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APPENDIX G1. FUNDAMENTALS OF NOISE AND VIBRATION
G1.1 NOISE FUNDAMENTALS

Noise is generally defined as sound that is loud, disagreeable, unexpected, or unwanted.! The
perception of sound is subjective and can vary substantially from person to person. Noise can be
generated by mobile sources (transportation noise sources) such as automobiles, trucks, and airplanes,
and by stationary sources (nontransportation noise sources) such as construction activity, machinery, and
commercial and industrial operations. Common sources of environmental noise and noise levels are
presented in Figure G-1.

Noise can be thought of as acoustic energy that propagates between the source and receiver. Noise
levels attenuate (decrease) as a function of the distance from the source (divergence), ground
absorption, atmospheric conditions, and the presence of physical barriers. Physical barriers to noise
may be any natural or human-made feature such as a hill, tree, building, wall, or berm.?

The decibel (dB) scale was introduced to provide a practical way of expressing the range of sound
pressures.® The human ear is not equally sensitive to loudness at all frequencies in the audible
spectrum. To better relate overall sound levels and loudness to human perception, frequency-
dependent weighting networks were developed. The standard weighting networks are identified as A
through E. There is a strong correlation between the way humans perceive sound and A-weighted
sound levels (dBA). Expressing sound levels in terms of dBA can help predict community response to
noise. All sound levels reported in this section are in terms of A-weighted decibels unless specifically
stated otherwise.

! A sound wave is initiated in a medium by a vibrating object (e.g., vocal cords, the string of a guitar, the diaphragm of a radio
speaker). The wave consists of minute variations in pressure, oscillating above and below the ambient atmospheric
pressure. The number of pressure variation cycles occurring per second is referred to as the frequency of the sound wave
and is expressed in Hertz (abbreviated Hz), which is equivalent to one complete cycle per second.

% Noise from mobile sources generally is attenuated at a rate of 3 dB (hard surfaces, such as asphalt) to 4.5 dB (soft surfaces,
such as grasslands) per doubling of distance. Acoustic energy from stationary sources propagates over a spherical area,
and is attenuated at a rate of 6 dB (hard surfaces) to 7.5 dB (soft surfaces) per doubling of distance. Atmospheric
conditions such as wind speed, turbulence, temperature gradients, and humidity may affect the propagation of noise and
levels at a receiver. Furthermore, the presence of a large object (e.g., barrier, topographic features, and intervening
building fagcades) between the source and the receptor can provide significant attenuation of noise levels. The amount of
noise level reduction or “shielding” provided by a barrier primarily depends on the size of the barrier, the location of the
barrier in relation to the source and receivers, and the frequency content of the noise source. Natural barriers such as
berms, hills, or dense woods, and human-made features such as buildings and walls may be used as noise barriers. The
actual amount of attenuation depends on the barrier size and frequency of the sound.

® A sound level expressed in decibels is the logarithmic ratio of two like pressure quantities, with one pressure quantity being
a reference sound pressure. For sound pressure in air, the standard reference quantity is generally considered to be 20
micropascals (abbreviated pPa), which directly corresponds to the threshold of human hearing. The use of the decibel is a
convenient way to handle the million-fold range of sound pressures to which the human ear is sensitive. A decibel is
logarithmic; it does not follow normal algebraic methods and cannot be directly added. For example, a 65-dB source of
sound, such as a truck, when joined by another 65-dB source results in a sound amplitude of 68 dB, not 130 dB (i.e.,
doubling the source strength increases the sound pressure by 3 dB). A sound level increase of 10 dB corresponds to 10
times the acoustical energy, and an increase of 20 dB equates to a 100-fold increase in acoustical energy.
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* dB are “average” values as measured on the A-scale of a sound-level meter.
From Concepts in Architectural Acoustics: M. David Egan, McGraw Hill, 1972 and U.S. Department of Housing and Urban
Development, Office of Community Planning and Development “The Noise Guidebook.”

Source: Data compiled by AECOM in 2014

Figure G-1 Common Noise Sources and Levels
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G1.2 NOISE DESCRIPTORS

The intensity of environmental noise fluctuates over time, and several different terms are used to
describe time-averaged noise levels. The selection of an appropriate noise descriptor for a specific
source depends on the spatial and temporal distribution, duration, and fluctuation of both the noise
source and the environment. The noise descriptors most often used to describe environmental noise
are listed and defined below.

» SEL (sound exposure level): The equivalent sound level over a 1-second time interval for a discrete
sound event (e.g., aircraft overflight).

» Lmax (Maximum noise level): The maximum instantaneous noise level during a specific period of
time.

» L, (statistical descriptor): The noise level exceeded n% of a specific period of time. For example, Lsg
is the median noise level, or the level exceeded 50% of the time.

» Leg (equivalent noise level): The average noise level. (This is also sometimes called the equivalent
or energy-averaged sound level.) The L., represents an average of the sound energy occurring
over a specified time period. In effect, the L, is the steady-state sound level containing the same
acoustic energy as the time-varying sound that actually occurs during the same period. The 1-hour,
A-weighted equivalent sound level (Leg[h]) is the energy average of A-weighted sound levels
occurring during a 1-hour period.

» La (day-night average noise level): The 24-hour L¢q with a 10-dB “penalty” for noise events that
occur during the noise-sensitive hours between 10 p.m. and 7 a.m. In other words, 10 dB is “added”
to noise events that occur in the nighttime hours, and this generates a higher reported noise level
when determining compliance with noise standards. The Ly, accounts for the fact that noise during
this specific period of time is a potential source of disturbance with respect to normal sleeping
hours.

» CNEL (community noise equivalent level): The CNEL is similar to the Ly, described above, but with
an additional 5-dB “penalty” added to noise events that occur during the noise-sensitive hours
between 7 p.m. and 10 p.m., which are typically reserved for relaxation, conversation, reading, and
other activities that could be disrupted by noise. When the same 24-hour noise data are used, the
reported CNEL is typically approximately 0.5 dB higher than the Lgp.

A common statistical tool to measure the ambient noise level is the average, or equivalent, sound level
Leq Which corresponds to a steady-state, A-weighted sound level containing the same total energy as a
time-varying signal over a given time period (usually 1 hour). The L, is the foundation of the composite
noise descriptors, such as Ly, and CNEL, and shows very good correlation with community response to
noise.
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G1.3 HUMAN RESPONSE TO NOISE

Excessive and chronic exposure to elevated noise levels can result hearing loss at very high levels and
interference with communications, sleep, and learning. The degree to which noise results in annoyance
and interference is highly subjective and may be influenced by several nonacoustic factors. The
number and effect of these nonacoustic environmental and physical factors vary depending on
individual characteristics of the noise environment, such as sensitivity, level of activity, location, time of
day, and length of exposure. One key aspect in predicting human response to new noise environments
is the individual level of adaptation to an existing noise environment. The greater the change in noise
level that is attributed to a new noise source, relative to the environment to which an individual has
become accustomed, the less tolerable the new noise source will be.

One way of anticipating a person’s subjective reaction to a new noise is to compare the new noise with
the existing noise in the surrounding environment to which the person has become adapted, i.e., the
“ambient” noise level. Generally, a 1-dB increase in noise level is imperceptible, a 3-dB increase is
barely perceptible, a 6-dB increase is clearly noticeable, and a 10-dB increase is perceived as
approximately twice as loud (Egan 1988:21).*

G1.4 FUNDAMENTAL NOISE CONTROL OPTIONS

Three basic elements are considered in analyzing a noise problem: the noise source, the transmission
path, and the receiver. Appropriate mitigation for noise impacts considers the nature of the noise
source and the sensitivity of the receiver. Responses to potential noise impacts may be defined in
terms of the appropriate criteria for noise measurement (Lgn, Leg, OF Limax), the location of the sensitive
receiver (inside or outside), and the time of day that the noise occurs. Potential noise control options
are described below.

G1l.4.1 SETBACKS

Noise exposure may be reduced by increasing the distance between the noise source and the receiving
use. The available noise attenuation from this technique is limited by the characteristics of the noise
source and the area available for setback, but is generally between 4 and 6 dB.

G1.4.2 SITE PLANNING AND DESIGN

Thoughtful site planning and design can address noise exposure issues, while avoiding the additional
up-front and ongoing maintenance expense required when using barriers to shield against noise. For

example, buildings can shield outdoor gathering areas from intruding noise and prevent an increase in
noise levels attributable to surface reflections. Site design that accounts for building placement should
avoid creating reflecting surfaces that may increase on-site noise levels.

* These reactions to changes in noise levels were developed on the basis of test subjects’ reactions to changes in the levels
of steady-state pure tones or broadband noise and to changes in levels of a given noise source. They are probably most
applicable to noise levels in the range of 50—70 dB, because this is the usual range of voice and interior noise levels.
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(G1.4.3 BUILDING FACADES

Noise reduction may be obtained through detailed acoustical design of building facades. Standard
construction practices provide an interior-to-exterior noise reduction of 10-15 dB for building fagades
with doors and windows open and a noise reduction of approximately 25 dB when doors and windows
are closed. Thus, an exterior-to-interior noise reduction of 25 dB can be obtained with adequate
ventilation systems that allow windows to remain closed under any weather condition.

Acoustical treatment of the building facades can achieve noise reduction of greater than 25 dB,
depending on the treatment type and material. Reducing the window surface area of building facades is
the most effective control technique, followed by providing acoustical glazing (thicker glass or increased
air space between panes) in frames with low air infiltration rates, using fixed (nonmovable) acoustical
glazing, or eliminating windows. Noise transmitted through walls can be reduced by increasing wall
mass (using stucco or brick in lieu of wood siding), isolating wall parts through the use of double or
staggered stud walls, or mounting interior walls on resilient channels. Noise control for exterior
doorways can be provided by reducing door area, using solid-core doors, or acoustically sealing door
perimeters with suitable gaskets. Roof treatments can also reduce noise by increasing the mass of
plywood sheathing under roofing materials.

G1l.4.4 VEGETATION

To achieve a 5-dB attenuation of traffic noise, approximately 100 feet of dense foliage must be provided
(so that no visual path extends through the foliage). Vegetation can be used to acoustically “soften”
intervening ground between a noise source and a receiver, by increasing ground absorption of sound
and thus increasing the attenuation of sound with distance.

G1.45 BARRIERS

Barrier shielding can be obtained by placing walls, berms, or other structures (e.g., buildings) between
the noise source and the receiver. The effectiveness of a barrier depends on the ability to block the line
of sight between the source and receiver. Effectiveness is improved when sound must travel a longer
distance to pass over the barrier than if it were traveling in a straight line from source to receiver.’
Barrier effectiveness also depends on the relative heights of the source, barrier, and receiver. In
general, barriers are most effective when placed close to either the receiver or the source.®

There are practical limits to the noise reduction provided by barriers. For vehicular traffic or railroad
noise, a noise reduction of between 5 and 10 dB may often be reasonably attained. Noise barriers

® The difference between a barrier and a straight line between source and receiver is called the “path length difference” and is
the basis for calculating barrier noise reduction.

® An intermediate barrier location yields a smaller path length difference for a given increase in barrier height than does a
location closer to either the source or the receiver. The path length difference is the difference between the straight-line
distance the noise travels to the receptor with the barrier and the distance traveled without the barrier.
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within a development may inadvertently reflect noise back to a noise-sensitive area unless located
carefully and complemented with landscaping materials.’

Earth, in the form of berms or the face of a depressed area, is also an effective barrier material. The
use of an earth berm in lieu of a solid wall may provide up to 3 dB in additional attenuation over that
attained by a solid wall alone because of the absorption provided by the earth. Berm/wall combinations
are used frequently; they offer slightly better acoustical performance than solid walls alone and often
are preferred for aesthetic reasons.

G1.5 VIBRATION FUNDAMENTALS

Vibration is the periodic oscillation of a medium or object with respect to a given reference point.
Sources of vibration include natural phenomena (earthquakes, volcanic eruptions, sea waves,
landslides) and those introduced by human activity (explosions, machinery, traffic, trains, construction
equipment). Vibration sources may be continuous (e.g., operating factory machinery) or transient (e.g.,
explosions). Vibration levels can be depicted in terms of amplitude and frequency relative to
displacement, velocity, or acceleration.

Vibration amplitudes are commonly expressed in peak particle velocity (PPV) or root-mean-square
(RMS) vibration velocity. PPV is defined as the maximum instantaneous positive or negative peak of a
vibration signal. PPV is typically used in the monitoring of transient and impact vibration and has been
found to correlate well to the stresses experienced by buildings (FTA 2006:7-1 to 7-8; Caltrans 2004:5-
7). PPV and RMS vibration velocity are normally described in inches per second (in/sec).

Although PPV is appropriate for evaluating the potential for building damage, it is not always suitable
for evaluating human response to vibration. The response of the human body to vibration relates well to
average vibration amplitude. Therefore, vibration impacts on humans are evaluated in terms of RMS
vibration velocity. Similar to airborne sound, vibration velocity can be expressed in decibel notation, as
vibration decibels (vdB).?

Typical outdoor sources of perceptible groundborne vibration include construction equipment, steel-
wheeled trains, and traffic on rough roads. Although the effects of vibration may be imperceptible at low
levels, moderate and high levels of vibration may be detectible and may damage nearby buildings (e.g.,
by loosening and cracking plaster or stucco coatings). The range of vibration that is relevant to the
CEQA analysis presented in Section 3.9, “Noise,” of this EIR occurs from approximately 50 VdB, which
is the typical background vibration level, to 100 VdB, which is the general threshold where minor
damage can occur to fragile buildings (FTA 2006:8-1 to 8-8).

" For maximum effectiveness, barriers must be continuous and airtight along their length and height. To ensure that sound
transmission through the barrier is insignificant, barrier mass should be about 4 pounds per square foot, although a lesser
mass may be acceptable if the barrier material will still ensure that a substantial amount of transmission loss does not
occur. To satisfy the above criteria, substantial and well-fitted barrier materials must be placed to intercept the line of sight
to all substantial noise sources.

8 Just as with noise levels, the logarithmic nature of the decibel serves to compress the broad range of numbers required to
describe vibration.
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