, expressed as the
difference between the noise from the source and the background noise. In rural areas, this background noise
is formed by natural sounds rather than man-made sounds.

The background noise may also include contributions from existing stationary sources adjacent to the stationary
source under impact assessment. Contributions of these secondary stationary noise sources are considered to
be a part of the existing noise environment, and may be included in the measurement of the background sound
levels, provided that they are not under consideration for noise abatement by the Municipality or the Ministry of
Environment and Energy.

In Class 1 and 2 Areas where the acoustical environment is governed primarily by road traffic, the background
noise is best described by the energy equivalent sound level (L.,). However, the background noise in Class 3
Areas is often better described in terms of the ninetieth percentile sound level (Ly,). Therefore, Publication NPC-
232 has established both the Ly, as well as the L, of the background as the limits against which the intrusion of
the source, measured in terms of the L, is assessed.

APPLICATION

Sound level limits contained in this Publication do not apply to non-stationary noise sources nor to any
equipment, apparatus or device used in agriculture for food crop seeding, chemical spraying or harvesting. In
addition, several specific noise sources have been addressed in separate Publications. Limits for residential air
conditioners are contained in Publication NPC-216 - Residential Air Conditioning Devices, Reference [8], and
the limits for blasting operations in quarries and surface mines are contained in Publication NPC-119 - Blasting,
Reference [7].
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A3 STATIONARY SOURCES

The objective of the definition of a stationary source of sound is to address sources such as industrial and
commercial establishments or ancillary transportation facilities. In order to further clarify the scope of the
definition, the following list identifies examples of installations, equipment, activities or facilities that are included
and those that are excluded as stationary sources.

Q) Included Sources

Individual stationary sources such as:
Heating, ventilating and air conditioning (HVAC) equipment;
Rotating machinery;
Impacting mechanical sources;
Generators;
Burners;
Grain dryers.

Facilities, usually comprising many sources of sound. In this case, the stationary source is understood to
encompass all the activities taking place within the property boundary of the facility. The following are examples
of such facilities:

Industrial facilities;

Commercial facilities;

Ancillary transportation facilities;

Aggregate extraction facilities;

Warehousing facilities;

Maintenance and repair facilities;

Snow disposal sites;

Routine loading and unloading facilities (supermarkets, assembly plants, etc.).

Other sources such as:
Car washes;
Race tracks;
Firearm Ranges.

(2) Excluded Sources

Specific sources or facilities:
Construction activities;
Transportation corridors, i.e. roadways and railways;
Residential air conditioning devices including air conditioners and heat pumps;
Gas stations;
Auditory warning devices required or authorized by law or in accordance with good safety practices;
Occasional movement of vehicles on the property such as infrequent delivery of goods to convenience
stores, fast food restaurants, etc.

Other noise sources, normally addressed in a qualitative manner in municipal noise by-laws:
The operation of auditory signalling devices, including but not limited to the ringing of bells or gongs and
the blowing of horns or sirens or whistles, or the production, reproduction or amplification of any similar
sounds by electronic means;
Noise produced by animals kept as domestic pets such as dogs barking;
Tools and devices used by occupants for domestic purposes such as domestic power tools, radios and
televisions, etc., or activities associated with domestic situations such as domestic quarrels, noisy
parties, etc;
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Noise resulting from gathering of people at facilities such as restaurants and parks.

Activities related to essential service and maintenance of public facilities such as but not limited to roadways,
parks and sewers, including snow removal, road cleaning, road repair and maintenance, lawn mowing and
maintenance, sewage removal, garbage collection, etc.

PREDICTABLE WORST CASE IMPACT

The assessment of noise impact requires the determination of the "predictable worst case" impact. The
"predictable worst case" impact assessment should establish the largest noise excess produced by the source
over the applicable limit. The assessment should reflect a planned and predictable mode of operation of the
stationary source.

It is important to emphasize that the "predictable worst case" impact does not necessarily mean that the sound
level of the source is highest; it means that the excess over the limit is largest. For example, the excess over
the applicable limit at night may be larger even if the day-time sound level produced by the source is higher.

DEFINITIONS
In the interpretation of Publication NPC-232, the following definitions are of particular relevance:

- Ancillary Transportation Facilities
"Ancillary transportation facilities" mean subsidiary locations where operations and activities associated
with the housing of transportation equipment (or personnel) take place. Examples of ancillary
transportation facilities include, but are not limited to, substations, vehicle storage and maintenance
facilities, fans, fan and vent shafts, mechanical equipment plants, emergency services buildings, etc;

- Construction
"Construction" includes erection, alteration, repair, dismantling, demolition, structural maintenance,
painting, moving, land clearing, earth moving, grading, excavating, the laying of pipe and conduit
whether above or below ground level, street and highway building, concreting, equipment installation and
alteration and the structural installation of construction components and materials in any form or for any
purpose, and includes any work in connection therewith; "construction" excludes activities associated
with the operation at waste and snow disposal sites;

- Construction Equipment
"Construction equipment" means any equipment or device designed and intended for use in construction,
or material handling including but not limited to, air compressors, pile drivers, pneumatic or hydraulic
tools, bulldozers, tractors, excavators, trenchers, cranes, derricks, loaders, scrapers, pavers, generators,
off-highway haulers or trucks, ditchers, compactors and rollers, pumps, concrete mixers, graders, or
other material handling equipment;

- Conveyance
"Conveyance" includes a vehicle and any other device employed to transport a person or persons or

goods from place to place but does not include any such device or vehicle if operated only within the
premises of a person;

- Highway
"Highway" includes a common and public highway, street, avenue, parkway, driveway, square, place,
bridge, viaduct or trestle designed and intended for, or used by, the general public for the passage of
vehicles;
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Motor Vehicle

"Motor vehicle" includes an automobile, motorcycle,and any other vehicle propelled or driven otherwise
than by muscular power, but does not include the cars of diesel, electric or steam railways, or other
motor vehicles running only upon rails, or a motorized snow vehicle, traction engine, farm tractor,
self-propelled implement of husbandry or road-building machine within the meaning of the Highway
Traffic Act;

Motorized Conveyance
"Motorized conveyance" means a conveyance propelled or driven otherwise than by muscular,
gravitational or wind power;

Noise
"Noise" means unwanted sound;

Point of Reception - Class 3 Area
"Point of reception - Class 3 Area" means a point on the premises of a person within 30 m of a dwelling
or a camping area, where sound or vibration originating from other than those premises is received.

For the purpose of approval of new sources, including verifying compliance with Section 9 of the
Environmental Protection Act, the point of reception may be located on any of the following existing or
zoned for future use premises: permanent or seasonal residences, hotels/motels, nursing/retirement
homes, rental residences, hospitals, camp grounds, and noise sensitive buildings such as schools and
places of worship.

For equipment/facilities proposed on premises such as nursing/retirement homes, rental residences,
hospitals, and schools, the point of reception may be located on the same premises;

Stationary Source

"Stationary source" means a source of sound which does not normally move from place to place and
includes the premises of a person as one stationary source, unless the dominant source of sound on
those premises is construction or a conveyance;

Urban Hum
means aggregate sound of many unidentifiable, mostly road traffic related noise sources.
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Sound Level Limits for Stationary Sourcesin Class 1 & 2 Ar eas (Urban)

Publication NPC-205
October 1995

This Publication establishes sound level limits for stationary sources such as industrial and commercial establishments

or ancillary transportation facilities, affecting points of reception in Class 1 and 2 Areas (Urban). It replaces Publication
NPC-105 "Stationary Sources" of the "Model Municipal Noise Control By-Law, Final Report, August 1978".
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1. SCOPE

This Publication establishes sound level limits for stationary sources such as industrial and commercial
establishments or ancillary transportation facilities, affecting points of reception in Class 1 and 2 Areas (Urban).
The limits apply to noise complaint investigations carried out in order to determine potential violation of Section
14 of the Environmental Protection Act. The limits also apply to the assessment of planned stationary sources
of sound in compliance with Section 9 of the Environmental Protection Act, and under the provisions of the
Aggregate Resources Act and the Environmental Assessment Act.
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This Publication does not address sound and vibration produced by blasting; blasting in quarries and surface
mines is considered in Reference [7].

The Publication includes an Annex, which provides additional details, definitions and rationale for the sound level
limits.

2. REFERENCES
Reference is made to the following publications:
[1] NPC-101 - Technical Definitions
[2] NPC-102 - Instrumentation
[3] NPC-103 - Procedures
[4] NPC-104 - Sound Level Adjustments
[6] NPC-206 - Sound Levels due to Road Traffic
[7] NPC-119 - Blasting
[8] NPC-216 - Residential Air Conditioning Devices
[9] NPC-232 - Sound Level Limits for Stationary Sources in Class 3 Areas (Rural)
[10] NPC-233 - Information to be Submitted for Approval of Stationary Sources of Sound

[12] ORNAMENT, Ontario Road Noise Analysis Method for Environment and Transportation, Technical
Document, Ontario Ministry of the Environment, ISBN 0-7729-6376, 1989

References [1] to [4] and [7] can be found in the
Model Municipal Noise Control By-Law, Ontario Ministry of the Environment, Final Report, August 1978.

3. TECHNICAL DEFINITIONS

"Ambient sound level"
means Background sound level.

"Background sound level"
is the sound level that is present in the environment, produced by noise sources other than the source
under impact assessment. Highly intrusive short duration noise caused by a source such as an aircraft
fly-over or a train pass-by is excluded from the determination of the background sound level.

"Class 1 Area"
means an area with an acoustical environment typical of a major population centre, where the
background noise is dominated by the urban hum.

Public ation N PC-205 -2- October 1995



Ontario

MINISTRY OF THE ENVIRONMENT

"Class 2 Area"
means an area with an acoustical environment that has qualities representative of both Class 1 and
Class 3 Areas, and in which a low ambient sound level, normally occurring only between 23:00 and 07:00
hours in Class 1 Areas, will typically be realized as early as 19:00 hours.

Other characteristics which may indicate the presence of a Class 2 Area include:

° absence of urban hum between 19:00 and 23:00 hours;
° evening background sound level defined by natural environment and infrequent human activity;
and
° no clearly audible sound from stationary sources other than from those under impact
assessment.
"Class 3 Area"

means a rural area with an acoustical environment that is dominated by natural sounds having little or
no road traffic, such as the following:

a small community with less than 1000 population;
agricultural area;

a rural recreational area such as a cottage or a resort area; or
a wilderness area.

Other technical terms are defined in Reference [1] and in the Annex to Publication NPC-205.
4, ESTABLISHMENT OF LIMITS - OBJECTIVE

The sound level limit at a point of reception must be established based on the principle of "predictable worst
case" noise impact. In general, the limit is given by the background sound level at the point of reception. The
sound level limit must represent the minimum background sound level that occurs or is likely to occur during the
operation of the stationary source under impact assessment.

5. BACKGROUND SOUND LEVELS

The time interval between the background sound level measurement and the measurement of the sound level
produced by the stationary source under impact assessment should be minimized as much as possible.
Preferably, the two measurements should be carried out within one hour of each other.

6. SOUND LEVELS DUE TO STATIONARY SOURCES

(1) Complaint Investigation of Sta tion ary Sources
The One Hour Equivalent Sound Level (L) and/or the Logarithmic Mean Impulse Sound Level (L)
produced by the stationary sources shall be obtained by measurement performed in accordance with
Section 7.

(2) Approval of Stationary Sources
The One Hour Equivalent Sound Level (L) and/or the Logarithmic Mean Impulse Sound Level (L)
produced by the stationary sources shall be obtained by measurement or prediction. The estimation of
the L., and/or L, of the stationary source under impact assessment shall reflect the principle of
"predictable worst case" noise impact. The "predictable worst case" noise impact occurs during the hour
when the difference between the predicted sound level produced by the stationary source and the
background sound level of the natural environment is at a maximum.
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PROCEDURES

All sound level measurements and calculations shall be made in accordance with References [3], [6]and [12].

Sound from existing adjacent stationary sources may be included in the determination of the background One
Hour Equivalent Sound Level (L) if such stationary sources of sound are not under consideration for noise
abatement by the Municipality or the Ministry of Environment and Energy.

SOUND LEVEL LIMITS - GENERAL

1)

()

For impulsive sound, other than Quasi-Steady Impulsive Sound, from a stationary source, the sound
level limit expressed in terms of the Logarithmic Mean Impulse Sound Level (L,,,) is the background One
Hour Equivalent Sound Level (L.,) typically caused by road traffic as obtained pursuant to Section 6 for
that point of reception.

For sound from a stationary source, including Quasi-Steady Impulsive Sound but not including other
impulsive sound, the sound level limit expressed in terms of the One Hour Equivalent Sound Level (L.,)
is the background One Hour Equivalent Sound Level (L.,) typically caused by road traffic as obtained
pursuant to Section 6 for that point of reception.

SOUND LEVEL LIMITS - SPECIFIC IMPULSIVE SOUNDS

1)

(2)

®3)

For impulsive sound, other than Quasi-Steady Impulsive Sound, from a stationary source which is an
industrial metal working operation (including but not limited to forging, hammering, punching, stamping,
cutting, forming and moulding), the sound level limit at a point of reception expressed in terms of the
Logarithmic Mean Impulse Sound Level (L) is 60 dBAl, if the stationary source were operating before
January 1, 1980, and otherwise is 50 dBAI.

For impulsive sound, other than Quasi-Steady Impulsive Sound, from a stationary source which is the
discharge of firearms on the premises of a licensed gun club, the sound level limit at a point of reception
expressed in terms of the Logarithmic Mean Impulse Sound Level (L) is:

° 70 dBAI if the gun club were operating before January 1, 1980; or
° 50 dBAI if the gun club began to operate after January 1, 1980; or
° the L, prior to expansion, alteration or conversion.

For impulsive sound, other than Quasi-Steady Impulsive Sound, from a stationary source which is not
a blasting operation in a surface mine or quarry, characterized by impulses which are so infrequent that
they cannot normally be measured using the procedure for frequent impulses of Reference [3] the sound
level limit at a point of reception expressed in terms of the impulse sound level is 100 dBAI.

SOUND LEVEL LIMITS - PEST CONTROL DEVICES

1)

()

For impulsive sound, other than Quasi-Steady Impulsive Sound, from a pest control device employed
solely to protect growing crops, the sound level limit at a point of reception expressed in terms of the
Logarithmic Mean Impulse Sound Level (L) is 70 dBAI.

For sound, including Quasi-Steady Impulsive Sound but not including other impulsive sound, from a pest
control device employed solely to protect growing crops, the sound level limit at a point of reception
expressed in terms of the One Hour Equivalent Sound Level (L.,) is 60 dBA.
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11. PROHIBITION - PEST CONTROL DEVICES

The operation of a pest control device employed solely to protect growing crops outdoors during the hours of
darkness, sunset to sunrise, is prohibited.

12. PRE-EMPTION
The least restrictive sound level limit of Sections 8, 9 and 10 applies.
13. EXCLUSION

No restrictions apply to a stationary source resulting in a One Hour Equivalent Sound Level (L.,) or a Logarithmic
Mean Impulse Sound Level (L,,,) lower than the minimum values for that time period specified in Table 205-1.

TABLE 205-1

Minim um Values of One Hour L., or L, by Time of Day

One Hour L, (dBA) or L, (dBAI)
Time of Day Class 1 Area Class 2 Area
0700 - 1900 50 50
1900 - 2300 47 45
2300 - 0700 45 45

May 21, 1999
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Annex to Publication NPC-205

Sound Level Limits for Stationary Sourcesin Class 1 & 2 Ar eas (Urban)
October 1995

A.l.

A.2.

A3

1)

GENERAL

In general, noises are annoying because they are heard over and above the level of the so-called "background"
or surrounding environmental noise climate at a particular location. The standard for environmental noise
acceptability of stationary sources is therefore expressed as the difference between noise from the source and
the background noise.

The background noise is essentially made up of the road traffic noise which creates an "urban hum". It may also
include contributions from existing industry or commercial activity adjacent to the stationary source under
investigation. Contributions of these secondary noise sources are considered to be a part of urban hum and may
be included in the measurements or calculation of the background sound levels, provided that they are not under
consideration for noise abatement by the Municipality or the Ministry of Environment and Energy.

The sound level limits specified in Section 8 of Publication NPC-205 represent the general limitation on noise
produced by stationary sources. Some noises, however, are annoying no matter where or in what kind of
environment they exist. High level impulsive noises represent a special category and, consequently, are
restricted by an absolute limitation. Sections 9 and 10 of this Publication provide criteria of acceptability for
specific impulsive noise sources.

APPLICATION

The limits presented in Publication NPC-205 are designed for the control of noise from sources located in
industrial, commercial or residential areas. The limits apply to points of reception located in Class 1 and Class
2 Areas.

Sound level limits contained in Publication NPC-205 do not apply to the excluded noise sources listed in Section
A.3.(2) and neither do they apply to any equipment, apparatus or device used in agriculture for food crop
seeding, chemical spraying or harvesting. In addition, several specific noise sources have been addressed in
separate Publications. Limits for residential air conditioners are contained in Publication NPC-216 - Residential
Air Conditioning Devices, Reference [8] and the limits for blasting operations in quarries and surface mines are
contained in Publication NPC-119 - Blasting, Reference [7].

STATIONARY SOURCES

The objective of the definition of a stationary source of sound is to address sources such as industrial and
commercial establishments or ancillary transportation facilities. In order to further clarify the scope of the
definition, the following list identifies examples of installations, equipment, activities or facilities that are included
and those that are excluded as stationary sources.

Included Sources

Individual stationary sources such as:
Heating, ventilating and air conditioning (HVAC) equipment;
Rotating machinery;
Impacting mechanical sources;
Generators;
Burners;
Grain dryers.
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Facilities, usually comprising many sources of sound. In this case, the stationary source is understood to
encompass all the activities taking place within the property boundary of the facility. The following are examples
of such facilities:

Industrial facilities;

Commercial facilities;

Ancillary transportation facilities;

Aggregate extraction facilities;

Warehousing facilities;

Maintenance and repair facilities;

Snow disposal sites;

Routine loading and unloading facilities (supermarkets, assembly plants, etc.).

Other sources such as:
Car washes;
Race tracks;
Firearm Ranges.

(2) Excluded Sources

Secific sources or facilities:
Construction activities;
Transportation corridors, i.e. roadways and railways;
Residential air conditioning devices including air conditioners and heat pumps;
Gas stations;
Auditory warning devices required or authorized by law or in accordance with good safety practices;
Occasional movement of vehicles on the property such as infrequent delivery of goods to convenience
stores, fast food restaurants, etc.

Other noise sources, normally addressed in a qualitative manner in municipal noise by-laws:
The operation of auditory signalling devices, including but not limited to the ringing of bells or gongs and
the blowing of horns or sirens or whistles, or the production, reproduction or amplification of any similar
sounds by electronic means;
Noise produced by animals kept as domestic pets such as dogs barking;
Tools and devices used by occupants for domestic purposes such as domestic power tools, radios and
televisions, etc., or activities associated with domestic situations such as domestic quarrels, noisy
parties, etc;
Noise resulting from gathering of people at facilities such as restaurants and parks.

Activities related to essential service and maintenance of public facilities such as but not limited to roadways,
parks and sewers, including snow removal, road cleaning, road repair and maintenance, lawn mowing and
maintenance, sewage removal, garbage collection, etc.

A4 PREDICTABLE WORST CASE IMPACT

The assessment of noise impact requires the determination of the "predictable worst case" impact. The
"predictable worst case" impact assessment should establish the largest noise excess produced by the source
over the applicable limit. The assessment should reflect a planned and predictable mode of operation of the
stationary source.

It is important to emphasize that the "predictable worst case" impact does not necessarily mean that the sound
level of the source is highest; it means that the excess over the limit is largest. For example, the excess over
the applicable limit at night may be larger even if the day-time sound level produced by the source is higher.

Annex to Public ation N PC-205 -A2- October 1995
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A.5. DEFINITIONS

In the interpretation of Publication NPC-205, the following definitions are of particular relevance:

Ancillary Transportation Facilities

"Ancillary transportation facilities" mean subsidiary locations where operations and activities associated
with the housing of transportation equipment (or personnel) take place. Examples of ancillary
transportation facilities include, but are not limited to, substations, vehicle storage and maintenance
facilities, fans, fan and vent shafts, mechanical equipment plants, emergency services buildings, etc;

Construction

"Construction" includes erection, alteration, repair, dismantling, demolition, structural maintenance,
painting, moving, land clearing, earth moving, grading, excavating, the laying of pipe and conduit
whether above or below ground level, street and highway building, concreting, equipment installation and
alteration and the structural installation of construction components and materials in any form or for any
purpose, and includes any work in connection therewith; "construction" excludes activities associated
with the operation at waste and snow disposal sites;

Construction Equipment

"Construction equipment" means any equipment or device designed and intended for use in construction,
or material handling including but not limited to, air compressors, pile drivers, pneumatic or hydraulic
tools, bulldozers, tractors, excavators, trenchers, cranes, derricks, loaders, scrapers, pavers, generators,
off-highway haulers or trucks, ditchers, compactors and rollers, pumps, concrete mixers, graders, or
other material handling equipment;

Conveyance
"Conveyance" includes a vehicle and any other device employed to transport a person or persons or

goods from place to place but does not include any such device or vehicle if operated only within the
premises of a person;

Highway
"Highway" includes a common and public highway, street, avenue, parkway, driveway, square, place,
bridge, viaduct or trestle designed and intended for, or used by, the general public for the passage of
vehicles;

Motor Vehicle

"Motor vehicle" includes an automobile, motorcycle,and any other vehicle propelled or driven otherwise
than by muscular power, but does not include the cars of diesel, electric or steam railways, or other
motor vehicles running only upon rails, or a motorized snow vehicle, traction engine, farm tractor,
self-propelled implement of husbandry or road-building machine within the meaning of the Highway
Traffic Act;

Motorized Conveyance
"Motorized conveyance" means a conveyance propelled or driven otherwise than by muscular,
gravitational or wind power;

Noise
"Noise" means unwanted sound;

Point of Reception
"Point of reception" means any point on the premises of a person where sound or vibration originating
from other than those premises is received.

Annex to
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For the purpose of approval of new sources, including verifying compliance with Section 9 of the
Environmental Protection Act, the point of reception may be located on any of the following existing or
zoned for future use premises: permanent or seasonal residences, hotels/motels, nursing/retirement
homes, rental residences, hospitals, camp grounds, and noise sensitive buildings such as schools and
places of worship.

For equipment/facilities proposed on premises such as nursing/retirement homes, rental residences,
hospitals, and schools, the point of reception may be located on the same premises;

- Stationary Source
"Stationary source" means a source of sound which does not normally move from place to place and
includes the premises of a person as one stationary source, unless the dominant source of sound on
those premises is construction or a conveyance;

- Urban Hum
means aggregate sound of many unidentifiable, mostly road traffic related noise sources.

May 21, 1999 ISBN 0-7778-4922-4 PIBS 3406E
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APPENDIX D

WEATHER DATA (GODERICH STATION) - WIND POWER OUTPUT DATA (KINGSBRIDGE WIND
FARMS) FOR JUNE, JULY & AUGUST 2006
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