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i.0 INTRODUCTION

A person's acoustical environment consists of the sound that he hears at
any instant of time, The sound may be pleasant ond desirable, or it may be discordant
and unwanted. In the latfer case, the sound is calied "noise”, which is defined simply
as "unwanted sound",

If o noise is sufficiently loud, it may intefere with one's ability to con-
verse with another person, disturb sleep, add to the risk of hearing domage, or other-
wise annoy the listener. A noise which adversely affects people in this manner can be
considered to pollute the acoustical environment. Thus, noise pollution is the contam-
ination of the acoustical enviranment by noises which odversely affect people.

A person indoors may experience noise pollution from sources located
indoors, such as a vacuum cleaner, air conditioner, or someone else's radio. Or, he
may experience noise pollution which enters the house through a closed or partially
opened window from sources located outdoors, such as motorcycles, aircraft, dnd
power lawnmowers. * A person outdoors is also subject to noise pollution from outdoor
sources, in addition to nearby indoor sources such as o loud radio in a rcom with open
windows,

All aspects of noise pollution, with the exception of occupational noise,
together with a deseription of the noise characteristics and potential noise control for
all principal noise sources, and a review of the legal status of noise pollution are con-
tained in the Environmental Pratection Agency Report ’ to Congress.

This report addresses the part of the overall naise poliution problem
which is associated with outdoor noise in the community, It attempts to provide a
quantitative fromework for understanding the nature of the ocutdoor noise environment
and the reaction of people and community to its various aspects. The detailed informa-
tion in this report provides backup to the summary material in the EPA report, as well
as additional material relevant to meaningful measures of the noise enviranment for

both future community noise monitering and research purposes,

* Superscripts refer to references at the end of this report,
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Chapter 2 contains an introduction to the basic measures of the noise
environment and the manner with which they vary throughout o 24-hour day at a sing!
location. Chapter 3 presents the general results of 24~hour noise surveys at 18 locatic
which ranged from the wilderness to the downtown city, The locations were deliberah
chosen to encompass the range of outdoor noise environments which affect citizens in
their daily life, outside of work. The data also provide a test of the relationship amos
various measures of noise for a wide variaty of noise environments.

Chapter 4 discusses the nature of some of the constent and intemitrent

intruding sounds which are common in our society, and the constraints that these
£

-

intruding noises place on speech communication and other human activities. Chopter
discusses annoyance and community reaction to noise, developing a useful correlation
between physical measures of an infruding noise, related factors, and community
reaction, Chapter 6 discusses the growth of noise pollution over the past two decades,
and Chapter 7 contains summary conclusions and recommendations.

Appendix A give: o detailed summary of the data obtained at the
18 locations surveyed, Appendix B gives typical examples of the spectra of the

intruding noises and Appendix C contains a glossary of terms.
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2.0 DESCRIPTION OF THE QUTDOOR NOISE ENVIRONMENT

The description of community noise and its degree of noise pollution
requires description of all the neises in the outdoor acoustical environment. The out-
door noise environment varies greatly in magnitude and character among various loca-
tions throughout a community — from the quiet suburban areas bordering on farm land to
the din of traffic in the downtown city canyon. It generally varies with time of day in
each location, being relatively quiet ot night when people-activities are ot a minimum
and noisier in the late afterncon during the 5 o'clock traffic rush. lts effects may be
experienced by people either in or out of doors. Thus, the task of describing community
noise is to determine the time and location voriations in the ocutdoor neise environment
throughout the community in such @ manner that the descriptions are relevant to its
effects on people, located either indoors or outdoors, This chapter reviews the basic
and statistical descriptions of the time variation of the outdoor environment at o

specific location, and Chapter 3 reviews the general range of the expected variation
with location,

2.1 Basic Physical Description
A complete physical description of a sound must account for its frequency

spectrum, its overall sound pressure level, and the variation of both of these quantities
with time, Because it is awkward to present and understand data which have three
dimensions, considerable effort has been expended during the last 50 years to develop
scales which reduce the number of these dimensions,

Most of the effort has been focused on combining measures of the frequency
content and overall level into a quantity proportional to the magnitude of the
sound as heard by o person, The simplest approach found to date is to electranically
weight the amplitudes of the various frequencies approximately in accordance with o
person's hearing sensitivity and sum the resulting weighted spectrum to obtain a single
number, This method is illustrated in Figure 1 for the A-weighting contained in a
The A-weighting has been available in sound level meters since

sound level meter.3
the late 1930' and has been utilized extensively for measurement of all types of sounds.
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Because the A-weighting is not a perfect solution for the accounting of
man's perception of the frequency characteristics of a sound, many other scales have
been developed which attempt to better quantify "loudness" and/or "noisiness,"

One of these, the tone-corrected perceived noise lewal,9 better accounts for the ear's
frequency response function, and also has the ability to differentiate between noises
which are broadband random (roar) in nature ond those which contain high frequency
pure tones (siren), penalizing the latter. For most sounds, the perceived noise level
exceeds the A-weighted noise level by 13 dB, the differences typically ranging
between 11 and 17 dB, depending primarily upon the emount of the correction for pure
fones.g’ 10,11 Becouse the perceived noise level secale is somewhat mare exoct than
the A-weighting in reloting the physical characteristics of a sound to perceived noisi-
ness, parﬁculorl.y for aircraft noises, it has become a major element in the noise scale

used for certifying circruﬁ.]z' 13

The tone~corrected perceived noise level scale and the better loudness
summations require complex measurement instrumentation ond data analysis to define
sound. Therefore, they have found little application in the meosurement of outdoer
noise in the community, where the simple A-weighted sound level meter appears to
serve the purpose quite adequately. Accordingly, the A-weighting is the principal
measure of the mognitude of sound used in this report, accounting for both spectrum and
overall level.

To complete the description of the outdoor noise environment at a specific
location, it is necessary to account for the temporal pattern of the A-weighted noise
level, The temporal pattern is most easily observed on a cantinuous graphic level
recording, such as the two 8~minute somples illustrated in Figure 2,

The first striking feoture of these two samples is that the noise level varies
with time over a range of 33 dB, which is greater than an eight=fold range of noisiness.

The second major feature of the samples is that the noise appears to be
charocterized by a fairly steady lower level upon which is superimposed the increased

levels associated with discrete single events, This fairly constant lower level is called
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the residual noise level. The continuous noise one hears in the backyard at night when
no single source can be identified, and which seems to come from "all around," is an
example of residual noise. Distinct sounds which are superimposed on the residual noise
level, such as the circraff overflight, cars, and dogs barking (Figure 2) can be classi-
fied as intiusive noisas.

The third feature in these two samples is the difference in the noise level -
time patterns among the various sounds. The noise level of the aircraft in this exomple
is above that of the residual noise level for approximately B0 seconds, whereas the noise
levels from the cars passing by on the street are above the residual noise level for much
shorter durations which range between about § and 20 seconds. Clearly, if the noise
associated with these single events were of sufficient magnitude o intrude on an indi-
vidual's activities ~ conversation, thinking, watching television, et cetera — the dura~
tion factor might be expected to affect his degree of annoyance. Similarly, it might

be anticipated that the number of times such an event recurred alse would affect his

- degree of onnoyance,

The wealth of detoiled dota contained in continuous recordings of this type
is further illustroted in Figure 3 by the half-hour samples taken at the beginning of each
hour from Midnight to 10:00 a.m. This example shows both the short time variations
assaci ated with single event noises and the longer time changes in the level, os well as
in the characteristics of the temporal patterns. The residual noise level decreases from
approximately 40 dB(A) at Midnight to 30 dB(A) between 4:00 a.m. and 6:00 a.m., and
then increases to about 42 dB(A) at 10:00 a.m. Aircraft naise is generally absent
between Midnight and 7:00 a.m., ofter which it becomes the dominant intrusive noise.
Local vehicle troffic is generally less frequent in the 1:00 a.m. to 7:00 a.m. period,

after the teenogers have returned home for the night and prior to the adults starting to

drive to work,
The data from these continuous noise recordings is very instructive in under-

standing the nature of the outdoor noise environment at any neighborhood location,

However, to quantify an outdoor noise environment at one location so that it can be

Bt i i e -
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Midnight Through 10:00 A. M, at o Residence in a Normal Suburban Neighborhood.
Events Identified by the Following Letter Code: a - Jet Aircraft; op - Propelier
Aircraft; ¢ - Automebile; ¢b or b/c - Automebile in Background; d ~ Dog;

t = Truek; pu/t = Pickup Truck; th - Truck in Background, The Symbol /
Indicates the Time Mistory Trace, with Letter Codes Above and Below [t,
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| compared with that at others, it is necessary to simplify its description by eliminating
sht much of the temporal detail, One way of accomplishing this simplification is to
measure the value of the residual noise level and the values of the moximum noise

level for specific single event sounds at various times during the day, using either a

.m,
simple sound fevel meter or the continuous graphic level recording of its output.
' Another method of quantifying the neise environment is to detemine the statistical
.m, ¢ properties of the noise level by attaching a statistical analyzer on the output of the

sound level meter, These methods far simplifying the third dimension of the noise

environment will be illustrated in the next section.

2,2 Statistical Description

A statistical analysis of the noise level gives the percentage of total time
that the value of the noise level is found between any two set limits. Such data can
be presented directly in the form of histograms, or be used to obtain a cumulative distri-
bution in terms of the "level exceeded for a stated percentage of time." For the sample
statistical distribution of Table 1, the noise level exceeds 60dB(A) for 1 percent of the
hour, 55dB{A) for 10percent of the hour, 50dB(A) for 50 percent of the hour, and 45 dB{A)

for 90 percent of the hour. These noise levels are abbreviated symbolically as L‘, LlO'

L and Lyor respectively,

50
Table 1

Example of Statistical Distribution of Outdeor MNoise Analyzed
in Intervals of 5 dB Widths

Cumulative

Interval in Percent of Percent of

dB{A) Total Time Total Time
61 through 65 1 1
56 through 60 9 10
51 through 55 40 50
46 through 50 40 90
41 through 45 10 100
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Histograms and cumulative distribution for the noise levels are given in
Figure 4 for two hours of the data, illustrated previously in Figure 3. The histograi
for the hour between 5:00 a.m. and 6:00 a.m. is almost symmetrical, indicating a
gaussian or normal distribution. However, the histogram for the hour between 8:00
and 9:00 a.m. is very non-symmetrical, indicating a skewed non-gaussian distributi
This skewed distribution between 8:00 a,m. and 9:00 a.m. is the result of the large
centage of time during which noise was present from aircraft overflights,

Both the direct reading and the statistical methods have been applied te
24-hour recording of the outdoor noise level at a suburban residential location. Th
variation of the hourly, and the day (7:00 a,m. ~ 7:00 p.m.), evening (7:00 p.m, -
10:00 p.m.) and nighttime (10:00 p.m. ~ 7:00 a.m.) values of various statistical
measures, together with the minimum and maximum values read from a continuous
recording, are summarized in Figure 5.

For purposes of this report, the level exceeded 90 percent of the time
(L90) was selected as an approximate measure of the residual noise level when there
were no identifiable steady-state or frequent recurring single event noises present.
illustrated in Figure 5, the hourly values of !.90 compare favorably with the hourly
values of the residual noise levels read from graphic level recordings, which in turn
generally compare well with the average minimum values obtained when reading a
sound level meter,

The median noise level “'50) is a useful measure of the "average" noise
environment in the sense that one~half of the time it is quieter ond one=half of the 1
it is noisier than Lege Both L]0 and LI are often used to represent the higher-level
shorter~duration sounds. However, s shown in the example of Figure 5, the maximu
noise levels in an hour are often much greater than the highest statistical measure
(L]) which was used in the analysis, indicating that these maximum noise levels occt
for less than 1 percent of the time during the period analyzed.

The dashed line in Figure 5, labeled Leq’ is the energy equivalent noise
level (Le ) which accounts for both the duration and the magnitude of all the sounds

occurring in the time period. Its value equalsthat of a steady-state noise which has th.

10
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same energy during the period analyzed as that of the octual time-varying noise. The
energy equivolent noise lavel is one of the most importent measures of the outdoor
noise environment for the purpose of correlating noise and community reaction.

All of the statistical measures in Figure 5 show the typical daytime-night-
time variation in noise level. [n this example, the residual noise level drops sharply
after midnight reaching a minimum value between 4:00 a.m, and 5:00 a.m., and
rises between 6:00 a.m. and 8:00 a.m. to its almoest constant dayfime value, This time
variction of the noise is generally well correlated with the smount of humon activity,
and particularly with the emount of vehicular traffic, which is generally considered
to be the basic source of the residual noise level in urban areas.

These statistical measures simplify the problem of quantifying the outdoor
noise level and will be used in this report to compare the outdoor noise environments
in various places. However, they must be supplemented by other observations if one is
to understand onything of the character of the outdoor noise environment beyond the
simple statistics of the noise levels, Further, they may be misleading if the character
of the noise environment changes significently within the period analyzed statistically.

The values of the statistical quantities given for the day, evening and night
periods in Figure 5 represent the arithmetic average of the hourly values measured
during each period, The average of the hourly values of any one of the statistical
quantities during a period should be equal to the value computed directly from
the ensemble of the data for the entire period if the characteristics of the noise remain
constant (or stationary) during the period. However, if the choracteristics change
within the period, these two methods of calculation may yield different answers.

Table 2 gives the magnitude of the differences between these two

cafculation methads, Only small differences occurred during the day and evening periods,

indicating that the noise characteristics are relatively stationary within each of these
periods. However, larger differences of the order of 3 to 5 dB are found for the L90
and L]0 values in the night and 24=hour periods, indicating the noise level character-

istics are non=stationary. These indications are confirmed by inspection of Figure 5

13
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which shows that the noise has a significantly lower level in the hours hetween 1

and 7:00 a.m.

Table 2

Example of the Variation in the Statistical Measures of Outdoor Noise
Level for Several Periods in a 24-Hour Day, as a
Function of Calculation Technigue
for the Data of Figure 5

Variable Day Eve Night 24-Ho

L Hourly Mean®*. 41.9 41.8 34.9 39.3
0 Period Value** 41,6 41.8 32,0 33.9
A 0.3 0.0 2.9 5.4

L Hourly Mean 46.8 44.8 38.1 43.3
50 Period Value 47 .1 44.8 37.6 44,3
A —0-3 0.0 015 "‘] 00

L Hourly Mean 57.4 52.1 44,7 52.0
10 Period Value 58,2 52.3 47 .4 54,7
A -0.8 ~0.2 2.7 -2.7

* Hourly Mean is the arithmetic mean of the hourly values,
** Period Value is calculated from the statistical ensemble for the

enfire period,

A second indication of a difference in the character of the various tir
periods is given by their distributions in Figure 6. The bi-modal distributions for t
night and 24~hour time periads results from the many hours of relatively low valuc
during the night, Clearly, "nighttime," as far as the quiet noise environment is «
cerned in this particular example, occurred between cpproximately 1:00 a.m. anc

7:00 aum., rather than between the arbitrary limits of 10:00 p.m. and 7:00 a.m,

14
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Flgure 6. Histogram and Cumulative Distribution of the Noise levels of
Figure 5 Throughout the Day

15

T kg 3 AP AU e 1 b AT S 43 e

T e e ket A e Sy 4 gl



L e e & e e
A i et e T

L
A

As shown in Table 2, the differences in calculation method affect the

extreme statistical valuves, L]O and L90’ more thon the central statistical value, LS*

This is as would be expected, since a significant change for only 10 percent of the

time during a period is required to affect the former two quantities. Obviously, mo
extreme measures, such as L] and L99, would be even more sensitive to changes in
the character of the noise.

This discussion clearly indicates the danger in applying stafistical analy
to non-stationary noise environments, in that the results obtained for one environme
may or may net afford a valid comparison to those obtained in another environment,
depending on how stationary each enviranment is, To minimize the problem and pre

a consistant approach in this report, all period values have been caleulated by aver.

the hourly values, except where noted. Secondly, the principal definition of outdo
noise at various locations emphasizes the daytime noise characteristics which tend tc

more stationary in character than the noise in other periods.

16
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3.0 RANGE OF QUTDOOR NOISE ENVIRONMENTS

In arder to define for this report the range of outdoor noise environments
encountered by people in their normal activities, o series of 24-hour outdoor noise
recordings was made at eoch of eighteen (18) sites, This exploratory measurement sur-
vey was planned to sample noises in all types of locations, from the wilderness to the

downtown city, with major emphesis in the suburban and urban residential areas, and to

include examples of some of today's more significant noise pollution problems. Thus,
the survey presents o preliminary crogs-section of the noise environment; but since it
was not designed to be weighted by population density, it connot give a true statistical
picture of the noise environment in terms of a national baseline, This chepter describes
the general results of the survey in terms of the variation of several statistical measures
of the noise environment with both [ocation and time of day, and discusses the inter-
relationships among some of these measures, A detailed summary of the measurement

sites and data together with the survey instrumentation are given in Appendix A,

3.1 Variation of Outdoor Noise Environment with Location

The range of daytime ouidoor noise {avels at the 18 locafions is presented
in Figure 7. The locations are listed from top to bottom of the figure in descending
order of their daytime residual noise levels “‘90)' The noisiest location, which is out-
side of a 3rd floor opartment overlooking an B-lane freeway, is ot the top of the list
with its daytime residual noise level of 77 dB(A). The rural farm is next to the bottom
of the list with its daytime residual noise level of 33 dB(A).

This difference of 44 dB in the residual noise levels of these fwo locations
constitutes o large range in noise climate. Its magnitude clearly implics that all citizens
do not enjoy the some "quolity" in their noise environment, In fact, the owner of the
3rd floor apariment near the freeway has trouble keeping the opartment rented for more
than a month to any one tenant. His problem is not surprising, since the outdoor noise
level is sufficiently high to render normol speech communication difficult indoors, even

when the windows are closed,

17
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The Grond Canyon measurement was made on the north rim, at a remote
camping site. Its outdoor daytime residuol noise level (L'?D) of 16 dB(A) is near the
internal noise threshold of the field measurement system and should be representative of
the quietest locations in this country. The difference between this extremely low
residual noise level and the much higher noise levels in the city is representative of the
contribution of man and machine ta the outdoor noise environment,

Figures 8 and 9 present similar dota for the evening and nighttime periods.

The order in which the locotions are presented is the some os that used in Figure 7,

However, unlike the data in Figure 7, where the L9O values jncrease monatonically

Wt T

Tsens

from bottom to top, some irregularity can be seen among adjacent L90 values in Figures

7 and B, This irregularity indicates that the magnitude of the variation of the noise

(L
e

with time throughout a 24~hour period is different ot different locations,

@]

bA=by

The magnitudes of the variation in the L90, L50 and L]0 volues for day,

- v

evening and night are presented in Figures 10 through 12, At two locations in Figure 10,

both the evening and the nighttime values of the residual noise level exceed the doytime

.y -

RSt Percentiof.th

values because of crickets, At location P, which was in o quiel residential hillside

canyon, the noise from the crickets was the dominant feature in the noise environment
from B:00 p.m. to 6:00 a.m. At the Grand Conyon, the erickets were of primary
significance in the evening and early nighttime,

For the remainder of locations, except downtown Los Angeles, the evening
noise levels were opproximately equal to the daytime values, whereas the nighttime
values were significontly lower, In downtown Los Angeles, the noise drops considerably
in the evening, ofter commercial activity ceases,

As shown in these figures, the noise environmenis in city locations (e.g.,

downtown Los Angeles, tenement in New York, apartment adjacent fo freeway and

urban shopping center) are distinetly higher in level than are those in the suburban and
urbon residentiol areas, [In this small sample of measurement locations, the averoge
residual and median noise levels are over 20 dB greater at the city locations than in the

detached residential housing areas in both doytime ond nighttime, as seen in the com-

parisons in the first two columns of Table 3.
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Table 3

Comparison of Averdge Daytime and Nighttime Outdoor Noise Levels in City and Detached Housing
Residential Areas, Data are Averages of Hourly Values During Indicated Period.

Difference Between
Average Daytime Averoge Nighttime Day and Night
(7 AM=7 PM) (10 PM=7 AM)
Standard
Deviation
Arithmetic | Standard Arithmetic | Standard Average of
Range Mean Deviation | Range Mean Deviation | Difference | Difference
General Category | dB(A) dB(A) dB dB(A) dB(A) dB dB dB
Residual Noise Level (L‘?O)
City 61 to 6%.1 6.1 51to 60.8 6.3 8.3 2.1
) (4 Locations) 77 69
l‘
Suburban and Urban| 38 to 45,6 4,6 35 to 39.8 4.1 5.8 3.6
Detached Housing | 53 46
Residential
(11 Locations)
Median Noise Level (Lgg)
City &4 to 73.0 6.23 55 to 65,5 7.2 7.5 3.0
{4 Locations) 80 75
Suburban and Urbon| 44 to 50.9 4.1 38 to 44,2 4,3 6.7 2.6
Detachad Housing | 59 50
Residential
{11 Locations)
. e : : : . ,,,,:‘ - “:\.W..J, 1 ‘-'.. " o L b o et sl L LS Ly e bk A A
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The average of the differences between the daytime and nighttime resi
noise levels at each of the T1 locations in the residential areas is 5.8 dB, slightly l¢
than the 8.3 dB difference for the 4 city locations. However, in Table 4, a similar
comparison of the differences between the moximum daytime and minimum nighttime

residual noise levels showed a difference of 13 dB, averaged over the same 11 reside

locations, and 15.2 dB for the city locations, This latter comparison between maxi

and minimum levels gives full weight to the "quiet" nighttime period which was illu
trated in the Figure 5 example of a "normal suburban residentiol" neighborhood.

The averoge value of the daytime residual noise level in residential

was 45,6 dB (A) for this limited survey. This value lies on the borderline beh

the daytime residual noise level ranges chosen to represent “normal suburban" and

"urban residential" areas, as given in Table 5. Since the qualitative descriptions o
these 11 residential locations included four descriptive categories which ranged fron
"quiet suburbon residential" to "noisy urbon residential," it is not surprising that th

average residual noise level for these locations is close to the average of the four
categories in Table 5.

3.2 Relationships Among Various Measures of the A~Weighted Noise Leve'

There are several methods which have been used to report data which

14-22

describe the outdoor noise environment,

to the type of instrumentation utilized for measurement, the purpose of the measure-

In general, these methads are relat

ments, and sometimes to the time-varying characteristics of the noise which is meas
The degree of sophistication of the instrumentation ranges from the simple sound lev
meter, which is read directly by eye, to a complex system involving computer analy
of the statistics of the noise levels. The duration of the noise samples utilized for

measurement has varied greatly, generally being relatively short for direct reading .
sound level meters and sometimes almost continuous for graphie leve! or tape=-recorc
systems. Obviously, the reported results are influenced by the methods employed
obtain the dota. Some indication of the degree of this influence can be obtained .

the results of this survey, which include a wide variety of types of environments,
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Table 4

Comparison of Moximum Daytime and Minimum Nighttime Hourly Outdoor Noise Levels in City
and in Detached Housing Residential Areas

Difference Between
Maximum Daytime Minimum Nighttime Day and Night
Hour 0700 - 1900 Heur 2200 - 0700 Standard
Deviation
Arithmetic | Standard Arithmetic | Standard Mean of
Range Mean Deviation | Range Mean Deviation | Difference | Diffarenze
General Cotegory | (dBA) (dBA) {dB) (dBA) (dBA) (dB) (dB) {clB)
Residual Noise Level {Log)
City 62 to 71 6.9 47 to 54 5.6 15 2.7
{4 Locations) 79 59
Subutban and Urban | 42 to 49 4.3 27 to 35 5.5 13 4.4
Detached Housing | 56 42
Residential
{11 Locations)
Median Noise Level (LSO)
City 86 to 74 7.2 51 to 62 7.1 14 4.0
{4 Locations) 83 70
Suburban and Urban | 46 to 55 4.1 31 to 37 5.3 16 4.0
Detached Housing | 41 46
Residential
(11 Loeations)




Table 5

Qualitative Descriptors of Urban and Suburban Detached Housing
Residential Areas and Approximate Daytime Residual Noise Level “'90)'
Add 5 dB to These Values to Estimate the Approximate
Value of the Median Noise Level (L5 ).

Daytime Residual Noise Level in dB(A)
Description Typical Range Average

Quuiet Suburban Residential 36 to 40 inclusive 38
Normal Suburban Residential A3 o 45 inclusive 43
Urban Residential 46 to 50 inclusive 48
Noisy Urban Residential 51 to 55 inclusive 53
Very Noisy Urban Residential 56 to 60 inclusive 58

!
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;

!
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A comparison was made for each of the 24 hours ot each site between the

residual level read from the grephic level recording and the lower two statistical

N S,

measures, L90 and L99. A similar comparison was made between the maximum noise

levels and the upper two statistical measures, LIO and L' . The meon difference and

standard deviation for each of the four comparisons is tabulated by location in Table 6,

The residual level for these data, as read on the graphic level recorder,

averages approximately 0,9 dB below the Log value and about 1,3 dB above the Loy

e ———

value, with a standard deviation of about 2 dB in both cases. These results indicate

that L. is a reasonable choice for residual noise level, although an intermediate value

-' B berwezg L90 and L99, such as L95, might be slightly better,

The results for the moximum noise level comparison indicate that L]0
underestimates the maximum noise level by over 17 dB and L underestimates it by
o about 9 dB,

The actual mean magnitudes of the underestimation of L]0 range from

approximately 9 to 30 dB, with a stondard deviation of 7.6 dB for all of the 432 hourly

somples, The ronge for the underestimations of L, is from approximately 4 to 14 dB,

with a standard deviation of 4.8 dB. Clearly, L]0 is o paor estimator of the maximum
noise level at almost all locations, and L], although a much better estimator, cannot
be considered accurate. Thus, whereas the residual noise is estimated with reasonable
occuracy by a statistical measure between L.?0 and L99, the moximum noise level is
not estimated with equal accuracy by an equivalent statistical measure for higher
tevels. To obtain accuracy with the latter statistical mecsures, it would be necessary
to consider levels which are exceeded 0.1 percent and 0.01 percent of the time,

Table 7 presents a similar comparison between differences between the
arithmetic mean and the median (LSO). The results show excellent consistency between
these two measures of the central tendency of the noise level, with the arithmetic mean
averaging 0.78 dB greater than LSO’ with a standard deviation for the 432 samples of
0.8 dB,
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Table 6

Comparison of the Mean and Standard Deviation of the 24 Hourly Differences
Between Graphic Level Recorder and Statistical Measures of the Residual and
Maximum Neise Levels ot Each of 18 Locations

Residual Noise Level Comparison” | Maximum Noeise Level Comparisor
indB in dB
24 Hour 24 Hour, 24 Hour 24 Hour
Mean Mean Mean Mean
Location | RL-Lgg URL—L99 RLLgp URL-L:;O ML-L]0 UML"LIO ML-L] OML-L
A ~0.85 | 2.40 «3.94] 4.65 9.70 3.09 5.08 ] 2.62
B ~0.15| 2,56 -2.44| 1.90 9.48 4.52 3.77 | 2.97
C 2,05 1,19 -1.50[ 1.16 | 17.62 4.96 11.04 | 4.14
D 1.75 ] 1.65 0.17{ 1.35 | 13.50 5.45 ?2.281 4.78
E 1.87 | 1.24 ~1.2071 0.51 12.468 3.97 8.07 | 3.3%9
F 2,28 1.24 -0.50| 1.55 130.20 8.88 8.78{ 3.87
G -2.33 1 1.37 =3.41| 1.89 | 10.40 3.3% 4,10 ] 3.45
H 2.181 1.26 ~0.44( 1.29 | 14.75 2.45 6.66 ) 2,07
I 1.04 | 1.10 -1.68( 1,17 | 21.78 6.12 10.87 | 4.21
J 1.51] 0.98 0.28( 1.1 16.15 5.02 7.85 | 3.61
K 1.68] 1,20 -0,19( 0.84 ] 24.65 6.8 10.36 | 4.18
L 1.62] 1,20 0,35} 1,19 | 18.6! 3.51 10.42 | 3,19
M 2.08 | 1.29 0.29] 1.07 | 22.41 7.00 12,26 | 5.87
N 1.99 | 1.21 0.37| 0.66 [ 23.02 5.66 14.32 | 5.19
@] 1.79 1 1.42 -0,90| 1.94 | 19.51 5.37 2.73] 3.70
P 2,211 1.81 -0.40( 2.57 119,24 3.90 11.35 | 3.07
Q 2.01 ] 1.65 =0.10( 1.10 | 16.65 4.37 .24 | 4.86
R 1.28] 1.56 -0.39] 2.37 }18.48 8.70 7.20] 4,90
Average
All 1.33] 1.95 -0.91] 2.19 | 17.73 7.63 B.91 | 4.8¢
Locatians : ' .

w*
«wResidual Noise Level Read from Graphic Level Recordings is abbreviated RL
Maximum Noise Level Read from Graphic Level Recordings is abbreviated ML
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Table 7

Comparison of the Mean and Standard Deviation of the 24 Hourly
Differences Between the Arithmetic Mean and the Median Lgg
Measures of the Qutdoor Noise Level in dB

Mean* Standard Mean® Standard

Location Difference Deviation Location | Difference | Deviation
A 0.09 0.31 J 0.78 0.51
B 0.40 .0.45 K 1.01 0.59
c 0.18 0.27 L 0.49 0.32
D 0.32 0.24 M 1.28 0.57
E 0.48 0.26 N 0.58 0.31
F 2.68 0.66 o 0.98 0.67
G 0.6% 0.51 P 0.80 0.9
H 0.90 0.39 Q 0.53 0.47
I 0.61 0.57 R 1,22 1.21
Composite of A through R 0.78 0.80

*Meun of 24 Values of (Arithmetic Meon - Lgp).

The difference between averaging hourly velues of the various statistical

measures throughout a period and computing the same values from the ensemble of all

data cbtained during the period was discussed in Section 2.2 for an example ot ane

location, A comparison of the 24«hour period results for the 18 locations, presented in
Figures 13 and 14, shows that significant differences exist at most locations between the

two methods of computation. The differences are greatest for the lower level statistical

measures, particularly L99, with the value computed for the 24-hour ensemble ranging

from 2 to 10 dB less than the value computed by averaging the 24 hourly values.

noise environment is the choice of sampling technique. This factor is one of the greatest
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One of the most important decisions in designing surveys of the outdoor
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variables among past noise surveys and may have significant consequences for the

resulting data,
To obtain o preliminary evoluation of the magnitude of the errors asso-

c:fc:red with various sample lengths, three 3200-~second recordings were selected for
analysis, The three samples were selected to cover a wide range of types of Fluctuatior
in level. One sample, from the freeway location, was selected to represent an olmosf
gaussion and steady-state intruding noise which was expected to be reasonably stationar
throughout. The second sample was selected to be typical of many suburbon neighbor-
hoods with a combination of local single events plus aircraft overflights. The third
example was an urban residential neighborhood which had four significont aircraft
noise events during the hour,

Each recording was statistically analyzed in 64 sequential 50-second
samples. The raw data for sequential pairs of samples were then combined and used to
obtain 32 values for 100-second samples, Then, the raw data for sequential pairs of
100-second samples were combined into sixteen 200-second samples and analyzed,
This combinatorial process was continued until the entire 3200~second recording was
analyzed as o single sample.

The averoge difference between the value of ¢ given measure from the
3200-second sample and the value for each of the other samples was calculated. The
mean and standord deviation of these differences is given for L], L]O' LSO’ L90,
and L in Table 8. The mean difference for all measures of the Freeway noise (A)
is less than 1 dB for sample durations of 100 seconds and greater, To obtain the same
accuracy at locations M and K, requires a minimum sample duration of 800 seconds,

The largest sampling errors are exhibited by L], as might be expected, A
position K, the mean error in L] ranges between about 9 and 19 dB, with respective
standard deviations of about 11 and 8 dB for somple lengths of 400 and 50 seconds, The
significance of these [arge mean errors in Ly is that only a few of the samples are

affected by the highest level single-event noises. The most stable volue is LSO’ which
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Table 8

Accuracy in Estimating Various Hourly Noise Level Values frem Samples of Differing Duration

Sempling L] L]O L5O Lc'>0 Leq
Location Duration
Number (Seconds) Mear* g** | Meon ¢ Mean ¢ Mean g Mean a
A) Freeway Noise *** 64 50 1.67 2,65 .02 1,31 |- .09 L68 |- 15 90 A2 1,03
Between 32 100 .B5 2,33 Kol .99 |- .05 A6 |~ 17 .78 .06 .74
10& 11 p.m. 16 200 36 1,54 |- .07 b4 |- .02 .30 | = .11 .57 .03 49
8 400 0 64 [ - .06 A1 |- .00 .24 |- .09 44 .01 .35
4 800 - .04 .38 |- .06 .34 .00 J9 - .09 44 .01 .27
2 1600 .00 .02 .00 A3 .00 L0 |- 04 .29 .00 14
M) Normal Suburban 64 50 6.41  7.31 2.59 5,34 |- .59 3.65(-1.54 2,63 3.44 5,21
Residential af 32 100 3.41 6,27 | 2,29 4,85 |-~ ,38 2.87 [-1.11 2,16 2,32 4.43
City Qutskirts with 16 200 1.48 4,09 1.74 4,44 |- ,20 2,26 |- .94 2,04} 1.54 3.59
Aircraft Over- 8 400 1.18  3.44 1.20 4,24 [~ .17 1.46 |- 63 1,66} 1.18 3.22
flights Between 4 800 94 2,24 .98 3.6) |- .19 1,23 (- .43 1.33 .83 2,72
5 & &6 p.m. 2 1600 H5 0 2,21 72 2,85 (- ,10 601~ .01 .20 .00 .02
K) Urban Residential 64 50 18,86 8,22 | 2,82 7,75 |-1.36 5.79 |-2,08 4,04 {10.B4 7.05
Near Smail 32 100 16,48 9,40 1.35 8,74 [-1.04 4,42 |-1,23 2,49 | 9.7 7.75
Airport Betweean 16 200 12,67 10.39 [~ .57 8,11 |- .49 2,43 |- .30 .72 7,40 8.02
5 & 6 p.m, 8 400 8,98 11.35 |-1,10 5.85 |- .17 1,73 |- .19 S31 4.8 72N
4 800 - 07 1,99 [- .13 1.35 L3 1.3 |- 30 .39 21 1,41
2 1600 - 06 1,59 |- .06 .32 .06 .40 [~ .01 0% 1 .99

*  Mean denotes average difference between the 3200 second value of the quantity measured and the mean velue of all
the samples for the stated duration,

** 4 is the standard deviation of the samples about this mean volue.

**% Grophic level recordings of these sample "hours" are given in Appendix A,
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has only a small mean error for oll sample lengths, as expected. However, to obtain
standard deviation of less than 1 dB Far L50 required a sample length greater than 80C
seconds at both positions M and K, although 50 seconds were adequate for this result «
position A,

The potential magnitude of the errors in estimation of the statistical
measures of the higher noise levels is obviously large for any noise environment which
characterized by significant single events, Consequently, such measures should be
cpp-lied with great caution unless the froction of time during which data are acquired
is at least 25 percent of the total i‘ir-;ue in the period examined, and preferchiy 50 per-
cent of the total time, However, even with this latter constraint, the standard
deviation for L] and L]0 exceeds 2 dB at position M and is almest 2 dB for LI at
position K. Assuming these errors are normally distributed, a standard deviation of
2 dB for a given sample length implies that the result for a single meosurement has a

95 percent probability of being within 14 dB of the true value.

3.3 Typical Outdoor Daytime Residual Noise Spectra

Typical outdoar daytime residual noise spectra are given in Figures 15 ¢
16, All exhibit the same general shape; with their maxima at low frequency.

Figure 17 shows spectra for B residential locations, normalized by their
individual A-weighted levels, The relatively small range of these relative levels, pec
ticularly above 300 Hz, is indicative of their essential similarity. With the exceptios
of the effects of wildlife, this residual noise is primarily due to automotive transport.
The low frequency maximum results from the integrated effect of automobile noise ove
cn extended area. The remdinder of the spectrum is controlled by automotive noise
from a more limited area because atmospheric attenuation and shielding reduce the
higher frequency noise transmission. Consequently, the medium and high frequency p.
tion of the spectrum is relatively similar to the spectra for nearby automobiles, ilius-

trated in Figure 1B,
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Figure 15, Exomples of Daytime Residual Noise Spectra in Low Noise
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Figure 16. Examples of Daytime Residual Noise Spectra in Cities
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Figure 17. Examples of Relative Daytime Residual Noise Level Spectra at
B Locations Encompaossing Normal Suburban to Noisy Urban
Residential Neighborhoods with Noise Levels
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4.0 INTRUDING NOISES

There are two basic types of identifiable intruding noises which increase
the outdoor noise level above the residual noise level — steady or quasi steady state con-
stant level noises and intermittent single event noises, A steady or nearly constant level
noise intrusion may result from a nearby freeway, industry, or a neighbor's residential
air conditioner. The intermittent single event noise is exemplified by the noise from an
aircraft flyover, a single car puss-by, or a dog who barks for a short time. Both types

of identifiable intruding noises can represent noise pollution.

4,1 Constant Level Noise Intrusions

One of the best knawn examples of constant level noise intrusion is the
noise environment within a busy city. The high daytime noise levels within the city
make it difficult to have an intelligible face~to-face conversation at normal voice
levels outdoars. For example, if the outdoor noise level is 76 dB(A), o condition com-
monly encountered when walking along downtown city sidewalks, it is necessary to talk
in araised voice to achieve intelligibility at o 2-foot distance.

The maximum distances for intelligible conversation at various voice
levels are given in Figure 19, These criteria have been applied to the outdoor daytime
median noise levels measured at each of the 18 locations in the exploratory survey to
determine the maximum distances for intelligible conversation at each location. The
median noise level, rather thon the residual noise [evel, has been selected for evalu-
ating the effects of the outdoor noise environment on speech communication since the
median noise level more nearly represents the "typicol" or "average" noise environment,
The calculated distances, summarized in Figure 20, itlustrate the restrictions in voice
communication distances which accompany the higher noise levels in the city,

Similar calculations show that the maximum distances for nomal voice
conversation outdooars in a "very noisy urban residential" area are 3 to 5 feet, accarding
to the range of noise levels for this category In Table 5 in Section 3.1, Clearly, areas
with even higher outdoor medion noise levels have very {imited utility for outdoor con-

versation, and consequently are poorly suited for detached housing land use. Also, the
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F  Urban Residential Mear Major Airmport T S RO NN f‘l‘*'\-"‘\\ﬁa,\ﬂ LU
G Urbon Residential Near Ocean | A AN RN _\L&m\'\\}‘:\m
H Urbon Residential é mi. to Major Aimport I i N N S Q\“{\\%—m
! Suburban Residentiol Near R/R Trocks A A NSNS S e
5 |J  Urban Residential | AR NSNS \"'l\t»."-:h:c"&“?-\m
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Figure 20, Estimated Maximum Distences Between Talker and Listener That Just Permit Intelligible Conversetion and
Those That Enoble Relaxed Conversation When the Qutdoor Noise Level Equals the Daytime
Meadian Noise Level (L50) at Each of the 18 Locatlons
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noise associated with the "very noisy urban residential" area of Table 5 is sufficic
high to restrict the amount by which doors and windows can be opened if one is t¢
a desirable indoor noise environment for relaxad conversation.

The noise levels associated with the "quiet suburban residential® ar
Table 5 permit just intelligible normal voice conversotion at distances ranging be!
30 and 50 feet, The obility to communicate in a normal voice over-these distance
is very useful in a neighbothood with large lots. However, if the noise level
is so low that the distance for intelligible conversation in normal voice approach
distances between neighbors, it becomes difficult to have o private conversation,
noise level calcu!ared26’27 to mask speech for normal voice level {male) so thot
5 percent of the sentences are intelligible,is given in Figure 21, as a function of
between talker and listener for two assumed conditions., There is a 9 dB differenc
between these two coriditions ond the lower vulue probably is more representative
typical situation which generally has some shielding.

These results indicate that the residual noise level required to abta
privacy for neighbors separated by a 50-foot distance would have to be of the or
41 dB(A}, assuming random orientation of the talker relative to the neighbor and
of shielding. This residual noise level is approximately that of the normal suburk
community,

These considerations of speech intelligibility and privacy suggest t!
there is both @ maximum and a minimum bound to the outdoor. noise levels which
compatible with reasonable enjoyment and full use of patios, porches and yards,
upper bound for speech intelligibility appears to be in the range of the “very noi

urban residential" category of Table 5, and the lower bound for speech privacy i

function of the distance and shielding between neighbors,

4,2 Intermittent Single Event Noise Intrusions

A great number of intermittent single event noises were measured ¢
the exploratory survey. A brief sampling of the various types of noises and their

mum noise levels at some of the 18 measurement locations is given in Table 9, ar
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Table 9

Examples of Intruding Noises* Found in the Residentiol Outdoor
Noise Environment in this Survey

Type of M aximum
Type of Source Neighborhood Level dF
4~Engine Turbofan Aircroft Landing Noisy Urbon Residential 100
Fire Engine Siren Downtown City 925
Diese! Truck Freeway Apartment %0
2-Engine Turbofan Aircraft Takeoff Urban Residential 88
Street Sweeper Urban Residential 87
Construction Crane Downtown City 85
Construction Air Wrench Downtown City 85
Train Passing Urban City B4
Ready Mix Cement Truck Downtown City 84
Motorcycle Urban Residential 84
Rapid Transit Bus Downtown City 84
Garbage Truck Urbon Residential 83
Freeway Automebile Traffic Freeway Apartment 20
Automobile Horn Urban Residential 78
Avtomobile Sports Car Normaj Suburban 78
Tire Squeal Downtown City 78
4-Engine Turbofan Landing Urban Residential 74
Autemobile on Muin Street Smal! Town Residential 73
Iee Cream Truck with Music Urban Resldential 70
Private Aircraft Sight-Seeing Grand Canyon 70
4-Engine Aircraft Overflight Norma! Suburban 70
Car Broke Squeal Urhan Residential 68
Helicopter Overflight Urban Residential 68
Power Lawnmower Urban Residential 68
People on Beach Resort 65
Children Playing Urban Residential 64
Lawn Edger Small Town Residential 62
Cat Fight Urban Residential &0
Dog Barking Neormal Suburban &0
Stationary Train with Engine Idling Urbon Residential 55
Automebile at Distance Normal Suburban 55
Milk Truck Neormal Suburban 54
Rooster Farm 54
Radio Playing Music Urban Residential 52
Criclkets in Evaning and Night Quiet Residential 50
Bird Normal Suburban 45
Children Playing Normal Suburban 44
Atreraft ot High Altitude Grand Canyon 40

* Note that these levels are as measured at the various locations and are not indjcat’

of relative source noise,
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of their spectra are given in Appendix B. The ranking of levels in Table 9 has no mean-
ing with respect to the relative noise output of the various sources, since the measure~
ments are essentially at random distances from the sources. The maximum noise levels

for these events at the various [ocations range from 100 dB{A) for o 4-engined turbofan

at an altitude of o few hundred feet distance during landing fo 40 dB(A) for a simifar

aircraft probably at an altitude of 30,000 to 35,000 feet during cross-country cruise.

They are illustrative of the great variety of the noises encountered in outdoor environ-
ments, .

Obviously, many of these single event noises interfere with speech and
other activities for brief intervals of time. However, their impact is not as easily quanti-

fied in terms of speech interference as were the constant | evel noise intrusions, One

method for astimating the magnhitude of the intrusion for single event noises is to ask
people to rank the acceptability of a series of noises at differing levels. One of the
most comprehensive recent studies of the subjective judgment of the noisiness of vehicle
noise was conducted in England at the MIRA Proving Ground5.28 The results are sum~
marized in Figure 22, These results, obtained with relatively low residual noise levels,
indicate thaot when the moximum noise level of the vehicle during its pass—by was less
than 72 dB(A)}, it was judged quiet by the average observer, When the maximum noise
level was between 72 and 82 dB(A}, it was judged acceptable, and above 82 dB{A) it
waos judged noisy. These data are consistent with the apparent general acceptance of
maximum levels in the range of 62 to 70 dB{A), which result from pass~bys on residential

streets of standard passenger automobiles,
Although these results are useful in assessing the potential noisiness of an

isolated single event, they do not necessarily account for the cumulative effect of

multiple occurrences of single events. When a single event is of sufficient magnitude
and duration, or repeated many times, it will add to the total noise energy in the hour,

increasing the value of the equivalent noise level (Leq). I the event is repeated often “
§ enough so that its total durafion exceeds one percent of the hour, it will increase the

value of L], and if its total duration exceeds 10 percent of the hour, it will increase M
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the volue of L!O’ These effects are illustrated in Figure 23, which shows the vali
Leq’ L]0 and L] relative to the value of the residual noise level for daytime at e
the 18 locations. Foi most of the locations, Lo is opproximately 10 dB greater tl
L90' At the 7 locations whera significant intruding noises were noted, both Ll ‘
Le tended to be significantly higher relative to L90 than ot locations where signi
intruding sources were not noted. However, Lio only showed increases in 4 of th
cases, The utility of Le in measuring the cumulative magnitude of intruding nois
will become apparent in the following chapter, when it is used to relate the reac

of communities to intruding noises of all types,
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4] 10 20 30 40 50
] l I 1 ]
LOCATION Legend: )
L
A 3rd Floor Apartment, next to Freeway ;,,?9;31,:—7 _!0 Fqu LIT
8 3rd Floor Hi-Rise, Downtown Los Angeles
" f—80% 1 |
C  2nd Fleor Tenement, New York } 89% !
of data
D Urban Shopping Center
E  Popular Beach on Pocific Oceon
F Urban Residential Near Major Airport e e e e ] ]—Aireraft Londing
G Urban Residential Near Ocean
H Urban Residential 6 mi. to Major Airport R T Tt G ]
I Suburbon Residentlal Near R/R Tracks ] Trains
J  Urban Residential —
K Urban Residential Near Small Airport L Ajrcroft Takeoff
£
¥ |L Old Residential Near City Center —1
M Suburban Residential ot City Outskirts ] Aircraft Overflight
N Small Town Residential Cul~de~Sac
O Small Town Residential Main Street Troffic on Main Street
P Suburban Residential in Hill Canyon | R T £ ] Traffic on Canyon Rd,
Q Farm in Valley T ]
R Grund Canyon North Rim e T 1 Sightseeing Aircraft
1 | |
0 TO 20 30 40 50

Figure 23,

Difference Between A-Waighted Outdoor Nolse Levels and the Residval Noise Level L90 in dB‘
Relative Daytime Outdoor Noise Levels Found in 18 Loeations Ranging from Wildemess to Downtown City with

Significont Intruding Single Event Noise Sources Noted, Dato are Arfthmetic Averoges of the Hourly Values in the
Daytime Period (7:00 a.m. ~ 7:00 p,m.) of the Levels Which are Exceeded 10 Percent and 1 Percent of the
Time (L1gand L, Respectively), and tha Energy Average-(l.eq), All Relative to the Residual Noise Leve | {Lgp)
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5.0 COMMUNITY REACTION TO NOISE POLLUTION

Both types of noise pollution, the constant high level noise intrusion «
the downtown city, and the intemittent single event noise intrusions in the suburbar
and urban residential areas, interfere with speech and other humen activities, The
town city type of noise environment has been recognized for centuries as undesireble
residential living. The single event type of noise intrusion has been experienced al
railroad tracks for the last century and may be one of the reosens why land near rail
roads is not generally considered desirable for residential construction,

However, in the ia;r 20 years, there has been o very large growth in |
types of pollution due to the introduction of new types of noise sources into suburbar
and urban residential communities, These sources, such as jet aircraft, urban freew.
new industrial plonts, and homeowner equipment, have created numerous community
noise pollution problems, These problems have provided significant data and insight
relating to community reaction and annoyance, and stimulated the development of

several indices for measurement of the magnitude of intruding noises,

5.1 Correlation of Community Reaction with Noise

The advent of the commercial jet aircroft initially increased the maxi
noise levels ot some locations around major airports by 10 to 20 dB. These increcse:
noise caused widespread complaints and various forms of legal action from citizens |
in neighborhoods tocated in the vicinity of several civil airports, This situation par
leled earlier history of military jet operations by the Air Force after World War i1,
although only a few Air Force operationua) bases were close to cities and towns, Un
tunately, the civil airports, which accounted for the majority of the early commerci
jet operations, were located near the major cities which they served. Further, they
becoming surrounded by homes constructed in the post~war building boom, As jet o
ations ond jet airports continued to grow in number, the airport noise problems tendc

spread through wider areas of the community and to an ever~increasing number of

communities.
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The Air Force and other governmental agencies begen to investigate the
relationships between aircraft noise and its effect on people in communities in the early
1950's. This early research resulted in the proposal of a medel by Rosenblith and
Srevens30 for relating aircraft noise intrusion and the probable community reaction.
This madel, first published by the Air Force, accaunted for the following seven (7)
factors:

e Magnitude of the noise with a frequency weighting for hearing

response. '

e Duration of the intruding noise (10 fog relative duration},

e Time of year {windows open or closed),

e Time of day noise occurs,

e Qutdoar noise level in community when the intruding noise is not

present.

s History of prior expasure to the noise source and attitude toward its

owner,

o Existence of pure tone or impulsive character in the noise,

Corrections for these factors were generally made in 5 dB intervals since
many of the initial relationships were based solely on the intuition of the authors, and
it was cansidered difficult fo assess the response to any greater degree of ::n:c:uruc:y.:””:‘]3
This method was incomporated in the first Air Force Lond Use Planning (3uide34 in 1957,
and was later simplified for ease of opplication by the Air Force and the FAA,

Many other methods have been proposed for describing the magnitude and
duration of repeated single event type noise, with primary application to airport noise
problems, Most of these mefhods represent an evolution of the community noise reaction
made! and consider at least some its principal factors. The factors considered by three
of these methods for calculating the magnitude of noise infrusion ore summarized in
Table 10, and additional details of the colculation procedure are given in Appendix C,

R35

The camposite noise rating (CNR)™™ was introduced in the early 1960's

and has been widely used by Federal agencies. The noise exposure forecast (NEF)™ is
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Table 10

Factors Considered in Each of Three Methods in Use for Des::ribing
the Intrusion of Aircraft Noise into the Community

Factor

Composite
Naise Noise Exposure
Rating Forecaost
(CNR) (NEF)

Community !
Equivalent 1
(CNEL)

Basic meosure of single event
noise magniltude

Maximum | Tone Corrected
perceived | perceived

A-weighted noi
level

noise noise Jevel

level
Measure of duration of None Energy Energy integrat
individual single event integration

Time periods during day

Daytime (7 AM-10 PM)
Nighttime (10 PM-7 AM)

Daytime (7 AV
Evening (7 PM-
Nighitime {10

Approximate weighting
added to noise of single
avent which oceurs in
indicated period

Daytime 0 dB
Nighttime 12 dB

Daytime 0
Evening 5
Nighttime 10

Number (N} of identical 10 log N 10 log N
events in time period
Summation of contributions Logarithmic Logarithmic

A ithaies R ¥ S e LA

* See Appendix C for additional details,
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a recent evolution of the CNR and is proposed as its successor by the FAA, It essentially
updates the CNR by substitution of the tone and duration—corrected effective perceived
noise level (EPNL) scale issued for aircraft certification, 13 in lieu of the perceived noise
leve! (PNL) scale of the earlier CNR. Thus, the NEF accounts for both duration and
pure tone content of each single event sound, whereas the CNR accounted for neither,
The community noise equivalent level (CNEL)37 was recently introduced by the State of
Californiass for monitoring purpases. It is based on the A-weighting to avoid the com-
plexity of the computer calculations required to obtain EPNL, ond thus cannot contain a
pure fone weighting. It also differs from the NEF by inclusion of the evening time period
weighting, in addition to daytime and nighttime. However, despite these structural dif-
ferences, the difference between the absolute values of CNEL and NEF for specific
locations near airports is approximotely constant at 35 X248,

The CNEL has been applied to a series of community noise problems to
relate the normalized measured CNEL with the observed community reaction, The nor-
malization procedure followed the Rosenblith and Stevens method with a few minor modi-
fications, The correction factors added to the measured CNEL to obtain the normalized
CNEL are given in Table 11. Two examples of the opplication of these factors to the
measured values of the equivalent noise levels (Leq) of the intruding noise are given in
Table 12, The examples are drawn from the results at two locations in the range survey,
ond illustrate an approximate procedure for calculating CNEL from the measured averages
of Leq in the daytime, evening and nighttime periods, accounting for both the period weight-
ings of 0, § and 10 dB, respectively, and their durations relative to a 24~hour day.

Vaolues of normalized CNEL have been calculated for 55 case histories from
the literature and the files of Wyle Laboratories and Goodfriend-Ostergaard Associates.
The distribution of the cases among the various sources which impact areas of the commu~
nity are listed in Table 13 and the detailed data for each case are contained in Table 14,
The results are summarized in Figure 24, with an approximate NEF and CNR scale shown
for reference. The data are normalized to those descriptions in Table 11 for which the

correction is zero.
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Table 1]

Corrections to be Added to the Measured Community Noise Equivalent Level {t
to Obtain Normmalized CNEL
Amount ¢
Type of to be Adde
Correction Description CNE
Seasonal Summer (or year-round operation)
Correciion Winter only {or windows always closed)
Correction Quiet suburban or rural community (remote from large
for Out- cities and from industrial activity and trucking)
doo.r Normal suburban community (not located near indus-
Resi dual trial activity)
Nofise 14
Level Urbon residential community (not immediately adjacent
to heavily traveled roads and industrial areas)
Noisy urban residential community (near relatively
busy roads or industrial areas)
Very noisy urban residential community
Correction No prior experience with the intruding noise
f i . . ; .
Eor Previous Community has had some previous exposure to intruding
xposure & . . L .
. noise but litile effort is being made to control the noise.
Community . X . s A
. This correction may also be applied in a situation where
Attitudes . .
the community has not been exposed to the noise pre-
viously, but the people are aware that bona fide efforts
are being made to control the noise.
Community has had considereble previous exposure to
the intruding noise and the noise maker's relations with
the community are good
Community aware that operation causing noise is very
necessary and it will not continue indefinitely, This
correction can be applied for an operation of limited
duration and under emergency circumstances,
Pure Tone No pure tone or impulsive character
or Impulse Pure tone or impulsive character present

54
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Table 12

Two Exomples of Calculation of Normalized Community Noise Fquivalent Level

tion
ssured Aircraft Landing Noise Traffic Noise in Old
— in Noisy Urban 1 Residential Area Near
| Factor Residential Community City Center
Day Eve. | Night Day Eve, MNight
Energy Equivalent
Noise Level {Leq) -
in dB(A) for Timequriod 80 83 75 56 57 53
Duration and Time of Day
Correction Factor3 -3 -4 *6 -3 -4 10
Subtotals Which are added
Logarithmically to Obtain 77 79 81 53 53 59
CNEL
Community Noise 84 61

Equivalent Level

Additional Corrections from

i Table 11:
i Seasonal 0 0
Residual Noise Leve! -5 0
i Experience & Attitude 0 -5
. Pure Tone or Impulse 5 o
. Total Additional Carrection 0 -5
i Normalized CNEL 84 56
i Actual Reaction Extensive Lawsuits and No Reaction

Political Pressure

(1) Location F in Figures 7 and 23
(2) Location L in Figures 7 and 23

(3) Duratien correction is (10 log -;I- ) where n is the number of hours in the period.
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Teble 13

Number of Community Noise Reaction Cases as a Functien
of Noise Source Type and Reaction Category

Community Reaction Categeries

Vigorous or Wide No Reaction
Threats of Spread | or Sporadic | To
Type of Source Legal Action | Complaints| Complaints | Ca
Transportation vehicles, including:
Aircraft operations 6 2 4 1
Local troffic 3 :
Freeway I
Rail 1
Auto race track 2
Total Transportation 3 7 I
Other single=event or inter=
mittant oparations, including
circuit breaker testing, target
shooting, rocket testing and .
body shop
Steady state neighborhoed 1 4 2
sources, including transformer
substations, residential
air conditioning
Steady state industrial opera= 7 7 10 ‘
tions, including blowers,
general manufacturing, chemical,
oil refineries, et cetera
Total Cases 22 14 19 5
56
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Table 14a

Summary of Data for 28 of the 55 Community Noise Reaction Cases

ADDITICN AL
CORRICTION FTACTORY " a CORRLCNION
b z FACTORS
5 = a w b
S z z 6=
= NONSL SOURCE TYPE v o =5
- = e w a g > 25 .
3 o lzLE| gE| ez 2| E 8]z | B2
5 |ekzl.5El 280 § 11| 8] 2 |55 §
T |s50| ¥ g | & | 8§ ] 3 )88, &
] ol Fle| R0 2 2 Z a zy S
VICOROUS REACTION
A-l Rochar Tasting a 0 [i] 5 7B 78 o 24 8l a
A-2 Wind Tunnat [} 5 H bl 8o e 19 b 83 c
A=1 Alrcraft Londing 1] -5 H H 7 % ] =21 El n
A=d Alrcroly Toheolf 4] 5 a o 78 27 a =14 E] n
A=3 Circult Srechm Jasting ] 1] 1] 5 78 ] [+] -4 a1 b
A=d Auto Rage Frock a (I} 0 ] B? a2 5 -3 L] b
An7 Alrcrahr Tobuall o 5 ) 5 84 [:] H =24 84 a
A-B Alrcrelt tunding Q9 -3 o H 2] B [[«] =% a4 a
THRLATS OF LEGAL ACTICN
8-1 Rachat Teiting 4] 10 a 3 1 722 [ -4 15 a
B2 Alreraft Ground Runup 0 5 -5 1] 1?2 7”2 D -0 75 3
B-3 Wind Tunnel o 5 '] 5 n 71 o 0 H c
B-4 Freeway 0 -0 '] 0 74 red ] ] 74 a
B-5 Afrcroft Overllight a 5 ] b 73 72 5 Ol 76 o
8-4 Plont Blawer a ] H) & n 78 [[M] o B0 b
8-7 Aipholy Quany & 0 0 0 " 74 a 0 ” b
8- Glox Bead Plant Blower o 10 ] 5 " 78 18 (1} A0 3
J=9 Platticy Plom a [+] 0 5 ] 12 1o 0 M b
B-13 Targe! $hooting Romye [ 16 5 5 n 7 0 -3 ” L
B-It Retidential Alr Canditioning ] 5 5 ta ” 78 ] -3 80 b
B-12 Unloading Newiprint O] =10 0 5 71 Hrd 0 ] 75 b
B-13 Aute Bady Shop -5 0 3 5 7% 75 1] -7 " o
Belk Moloseyele Raowny 0 0 E L 745 0 5 =1 B4 a
WIDESPREAD COMPLAINT
c-1 Tromiformer Subilation o [ 0 5 &4 45 1] 0 &7 u
c-2 Camant Pland 0 -5 1] 3 1] ar 0 a L1 a
c-3 Alreroft Landiog a -5 5 5 &7 & 5 =2 71 a
Cc-4 Faperhaned Plant Cyclone a 10 [+] 5 13 ad 5 Q n b
c-3 Qit Rafinery o G 2 o & b5 1 *] 67 b
Cea Miiling & Grinding Melal 0 L] 1] L M 77 0 1] 4 b

o) Data fron Wyle filey,
b} Derafeom L, 5, Goodfriand,

Stevem, K,\N,, June 1953,

{c) Doto frgm “Handbook of Acoustie Nolse Contrul, Volune 1, Nolie oad Man,* WADC Tachnical Rapart 52-204, Rownblith, W,A,, ead
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Table 14b
- Summary of Data for 33 of the 55 Community Noise Reaction Cases
ADDITIONAL
CORRECTION FACTORS n L CORRECTION
‘2;‘ z FACIONS
g E & o
ES 2z P4 gz
2 NOBL SOURCE TYPE J o - =
& - | B e % 25
g z.a| Ys(z3 | & | B | 3 z (8s
: |83 E5f 62| 5|5 |5 |8 |2
g leagd|xEs| 2 3 ] ¥ 3 iz
2 |g¥%|xEi| e8| 2 | 2 = | & | 2%
:‘I’?DESPF[AD COMPLAINT ., contnued
L7 Chemical Plont Malarial Hondling a 4] i) 5 4] &4 10 -1 &
-8 Keuldential Ale CandiHoning [1] 5 5 5 7l 2 1o a H
C-9 Framfomier Subitation 0 5 0 5 12 71 [} 0 75
C=10 Rall Car Shaker o 1] 1] H &2 Y3 a -6 [1]
[} Tranifarmer Subatatlon [+ o [+] 5 &7 a8 0 ] n
=12 Porltiva Diiplacament Blowss 0 o] [} H] £0 60 ) [} 4
-1 Alrcraft Tokyoll 1] 5 =5 5 &8 4r 5 =24 1]
C-14 Glaw Monulsciusing Flome 1] a -5 0 62 43 10 0 [1]
SPORADIC COMPLAINTS
-1 factory Air Pump 0 =10 0 0 [ &t 4] o 1}
B-7 tManvfecturing Plant =5 a 5 58 i 0 4] L
D-3 Chemical Plant -3 5 a 0 & 57 {1] 1] 59
D4 Logal Automgbile Troflic 0 10 -5 ] 4] &1 1] =1 (1]
o-b Maties Plany 0 10 0 0 al X4 10 Q LT}
D-& Pawer Stolign ¢ -5 -5 [+ 5 &0 10 ] a2
NO GBIERVED REACTION
E-] Tronifermes Substatlon 1] n -5 L] 0 L1} 10 1] 53
£-2 Alrgeolt Rurp 4] 5 [+] n 5 31 a ] 5
£-3 Asphalt Tile Shokue a -4 [+] D H 55 ta -1 st
E-4 Asphott Tils Laddiar 9 a 10 5 51 1] ~10 5
[-5 Tawar Plon) o 1} u a 57 4 10 2 L
f-& Alrciafr Overllight o 5 3 5 54 7 2 -t5 59
[ 2¥4 Alrcralt Landing 0 ] =5 5 80 al 10 =17 83
£-B City Troffic ] a =5 [ L1 50 3 -1d 56
E-9 Alreraft Log and Tekuall 1} o 4 a 57 5 H =17 [-H]
E-10 Local TefiTe . 4 1] -5 o 5 54 3 -M e
E=TT Adte Avembly Pluat [+] [} -5 1] 61 62 10 o 64
=12 Con Manufaziuing 1] -5 -3 ] 57 58 [ 4 &0
E-13 Il Rellpary 4] -5 -5 0 L =] 10 1] 42
fa) Deta lrom Vyle filas,
{L) Data fram L, 5, Goodfriend,
(e} Data from "Hondiook of Acowitle Nojw Contml, Valuma 11, Nolw ond Man,” WADG Techalcal Repont 520204, Rovenbllth, W.A,, .
Stavens, K, N,, June |953, ,

58

T e bt i Bk gl e Kot R oo 1o 47 s A2 e

St e




G i e

TR
—

Community Reaction T

Vigorous community _
action

Several threats of legal -
action, or strong appeals
to local officials to stop
noise

Widespread complaints -
or single threat of

L | i } ] I [
s : : . —
/"—"
~

Envelope of $0% of Data

i /
legal action y
/
/
n 7/
> . . 7/ Data Normalized to:
Sporadic complaints - Vs -~
/ Residential Urban Residual Noise
7 Some Prior Exposure
e Windows Partially Qpen
// MNo Pure Tone or Impluses
- -~

No reacticn, although ~ s . - /. .
noise is generally * "
noticeabls | I I l l ! i i

45 50 35 40 65 70 75 80 85 90

Nermalized Community Noise Equivalent Level in dB
L ! I ! ! i ! ] | J
10 15 20 25 30 35 40 45 50 55
Approximate Noise Exposure Forecast in dB
l l { | l i i | J
85 90 25 100 105 10 115 120 125

Approximate Composite Noise Rating in dB

Figure 24, Community Reaction to Intrusive Noises of Many Types ¢s a Function of the Normolized Community Noise Equivelent Level
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The "no reaction" response in figure 24 corresponds to a leve! which
ranges between 50 and 61 dB with a mean of 55 dB. This mean value is approximatel

7 dB above the mean value assumed in categorizing the daytime residual noise (qu)

level for a "residential urban" community, which is the baseline category for the dot
in the figure. This difference of 7 dB between the mean reaction line and L9O is only
: 2 dB greater than the average difference between the outdoor median noise level (L5f
I and the residual noise level, as shown in Table 3. Consequently, from these results
: it appeors that no community reaction to an intruding noise is expected on the averag
"'- when the normalized CNEL of the intruding noise is approximately equal to the dayti
-} outdoor median noise |evel (Lgg)e This conclusion is not surprising; it simply suggests
| that people tend to judge the magnitude of on intrusion with reference to the noise
I: environment which exists without the presence of the intruding noise source,
fﬁ:“-‘. The data in Figure 24 indicate that widespread complaints may be expe
Y when the normalized value of CNEL exceeds the outdoor residual noise [evel by appr

mately 17 dB, and vigorous community reaction may be expected when the excess

}. approaches 33 dB. The standard deviation of these data is 3.3 dB and an envelope o
mn 15 dB encloses approximately 90 percent of the cases in Figure 24, Hence, this relc
h ship between the normalized CNEL and community reaction appears to be a reasonab

accurate and useful tool in assessing the probable reaction of a community to an intn
noise and in obtaining one type of measure of the impact of an intruding naise on a
o community.

These community reaction data have also been used to test the effect o
the various nomalizing factors in Table 11, together with the duration and time peri.
weighting foctors in the CNEL, on the degree of correlation between the community
reaction and the normalized CNEL. The results, in Table 15, show that the duratior
the factor most necessary in the nermalization to bring the data closer to a common 1.
ond thus minimize the standard deviation. The absence of a duration correction iner
the standard deviation from 3.3 to 8,1 dB and would result in extending the boundin

envelope from t dB, as on the figure, to opproximately $12.4 dB. The next most

o
it
e
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Table 15

Effect of Normalizing Factors on 55 Community Noise Reaction Cases as
Measured by the Standard Deviation of the Data About the Mean
Relationship Between Community Reaction and Normalized CNEL

Standard Deviation
in dB of all Cases

Number of Cases | Except those Which | Standard
Factors* Included in with Nonzero have Vigorous Deviation
Normalizing Measured Correction in Reaction or no of all 55
Noise Level Deleted Factor(s) Reaction Cases
All - 2.9 3.3
All, except duration 28 7.5 8.1
Only 1 7.1 7.5
duration and time of
day correction in the
measured CNEL
All, except residual 35 6.2 6.4
noise fevel
All, except time of 38 4.6 4.6
day
All, except pure tone 32 3.7 4.3
and impulse
All, except experience 23 3.4 4.0
and attitude
3 2.9 3.3

All, except seasonal

* Factors are from Tables 10 and 11
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important Factor is the residual noise level correction, lack of which increases the
standard deviation from 3.3 to 6.4 dB, a factor of almost two. Less important, bL
significant, are the corrections for time of day, pure tone/impulse, and prior expr
attitude, the luck of which resulted in standard deviations of 4,6, 4.3 and 4.0, r
tively. No chenge occurred by removing the seasonal factor which was only appl’
three of the 55 coses,

The original Rosenblith and Stevens method computed the magnitude
noise by a quantity essentially proportional to Leq for the time period during whic
munity reaction was caused. Thus, for a complaint against daytime noise, the rec
would be compared against normalized Leq for daytime, whereas for a nighttime n
the reaction would be compared against the normelized Leq for the nighttime inclt
the +10 dB nighttime weighting factor, This procedure is slightly different from th
used in the CNEL which accounts for the conrriburic;ns of all three periods in a sir
number,

For comparison, the 55 cases have been plotted in Figure 25 using ti
original procedure, 30 except that the A-weighted equivalent level is used for the
magnitude of the noise. The results are generally similar to those of Figure 24,
although the standard deviation is 3.5 dB rather than 3.3 dB.

The data for the 55 cases were also compared with CNEL2 (see Appt
dix C) which was obtained by replacing the day-evening=night corrections of the
standard CNEL with the day-night corrections of the NEF calculation procedure.
resulting mean line was altered by less than 1 dB from that given in Figure 24 and
standard deviation was only 0.1 dB greater than before, an insignificant differenc
Thus, these 55 cases can support either type of time period weighting for a single-
number measure of noise (CNEL or CN EL2) over a 24-hour period, or the original
period comparison concept, all in combination with the energy equivalent A~weic
noise level and the other correction factars in Table 11, for the prediction of com

munity reaction to noise pollution,
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A Vigorous community
action

Several threats of legal
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Figure 25. Community Reaction te Intrusive Nofses of Many Types as a Function of the

Narmalized Noise Level Using Original Procedures
of Rasenblith and Stevens
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5.2 Community Reoction and Annoyance

The nomalized CNEL scale can also be compared with the results of

39-42
surveys, such as those taken in London and in the USA, -4 These surveys dete

community attitude by asking people what they think, rather than by assessing ove

reaction, as in the previous section.

Figure 26 shows that people are preponderantly in their homes when
they are annoyed by naise, Table 16, from an Americon survey, % hows the acti
vities disturbed as reported by people who were "extremely disturbed about aircra’

noise." As might be anticipated, problems related to speech intelligibility head t

Table 16

Activities Disturbed by Noise as Reported by
People who are "Extremely Disturbed by Aircraft Neise"

Activity Percent
TV/Radio reception 20,6
Conversation 14.5
Telephone 13.8
Relaxing outside 12.5
Relaxing inside 10.7
Listening to records/tapes 9.1
Sleep 7.7
Reading 6.3
Eating 3.5

64

. T e St s a0 s g ekt L T



4 M
P

Percentage

80

70

60

50

40

30

20

Inside
At Home

] Outside
At Work

e

N
N

N
Disturbed Notice Do not
from Time but not Notice
to Time Disturbed

Figure 26, Percentage of People Who Were Ever Disturbed b&oNoise at

Home, Outdoors and at Work in London City Survey
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Figure 27 shows the average annoyance reaction found in the London At
port Survey39 as a function of CNRB(5 and approximate normalized CNEL, Figures 2!
and 29 show the relationships of those who are "very much annoyed" and those "only «
little, or not annoyed" with data from the same survey, Also shown in Figure 28 is a
data point from a survey in Sweden, 43 and o tangent line through the most important
ronge of community reaction,

These results demonstrate that a majority of the citizens are clearly very
much annoyed when the naise is sufficient to produce a normalized CNEL of 81 dB,
which would be expected to produce a vigorous community reaction in accordance wit
the data in Figure 24, They also show that a small but significont percentage of the
population is still very much annoyed at the CNEL 55 value, where no community
reaction is expected, Thus, the true impact of the poliuting effects of intrusive noises
as measured by annoyance goes deeper then indicated by the "no reaction" point,

.3 Applicability of Nolse Pollution Level and Traffic Noise Index to
Community Noise Assessment

h

Although the various versions of the community reaction correlation pro-
cedure have found favor in this country and in international standardization, 12,47
there are continuing efforts to develop new and better noise scales, Two of the most
recent efforts stemmed from o traffic noise and social survey by Griffiths and Langdon:
in England in 1968, They assessed the dissatisfaction of residents at 11 sites with traff
noise, and related the results to meosured values of the noise. These measurements wc
reported in terms of LIO' Lgq and L90; Leq values were reported later by Robinson.
The statistical values reported were the arithmetic averages of 24 samples (one per hou
of 100 seconds duration each.

Griffiths ond Langdon devised a traffic noise index which appeared to gi

the best correlotion between their 24-hour averages and the dissatisfaction scores. Thi

index is defined as:

TNI = Loy +4 (Lyg-Lg)) - 30ind8 (5-1)

90’
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Robinson reviewed the work of Griffiths and Langdon and propased o quantity callc
Noise Pollution Level, which accounted for both the equivalent energy of the nois
the amount of its fluctuation in terms of its standard deviation (o) .44' His priman

1¢
152

NPL = L + 2,56 C indB {5-.
e eq

However, in deriving the constants for NPLe from the traffic noise study, he utiliz
the approximate form of NPL:

NPL' = Leq + (LIO - L90) indB {(5-

In addition, he proposed several other approximations which could be gpplied in g

priate situations, including the following expression which does not require direct

putation of Leq:

NPL = Ly, + 2.56C + 0°/8.68 in dB (5-

Figure 30 compares TNI and NPLE, calculated from the 24 average ©
of 100-second samples, with the dissatisfaction scores at the 11 Griffiths and Lang
sites. The correlation coefficient and standard deviation ore approximately 0,88 «
3.9 dB, respectively, for TNI, and 0,82 and 3.2 dB for NPL_. Figure 31 compar:
Leq and (Leq - L90) for these same data. This measure of (Leq - L90) is similar to
measures used in the correlation of community reaction in Figures 24 and 25, The
relation coefficient and standard deviation are opproximately 0.63 and 5.8 dB,
respectively, for Leq’ and 0.76 and 1.9 dB for (Leq - L90).

There are three principal observations which can be made from these
parisons. First, all measures except Leq (only) show reasonable correlation with tl
trend of the data, with TNI the best and NPLe second hest,

Second, the stondard deviations for (Leq - L90) are much smaller the
those for TNI and NPLe. This difference is the result of the difference in the deci
ranges of the three scales, approximately 29 dB for TNI, 18,5 dB for NPLe and 7..

for (Leq - L?O)'
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Third, the dynemic range of the basic Leq dato is relatively small,
cpproximately 15 dB. Considering that the basic noise dota were acquired in 100-second
samples, some random error, probably of the order of Lo dB, may be expected in the
estimates of both Le and L]O at the various sites. (For example, see Table 8 in
Section 3,2.) In oddition, the day-night variation mey differ between the sites, as
seen in Figures 10 through 12, adding additional varichility te the comperisons, Further,
there was undoubtedly some variation in level throughout the neighborhood ot each site.
These probable errors in the measurement, plus the inherent errors in assessing the actual
dissatisfaction scores, are at leost of the magnitude of the errors exhibited in the cor-
relations of the various scales, Therefore, it is difficult fo conclude from these data
that eny one of these three candidate scales is to be preferred.

The TNT and NPL were computed ot each of the 18 locations in the noise
survey undertaken for this report. An example of the results is shown for the daytime
period in Figure 32, together with Lm| and LIO’ with all velues plotted relative to L90.
For many of the locations, TNI is numerically similar to Leq' within approximately
te as. However, at o few locations where intruding single event noises were sufficiently
numerous fo effact L]O’ the TNI is much greater than Le ; with a maximum difference of
almost 40 dB, In all cases, the NPLe is greater than Leq' as would be expected from

Equation (5-2). The differences (NPLe - Leq) range between approximately 6 and
26 dB,

These data were also used to calculate the numerical differences among
the three methods for caleulating NPL, which were given in Equations {5-2) through
(5-4). The results for the 18 locations are summarized in Teble 17, The mecn differences
and standard deviations for daytime are 3.8 and 3.7 dB, respectively, for (NPLe - NPLG)
and 1.4 oand 1,3 dB, respectively, for (NPLe - NPL'). In all periods, the standard
deviation using NPL' was less  than that obtained using NPLG, indicating thot it is a

more consistent estimator of NPLe.
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Table 17

Relationships Among Various Methods of Calculating Noise Pollution
Level for Data from 18 Locations

NPLe" = NPL, " NPLy - NPL'™
£ Location Day [Eve TNighr 24 Hours | Day | Eve |Night 124 Hours
E A 12| 1.3] <16 | -0.7 [-0.7 |-0.7 | 4.0 | 3.8
: B -0.1 E 1.8 | 3.0 2.2 | 2.5 {-0.7 | 1.0 | 6.5
3 C R R ARRE, 1.7 {09080 | L7
& D 1.2 | 0.7 | 2.2 -1.2 |~0.4 | 0.5 | 2.4 6.2
Z E 1.5 0 1.8 1.6 1.3 | 0.4 (=0.1]-0.3 1.6
3 F 10.3 |10.6 | 15.6 | 10.5 | 2.3 | 3.5) 7.8 | 7.4
3 G 2.8 1211 15 1.7 | 32105 1.9 | 6.8
2 H 2.3 1.7] 3.3 1.8 | 0.4 0.7] 1.4 | 2.8
Lo I 3.5 (4.1 4.2 16 | 1.2]1.9] 9.7 ] 7.0
P28 J 3.2| 1.8 4.0 3.0 | 0.7] 0.8] 3.4 | 3.
? f-:} K 9.5 | 7.4 87 70 | 2.9 24| 3.8 | 7.9
5y L 2.7 3.3 25 3.7 | 1.2 0.9] 40 | 2.7
. M 4.4 | 8.81 5.8 3,7 | 0 1.7] 7.0 | 6.9
43 N 4.2 | 2.7] 2.5 2.9 | 0.7 0.8] 2.3 ] 3.7
Py o) 1.4 2.0 6.1 4.0 | 1.9 0.3 2.8 5.6
[ 2 P 12| 0.4 =17 0.2 | 1.0] 26| 9.9 | 5.2
D& Q 2.5( 1.8 13.7 5.1 | 3.4 0.2 42| 3.7
C R 4.4 0 | 2.9 4.2 | 3.7 27| 3.6 | 0.4
L4 Mcan Difference | 3.8 | 3.0 4.2 2.9 | 1.4| 0.9] 3.8 | 4.6
-2 Standard Deviation| 3.7 | 2.9 4.4 2.7 | 1.3] 1.2f 2.9 2.2
-
Z NPL, = Loq +2.560
E + | NPL, =Lgg +2.56 0 +02/8.68
1 ‘E NPL' = Loq +Lig - Lg
i
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Thus, NPLC can be reasonably estimared for a wide variety of real out

; door noise environments by NPL', This simplified approximation can be written as:

NPL' = (Leq - L?O) + L]O

or (5-5)

’ (NPL = L) = (L = L) + (L) = Log)

The computation for the daytime estimates of (NPL' - L?O) can be visually made for
data of Figure 32 by adding the (LIO - L90) bar to the value of (Leq - LQO)' The im
cation of this simplification is that NPL tends to count the magnitude of the intruding
noise twice — first in its contribution to Le and second in its contribution to L]O'
Thus, it might be expected that a correlation of community reaction, such as that
given for the 55 cases in Figures 24 and 25, would exhibit a wider data scatter than
obtained with {CNEL - L90)’ or (Leq - L90).

An example of such an application of NPL was calculated for aircraft
flights over residenticl areas with differing residual noise levels. In all cases, the ¢
craft noise was assumed to have a maximum |evel of 90 dB{A) and an effective {enerc
equivalent) duration of 5 seconds. The aircraft noise~time history was assumed to be
triangular. The community reaction for each cose was estimated from Figure 24, Tk
results of this example are given in Figure 33. The left-hand side of the envelope of
cases is determined by the condition of 1 flight per hour, [t shows no correiation
between NPL and community reaction, since the NPL varied only slightly although
(Leq - L90) varied significantly. The right~hand side of the envelope results from th.
condition of 30 flights per hour. Here, the NPL varied significantly with the reactic
scale. From this example, one might conclude that it woutd be difficult to obtain
good correlation between reaction and NPL, whenever the duration of the intruding
noise is only a small fraction of a given time period, Better correlation may be obta
when more than one type of source is presenf;% however in this case the results are |

on estimated rather than measured noise levels.
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Figure 33, Example of the Relationship Between Noise Pallution Level and Community
Renrtion for Aircraft Noise, as a Function of Cutdoor Residual Noise Level.
For the Outdoor Noise Level Without Aircraft Laq and Ligwere Assumed
to be 7 ond 10 dB, Respectively, above the Residuol Noise Level,
Calculations were made for 1,3,10 and 30 Aircralt per Hour,
Each Having a Maximum Noise Level of 90 dBfA) and an
Effective Duration of 5 Seconds. Estimated Community

Reaction is Based on Figure 24
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A second example wos caleulated to see the effect of the steady-stote
intruding noise which was turned on continuously, or for a fraction of the period unde
consideration. Such source characteristics are common in industrial noise ond air
conditioning hear exchangers. The example ossumed that the residual noise level was
40 dB(A) and the intruding noise was 60 dB(A), Both NPLe and NPL' were calculated
together with Leq of the intruding noise and Leq of the intruding noise plus the noise
which waos assumed to exist without the presence of the intruding noise.

The results are presented in Figure 34. When intruding noise is con-
tinuous ("on time" fraction of 1.0), NPLe = NPL' = Leq = &0 dB. However, whe
the source is only on for 50 percent of the time, NF‘Le has a maximum of 82,4 dB,
22.6 dB greater than when the source is on all the Hime, In fact, the NPLe exceeds
60 dB for all on~time fractions between approximately 0.04 and 1.0, In this example
NPL' is a poor estimator of NPLe, particularly when the "on time" fraction exceeds
0.1. The reason is that for this steady-state noise, L]0 = !_90 for all values of the
“on time" fraction which exceed 0.1. Consequently, for intermitient steady-state
noise, unlike the fluctuating noises of Figures 32 ard 33, NPL' is not an appropriate
estimator of NPLe.

The results of the discussions in this section indicate that NPL is less
suitable than (Leq - L90) for use in measuring the mognitude of intruding noises relati:
to residual noises, with respect to their effects on people. This conclusion is par-
ticularly relevent to intermittent single-event high-level noises with short duration,
as well as intemittent steady~state noises which have "on time" fractions between

0.1 and 0,9.
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NPI.? = Leq +2.56 0
- NPL* = Leq+L]0—L90 .
Where Le inciudes the combination /"""\
8o IF of intruding noise with outdoor noise // —
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Figure 34, Example of the Effect of Turing on a Steady State
Intruding Noise of 60 dB(A) on Noise Pollution Level as
Functionofthe "On Time " Fraction. The Qutdoor Noise

Without the Intruding Noise is Specified by
Lig = 50 dB(A), Leq =47 dB(A) and
Log = 40 dB(A)
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6.0 THE GROWTH OF NOISE POLLUTION

There has been considerable public discussion obout the growth of noisc
pollution. Some of this discussion has led to dire predictions that the noise in our
environment is increasing by as much as 1 dB per year, or 10 dB per decade. Cleorly
such a growth rate, if true, would lead to very severe consequances, To place this
problem in perspective, it is useful to examine the possible changes in both the

intruding noises and the residual noises over the post few decades.

6,1 Change in Intruding Noises
There has heen considerable growth in the number of miles of urban fres

waysand thruways since 1950, This growth is accompanied by an increase in noise in
neighborhoods adjacent to the freeways. Similarly, there has been a significant

increase in commercial air travel since 19502° This increase, together with an increc
of the noise leve| of the jet aircraft relative to the oider propelier aircraft, and the

building of homes around existing civil airports has resulted in a significant number ¢

noise problems,
The omount of land estimated to lie within the CNEL 45 dB contours is

illustrated in Figure 35 for both freeways and airports. These estimates2S show that
approximately 2000 square miles of land are bounded by CNEL 65, The actual land
use within these impact boundaries (airport property and freeway property have been

excluded) is not known. However, if it is ossumed that the average use is like the

average urban land use, epproximately 10 million people would be expected to live

in these oreas,
These estimates of the impacted area are rather conservative since an

intruding noise source which causes a normalized CNEL of 65 dB in an urban residen
community is expected to result in widespread complaints, Consequently, the impac
of noise pollution extends beyond the CNEL 65 dB boundary, even in an urban resid
tial community. In oddition, for suburban communities which have lower residual n
levels, a CNEL of 55 or 60 dB is equivalent to a CNEL of 65 dB in a residential are

Hence, the estimates in Figure 35 are even more conservative,
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Figure 35, Approximate Growfh in Aircraft and Freeway Noise Impacted Land
Area Enclosed by Community Noise Equivelent Noise Level of 65 dB.
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In addition, the growth of construction activity within the city and
industrial plants in the suburbs and rural areas bring increesed noise pollution to et
affected area. Further, as illustrated in Figure 36, the number of noisy devices su
as power |awnmowers and motorcycles has increosed from a few hundred thousand u
in 1950 1o over 20 millian in 1970, bringing additional single event neise pollutiot
to the urban and suburban residentiol erecs. Similarly, the introduction ond use o
recreational vehicles, chain saws, and fully-equipped campers has introduced a ne
element of noise pollution to the wilderness areas, Even at o remote location on
north rim of the Grand Canyon, the noise from a small propeller-driven private air
had o maximum level of 70 dB(A), a 54 dB increcse chove the daytime residual noi
level of approximately 16 dB(A).

The increasing number of sources which produce high noise levels
gives clear evidence of the significant growth of noise pollution from intruding sou
over the last two decades, Although the majority of this growth occurred in speci!
areas where freeways or airways were located adjacent to the communities, a sign.
number of new single event sources were added to all areas from the wildemess to

inhabited suburban aond urban residential communities,

6.2 Change in Residual Noise

The question remains whether these additional intrusive noises, toge
with any changes in the noise characteristics of all other sources, have changed tl
cutdoor residual noise levels in the residential areas which have not had o signific
land usage change. It is very difficult to answer this question without the existen:
of a statistically significant survey of the noise environment in residential areas wi
the United States, either current or past,

To obtain « "curreni" estimote, the data for the 11 residential locati
in the range survey, Table 3 of Section 3,1, have been combined with data from 1
typicol residential locations from another recent surveyw to give a better compos
picture of an "average" urban residential noise environment. The separate and cc

data from these two surveys, given in Table 1B, indicate that both are from simila
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Table 18

‘ Residual Noise Levels {Log) in dB{A) for 28 Residential Locations
Including 11 from this Survey and 17 Locations From
Measurements in Los Angeles, Detroit and Boston!?

Combined

; Period Quantity 11 Locations 17 Locations 28 location
Day Log 45,6 47.5 46,7
| Std. Dev. 4.6 5.8 5.3
o Evening Leg 46,7 44.9 45,6
[ Std. Dev. 4.1 5.6 5.0
e Night L5o 39.8 37.8 38.9
i Std. Dev. 4.1 6.2 5.3

populations, particularly in the daytime. However, since neither survey was und
with the intent of statistically sempling a city and there are only 28 locations in :
the results should only be considered indicative of central trends, The "post" dat
are available consist of the results of four surveys!‘i-]é’ 18 These surveys cover t
34 years, beginning with the extensive Bell Telephione Company survey of noise i

residential areas in Chicago, Cleveland and Philadelphia, The comparison of the

residual noise data from five surveys is given in Figure 37.

p Each survey was different in method, objective and instrumentation

none compare idenfical locations. Most were diso different in methods of reduci:

TrT

reporfing data as well, Therefore, it was necessary to adjust the dota te a comme

:} for comparison, The data for the 1937 and 1968 surveys were published in terms «
r?f: median outdoor noise level (Lsg), and those of the 1957 survey in terms of an ene
':% of the noise environment. All three results have been corrected to the residual n
| f"; level (Log) by subtracting the average difference of 5 dB found between the medi
; residual levels in the current data. The mean and 50 percent range for the residu

levels of the 1947-8 and 1971 surveys are shown as originally presented,
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Figure 37. Comparison of Five Surveys of Outdoor Noise Levels in Residential Areas in
the United States Between 1937 and 1971, The Data for 1937, 1954 and 1968
" Have Been Corrected from Their Published Values to an Approximate
- Residual MNoise Level by Subtracting 5 dB to Account for the
L Difference Between the Median and Residual Noise Levels
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Disregarding the 1954 results, the means of the other four survéys lie
between 46 ond 50 dB(A) with o grand overage of 46.9 dB(A). This value is also clo
to the averege value of 45,5 dB(A) calculated for the suburban categories of quiet ai
nomal suburban, and urban and noisy urban residential areas described in Table 5 of
Section 3.1,

The meon value of the 1954 data is 7,7 dB below the 1971 results and
7.9 dB below the average of the other four surveys, This survey was designed to inv.
tigate the effect of aircraft naise at many focations under dircraft Flight tracks up to
12 miles from each of eight aimports, and included rural as well as suburban and urbe
locations, It is probable that the principal reason for the low values reported by the
1954 survey is that its mix of locations gave significantly more weight to the quiet
rural and suburban areas than to the urban and noisy urban residential areas., Simil
the 1937 survey included city apartment dwellings as well as suburban end urban resi
dential areas with detached dwellings. This difference in emphasis probably resultec
in higher emphasis on the "very noisy urben residential" category and explains why
data have the highest reported mean value for the residual noise level.

Thus, it is considered that the 1937 survey was biased to slightly noisi.
areas, the 1954 survey was significantly biased to the quieter areas, ond the three
remaining surveys are probably somewhat similar in their distribution of locatians ar
the categories of Table 5. With this perspective, it is concluded that where land u:
has not changed, there is no strong trend toward on increase in the average suburba
and urban residential area residual noise levels over the past 34 years. Further, it
appears that the only increase which can be inferred from these data is 2 dB in over
two decades based on the difference between the 1947-8 and 1971 results,

This conclusion is also supported by a comparison of the noise at two
locations in Los Angeles, where the 1971 data are directly comparable to measurems
made in 1955 and 1959. At a nomal suburban neighborhood location, where no sig
ficant change in land or road use has accurred over 16 years, the two measurements

the residual noise level agreed within 1 dB between 1955 and 1971. In the other «c
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the 1971 measurements in a residential urban area were approximately 2 dB higher than

in 1959, due ot lecst in part to the activation of @ new major freeway within 2/3

mile of the location.

Table 19 presents a comparison of residual noize levels in the downtown

city. The results for New York, Chicago and London from 1937-1962 show remarkable

ogreement, However, again direct comparisons at the same location are not availoble
and the only inference to be drawn is that no significant increases in level are demon-

strated for these extramely noisy locatians.

Table 19
Comparison of QOutdoor Daytime Residual Noise Levels (Lgg)

in the Downtown City

Daytime Residual
MNoise Level dB(A)

Number of
City Locations Year Range Average

New York*

Business District¥* | Large 1937 62 to 75 68
Chicago — Large 1947-48 63 to 73 68
Heavy Trafficls

London2® Approximately 196162 - 68

20

Ottawa?! One 1968 - 68
Los Angeles Cne 1971 73
(Current survey)

*
Original data which approximated median noise ievel (Lgp) corrected to
Residual Noise Level by subtracting 5 dB.
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The basie conclusion from all of these comparisons is that the averag
outdoor residual noise level has probably changed only a small amount over the pa
few decades, in an area wh.ich has had a constant land usage throughout the perio:
However, if the land use has changed of any location, such as from rural to suburl
fram suburban to urban, or urban to downtown city, the outdoor residual noise lev-
probably increased significantly (10 dB or more), approximately in accordance wi!
values in Table 5. Consequently, even if the residual noise level for a given cat
of neighborhood has not changed, the sprawl of the cities and the suburban expan
during the post war period has significantly increased the number of people impac:
by urban noise. In addition, at many locations, the outdoor energy equivalent ar
maximum noise levels has increased significantly because of the addition of new
intruding noise sources, such as an electric power plant, a freeway, or a jet aircr
overflight path.

Thus, in summary, the growth of noise pollution is principally assoc
with the spread of areas characterized by high noise levels, the growth in numbe
noisy devices used for recreation and labor saving, and the construction of freew:

and increase in use of airways by noisy aireraft near residential communities.
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7.0 CONCLUSIONS AND RECOMMENDATIONS

The date and discussions in this section lead 1o several significont

conclusions and recommendations regarding the nature of noise potlution and the

methods of measuring its magnitude. Although many of these conclusions must be

regorded os tentative, because of the lack of o statistically sound community noise

baseline, the general trends appear streightforward and give useful perspective for

the overall nature of the problem,

7.1 Conclusions

The principal conclusions are:

Renge of Qutdoar Envirenments

P it

The outdoor daytime residual noise level in a wilderness, such os
the Grand Canyon rim, is of the order of 16 dB(A), on the farm
it is of the order of 30 to 35 dB{A), and in the city it is of the
order of 60 to 75 dB(A}. These increases in noise level, from
wilderness to farm and to city, are the result of man's activities

and his use of machines,

Significant errors may be expected in the meosurement of cutdoor
noise levels in environments choracterized by single event noise
intrusions, unless the duration of the measurement samples is

sufficiently long,

The mean (arithmetic overage) and median (L5g} data obtained
at the 1B locations in this survey were generally within one dB
of each other, with a standard deviation of 0.8 dB. Therefore,
the arithmetic average of many sequential measurements, as read
on « sound level meter, should be o good estimate of the statis~

tical median {Lsq).

89

e e A i i i o e - Pl e e D ;. o




i . The residual noise level read on o graphic level recorder for the
‘ data in this survey was found to be about T dB less than Loy
! and one dB greoter than Lgo, both with a standard deviation of

approximately 2 dB,

. The maximum noise level measured in an hour was found to be

significantly higher than both L;q and L at almost all location,

Infruding Noises

: . Areas in which the daytime outdoor median noise level exceed:
i the range of 56 to 60 dB(A), categorized as "very noisy urban"
N are not well suited to detached residential housing, since norm.
2 voice conversation ocutdeors is limited to distances of less than

* 6 to 10 feet between talker and listener. Also, when the noise
] level is above this range, it is not possible to have relaxed cor
versation in a living roem at o distance of 10 feet with window

or sliding glass doors fully opened.

e Areas in which the daytime outdoor median level exceeds &6 di
are not suited to apartment living unless the buildings are air-
conditioned so that the windows may be kept closed to enable

relaxed conversation indoors. If the outdoor median nofse lev.

are above 71 dB(A), special soundproofing is necessary to pres

the indoor noise environment, even with windows closed.

° The outdoor residual noise level in a suburban and urban resi

dential communities serves the useful funciion of providing spe

CY AR i
A IR

privacy between neighbors, Therefore, the requirements For sy

R
ot

o

privacy should be considered in determining the lower limit of

o e
SN

desirable residual noise level in each type of community.,
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Maximum noise levels below 72 dB(A) for individual single events
have been judged acceptable in one series of subjective tests,
which is consistent with the opparent general acceptability of
maximum levels of 62 = 70 dB(A) resulting from normal operation

of u standard passenger automobile on a residential street.

Community Reoction to Noise Intrusion

The correlation of community reaction with the Community Noise
Equivalent Level (CNEL) nomalized by the method of Rosenblith
and Stevens, appears to give reasonable predictions of community
complaints to noise intrusion, with 90 percent of the data within
+35 dB of the meaon relationship between the normalized magnitude

of the intruding noise and the degree of community reaction.

The data indicate that no reaction should be expected to occur
when the normalized CNEL of the intruding noise is less than

2 dB above the daytime median noise level, or equivalently,
approximately 7 dB above the residual noise level, However,
some social surveys indicate that when the intruding noise equals
this level, approximately 20 percent of the population is "very
much annoyed, " although 45 percent are o‘nly va little," or

“not at all annoyed."

The significant complaint reactions from the 55 community reaction
cases and the approximate percentage of the population "very much
annoyed" and "only a little" or "not at all annoyed" from the

Lendon study are given in Table 20,

91

T gtV e e = s b e |t 8 o ——— g v



Table 20

Summary of Expected Community Reaction and Approximate Annoyanc
as a Function of Normalized Community Noise Equivalent Level

Approxirlwc te Difference Between
; cpecus | Do Rt Nt Ll 4P| A
[ Commu::niry Very Much | Liftle o:
| Reaction Mean Ronge of Data Annoyed Annoy
. ; No reaction 7 2t0 13 = 20 45
( Sporadic complaints 11 8 to 13 26 37
E} Widespread complaints 17 12to 24 37 24
4 | Threats of legal action 26 23 to 29 40 14
;“ Vigotrous action 33 28 to 37 =87 =~ 7
. To measure the magnitude of intruding noises, relative

to community reaction., Noise Pollution Level was found
to be less suitoble than a quantity equal to the difference

between the energy equivalent noise level (Leq) and Lgg.

Growth of Noise Pollution

. The limited available data from community noise surveys caor
over the past 34 years indicate that little increase has occur
the residual noise level, except where lond usage has chang
Where such change has occurred, the noise has generaily in
probably in accordance with the expected change between |

use categories in Table 5, such as plus 10 dB from rural to st
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or plus 20 dB from rural to noisy urban, A significant spread of
noise pollution has occurred in this manner because of the large
growth of the urban and suburban oreas, and their popuiations,

in the last 20 to 30 years.

. A significant increase of noise pollution in the post 20 years has
resulted from the ropid growth of commercial aviagtion and from its
use of jet aircraft which are about 10 to 20 dB noisier than the
piston engined aircraft that were replaced. A somewhat lesser,
but still significant, increase of noise pollution has resulted from
the construction and use of freeways which are located within
urban ond suburban residential areas, It is estimated that at least
2000 square miles of urban and suburban creas have been severaly
impacted by noise from these two major sources, with lesser degree

of impacet extending over @ much larger orea,

» The ropid increase in popularity and use of noisy recreational
vehicles and heme lawn care equipment powered by poorly muffied
internal combustion engines has contributed to noise pollution in

both the wilderness ond the residential neighborhocd,

7.2 Recommendations

Noise pollution in the community is an extremely complex problem,
caused by a voriety of sources, and measured in termms of its differing
effects on people. To approach this problem requires a systematic
approach to the measurement and prediction of community noise,
establishment of noise quality goals, control of the basic noise
characteristics of the various important sources, community plonning

for and regulation of noise, and continued research to better understand

i the effects of naise on people and to improve noise control technology.
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The following recommendations address part of this overall problem:

Measurement, Prediction and Goals

E ° Accomplish o nationwide community noise survey with sufficie

locations to have statistical significance to obtain:

National community noise beseline.

N

Opinions of the noise environment for each location.

!

2

3. Definition of speech privacy requirements,
4

Definition of minimum requirements and procedures for

noise monitoring systems,
S. Data input to noise quality goals,

Data for improving prediction mode| for community nojse

. o Plan and conduct one or more metropolitan areawide monitori

demonstration programs to obtain total effect of aircraft and |

A

way noise in residential areas and to further refine monitorin

TaeLt

R IXIN

methods and techniques,

° Review and update existing analytical methods for predicting
outdoor noise levels in the community from transportation sot

including obteining any necessary physical data on attenuati:

s Establish noise quality goals for the indoor and outdoor envir
' . covering both constant and intermittent single or multiple-ev

noise .

Control of Basic Source Noise, Community lelming and Regulatio

° Establish source noise standards ond goals, consistent with th
community noise quality goals for all major source categorie
including all transportation and recreational vehicles, const

equipment, lown care equipment, and air conditioning equiy

24
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o Establish noise labeling procedures for all consumer products
which produce noise,

. Develop guidelines for achieving acceptable freeway and highway
noise levels, incorporating the effects of source noise reduction,

barriers, and other design elements,

. Develop a model noise ordinance for use by cities and towns,

. Develop model building codes which include noise performance
criteria,

. Define aircraft noise goals which are compatible with the community

and the future air transportation system.

Research

. Work with appropriate federal agencies to support research funding

to develop the technology for quieter aircraft and their operation.

. Conduct research to improve understanding of effects of noise
on people:
1. Correlate heolth records versus noise exposure around major
metropolitan airports,
2, Perform experiments in sleep disturbance to determine
importance of community noise in sleep disturbance with
attention to characteristics and number of noise events versus

steady state background,

3. Obtain better definition of the role of short-time single-event
noise interruption in speech and telephone convérsaﬁon, and
TV and radio listening.

4. Ascertain the relative importance of indoor and outdoor

environment on community and individual reaction te noise.

25
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5, Determine noise criteria for people in outdoor areas such

}‘ as parks.
‘ . Conduct demonstration programs in residential housing to find
i relationship between room noise reduction and human reaction
to develop better criteria for building wall transmission loss, and
: to provide design goals for reduction of traffic noise for
,‘ I buildings near major freeways.
: 3 ) Conduct research towards quieting city street canyons through
] development and application of eutdoor acoustical absorbing
material to building exterior surfaces,
)
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APPENDIX A

COMMUNITY NOISE SURVEY

This appendix provides site descriptions, noite data and measurement procedures
relating to each of the 18 noise survey locations. Table A-1 provides the letter
designations and titles for all locations.

ALl Descriptive Figures

The descriptive information and data for each location are centained in

a series of three consecutive figures. The figures A=la, A-lb, and A-Tc all relate

to Location A. Ffigures A-2a, A-2b, A-2c relate to Location B. Those designations
continue through Location R, depicted in Figures A=18a, A-18b, and A-18c. The

content of these figures is described in the following paragraphs.

ALl Site Descriptions
Figures A=la, A-2a, through A~18a describe the type of community

represanted by the survey site and its geographical location, Each figure contains
a local street map, a photograph of the location, a description of the local noise
environment, and pertinent comments on microphone location and the measured data,

The survey location is indicated on each street map by a black diamond (#4).

AT.2 24-Hour Time History Records
Figures A~1b, A=2b, through A-18b are 24-hour time history records

of A~weighted noise levels for each survey location. These records are portrayed on

two facing pages; the first page depicts noise levels for 0000 hours to 1200 hours and
the second page depicts noise levels for 1200 hours to 2400 hours.

Data ranging in length from several seconds to several minutes is missing
from the 24~hour time history records for some of the survey locations because the

recorder was tempararily stopped for system maintenance or adjustment,

During the 24-hour measurements at Locations F and J, the community

noise levels occasionally dropped below the noise threshold of the measurement
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instrumentation. This is indicated by the fairly constant level on the 24-hour

recording. This condition alse accurred af Location R and is discussed in Figure 1£
At Locations B, M and Q, portions of the 24~hour record which appear to have reo
a threshold are actually indicating o constant noise level established by air conditi

systems, blowers, or other continuous local noise sources.

A1.3 24-Hour Qutdoor Noise Summaries
Figures A=1c, A-2c, through A-18c are summaries of the 24=hour outc

noise levels at each location, These figures provide a statistical portrayal of comn
noise throughout @ 24=hour period. The upper graphs {a) give the maximum and res’
noise levels read from a graphic level recorder, together with the hourly and perioc
values of the levels which are exceeded 99, 90, 50, 10, and 1 percent of the time
(L99, L90' L50' LIO’ and L]), respectively, and the energy mean equivalent level

The lower graph illustrates the statistical distribution of the noise levels throughout

each of the three time periods.
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A-13
A-17
A-21

A-25

A-29

A-33

A-37

A-41
A-45

A=d49

A-53

A~57

A~61

A-65

A-69
A-73
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TABLE A-1

Community Noise Survey Locations

Address

Third Floor Aportment, next to Freeway —
West Los Angeles, California

Third Floor Downtown Hi=Risa —
Los Angeles, California

Second Floor Tenement — Harlem, New York
Urban Shepping Center — Torrance, California

Popular Beach on Pacific Oceon —
Corona Del Mar, California

Urban Residential Near Major Airport —
Lennox, California

Urban Residential Near Qcean -
Redondo Beach, Caiifornia

Urban Residential, 6 miles to Major Afrport —
Los Angeles, California

Suburban Residential near R/R tracks —
Simi Valley, California

Urban Residantial — Inglewood, California

Urban Residential near small Airport —
Newport Beach, Caolifornia

Old Residential near City Center —
Los Angeles, California

Suburban Residential at City Qutskirts —
Pacific Palisades, California

Small Town Residential, Cul-de-Sac—
Fillmore, California

Small Town Residential, Main Street —
Fillmore, California

Suburban Residential in Hill Canyon —,
Los. Angeles, California

Farm in Valley — Camarillo, California

Grand Canyen, North Rim — Arizona
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Community Description: Large opart-
ment unit, adjacent to San Diego
Freeway in a mixed single multiple
unit residential neighborhood. Eight-
lane major freeway; 0.5 mile to
Venice Boulevard; 1.1 miles to Santa
Monica Freeway; 1.1 mile to o gen~
eral aviation airport,

Noise Environment: This location was
right next to a major freeway, Free-
way traffic produced very high noise
levels most of the day and traffic was
heavy enough to keep the residual noise levels in the high 70 dB(A) range with a
relatively narrow excursion to traffic maximums in the 90 dB(A) range. During the
very early morning hours, with light traffic, the noise level went down into the

40 dB(A) range for several brief periods. No other intruding events are readily
distinguishable on the 24-hour noise signature. The microphone was positioned 100
feet from the side of the freeway and 45 feet above ground level, It projected é
feet toward the freeway from a third-floor apartment balcony. The freeway street
level was about 30 feet below ground level at the apartment building,

Figure A=la. Location A ~ Third Floor Apartment, Next to Freeway —
West Los Angeles, California
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a) Various Measures of the Qutdoor Noise Level
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Community Description: Major down=~
town metropolitan area, undergoing
considerable reconstruction. The two
major projects were a five-story steel
beam construction above ground on a
commercial building and subterranean
foundation wotk on a parking garage.
The two projects were located side by
side directly across the street from the
location., Broadway is a four~lane
major downtown street, 0.3 mile to
the Hollywood Freeway and 0.6 mile
to the Harbor Freeway, 1.7 miles to
the Golden State-Santa Ana and Sunta Monica Freeways. The general area is @
network of major downtown arteries serving high rise commercial and governmental
buildings, 0.6 mile to railroad station and associated warehousing and industrial

district.

Moise Environment: The noticeable intruding noises, primarily frem construction
trucks, cranes and airwrenches, were superimposed on a very high level of steady
traffic noise. Buses and motorcycies were very noticeable within the traffic noise.
Sirens produced the highest levels of intruding noises, The microphone was located
30 feet above the sidewalk, 6 feet away from the side of a relatively open parking
garage structure. A large air conditioning vent at street level, adjacent to the
parking structure, dominated the residual level during the late evening and early
morning hours,

Figure A~2a, Lecation B — Third Floor Downtown Hi=Rise -
Los Angeles, California
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a) Voarious Measures of the QOutdoor Noise Level
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Community Description: Harlem sec~
tion ot New York City; metropolitan
low income residential and commer=
cial areo; at the intersection of 125th
Street and Lenox which are both major
four-lane arterials; one mile to the
East River; 25 miles to a major metro~
politan commercial airport.

Noise Environment: Major intruding
noises were generated by trucks,
motoreycles, sirens, fire engines, and
jet overflights superimposed on fairly
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steady levels of automobile traffic, loud music and voice announcements being
played as part of a store front promotion continually from 10:00 a.m. to midnight.
Considerable amounts of "people noise" were noted during times when rain was not

falling, The microphone was located just inside an open window on the second floor

of a business building, This location was approximately 55 feet from the actual
corner of the building. The window faced Lenox Street.

Figure A~3a,

Harlem, New York
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Location C — Second Floor Tenement —
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a) Various Measures of the Outdoor Noise Level

T T Bl { T T T T T T T
110
Hourly Values Arithr
. - Averc
Hour!
100}— o 0 g 0 Durir
.
N ™ .
. . d
01— . . () )
BO|-
0
60
= O Residual Noise Level
® Maximum Noise Level
50 {Read from graphic leve! recordings)
B I..— ALM, : P.M.
40 | ] ! 1 { I 1 1 | } ! Lt
12 2 4 6 8 10 12 2 4 6 10 12 Day

Beginning of Hour

b) Histograms of the Percentage of Time Noise was in Each 5 dB Interval for Three

T e b T

e by

100 Day Evening Night
£ 80 T T
it
s 40} -+ 4
3]
[=)]
2 40 + 4
g
&L 20 -+ 4
0 ] | 1 1 L I 4 | | [ 1 | ]
40 50 60 70 80 40 50 &0 70 80 40 50 60
A~Weighted Noise Level in dB re 20 uN/m
Figure A=3c. Summary of the 24=Hour Qutdeor Noise Lave
at Locatlon C — Second Floor Tonement
A=14



Jods

Lo b Lo be i L e et

a5 Beflermn
ch,

0=k
=1

Community Description: Major com~
mercial shopping center; large and
small stores, major department stores,
high rise office buildings and service
stations; 200 feet to Hawthorne Boule~
vard, a six=lane arterial; 150 feet to
Carson, a four-lane arterial; 1, 5miles
to Pacific Coast Highway, a major
four=lane arferial; 2.75 miles to the
San Diego Freeway, 3.75 miles to the
Harbor Freeway, 1.5 miles to a major
small general aviation airport, 1.5
miles to nearest industrial area, and
2.25 miles to a beach,

Noise Environment: Heavy street traffic dominated almost the entire 24-hour period.

A store air conditioner vent held up the residual level during the early morning
hours. Intruding noises superimposed on the general traffic noises were jet and
propeller overflights, trucks, motorcycles, horns, trucks and service equipment for

nearby lots and stores, The microphone was located 25 feet above ground, 200 feet
from Hawthorne Boulevard, and 150 feet from Carson Boulevord,

Figure A~da. Lloeation D — Urban Shopping Center —
Torrance, California
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Community Description: Suburban
residential; single family dwellings
only; 36-foot~wide street with only
neighborhood traffic; 0.25 mile to
Hawthorne Boulevard, a six=lane
arterial; 0.3 mile to Century Boule-
vard, a six-lane major arterial; 0.7
mile to Imperial Highway, a four~
lane arterial; 0.7 mile to the Sen
Diego Freeway, 4.4 miles to the
Harbor Freeway; located in the
approach pattern, 0.75 mile to a
major metropolitan airport.

Noise Environment: Intruding noise events were generated primarily by the jet air-
craft approach traffic. The maximum noise levels were generally in the mange of
100 dB{A). Events occurred at typical mtes of 30 per hour during daytime and 6 per
hour during the morning hours. Automobiles and dogs created the other intruding
events with traffic setting the residual noise levels. The microphone was located
55 feet from the curb and 24 feet above ground.

Figure A-6a. Location F— Urban Residential, Near Major Airpors —
Lennox, Califomia
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Community Description: Suburban res-
idential; single family dwellings only;
22 foot wide street, 2 blocks long;
only traffic local to the dwellings on
the street; 0.3 mile to Palos Verdes,
a four~lane arterial; 0.5 mile to
Pacific Coast Highway, a major four-
lane arterial; 4.5 miles to San Diego
Freeway, 5.5 miles to the Harbor
Freeway, 2 miles to major general
aviation airport, 2 miles to major
shopping and financial district; 4
miles to nearest industrial areq; and
0.6 miles to beach,

Noise Environment: The major intruding noises were from single engine aireraft from
the nearby general aviation airport and from jet overflights from a major metropolitan
airport. Background traffic from adjoining streets and arterials, sirens, children on
the street, delivery and service trucks formed the other intruding sources. Residual
noise levels were dominated by urban traffic. A water company diesel generator
across the street increased the residual level by 5 dB(A) for 3 hours during the early
evening. A street sweeper, motorcycle, helicopter, and a neighbor hooking up a
trailer were the unusual single events for the 24-hour period. The microphone was
located 40 feet from the curb and 20 feet above street lavel. The 24=hour noise
tevel charts for this location were produced on a different chart paper than that used
at the other 17 sites.

Figure A-7a. Location G — Urban Residential, Near Ocean —
Redondo Beach, California
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a) Various Measures of the Qutdoor Noise Level

T T

1 1 T L 1 T T I T t I I ¥

Haurly Values Arithmetic
}_ Average of the

O Residual Noise Level Hourly Values
~ & Maximum Noise Level During Peried
{Read from graphic level recordings)
B 1
fomrm—  AM ; PM
i L 1 | 1 ! i 1 1 ] 1 L L L 1
12 2 4 4 8 10 12 2 4 -] 8 {0 I Day Eve Night

Beginning of Hour

b) Histograms of the Percentage of Time Noise was in Each 5 dB Interval for Three Time Periods

Day Evening Night
= 4 T -
i | I |

L Ll I T

50 60

T T 1 1 ? T
30 40 50 &0 70 040
A-Weighted Noise Level in dB re 20 N/m

T 1 T T
30 40 5 60 0
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T e ek e b g,




B

arognd: ‘b

.T_!l_ 1lr—”—":1 r r ( ey
el | lna e
.._‘ A L .

A
Ark briim 11‘
‘.gh Sch! .-

el

Community Description: High density
single family dwellings in an urban
residential area, 34 feet wide street
with light residential traffic, 0.3 mile
to Alameda; 0,75 mile to Imperial
Highway and 1.2 miles to Central
Avenuve, all four-lone arterials; 2.7
miles to the Harbor Freeway, 0.3 mile
to a heavy industrial area and multiple
track railroad and siding yard; under
the approach pattern and 8 miles to a
major metropolitan commercial airport,

Noise Environment: The major intruding single events were produced by jet aircraft
during landing approach, automabiles, dogs, helicopters, and children playing.
Other intruding events were from the railroad, o factory whistle, and two large
scrup iron yards in the orea. Residual sources were difficult to assess but probably
wera govemed by a combination of utban traffic and industrial noise during the
entire day, Aircraft overflights were of long duration and at moderately high noise
levels, with no interval between event thresholds during the busier periods, The
microphone was located 50 feet from the street and 20 feet above ground level,

Figure A=Ba. Location H— Urban Residential, 6 miles to Major Airport -
Los Angeles, California
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Community Deseription: Suburban resi-
dential at the outskirts of a large
metropolitan area; 36-foot wide street
serving only neighborhood traffic; 350
feet to Los Angeles Avenue, g four~
lane major arterial; 0.7 mile to the
Simi Freaway; 300 feet to the Southern
Pacific Railroad track, 0.6 mile to
light commercial and business district,
1.0 mile to o small aircraft landing

strip.

Noise Environment: Major intruding

noise events were produced by trains, small airplane overflights, and automobiies.
Other intruding noises were produced by dogs and an ice cream vendor, motoreycies,
children playing, and a rocket test burst from the Santa Susana rocket test stand
area. Minimum noise levels during the midnight hour were set by a train idling en a
siding. The microphone was located 50 feet from the curb and 18 feet above ground,

Figure A-%a. Location I— Suburban Residential, Near R/R Tracks —
Simi Valley, Califernio
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Community Description: Suburbanresi-

dential; single family dwellings only
with some apartments and a hospital in
nearby area; 3é-foot wide street, a
three~block closed circle; only traffic
local to dwellings on the street; 0,2
mile to Prairie, a four-lane street,
0.25 mile to Manchester Avanueo and
Fiorence Avenue, four-lane arterlals;
0.3 mile to Hawthorne=Laliféa, a
major four~lane arterial; 1.3 miles to
San Diego Freeway; 3.8 miles to Har~
bor Freeway; 2 miles to major metro~
peliton airport; 0.25 mile to large cemetery and park area; 0.5 mile to major recre-~
ational and park area.

Noise Environment: The major intruding noises were from jet aircraft landings. The
takeoff runup and elimbout rumble formed a very unusual noise pattern. The sideline
distance to the major air traffic kept the levels down, but formed some very long
duration intruding events. The residual noise levels were generated primarily by the
heavy arterial traffic in the area. Service trucks, lawn mowers, and cars produced
the other intruding events, A garbage truck and a rock band practice were the
sources of some unusual single events. The microphone location was 40 feet from

curb and 20 feet above ground.

Figure A=10a. Location J — Urban Residential —
Inglewoed, California
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Figure A=10b. Time History
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Community Description: Suburban resi-
dential; large single family dwellings
only; 3é-~foot wide street serving only
local traffic for a 2-block length; 0.4
mile to Dover Drive, a four-lane
arterial; 1.4 miles to Newport Boule=
vard, 1.3 miles to Pacific Couast High-
way, 1.8 miles to McArthur Boulevard,
all major four-lane arterials; 3.5 miles
to a major general aviation airport
which has approximately 30 commer-
cial jet flights daily; 0,3 mite from
climbout ground track; 3.5 miles from
takeoff brake release; 3,6 miles to the San Diego Freeway.

Noise Environment: Major intruding noise sources were created by commercial jet
aircraft in their climbout pattern, a few helicopter events, propeller airplanes and
some automobile noise. Other intruding events results from dogs barking, lawn
mowers, hammering, a car revving up across the street, a garbage can rolling down
a driveway, and jet engine thrust reversals at the airport. The residual noise levels
were relatively low and seemed uninfluenced by the presence of crickets at this
location, Cricket activity is noticeable on the 24~hour record during the 0100 hour
when one or more crickets were relatively close to the microphone. The residual
noise levels were apparently dominated by neighborhood activity and distant traffic.
The microphone was located 45 feet from the curb and 20 feet above ground level.

Figure A=11a. Location K — Urban Residential, Near Small Airport —
Newport Beach, California
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Community Description: Urban resi=-
dential; mostly single family dweilings
with light commercial district along
nearby arterials; 36~foot wide street
serving only residentiol traffic; 0.2
mile to Vermont Avenue, a four-lane
major arterial; 0.2 mile to Adams
Boulevard, a four~lone arterial; 0.5
mile to the Santa Monica Freewoy;
1.1 miles to the Harbor Freeway; 2
miles to the major metropolitan down~
town areq.

Noise Environment: The major intruding events were produced by airplanes, heli-
copters, automobiles ond dogs. Other measurable events were created by a lawn
mower, an ice cream vendor, a radio playing on a porch front, and children playing.
From 6:00 a.m. to 7:00 a.m., the residual noise level rose 10 dB(A) due to noise
from the Santa Monica Freeway. The microphone location was 50 feet from the curb

and 25 feet above ground level. The microphene was on a line of site exposure to the -

freeway. The residual noise level was 2 to 4 dB({A) lower at ground level during the
6:00 a.m, to 7:00 a.m. rise in residual level due to freeway activity.

Figure A~12a. Location L — Old Residential, Near City Center —
Los Angsles, California
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Community Description: Suburban resi~
dential; large moderately spaced
single family dwellings only; 28~foot
wide street serving a six square block
residential area; 0.1 mile to Sunset
Boulevard, a major four-iane arterial
with mostly residentic| and little
commercial traffic; 0,6 mile to San
Vicente Voulevard, c four-lane resi=-
dential arterial; 2.3 miles to the San
Diego Freeway; 3.8 miles to a gen—
eral aviation airport.

Noise Environment: The major intruding noises. were from jet overflights at approxi=
mately 4000-6000 feet altitude, and from automobiles on the residential street. The
other intruding sources were dogs in the residential area and street traffic intruding
from nearby Sunset Boulevord. The residual noise level appeared to be dominated
by traffic noise in the general area. The microphone was 25 feet from the curb and
; 4 feet above ground level so residential street troffic at this location is exaggerated
! compared to the other intruding events ar this location, and to street traffic at other
residential locations due to the microphone's closer proximity to the street and

ground level.

Figure A-13a. Location M — Suburkan Residential at City Qutskirts —
Pacific Palisades, California
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Community Description: Small town
(population 6200); cul-de=sac with

no through traffic; 2 to 4 blocks to the
main north-south dnd east~west streets;
0.6 mile to State Highways 126 and
23 (two-lane surfaced highways); 0.4
mile to the main business district; 0.5
mile to the Southetn Pacific Railroad
track.

Noise Environment: The major intrud-
ing noises were from propeller aircraft
and helicopter overfiights, background

traffic on nearby streets, cars in the cul-de-~sac, dogs barking, people talking, and
children playing in the area. A street sweeper in the cul-de-sac provided the
highest ncise level during the day. The residual noise level in the evening has soma
cricket activity present, but they do not seem to have controlled the noise. The
residual noise leve! was apparently govemed by community activity and traffie, and
appeors to have random fluctuations during any given hour. In large urban areas,
the residual noise level appears either constant or gradually changing over any hour
period. The microphone was located 20 feet from ne curb and 4 feet above the

ground.

Figure A-14a. Location N — Small Town Residential, Cul~de-Sac —
Fillmore, California
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Community Description: Small town
{(population 6200); main street resi-
dential area; 0.3 mile to State High-
way 23 and 0.6 mile to State Highway
126, both two-lane surfaced highways;
0.2 mile to the main business district;
0.5 mile to the Southern Pacific Rail-
road track,

Noise Environment: The major intrud-
ing noise sources were from main street
traffic, airplanes, trucks and motoar-
cyeles, horns and lawn mowers.

Duting the midnight to 0100 time period, there were as many aircraft overflights as
cars passing on the main street. The residual noise level in the late evening hours
appeared more steady than at the cul-de-sac location 5 blocks away (location N).
The microphone was tocated 55 feet from the curb and 5 feet above ground.

Figure A=15a. Location O —Small Town Residenticl, Main Street —
Fillmare, California
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Community Description: High income
surburban residential canyon area, 30-
foot wide two=~lane street, 2.5 miles
long, forming an arterial for all the
traffic to and from the dwellings along
the canyon road, 0.75 mile to the San
Diego Freeway, 2 miles to a major
suburban and commercial business
district, Street and houses located
aleng the bottom of a narrow canyon
about 300 feet deep.

Noise Environment: Heavy street

traftic formed the dominant intruding noise. A few aircraft overflights, dogs and
children playing formed the other noticeable single events. The residual level is
relatively low, except when dominated by crickets during evening and night hours,
The crickets raised the residual noise 12 dB(A) in a 20-minute period beginning
about 2000 hours. The residual noise fevel dropped about 15 dB(A) between 4:00
g.m. and 6:00 a.m. when the crickets quieted down. The microphone was located
40 feet from the curb and 25 feet above ground level,

Figute A~16a. Location P — Suburban Residential in Hill Canyon —
Los Angeles, California
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Community Description; Major recrea-
tion beach state park; large parking
area but no major high speed arterials
or streets nearby. 0.5 mile to Pacific
Coast Highway; channel entrance to o
very large recreational boating and
bay area. The beach and parking
area is about 0.2 mile wide and
located at base of a 75=foot bluff,

Noise Environment: Major intruding
events were due to a variety of air
vehicles; several helicopters and small
propeller aircraft at close range, and commercial jets at greater distances. Con-
siderable noise during the day came from recreational activity on the beach and in
the refreshment stand area. The residual noise during the evening was dominated by
the surf which varied from 50 to 60 dB(A) with the breaking of the waves. During
the day the recreational activity raised the residual level to the 56 to 58 dB(A)
range and no surf noise pattern is noticeable on the record. An unusual intruding
event was the beach sand cleaner at 7:30 a.m. The microphone was located about
100 yards from the surf at the junction of the sand and parking lot. 1t was placed
20 feet above ground level and above a partially covered breezeway about 75 feet

from the refreshment stand.

Figure A=5a. Llocation E — Popular Beach on Pacific Ocean —
Corona Del Mar, California
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Community Description: Suburban
residential; single femily dwellings
only; 36~foot-wide street with only
neighborhood traffic; 0.25 mile to
Haowthorne Boulevard, a six=ldne
arterial; 0.3 mile to Century Boule=
vard, a six~lane major arterial; 0.7
mile to Imperial Highway, a four-
lane arterial; 0.7 mile to the San
Diego Freeway, 4.4 miles to the
Habor Freeway; located in the
approach pattern, G.75 mile to a
major metropolitan oirport.

Noise Environment: Intruding noise events were generated primarily by the jet air=
craft approach traffic. The maximum noise levels were generally in the range of
100 dB(A}. Events occurred at typical rates of 30 per hour during daytime and 6 per
hour during the morning hours. Automobiles and dogs creeted the other intruding
events with traffic setting the residual noise levels. The microphone was located
55 feat from the curb and 24 feet above ground.

Figure A=6a. Location F — Urban Residential, Near Major Airport —
Lennox, California
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Community Description: Rural agri-
cultural area tomato field; 50 yards to
the frees around the yard and dwelling
area; 160 yards to Walnut Avenue, a
lightly traveled surface road; 0.6 mile
to State Highway 118, a two-lane
moderately traveled highway; 0.6 mile
to Laloma Avenue and 0,75 mile to Lo
Vista Avenue, both lightly traveled
surfaced roads; 3.5 miles to the Santa
Paula Freeway; 3,6 miles to the
Ventura Freeway; 4.5 miles to Camarillo.

Noise Environment: The major intruding events were created by jet and propeller air-

cratt tlyovers and dogs barking. Other intruding events were from background traffic
noise, Trucks on the distant freeways could be heard distinctly but did not raise the
naise fevel above its residual value. The residual noise level during the evening
hours was dominated by crickess. During the day an orchard pruner in the distance
cantrolled the minimum noise level. The microphone was located 5 feet above ground

level.

Figure A=17a, Location Q — Farm in Valley —
Camarillo, Californio
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Community Description: Remote wilder-

ness; north rim of the Grand Canyon;
a campground with four picnic tables
accessible by @ 100~mile dirt road
from St., George, Utah,

Noise Environment: Extremely quiet,

Major intruding noises were generated
by propeller overflights and small
animals and insects. Crow calls from

o quarter of a mile away were clearly
audible, and feather aerodynamic
noise from birds no larger than sparrows
was noticeable from 30 to 40 feet away. The sounds of the rapids in the Colorado
River, 3000 feet below, were clearly audible when the observer stood at the edge of
the canyon, considerably attenuated 5 to 10 feet from the edge, and completely
inaudible 40 feet from the edge. The canyon seems to act as a highly directional
horn radiating this sound vertically.

In this location, nighttime noise greatly exceeded daytime noise because of crickets.
Daytime animal noises consisted of barking by chipmunks and bird noises mentioned
asbove. The microphone was located in a sheltered area a few feet downwind from
some rocks approximately 150 feet from the edge of the canyon. At this location,
the noise level frequently fell below the 16 dB(A) threshold of the measurement
instrumentation. In order to moke a measurement of the correct level, the sensi=
tivity of an auxiliary sound level meter was set to a maximum level, extending

the measurement range to about 11 dB{A).

Figure A~18a. Location R —~ Grand Canyon, North Rim —
Arizona
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A2 Data Acquisition and Reduction

A2, 1 Introduction

Data acquisition and reduction for the community neise survey was performed
with the three systems depicted in Figure A-19 ~ Standard Field Measurement System,
Figure A~20 — Low Noise Field Measurement System, and Figure A~=2]1 — Data Reduction
System, Details of the application of each system, system configuration, operdiing

procedures and performance specifications are presented in the following paragraphs,

A2.2 Data Acquisition Systems

A.2,2.1  Standard Field Measurement System

The Standurd Field Measurement System was used on locations where the

ambient level of the community noise data was higher than 30 dB(A) — 13 of the 18 survey
locatiens, It was a fully self~contained field laborafory, used for making continuous
graphic level and magnetic tape recordings of the community noise levels. All equipment
in this van operated from 115 vac; therefore, the system was used only at measurement
locations with accessible line power.

A,2.2,1,1 System Description
Noise data was acquired through a condenser microphone shielded by a wind-

screen. Microphone signafs were conditioned by a preamplifier and input to @ microphene
amplifier for amplification and A-weighted filtering., The microphone amplifier, in turn,
drove a graphic level recorder and a magnetic tape recorder, A statistical distribution
analyzer was mechanically coupled 1o the pen driving mechanism of the graphic !level
recorder. Data was continuously recorded on one track of the tape recorder; appropriate

operator commentary was recorded on the other track,

A.2,2,1.2 Operating Procedures

To perform a 24-hour noise survey, the equipment was first interconnected as

illustrated in Figure A=19, with the exception that the output of the audio oscillator was
fed to the input of the tape recorder, A series of sinusoidal signals ranging from 920 Hz to
12 KHz was then input to the tape recorder, and a frequency response callbration recorded
on tape. Next, the oscillator was utilized to calibrate the statistical distribution analyzer

and the graphic level recorder over the 50 dB chart range.
A=77
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Following recorder calibration, the preamplifier was connected to the micrc
phone amplifier, A B & K Type 4230 acoustic calibrator was placed on the microphone,
and the sensitivities of the graphic level recorder and tape recorder were adjusted to thi
reference level of 93.6 dB (re 20 pN/mZ). This operation completed the pre—run

calibration procedure.

Following calibration, the graphic level recorder, the tape recorder, andt'
statistical distribution analyzer were activated and the 24-hour measurement commencec
At the completion of each hour, the statistical distribution analyzer was stopped; the
amplitude distribution readings were recorded, and the analyzer was "zeroed" and resto:
During this same period — about 10 minutes — the tape was removed from the tape record:
and a new reel of tape installed. A reference voltage, with a fixed relationship to the
microphone calibration, was put on the beginning of each reel of tape.

When the community noise data rose above, or fell below, the 50 dB range
the graphic level recorder, the microphone amplifier attenvator was adjusted to accomn
the dynamic range of this data, At periodic intervals over the measurement period, the

system was also calibrated with the acoustic calibrator,

e A.2.2.1.3 Specification
System Measurement Range: 28 dB{A) 1o 130 dB(A)
System Frequency Response: 20 Hz to 10 KHz

Statistical Distribution Analyzer: Measured elapsed time of data in 10 bar
each of 5 dB bandwidth, Elapsed time
above the top band and below the botto
band was also recorded.

A.2,2.2 Low Noise Field Measurement System

This system was used for making measurernents at locations where (1) 115 va:

power was ot available, or (2) the community noise threshold dropped below the lower
limits of the Standard Field Measurement System, This system was used at five of the

survey locations, The system provided magnetic tape records, hut no graphic records, ¢
the 24=hour noise history. Tapes were subsequently played back in the laboratery on the

data reduction system to obtain the amplitude time histories and the statistical data,

A-78
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A.2,2.2.1 System Description
Community noise duta were acquired through a condenser microphone shielded

by a windscreen. This microphone was attached to o preamplifier connected to @
precision sound level meter. The sound level meter, in turn, drove a magnetic tape

recorder through 100 feet or less of cable,

A.2.2,2,2 Operating Procedure

To perform a 24-hour noise survey, the equipment was interconnected os

shown in Figure A-22, System frequency and dynamic response checks were performed
in the laboratory prior to field measurements, as the nature of the survey sites did not

permif taking any non-portable or bulky equipment into the field.

Pre-test calibration of the sound level meter and the tape recorder were
performed with the acoustic calibrator at 93,6 dB, Following calibration, the sound level
meter and the tape recorder were activated and the 24-hour measurement commenced. A
microphone calibration was put on the beginning and end of each reel of tape. One
tape ran for three hours; consequently, eight tape changes were required during a

survey. Tape records were monitored by headphone during the noise survey.

A.2.2,2.3 System Specification
Overall Measurement Range: 16 dB{A)* to 130 dB(A)

Overall Frequency Response: 20 Hz to 10 KHz

*The 16 dB{A) floor was set by the recording system — an auxiliary
sound level meter had a noise floor of 11 dB{A).

A.2.3 Data Reduction System
The data reduction system — shown in Figure A=23 ~ was used to obtain -

(1) time history and statistical analysis records of the data from the Low Noise Field

Measurement System, and (2) one-third octave band analyses of data from all 18 noise

survey locations,

A.2.3.1  System Description

A.2,3.L.1 Time History Records

Tape recordings from the Low Noise Field Measurement System were replayed

~ with the same tape recorder used in the field - into a graphic level recorder and statistical

A~79



distribution analyzer. This data reduction was essentially identical to the method used

for making the 24-hour noise survey with the Standard Field Mecsurement System, The
graphic level recorder was calibrated by using the reference signal recorded on tape.

The microphone amplifier was set to provide an A-weighted output signal, and the 24-hour

records were all replayed into the graphic level recorder,

A,2.3.1.2 One-Third Octave Band Plots
The first step in obtaining this data was to select the specific events on the

24-hour record to be analyzed, Once this data was located on the original graphic record,
a second graphic record of the data was recreated from the magnetic tape to verify that the
proper data was located on tape. The portion of the taped record to be analyzed was then
played into the real-time analyzer and a graphic record of the third octave spectrum
obtained. To obtain one-third octave plots of data, taken with the Standard Field
Measurement System, a correction from A-~weighting to linear wos applied to output of

the spectrum analyzer,

A.2,3,2  Statistical Analysis
Data from the statistical distribution analyzer consisted of records of (1) the

elapsed time that the A-weighted [evel of the community noise data was below the bottom
of the graphic level recorder chart, (2) the elapsed time the level of the data was greater
than the top of the graphic record, and (3) the elapsed time the data remained within each
of ten 5 dB wide bands covering the 50 dB range of the graphic level recorder. This data

was subsequently processed on a CDC 6600 computer to obtain the statistical distributions

for each site.
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Figure A-19. Standard Field Measurement System
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Figure A-20. Low Nuise Field Measurement System

A=81

L T e e EITINFISIIS S Sl

- = i

e - e A N V) E I



A

Tape
Recorder
Used in Field

Microphone
Amplifier

B&K 2403

Graphic Level
Recorder

B&K 2305

Real Time
Analyzer

8&K 3347

e o s o e = of

Graphic Level
Recorder

B& K 2305

Audio
Amplifier

A ":au.bﬁ;m.‘;,—,{fv"m'-r:?-‘:;ﬂ;:x:,:\.; i

Figure A-21, Data Reduction System

e S i s A

Statistical
Distribution
Analyzer

B&K 4420

e T S R B LA b i e L

TR
T LA R R



APPENDIX B

TYPICAL NQOISE SPECTRA

This appendix contains typical examples of noise spectra measured at
some of the locations, The data were reduced on a real fime analyzer using slow
random averaging for the residual spectra and maximum for the spectra of vehicle

pass=bys or other events denoted by maximum,

Measurements are at various distances from the various sources, and
therefore should not be used to compare the absolute magnitude of the various
saurces. However, they give an indication of the relative spectral characteristics

of the different sources.,

Figures B-1 through B~3 are for aircraft; Figures B~4 through B-9 are
for various ground tronsportation vehicles; Figure B-10 has some typical beach
sounds; and Figures B=11 through B~13 have some sounds from nature which include

crickets, birds and dogs.
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APPENDIX C

TERMINOLOGY

This Appendix contains descriptive definitions of some of the principal terms used in
this report. For additional definitions refer to American Standard Acoustical
Terminology, 51.1-1980, Revision of Z24.1-195]1 and including Z24,1a, American

Stondards Association, May 25, 1960,

SOUND PRESS URE

The sound pressure at a point is the total instantaneous pressure at that point in the
presence of a sound wave minus the static pressure at that point.

LEVEL
In acoustics, the level of & quantity is the logarithm of the ratio of that quantity to a

reference quantity of the same kind. The base of the logarithm, the reference quantity,

and the kind of level must be specified.

Note 1: Examples of kinds of levels in common use are electric power level, sound-

pressure~squared level, voltage-squared level.
Note 2: The level as here defined is measured in units of the logerithm of a refer~
ence ratio that is equal to the base of logarithms.
Note 3: In symbols,
L = log, {q/9g)

where
L = level of kind determined by the kind of quantity under consideration,
measured in units of log.r .
r = base of logarithms and the reference matio
q = the quantity under consideration

qp = reference quantity of the same kind

Note 4: Differences in the levels of two like quantities g end g, are described by

the same formula because, by the rules of logarithms, the reference quantity is auto-

matically divided out:

log, (q/9g) - log, (az/ag) = log, (4;/q))
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DECIBEL
The decibel is one tenth of @ bel. Thus, the decibel is a unit of level when the base
of the logarithm is the tenth root of ten, and the quantities concerned are proportional
to power.
Note 1: Examples of quantities that qualify are power (any form), sound pressure
squared, particle velocity squared, sound intensity, sound-energy density, voltage

squared. Thus the decibel is a unit of sound-pressure~squared level; it is common
practice, however, to shorten this to sound pressure level because ordinarily no
ambiguity results from so doing.

Note 2: The logarithm to the base the tenth root of 10 is the same as ten fimes
the logarithm to the base 10: e.g., for @ number XZ, log 1110 X2=10 iogmxi’ =
20 logyg%. This last relationship is the one ordinarily used to simplify the
language in definitions of sound pressure level, etc,

SOUND PRESSURE LEVEL

The sound pressure level, in decibels, of a sound is 20 times the logarithm to the base
10 of the ratio of the pressure of this sound to the reference pressure. The reference
pressure is 20 micronewtons per square meter.

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL

The one~third octave band sound pressure level of a sound for a specified frequency
band is the sound pressure level for the sound contained within the restricted band.

SOUND LEVEL (NQISE LEVEL)

Weighted sound pressure level measured by the use of a metering characteristic and
weighting A, B, or C, as specified in this standard. The weighting employed must be
indicated, otherwise the A-weighting is understood. The reference pressure is 20
micronewtons per square meter (2 x 1074 microbar). Unit: decibel (dB). In this report

sound level (noise level) is always A-weighted.

STATISTICAL LEVELS

Any of the statistical noise levels is given in terms of the value of the noise level
which is exceeded for a stated percentage of the time period during which the measure~
ment was made. The symbol for the noise level which is exceeded y percent of the

time is Ly.

The most common measures utilized in this report are Log, Lop, Lgg, Lipand Ly, which
denote the value of the noise level which is exceeded 99, 90, 50, 10, ond 1 percent
of the time respectively.
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ENERGY EQUIVALENT NOISE LEVEL

The energy equivalent noise level for o stated period is the level of a constant, or
steady state, noise which has an amount of acoustic energy equivalent to that con-
tained in the measured noise. The symbol for the energy equivalent noise level is

Leq‘ Its mathematicaf definition is
t

where NL is the measured noise level as a function of time and t] and t» denote the
times at the beginning and ending of the measurement period.

RESIDUAL NOISE LEVEL

The residual noise level is the level of the all encompassing unidentifioble noise which
remain after all identifiable noises have been eliminated, For this report Lgg has been
used as an estimate of the residual noise level when no steady state identifiable noises

were known to be present,

NOISE EXPOSURE AND NOISE LEVEL SCALES

"Noise exposure is the integrated effect, over a given period of time, of a number of
different events of equal or different noise levels and durations. " The integration may
include weighting factors for the number of events during certain time periods in which
people are more annoyed by noise (e.g., sleep interference by noise at night).

The various scales for noise expsoura or noise level in use throughout the world differ
according to the particular method of integration or summation, time period weighting
factors, or frequency weightings.

The following summarizes the essential features of and correlation between thres noise
scales currently used in the United States for noise exposure from aircraft noise. The
correlations are necessarily approximate, but are considered valid for interrelating
evaluations of aircraft noise exposure at major airports served by current commercial
jet aircraft, The definitions used herein are not always the same as those formally
given in the source references. In all cases, however, the simplified form given here
is an exact equivalent or valid approximation thereto.
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Noise £xposure Forecast (NEF)

A method currently in wide use for making noise exposure forecasts utilizes a perceived
noise level scale with additional corrections for the presence of pure tones. Two time
periods are used to weight the number of flights (Galloway, W.J. and Bishop, D.E.,
"Moise Exposure Forecasts: Evolution, Evaluation, Extensions and Land Use Inter~
pretations, " FAA-NQC-70-9, August 1970 }.

The single event noise level is defined in terms of effective perceived noise level
(EPNL) which can be specified approximately by:

t

- 10
EPNIL = 10 .
NL 2 PNL  +10log -z +F, EPNdB
where
PNLqu = maximum perceived noise level during flyover, in PNdB,
g = 10 dB down duration of the perceived noise level time history,
in seconds,
and F = pure tone correction. Typically, F~ + 3 dB

Community noise exposure is specified by the quantity, noise exposure forecast (NEF).
For a given runway and one or two dominant aircraft types, the total NEF for both day-
time and nighttime operations can be expressed opproximately as:

NEF = EPNL + 10 log N, - 88.0

f

where
EPNL = energy mean value of EPNL for each single event at the point in
question
i
NE = (Ng +16.7Ng) or
= " -+ ™
{15 Ny 150 nn)
Ny« ny = total number and average number per hour, respectively, of flights

during the day period 0700 to 2200.

N _,n_ = the total number and average number per hour, respectively, of
flights during the night period 2200 to 0700.

The constant (<-88.0) dB includes an arbitrary ~75 scale=changing constant and
a reference number of daytime flights of 20, The constant 16.7 accounts for
the 10-to=1 weighting factor for flights during the 9=hour night peried.
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Composite Noise Rating Method {CNR)

The original method for evaluating land vse around civil airports is the composite noise
rating (CNR). It is still in wide use by the Federal Aviation Administration and the
Department of Defense for evaluating land use around airfields {Civil Engineering
Planning and Programming, *Lend Use Planning with Respect to Aircraft Noise, "

AFM 86-5, TM 5-365, NAVDQOCKS P-98, October 1, 1964). This noise exposure
sccle may be expressed as follows:

The single event noise level is expressed (without a duration or tone correction) as
simply the maximum perceived noise level (PNL_ .. ) in PNdB.

The noise exposure in a community is specified in terms of the composite noise rating
(CNR), which can be expressed approximetely as follows:

CNR = PNL + 10 log N, = 12
max f

where
P mex = approximate energy mean maximum perceived noise leve! (PNL) at
a given point
Nf = same as defined for NEF. The actval method for accounting for

the number of flights and time periods uses discrete interval correc=
tion factors. These have been approximated by the use of the
equivalent continuous weighted number of flights, Ng.

Community Noise Equivalent Level (CNEL)

The following simplified expressions are derived from the exact definitions in the report,
"Supporting Information for the Adopted Noise Regulations for California Airports, "
They can be used to estimate values of CNEL where one type of aireraft and one flight
path dominate the noise exposure level.

Single event noise is specified by the single event noise exposure level (SENEL) in dB
and can be closely approximated by:

SENEL = NL__ +10log,,t_, dB

where

™ Lmax = maximum noise leve| as observed on the A scale of a standard
sound level meter

and
toq = effective time duration of the noise level {on A scale) in seconds
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The effective duration is equal to the "energy"” of the integrated noise level (NL),
divided by the maximum noise level, NL___, when both are expressed in terms of
antilogs. It is approximately 1/2 of the 10 dB down duration, which is the duration

for which the noise level is within 10 dB of NL oy -

A measure of the average integrated noise level over one hour is also utilized in the
proposed standard. This is the hourly noise level {in dB), defined as:

HNL= SENEL + 10 log n - 35,6, dB

where

SENEL = energy mean value of SENEL for each single event,

and
n = number of flights per hour

The total noise exposure for a day is specified by the community noise equivalent
level (CNEL) in dB, and may be expressed as:

CNEL = SEMNEL + 10 log Nc ~-49.4, dB

where
am =
Nc (Nd+3Ne+]0Nn)
= a4 o n
or {12 ny 9"& +90nn)
Nd,t_"fd = total number and average number per hour, respectively, of flights
during the period 0700 to 1900
N,/ n_ = total number and average number per hour, respectively, of flights
* ®  during the period 1900 to 2200
and

ar M total number and average number per hour, respectively, of flights
during the period 2200 to 0700

An alternative form of Community Noise Equivalent Level (CNEL,) used in Section 5,1
employed the time period weighting factor from the Noise Exposure Forecast method .

It is approximated as:

z
=
13

g e

CNEL, = SENEL + 10 log N, - 49.4 dB

: where N was given previously for NEF calucation.
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COMPARISON OF COMPOSITE RATING SCALES FOR SPECIFYING COMMUNITY
NOISE EXPOSURE

The basic expressions defined above for specifying community noise exposure are
summarized below.

Moise Exposure NEF = EPNL +10 log N~ 88, dB
Forecast

Composite Noise CNR = FT\TLM +10log N, - 12, dB
Rating

Community Noise CNEL = SENEL+ 10 log Nc - 49.4, dB

Equivalent Level

and CNEL2 SENEL + 10 log NF - 49,4, dB
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