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- 1. INTRODUCTION

How much neise is there in America? Previous EPA documents
(such as the Title IV report [1]*, 1its several backup techni-
cal documents [2,3,4], and the "Levels Document” [5]) have
addressed thls question in varying degrees. In this report
existing information has been used, other information has been
updated, and the range of nolse producers has been broadened,
in an attempt to define the extent of the nocise problem in
America even more comprehensively.

By virtue of the Noise Control Act of 1972 [6], the EPA was
given a leadership role in assessing and controlling the nolse
in this c¢ountry. Under this authority, EPA has published a
national strategy of nolse control [7], which includes goals
for a national program of noilse gontrol and various elements
of such & program. The general goal of the national noise
control effort, taken directly from the Nolse Control Act, 1is
"to promote an environment for all Americans free from nolse
that Jecpaprdizes their health or welfare." Among the elements
of this national program are the control of major nolse
sources (through Federal regulations, State and local control,
labeling, and enforcement activities), study of health and
welfare effects, and dissemination of information to the
public on noise levels and their effects.

A definition of the present estent of the noise problem in
America, in total as well as for indlvidual nolse producers,
is eruclal in designing a program to control nolse sources in
terms of establishing both relative priorities and the amount
of noise control necessary. The purpese of this report, then,

#Referesnces are listed on Page 17.
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i1s to provide information in support of these nolse control
activities. Specifically, thls report attempts to define the
number of Americans exposed to different levels of noilse, and
the sources of noise to which they are exposed.

2. CATEGORIES OF NOISE PRODUCERS

Nolse 1is a ublquitous by«product of our modern mechanized
soclety. Since it 1is difficult to find a device that does not
produce noise, the numbepr of nolse producers in this country
13 gigantlc. To quantify the extent of the noise problem, the
nolse producers are divided in this report into 1l categories,
based primarily on the situations in which the nolse producers
occur. Within a given category, therefore,. various devices
generally have similar noilse~generating properties and opera-
tional characteristics. .-

Table 1 lists the noise categories on which this report con-
centrates (one in each Appendix).

Where does nolse affect people? As shown in Table 1, the
categorles of nolse producers described in this report include
four primary scenarics of exposure in:

» The community

« Builldings

+» The workplace

« ~ Transportation/recreational devices.




TABLE 1. NOISE SOURCE CATEGORIES INCLUDED IN THIS REPORT.

See
Category Appendix

Traffic Noise Exposure in the Community C
"Alrcraft Nolse Exposure in the Community b
Construction Nolse Exposure in the Community E
Rail Noise Exposure in the Communicy X F
Industrial Nelse Exposure in the Commupity G
Agricultupral Nolse Exposure 1in the Community H
Building Mechanical Equipment Noise Exposure I

7 in the Community and in Bulldings

ﬁ Home Appliances, Power Shep Tools, and Garden J

& Equipment Noise Expoaure in the Community and

@ in Buildings, and Exposure of Oparatons

e Occupational Nolse Exposure K

5

P Transportation Noise Exposure of Operators L

% and Passengers

i
Recreational Noise Exposure of Operators : M

o 1Ty
oL

and Passengers
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3. EVALUATING NOISE EXPQSURE AND NOISE IMPACT

The extent of the noise produced by a particular device or
source has many dimensions: the lntensity, or loudness, of
the ncise at a particular point, as described by 1ts "nolse
level"; the time characteristics of the noise 1n terms of 1lts
duration, the time of day it occurs, and whether it is a con-
tinuous or intermittent sound; the spread of the nolse over a
geographlie area; and the number of people exposed to the par-
ticular noise. These aspects considered together constitute
the noise exposure. As shown in Fig. 1, the nolse exposure
nationwide for a particular noise source, that 1s, a noise
producer, 1s based upon: .

« The emission levels and operatlng characterlstles
of the source

. The characteristics of the transmission path between
the source and the people who heapr the source nolse

+ The distribution of people relative to the source.

For the purpose of defining nolse expasure in indoor and oute-
door environments at speciflec locations, the EPA has adopted
the yearly day-night sound level, Lg, [5]. Appendix A
describes thils measure of nolse exposure {and others) in de-
tail. (A glossary of noise descripteors and other acoustie
terms is provided in Appendix B.)

To describe the nolse exposurs of individuals to levels of
noise that might result in hearing loss, the EPA has adopted
the 2i-hour equivalent sound level, Legq(24){5]. This

measure ls the equivalent sound level (see Appendix A for a

e
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description) averaged over a full 24~hour day. [When the
nolse exposure from scurces other than workplace nolse sources
throughout the day 1s low enough to result in a negligible
contribution to the 24-hour average, the Lgq(24) 1s simply

5 dB higher in level than the B-hour workplace equivalent
sound level, Leq(a).]

The pervasiveness of the nolse exposure from & particular
noise source 1s described in terms of the number of people
exposed to varicus levels of Ly or Leq(zh), depending

upon the exposure scenarlo. The intensity and time character-
istics of the nolse and the effects of the transmission path
characteristics are incorporated in the noise measure [elther
Lan or Leq(24)]; the geographic distribution of the

noise source and the people 1t affects are reflected ln the
numbers of people exposed to the various levels, Thus, the
distribution of people as a function of the nolse level pro-
vidds a very complete description of the extent of nolse pro-
blems in America.

However, this description of the nolse exposure says nothing
about the effects of the nolse on the people expeosed. In
order to evaluate such effects to determine i1f the nolse expo~-
sure is creating an impact on a certain segment of the popula-
tlion, the nolse exposure must be compared with criterla that
have heen developed for the various effects, following the
steps shown in Fig. 1.

In the Levels Document [5], EPA has identified an Lg,

value of 55 dB outdoors as the level below which the public
health and welfare would be protected with an adequate margin
of safety in residential areas. Similarly, an Lgp value

of 45 dB indoors 1s the level identifiled for an acceptable

Py o
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living space. 1In order to protect agalnst hearing less, an
Leq(24) of 70 dB is the level identified (corresponding to

an Leq(8) of 75 dB, when the 8-hour noise exposure

dominates the 24-~hour exposure). When these identified levels
are exceeded, a nolse "impact" 1is assumed to occur.

In summary, the extent of nolse in Amerlca 1s described in
thls report as the number of people natlonwide exposed teo
various noise levels for individual categories of noise
sources, Therefore, evaluating the noise impact with regard
to individual noise effects or for different nolse scenarlos
involves assessment of the number of people at each level of
exposure above an approprilate criterion level.

4. DEVELOPMENT OF ESTIMATES OF THE EXTENT OF NOISE EXFPOSURE

As deseribed earlier, aleven categorles of nolse sources have
been defined for the purpoée of estimating the nationwide ex-
tent of noise exposure. Table 1 lists these categorles and
the appendices that are devoted to these sources. Each
appendix includes, where appropriate, a description of the
nolse model used to develop the exposure estimates, data on
source nolse emissions and operating characteristics, trans-
mission path characteristics, populatien distribution Informa-
tion, and the resultling exposure estimates.

Certaln nolse source categorles have been omltted or are in-
complete. They include the nolse of commercial establish-
ments, such as automobile repalr shops, and the occupational
nolse exposure of some industries for which data are lacking.
Similarly, the noise of people and animals has not been in-
cluded (although on the local level, these are often the most
common causes of noise complaints).

e
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The nolse producers covered in this report are mechanical de-
vices. Throughout America, however, an "amblent" or background
sound level caused by natural phenomenaz (rain, wind, insects,
ete.) also oceurs. Most ambient nolse levels range from 35-55
dB [3] as reported in surveys. Very little data exist which
¢an produce estimates of any sclensific significance. Ambient
nolse is believed to have a minimal impact on the population.

The nolse exposure estimates contained in this report are based
on the latest information available at present (1980), although
for a number of sources the nonacoustic data used to make the
estimates (number of items in use natlonwide, number of people
1iving in different areas of the country, etc.) are derived
from data from earlier years (typically 1975 and beyend).

i 5. SUMMARY OF NOISE EXPOSURE ESTIMATES

E Adppendices C through M provide estimates of the natlonwlde
neise exposure [in terms of the distribution of population ex-
posed to varlous levels of Lgp or Leg{24)1. The esti-

mates for each nolse category were developed on the basis of
analytical models that take into account characteristies of
both the nolse source and the communities exposed. Models of
varying complexity are used to represent real life in such a
way that the estimates can be obtalned in quantitative terms.

As Fig. 1 shows, each of the models uses the emilssion levels
and operating characteristics of the nolse sources in each
particular nolse category, transmission path characterlstics,
and population distribution information.

l
|
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To make the noise exposure estimates, exlsting nolse sources
and community data have been used. Generally, the nolise sourcge
levels are based upon levels reported in the literature. In a
few cases, however, little data are available for a particular
source. Data on operating characteristics and population dis-
tributions relative to numbers of scurces have been harder to
find, and in these cases, assumptions have been made to produce
the estimates. Wherever possible, the sources of the data are
documented; assumptions used 1n the analyses are labeled as
such.

As a summary, Table 2 shows the estimated distpibution of the
U.S. population as a functien of Lgn value for the major
noise categories examined. The Lyy values refer to commu-
nity {(residential) outdoor nolse exposure (note that the con=~
struction estimates include nonresidential outdoor e&xposure).
Similarly, Table 3 summarizes noise exposure estlmates for
major indecor noise sources. Finally, Table 4 summarizes the
ocecupational and nonoccupational nelse exposure with regard to
risk of nolse-induced hearing loss.

Concerning the information presented in these tables, 1t should
be emphasized that the underlying data are of varylng quality.
For the traffle, ailperaft, rallway, and construction neolse
source categories, the estimates are based on extensive re-
search and measurement studies. For many of the remaining
categorlies, the estimates are based on limited data and/or
simplistic models.

6. EAPOSURE T0 MULTIPLE SOURCES

As is often typlcal, a worker incurring & given nolse exposure
from his workplace may also experience additional high noise
exposure as he commutes to work or Joins in recreational activ-

lties. Unfortunately, there are no data available relating

-
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TADLE 2. SUMMARY OF U.S. POPULATTON EXPOSED 'TO VARIOUS LEVELS OF Lgn* OR HIGHFR FROM
NOISE SOURCES IN ‘MHE COMMUNITY.t

Humber {in Millions) of People for Each Noise Category¥#

Ln

(an) Traft'ic Mreraft Constructiontt Ruil Industrial
>Bo 0.1 0.1 — —_— —

>75 1.1 0.3 0.1 — —

>70 517 1.3 0.6 0.8 —

>65 19.3 4.7 2.1 2.5 0.3

>60 h6.6 11.5 .7 3.5 1.9

>55 56.8 24,3 27.5 6.0 6.9

]

* 4 levels are yearly averages, outdoors,
Tt Note that there Is some overlay among populations exposed to different nolse sources,
i.e., sone of the 96,8 million people exposéd to trafTie Ly, levela of 55 dB and

above are also exposed to alreraft levels (see Sec. 6 for estlmates of this overlap).
k% See the following appendlces for references to lndividual noise categories:
Noise Category Appendix

Traffic b
Alrcralt D
Construction E
Rail P
Industrial a

tiConstruction estimates include both resldential and nonresidential exposure.

i s b s a2



TABLE 3. SUMMARY OF U.S. POPULATION EXPOSED TO Lgp
LEVELS® QF 45 4B OR HIGHER FROM NOISE SOURCES

INDOORS.

Nolse Source

Number (in Millions) of
People Exposed to Lgp
Levels at or
above 45 dBt

Clothes Dpyer
Clothes Washer
Dehumidifier
Dishwasher
Refrigerator

Room Alr Conditioner
Pan

Humidifier

42.3
52.6
39.4
35.0
68.6
74.9
118.3
46.0

tFroem Appendix J.

*Lgn levels are yearly averages, indoors.

]l
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TABLE 4. SUMMARY OF U.S. POPULATION EXPOSED TO Leq(2H)
LEVELS# OF 70 dB AND 80 dB OR HIGHER FROM OCCUPATIONAL
AND NONQCCUPATIONAL NOISE SOURGES.

Number {in millions) of People
Exposed to Leg(24) Levels at
or above 70 and BO dB

Noise Exposure Scenario 70 dB B0 dB

Occupationalt {Appendix K)
Agriculture NA®® 0
Mining NA 0
: Construction NA 0
' Manufacturing/Utilicy NA 5
Transportation HA 1
Military (DQD) NA 1
Total Oeccupational NA B

« 4 ® s a4 a
O U

Noncecupaticnal
Transportation Operators/
Passengers (Appendix L)
Alpepalt . 0
Motorcycles 5
¢ Buses 10
! Rapid Transit 2
i Recreational Operators/
: Passengers {Appendix M)
Snowmoblles 1
: Motorcycles (off-road) 2
1 Motorboats 2
i Auto Racing 0
Consumer Products (Appendix J)
Power Shop Tools 30
Outdoor Pewer Equlipment 1l .
Total Nonoccupatlonal Go.41Y T6.2tt

] Leq(au) levels are yearly averages.

T Occupational exposure estimates fop Leq(zu) levels of
70 d8 are unavallable.

*2NA denotes not avallable.
t1tThis total may include some people counted twice because of
overlap. A total of occupaticonal and nonoccupatlional ex-

posure is not included because of the probability of
addislonal overlap between the two populations.

-12-
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numbers of lndustrial workers to the use of transportation or
recreational devices. One could, however, for different hypo~

thetlical exposure profiles, determine the total exposure of a
person.

With regard to outdoor community exposure, the situation is
somewhat different. Most people are generally subJected to the
noise of more than one of the nolse categories. In order to
account for this multiple exposure, 1t 1s helpful to note the
manner in which traffic nolse, the most dominant nolse source,
is distributed throughout the entlre population of approximate=-
ly 200 million pecple.* It 1s not unreasonable to assume that
the exposure of another noise soupce, like aipgraft, might be
dlstributed acress this pepulation in a manner similar to that
of traffic nolse. Similarly, constructiont, rall, and indus-
trial noise exposure could independently be distributed
throughout this population, In a-manner corresponding to the
traffic distribution. This traffic nolse exposurs distribution
is as follows (from Table 2):

Numyer of People Percentage of
Ldp Range (dB) {Millions) Total Population
>80 0.1 0.05
75~80 1.0 0.5
70=75 4,6 2.3
65~70 13,6 6.8
60-65 27-3 13.7
55«60 50.2 25.1
<55 103.2 51.5

#This population figure represents the approximate 1980 urban
and rural population, excluding the rural farm population.

tOnly residential construction nolse exposure can be distrib-
uted in this manner.

=13
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That 1s, 25.1% of the 200 mililon (non-farm) papulation in the
United States are exposed to traffic noise levels in the range
of 55 to 60 dB, 13.7% are exposed to traffic nolse levels in
the range of 60 to 65 dB, etc.

Accordingly, the 12.8 million people exposed to aircraft levels
of 55 to 60 dB could be similarly distributed so that 25.1%
{3.2 million) are also exposed to traffic levels of S5 to 60
dB, and 13.7% (1.8 million) are also exposed to traffic levels
of 60 to 65 4B, etc. For these people, the combined exposure
#ill result in a higher total level than either the aiprcraft or
traffic exposure alone had indicated. In this way, the distri-
bution of people exposed to alrceraft and traffic nolise, cone-
struction and traffic hoise, rall and traffie nelse, and indus-~
trial and traffic nolse can be determined.

The distribution of pecple who are exposed to traffie hut not
aircraft, construction, rail, and industrial noisgse can then
also be determined. For example, there are 43.2 milllon pecople
with residential exposure greater than 55 dB due to aireraft
(24.3 million), construction (6.0 million, see Appendix E),
rail (6.0 million) and industrial (6.9 million) noise sources.
Of these, 13.7% or 5.9 million will also be exposed to traffic
noise levels of 60 to 65 dB, Since there is a total population
of 27.3 million exposed to traffic nolse levels of 60 to 65 dB,
2l.4 million will be exposed te traffic alone in this range.
Then the tpraffic alone, traffic plus aireraft, traffic plus
construction, traffic plus rail, and trafflc plus industrial
distributions can be combined together. The individual and
combined distributions are shown in Table 3.

It 1s likely that there are some locations {(and therefore, some
people} exposed to the nolse of more than two sources (e.g.,

alla
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TABLE 5. U.S. POPULATION EXPQSED 10 VARIOUS LEVELS OF Lyn* CR HIGHER
FOR COMBINED EXPOSURES TO THAFPIC AND OTHER NOISE SOURCES IN HE COMMUNITY.

Number (in Millions) of People

TraCfic Traffic Tralflc Tral’flc
Tral'fle and and and arxl :
Lnt(di3) Only Alperaf’t Constructlonf# Rail Industrial Total
>H0 0.1 0.1 0.2
>75 0.9 0.5 0.1 1.5
270 h.5 2.2 0.2 1.0 0.2 8.1
) >85 15.2 T.6 0.8 3.0 1.2 27.8
& 560 364 16,1 a8 4l 3.7 63.6
>58 49,2 24.3 6.0 6.0 6.9 92,4

%4, levels are yearly averages, outdoors..

tThe dlateibution starts at 58 dB since the analysis Involves combining dlstributions

of population at 55 dB and above.

#¥Includes only resldential exposure to constructlon nolsa.




traffie, aircraft and rail}. However, the distribution of pec-
ple exposed to two non-traffic sources, as well as to trafflic
noise, is unknown and difficult to estimate. Since the total
number of people exposed individually to construction, rall and
industrial noise above an Lgp value of 55 dB 1s small (less
than 7 million each), it 1ls reasonable to expect that the popu=-
lation distribution for various Lgn values for multiple

sources would be quite small as well. Thus, to a first approx-
imation, the "total" distribution shown in Table 5 represents
the distribution of the U.S. population as a funetion of

Lan level for combined esposure to all cutdoor nolse
sources.
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APPENDIX A. DESCRIPTION AND MEASUREMENT OF SOUND

The nature of sound is often debated with the following ques-
tion: 1f a tree falls in the forest, and no one 1s near to
hear it fall, is there a sound? In other words, does sound
deal with a cause (a vibrating object such as the falling tree)
or with an effect (the sensory experlence of hearing)? The
answer is that sound 1s both these things., It 1s both a physi-
cael event and a physlologlcal sensatlon.

The sensation of sound is a result of oscillations in pressure,
particle displacement, and particle veloecity, in an elastle
medium between the sound souree and the ear. Sound 1s caused
when an object 1s set into vibration by a force. Thls vibra-
tion causes molecular movement of the medium Iin which the
object is sltuated, thereby propagating a sound wave. Sound is
heard when a sound wave lmpinges on the human ear and 1s recog-
nized by the brain. PFurther, the characteristiecs of the sound
wave must fall within the limitations of the human ear for the
sound to be heard because the human ear cannot hear all sounds,
Sound frequencies (pressure variation rates) can be too high
(ultrasonie) or too low (infrasonic), or the socund amplitudes
may be too soft to be heard by humans.

A.l Sound Propagation

Sound is transmitted from the sound source to the air by the

movement of molecules in the medium. This molecular movement
1s called a sound wave.
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In air, sound waves are described in terms of propagated
changes in pressure that alternate above and below atmespheric
pressure, These pressure changes are produced when a vibrating
sound source actually "bumps" inte the adjacent alr molecules
forcing them to move. These molecules, in turn, bump 1into
others farther away from the source, and so on. Thus, the
energy from the sound source 1s imparted to the air molecules
and thereby is transmitted through the medium. An analagous
situatlon occurs when dropping & pebble into a still pond.
When the pebble hits the water, waves on the surface emanate
from the point of impact in all directions, moving outward in
concentric apheres, while individual water molecules merely
ogclllate up and down in one place.

There are two phases to a sound wave: compression and rarefac-
tion. The compression phase ccecurs when the air molecules are
forced close together (causing an instantaneous increase in alr
pressure), and the rarefaction phase occurs vwhen the alp mole-
cules are pulled apart from each other (causing an instanta-
neous decrease in atmospheric pressure}. The complete sequence
of one compression and one rarefaction is called a cycle. The
eycle of a sound wave and 1ts component parts are 1lllustrated
in Fig. A.L.

A.2 Perception of Sound
The human ability to perceive a specific sound depends upon

its magnitude and character, as differentiated from the magni-
tude and character of all the other sounds 1n the environment.
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A number of gualitative descriptions may be used to describe a
sound, such as:

. Magnitude - loud or faint

. Broadband frequency content -~ high-piltched hiss or low
rumble

. Discrete frequency content - tonal or broadband

. Intermixing of pure tones - harsh or melodic

. Time variation ~ intermittent, fluctuating
steady or impulsive

» Duration - long or short.

Conventional measures of sound attempt to determine its magni-
tude with respect to human perceptlion, trying to account for
the frequency response characteristics of the ear. Most mea~
sures do not account for other subjective attributes. Such
attpributes are difficult to measure individually, and it is
even mopre difficult to combine them inte a single measure.
However, one or more of these attributes may be important in
enabling a human to perceive a specific sound; for example, an
intermittent impulsive "rat-tat=tat" is more easily distin-
gulshable than a steady broadband socund. To account for these
attributes, which are not easlily measured, some nolse rating
scales have fixed penaltles that are applied to the measured
level to lncrease its value.

A.3 Magnitude of Sound
The upit used to measure the magnitude of sound level is the
decibel. In the phrase, "The sound level is s¢ many decibels"

its use 1s analogous to the use of "inch" in the phrase, "The
length is so many inches" or to "degree" in the phrase, "The
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temperature on the Celaius scale is so many degrees". However,
unlike the scales of length and temperature, whiech are linear
scales, the sound level scale 1s logarithmic. For measurement
of sound pressure, scund pressure level (SPL) 1s defined as 10
times the logarlthm to the base 10 of the ratio of the measured
mean square sound pressure (P} to the square of a specified
reference sound pressure (Pp):

SPL = 10 log (P/Pp)2,dB. (A.1)

By definition, therefore, a sound that has 10 times the energy
of the refeprence sound 1s 10 decibels (dB) greater, and cne
that has 100 times the energy (or 10 x 10 times) of the refer-
ence sound 1s 20 dB greater (10 + 10 dB).

The ear 13 sensitive to a wide range of sound levels, and this
creates many difficulties 1in working with absolute sound pres-
sure unlts. For lnatance, the human ear 1s sensitive to a
pressure range greater than 0.00002 to 20,000 newtons per sg
meter. Because of the awkwardness and difficulty of working
with such a broad range of absolute units, the decibel has been
adopted to compress thls large range and more closely follow
the response of the human ear.

The use of the logarithmic decibel scale requires somewhat dif-
ferent apithmetic than we are accustomed to using with linear
scgles. Fop example, consider two similapr but independent
nolse sources ¢gperating simultaneocusly, and each producing an
average sound pressure P. The sound energy (square of the
sound pressure) generated by the two sources will add together

to give aound gnergy twilce that which would result from elther
source operating alone,

A=5
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However, the resulting sound pressure- level (SPL') in dG fronm
the combined sources will be only 3 dB higher than the level
produced by either source alone, since the logarithm of 2 1s
0.3 and 10 times 0.3 1s 3, This solution can be shown mathe-
matically as follows:

SPL' = 10 log (P + P ) / Fr =10 log 2 P /Pr
= 10 log 2 + 10 log P /Pr = 3 + SPL. (A.2)

If we have two sounds of different magnitude from independent
sourcea, then the level of the sum will always be less than 3
dB above the level produced by the greater source alone. If
the two sound soupces produce individual levels that are dif-
ferent by 10 dB or more, then adding the two together produces
a level that 18 not significantly.different from that produced
by the greater source operating alone, as illustrated in Fig.
A.2.

Two sounds that have the same sound pressure level may "socund'
quite different (i.e., a rumble vs a hiss) because of differing
distpibutions of scund energy in the audible frequency range.
The distribution of sound energy as a functilon of freguency 1s
termed the "frequency spectrum® (see Fig. A.3 for an example).
The spectrum i3 important to the measurement of the magnitude
of sounds because the human ear is more sensitlve to sounds at
some {'requencies than at others. For example, the human ear
hears better in the frequency range of 1,000 to 10,000 cycles
per second {(or Heptz) than at very much lower or higher fre-
quencies. Therefore, in order to determine the magnitude of a
sound on a scale that 12 proportional to the magnitude as per-
celved by & human, 1t 1s necessary to welght that part of

A-6
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the sound energy spectrum humans hear most easily; that 1s,
count 1t more heavily when adding up the total sound energy as
perceived. Figure A.4 illustrates this concept of welghting

the physical sound energy spectrum to account for the frequency
response of the ear.

A.4 Frequency Weighting

Scientists who work in acoustics have attempted for many years
to find the ideal method to weight the frequency spectrum of
sound to match accurately the perception of sound by the human
ear. These attempts have produced many different scales of
sound measurement, including A-welghted socund level (and also
B, €, D, and E-welghted sound levels), perceived nolse leve’,
and loudness. A=welghting, which was developed in the 1930s
for use in a sound level meter, accomplishes the welghtlng "y
an electrical network that works in manner similar to the b ss
and treble controls on a hi-f1 set.

A-weighting has been used extensively throughout the world to
measure the magnitudes of sounds of all types. Because of its
univeraality, 1t was adopted by the EPA and other government
agencies for the description of sounds 1ln the environment. A
newer welghting, such as D ¢or E, based on the decade of re-
search leading to the perceived noisgse level scale, might even-
tually supplant A~welghting as the universal method. But until
one of these newer scales 1s in common use and 1ts superlority
over A-weighting for measurement of environmental sounds is
demonstrated, A-welghting is expected to dominate.

The zero value on the A-welghted sound level scale (sound
level, for short) 1s the reference pressure of 20 micronewtons
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per square meter (UN/MZ), This value was Selected because it
approximates the smallest sound pressure that can be detected
by a human. The average A-weighted sound level of a whisper at
a l-meter distance from the person who is whispering is 40 dB;
the sound level of a normal volce speaking 1 meter away is &7
dB; a shout, 1 meter away, 1s 85 dB.

A.5 Time Variatioen of Sound

Generally, the magnitude of sound in the environment varies in
a random fashion wlth time. There are many exceptlons; for ex-
ample, the scund level of a waterfall is relatlvely constant
with time, and the sound level of a room air conditicner is
periodically high and low, depending on whether it is on or
off. But in most places the outdcor sound 1s ever-changing in
magnitude, because it 1s influenced by sounds from many
sources==-people, animals, many types of vehlcles, near and

far., PFigure A.5 Lllustrates how the sound level of different
types of sounds vary ovep time.

In one sense, the variation of sound levels with time 1s analo=-
gous to the vaplation in shade (light to dark) in a pleture or
one's surroundings. Similarly, the changing characteristics of
the subJective attributes and frequency spectrum to the ear
might be analogous to change 1n color to the eye, It may be
that the changes in magnitude and charactepr of the sound in the
environment with time add richness te the human environmental
experlience, as do visual changes in intensity and color. Cer-
tainly the varying scunds of biprd scngs and rustling leaves in
the forest are more rewarding than the utter silence that pre-
cedes a storm or the steady hum of a noisy ballast transfoprmer
in a fluorescent light. Changing patterns of sound serve to

A=11
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make us continually aware of life going on arcund us and seem

to provide assurance that all is well. However, if the fluctu-
ation in magnitude of sound exceeds the range that is acceptable
in a specific context, if the average sound level 1s high enough
to interfere with verbal communlecation, Job performance, or some
other activity, or if a sound of unusual character or undesir-
able connotation is heaprd, the subconscious feeling of well-

being may be replaced with feelings of adverslvensss and annoy-
ance.

It i1s easy to measure the continuously changing magnltude of the
sound level. It may be displayed on a graphic level recorder,
in which a pen traces a line on a sheet of moving paper. Flz.
A.6 1llustrates two B=min. samples of such a recording. Several
features of these two samples should be noted,

The first feature is that the sound level varies with time over
a range of 33 dB, which 13 a ratlo of 2000 to 1 in sound energy.
Second, in these two samples, the sound appears to be charac-
terized by a fairly steady-state lower level, upcn which the
increased sound levels assoclated with discrete (individual)
gingle events are superimposed. This faiprly constant lower
level 1s often called the residual sound level. An example of
resldual sound 13 the contlnuous sound one hears in the backyard
at night, when no single source can be identified, so the sound
seems to come from "all arcund." The distinct sounds that are
superimposed on the residual sound level, such as the alreraft
overflight, cars, and dogs barking, can be classified as the
result of a succession of single events.
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Each single event may be partlally characterized by its maximum
level. It may also be characterized by 1ts time pattern. The
sound level of the ailrcraft in the example is above that of the
residual sound level for approximately 80 sec, whereas the
sound levels from the cars passing by on the street are above
the residual sound level for much shorter duratlions, ranging
between about 5 and 20 sec. Clearly, if the sound assoclated
with these single events were of sufflcient magnlitude to in-
trude on an individual's aectivities-~-conversation, thinklng,
watching televlsion, etc.-~the duration factor might be ex-
pected to affect his degree of annoyance. Slmllarly, it might
be anticipated that the number of times such an event recurred
also would affect his degree of annoyance.

The data from these continucus recordings of sound are very
instructive in providing an undeprstanding of the nature of the
ocutdoor sound environment at any neighborhced locatlion. How-
ever, in oprder to quantify an outdoor sound environment at one
location so that 1t c¢an be compared with the sound environment
at other locations, it is useful to simplify 1ts descriptlion by
eliminating much of the temporal detaill. One way of accom-
plishing this simplification ls to measure the value of the
residual sound level and the values of the maximum sound level
for specific single event sounds at various times during the
day, using elther a simple scund level meter or the continuous
graphic level recerding of its output. Another method of gquan=-
tifyling the socund environment 1s to determine the statistical
properties of the sound level by attaching a statistical anal-
yzer to the output of the socund level meter. This procedure
allows one to determine the amount of time that the sound level
exceeds any stated sound level, or, conversely, the sound level
that 1s exceeded for a stated percentage of the time. A thipd
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method 1s to determine the value of a steady-state sound that
has the same A-weighted sound energy as that contained in the
time-varying sound. This value 1s termed the eguivalent sound
level. These three methods of deriving single number measures
of time-varying noise levels are lllustrated in Fig. A.7T.

Each of these descriptors has its own special usefulness.
Residual and maximum sound levels are easlily measured by simple
equipment; however, such measurements glve no indlcatlion of the
duration of the various single events, nor a notion of the
average '"state" of the enviponment.

The statistical method 1s relatively difficult to accomplish
with simple equipment. Most monitoring systems designed for
the purpose can give the complete detalled statistieal distri-
bution curve of sound level vs time for any desired duration:
for example, each hour of the da&; daytime or nighttime, or a
2l=hour day. Such a curve is often a most uyseful reduction of
the detall contained in the graphlc level recording, although
it eliminates all informatlon about specific events.

The equivalent sound level 1s alsoc best measured with an in-
strument or monltoring system designed specifically for this
purpose. A single value can be obtalned for any desired dupra-~
tion, a value that includes all of the time-varying sound ener=
gY¥ in the measurement pericd. As such, 1t is a more complete
description than a single value of level and time taken from a
statistical description. For example, 1f the "level that is
exceeded 102 of the total time" ls used as the descriptor of
the time~varying sound, 1lts value remalns constant and
independent of the magnitudes of all higher level sounds as
long as thelr durations are less than 10% of the total time,
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whereas the energles assoclated with these sounds of higner
level are fully accounted for in the equivalent sound lievel.

The major virtue of the equivalent socund level 1s that its mag-
nitude caorrelates well with the effects on humans that result
from a wide variation in types of environmental sound levels
and time patterns. It has been shown to provide good correla-
tion between nolse and speech interference and nolse and risk
of hearlng loss. It also 1s the basis for the measure of the
total outdoor nolse environment, the day-night sound level,
which correlates well wlth community reaction to noise and to
the results of social surveys of annoyance to alrcraft nolse.

The day-night scund level ls defined as the A-weighted equiva-
lent sound level for a 24-hour period with a +10-dB weighting
applied to the equivalent sound .levels measured during the
nighttime hours of 10 p.m. to 7 2a.m. The nightiime welghting
increases the levels measured during the nighttime by 10U dB.
Hence, an environment that has a measured daytime eguivalent
sound level of 60 dB and a measured nighttime equivalent sound
level of 50 dB has a welghted nighttime sound level of 60 dB
{50 + 10) and a day-night sound level of 60 dB. Examples of
measured day-night sound levels are given in Fig., A.8.

A.6 Characterizing Specific Sounds

The sounds that, comblned, make envirenmentzl sound can be con-
sidered a collection of steady-state sources (such as trans-
formers) and the sounds of time-varying single-event sources
which occur at random or regular lntervals (such as moving
vehicles), superimposed on a quasisteady-state residual or
background level of sounds which are indistinguishable.
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The descriptor of the steady-state sound is simply the A-
welghted sound level and the duratlon of the event., The des-
eriptor for the time~varying sounds assoclated with single
events must include both magnitude and duratlieon. One method is
to measure the maxlmum sound level and the duration in which
the sound level 1s above a stated number of declbels helow the
maximum level: for example, the number of seconds between the
time that the sound rilses from 10 dB below maximum, to maximum,
and falls again to 10 dB below maximum. An alternative des-
cription, which produces a single value for the scund of the
single event 1s the sound exposure level, the lavel of the
total sound energy at the microphone resulting from the event.
These concepts are illustrated Ln Pig. A.9.

A.7T Summary of Key Daseriptora of Sound

For the purpose of quantifylng environmental scund in this dis-
cusslon, four guantities listed {n Table A.l are useful. All
are based on the A-welghting, whlch accounts approximately for
the frequency response of the ear. All have logarithmilc
scales, all use the decilbel {(dB) as their unit, and all have
the same magnitude of the reference sound pressure of 20 micro-
newtons per square meter.

A=20
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TABLE A.l. PRINCIPAL DESCRIPTORS OF ENVIRONMENTAL SOUND.

Symbol Short Principal
Quantity Abbreviation Description Uses
Sound L Mean square value of Describes magni-
Level A-welghted sound pres- tude of a sound
sure level at any time at a specific
referenced to a refer- position and
ence pressure time
Sound Lg Time integral of the Describes mag=-
Exposure mean square A-welght- nitude of all of
Level ed sound pressure the sound at a

Equivalent L
Sound
Level

eq

Day-Night Lan
Sound
Level

LG s e e

referenced to a mean
square reference pres-—
sure and l-sec dura=
tion

Level of a steady
sound that has the
same sound exposure
level as a time-
varylng sound over
stated time inter-
val

Equivalent sound
level for a 24-hr
period with a +10

dB weighting applied
to all scunds occur=
ring between 10 p.m.

and 7 a.m.

A=22

specific posi-
tion accumulated
during a specil-
flc event, or
for a stated
time interval

Describes aver=-
age {energy)
state of environ-
ment; usually em=
ployed for dur=-
ations of 1 hr
{Leq(1)], 8 hr
{Leq(8)], or 24
hr (Leg(24)]

Describes average
environment in
residential situ-
ations; account-
ing for effegt of
nighttime nolses;
often 1s averaged
over a 365~day
year

s e
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APPERDIX B. @GLOSBARY OF NOISE TERM3*

Acougtic Intensity - see Sound Intensity.

Acountic Power - see Sound Power.

Amblent Noise - Amblent nolse is the overall compogite of
sound in & given environment.

Amplitude - A sound's amplitude can describe the magnitude of
sound at a given locetion away from the source, that is,
its sound pressure or sound intensity, or it can refer to
the overall ability of the source to emit sound measured
by its sound power.

Anecheolic Room -~ An anechoic room has essentially no boundaries
to raflect acund energy generated therein. Thua, a sgound
21eld generated within an anechoic room is referred to as
a free field.

Audiogram - An audiogram is a record of hearing threshold lev-
ela as a function of frequency. The threshold levels are
referenced to atatistically normal hearing threshold
lavels.

Audiometer - An audiometer is an instrument for measuring
hearing sensitivity.

Critical Band - A critical band is a frequency bandwidth char-
acteristic of human eara. Noise at frequencies outside
thia bandwidth has minimal effect on masking a tone at
any given eritical band's center freguency.

Cyele - A cycle of 2 periodic function is the complete se-
quence of values that oceur in a period.

Cycle per gsaecond - see Prequency.

Decibel (dB) - The decibel is a convenient means for
describing the logarithmic level of gound intensity,
gound power, or sound pressure above arbiirarily chosen
reference valuea,

*Thisg glossary has been adapted from the EPA Report "Noise

Training Manual," by P.L. Michael et al, December 1977.

B-l
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Diffuse Sound Fleld - A diffuse sound field has sound pressure

levels that are essentlally the same throughout, and the

directions of propagation are wholly randem in distribu-
tion.

Effective Sound Pressure - The affective sound pressure at a

glven location 1s found by calculating the root-mean

square value of the Instantaneous sound pressure measured
over a period of time at that location.

Free field - In a free field, sound that 1s radiating from a

source can be measured accurately without intarference
from the test space. Absolute free-field conditions are
rarely found, execept in expensive anecholc (echo=free)
test chambers; however, approximate free~field conditions
exist in ezay homogeneous space whape the distance from
reflecting surfaces to the measuring location is much
greatep thain the wave lengths of the sound that 1s bhelng
measured.

Frequency ~ The frequency of sound describes the rate at which

complete cycles of pressure are produced by the sound
source. The unit of freguency is the cycle per second
(cps) or preferably, the nhertz (Hz). The frequency range
of the human ear 13 highly dependent upon the individual
and the sound level, but a person with normal hearing
will have a frequency range of approximately 20 to 20,000
Hz at moderate sound levels. The frequensy of a sound
wave that 1s heard by a listener Ls the same as the
frequency of the vibrating source if the distance hetween
the source and the listener remains constant; however,
the frequency detected by a listener increases or
decreases as the distance from the source decreasas or
inereases (Doppler effect).

B=2
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Hertz = see Frequenecy.

Infransonle Frequency - Sounds of an infrasonic frequency are
below the zudible frequency range.

Intensity - see Sound Intensity.

Level « The level of any quantity, when described in decibels,
13 10 times the logarithm of the ratio of that quantity
to a reference value.

Loudness « The loudness of sound 1s an cbserver's Impression
of its amplitude, which includes the response character=-
lstics of the ear.

Noise = The terms "noise" and "sound" are often used inter=
changeably but, generally, sound is descriptive of useful
communication or pleasant sounds, such as music; whereas,
nolse is used to describe dissonance or unwanted sound.

Noise Reduction Ceefficient {NRC) - The noise reduction coef-
ficlent is the arithmetical average of the sound absorp-
tion coeffliclents of a material at 250, 500, 1000, and
2000 Hz.

Octave Band - An octave band 1s a frequency bendwidth that has
an upper band-edge frequency equal to twice 1ts lower
band=-edge frequency.

One-Third Octave Band ~ A freqguency band whose cutoff fre=
quencles have a ratilo of 2 1/3, which is approximately
1.26. The cutoff frequencies of 891 Hz and 1123 Hz
define a one=third ectave band centered at 1000 Hz.

Pesk Level - The peak scund pressure level 13 the maximum in-

stantaneous level that occurs over any specified tinme
period.

Period ~ The period (T) 1s the time (in seconds) reguired for

one cycle of pressure change to take place; hence, it is
the reciprocal of the frequency.

B-3
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Plteh = Piteh 1s a subjective measure of auditory sensation
that relates primarily to the frequency of a sound.

Power ~ see Sound Power.

Pure Tone - A pure tone is a sound wave whose instantaneous
sound pressure is a simple sinusoidal function of time,

Random-Incidence Sound Field =-see Diffuse Sound Field.

Random Noilse - Random nolse 1s made up of many frequency com-
ponents whose instantanheous ampiitudes occur randomly as
a function of time.

Revarberation - Reveprberation occurs when sound persists after
direct reception of the sound has stopped. The rever-
beration of a space 13 specified by the "reverberatlon
%ime," which is the time required, after the source has
stopped radiating sound, for the rms sound pressure to
decrease 60 dB from its steady-state level.

Root-Mean Square Sound Pressure - The root-mean-square (rms)
value of a changing quantity, such as sound pressure, 1s
the square root of the mean of the sguares of the lnstan-
tansous values of the quantity.

Sound - see Nolse.

Sound Intenaity (I) = The sound intensity at a speciflic
location 1is the average rate at which sound energy 1s
transmitted through a unit area normal to the direction
of sound propagation. The unlts used for sound intensity
are joules per square meter per second. Sound incensity
13 also expresased in terms of a level (sound intensity
level, L1} in decibels referenced to 107*2 watts per
square meter.

Sound Power {(P) - The sound power of a source 1s the total
sound energy radlated by the source per unit time. Sound
power 43 normally expressed in terms of a level (sound
power level, Lp) in decibels referenced Lo 10'12
watts,

B4
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Sound Pressure (p) - Sound pressure normally refers to the rms
value of the pressure changes above and below atmospherlc
preasure when used to measure steady-state noise. Short-
term or impulse-type nolses are described by peak
pressure values. The unit used to describe sound
pressures 1s the pascal {Pa); 1 Pa equals 1 newton per
square meter (N/m?). Sound pressure 1s also described
in terms of a level {(sound pressure level, Lp) in
decibels reference to 10-2 Pa.

Standing Waves ~ Standing waves are periodic waves that have a
fixed diatrbuticon in the propagation medium.

Transmission Losa (TL) - Transmisaion loss of a sound barrier
may he defined as 10 times the logarithm (to the base 10)
of the ratic of the Lncildent acoustic energy to the
acoustic energy sransmitted through the barrier.

Ultrasonic =~ The frequency of ultrasonic sound i1s higher than
that of audible sound.

Veloeity - The spead at which the reglons of sound-producing
Presasure changes move away f'rom the sound source is call-
&d the valocity of propagation. 3ound velocity (¢}
varies directly with the square root of the density and
inversely with the compreasibility of the transmisting
medium as well as with other factors; however, 1in a glven
medium, the veloclty of sound 1s usually c¢onsidered
constant under normal conditions. For example, the
velocity of sound 1s approximasely 344 m/sec (1,130
rt/sec) in alr, 1432 m/sec (4,700 ft/sec) in water, 3962
m/ssc (13,000 ft/sec) in wood and 5029 m/seec (16,500
fr/seg¢) in steel.

Wavelenzth - The distance required to complete one pressure
aycle 13 called one wavelength. It may be calculated
from known values of frequency (£} and veloeity {¢):A =
e/f.

B=5



White Nolse - White noise has an essentlally random spectrum
vwith egual energy per unit freguency bandwidth over a

gpecified frequency band.
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APPENDIX ¢. TRAFFIC NOISE EXPOSUﬁE IN THE COMMUNITY
€.l Urban Traffic Noise Exposure
Csl.1 Noise exposure model

Estimates of the nolse exposure caused by roadway traffic in
urban areas natlonwide have been generated by the EPA using
the National Roadway Traffic Noilse Exposure Model (NRTNEM)
[C=1]. This computepr model simulates the noise generated by
traffic flow on the several categories of roads throughout the
country, and estimates nolse exposure by considering the dis-
tribution of the population relative to the roadway network
and the characteristics of vehicles operating on that network.
The baseline year for which detalled Information on roadway
traffic conditicens, vehlcle operatione! characteristics, and
population distributiona are input in +<he computer program 1s
1974, {The medel makes aestimates of rn-ise exposure for later
years by internally projecting these characteristics as neces-
sary. Por this report, the estimates cobtained for 1980 are
used.)

The model contains six functional classifications of poadways,
with traffic flow characteristics broken down by place and
size. Table C,1 lists the mileage, average daily traffic
{ADT), and daily vehlcle miles traveled (DVMT) in 1974 foer
each ¢f the roadway classificatlions used in the model, The
roadway mileage does not change from 1974 to 1880, but the ADT
and DVMT are internally increased in the model by factors thast
reflect projections for the current number of vehlcles on the
road. These factors are a complex function of the different
traffic mix in each place size/ roadway type category. Al-
though the average overall vehicle growth factor hetween 1974
and 1980 is not calculated by the model, based on the increase
in ADT and DWMT, 1t 1s estimated zs approximately 20%.

C=1
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TABLE C.1.

IOALMAY 'IPE

1974 DIVIHIBUIION OF MILUAGE, ADL, AND IWMD [C-1].

"Ly OLlwe Ifrocwny MiJor Hinop
Yfze Purtnaster Intorataty b_Expraanmn, Artarials Avterialn Collactory Local
WiTea 1,9 1,4 9, 06T ,107 N
¥ Alp 74,066 66, 41u o, 76 9,115 3,783 1,129
N Liy, sb2, 204 16,256, 1030 15,071,248 131,369,045 hd, 526 o2 98,114,863
M Hllen 1,869 1,527 5,156 10,219 10,308 64,678
to anp 00,228 32,544 17,397 6,004 95 656
] e 2, bbb 132 49,700, 1)6 b9, 69!! 932 10,490,602 36,036, 764 H2,424,764
500k Miles I 'IH 134 4,030 6,320 ?,190 47,466
to alne g4 34,03 16,354 4,045 3,760 672
L} D b‘).lllh 5b9 5,152,604 5,992,206 50,644,400 27.03‘1 400 31,497,152
200k Miles 1,143 1,004 5,566 ,569 7.497 58,252
to Al 40,367 28,412 16 02y 4,70 3,412 439
500k VML 16,354, 1681 3,001,712 9,217, Juth 15,579,430 30,103, 36'! 44,873,428
100k Ml lus s w3 3,651 5,502 5,714 36,697
to AU 32,190 22,984 14, iy 7,301 3,207 649
200ic DV 21,490,260 18,456,152 51, .152 43 40,170,102 14,701,918 23,416,353
Suic Mlles 512 &0 3,335 J,0405 4,534 29,284
to AN 21,913 19,971 12,376 6,057 2,47 645
Moo ber 11,219,456 11,962,600 WL,2/3,060 26,923,305 13,205,678 18,804,160
25 M1 les 7 Iy 4,242 5,317 5,828 33,454
W Al 23,251 16,475 11, 364 5,430 2,504 631
S0ic bvmi y,230,647 7,543,128 L] 7116 2494 29.19[.110 W, '|16 752 21,109,479
Sie Mi an 9 1,094 9.652 12 1214 13,130 75,431
to AP 14,206 13 2hh 4,922 1,946 i
24k (R, 1Y 16,367, KT 13 3'63.0]6 46,115,144 8, 531 620 25,550,580 37,334,345
MLleu 35,704 lb ?16 ]bS 547 435,817 anar 1,942,733
fura) Al 13,700 b2y 523 699 310
e 434,492,800 396, 265,063 392, MS,OU]. 347,074,611 113,929,290 190,307,834
i

Y

MNP = DVMT/MILES 1S 'UIE DINIVED QUANTTIY

aPlace Slze in manber of people (k = thouowsl, M = wiliion).
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Table C.1 includes data alse for rupral areas. These data are
used in Sec. ©.2 for rural nolse exposure estimates.

In order to estimate the noise levels generated on this road-
way network, the model uses four major categories of vehlcles
{light vehicles, trucks, buses, and motorcycles), which are
further divided into 14 subcategories. Fopr each of these sub-
categories, the model contains four cperational modes: 1idle,
acceleration, deceleration, and crﬁise. Data on the emission
levels appropriate to each operating mode for each vehicle and
the pearcentage of time that a vehicle 1s operated 1in a pap=-
ticular operating mode are included in the medel. For each
category of roadway, the model als¢o contains data on the rela-
tlve mix of vehlcles.

The national urban population in 1980 is estimated in the
model to be 160 million people.* It 1s divided among eight
place sizes, with four population density categorlies for each
place size, Table C.2 lists the population and areas assocl-
ated with each or these categories (as well as for rural).

The noise level at a given Alstance from a particular roadway
is determined by summation of the nolse levels of the indl-
vidual vehicles on that roadway. Depending upon the popula~
ticn density, one of three propagation curves 1s usaed to esti-
mate the noise level at various distances away [rom the road-
way. Using data on the distribution of traffic over 24~ hour
periods, the Lyna at different distances from the roadways

apre determined.

#1970 Series I projections.
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TARLE C.2. 1980 POPULATION (IN MILLIONS) AND LAND AREA (IN SQUARE MILES) BY PLACE SIZE AND POPULATION
DENSTIY CLASS [C-1].

Population Place Size
Density M 500Kk 200k 100Kk 501c 2k S Urban
Category  Parnmeber 22M —2M -1M  -500k =200k ~100k% =50k =25k Total Rural
1 Population 6,06 2,25 0,39 1.64 1.8 .09 0.8 .89 14.98 71,88
Area 134.2 272 063 215 217 329 58 220 1570.2 3,476,938
2 Population 20.06 4,37 2.18 10.64 2.99 2.16 3.04 5.07 5h.51
Aren 3570 775 488 4H5Y 1305 1115 896 1261 13,970.0 0
3 Population 23.32 11.91 .99 6.88 6.98 n.62 3.548 8.63 Th.91
Area 8358 5080 h426 5790 5266 W95 2230 4527 39,872.0
i Population t 5.72 5.67 U 0 0 1.96 2.75 16.10 0
Aroa hugg  hsBh 0 ] 0 0 2769  sH29  17,202.0 0
otal Population 53.00  24.2% 17.22  19.16 11.15 7.86 9.06 18.34 160.48 71.88
Area 12,064.2 10,216.0 9561.0 10,563.0 6850.0 5639.0 5953.0 11,828.0 72,674.2 13,476,938

Total Population = 232.36 million
lotal Land Arca = 3,449,612.2 sq miles
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The model) also conslders both primary and secondary exposure;
that 1s, the primary exposure of & person to the nolse of a
roadway adjacent to hils pesidence, and the secondary exposure
to the vapiety of roadways in the nearby vicinity of his resi-
dence. The primary exposure 13 determined by considering the
location of pecple relative to roadways. The secondary ex-
posure 18 determined using a probabilistie approach based upon
the ratlo of land areas exposed to varicus levels of primary
and secondary nolsa exposure. The primary and secondary ex-
posures are summed to glve the total exposure of residents ln
a particular area.

C.l.2 Noize Exposure Eatimates

Using the model described in Ref. C-l*, estimates of the
nationwide urban nolse exposure have heen developed. These
are listed in Table C.3 for 1974 and 1980. As the table
ahows, due to increases in the population and in the number of
vehicles on the road, the number of people exposed to various
lavels of roadway traffic nolse 13 estimated to have increased
by an average of 10 to 15%.

A breakdown of the exposure of people to urban traffic nolse
from varicus roadway types in different size towns 1s shown in
Table C.4. These data ware computed by the MRTNEM model for
1980 [C=1]., The pulk of the exposure occurs in places of
200,000 people or more. HMajor and minor arterials are the
roadway types that contribute the most to roadway esxposure.

——r——————

*Computations were performed in May 1880.
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TABLE C.3. U.3. POPULATION EXPOSED TO VARIOUS LEVELS OF
Lan OR HIGHER FROM URBAN TRAFFIC NOISE.

Number (in Millions) of Peoplet

Prior Estimates (C=2)

Current Estimates{C=-1} Streets Preeways
Lan(dB) 1874 1980 1974 1676 Total
>80 0.1 0.1 0.l 0.5 0.5
>75 0.9 1,1 1.3 0.8 2.1
>70 4.8 5.5 6.9 1.3 8.2
>65 16.3 18.3 24.3 2.2 26.5
>60 39.8 43.8 59.0 3.5 62.5
>58 83.0 92.0 93.4 . g.4 98.8

# Does not inelude rural exposurs.
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TABLE C. . U.8. POPULATION (IN MILLIONS) EXPOSED TO 55 dB Lgp or HIGHER
I*ROM URBAN TRAFFIC NOISE, BY PLACE SIZE AND ROADWAY TYPE#,

Urban Place Sisve (No. of People)

Im 500k 200K 100Kk 50k 25k Sk
Roadway Type 2 -2 =1m =500l =200k ~100k =50k =25k Total
Interstate 3.05 a.0h 1.18 1.44 0.59 0.26 6.12 0.24 9,32
Other Highway 2.93 1.15 06.53 0.74 0.46 0.29 0.13 0.24 15.79
Major Arterial 7.79 2.62 1.48 ‘2.66 1.65 1.20 1.11 2.22 21.13
Minor Arterial T.78 3.39 2.15% 2.9 1.65 1.05 l.11 2.29 22.36
Collector 5.61 2.99 2.01 2,01 1.11 - 0.67 0.96 2,00 17.36
Local 7.51 2.67 1.96 1.94 0.45 0.30 0.4 0.58 15,45
Total 35.07 14.86 9.31 11.73 5.01 3.77 3.87 7.51" 92,09

% Data Crom May 1980 NRTNEM.




e et o e PR i V3P AL TA L, {7

A i ) U AT Bl W

C.l.3 Comparison with Prior Estimates

In previcus work for the EPA (C~2), a population density model
of noise exposure was developed in which the mean Lagn in a
census tract was determlned by the following equation:

Lan = 10 log p + 22 dB, (C.1)

where p 13 the population density of the census tract., Using
this relationship and the assumption of a normal dissributlon
of Ly, values throughout the census tract with a standard
deviation of 4 dB, the distributieon of the national urban pop=
ulation as a function of Ly, was determined (this distri-
butlon 13 appropriate to the 134 million people contalned
within census tracts in the 1970 census)., Table C.3 lists
this distributior.

This population vensity model provides an estimate of the

Ldn away from major nolse scurces such as highways and
alrports. In order to eatimate the nationwlde exposure to
traffle noise in urban areas, the nolse generated by major
nighways and f'reeways must be added to the estimates deter~
mined from the population density model. Estimates of the
nationwide exposure dus to freeway nolse are provided in the
EPA Background Document for medium and heavy truck noise emis-
sion regulations {C=-3]. The distribution of pecple veprsus

Lan 13 also listed in Table C.3. As can be seen from the
table, the comblned distributions are slightly higher than the
estimates derived using the moat recent traffic nolse exposure
model.
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C.2 Rural Traffic Nolse Exposure

Estimates of the noise exposure of people in rural areas are
derived from a special model developed for thls purpose rather
than from the EPA NRTNEM model for a number of reasons.
First, the population located near major rural rcads must he
known with more precision than a generzl population density
model can provide. Second, the actual locations of hones
relative to rural roads depends in a complex way on the type
of roadway and the terrain between the road and the home.
Third, rural population densitles vary greatly from region to
region; therefore using the national average flgures of the
NRTNEM would introduce errors in the total exposure esti-
mates.

The rural model described below requires two major components:
(1.) day-night sound level estimates at varying distances from
each roadway, and {2.) the distribution of people as a func-
tion of distance for each of these roads.

Day-night sound level estimates are rather straightforward to
obtain because of the availability of nolse prediction models
and information about the traffic characteristics on roadways
in rural areas., However, before this study was undertaken,
data that described the distribution of pecple In rural areas
along rural roadways were not avallable.

In order to obtain information on the location of residences
relative to rural roadways, 451 miles of roadways were sur-
veyed in three different states (described below). From the
resulting distributions, the percentage of dwellings located
within different distance ranges from the roadway were detep=-
mined for different roadway and terrain types, for dlstances
caorresponding to various Lgp values. The linear density

c-9
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in people per mile of poadway was determined as well. From
these data, estimates of the nationwide noise exposure were
derived, as described in the followlng section.

C.2.1 Noise expeosure model

A recent tabulation of roadway statistics published by the
Federal Highway Adminlstration [C-4] provides information
about the number of miles of reoadway 1n rural areas, classi-
fied by both roadway type and by the type of terraln surround-
ing the roadway. This information was gathered {rom data pro=-
vided by 46 states. The roadway classifications are inter-
state, other principal arterial, minor arterial, major collec-
tor, miner collector, and locel. The terraln types are flat,
rolling, and mountainous.

Review of the traffic characteristics of the roadways indi-
cated that the low traffic flow on minor collectors and local
roadways in rural areas would net result in nolse exposures of
significant interest in this study, and therefore these roads
were eliminated from further consideration.

For each of the four remaining types of rcadways, estimates of
the Lgp at 50 ft were made using the latest modification

of the TSC traffic noise prediction model [C=5). These sound
levels and the traffic characteristics used to make estimates
are listed in Table C.5. There are two sources for these data
as indicated in the table. The primary source is a Federal
Highway Admindistration document that provides statistics from
46 states [C~4). The second source is the EPA study (C-1]
freom which the Naticnal Readway Traffic Nolse Exposure

C=10
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TABLE C.5. TRAFFIC CHARACTERISTICS ARD DAY-NIGUT SOUND LEVELS
FOR RURAL ROADWAYS. ’

lioadway Type

Average Spee Li, at 50 ft
(All V%%iéies dn >
ADDe 2 Truckst {mph)t {dB)
Interstates 13,700 17 55.8 77.5
Other Prinecipal
Arterlals 4,623 14 51.9 72.5
Minor
Arterlals 2,523 11 50.6 68.5
Ma jor
Colliectors B49 y 5.8 62.5

! Source: Ref. C-1

t Source: Hef. C-l, for medium and heavy trucis.




Model (NRTNEM) discussed in the last sectlion was developed,
which contains trafflc data extrapolated to all of the states.
(Note that the four categories of roadway used here correspond
to the first four categories in Table C€.l.) NRTNEM utilizes
different raties of medium to heavy trucks, depending on the
urban place size, the roadway type, and the year of analysis.
The baseline ratios range from 1:6 for interstates in rural
areas to 7:5 for minor arterials in urban areas. For most
roadway types and place sizes, an appropriate approximation 1s
504 mediuﬁ truecks and 50% heavy trucks. This pratlo is assumed
to apply to all roadway types in this model. NRTNEM assumes
that 87% of dailly tralfic occurs during daytime hours, and 137
geccurs at night. In this application, we have assumed that
90% of the traffic cccurs during daytime hours.

¢.2.2 Population distributien characteristics

The distribution of resldences in rural areas varies consider-
ably. Farm areas would be expected to have a lower density
than non-farm areas, and major terrain differences might also
be expected to contribute to the variabllity of densitles.

Five different areas were chosen fopr survey purposes: Conlnec=
ticut (rolling terrain), Central Illinois (flat terrain},
Nerthern California (mountainous terrain), Central California
{flat terraln), and Coastal California {(mountainous terrain).

In each of the five areas, aerial photographs taken before
1977 of several roadways were reviewed. The distance from
individual dwalings to the center of each road was tabulated,
for digtances back from the roadway of between 1000 and 2000
ft. Table C.6 lists the roadways and mileages sampled, cate~
gorized by terrain type and type of facility (interstates and

C-12
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TABLE C.6. RURAL ROADWAYS 3SU

Plat Terrain

RVEYED.

Rolling Terrain

Mountalnous Terrain

Roadway ‘l'ype Culilornia Il1linois Connecticut California
Interstate and
Other Principal Rts.9Yy, 101, 198 I-54% I-86 I-80
Arterlals gbh. i miles 11.4% miles 13.4 mlles 50.6 miles
Minor Artecrlials Ros.ll, 6% Rts.36, 67, 123  Ats. 44, 63 _Rta.46, 49
17.7 miles 25.8 miles 4.6 miles 105.8 miles
Ma jor Re.246 ts.123, 613 Ht.63 Rts.1, 46
Collectors 15.3 milles 15.6 miles 17.3 miles 72.9 miles




other principal arterials have been grouped together as one

facllity type for this classification). Note that every com-
bination of terrain type and facillity type was surveyed, with
two sets of data obtalned for each facility for flat terrain.

C.2.3 Noise exposure estimates

The distances to Lgp values of 75, 70, 65, 60, and 55 dB

were determined assuming a 4,5-dB dropoff per doubling of dis-
tance, typleal of traffic nolse propagation over rural - terraln
[C~6]., Table C.7 1lists the distance ranges corresponding to
5-dB increments of Lgp for each roadway category. Also

l1isted in the table are the percentages of reasidences within
each 5-dB increment, determined from the distribution of resi-
dential distances obtained during our survey of rural roads,
Since the rupral population deoes not change greatly from year
to year, no adjustment i3 made to reflect 1980 conditions.

Table ¢.8 lists the nationwide mileage of each roadway type by
terrain category and the linear density of residencas along
these roadways, as determined from our sampling. (For flat
terrain, the linear densities are averages of the densitles
determined in California and Illinois.) The mileages were ob=-
tained by multiplying the total mileage for a particular
facility type {C=1) by the relative proportion of mileages by
terrain type applicable to the 4b-state date [C-4].

Since we wish to scale the data collected in California, Illl-
nois, and Connecticut to the natlon as a whole for individual
terrain types, the linear densities must be adjusted to re-
flect the differences in the particular states from the total
country. Table C.9 lists the %otal rural linear density (the

C=14
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TABLE

C.7. DISTRIBUTION COF RURAL RESIDENCES BY NOISE EXPOSURE RANQE.

Percentage of Residences Along Roadway

Roadway ‘I'ype laty Range {(dB) Distances (I't) Flat Rolling Mountainous
Interatates 70=175 H0-160 15 0 3
6bh~70 160-360 43 17 34
60-65 360-760 20 50 53
K560 T60~1060 15 29 9
Other Principal T0-75% 080 1 0 0
Arterlals 65-10 do-160 15 (4] 3
60-65 160-360 43 17 34
55-60 360-760 20 50 53
Minor Arterials T0-75 0=-h0 0 15 15
65-70 y-80 H I 27
60-65 $0-180 41 31 32
55-60 180-400 33 10 24
Major Collectors 70-75 0-20 0 0 0
65-70 20-40 1 3 7
60-65 ho-to 15 36 16
45-60 Ho-160 32 41 23
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TABLE C.8. NATIONAL MILEAGE OF RURAL ROADS AND RESIDENTIAL DENSITY ALONG THEM.

Roadway Type

Interstate

Othepr Princlipal

Arterlals

Minor Arterlials

Ma jor Collectors

Terrain Type

I"lat
Rolling
Mountainous

Mlat
Hollling
Mounkainous

IMlat
Rolling
Mountainous

Mat
lolling
Mountainous

Number of Miles

Nationwlde

Linear Density in
Reaidences/Mile

15,429
14,140
2,095

31,715
47,144
6,857

53,042
H7,262
15,244

134,930
254,697
37,490
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TABLE C.9. LINEAR DENSITY SCALING PACTORS.

United States

California

Illinois

Connecticut

Total Rural

Linear Density
(People/Mile of Road)

20.5

24.0

18.9

87.8

c-17

Scaling

Factor

0.85

1.08

0.23
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number of people living in rural areas divided by the total
rural mileage), for the nation as well as the three states of
interest [C-4]., From the table, it can be seen that the
linear densities of the rural population in Californla and
Illinois are not much different from the national rural linear
density; but the density in Connecticut 1s more than four
times the national density. We can then use the appropriate
state scaling factor, determined by dividing the U.S. density
by the state density, to adjust the linear densitles in Table
C.4. These scaling factors are shown in Table C.Y.

As an example, the linear density for interstates in flat ter-
rain areas (Table C.9) 1s adjusted by an average {Table C.8)
of the California and Illinois scaling factors (Table C.9):

4,85 x (0.85 + 1.08)}/2 = 4.68 residences/mile, (¢.2)

Similarly, linear density for interstates in rolling terrain
aresas 13 adjusted by the Connecticut scalling factor:

3.74 2 0.23 = Q.86 residences/mile (¢.3)

Tha linear density for interstates in mountainous terralin
areas is adjusted by the Californla scaling factor:

2.29 x 0.85 = 1,495 pesidences/mile. (C.b)

Linear densities for the other roadway types are adjusted in a
gimilapr fashion.

Multiplying the adjusted linear density by the natlonal number
of miles for each roadway provides the numbepr of residences

c-18
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along each roadway type. Then, applying the percentage of
residences within each 5 4B range of day-night sound level
appropriate to the particular faellity/terrain type, the
number of residences exiposed to various levels of Lgp
nationwide are obtained. For example, the number of
residences along interstates in flat terraln areas 1s (from
Eq. C.2 and Table C.8):

U,68 x 15,429 = 72,208 residences. {c.5)

The number of residences in the 70 to 75 dB Lyp range

aleng interstates in flat terrain areas is (from Eq. C.5 and
Table C.7):

72,208 x 0.15 = 10,831 presidences. (C.8)

The values for each terrain category are summed for each ;
roadway type and 5 dB Lyp range. The results of this ;
analysis are contained in Table C.10. ;

Using an avepage occupancy of 3.1 people per residence for
1970 [C=7], the cumulative distribution of people exposed to
various Lgp values 1is obtained from the statlatical dis-
tpibution of residences shown in Table €.10 and is llsted in
Table C.l1l. Table €.11 also lists population exposure esti-
mates %o urban traffic from Table C.3, as well as the combined
U.3. population traffic nolse exposure estimates.

C~19
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TABLE C.10.NATIONWIDE DISTRIBUTION OF RURAL RESIDENCES BY NOISE
EXPOSURE RANGE.

Number (in Thousands) of Resildences

Other Principal Minor Ma jor All
Ldn Range (dR) Interatate Arterlials Arterials Collectops Roads
70-75 11l.0 1.5 56.8 0 69.3
65-70 34,6 22.7 159.3 25.2 241.8
60-65 22.7 75.4 207.3 _ 284.7 590.1
55-60 14.8 57.1 115.9 #60.7 648.5
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TABLE C.1l. U.S. POPULATION EXPOSED T0 VARIOUS LEVELS
OF Lan OR HIGHER FROM TRAFFIC ON URBAN AND RURAL ROADS.

Lan (dB) Number (in Millions) of People

Urban Rural Total
>80 0.1 0.0 0.1
>75 1.1 0.0 1.1
>?O 5.5 0.2 5!7
»65 18.3 1.0 19.3
>60 43.8 2.8 4g.6
>55 92.0 4.8 g6.8

»
=21
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APPENDIX D. AIRCRAFT NOISE EXPOSURE IN THE COMMUNITY

D.1 Noiae Exposure Model

The nolse exposure estimates listed below were derived from
the model of alr carrier aircraft noise exposure described in
Ref. D-1, The approach taken in that document to estimating
nationwide exposure was to categorize all air carrier airports
inte four "average" airports; calculate the exposure at each
average alrport; and scale the results to the entire nation.

The four categories of airports, termed "AVports," included:

+ Alrports that are candidates for SST operatilons

+ Airports allowirz all aircraft except SSTs

» Alrports where foup-engine Jets do not operate,
except for LaGuirdia and Washington National
Alrports

« LaGuardis and Washington National Alrports.

Tor each AVport category, an average runway and flight track
configuration was defined, and average numbers of operations
and fleet mix were determiped.

Nolse exposure contours were developed for each AVport using

the average data and the Iategrated Noise Model computer proe-
gram [D=1], Using data frem the U.S. census, a population vs
area relationship was developed; application to the area withe

in each ncolse exposure c¢ntour resulted in an exposed popula=~
tion estimate for each AVport.

D-1
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Finally, these results were extrapolated to the nation using
scaling factors based on relative number of operations ameng
the various AVport categoriles. The resulting noise estimates
are shown in Table D.l1.

In a subsequent study [D=2], these results were modified to

include revised leet operational informaticn and population
data and updated noise levels for certain types of aircraft.
The modified estimates are also shown in Table D.1.

As a best current estimate of the naticenwide nolse exposure of
air carpier alreraft, an average of these two estimates haes
beenn made, as shown in Table D.1l.

The estimates of Refs. D=1 and D=2 do not provide exposure
data below Lay 65. In an attempt to extrapolate to

Lan 60 and 55 dB, use has been made of the results of a
study [D~3] of the estimated nolse exposure around 307 air=-
ports due solely to the operation of 727~100 aircraft., The
estimated exposed populaticn extended over a wide range of
Lgn values and indicated the relative change in exposed
population for the lower Lap, values. By matching the 727
results to the current model results at Lgn 65 and 70,
estimates for Lg, 60 and 55 were derived, The resulting
nationwide noise exposure estimates over the Lgp range

from 55 to 80 dB are listed in Table D.1l. WNote that these
estimates deo net include exposure to general aviation or mili-
tary alrcraft opeprations.

D2
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TABLE D.1 ESTIMATES OF U.S. POPULATION EXPOSED
TO VARIOUS LEVELS OF Lan OR HIGHER
FROM AIR CARRIER AIRCRAFT NOISE

Number (in Millions) of Pecplet

Current Estimate in

Ldqn_dB Ref.D-1 Ref.D=2 Estimate Levels Document
>80 0.05 N/A 0.05 0.2

>78 0.3 0.3 0.3 1.5

>70 1,4 1.2 1.3 3.4

>65 5.2 4,2 b,7 7.5

>60 N/AT N/A 11.5 16.0

»55 N/A N/A 24.3 N/A

* Current estimates for Ldp between B0 and 65 dB are
derived from average of Ref. D=1 and D=2 values. Values
for 55-60 dB are derived as described in text.

T N/A = Not available from this Reference.

D=3




D.2 Compariaon with Previous Estimates

The "Levels Document" [D=4] contained earlier estimates of
aireraft noise exposure, for the Ly, range of 60 to BO 4B,
based on several earlier studies. Fop comparison purposes,
these estimates ape also shown in Table D.1l. The CARD study
(D-5] estimated that 1500 square miles were exposed to lsvels
in excess of an Lgp of 65 dB. This estimate was confirmed

in the Title IV Report [D-6] by an independent assessment of
the calculated contours for 27 alrports [D-7), supplemented by
additional contours for several other girports. On this
basls, the Levels Document showed 7.5 million people exposed
to 65 dB or higher (obtained by multiplying the CARD figure of
1500 square miles by the naticnal median urban population den-
sity of 5000 pecple per square mile). Our current =stimate of
4.7 million, baased on the more recent model, 1s nearly U4OR
lower., The estimates for levels other than 6% dB .1 the
Levels Document were extrapolated using relationsh.ps devel-
oped in a study for the President's Aviation Advisory Commis-
sion [D=8]. The current estimates again show lower numbers of
people exposed. These lower current estimates are due to the
fact that more quleter aircraft are being introduced lato the
fleet sach year, and more noisier aireraft, such as the DC=§,
are being phased out as their useful 1life comes to an end. In
addition, standaprd flight profiles adopted by the Anerican
Transport Asscclaticon have reflected inereaslng cencern for
noise control,

D=4
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APPENDIX E. CONSTRUCTION NOISE EXPOSURE IN THE COMMUNITY

In this section, estimates of construction nolse exposure are
presented. Thege estimates are based on the construction
noise model described in the EPA "Background Document for
Portable Air Compressops™ [E-1].

E.s1 Construction Activity Model

Conatruction activity in the United States involves & wide
variety of equipment, operating conditiens, work hours, and
site locations. Some construction equipment, such as the pile
driver, create a great deal of disruptive nolse but are only
use? at a small fraction of construction sites for a relative-
ly snort period of time, primarily during one construction
phase. Other equipment, such as a dump truck, are used 1n
man. types of construction projects from the initial clearing
phese through the finishing phase.

To develop a4 model of the nolse levels produced by each cone
atructicn site as a whole, the following steps .are taken, as
shown in Tables E.,l(a)~(d) [E~2]. First, nolss levels are
obtained for each of the 22 pieces of construction equipment
that iy found to be the most significant component of con=-
strustion activity in the United States. Thnen, four types of
construction are defined, based on the diffarent activities
observed in each type. Thege are residential, nonresidential,
industrial, and public works. Next, activity at each sise is
divided inte five phases: clearing, axcavation, foundation,

erectlon, and finishing. Then, the fraction of the total site
conatruction time that each pilece of aguipment

e e s st ad o O Y i AL L



TABLE E.l(a). USAGE FACTORS OF EQUIPMENT IN RESIDENTIAL CONSTRUCTION

{1974} [E-1].
Construction phase 2=
Evo
Equipment g g . ..ié. L
e - = I3 z z o
£ 3 Z g F |gts
b 2 = 3] [ L3
g g £ g s =L §
g d = & & SE3
Alr compressor (BL)* | ~ 0.1 - - 0,25 68,7
Backhoe 85y | .0.02 0.2 - - 0.02 9.5
Concrete mixer (85) - - 0.4 0.08 0.16 76.5
Conerete pump (82) - - - - - -
Conerete vibrator (76) - - - - - -
Crane, derrick (88) - - - - -
Crane, mobile (83) - - - a.1v 0.04 69,5
Dozer 81 | 0.10 0.1 - - 0.04 72.0
Generator (78) 0.4 - - - - 64.5
Grader (85) | 0.03 - - - 0,02 65.0
Paving Breaker (38) - - - - 0.01 61.0
Loader (84 0,2 0.1 - - 0.04 70,0
Paver {89) - - - - 0.025 £6.0
Pjle driver (101) - - - - - -
Pneumatic tool (85) - - 0,04 0.1 0.04 72,5
Pump (76 - 0.1 0,2 - - 63.0
Rock drill {98) - 0.005 - - - 63.5
Roller (80) - - - - 0.04 59.0
Saw (78) - - 0.04[2)% 0.1[2] o0.04[2]| 68.5
Scraper (88) 0.05 - - - 0.01 67.0
Shovel (82) - 0.2 - - - 65.5
Truck (98} 0.04 0.1 - - 0.04 70.0
Laq (50v per site during work periods = 82,0 dBA
Hours ai site 24 24 10 30 40T = 208 hrs,
= 86 diyd

Total number of siteg = 514,424 (Table E,2)

% Mumbars in parentheses () reprasent average A-weighted noise levels at 50 ft.

+ Numbers In brackets [ ] represent average number of {tems [n use, If that
Blanks Indicate zero or very rare usage.

number is greater than one.
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TABLE E.L1(b). USAGE FACTORS OF EQUIPMENT IN NONRESIDENTIAL BUILDING
CONSTRUCTION (1974)[E-1],

T R i

PR,

1 v S ST

z B
Construction phase § =
Equi #53
quipment £33
& o ERE ]
] = o Tg =
£ g 3 g Z o g
P z E 3 c 2¥
2 % 8 £ z g5 5
5 4] i ) & J2Z
Air compressor (8| - 1.002]t  1.0{2] L.of2] 0.4[2] §3.5
Backhoe (85) | 0.04 0.16 0.4 - 0. 04 76,5 :
Cencrete mixer {85) - - 0.4 0.4 0,16 79.0 ?
Concrete pump (82 - - 0.08 0.4 0.08 74,5 :
Concrete vibrator (76) - - 0.2 0.2 0.04 67.0
Crane, derrick {88) - - - 0.16 0.04 76.0
Crane, mobile (83) - - - 0.16(2] 0.04[2] | 74.0
Dozer 87y | 0.16 0.4 - - 16 78,0
Generator (r8y [o0.42) 1.of2] - - - 75.0
Grader *(85) | 0.08 - - - 0,02 6.5
Paving breaker (88) - 0.1 0.04 0.04 0.04 75.0
Loader (84) | 0.18 0.4 - - 0. 16 75.0
Paver {89} - - - - 0.1 70.0
Pile driver oy | - - 0,04  0.16{2] o0.04[2] | 85.0
Pneumatie tool 8% | = - 0.04  0.16[2] 0.04[2] | 76.0
Pump ey | - 1.0(2] 1.0f2] 0.4 - 76. 5
Rock drill (98 | « 0.04 - 0.005 78.0
Roller (80} - - - - 0.1 60. 5
Saw (18 | - - 0.04(3] 1.0f3] - 76.5
Scraper (88) | 0.55 - - - - 73.0
Shovel (82) - 0.4 - - - 72.0
Truck 88y | o0.16[2] 0.4 - - 0.16 $0.0
Leg(s07) per stte during work periods = 91,0 d1A
Hours at site 20 320 320 480 1605 = 1360 hrs,
= 170 deys

Total number of sites = 12,710 (Tatle E2)

* Numbers in parentheses () rapresent average A-weighted noise levels ar 30 ft,
+ Numbers in brackets [ ] represent average number of items If number is
greater than one. Blanks indicate zerc or very rate usage.
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TABLE E.l(c). USAGE FACTORS OF EQUIPMENT IN INDUSTRIAL CONSTRUCTION

{1974)[E~1],
5
Construction phase g*
G 8
£535
Equipment e - L E
S g kg -
g - - g £ S g
& 2 3 3 i £ 0
= % 8 B = gy e
Q 5] R f Fx [T}
Alr compressor @BL* - 1,0 0.4 0.4 0.4 78.0
Backhoe {85) 0.04 0,16 0.4 - 0.04 76,5
Concrete mixer (85) - - 0.4 6,16  0.16 77.5
Concrete pump (82) - - 0.05 0,16 0.08 7.0
Concrete vibrator (76) - - 0.2 0.1 0.04 65.5
Crane, derrick (88) - - - 0,04 0.02 70,0
Crane, mobile (83 - - - 0.08 0.04 68,0
Dozer (87) 0.2 0.4 - - 0,04 77.5
Generator {78) 0.4 0.4 - - - 68.5
Grader {85} 0.05 - - - 0,02 62,5
Paving breaker {88) - 0.1 0.04 0,04 0. 04 75.0
Loader (84) 0.16 0.4 - - 0,04 4.0
Paver (89) - - - - 612 . 70.3
Pile driver (101) - - 0.04 - - 81.0
Pneumatic tool ®s | - - 0.04  0.1(3]+ 0.04 76,0
Pump (M | = 0.4 1.0[2) 0.4 - 53,0
Rock drill (98) - 0,02 - - 0,003 75.0
Roller (80) - - - - 0.1 60,3
Saw "% | - - o.04{2] o0.1[2] - 87,3
Scraper (88} 0.14 - - - 0.08 70.5
Shovel (82) - 0.4 - - 0,06 72,0
Truck (88 | 0.18[2] o0.28(2] - - 0.16 8.3
Leq(50" per site during work periods = 88,0 dBA
Hours at site 80 320 320 480 160 = 1360 jus,
= 170 days

Total number of sites = 50,839 (Table E, 2

* yumbers in parentheses () represent average A-weighted noise levels at 50 ft.
+ Numbers in brackets [ ] represent average number of items in use, if that
number is greater than one. Blanks indicate zero or very rare usage,
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TABLE E.1{d). USAGE FACTORS QF EQUIPMENT IN PUBLIC WORKS (STREETS,
SEWERS, ETC.) {1974) [E-1].

-
T &
Construction phase g =
uS
£ & 2
£§3
Equipment g g £5 £
¥ ¥ i £ F gk
P 5 E T ! oF
° ¥ & e £ £t &
[+ 2 Fay %Y B - &G
A{r compressor @n+| 1.0 1,0 0.4 0.4 0.4[2} 19.0
Backhoe (85 | 0.04 0.4 - -~ 0.18 14,3
Concrete mixer 85 | - - 0.16[2) ©.4f2] o0.18[2] | sto
Concrete pump (82) - - - - - -
Conerete vibrator (76 - - - - - -
Crane, derrick (88) - 0.1 0.04 0,04 - 74.0
. Crane, mobile (83) - - - 6.15 - 69.5
: Dozer 8% | 0.3 0.4 0.2 - 0.16 19.5
: Generator (78 | 1.0 0.4 0.4 0.4 0.4 75.0
i Grader (85 | 0.08 - - 0.2 0,08 4.0
Paving breaker 88 | 0.5 0.5 - 0.04 0,107 80.5
Loader (84 | 0.3 0.3 0.2 - 0,16 76.0
Paver (89) - - 0,1 0.5 - 81.3
Pile driver (101) - - - - - -
Pneumatic tool @5 | - - 0.04(2] 0.1 0.04 12.5
Pump (% | - 0.42] 1.0fz] o0.48 - 75.5
‘ Rock drill (98) - 0.02 - - - 82,5
g Roller (80) - - 0,01 5 0.5 73.5
5 Saw {(78) - - 0,04(2] 0.n4 - 63.5
¥ Scraper (88) | 0.08 - 0,2 0,08 0,08 75,0
Shovel (82) | 0.04 0.4 0,04 - 0.04 71.0
5 Truck (@8 | 0.168[2] o0.1s 0.4[2] o0.20] o0.16(2] | 84.5
ei Leq(s on PeT site during work periods = 91,0 dBA
Hours at site: 12 12 24 24 128 = 84 hrs.
5 = 104 days
Total number of sites = 485,224 (Table E.2)
at 50 fr.

A Numbers in parentheses () represent average A-weighted noise levels
+ Numbers in bracketa [ ] represant average number of items in use, if that
number is greater than one, Blanks indicate zero or very rare uaage,
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spends in 1ts normal operating mode ls estimated for each
phase, and a corresponding site duration equivalent noise
level (Leq) is computed. Flnally, these Leq's for each
Plece of equlipment are logarithmically summed to yleld an
average site Lgq for that type of construction.

For each of the four types of constructlon sites in Tables
E.1l(a) through E.1{d), the Leg (at 50 ft) for an 8-hour

work perlod 1s calculated, and the time at each work site 1ls
shown. The number of work sites indicated in the table is
based on 1970 metropolitan constructlon activity shewn in
Tavle E.2 [E.1]. 'The sound level data came from open litera-
ture, manufacturers' reports, and EPA-socllcited measurements.

E.2 Population Distribution

An EPA report (NTID 300.1)[E-2] inclu-es data on the popula-
ticn distcribtution for various regions. These data are summar-
1zad in Tanle E.3.

The data from Tables E.2 and E.3 are used to determine the
average population density in the neighhorhood of different
types of construction. The aveprage popuiation density (p),
weighted by the number of sites in each region, 1s calculated
with the following equa;ion (E-1]:

o =% Z SnPn>» (E.1) !

n=1

where S, 13 the number of construction sites of a given type
in metropolitan reglon n, gp is the daytime population den-

sity Iin region n, and § i3 the total number of construction

sites of a given type. The results of this calculatloen arpe

shown in Table E.J4.

E-6
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TABLE E.2., ANNUAL CONSTRUCTION ACTIVITY IN METROPOLITAN REGIONS FOR 1970 [E-1].

Metropolitan Reglons

Number of Sites

Resldential
Dkldings

Honresldentinl
ard Industrial
Bulldingg*es

New Municipal
Streeta, Sewers
And Water Lines

Replacement
ol Sewers
And Water Lines

large high~density
central clties

Larmze low-density
cenlkral cities

Other central clties
Urban f'rlnge

L Mat, areo outslde
urban fringe

Totals

8,708 ¥

21,578
102,559
262,800 ¢
118,779 +

510,020 »

1,952 *

h,903 +
12,021 ¥
30,915 +
13|758 t

63,549 »

2,184 ¥

17,200 +

N8,00n %%

anhon 1
173,600 +

335,360 [E-4]

1,000 **

7,920 **
21,600 **
10,520 '
78,800 **

149,840 4+

# Reference [E-3] and unpublished data from Ghe U.S. Bureau of (ensus.

+ Apportioned by populatlon density.

#%  Apportioned through a correlation developed at BON for 2N cities, relating miles of street per
aqguare mile to population density; assumed constant ratlo of miles of new road to miles of

exiasting road, assumed 8 sites per mlle,

T+ Extending trend for Poston area to 550,000 miles [E-4] of existing road:
mileage for water lines, 1.5% of existing mlleage for sewerd, 0 sites per mile,

#%% 807 pasumed to be Industrlal Duildings, 20f Nonresidential Buildings,

2% of existing road




TABLE E.3. GEOGRAPNIC DISTRIBUTION OF POPULATION AND POPULATION DENSITY (1970)[E-1].

Daytime
Nighttine Population Population
Population Denalty Density
Aren Density (people per (people per 1/8
Populat Lon (sq mides) {people per 8 mile) 1inear mile}
Repion i [E-6] 8q miles) *E TR
12 Large high-density
central ciltleas 22,250,000 1,468 15,160 16,650 120
1 Large low-density '
central citles 10,530,000 2,389 §,410 860 ]
186 Other SMSA's * 25,820,000 6,981 3,710 i,070 32
t Urban {ringe 49,680,000 1,707 3,380 3,100 2h
[ei)
Mok, area outside
urban fringe 22,320,000 179,276 125 114 -

Total population Iln or near cities = 130,600,000,

¥ Standard Mairopolitan Statlstical Areas - groups of contiguous counties which contaln at least
one central elly of 50,000 inhabitants or more, or "twin cibties” with a combined population of

50,000 o more.

1 Population flgures were extrapolated fran 1900 Census figures [E-7] aceording Lo recent growth

rates,

¥ Takes into accounl the net populatlon Lransfer from the suburbs to the central elty during the
normal worlddngg day. ‘Mis net transfer was derived from 1960 Census figures [E-7] adjusted to

1970 occording Lo recent population growth.

14 Made use of a correlatlon developed at BBN for 20 cilles, relating miles of street per sq mile

Lo population density.
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TABLE E.4.

AVERAGE POPULATION DENSITIES EXPOSED TO
DIFFERENT TYPES OF CONSTRUCTION ACTIVITY

[E-11.

Residential Nonresldential Public Works

Bulldings Buildings and Highwave
Average Population
Density, <p>
people per sq mile 2907 3189 1866
E-S
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E.3 Noise Exposure Estimates

Population exposure to construction sctivity nolse ls deter-
mined by combining the construction site and population densi-
ty data deseribed in Tables E.1 and E.h.

For each construction site, it is assumed that all the nolse
sources may be combined at one location as a point source.

For most sites, a 6 dB per doubling of distance dropeff rate
1s used from that point to determine the distence at which the
Lan level for the site i3 55 dB. For nonresidential

tuilding construction sites, because of thelr size, & 3 dB per
distance doubling dropoff rate ocut to 400 ft was assumed, and
6 dB per distance doubling thereafter. It is alsc assumed for
all sites that the first 100 £t around the site centerpoint is
unoccupled by the publie, Using the distance where the

Lan s equal to 55 aB, the land area exposed to an Ldp

of 55 dB or greater for each type of construction can bhe
determined., Multiplying this land area by the average popula-
tion density around each site, the numher of people exposed to
an Lgn of 55 dB or greater 1is determined. It 1s assumed

that at each construction aite, except the office site, only
cne-half of the nearby building cccupants are exposed to con=
struction nolse. Tor office sites, the number of people is
reduced to 25%; for such sitaes, the neighboring buildings are
mostly office bulldings in which only approximately one-
quarter of the occupants are exposed to construction neclse
from the adjacent sicte.

The population noise exposure calculations are summarized in
Tabla E.5. Included in Table E.5 is the annual Lgn at 50
ft, the radial distance to 55 dB Lgp, and the number of

E=-10
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TABLE E.5. CALCULATION OF POPULATION IMPACTED BY ANNUAL Ly, GREATER THAN 55 dB.

Nonreaidential Street and
Resldential Budlding Industrial Sewer
Construction Construction Construction Constructlcon
Current, fevels
B-hr Ty (50 1t) 82 an 91 db 88 dn 91 dB
Average Days of Activity Per Year 26 170 170 10-1/2
Annual Outdoor gy (50 1t) 65.8 4B 82.9 aB 79.9 dp 70.8 dB
Distance Required for Attenuation
to 55 dB 173 It 3512 ft 879 ft 308 ft

Area Within Radfus (Exeluding
f'irat 100 rt)

Average Population Density
for Site

Percent of Population Inpacted

People Twpacted Per Site
(Rounded)

Total Number of Sltes

Total Populatiaon Tmpacted
{Rounded)

0.002 sq mile 1.39 sq mile 0,09 sq mile 0,010 sq mile

2907/3q mile  3189/sqmile 31B9/sq mile  1B66/sq mile

50 25 50 50

3 1396 137 9
514,424 12,710 50,6839 485,224
1,700,000 14,100,000 7,000,000 4,300,000




reople exposed to 55 dB (or greater) for each type of con-
struction. In a similar manner, the numbepr of people exposed
to Lyy values of 60, 65, 70, and 75 dB can be determined

for each type of construction. Table E.b6 summarizes the total
number of people exposed to various values of annual Lgp,
grouped into residential exposure (from regidential and street

: and sewep construction), nonresidential exposure {from non=-
residential building and industrial construction}, and the

total for all construction sites.
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Report No. 3318R

TABLE E.6 U.S.

Lag(dB)

Bolt Beranek and Newman Inc.

POPULATION EXPQOSED TC VARIOUS LEVELS

OF Lgan OR HIGHER FROM CONSTRUCTION NOISE

Numbepr of People in Millions

Residential Non-Residential Tatal

>75
>170
>65
>60
>55
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c.l 0.1
0.6 0.6
2.1 2.1
6.7 T.7
1.5 27.5
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APPENDIX P. RAIL NOISE EXPOSURE IN THE COMMUNITY

In this appendlx, nolae exposure estimates are develdped for
three distinetly different types of rall operations: raillroad
line operations, rapid transit operations, and rall yard oper=-
atlions.

F.l Railroad Line Noise
F.l.1 Noisa exposurs model

The analysis of current nolse exposure from raillrcad line
operations in the United States is excerpted from the EFA
Background Document for the nolse emission standards for rell-
roads [F=1].

According to this report, the national average train opera-
tions for urban areas are &as follows:

« 4 fraight trains per day, 2 per night, each 33 mph,
70 cars, 3 locomotives

. 2 passenger trains per day, 1 per night, each 36 mph,
6 cars, 1 loccmotive.

Since the noilse of passenger trains 1s about 10 dB lower than
the nolse of freight operations, passenger operations are
cmitted in the following analysis.

F.1.2 Noizse levaels and Sranamission path

The aound expcaurs level, Lg, for locomotives and rail cars

at 100 £t is given by [F=-1]:

F=l
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Ls = 110 -~ 10 log v + 20 log n for locomotives  (F.1)
Lg = 33 + 30 log v + 10 log t for rall cars, (F.2}

where v = traln speed in mph
n = number of locomotives
t = rall car passby time in seconds.

For a train with 2 speed of 33 mph, 3 locomotives, and a
passby time of 73 seconds (70 cars x S0 ft/car + 48 ft/sec),
then Lg = 100 dB for loccmotives and = 97 dB for rall cars,
for a total Lg of [F-1]:

Lg » 20 log (10100/10 + 1097/10) = 102 4B, (F.3)

The day=-night sound level at 100 £t from the track can be
expressed as [F.1]:

Lgn = Lg + 10 log (Ng + 10 Np) = 49.4, (P.H)
where Ny and Np are the number of daytime and nighttime

operaticns, respectively. PFor Ly = 102, Ngq = 4, and Np
= 2, Ldn = 66 dB-

The nolse propagation model for rallroad nelse utilized in
Ref'. F=l i3 based upon a decrease of 4.5 dB per doubling of
distance from the tracks. In addition, 1t is assumed that
there is noise shielding due to structures and other obstaclas
amounting to 4.5 dB somewhere in the first 500 £t. The net
attenuation can be approximated by a strailght-line dropoff of
6 4B per doubling of distance.
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F.l1.3 Noiae exposure estimates

From this attenuation model, the values of Lgn prevalling

in strips of land along the track can be determlned. For
example, if Lg, = 66 dB at 100 ft, at 200 ft, Lgp = 60

dB (for a § dB per distance doubling attenuation). Similarly,
for the 8000 miles of U.S5. railroad track and a population
density along this track of 2500 pecple per square mile [F-l],
Table F.l {llustrates the means for detepmining the population
exposed to varicus 5«dB ranges of Lgp.

TABLE F.1 DETERMINATION OF POPULATION EXPOSURES.

Distances of Width of Aggregated Area

Ld Range Strip ‘Boundaries S§trip on of Strips Population
Neag) from track one side of in US (millions)
(fe) track (£%) (sq mile)
65=-70 65-116 51 155 0.387
60-65 116-~207 91 276 0.6890
55=60 207=367 160 485 1.213

The total numbers of people in the United States exposed to
rallroad nolse at various Ly, levels or higher are
pravided in Table F.2.

et 8 s i el e =
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TABLE F.2. U.S., POPULATION EXPOSED TO VARIOUS LEVELS OF
L4p OR HIGHER FROM RAILROAD NOISE,

CLap (a®) Number (in Millions) of People
»65 0.39
>60 1.08
»55 2.29

P.2 Rail HRapid Transit Noise
F.2.1 Noise exposure model

Wayside noise level and population data for the nine major
0.8, rail rapld transit systems are available in the litera=-
ture {F=2, F=3, F=4]. These data are summarized in Table F.3
for suprface operations and in Table F.4 for operaticns on ele-
vated structures., The data are used to estimate nolse impact
due to rail rapid transit operations as described below.

Nolse impact is described in terms of the number of people ex-
posed to various values of the day-night average sound level
(Ldp) resulting from rall rapid transit operations. Given

the transit system Lgp data from Tables F.3 and F.l, an
attenuation rate of 3 4B per doubling of distance 1s used to
determine the distance to contours of 70 4B, 65 4B, 60 4B, 2nd
55 dB for each transit system. The background amblent nolse,
defined here as the Ldp to all sources excluding crain
passages, i1s estimated by using the relation

P-4




TABLE F.3. SURFACE OPERATIONS NOISE DATA FOR RATL RAPID TRANSIT [P-2].

Metropolitan ransit at‘.LgB re
Regzlion Syatem (dB)
Atlanta MARTA Sl
San Francisco  BART 68.5
Chicago CrA 75.5
Boston MISTA 72.3
New Yori NYCTA 75.4
Philadelphia BATCO 63.3
" Clevelarnd A (F]
w PMiladelphia SEPTA 72.9
Washington, G WMATA Bl

¥ See Ref, -3,
t See Rel. F-4.

#Jiged on elther actual or zoned lapd use.

Pop.
Density
(peonle/sq wiles)

3,316%

9,165
30,9H0
21,480
54,000

6,400
14,470
31,400

6,310%

Percent of

Percent of
Surface Operation
Surface Operation With Residential

{miles) Land Use (§)#*
5.7 50 (estimated)
21.7 37.4
39.8 25.3
19.5 21.8
22,7 50
9.3 39.7
17.3 18
1.1 30.9
12.5¢ 10 (estimated)
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TARLE P, 4. LLEVATED OPERATIONS NOISE DATA FOR RAIL RAPID TRANSIT [P-3].

. Length of
Metropoliltan Transit Type of Ldn at Elevated Operation
Reglon _ _ System Blevated Structure® 50 £t (dB)t (miles)
Atlunta MARI'A Concrete (without noise barrier) 6l 0.5
Conerete (wlth nolse barrler) Y 1.2
San Francisco AR Conrete 68 20.0
Chicago CrA Steel (Open Decle) 81 31.5
Conerete 72 1.0
Hoston META Concrete/Steal 68 1.2
Steel (Open Deck) 41 b4
New York NYCTA Steel (slld web glrdars, open deck) 5 57.4
Steel (laltice web glpdera, open
deck) .8 L3
Concrete Viaduct 13 5.6
Concrete Encased Steel 69 0.8
Philadelphia PATCO Conerete 69 0.9
Cleveland RTA - - 0
Philadelphia SEPTA Steel/Concrete 76 7.2
Concrete Yiaduet Vi .5
Vaahington,IX WMATA Concrete/Steel 61 h.5

thee Rel. =3 [or detalled description.
tistimated For average system speed and train length.
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Lgp = 10 log (p) + 22 dB, (F.5)

where © = population density (people per square mile). Using
the bagkground nolse estimated for each transit system route,
the distance from the tracks where the transit system Lgp
reaches & level 5 dB below the amblent is determined. This
distance, within which the transit system adds more than 1 dB
to the ambient noilse environment, 1s chosen as the limit for
consldering population exposure to transit neilse. In ¢ertain
cases {(e,g,, dengely built-up areas), population is limited to
the fiprst row of buildings.

Population exposure at each sound level 1s estimated from
phys.cal inventopies, where available [F«3]. In the absence
¢l such information, the population density 1s distpributed
uniformly in each area bounded by the Lap contours and the
length of transit routes with adjacent residential land use.
Where the ambilent Lan 13 5 dB greater than a given Ldp
gantour, fno further population expeosure is counted.

F.2.2 Noise exposure estimates

The population noise exposure estimates for each transit
system are provided in Table F.5 for surface operations and in
Table F.6 for elevated operations. The cembined results for
all U.S, rail rapid transit coperations are summarized in Table
F.7.

F-7
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TABLE P.5. .S, POPULATTION EXPOSED TO VARTOUS LEVELS OF Iyn OR MIGHER
FROM SURFACEE OPERATIONS OF RATL RAPID TRANSIT.

Metropolitan Translt
Repzlon System

Atlanta MARTA
San Franelsco BARY
Chichgo cra
Boston MBTA
New Yoric HYCTA
Philadelphia FATCO
Cleveland RTA

"y &

& Philadelphia SEPTA

Washington, DG WMATA

% fmblent Lgn greater Lthan
translt noise assuned.

Numbher of People Exposed to Iﬁ‘dn or Higher

10 dB 65 ap 50 dB 55 ap

0 0 0 - 0

0 2,000 6,100 20,100
10,500 33,100 33,100¢ 33,100%
1,700 5,300 16,700 16, 700%
20,100 63,600 63, 600% 63,6009

0 0 500 1,500
1,300 11,300 13,500 13,500#
200 600 60D £00%

0 ] 200 600

transit Lgn minus 5 dB; no further population exposure to

— bt B e L AR 2 L S e
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TABLE P.6, U.S. POPULATION EXPOSED TO VARIOUS LEVELS OF lg, OR HIGHER
FROM LLEVATED OPFRATIONS OFf RAIL RAPID TRANSIT.

Metropolitan Translt Number of People Exposed to Lgn or Higher
Region System Jjo a8 65 4B 60 dB 55 dB

Atlanta MARTA 0 0 o 50
San Francisco TART 30 1,500 8,900 17,700
Chicago cra 77,700 77,900 T1,900% 77,9004
Boaton MI¥rA Boo 1,500 2,100 2,100
New York NYCTA 246,000 252,600 252, 600% 252, fioo®
Philadelphia frco 20 100 300 hoo
Cleveland RrA —_ — - -—
Philadelphia SEPTA 27,800 27,800+ 27,800% 27,800%
Washington, [C WMATA 0 0 o 0

* Amblent Ly, greater than transit Lgy minua 5 dB; no further population expostire to

transit nolse assumed.




TABLE F.7. 0.8,

Lan(dB)

>70
>65
>60

>55

#Ref, F=~3.

POPULATION EXPOSED TO VARIOUS LEVELS OF
Lyn OR HIGHER FROM U.S. RAIL RAPID TRANSIT SYSTEMS.

Number (in Thousands) of People

Elevated# Surface Combined
352 34 386
361 109 470
370 135 505
379 150 529

F=lQ
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F.3 Rail Yard Noise
Fa3.1 Noise expoasure model

Estimates of the nationwide noise exposure due to rall yard
operations are taken from the EPA Background Document for the
final revision to the Interstate Rall Carrier Nolse Emission
Standards [F~5]. The model involves:

l. Categorization of all rail yards by type and
level of activity

2. Estimation of the number of people exposed to
different La, levels at each of more than 200
rall yards for which nolse sourcge, activity infor-
mation, yard configuration, and vicinity
demographlic data are avallable

3. Extrapolating these nolse exposure estimates to
all the yards in the country.

Rail yards are firat categorized by type (hump or flat},
function (eclassification, industrial, or small industrial),

and activity rate (high, medium, or low traffic). This
breakdown leads to the following elght categories:

« High traffic hump classification yards

¢ Medium traffilc hump classification yards
. Low traffic nump classification yards

+ High tpraffic flat classification yards

» Medium trafflc flat classification yards
« Low traffic flat clagsification yards

» Industpial flat yards

« Small industrlal flat yards.

F-ll
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These yard categories have different configurations, traffle
volumes, and nolae sources and thus different resulstlng com-
munity noise exposures as well.

The noise sources occurring in various yard types and func-~ .
tions are listed in Table F.8. In general, these can be clas-
sified as either stationary sources or moving sources. PFor

these sources, the sound exposure level, Lg, can be calcu=~
lated as follows:

Lg = Lyye max + 10 log %g » for moving sources (7.6)
Ly = Laye max + 10 log t,,p foOr stationary sources {F.7)
where

Laye Max * average maximum A-weighted sound level
during an event or work cycle, in dB,

D = shorteat distance between stationary obseprver and
source path, in fsg,
V = sourcé speed, in ft/sec
tappr = elfective duration, in sec.

The one=hour equivalent sound level, Lo (1), 1s related to
the socund exposure level, which 13 referenced to 1 sec by:

Leq(l) = Ly + 10 log (1/3600 sec/hr) = Lg - 35.6. (F.4)
Depending upon the aperating characteristics of the source,
the following expresslons can be used to estimate the day-

night sound level from each:

Lgn ® Ly + 10 log(Na + 10 Np) = 49.4, (F.9)
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TABLE F.8. RAIL YARD NOISE SOURCES.

HUMP YARDS:
~ Master Retarders (Includes droup, Intermediate,
and Track)
= Hump Lead Switchers
- Inert Retarders
= Makeup Switchers
- QCapr Impacts
= Idling Locomotives
= Locomotive Load Test
f -~ BRefrigerator Cars
=~ Industprial and Other Switcheps
=~ Qutbound Trains {Road=-Haul plus Local)
=~ Inbound Trains

FLAT, CLASSIFICATION YARDS:
=~ QClassification Switchers, both ends of yard
= Capr Impacts
= Inbound Trains
~ Qutbound Trains (Read-Haul plus Local)
~ 'Idiipg Locomotives
= Load Testa
-~ Refrigeprator Cars

T aEe VY e

Erarmg e

INDUSTRIAL AND SMALL INDUSTRIAL YARDS:

é - Switch Engines

? ~ Car Impacts

¥ - Inbound Trains (Local)

? - Qutbound Trains (Local)

g TOFC/CQFC YARDS (ATTACHED TO ABOVE RAILYARDS):
ﬂ = Crane/Lifs

§ - Hostler Truck

i
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where Nd and N are the number of daytime and nighttime
events, respectively, or

Lan = Leq(1) + 10 log (Ng + 10 Np) ~ 13.8,  (F.10)

when Ng and Ny are the number of daytime and nighttime
hours, respectively, that the source is operating.

The EPA's Environmental Photographic Interpretation Center
(EPIC) analyzed the photographic imagery and U.S. Coast and
Geodaetic Survey Maps of 207 rallyards, selected to represent
the total of 4169 yards in the country. This analysis
provided data concerning yard configuration and nolse source
location at each yard, land use type around each yard, and
distances from raill nolse sources to residentlal and

commerclal areas.

Furthepr, a questionnaire was sent to the prallroads that owned
the sample railyapds, soliciting data on types and number of

sources at each yard, relative source location, and activity

rates for each source.

F.,3.2 Noiss emission levels and tranamission path
characteristies

Table F.9 liats the nolge levels at 100 ft for the rallyapd
nelse sources considered at each yard. Substituting these

nolse levels and assoclated activity levels in Eqs. F.9 and
F.10 ylelids the Lgp for each source at 100 ft.

The Ly, at residential and commercial locations in the
vicinicy of each yard is determined from

Lan * Ldno = 10 10g(3)® = ki(D = D) = kp=ky  (F.11)
Q

F=14
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TABLE . 9. RATL YARD SOURCE NOISE LEVEL SUMMARY.

Level of linergy Average®, 100 ft Teq (1) or
Nuinber of Tave (o Leat 100 £t
Nolse Scurce Measurenients (dp) (dB} (dB)
Master Retarder: (lroup,
Track, and Inter-
medlate no 111 111 108 (try=0.5 sec)
Inert Retarder 9 93 93 90 (ter=0.5 sec)
Plat Yard Switch Fhglne
Accalerabing 30 77 90 9l (v=k mph or 6 ft/sec)
Humgp Switch Engine,
Conatant Speed i 90 % (v=4 mph or 6 ft/sec)
IAling Locanotive 27 65 65 66 {constant average level)
{<2500 hp)
55 67 67
(>2500 hp)
Car Tnmpact 164 9% 99 9 (terr=.3 sec)
Refrigerator Car 27 67 73 ' 67 (constant level)
Load Test (Mrottle Y) 59 87 90 87 (constant level)
Crane Lift 79 83 106.5 (ter=10 min)
Hostler Truck 65 82 94.5 (terr=15 min)

fh-weiphted: Tgye = work cycle or posltion average for intemlttent or moving sources.
Iy = average or expected maximun rolse level durlng &n event or work cycle.
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Line ® Lign at Dy (100 £t), dB
Dy = 100 £t
n = 1 for moving sources

2 for stationary sources

k; = combined alr and ground absorption coefficient
in ds/ft

kp = industrial structures lnsertion loss

k3 = residential structures insertion loss.

The k3 value i1s a funection of the spectral characterlatics
of the noise sources. The values of kp and k3 depend on

the land use and average population density, respectively, in
the vicinity of the yard.

F.3.3 Population distribution characteristics

Around each yard, a rectangular study area was defined extend-
ing the length of she yard and out a distance of 2500 £t on
both sides of the yard for most of the yards (a distance of
5000 £t on both sides was used for large classification
yards). PFor all 207 yards, the estimated 1980 population
within the study area (extrapolated from 1970 census figures)},
wa3 divided by the area of the rectanzular reglon (excluding
the area of the rall yard). The resulting average population
density, Iin people per aguare mile, was used to estimate the
population nolse exposure around each yard, as described in
the next section.
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P.3.4 UNoiae exposure estimates

A computer program has been developed to perform the necessary
nolse exposure calculations. For each yard, the following
information 13 utilized by the program:

. Rail source nolse emission levels (from Table F-9)

. Rail source activity information (from the yard
questionnalres)

. Rail yard configuration/source location (from the
yard questionnaires and EPIC analysis)

« Distances to resldential and commercial land use
(from EPIC analysis)

« Population density arcund the yard (from the popu-
lation analysis).

For each source, the Lgy is calculated at different dis-
tances using Egs. F.9, F.10, and F.ll.

Por example at 1000 ft from a master retarder through which
; 1000 cars are claasified each day, 1f each car generates a
squeal, from Eq. F.9 and Table F.9:

Lan (100 £t) = 108 + 10 log(850+10x150) ~ 40.4
= 02,3 dB

TR

PR

where 854 daytime operations have been assumed.

If there are no structures between the master retarder and the

observation point (i.e., K2 and k3 = 0), and a value of
.01 1is used for ki, from Egq. F.1l1l:

P i S

Ly (1000 £t) = 92.3-10 log(320) 2 .01(1000-100)

100
= 63,3 d8

F=17
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The total Ljp is determined by summation of the Ldp
values for all sources. Using the distances to varlous total
Lgp values (e.g., 55, 60, 65, 70, and 75 dB) and the
population density, the number of peeple exposed to different

levels of Lgp are determined for each yard.

Finally, the results for each yard are extrapolated to all
rall yards in the country, for all eight categorles of yards.
Table F.10 lists the number of yards throughout the United
States that lie in each category.

Table F.1ll lists the final resulta: the number of people
nationwide exposed to various levels of total Lyp for all
rall yard sources.

F=18
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TABLE F.l0. DISTRIBUTION OF RAIL YARDS BY YARD TYPE AND
TRAFFIC RATE.

Number of HRailyards

Traffic Rate

Yard Type Low Med High Total
Hump

Claasification 46 47 31 124
Flat

Clasaification 571 357 185 1113
Industrial 1381
Small Industrial ;551

TOTAL 4169

i
F=1g
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TABLE F.1l. U.S. POPULATION EXPOSED TO VARIOUS LEVELS OF

Ldn OR HIGHER FROM RAILROAD, RAIL RAPID TRANSIT
AND RAIL YARD NOISE.

Lapn (dB) Number (in Millions] of People Exposed

Railroad Rail Rapid Transit Rail Yard Total
>70 - g.4 0.4 0.8
>65 0.4 0.5 1.6 2.5
>60 1.1 0.5 1.9 3.5
>55 2.3 0.5 3.2 6.0
F=20
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APPENDIX G. INDUSTRIAL NOISE EXPOSURE IN THE COMMUNITY
3.1 Nolse Exposure Model

The nolse exposure in communities with nelghboring industrial
operations is considered as the sum of the individual expo=-
sures from every separate industrial facility. To discuss
this nationwlde nolse exposure in manageable terms, 1t 1is
necessary to compute an estimate of exposure for a simplified
plant-neighbor relationship and then extrapolate the results
to produce estimates of total U.S. population exposure,

Calculations are based on
+ The acoustic power emitted by the induatrial plant
which 13 a functlon of the electrical energy used by
that plant.
« The day=-night sound level distributicon around the
plant, Ldn, which 1s a simple function of the

acoustic powep emitted by the plant.

In ordepr to complete these calculaticns, it is also necessary
i to determine:

+« The number of manufacturing plants
« The electplcal energy usad

A » The ef'ficlency of electrical energy conversion to
I radiated acouatic energy

G=1
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+ The day-night sound level distribution corresponding
to the radiated acoustle energy of a plant

+ The local population density.

The method does not include the exposure, assumed to be small,
for onlockers--for example, pecple wallking past an industrial

plant. The noise exposure incurred by people worklng at these
plants'(occupational noise exposure) i1s discussed in Appendix

K.

@.2 Noiae Emission Levals

Individual industrial plant noise sources could be classified
into categories, such as nolse-generating process, industrial
use, obr scund power level, ete. Ultimately, all industrial
plant major noilse sources could be identified and listed this
way. Such a listing is not presently available.

Prom a neighbor's viewpoint, nolse sources can be grouped as
£o location, interior or exterior. Interior noise can be
transmitted to a community through building openings--windows,
doors, louvers=«or hy bullding walls. Interior nolse transe-
mitted to the community not only results in a transmission
loss (usually greater than 10 dB), but often a loss of the
identity of individual sources as well., Exterlor sources are
mere frequently audible and identifiable in nearby communitlss
than are Interior noises.

Ranges of industrial machinery nolse levels are shown in Table
Gal EG-lJc
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TABLE d.1.
RANGE OP INDUSTRIAL MACHINERY,

R LT e
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EQUIPMENT AND PROCESS NOISE LEVELS fa-11.

Source

Pneumatic Power Tools
Molding Machines

Alr Blown=Down Daviges
Blowers and Fans

Alr Compressaors

Metal Forming Machines
Combustion Furnaces
Turbo=generators

Pumps

Induatrial Trunks
Tranaformers

A-Weighted Noise Level
at Operator Position dB

90-1156

101-106

91-3i04
T4~=100
93=100
81-97
Bl=97H
8y-911t
40-91
89=50
83-84

* Measured 25 £t from scurce.
T Measured 10 ft from sourca.

G=3
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Published data for fan nolse and cooling towers [G-2, G-3] are
supplemented by additional prediction methods [G-4) based on a
review of individual machinery measurements conducted over the
past 25 years. A representative mix of pumps, cOmMpressors,
gearboxes, electric motors, diesel engines, fans, and cooling
towers was chosen to produce an idealized prediction formula.
The relationshlp between acoustic power and electric power
energy consumption, chosen as representative for United States
industry, 1s:

PWL(A)* = 88 + 10 logyg hp. (G.1)
G.3 Source Qperating Characteristics

Many plants operate only one shift five days per week, while
others, such as electric generating statlons, often operate
around the clock seven days per week. Based on dlscussions
Wwith individual utility companies, a schedule assumed for this
analysis 13 an ldealized plant cperating 24 hours each day for
28ix days a week,

G.4 Transmission Path

The transmission path between industrial souprces and tneir
neighbors can take many forms. Interior nolse from well-
enclosed plants with masonry or metal insulated walls can
suffer transmission loasses of at least 15 to 30 4B, Certain
industrial plants, sueh as oll refineries, open electric

* Raferanced to 10%12 ywast,

G=4
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generating stations, and alrcraft assembly plants that are
located in warm climates, have few or no enclosing walls. For
this analysis, 1t 1is assumed that half the plants contain ex-
terlor nolse sources only and half contain lnterior nolse
Sources only., The latter will be considered to have a radl-
ated sound level 15 dB less than that for the exterlor noise
source.f3-7]

Of the 320,700 industrial establishments [1972 totall in the
United States [G-5], 1t 1s assumed that most are located rea-
gonably close to the labor force within urban areas of the
country. It is further assumed that industrial plants are
often clustered together, partially shielding each other from
residential neighbors. Also, lndustrial plants are often lo-
cated along transportatlion routes, such as rivers, highways,
er rall lines. The transmissilon path b:tween industrial
sources and their neighbors can have si;iificant shielding
within uninhabited inteprvening land areas. To estimate the
fraction of acoustic power that 1s radiated toward residential
areag, 1t seems reasonable to consider an lndustrial park with
16 induatries arranged Ln a 4 x 4 matrix {see Fig. G=1), For
the four industries on the corners, one-hall of thelr proper=
ty borders other industries and one-half bhorders the outside
residential neighbors. The four 1ndustries in the center of
the matrix have no common borders with the outside, and the
remaining industries have one=fourth of thelr property border-
ing the ocutside, The average fraction of property bordering
resldential neighbors 13, then, one-fourth, or 25%, in this
example. Industrial areas with smallepr numbers of industries
grouped together have a greater percentage of common borders,
while areas with more industries have a smaller percentage of
common borders. However, in this analysis, it is assumed that
one-quarter of the acoustle power from industrial faciliities
radlates toward inhablited areas.

3=5
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It will also be assumed that shielding, from structures and
other obstacles, amounts to & dB between plants and neighbors
and that plant noilse in urban areas decreazses 6 dB pepr doub-
ling of distance.

G.5 Population Distribution

The fraction of industrial plants that are located in urban
areas 18 not known. In 1970, about 66% of the United States
poepulation lived in urban places with a population of 2500 or
more, and 74% lived in 21l urban places [6-5]. Since indus-
trial plants must be located near a large source of labeor, a
proportionally larger fractiocn of plants must be found in
urban areas. AS a reasonable estimate, it is assumed that 80C%
of all industrial plants are located in urban areas. It 1s
further assumed that these urban areas have an average urban
population density of 5000 people per square rille.

G.6 Noise Exposure Estimates

To estimate the noise exposure as a function of distance from
industrial plants, we first find the average horsepower used
by each plant. The number of operating minutes is taken over
one year:

60 {min/hr) % 24 (hp/day) x 6 (day/wk)
x 52 (wk) = 4.49 x 105 (min). (6.2)

In 1977, United States industry purchased 2.307 x 1015 BTU
of slectrical energy [G=53. It is assumed that two-thirds of

this energy drives noise producing machinery, giving a total
noise-relatad horsepowepr per yeapr of:

G~7
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Hp = BTU + min x hp/BTU/min
= 2,307 x 1015 (BTU) x 2/3
#{4,49 x 105 (min)) x .02356 (hp/BTU/min) (G.3)
= 8.07 x 107 (hp)

where .02356 is the conversion factor from BTU-min to hp.

The sound power level emitted by each plant 1s.given by (from
Eq. G.1)
PWL = 88 + 10 log (B.07 x 107 (hp/yr)
+ 3.207 x 105 (plants))
= 112.0 dB. (G.4)

The sound pressure level L at a distance d (in feet) from a
nolse source with & sound power level of FWL 1s given by Ref,
G-f:

L = PWL - 20 log(d) - 0.6 + €, dB, {G.5)

where C i1s a temperature/pressure correction term with a range
of about # 0.5 dB over typical temperatures and pressures, In
this formulation, the 20 log(d) term indicates an assumed
attenuation rate over distance of 6 dB per doubling of dis=-
tance, By ignoring the third and fourth terms of Eg. G.5 and
substituting Eq. G.4, we have:

L = 112 - 20 log{d), dB. (G.6)

It has been observed that in a typical industry situation tiae
hourly usage of electrical energy during nighttime hours 1is
about two~thipds of the use during daytime hours. The Ldn
resulting from this usage pattern 1s then:

Lan = 10 log 57 [15 x 110 42 4 g g 10(L¥10) /204
= L + 10 leg (75/24) -
= L + 53 dB- (G’.’T)

6-38
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Substituting Eq. G.6& and subtracting & dB to account for
shielding within the community results in & final equation for
the community nolse levels around industrial plants of:

Lgn = 112 = 20 log(d). (6.8)

Assuming the minimum noise reduction of 15 dB found in
residential bulldings (see ref. G~7) applies to industrial
sources inside the plant, it can be reasoned that these
inteprior sources deo not contribute to the nolse exposure. We
also assume that there are no residents within 150 £t of the
plant.

The distances for various Lgp values are easily determined
from Eq. G.8. We compute the area around the plant
corresponding to a given Lgp and multiply by 1) 280,000
plants in urban apeas, 2) 50% to account for external sources
only, 3) a population density of 5000 people per square mile,
and 4) 25% to account for nalse radiated toward residential
areas, The presult is the number of people actually exposed
nationwide to this particular Lgn value and higher.

As an example, the impacted area within the 60-dB contour is

{111-60)/20,2
M(lo % -
{5280)

since the area of a circle of radius r is Nr2, and §1502

must be subtracted since there are no residents within 150 £t
of the plant.

2
150 7 = 0,0117 sq miles  (G.9)

G-9



The population exposed to an Lgp of 60 dB or higher from
industrial noise is therefore:

0.0117 x 260,000 x 0.5 x 5000 x 0.25 = 1.9 million. (G.10)

Similar calculations result in the distributlon of people vs
Lin contained in Table G.2.

TABLE @.2. U.S. POPULATION EXPOSED TO VARIOUS
LEVELS OF Ly OR HIGHER FROM INDUSTRIAL NOISE.

L dB Number (in Millions) of People
>65 0.3
>80 1.9
>55 6.9

i G=-10
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APPENDIX H. AGRICOLTURAL NOISE EXPOSURE IN THE COMMUNITY

H.l Noise Exposure Model

Recognizling differences in farm size, population distributlon,
and character of farming operations, analyses were undertaken
for four regions of the country. These regions were chosen teo
match the breakdown for which the most complete data were
available from the "Statistlical Abstract" [H=1 and H=-21].

Table H.1 1ists the numbepr of different mechanical equipment,
the resident population, and the density of farm population
for each region. In each case, the latest data avallable were
used, so the values cited in Table H.l represent different
years, as indicated. It should be noted that the number of
people on farms has decpeased from the 1970 figure ziven in
the table to the 1978 figure of 8,005,000, and the total num=-
ber of tractors has decreased to 4,370,000 [H-2] for 1978.

H.2 Noime Sources

The principal nolse source on the farm is the tractor. The
truck 1s quieter, more likely to be operated on roads (where
1t becomes part of the traffie population considered in Appen-~
dix C), and the combine and corn pickepr operate only for a
short time during the harvest season.

Refeprence H=3 containa data on neise levels emivted by trac-

tors. From these data, the A-weighted sound level of tractors
at full power measured at 50 £t 1s

H=1
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TABLE 1,1, PARM RIGION DATA.

Population
No. of No. of No. aof No. of Farm Total Area Density
Tractors Trucks Combines Corn Plckers Population People/
Replon  (x1000) (x1000) (x1000) {x1000) {x1000) {Sq.mi.x 103) Sq. Mi.
Noprtheast 314 158 1| 33 699 n 17
North
Central 2346 1335 354 ng1 4305 580 7.4
South 1301 1065 106 91 3754 506 7.4
West 507 8o 50 9 o5l L] 1.9
TOTAL 468 3038 521 614 9712 1601 5.9
Mmte of
ita 1974 1974 1974 1974 1970 1979

Reference =1 H-1 H-1 H-1 H-2 -2
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Ly = 62 + 10 log (hp), (H.1)

where Ly 18 the "A-welghted” sound level in decibels. It
must be noted that variatlons of up to #10 dB can be observed

. for particular tractors. In calculating nolse exposure, ini-

tially only the sounds of tractoprs will be considered. The
typlecal (average) tractor is of 54 hp, on the basis of refep-
ence H-2 for the total number of tractors in 1978 (4.370 x
105), and the total horsepower of tractors (238 x 106 np).

Therefore, from Eq. H.l, a tractor with 54 hp could be expected

to generate the following levels during full power operations

and during engine 1dle operations {(assumed to be at 50%
powep):

Ly = 62 + 10 log (54) = 79 dB full pawer (H.2)
Ly = 62 + 10 2og (54) + 10 log(0.5) = 76 dB idle. {H.3)

Reference H~2 indicates that full power cperaticons involve

roughly 600 hours per year per tractor and idle operations
involve about 200 hours per year.

Assuming that all of this activity takes place during daytime
hours and noting that there are 5,475 daytime hours per year
(between 7 a.m. and 10 p.m.), the average annual Leq at 50

ft during the daytime for an average tractor at full powar is
thean:

600 (hr) )
(day-nr/yr)

Leq = 79 + 10 105(5u75

(H.o4)
= 69 dB,

H=3
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and at idle is:

200(hr)
I.-Eq = 76 # 10 log (5ﬁ75 (day-hr/yr))

= 62 dB. (H-5)
The average annual Lan, at 50 feet is then:

69/10+ 1052/10) F9x0)

Lgn = 10 log gﬁ (15 x(10
= 68 dB- (H's)

Since the Lgn(R) at a given distance R from the sractor
is

Lan{R}) = Lap(50 £t) + 20 log 50/R, dB, (5.7

we can derive the dlstance at which a given lLap occurs, as
followa:

R =50 x 100 68-Ly, 2720 ,
(H.8)
For example, the radius at Lgn = 65 dB is
R = 50 x 20088650720 gy poer
(.9

The radii and impacted area values obtained in this way for
Lgy 55, 60, and 65 are shown in Table H.2.

Had
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Annual

Lan
SdB:

>65
60 =~ 65

55 - 60

TABLE H.2. IMPACT OF AVERAGE TRACTOR.

Radius
(re)

71
126 - 71

223 - 126

e A e g e A A L, W A SR et e

Areg of
Impacted Area

(sg miles)

0.00056
0.0ul22

0.00383
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H.3 Noise Exposure Estimates

The number of people in each reglon of the country exposed to
various levels of nolse 1s estimated in the followlng way.
Firss, the number of tractors in each reglon 1is multiplied by
the impact areas caleulated in Table H.2. Then these values
are multiplied by the aﬁpropriate regional population densi=-
ties. For example, the area impacted by 65 dB Lin or
greater in the Northeast is:

314,000 tractors x 0.00056 sq miles/tractorsl7é sq mi, (E.10)
and the population impacted 1is:
176 sq miles x 17 people/sq miles=2992 people. (H.1l1l)

Finally, two adjustments are made that account for the assump-
tiens that 1) tractors are operated in areas around the farm
that have less than the average populatlon density, and 2)
machinery othep than tractors add to the noise exposure, To
obtain the first adJjustment, we can assume that the population
on a farm 1s geometrically distributed over the farm area,
That 1s, half of the area has the average population density,
ona=fourth of the area has one-fourth the population density,
and so on. For instance, 1f the tractor operates primarily in
a low=denslty environment and the area above Lgn 55 dB

from tractor noise 1s 1/20 of the total farm area, we agsume
the actual population density within the 55 dB contour 1s 1/2C
of the average. Another way to view this adJjustment is to
assume that all the people on the farm are packed into an area
the aize of the 55«dB contour. Then, if the tractor spends
aqual time 1in each part of the farm, the average impacted

H=6
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pFopulation will be the average population density times the
ratlio of the contour area divided by the farm area.

To obtain the second adjustment, we assume that 50% of farm
trucks and 100% of combines and corn pickers impact the farm
populatieon in the same way and at the same noilse levels that
tractors do., From Table H.l, this assumptlon results in a 40
to 64% increase in "equivalent! tractors, depending on the
region. For simpliclty, the second adjustment 1s assumed to
be a 50% increase in the final adjusted values for all
reglons. The adjusted exposed population is shown in Table
H.3.

Table H.4 summapizes the national distribution of people
exposed to various levels of Ly, from agricultural

machinery. These values might be further increased because
over 45% of the workers in agricultural work live off the
farm. Correspondingly, they might also be decreased because
49% of the employed persons living on farms work in urban
areas at other than agricultural work and so are away from the
farm during the day [He5].
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TABLE 1.3,

Population Denaity

ESTIMATED NUMBIER OF PHOPLE EXPOSED TO VARIOUS LEVELS
OF Ign OR IIGHER ROM AGRICULTURAL NOISE.

Annual Ly Aren Tmpaected x Area Impacted AdJustment Adjusted Number of

Rejrion (dB) (aq miles) (persons) Factor* Pergons Exposed
Northeast >65 176 2992 0.064 191
60-65 383 6511 0.064 it
55-60 1203 20051 0.064 1309
North Central 265 1314 9723 0.034 33
60-65 2B62 21179 0.034 720
55-60 8985 66489 0.034 2261
South »65 729 5395 0.022 119
60-65 1587 12744 0,022 258
55-60 4583 36874 0.022 811
West >65 284 510 0,008 4
60-65 619 1176 0.008 9
5560 1942 3690 0.008 30
U.8. (Total) >65 2503 18650 6li5
60-65 51151, 10610 1404
55-60 17113 127504 481

£ Obtalned by dividing the area lmpacted above 55 dB (the sum of the 55-60, 60-65, and >65 dB bands) by
the total area In each famn reglon shown in ‘fable H,1, and sultiplying by 1.5 to account for the molse

fran other machinery.
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TABLE H.4. U.S. POPULATION EXPOSED TO VARIOUS

LEVELS OP Ly, OR HIGHER FROM
AGRICULTURAL NOISE.

Lap (dB) Number of People
>68 645
>60 2049
>55 6460
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APPENDIX I, BUILDING MECHANICAL EQUIPMENT NOISE EXPQSURE IN
THE COMMUNITY AND IN BUXLDINGS

I.l Noise Exposure in Buildings

I.1.1 Noise sources

The noise of building mechanical equipment should not normally
provide any impact, if designed and installed correctly. The
data in ref. I-1 list typical building mechanical equipment
and the sound level 3 £t from the source and also the esti-
mated sound lavel at the nearest cccupant's pesitlon. The
lattar ftgure is derived by including a2 c¢alculated reduction
for the structure and acoustic treatment between the source
and the nearest building occupant. These results, included
nere in Fig, I=1, show that only the emergency diesel genera=-
tor produces A~welghted sound levels'of greater than 45 dB.
Since these machines only run intermittently (e.g., 1 hour per
wesk for testing purposes), this analysis indicates that there
is pelatively little acoustic impact from building mechanical
equipment for occupants inside buildings.

I.1.2 Nolse exposure estimates

Iin practice, building mechanical equipment is not always pro=
perly installed, and full acoustic treatment is not applied.
Experience suggests that the noise of central alr conditioning
syatems, elevator mechanisms, and boller forced-draft fans
commonly produce A-weighted sound levels greater than 45 @B 1in
cccupled spaces.

I.l
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F1G. I.1. RANGE OF DUILDING EQUIPMENT HOISE LEVELS T0 WHICH
PEQPLE ARE EXPOSED [I-1].
A=WEIGHTED NOSE LEVEL
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There are many office bulldings, hospitals, stores, hotels,
and conventlion centers where the noise of the ailr conditioning
system can be expected to generate simllar levels, but any
eatimate would be speculative at this time.

I.2 Noise Exposure in the Community

1.2.1 Noise sources

The exterior noilse produced by bullding mechanical equipment
is most probably dominated by alr-moving equipment (fans)
loceted cutalde the bullding or located inside the bullding
with a dipect unmuffled path to the outside. Examples of such
fan-related equipment ineclude air conditioners, beillers, con-
densers, cooling towers, dehumidifiers, furnaces, humidifiers,
and ventilators.

Source lavel and operating information is available. Por
example, cooling towers will typically produce A-welghted
sound lavels of 69 dB at 200 f% when operating at full speed.
Axial exhaust fans can produce A-welghted socund levels of 6l
dB at 200 ft from the exhaust vent [I-1 =o I-4].

I.2,2 Noise exposure estimates
No information 1s avallable at this time on the distribution
of the population relative to bullding mechanical equipment to

provide a direct estimate of impact. However, it has been
observed that building mechanical equipment contributes to the

I3
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nolse environment in built-up areas, and also theat community
complaints about bullding mechanical equipment nolse are often
concerned with nighttime disturbance, when traffic and other
nolse i3 minimized. In addition, a poor cholce of location,
such as one allowing residential buildings to overlook cooling
towers, can cause real problems. In a study that considered
one such "nolsy plan" in a hypothetical apartment unit, nolse
from building equipment assumed to be on a neighboring roof
was the main exterior noise source, producing an La, of 50

dB inside the unit [I-5]. Next in importance was noise from
an adjacent trash chute and elevator system, producing 41 dB
inside the unit.

I.3 Concluding Remarks

Building mechanical equipment is probably not a major source
of acoustic impacts. However, a nolse problem can result from

poor design and/or incorrect installation. In this case, the
continuocus nature of the noise produced can result in vepy

serious local problems. Disturbance to sleep aﬁd intarference
with activities that require concentration probably represent

the principal effecta. However, insufficient data are
presently avallable to quantify the extent of this problem.
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APPENDIX J. HOME APPLIANCE, POWER SHOP TOOL, AND OUTDOOR
POWER EQUIPMENT NOISE EXPOSURE IN THE COMMUNITY
AND IN BUILDINGS, AND EXPOSURE OF OPERATORS

This section presents nolse data and estimates of Ldn and
Leq(24) for consumer products used in and about the home.

J«1 Noisa Sourcaes

The home enviponment has become increasingly noisy with the
advent of powared consumer products designed to aid in the
day=-to=-day tasks of food preparation, personal hygiene, home
maintenance, and hobbles. This section will deal with nolse
from products that fall into three major categorles:

. Household Appliances
« Power Shop Tools
. Qutdoopr Fower Equlpment.

Other productsa have been identified as possible contributers
to the rnoise in the home enviromment btut are not included in
this section. These ape

. Stereos and radios {(whose levels are under the
control of the user)

» Toys and sporting goods (for which data are lacking
at present)

. Heating, ventilation, and alr conditioning equipment
(see Appendix I)

. Plumbing fixtures (whose levels may be typically low
but nonetheless sometimes annoying).
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J.2 Noilse Exposure Model

The nolse level results presented in Table J.1 are taken from
a study of consumer product neisa [J-1], and these pesults
derive from tests performed on consumer products in accordance
with ISO standards for testing of small noise sources. In
most cases, the nolse levels represent an average of more than
ctie product operated under various normal operating condi-
tions. Since a proper nationwlde consumer appliance noise
survey has not been performed at this time, the extent to
which these averages reflect the actual population of products
in use (with their varying degrees of degradatlion, cperating
power, and other manufactursar-specific characteristics} Ls not
Known.

The measured sound power level (in dB re 10-12 watts),

along with the average operator distance and the average room
acoustical environment allow the calculation of an operator or
bystander exposure level. The combination of this exposure
lavel and the estimated yeaprly usage allow the calculation of
a 24 hour Lgq. Because there are no data indicating the
portlon of any product's use durlng nighttime hours between
2200 and 0700 hours=~thareby incureing the 10-dB penalty-~the
value for Loq (24) will be assumed to be equal to the

value of Lapn. This assumption may not be too far from
reality when one considers that most of these sources are
under direct operater control, and common courtesy and normal
usage patterns wlll tend to preclude use ddring the hours when
most people sleep.

Estimates of product ownership come from thres different
sources. Wherever possible, data from a survey reported in

the April 1978 issue of Appliance Manufacturer were used to
estimate the percent of households that own a given consumer

J=2

o v gt bl i e g



d
i
E
i
El
b
H
s

P T e e e e e o e b e e VY SR

B e Ll e
muw\hfaa

e =

o e st B o £

ST IR TP T

e

I

TABLE J.1. HOISE FROM CORSUMER PRODUCTS.
Pogulation
Sound Powsr  Oparator Raam Operator 1posed
Liva) Distance  Acoustic Usage  Ownarship  Sound Level Operator  to Lgn »d8
Product (. (ft) Constant  (nrs/wmk) {s) (u} Ly (24 {ni1fTons)
Racial Brush 41,3 0.2% 3 0,124 3 769 3.4 a.0
Qair Clipper [ 1} 0.1% 15 0.124 12 .4 41,1 [N ]
Esir Dryer ] 0.23 ] 0.905 n 1.4 6.1 32.2Y
fhaver % 0.25 3 0,488 LY U.b 6.1 10.48%
Tooth Beush L2 0,23 35 0,100 [] 16,4 30.4 4,30
3lender 41 3.0 [}] 0.083 [ 1] 0.y S 8. L8 ‘
Can Opesar 4 +0 L] o.o0n " 18 ] 3.2 a,0
Catfaw Grimder N 3.0 43 6.01% n n.y A0, & 0.0
Tood Pimer " 30 43 0.187 " 4.9 5.4 43
Tosd Procsasor L 1.0 43 Q,0125 1 1.9 30.4 2.1%
Its Crushur [} 3.0 43 9,018 ] 0,9 [T 1% ] 0.0
Hulcar 1 .0 [1) 0,084 (] .y (3N ] 0.0
Llactric Katla ] L0 [}] 0,011 u 3.2 3%.7 13.14
Enifs fharpeser L) 3.0 48 0.041 il 1.9 Wl.2 B.7b
Dencal Irrigator 74 o 13 0,188 15 4.2 46,1 10.94
Nadsagar H .0 i Q. 0084 ] 50.3 (18} 0.0
Tenell ShaCpensy " 1.0 17 0. 148 ] T4.0 43,4 0.0
Pac Clippar a2 10 43 * 0. 0084 1 . .7 0.9
aseric Scianors b1 4,0 n 1,04 15 89,0 .9 10,95
Sewing Machise &1 3.0 173 1.28 44 Th.0 34.8 i1.32
Ahoa Poliabar 3 3.0 7% 0,128 3 6.0 k.7 0.0
Tlour Polishar " | 4% 0.077 1 1.4 40.2 a.0
Iug Shamyooer L] "o 173 [N [} .0 .6 14,30
Yarwm Clemsar L} 6.0 1 1.0 LH HB.0 .9 [L 0}
Clothaa Qrysr 13 10,0 43 3.0 3 1.3 7.9 42,34
Clethas Vaahar 13 10.0 43 3.9 n Th.3 5.2 52.56
Dammidiliar 6 0.0 [H 12,93 n 40,4 A%.4 319.4
Ulabwashar a7 10.0 44 3,404 (1] 4.3 .8 15,04
ool Waste Diap. [ +3 3.0 [}] 9.5 (3] .y 351 9.2
Linga Hood 1) 1.2 3 1. 744 [} 4r.9 8.1 n.19
lafrigarstor 54 1.0 43 2,0 %% 3.5 1.3 48,87
Leon AlT Goud, 4.6 10.0 74 [ H ] 1) (195 4.2 78.9
Trash Campactor Té 10.0 T Q.28 ] 3.5 452 .92
Alr Reatar £ 10.0 1 4. 208 ] 0,1 .7 1}
Tan M 10.0 173 34,408 34 43,7 33.8 118.3
migitiar i 10.0 17 Tl.08 49 L7 Wk.0 46.0
las Crass Mashine 13 10.0 [} 4,058 .5 n a
Havia Projectar 49 10 s 0.02 t 8.7 3.3 a
§lide PFrojector 46 .0 m Q.087 (L] .7 8.7 0
Sand fav 0.3 3.0 [0 9.1 1 10,4 61,2 9.1
Jnlt Sander 102 3.0 [} §.067 jH .9 [ 1] 4.76
Beugh Sricdar " ne 1] 6363 0 9 10,9 .2 8.15
Cirenlas bav 103 3.0 43 0, 1k4 n 01,9 1.2 5.0
Dish Bamdar 100 50 [} €.017 [] .9 1,0 4.38
Dt11i Bit Shaep. 1] a0 [+ 04,0064 3 . 4.7 L]
J=-3
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TABLE J.1.

FOISE PROM CORSUMER PRODUCTS (CONTINUED).

Population

Sound Powar  Operator Roons Optrator Exposed

Lave) Mitanca  Acoustic Usage  Ownership  Sound Lawvel  Operator  £0 Ly >43

Product (a8 ) if Gonstant  (hrs/wk)  (3) () Ly (20 M17TTans)
Elacerie Dradl [3] 2.0 a4 .21 [T} 52,4 4.2 48,30
Mulsipurposs Prill o2 so0 43 0.2 3 101,y 1.7 1,19

Ingraviog Pen I H 3.0 A% 0.009 4 'R ] (Y 4 &
Jolptay/Plager 0l 30 (Y] 0.16 3 100.9 10.7 4.3
Lacha " 3.0 45 0.16 3 0. 5.7 2.9
Orbreal Jander [T} ) [T} 0.09% 12 1.9 81,4 8.7
Radial ite Saw 102 3.0 1} 0.28) L) 101.9 13.8 487
Rectiprocating faw 1 3.0 4 0.0%3 12 .9 85,3 8.7
Rotary Grinder 105 2.0 i .01 3 104.9 §2.8 2.1
Routar 1] 3.0 48 0.02Y ] ".9 9,3 4,28
Tabis bav 104 2.0 45 0,204 E] 101, 9 6.2 2,19
AlT Comptesaot 92 10.0 45 0.0 3 9.3 . 2.19
Hadpa Trismar " 3 Iztpt 0.1 L] 80.5 8.2 6,57
Qatn Sav us b1 aw! 0. ] 109 8.4 8,37
Carden Trsccor 108 3 a0t 0. 74 s %,5 0.9 (%1
Kiding Mowat 101 3 xtot 0.7 [] 30,5 [TH) 8,37
¥alkling Wovar 100 [ siot 0.74 19 0.4 3,9 18,47
Liwa Thatchar "% [ 2210t 0.0k 1 "4 3.2 [
Lanf Rlowye " 3 2110 0.1 1 né 45,2 0.73
Rotary Tiller L) [] 104 0.1 1 .4 41,2 0.73
Sutadder ” * e 0.1 3 80,4 [T 0.73
faow Throwsr 107 * 2a10* Q.38 12 90.4 6.8 (%
tve Yacum iy ¢ a0t [ 1 1 [} Y 60,3 0,73
Wesd Cuttar % s 1x10% 0.7% 12 e 45,9 8.
Jui
< e e Aty S 1 o ek i L B e

e e L L L L sl




T e o

ﬁ‘l ?*.. : '.:WLJMW "

product [(J=2]. Where no data existed, data from a 1980 survey
specifically tallored to obtaln nolse exposure Informatilon
were used [J-1]. A third study published in the March 1977
issue of Merchandizing was used for comparison [J~3). The
values obtalned for each of these surveys differ somewhat due
to differences in sample populatlon, sample size, survey date,
and survey methodology, but they represent best estimates at
the present time.

Usage estimates are also not known with a high degree of
accuracy, in light of the extremely varied situations and
patterns of usage of individusl products in different regions
of the country.

For the purpase of this analysis, there are assumed t6 be two
bystanders for products requiring an operater, three for pro-
ducts reguliring no operator, and six for products used out-
side., Based on 1978 Statistical Abstract data, there are
approximately 73 million households in the United States.

J.3 Noisge Exposure Estimataes

A3 1s apparent from reviewing the results shown in Table J.1,
a large number of products produce Lyp levels in excess of

the U5-dB criterion level., However, since these products do
not generate levels of suffielent intensity to have an Impact
on people other than the operator, the number of exposed peo-
ple 1a the number of product owners. For certaln indcor pro=-
ducts without operators (humidifiers, dehumidifiers, fans, and
alr conditioners), the number of exposed people i1s based on
three people axposed per household. It i3 also interesting te
note that some power shop tools produce levels sufficlent to

exceed the Lag (24) level of 70 dB for the operator expo-
sure,.

J=5
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These results indicate that a significant noise expesure can
ocecur in the typical home environment particularly if one l1s
engaged in a hobby that uses a product that preduces high
neise levels. These exposures, whilile not necessarily harmful
in themselves, can be significant for that portion of the
population already exposed to the maxlmum daily noise dose in
the workplace. The lack of more precise data on the number of
product users and use durations precludes an accurate estimate
of nationwide exposure to home products at this time.
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APPENDIX K. OCCUPATIONAL NOISE EXPOSURE OF WORKERS

The U.S. Enviponmental Protectlon Agency (EPA)} has recommended
an equivalent sound level for eight hours [Leq (8 hr)l of

75 dB as the exposure level to protaect workers from permanent
hearing loss [K.l1]. Many workers in agriculture, mining,
construction, manufacturling, transportation, and the mllitary
are routinely exposed to levels in excess of thilis recommenda-
tion. The legal limits imposed by the Occupational Safety and
Health Administration (OSHA) [K.2,K.3], the Mining Health and
Safety Adminiatration (MSHA) [K.4], and the Department of
Defense (DOD) (K.5] are less restrictive than the EPA=-
recommendad level.

No concerete estimates exist of the number of workers exposed
to noise levels greater than an Leg (8 hr) of 75 dB.

There 13, however, a limited amount of publiished informatlon
on the occupational noise expesure of workers ln some occupA-
tional categories in selected industries. ZEZven though these
data were developed for differant purposes, 1t has been pnssl=-
ble to develep estimates of the minimum number of workers ex-
posed to levels greater than an Lgq (8 hr) of 85 dB

through the use of extensive extrapolations. These estlmates
are presented in the sections that follow, 3Brief explanations
of the extrapolation techniques and the source data are alsc
presented in the following sections.

In addition to thelr exposure to continuous neise, many
workers are exposed to impact/impulsive noise. This type of
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neise can greatly increazse the amount of hearing loss due to
elther continuous or impact noilse. Reconmendations fopr
criteria for exposure to impact/impulsive noise alone and
together with high~level continuous nolse are under develop~
ment. Preliminary estimates indlcate that 1 million to 4
million workers are routinely eiposed to hlgh levels of
impact/impulsive noilse. Additional details are presenterd
later in this appendix.

As 1s the case with any estimate, the estimates in this

appendix are somewhat limited. The principal difficulty in
estimating the occupational noise exposure of the total U.S.

work force is in obtaining nolse expssure data for a repre-
sentative population for each of the employment categorles and
industries analyzed. The current aassessment wags restricted to
available data and no additional sampling or measurements were in-
cluded. t should de noted that the cvailalle daza are often lacking

the representaviveneds of an induscry-vide asseasment.
K.l Noise Exposure in the Agriculture Industry

A number of studies confirm that agricultural workers who
operate tractors and other mechanlzed farm equipment are ex-
posed to A-welghted sound levels greater than 85 dB and that
the duration of the noilse 1s sufficlently long that NIPTS may
result [K.6, K.7, K.8, K.9, K.10, K.11]. The most complets
set of noise exposure measurements was made In 1977 for a
group of farm workers on six farms in Nebraska [K.121. Each
worker was fltted with a nolse dosimeter for each day worked.
During the course of one year, 67 employees worked the

X-2
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equivalent of 13,000 days. From these data, 1t was possible to
estimate the average nolse exposure of each worker for the
Year.

To develop an estimate of the nolse exposure of all the agri-
cultural workers from these data, two facts must be con-
sldered. PFlrst, the nolse emitted by farm tractors has been
reduced in recent years [K.8, K.9]. The manufacturers of the
tractors used on the Nehraska study farms have reduced the
noise of their tractors during the past few years by an aver-
age of 2 d4B. Accordingly, if the Nebraska farm survey were
dene today, the workers operating those traectors would be ex-
posed to less noise. This effect has been estimated hy reduc-
ing the nolse exposures of each of the 67 workers by 2 dB and
recalculating thelr noise exposure. Table K.l summarizes the
Daily Nolse Dose (DND) for each of the workers, what the dose
would be 1f the noise were 2 dB quieter, and the corresponding
range of nolse levels.

; Second, the six farms in this study seam to be more mechanized
than "typleal" farms. Without any information to relate the
machanizatlon of each of these farms to a typical farm, it 1is
not possihle to develop an estimate of the nolse exposures for
all agricultural workers. An educated guess 13 necessary:

For every situation where workers are exposed as reported In
this study, an egual nunmber of workers on cother farms have
exposures less than 70 dB. Table K.2 summarizes the exposures
from Table K.1l, adds in the equal nunber of workers exposed o
levels less than 70 dB and presents the percentage for each
range.
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TABLE K.1. NEBRASKA FARM WORKER EXPOSURE DATA [K.1]

QsHA Range of Noise OSHA Range of Noise
DRD if Leve}l If DND if Level If
Equipment Equipment Equipment Equipment
osHA 2 dB 2 dB OSHA . 2 dB 2 dB
DND Quieter Quieter DND, Quieter Quieter
Farm X 4 dB Farm % % dB
#1 93 58 85-90 #2 53 33 80-85
38 24 75-80 24 15 15-80
61 38 80=85 13 8 70«75
18 11 70-75 33 20 75-80
3 2 <70 288 181 90-95
142 90 90-95 60 38 80-85
71 45 §0-85
33 21 75=-80 #3 27 17 75=80
8 5 <70 1 1 <70
120 76 85-40 14 9 70-75
6 4 <70 27 17 75-80
97 61 85-90 1 1 <70
18 11 70=75 1 1 <70
0 0 <70 7 4 <70
0 0 <70 7 4 70
0 o] <70 9 ] <70
5 3 <70 2 13 75-80
40 25 80~85 13 8 70=75
10 6 <70
] 4 <70 4 7 4 <70
8 5 <70 17 11 70-75
117 74 85-90 26 16 7580
105 66 85=90 7 4 <70
4 3 <70
5 3 <70 5 83 52 83-50
55 35 80~85 35 22 75-80
162 102 90-95
178 112 90=95 #é 27 17 75-80
97 61 825~90 13 8 70-75
72 45 B0~85 3 2 <70
52 33 80=~85 3 2 <10
115 13 B5=-90 k) 2 <70
a8 24 75=80
4 3 <70
1l 7 70-75
29 18 7580
6 4 <70
41 26 80-85
10 6 <70

K=4
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TABLE K.Z.
DEVELOPMENT OF EXPOSURE ESTIMATES FOR AGRICULTURAL WORKERS

Equal Number
Range of Sound Number of Exposed to
Level in dB Workers Leas Than 70 4B Totals F4
<70 26 67 93 69.3
70-75 8 8 6.0
75-80 .12 12 5.0
80-85 9 6.7
85-90 8 6.0
90-95 4 .0
Totals 67 67 134 100

Approximately 3.6 million workers are employed in agriculture
[K.13]. The percentages in Table KX.2 have been used to
develop estimates of the nolse exposures of agricultural
workers, These astimates are presented in Table K.3. Of the
3.5 million agricultural workers, about 323,000 are exposed to
an Lag (8 hr) of 85 dB or greatar.

TABLE K.3, NQISE EXPOSURE OF AGRICULTURAL WORKERS.

L. {8 hr) | Number of Workers
€9(g8) {thousands )
90 = 94 108

85 -~ 89 215

80 = 84 240

75 - 19 323

<75 2701
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K.2 Noise Exposure in the Mining Industry

The mining industry consists of the extraction of coal,
metals, nonmetallic minerals, and oll and gas from the earth
and the preparation of these materials. Noise exposure data
in this industry are extremely limited. No nolse exposure
data are available for the preparation of the mined materials.
Data are available for the underground and surface mining of
coal, The estimates in this section are based on extrapola-
tions from the mining of coal.

Where the data permit, the Leg (8 hr) exposures have been
calculated and will be presented. Data examined were limited
to workers expoaed to dally neise levels in excess of that
allowed by noise exposure regulations of the Federal Coal Mine
Health and Safety Act of 1969. However, most of these data
are reported as Lmugya values, which are jased on a

5-dB doubling rule rather than the 3=-dB loubling rule used in
deriving an Lgq measure., If the sound «xposures are
continuous at a constant level, both the Leq and

Lusyuy values would be egqual. However, industrial

sounds vary conalderably, and with a varying scund level, the
value of Laq will be greater than the value of

IMsgs. Thus, the reported numbers of workers exposed

te values of Lmghya are less than would have been

reported if Leq calculated exposures had been utilized.

For these reasons--~lack of data generally avallable on ncise
exposures in the mining industry and the units in which the
mining eXposures ware reported--the estimates presented in
this sectlon should be regarded as preliminary and probably
representative of the minimum number of workers exposed.

Kag
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Coal Mining

Underground

Data are available from MSHA on the noise exposure of under=
ground coal miners [K.14], based upon the reaults of a survey
of 2632 production workers in 12 underground coal mines. The
exposure estimates in this report were developed from specific
sound level and operating duration measurements for the
equipment commonly encountered, rather than from individually
measured worker exposures. Table K.&# presents the reported
percent of workers exposed to different ranges of noise
exposure., Estimates of the number of workers in underground
mining exposed to nolse were then developed by multiplyling the
percentages shown in Table K.4 by the 169,585 miners who
worked in deep coal mines in 1979 [K.15]. The first row of
Table K.7 (which appears later in this appendix) presents
these estimates.

TABLE K. 4 NOISE EXPOSURE FOR URDERGROUND COAL MINE WORKERS.

Farcent of
LHSHA‘ Workars Exposed+
4B :
250 1.2
85 - 89 14.7
g5 78.1

% Usag a 3=dB doubling vace,
t In view of the matarial in Ref. K.16, chasz escimates appear low,
*sfxact lowar limirs balow 85 & ate nor precisaly known,

Surface

The noise exposure estimates for workers in surface coal mines
were developed uaing the results of a nolse exposure survey of

K7
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operators of moblle machines (K.17]. The related report pre=-
sented the number of workers with exposures greater than 85 4B
and 90 dB and the total number in the survey. The numher and
percentage of workers exposed to various equivalent sound
levels 13 presented in Table K.5. An estimate of the numher
of surface miners exposed to the ranges of equivalent sound
levels shown in Table K.5 was developed by multiplying the
percentages shown in Table K.5 by the number of werkers in
surface mines~-82,147 [K.15]. fThese figures are presented
later in this Appendix in the second row of Table K.7.

TABLE K.3. NOISE EXPOSURE FOR SURFACE COAL MINERS,
Parcent of
l‘}mu' Numbar of Cosl Miners
dB8 Coal Minarcat {2}
>30 25,115 4.9
a8y - 4% 12,038 2.4
L 18,96] 3.7

* jun & 5=dB doubling race.

t+ 5.» Raf. .17,

*eCract lowsr iinits below 85 dff ure got pracisaly
.agwn.

Metal and noenmetallic mineral mines

Underground

As with coal mining, the noilse exposures for underground
operatlions in matal and nonmetallic mineral mines are
different from those for surface mining., No studies are
avallable identifying the spec¢ific nolse exposures of workers
in this type of mining. However, an estimate has been
developed of the percentage of workers in such underground
mines who are exposed to varylng nolse level ranges through
the use of information in Ref. K.18. The related report
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reviews the contribution of noise from diesel-powered
underground mining equipment in the extraction of molybdenun,
uranium, potash, lron, coal, and salt. The report presents
information on diesel equipment sound levels, equipment
population, and typlical duty cycles.

With this information an estimate can be made of the number of
nolse exposed workers and theilr equivalent sound level
exposures. Table K.6 presents the estimated exposures. In
1974, 37,000 workers were employed in underground metal and
nonmetallis mineral mines [K.18] (or an estimated 24.3% of
total underground mines.) An estimate of the total numbher of
underground miners in this part of the industry was developed
by applying the distribution from Table K.6 to 24.3% of the
173,800 people who currently work underground in this lndustry
[K.19]. The third row of Table K.7 presents these estimates.
Other sources, such as rock drills, fans, and crushers, also
geneprate high levels of nolse and were not included in Rel.
K-~18. Thus, this estimate should be viewed as the minimum
number of workers so exposad.

TABLE K.6. NQISE EXPOSURE FOR UNDERGROUND MINERS IN METAL AND
NONMETALLIC MINERAL MINES.

Leq (8 0F) | percent of Workers
{dB) (%)
290 17.6
85 — 89 11.1
<8BS 71.3

Surface
About 75.7% (131,567 workers) of the people employed by the

metal and nonmetallic mines work above ground (developed from

K=9
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%.18 and X.20 and the previous sectien). No infermation is
available on the nolse exposure of theae workers. The surface
mining of metal and monmetAllic minerals is different from
surface coal minlng. The differences are:

+ A higher concentration of equipment exists in metal
than in coal

+» Dpills are percussive in metal and roetary in coal
+ More blasting oceurs in metal than in coal

+ Other unidentified surface equipment may add to nolse
exposure.

Most of these differences seem to increase the nolse exposupres
of the workers, However, as stated shove, no data substantl-
ate this statement. Without any other data, the nolse expne
sure for surface workers in metal and nonmetallic mineral
mines has been developed by using the percentages from surface
coal (see Table K.5). These estimates are presented In the
fourth row of Table K.T7.

01l and Gas Mining

There were 327,500 production workers Iin oil and gas extrac-
tiont in 1979 [X.19]. No infermation on nolse exposure of
these workers is available. Noilse sources ars likely to be
engines, compressors, and moblile equipment. Without any
better information, the percentage distribution data from

the last column in Table K.5 for surface coal mine operatlons
were used to develop estimates for this industry. The results
are shown in Table K.7.
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Summary

Table X.7 presents the noise exposure of the workers in the
mining industry: Almost 400,000 workers have noise exposures

that exceed 85 dB out of a total employment of 957,000 [K.19].

TABLE K.7. NOISE EXPOSURE IN THE MINING INDUSTRY,

Noise Level
{(dB)}
<85 85 — 90 >80 Total

Underground Coal* 132,446 24,929 12,210 169 ,585%%
' Surface Coal 27,684 17,579 36,884 82,1474

Underground Me:a%

and Nonmetallic 30,112 4,688 7,433 42,233+t

Surface Metal and

Nonmatallick 52,495 25,524 53,548 131,5677+

011 and Gas* 110,368 70,085 { 147,047 | 327,500t

Totals for Mining 153,105 142,805 257,122

*Noise Level is LM.SHA.
TNoise Lavel is I‘eq {8 hr).
#*Sge Ref. K.15.

HSee Ref, K.20,
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K.3 Noise Exposure in the Construction Industry

A number of studles confirm that workers in the constructlon
industry are exposed to high levels of noise [K.1l, K.21]. A
recent British study [K.22] presented values of Lgq (8 hr)
for machine operators of construction equipment. Table K.8
summarizes these data. By assuming that these exposures are
similar to those in U.S. industry, an estimate of the number
of construction workers whose exposure exceeds an Leq (8

her) of 85 d3 can be developed. Reference K.23 presents the
number of workers in the construction industry by occupation.
Accordingly Table K.9 was developed presenting the percentage
of workers in the construction industery who work with the
specific machine types listed in Table X.8., Unfortunately,
Reference K.23 does not provide the number of operators for
several of the maehine types. Nevertheless, from Table K.9,
at least 5.48%5 of the constructlon workers appear to aoperate
machines where the Leq (8 hr) exceeds 85 dR. In addicien

te the machine operators, construction labhorers are also
exposed to rnolse. About 11.35% of the construction work force
are laborers [K.23]). The laborer category includes workers
who are expcsed to high levels of noise, =uch as from Jack
hammers and other air~ coperated tools, as well as individuals
with less noise exposure [X.24]. However, nc definitive
estimates are avajlable for noise expesure of' the laborers. .

Without a definitive breakdown of the number of workers in
each of the laborer categories, the number of laborers who
operate the nelsy esquipment types cannot be determined. A
review of the list of Jobs performed by laborers suggests that
many of these workers c¢ould be exposed to high levels of
noise. Without bettepr information, it 1s estimated that 50%
of the laborers are exposed to levels greaSer than an Leq
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NOISE EXPOSURE OF CONSTRUCTION MACHINERY OPERATORS.*

Equivalent Sound Level
hr)
GQ(dB)

Machine Types

105 — 109

Pneumatic breakers

100 - 104

Pgvers

25 - 93 Scrapers

Dumpers

Bar benders
Hydraulic breakers
Pile drivers

- (diesel & pneumatic)

90 ~—~ 94 Dozers
Excavators
Cranes

. . Front loaders

' : Rollers

; Poker vibrators

85 —~ B4 Backhoes
Saws

B0 — 84 Concrete puwpa
Pile drivers
(gravity bored)

N ]

- 79 Graders
Concrere mixers
Trucks

Pumps
Generator
Compressars

*Developed from Ref. K.22.

K=13

B T e T R S e T "

%.“r‘



i

TABLE K.9. PERCENTAGE OF CONSTRUCTION MACHINERY OPERATORS 8Y MACHINE TYPE®
AND NOISE LEVEL.T

Percent of Construction
Workers Operating
Leq, (B8 hr) Machine Type
(dB) Machine Types (%)
>85 Dozers .99
Excavators (include 3.85
pavers, scrapers, hydraulic
breakers, pile drivers,
front loaders, bhack hoes,
rollers, poker vibrators)
Saws 0.04
Cranes 0.60
Prieumatic breakers ok
Duzpers nk
Bar benders %
Total 5,48
*See Ref. K.23.
tSee Ref. K.22,
**Not listed separately,
K=lh
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{8 hr) of 85 dB., Since about 11.35% of the constructlon force
are laborers [K.23), a total of 11.16% [5.48 + 0.5 {11.3%9)]

: could be exposed to levels greater than an Lgg (8 hr) of 85

dB. S8ince there are other jobs in the constructlon 1ndustry
that may bte noisy and for which there 1s no definitive informa-
tion, this estimate 1s more llkely an estimate of the minimum

number exposed te these levels than an estimate of the naximum
number.

Tatal employment in the constructlon industey for 1979 was
about 4.6 million people [K.19]; thus, about 513,000 workers
are estimated to be expoged te levels greater than an Leq
(8 hr) of 85 dB.

K.4 Noise Exposure in the Manufacturing and Utility Industries

Estimates of noise exposures of workers in the manufactuing
and utility industries are presented in this section. T.e high
noise level industries of interest are listed in Table A.10
along with the numher of producticn werkers in each industry.
In addition to these industries, scme exposure to high level
: noise may oceur in the instrument manufacturing (SIC 38) and
) the miscellaneous manufacturing (SIC 39) industries. All of
these estimates are deprived from the recently avallable 0SHA
information [K.25, K.26].

et e, e

Table K.ll presents the total estimated nolse expasure for
workers in these industries [K.19]. Since Lyq (8 hr) 1s
equal to Logya only when the nolse exposure 1s constant

and since the noise levels in the industrial work place fluc-
tuate over a considerable range, these estimates should be
viewed as minimum estimates of the number of workers at an
Laq of the same value. Nevertheless, more than 5.1 million

K-15
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TABLE K.10. INDUSTRIES INCLUDED IN ANALYSES.

*Sea Raf. K.19.

RN S oS kg1 b ST

Number of
Production Workers
Industry SIC Code {thousands)
Foed 20 1,176.2
Tobaceo 21 52.5
Textiles 22 177.0
Apparel 23 1,122.2
Lumber and Wood 24 646.3
Furniture and Fixtures 25 %8.0
Paper 26 S41.5
Printing and Publishing 27 702.2
Chemicals 28 636,9
Petroleum and Coal 29 139.7
Rubber and Plastica 30 601.1
Leathar 31 207.4
Stone, Clay, and Glass 32 860.5
Primary Metals a3 978.3
Fabricated Metals k1A 1,305.9
Machinery Except Elec. a5 1,616.2
Electric Machinery 36 1,378.6
Transportation Equipment k¥ 1,404.2
Utilicies 49 659,3
Total 14,904.0
K«18
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TABLE K.11, NOISE EXPOSURE OF WORKERS IN MANUFACTURIMG AND UTILITY INDUSTRIES.*

Exposure Level | Percent Expasedt
{dB} {%) Number Exposed**
>100 2.87 427,745
95 — 99 5.47 815,249
90 —~ 94 10,98 1,636,459
85 — 89 15.06 2,264,542
80 — 84 18.74 2,793,010
<80 46,88 6,986,995
Total 100,00 14,904, 000

*Includes SIC Codes 20, 22, 22, 23, 24, 25, 26, 27, 28, 29, 30, 131, 32,
33, 34, 35, 36, 37, and 49, SIC's 38 and 39 of the manufacturing sector
are not ineluded. Only SIC 49 of Tranaportation and Public Utilities is

included in this table.
*See Ref. K.25.
**Based on a total populatien of 14,904,000 [X. 19]
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workers in these tndustries are exposed to levels in excess of
an Lgg (8 hr) of 85 dB,

K.5 Noise Expoaure'in the Transportation Industry

This sectlon presents estimates of the occupational exposure to
neise of operators of commercial aircralt, trucks, buses, rall
locomotives, and rapid transit cars. Even less data are gvail-
able for these operators than are avallable in other indus-
tries. However, preliminary estimates have been developed
based on extrapolations from the available data. In general,
average nolse levels at elther the operator position or in 2
location not too far from the operator position are available
(K.27, K.28, K.29, K.30, K.31, K.32, K.33, K.34, K.35, K.36,
K.37]. Data for the numtar of operators were available for
some modes of transpertatiasn but had to be developed for other
modes [X.38, K.39, K.40, E.41, XK.42, X.43]. The averapge dura-
tion of exposure was estin-ted for each of the operators [X.40,
K.45, K.46]., The Leg (8 i r) was derived from the average

sound level, the estimated number of houprs of annual exposure,
and a total of 1880 hr in a year.

Table K.l12 summarizes the estimates of the A-weighted sound
lavel, the annual expesure, the Leq {8 nr), and the popula-
tion exposed. The operators with exposures greater than an

Leg (B hr) of 85 dB are the truck drivers and the motormen

and conducters on rapld transit systems. Surprisingly, the
personnel in the lccomeotive cabs do not appear to be exposed Lo
levels greater than an Leq (8 hr) of 85 dB. 1In votal,

about 1,934 million operators are expcsed to levels greater
than Leg (8 hr) of 85 dB.

K=13
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TABLE K.12, TRANSPORTATION OCCUPATIONAL NOISE EXPOSURE ESTIMATES

Ead bmud il
A-Welphtod
Sound Level .
i Operuter Anpual Eut Imated
Poslilon Expraure Ly (B he) Population
Source (n) {r) tan) Expoued
Afrenafe
[K. 22,008 K, 44, K. 45, K. 46]
Conmorcinlt Jut
Cockplt Grow an HIO[K. 44 K. 46] 77 36,987[x.18)
Plight Atendanes 85{K.27] L2600k, 45] ()] 52,966(K. 181
Copserelal® Prope) ler
Cockplt Grow 954« HolK. 44 K. 461 92 q0tt
Flight Attendanta g4(K. 277 1260[K.45] 92 128t
Trucky (Hudlum wisl Heavy)
IK. 28,6, 29,K,30,K.39] 90K, 3] 14108 89 1,923,000[K.39]
fugan
[%.27,k.38,K.40]
City {commtur bug} 79[%.271 | 1480[K.40] 19 143,000[K.40]
Tutercity 74[k.) | 17m0[K.40] 14 24,000/ K. 40]
Schunl #ale. 1) aanl k. a0 H 442,0000%.40]
Hai Leomdn
{K.22,K,30,K.14,K.15,K,4)
K.a2}
Locosot Ly 787K.32] 1860 L] 15,000{K.41]
Ropdd Teanslt
IK 27,k 00, K.07,%,41]
Hoturmwen aml Conductors B6[K. 271 (TN uh 1n,on3x.431
.

*#Certificated route alr carrlers only.

TBatimnted Evom Ref. K.27. Pllots in jet slrcraft are farther from the englnes, eastimate
5 dB less nolae in cockple,

*AEgelmated From lef. K.27. Pilote are closer to noise source.
tlrestimaced from monber of alreraft in Ref, K.28.

§The averuge work week In the tronsportation Industry is 30.7 hours {K.39)]. Estimate that
drivers speml 75% of clme in truck.




K.6 Noise Exposure in the Department of Defense

Alr Porce

Of the 807,000 military (567,000) and eclvilian {(240,000) em-
ployees of the U.S. Alr Force in 1980 {X.393, 134,200 were
glven annual audlograms in 1980 and are presumably exposed to
levels in excess of B85 &B [K.47]. The detalls are as follows:

Number of Air Force Personnel

Classification Receiving Audiegrams in 1980
Military personnel 106,500
Civilian personnel 27,700
Total 134,200

Army

The Army inecluded 1,107,000 military {757,000) and civilian

(350,000) employees in 1978 [K.39]. Measured nolse exposures
for these personnel are unavailable at this time. Preliminary

figures suggest that about 500,000 personnel (400,000 military
and 100,000 e¢ilvilians) are routinely exposed to high sound

levels in excess of B85 d3 [X.48].

Navy

In 1978, the Navy included 1,028,000 military (717,000) and
eivilian (311,000) employees [K.39]. Unfortunately, direct esti-
mates of the neise exposure of Navy personnel are unavailable
(K.49], Assuming that Navy personnel are exposed to nolse
sources similar to those in the Army and Air Force, a preliminary
estimate can he developed. The weighted average percentage of
military personnel in the Army and Alrp Torce exposed tn levels
greater than an Lag (8 hp) of 85 is (400,000 +

106,500)/(757,000 + 567,000) or 38.3%. The weighted average
percentage of civilian personnel in the Army and Alr Force
exposed to levels graater than an Lgy (8 nr) of 85 is

(100,000 + 27,700)/(350,000 + 240,000) or 21.6%. Using these

K=2¢
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percentage values for the Navy results in the following
estimates:

Military .383 x 717,000 = 274,611
Civilian .216 x 311,000 = 67,176,

Table K.13 summarizes the exposure of DOD personnel-~gbout
976,000 personnel have estimated exposures greater than an
Leq (8 hr) of 85 dB.

Other

In addition, 77,000 non-military employees of DOD. are in

positions where occupational noise exposure cannhot be assessed
fX.391.

K.7 Expoaure to Impact/Impulaive Noilae

Two atudies present estimates of the number of workers exposed
to impulsive type noise. One atudy, a walk=through survey of
25 establishments estimates that 2,665,687 workers are exposed
to impulsive noise [X.50]. The level and numbepr of impulses
were not reported. The second study [K.51] identifies several
hundred sources of impulsive nolse for a wide range of
industries. This study estimates that 1,200,000 workers are
directly impacted by impulsive nolse and that 3,430,000 workers
are indirectly impacted. The peak sound pressure levels ranged
from B85 to 147 dB with most of the levels greater than 115 48.
However, no measure of the number of impulses per day per
warker were developed. In addition to these workers, both
eivilian and military perscnnel are likely ftoc be exposed to
impulse noise, particularly gunfire and the manufacturing type
of operations used to refurbish military vehleles, ships, and
aireraft.
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TABLE K.13. ESTIMATED OCCUPATIONAL NOISE EXPOSURE OF DEPARTMENT OF DEFENSE PERSONNEL.

Total Military Total Civilian Total
Military at Levels Civitian at Levals Total at Levels
Population* >085 di Papulation* 285 di Personnel* >85 di
Service | (thousands) | {thousands) | {thousands) | {thousands) | {thousands) | {thousands)

o

ﬁ: Army 1517 400.0 350 100.0 1107 500.0
Alr Force 567 106.5 240 27.7 807 134.2
Navy n7z 274,686 1 67.2 1028 341.8
Other Bl = == o 11 0.0
Tatal 2041 781.1 901 194.9 e 976

ASee Ref. K.19.
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The figures from these two studles suggest that a minimun of
1.2 to 4.6 million workers are exposed to impulsive noilse.

K.8 Summary of Worker Noise Exposurs Estimates

Table X.14 summarizes the exposure estimates developed in the
preceding sections.

TABLE K.14 SUMMARY OF U.S. POPULATION EXFOSED TO L., (8§ hr)
LEVELS OF 85 dB OR HIGHER FROM 0CCUPATIO§AL SOURCES

Total Number of People

Total Exposed to Greater Than

Employment Employmant an I.e (8 hr) of 85 dB

Area {thousands) q(thousands)
Agriculture 3,600 [X.131 323
Mining 957 [X.19] 400
Construction 4,644 [K.29] 513
Manufacturing and

Utilicy Industrial 21,781 [%.19] 5,124
Transportation 4,345 [X.19] 1,934
Milicary (DOD) 3,019 [X.39] 976
Tatal of These Areas 38,345 9,270

On the bhasis of the figures in Table K.14 it is estimated that
at least 247% of the total number of employees in the
industrial, agricultural, transportation and military sectors
are exposed to levels greater than an Lag (8 hr) of 85 dB.
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APPENDIX L. TRANSPORTATION NOISE EXPOSURE OF OPERATORS AND
PASSENGERS

L.l Nolase Exposure Model
The analysis of the nolse impact on operators and passengers
of transportation vehlicles in nonoccupational situations 1s

based on

» Average nolae levels at the operator/passenger
posltions during an in-use duty cycle

. Number of people exposed in the United States
« Average duration of their annual exposure.

The annual Laq (24) for each type of equipment is derived

- from the average sound level at the operator/passenger's pasi-

tion on the basis of the estimated average annual exposure in
hours for that type of equipment.

The following tranaportation nolse souprces are assessed:

« Aipcpaft

« Automobiles
« Trucks

. Buses

.« Motorceycles
« Rail Locomotives and Cars
. Rapid Transit Cars.
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L.2 Noise Emission Levels

Noise source levels at the position of operators and passen-
gers have been taken from a number of sources, including the
EPA report on "Passenger Noise Envirconments of Encleosed
Transportation Systems" [L-1].

Noige in transportation vehicles characteristically rises and
falls in accordance with the duty cycle of the task at hand.
Passengers on city buses are exposed to intermittent nolse as
the buses make frequent stops to recelve or discharge passen=-
gers, whereas much of the passenger's trip on interclty buses
is spent in the steady-cruise mode, with corresponding steady
noise levelsa., In addition, the trip lengths are different
between the twe modes. For this study, the averzge sound
lavel cover a characteristic trip was used, espec .ally where
intermittency 1s the chief characteristic of the node. Cnly
where the trip consists of relatively long pericis in cruilse
conditions are the maximum power sound levels used to
represent the source level.

L.3 Population Distribution

The population exposed to holse in transportation vehicles was
estimated from a number of sources, including transit rider-
ship statistics, auto registrations, and alrcraft enplanement
figures. The greatest uncertalnty is use factors for private-
ly owned and operated venicles, for which data on observed
driver behavior and personal experience of members of the
population being characterized were used.
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L.4 Noise Exposure Estimates

Table L.l presents estimated nolse levels at passenger and/or
operator locations, annual hours of exposure, and exposed-
population data for operators and passengers of transportation
noise sources in nonoccupational situations, based on these
average estimates. The 24-hour average annual exposure levels
(Leq(24)] shown in the table are computed from the

equation:

Leq(24) = Ly + 10 log (H/B760), dB, (L.1)

where Ly 18 the A-wéighted sound exposure level, H 1is the
annual number of hours of exposure, and 8760 are number of

hours in a year.

As an example, for commercial Jets:
Leq(24) = 85 + 10 log (5/8760) = B85 - 32.4
= 53 dB. (L.2)

These sstimates for the impact of transportation system nolse
on passengers must be viewed with care, To produce an estiaw
mate, it was necessary to use average sound levels and average
annual exposures. Especlally difficult to estimate, for al-
most all sources, 1s the number of "repeat riders." For exam-
pie, though statistics are often available on "passenger
miles" or "total trips" per year, for many modes 2of transpor=-
tation almest no data are availlable that show how many times
per year an average passenger uses a particular mode of trang-
portation. Thus, though the data readily yield the total
perscon=hours of exposure per year, the data do not show how
many peeple share this total exposure,

1-3
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TABLE L.l. TRANSPORTATION NOISE EXPOSURE DATA AND IMPACT

ESTIMATES (NONOCCUPATIONAL).

R TN 0 i i sab s s s

A-weighted Annual Papulation
Sound Leve]l Exposure Leqf24) Expased
Source {dg) {hr) ?SB) {x 10%)
Aireraft
Commercial Jet 8s 5 53 81.3
[L=1, L3, L=g, L=32]
Genaral Aviation 9k 100 75 0.37
[L=1,L=2,L=23)
Helicopters gk 20 68 0.06
[L-1,1-22]
Automodilee 75 13 62 1£3.0
(L=1,L=5,L=6,L=7,L=18]
Motorzycles 9§ 150 80 .2
{on road)
(L~8,L=18,L-13]
Prucks 85 180 £8 5.7
(Fearsonal Use)
[£=5,L~3,L=18]
Buaes
Intercity 8o 9 50 6.2
(£-1,L-4,L-10,L-15)
Commuter 516 500 72 13.k
(L-=1,5=10,5-11,L~15,
L-21}
Railroad
Commuter Cars 73 159 36 Q.3
(L=1,L-12,L=1F)
Repid Tranait
{Heavy Rall)
{L=12,L-12,L=13,L~18
L=20} :
RY Civy [L-74,L=1§,5=17) 93 229 77 2.0
Other [L-2,l-15,L=1¢) as 223 £9 17
I-4
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APPENDIX M. RECREATIONAL NOISE EXPOSURE OF OPERATORS AND
PASSENQERS

M.l Nolse Exposure Model

The nolse exposure of operators and passengers on recreational
vehicles 1s modeled in a manner identical to that described
for transportation vehicles (see Appendix L). The following
recreational nolse sources are assessed:

« Snowmobiles

+ Motorcycles

« Pleasure boats
+ Racing cars.

M.2 Noise Emission Levels

Noise source lavels of recreational vehicles have been taken
from data in the open literature. In many c¢ases, data were
avallable cn nolse levels at the operator's eap. Aute racing
ecars were an exception, and the estimates are based on pro-
Jecting the 50-ft sound level back to the interior of the
car.

As in the case of transportation vehlicles, the time history of
nolise exposure is intermittent; it is based on the desired use
of the equipment. A distinctlon can be made, however; the
opearator of a recreational vehicle has freedom in selection of
the duty cycle, whereas the operator/passenger of a transpor=-
tation vehicle is restricted to a pattern of actions based on
the trip definition. A3 a result, there is & greater inac-
curacy 1in estimating the average nolse level during exposure
of an cperator of a recreational vehicle.

M=l
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M.3 Noise Exposure Estimates
Table M.l presents the sound level, annual expesure, and
exposed-population data for each of the recreational nolse

_sources, The equivalent 2i4-hour exposure [Leq(zu)] is
computed from the equation

Leq(24) = Ly + 10 log (H/8760), dB, {M.1)

where Ly is the A-weighted sound exposure level, H 1s the
annual number of exposure hours, and 8760 is the number of
hours 1n a year.

As an example, for snowmobiles

Leq(24) = 102 + 10 log (80/8760) = 102 - 20.4
’ = §2 dB. (M.2)

M=2
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TABLE M.1. RECREATIONAL NOISE EXPOSURE DATA AND IMPACT

ESTIMATES.
A-waighted Annual Population
Sound Level | Exposure L 824) Exposed
Source (dB) (hr) ?gB (x 10%)
SNOWMOBILES [M=~1,M-2, 102 8o a2 1.7
M=10)
MOTORCYCLES (M=3,M«d, 10¢ Bo Bo 2.6
Mag]
(offurcad)
MOTORBOATS [M-5,M-6,
M-7,4-11]%
< 10 hp 88 100 69 11.2
10-50 bp 85 100 66 12.9
> 50 hp 88 100 69 8.9
Inboard/cuthoard 21 100 72 2.3
Inboard 8l 100 &5 L.7
AUTO RACING [M-8)
Qval Track Racing 105 ' 10k 86 0.0k
Drag Racing
Not Supereharged 122 1 83 0.08
Drag Racing
Supercharged 140 0.4 a7 0.01
Sports Car Racing 105 138 87 o+
Tractor Pulls 15 Y] g2 0.01 1

* Motorhoat scurce levels based on 50% of time at full throttle, S0% of
time at half throttle,

4+ Lesz than 5000.
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