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1. INTRODUCTION

How much nolse 1s there 1in America? Previous EPA documents
(such as the Title IV report [1]*, its several backup techni-
cal documents [2,3,4], and the "Levels Document” [5]) have
addressed this question 1n varyling degrees. In thls 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 nolse problem 1n

America even more comprehensively.

By virtue of the Noise Control Act of 1972 [6], the EPA was
given a leadership role 1n assessing and controlling the noilse
in this country. Under this authority, EPA has published a
natlional strategy of noilse controi [7), which includes goals
for a naticnal program of nolse control and various elements
of such a program. The general goal of the natlional noise
control effort, taken directly from the Nolse lontrol Act, is
"to promote an environment for all Americans free {rom noise
that Jeopardizes their health or welfare."” Among the elements
of this national program are the control of major nolse
sources (through Federalvregulations, State and local control,
labeling, and enforcement activitlies), study of health and
welfare effects, and dissemination of informaticn to the
public on nolse levels and thelir effects.

A definition of the present extent of the nolse problem in
America, 1n total as well as for individual noise producers,
1s cruclal in desligning a program to control noilse sources in
terms of establishing both relatlve priorities and the amcunt

of nolse control necessary. The purpose of this report, then,
*References are listed on Page 17.
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i1s- to provide information in support of these nolse control
activities. Specifically, thils report attempts to define the
number of Americans exposed to different levels of nolse, and
the sources of nolse to which they are exposed.

2. CATEGORIES OF NOISE PRODUCERS

Noise is a ubiquitous by-product of our modern mechanized
soclety. Since it 1s difficult to find a device that does not
produce nolse, the number of noilse producers in this country
is gigantic. To quantify the exterit of the noise problem, the
noise producers are cdivided In this report into 11 categories,
based primarily on the situations 1in whilch the nolse producers
ocecur. Wlthin a given category, therefore, various devices

generally have similar nolse-generating properties and opera-
tional characteristics.

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

Where does nolse affect people? As shown in Table 1, the
categorles of rnolse producers described in this report include

four primary scenarios of exposure in:

. The comnunity
. Bulldings
. The workplace

. Transportatlion/recreational devices.



TABLE 1. NOISE SOURCE CATEGORIES INCLUDED IN THIS REPORT.

See
Category Appendlix
Traffic Nolse Exposure in the Community C
Alrcraft Nolse Exposure in the Community D
Construction Noise Exposure in the Community E
Rall Noise Exposure in the Community i F
Industrial Nolse Exposure in the Community G
Agricultural Noise Exposure 1n the Comnmunity H
Bullding Mechanical Equipment Noise Exposure I
in the Communlty and in Bulldings
Home Appliances, Power Shop Tools, and Garden J
Equipment Nolse Exposure in the Community and
in Buildings, and Exposure of Operators
Occupational Noise Exposure K
Transportation Nolse Exposure of Operators L
and Passengers
Recreatlional Nolse Exposure of Operators : M

and Passengers



3. EVALUATING NOISE EXPOSURE AND NOISE IMPACT

The extent of the noise produced by a particular device or
source has many dimensions: the intensity, or loudness, of
the nolse at a particular point, as described by its "nolse
level"; the time characteristics of the noilse in terms of 1its
duration, the time of day 1t occurs, and whether 1t 1ls a con-
tinuous or intermittent sound; the spread of the nolse over a
geographle area; and the number of people expcsed to the par-
ticular nolse. These aspects consldered together constitute
the noise exposure. As shown in Flg. 1, the noise exposure
nationwide for a particular noilse source, that is, a nolse
producer, is based upon: ‘

The emlssion levels and operating characteristics
of the source -

The characteristics of the transmission path between
the source and the people who hear the source noise

The dlstribution of people relative to the source.

For the purpose of defining nolse exposure 1in indoor and out-
door environments at specific locations, the EPA has adopted
the yearly day-night sound level, Lgp, [5]. Appendix A
describes this measure of noise exposure {and others, 1in de-
tall. (A glossary of nolse descriptors and other acoustic
terms 1s provided in Appendéix B.)

To describe the nolse exposure of individuals to levels of
noise that might result in hearing loss, the ZPA has adopted
the 24-hour equivalent sound level, Leq(zu)CSJ. This
measure 1s the equiva.ent sound level (see Appendix A for a

—4=
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description;, averaged over a full 24-hour day. [Wher. the
rcise exposure from sources other than workplace noise sources
throughout the day 1s low enough to result In a negligilole
contribution to the 24-hour average, the Lgq(24) is simply

5 dB higher in level than the 8-hour workpléce equivalent

sound level, Lgq(8).]

The pervaslveness of the nolse exposure from a particular
nolse socurce 1s described in terms of the numder of people
exposed to varlous levels of Lgp or Leq{24), depending

upon the exposure scenario. The intensity and time character-
istics of the rnolse and the effects of the transmission path
characteristics are 1incorporated in the rncise measure [either
Lan or Leg(24)7]; the geographic distribution of the

nolse source and the people it affects are reflected in the
runibers of people exposed to the various levels. Thus, =he
distributior of people as a functicn of the nolse level pro-
vides a very complete description of <ne extent of nolse pro-
blems in America.

However, this description of the noise expcsure says nothing
about the effects of the nolse ¢n the people exposed. In
order to evaluate such effects to determine 1f the noise expo-
sure 1s creating an impact on a certain segment of the popula-
tion, the ncise exposure must be compared with criteria zhat
hzve bDeen developed fcr the various effects, fcllowingz the

steps stown in Fig. 1.

In the Levels Cocument [5), EPA has identified an Lan

value of 55 dB outcoors as the level below wrich the public
health and welfare would be protec<esd with ar adequate margin
of safety In residentilal areas. Similarly, an L4p value

of L5 dB indcors is the level identified for an acceptable



living space. In order to protect against hearing loss, an
Leq(2b) of 70 dB is the level identified (corresponding %o

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

dominates the 2L-hour exposure). When these 1dentified levels

are exceedjed, a nolse "impact" 1s assumed to occur.

In summary, the extent of nolse in America 1s described in
this report as the number of peopie nationwicde exposed %o
various noise levels for individual categories of noise
sources. Therefore, evaluating the noise impact with regard
to individuzal noise effects or for different nolse scenarios
involves assessment of the number of people at each level of

exposure above an approprlate critericn level.

4, DEVELOPMENT OF ESTIMATES OF THE EXTENT OF NOISE EXPOSURE

rad

As Zescrited earlier, eleven categor:=zs of noise sources have
been defined for the purpoée 0f estimating the nationwide ex-
tent of nolse exposure. Table 1 lists these categoriles and
the arpendices that are devoted to these sources. Each
appendix includes, where approovriate, & description of the
noise model used to develop the exposure estimates, data on
source nolse emissions and operating chzracteristlcs, trans-
mission path characteristics, popu.ati~n cistribution informa-

tion, and the resulting expcsure estimates.

Certain nolse source categorles have been cmitted or are in-
complete. They 1include the noilse of commerclal establish=-
ments, such as automobile repair shops, and the cccupational
nolse exposure of some industries for which data are lacking.
Similarly, the noise cof pecple and anrnimals has not been in-
cluded (although on the local level, these are cften the most

common causes of nolse complaints:.
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The nolse producers ccvered in this report are mechanical de-
vices. Throughout America, however, an "amblent” or backgrcund
sound level caused by natural phenomena (rain, wind, insects,
etc.) also occurs. Most ambient noise levels range from 35-55
db 3] as repor+ted in surveys. Very littie da%ta exist wnhich
can produce estimates of any scientific signifilcance. Ambient

nolse 1s believed to have a2 minimal impact on the population.

The nolse exposure estimates contained in this report are based
on the latest information avallable at present {1980}, although
for a number of sources the nonacoustic data used to make the
estimates (number of items in use nrnationwide, number of people
living in different areas of the country, etc.) are derived
from data from earlier years {(typically 1975 andé beyond).

5. SUMMARY QOF NOISE EXPOSURE ESTIMATES

Aprendices C thrcugh M provide estimates of the nationwide
nclse exseosure Lin terms of the distridbutlion of porulation ex-~
posed to varicus levels of Lgn or Leg(24)]. The esti-
mates for each noise category were develcped ¢n the basis cf
anzlytical models that take 1nto account characteristics of
both the nolse source and the communitles exposed. Models of
varying ccmplexity are used to represent rezl life in such a
way that the estimates car be obtained in quantitative terms.
As PLg. 1 shows, each of the models uses the emisslion levels
i

stics of the nolse sources in each

-8-
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To make the nolse exposure estimates, existing noise sources
and community data have been used. Generally, the noise source
levels are based upon levels reported in the literature. In 2
few cases, however, little data are available fcr a particular
source. Data on operating characteristics and population dis-
tributions relatlive to numbers of sources have been harder %o
find, ard in these cases, assumptions have been made to produce
the estimates. Wherever possible, the sources c¢f the data are
documented; assumptions used in the analyses are labeled as

such.

As a summary, Table 2 shows the estimated distribution of the
U.S. population as a function of Lsp value for the major

nolse categories examired. The L4p values refer to commu-
nity (residentilal) outdcor nclse exposure {note that the con-
s<ruction estimates inclucde nonresidential outdoor expcsure).
Similarly, Table 3 summarizes noise exposure estimates for
major indoor noilse sources. Finally, Table 4 summarizes the
occupational andé nonoccupaticnal noise exposure with regard to
risk of noise-induced hearlng loss. '

Concerning the information presented in these tables, 1t should
be emphasized that the underlying data are of varying quality.
For the traffic, aircraft, railway, and construction rcise
source categorles, the estimates are basec on extensive re-
search and measurement studies. For many of the remalning
categories, the estimates are based on limited data and/or

simplistic models.
6. EXPOSURE TO MULTIPLE SOURCES

As 1s often typical, a worker incurring z given nolse exposure
from rnls workplace may also experience addéitional high noise
exposure as he ccmmutes to work or joins in recreational activ-
ities. Unfortunately, there are no data avallatle relating

-9-



TABLE 2. SUMMARY OF U.S. POPULATION EXPOSED TO VARIOUS LEVELS OF Lgn* OR HIGHER FROM
NOISE SOURCES IN THE COMMUNITY.t

Number (in Millions) of People for Each Noise Category*#*

Liin

(dB) Traftic Alrcraft Constructiontt Rail Industrial
>80 0.1 0.1 — —_ —_

>T5 1.1 0.3 0.1 S _
>T70 5.7 1.3 0.6 0.8 _—

>65 19.3 b.7 2.1 2.5 0.3

>60 46.6 11.5 7.7 3.5 ( 1.9

>55 96.8 2h.3 27.5 6.0 6.9

* Lgn levels are yearly averages, outdoors.

t Note that there is some overlay among populations exposed to dlfferent noise sources,
i.e., somne ot the 96.8 million people exposed to traffic Ly levels of 55 dB and
above are also exposed to aircraft levels (see Sec. 6 for estimates of this overlap).

*#% See the following appendices for references to individual nolse categories:

Nolse Category Appendix

Traffic
Alrcraft
Construction
Rail
Industrial

QEIIMmITO

ttConstruction estimates Include both residential and nonresidential exposure.



TABLE 3. SUMMARY OPF U.S. POPULATION EXPOSED TO Lg4p
LEVELS®* OF 45 dB OR HIGHER FROM NOISE SOURCES

INDOORS.
Number (in Millions) of
People Exposed to Lgp
Levels at or
Noise Source above 45 dBt
Clothes Dryer 42.3
Clothes Washer 52.6
Dehumidifier 39.4
Dishwasher 35.0
Refrigerator 68.5
Room Air Conditioner o 78.9
Fan 118.3
Humidilier 46,0

*L4p levels are yearly averages, indoors.

tFron Appendix J.



TABLE 4. SUMMARY OF U.S. POPULATION EXPOSED TQ Leq(24)
LEVELS® OF 70 dB AND 80 4B OR HIGHER FROM OQOCCUPATIONAL
AND NONOCCUPATIONAL NOISE SOURCES.

Number (in millions) of People
Exposed to Lgg(24) Levels at
or above 70 and 80 dB

Noise Exposure Scenario 70 dB 80 d3

Occupationalt (Appendix X)
Agrilculture NA®¥
Mining NA
Construction NA
Manufacturing/Utllity NA
Transportation NA
Military (DOD; NA

Total Cccupational NA

HHEWUONOCO
- L] )
[SRVo NN i ) I S UN)

i

Nenoccupational
Transportation Operators/
Passengers (Appendix L)
Aircraft .
Motorcycles
Buses 1
Rapld Transit
Recreational Operators/
Passengers (Appendix X)
Snowmobiles
Motorcycles (cff-road)
Motorboats
Auto Raclng
Consuner Products (Appendix J)
Power Shop Tools 3
Jutdoor Power Equipment 11. .
Total Nonoccupational go.Gott Th.ott

D OO
. L]
[@ Rl (O

,loY

o
.
W o

0.2

[l &
O -
o
o

* Leql{24) levels are yearly averaxes.

t Occupaticnal exposure estimates for Leq(24) levels of
70 dB are unavaiiable.

**NA denotes not avallable.

ttThis total may include some people counted twice decause of
overlap. A total ¢f cccupational and nonoccupational ex-
posure is not included because of the probability of
additional overlap between the two populations.



numbers of industrial workers to the use of transportation or
recreational devices. Cne could, however, for different hypoc-
thetical exposure profiles, determine the total exposure of a

person.

With regard to cutdoor community exposure, the situation is
somewhat different. Most people are generally subjected to the
nolse of more than one of the noise categories. In order to
account for this multiple exposure, 1t is helpful to note the
manner in which traffic noise, the most dominant noilse source,
i1s distributed throughout zhe entire population of approximate-
ly 200 million people.* It is not unreasonable to assume that
he exposure of another noise scurce, like alrcraft, might be
distributed across this population in a manner similiar to that
of trafflc nolse. imilarly, constructiont, rail, and indus-
trial nolse exposure could incdependently be distrinuted
throughout this pcpulation, in a-manner corresponding to the’
craffic distribution. This traffic noise exposure distribution

is as follows (from Table 2;:

Numter of People Percentage of
L 3n Range (4dB) (MiZlions) Total Porulaticn
>80 c.1 0.0¢
75-80 1.0 0.5
gO-TS 4.2 2.3
5-70 130 6o8
60_65 27-3 13-7
55-50 50.2 25.1
<55 103.2 5.5

*This populaticn flgure represents the approximate 1980 urban
and rural pooulatlion, excluding the rural farm population.

t0r.ly residential construction noise exposure can be distrib-
uted in thls manner.

-13-
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That is, 25.1% of the 2C0
United States are exposed
of 55 to 50 dB, 13.7% are

the range of 60 to 65 dB,

million (non-farm) pcpulation in the
in the
exposed to traffic noise levels in

to traffic nolse levels range

etc.

Accordingly, the 22.8 million people exposed to aircrat levels
of 55 to 60 ¢B could be similarly distributed so that 25;1%
(3.2 million) are also expcsed to traffic levels of 55 to 60
dB, and 13.7% (1.8 million) are also exposed to traffic levels
of 60 to 65 dB, etc.
Wwill result In a higher total level than elcher the aircraflt or
the distri-
bution of people exposed to aircraft and traffic noise,

For these people, the combined exposure

traffic exposure alone had indicated. In this way,

con-

struction and traffic nolse, rail and traffic roise, and indus-

trial and traffic nolse car. bpe determined.

The distributicn cf people who are expcsed tc traffic but not

-

aircraft, censtruction, rail, and Iindustrial nolse can then

also be determined.

For example,
with residential exposure greater
(24.3 million), construction (£.90
razl (6.0 million) and industrial
Of these, 13.7%

rcise levels of

or

60 to 65 4=.

5.9 million wil

there are 43.2 million people
“han 55 dB due to zircraft
million, see Appendix E),
(6.9 miliZon) nolse sources,

1l also be exposed to <traffilc

Since there 1is a tetal pepulaticn

cf 27.3 million exposed to traffic noise levels of €0 %o 65 4B,

21.4 million wilill te exposed to ¢t
D

affic alone ir thils range.

Then the traffic alone, traffic us alircraft, traffic plus

constructior, %traffic plus rail, and traffic pius industrial
distributions can te combined together. The indivicual and

combined distributions are shown in Table 5.

It Ls likely that there are some locations (and therefore, soms

peorle) expcsed to the nolse of more tran two sources

-1k~

(e.5.,



-SI'

TABLE 5. U.S. POPULATION EXPOSED TO VARIOUS LEVELS OF Lg,* OR HIGHER
FOR COMBINED EXPOSURES TO TRAFFIC AND OTHER NOISE SOURCES IN THE COMMUNITY.

Number (in Millions) of People

Traffic Traffic Traffic Traffic
Trat't'ic and and and and
Ldnt (dB) Only Aircraft Construction*# Rail Industrial Total
>80 0.1 0.1 0.2
>75 0.9 0.5 ’ 0.1 1.5
>70 4.5 2.2 0.2 1.0 0.2 8.1
>65 15.2 7.6 0.8 3.0 1.2 27.8
>60 36.6 16.1 2.8 . Uy 3.7 63.6
>58 49,2 24.3 6.0 6.0 6.9 92.4

*Lin levels are yearly averages, outdoors..

tThe distribution starts at 58 dB since the analysis involves combining distributions
of population at Y5 dB and above.

¥%Includes only residential exposure to construction noise.



traffic, aircraft and rail). However, the distribution of peo-
ple exposed to two non-traffic sources, as well as to traffic
noise, i1s unknown and difficult to estimate. Since the total
number of people exposed indlvidually tc construction, rall and
incustrial noise above an L3 value of 55 dB 1s small [(less
than 7 million each), it is reascnable to expect that the poru-
lation dissribution for various L4n values for multiple

sources would be quite small as well. Thus, to a first approx-
imatlion, the "total" distribution shown 1n Table 5 represents
the distribution of the U.S. populatior as a2 functlon cof

L level for combined expcesure o 21! ocutdoor nolse
n =
sources.
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APPENDIX A. DESCRIPTION AND MEASUREMENT OF SOUND

The nature of sound 1s often debated wlth the following ques-
tion: 1f a tree falls in the forest, and no one 1s near to
hear 1t fall, 1s there a souncd? In other words, does sound
deal with a cause (a vibrating object such as the falling tree)
or with an effect (the sensory experience of hearing)? The
answer 1s that sound is both these things. It 1s both a2 physi-
cal event and a physlologlcal sensatlon.

The sensation of sound is a result of oscillations in pressure,
particle displacement, and particle velocity, in an elastic
medium between the sound source and the ear. Sound 1s caused
when an cbject is set into vibration by a force. Thls vibra-
tion causes molescular movement of the medium 1n which the
obtject 1s sltuated, therebdy propagating a sound wave. Sound 1is
heard wnen a sound wave implnges on the human ear and Is recog-
nized by the nrain. Further, the characteristics of the sound
wave must fall within the limitations of the nhuman ear for the
sound to be heard because the human ear cannot hear all sounds.
Sound frequencies (pressure variation rates) can be too high
(ultrasonic) or too low (infrasonic), or the sound amplltudes

may be too soft to be heard by humans.
A.l Sound Propagation
Sound 1s transmltted from the sound source to the air by the

movement cf molecules in the medium. This meclecular nmovemense
1s called a sound wave.



In alr, sound waves are described in terms of propagated
changes 1in pressure that alternate above and below atmosphneric
pressure. These pressure changes are produced when a vibrating
sound source actually "bumps" into the adjacent air molecules
forclng them to move. These molecules, in turn, bump into
others farther away from the source, and so on. Thus, the
energy from the sound source is imparted to the air molecules
and thereby 1ls transmitted through the medium. An analagous
situation occurs when dropping a 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 spheres, whlle indlvidual water molecules merely
oscillate up and down in one place.

There are two phases to a sound wave: compression and rarefac-
ticn. The compressicn phase occurs when the alr molecules are
forced close together (causing an instantaneous 1ncrease in air
pressure), and the rarefaction phase occurs when the air 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. Th
cycle of a sound wave and 1ts component parts are i1llustrated
in Fig. A.l.

A.2 Perception of Sound
The human abilitylto percelve a specific sound depends upon

its magnitude and character, as differentlated {rom the magni-
tude and character of all the other scunds in the environment.
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A number of qualitative descriptions may be used to describe a
sound, such as:

. Magnitude - loud or faint
. Broadband frequency content - high-pltched hiss or low
rumble

. Discrete fregquency content ~.tonal or broadband

. Intermlixing of pure tones - harsh or melodic

« Time variation - intermittent, fluctuating
: steady or impulsive

« Duration - long or short.

Conventional measures of sound attempt to determine 1%ts magni-
tude with respect to human perception, trylng to account for
the frequency response characteristics of the ear. Most mea-
sures do not account for other subjective attributes. Such
attributes are difficuls to measure 1individually, andé 1< 1is
even more difficult to combine them into a single measure.
However, one or mnore of these attribuves may be important Ir
enabpling a human to perceive a'specific sound,; for examp.e, an
intermittent 1mpulsive "rat-tat-tat" is more easily distin-
guishable than a steady broadband sound. To account for these
attributes, which are not easlly measured, some noise rating
scales have fixed penalities that are applied to the measured

level to 1ncrease its value.
A.3 Magnitude of Sound

Ine uriit used to measure the magritude of sound level 1s the
decibel. In the phrase, "The sound level 15 so many decibels”
ts use 1s analcgous to the use of "inch" in the phrase, "The

length 1s so many inches" or to "degree" in the phrase, "The



temperature on the Celisius scale is so many degrees". However,
unlike the scales of length and temperature, which are linear
scales, the sound level scale 1s logarithmic. For measurement
of sound pressure, sound pressure level (SPL) is definec as 10
times the logarithm 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/P,)2,dB. (A.1)

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

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

The use of the logarithmic decibel scale requires somewhat dif-
ferent arithmetlc than we are accustomed to using with linear
scales. Tor example, consider two similar but 1lndependent '
nolse sources operating simultaneously, 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 sound energy twilce that which would result from either

source operating alone.



However, the resulting sound pressure level (SPL') In dB from
the combined sources will be only 3 dB higher than the level
produced by elther source alone, since the logarlthm of 2 is
0.3 and 10 times 0.3 1s 3. This solutlon can be shown mathe-
matically as follaows:

SPL'

10 1log (P + P ) / Pr =10 1log 2 P /Pr

10 1log 2 + 10 log P /Pr = 3 + SPL. {(A.2)

If we have two sounds of different magnitude from independent
sources, 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 sources produce individual levels that are dif-
ferent by 10 dB or more, then adding the two together procuces
a level that is not significantly-different from that produced
by the greater source operating alone, &s illustrated in 7ig.
A.2.

Two sounds that nave the same sound pressure level mey "sounrnd"
quite different (i.e., a rumble vs a hiss) because of differing
distributions of sound energy in the audible frequency range.
The distribution of sound energy as a function of frequency 1is
termed the "frequency spectrun" (see Fig. A.2 for an example).
The spectrum is important to the measurement of the magnitude
of scunds because the human ear 1s more sensitive to sounds at
scme frequencies than at others. For example, the human ear
hears better in the frequency range of 1,000 toc 10,000 cycles
per seconé (or Hertz) than at very much lower or nlgher f{re-
quencies. Therefore, in order tc determine the magnitude of a
sound on a scale that 1s propcrtional to the magnitude as per-

celved by a human, 1t 1s necessary to weight that part of

A=6
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the sound energy spectrum nhumans hear most easily,; that is,
count 1t more heavily when adding up the total sound energy as
perceived. Figure A.4 1llustrates this concept of weighting
the physical sound energy spectrum to account for the frequency
response of the ear.

A.4 Prequency Weighting

Scientists who work in acoustics have attempted for many years
to find the 1deal method to welght the frequency spectrum of
sound to match accurateiy the perception of sound by the human
ear. These attempts have produced many different scales of
sound measurement, including A-weighted sound level (and also
B, C, D, and E-weighted sound levels), perceived noise level,
and loudness. A-welghting, which was developed in the 1930Cs
for use in a s-und level meter, ﬁgéomplishes the welgnting oy
an electrical ratwork that works in manner similar to the bass

and sreble con.rols on a hi-=f1 set.

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

The zero value orn the A-welghted sound level scale (sound

level, for short; 1s the reference pressure of 23 micronewtons
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per square meter (uN/M2). This vaiue was selected because it
approxlimates the smallest sound pressure that can be detected
by a human. The average A-welghted sound level of a whisper at
a l-meter distance from the person who 1s whispering 1is 40 dB;
the sound level of a normal voice speaking 1 meter away 1s 57
dB, a shout, 1 meter away, 1s 85 dB.

A.5 Time Variation of Sound

Generally, the magnitude of sound in the environment varies in
a-random fashion with time. There are many exceptions; for ex-
ample, the sound level of a waterfall i1s relatively constant
with time, and the sound level of a room air conditioner is
periodically high and low, depending on whether 1t is on or
off. But 1n most places the outdoor sound 1s ever-changing in
magnitude, because 1t 1s 1influenced by sounds from many
sources--people, animals, many types of vehicles, near and

far. Figure A.5 illustrates how the sound level of different
types of sounds vary over time.

In one sense, the variation of sound levels with time is analc-
gous to the variation in shade (light tc dark) in a picture or
one's surroundings. Simllarly, the changing characteristics of
the subjective attributes and frequency specirum tc the ear
might be analogous to change 1n color to the eye. It may be
that the changes in magnitude and character of the soundé in the
environment with time add richness to the human environmental
experience, as do visual changes in intensity and color. Cer-
talnly the varylng sounds of bird songs and rustling leaves in
the forest are more rewarding than the utter silence that pre-
cedes a storm or the steady hum of a noilsy ballast transformer
in a fluorescent light. Changlng patterns cof sound serve to
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make us continually aware of life goling on around us and seem

to provide assurance that all is well. However, if the fluctu-
ation 1in magnitude of sound exceeds the range that 1s acceptable
in a specific context, 1f the average sound level 1s hilgh enough
to interfere with verbal communication, Jjob performance, or some
other activity, or 1f a sound of unusual character or undesir-
able connotation 1s heard, the subconscious feeling of well-
being may be replaced with feelings of adversiveness and annoy-
ance.

It 1is easy to measure the continuously changing magnitude 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 8-min. samples of such a recording. Several
Teatures of these two samples should be noted.

The flrst feature 1s that the sound level varles wilith tlime over
a range of 33 4B, which s a ratio of 2000 to 1 1n sound energy.
Second, 1in these two samples, the sound appears to be charac-
terized by a falrly steady-state lower level, upon which the
increased sound levels assoclated with discrete (individual)
single events are superimposed. This fairly constant lower
level 1s often called the residual sound level. An example of
residual sound is the continuous sound one hears in the backyard
at night, when no single source can be ldentifled, so the sound
seens to come from "all around." The distinct sounds that are
superimposed on the residuali sound level, such as the aircrafc
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 partially characterized by its maximunm
level. It may also be characterized by 1ts time pattern. The
sound level of the aircraft 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 associlated
wlth these single events were of sufficient magnitude to in-
trude on an individual's activitlies--conversation, thinking,
watching television, etc.--the duration factor might be ex-
pected to affect his degree of annoyance. Similarly, 1t might
be anticipated that the number of tlmes such an event recurred
also would affect his degree of annoyance.

The data f{rom these continuous recordings of sound are very
instructive 1in providing an understanding of the nature of the
cutdoor sound environment at any neighborhocod iocation. How-
ever, In order to gquantify an outdoor sound environment at one
location so that 1t can be compared wlith the sound environment
at other locations, 1t 1s useful to simplify its description by
eiiminating much of the temporal detali. One way of accom-
P.ishing this simplification is 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, usling either a simple sound level meter or the continuous
graphlec level recording of 1ts ocutput. Another method of quan-
tifying the sound environment is to determine the statistical
properties of the sound level by attachling a statistical anal-
yzer to the output of the sound 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 is exceeded for a stated percentage of the time. A third



method 1s to determine the value of a steady-state sound that
has' the same A-welghted sound energy as that contained in the
time-varying sound. This value 1s termed the equivalent sound

level. These three methods of deriving single number measures
of time-varying nolse levels are i1llustrated in Fig. A.7.

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

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

The equivalent sound level is also best measured with an in-
Strument or monitoring system designed speciflcally for this
purpose.' A single value can be obtalned for any desired dura-
tion, a value that includes all of the time-varylng sound ener-
gy 1n the measurement period. As such, i1t is a more complete
description than 2 single value of level anc time taken from a
statistical description. 7For example, if the "level that is
exceeded 10% of the total time" ls used as the descriptor of
the time-varylng sound, its value remains constant and
independent of the magnitudes of all higher level sounds as

long as their durations are less than 10% of the total time,
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whereas the energies assoclated with these sounds of higner
level are fully accounted for in the egquivalent sound level.

The major virtue of the equlvalent sound level is that 1ts mag-
nitude correlates weil 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 noise and speech interference and noise and risx
of hearing loss. It also 1s the basis for the measure of the
total outdoor noise environment, the day-night sound level,

which correlates well with community reaction to nolise and to

the results of socilal surveys of annoyance to alrcraft noise.

The day-night sound level 1s defined as the A-weignted equliva-
lert sound level for a 24-hour period with a +10-d2 welghting
applied to the equivalent scund leveis measured during the
nighttime hours of 10 p.m. to 7 a.m. The nighttime weighting
increases the levels measured during the nighttime by 10 4B.
rence, an environment that has a2 measured daytime equivalent
sound level of 60 d3 and a measured nighttime equivalent sound
level of 50 dB has a welghted nighttime sound level of €0 dB
(50 + 10) and a day-night sound level of 60 dB. Examples of
measured day-rnight sound levels are given in Fig. A.8.

A.6 Characterizing Specific Sounds

The sounds that, combired, make environmental sound can be ccn-
sidered a collection of steady-state sources (such as trans-
formers) and tne sounds of time-varying single-event sources
which occur at random or regular intervals (such as moving
vehicles,, superimposed on a quasisteady-state residual or

vackground level of sounds which are 1ndistinguishable.

A-18
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The descriptor'of the steady-state sound 1s simply the A-
welghted sound level and the duration of the event. The des-
criptor for the time-varying sounds assoclated with single
events must include both magnitude and duration. One method 1is
to measure the maximum sound level and the duration in which
the sound level 1s above a stated number of decibels below the
maximum level: for example, the number of seconds between the
time that the sound rises from 10 dB below maximum, to maximun,
and falls agaln to 10 dB below maximum. An alternative des-
cription, which produces a single value for the sound of the
single event 1s the sound expcsure level, the level of the

total sound energy at the microphone resulting from the event.
These concepts are illustrated in Fig. A.9.

A.7 Summary of Key Descriptors of Sound

For the purpose of quantifying environmental sound in this dis-
cussion, four quantlities listed in Table A.l are useful. AIl
are based on the A-welghting, which accounts approximately for
the frequency response of the ear. All have logarithmic
scales, all use the decibel (d3) as their unlt, and all have
the same magnitude of the reference sound pressure of 20 micro-
newtons per sguare meter.
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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 sguare A-welght- nitude of all of
Level ed sound pressure the sound at a
referenced to a mean speclific posi-
square reference pres— tion acgunulated
sure and l-sec dura- during a speci-
ion ) flc event, or
) for a stated
time interval
Equivalent Leo Level of a steady Describes aver-
Sound - sound that has the age (energy)
Level same sound exposure state of environ-
‘ level as a time- ment; usually em-
varying sound over ployed for dur-
stated time inter- ations of 1 hr
val {Leqg(1)], 8 hr
_Leq(8}], or 24
hr [Leg{24)
Day-Night Lap Equivalent sounc Describes average
Sound level for a 24=hr environment 1in
Level period with a +.C residential situ-

dB weighting applied
to all sounds occur-
ring between 10 p.m.

and 7 a.m.

ations; account-
ing for effect of
nighttime noises,;
often 1s averaged
over a 365-day
year



APPERDIX B. GLOSSARY OF ROISE TERMS*

Acoustic Intensity - see Sound Intensity.
Acoustic Power - see Sound Power.

Ambient Noise - Ambient noise 'is the overall conmposite of

sound in a given environment.

Amplitude - A sound'’'s amplitude can describe the magnitude of
gound at a given location away from the source, that 1is,
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.

Anechoic Room - An anechoic room has essentially no tcundaries

to reflect sound energy generated therein. Thus, a sound
field generated within an anechoic roor is referred to as
a free field.

Audiogram - An audiograz is a record of hearing threshold lev-
els as a function of frequency. The threshold levels are
referenced to s+tatissticzlly ncrmal hearing threshold
levels.

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

Critical Band - A critical band Is a frequency bandwid<h char-

acteristic of human ears. Noise at frequencies outside
this bandwid+h has minimal effecs cn masking a tone at
any given criticzl band's center freguency.

Cycle - A cycle of a periodic function is the complete se-
quence of values that occur in a period.

Cycle per second - see Fresquency.

Decibel (dB) - The decitel is a cecnvenient means for
describing the logarithmic level of sound intensizy,
sound power, or scund pressure abtove arbitrarily chosen
reference values.

*This glossary nas been adapted from the ZPA Repcrt "Roise
Training Manual," by P.L. Micheel et al, Decemter 1977.
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Diffuse Sound Field - A diffuse sound field has sound pressure
levels that are essentially the same throughout, and the

directions of propagation are wholly random 1n distribu-
tion.

Effective Sound Pressure - The effective sound pressure at a
given location 1s found by calculating the root-mean

square value of the instantaneous sound pressure measured
over a perliod of time at that location. '

Free fleld - In a free field, sound that 1s radiating from a
source can be measured accurately without interference
from the test space. Absolute free-fleld conditions are
rarely found, except in expensive anecholc (echo-free)
test chambers; however, approximate free-field conditlons
exlst 1n any homogeneous space where the distance fron
reflecting surfaces to the measuring location 1s much
greater than the wave lengths of the sound that is belng
measured.

Frequency - The frequency of sound describes the rate at which
complete c¢ycles of pressure are produced by the sound
source. The unlt of frequency 1s the cycle per second
(cps) or preferably, the hertz (dz). The frequency range
of the human ear is highly dependent upon the individual
and the sound level, but a pesrson with normal hearing
will have a frequency range of approximately 2C to 20,800
Hdz at mcderate sound levels. The fregquency of a scund
wave that s nheard by a listener 1s the same as the

{reguency of the vibrating scurce 1f tThe distance bvetwe

[11]

n
the scurce and the ~istener remalins constant,; however,
the freguency detected by a listener lncreases or
decreases as the distance from the source decreases or
increases (Doppler effect).

B-2



Hertz - see Frequency.

Infransonic Frequencv - Sounds of an infrasonic frequency are
below the audible frequency range.

Intensity - see Scund Intensity.

Level - The level of any gquantity, when described in declbels,
is 10 times the logarithm of the ratio of that quantity
to a2 reference value.

Loudness - The loudness of sound is an observer's lmpression
of its amplitude, which includes the response character-
istics of the ear.

Noise - The terms "nolse" and "sound" are often used inter-
changeatly but, generally, sound 1is descriptive of useful
communication or pleasant sounds, sucnh as muslc; whereas,
noise 1s used to descrize dissonance or unwanted sound.

Nolse Reduction Coefficient (NRC} - The nolse recuction coef-
ficlent 1s the arithmgtical average of -“he soundé absorp-

tion coefficients of a material at 250. 5CQ, 1000, and
2C00 Hz.
Qctave Band - An octave band i1s a frequency bandwidth that has

ha
an upper band-edge frequency egual to twice 1ts lower

band-edge frequency.
One-Third Octave Band - A frequency tand whose czutoff 7

r
quencies have a ratio of 2 1/3, which is aporoximately
1.26. The cutoff frequencies of 891 Hz a2nd 1
define & one-trnird octave band centerec at 1iC00 Ez.

mn

Peak Level - The peak sound pressure level 1is the

tantaneous Zevel that occurs cver any specifled time
e

Period - The period (T) i1s the time (in seconds) required for
ene cycle c¢f pressure change <0 take place, henc s

the recliprccal cf the frequency.
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Pitch - Pitch is a subJective measure of audivory sensation
that relates primarlly to the frequency of a sound.

Power - see Sound Power,

Pure Tone - A pure tone 1s a sound wave whose lnstantaneous
sound pressure 1s a simple sinusoldal function of time.

Random-Inclidence Sound Fleld -see Diffuse Sound Field.

Random Nolse - Random nolse 1s made up of many frequency com-

ponents whose 1lnstantaneous amplitudes occur randomly as

a function of time.
Reverberation - Reverberation occurs when sound persists after

direct reception of the sound has stopped. The rever-
beration of a space 1s specifiled by the '"reverberation
time," Wwhich 1s the time regquired, after the source has
stopped radlating sound, for the rms sound pressure to
decrease 50 dB frecm its steady-state level.

Root-Mean Scuare Sourd Pressure - The rcot-mean-square (rmas)

value of a2 changling quantity, such as sound pressure, 1s
the square roct of the mean of the squares cf the 1lnstan-
taneous values of the quanti<y.

Sound - see Noise.

Sound Intensity (I) -~ The sound intensity at a specific
location 1s the average rate at which scund energy is

of sound propagation. The units usecd for sound inten
are Jjoules per scuare meter per sacond. Sound intens
1s also expressec in t2rms of a level (sournd intensit;
level, Z1) in decibels referenced to 1072 watts per
square metar.

Sound Power (P) - The sound power of a source is the total

sound energy radiaced by the source per unit <ime. Scund
pcwer 1s normally expressed 1in terms of a level (sound

. . A aA==2
pcwer level, L,) in declivels relerenced to 190

watts.



Sound Pressure (p) - Sound pressure normally refers to the rms
value of the pressure changes above and below atmospheric

pressure when used to measure steady-state noise. Short-
term or impulse-type noises are described dy peak
pressure values. The unit used to describe sound
pressures 1s the pascal (Pa); 1 Pa egquals 1 newton per
square meter (N/m2). Sound pressure is 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 tha*t have a

fixed distrbution in the propagation medium.
Transmission Loss (TL) - Transmission loss of a sound barrier

may be defined as 10 times %the logarithm (to the base .0)
of the ratlio of the incldent acoustic energy to the
acoustic energy transmitted through the barrier.

Ultrasonic - The freguency of ultrasonic sound 1s higher than
that of audible sound.

Veloeity - The speed at which the regions of sound-produclng
pressure changes move away from the sound source is call-
ed the velocity of propagation, Sound velocity (c)
varles directly with the square root of the density and
inversely with the compressibllity of the transmitting
mediun as well as with other factors; however, in a given
medium, the velocity of sound i1s usually considered
constant under normal conditions. For example, the
veloclity of sound 1s approximately 344 m/sec (1,130
ft/see) in alr, 1432 m/sec {4,700 ft/sec) in water, 2562
m/sec (13,000 ft/sec) in wood and 5029 m/sec (18,500
ft/sec) 1n steel,

Wavelength - The distance required to complete one pressure
cycle 1s called one wavelength. It may be calculaced
from xnown values of frequency (f) andé velocity (c): X =

c/f.

w
|
g


http:veloc!.ty
http:veloc!.ty

White Nolse - White nolse has an essentially random spectrum

with equal energy per unit frequency bandwidth over a

specifled frequency band.

B-6



APPENDIX C. TRAFFIC NOISE EXPOSUﬁE IN THE COMMUNITY

C.1 Urban Traffic Noise Exposure
C.l.1 Noise exposure model

Estimates of the nolse exposure caused by roadway traffic in
urdar. areas natlionwide have been generated by the EPA using
the National Roadway Traffic Noise Exposure Model (NRTNEM)
(C-1]. 7This computer model simulates the nolse generated by
traffic flow on the several categories of roads throughout the
country, and estimates noise exposure by considering the dis-
tribdution of the population relative to the roadway network
and the characteristics of vehicles operating on that network.
The baseline year for which detailed information on roadway
traffic conditions, vehicle operational characteristics, arnd
population distributions are input in the computer program 1is
2974, (The mocel makes estima<es of nolse exposure for later
years by Inzernally projectling these characteristics as neces-
sary. For this report, the estimates okttained for 198C are
used.) '

The model contalns six furctiornal classifications of roadways,
wilth trafflc flow characteristics brcken down by place and
size. Table C.1 lists the mileage, avarags dally srafflc
(ADT), ancé dailly venicle miles travelec (CVMT, ZIn 1374 for
each of the roadway clagsifications used in the mcdel, The
roadway mileage does not change from 1974 to 1380, bus the AZT
and DVMT are internally increased 1n the model by fzacztcrs thzat
reflect prolections for the current number of vehicles on the
cad. These factors are a complex {unction of the differert
traffic mix in each place size/ roadway type category. Al-
thcugh the average overazll vehicle growth factcr between 137k
" ang 1980 is not calculazed by the model, based on the increase

-n ADT ard 2V¥T, it 1s estimated as approximately 20%.
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TADLE C.1l. 1974 DISTRIBUTION OF MILEAQE, ADT, AND DWMT [C-1].
ROALWAY ‘TYPE

Place® Other Freeway Ma jor Minor .
Slze Varaneter Interatate & Expressway Arterlals Arterials Collectora Local

Ml les 1,998 1,749 9,861 14,103 12,854 BN, 247
> Abr 74,066 66,470 18,764 9,315 3,783 1,129

IvMr 149,582,268 116,256,030 185,071,248 131,369,445 48,626,682 95,114,863
1M Miles 1,869 1,527 5,156 10,219 10,308 64,678
to ADD 60,228 32,544 17,397 6,098 3,496 656
M bvmr 112,566,132 49,700,796 49,698,932 70,490,662 36,036,768 42,428,768
500k Miles LAY 139 4,034 6,320 7,190 47,466
to AUT 46,997 34,036 16,359 8,045 3,760 672
M vy 69,414,569 2,152,604 65,992,206 50,844,400 27,034,400 31,897,152
200k Miles 1,743 1,076 5,566 8,569 7,897 54,252
to AL 40,367 28,812 16,029 8,470 3,812 839
%00k bMr 10,359,681 31,001,712 89,217,414 75,579,430 30,103,364 48,873,428
100k Miles 854 803 3,851 5,502 5,714 36,697
to AU 32,190 22,944 14,984 7,301 3,267 649
200k b 27,490,260 18,456,152 57,352,943 40,170,102 18,781,918 23,816,353
5UK Mlles 512 600 3,335 4,445 4,534 29,284
to AbT 21,913 19,971 12,376 6,057 2,917 645
100k ovMr 11,219,456 11,982,600 41,273,960 26,923,365 13,225,678 18,888,180
25k Mi les 391 Ly 4,282 5,377 5,828 33,454
to AT 23,251 16,875 11,7384 5,430 2,484 631
50k DVMT 9,230,647 1,543,125 48,746,298 29,197,110 14,476,752 21,109,479
bk Miles 899 1,099 9,652 12,124 13,130 15,431
to AT 18,206 13,244 8,922 4,255 1,946 4%
2%k DVMT 16,367,144 13,343,016 86,115,144 51,587,620 25,550,980 37,338,345

Miles 31,744 ¥,716 155,547 435,517 307,917 1,942,733
Rural AL 13,700 4,623 2,523 899 370 98

DVMT 434,892,800 396,265,068 392,445,081 387,174,613 113,929,290 190,387,834
NOIE: ADT = DVMI/MILES IS ‘ME DERIVED QUANILYY

$Pluce Size In nuiber of people (¥ = thousand, M = millton).



Table C.l includes data also for rural areas. These data are
used 1n Sec. C.2 for rural nolse exposure estimates.

In order to estimate the noise levels generated on thls road-
way network, the model uses four maJjor categories of vehicles
(1ight vehicles, trucks, buses, and motorcycles), which are
further divided intoc 14 subcategories. For each of these sub-
categories, the model contains four'operational modes: 1dle,
acceleration, deceleration, and cruise. Data on the emission
levels appropriate to each operating mode for each vehlcle and
the percentage of time that a vehicle 1s operated in a par-
ticular operating mode are included in the model. For each
category of roadway, the model also contalns data on the rela-
tive mix of vehicles.

The national urban population in 1980 is estimated in the
model tc be 160 million people.* It 1s civided among elght
piace sizes, with four population density categories for each
place size. Table C.2 lists the populaticn and areas associ-
ated with each of these categories (as well as for rural).

The noilse level at a given distance from a particular rcadway
is decermined by summatiorn cf the nolse levels of the indi-
vidual vehicles cn that roadway. Depending upon the porpulia-
ticn density, one of three propagation curves 1s used to esti-
mate the rnolse level at various distances away from the road-
way. Using data on the distribution of traffic over 24- hour
periods, the Ldns at different distances from the roadways

are determined.

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

Population L B Place Slze
Density 1M 500k 200k 100k S0k 25k 5k Urban
Category  Parameter M =M -1M  -500k =200k =100k -50k =25k Total Rural
1 Population 6.06 2.25 0.39 1.64 1.18 1.09 0.48 1.89 14.98 71.88
Area 134.2 272 63 215 217 329 58 220 1570.2 3,476,938
2 Population  24.06 4.37 2.18 10.64 2.99 2.16 3.04 5.07 © 54,51
Area 3576 775 488 4548 1305 1115 896 1261  13,970.0
3 Population 23.32 11.91 8.99 6.88 6.98 4,62 3.58 8.63 74.91
Area 8358 5080 4426 5790 5266 4195 2230 4527  39,872.0
4 Population 0 5.72 5.67 0 0 0 1.96 2.75 16.10 0
Arca Hug9 584 0 0 0 0 2769 5829 17,262.0 0
utal Populat.ion 53.48 24,25 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 3,476,938

Total Population = 232.36 million
Total fLand Areca = 3,519,612.2 sq miles
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The model also conslders both primary and secondary exposure,
that 1s, the primary exposure of a person to the nolse of a
roadway adjacent to his residence, and the secondary exposure
to the variety of roadways in the nearby vicinity of his resi-
dence. The primary exposure 1s determined by considering the
location of people relatlive to roadways. The secondary ex-
posure 18 determined using a probabllistic approach based upon
the ratlio of land areas exposed to various levels of primary
and secondary nolse exposure. The primary and secondary ex-
posures are summed to give the total exposure of residents in

a particular area.
C.l1.2 Nolse Exposure Estimates

Using the model described in Ref. C-1%*, estimates of the
nationwide urban nolse sxposure have been developed. These
are listed in Table C.3 for 1974 and 1980. As the table
shows, due to 1lncreases in the population and in the number of
vehicles on the road, the number of people exposed to various
levels of roadway traffic noise ls estimated to have 1lncreased
by an average of 10 to 15%7.

A breakdown of the exposure of peorle tc urban traffic noilse
from various roadway types 1n different size towns 1s shown in
Table C.4. These data were computed by the NRTNEM model for
1980 [C-1]. The tulk of the exposure occurs in places of
20C,000 people or more. Major and minor arterlals are the
rcadway types that contribute the most te roadway exposure.

*Ccomputatlions were performed in May 1980.

(@]
|
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TABLE C.3. U.S. POPULATION EXPOSED TO VARIOUS LEVELS OF
L4n OR HIGHER FROM URBAN TRAFFIC NOISE.

Number (in Millicns) of Peorlet
Prior Estimates (C-2)

Current Zstimates(C-1) Streets Freeways
Lg4~(dB) 1974 1980 1974 1976 Total
>80 0.2 0.1 0.1 0.4 0.5
>75 . 1.1 1.3 0.8 2.1
>70 4.8 5.5 €.9 1.3 8.2
> 65 6.3 18.3 24.3 2.2 26.5
>60 43,8 59.0 3.5 62.5
>55 83.0 g2.C 33.4 5.4 96.8

* Does not Zinclude rural exposure.



TABLE C.U.

U.S. POPULATION (IN MILLIONS) EXPOSED TO 55 dB Ly or HIGHER

FROM URBAN TRAFFIC NOISE, BY PLACE SIZE AND ROADWAY TYPE®.

Urban Place Size (No. of People)

Im 500k 200K 100k 50k 25k 5k
Roadway Type 2m -2m -1m =500k -200k -100k =50k =25k Total
Interstate 3.45 2.04 1.18 1.44 0.59 0.26 0.12 0.24 9.32
Other liighway 2.93 1.15 0.53 0.74 0.46 0.29 0.13 0.24 15.79
Major Arterial T7.79 2.62 1.88 2.66 1.65 1.20 1.11 2.22 21.13
Minor Arterial 1.78 3.39 2.15 2.94 1.65 1.05 1.11 2.29 22.36
Collector 5.61 2.99 2.01 2.01 1.11 0.67 0.96 2.00 17.36
l.ocal 7.51 2.67 1.56 1.94 0.45 0.30 0.44 0.58 15.45
Total 35.07 14.86 9.31 11.73 5.91 3.77 3.87 7.57" 92.09

¥ Data from May 1980 NRTNIM.



C.1.3 Comparison with Prior Estimates

In previous work for the EPA (C-2), a population density model
of nolse exposure was developed in which the mean Lgp in a
census tract was determlned by the following equation:

Lgn = 10 log o + 22 dB, (C.1)

where p 1s the population density of the census tract. Using
this relationship and the assumpticn of a normal distribution
of Lg, values throughout the census tract with a standard
deviation of 4 ¢&B, the éistribution of the national urban pop-
ulation as a function of Ly, was determined (this distri-
bution 1s appropriate to the 134 million people contained
within census tracts in the 1970 census). Tadle C.3 lists

this disctributior.

This population Qensi:y node.l provides an estimate of tne

Ldn away from majocr nolse sources such as higaways and
alrports. In order t¢ estimate the natlionwlde exposure to
trafflc noise in urtan areas, the noise generated by major
highways and f{reeways must be added to the estimates deter-
Mined from the populaticn cdensi:cy model. Estimates of the
nationwide exposure due to freeway noise are provided in the
EPA Bacxground Zocumen:z for medium and heavy trucx ncise emis-
sion regulations {C-3]. The distribution of people versus

Lj, 1s also listed in Tadble C.3. As can te seen from the
table, the combined dls<ributions are slightly nigher than the
estimaces derived using the most recent trafllc nolse exposure
model.
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C.2 Rural Traffic Noise Exposure

Estimates of the noise exposure of people in rural areas are
derived from a speclal model developed for this purpose rather
than from the EPA NRTNEM model for a number of reasons.
First, the population located near major rural roads must be
known with more prec¢ision than a general population density
model can provide. Second, the actual locatlons of homes
relative to rural roads depends in a complex way on the type
of roadway and tﬁe terrain between the road and the home.
Third, rural populatiocn densities vary greatly from region to
reglon; therefore using the national average figures of the
NRTNEM would introduce errors in the total exposure esti-
mates.

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

Day-night sound level estimates are rather straightforward to
obtaln because of *the avalliabllity of nolise predlction models
and information about the trafffic characteristics on roadways
in rural areas., However, belcre tnis study was underctaken,
data that described the distributicn of people in rural areas
a.ong rural rcadways wers not available.

In order =o obtain information on the locaticn of residences
relative to rural rcadways, 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 defter-
mired for different roadway and terrain types, for distances

cerresponding %o various Lgpn values. The linear density



in people per mile of roadway was dezermined as well. Fron
these data, estinmates ¢f the nationwlde nolse exposure were
derived, as described in the following section.

C.2.1 Noilse exposure model

A recent tabulation of roadway statistics published by the
Federal Eighway Administration [C-4] provides information
about the number of miles of roadway 1n rural areas, classi-
fied by both roadway %ype and by the type of terrain surround-
ing the roadway. This information was gathereé¢ from data pro-
vided by 46 states. The roadway classifications are Iinter-
state, other principal arterial, minor arterial, major collec-
tor, minor collecter, and local. The terraln types are flat,
rclling, and mountalnous.

Review of the traffic characteristics of the roadways indi-
cated “hat the low traffic flow on minor collectcrs and local
rcadways in rural areas would not 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 roadways, estimates of
he t ©

e Ly at 50 £t were made using the lates

of the TSC traffic noise preciction model [C-5
d <o

levels and the traffilc characterissics used <o meke estinmates
are listed in Tatle C.5. Thers ars twc sources LSor these datsz
as Irndlcated in che table. The primary source is a Federal

Highway Acministration document that provides statistics from
46 states "C-42. The seconrnd source is %the EPA study _C-1]

from wnich the National Roadway Traffic Ncise Zxposure

Cc-19



TABLE C.5. TRAFFIC CHARAGTERISTICS AND DAY-NIGHT SOUND LEVELS
FOR RURAL ROADWAYS. ’

Average Speed Lgn at 50 ft
(A11 Vehicles)

Roadway Type ____ADT* %2 Truckst (mph)t (dB)
Interstates 13,700 17 55.8 77.5
Other Principal

Arterials 4,623 14 51.9 72.5
Minor

Arterials 2,523 11 50.6 68.5
Ma jor

Collectars 889 9 45.8 62.5
% Source: Ref. C-1

t Source: Ref. C-4, for medium and heavy trucks.



Model (NRTNEM) discussed in the last section was developed,
which contalns traffiec 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 ratios of medium to heavy trucks, depending on the
urban place size, the roadway type, and the year of analysis.
The baseline ratics range from 1:6 for interstates in rural
areas to 7:5 for mlncr arterials in urban areas. For most
roadway types and place sizes, an appropriate approximation Ls
50% medium trucks and 50% heavy trucks. This ratio is assumed
to apply to all roadway types 1in this model. NRTNEM assumes

that 87% of dailly traffic occurs during daytime hours, and 13%

".4

occurs at nigzht. In this applicatlion, we have agsumed that
90% of the traffic occurs during daytime hours.

C.2.2 Population distribution characteristics

The distrinution of residences in rural areas varies consider-
ably. Farm areas would be expected to have a lcwer density
than non-farm areas, and major terrain differences might aliso
be expected to contribute to the varlabllity of densitles.

Five different areas were chosen for survey purposes: Connec-
ticut (rolling terrain), Central Illinois (flat terrain),
Nerthern California (mountainous terrain), Central Californila

(flat terrain), and Coastal Califorrnia (mountainous %terrain).

In each of the five areas, aerial photograpns taken teforse

977 of several roadways were reviewed. The distance from

t

{
ndividual dwellings to the center of each road was tabulated,

[

r distances back from the roadway of between 2000 and 2C00

by

o
t. Table C.6 lists the roadways ané mileages sampled, cate-

gorized by terrain type and type of facility (interstates and
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TABLE C.6. RURAL ROADWAYS SURVEYED.

Flat Terrain _

Rolling Terraln

Mountalnous Terrain

Roadway Type _Calirfornia Illinols Connecticut Californla
Interstate and
Other Principal Rts.99, 101, 198 I-55 I-86 I-80
Arterials 96.4 mlles 11.% miles 13.4 miles 50.6 miles
Minor Arterials Rts.lNi, 65 Rts.36, 67, 123 Rts. U4, 63 Rts.u6, 49
17.7 miles 25.8 miles 8.6 miles 105.8 miles
Ma jor Rt.2U46 Rts.123, 613 Rt.63 Rts.l, 46
Collectors 15.3 mlles 15.6 mlles 17.3 miles 72.9 miles




other prineclipal arterials have been grouped together as one

facility type for thils classiflcation). Note that every com-
binatlion of terrain type and facllity type was surveyed, with
two sets of data obtalned for each facllity for flat terrain.

C.2.3 Nolse exposure estimates

The distances to Lgpn values of 75, 70, 65, 60, and 55 cB

were determined assuming a 4.5-dB drecpoff per doubling of dis-
tance, typlcal of traffic nolse propagation over rural\terrain
(C-6]. Table C.7 lists the distance ranges corresponding to
5-dB ZIncrements of L4, for each roadway category. Also

listed in the table are the percentages of resicdences within
each 5=d3 increment, determined from %the distributlon of resi-
dentlial distances obttained durinrg our survey cf rural roads.
Since the rural populatlion does not change greatly from year
to year, no adjustment ls made to reflect 1980 conditions.

Table C.8 lists <he nationwide mileage of each roadway type by
cerraln category and the linear density of residences along
these roadways, as determined from our sampling. (For flat
terrain, the linear densities are averages cf <the densitles
determined in Californiz and Illircis.) The mileages were ob-
tained by multiplying the total mileage for 2 particular
facility ctype [C-1_ by the relative proportion of mileages by
terrain type applicaktle ¢ the 4Yb-stace date [C=-14].

Since we Wwish to scale the data collected in California, Iili-
ncils, anc Connecticut to the rnation as a whole fcr individual
terrain types, the linear densities must be adjusted to re-
flect the differences in the particular stazes from the total
th

country. Tatle C.9 lists the total rural linear density (the

C-it



TABLE C.7. DISTRIBUTION OF RURAL RESIDENCES BY NOISE EXPOSURE RANGE.

Percentage of Residences Along Roadway

Roadway Type Ldn Range (dB) Distances (Ft) Flat Rolling Mountainous
Interstates 10-75 80-160 15 0 3
65-10 160-360 43 17 34
60-6%5 360-760 20 50 53
55-60 . 760-1660 15 29 9
Other Principal 70-75 0-80 1 0
Arterlals 65-70 80-160 15 0 3
60-65 160-360 43 17 34
55-60 360~-760 20 50 53
Minor Arterials 70-75 0-40 0 15 15
65-70 40-80 0 4y 27
60-65 80-180 41 31 32
55-60 180-400 33 10 ' 24
Ma jor Collectors 70-75 0-20 0 0
65-10 20-40 1 3 7
60-65 40-80 15 36 16

55-60 80-160 32 47 23



TABLE C.8. NATIONAL MILEAGE OF RURAL ROADS AND RESIDENTIAL DENSITY ALONG THEM.

Number of Mlles Linear Density 1in

(@]

=
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Roadway Type Terraln Type Nationwide Resildences/Mile
Interstate Flat 15,429 4.85
Rolling 14,190 3.74
Mountalnous 2,095 2.29
Other Principal Flat 31,715 §.85
Arterlals Rolling 47,144 3.74
Mountainous 6,857 2.29
Minor Arterials I"lat 53,042 4.29
Rolling 87,262 16.74
Mountalnous 15,244 3.27
Ma jor Collectors Flat 138,930 5.38
Rolling 258,697 7.91
Mountainous 37,890 1.76



TABLE C.9. LINEAR DENSITY SCALING FACTORS.

United States
California
I1linols

Connecticut

Total Rural
Linear Density
(People/Mile of Road)

20.5

24.0

8.9

87.8

Scaling
Factor



number of people living in rural areas divided by the total
rural mileagé), for the nation as well as the three states of
interest [C-4]. From the table, it cén be seen that the
linear densities of the rural population in California 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 densitlies in Table

C.8. These scaling factors are shown in Table C.9.

As an example, the linear density for interstates in flat ter-
rain areas (Table C.9) is adjusted by an average {Table C.6)
of the Califcrnia and Illinois scaling factors (Table C.9):

4,85 x (0,85 + 1.08)/2 = 4.68 residences/mile. (C.2)

Similarly, linear density for interstates in roilling <errain

areas 1s adjusted by the Connecticut scalling factor:
3.74 x 0.23 = 0.86 residences/mile (C.3)

The linear density for interstates in mountainous terrain

areas l1s adjusted by the California scaling factor:

(@]
=

2.29 x 0.85 = 1.95 residences/mile.

Linear densities fcr the other roadway <types are adjusted Iin a
similar fashion.

Multiplying the adjusted linear density bty the national numtcer
of miles for each roadway provides the number of residences



along each roadway type. Then, applying the percentage of
residences within each 5 d3 range of day-night sound level
appropriate to the particular facility/terrain type, the
number of residences exposed to various levels of Lgp
nationwide are obtained. For example, the number of
residences along interstates in flat terrain areas 1is (‘rom
Eq. C.2 and Table C.8):

4,68 x 15,429 = 72,208 residences. (C.5)

The number of residences in the 70 to 75 dB Lgp range
along interstates in flat terrain areas is (from Eq. C.5 and
Table C.7):

72,208 x 0.15 = 10,831 residences. (C.5)

The values for each tearralin category are summred for each
rcadway type ard 5 dB Lap range. The results of tnhls
analysis are ccntalned in Table C.1C.

Using an average occupancy of 3.1 people per residence for
1970 [C-7]), the zumulative distribution cf people exposed to
various Lgp values is obtained from the statistical dis-
tributior of residences showr In Table C,10 and is Iistec in
Tanle C.11. Tatle C..1 alsoc lists population expcsure esti-
mates to~urban traffic from Table C.3, as well as the comtined

J.8. population traffic nolse exposure estimates.



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

Number (in Thousands) of Residences

Other Principal Minor MaJor All
l.dn Range (dB) Interstate Arterials Arterials Collectors Roads
710-75 11.0 1.5 : 56.8 0 69.3
¢ 65-70 3.6 22.7 159.3 25.2 2u1.8
{\D)
60-65 22.7 75.4 207.3 . 284.7 590.1
55-60 14.8 5T7.1 115.9 460.7 648.5



TABLE C.11. U.S. POPULATION EXPOSED TO VARIOUS LEVELS
OF Lgn OR HIGHER FROM TRAFFIC ON URBAN AND RURAL ROADS.

Lan (dB) Number (in Millions) of People

Urban Rural Tota:
>80 0.1 0.0 .1
>75 1.1 0.0 1.1
>7¢C 5.5 9.2 5.7
>65 18.3 1.0 19.3
>60 43.8 2.8 4€.5
>85 92.0 4.8 96.8

c=-22
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APPENDIX D. AIRCRAPT NOISE EXPOSURE IN THE COMMUNITY

D.1 Noise Exposure Model

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

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

. Alrports that are candidates for SST operations

.+ Alrports .allowirz all alrcraft except SSTs

. Alrports where fcur-engire jets do not operate,
except for LaGuardia and Washington National
Airports

. LaGuardia and Washington Nazional Alrports,

For each AVport category, an average runway and flight track
configuration was defined, and average numbers of cperations
and fleet mix were determined.

Ncise exposure contours were developed for each AVpert using
the average data and the Integrated Ncise Model computer pro-
gran [D=17, Using cata from the U.S. census, a population vs
area relationship was developed; application tc the area wicthn-
in each noise exposure contour resulted 1in an exposed popula-
tion estimate for each AVpert.



Finally, these results were extrapolated to the nation using
scaling factors based on relative number of operations among
the various AVport categories. The resulting nolse estimates
are shown in Table D.I.

In a subsequent study [D-2], these results were modifled to

include revised fleet operational information and population
data and updated noise lavels for certain types of aircraft.
The modified estimates are also shown in Tatle D.1,

As a best current estimate of the natlonwide nolse exposure of
alr carrier aircraft, an average of these two estimates has
been made, as shown in Table Z.1.

The estimates of Refs. D-1 and D-2 do not provide expcsure
data below Lgp 65. In an attempt <o extrapolate to

Ldn 60 ané 55 dB, use has been made of the results of a
study [D-3] of the estimated noise exposure around 3C7 air-
ports due solely to the operation of 727-100 aircraft. The
estinated exposed population extended over a wide range of

Lan values and indicated the relative change in exposed
population for the lower Ls. values. 3y masching the 727

[ODP1

results to the current model results at Ly, 65 and C,
estimates for Lap €C and 55 were derived. The resulting
natlionwide nolse exposure estimates cver the Lgap ran

U'I

“rom 55 to 8C &2 are liszed in Table D.1. Note that these
estimates do not 1include exposure to general aviation or mili-

tary aircraft cperations.
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TABLE D.1 ESTIMATES OF U.S. POPULATION EXPOSED
TO VARIQOUS LEVELS OF L4y, OR HIGHER

FROM AIR CARRIER AIRCRAFT NCISE

Number (in Millions) of People*

Estimate 1in
Levels Document

Current
Lgn dE Ref.D-1 Ref.D-2 Estimate
>80 0.05 N/A 0.05
>75 0.3 0.3 0.3
>70 1.4 1.2 3
>65 5.2 4.2 4.7
>50 N/At } N/A 11.5
>58 N/A N/A 24.3

Current estimates for Lgp between 80 and
derived from average of Ref. D=1 and D=2
for 55-60 dB are derived as described 1n

N/A = Nct avallable from this Reference.

O.2

[
n

16.0

£5 43 are
values. Values

text.



D.2 Comparison with Previous Estimates

The "Levels Document” [D-4] contalned earlier estimates of
aircraft nolse exposure, for the Lgp range of 60 to 80 4B,
based on several earlier studies. For compariscon purposes,
these estimates are also shown 1n Table D.l. The CARD study
fD=-5] estimated that 1500 square miles were exposed to levels
in excess of an Ly, of 65 dB. This estimate was confirmed

in the Title IV Report [D-6] by an indepencdent assessment of
the calculated contours for 27 airports ([D-7], supplemented by
additional contours for several other alrports. 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 national median urban population den-
sity of 5000 people per sguare mile). Qur current estimate of
4.7 miliicn, based on the more recent model, 1s nearly 40%
low:r. The estimates for levels other <than 65 ¢é3 in the
Lev:1s Document were extrapolated using relationshlps deve.-
oped in a study for the President's Aviatlion Advisory Commis-
sion [D-8]. The current estimates again show lower numbers of
pecople exposed. These lower current estimates are due to the
fact that more qulieter aircraft are being 1introduced into the
fleet each year, and more noisier aircraft, such as the DC-8,
are being pnhased out as their useful 1life comes to an end. In
adcéition, standard flight profiles adOpﬁed Sy the American
Transport Assoclaticon have reflected increasing concern for
noise conirol.



D-3

D-8

REFERENCES FOR APPENDIX D

C. Bartel and L. Sutherland, "Nolse Exposﬁre of Civil
Alr Carrier Airplanes through the Year 2000," Vol. 1,
WR 78-11, February 1979.

K. Eldred, "Estimate of the Impact of Nolse from Jet
Aircraft Air Carrier Operations," BBN Report 4237,
November 1979.

X. Eldred, "Alrcraft Nolse Goals," EPA report to be
published.

"Information on Levels of Environmental Nolse Requisite
to Protect Public Health and wWelfare with an Adequate
Margin of Safezy," EPA 550/9-74-004, March 1974.

Joint DOT-NASA "Civil Aviaction Research and Development
Policy Study," DOT TST 10-4/NASA 265, March 1971.

"Report of the Administrator of the Environmental Pro-
tection Agency," Public Law 91-604, February 1972.

D.Z. Bishop ané M.A. Simpson, "Noise Exposure Forecasc<
Contours for 1967, 1970, and 1975 Operations at Selected
Airports," BEN Report No. 1863, prepared for Department
of Trarnsportation, rederzl Aviation Administration Office

of Nolse Abatement, Septemter 1670.

"Alrcraft Noilse Analyses for the Existiing Air Carrier
System," BBN Report No. 3318, submitted to Aviaticn

Advisory Commissior,, September 1¢72.

O
|
U



APPENDIX E. CONSTRUCTION NOISE EXPOSURE IN THE COMMUNITY

In this section, estimates of constructlon nclse exposure are
presented. These estimates are based on the construction
noise model described in the EPA "Background Document for
Portable Air Compressors" [E-1].

E.l Construction Activity Model

Construction activity in the United States involves a wide
varlety of equipment, operating conditions, work hours, and
site locations. Some construction equipment, such as the pile
driver, create a great deal of disruptive nolse but are only
used at a small fraction of construction sites for a relative-
ly short period of time, primarily during one construction
phase. Other equipment, such as a dump truck, are used 1in
many types of construction projects from the initlal clearing

phase througn the finishing phase.

To develop a model of the nolse levels produced by each con-
struction site as a whole, the following steps are taken, as
shown in Tables E.l(a)-(d) [E=2]. First, nolse levels are
obtained for each of the 22 pleces of construction equipment
that is found to be the most significant component of con-
struction activicy in the United States. Then, four types of
construction are defined, based on the different activities
observed in each type. These are residential, nonresidentizal,
industrial, and public works. Next, activity at each site is
divided into 7ive phases: <c¢learing, excavation, foundatlon,
erection, and finishing. Then, the fraction of the total site
construction time that each plece of equipment



TABLE E.1(a). USAGE FACTORS OF EQUIPMENT IN RESIDENTIAL CONSTRUCTION

(1974)E-1].
Construction phase z = -
. Y
Equipment g < . H::.E =
g = = 3 = Sw 2
oz E 3 [ <3 .
£ 3 g : = §5 ¢
O €3] B = <N - = O
Air compressor BH*| - 0.1 - - 0.25 68.7
Bacxhoe (65) }.0.02 0.2 - - 0.02 69.5
Concrete mixer (83) ~ - 0.4 0.08 0.16 76.5
Concrete pump (82) - - - - - -
Concrete vibrator (76) - - - - - -
Crane, derrick (88) - - - - - -
Crane, mobile (83) - - - 0.10 0.04 69.5
Dozer (87) 0.10 0.1 - - 0.04 72.0
Generator (78) 0.4 - - - - 64.5
Grader (85) 0.05 - - - 0.02 63.0
Paving Breaker (38) - - - - 0.01 61.0
Loader (§4) 0.2 0.1 - - 0.04 70.0
Paver (89) - - - - 0.025 66.0
Pile 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]+ o0.1[2] o0.04[2] 8.5
Scraper (88) | 0.03 - - - 0.01 | 87.0
Shovel 82) | - 0.2 - - - | e
Truck (88) | 0.04 0.1 - - 0.0¢ | 70.0
Leq (50" per site during work periods = §2.0 dBA
Heurs at site 24 24 40 30 0T = 208 hre,

Total number of sites = 51¢,424 (Table E.2)

* Nurbers in parentheses () represent average A-weighted noise levels at 50 £z,
+ Numbers in brackets [ ]Jrepresent average number of items in use, if that
number is greater than one. Blanxs indicate zero or very rare usage.

1
i
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TABLE E.1(b). USAGE FACTORS OF EQUIPMENT IN NONRESIDENTIAL BUILDING
CONSTRUCTION (1974)[E=-1].

Construction phase

« E
- O
c =
-
0o @
Equipment g8
£ Y0
c = S = =
o 5 ne <8 =
£ = a 2 = cZ£ 8
& 5 2 3 @ £3 .
o Q 3 @ ] Cm O
— >§ o Tt = Qa >
O b = &= = - =2 c
Air compressor 8y*| - 1.0(2jt 1.0{2] 1.0(2] o0.4(2] 83.5
Backhoe (85) 0.04 0.16 0.4 - 0.04 76.5
Concrete mixer (895) - - 0.4 0.4 0.16 79.0
Concrete pump (82) - - 0,08 0.4 0.08 74.3
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 87N 0.16 0.4 - - 0.16 78.0
Generator (78) | 0.4(2]  1.0[2] - - - 75.0
Grader "~ (83) 0.08 - - - 0.02 63.5
Paving breaker (88) - 0.1 0.04 0.04 0.04 75.0
Loader (84) 0.16 0.4 - - 0.16 75,0
Paver (89) - - - - 0.1 70,0
Pile driver (101) - - 0.04  0.162) 0.04[2] | s8s5.0
Pneumatic tool (85) - - 0.04  0.18[2] 0.04(2] | 75.0
Pump (76) - 1.0[2] 1.0[2] 0.4 - 76.5
Rock drill (98) - 0.04 - - 0.005 78.0
Roller (80) - - - - 0.1 60,5
Saw (78) - - 0.04[3] 1.0[3] - 76.5
Scraper (S8) 0.353 - - - - 73.0
Shovel {82) - 0.4 - - - 72.0
Truck (88) | 0.16[2] 0.4 - - 0.16 80.0
Leq(BO') per site during work periods = 91.C dn.
Hours at site 80 320 320 480 160 = 1360 nirs.
= 170 days

Total number of sites = 12,710 {Tzatls E.2)

* Numbers in parentheses () represent average A-weighted noise levels at 50 ft.

+* Numbers in brackets [ ] represent average number of items if number is
Blanks indicate zero or very rare usage.

greater than one.

1
t
w



TABLE €.1(c).

USAGE .FACTORS OF EQUIPMENT IN INDUSTRIAL CONSTRUCTION

Total number of sites = 50,839 {Tzpble =. 2

(1974)(E-1].
£ §

Construction phase 3 ::' .

Equipment - o 5 2 c

c S - <~ Q08 =

g 3 3 38 2 Tac

5 3 E 3 3 £3 )

2 X 3 = £ §5 ¢

@) = < =2 fz - a0

Air compressor (B1)* - 1.0 0.4 0.4 0.4 78.0

Backhoe (8%) 0.04 0.16 0.4 - 0.04 76.5

Concrete mixer (85) - 0.4 0.16 0.16 77.5

Concrete pump (82) - - 0.05 .16 0.08 71.0

Concrete vibrator (76) - - 0.2 .1 0.04 65.5

Crane, derrick (88) - - - 04 0.02 70,0

Crane, mobile (83) - - - .08 0.04 68.0

Dozer (87 0.2 0.4 - - 0.04 77.3

Generator (78) 0.4 0.4 - - - 68. 5

Grader . (83) 0.05 - - - 0.02 62.3

Paving breaker (88) - 0.1 0.04 .04 0.04 75.0

Loader (84 0.16 0.4 - - 0.04 74.5

Paver (89) - - - - 0.12 70.5

Pile driver (101) - - 0.04 - - 81.0

Pneumatic tool (85) - - 0.04 .1{3]+ 0.04 76.0

Pump (76) - 0.4 1.0{2] o.4 - 53.0

Rock drill (98) - 0.02 - - 0.003 75.0

Roller (80) - - - - 0.1 60.5

Saw (78) - - 0.04[2] 0.172 - 67.3

Scraper (88) | 0.14 - - - 0.08 70.5

Shovel (82) - 0.4 - - 0.08 72.0

Truck (88) | 0.162] o0.28[2] - - 0.16 78.5
Leq(50°) per site during work periods = 88.90 23

Hours at site 80 320 320 80 1602 1350 hiis

170 days

* Numbers in parentheses {) represent average A-weighted noise levels at 5C ft.

* Numbers in brackets [ ] represent average numbher of items in use, if that

number is greater than one. Blanks indicate zero or very rare uszage.



TABLE E.1(d).

USAGE FACTORS OF EQUIPMENT IN PUBLIC WORKS (STREETS,
SEWERS, ETC.) (1974) [=-1].

£ £
Construction phase g =
=% o
c c %
%0
Equipment g g 2z
8 = = c -y -~ O
5 s a e = =& =
& 5 E T = c3
S = 2 2 = gt ¢
& = = = fe - o 6
Air compressor (81)*| 1.0 1.0 0.4 0.4 0.4[2} 79.0
Backhoe (85 | 0.04 0.4 - - 0.16 74.5
Concrete mixer (83) - - 0.16[2) 0.4[2) o0.16[2 81.0
Concrete pump (82) - - - - - -
Concrete vibrator (76) - - - - - -
Crane, derrick (88) - 0.1 0.04 0.04 - 74.0
Crane, mobile (83) - - - 0.16 - 69.3
Dozer (87 | 0.3 0.4 0.2 - 0.16 79.3
Generator - (78) 1.0 0.4 0.4 0.4 0.4 73.0
Grader (85 | 0.08 - - 0.2 0.08 74.0
Paving breaker (88) | 0.5 0.5 - 0.04  0.1[2] 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 (85) - - 0.04{2] 0.1 0.04 72.3
Pump (76) - 0.4[2) 1.0(2) o0.4(8 - 75.5
Rock drill (98) - 0.02 - - - 82.5
Roller (80) - - 0.01 0.5 0.5 73.5
Saw (78) - - 0.04[2] n.n4 - 63.5
Scraper (88) 0.08 - 0.2 ~ 0.08 0.08 78.0
Shovel @2 | 0.04 0.4 0.04 - 0.04 | 1.0
Truck (86) | 0.16[2] 0.16 0.4[2] 0.2[2] o0.16(2) L 84.5
Leq(SO') per site during work periods = 91,0 dBA
Hours at site: 12 12 24 24 125 = 84 hrs.
= 10 3 days

Total number of sites = 485,224 (Tatle E.2)

-
-

* Numbers in parentheses () represent average A-weighted noise levels at 50 Zt.

= Numbers in brackets [
number is greater than one.

-
|

o4

represent average number of items in use, if that

Blanks indicate zero or very rare usage.
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spends in 1ts normal operating mode 1is estimated for each
phase, and a corresponding site cduration equivalent ncise
level (Leq) is computed. Finally, these Leq's for each
plece of equipment are logarithmically summed to yleld an
average site Lgq for that type of construction.

For each of the four types of construction sites in Tables
Z.1{a) through EZ.1(d), the Leq (at 50 ft) for an 8-hour

work period is calculated, arnd the time at each work site is
shown. The number of work sites indicated in the table is
based on 1970 metropolitan construction activity shewn in
Table E.2 [E.1]. The sound level data came from open litera-
ture, manufacturers' reports, and EFA-sclicited measurements.

E.2 Population Distribution
An EZPA report (NTID 300.1).E-2] inclu-es daza on the popula-

tion distributio~ for various reglons These data are summar-
ized in Tatle E. 3.

(1))

"he data frem Tables E.Z and E.3 are used to determire th
average population density 1in the neighborhood of different
types of construction. The average popuiation densicty c),
welgnted by the number of sites in each region, Is calculate
with the following eauatiocn [(E-1]

-

HES (£.1)

C
i

1

where Sp 1s the number of constructicr sites of 2 given tType
in metropolitan regicn n, fn Ls the daytime population den-

sity in regicn n, and S 1s the to%tal numper of construction

siltes of a given type. The results of thils calculation are

shown i Table Z.4.
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TABLE E.2. ANNUAL CONSTRUCTION ACTIVITY IN METROPOLITAN REGIONS FOR 1970 [E-1].

Number of Siltes

Nonresidential New Municipal Replacement
Residential and Industrial Streets, Sewers of Sewers
Metropolltan Reglons Bulldings Bulldings*** And Water Lines And Water Lines
large hlgh-density .
central cities 8,708 * 1,952 * 2,184 ** 1,000 **
Large low-density
central citles 21,578 + 4,903 + 17,200 t 7,920 **
Other central cities 102,559 t 12,021 t 48,000 ** 21,600 *¥
Urban fringe 262,800 + 30,915 + 9h, 400 + 0,520 “¥%
Met. area outside
urban fringe 118,779 + 13,758 + 173,600 1 78,800 #*
Totals 514,020« 63,509 » 335,384 [E-4] 149,840 ++

%# Reference [F-3] and unpublished data from the U.S. Bureau of Census.
+ Apportioned by population density.

#*  Apportioned through a correlation developed at BBN for 20 cities, relating miles of street per
square mile Lo populatlion density; assumed constant ratio of miles of new road to miles of
existing road, assumed 8 sites per mile.

+1 Extending trend for Boston area to 550,000 miles [E-5] of existing road: 2% of existing road
mileage for water lines, 1.9% of existing mileage for sewers, 8 sites per mile.

k%% 804 assumed to be Industrlal Buildings, 20% Nonresidentlial Buildings.



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

Daytime
Nighttime Population Population
Population Density Density
Area Density (people per (people per 1/8
Populat ton (sq miles) (people per sq mile) linear mile)
Regzion 1 [E-6] sq miles) bl ** 4+
12 Large high-density
central cities 22,250,000 1,468 15,160 16,650 120
1 Larpe low-density .
central eitles 10,530,000 2,389 I, 410 4,860 ' 4o
186 Other SMSA's * 25,820,000 6,981 3,710 4,070 32
l"T Urban fringe 49,680,000 14,707 3,380 3,100 2U
(¢ 6]
Met. area outstde
urban fringe 22,320,000 179,276 125 114 : -

Total population in or .near cities = 130,600,000.

¥ 3tandard Metropollitan Statistical Areas - groups of’ contiguous counties which contain at least
one central clty of 50,000 inhabitants or more, or "twin citles" with a combined population of
50,000 or more.

1 Population figures were extrapolated from 1960 Census fligures [E-7] according to recent growth
rates.

¥%  Takes into account the net population transfer from the suburbs to the central city during the
normal working day. ‘This net transfer was derived from 1960 Census figures [E-7] adjusted to
1970 according to recent population growth.

11 Made use of’ a correlation developed at BBN for 24 cities, relating miles of street per sq mile
to population density.



TABLE E.4. AVERAGE POPULATION DENSITIES EXPQOSED TO
DIFFERENT TYPES OF CONSTRUCTION ACTIVITY
[(E-1].

Residential Nonresidential Public Works

Bulldings Bulldings and Highwavs
Average Population
Censity, <p>
people per sq mile 2907 3189 186%

tr
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E.3 Noise Exposure Estimates
Population exposure to construction activity noise 1s deter-
mined by combining the construction site and population densi-

ty data described in Tables E.l1 and E.4.

It 1s assumed

For each construction site,
sources may be combined at
For most sites, a 6 dB per
is used frem that point to

that all the noise
one location as a point source.
doubling of distance dropoff rate

determine the distance at which the

Lgn level for the site is 55 d2. For nonresidential

bullding construction sites, because of their size, a 3

3 d8 per
distance doubling dropoff rate out to 40C ft was assumed, and

6 dB per distance doubling thereafter.
2ll sites that the first 200 £t around the site centerpolint 1s
uncccuplied vy the public.

T
A
ALY

It is also assumed for

Using the dlstance where the

dr

1s equal to 55 d2, the land area exposed to an idp
of 55 dB or greater for each tyre of construction can be
determined. Multiplying this land area by the averagz pcpula-

Ticn density around each site, the number of pecrle exposed t¢

It
except the office site,

an Lgn of d3 or greater 13 determined. 1s assumed

>3

that at each constructicn site, only

one-hall of the nearby building occupants ares exposed to con-
noise.

struction Tor cffice sites,

the

<
=

the number of people 1

reduced t¢ 25%; for such sites, neighboring bullidings are

mostly office buildings in which only aprcroximately -

one

~
-

Guarter of the occurants are exrosed to ccnstructlon neoclse

site.

‘from the adjacent

The populaticn nolse exposure calculations are summarized in

Table
, the r

=

-
-
—- i 8

Table
tec 55

Inciuded in E.5 is the arnual Lap at 50

O -
v

(o8

adilal distance B Lap, and the number of
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TABLE E.5. CALCULATION OF POPULATION IMPACTED BY ANNUAL L4, GREATER THAN 55 dB.

Residential
Construction

Nonresldential Street and
Bullding Industrial Sewer
Construction Construction Constructlon

Current levels

8-hr [eQ (50 rt)
Average Days of Actlivity Per Ycar
Annual Outdoor Ly, (50 tt)

Distance Required for Attenuation
to 55 dp

Area Within Radius (Excluding
flrst 100 ft)

Average Population Density
for Site

Percent of Populatlion Impacted

People Tipacted Per Site
(Rounded)

Total Number of* Sites

Total Populatlon Impacted
(Rounded)

82 dB
26
65.8 dB

173 't
0.002 sq mile

2907/sq mlle
50 '

3
514,424

1,700,000

91 dB 88 dB 91 dB

170 170 10-1/2

82.9 dB 79.9 dB 70.8 dB
3512 ft 879 ft 308 ft

1.39 sq mile 0.09 sq mile 0.010 sq mile

3189/sq mile 3189/sq mile 1866/§q mile

25 50 50
1396 137 9
12,710 50,839 185,224

14,100,000 7,000,000 4,300,000




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

for each type of construction. Table E.6 summarizes the total
number of people exposed to various values of annual Lgp,
grouped into resldential exposure (from residential and streec

and sewer construction), nonresidential exposure {(from non-
residential buillding and industrial construction), and the

tetal for all constructlion sites.

44}



Report No. 3318R Bolt Beranek and Newman Inec.

TABLE E.6 U.S. POPULATION EXPOSED TO VARIOUS LEVELS
OF Lgn OR HIGHER FROM CONSTRUCTION NOISE

Number of People in Millions

Lan (dB) Residential Non-Residential Total
>75 -—— 0.1 c.1l -
>70 -—— 0.6 c.6
>65 -—— 2.1 2.1
>60 1.0 6.7 7.7
>55 6.C 2.5 27.5

y
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APPENDIX P. RAIL NOISE EXPOSURE IN THE COMMUNITY

In this appendix, noise exposure estimates are develdped for
three distinctly different types of rall operations: raillroad
line operations, rapid translt operations, and rall yard oper-
ations.

F.1 Railroad Line Noise
F.l.1 Nolse exposure model

The analysis of current nolse exposure from rallroad line
operations in the United States is excerpted from the EPA
Background Document for the noise emisslon standards for rzil-
roads [F=-1].

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

. U4 freight 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 locomotive.

ince the nolse of passenger trains 1s about 10 4B lower than
the nolse of freight operatlons, passenger cperatlions are
omitted In the following analysis.

F.1l.2 Noise levels and transmission path

The sound exposure level, Lg, for locomotives and rail cars
at 100 ft s givern by [P-1]:



[
2]
1

110 - 10 log v + 10 log n for locomotives (F.1)

-
1)
"

33 + 30 log v + 10 log t for rail cars, S (7F.2)

where v = train speed in mph

1}

number» of locomotives

ct
1}

rall car passby time in seconds.

For a train with a speed of 33 mph, 3 locomotives, and a
passby time of 73 seconds (70 cars x 50 ft/car + 48 ft/sec),
then Lg = 100 dB for locomotives and = §7 d2 for rall cars,
for a total Lg of [F~1]:

Ls = 10 log (102C0.2C + 2097/2C) = 102 dB.  (F.3)

The day-night sound level a: 100 ft from the track can be
expressed as [F-1]:

Ldn = Ls + 10 log (‘Vv,i + 10 Nv-l) - u9.u, (F.u)
where N3 and Np are the numbter of daytime and nighttime
operations, respectively. For Lg = 102, Ng = 4, and Np

= 2, Lgn = 65 dB.

The nolse propagaticn model for railroad noise utili

zed in
Ref. F-1 is based upon a decreasszs of 4.5 dB per doubling of
distance from the tracks. In additicn, 1% is assumed that
there 1s noise shilelding due to structures and other obsta
amounting to L.5 dB somewhere in the first 50C £t. The net
ttenuation can be approximated by a straight-lire dropoflf

a o
6 42 per doubling of distance.



F.1l.3 Noise exposure estimates

From thls attenuation model, the values of Ly prevalling

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

dB (for a 6 dB per distance doubling attenuation). Similarly,
for the 8000 miles of U.S. railroad track and a population
density along this track of 2500 people per square mile [F-13],
Table F.1 1llustrates the means for determining the population
exposed to various 5-dB ranges of Lygp.

AN

TABLE F.1l DETERMINATION CF POPULATION EXPOSURES.

Distances of Width of Aggregated Area .
Ld Range Strip 3cundaries Strip on of Strips Population
N(dB) from track one side of in US (millions
(ft) track (f¢ {sqg mile)
65-70 651156 51 155 0.387
60-65 116-207 91 276 0.690
55=60 207=367 160 485 1.213

The total numbers of people 1n the United States exposed to -
rallroad ncise at various Ly, levels or higher are
provided in Table F.Z2.



TABLE F.2. U.S. POPULATION EXPOSED TO VARIOUS LEVELS OF
Lyn OR HIGHER FROM RAILROAD NOISE.

- Lgp (aB) Number (in Miilions) of People
>65 : 0.35
>6C 1.08
>55 2.25

F.2 Rall Rapid Transit Noise
F.2.1 Nolse exposure model

Wayside nolse level and population data for the nine mejor
U.S. rail rapid transit systems are avallable in the Iltera-
ture [F=-2, F-3, F=4]. These data are sumnarized in Table 7.3
for surface operaticns and in Tatle F.d4 for operatlions on ele-
vated structures. The data are used to estimate nolse impact
due to rall rapid transit cperations as described belcw.

Noise 1mpact 1s described 1in terms ¢f the nunber of pecple ex-
posed to variou$ values of the day-night average sourd _evel
(Lap) resultirng from rail ragp ransis operations. GJiven
the transit system Las, data from Tatles F.3 and 7.4, a:

nuavion rate cf 3 dB per doubtling ¢r cdistance 1is used fo

[\
ct
ct

m ™

etermine the distance to con<ours of 70 4B, 65 43, 60 dBR, and
5 dB fcr each transit system. The dackground amdient nolse,

deflned here as the Lgn to 211 sources excluding Sralin
2

ssages, 1s estimated by using the relation
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TABLE F.3. SURFACE OPERATIONS NOISE DATA FOR RAIL RAPID TRANSIT [P-2].

Metropolitan Transit
Region System
Atlanta MARTA
San Franclisco BART
Chicago CTA
Boston MHBTA
New York NYCTA
Philadelphia PA'ICO
Cleveland RIA
Philadelphia SEPITA
Washington, DG WMATA

¥ See Ref. 3.
t See Ret'. F-A4.

Percent of

Ldn Pop. Percent of Surface Operation
at 50 ft Density Surface Operation With Residentlal

(dB) (people/sq miles) (miles) Land Use (%)%**

5y 3,316% 5. Tt 50 (estimated)

68.5 9,165 2T1.7 37.4

75.5 30,980 39.8 25.3

72.3 21,480 19.5 24.8

75.4 54,000 22.7 50

63.3 6,400 9.3 39.7

() 14,470 17.3 18

72.9 31,400 1.1 30.9

6u* 6,310* 12.5¢ 10 (estimated)

*#Pased on elther actual or zoned land use.



TABLE P.4, ELEVATED OPERATIONS NOISE DATA FOR RAIL RAPID TRANSIT (P-3].

Length of
Metropolltan Transit Type of Ldan at Elevated Operation
Reglon System Elevated Structure® 50 ft (dB)t (miles)
Atlanta MARTA Concrete (without nolse barrier) 64 0.5
Concrete (wlth nolise barrier) 57 1.2
San Franclsco BART Conrete : ' 68 20.0
Chlcago CTA Steel (Open Deck) 81 31.5
Concrete 72 1.0
Boston MBTA Concrete/Steel 68 1.2
Steel (Open Deck) 81 4.4
New York NYC'TA Steel (sl1d web glrders, open deck) 85 57.4
- Steel (lattice web glrders, open
L : deck) 81 0.3
‘ Concrete Viaduct 13 5.6
Concrete Encased Steel 69 0.8
Philadelphia PA'TCO Concrete 69 0.9
Cleveland RTA — , — 0
Philadelphla SEPTA Steel/Concrete 76 7.2
Concrete Viaduct 73 0.5
Washington,bC WMATA Concrete/Steel s 67 4.5

¥See Ref. F-3 for detalled descriptlon.

tistimated for average system speed and traln length.



Lgp = 10 log (p) + 22 4B, (7.5)

where © = population density (people per square mile). Using
the background noilse estimated for each transit system route,
the distance from the tracks where the translt system Lgp
reaches a level 5 dB below the amblent 1s determined. This
distance, within which the transit system adds more than 1 dBE
to the amblent noise environment, 1s chosen as the limit for’
consldering population exposure to transi® nolse. 1In certain
cases (e.g., densely bullt-up areas), population is limited to
the first row of buildings.

Popula%tion exposure at =ach sound level 1s estimated from
phys .cal inventories, where availlable _F-3]. 1In the absence
of gich information, the population density is distributed
uniformly in each area bounded by the Lagp contours and the
length of transit routes with adjacent residential land use.
Where the ambient Lgp is 5 dB greater than a given Lgp
centour, no further population exposure 1s counted.

F.2.2 Nolse expcsure estimates

e population nolse axposure estimates for each transit
systerm are provided 1in Tadble 7.5 for surface operations and irn
Table F.€ for elevated operations. The combined results for
a2l U.Z2, rail rapid transit operations are summarized in Tatle
F.7.
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TABLE F.5. U.S. POPULATION EXPOSED TO VARIOUS LEVELS OF Ly, OR HIGHER
FROM SURFACE OPERATIONS OF RAIL RAPID TRANSIT.

Metropolitan Transit Nunber of People Exposed to Ly, or Higher
Reggion System_ 70 a8 65 dB 60 a8 55 dB

Atlanta MARTA 0 0 0 0
San Francisco BART o , 2,000 6,400 20,100
Chicago CTA 10,500 33,100 33,100 33,100%
Boston MBTA 1,700 5,300 16,700 16,700%
New York NYCTA 20,100 63,600 63, 600% 63, 600*
Philadelphia PATCO 0 0 500 1,500
Cleveland RTA 1,300 1,300 13,500 13,500%
Philadelphia SEPTA 200 600 600% 600*
Washington, DC WMATA 0 0 200 600

* Amblent Ly, greater than transit Lgn, minus 5 dB; no further population exposure to

transit nolse assumed.
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TABLE F.6.

Metropolitan
Reglon

Atlanta

San lrancisco
Chicago
Boston

New York
Philadelphla
Cleveland
Philadelphia
Washington, IC

¥ Amblent Ly, greater than transit Ly, mlmus 5 dB; no further population exposure to

U.S. POPULATION EXPOSED TO VARIOUS LEVELS OF Ly, OR HIGHFR

FROM ELEVATED OPERATIONS OF RAIL RAPID TRANSIT.

Transit
Systan

MARTA
BART
CTA
MBTA
NYCTA
PATCO
RTA
SHPTA
WMATA

transit nolse assumed.

70 dB

0
30
77,700
800
246,000
20
27,800
0

Number of People Exposed to Lgp or Higher

65 dB 60 dB
0 0

1,500 8,900
77,900 T7,900%
1,500 2,100
252, 600 252, 600%
100 300
27,800% 27,800%
0 0

55 dB

50
17,700
77, 900%*

2,100%
252, 600%
4oo
27,800*
0



TABLE F.7. U.S. POPULATION EXPOSED TO VARIOUS LEVELS OF
L4dn OR HIGHER FROM U.S. RAIL RAFPID TRANSIT SYSTEMS.

Number (ir Thousands) of People

Lapn(dB) Elevated* Surface Combined
>70 352 34 386
>65 361 109 470
560 370 a3 505
>55 379 150 529

*Refa F_3v

T
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F.3 Rail Yard Noise
F.3.1 Noilse exposure model

Estimates of the natlionwide noise exposure due to rail yard
operations are taken from the EPA Background Document for the
final revision to the Interstate Raill Carrier Noilse Emission
Standards [F-5]. The model involves:

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

2. Estimation of the number of people exposed to
different L4, levels at each of more than 200
rail yards for which noise source, activity infor-
mation, yard configuration, and vicinity
demographic data are available

3. Extrapolating these nolse exposure estimates oo
2ll the yards 1in the counsry.

Rail yards are first categorized by type {(hump or flat),
functicn (classification, industrial, or small industrial},
and activity rate {(high, medium, or low traffic);. This
breakdown leads to the following elght categoriles:

High traffilc hump classification yards
« Medium tralflic nump classificatizn yards
Low traffic nump classificacicn yards
. High trafflc flat classification yards
Medium traffic flas classiiication yards
. Low traffic f.at classificaction yards
Industrial flat yards
Small industrial rlat yards.

37]
|
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These yard categories have different configurations, traffic
volumes, and noise sources and thus different resulting com-
munity nolse 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-
sifled as elther stationary sources or moving sources. FTor

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

Lg = Laye max + 10 log %; , for moving sources (F.6)
Lg = Laye max + 10 log %ff, for statlionary sources (F.T)

«“here
Laye max = average maximum A-weighted sound level
during an event or work cy<le, in 4B,

D = shortest distance between stat.cnary observer and
source path, 1in ft,

<
"

source speed, in ft/sec

ct

eff = effective duration, in sec.

The one-hour eguilivalent sound level, Leq(l), is related to
the scund exposure level, which 1s referenced to 1 sec bdy:

) = Lg + 10 log (1/3600 sec/ar) = Lg - 35.9. .8

t—1
]
W0

~~

b4
g

Jepending upcn the operating characteristics of the source,
the following expressions can be used to =s

timate Zhe day-

night sound level fromr each:

Lign = Lg + 10 log{Ng + 10 Nnj) - 59.4,

—
Y|
O
-

)
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TABLE F.8. RAIL YARD NOISE SOURCES.

HUMP YARDS:

Master Retarders (Includes Group, Intermediate,
and Track)

- Hump Lead Switchers

- Inert Retarders

- Makeup Switchers

- Car Impacts

- 1Idling Locomotives

- Locomotive Load Test

- Refrigerator Cars

- Industrial and Other Switchers

- OQutbound Trains (Road-Haul plus Local)
- Inbound Trains

FLAT CLASSIFICATION YARDS:
- Classification Switcnhers, doth ends of yard
- Car Impacts
- Inbound Trains
- QCutbound Trains (Road-~Haul pius Local)
- Idling Locomotives ’
- Load Tests
- Refrigerator Cars

INDUSTRIAL ANTZ SMALL INDUSTRIAL YARDS:
- Switch Engines:
- Car Impacts
- Inbound Trains (Local)
- Cutbound Trains (Local)

TOFC/CCFC YARDS (ATTACHZD TO ABCVE RAILYARDS):
- Crane/Lift

- Hostler Truck

11
|
[
)



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

Lan = Leq(l) + 10 log (Ng + 10 Np) - 13.8, (F.10)

when N3 and N are the number of daytime and nighttime
hours, respectively, that the source 1s operating.

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

Fur<her, a questicnnaire was sent to the railroads that owned
the sample rallyards, soliciting data on types and number of

sources at each yard, relative source location, and activity
rates for each source.

F.3.2 Noise emission levels and transmission path
characteristics

Table F.9 1ists the noise levels at 100 ft for
nolse sources considered at each yard. Substituting these
nolse levels and associated acztivicy levels Iin
F.10 yilelds the Lgp for each source at 100 f¢.

Tne L4, at residential and commercial locaticns in the
vicinity of each yard 1s determined from

Lén = Lano - 10 log(S—)n - k1(B - 29) = kz-x3 (FLi)

<

F-1L
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TABLE F.9. RAIL YARD SOURCE NOISE LEVEL SUMMARY.

Level of Energy Average®*, 100 ft Ie%(l) or
Number of Lave Lma_x Ly. 100 ft
Noise Source Measurements (dB) (dB) (dB)
Master Retarder: Group,
Track, and Inter-
mediate 1o 111 111 108 (tery<0.5 sec)
Inert Retarder 96 93 93 90 (tefy=0.5 sec)
Flat Yard Switch Fhglne
Accelerating 30 T1 90 94 (v=U4 mph or 6 ft/sec)
lHunp Switch Engline,
Constant Speed 78 90 9 (v=4 mph or 6 ft/sec)
Tdling locanotive 27 65 65 66 (constant average level)
(<2500 hp)
55 67 67
(>2500 hp)
Car Tmpact 164 99 99 94 (teff=.3 sec)
Refrigerator Car 27 67 73 67 (constant level)
Ioad ‘lest (Throttle 8) 59 87 0 87 (constant level)
Crane LAft 79 83 106.5 (tefp=10 min)
Hostler Truck 65 82 94.5 (tefr=15 min)

¥\-weighted: Ilqgye

work cycle or position average for lntermittent or moving sources.

lpax = average or expected maximum noise level during an event or work cycle.



Lano = Lgpn &t Dy (100 ft), dB
Dy = 100 ft
n = cor moving sources
2 for stationary sources
X] = combined air and ground absorption coefficlent
in 4d3/ft
Ko = lndustrlal structures insertlion less

k3 = residential structures insertlon loss.

The k] value 1s a function of the spectral characteristics
of the nolse sources. The values of %, and k3 depend on

the land use and average popu_a%tion density, respectively, 1in
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 the yard and out a distance of 2500 ft on
beth sides of the yard for mest of the yards (2 distance of
5000 £¢ on toth sides was used for large classification
yards). TFor all 2C7 yards, the estimated 1980 population
within the study area (extrapolated frcm 1970 census figures),
was divided by vthe area ¢f the rectangular region (excluding
the area of thne rail yard). The resulting average population
density, in peoples per sguares mile, was used to estimate the
population noise exposure around each yard, as described in
the next section.

7]
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F.3.4 Noilse exposure estimates

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

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

. Rall source activity information (from the yard
questionnaires)

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

. Distances to residential and commercial land use
(from EPIC analysis)

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

For each source, the Ly, is calculated at different dis-
tances using Eqs. F.9, F..10, and F.1l1l.

For example at 1000 ft from a master retarder through which
1000 cars are classifled each day, if each car generates a
squeal, from Eq. F.9 and Table *.9:

Lar (100 ft) = 108 + 10 1o0g(B50+10x15C) - 49.4
= 92.3 ¢B

where 8S% caytime operations have bDeen assumed.
I there are no structures between the master retarder and :tne
observation point (i.e., k2 and k3 = 0), and a value of

.01 is used for k;, from Eq. F.1ll:

) - .01{1000~10C;

Zar (2000 £t) = 92.3-1C log(==

i
o
w
w
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The total Lgn is determined by summation of the Lgp
values for all sources. Using the distances to various total
Lan values (e.g., 55, 60, 65, 70, and 75 dB) and the
population density, the number of people exposed to different

levels of L4qpn are determined for each yard.

Finally, the results for each yard are extrapolated to all
rall yards in the country, for all eight categories of yards.
Table F.l0 llsts the number of yards throughout the United
States that lie in each category.

Table F.1ll lists the final resulzs: the number of people
natlonwide exposed to various levels of total Lgp for al’.
rail yarc sources.



TABLE F.10. DISTRIBUTION OF RAIL YARDS BY YARD

Yard Type

Hump
Classification

Flat
Classification

Industrial

TYPE AND
TRAFFIC RATE.
Number of Railyards
Traffic Rate
Low Med High Total
46 47 32 124
571 357 185 1113
1381
1551

Small Industrial

TOTAL

1

[

0
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TABLE F.ll. U.S. POPULATION EXPOSED TO VARIOUS LEVELS OF
Ldn OR HIGHER FROM RAILROAD, RAIL RAPID TRANSIT
AND RAIL YARD NOISE.

Lap (4B Number (in Millions) of People Exposed
Rallroad Rail Rapld Transi:c Rail Yard Total
>70 - c.4 0.4 0.8
>6% c.d G.5 1.6 2.5
>€90 2.2 0.5 2.9 3.5
>55 2.3 0.5 3.2 6.0

§-20
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APPENDIX G. INDUSTRIAL NOISE EXPOSURE IN THE COMMUNITY
G.1 Noise Exposure Model

The noise exposure in communities with neighboring industrial
operations 1s consldered as the sum of the individual expo-
Ssures from every separate industrial facility. To discuss
this nationwlde noise exposure in manageable terms, it 1s
necessary to compute an estimate of exposure for a simpiified
plant-neighbor relatlionship and then extrapolate the results
to produce estimates of total U.S. population exposure.

Calculations are based on
. The acoustlic power emitted by the industrial plant
wnich 18 a function of the electrical energy used by
that plant.
. The day-night sound level districution around the
plant, Lg4n, which 1s a simple function of the

acoustic power emitted by the plant.

In order to complete these calculations, it is also necessary
to determlne:

. The number of manufacturing plants
. The electrical energy used

. The efficlency of electrical energy conversion to
radlated acoustic energzy '



. The day-night sound level distribution corresponding
to the radlated acoustic energy of a plant

. The local population density.

The method does not include the exposure, assumed to be small,
for onlookers--for example, people walking past an industrial
plant. The nolse exposure incurred by people working at these

plants (occupational noise exposure) is discusseé in Appendix
X.

G.2 Noise Emission Levels

Individual industrial plant nolse socurces could be classifiec
into categorles, such as nolse-generating process, industrial
use, or sound power level, etc. Ultimately, all industrilal
plant major nolse sources could be identifled and listed this
way. Such a listing is not presently available.

From a neighbor's viewpoint, nolse sources can be grouped as
to location, interior or exterior. Interior nolse can be
transmitted to a community through bduillding openings--windows,
doors, louvers--or by bduilding walls. Interior nolse trars-
mitted to the community not only results in a transmlssicn
lcss (usually greater than 10 4d8), but cften z loss of the
identity ¢f individual sources as well. Exterlor sources are
mcre fregquently audible and identifiadle in nearby communicles
thar are interior nolses.

Ranges of 1industrial machinery noise levels are shown in Table
G.1 [G=1].

[%]
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TABLE G.l1.
RANGE OF INDUSTRIAL MACHINERY,

EQUIPMENT AND PROCESS NOISE LEVELS [G-1].

A-Weighted Noilse Level

Source at Operator Position 4B
Pneumatic Power Tools: ' . 90-1156
Molding Machines 101-106
Alr Blown-Down Devices 91-104
Blowers and Fans 75-1C0
Alr Compressors : 93-100
Metal Forming Machines 81-97
Combustion Furnaces 81-97%
T™Mrbo-generators 89-91+
Pumps 80-91
Industrial Trunks 39-90
Transformers 83-384

-

* Measured 25 £t from source.

t Measured 10 ft from source.



Published data for fan noise and cooling towers [G-2, G-3] ars
supplemented by additional prediction methods [G-4] based on a
review of 1indivicdual machlinery measurements conducted over the
past 25 years. A representative mix of pumps, compressors,
gearboxes, electric motors, dlesel engines, fans, and cooling
towers was chosen to produce an 1deallzed prediction formula.
The relatlonship between acoustic power and electric power
energy consumption, chosen as representative for United States
industry, 1is:

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

Many plants operate only one shift five days per week, while
others, such as electric gernerating stations, often cperate
around %the clock seven days per week. Based on discussions
with 1Individual utility companies, a schedule assumed for this
analysis 1s an 1dealized plant operating 24 hours each day for
six days a wesk.

G.4 Transmission Path

The “ransmissicn path between industrial sources and thelir
neighbors car take many forms. ZInterior noise from well-
enclosed plants with masonry or me<al Zinsu.ated walls can
suffer transmission losses of at least 15 to 30 ¢E. Certain
1rndussrial plants, suchi as oil refineries, open electric

* Referenced to 10-12 ywatt.


http:asswr.ed

generating stations, and aircraft assembly plants that are
located in warm climates, have few or no enclosing walis. For
this analysis, 1t is assumed that half the plants contain ex-
terior nolse sources only and half contain interior noilse
sources only. The latter will be considered to have a radi-
ated sound level 15 4B less than that for the exterlor nolse
source,[3=7]

Of the 320,700 industrial establishments [1972 total] in the
United States [G-5], i1t is assumed that most are located rea-
sonably close to the labor force within urban areas of the
country. It 1s further assumed that lndustrial plants are
often clustered together, partially shielding each other from
residentlial neighbors. Also, indusctrial plants are often lo-
cated along transportation routes, such as rivers, highways,
or rall lines. The transmission path t:tween 1ndustrial
sources and thelr neighbors can have s ;aificant shielding
Wwithin uninhabited intervening land areas. To estimate the
fraction of acoustlic power that is radiated toward resldentlal
areas, 1t seems reasonable to consider an industrial park with
16 industries arranged in a 4 x Y% masrix (see Fig. G-1). For
the four industrles on the corners, one-half of theilr proper-
ty borders other Ilndustries ané one-hall torders the outside
residential neigzhbors. The four industries in the center of
the matrix nave no common borders with the outside, and the
remaining industries have one-fourth of their property bordar-
irg the outside. The average fraction of property borcering
residential nelghbors 1s, then, one-fourth, or 25%, in this
example. Indus<rial areas w#with smaller numbers of industries
grouped together have a greater percentage of comncn borders,
while areas with more industries have a smaller percentage of
common borders. However, In this analiysils, 1t 1s assumed zhat
one=-quarter of the acoustlc power from industrial facilities
racdiates toward inhabited areas.
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It will also be assumed that shielding, from structures and
other obstacles, amounts to 6 dB between plants and neighbors
and that plant noise in urban areas decreases 6 d3 per doub-
ling of distance.

G;S Population Distribution

The fraction of 1ndustrial plants that are located in urban
areas is not known. In 1970, about 66% of the United States
population lived in urban places with a population of 2500 or
more, and 74% lived in all urban places [G-3]. Since indus-
trial plants must be located near a large source of labor, a
proportionally larger fraction of plants must be found in
urban areas. As a reasonable estimate, 1t 1s assumed that 807%
of all industrial plants are located in urban areas. It 1s
further assumed that these urban areas have an average urtan
pepulation density of 50CC pecple per sqguare nile.

G.6 Noise Exposure Estimates

To estimate the noise exposure as a function of distance from
industrial plarts, we first find the average horsepower used
by each plant. The number c¢f operating minutes 1s taken over
one year:

50 (min/hr) x 2L {ar/day) x 6 {(day/wk)
X 52 (wk) = 4,49 x 1035 (min).

-~
(%]
.
n

In 1977, United States incdustry purchased 2,307 x 1015 BTU

of electrical ernergy [G-5]. It 1s assumed that twc-thirds of
thlis energy drives nolse producing machinery, giving a cotal
noise-reiated horsepcwer per year of:



Hp = BTU 4+ min x hp/BTU/min
= 2.307 x 1015 (BTY) x 2/3
+#(4.49 x 105 (min)) x .02356 (hp/BTU/min) (G.3)
= 8.07 x 107 (np)

where .02356 1s the conversion factor from BTJ-min to hp.

" The sound power level emitted by each plans 1is given by (from
Eq. G.1)
PWL = 88 + 10 log (8.07 x 107 (hp/yr)
+ 3.207 x 105 (plants))
= 212.0 4B. (G.4)

The sound pressure level L at a distance d (in feet) from a
nolse source with a sound power level of PWL is given by Ref.
G=-6:

L = PWlL - 20 log{d) - 0.6 + C, d3, (6.5

~

where C 1s a temperature/pressure correction term with a range
of aboutr *+ 0.5 dE over typlcal 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-

. By ignoring tnhe third and fourth terms of Eg. G.5 and

el
substituting Eg. G.4, we have:
L =112 - 20 leg(d), d&B. {G.5])

It has ceen cbserved that in a typical industry situaticn the
hourly usage of electrical energy during rnighstime hours is
gbout twe-thirds c¢f the use during daytime hours. The Lgn
resulting from this usage pattern is then:

- - A - /T AaAN A
. - 1 - - = z - Lr LU RS
Ldn = 10 log =g L-2 X 107/%% 4 s x 9 x 10V~ =2
* . Rl " ¢ ~
= L + 10 log (75/24;
= 7, - 5, dB. (G.7)
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Substituting Eq. G.6 and subtracting.6 dB to account for
shielding within the community results 1in a final equation for
the community noise levels around industrial plants of:

Lgp = 111 - 20 log(4d). (G.8)

Assuming the minimum nolse reduction of 15 dB found in
residential buildings (see ref. G-7) applies to industrial
sources inside the plant, 1t can be reascned that these
interlior sources do not contribute to the nolse exposure. We
also assume that there are no residents within 150 ft of the
plant.

The distances for varlous Lgp values are ezsily determined
from Eq. G.8. We compute the area around *3:e plant
correspcnding to 2 given L4p and multiply v 1) 250,000
plants in urban areas, 2, 50% to account fur external sources
only, 3) a populationr density of 5000 peorle per square mile,
and 4) 25% to account for nalse radiated toward residential
areas. The result 1s the number of pecple actually exposed
nationwide to thls particu.ar La, value and higher.

As an example, the impacted area within the 60-32 contour is

] = 0.0117 sq miles

since the area of a circle of radius r is Ir2, and H1502

J
must be subtracted since there are no residents within 130 It
of the plant.



The population exposed to an Ldn of 60 dB or higher from
industrial ncise 1s therefore:

0.0117 x 260,000 x 0.5 x 5000 x 0.25 = 1.9 million. (G.10)
Similar calculations result in the distribution of people vs
Ldn contained in Table G.2.

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

Lan{dB) Number (in Millions) of People
>65 0.3 .
>60 1.9
>55 6.9
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APPENDIX H. AGRICULTURAL NOISE EXPOSURE IN THE COMMUNITY
H.1 Noise Exposure Model

Recognizing differences in farm size, population distribution,
and character of farming operations, analyses were undertaken
for four regions of the country. These regions were chosen %o
ﬁatch the breakdown for which the most complete data were
available from the "Statistical Abstract" {d-1 and H-2].

Table H.1l 1lists the number 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 1in Table H.l represent different
years, as incdicated. It should te noted that the number of
people on farms has decreased frcem the 1370 figure ziven in
the table to the 1978 figure of 8,005,000, and the total num-
ber of tractors has decreased to 4,370,00C [E-2] for 1978.

H.2 Noilse Sources

The principal nolse source on the farm is the tractor. The
truck is quieter, more likely to be cperated on roads {(where
1t becomes part of the traffic pcoulation considered in Appen-
dix C), and the ccmbine and corn picker operate only for a

short tlime cduring the harvest season.:

Referencze H-3 contains data on nolse levels emitted Tty trac-
tors. From tnese data, the A-weighted scund level of tractors
at full power measured at 5C ft 1s
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TABLE H.1.

IPARM REGION DATA.

Population
No. of No. of No. of No. of Farm Total Area Density
Tractors Trucks Combines Corn Pickers Population People/
Regrion (x1000) (x1000) (x1000) (x1000) (x1000) (Sq.mi.x 103) Sq. Mi.
Northeast 314 158 14 33 699 n 17
North
Central 2346 1335 354 481 4305 580 7.4
South 1301 1065 106 91 3754 506 7.4
West 507 80 50 9 %KY 514 1.9
TOTAL 68 3038 52l 614 9712 1641 5.9
Mte of
xita 1974 1974 1974 1974 1970 1979
Reference H-1 H-1 H-1 H-1 H-2 H-2




Ly = 62 + 10 log (hpJ, (H.1)

where Ly 1s the "A-weighted" sound level in decibels. It

must be noted that variations of up to +10 dB can be observed
for particular tractors. In calculating noise exposure, ini-
tially only the sounds of tractors will be consider=sd. The
typical (average) tractor is of 54 hp, on the basis of refer-
ence H-2 for the total number of tractors in 1978 (4.370 x
106), and the total horsepower of tractors (238 x 106 hp).
Therefore, from Eg. H.l, a tractor with 54 hp could be expected
to generate the following levels during full power operations

and during engine idle operations (assumed to be at 50%
power):

La

62 + 10 log (54) = 79 dB full power (H.2)

Ly 62 + 10 Zog (54) + 10 log(0.5) = 76 4B idle. (H.3)
Reference E-2 indicates that Tull power cperations 1lnvolve

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

t during the daytime for an average tractor at ull power 1s
“hen:

500(kr) \
5475 (day-hr/yr)’

Le

eq = 79 + 10 log!

69 dB,



and at 1idle 1is:

200(hr) \
5475 (day-hr/yr,)’

Ly
N

eq = 76 + 10 log ¢

€2 dB. (H.5)

The average annual Ly, at 50 feet Lis then:

- 6- lA
O59/;0+ 10 2/.0

Lgn = 10 log 37 (15 x(1 ) + 9 x 0)

= 68 d4B. (H.6)

Since the Ly, (R) at a given distance R from the tractor
is

Lan(R) = Lgn(50 ft) + 20 log SO/R, 43, (E.7)

we can derive the distance at which a given Lgp occurs, as
follows:

/ _r /7
R = 50 x 20°°97ap)/20,

(H.8)
For example, the radius at Lgn = 65 dB is
FERLEEN /S
R = 50 x 10\ 797€30/20 _ 4o o
(£.3)

The radii ancd impacted area values odtainec¢ in this way for

Ldn 55, €0, and €5 are shcwn in Table H.2.

"
I
s



TABLE H.2.

Annual
Lan
_(dB)
>65

60 - 65

55 = 60

IMPACT OF AVERAGE TRACTOR.

Radius
(ft)

71
126 - 71

223 - 126

Area of

Impacted Area
(sq miles)

0.00056

0.00122

0.00383



H.3 Noise Exposure Estimates

The number of people in each reglon of the country exposed to
varicus levels of noilse 1is estimated in the following way.
First, the number of tractors in each region 1is multiplied by
the impact areas calculated in Table H.2. Then these values
are multiplied by the abpropriate reglonal population densi-
ties. For example, the area impacted by 55 dB Lgp or
greater in the Northeast 1s:

314,000 tractors x 0.00056 sq miles/tractor=175 sq mi, {(H.10)

/

and the populaticn 1impacted is:

176 sq miles x 17 people/sq miles=2692 people. (H.11)
Finally, two ad/ustments are made tha®t account for the assump-
tlons that 1) tractors are cperated in areas around the farm
that nave less than the average population density, and 2)
machinery other than tractors add to the noise exposure. To
obtain the first adjustment, we can assume that the population
on a farm is geometrically distributed over the farm area,
That is, nalf of the area has the average rpopulation density,
cne-fourth of the area has cne-fourth the population density,
and sc on. TFor instance, i1f the tractor operates primarily in
a low-density environment and th

()]

area aktove Lgpn 55 4B

ot

1

from =Tractor ncise is 1/20 of the total farm area, we assume
the actual population density wlthin the 55 4B contour 1s 1/20
cf the average. Ancther way to view thils adjustment Is to
assume that all the peorle on the farm are packed iInto an area
the size of the 55-dB contour. Then, if the tractor spends

equal time in each part of the farm, the average impacted
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population will be the average population density times the
ratio 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
population in the same way and at the same noise levels that
tractors do. From Table H.l, thls assumption results in a 40
‘to 64% increase in '"equivalent" tractors, depending on the
region. PFor simplicity, the second adjustment 1s assumed to
be a 50% increase in the final adjusted values for all
regions. The adjusted exposed population 1s shown in Table
H.3.

Table H.4 summarizes the natioral distribution of people
exposed to varlous levels of Lg, from agricultural

machinery. These values might 2e further 1increased because
over 45% of =he worxers in agr® .ultural work live off the
farm. Correspondingly, they m_ght 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 Sfrom the
farm during the day _H=5].



TABLE H.3. ESTIMATED NUMBER OF PROPLE EXPOSED TO VARIOUS LEVELS
OF Ly, OR HIGHFR FROM AGRICULTURAL NOISE.

Population Density

' Annual I.dn Area Tmpacted x Area Impacted Ad justment Ad justed Number of
Regilon (dB) (sq miles) (persons) Factor® Persons Exposed
Northeast >65 176 2992 0.064 191

60-65 . 383 6511 o 0.064 417
55-60 1203 20451 0.064 1309
North Central >65 1314 9723 0.034 331
60-65 2862 21179 0.034 720
56-60 8985 66489 0.034 2261
South >65 729 5395 0.022 119
60-65 1587 11744 0.022 258
55-60 4983 36874 0.022 811
West >65 281 540 0.008 N
60-65 619 1176 0.008 9
56-60 1942 3690 0.008 30
U.S. (Total) >65 2503 18650 645
60-65 5451 hp610 1404
55-60 17113 127504 11481

¥ Obtained 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 farn reglon shown in Table H.1, and multiplying by 1.5 to account for the noise
fran other machinery.



TABLE H.4. U.S. POPULATION EXPOSED TO VARIOUS
LEVELS OF Ly, OR HIGHER FROM
AGRICULTURAL NOISE.

Lan (4dB) Number of People
>65 645
>60 , 2049
>55 6460
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APPENDIX I. BOUILDING MECHANICAL EQUIPMENT NOISE EXPOSURE IN
THE COMMUNITY AND IN BUILDINGS

I.1 Noise Exposure in Buildings

I.1.1 Noise sources

The noise of bullding mechanical equipment should not normally
provide any impact, if designed and installed ccrrectly. The
data in ref. I-1 list typical building mecranical eguipment
and the sound level 3 f4{ from the source and also the esti-
mated sound level at the nearest occupant's position. The
latter figure 1s derived by including a calculated reduction
for the structure and acoustic treatment between <he source
and the nearest building occupant. These resuits, Ircluded
here in Fig. I-1, show that only the emergency diesel genera=-
tor produces A-weighted sound levels'of'greater than 45 dB.
Since these machkines only run intermittently (e.g., 1 hour per
week fcor testing purposes), this analysis indicates that there
1s relatively little acoustic impact from building mechanical
equipment for occupants insicde bSuildings.

I.1.2 Noilse exposure estimates

In practice, bullding mechanlcal egulpment 1s not always pro-
perly installed, and full acoustic - sreatment is not applied.
Experience suggests that the rncise of central air conditioning
systems, elevator mechznisms, and tcller forced-draft fans-
ccmmonly produce A-welghted scund levels greater than 45 dB In
occupled spaces.



FIG. I.1. RANGE OF BUILDIRG EQUIFPMENT NOISE LEVELS T0 WHICH
PEOPLE ARE EXPOSED (I-1].
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There are many office buildings, hospitals, stores, hotels,
and convention centers where the noise of the air conditioning
system can be expécted to generate similar levels, but any
estimate would be speculative at this time.

I.2 Noise Exposure in the Community
I.2.1 Noise sources

The exterior nolse produced by building mechanical egquipment
is most probably dominated by air-moving equipment (fans)
located outside the bduilding or located inside the building
with a direct unmuffled path to the outside. Examples of such
fan-related equipment include ailr conditioners, bolliers, con-
densers, cooling towers, dehumidiflers, furnaces, humidifiers,

and ventllators.

Source level and operating iaformation 1is available. For
example, coollng towers will typically produce A-welghted
sound levels of 65 dB at 200 ft when operating at full speed.
Axial exhauszt fans can produce A-weighted sound levels of ol
dB at 200 ft from the exhaust vent [I-1 to I-4].

I.2.2 Noise exposure estimates

No information 1s available at this time cn the distritution
of the population relative to tuilding mechanical eguipment (o
provice a direct estimate of impact. Lkcwever, 1t has been

4
observed tnat bullding mechanical equipment contridutes to the



noise environment in bullt-up areas, and also that community
complaints about building mechanical equipment noise are often
concerned with nighttime disturbance, when trafflic and other
nolse 1s minimized. 1In additlion, a poor choice of location,
such as one allowing residential builldings to overlook cooling
towers, can cause real problems. In a study that considered
one such "noisy plan” in a hypothetical apartment unlt, nolse
from building equlpment assumed to be on a neighboring roof
was the main exterior nolse source, producing an Ldn of 50

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

I.3 Coneluding Remarks

Building mechanical equipment is probably not a major source
of acoustlic impacts. EHowever, a nolse prcblem can result from
poor design and/or incorrect installation. In this case, the
continuocus nature of the nolse produced can result in very
serious local problems. Disturbance to slsep and interference
with activities that require concentration probably represent
the principal effects. 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 OUTDQOR
POWER EQUIPMENT NOISE EXPOSURE IN THE COMMUNITY
AND IN BUILDINGS, AND EXPOSURE OF OPERATORS

This section presents nolse data and estimates of Ly, and

Leq(24) for consumer products used in and abcut the home.

J.1 Noise Sources

The home environment has become increasingly noisy with the
advent of powered consumer products designed to aid in the
day-to-day tasks of food preparation, personal hygiene, home
maintenance, and hocbies. This section will deal with noilse
from products that 721l intc three major categories:

. Household Ap-liances
Power Shop “ocols
. Cutdoor Power Equipment.

Jther products have been 1identified as possibie contrlbuters
to the noise in the home environment bSut are not included in
this section. These are

. Sterecs and radios {whose levels are under the
control of <he user)
. Toys and sporting gcods {(for which data are lackling
at present)
Heating, ventilatlon, and air conditicning squirment
(see Appendix I)
~Plumb1n§ fixtures (whose levels may be typically low
but nonethelsss sometimes annoying).

]
[
-



J.2 Noise Exposure Model

The nolse level results presented in Table J.l are taken from
a study of consumer product nolse [J-1], and these results
derive from tests performed on consumer products in accordance
with IS0 standards for testing of small noise sources. In
most cases, the nolse levels represent an average of more than
one product operated under various normal operating condi-

tions. Since a proper nationwlde consumer appllance 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 degradation, operating

power, and other manufacturer-specific characteristics) 1is not
known. '

The measured sound power level (in d2 re 10-12 wat:is),

alcng with the average operator distance and the average room
acoustical environment allow the calculation of an operator or
bystander exposure level. The comblnation of this exposure
level and the estimated yearly usage allow the calculatlion of
a 24 hour Legq. Because there are no data indicating the
portion of any product's use during nighttime hours bdbetween
2200 and 0700 Lours--thereby incurring trhe 10-dB penalty--the
value for Lgq (24) will de assumed to De equal to the

value of Lgp. This assumption may not be too far from

reality when one conslders that most of these sources are
under direc¢t ogerator control, and common courtesy and normal
usage patterns will send to preclude use during the hcurs when

most people sleep.

Zstimates of product ownershlp come from three dillerent
sources. Wherever possible, data from a survey reported in

the April 1978 1ssue of Appliance Manufacturer were used to

estimate the percent of housenolds that own a given consumer

J=2



TABLE J.1. HOISE FROM CORSUMER PRODUCTS.

Population
Sound Power Operator Room Operatar Exposed
Leve) Pistance  Acoustic Usage  Ownership Sound level Operator to Lgp 245
Product (d8) (f2) Constant  (hrs/wk) (1) (as) Ly (24 (nnﬂ'm)
Pacial Brush 63.5 D.25 b} 0.125 3 74.9 43.8 0.0
Hair Clipper 61 0.25 3 0.12¢6 12 72,4 41.1 0.0
Hair Dryer 80 0.25 b 1) 0.983 73 91.4 69.1 53.29
Shavar 10 0.25 35 0.488 &2 81.4 56.1 30. 66
Tooth Brush 6) 0.2 k1] 0.700 6 78,4 30.6 $.38
Blevder 91 3.0 AS 0.063 66 90.9 56.6 48.18
Can Openar (1 3.0 4 0.072 79 68.9 35.2 0.0
Caffee Crinder 80 1.0 43 0.019 12 79.9 40.4 0.0
food Mizer 7 3.0 45 0.187 91 74.9 45.4 66.41
Food Processor 92 3.0 4] 0.0128 3 91.9 50.6 2.19
Ice Crusher [F] 3.0 ) 0.018 [ 81.9 62.2 0.0
Juicer 78 3.0 &3 0.065% é 17.9 43.8 0.0
Elsctric Kaife [ 713 J.0 43 0.051 18 9.2 8.7 13.14
Knife Sharpener 84 3.0 43 0.061 12 8).9 41.8 2.7
Dental Irrigator 78 .0 38 0.166 15 76.) 46.2 1C.95
Masssger 54 2.0 178 0.0064 6 50.3 6.1 0.0
Peoeil Sharpenmer 9 3.0 173 0.146 6 74.0 4.4 0.0
Pet Clipper 62 .0 AS * 0.006& 1 61.9 17.7 0.0
Elacrric Scisoors 74 . 2.0 173 2.06 15 69.0 9.9 10.93
| Sewing Machine 8 1.0 178 1.28 8 76.0 36.8 61.32
| Shos Poitener 15 3.0 178 0.12% 3 70.0 8.7 0.0 i
grloor Polisher 74 6.0 45 0.077 1 71.6 40.2 0.0
Rug Shampooer - 96 6.0 178 0.07? 4“7 83.9 54.6 36,31 :
Vacuum Clsmer [ 3} 6.0 173 1.309 93 85.9 63.9 69,35 i
Clathes Dryer 73 10.0 3] 5.8 58 71.5 $7.9 42.2 :
Clothes Washer ) 10.0 43 1.95 72 74.5 58.2 52,56 i
Delnmidifiar 61 10.0 43 12.9% 18 6.3 49,4 39.4 !
! Dishwasher 67 10.0 4 3,438 Y 66.5 49.4 38.04 :
| Food Wasts Digp. 82 3.0 45 0.331 40 8.9 55.1 25.2 :
Range Bood 68 bl %) 1.744 3] 67.9 «8.1 31.39
Refrigerator 54 1C.0 45 £2.0 94 5.5 7.8 68.£2
Apoe Alr Cood. 61.6 10.0 178 8.318 k[ 61.3 48,3 7. |
Tresh Compastor 7% 10.0 s T p.2s ‘ 73.8 4.3 2.92 ;
Alr Reatsr 57 10.0 175 2.208 6 $0.7 21.7 0
fan 70 10.9 173 16.408 54 §3.7 53.6 116.3 ‘
Humidifier 53 1c.0 175 71.09 2 51.7 43.0 46.3 !
lce Cresmm Machine 78 10.0 [}] 0.0%8 1 4.8 33.5 0
Movie Projector (14 1Q0.0 175 0.02 é 62.7 23.5 0 i
Slide Projector 66 10.0 175 0.067 0 $9.7 25.7 0
Band Sav 90.8 0 43 9.2 1 90.¢ 61.2 2.73
Balt Sander 102 3.0 S 6.047 12 101.9 86.4 8.76
Bench Crinder 8 3.0 45 0.143 9 83.9 $3.2 5.75
Ciccular Saw 103 3.0 [V YY) 21 102.9 72.2 15.33
Disk Sender 100 e 45 0.027 & 99.9 62.0 4.8
Drill Bic Sharp. a8 3.0 s 0.0064 3 a7.3 «3.7 0




TABLE J.1.

NOISE PROM CONSUMER PRODUCTS (CONTIKRUED).

Population
Sound Power Operator Room Operator Exposed
Level Distance Acoustic Usage Ownersnip Sound Level QOperator 0 L4, >45
Product (8 ) (ft) Constant  (hrs/wk) (%) (8 ) Leg (24) (*11%7ons)
Eleccric Drill 93 3.0 1} 0.229 66 92.9 64.2 48.18
Muleipurposa Drill 102 3.0 1) 0.2 3 101.9 72.7 2.19
Engreving Pen 8s 3.0 1] 0.009 5 8.9 42.2 0
Joipcer/?laner 101 3.0 [}] 0.16 6 100.9 70.7 4.38
Lache 8 3.0 45 0.16 3 28.9 58.7 2.19
Ordital Saoder 9% 3.0 o5 0.095 12 93.9 6l.4 8.7
Radial Are Sav 102 3.0 4 0.263 9 101.9 73.8 6.37
Reciprocacing Sav 98 3.0 Y] 0.093 12 97.9 63.3 8.76
Rotary Grioder 105 3.0 48 0.01 3 104.9 62.6 2.19
Roucer 97 3.0 1 0.029 6 96.9 59.3 4.38
Tedle Sev 104 3.0 e 0.2-8 ] 103.9 76.2 2.19
AlT Compressor 92 10.0 45 0.10 b} 91.5 $9.3 2.19
Hedge Trimmer 91 3 25104 0.1 9 80.5 48,2 6.57
Chain Sav s 3 - =10t 0.3 9 109 8.5 5.87
Carden Traczor 108 3 2x10* 0.7 3 96,5 70.9 4.38
‘Rid{ng Mover 101 3 2x10* 0.% 9 90.% 66.9 6.57
Valkling Mower 100 1 2x10* 0.74 19 83.¢ $9.9 28.47
Lavn Thatcher 9% 6 2x10% 0.04 1 79.4 43.2 o
Leaf Jlower 94 8 2x10* 0.1 1 7.4 5.2 0.73
' Rocary Tiller 9 5 2x10* 0.1 1 79.6 47.2 9.73
Shraddar .97 6 2x10* 0.1 3 80.4 8.2 0.73
Soow Thrower 107 6 x10* 0.366 12 90.4 63.8 8.76
Lavn Yacuum 109 5 2x104 0.1 1 92.4 60.2 0.7
| Woad Cucter #6 5 2x10¢ 0.75 12 59.4 45.9 8.76

J=4




product [J-2). Where no data exlsted, data from a 1980 survey
specifically tallored te obtaln nolse exposure informaticn
were used [(J-1]. A third study published in the March 1977
issue of Merchandizing was used for compariscn [J=3]. The

values obtalined for each of these surveys differ somewhat due
to differences in sample population, sample size, survey date,
and survey methodology, but they represent best estimates at
the present time.

Usage estimates are also not known with a2 high degree of
accuracy, in light of the extremely varied situations and
patterns of usage of 1ndividual products in different regilons
of the country.

For the purpose of thils analysis, there are assumed to be two
bystanders for products reguiring an operator, thres for pro-
ducts requlring no cverator, and six for products used out-
side. Based on 1678 Statistical Abstract data, there are
approximately 73 million households in the United States.

J.3 Nolse Exposure Estimates

AS 1ls apparent from reviewing the results shown in Tabl=z J.1,

a large number of products produce L4gn levels in excass cf

-

Ed

the 45-d42 criterion level. However, since these croducts do
rot generate levels of sufficient intensity “c have arn impact
on people other than the operator, the number of exposed peo-
nle 1s the number of product owners. For certain indcor cro-
duccs without operators (humidifiers, dehumidillers, fans, and
ailr condl<ioners), the number of exposed pecp_e is based on
three people exposed per household. It 1s also interestinz to
note that some power shop tools produce levels sufficient to
exceed the Lgq (24) level of 70 d2 for the cperator expo-

sure.

v=5



These results indicate that a signiflcant nolse exposure can
occur in the typical home environment particularly if one 1s
engaged in a hobby that uses a product that produces high
noise levels. These exposures, whlle not necessarily harmful
in themseives, can be significant for that portion of the
population already exposed to the maximum daily nolse dose irn
the workplace. The lack of more precise data on the number of
product users and use duratlions precludes an accurate estimate
of natlionwide exposure to home products at thls time.



REFERENCES FOR APPENDIX J

"Consumer Product Nolse," BBN Report No. 4341 (Draft
Final), March 1980.

Apopliance Manufacturers, April 1978.

Merchandizing, March 1977.




APPENDIX K. OCCUPATIONAL NOISE EXPOSURE OF WORKERS

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

75 dB as the exposure level to protect workers from permanent
hearing loss [X.l1]. Many workers in agriculture, mining,
construction, manufacturing, transportation, and the mllitary
are routinely exposed to levels 1n excess of this recommnenda-
tion. The legal limits imposed by the Cccupational Safety and
Health Administration (OSHA) [K.2,K.3], the Mining Health and
Safety Administration (MSHA) [K.4], anéd the Department of
Deferse (DOD) [X.5] are less restrictive than the EPA-
recommended level.

No concrete estimates exlist of the number of workers exposed
to noise levels greater than an Leqg (8 nr) of 75 dB.

There 1s, however, a limifted amcun? of pubtlished information
on the occupatlional noise exposure of workers in some occupa-
tiocnal categeories 1in selected 1ndustries, Zven though these
data were developed for different purposes, 1t has been possi-
ble to develop estimates of the ninimum number of wcocrkers ex-
posed to levels greater than an Leg (8 hr) of 85 dB

through the use of extensive extrapolations. These estimates
are presented in the sectisns that follow. 3Brief explanations
of the exztrapolatlion technigues and the source data are alsc

presented iIn the following secticns.

In addition to their exposure %to c¢ontinuous ncise, many

Wworkers are exposed tz impact/impulsive necise. This type of
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nolise carn gr eatly ‘ncrease the amcunt cf hearing loss due to
elther continuous or impact nolse. Recommendations for
criteria for exposure to impact/impulsive noise alone and
together with high-level con%lnuous rnoise are under develop-
ment. Preliminary estimates indicate that 1 million to &
million workers are routinely exposed to high levels of
!mpact/impulsive noise. Additional details are presented
later in this apperdix.

As 1s the case with any estimate, the estimates in *this
appendix are somewhat limited. The principal difficulty 1in
estimating the occupational nolse exposure of the total U.S.
work force 1s 1in obtalining riclse exposure data for a repre-
sentative population for each of the employment categorles and

industries analyzed. The current assessment was restricted tco

availatle darta and no cdditicnal sampling cor measurements were in-
cluded. It should e noted that the available data cre ofter lacking
the representartvenass of an indusiry-wide assessment.

X.1 "Noise Exposure in the Agriculture Industry

A number of stucles confirm that agricultural workers who
operate tractors and other mechanized farm equipment are ex-

posed to A-weighted sound levels greater than 8% dB and that

the duration ¢f the rnoise 1s sufficientlyv lang that NIPTS may
result [X.6, K.7, K.8&, X.G, X.10, K.111. The nost complete
set ¢ ncise exposure measurements was made In 1677 for 2
grour of farm workers on sixz farms in YNetraska [K.12]. GZach
Worker was fittad with 2 ncise dosimeter {or eacn cay warked.
During the ccurse of cne year, 07 employses worked the
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equivalent of 13,000 days. From these data, it was possible to
estimate the average noise 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-
sidered. Fiprst, the nolse emitted by farm tractors has been
reduced in recent years [X.8, X.9]. The manufacturers of the
tractors used on the Mebraska study farms have reduced the
rolise of thelr tractors during the past few years by an aver-
age of 2 dB. Accordingly, 1f the Nebraska farm survey were
done today, the workers operating those tractors would be ex-
posed to less nolse. This effect has been estimated hy reduc-
ing the nolse exrosures of each of the 67 workers by 2 dB and
recalculating thelir nolse exposure. Table K.l sunmarizes the
DJally Noise Dose (ZND) for each of the workers, wnat the dose
would be if the ncise were 2 dR guleter, and the corresponding

range of nolse levels.

Second, the six farms in this study seem to be more mechanized
than "¢ypical" farms. Without any information to relate the
mechanlzaticn of each of these farms tc a typical farm, 1t Is
rnot possible to develcp an estimate of the noise exposures for
ress is nece

a.l agricultural workers. An educated sary:

g ]
For every situaticn where workers are expcsec as reporcted in
this study, an egqual numcer of wcrkers on cther rarms have
exposures l2ss than 7C d5. Tatles X.2 summarizass the exposures
frem Table K.l, ad xposed TO

n the egual nuriber of worxers e
n

~

d i
evels less than 70 &2 and presents the percentage for ea

range.

)

-



TABLE K.1. NEBRASKA FARM WORKER EXPOSURE DATA [K.1]
OSHA Range of Noise OSHA Range of Noise
DND if Level 1f 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 % 4 dB Farm A % dB
#1 93 58 85-90 #2 53 33 80-85
38 24 75-80 24 15 75-80
6l 38 B0-85 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 80-83
71 45 80-85
33 21 75-80 #3 27 17 75-80
8 5 <70 1 1 <70
120 76 85-90 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 C <70 7 4 <70
C 0 <70 9 5 <70
5 3 <70 21 13 75-80
40 25 80-85 13 8 706-75
10 6 <70
6 4 <70 e 7 4 <70
8 3 <70 17 11 70-75
117 74 85~60 26 156 75-8C .
105 66 85-90 7 4 <70 i
4 3 <70
5 3 <70 #5 83 52 90
35 35 80-85 ' 35 22 -80
162 102 90-95 '
178 112 90-95 Y 27 17 75-80
97 61 85-90 ' 13 8 70-75
72 45 80~85 | 3 2 <70
52 33 80-85 ! 3 2 <70
115 73 35-3C ‘ 3 2 <79
38 24 75-80 i
4 3 <70 |
11 7 70-75 , !
29 .18 75-80 :
6 4 <70 i l
43 26 80-85 7 '
.0 6 <70




TABLE K.2.
DEVELOPMENT OF EXPQOSURE ESTIMATES FOR AGRICULTURAL WORKERS

Equal Number
Range of Sound Number of Exposed to
Level in dB Workers Less Than 70 dB Totals %

<70 26 67 93 69.3
70-75 8 8 6.0
75-80 .12 12 9.0
80-85 9 9 6.7
85-90 8 8 6.0
90-95 4 4 3.0
Totals 67 67 134 100

Approximately 2.£ millior workers are employed ir agriculsure
[K.13]. The percentages in Table X.2 have been used to
develop estimates of the nolse excosures of agriculsural
workers. These estimates are presented ir. Table X.3. Of the
3.5 millicn agricultural workers, about 323,000 are exposed to
an Leq (8 hr) of 85 dB or greater.

TABLE K.3, NOISE EXPOSURE OF AGRICULTURAL WORKERS.

L. (8 hr) Number of Workers
€3(48) (thousands)
90 — 94 108
85 — 89 | 215
80 — 84 | 240
75 - 79 323
| <75 2701




K.2 Noilse Exposure in the Mining Industry

The mining ilndustry consists of the extraction of coal,
metals, nonmetallic minerals, and o1l 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 eétimates 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

~o workers exposed to daily noise levels in excess of that

allowed by noise exposure regulaticns cf the Federal Ccal Mine

Health and Safety Act of 1969. However, most of these data

are reported as Lmgya values, which are sased on a

5-d2 doubling rule rather than the 3-4B ioutling rule used in

deriving an Leq measure. If the sournd sxXposures ares

continuous at a constant level, both the Lsq and

Lmsua values would be equal. However, industrial

sounds vary consideratly, and with a varylng scund level, the

value of Lgg will be greater than the value of

Lvsya. Thus, the reported rnunbers of workers expcsed

o values of Lwmgus are less than would have zeen

repcrted 17 Leq caiculated expcsures hnad been utillzed.
bZ n

Ed

For these reasons-=lack cf data generslly availabls or

exposures in the mining industry and the units in «

sures were reported--the asﬁi:ates pnresent

thils section shculé be regarded as preliminary an
b e

S r
representative o minimum number of werkers expces



Coal Mining

Underground

Data are available from MSHA on the noise exposure of under-
ground coal miners [X.l4], based upon the results of a survey
of 2532 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. Tzble K.4 presents the reported
percent of workers exposed to different ranges of noilse
exposure. Estimates.of the number of workers in underground
mining exposed to noilse were then developed by multiplying the
percentages shown in Table X.4 by the 169,585 miners wno
worked in deep coal mines in 1979 _K.i15]. The first row of
Table K.7 {which appears later in this appendix) presents

these estimates.

TABLE K.4 NOISE EXPQSURE FOR UNDERGROUND CICAL MINE WORKERS.

rercent of
LMSHA' Workers Exposedt
dB :
290 7.2
85 - 89 18,7
<g5** 78.°

* Uses a 5-d3 doubling rate.
+ In view of the zarterial in Ref. K.l56, these estimares appear low.

#nExact lover limics below 85 dB are not precisely known.

Surface

0

The nolse exposure estimates fcr wcecrkers in surface ccal mine

s
were developed using the results of a noise exposure survey ¢f

+
-3

+



operators cf moblle machines [K.17.. The related recort nre-
sented the number of workers with exposures greater than 85 d5
and 90 dB and the ¢total numbter in the survey. The number and
percentage of worxers exposed to various equivalent sound
levels is presented in Table K.5. An estimate of the numher
of surface miners exposed to the ranges of equivalent sound
levels shown 1in Table K.5 was developed by multiplying the
percentages snown 1n Table K.5 by the number of workers in
surface mines--82,147 [X.15). These figures are presented -
later in this Appendix in the second row of Table X.7.

TABLE K.5. NOISE EXPOSURE FOR SURFACE COAL MINERS.

Percant of

le * Number of Coal Miagers
dB Coal Miners+ (x)
>90 25,225 446.9

85 -~ 39 12,038 21.4
<g5wn 18,363 33.7

* Uses a 5-dB doubling race.

+ See Ref., R.17.

**Exact lower .inirs below 35 dB are tot precisely
koown.

Metal and nonmetallic mineral mines

Cnderground

As wlth cecal mining, the nolss exposures Ior underground

O
e
O]
3
]
ot
’-lq
Q
3
n
'_J

n metzal and nonmetzlliz mineral mines are

A.fferent from those for surface mining. No szudies are
r WCr4ers

tifying thne specific ncise siposur

M
]
O
L] '.I

’

i)
Ir
D
b)
s
w
(9
D
®
3

d
In <his type of mining. However, an es:cinm
of e

develored the percentage of workers in such uncerground
mines who are expcsed to varying ncise level ranges through
the use of information in Ref. X,18. The related report



reviews the contribution of noise from dlesel-powered
underground mining equipriert in the extraction of molybdenum,
uranium, potash, 1iron, coal, and salt. The report presents
information on diesel equipment sound levels, equlpment
population, and typical duty cycles.

With this information an estimate can be made of the number of
noise exposed workers and their equivalent sound level
exposures. Table K.6 presents the estimated exposures. In
1974, 37,000 workers were employed in underground metal and
nonmetallic nineral mines [K.1l8] (or an estimated 24.3% of
to%al underground mines.) An estimate of the total number of
underground miners 1n this part of the industry was developed
by appiying the distribution from Table K.f6 to 24.3% of the
173,800 people who currently work undergrounc in this Iindustry
[K.19]. The third row .f Table K.7 presents these estimates.
ther sources, such as rozk drills, fans, ané crushers, also
genarate nigh levels of noise and were not 1lncluded 1in Ref.
X=-18. Thus, this estimr.ce should be viewed as *the minimun

number of werkers so exoyosed.

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

!
Leq (8 hr) Percent of Workers l
(dB) {%) ]
590 17.6 §
85 — 89 11.1 |
<85 71.3

Surface

About 75.7% (131,567 workers) of the people employed by the
metal and nonmetalllc mines work above ground f(developed f{rom



K.18 and X.20 and the previous section). No informaticn is
avalilable on the noise exposure of these workers. The surface
mining of metal and nonmetallic minerals is different from

surface coal mining. The differences are:

. A higher concentration of eguipment exists in metal
than in coal

. Drills are percussive in metal and roatary in coal
. More blasting occurs in metal than in coal

. Other unidentified surface equipment may add to noise

exposure.

Mcst of <these differences sesm to increase the nolse exposures
¢f =he wcrkers. EHowever, as stated above, no data substanti-
ate this statement. Without any other cata, the noise exno=-
sure for surface weorkers in metal and nonmetallic mineral
mines has been developed by using the percentages from surface

<4

coal {(see Table X.5). These estimates are presented in th

(D

fourth row of Table X.7.

011 and Gas Mining

s, and mobile equipment. Without any
tetter infcermation, the percentage distribuiion data fronm
s - g
~the last column ir Table X.5 for surface coal mine operations
o

this irndustry. The resul“s

w

were used %to develop esctimate
are shown in Table X.7.

K-1C



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 >30 Total

Underground Coal* 132,446 24,929 12,210 169,585%%
Surface Coal¥* 27,684 17,579 36,884 82,147%%
Underground Metal .

and Nonmetallic’ 30,112 4,688 | 7,433 42,233%7
Surface Metal and o
Nonmetallicw 52,495 25,524 53,548 131,56777
01l and Gas* 110,368 70,085 147,047 327,5007°
Totals for Mining 353,105 142,805 257,122

*Noise Level is ,

. LMShA.
‘Noise Level is Leq (8 hr).
**See Ref. K.15.
T See Ref. X.20.



K.3 Nolse Exposure in the Construction Industry

A nunmber of studies conflrm that workers 1n the construction
industry are exposed to high levels of noise [X.11, K.21]. A
recent British study ([X.22] presenteé values of Leq (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. 1industry, an estimate c¢f the number
ol construction workers whose exposure exceeds an Leq (8

hr) of 85 4B can be developed. Reference X.23 presents the
number ¢f workers in the construction industry by occupzation.
Accordingly Tablile K.9 was developed presenting the percentage
of workers 1in the construption industry who wcrk with the
specific machkine types listed 1n Table K.8. Unfor-unately,
Reference K.23 does not provide the number of cperaczors fer
several of the machine types. Nevertheless, frcm Table K.9,
at least 5.48% of the construction workKars appear to cperate
machines where the Lgg (8 hr) exceeds 85 dB. In addition

to the machine operators, constructic

expcsed to ncise. Abtcut 1..35% of the constructlcn work
are laborers [X.23]. Thne laborer category includes wcrkers
who are exposed to nigh levels of noise, such as from Jjack
hammers and other air- c¢perated %ools, as well as individuals
wich less nolse exposure [X.24]. However, no definitive

estimates are available for ncise expcsure of

Without a definitive breakdown of the rnuntsr of workers in
each of the laborer categories, th2 number of latorers who
operate the nolsy equipment tyres cannct be determined. A

&

er
review of the list <f Jjoos performed by laborers suggests that
many of these workers could be expcsed to high Zevels cf
noise. Withou: better informaticn, it is estimated that 3073

o

ol the laborers are exposed tc levels greater than an Lg,



TABLE K.8. NOISE EXPOSURE OF CONSTRUCTION MACHINERY QPERATORS.*

Equivalent Sound Level
L__ (8 hr)
®9(dB) Machine Types

105 — 109 Pneumatic breakers

100 - 104 Pavers

95 — 99 Scrapers
Dumpers
Bar benders
Hydraulic breakers
Pile drivers

(diesel & pneumatic)

90 — 94 Dozers
Excavators
Cranes

Front loaders
Rollers

Poker vibrators

85 — 84 Backhoes
Saws

80 — 84 Concrete pumps
Pile drivers
(gravity bdored)

75 - 79 Graders
Concrete mixers
Trucks

Pumps

Generator
Compressors

#Developed from Ref. K.22.



TABLE K.9.

PERCENTAGE OF CONSTRUCTION MACHINERY

AND NOISE LEVEL.™

OPERATORS BY MACHINE TYPE™

Percent of Construction t
Workers Operating ;
Leq (8 hr) Machine Type !
(dB) Machine Types (%)
>85 Dozers 0.99 \
Excavators (include 3.85
pavers, scrapers, hydraulic
breakers, pile drivers,
front loaders, back hoes,
! i rollers, poker vibrators) :
% | Saws : 0.04
§ Cranes ; 0.60
f Pneumatic breakers & *%
% ? Dumpers *%
! Bar benders | *%
| Total 5.48
*See Ref. K. 23.

*See Ref. K.

*%Not listed

separately.

o a
=4



(8 hr) of 85 dB. Since about 11.35% of the construction force
are laborers [K.23], a total of 11.16% [5.48 + 0.5 (11.35)]
could be exposed to levels greater than an Legq (8 hr) of 85

dB. Since there are other Jobs in the construction industry
that may be noisy and for which there 1s no definitive inforrma-
tlon, this estimate 1s more likely an estimate of the mininum
number exposed to these levels than an estimate of the maximum
number.

Total emplbyment in the construction industry for 1979 was
about U.6 million people [K.19]; thus, about 513,000 workers
are estimated to be exposed to levels greater than an Lgg

(8 hr) of 85 dB.

K.4 Noise Exposure in the Manufacturing and Utility Industries
Estimates of nolse exposures o crkers 1n the manufactu 'ing
and utility industries are gresented in <this section. T.= kigh
noise Zevel industries of interest are listed ir Teble ».10
along with *the number of production workers in each irndustr
In addition to thesaz Lndustries, some exposure to high level
molse may occur in the instrument manufacturing (SIC 38 and
the miscellaneous manufacturing (SIC 39) irdustries. All of
these estima%es are derived from the recently available OSHA
‘nformation "K.25, K.2€¢].

Taole X.1ll presents the tctal estimated ncilse exposure for
s

0
[}
0
ct
8]
- ct
()

workers ‘n these indé “%.19.. Since L,y (8 nr) is

equal to Losup only when the nolse exposure is constant

L}
-2

ané since the noise Zevels in the industrial work piace fluzc-
tuate over a conslderable range, these estimates shculd te
viewed as minimum estimates of the number of workers at an

.
Le

eq of the same value. Nevertheless, more than 5.1 millien
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TABLE K.10. INDUSTRIES INCLUDED IN ANALYSIS.

Number of
Production Workers
Industry SIC Code (thousands)
Faod 20 1,176.2
Tobacco 21 52.5
Textiles 22 777.0
Apparel 23 1,122.2
Lumber and Wood 24 646.3
Furniture and Fixtures 25 398.0
Paper 26 541.5
Printing and Publishing 27 i 702.2
! Chemicals 28 636.9
Petroleum and Coal 29 139.7
° Rubber and Plastics Z 30 i - 601.1
i Leather _ ! 31 ; 205.4
; Stone, Clay, and Glass 5 32 ' 560.5
% Primary Metals g 33 % 978.3
! Fabricated Metals i 34 ! 1,305.9
Machinery Except Zlec. ! s 1,616.2
Electric Machinery ! 35 1,378.¢6
‘ Transpcrtation Zquipment ‘ 37 1,404.2
| Ueiliries ! 49 £59.3
| Tota: * | 14,904.0

*See Ref. K.19.

N
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TABLE X.11. NOISE EXPOSURE OF WORKERS IN MANUFACTURING AND UTILITY INDUSTRIES.*

Exposure Level | Percent Exposed’ ‘
(d8) (%) Number Exposed**
>100 2.87 427,745
95 — 99 5.47 815,249
90 - 94 10.98 1,636,459 \
85 ~ 89 15.06 , 2,244,542
80 — 84 18.74 2,793,010 ,
<80 46.88 6,986,995
Total | 100.00 14,904,000 |

*Includes SIC Codes 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
33, 34, 35, 36, 37, and 49. SIC's 38 and 39 of the manufacturing sector
are not included. Only SIC 49 of Transportation and Public Utilities is
included in this ctable.

*see Ref. X.25.
**Based on a total population of 14,904,000

rr -
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workers 1in these incdustrles are exrposed to levels 1in excess of
an Loy (8 hr) of 85 d3.

o]

K.5 Noise Exposure in the Transportatlion Industry

Thils section presents estimates of the occupational exposure %o
nolse of operators of commercial aircraft, trucks, huses, rail
locomectives, and raplcé transit cars. Zven less data are avalil-
able for these operatcrs than are avallable in other indus-
tries. However, preliminary estimates have been developed
based on extrapolations from the available data. In general,
average noise levels at either the operator positicn or irn a
location not too far from the operator position are avallatle
X.27, K.28, K.29, K.30, K.31, X.32, K.33, X.34, K.35, X.36,
K.371. Cata for the number of operators were avallable for
scme modes of transcortation but nad to be developed for other
modes [X.38, X.39, K.lO, X.42, X.42, X.L3). The average dura-
tion of exposure was estimated for each of the operators [X.4C,
K.45, K.46]. The Leq {8 nr) was derived from the averzge

sounc level, the estimated rumber of nours of annual expcsure,

and a <otal of 1880 nr in a year.

Table K..2 summarlizes <the estimzates cf the A-w
levei, ¢the annual expcsure, the Log (8 hr), an he popula-

tion exposed. The cper

[$]

tors with exposures greater than' an

Zag (8 nr) of 85 43 are the zruck drivers and

and conductors on rapid transit systems. Surprisingly, the

Dersonnel in the locomotive cabs dc not appear to -2 exzosed to
8 hr} of 85 4E. In total,

atout 1.934 million orperators are exposed to lievels gresater

than Leg {8 nr) of 85 dB.

ievals greater than an ;eq (
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TABLE K.12. TRANSPORTATION OCCUPATIONAL NOISE EXPOSURE ESTIMATES

Estimated
A-Wetghted
Sound Level
at Operator Aunnual Eut {mated
Position Exposure Le (8 hr) Population
. Source (dn) (lic) dB) Exposed ]
Aiveraft
1K.27,K.38,K.44,K.45,K.46)
Commerclal® Jet
Cockpit Crew 80t 900[K.44 ,K.46] n ]6.987(_!(.38]
Flipht Attendants 8s51k.27] 1260[K.45] 83 52,566[K.38)
Commercial* Propeller
Cockplt Crew 9544 900[ K. 44 ,K.46]) 92 90tt
Flight Attendants 94(k.271 1 260({K.45] 92 128+t
—_ = - - : —
Trucks (Medium and Heavy)
[K.28,K.29,K.10,K.39]| 90fk.101 14106 89 1,923,000{k.39]
Huges
[K.27,k.31,K.40]
City (commuter bus) 7191K.27] 1880[K.40) 19 l‘].OﬂO[K.LO]
Intercley 74[k.31 ] 1770[K.40]) 74 24,000[K.40])
School B4|K. M) 440 K. 40) 78 442,000(K. 401}
tatl roacds
[K.32,K.33,K.¥6 K. 35,K.41
K.a2}) .
Locomot fves 181K.32]) 1880 8 75,000({K.41 )
—_——— e h——- . e ——- - —_—— . —
Rapid Triansit
1K.27,K.76,K.37,K.41)
Motormen and Conductors 86[K.27) 1970 86 11,083[K.43])

*Certificated route alr carriers only.

TEstimated from Ref. K.27. Pilots in jet alrcraft are farther from the engines, estimate
5 dB less noise in cockplt. ’

**Estimated from Ref. K.27. Pilots are closer to noise source.
ttEstimated from number of alrcraft in Ref. K.38.

§The average work week In the transportation industry is 30.7 hours [K.39]. Estimate that
drivers spend 75% of time in truck.
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K.6 Noise Exposure in the Department of Defense
Air Force

Of the 807,000 military (567,000) and civilian (240,00C) enm-
ployees of the U.S. Alr Force in 1380 [K.39], 134,200 were
given annual audiograms 1in 1980 and are presumably exposed to
jevels in excess of 85 dB [K.47]. The cetails are as follcws:

Number of Air Force Personnel

Classification Receiying Audiograms in 158C
Military personnel 106,500
Civilian personnel 27,700
Total 134,200

Arny

The Army included 1,107,000 military {757,0C0) and cilvilian

(350,000) employees in 1978 [X.39]. Measured nolse exposures
for these personnel are unavallable at thils time. Przliminary

filgures suggest that about 500,000 perscnnel (40C,000 military
and 100C,000 civilians) are routinely exposed tc high sound
ievels ir exzess of 85 43 [X.48].

Navz

In 1978, the Navy included 1,028,000 military (717,000) and
civilian (311,0CC) employees [K.39]. Unfortunately, direct esti-
mates of the nolse exposure of Navy personnel are unzvzilatle
(K.49]., Assuming zthz<t Navy personnel are exposed tc noise

sources similar to those in the Army and Alr Fecrce, 2 pralinm

{

estimate can te develoced. The welghted averzge percentage of
X

military personnel in the Army and 4ipr Force sxposed to levels
greater than an Leg (8 hr) of 835 is {(40C,000 +
106,500)/(757,0C0 + 567,000) or 38.3%. The weighted average
percentage ¢f civilian personnel in the Army and Alr Force
exposed to levels greater thar an Lag (§ hr) of &5 is

(100,000 + 27,700)/(35C,C00 + 24GC,C00) or 21.5% Using rthese


http:personr.el
http:personr.el

percentage values for the Navy results in the following

escimactes:

274,611
67,176.

Military .383 x 717,000
Clvilian .216 x 311,000

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

Qther

In addition, 77,000 non-military employees of DOD are 1in
positions where occupazional nolise exposure carnot be assessed

TK.39].
X.7 Exposure to Impact/Impulsive Nolse

Two studles present es<timates of the rumber of workers exposecd
to Impulsive type noise. Orne study, a walk-thrcugh survey of
25 estatlishments estimates that 2,665,687 workers are exposed
to impulsive noise (K.5C]. The level and rumber of impulses
were not reported. The seccnd study [K.51] identifies several
hundred sources of impulsive noise for a wide range of
industries. This study est<imates that 1,200,000 workers are
iirectly 1mpacted vy Impulsive noise and <het 2,.30,900 workers
.are indirectly impacted. The peak sounc gressure levels rangzd
from 39 to 147 GB with most of the levels greater zhan 115 dE.
Eowever, rnc measure of the nunter of iImpulses per day per
worker were developed. In addition tc these workers, bo:th
eivilian ard military perscnnel are likely to be exposed to
~mrulse nolse, particularly gunfire and the manufacturing type
of operaticns used %o refurbish military verhicles, ships, and

aircralfc.

X=-21



ge=u

TABLE K. 13. ESTIMATED OCCUPATIONAL NOISE EXPOSURE OF DEPARTMENT OF DEFENSE PERSONNEL .
Total Military Total Civilian Total -
Military at Levels Civilian at Levels Total at Levels
Population* >85 dB Population* >85 dB Personnel* >85 dB
Service | (thousands) | (thousands) | {thousands) | (thousands) | (thousands) | (thousands)
Army 157 400.0 350 100.0 1107 500.0
Alr Force 567 106.5 240 27.7 807 134.2
Navy 717 274.6 1 67.2 1028 341.8
Other == - - - 17 0.0
Total 2041 781.1 901 194.9 3019 976

*See Ref. K.139.




5

Tlgures from these two studies suggest that a minimunm of

-
n

to 4,6 million workers are exposed to impulsive nolse.
K.8 Summary of Worker Noise Exposure Estimates

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

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

Total Number of People
Total Exposed to Greater Than
Employment Employment an Le (8 hr) of 85 dB
Area (thousands) q(thousands)
Agriculture 3,600 [X.13] | 323
Mining 957 [K.IQ?.! 400
Construction | 4,644 [K.197 | 513
Manufacturing and |

Utilicy Industrial 21,781 [%.18] 5,124
Transportation 4,345 [K.19] | 1,934
Military (DOD) 3,019 [X.39] 976
Total of These Areas 38,346 9,270

-

Cn the basis of the Tigures in Table X.14 1t 1s estimated tha
at least 24% of the total number of employees in the
industrial, agricultural, transportaticon and military sectors

n
are exposed tc levels greater than an Loy (8 hr) of 835 43.

Al

1
n)
w

~
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APPENDIX L. TRANSPORTATION NOISE EXPOSURE OF OPERATORS AND
PASSENGERS

L.1 Noise Exposure Model

The analysis of the noise impact on operators and passengers
of transportation vehicles 1n nonoccupational situations 1is
based on

« Average nolse levels at the operator/passenger
positions during an in-use duty cycle

. Number of people exposed 1n the United States
« Average duration of thelr annual exposure.

The annual Lgg (24) for each type of equipment 1s derived

from the average sound level at the operator/passenger's posi-
tion on the basis of the estimated average annual exposure in
hours for that type of equipment.

The following transportation nolse sources are assessed:

+ Aircraft

« Automobliles
Trucks

. Buses

. Motorcycles
Rail Locomotives and Cars
Rapic Transit Cars.



L.2 Nolse Emission Levels

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

Nolse in transpor<ation vehicles characteristically rises and
falls in accordance with the duty cycle of the task at hand.
Passengers on city buses are exposeﬂ to intermittent noise as
the buses make frequent stops tc receive or discharge passen-
gers, whereas much of the passenger's trip on interclty buses
1s spent irn the steady-crulse mode, with corresponding s<teady
rolse levels. 1In addition, the trip lengins are different
Letween the two modes. 7For this study, the average sgund
Zevel over a characteristic trip was used, especlally where
istermittercy is the c¢hief characteristic of the mode. Only
whnere the trip consists of relatively lecng pericds In cruise
cerditicns are <he maximum power sound levels used to
represent the source level.

L.3 Population Distribution

The peopulation excesed to noise in tran
estlimeted from a numcer of sources, inc
salp statistics, auto registrations, and
figures. The greatest uncertainty 1s use

ly owned and cperateé venicles, for which data ©
driver behavicr and personal experiesnce of men

pulation being characterized were used.



L.4 Noise Exposure Estimates

Table L.l presents estimated noise levels at passenger and/or
operator locatlons, annual hours of exposure, and exposed-
peopulation 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) 2 shown in the table are computed from the

equation:

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

Wwhere Lp is the A-weighted sound exposure level, H is the
annual number of hours of exposure, and 8760 are number of
hours 1in a year.

As an example, fc¢r commercial Jets:
Leg(24) = 85 + 10 log {(5/8760) = 85 - 32.4
= 53 dB. (L.2)

These estimates for the impact of transportation system ncise
on passengers must be viewed with care. To produce an esti-
mate, 1t was recessary to use average sound levels and average
annual exposures. Especially d4ifficult to estimate, for ai-
most all sources, is the number of "repeat riders.”" Por exam-
ple, though statistics are often availatbtle on "passenger
miles" or "tctal trips" per year, for many mecdes <f transpor-
tation almost no data are avallable that show how many times
per year an average passenger uses a particular mode of trans-
portation. Thus, thcugh the data readilly yield the total
person-hours of exposure per year, the data do not show now
many people share this total exposure.

==3
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TABLE L.1.

TRANSPORTATION FOISE EXPOSURE DATA AND IMPACT
ESTIMATES (NONOCCUPATIONAL).

A-weighted Annual Population
Sound Level Exposure (24) Exposed
Source (d8) (hr) ?gB) (x 10%)
Airoraft

Ccmmércial Jet
(L-1,L-3,L—4,0~22.
General Aviaticn
[L-1,L-2,L-23)

Helicopters
L-1,L-22

Motoreyecles
{Cn road)
(I-8,L-18,L-19:

Trucks
{Personal Jse,
L=5,0-9,L-18
buses
Intercity
fL-1,L=4,L-10,L-18

L-11,.-12,L-13,L-16
L-20

NY City [(L-14,1-35,L

Other (L-2,I-15,L-16
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APPENDIX M. RECREATIONAL NOISE EXPOSURE OF OPERATORS AND
PASSENGERS

M.l Noise 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 followiné
recreational nolse sources are assessed:

« Snowmoblles

. -Motorcycles

. Pleasure boats
+ Racing cars.

M.2 Noise Emission Levels

Noise source levels of recreational venlcles have been taken
from data 1in the open literature. In many cases, data were
avallable on noise levels at the operator's ear. Auto racing
cars were an exception, and the estimates are based on pro-
Jecting the 50-ft sound level back to the interlor of the
car.

As 1in the case of transportation vehilcles, the time nistory cf
noilse exposure 1s intermittent; 1t 1s based on the desired use
of the equipment. A distinction can be made, however; the
operator of a recrea<tional vehlcle has freedom in selectlon of
the duty cycle, whereas the operator/passenger of a transpor-
‘tation vehicle 1s restricted to a pattern of actions based on
the trip definition. As a result, there 1s a greater inac-
curacy in estimating the average noise level during exposurs
ol an operator of a recreational vehicle.
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M.3 Noise Exposure Estimates

Table M.l presents the sound level, annual exposure, and
exposed-population data for each of the recreational noise
sources. The equivalent 24~hour exposure (Leg(24)] 1s
computed from the egquation )

Leq(2u) = Lp + 10 log (H/8760), dB, (M.1)
where L, is the A-welghted sound exposure level, H is the
annual rnumber of exposure hours, and 8760 is the number of
hours in a year.

As an example, for snowmoblles

Leq(24) = 102 + 10 log (80/8760) = 152 - 20.4
’ = 82 dE. (M.2)



TABLE M.l. RECREATIONAL NOISE EXPOSURE DATA AND IMPACT

ESTIMATES.
A-weighted Annual Population
Sound Level Exposure L 824) Exposed
Source (dB) {hr) ?gB (x 10%)
SNOWMOBILES [M-1,M-2, 102 8o 82 1.7
M-10)
MOTORCYCLES [M-3,M—4, 1co 80 80 2.%
M-9)
(off-road)
MOTCRBOATS [M-5,M-5,
M7 ,M=11"%*
< 10 hp 88 120 62 11.2
10-50 hp 85 100 66 12.9
> 5C hp 88 123 . 6a 8.3
Inboard/ocutboard 91 100 72 .3
Inboard gL 19¢ €5 T
AUTO RACING [M-6]
Oval Track Racizg 105 10L 86 0.0b
Drag Racing
Not Supercharged 122 1 g2 0.c8
Drag Racing
Supercharged L0 0.4 97 0.91
Sports Car Recing 105 128 = ¢t
Tractor Pulls 115 L2 92 0.01

* Mcterboat source le

+ Lesz thnarn 5000.

-3

vels based on 503 of time et fuil “hrottle, 50% cf
time at half throttle.
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