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APPENDIX E

NOISE

FUNDAMENTALS OF ENVIRONMENTAL ACOUSTICS

Noise is defined as unwanted sound. Airborne sound is a rapid fluctuation of air pressure above and
below atmospheric pressure. Sound levels are usually measured and expressed in decibels (dB) with
0 dB corresponding roughly to the threshold of hearing. Decibels and other technical terms are
defined in Table E-1. '

Most of the sounds which we hear in the environment do not consist of a single frequency, but rather
a broad band of frequencies, with each frequency differing in sound level. The intensities of each
frequency add together 1o generate a sound. The method commonly used to quantify environmenial
sounds consists of evaluating all of the frequencies of a sound in accordance with a weighting that
reflects the facts that human hearing is less sensitive at low frequencies and extreme high frequencies
than in the frequency mid-range. This is called "A" weighting, and the decibel level so measured s
called the A-weighted sound level (dBA). In practice, the level of a sound source is conveniently
measured using a sound level meter that includes an electrical filter corresponding to the A-weighting
curve. Typical A-levels measured in the environment and in industry are shown in Table E-2 for
different types of noise.

Although the A-weighted noise level may adequately indicate the level of environmental noise at any
instant in time, community noise levels vary continuously. Most environmental noise includes a
conglomeration of noise from distant sources which Create a relatively steady background noise in
which no particular source is identifiable. To describe the time-varying character of environmental
noise, the statistical noise descuiptors, L, L, and L, are commonly used. They are the A-weighted
noise levels equaled or exceeded during 10%, 50%, and 90% of a stated time period. A single
number descriptor called the L., is now also widely used. The L., is the average A-weighted noise
level during a stated period of time.

In determining the daily level of environmental noise, it is impontant to account for the difference in
response of people to daytime and nighttime noises. During the nighttime, exterior background noises
are generally lower than the daytime levels. However, most household noise also decreases at night
and exterior noise becomes very noticeable. Further, most people sleep at night and are VEery sensitive
to noise intrusion. To account for human sensitivity 1o nighttime noise levels, a descnptor, L,
(day/night average sound level), was developed. The L, divides the 24-hour day into the daytime
of 7.00 AM 10 10:00 PM and the nighttime of 10:00 PM to 7:00 AM. The nighttime noise level is
weighted 10 dB higher than the daytime noise level. The Community Noise Equivalent Level
(CNEL) is another 24-hour average which includes both an evening and nighttime weighting.
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TABLE E-t

DEFINITIONS OF ACOUSTICAL TERMS

TERM

DEFINITIONS "

Decibel, dB

A unit describing the amplitude of sound, equal to 20 times the
logarithm 1o 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).

Frequency, Hz

The number of complete pressure fluctuations per second it
above and below atmospheric pressure.

A-Weighted Sound Level,
dBA

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.

I‘Ol’ LlO: LSO! Lﬂ)

The A-weighted noise levels that are exceeded 1%, 10%,
50%. and 90% of the time during the measurement period.

Equivalent Noise Level, L.

The average A-weighted noise level during the measurement
period.

Community Noise
Equivalent Level, CNEL

The average A-weighted noise level during a 24-hour day,
obtained after addition of 5 decibels in the evening from 7:00
pm to 10:00 pm and after addition of 10 decibels to sound
levels in the night between 10:00 pm and 7:00 am.

Day/Night Noise Level, L,

The average A-weighted noise level during a 24-hour day,
obtained after addition of 10 decibels to levels measured in the
night between 10:00 pm and 7:00 am.

L..L

mn

The maximum and minimum A-weighted noise level during the
measurement period.

Ambient Noise Level

The composite of noise from all sources near and far. The
normal or existing level of environmental noise at a given
location.

Intrusive

That noise which intrudes over and above the existing ambient
noise at a given location. The relative intrusiveness of a2 sound
depends upon its amplitude, duration. frequency, and time of
occurrence and tonal or informational content as well as the
prevailing ambient noise level.
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TABLE E-2

TYPICAL SOUND LEVELS
MEASURED IN THE ENVIRONMENT AND INDUSTRY

A-Weighted
At a Given Distance Sound Level Subjective
From Noise Source in Decibels Noise Environments Impression
140
Civil Defense Siren (1007) 130
Jet Takeoff (200") 120 Pain Threshold
110 Rock Music Concert
Pile Driver (507) 100 Very Loud
Ambulance Siren (100")
%0 Boiler Room
Freight Cars (50") Printing Press Plant
Pneumatic Drill (50°) 80 In Kitchen With
Garbage Disposat
Running
Freeway (1007)
70 Moderately Loud
Vacuum Cleaner (10%) 60 Data Processing Center
Department Store
Light Traffic (100") 50 Private Business Office
Large Transformer (200%)
40 Quiet
Soft Whisper (57) 30 Quiet Bedroom
20 Recording Studio
10 - Threshold of Hearing
0
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The effects of noise on people can be listed in three general categories:

. subjective effects of annoyance, nuisance, dissatisfaction
interference with activities such as speech, sleep, learning
. physiological effects such as startling, hearing loss

The levels associated with environmental noise, in almost every case, produce effects only in the first
two categories. Workers in industrial plants can experience noise in the last.category. Unfortunately,
there is as yet no completely satisfactory way to measure the subjective effects of noise, or of the
corresponding reactions of annoyance and dissatisfaction. This is primarily because of the wide
variation in individual thresholds of annoyance, and habituation to noise over differing individual past
experiences with noise.

Thus, an important way of determining a person’s subjective reaction to a mew noise is the
comparison of the existing environment to which one has adapted: the so-called "ambient”.

In general, the more a new noise exceeds the previously existing ambient noise level, the less
acceptable the new noise will be judged by the hearers.

With regard to increases in A-weighted noise level, knowledge of the following relationships will be
helpful in understanding this report.

Except in carefully controlled laboratory experiments, a change of 1 dB cannot be perceived.
Outside of the laboratory, 2 3 dB change is considered a just-perceivable difference.
A change in level of at least 5 dB is required before any noticeable change in community
response would be expected.

. A 10 dB change is subjectively heard as approximately a doubling in loudness, and would
almost certainly cause an adverse change in community response.
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