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INTRODUCTION
This report presents the results of the noise assessment completed for the proposed residential
development project at on a 46,464 square-foot rectangular-shaped lot at 1650 South Delaware
Street in San Mateo, California. The project intends to construct a five-story building which includes
73 residential dwelling units in four levels over one level of mixed amenity, lobby, and parking uses.
The site and surroundings are shown in Figure 1. This report assesses the compatibility of the
proposed project in relation to the noise environment at the site. The fundamentals of environmental
noise are provided first to assist those unfamiliar with acoustical terminology and concepts. A
discussion of policies and standards applicable to the project and the results of noise measurements
made at the project site are then presented to establish the setting. Impacts resulting from the project
are then assessed and mitigation measures are presented. Persons not familiar with environmental
noise analysis are referred to Appendix A for additional discussion
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Figure 1: Project Site and Vicinity
REGULATORY BACKGROUND
The State of California and the City of San Mateo have established plans and policies that are
designed to limit noise exposure at noise sensitive land uses. Plans and policies applicable to the
proposed project include: (1) Title 24, Part 2 of the State Building Code; (2) the City of San Mateo
General Plan Noise Element; and (3) the City of San Mateo Noise Ordinance
2016 CALIFORNIA BUILDING CODE, TITLE 24, PART 2.
Section 1207.4 of the current (2016) California Building Code (CBC) states that interior noise
levels attributable to exterior sources shall not exceed 45 dB(A) Ldn or CNEL (consistent with the
noise element of the local general plan) in any habitable room. Though this section does to not
explicitly apply this interior limit to multifamily residential buildings, in keeping with the
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requirements of prior editions of the CBC this limit is applied to any habitable room for new
dwellings other than detached single-family dwellings.
CITY OF SAN MATEO GENERAL PLAN
The City of San Mateo General Plan Noise Element includes policies that describe the process to
be used in evaluating development proposals with respect to noise levels as well as the standards to
be used in the evaluation process. The guidelines and standards applicable to the subject project
are as follows:
N 1.1: Interior Noise Level Standard. Require submittal of an acoustical analysis and interior
noise insulation for all “noise sensitive” land uses listed in Table N-1 that have an exterior
noise level of 60 dBA (Ldn) or above, as shown in Figure N-1. The maximum interior noise
level shall not exceed 45 dBA (Ldn) in any habitable rooms.
N 1.2: Exterior Noise Level Standard. Require an acoustical analysis for new parks, play areas,
and multi-family common open space (intended for use and the enjoyment of residents) that
have an exterior noise level of 60 dBA (Ldn) or above, see Figure N-1. Require an acoustical
analysis that uses peak hour Leq for new parks and play areas. Require a feasibility analysis of
noise reduction measures for public parks and play areas. Incorporate necessary mitigation
measures into residential project design to minimize common open space noise levels.
Maximum exterior noise should not exceed 67 dBA (Ldn) for residential uses and should not
exceed 65 dBA (Leq) during the noisiest hour for public park uses.
Implementation of N 1.1 and N1.2: Interior and Exterior Noise Level Standards.
As part of the development review process, an acoustical analysis is required for all new
project types listed on Tables N-1 and N-2 when the site noise levels exceed the noise level
standards established in the General Plan. Mitigation measures to reduce both exterior and
interior noise to acceptable levels are required as part of the analysis, and are incorporated into
the conditions of project approval.
N 2.1: Noise Ordinance. Continue implementation and enforcement of the City’s existing noise
control ordinance: a) which prohibits noise that is annoying or injurious to neighbors of normal
sensitivity, making such activity a public nuisance, and b) restrict the hours of construction to
minimize noise impact.
N 2.2: Minimize Noise Impact. Protect all “noise-sensitive” land uses listed in Tables N-1 and N2 from adverse impact caused by the noise generated by on-site new developments. Incorporate
necessary mitigation measures into development design to minimize noise impacts. Prohibit
long-term exposure increases of 3 dB (Ldn) or greater at the common property line, or new uses
which generate noise levels of 60 dB (Ldn) or greater at the property line, excluding existing
ambient noise levels.
“Noise-sensitive” land uses, such as residential neighborhoods, hotels, hospitals, schools, and
outdoor recreation areas must be protected from new development that causes discernable
increases in noise levels as a result of on-site activities. Noise generators such as machinery or
parking lots must be mitigated through physical measures or operational limits.
N 2.3: Minimize Commercial Noise. Protect land uses other than those listed as “noise sensitive”
in Table N-1 from adverse impacts caused by the on-site noise generated by new
developments. Incorporate necessary mitigation measures into development design to
minimize noise impacts. Prohibit new uses that generate noise levels of 65 dB (Ldn) or above at
the property line, excluding existing ambient noise levels.
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Commercial and industrial areas typically tolerate higher noise levels than residential
neighborhoods. However, some control is necessary for new development within nonresidential areas so that exceptionally noisy uses are restricted.
Implementation of N 2.2 and N 2.3: Minimize Noise.
Where the potential exists for noise impacts inconsistent with these policies, a noise report
identifying noise impacts and mitigation measures is required as part of the development
review process. Mitigation measures are then incorporated as conditions of the project
approval.
N 2.4: Traffic Noise. Recognize projected increases in ambient noise levels resulting from traffic
increases, as shown on Figure N-2. Promote the installation of noise barriers along highways
where “noise-sensitive” land uses listed in Table N-1 are adversely impacted by unacceptable
noise levels [60 dB (Ldn) or above]. Require adequate noise mitigation to be incorporated into
the widening of SR 92 and US 101. Accept noise increases on El Camino Real at existing
development, and require new multi-family development to provide common open space
having a maximum exterior noise level of 67 dB (Ldn).
Implementation N 2.4: Traffic Noise.
Sound walls have been constructed along US 101. Preliminary design work has not yet started
on the widening of SR 92; however, the issue of sound walls will be addressed during both the
design and environmental review phases of the project. Noise standards for development along
El Camino Real are imposed on a case-by-case basis consistent with this policy's guidelines.
New multi-family developments are required to comply with exterior noise standards as part of
the development review process for consistency with the State Building Code.
The City recognizes that traffic will increase during the next 20 years, and that mitigating
traffic noise is very difficult, except in certain instances. The installation of sound walls along
highways is supported as an effective means of reducing this major impact. Sound walls are
not appropriate, however, in residential neighborhoods or along major streets due to their
visual impact and the need for street access points, which diminishes the effectiveness of the
barriers.
N 2.5: Railroad Noise. Promote the installation of noise barriers along the railroad corridor where
“noise-sensitive” land uses are adversely impacted by unacceptable noise levels [60 dB (Ldn) or
greater]. Promote adequate noise mitigation to be incorporated into any rail service expansion
or track realignment. Study the need of depressing the rail line to eliminate at-grade crossings
or other mitigation measures to decrease noise levels prior to substantial expansion of the rail
service.
Implementation N 2.5: Railroad Noise.
The Joint Powers Authority has completed a study of electrification of the rail lines, and has
adopted a policy for its implementation. Electrification of the rail line, in conjunction with the
elimination of at-grade crossings, would greatly reduce railroad noise impacts. Installation of
noise barriers is analyzed on a project-by-project basis for development adjacent to the
railroad. Noise impacts were also considered in the examination of alignment alternatives in
the railroad corridor study.
Another noise source that can be mitigated is the railroad corridor. The City supports the
installation of sound walls along the rail line. If substantial increases in rail service occur as
projected in the Circulation Element, the need for both noise mitigation and grade separation
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of the rail line and streets will increase. To achieve both objectives, the City and the Joint
Powers Authority should consider depressing the rail line, particularly in the Downtown.
TABLE N-1
NOISE SENSITIVE LAND-USE COMPATIBILITY GUIDELINES FOR
COMMUNITY NOISE ENVIRONMENTS1
Day-Night Average Sound Level (Ldn), Decibels, dBA
Normally
Conditionally
Normally
Land-Use Category
Acceptable2
Acceptable3
Unacceptable4
Single-Family Residential
50 to 59
60 to 70
Greater than 70
Multi-Family Residential
50 to 59
60 to 70
Greater than 70
Hotels, Motels, and Other Lodging Houses
50 to 59
60 to 70
Greater than 70
Long-Term Care Facilities
50 to 59
60 to 70
Greater than 70
Hospitals
50 to 59
60 to 70
Greater than 70
Schools
50 to 59
60 to 70
Greater than 70
Multi-Family Common Open Space
Intended for the Use and Enjoyment of
50 to 67
-Greater than 67
Residents
TABLE N-2
NOISE GUIDELINES FOR OUTDOOR ACTIVITIES
Average Sound Level (Leq), Decibels, dBA
Normally
Conditionally
Normally
2
3
Land-Use Category
Acceptable
Acceptable
Unacceptable4
Parks, Playgrounds
50 to 65*
-Greater than 65*
1 These guidelines are derived from the California Department of Health Services, Guidelines for the Preparation and Content
of the Noise Element of the General Plan, 2003. The State Guidelines have been modified to reflect San Mateo's preference for
distinct noise compatibility categories and to better reflect local land-use and noise conditions. It is intended that these
guidelines be utilized to evaluate the suitability of land-use changes only and not to determine cumulative noise impacts. Land
uses other than those classified as being “noise sensitive” are exempt from these compatibility guidelines.
2 Normally Acceptable – Specified land use is satisfactory, based upon the assumption that any buildings involved are of
normal conventional construction, without any special noise insulation requirements.
3 Conditionally Acceptable – New construction should be undertaken only after a detailed analysis of the noise reduction
requirement is conducted and needed noise insulation features included in the design.
4 Normally Unacceptable – New construction should be discouraged. If new construction or development does proceed, a
detailed analysis of the noise reduction requirements must be made and needed noise insulation features included in the
design.
* Average Sound Level (Leq) for peak hour.

CITY OF SAN MATEO MUNICIPAL CODE.
The City’s Municipal Code contains a Noise Ordinance that limits noise levels at adjacent
properties. Section 7.30.040 and Table 7.30.040 of the Municipal Code outlines residential
property noise limits. The applicable Municipal Code sections are presented below:
7.30.030 DESIGNATED NOISE ZONES. The properties hereinafter described are hearby
assigned the following noise zones;
Noise Zone 1 All property in any single family residential zone (including adjacent parks and
open space) as designated on the City’s zoning map prepared pursuant to the
provisions of Tile 27, or any revisions thereto.
Noise Zone 2 All property in any commercial/mixed residential, multi-family residential, specific
plan district or PUD as designated on the City’s zoning map prepared pursuant to
the provisions of Tile 27, or any revisions thereto.
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7.30.040 MAXIMUM PERMISSIBLE SOUND LEVELS.
(a) It is unlawful for any person to operate or cause to be operated any source of sound at any
location within the city or allow the creation of any noise on property owned, leased, occupied
or otherwise controlled by such person, which causes the noise level when measured on any
other property to exceed:
(1) The noise level standard for that property as specified in Table 7.30.040 for a cumulative
period of more than thirty minutes in any hour;
(2) The noise level standard plus five dB for a cumulative period of more than fifteen minutes
in any hour;
(3) The noise level standard plus ten dB for a cumulative period of more than five minutes in
any hour;
(4) The noise level standard plus fifteen dB for a cumulative period of more than one minute in
any hour; or
(5) The noise level standard or the maximum measured ambient level, plus twenty dB for any
period of time.
(b) If the measured ambient level for any area is higher than the standard set in Table 7.30.040,
then the ambient shall be the base noise level standard for purposes of subsection (a)(1) of this
section. In such cases, the noise levels for purposes of subsections (a)(2) through (a)(5) of this
section shall be increased in five dB increments above the ambient.
Table 7.30.040
NOISE LEVEL STANDARDS*
Noise Zone
Time Period
Noise Level (dB)
Noise Zone 1
Noise Zone 2
Noise Zone 3
Noise Zone 4

10 p.m.--7 a.m.
7 a.m.--10 p.m.
10 p.m.--7 a.m.
7 a.m.--10 p.m.
10 p.m.--7 a.m.
7 a.m.--10 p.m.
Anytime

50
60
55
60
60
65
70

* Source: Adapted from “The Model Community Noise Control Ordinance,” Office of Noise Control, California
Department of Health.
(Ord. 2004-16 § 1, 2004).

7.30.060 SPECIAL PROVISIONS
(e) Construction. Construction, alteration, repair or land development activities which are
authorized by a valid city permit shall be allowed on weekdays between the hours of seven
a.m. and seven p.m., on Saturdays between the hours of eight a.m. and five p.m., and on
Sundays and holidays between the hours of noon and four p.m., or at such other hours as may
be authorized or restricted by the permit, if they meet at least one of the following limitations:
(1) No individual piece of equipment shall produce a noise level exceeding ninety dB at a
distance of twenty-five feet. If the device is housed within a structure or trailer on the
property, the measurement shall be made outside the structure at a distance as close to
twenty-five feet from the equipment as possible.
(2) The noise level at any point outside of the property plane of the project shall not exceed
ninety dB.
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EXISTING NOISE ENVIRONMENT
The project site, located at 1650 South Delaware Street, is currently developed with an American
Automobile Association (AAA) office building and its associated parking lot. The site is bordered
to the south and west by the future Station Park Green development, the north by a United States
Post Service (USPS) Office and mail processing facility to the north. An R1-C single-family
residential neighborhood, zoned is located to the east of the site, opposite S. Delaware Street. The
General Plan designation and zoning of the project site and the adjacent sites to the north, south,
and west is Transit Oriented Development (TOD). The existing noise environment at the site and
in the vicinity results primarily from traffic on S. Delaware Street activities at the USPS mail
processing facility, distant construction activities on the Station Park Green development site and
rail passbys on the Caltrain line beyond the Station Park Green site.
To evaluate the existing noise environment on the project site two (2) long term and one (1) short
term noise measurements were conducted. The approximate location of these measurements
relative to the site and immediate project vicinity are shown in Figure 2. The long-term
measurements (LT-1 and LT-2) were conducted simultaneously over a 96-hour weekday/weekend
period between 3:00 p.m. on Thursday, November 9th and 3:00 p.m. on Monday, November 13th,
2017. The short-term measurement was conducted on Monday, November 13th, 2017 between
2:30 and 2:40 pm.

LT-2
LT-1

PROJECT SITE

ST-1
Figure 2: Site Plan and Noise Measurement Locations
All noise measurements were made with Larson Davis Model 820 Integrating Sound Level Meters
set at “slow” response. The sound level meters were equipped with a G.R.A.S. Type 40AQ ½ inch random incidence microphones fitted with windscreens. All instrumentation used meets the
requirements of the American National Standards Institute (ANSI) SI.4-1983 for Type 1 use. The
sound level meters were calibrated prior to the noise measurements using a Larson Davis Model
CAL200 acoustical calibrator. During the measurement period the weather was clear with no
precipitation.
The first long-term sound level measurement (LT-1) was conducted on the trunk of a tree at a
distance of approximately 50 feet from the centerline of S. Delaware Street, which is the
approximate setback of the 1st floor lobby from the roadway centerline. Thus, this measurement
represents the existing noise environment the closest non-residential facades of the project building
to S. Delaware Street. Noise levels measured at this site were produced by roadway and more
distant parking lot traffic. The hourly trend in noise levels at this location, including the energy
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equivalent noise level (Leq), maximum (Lmax), minimum (Lmin), and the noise levels exceeded 1,
10, 50, and 90 percent of the time (indicated as L01, L10, L50, and L90) are shown on Chart 1.

The average weekday noise levels at this location ranged from 64 to 72 dBA Leq during the day,
and 55 to 70 dBA Leq at night, the average weekend noise levels ranged from 62 to 71 dBA Leq
during the day and 55 to 63 dBA Leq at night. The calculated average day/night noise level (Ldn) at
this location ranged from 67 and 71 dBA, with an overall Ldn of 70 dBA.
The short-term measurement (ST-1) was conducted at a distance of approximately 80 feet from the
centerline of S. Delaware Street, which is the approximate setback of the closest residential units from
the roadway centerline. Thus, this measurement represents the existing noise environment the closest
residential facades of the project building to S. Delaware Street. The results of the short-term
measurements are summarized in Table 1. The calculated average day/night noise level (Ldn) at this
location ranged from 65 and 69 dBA with an overall Ldn of 68 dBA.
Table 2: Summary of Short-Term Noise Measurement Results
Location
Lmax
ST-2: 80 ft. to S. Delaware centerline 82

Measured Noise Levels (dBA)
Estimated
L01 L10 Leq L50 L90 Lmin Overall Ldn (dBA)
75
70
67
65
57
53
68 dBA

The second long-term sound level measurement (LT-2) was conducted on the trunk of a tree on the
northern property line at the approximate set back of the western edge of the building, about 320
feet from the centerline of S. Delaware Street and 75 feet from the western property line. Noise
levels measured at this site were produced by site parking lot use, activities at the mail processing
facility, traffic on S. Delaware Street, and distant construction activities on the Station Park Green
development site and rail passbys on the Cal Train line beyond the Station Park Green site. The
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hourly trend in noise levels at this location, including the energy equivalent noise level (Leq),
maximum (Lmax), minimum (Lmin), and the noise levels exceeded 1, 10, 50, and 90 percent of the
time (indicated as L01, L10, L50, and L90) are shown on Chart 2.

The average weekday noise levels at this location ranged from 53 to 65 dBA Leq during the day,
and 47 to 62 dBA Leq at night, the average weekend noise levels ranged from 50 to 70 dBA Leq
during the day and 46 to 58 dBA Leq at night. The calculated average day/night noise level (Ldn) at
this location ranged from 60 and 63 dBA, with an overall Ldn of 63 dBA.
FUTURE NOISE ENVIRONMENT
Based on the results of the noise survey, the major noise sources affecting the project site were
determined to be vehicle traffic S. Delaware Street to the east and operational activities at the
USPS facility to the north. Distant noise from the Cal Train line to the west also contributed the
noise environment. Under future conditions, noise from the USPS facility and the Cal Train line
are expected to remain relatively constant, with the noise exposures at the northern, western, and
southern building facades remaining in the low to mid-60 dBA Ldn range.
However, traffic noise on area roadways is expected to increase by 1-2% in volume per year due to
a result of general growth throughout the City and surrounding region. Based on this future traffic
volume estimate, the future noise environment on the eastern portion of the project site is expected
to increase by approximately 1 decibel over existing noise levels, resulting in a noise level of 71
dBA Ldn at the eastern façade of the 1st floor lobby and a noise level of 68 dBA Ldn at the
easternmost residential façades of the project building.
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RESIDENTIAL NOISE ASSESSMENT
EXTERIOR NOISE ASSESSMENT
A review of the project’s site plan indicates that the project provides a ground level outdoor use
area on the western edge of the site adjacent to the planned open space of the Station Green
Development. A review of the site plan shows that this will be acoustically shielded by
intervening project structure from S. Delaware Street such that sound levels in this area would be
below 65 dBA Ldn. The project also provides private decks for individual residences on the 2nd
through 5th levels. A review of the building and site plans shows that these decks will receive
varying degrees of acoustically shielded by intervening project structure from S. Delaware Street,
such that sound levels at these decks would be below 67 dBA Ldn. All of these exterior noise levels
are considered “normally acceptable” for Multi-Family Common Open Space areas by the City of
San Mateo General Plan Noise Element. Therefore, noise levels at exterior use areas on the project
site will comply with the General Plan noise limits, and no noise reduction measures will be
needed.
Exterior Noise Control
No noise reduction measures will be needed.
INTERIOR NOISE ASSESSMENT
The City of San Mateo and the State of California require that interior noise levels within new
multifamily residential units be maintained at or below 45 dBA Ldn. As discussed above,
unshielded façades of the residences proposed on the eastern building façade nearest S. Delaware
Street would be exposed to future noise levels of up to 68 dBA Ldn. The future noise levels at the
northern, western and southern facades will be lower, but are expected to exceed an Ldn of 60
dBA. Considering these findings, the exterior noise levels at the proposed residential facades of
the project building would be considered “conditionally acceptable” by the City of San Mateo
General Plan Noise Element. Under such conditions the General Plan Noise Element requires that
new construction should be undertaken only after a detailed analysis of the noise reduction
requirement is conducted and needed noise insulation features included in the design.
Based on a review of project elevations, it appears that the exterior walls may be finished with stucco
siding. Though the assemblies of the walls have not yet been determined, they are also expected to be
wood stud framed walls and based on typical California construction techniques it is assumed that they
will also include cavity insulation and a single layer of gypsum board at the interior face. Considering
this and that the stucco would be full 7/8” thick stucco, the sound isolation rating of the exterior wall
assembly would be STC 461.
Considering this exterior wall assembly and exterior door and window percentages of between 20%
and 40% of the exterior wall area, with closed standard thermal insulating windows and weather sealed
doors, the exterior noise levels will be reduced within the residential interiors by between 25 to 27
dBA. When windows or doors are open the noise attenuation from exterior to interior is typically
reduced by 10 to 12 dBA, such that for this project we would expect exterior to interior noise reduction
to be between 13 to 19 dBA with open windows and/or doors. Based on this consideration, closed
standard thermal insulating windows and weather sealed doors will be sufficient to allow interior noise
levels to be an Ldn of 45 dBA or less. Thus, standard thermal insulating windows and weather sealed
doors would be acceptable throughout the project.

1

Based on laboratory test number W-50-71 published by the U.S. National Bureau of Standards.
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However, considering the exterior to interior attenuation with open windows, the interior noise
standard of 45 dBA Ldn of may not be met with open windows in areas where the exterior noise
levels exceed an Ldn of 58 dBA. In view of our future noise exterior projections, in which all
exterior noise levels at the residential facades would be 60 dBA Ldn of higher, all residences
require the inclusion of mechanical ventilation systems to allow occupants to keep windows closed
to control noise.
Interior Noise Control
Mechanical Ventilation
Because all residential units at the project are expected to be exposed to exterior noise levels of 60
dBA Ldn or more, they will require the inclusion of mechanical ventilation systems, satisfactory to
the local building official, to allow occupants to keep windows closed to control noise. These
systems can include an acoustically rated straight air transfer duct such as the Fresh 80, 90 or 100dB units by Fresh Ventilation or equal. In our experience a standard central air conditioning
and/or a central heating system with adequate fresh air supply, equipped with a ‘summer switch’
that allows the fan to circulate air without furnace operation can also provide adequate mechanical
ventilation to provide a habitable interior environment.
Exterior Wall/Window/Door Sound Reduction
Considering the use of 7/8” stucco siding at the exterior walls, closed standard thermal insulating
exterior doors and windows at residential units (perimeter or interior), which though nonacoustically rated typically achieve sound isolation equivalent to an STC rating of 26, will be
sufficient to limit on interior noise levels attributable to exterior environmental noise sources of 45
dBA Ldn and thus residences at the project will not require sound-rated windows or doors.
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APPENDIX A:
FUNDAMENTAL CONCEPTS OF ENVIRONMENTAL ACOUSTICS
Noise may be defined as unwanted sound. Noise is usually objectionable because it is disturbing
or annoying. The objectionable nature of sound may be caused by either its pitch or its loudness.
Pitch is the height or depth of a tone or sound, depending on the relative rapidity (frequency) of
the vibrations by which it is produced. Higher pitched signals sound louder to humans than
sounds with a lower pitch. Loudness is intensity of sound waves combined with the reception
characteristics of the ear. Intensity may be compared with the height of an ocean wave in that it
is a measure of the amplitude of the sound wave.
In addition to the concepts of pitch and loudness, there are several noise measurement scales that
are used to describe noise in a particular location. A decibel (dB) is a unit of measurement that
indicates the relative amplitude of a sound. The zero on the decibel scale is based on the lowest
sound level that the healthy, unimpaired human ear can detect. Sound levels in decibels are
calculated on a logarithmic basis. An increase of 10 decibels represents a ten-fold increase in
acoustic energy, while 20 decibels is 100 times more intense, 30 decibels is 1,000 times more
intense, etc. There is a relationship between the subjective noisiness or loudness of a sound and
its intensity. Each 10-decibel increase in sound level is perceived as approximately a doubling of
loudness over a fairly wide range of intensities. For lesser increases of sound from the same or
similar sources, a 6 dB change is perceived to be a “noticeable” change and a 3 dB change to be
just perceptible. Technical terms are defined in Table 1. There are several methods of
characterizing sound. The most common in California is the A-weighted sound level or dBA.
This scale gives greater weight to the frequencies of sound to which the human ear is most
sensitive. Representative outdoor and indoor noise levels in units of dBA are shown in Table 2.
Because sound levels can vary markedly over a short period of time, a method for describing
either the average character of the sound or the statistical behavior of the variations must be
utilized. Most commonly, environmental sounds are described in terms of an average level that
has the same acoustical energy as the summation of all the time-varying events. This energyequivalent sound/noise descriptor is called Leq. The most common averaging period is hourly,
but Leq can describe any series of noise events of arbitrary duration.
The scientific instrument used to measure noise is the sound level meter. Sound level meters can
accurately measure environmental noise levels to within about plus or minus 1 dBA. Various
computer models are used to predict environmental noise levels from sources, such as roadways
and airports. The accuracy of the predicted models depends upon the distance the receptor is
from the noise source. Close to the noise source, the models are accurate to within about plus or
minus 1 to 2 dBA.
Since the sensitivity to noise increases during the evening and at night -- because excessive noise
interferes with the ability to sleep -- 24-hour descriptors have been developed that incorporate
artificial noise penalties added to quiet-time noise events. The Day/Night Average Sound Level,
Ldn, is a measure of the cumulative noise exposure in a community, with a 10 dB penalty added
to nighttime (10:00 pm - 7:00 am) noise levels. The Community Noise Equivalent Level, CNEL,
is a measure of the cumulative noise exposure in a community, with a 5 dB penalty added to
evening (7:00 pm - 10:00 pm) and a 10 dB addition to nocturnal (10:00 pm - 7:00 am) noise
levels.
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TERM

DEFINITIONS

Decibel, dB
Frequency, Hz
A-Weighted
Sound Level,
dBA

L01, L10, L50, L90
Equivalent
Noise Level, Leq

A unit describing the amplitude of sound, equal to 20 times the logarithm to
the base 10 of the ratio of the pressure of the sound measured to the reference
pressure, which is 20 micropascals (20 micronewtons per square meter).
The number of complete pressure fluctuations per second above and below
atmospheric pressure.
The sound pressure level in decibels as measured on a sound level meter
using the A-weighting filter network. The A-weighting filter de-emphasizes
the very low and very high frequency components of the sound in a manner
similar to the frequency response of the human ear and correlates well with
subjective reactions to noise. All sound levels in this report are A-weighted,
unless reported otherwise.
The A-weighted noise levels that are exceeded 1%, 10%, 50%, and 90% of
the time during the measurement period.
The average A-weighted noise level during the measurement period.

The average A-weighted noise level during a 24-hour day, obtained after
Day/Night Noise
addition of 10 decibels to levels measured in the night between 10:00 pm and
Level, Ldn
7:00 am.
Community
The average A-weighted noise level during a 24-hour day, obtained after
Noise
addition of 5 decibels in the evening from 7:00 pm to 10:00 pm and after
Equivalent
addition of 10 decibels to sound levels in the night between 10:00 pm and
Level, CNEL
7:00 am.
The maximum and minimum A-weighted noise level during the measurement
Lmax, Lmin
period.
Ambient Noise
Level
Intrusive

The composite of noise from all sources near and far. The normal or existing
level of environmental noise at a given location.
That noise which intrudes over and above the existing ambient noise at a
given location. The relative intrusiveness of a sound depends upon its
amplitude, duration, frequency, and time of occurrence and tonal or
informational content as well as the prevailing ambient noise level.

Definitions Of Acoustical Terms

Table 1

ILLINGWORTH & RODKIN, INC. /Acoustical Engineers
Effects of Noise
Sleep and Speech Interference: The thresholds for speech interference indoors are about 45 dBA if
the noise is steady and above 55 dBA if the noise is fluctuating. With intruding noise at 45 dBA
conversations at normal vocal levels could be held between two persons at a distance about 10 feet
(or across a typical room in a residential setting) and with intruding noise at 55 dBA conversations at
normal vocal levels could be held between two persons at a distance of about 3 feet2 (or the typical
distance of persons sitting or standing near one another).

2

Kryter Karl D., The effects of Noise on Man, Second Edition, Academic Press, Inc. London, 1985, Table 4.4, p.96
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Outdoors the thresholds are about 15 dBA higher. Steady noise of sufficient intensity; above 35
dBA, and fluctuating noise levels above about 45 dBA have been shown to affect sleep. Interior
residential standards for multi-family dwellings are set by the State of California at 45 dBA Ldn.
Typically, the highest steady traffic noise level during the daytime is about equal to the Ldn and
nighttime levels are 10 dBA lower. The standard is designed for sleep and speech protection and
most jurisdictions apply the same criterion for all residential uses.

Noise Source
(Given Distance)

A-Weighted
Sound Level

Noise Environments

Subjective
Impression

140
Civil Defense Siren (100')

130

Jet Takeoff (200')

120
110

Diesel Pile Driver (100')

Light Traffic (100')
Large Transformer (200')

Soft Whisper (5')

Rock Music Concert

100
90

Freight Cars (50')
Pneumatic Drill (50')
Freeway (100')
Vacuum Cleaner (10')

Pain Threshold

Very Loud
Boiler Room
Printing Press Plant

80
70

In Kitchen With Garbage
Disposal Running

60

Data Processing Center

50

Department Store

40

Private Business Office

30

Quiet Bedroom

20

Recording Studio

10

Moderately Loud

Quiet

Threshold of
Hearing

0

Typical Sound Levels in the Environment & Industry

Table 2

ILLINGWORTH & RODKIN, INC. /Acoustical Engineers
Typical structural attenuation is 12-17 dBA with open windows. With closed windows in good
condition, the noise attenuation factor is around 20 dBA for an older structure and 25 dBA for a
newer dwelling. Sleep and speech interference is therefore possible when exterior noise levels are
about 57-62 dBA with open windows and 65-70 dBA if the windows are closed.
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Annoyance: Attitude surveys are used for measuring the annoyance felt in a community for noises
intruding into homes or affecting outdoor activity areas. In these surveys, it was determined that the
causes for annoyance include interference with speech, radio and television, house vibrations, and
interference with sleep and rest. The Ldn as a measure of noise has been found to provide a valid
correlation of noise level and the percentage of people annoyed. People have been asked to judge the
annoyance caused by aircraft noise and ground transportation noise. There continues to be
disagreement about the relative annoyance of these different sources. When measuring the
percentage of the population highly annoyed, the threshold for ground vehicle noise is about 55 dBA
Ldn. At an Ldn of about 60 dBA, approximately 2 percent of the population is highly annoyed.
When the Ldn increases to 70 dBA, the percentage of the population highly annoyed increases to
about 12 percent of the population. There is, therefore, an increase of about 1 percent per dBA
between an Ldn of 60-70 dBA. Between an Ldn of 70-80 dBA, each decibel increase increases by
about 2 percent the percentage of the population highly annoyed.
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