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Introduction

State Route 4 (SR-4) was constructed through the City of Brentwood by Caltrans and the Route
4 Bypass Authority. The City of Brentwood has retained Bollard Acoustical Consultants, Inc.
(BAC) to conduct an assessment of State Route 4 (SR-4) traffic noise within the City, to compare
that noise exposure against applicable noise standards, and to provide options for traffic noise
attenuation which could be implemented to reduce traffic noise levels within the City. The study
limits for this assessment are illustrated in Figure 1. This report contains noise level data collected
by BAC, analysis methodology, applicable noise standards, and other supporting information.

Background on Noise

General

Noise is often described as unwanted sound. Sound is defined as any pressure variation in air
that human hearing can detect. If the pressure variations occur frequently enough (i.e., at least
20 times per second) they can be identified as sound. The number of pressure variations per
second is called the frequency of sound, and is expressed as cycles per second or Hertz (Hz).
Please see Appendix A for definitions of terminology used in this report.

Measuring sound directly in terms of pressure would require a very large and awkward range of
numbers. To avoid this, the decibel scale was devised. The decibel scale utilizes the hearing
threshold (20 micropascals of pressure) as a point of reference, defined as 0 dB. Other sound
pressures are then compared to the reference pressure, and the logarithm is taken to keep the
numbers within a practical range. The decibel scale allows a million-fold increase in pressure to
be expressed as 120 dB. Another useful aspect of the decibel scale is that changes in decibel
levels correspond closely to human perception of relative loudness. Figure 2 illustrates common
noise levels associated with various sources.

The perceived loudness of sound is dependent upon many factors, including sound pressure level
and frequency content. However, within the usual range of environmental noise levels, perception
of loudness is relatively predictable, and can be approximated by weighting the frequency
response of a sound level meter by means of the standardized A-weighting network. There is a
strong correlation between A-weighted sound levels (expressed as dBA) and community
response to noise. All noise levels reported in this section are A-weighted.

Community noise is commonly described in terms of the ambient noise level, which is defined as
the all-encompassing noise level associated with a given noise environment. A common statistical
tool to measure the ambient noise level is the average, or equivalent, sound level (Leg) over a
given time period (usually one hour). The Leq is the foundation of the Day-Night Average Level
noise descriptor, Ldn, and shows very good correlation with community response to noise.
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Figure 2
Typical A-Weighted Sound Levels of Common Noise Sources
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Community noise is commonly described in terms of the ambient noise level, which is defined as
the all-encompassing noise level associated with a given noise environment. A common statistical
tool to measure the ambient noise level is the average, or equivalent, sound level (Leg) over a
given time period (usually one hour). The Leq is the foundation of the Day-Night Average Level
noise descriptor, Ldn, and shows very good correlation with community response to noise.

The Day-Night Average Level (Lqn) is based upon the average noise level over a 24-hour day,
with a +10 decibel weighing applied to noise occurring during nighttime (10:00 p.m. to 7:00 a.m.)
hours. The nighttime penalty is based upon the assumption that people react to nighttime noise
exposures as though they were twice as loud as daytime exposures. Because Lg, represents a
24-hour average, it tends to disguise short-term variations in the noise environment. Lg, based
noise standards are commonly used to assess noise impacts associated with traffic, railroad and
aircraft noise sources.
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Noise Attenuation with Distance

Stationary “point” sources of noise, attenuate (decrease) at a rate of approximately 6 dBA per
doubling of distance from the source, not accounting for other environmental conditions (i.e.,
atmospheric conditions, noise barriers, ground type, vegetation, topography, etc.). Mobile noise
sources, such as traffic, are typically considered “moving point sources”, and sound from these
sources typically attenuates at a lower rate, (approximately 4.5 dBA decrease per doubling
distance from the source), also dependent upon environmental conditions. Highway 4 traffic noise
propagation is considered to behave similar to a moving point source with a sound attenuation
rate of approximately 4.5 dBA per doubling of distance from the centerline of the roadway.

Atmospheric (Molecular) Absorption and Anomalous Excess Attenuation

Air absorbs sound energy. The amount of absorption is dependent on the temperature and
humidity of the air, as well as the frequency of the sound and distance between the noise source
and receptor. Families of curves have been developed which relate these variables to molecular
absorption coefficients, frequently expressed in terms of dB of sound attenuation per thousand
feet. For standard day atmospheric conditions, defined as 59 degrees Fahrenheit and 70%
relative humidity, the molecular absorption coefficient at 1000 hertz is 1.5 dB per thousand feet.
Molecular absorption is generally greater at higher frequencies and reduced at lower frequencies.
In addition, for drier conditions, the molecular absorption coefficients generally increase.
Similarly, as temperature increases, molecular absorption coefficients typically increase as well.
Anomalous excess attenuation caused by variations in wind speed, wind direction, and thermal
gradients in the air can typically be estimated using an attenuation rate of 1.5 dB per thousand
feet for a noise source generating a 1000 hertz signal. As with molecular absorption, anomalous
excess attenuation typically decrease with lower frequencies and increases with higher
frequencies.

Effects of Shielding

A noise barrier is any impediment which intercepts the path of sound as it travels from source to
receiver. Such impediments can be natural, such as a hill or other naturally occurring topographic
feature which blocks the receiver’s view of the source. Impediments can also be vegetative, such
as heavy tree cover which similarly blocks the source from view of the receiver. In addition,
impediments can be man-made, such as a solid wall, earthen berm, or structure constructed
between the noise source and receiver. Regardless of the type of impediment, the physical
properties of sound are such that, at the point where the line-of-sight between the source and
receiver is interrupted by a barrier, a 5 dB reduction in sound typically occurs.

The effectiveness of a barrier is a function of the difference in distance sound travels on a straight-
line path from source to receiver versus the distance it must travel from source to top of noise
barrier, then top of noise barrier to receiver. This difference is referred to as the “path length
difference”, and is used to calculate the Fresnel Number. A barrier's effectiveness is a function
of the Fresnel number and frequency content of the source. In general, the more acute the angle
of the sound path created by the introduction of a barrier, the greater the noise reduction provided
by the barrier. Many, but not all, residences in Brentwood are shielded from view of Highway 4
by existing barriers. The SR-4 barriers in Brentwood vary considerably in height.
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Effects of Ground Cover

Ground cover also affects sound propagation. For example, soft ground is more acoustically
absorptive than paved surfaces and vegetated ground is more absorptive still. The degree of
sound absorption varies depending on the type of ground cover and distance between the noise
sources and receptors. The greater the distance between the residence and SR-4, the greater
the amount of intervening vegetation and the higher the degree of sound absorption which can
typically be expected.

Effects of Noise on People

The effects of noise on people can be divided into three categories:
Subjective effects of annoyance, nuisance, dissatisfaction;
Interference with activities such as speech, sleep, and learning; and

Physiological effects such as hearing loss or sudden startling.

Environmental noise typically produces effects in the first two categories. Workers in industrial
plants can experience noise in the third category. There is no completely satisfactory way to
measure the subjective effects of noise or the corresponding reactions of annoyance and
dissatisfaction. This is because a wide variation in individual thresholds of annoyance exists, and
different tolerances to noise tend to develop based on an individual's past experiences with noise.

An important way of predicting a human reaction to a new noise environment is the way it
compares to the existing environment (or ambient noise) to which one has adapted. In general,
the more a new noise exceeds the previously existing ambient noise level, the less acceptable
the new noise will be judged by those hearing it. With regard to increases in A-weighted noise
level, the following relationships occur (Caltrans, 2013):

It is widely accepted that the average healthy ear can barely perceive noise level changes
of 3 dBA in similar noise sources;

A change in level of 5 dBA is a readily perceptible increase in noise level; and
A 10-dBA change is recognized as twice as loud as the original source.

These relationships occur in part because of the logarithmic nature of sound and the decibel
system. Noise levels are measured on a logarithmic scale, instead of a linear scale. On a
logarithmic scale, the sum of two noise sources of equal loudness is 3 dBA greater than the noise
generated by only one of the noise sources (e.g., a noise source of 60 dBA plus another noise
source of 60 dBA generate a composite noise level of 63 dBA).

Audibility
Often people believe that, if they can hear a noise source they are impacted by that noise source.
But audibility is not a test of significance according to CEQA. If this were the case, any project

which added any audible amount of noise to the environment would be considered significant
according to CEQA. Because every physical process creates noise, the use of audibility alone
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as significance criteria would be unworkable. CEQA requires a substantial increase in noise
levels before noise impacts are identified, not simply an audible change.

Criteria for Acceptable Noise Exposure

City of Brentwood Guidelines

1993 General Plan

The City of Brentwood General Plan Noise Element which was in effect at the time the SR-4
bypass was evaluated was adopted in 1993. That Noise Element established a land use
compatibility criterion of 60 dB Ldn or less within outdoor activity areas of new residential land
uses impacted by transportation noise sources (Noise Element Policy 1.1.1). Where it is not
possible to provide a noise environment of 60 dB Ldn or less using a practical application of the
best available noise insulation measures, the 1993 Noise Element stated that an exterior noise
exposure of up to 65 dB Ldn may be allowed provided that available exterior noise level reduction
measures are implemented and interior noise levels do not exceed 45 dB Ldn within residences.

Policy 2.1.4 of the 1993 General Plan Noise Element stated that the use of sound walls along
thoroughfares is often necessary to maintain noise standards. However, the City's preferred
method of attenuating adverse noise levels is to utilize a combination of frontage roads, earth
berming and larger building setbacks along thoroughfares in new subdivision design.

The 1993 General Plan did not include guidelines for assessing noise impacts related to new
transportation projects, such as the SR-4 bypass.

2012 General Plan Update

Various Elements of the City’'s General Plan were updated in November 2012 to reflect
amendments adopted between 1993 and 2012. However, the Noise Element was not updated
during that period and the goals and policies included in the 2012 update are identical to those
adopted in the 1993 General Plan.

2014 General Plan Update

The 2014 City of Brentwood General Plan included an updated Noise Element (Chapter 10). Itis
recognized that this update was completed after the SR-4 bypass construction. Nonetheless, the
following policies and action items from the 2014 Noise Element which pertain to traffic noise are
presented below to provide acoustical context for this assessment:

Policy N 1-3: Require new development to mitigate excessive noise through best practices,
including building location and orientation, building design features, placement of
noise-generating equipment away from sensitive receptors, shielding of noise-
generating equipment, placement of noise tolerant features between noise
sources and sensitive receptors, and use of noise-minimizing materials such as
rubberized asphalt.
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Policy N 1-6:

Policy N 1-7:

Policy N 1-10:

Action N 1b:

Policy N 2-1:

Require acoustical studies for new developments and transportation
improvements that affect noise-sensitive uses such as schools, hospitals, libraries,
group care facilities, convalescent homes, and residential areas.

For projects that are required by the California Environmental Quality Act (CEQA)
to analyze noise impacts, the following criteria shall be used to determine the

significance of those impacts:

Transportation Noise Sources

Where existing traffic noise levels are less than 60 dB Ldn at the outdoor
activity areas of noise-sensitive uses, a +5 dB Ldn increase in roadway
noise levels will be considered significant;

Where existing traffic noise levels range between 60 and 65 dB Ldn at the
outdoor activity areas of noise-sensitive uses, a +3 dB Ldn increase in
roadway noise levels will be considered significant; and

Where existing traffic noise levels are greater than 65 dB Ldn at the outdoor
activity areas of noise-sensitive uses, a + 1.5 dB Ldn increase in roadway
noise levels will be considered significant.

Work with Caltrans to ensure that adequate noise studies are prepared and
alternative noise mitigation measures are considered in State transportation
projects.

Review new development projects for compliance with the noise requirements
established in this element, including the standards established in Tables N-1 and
N-2. Where necessary, require mitigation measures to achieve the noise
standards.

Recognizing that existing and future traffic noise along the State Route 4 corridor,
major arterials within Brentwood, and noise from the UPRR are areas of potential
land use conflict for existing and future development, reasonable use of this land
will be allowed with an exterior noise exposure level not exceeding 65 dB Ldn.
New development that includes noise-sensitive uses (i.e., residential) along the
State Route 4 corridor, major arterials, and the UPRR should incorporate
appropriate noise attenuation measures in order to maintain interior noise levels
of 45 dB Ldn or less. Application of this noise standard is intended to provide for
reasonable exterior noise levels while discouraging the use of excessively high
and/or unattractive sound walls.

Table N-1 of the current General Plan establishes 60 dB Ldn as the normally acceptable exterior
noise environment for residential uses. Exterior noise environments up to 75 dB Ldn are
considered “conditionally acceptable” for single-family residential uses, meaning that the
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residential use may be permitted only after detailed analysis of the noise reduction requirements
and needed noise insulation features are included in the design.

Summary of City of Brentwood General Plan Noise Standards

The past and current General Plan Noise Element guidelines establish 60 dB Ldn as being a
normally acceptable exterior noise environment for outdoor activity areas of single-family
residential uses. Noise exposure up to 65 dB Ldn was considered acceptable in the Noise
Element in effect during the SR-4 bypass development where it was not practical to achieve an
exterior noise environment of 60 dB Ldn. The current Noise Element provides for conditionally
acceptable noise exposure up to 75 dB Ldn but it is unclear if the conditionally acceptable
provision permits exterior noise environments exceeding 60 dB Ldn after mitigation. In all cases,
an interior noise level limit of 45 dB Ldn is applied to residential uses affected by transportation
noise sources.

It is important to note that the City’s noise standards, which are written in terms of the Day/Night
Average Level (Lqn), represent the 24-hour weighted average of noise received at a sensitive
location, with all noise occurring during nighttime hours penalized by 10 dB prior to averaging to
account for the greater sensitivity to noise occurring during nighttime hours. This is the common
noise metric (Lqn) used in virtually every city and county General Plan in the State of California.
Because the City’s noise standards are based on this 24-hour average of sound, they are not
based on noise generated by individual passages of particularly loud vehicles. In addition, traffic
conditions used to evaluate noise impacts and prescribe noise mitigation measures are annual
average conditions, not worst-case day conditions. If, for example, worst-case day conditions
were used to determine noise barrier heights in the City of Brentwood, then a motorcycle rally
passing a residential neighborhood even one day per year could result in impacts requiring
infeasibly tall sound walls. This is not the City’s practice.

State/Federal Guidelines

23 Code of Federal Regulations (CFR) 772 provides procedures for preparing operational and
construction noise studies and evaluating noise abatement considered for federal and Federal-
aid highway projects. Under 23 CFR 772.7, projects are categorized as Type |, Type I, or Type
Il projects. FHWA defines a Type | project as a proposed federal or federal-aid highway project
for the construction of a highway on a new location or the physical alteration of an existing highway
which significantly changes either the horizontal or vertical alignment of the highway. The
following projects are also considered to be Type | projects:

The addition of a through-traffic lane(s). This includes the addition of a through-traffic lane
that functions as a high-occupancy vehicle (HOV) lane, high-occupancy toll (HOT) lane,
bus lane, or truck climbing lane,

The addition of an auxiliary lane, except for when the auxiliary lane is a turn lane,

The addition or relocation of interchange lanes or ramps added to a quadrant to complete
an existing partial interchange,

Restriping existing pavement for the purpose of adding a through traffic lane or an auxiliary
lane,
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The addition of a new or substantial alteration of a weigh station, rest stop, ride-share lot,
or toll plaza.

If a project is determined to be a Type | project under this definition, the entire project area as
defined in the environmental document is a Type | project. A Type Il project is a noise barrier
retrofit project that involves no changes to highway capacity or alignment. A Type Il project is a
project that does not meet the classifications of a Type | or Type |l project. Type Il projects do
not require a noise analysis.

Under 23 CFR 772.11, noise abatement must be considered for Type | projects if the project is
predicted to result in a traffic noise impact. In such cases, 23 CFR 772 requires that the project
sponsor “consider” noise abatement before adoption of the final NEPA document. This process
involves identification of noise abatement measures that are reasonable, feasible, and likely to be
incorporated into the project, and of noise impacts for which no apparent solution is available.

Traffic noise impacts, as defined in 23 CFR 772.5, occur when the predicted noise level in the
design-year approaches or exceeds the Noise Abatement Criteria (NAC) specified in 23 CFR 772,
or a predicted noise level substantially exceeds the existing noise level (a “substantial” noise
increase). 23 CFR 772 does not specifically define the terms “substantial increase” or “approach”;
these criteria are defined in the Protocol, as described below.

Table 1 summarizes NAC corresponding to various land use activity categories. Activity
categories and related traffic noise impacts are determined based on the actual or permitted land
use in a given area.

The Technical Noise Supplement to the Protocol provides detailed technical guidance for the
evaluation of highway traffic noise. This includes field measurement methods, noise modeling
methods, and report preparation guidance.
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Table 1
Activity Categories and Noise Abatement Criteria (23 CFR 772)

Activity Activity Evaluation
Category  Leg[h]' Location Description of Activities

A 57 Exterior Lands on which serenity and quiet are of extraordinary
significance and serve an important public need and where the
preservation of those qualities is essential if the area is to
continue to serve its intended purpose.

B2 67 Exterior Residential.

c2 67 Exterior Active sport areas, amphitheaters, auditoriums, campgrounds,
cemeteries, day care centers, hospitals, libraries, medical
facilities, parks, picnic areas, places of worship, playgrounds,
public meeting rooms, public or nonprofit institutional
structures, radio studios, recording studios, recreation areas,
Section 4(f) sites, schools, television studios, trails, and trail
crossings.

D 52 Interior Auditoriums, day care centers, hospitals, libraries, medical
facilities, places of worship, public meeting rooms, public or
nonprofit institutional structures, radio studios, recording
studios, schools, and television studios.

E 72 Exterior Hotels, motels, offices, restaurants/bars, and other developed
lands, properties, or activities not included in A-D or F.

F Agriculture, airports, bus yards, emergency services, industrial,
logging, maintenance facilities, manufacturing, mining, rail
yards, retail facilities, shipyards, utilities (water resources,
water treatment, electrical), and warehousing.

G Undeveloped lands that are not permitted.

1 The Leq(h) activity criteria values are for impact determination only and are not design standards for noise
abatement measures. All values are A-weighted decibels (dBA).

2 Includes undeveloped lands permitted for this activity category.

California Department of Transportation (Caltrans)

The California Department of Transportation (Caltrans) Traffic Noise Analysis Protocol for New
Highway Construction and Reconstruction Projects specifies the policies, procedures, and
practices to be used by agencies that sponsor new construction or reconstruction of federal or
Federal-aid highway projects. The Protocol defines a noise increase as substantial when the
predicted noise levels with project implementation exceed existing noise levels by 12 dBA or
more. The Protocol also states that a sound level is considered to approach an NAC level when
the sound level is within 1 dB of the NAC identified in 23 CFR 772 (e.g., 66 dBA is considered to
approach the NAC of 67 dBA, but 65 dBA is not).
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Noise Guidelines Utilized in 2004 Noise Impact Study for SR-4 Bypass Project

The acoustics and air quality consulting firm of lllingworth & Rodkin, Inc., prepared a noise impact
study for State Route 4 Bypass project in 2004. That analysis presented both the local (Contra
Costa County and City of Brentwood noise standards (i.e. 60-65 dBA Ldn in residential backyards,
45 dBA Ldn inside residences), as well as the State/Federal guidelines (mitigation required where
highest hourly average noise level would approach or exceed 67 dBA Leq at residential outdoor
areas). Ultimately, the 2004 noise impact study evaluated traffic noise impacts of the bypass
relative to the 60-65 dBA Ldn exterior noise standard.

Conclusions of the 2004 Noise Impact Study

The 2004 noise impact study concluded that the SR-4 bypass project would result in exterior noise
environments exceeding 60-65 dB Ldn at some existing residences located along the study
corridor. Specifically, without mitigation, future (2025) SR-4 traffic noise levels would range from
approximately 67-75 dBA Ldn following construction of the bypass. As a result, a detailed noise
barrier analysis was conducted which determined that, following construction of feasible noise
barriers at locations where impacts were identified at existing residences, future (2025) exterior
noise exposure would range from 60-64 dBA Ldn.

The 2004 noise impact study also concluded the following with respect to new residential
development proposed adjacent to the bypass:

Future noise sensitive development within approximately 900 feet of the Bypass would be
exposed to exterior noise levels exceeding 60 dBA Ldn or greater (assuming no
intervening shielding) as a result of vehicular traffic. Within this distance, proposed noise-
sensitive uses would be exposed to exterior noise levels above “normally acceptable”
levels for new residential construction. Where exterior noise levels exceed 60 dBA Ldn,
a report must be submitted identifying the noise insulation features included in the project’s
design to maintain interior noise levels at or below 45 dBA Ldn.

As a result of this finding, a mitigation measure was developed which required the developers to
analyze impacts on a project-by-project basis and implement appropriate noise mitigation
measures to achieve satisfaction with the City’s noise standards.
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Evaluation of Current SR-4 Traffic Noise Exposures

Methodology

To quantify existing SR-4 transportation corridor noise conditions, long-term continuous noise
monitoring was conducted at 14 residences between Lone Tree Way and Marsh Creek Road
during the month of August, 2021. The monitoring sites were selected in conjunction with City of
Brentwood Staff to achieve the following goals:

Sites with variety of residential outdoor activity area (backyard) exposures to SR-4.

Sites with and without existing noise barriers.

Sites with varying barrier heights.

Sites with varying topography.

Sites with varying distances to SR-4.

Sites without significant interference from other noise sources to the maximum extent
feasible.

The disbursement of noise measurement locations along the project study corridor are shown in
Figure 3. Figures 4 and 5 show more detailed illustrations of the noise monitoring site locations.
Appendix B shows photographs of each noise measurement site. A list of sampling dates and
locations is presented in Table 2.

At each location the microphone was placed at an approximate height of 5 feet above the ground
elevation of the outdoor activity area (backyard). At monitoring Sites 5 and 11, noise
measurements were also conducted at heights of 15 feet to quantify second-floor noise exposure
without shielding by the existing noise barriers. Noise meters were placed at each residence on
a Monday and retrieved on the Friday of the same week to obtain three consecutive days of
weekday traffic noise exposure. Weekend periods were intentionally not monitored as traffic
conditions tend to be atypical on weekends.

Larson Davis Laboratories (LDL) Models 820, 831 and LXT precision integrating sound level
meters were used for the noise level measurement survey. The meters were calibrated before
and after use with an LDL Model CA200 acoustical calibrator to ensure the accuracy of the
measurements. The equipment used meets all pertinent specifications of the American National
Standards Institute for Type 1 sound level meters (ANSI S1.4). The noise level meters were
programmed to record the maximum and average noise levels during each hour of the noise
survey period, as well as other statistical descriptors.

The hourly average noise levels (Leq) were used to compute day/night average noise levels (Ldn)
for each full day of monitoring at each location. At some locations, local activities or equipment
malfunction unrelated to SR-4 traffic generated noise levels which caused anomalously elevated
hourly average noise exposure (i.e. lawn care activities, leaf blowers, condensation in
microphone, etc.). Those hours during which such conditions were present were excluded from
the computation of Ldn. It should be noted that, of the 1,152 hours of noise monitoring data
collected (16 locations x 3 days x 24 hours), only 11 hours of data were required to be excluded,
which represents less than 1% of the total hours monitored.
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Table 2

SR-4 Corridor Traffic Noise Assessment Monitoring Sites and Dates

Brentwood, California

Site Address Dates Monitored
1 2426 Tamalpais Court August 3-5, 2021
2 1121 Santa Margarita Road August 10-12, 2021
3 2282 Montecito Place August 10-12, 2021
4 2343 Spartan Place August 3-5, 2021
5* 2102 Carrera St August 3-5, 2021
6 1950 Jubilee Drive August 3-5, 2021
7 2271 Pennheart Court August 3-5, 2021
8 1880 Trenton Place August 3-5, 2021
9 1016 Malbec Court August 10-12, 2021
10 1106 Lafite Court August 3-5, 2021
11* 1683 Gamay Lane August 10-12, 2021
12 1539 Symphony Circle August 10-12, 2021
13 979 Centennial Drive August 10-12, 2021
14 1603 Chianti Lane August 10-12, 2021

* Noise measurements conducted at 15 foot microphone height as well as 5 foot height.
Source: Bollard Acoustical Consultants, Inc., 2021

Noise Monitoring Results

The results of the SR-4 traffic noise surveys are provided in terms of Ldn in Table 3. Appendix C
shows the measured hourly average (Leq) and maximum (Lmax) noise levels at each location
during each hour of the survey. Locations in Appendix C where no data is presented represent
previously discussed anomalous data points unrelated to SR-4 traffic noise.
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Table 3
SR-4 Corridor Traffic Noise Assessment Monitoring Results, dBA Ldn
Brentwood, California

Site Address Tuesday Wednesday  Thursday Average
1 2426 Tamalpais Court 64 63 65 64
2 1121 Santa Margarita Rd 62 62 61 62
3 2282 Montecito Place 64 64 63 64
4 2343 Spartan Place 59 58 59 59
5:5ft 2102 Carrera St 64 63 63 63
5:15 ft 2102 Carrera St 72 72 72 72
6 1950 Jubilee Drive 60 64 60 61
7 2271 Pennheart Court 63 63 62 63
8 1880 Trenton Place 62 61 61 61
9 1016 Malbec Court 58 58 57 58
10 1106 Lafite Court 68 68 68 68
11: 51t 1683 Gamay Lane 64 64 63 64
11: 15 ft 1683 Gamay Lane 70 70 70 70
12 1539 Symphony Circle 63 64 64 64
13 979 Centennial Drive 56 58 57 57
14 1603 Chianti Lane 62 62 63 62

* Noise measurements conducted at 15 foot microphone height as well as 5 foot height.
Source: Bollard Acoustical Consultants, Inc., 2021

The Table 3 data indicate that, with the exception of monitoring Site 10 and the unshielded 15-
foot monitoring heights of Sites 5 and 11, the measured daily and average Ldn values were all
within the range of 58 to 64 dB Ldn. Noise levels within this range are within the City’s normally
and conditionally acceptable ranges for exterior noise exposure at single-family residences within
Brentwood.

It is unclear why the computed Ldn values at monitoring Site 10 were 4 dB higher than the noise
levels measured at Sites 11 and 12, which were similarly shielded from view of SR-4 by existing
noise barriers and equidistant to the SR-4 centerline. It is possible that the enclosed patio area
behind the microphone resulted in reflections which artificially increased the overall noise
exposure at Site 10. Due to this variation in measured noise levels at Site 10 versus other nearby
sites, additional traffic noise monitoring is being conducted at Site 10.

As indicated in Table 3, computed Ldn values for the 15-foot microphone heights at Sites 5 and
11 were 6-9 dB higher than levels measured at the 5-foot microphone heights at those locations.
This difference was expected as the 15-foot microphone heights were completely unshielded by
the existing sound walls at Sites 5 and 11, and the sound wall at Site 5 was noted to be taller than
the sound wall at Site 11.
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Assuming noise levels at unshielded 2™ floor facades of existing residences located along the
SR-4 corridor in Brentwood are approximately 8 dB higher than noise levels at first floor facades,
and further assuming that newer residential construction with standard, dual-pane, STC-27
windows typically provides approximately 25 dB of exterior to interior traffic noise attenuation with
windows closed, traffic noise exposure within the second-floor rooms would range from
approximately 40 to 57 dB Ldn (excluding Site 10, where atypically elevated sound levels were
measured).

Because traffic noise exposure at first-floor elevations along the project corridor were typically
below 65 (with the exception of Site 10 where an exposure of 68 dB Ldn was measured), interior
noise levels within first-floor rooms of residences located along the SR-4 study corridor are
expected to be below the City’s 45 dBA Ldn interior noise standard, even with standard residential
construction (i.e. no upgraded STC window ratings).

As noted previously, homes constructed after the SR-4 bypass EIR was prepared were required
to submit acoustical analyses to ensure compliance with the City’s 45 dB Ldn interior noise level
standard. As such, it is likely but not certain that upgraded second-floor windows were specified
for the homes where exterior traffic noise exposure was predicted to exceed 70 dB Ldn at second-
floor building facades. Where such upgrades were specified, it is likely that interior noise
exposure within second-floor rooms would also be satisfactory relative to the City’s 45 dB Ldn
interior noise standard with windows closed.

Comparison of Measured 2021 Noise Levels with Predicted 2025 Noise Exposure

The Noise Impact Study prepared in 2004 utilized an approximate 20-year horizon for the
prediction of future traffic noise exposure (2025). As noted previously, the 2004 study predicted
future (2025) exterior traffic noise exposures ranging from 60-64 dBA Ldn after implementation of
noise mitigation measures (i.e. construction of noise barriers). The levels predicted in the 2004
study are completely consistent with the 2021 noise measurement results shown in Table 3 (59
to 64 dBA Ldn, with the exception of Site 10).

Future Traffic Noise Exposure

The extent by which traffic noise levels will increase in the future relative to current conditions is
dependent on the degree by which traffic volumes would increase over time. Because of the
logarithmic nature of the decibel scale, a relatively large increase in traffic volume would be
required for a relatively small change in traffic noise exposure. In 2018 the annual average daily
traffic volume reported by Caltrans for SR-4 at Lone Tree Way was approximately 70,000 daily
vehicles. If, for example, traffic volumes were forecast to double in the future, the corresponding
increase in exterior traffic noise exposure at residences located along the project corridor would
theoretically be 3 dB. The increase is considered theoretical because it assumes that only the
daily traffic volume would increase but that truck usage and vehicle speeds would remain the
same. In reality, it is common for vehicle speeds to decrease at traffic volume increases due to
the greater congestion resulting from the extra traffic. So, although existing traffic noise exposure
is consistent with predicted levels, it is likely that future traffic noise levels would range from 1-3
dBA higher than current levels due to increasing traffic volumes on SR-4.

Traffic Noise Analysis
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Noise Mitigation Options

Any noise problem may be considered as being composed of three basic elements: the noise
source, a transmission path, and the receiver. The appropriate acoustical treatment for a given
environment should consider the nature of the noise source (traffic) and the sensitivity of the
receiver (residential = high sensitivity). The problem should be defined in terms of appropriate
criteria (Ldn), the location of the sensitive receiver (inside and outside), and when the problem
occurs (daytime and nighttime). Traffic noise control techniques should then be selected as
feasible to provide an improved noise environment for the receiving property while remaining
consistent with local aesthetic standards and practical structural and economic limits.
Fundamental noise control techniques include the following:

Use of Setbacks

Noise exposure may be reduced by increasing the distance between the noise source and
receiving use. Setback areas can take the form of open space, frontage roads, recreational areas,
storage yards, etc. The available noise attenuation from this technique is limited by the
characteristics of the noise source, but is generally about 4 to 6 dB per doubling of distance from
the source.

For the existing residences located along the SR-4 corridor, changing the setbacks between the
roadway and residences is infeasible as both are in fixed locations. While some of the residential
development which occurred before and after the SR-4 bypass construction includes substantial
setbacks from the roadway, increasing those setbacks is not a viable mitigation measure for
residents currently residing in proximity to the SR-4 corridor.

Use of Barriers

Shielding by barriers can be obtained by placing walls, berms or other structures, such as
buildings, between the noise source (SR-4) and the receiver (existing residences). The
effectiveness of a barrier depends upon blocking line-of-sight between the source and receiver,
and is improved with increasing the distance the sound must travel to pass over the barrier as
compared to a straight line from source to receiver. The difference between the distance over 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.

Barrier effectiveness depends upon 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. An
intermediate barrier location yields a smaller path-length-difference for a given increase in barrier
height than does a location closer to either source or receiver.

For maximum effectiveness, barriers must be continuous and relatively airtight along their length
and height. To ensure that sound transmission through the barrier is insignificant, barrier mass
should be about 4 Ibs./square foot, although a lesser mass may be acceptable if the barrier
material provides sufficient transmission loss. Satisfaction of the above criteria requires
substantial and well-fitted barrier materials, placed to intercept line of sight to the noise source.
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There are practical limits to the noise reduction provided by barriers. For highway traffic noise, a
5 to 10 dB noise reduction may often be reasonably attained. A 15 dB noise reduction is
sometimes possible, but a 20 dB noise reduction is extremely difficult to achieve.

Traffic noise barriers have been used extensively in Brentwood to reduce SR-4 traffic noise
exposure at the nearest residences. The existing noise barriers, which are generally constructed
out of CMU block, were constructed before, during and after the SR-4 bypass construction. In
some areas the existing barriers were constructed immediately adjacent to SR-4 and at other
locations the barriers were constructed at the rear lot lines of the residential properties. Figure 6
shows examples of noise barriers constructed along the project corridor.

Figure 6: Existing SR-4 Traffic Noise Barriers
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Because barriers have been used extensively along the SR-4 corridor, the additional noise
attenuation provided by the construction of additional barriers or increasing the height of existing
barriers would be limited. For example, an increase in barrier height of 3 feet may yield an
additional traffic noise attenuation of 3 dBA, but a 3 dBA decrease is considered to be near the
threshold of perception. As a result, the substantial costs associated with either construction of
additional barriers or increasing the heights of existing barriers would likely render this mitigation
option infeasible.

It should be noted that the installation of new barriers immediately adjacent to SR-4 could result
in reflections which could exacerbate noise conditions at residences located on the opposite side
of SR-4 from such new barriers. While similar conditions are potentially true for the existing
barriers, the effects of such reflections from existing barriers are included in the noise
measurement results presented above.

Site Design

Buildings can be placed on a project site to shield other structures or areas, to remove them from
noise-impacted areas, and to prevent an increase in noise level caused by reflections. The use
of one building to shield another can significantly reduce overall noise control costs, particularly if
the shielding structure is insensitive to noise. As an example, carports or garages can be used
to form or complement a barrier shielding adjacent dwellings or an outdoor activity area. Similarly,
one residential unit can be placed to shield another so that noise reduction measures are needed
for only the building closest to the noise source. Placement of outdoor activity areas within the
shielded portion of a building can be an effective method of providing a quiet retreat in an
otherwise noisy environment. Patios or balconies should be placed on the side of a building
opposite the noise source, and "wing walls" can be added to buildings or patios to help shield
sensitive uses.

While site design considerations can be a favorable means of mitigating SR-4 traffic noise for new
projects, there is little to no opportunity to introduce such considerations for existing residences
located in the immediate vicinity of the SR-4 corridor. As a result, traffic noise attenuation gained
through implementation of this type of mitigation option is considered very limited and, therefore,
likely infeasible for this assessment.

Building Design

When structures have been located to provide maximum noise reduction by barriers or site
design, noise reduction measures may still be required to achieve an acceptable interior noise
environment. The cost of such measures may be reduced by placement of interior dwelling unit
features. For example, bedrooms, living rooms, family rooms and other noise-sensitive portions
of a dwelling can be located on the side of the unit farthest from the noise source.
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Bathrooms, closets, stairwells and food preparation areas are relatively insensitive to exterior
noise sources, and can be placed on the noisy side of a unit. When such techniques are
employed, noise reduction requirements for the building facade can be significantly reduced,
although the architect must take care to isolate the noise impacted areas by the use of partitions
or doors.

As with the site design mitigation option, there is little to no opportunity to introduce building design
considerations for residences which have already been constructed along the SR-4 corridor. As
a result, traffic noise attenuation gained through implementation of this type of mitigation option
is considered very limited and, therefore, likely infeasible for this assessment.

Noise Reduction by Building Facades

When interior noise levels are of concern in a noisy environment, such as along the SR-4 corridor,
noise reduction may be obtained through acoustical design of building facades. Standard
residential construction practices provide approximately 15 dB noise reduction for building
facades with open windows, and approximately 25 dB noise reduction when windows are closed.
Thus a 25 dB exterior-to-interior noise reduction can be obtained by the requirement that building
design include adequate ventilation systems, allowing windows on a noise-impacted facade to
remain closed under any weather condition. Presumably, each of the residences located in the
vicinity of the SR-4 corridor have air conditioning systems which allow doors and windows to be
closed as desired for acoustical isolation, so the introduction of air conditioning systems to existing
residences is considered to be an infeasible means of achieving additional interior noise
reductions.

Where greater noise reduction is required, acoustical treatment of the building facade is
necessary. Reduction of relative window area is the most effective control technique, followed by
providing acoustical glazing (thicker glass or increased air space between panes — higher STC
ratings) in low air infiltration rate frames, use of fixed (non-movable) acoustical glazing or the
elimination of windows. While these measures may be appropriate for future projects, the
feasibility of implementation of this type of mitigation is limited in terms of reducing the size of
windows or eliminating some windows altogether, and likely cost-prohibitive in terms of replacing
existing window glazing with window assemblies with higher rated STC values.

One option which is considered to provide appreciable additional traffic noise attenuation within
residences is the use of window inserts (i.e. soundproofwindows.com). Such inserts leave the
original window assembly intact but create an additional window which is separated from the
original window by an airspace. Clearly noticeable decreases in interior noise levels can be
achieved through this approach, which is relatively cost effective when compared to the
replacement of entire window assemblies. Table 4 shows the approximate building facade noise
traffic noise attenuation for a range of window STC ratings.
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Table 4
Building Facade Traffic Noise Attenuation as a Function of Window Sound
Transmission Class (STC)

Window STC Approximate Fagade Sound Attenuation, dBA'
27 25-28
30 28-31
35 33-36
40 38-41
45 43-46

1. The term “Approximate” us used here because actual attenuation will depend on the relative area of
the window assembly compared to the overall facade area.
Source: Bollard Acoustical Consultants, Inc., 2021

According to a representative of Soundproofwindows.com, an STC increase of 15+ points is easily
obtainable through the use of window inserts. Such an improvement would result in interior traffic
noise levels less than half as loud as levels present prior to the installation of the window inserts.
The cost to install window inserts within a residence would depend on the number and size of
windows to be fitted with the inserts, but are estimated at between $4,000 and $7,000 per
residence for the inserts. Additional costs would be incurred for installation. According to the
window insert representative, approximately 50% of their customers install the inserts themselves.

Noise transmitted through walls can be reduced by increasing wall mass (using stucco or brick in
lieu of wood siding), isolating wall members by the use of double- or staggered- stud walls, or
mounting interior walls on resilient channels. Noise control for exterior doorways is provided by
reducing door area, using solid-core doors, and by acoustically sealing door perimeters with
suitable gaskets. Roof treatments may include the use of plywood sheathing under roofing
materials.

As with several of the mitigation options previously cited, this measure would be effective for new
construction projects but likely infeasible for existing residences. If, however, door and window
seals of existing residences have been compromised over time, repair of those assemblies and/or
the installation of new weatherstripping and caulking could yield modest benefits in terms of sound
attenuation.

Use of Vegetation

Trees and other vegetation are often thought to provide significant noise attenuation. However,
approximately 100 feet of dense foliage (so that no visual path extends through the foliage) is
required to achieve a 3-5 dB attenuation of traffic noise. Thus the use of vegetation alone as a
noise barrier is not be considered a practical method of noise control unless large tracts of dense
foliage could be integrated into the existing landscape between SR-4 and the nearest residences.

Traffic Noise Analysis
State Route 4 Corridor — Brentwood, CA.
Page 23



Bollard Acoustical Consultants, Inc.

Sound Absorbing Materials

Absorptive materials such as fiberglass, foam, cloth and acoustical tiles or panels are used to
reduce reflections or reverberation in closed spaces. Their use in exterior environmental noise
control may reduce reflections between parallel noise barriers or other reflective surfaces.
Maintenance of absorptive materials used outdoors may be difficult, as most such materials are
easily damaged by sunlight and moisture. Their application as an outdoor noise control tool is
therefore limited to special cases where the control of reflected noise is critical and where the
material is sufficiently durable. However, the introduction of sound absorbing materials inside of
a residence can result in a reduction in overall sound levels through control of interior reflections
which tend to amplify sound which has permeated the building shell.

Noise-Reducing Paving Materials

Many studies have been conducted in recent years to determine the noise reduction provided by
noise-reducing asphalt. The results of those studies vary but generally indicate that the use of
rubberized asphalt can result in an average traffic noise level reduction of approximately 4 dB
over that provided by conventional asphalt overlays.

The European Commission Green Paper, published in the June 1997 edition of Noise/News
International, cites the following:

Low-noise porous road surfaces have been the subject of much research. These porous
road surfaces reduce both the generation and propagation of noise by several
mechanisms - which can be related to the open structure of the surface layer. Results
have shown that the emission noise levels can be reduced from levels generated on
equivalent non-porous road surfaces by between 3-5 dB(A) on average; by optimizing the
surface design, larger noise reductions are feasible. At present, the cost of porous asphalt
surfacing is higher than conventional surfaces (for resurfacing, but for new roads, the cost
is minimal), but may drop as contractors gain experience with porous surfaces.

Many jurisdictions have implemented the use of noise-reducing paving materials for noise control
as an alternative to the construction of noise barriers or to achieve suitable noise attenuation with
less tall barriers.

According to the City of Brentwood Public Works Director, rubberized asphalt has been used
during the SR-4 construction. As a result, the repaving of SR-4 with a surface similar to what is
currently in place would not yield an additional decrease in noise.
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Sound Masking

A final option for reducing the annoyance of SR-4 traffic noise at both interior and exterior areas
of residences located along the project study corridor is the introduction of sound masking
features. Common forms of sound masking include water features (fountains primarily) or
background noise generators (i.e. white noise machines or soundtracks of natural settings). This
mitigation option would not reduce the level of SR-4 traffic noise, but it could be useful in covering
(masking) the traffic noise with a more pleasant soundscape.

Conclusions

This analysis concludes that traffic noise levels at the majority of residences located adjacent to
the SR-4 corridor in Brentwood currently exceed the City’s “Normally Acceptable” criteria of 60
dB Ldn in the residential backyards. However, existing traffic noise levels at the vast majority of
these residential backyards are determined to be in the 60-65 dBA Ldn range considered
“Conditionally Acceptable” by the City. Furthermore, noise levels within all 1-story residences
located along the SR-4 corridor are believed to be in compliance with the City’s 45 dB Ldn interior
noise level standard but it is possible, depending on the noise attenuation of the windows installed
during construction, that interior spaces of some second-floor areas of residences along the SR-
4 corridor could exceed the City’s 45 dBA Ldn interior noise standard.

This assessment explored various options for reducing SR-4 traffic noise levels at both the
exterior and interior areas of residences located along the project study corridor. Unfortunately,
feasible options for reducing exterior noise levels are very limited.

Feasible measures which could be implemented by individual homeowners to reduce noise levels
at interior areas of their residence would primarily revolve around window upgrades or inserts,
and the introduction of sound absorbing materials within the residence.

Finally, sound masking may be a viable means to improve the ambient soundscape at individual
residences but this measure would not result in a reduction in overall traffic noise levels.

This concludes BAC's transportation corridor noise study for the SR-4 Bypass in the City of
Brentwood, California. Please contact us at (530) 537-2328 or paulb@bacnoise.com with any
guestions regarding this assessment.
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Appendix C - 6
State Route 4 Corridor 24 Hour Traffic Noise Evaluation
Tuesday, August 3, 2021 - Thursday, August 5, 2021
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Appendix C - 7

State Route 4 Corridor 24 Hour Traffic Noise Evaluation
Tuesday, August 3, 2021 - Thursday, August 5, 2021
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Appendix C - 8
State Route 4 Corridor 24 Hour Traffic Noise Evaluation
Tuesday, August 3, 2021 - Thursday, August 5, 2021
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Appendix C - 9
State Route 4 Corridor 24 Hour Traffic Noise Evaluation
Tuesday, August 10, 2021 - Thursday, August 12, 2021
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Appendix C - 10
State Route 4 Corridor 24 Hour Traffic Noise Evaluation
Tuesday, August 3, 2021 - Thursday, August 5, 2021
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Appendix C - 11- 5 Feet
State Route 4 Corridor 24 Hour Traffic Noise Evaluation
Tuesday, August 10, 2021 - Thursday, August 12, 2021
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State Route 4 Corridor 24 Hour Traffic Noise Evaluation
Tuesday, August 10, 2021 - Thursday, August 12, 2021
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Appendix C - 12
State Route 4 Corridor 24 Hour Traffic Noise Evaluation
Tuesday, August 10, 2021 - Thursday, August 12, 2021

Tuesday, August 10, 2021
/ e
= > = = = = =
<< < < o a a a
Ldn, dB = 63 e Average (Leq) @ \/aximum (Lmax)
Thursday, August 12, 2021
> > = = = = =
Ldn, dB = 64 e Average (Leq) e \aximum (Lmax)

Site 12

Sound Level, dBA

110
100
90
80
70
60
50
40
30

Wednesday, August 11, 2021

N—N'/\./\/\

> > > > > > >
<< < < a o a a
o~ < [ee] ~N < [ee] -
i - i
Ldn, dB = 64 e Average (Leq) @ aximum (Lmax)

) BOLLARD

j/// Acoustical Consultants




Sound Level, dBA

Sound Level, dBA

100
90
80
70
60
50
40
30

100
90
80
70
60
50
40
30

Appendix C - 13
State Route 4 Corridor 24 Hour Traffic Noise Evaluation
Tuesday, August 10, 2021 - Thursday, August 12, 2021
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Appendix C - 14
State Route 4 Corridor 24 Hour Traffic Noise Evaluation
Tuesday, August 10, 2021 - Thursday, August 12, 2021
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