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3.12 Noise and Vibration

3.12.1 Introduction

This section examines the potential impacts associated with noise and vibration that would be
generated by the Expo Phase 2 project alternatives. The analysis includes measurements to
document existing conditions, predictions of the noise and vibration levels during operation, and
an evaluation of measures to minimize the potential noise and vibration impacts.

CEQA does not provide Noise and Vibration criteria. Therefore, the FTA Noise and Vibration
Criteria and analytical methodologies are used.

In response to the many comments received on the DEIR regarding noise and vibration
impacts, additional noise and vibration measurements, testing and analysis were conducted in
the FEIR. These efforts focused on sensitive receptors such as residential areas, schools and
recording studios, as well as issues associated with the maintenance facility. The results of this
analysis, including changes to the project and proposed mitigation measures are presented in
this section.

A separate Noise and Vibration Technical Background Report was prepared and is referenced
throughout this section. Those interested in greater detail on the existing conditions, methods
used to assess impacts, and background calculations that support the conclusions of this
section should consult the technical background report. Full bibliographic references can be
found in Appendix B (Bibliography).

Noise and Vibration Sources Associated with Light-Rail Transit (LRT) Systems

Following is a summary of the noise and vibration sources that have been evaluated in this
study:

¶ Light-Rail Vehicle Operations: This is the normal noise from the operation of light-rail
vehicles and includes noise from steel wheels rolling on steel rails (wheel/rail noise) and
from propulsion motors, air conditioning, and other auxiliary equipment on the vehicles.
As expected, the wheel/rail noise increases with speed. At speeds greater than 20 to
30 mph, the wheel/rail noise usually dominates noise from the vehicle auxiliary
equipment. Train operations also create groundborne vibration that may be intrusive to
occupants of buildings when the tracks are relatively close to buildings.

¶ Traffic Noise: The proposed project would result in changes in traffic patterns and
volumes in the vicinity of stations and locations where the light-rail transit (LRT) would
share the right-of-way with an existing street, such as Segment 1a (Venice/Sepulveda).
In all cases, the forecasted change in traffic volume is insufficient to cause more than a
1 decibel (dB) change in sound levels. Therefore, a detailed assessment of noise
impacts from traffic noise has not been performed as part of this study.

However, there are areas along Venice and Sepulveda Boulevards where land would be
acquired and the existing buildings removed to accommodate the proposed project.
Because these buildings provide acoustic shielding, removing them could increase the
levels of traffic and rail noise for residences or other noise-sensitive receptors located
behind these buildings. Such locations are noted in the analysis.
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¶ Audible Warnings: Audible warnings are required by the California Public Utilities
Commission (CPUC) at all gate-protected at-grade crossings. The required audible
warnings are ringing bells that are located on the masts of the crossing gates and
sounding of horns located on the lead vehicle of the trains. No audible warnings are
required at street crossings where the light-rail trains would operate in the street right-of-
way and would be controlled by traffic signals, as would be the case for the at-grade
sections of Segment 1a (Venice/Sepulveda), Segment 3 (Olympic), and Segment 3a
(Colorado). There are three vehicle-mounted warning devices: a horn, a “quacker,” and
a “gong.” The horn is a high-intensity horn used by Metro for emergencies only, while the
quacker is a low-intensity horn used by Metro for standard operations. The gong is a
relatively low-volume bell sound that is sometimes used when trains enter stations. All
devices will comply with requirements of the CPUC. The CPUC requires that the horn
create a minimum sound level of 85 dBA at 100 feet (ft) in front of the train horn. This is
a little bit louder than a typical automobile horn. The quacker is a relatively low-volume
sound (75 dBA at 100 ft. in front of the lead vehicle) and has a marginal effect on
community noise exposure at train speeds greater than 35 mph. Measures have been
incorporated into the design of the proposed project that would eliminate allreduce
potential noise effect from audible warnings at at-grade crossings to FTA acceptable
levels.

After further consultation with Metro, the following text was removed because vehicles
on the Blue Line are expected to undergo retrofit. Note that the audible warnings used
on the Metro Blue Line between Los Angeles and Long Beach are substantially different
than would be used on the Exposition Corridor. The Blue Line trains sound a much
louder horn before at-grade crossings and use mechanical bells at the at-grade
crossings that do not have a volume adjustment.

¶ Station Public Address System: Public address (PA) systems will be installed at the
stations to announce when trains are arriving at the stations and to provide other
information to patrons. These systems will have automatic volume adjustment controls
that are designed so the announcements are only a few decibels above ambient noise
levels. With proper design of the public address systems and the automatic volume
adjustment, the noise from the PA system should not generate any adverse effects in
communities near the stations.

¶ Special Trackwork: The Expo Phase 2 project would be constructed of continuously
welded rail as are virtually all modern light-rail systems. Welded rail eliminates most rail
joints, which means that the “clickety-clack” noise associated with older rail systems is
eliminated. The one exception is at the special trackwork for turnouts and crossovers.
Turnouts and crossovers require that two rails cross; the special fixture used where two
rails cross is referred to as a “frog.” Standard frogs have gaps where the two rails cross
and the wheels must “jump” across the gap. The wheels striking the ends of the gap
increases noise levels near special trackwork by approximately 6 dB and groundborne
vibration by approximately 10 dB. Because noise and vibration levels are higher near
special trackwork, it is common for many of the predicted noise and vibration impacts to
be near special trackwork.

¶ Wheel Squeal: Wheel squeal can be generated when steel-wheel transit vehicles
traverse tight radius curves. It is very difficult to predict when and where wheel squeal
will occur. A general guideline is that there is potential for wheel squeal at any curve with
a radius that is less than 600 ft.
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¶ Ancillary Equipment: Traction power substations (TPSS) are the only ancillary
equipment associated with the proposed project with potential for creating noise impacts.
The ventilation fans provided at each substation are the dominant noise source of most
TPSS units. There would be eight to nine TPSS units distributed along the proposed
project depending upon the alignment and including the Maintenance Facility. Several of
the proposed sites are adjacent to residential land uses, because the TPSS sites must
be spaced at regular intervals and near the guideway. As long as the air conditioning
equipment for the TPSS units is located a minimum of 50 ft from residences, the adverse
noise effects will be minimal. The locations of all noise producing equipment will be
reviewed during the design process to ensure that it will be placed in an appropriate
location where it will not generate noise impacts. Communications and Signal Buildings
(C&S) have small air conditioning systems that are approximately equivalent to
residential air conditioning units. Therefore, the noise from these units has not been
included in the noise analysis.

¶ Construction Noise and Vibration: All the sources discussed above are associated
with operation of the proposed project. Similar to any other major infrastructure project,
construction would require use of heavy equipment that generates relatively high noise
levels. All issues related to construction noise and vibration are presented in Chapter 4
(Construction Impacts) of this document.

Background on Noise

Sound is mechanical energy transmitted by pressure waves in a compressible medium such as
air. Noise is generally defined as unwanted or excessive sound. Sound can vary in intensity by
over one million times within the range of human hearing. Therefore, a logarithmic scale, known
as the decibel (dB) scale, is used to quantify sound intensity and compress the scale to a more
convenient range.

Sound is characterized by both its amplitude (volume) and frequency (pitch). The human ear
does not hear all frequencies equally. In particular, it deemphasizes low and very high
frequencies. To better approximate the sensitivity of human hearing, the A-weighted decibel
scale has been developed. A-weighted decibels are abbreviated as “dBA.” This scale is
commonly used and accepted for noise studies. On this scale, the human range of hearing
extends from approximately 3 dBA to around 140 dBA. As a point of reference, Figure 3.12-1
(Typical Outdoor and Indoor Noise Levels) includes examples of A-weighted sound levels from
transit sources and common indoor and outdoor sounds.

Using the decibel scale, sound levels from two or more sources cannot be directly added
together to determine the overall sound level. Rather, the combination of two sounds at the
same level yields an increase of 3 dB. The smallest recognizable change in sound level is
approximately 1 dB. A 3 dB increase in the A-weighted sound level is generally considered
perceptible, whereas a 5 dB increase is readily perceptible. A 10 dB increase is judged by most
people as an approximate doubling of the perceived original loudness.

The two primary factors that reduce levels of environmental sounds are increasing the distance
between the sound source and the receiver and/or having intervening obstacles such as walls,
buildings, or terrain features block the direct path between the sound source and the receiver.
Factors that act to make environmental sounds louder include moving the sound source closer
to the receiver, sound enhancements caused by reflections, and focusing caused by various
meteorological conditions.
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Figure 3.12-1 Typical Outdoor and Indoor Noise Levels

Following are brief definitions of the measures of environmental noise used in this study:

¶ Maximum Sound Level (Lmax): Lmax is the maximum sound level that occurs during an
event such as a train passing.

¶ Equivalent Sound Level (Leq): Environmental sound fluctuates constantly. The equivalent
sound level (Leq) is the most common means of characterizing community noise. Leq

represents a constant sound that, over a specified period of time, has the same sound
energy as the time-varying sound. Leq is used by the FTA to evaluate noise impacts at
institutional land uses, such as schools, churches, and libraries, from proposed transit
projects.

¶ Day-Night Sound Level (Ldn): Ldn is basically a 24-hour Leq with an adjustment to reflect
the greater sensitivity of most people to nighttime noise. The adjustment is a 10 dB
penalty for all sound that occurs between the hours of 10:00 P.M. to 7:00 A.M.

¶ LXX: This is the percent of time a sound level is exceeded during the measurement
period. For example, the L99 is the sound level exceeded during 99 percent of the
measurement period. The tables of the hourly noise levels in Appendix B include L1, L33,
L50, and L99, the sound levels exceeded 1 percent, 33 percent, 50 percent and
99 percent of the hour.

¶ Sound Exposure Level (SEL): SEL is a measure of the acoustic energy of an event such
as a train passing. In essence, the acoustic energy of the event is compressed into a 1-
second period. SEL increases as the sound level of the event increases and as the
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duration of the event increases. It is often used as an intermediate value in calculating
overall metrics such as Leq and Ldn.

Background on Vibration

One potential community impact from the proposed project is vibration that is transmitted from
the tracks through the ground to adjacent buildings. This is referred to as groundborne vibration.
When evaluating human response, groundborne vibration is usually expressed in terms of
decibels using the root mean square (RMS) vibration velocity. RMS is defined as the average of
the squared amplitude of the vibration signal. To avoid confusion with sound decibels, the
abbreviation VdB is used for vibration decibels. All vibration decibels in this report use a decibel
reference of 1 micro-inch/second (µin/sec).70 The potential impacts of rail transit groundborne
vibration are as follows:

¶ Perceptible Building Vibration: This is when building occupants feel the vibration of
the floor or other building surfaces. Experience has shown that the threshold of human
perception is around 65 VdB and that vibration that exceeds 75 to 80 VdB may be
intrusive and annoying to building occupants.

¶ Rattle: The building vibration can cause rattling of items on shelves and hanging on
walls, and various different rattle and buzzing noises from windows and doors.

¶ Reradiated Noise: The vibration of room surfaces radiates sound waves that may be
audible to humans. This is referred to as groundborne noise. When audible groundborne
noise occurs, it sounds like a low-frequency rumble. For a surface rail system such as
the proposed LRT Alternatives, the groundborne noise is usually masked by the normal
airborne noise radiated from the transit vehicle and the rails.

¶ Damage to Building Structures: Although it is conceivable that vibration from a light
rail system could cause damage to fragile buildings, the vibration from light-rail transit
systems is usually one to two orders of magnitude below the most restrictive thresholds
for preventing building damage. Hence, the vibration impact criteria focus on human
annoyance, which occurs at much lower amplitudes than does building damage.

Vibration is an oscillatory motion that can be described in terms of the displacement, velocity, or
acceleration of the motion. The response of humans to vibration is very complex. However, the
general consensus is that for the vibration frequencies generated by passenger trains, human
response is best approximated by the vibration velocity level. Therefore, vibration velocity has
been used in this study to describe train-generated vibration levels.

Figure 3.12-2 (Typical Vibration Levels) shows typical vibration levels from rail and non-rail
sources as well as the human and structure response to such levels.

Although there has been relatively little research into human and building response to
groundborne vibration, there is substantial experience with vibration from other rail systems. In
general, the collective experience indicates that:

¶ Groundborne vibration from rail systems almost never results in building damage, even
minor cosmetic damage. The primary consideration, therefore, is whether vibration will
be intrusive to building occupants or will interfere with interior activities or machinery.

70 One µin/sec= 10 -6 in/sec.
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¶ The threshold for human perception is approximately 65 VdB. Vibration levels in the
range of 70 to 75 VdB are often noticeable but acceptable. Beyond 80 VdB, vibration
levels are often considered unacceptable.

¶ There is a relationship between the number of daily events and the degree of annoyance
caused by groundborne vibration. The FTA Guidance Manual (FTA 2006) includes an
8 VdB higher impact threshold if there are fewer than 30 events per day and a 3 VdB
higher threshold if there are fewer than 70 events per day to ensure that potentially
annoying but relatively infrequent events are not underover-represented.

Often it is necessary to determine the contribution at different frequencies when evaluating
vibration or noise signals. The ӎ-octave band spectrum is the most common procedure used to
evaluate frequency components of acoustic signals. The FTA Guidance Manual (FTA 2006) is a
good reference for additional information on transit noise and vibration and the technical terms
used in this section.

Figure 3.12-2 Typical Vibration Levels

3.12.2 Existing Conditions

Existing Noise

The existing noise conditions along the proposed Expo Phase 2 alternative alignments were
documented through monitoring performed at representative noise-sensitive sites along the

*
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proposed alignments. Noise-sensitive sites are defined as institutional land uses, such as
schools, churches, and libraries, and where people normally sleep (residences, hotels,
hospitals, etc.). The noise-sensitive receptors along the Expo Phase 2 alignments include
single- and multi-family residences, schools and other institutions, and recording studios. In
addition there are a number of commercial, industrial, and office space land uses along the
proposed project alignments that are not generally considered to be noise sensitive by the FTA.

Noise-sensitive land uses were identified using conceptual engineering drawings, aerial
photographs, and visual surveys. Long-term and short-term noise measurements at twenty-one
sites along the proposed alignments were taken during the period from April 12 through
December 6, 2007. Supplemental noise measurements were taken during the period from May
20 to November 15, 2009. Estimating existing noise exposure is an important step because the
thresholds for noise impacts are based on the existing levels of noise exposure. In addition to
the measurements of noise levels within the Expo Corridor, measurements were taken at the
Green Line maintenance and storage facility in El Segundo to characterize noise from existing
Metro yard and shop activities.

Long-term noise measurements were taken at fourteenseventeen locations that are
representative of the residential and institutional land uses along the corridor. The monitors
were programmed to continuously collect data for a minimum of 20 10 hours. The microphones
were generally located at the set-back distance of the residences buildings in the area from the
proposed alignments. The general locations of the long-term measurement sites are shown in
Figure 3.12-3 (Noise Measurement Sites, Segment 1 [Revised]) through Figure 3.12-7 (Noise
Measurement Sites, Segment 3a [Revised]). Table 3.12-1 (Summary of Long-Term
Measurement Results) gives the details of each individual long-term measurement.

In addition to the long-term measurements, 30-minute short-term noise measurements were
taken at seven six locations. The general locations of the short-term measurement sites are also
shown in Figure 3.12-3 (Noise Measurement Sites, Segment 1 [Revised]) through Figure 3.12-7
(Noise Measurement Sites, Segment 3a [Revised]). They are representative of the institutional
land uses within the proposed segments, including (e.g., schools, churches, temples, and
recording studios). Table 3.12-2 (Summary of Short-Term Measurement Results) gives the
details of each individual short-term measurement.

The noise monitors were programmed to report average noise levels at intervals of 1 to 15
seconds. These results were used to calculate various other noise metrics including hourly Leq

and Ldn. As will be discussed in Section 3.12.3 (Regulatory Setting), Leq is used by the FTA to
characterize noise exposure at institutional land uses such as schools, churches, and libraries
(FTA Category 3) and Ldn is used by the FTA to characterize noise exposure at residential land
uses (FTA Category 2).
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Figure 3.12-3 Noise Measurement Sites, Segment 1 [Revised]
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Figure 3.12-4 Noise Measurement Sites, Segment 1a
































































































