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ACRONYMS

%HA percent highly annoyed

%HSD percent highly sleep disturbed

ANSI American National Standards Institute

CEAA 2012 Canadian Environmental Assessment Act, 2012
CSA Canadian Standards Association

CTA Canadian Transportation Agency

dB decibel

dBA A-weighted decibels

dBZ Z-weighted decibels

EA environmental assessment

EIS environmental impact statement

ERCB (EUB) Energy Resources Conservation Board, Alberta (formerly Energy and Utilities Board)
FA federal authority

Hz hertz

ISO International Organization for Standardization
Ld daytime sound level

Ldn day-night sound level

Leq equivalent continuous sound level

Ln night-time sound level

LAeq A-weighted equivalent continuous sound level
LAmax maximum A-weighted sound level

LSA local study area

MNL mitigation noise level

NIHL noise-induced hearing loss

RA responsible authority

REDA Radiation Emitting Devices Act

RSA regional study area

SEL sound exposure level

WHO World Health Organization

US EPA United States Environmental Protection Agency
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PURPOSE OF THIS DOCUMENT

This document provides generic guidance on predicting health risks related to levels and/or types

of sound predicted in federal environmental assessments (EAs) of proposed major resource and
infrastructure projects (such as mines, dams, pipelines and other projects). It presents the principles,
current practices and basic information Health Canada looks for when it reviews the environmental
impact statement (EIS) or other reports submitted by project proponents as part of the EA process.

It was prepared for the benefit of proponents and their consultants and to support an efficient
and transparent project review process. The foundational information described here should be
supplemented appropriately with additional information relevant to specific projects.

The guidance was also prepared for responsible authorities (RAs) and stakeholders to the EA process to
communicate our normal areas of engagement and our priorities within these areas to help ensure that
sufficient evidence is available to support sound decisions.

As part of its review, Health Canada may suggest that an RA, review panel or others collect information
not specifically described here in order to assess the health effects of specific projects. As the guidance
provided here is generic and designed to support EA under multiple jurisdictions, the scope of our
review will also necessarily be amended according to specific jurisdictional requirements.

Health Canada updates guidance documents periodically and, in the interest of continuous improvement,
accepts comments and corrections at the following address: ead@hc-sc.gc.ca

Please verify that you are reading the most recent version available by consulting:
www.canada.ca/en/services/health/publications/healthy-living.html#a2.5
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INTRODUCTION AND CONTEXT

Health Canada provides expertise to assist RAs, review panels and/or other jurisdictions leading
environmental assessments to determine whether there are potential health risks associated with
proposed projects and how to prevent, reduce or mitigate them.

Health Canada brings to bear its expertise in health risks associated with air quality, water quality,
radiation, noise and country foods when it reviews and provides comments on information submitted
by proponents in support of proposed projects. Health Canada also provides guidance to help
stakeholders, including responsible authorities, review panels and affected communities, better
understand how to conduct health assessments for proposed major resource projects.

This document concerns the assessment of health risks associated with noise. It contains information
on the division of roles and responsibilities for issues related to noise at various levels of government in
Canada, health effects associated with noise, indicators of these effects, and steps in Health Canada’s
preferred approach to assessing noise-related health effects.

Appendix A contains a Glossary that defines the technical terms used throughout.

Appendix B contains a checklist of noise impacts that can be used to verify that the essential
components of a noise-related health assessment are completed.

Appendices C through H contain additional technical and supplementary information related to noise
assessment in EAs.
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ROLES AND RESPONSIBILITIES
WITH RESPECT TO NOISE

In Canada, noise is managed by different levels of government. Federal examples include Transport Canada
(aircraft noise), the Canadian Transportation Agency (rail noise), and Employment and Social Development
Canada (specifically the Labour Program: occupational noise in workplaces under federal jurisdiction).
Health Canada has a regulatory role via the Radiation Emitting Devices Act (REDA), which controls the sale
of devices that create an unnecessary noise hazard or do not comply with regulatory standards. Outside of
these specific federal mandates, noise may be regulated directly through provincial and territorial legislation
and guidelines, or through municipal by-laws, which may apply broadly or only to specific project types or
sectors. Few or many different criteria may be used to establish noise guidelines, which may include, but
not be limited to, noise impacts on sleep, hearing and high annoyance.

In the context of environmental assessments, one of Health Canada’s roles concerning noise exposure
is to review acoustical assessments for scientific validity and potential risks to human health from
project-related changes in environmental noise. This role is fulfilled via leadership in science, research,
participation in national and international bodies that develop standards (Canadian Standards
Association (CSA) and the International Organization for Standardization [ISO]) and participation

in the development of guidelines (World Health Organization [WHO]) for noise and human health.

Health Canada’s scientists conduct, evaluate and remain current on domestic and international
scientific research pertaining to the human health impacts of noise. Their expertise regarding the
potential human health effects of noise is made available to responsible authorities conducting
assessments of projects subject to EA legislation. The responsibility for determining the significance
of these effects rests with the RAs, review panels or other jurisdictions conducting assessments.

Health Canada does not enforce noise thresholds or standards, but can make available information
and knowledge acquired from Canadian and international sources regarding the potential adverse
human health effects of noise—based on the type of community (e.g. urban, suburban or quiet rural
areas). When noise levels have the potential to induce adverse human health effects, Health Canada
may make available information or knowledge on mitigation measures. When mitigation measures
are to be implemented, appropriate mitigation strategies based on all applicable guidelines should be
considered. Health Canada encourages proponents to consult with other government authorities to
determine which enforceable standards for noise exist for specific regions.

Guidance for Evaluating Human Health Impacts in Environmental Assessment:
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4.1 HEALTH CANADA'S APPROACH TO NOISE ASSESSMENTS
IN ENVIRONMENTAL ASSESSMENTS

Noise is a somewhat special type of change to the environment, as it is an energy added to the air in the
form of acoustical waves. Below the exposure threshold of biological damage to the ear, noise can also
cause potential health impacts, such as sleep disturbance and/or cause long-term high annoyance, an
indicator of potential health impacts. These impacts depend on the interference of the noise with what
one is trying to do (e.g. sleep, concentrate or communicate) and the expectation of peace and quiet
during such activities (e.g. in a quiet rural area or during Indigenous spiritual ceremonies).

Human response to noise varies among individuals and according to the specific situation. Response
to noise can be characterized using different methodologies and endpoints, and may be affected by
several factors. These factors include how noise moves from source to receptor, how it is measured,
and what behavioural/physiological and/or psychological changes it evokes in humans.

A particular standard or guideline may not cover all possible considerations or the inherent variability in
noise characterization. Several approaches to assessing noise impacts exist, and these various approaches
often rely on different noise guidelines and/or regulations that may not be easily reconciled. For example,
a guideline may be established to protect against hearing loss, but consideration of additional human
health endpoints, such as sleep disturbance, may also be warranted. Some guidelines and/or regulations
are based on limiting absolute noise levels, whereas others emphasize the relative change in the noise
environment.

This document provides general information on Health Canada’s preferred methodology for various
human health endpoints used to determine these potential impacts. The prediction of potential impacts
is necessary to understand the nature, extent and severity of human health effects that may occur due to
noise generated during various stages of a proposed project. These calculations also serve to evaluate the
feasibility of the project proponent’s planned mitigation measures in reducing human health effects and
whether a specific mitigation measure is expected to achieve the desired result. Health Canada reviews
the methodology and calculations provided in the noise assessment, as well as the subsequent discussion
of potential noise-related impacts on health, for accuracy and completeness. This information may be
complementary to the applicable regulations, EIS guidelines or requirements of other jurisdictions.

Depending upon the nature of the project, the responsible authority, review panel or other jurisdiction
conducting the EA may want to consider the assessment of noise impacts (specifically, sleep disturbance)
on off-duty workers residing in or near the project area. Note that occupational exposure is typically
under provincial or territorial jurisdiction, and Health Canada does not review this information in the
context of EAs. Also, Health Canada does not possess information or knowledge on the impacts of noise
on wildlife or ecosystems.

NOISE



IMPACTS ASSOCIATED WITH NOISE

In reviewing an EA, Health Canada emphasizes only those endpoints that have demonstrated a
reasonable causal relationship between noise exposure and adverse human health effects. In the context
of an environmental assessment, the associations that have been reported between noise exposure
and hearing loss, sleep disturbance, interference with communication, noise complaints and a high
level of annoyance are particularly relevant (WHO 1999, 2011). The information and knowledge that
Health Canada makes available is based on the following: the modelled changes between the existing
and predicted daytime and night-time sound levels (for construction, operation and decommissioning
activities); predicted noise-level changes at specific receptor locations (see Appendix G) where people are
or will be present; the characteristics of the noise (e.g. impulsive or tonal); and/or the type of community
(e.g. urban, suburban or quiet rural area).

5.1 NOISE-INDUCED HEARING LOSS

There is no known risk of permanent hearing loss associated with sound levels below 70 A-weighted
decibels (dBA), regardless of the exposure duration. However, as sound levels increase, the duration
of daily exposure becomes an important risk factor for hearing loss. The time period before damage
occurs shortens as the average sound level increases (WHO 1999; Health Canada 2012).

Hearing loss impacts are not typically considered in EAs because project-related sound levels rarely
reach these high levels at the locations of impacted receptors. However, noise-induced hearing loss
(NIHL) may be a concern when project activities such as blasting, pile driving and jack hammering are
expected. When considering impulsive noise, Health Canada suggests following the WHO recommendation
to avoid hearing loss resulting from impulsive noise exposure and that peak sound pressures not exceed
140 Z-weighted decibels (dBZ) for adults and 120 dBZ for children (WHO, 1999).

5.2 NOISE-INDUCED SLEEP DISTURBANCE

Sleep disturbance encompasses the following: difficulty falling asleep; awakenings; curtailed sleep
duration; alterations of sleep stages or depth; and increased body movements during sleep. The effects
of sleep disturbance have been shown to include, but are not limited to: increased fatigue; irritability;
and decreased concentration and performance. These effects are generally experienced in the days
subsequent to significant disturbances in sleep. Ongoing disturbed sleep has been reported to be linked
to a wide variety of health effects, including, but not limited to cardiovascular effects, mental health and
accidents (WHO 2009; Zaharna and Guilleminault 2010).

Guidance for Evaluating Human Health Impacts in Environmental Assessment:
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The guidelines and recommendations of the WHO (1999, 2009) regarding sleep disturbance should be
considered in the EA. In particular, WHO guideline levels should not be exceeded for quiet rural areas
and susceptible populations, such as those in hospitals, or convalescent or senior homes. For estimating
the likelihood of sleep disturbance on any given night, the WHO’s Guidelines for Community Noise (1999)
report a threshold for sleep disturbance as being an indoor sound level of no more than 30 dBA LAeq for
continuous noise, during the sleep period. For individual noise events, the WHO has stated: “For a good
sleep, it is believed that indoor sound pressure levels should not exceed approximately 45 dBA LAmax
more than 10-15 times per night....” Health Canada recognizes that in many cases, people will want to
keep windows at least partially open, depending on the season. Unless specified otherwise, it is assumed
by Health Canada that an outdoor-to-indoor transmission loss with windows at least partially open is
15 dBA (United States Environmental Protection Agency [US EPA] 1974; WHO 1999). Fully closed windows
are assumed to reduce outdoor sound levels by approximately 27 dBA (US EPA 1974).

More recently, the WHO has published night-time noise guidelines that are intended to protect the public,
including the most vulnerable groups, from adverse health effects associated with sleep disturbance due
to night-time noise. The recommended annual average is 40 dBA Ln outdoors (WHO 2009). As this is

an annual average, there may be times when the sound level is above and below 40 dBA; however, there
should be no long-term impact on health if the annual average does not exceed 40 dBA.

Consistent with the view expressed above, when care facilities, including hospitals, nursing homes,
daycare centres and homes for the elderly, are identified as receptors that could be impacted by
project-related noise, it is a good practice to consult with these facilities to determine whether certain
sensitivities to sleep disturbance exist during the day. Should any such sensitivities be noted, the
threshold level for sleep disturbance specified in the WHO’s Guidelines (1999, 2009) may be used to
assess the severity of potential impacts on these receptors. Where there is interest in estimating the
prevalence of sleep disturbance—expressed as the percentage self-reported highly sleep disturbed
(%HSD)—Miedema and Vos (2007) have published dose-response relationships for estimating %HSD
by road, rail and aircraft noise.

5.3 INTERFERENCE WITH SPEECH COMPREHENSION

To maintain good speech comprehension, the recommended sound levels vary, depending on whether
the noise from project activities is measured (or estimated) indoors or outdoors. For good speech
comprehension, speech levels should exceed that of background noise by 15 dB. The same difference is
also desirable for music or television listening. Normal indoor speaking levels are typically 55 to 58 dBA
(Levitt and Webster 1991), which is in line with the US EPA 1974 recommendation that indoor background
noise levels should not exceed 40 dBA to achieve 100% sentence intelligibility. According to the WHO
(1999), speech in relaxed conversation is 100% intelligible in background noise levels of about 35 dBA,
and can be understood fairly well in background levels of 45 dBA. Therefore, Health Canada holds the
view that background noise levels (i.e. noise due to project activities as measured indoors) be maintained
below 40 dBA to sustain adequate speech comprehension.
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People generally tend to speak in a louder voice when outdoors, where the separation between speakers
is typically larger than indoors. In outdoor environments where distances of up to two metres exist
between speakers, US EPA 1974 suggests that 95% sentence intelligibility is acceptable, and recommends
a background noise level of 55 dBA outdoors (i.e. 60 dBA with a 5-dBA margin of safety). To sustain good
outdoor speech comprehension, background outdoor noise levels for continuous noise should be kept
below 55 dBA.

When a school is identified as a potentially impacted receptor, it is suggested that the EA address the
special sensitivity of this type of receptor to daytime noise. The WHO recommends an ideal background
noise level of 35 dBA in the classroom (WHO 1999). This level is the threshold below which no impacts
are expected. This recommendation is based especially on speech interference, but also on the impacts
of disturbing message communication and the extraction of information (e.g. speech comprehension
and reading), and annoyance.

5.4 INDICATORS OF POTENTIAL HUMAN HEALTH EFFECTS

Health Canada holds the view that certain community reactions to project-related noise represent

potential indicators of adverse health; that is, if the noise is experienced over a long period of time,

it could potentially increase one’s risk of developing health effects. In the context of noise exposure,
two of the most common community reactions are complaints and annoyance.

5.4.1 Noise Complaints

Many municipal policies concerning noise are based on the resolution of complaints. Noise-related
complaints can be an indicator of human health effects and are used, in US EPA 1974, to help identify
sound levels that would protect public health and well-being. Summarizing the US EPA document,
Michaud et al. (2008) state that a “no reaction” response corresponded to a normalized outdoor day-
night sound level (Ldn) of 55 dBA for the intruding noise. They also state that sporadic complaints
can occur in communities when this noise level exceeds 55 dBA or widespread complaints, at a level
exceeding 58 dBA. Michaud et al. (2008) discussed the divergence between “sporadic complaints” and
“widespread complaints,” when the normalized Ldn of the intruding noise (i.e. project noise) reached
62 dBA. Based on this work, Health Canada uses a normalized Ldn of 62 dBA when it considers effects
related to widespread complaints. When project sound levels are greater than a normalized 75 dBA Ldn
level, complaints can be expected to include strong appeals to authorities to stop noise. Reliance on
noise complaints may only provide a partial indication of a noise problem (Michaud et al. 2008) and
when possible, the estimated magnitude of complaints should be supplemented with other measures,
such as the calculated change in the percentage of highly annoyed (%HA) in an average community
and/or estimated impacts on sleep.



5.4.2 Long-term High Annoyance

Annoyance can be described as the effect of noise that most people are aware of. The consideration of
community annoyance due to noise is useful; the %HA can be thought of as an aggregate indicator of
assorted noise effects, present to varying degrees, which are creating a negative effect on the community
and which may not be measurable when considered as separate negative effects.

High annoyance has been widely used as one way to estimate a community response to noise levels.
High annoyance is an endpoint that is not directly measured but has been synthesized from self-
reported annoyance in numerous large, community-based surveys. Although individual reaction varies
greatly, the reported change in %HA among an average community in reaction to certain sound levels
provides usable exposure-response relationships (Michaud ez al., 2008). Thus, the calculated %HA
provides information on how an average community responds to a noise level. Health Canada uses

the change in %HA as an appropriate indicator of noise-induced human health effects from exposure
to project operational noise (see Section 6.3.2) and to long-term construction noise (see Section 6.3.1)
exposure.

There have been more than 50 years of social and socio-acoustic research that either directly or indirectly
studied the impact of noise on community annoyance. These studies have consistently shown that an
increase in noise level is associated with an increase in the percentage of the community indicating that
they are highly annoyed. The relationship between noise levels and high annoyance is stronger than any
other self-reported measure, including complaints. Canadian research on road-traffic noise also shows
that respondents highly annoyed by traffic noise are significantly more likely to perceive their annoyance
as having a negative impact on their health (Michaud et al. 2008).

To assess the impacts of noise from projects using this indicator, the project-related change in the sound
environment and the related increase in %HA are evaluated. Using the dose-response relationship
between noise levels and annoyance, as per ISO 1996-1:2003, one can calculate the percentage of a
typical community that would report being “highly annoyed,” expressed as %HA. The %HA increases
exponentially as sound levels increase. Due to the non-linear nature of the relationship between noise
and %HA, there can be a substantial increase in the %HA, with relatively small changes in the noise
environment—in situations where the initial baseline noise level is high. In other words, the higher the
initial noise level, the more the annoyance will increase when there is an increase from the baseline noise
level. In general, this dose-response relationship may be a useful tool in characterizing and quantifying
average community response to noise levels and changes in noise levels.

Health Canada prefers the use of the dose-response relationship only for long-term noise exposure
considerations in EAs, and holds the view that %HA be calculated only for receptors exposed to long-
term project noise (more than one year). It is important to emphasize that these annoyance responses
are not applicable to a particular individual or group, but represent an average community. Appendix
F presents the methodology for obtaining variables used in the equations to calculate %HA. Health
Canada prefers that the increase in %HA per representative receptor (i.e. a group of residences in
similar geographic proximity to the noise source) be evaluated and not the average increase in %HA
for all receptors—which could underestimate the project-related impact on community annoyance.
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Noise mitigation measures should be considered when a change in the calculated %HA at any given
receptor location exceeds 6.5%. The ISO method does not characterize the nature of the increase in
terms of severity of impact. However, the U.S. Federal Transit Administration describes a long-term
increase of more than 6.5%HA as representing a severe project-related noise impact (Hanson et al. 2006).
This increase is based in part on the historical acceptability in the U.S. of no more than a 5-dBA increase
in Ldn in an urban residential environment (not immediately adjacent to heavily travelled roads and
industrial areas). Further justification for using an increase of 6.5%HA as a criterion for a severe noise-
related impact may be found in Michaud et al., 2008, and Hanson et al., 2006. ISO 1996-1:2003 notes that
research has shown that there is a greater expectation for, and value placed on, “peace and quiet” in quiet
rural areas, which may be equivalent to up to 10 dB in noise. Unless specified otherwise in an EA, this
expectation is assumed by Health Canada to be equivalent to an adjustment of 10 dB (ISO 1996-1:2003).

Note that the change in %HA is only one potential indicator of noise-related human health effects and
that all possible human health endpoints may be considered in an assessment. In situations where
baseline noise levels exceed an Ldn of 77 dBA , and project noise levels alone exceed an Ldn of 75 dBA,
it may be too difficult to meet the WHO guidelines for sleep disturbance and vulnerable populations
(see Section 5.2). It may also be too difficult to reduce these environmental noise levels to meet the
levels suggested in Section 5.3, regarding adequate speech comprehension indoors for residents.
Therefore, Health Canada holds the view that mitigation of project noise be applied if it exceeds an
Ldn of 75 dBA, even if the change in %HA does not exceed 6.5%. For example, if project noise alone
exceeds an Ldn of 75 dBA, it may be that the levels noted in Sections 5.2 and 5.3 are not achievable in
typical residences, even in situations where the highest level of outdoor-to-indoor transmission loss is
achieved. In situations like this, project noise should be cautiously mitigated to a level below an Ldn of
75 dBA, which includes a consideration of uncertainty in predictions.



AN APPROACH FOR ASSESSING
THE HEALTH IMPACTS OF NOISE

The approach preferred by Health Canada for noise assessment involves obtaining the best possible
characterization of the acoustical exposure that may impact potential noise receptors. This description
includes sound level and duration, and noise characteristics, such as whether the noise is tonal, impulsive,
highly impulsive, etc. (see Appendix B).

To obtain the highest-quality data in acoustical studies, acoustical assessments should be completed by
professional and properly trained consultants, using equipment and methods that are recognized as the
industry standard for acoustical measurements. Occasionally, limitations may exist in the technology
and expertise available for some projects. Whenever uncertainty exists in the selection of appropriate
monitoring equipment or in the application of standard techniques for noise characterization in EAs,
government authorities are encouraged to consult Health Canada for assistance or additional guidance.

The main steps in assessing the potential health impacts of changes in noise associated with a project
are the following:

» Identify people (receptors) who may be affected by the project-related noise;

e Determine the existing (baseline) noise levels at representative receptors, by measurement
or estimation;

» Predict project-related changes in noise levels for each phase of the project (construction,
operation and decommissioning) and describe the sound characteristics;

* Compare predicted noise levels to relevant guidelines and/or standards;

¢ Identify and discuss the potential human health impacts associated with predicted changes
in noise levels;

* Consider mitigation measures, their implementation, and any residual effects, after the measures
are implemented;

e Consider community consultation and prepare a complaints-resolution plan; and

* Consider the need for monitoring of noise levels.

Guidance for Evaluating Human Health Impacts in Environmental Assessment:
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6.1 IDENTIFICATION OF HUMAN RECEPTORS IN PROJECT AREAS

It is important to identify and describe all existing and reasonably foreseeable human receptors in the
area that may be influenced by project-related noise—including a description of how the receptors
were identified (e.g. recent land use maps, verification in person). The characterization of potential
receptors typically includes the distance(s) to the project’s local study area (LSA) and regional study
area (RSA) for each receptor, and map(s) illustrating modelled noise levels from the project at receptor
locations in the study area. While sound levels at one receptor site are typically averaged over time, it
is not appropriate to assess noise impacts using the average increase in sound levels across receptor
locations because sound level ranges, and therefore noise impacts, may be different at different
locations.

Health Canada prefers that noise assessments identify and describe any particular receptors that may
have a heightened sensitivity to noise exposure (e.g. Indigenous Peoples, schools, child care centres,
hospitals). Specifically note in the EA documentation if receptors with heightened sensitivity are not
present in the study area. A list of commonly encountered receptors and related characteristics is
provided in Appendix G.

When identifying receptor sites at which noise impacts will be assessed, it is a good practice to consider
and note the following:

* how the sites are representative of potentially impacted receptors;
e any receptors who have rented dwellings or land; and

e any receptors who live outside Canada that may be impacted by a project, where applicable.

If any local receptors that may be influenced by project noise are not being assessed in the EA, provide
arationale for this exclusion. If no human receptors are (or will be) present in the local or regional
study area during the construction, operation or decommissioning phases of the project, no further
assessment with respect to noise is necessary.

It is important to identify and describe any receptors in rural areas that could be considered to have a
greater expectation of “peace and quiet” (i.e. quiet rural areas). Health Canada considers a “quiet rural
area” to be a rural area with Ldn due to human-made sounds to be below 45 dBA. For areas with the
most stringent permissible noise levels, provincial regulatory criteria may also be used to define “quiet
rural areas,” provided these areas are adequately described.

Due to the expected heightened sensitivity to noise, baseline levels in quiet rural areas are adjusted
by adding 10 dB (ISO 1996-1:2003, ANSI, 2005). This 10 dB adjustment also applies to the predicted
project noise levels for all phases of the project (i.e. construction, operation and decommissioning)
in determining percent highly annoyed (%HA). The effect of this +10 dB adjustment in quiet rural areas
is to produce a greater change in %HA than would occur with unadjusted noise levels. The exponential
relationship between %HA and noise levels, as discussed in Section 5.4.2, produces increasingly larger
changes in %HA for equal increases in project noise, compared to the baseline level.



An example follows:

If the initial baseline noise level is 45 dBA and the project-related noise level is 55 dBA, the unadjusted
change in %HA would be 3.01 (using equations in Appendix F). When the +10 dB adjustment to both
baseline and project-related noise is applied in a quiet rural area, the baseline rating level used to
calculate the %HA becomes 55 dBA and the project-related noise rating level becomes 65 dBA in the
calculation of %HA. At these rating levels, the resulting change in %HA is 9.79. Therefore, a 10-dBA
project-related noise increase from a baseline of 45 dBA in a quiet rural area will result in exceeding
the suggested mitigation level of 6.5%, while a 10-dBA increase in project-related noise from a baseline
of 45 dBA in a more urbanized area would not exceed this level.

6.2 ASSESSMENT OF BASELINE NOISE

Baseline noise levels that are determined by measurement or estimation can be applied to noise impact
assessments for all project phases (construction, operation and decommissioning). Health Canada
prefers that measured or valid estimated baseline noise levels for both daytime (Ld) and night-time (Ln)

at all representative receptor locations be assessed and reported in the EA. It is a good practice to clearly
indicate whether sound levels are measured or estimated, and to identify the exact location of the baseline
measurement (e.g. outdoors at the building facade, or on the lower level, upper level, property line, etc.).

6.2.1 Measuring Baseline Noise

When baseline measurement is conducted, Health Canada prefers that the measurement be completed
in accordance with ISO 1996-2:2007 at each representative receptor, and that the reports include the dates
and hours used to characterize these measurements. Sounds that are not generated by human activity
(e.g. ocean, wind and animal noises) should not be included in determining a baseline sound level.
Wind and rain can also create false signals in the microphone used to measure sound levels. As a result,
sound is not measured in the presence of precipitation or when wind speeds exceed 14 km/hr, unless an
appropriate wind screen is used.

To minimize uncertainty of the validity of measured baseline-sound-level data, Health Canada suggests
that the EA report provides the following information:

e the number of hours or days used for measurement, and a rationale for why the reported sound
levels can be considered representative;

* an estimate of seasonal differences and any differences between the weekend and weekday
baseline noise levels;

* where applicable, any differences due to weather conditions;

» all noise sources that contribute significantly to the baseline, by type (e.g. traffic, aircraft, trains,
industrial); and

» acharacterization of each noise type described in the assessment using descriptors such as
continuous, intermittent, regular impulsive, highly impulsive, high-energy impulsive, and
continuous tonal and intermittent tonal.

NOISE



NOISE

6.2.2 Estimating Baseline Noise

Although the standard approach for baseline sound determinations is direct measurement, there may
be situations where baseline measurement data are not available. In such cases alternative approaches
to estimating baseline levels exist. One conservative (i.e. most protective) approach is to consider a
reasonable worst-case scenario and assume Ldn baselines of 35 dBA for rural areas and 45 dBA for
urban/suburban areas. However, defaulting to these lower baseline sound levels may result in greater
values obtained for change in %HA when calculating noise effects for construction lasting more than
one year or for operational noise. Note that the estimate of an Ldn of 45 dBA for urban/suburban areas
does not consider the inherent variability in baseline noise estimates based on population density,
proximity to busy roads or adjacent industrial activity.

The use of alternative approaches to estimating baseline noise may yield higher baseline estimates
than the reasonable worst-case scenario described above. To adequately review the reliability of such
estimates, Health Canada prefers that sufficient supporting rationale is provided in the EA, particularly
where the accuracy of the selected estimation approach decreases (see below).

Other approaches to estimating baseline noise in order of decreasing accuracy may include the following:

e predictions based on computer models whose inputs, algorithms and outputs are based on
accepted standards;

e manual calculation procedures based on well-accepted models or standards;

e the use of known baseline levels from areas with very similar acoustical environments
(e.g. very similar types of baseline noise sources, distances from sources to receptors,
meteorological conditions, shielding, etc.); and/or

e approximate values from Table 6.1 (see below).

Table 6.1 describes the estimation of baseline noise levels, based on a qualitative description of community
characteristics and an average census-based population density (ERCB Directive 038, 2007). If this method
(based on US EPA 1974 and ERCB 2007) is used in a noise assessment, provide a rationale to support the
validity of its use.



Table 6.1: Estimation of Baseline Noise Levels Using Qualitative Descriptions
and Population Densities of Average Types of Communities

Community Type Average Census Tract Estimated

(Qualitative Description) Population Density, Baseline
Number of People Sound Level’,
Per Square km Ldn (dBA)

Quiet rural

dwelling units more than 500 m from heavily travelled roads 28 <452

and/or rail lines and not subject to frequent aircraft flyovers

Quiet suburban residential

remote from large cities, industrial activity and trucking

Normal suburban residential

not located near industrial activity

Urban residential

not immediately adjacent to heavily travelled roads 2493 58-62
and industrial areas

249 48-52

791 58=51

Noisy urban residential
near relatively busy roads or industrial areas

Very noisy urban residential 24,925 68-72

7913 63-67

1. Note that a range of values is provided and that selection of the appropriate estimated value would typically be based on
the precautionary principle in the absence of adequate justification for a higher baseline. All day-night sound level (Ldn) values,
except those of the quiet rural area community type, are based on the US EPA levels document (US EPA 1974).

2.The quiet rural area (Ln = 35 dBA) estimated baseline noise level and population density were obtained from ERCB Directive 038
(revised Feb 16, 2007). The difference between Ld and Ln was obtained from ERCB and US EPA, and was approximated as 10 dBA.
As such, quiet rural areas are considered to be less than or equal to 45 dBA Ldn.

6.3 ASSESSMENT OF PROJECT-RELATED NOISE

It is a good practice to document the criteria used to review the human health impacts of project-related
noise and to characterize the potential for change in the sound environment due to any project activity,
including construction, operation and decommissioning. In the noise assessment, it is important to
compare predicted noise levels during construction and operation to the baseline noise levels at each
representative receptor, as this will clearly demonstrate the predicted changes in noise levels experienced
by each receptor. Health Canada suggests that the type of measurements used and the uncertainty
associated with any sound-level monitoring, modelling or estimates be provided for all reported data.

It is important to consider that human health effects related to noise may be evaluated by a variety of
endpoints and indicators, as discussed in Section 5. Health Canada holds the view that the evaluation of
each potential noise-induced human health effect by one method alone is not necessarily representative
of all possible human health effects related to noise exposure. For example, when using %HA as an
indicator in a noise impact assessment, the change in %HA of receptors exposed to long-term noise may
not exceed 6.5%, but these receptors may experience sleep disturbances due to an exceedance of the
WHO indoor sleep-disturbance threshold limits discussed in Section 5.2. When changes in the sound
environment have been characterized, Health Canada suggests that a discussion of the severity of these
changes and how they impact human health be included in the noise assessment. Such an evaluation
would typically describe all appropriate endpoints or indicators used to address potential impacts

on human health, as described in this guidance. Alternative approaches to this evaluation may be
acceptable, provided they are supported by adequate scientific justification.

Guidance for Evaluating Human Health Impacts in Environmental Assessment:
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In some cases, a less extensive assessment may be warranted. If noise levels at all receptors are not
expected to approach the US EPA’s mitigation noise levels (see Section 6.4.2) or to result in a change in
%HA exceeding 6.5%, as discussed in Section 5.4.2, Health Canada suggests that a scientifically sound
rationale be provided in the EA—to confirm that noise levels will be well below the level where human
health effects may occur (see Section 5) and that this rationale has been provided in place of a complete
noise impact assessment.

The results and conclusions of the noise assessment should be clearly documented in the EA.
Health Canada suggests that the conclusion include a discussion of whether mitigation measures
and/or follow-up monitoring is warranted.

The following sections discuss the assessment of project-related construction noise of short-and

long-term durations, as well as project operational noise.

6.3.1 Assessing Construction Noise

Noise from construction activities has the potential to negatively impact nearby receptors and is often
the loudest source of project-related noise. Predicted construction noise levels for both daytime (Ld)
and night-time (Ln) at all representative receptor locations should be reported in the EA. To permit

a proper comparison of noise levels, the units, averaging times and other measurement parameters
(including the uncertainty associated with any of the measurements) should be the same as those
used in establishing the baseline.

The method for determining effects related to construction noise depends on the duration of the
construction activities as follows:

i. Short-Term Construction Noise Exposure (<1 year)

Health Canada suggests using the US EPA (1974) methodology that provides mitigation noise levels (MNLs)
and associated adjustments for community types, to determine if adverse effects are likely and if mitigation
is suggested. This methodology is discussed in Section 6.4.2, Mitigating Short-Term Construction Noise
Exposure (<1 year). Consideration should also be given to potential impacts on sleep, where adverse
impacts are reported to begin when sound levels inside bedrooms exceed 30 dBA for continuous noise
sources and 45 dBA LAmax for discrete noise events (WHO 1999). With an estimated 15 dBA outdoor-to-
indoor transmission loss, the equivalent outdoor levels should be 45 dBA and 60 dBA, respectively.

ii. Long-Term Construction Noise Exposure (> 1 year)

Health Canada suggests that construction noise lasting longer than 1 year be assessed as operational
noise. This approach allows for an evaluation of the change in %HA at each receptor, in accordance with
ISO 1996-1:2003. Appendix F describes the methodology and equations related to calculating the change
in %HA for projects. The appropriate adjustments (see Appendix E) may be applied to the A-weighted
calculated or measured noise levels. This method of assessing construction noise is essentially identical
to that of assessing operational noise, as discussed in Section 6.3.2 below. Also, potential impacts on sleep
should be considered when construction activities may occur at night-time (as noted above in short-term
construction).



There may be insufficient information concerning construction activities to permit an assessment
of their potential impacts at the EA stage. Conservative assumptions based on similar projects
and/or planned activities are often used in estimating noise levels and calculating impacts due to
construction. An example of this estimation technique is to assume that all equipment is operating
simultaneously for a 12-hour period, even though actual impacts are expected to be lower. In these
cases, Health Canada suggests providing as much information as possible on construction activities,
schedules, equipment use and any assumptions used, in addition to an explanation of why a more
detailed assessment is not possible.

It is a good practice to include a description of construction noise as it relates to exposure duration,
rather than construction activity duration. The difference in these perspectives becomes apparent when
considering the impacts of construction noise related to road projects. As a road project progresses, noise
exposure continually varies from receptor to receptor as the geographic location of the construction
equipment changes.

6.3.2 Assessing Project Operational Noise

Predicted operational noise levels for both daytime (Ld) and night-time (Ln) at all representative
receptor locations should be reported in the EA. To permit a proper comparison of noise levels,
the units, averaging times and other measurement parameters (including the uncertainty associated
with any of the measurements) should be the same as those used in establishing the baseline.

As discussed previously, the determination of %HA is a widely accepted indicator of the human health
effects of long-term noise exposure. Similar to comments in Section 6.3.1 ii above, the assessment of
project operational noise may include an evaluation of the change in %HA at each receptor site, in
accordance with ISO 1996-1:2003. Appendix F describes the methodology and equations related to
calculating the change in %HA for projects. The appropriate adjustments (see Appendix E) may be
applied to the A-weighted calculated or measured noise levels. If noise from project operations may
occur at night-time, the assessment of operational noise should also consider potential impacts on sleep.

Modelling sound levels (using appropriate software) is one method that is commonly used to estimate
present or future operational sound levels. In the assessment, clearly identify the model(s) used and
justify their suitability. Specific models may be selected on a site-by-site basis. Health Canada prefers
that any assumptions used be conservative (i.e. reasonable worst-case scenario) and be adequately
described in the assessment.

If project-related noise levels are provided without being added to the baseline sound levels, this must
be clearly indicated. In assessing impacts on human health, the baseline and project noise are added
together, as their sum represents what noise effects the receptors will actually experience. Other changes
in the sound environment may also be characterized. If project-related operational noise includes audible
tonal or impulsive noise (including regular impulsive, highly impulsive and high-energy impulsive types
of noise [ISO 1996-1:2003] [e.g. blasting]), appropriate adjustments as presented in Appendix E can be
made. Refer to ISO 1996-2:2007 for additional guidance on describing or measuring tonal and impulsive
noise. These adjustments apply only when the noise under consideration is audible at receptor sites. In
situations where more than one source characteristic adjustment is applicable (e.g. impulsive or tonal),
only the higher of the adjustments is used. However, all time-of-day adjustments and the quiet rural area
adjustment are to be added to the highest of the applicable source adjustments.
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6.4 MITIGATION

Noise management and noise monitoring plans, including complaint resolution plans, are often
incorporated as part of the EA’'s Environmental Management Plan. When health effects from project-
related noise are possible, Health Canada prefers that a noise management plan detailing the actions
that will be taken to minimize human health impacts due to project noise (mitigation measures) be
developed and included in the EA. Special consideration should be given to mitigation measures for
construction noise that occurs at night, in order to minimize impacts on sleep (i.e. avoiding tonal or
impulsive noise sources at night).

Due to the inherent uncertainty in both predicted and/or measured project noise, additional information
should be provided to demonstrate that exceedances of the MNL or a 6.5% change in %HA are unlikely.
Proposals for specific mitigation measures to limit noise at receptors where this uncertainty exists should
be provided in the EA.

Health Canada prefers that any noise mitigation measures proposed for the project be described

in sufficient detail to permit Health Canada to adequately review the measures’ impacts on achieving
noise reduction. When describing possible mitigation or other noise management measures, identify the
conditions or circumstances under which various mitigation measures will be applied or implemented.

As itis more effective to use source controls, Health Canada prefers that mitigation measures be applied
to the source rather than the receptor site, where this is technically feasible. It should be noted that some
estimates discussed in Section 5.2 (e.g. noise attenuation by closed windows or enclosed balconies) may
not achieve the desired level of noise reduction, due to variability in construction techniques. While fully-
closed windows are assumed to typically reduce outdoor sound levels by 27 dBA (US EPA 1974), the type
of enclosures that surround the windows or the presence of ventilation ducts may result in an outdoor-to-
indoor noise transmission loss that is lower than 27 dBA.

6.4.1 Community Consultation

Developing a community consultation plan can be helpful when projects propose noisy work
occurring outside of normal working hours or extended work that produces high levels of noise
(such as rock hammering or pile driving). The consultation process may assist in establishing
feasible mitigation measures by targeting receptors that have the greatest potential for human
health-related effects resulting from noise disturbance. Previous experience in assessing community
reaction to noise impacts following community consultation has demonstrated that in these
cases, a community is more likely to be understanding and accepting of noise, and more likely
to make appropriate adjustments to limit noise exposure. This has been noted particularly when
the information provided during the consultation process is accurate and does not attempt to
understate the likely noise level, and when commitments made by the proponent to limit noise
during specific hours are respected.

The EA should specify whether community consultation with respect to noise has occurred, and
whether any human health concerns have been expressed by potentially impacted receptors.



The comments or recommendations received during the consultation process may provide an indication
of which project elements are likely to trigger the greatest level of opposition, particularly where noise
issues are identified. Informing the public about project plans early in the process is encouraged, as this
may provide additional options for mitigation measures, or at the very least, provide the opportunity

to discuss the mitigation measures under consideration. It is a good practice to undertake community
consultation prior to the creation of work schedules (e.g. continuous versus specific construction times)
and to discuss the preferred means of informing the public of the time and duration of noisy activities.
When construction delays or other problems result in extended construction schedules, Health Canada
suggests that a plan for community consultation be implemented and that this consultation process be
described in the EA, where applicable. When a project proponent deems it to be manageable, it may be
preferable to consult with residents individually.

When the community receives information about expected changes in sound levels through a consultation
process, and feels that concerns with respect to noise may be addressed and resolved, the incidence

of noise-related complaints is frequently reduced. Health Canada suggests that this approach be
considered in managing both minor and major public concerns related to project-related noise. For
more information, refer to ERCB Directive 38 (2007). For information specific to rail projects, refer to
the Canadian Transportation Agency’s Guidelines for the Resolution of Complaints Over Railway Noise
and Vibration (2008).

6.4.2 Mitigating Short-Term Construction Noise Exposure (<1year)

Health Canada often suggests mitigation measures to the authority conducting the EA, when the predicted
construction noise level (construction lasting less than one year) exceeds the suggested mitigation noise
level (MNL). To avoid widespread complaints regarding construction noise at receptor sites, where the
exposure duration is less than one year at any given representative receptor site, the basic suggested MNL
is 47 dBA (US EPA 1974). This value has been derived from the data presented in Figure D-7 and Table D-7
in US EPA 1974. The basic MNL is applicable for receptors in quiet suburban or rural area