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EXECUTIVE SUMMARY

During 1980 and 1981, the Environmental Protection Agency (EPA) sponseored
a survey of noise envirenments in urban residential areas. The purpose of the
survey was to geperate a statistically valid preofile of noise levels and
source contributions. This profile is intended to assist in the evaluation
of the need for and.effectiveness of noise contrel measuraes directed toward
the urban residential environment.

The basic approach of the survey was to perform outdeor noilse level
measurements and source jidentifications at randemly selected residential units
located in urban areas across the United States. The measurements were usad
to assess averall neise levels, source contributions, and temporal and posi-
tional varlation in these quantities. The residential units were selected by
means of a stratified sampling approach, with the stratifications based on
urban area populaiion, population density, and proximity to major roadways @
(traffic impact). The cell structure 1s summarized in table ES~l, Residential
unita highly impacted by aircrafe noisé ware excluded from consideration.

The results show that 87 percent of the urban population are exposed to

a day-night sound level (Ldn) over 55 dB, the threshold of impact for residen=-

-

tial noise based on EPA criteria. The percent expogsed to higher levels of

ldn is given in table ES-2,

Noise levels are usually higher at the front of residential units, with ;
this tendency most protounced in areas close to major roadways. Average dif-
farences in noise levels between the front, rear, and sides of the house are

given in table ES-3.
Daily variation in ILdn is approximately 2 dBE. Noise levels are not sig~

nificantly different on weekend days, nor 1s there any other consistent pat-

tetn of daily variation.

ES-1
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Table ES~1. Summary of Categories Used to Define Sampling Cells

Parameter

Basis for Defining
Categories

Number of
Categories

Descriprion of
Categories

Urban Area
Size

Population
Density

Traffiec
Impact

Alrcraft
Impact

Urbanized area
population (1970)

Urban zone population
density (1970)

Digtance from major
roadvays

Ldn contours around
airports

bt

Large - » 2,000,000

Medium/small ~ All
others

High ~ > 4,500/
square mile

" Medium-high -~ 3,000~

4,500

Madium~law - },500-
3,000

Lew — <1,500

High - Within 100
feet of an arterial
or 300 feet of an
interstate or
freeway

Low = All others

High - Within
Ldn = 65 dB contour

Low - All others

Es-2
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- Table ES-2. Populations Exposed to Critical Values of Ldn
(Parcent of Urban Population)

Ldn » 55 dB 87%
Ldn > 60 dB 53%
Ldn > 65 dB 17%
Ldn > 70 dB 2%
Ldn > 75 dB <1z

Table ES~3. Differentials in Noise Levels by Side

Traffic :
Impact leq (Front)-Leq (Side) Leq (Front)-Leq (Rear)
High 4 d 9 dB

" Low . 3 ds 4 dB

Leq - Equivalent sound level. Steady sound lavel which, if occurring
for a time t, would result in the same amount of sound energy
as the time varying sound level over the same time period.

ILdn - Day-night sound level. The equivalent sound level over a 24-hour
time period, with a 10-dB penalty added for nolse levels occurring
between 10 p.m. and 7 a.m.

ES-3
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Patterns of hourly variation are roughly the same for high~ and low-

trafflc-impact areas. UNoise levels are lowest at & a.m., lncrease rapidly

. until 9 a.m., remain fairly constant through 6 p.m., and decrease rapidly

after that. Tf, as EPA noise impact criteria suggest, a 10-dB weighting factor
is added to noise levels between the hours of 10 p.m. and 7 a.m., the resulting
levels would be higher than the daytime levels, and highest near the beginning

and end of the nighttime period.

Roadway traffic is the dominant noise source in hoth high- and low-traffic-

impact areas. The most commonly noted sources in high-traffic areas are autos,
unidentified traffic, trueks, and household sounds. Either autos or unidenti-~
fied traffic 18 heard 75 percent of the time, In low-traffic areas, the most
common sources are unidentified traffic, auéos, birds, household ﬂounds;
planes, home yard work, trucks, and jets, with autos or unidentified traffic
heard 44 percent of the time. Trucks, buses, motorcycles, automoblles, con-
struction, and aireraft are the loudest sources in both high- and low~traffic-
impact areas. These results ave shown in figure ES-1.
Traffiec noise is more prominent at the froant of the residential unit,
and in the daytime. Most other sources are louder at the ffcnt, but are
heard more frequently at octher sides where there 1s less traffic ndise. Other
source levels also appear higher in the daytime, partly as a result of the
higher traffic nolse levels which the sources must exceed to he identified,
The data were analyzed to determine the effects of traffic impact, urban
area size, and population density on day-night sound levels and on source
contributions. Traffic impact and population density were found to be sig-
nlficant. The population density effect is most pronocunced when its logarithm

is used as the independent variable. It was found that the day~night sound

ES-4
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level can be predicted to within a standard ervor of 3.7 dB by the equation:

Ldn = 42.3 + 4.7 x (log 10 UZ density) + 7.9 (traffic)
where UZ density is the urban zone population density, and,

traffie = 1 for high traffic impact

= 0 for low traffic impact.

This equation predicts day—-night levels in excess of the 55-dB threshold of
impact even in low-density, low-traffic-impact areas. It also suggests that
the population exposed in excess of 75 dB, the level at which hearing damage
may result, is restricted to the high~traffic~impact areaé.

The frequency of identification of sources was found to depend mostly on
traffie impact, with roadway sources identified more often and other sources
less often in high-traffic-impact Qreas. Population density was also found
to be somewhat significant in low-traffic-impact areas, with the frequencies
of identification of traffic increasing and those éf natural and household
sources decreasing with population density.

Traffic impact was found to significantly affect roadway source noise
levels. Population density was found to significantly affect all source
levels except for those of traffic in high-traffic-impact areas. With this
exception, nolse levels associated with virtually all sources increase
with population density.

In conclhsion. residential noilse is a problem throughout urban America,
and this problem is greatest near major roadways and in areas with high
population densities. A4mong its solutions, the most effective will focus on
roadway sources, on the especially high noise levels at the front of residen-—
tial units, and on the particularly great noise impacts which occur at the

beginning and end of the nighttime period. While roadway sources are by far

e o bt s 2 W o ok B e 2, e e b e e e L e e s e e e et e L



the greatest contributors, other controllable sources become increasingly
prominent in higher density areas. Thus, as density increases, so do both
noise exposures and the variety of significant causes of them. As noise

increases, so do borh the magnitude and the complexity of the noise problem.
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CHAPTER 1. INTRODUCTION

1-1 BACKGROUND AND PURPQSE

Section 14(d) of the Noilise Control Act of 1972, as amended by the Quiet
Communities Act of 1978, requires the development and implementation of 'a
national noise assessment prsgram to identify trends in noise exposure and
response, ambient levels, and compliance data, and to determine otherwise the
efFectiveness of noise abatement actions through the collection of physical,
socilal, an& human response data.f

In partial fulfillment of this requirement, a natienal survey of urban
tesidential noise environments has been conducted. The objectives of this sur-
vey were!

a. To assess the residential exposure of the urEan'population of
the United States to outdoor noise.

b. To determine the relative contributions of various types aof
noise sources to this exposure.

¢. To assess the influence of various locational faetors, such
as population, population density, and proximity to roadways, on

a and b, above.

The methods and results of this survey, called the National Ambient Noise Survey,

are the subject of this report.

1-2 ORGANIZATION

The report is organized so that it may accommodate readers with a variety
of technical backgrounds and interests., The main body of the report ocutlines
the objectives and methodology and pregents the main resulta. Supplemental
information reg;rding the methodology and analyses used to obtain the results

is presentad im the appendixes. The intention is that the main body of the

l=1
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report be accessible and of interest to a wide audience, and that the appendixes
provide documentation for those who have more specialized interests in environ-
mental acoustics, noise control, and stactisties,

1-3 USING THE REPORT

The National Ambient Noise Survey genarated a large body of data concerning
urban residential noise environments in the United States. This report attempts
to convert this data into information that is useful to those who wish te com-
bat this form of noise pollution.

The information provided will be helpful in addressing two major issues
related to noise control policy development. The first issue 1s that of problem
definition. In this context, the report can serve as a basis for praedicting
noise levels and source contributions in different types of urban residential
settings. Equivélently. the report establishas norms for the noise environ=-
ments in these various sgettings, against which local survey-.results can be
compared. Such comparison would provide a basis for assessing the relative
geverity of a noise climate in a particular area.

The report also provides some input regarding the probable effectiveness
of various types of noisa control strategies in different types of urban
settingg. In this context, the information provided serves ;s a basis fer
first=order estimates of the acoustical impact of the strategies, especially
as they relate to control of noise emissions from specific types of sources,
or the control of noise levels at specific locations or times of the day. Of
course, the acoustical impact of nolse control measures represents just one
dimension againgt which their desirability must be assessed; political, atti-
tudinal, and economic assessments are also vital in this process. Nonetheless,
noise problems originate with acoustical phencmena, and sc it must be with the

solutions to these problems,

1-2
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Finally, a note of caution. The National Ambient Noise Survey represents
a first attempt at developing empirically a national prﬁfile of residential
noise environmeénts. As such, it was a pilot study, and one which was intended
more as a basis for further investigation than as an end in itself. The results
of the survey must therefore be viewed as tentative, and, one would hope,
stimulative of further investigation. The uses of these results are many, but
it is important to give due consideration to the limited scope and explorataory

character of the study.

1-3
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CHAPTER 2. SURVEY RATIONALE

2-1_  INTRODUCTION

To develop a study responsive to the objectives identified in chapter !,
1t was necessary to take into account the eriteria that the Environmental Pro-
tection Agency (EPA) has adopted for measuring residential noise impact and the
limitations on the types and quantity of acoustical measurenents which ceould be
performed in the field based upon both technical and resource constraints.

This chapter describes how these factors were used to develop a set of informa-
tion objectives, which in turn served as the basis for developing the survey
methodelogy discussed in chapter 3.

2-2 ASSESSING NOISE EXPOSURE

>
Noise exposure experienced in the residenrial enviroament is but one of

many modes of nolse exposure to which people are subject in thelr day-to-day
lives.

Such exposure 1s considered particularly important, however, because
pecople spend more time home than at any other locaticon. The most widespread
form of residential noige exposure 1s that which occurs when nolse from exterior

sources intrudes upon the intericor residential environment. This circumstance

‘results in interference with speech communication, sleep disruption, and other

types of interference with household activities. This interference, in combina-
tion with various intervening psychological and social factors, can result in
annoyance and adverse community reaction.

EPA has determined that the simplest noise metric which correlates well
with these effects is the day-night noise level (Ldn). This metric is defined
on the basis of a 24-hour day and includes a 10=dB penalty for noise levels

between the hours of 10 p.m, and 7 a.m. It is computed using the equation:

2=1
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Ld/ 10 Lo+10/10

Ldn = 10 x log ({15/24 x 10 Y + (9/24 x 10 ¥)

Ld = Equivalent sound level from 7 a.m. to 1O p.m.
Ln ~ Equivalent sound level from L0 p.m. to 7 a.m.

It has been found that, as residential Ldn varies between 55 dB and 75 dB, the

expected adverse reaction varies from little at 35 dB to a high degree of annoy-

ance at 75 dB, with the proportion of individuals highly annoyed assumed to
increase linearly in between. This has led EPA to assoclate with residential
noise exposure a "fractional impact," which estimates the proportion of a popu-
lation experiencing a high degree of noise-induced annoyance. This impact,

called the Noise Impact Index (NII), is given by the equation:

75
NIE = 1/20 Z P{Ldn) (Ldn~55)
Ldn=55
P

P(Ldn) - Population exposed to residential noise level Ldn.
P = Total population.

Although the day-night sound level is a useful deseriptor for predicting
nolse impact, other acoustical factors should also be considered in assessing
tesidential noise impact. Among these are temporal and spatial variation in
sound levels around the residential unit.

The scenario of noise from exterior sources impinging upon the interior
residential environment suggests that noise levels at locations near the
residential unit facade are the most directly related to residential noise
impact. In most cases, however, these levels change significantly depending
upon which facade (front, rear, or sides) 1s considerad. Although nolse levels

gt the front of the unit are generally considered the most significant, it is

2-2
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expected that any sizable differentials between these levels and those at other
facades will have an effect on the overall reacrion experienced within the unit.
These differentials, therefore, require consideration ig assessing residential
noise exposure.

The temporal variation of nolse levels must also be considered.

Noise levels vary over time, whether measured in seconds, hours, days,
months, or years. These patterné of variation, when conjoined with human
psychological susceptibilities and patterns of activity, represent the actual
conditions under which nolse impacts arise. Although it may not be possible
to develop noise impact criteria which take all of these variations inte account,
it is desirable to obtain some understanding of these tempoeral patterns in noise
levels. Of particular interest in the context of this survey ware the hourly,

daily, and instantaneous variations.

The study was therefore designed with the intention that it furnish answers

 ta the following questions:

a. How 1s the urban population distributed with respect to residen~
tial Ldn?

b. What is the typilecal variaticn in noise levels between the front,
rear, and sides of a residential unit?

¢. How do noise levels vary dally, hourly, and instantaneously?

2-3 SOURCE CONTRIBUTIONS

The Noise Impact Index described above is assumed to be source-independent.
Therefore, the contribution of a particular type of nolse source to residential
noise exposure can be astimated in terms of the day-night noise level which
results from this type of source. In situations in which a certain type of
source 1s clearly dominant, this day-night lavel can be equated with the

overall day-night level, Unfortunately, many noise environments include noise

2=3
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from several different types of sources, none of which is consistently
dominant. In these cases, it 1is not technically Ffeasible to measure the day-—
night levels that result from sach individual type of source. This necessi-
tates the use of descriptors that are only indireectly related to exposure
contributions, but are directly measurable. Two such descriptors are commonly
employed in this context. One 13 the frequency with which a type of source
is predominant. The other 1s the average noise level when a certain type of
source is predominant. Both of these descriptors rely upon the judgments of
field observers regarding what type of source is predominant at any particular
moment.

As in the case of overall noise levels, spatial and temporal variation
should also be considered in assessing source contributions.
Thege considerations implied three informatian objectives regarding source

contributions:

a. How frequently are different types of noise sources predominant
in the urban residential nolse environment?

b. What are the average noilse levels when particular types of
sources are predominant?

¢, How do source contributions vary temporally and by side of resi-
dential unir?

2—-4  TYPOLOGY AND FACTOR ANALYSIS

In addition to assessing noise exposure and source ;ontribucions for
the urban population as a whole, another objective of the survey was to obtain
similar information for the differenc types of utban environments that compose
this aggregate. This information was deaired in order to enhance the quality of
the aggregate information, to allow greater speclficity in comparisons with and

predictions of local noise environments, and for factor analysis.
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To dafine these objectives further, it was necessary to develop 4 typology
for urban areas that would take into account their most potentially signifi-
cant characteristics, while at the same time limiting the number of categories
so that a reasonable number of measurements could be made in each one. Four
parameters were selected to be included in this typology. These parameters,
which will be defined more precisely in chapter 3, include metropolitan area
size, area population density, distance from major roadways (traffic impact),
and Jocation with respect to flight paths around major airports (aircraft
impact). These parameters were uged because of their significanee to noise

environments, the ease with which they can be evaluated for a particular area

.or location, and the availability of estimates of the residential populations

of each defined type of urban area. The latter parameter was used to exclude
from consideration areas which are heavily impacted by aircraft neise.,” The
three other parameters were used to define a sampling cell structure.
Two information objectives concerning these three parameters were defined:
a, How is residentiai'Ldn affeeted by urban area size, population
densicy, and proximity to major roadways?

b. How are source contributions affected by these parameters?

2-5 SURVEY EVALUATION

The information needs described in this chapter have two things in common.
First, the informﬁtian required pertalns to the urban population at large, as
opposed to the particular segments of that population with particular noise
exposure problems. Second, the information needs could be met through direct
measurement and observation of acoustical phenomena. Together, these two

attributes defined the set of infotmation objectives that could be reasonably

expected to be met by a study such as the National Ambien:t Noise Survey.
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However, such reasconable expectactions in no way imply certainty of success.
This was especially true in this case, where a relatively small-scale measure-
ment effort was employed to meet a wide variety of information needs pertaining
te a large set of urban locations. Thus, a filnal objective was to assess the
utility of direct measurements in obtaining the desired information. 1In this
respect the survey was not anly an investigation of urban noise, but also of

the role of noise monitoring in this iInvestigation.

VT T e

e e e e,

S AR |



¢
CHAPTER 3. METHODOLOGY

3=1 BASIC APPRQACH

The basic approach of the National Ambient Noise Survey was to divide
the set of urban residential units in the United States into subsets, called
sampling cells, select a random sample of units in each sampling cell, and
develop statistically valid profiles of the residential noise environments in
each sampling cell based on measurements taken at the selected units.

To determine the set of urban residential units, the 1970 U.S. Census was
used. The census compiled a list of 248 "urbanized areas." Each area consists
of at least one central city and surrounding closely settled territory. 4n
urban residential unit is defined as one that is located within one of the
urbanized areas. .

f?w With each residencial unit is associated a "noise eavironment." This is
defined as the immediate noise field surrounding the exterior facades of the
residential unit. Thus, fer the purpose of the study, noigse environments ara
asgumed to be individuated by residential unit.

3=-2 CATEGORIES OF RESIDENTIAL UNITS

; The set of urban residential units is divided into sampling cells on
the basis of urban area size, population density, distance from méjor road-
ways ("traffic impact'), and location with respect to aircraft flight paths
("airecrafe impact'"). A category is specified by four indices, each corre-

! gponding to a range of values of one of the parameters.

T

3-1
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J=2=1 Urban Area Size

The urban area size parameter is defined on the basis of the urbanized
area population as determined by the 1970 census. These populations are given
in table 20 of the 1970 U.S. Census of population, U.S. Summary. A portion of

this table is shown in table 3-1.

Two categaties of urban area size are defined. 'Large' urbanized areas
are those with a population of 2 million or above. All others are classified
as "medium-small" urbahized areas.

Referring to table 3«1, the Chattanooga, Temn. - Ga. urbanized area is seen
to fall in the medium-small category, while Chicago, Ill. - Northwestern Indiana
is in the large urbanized area category.

3~2=-2 Population Density

Ag depleted in table 3-1, each urbanized area is divided into two or
more components.' For example, the Chattanooga urbanized area consists of
Chactancoga City and outside Chattancoga City, and the Chicago area consists
of Chicago, East Chicago, Cary, Hawmmond, and outside central ecities. These
components will be called “urban zones,"

The population density metric used in the survey 1is the urban zone popu-
lation density based on the 1970 census, - These densities, based on gross land
area, are also given in table 20.

Four categories of population density (persona per square mile) arz defined.
Densities_of 4,500 or over are classified as “high." Densities between 2,500
and 4,499 are "medium~high". Those between !,500 and 2,499 are "medium-low’.

Densities below !,500 are classified as "low."
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Tabla 3-1. Excerpt from U.S. Summary, Table 20

Tabte 20. Population and Land Area of Urbanized Areas: 1970 and 1960—continued

|For meaning of symbals, ste leat |

1930 1960
Population Pepulalion Population Papulateon Percen!
Areas d Land area pel square - Land area pe: squaie change in
Peicent an Square mite of Peicent in squaie mile of poputalion,
Number  dastnibulion ailes land area Humber  disinbution mies land area | 1360 1o 1970
Chdmpaign-Urbana, 1l iiaiisaesisnsinesnsines ing, 47 HHL O 4.2 A, 4H7 8,004 100.0 11,7 4,660 .7
Inidde central cltlen.,roiiina, uy9,333 #b. 0 13,4 & KEY 76,477 o8, 5 .7 7,148 16.2
ChARPATEN . oo v vrbnrrtraeitrnats 46,512 56,3 "2 6,811 48,581 61,8 [ 7,028 4,0
UrhaBa, . cas v aarirnestnncnnny reea 32 400 3.7 3,1 6 411 27,304 25,0 4.2 6,499 20,2
Outaldr cantral Citles,ioriaiiinrraearranring 11,085 1.0 1.9 2,262 1,107 1.3 Lo 1,137 #7249
CHaFloulon, 5.6, cesysvriarnnrarsrisroeenarnasans 2k 349 L, 0 09,2 2,300 160,112 100.0 n.z 5,132 42.6
CRArLustan ClbYouusraniraniversstosrsornnanes 04,043 29,3 17,2 a,up2 63,025 4.2 3.5 11,946 1.3
Outsido cuntral CHtYivaineasinrascrravsvanass 161,454 0.7 82,0 1,069 o4, 18H 54,8 23,7 2,865 7.4
Charlestnn, We Vadisisovasivannassarsveeranarose 157, 662 1o, 0 61,4 2,850 169,500 100,88 43,0 3,162 -1, 0
Churlastan cltYeiivess 71,508 a5, 4 27,2 2,629 43, 798 50,6 26,1 3,387 -18,7
mits{do central cley., HG, 157 54,6 4.8 2,400 83,704 49,4 27,5 3,044 2,9
Charlotts, HaCoevinrioneyarsorarersssonsesnns 279,330 00,0 105,7 2,643 208, 551 in0,0 72,4 2,008 23,4
Charlotte city,ov.. Craeesarseened vea 241,174 (A ] 70.0 3,172 201,564 96,2 81,0 2,108 19,7
Outslde condral Cltyeivervansiranssrastnscans Ju, 332 13,7 #8,7 1,291 7,007 3.4 LI ath o, 2
Chattunnoga, Tenm=Cayviuisssaastinsrsnrrnrsnss 2ag, 500 00,0 16,7 1,016 208, 147 00,0 us,0 #,305% .0
ChnEEancogs city.,, 119,062 53,3 52,3 2,264 130, 009 63,4 16,8 3,382 -t 4
Qutalde conkrsl Cltyissiiasseraanroacantianss 104,494 44,7 £4.2 \,62d 75,134 A6.4 52,4 1,434 v,
Chicdga, 111, «Harthuestorn Indersisreverrionnss 6,714,574 wanf’o1,297,2 4,257 'A,061,604 00,0 54,7 6,208 12,6
tnudde contral ClEles,.eivsnreonrie . 3,697 144 55,1 a0l.0 12,200 3,808,001 64,4 206,7 13,100 -3,2
CHACARD. st vaasraans . 1,106,447 50,1 22,6 18,126 3,550,404 39.4 21,7 18,014 -5,2
Fuxt Chicdfoeiieeirne Tresane . 46, U 09 12,2 2,020 27,6069 1,0 .8 4,887 18,3
(1] P Sireavaisrseanes PN 175,415 2.4 42.0 4,177 1714, 330 3,0 40,8 4,403 -1.0
HARRION . s s v v v tnsnrisassnossrsnsen 107,700 t,6 24,1 4,473 111,690 1.9 22,7 4,921 -3,5
Dutmida contral cltlub oo aiarinsarsnonsinnes 1,007,404 44.0 ot19,2 3,091 ‘2,081,841 M. 6 640,0 a3t 40,2
Clpefanabl, DMO-KY o iearicssnsstnarianrernnss 1,110,584~ " 1000 335,1 3,314 193,364 no,0 41,3 BN 1.0
Cincinnatl clby,viaarirrervinerinararnrtriens 52,524 40,7 4.t 5,14 804,520 sn.o 7h,8 6,508 =l0,0
Outefde central clty.raisianinrnrasnnrssrrany G537 900 48,3 247,0 2,500 491,018 d9.4 185.0 2,016 M0
Cluveland, DI yaevreresssrosrsrsrarnsensenans 1,958 nad 100,0 848.1 3,003 1,703,436 100.0 sl 4 3,087 v.9
Cleveland cltyoaani. 750,000 34,2 75,0 0,493 a7, 050 a0, 15,9 11,542 14,1
Outelde contral ity v iasrcinnrecasveanttears 1,204,077 6,7 570,38 2,130 907,044 50,0 505,45 1,7ud 33,2
Colurado Hpring® Colo. i vestneadttnst tasensnsn 204, 708 100,0 0,0 @, 475 100,220 10,0 28,3 - 3,848 104,21
Coalormls Springs cbyis v rosevaareensnssnnsss £35,060 a6.0 60,4 2,221 0,194 70,0 15.7 4,474 D24
Outaldde contFal ©3by i essasnsrsosrareserses 49,700 34,0 29,2 2,087 J0,024 0,0 14,8 2,303 132,32
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Again referring to table 3-1, Chattancoga City is seen to fall in the
medium-low~density category. In the Chicago urbanized area, Chicago 1is in
the high—-density category, while all other urban zones are in the medium-high
category.

3-2-3 Traffic Impact

The traffic impact parameter, which represents the proximity of
the residential unit to major roadways, is hased upon the Federal Highway
Administracion's classification ﬁcheme for urban roadways. This scheme includes
six functional classes: interstates, freeways and expressways other than inter-
states, prineipal arterials, minor arterials, collectors, and local streets.

Two categories are defined. Residential units that are within 300 feet
of an interstate or urban freeway or within 100 feet of a principal or minor
arterial are put in the "high~traffic-impact' category.* All other residential
units are in the "low-traffic-impact" category.

These distances are necessarilylsomewha: arbitrary. The intent iIs to
include in the high~traffic-impact category only those residential units that
are chiefly impacted by major roadways. In general, only residential units
that face on arterial streets or are less than three houses distant from

interstates and freeways fall inte the high~vraffic~impact category.

3=2=4 Alrcraft Impact

To define the ailrcraft impact categories, day-night sound level contours
around airports were used, These contours delineated areas within which
specified ranges of day-night noise levels result from aireraft operations.

Examples of these contours are shown in figure 3-l.

*These distances are measured from the center of the nearest lane of
the roadway to the center of the residential unit.

3-4
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Figure 3~1. ILdn Nolse Contours Around a Typical Alrport




All residential units locaced within the Ldn = 65-dB contour are placed
in the "high-airerafc~impact" category. All other residential upits are
in the "low-aircraft-impact' category.

Residential units in the high-aircraft-impact category were not included
in the survey. This exclusion was justified by the ability of computer models
to predict noise levels in these areas and by the daily variability of these
noise environments, resulting from day-to-day changes in aircraft f£light paths
and air traffic volumes.

3=2~5 Sampling Cells

Table 3-2 summarizes the categories of area size, population density,
traffic impact, and aircraft_impacﬁ described in the previcus sections. To
define the sampling cells, these four sets of categories are simply combined.
Thus, a sampling cell consists of all residential units tﬁgt fall within the
same urban area size, population density, traffic-impact, and aircraft-impact
categories.

One important feature of this cell structure is that data are available
that permit a calculation of the human population corresponding to each combi-
nation of area size, population density, and traffiec-impact categories, The
calculations rely on 1970 census data and data from the National Roadway
Traffic Noise Exposure Model data base. These populations are given in
table 3=3 and derived in appendix E.

No data are availlable that permit the apportionment of thaese populatioens
into high= and low-aircraft-impact categories. It is estimated that a total of
5.22 million people reside within Ldn = 65~dB contours, Because this repte-
saents only about 4 percent of the urban population, little uncertainty is
introduced from assuming that this population is distributed among the other

categories in the same way as the total population. This assumption was made,
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Table 3-2.

Summary of Categories Used to Define Sampling Cells

. Basig for Defining Number of Description of
" Parameter Categories Categories Categories
Urban Area Urbanized area 2 Large - > 2,000,000

Size

Population
Density

Fﬁ” Traffic

Impace

Alrcraft
Impact

population (1970)

Urban zone population 4
density (1970) .

Distance from major 2

Medium/small ~ All
others

High - » 4,500/
square mile

Medium~high - 3,000~
4,500 .

. Medium~low - 1,500~

3,000

Low - < 1,500

High « Withdin 100
feet of an arterial
or 300 feet of an

interstate or
freeway

Low = All others

High - Within
Ldn = 63 dB contour

Low = All others

‘roadways
. Ldn contours around 2
airports
37
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Table 3~3. Population (Millions) of Sampling Cells Used in

National Ambient Noise Survey (1980 Estimates)

High
Medium-High
Medium=-Low

Low

i e VL TP )

Large
Urban Areas

Medium/Small
frban Areas

High low High Low

4.29 25.00 1.47 14.96

3.82 19.49 2.20 19.92

0 0 3.07 31.7

0 0 0.53 5.78
3-8
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and the populations given in table 3-3 were assumed in all subsequent calcula-
tions. The survey may thus be conceptualized as a survey of the total urban
population, but one that does not coqsider the increment-of noise that results
from a residential unit being located within an Ldn = 65-dB contour.

The total number of sampling cells defined by the four categories of urban
area size, urban zone population density, traffic impact, and aircraft impact
is 32, Excluding the high=aircraft-impact cells reduces this number to 16,
0f thesé, four have zero population. This leaves a total of [2 sampling cells
to be included in the survey.

3-3 SITE SELECTION

Each of the sampling cells included in the survey represents a subpopula-
tion of urban residential units. Units in each subpopulation were then
randomly selented to be useéd as measurement sites,

The selection process involved five ;teps. First, the sizes of the samples
desired from each sampling cell were determined. Second, urbanized areas were
randomly selected. Third, census tracts within each selected urbanized area
ware randomly sslected, Fourth, blocks were randomly selected from within each
census tract. Finally, residential units, either high- or low-traffic impact
as required, were selected from each selected block. A detailed deseription of
the procedures followed in determining sample sizes and in making these random
selections is described in appendix A.

A profile of the sites obtained in the survey is given 1in table 3-4, A

complete listing of the sites is given in appendix F.

3-9
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Table 3-4. Site Quotas and Sites Obtained for Each Sampling Cell
1980 1981 Total
Average
Urban Area Urban Zone Iraffie ’ - Average Urban Zone
Size Density Impact Quota Obtained (Quota Obtained Quota Obtained Urban Area Population
Population Density
Large High tigh 4 4 1 ! 5 5 4,844,195 12,524
large High Low 4 4 16 15 20 19 6,678,032 15,773
Large Medium-Iligh Nigh 4 4 1 0 5 4 5,049,977 3,786
2 Large Mediom-ligh  Low 4 4 11 7 15 11 8,938,089 3,557
> Med{ium~Small High ligh 4 4 1 1 5 5 585,593 8,317
Medium-Small High Low 4 4 11 9 15 13 765,491 7,279
Medilum~Small Medium-~lligh High 4 3 1 1 5 4 184,195 4,111
Mediun-Small Medium-iligh  Low 4 K] 21 .18 . 25 21 588, 187 3,610
Medium~Small Medium-Low lgh 4 3 1 5 4 477,083 1,964
Mediuvm-=Small Medlum-Low Low 4 4 . 26 22 30 26 739,398 2,327
Medium-Small Low Miph 4 3 1 1 5 4 187,740 1,122
Mer.}ium-—Small Low Low 4 3 6. 5 10 8 208,261 1,248

Total 48 43 97 Bl 145 124
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3-4 MEASUREMENT PROTOCOL

3=4=1 Elements of the Protocol

Two types of sound-level measurements were performed at each selected
residential unit. Continucus sound-level measurements employing an automated
nolse-level recorder equipment were performed at the front of each selected
unit. Manual sound-level measurements and source identifications, employing
a technique called micreosampling, were made at accessible sides of each
selected unit.

J=4=2 Continuous Measurements

The purposes of the coqtinuous measurements were (1) to acecurately measure
the Ldn and (2) to provide a detailed time history of sound levels over a
24-hour or longer period at one location near the residential unit. This loca-
tion was the architectural front of the vesidential unit and was further speci-
fied by rules that took intec account such factors as driveway location, window
location, and securiéy. The intent of these rules was to obtain a location
that represented as closely as possible the external-source~generated noise
field at the front side of the unit.

The continuous measurements were generally conducted for a 24~hour period.
At a few sites, 5=-day continuous measurcements were performed to assess daily
variation in sound levels.

A discussion of the equipment and analytical procedures used in continuous

monitoring is provided in appendix C.

3=4=3 Microsamples

Microsamples were collected to assess source contributions and differentials

i1 nolse levels between the ﬁront and other sides of the residential unit.
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Microsamples consisted of 120 sound-level measurements, employing a Type 2

or better sound-level meter set to "slow'" response, and source {dentifications
taken over a 30-minute time period. The microsamples were usually gathered
in sets of two, one at the unit near the continuous-measurement location and
one at another side. Whenever possible, three such sets were obtained at each
site, one each in the daytime, evening, and nighttime periods.* The exact
locations at which these measurements were taken depended upon window placement
and other architectural factors. As in the case of the continuous measurement,
the objective was to accurately represent the external-source~generated noise
field at the given gide of the unit.

The sound-level measurements were taken every 15 seconds. At the time
of each measurement, the type of noise source judged to be predominant was
also récorded. Table 3=5 shows the list of source types used in the survey.

3~5 ANALYTICAL PROCEDURES

Je5«1 Data Reduction

The conEinuous noise-level data were encoded on digital cassette tapes.
These tapes ware analyzed using a digital translator and computer. The miero=-
sample data were keypunched and computer reduced. The reduced data were
assembled into a set of Staristical Analysis System data sets for further
analysis,

3-5=2 Data Analysis

The data were analyzed to develeop information relevant to the objectives
discussed in chapter 2. A discussion of some of the more important analytical

procedures used 1s included in appendix D. The results of this analysis are

presented in chapter 4.

atn
e st

#Daytime 1s 0700-1900; evening is 1900-2200; nighttime is 2200-0700.
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Table 3-5. Source Codes Used in Microsamples
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Auto

Bus

Construction Equip. {(not Y or §)
Dog

Emergency Vehicle

Factory Equip.

Unamplified Adult Voice
Helicopter

Pergon Using Nonpowered Equip. (not Y or §)
Jet

Unamplified Child Voice
Amplified Sound {not E)
Motorcycle

Other Animal (not D or Q)
Bird

Prop. Plane

Wiqd

Railroad

Household (not G, Y, or K)
Truck

Unidentified Road Traffic
0ff-Road Vehicle

Water Vehicle
Unidentifiable Source

Home Yard Work (not G or K)
Residual Level
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CHAPTER 4. RESULTS

4~1 INTFRORBUCTION

In this chapter, the results of the survey are described. They are pre-
sented as answers to the questions posed in chapter 2. The answers presented
are based solely upon the data obtained in the survey. Therefore they should
be viewed cautiously: 124 sites are being used to represent a population many
orders of magnitude greater.

With each answer are included a few remarks regarding its policy implica-
tions. These remarks are far from exhaustive, but are intended to 1llustrate
the connections which exist between the information presented and noilse control
policy development. It is expected that other such connections will be made
by the interested reader in light of the local situation which he faces.

The emphasis in this chapter is on presenting information, not a detailed
account of how this inforﬁation was derived from the measurement rasults. Such
an account may be of value to-some readers, and is included, along with an
error analysis, in appendix D,

It must be emphasized cthar these results apply to the urban population not
residing within Ldn = 65 dB contours around airports. Equivalently, the
results may be considered to apply to the entire urban population, but without
including the increment of noise which results from living within that contour.

4-3 DISTRIBUTION OF THE URBAN POPULATION QVER Ldn.

Figure 4-! shows two versions of the distribution, The bars show the "raw"
distribution, in which the results of the individual measurements were gimply
weighted according to the populations of the sampling cells. The curve is the
normal curve derived from the individual measurements. The mean Ldn value is

60.4 dB, and the standard deviation is 4.8 dB,
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The irregularity of the raw distribution reflects the small number of data .
points upon which it is based. The normal curve smooths out the irregularities,
and 1lg therefore the preferred approximation of the true distribution.

Table 4-1 shows the percentage of the urban population exposed to residen-
tial Ldn over 55, 60, 63, 70, and 75 dB respectively, Earlier EPA estimates,
as baged on the 100-site study*, are also included,

Table 4-1., Populations Exposed to Critiecal Values of Ldn
(Percent of Urban Population)

National Ambient 100-5ite

Noise Survey Study
Ldn » 35 dB 87% 70%
Ldn > 60 dB 53% 447
Lda » 63 dB 17% 18%
Ldn > 70 dB 2% 5%
Ldn > 75 dB <14 1%

These estimates indicate that the vast majority of the urbau’population is
exposed to residential noise sufficlent to create some adverse impact, but that
only a tiny fraction experience the full impact associated with Ldn over
75 dB, Eighty~-seven percent of the urban population are sufficiently exposed
to experience some benefit from a reduction in noise levels,

The Noise Impact Index, defined in chapter 2, can be computed from these
results, and is found to bg .28. Thus, based on EPA criteria, 28 percent of
the urban population are expected to be highly annoyed as a result of noise in

the residential environment,

*The l00-site study is the previous nationwide study of urban residential
noise exposure sponsored by EPA., The study established a relation between Ldn
and census tract population density. This relation, in combination with the
distribution of the urban population over census tract density, was used to
develop the clted estimates.
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! These results consider noise levels at the front of residential units only.
The next section discusses the differentials hetween these levels and those at

other sides.

4=~3 VARIATION IN NOISE LEVELS BY SIDE OF RESIDENTIAL UNIT.

' Table 4-2 shows the average differentials between nolse levels at the
front and those at the rear and sides. The information 1s presented for both

high and low traffic areas.

Table 4-~2. Differentials in Noise Levels by Side

Traffic

Tmpact Leq(Front)=Leq(Side) Leq(Front)-Leq(Rear)
- High 4 dB 9 dB

Low 3 dB 4 dB

These differentials resultlprimarily from screening effects and the gen-
fé} . erally greater distances between raadways‘and the rear and side locations.
They therefore reflect thé predominance of roadway traffic Iin the noise environ-
ment in low alrcraft impact areas. Whather and how these differentials afifect
noigse impact are interesting and important questions yet to be answered.

These results nonetheless have useful implications for the design and
retrofitting of urban housing, Housing layouts which locate the most noise=
sensitive areas, such as bedrooms, in the rear will afford such areas maximal
protection from exterior noise. Nolseproofing measures, such as double

; glazing of windows, will realize rheir greatest benefits when applied to the
E front of residential units. These considerations are especially important in

; high traffilc impact areas.

O
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4-4 DAILY, HOURLY, AND INSTANTANEQUS VARIATION IN NOISE LEVELS

4=4=] Paily Variation

Table 4-3 shows the average day-by~day variation in Ldn by day of the week.

It is based on the results of tha eight sites which were monitered for 5 days

continuously.
Table 4-3. Average Ldn by Day of Week
Day M T W T™ F s s
Ldn (dB) 59 59 60 61 6L 59 60

The small variaéions obtained ‘indicate that the day of the week does not
significantly affect the Ldn. This conclusion is especially surprising in the
case of weekend days, when traffic patterns are significantly different from
thoge on weekdays.

The'standard.deviation in Ldr for the eight 3-day sites ranged from L.O
to 2.9 dB, with an average of 2.0 dB. This means that one day of monitoring
is usually sufficient to obtain a .reliable astimate of the Ldn in lew aireraft
impact areas.

4=4=2 Houtrlv Variation

Figure 4-2 shows the variation in houri} Leq values over a 24-hour period
for high- and low-traffilec-impact areas. The patterns of vériation are seen to
be remarkably similar in both types of areas, especially during the evening and
nighttime hours. Starting at midnight, the levels decrease steadily until about
4 a.m., and inecreage rapidly between 4 a.m. and 7 a.m. The levels begin to
decrease steadily after 6 p.m. During the hours betwzen 7 a.m. and 6 p.m.,
noise levels remain fairly constant in high-traffic~impact areas, while increas—

ing slightly in low-traffic~impact areas.
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5“‘\ The dashed lines in figure 4-2 indicate Leq values adjusted to reflect
the l0=-dB weighting facfor for noilse levels during the evening and nighttime
hours used in the caleulation of Ldn. When this factor is considered, noise
during the nighttime a;pears to have a substantially greater impact than noise
during the daytime, with by far the greatest impacts occurring at the beginning
and end of the nighttime hours.

4—4--3  Instantaneous Varlation

Instantaneous variation is best described by statistical levels. These
deseriptors indicate what noise levwel is exceeded for a given percentage of
the time, Ll, for example, is the le;el exceeded 1 percent of the time, and
thus describes peak and near-peak levels. L99 is the level exceeded 99 percent
of the time, thus defining the 'noise floor" of the environment.
Figure 4~3 shows the variation in the statistical levels L99, L90, LS50,
-f‘\ L10, and L! over a 24-hour period for high- and low-traffic-impact areas. ;
Instantaneocus noise levels are seen to vary more greatly in the daytime and

in high-traffic-impact areas. Although all five statistical levels follow i

the same basic pattern of variation, this pattern is most pronounced in the LI

and L10 levels. The variation in these upper statistical levels is the primary
source of the hourly Lei variation described in paragraph 4-4-2,

Of particular interest is the increment between Ll and L10. This incre-
: ment represgsents the noise levels resulting from the loudest noise sources. As
sucﬁ it would be most affected by an abatement program targeted at such sources.

A plausible goal of such a program would be to reduce all noise levels above

the pre-program L10Q to levels at or below this value,
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Figure &4=~4 shows the hourly decreases in Leq that would result 1if this
goal were to be achileved, baseﬁ on the statistical levels shown in figures 4-3A
and 4=-3B.* In low-traffic areas, these decreéses are generally about 3 dB,
with a substantial decrease for the late night hours and some increase for rush
houtrs. The expected decreases are penerally about 2 dB in high~traffic areas,
but substantially greater during the late night and rush hours.

These observations suggest that a noilse abatement program targeted at the
nolsiest 10 percent of sources would decrease noise leveis in low- traffic~
impact areas by about 3 dB, which in most cases would result in an Ldn at or
below 55 dB, the assumed threshold of impact in the EPA eriteria. Such a
decrease would also be squivalent to reducing traffic volumes by 50 percent.

In high—-traffic-impact areas, a somewhat smaller overall decrease would result.
However, an abatement program targeting noise levels in the late night hours
(perhaps employing curfews) would be especially effective in such areas.

4-5 FREQUENCY OF PREDOMINANCE AND AVERAGE NOISE LEVELS OF SOURCES

B et e e A e i

Source contributions are described by means of two descriptors; called
frequency and Leq (id). Frequency is the proportion of time in which the source
was identifiad as predominant. Leq {(id) is the equivalent sound level as aver=-
aged over the instances in which the source was so identified., TFigures 4-34
and 4~5B show these values for high—- and low~traffic areas, based on micro=-

samples taken at the front measurement site enly.

*The average noise level during the noisiest 10 percent of the time is
assumed to be:

10 & Log 10((10%1/10 4 gL10/10y 5
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Unidentified traffic and automobiles are by far the most frequently
mentioned sources. Other frequently identified sources are trucks and house—
hold sounds in high~traffic areas, and birds, household sounds, voices, air-
craft, home yard work, and trucks in low-traffic areas. Residual sound, that
which is heard when no particular source is sﬁfficiently loud to be identified,
is identified about 3 percent of the time in high-traffic-impact areas and
10 percent of the time in low-traffic-impact areas.

The loudest sources Iin both traffic impaet areas are autoes, buses, trucks,
motoreycles, aireraft, and construction, all with Leq (1d) values over 65 dB in
high~traffic impact areas and ovér 55 dB in low~traffic—~impact areas, The
sources are the usual targets of nolse control programs. Apother frequent tar-
get which is-not among this group is dogs, with Leq (id) values of 56 dB in
high-traffic~impact areas and 52 dB in low-traffic~impact areas. This suggests
thai dog-barking 1is a noise problem primarily as a result of its expressive
content.

Leq (1d)} values are consistently higher in high-traffic-impact areas.

This indicates a more "competitive" noise environment, in which the higher
traffic-noise levels must be exceaded by another source in order for that
source to be identified. This creates the 1llusion that even sources unrelated
to traffic (birds, for example) are louder in such areas.

4=6 VARIATION OF SOURCE CONTRIBUTIONS BY SIDE OF RESIDENTIAL UNIT

Six sources were selected for analysis of locational and temporal varia-
tion of frequency and Leq (id). Three of the sources, autos, trucks, and
motorcycles, are roadway traffic sources frequently targeted in nolse control
programs. Two sources, conatruction and dogs, are non-transportation sources
which a;e also targeted in many programs. The other source, birds, was selected

- i BT R LA T



because of the commonly made association between bird sounds and a pollution-
free sound environment.

Figures 4-6A through 4-6F ghow the frequenciles of ifdentification and Leg (id)
values of these sources by side for high- and low-traffic-impact aress. They
are based on data taken in the daytime hours. The roadway traffic sources are
clearly moest prominent at the front, with this tendency most strongly pronounced
in the high-traffic-impact areas. Construction and dogs are more frequently
identified at the rear and sides, although the associated noise levels are
higher when they are heard at the front. This reflects the higher competing
levels thch these sources must exceed in order to be heard at thé front.

These effects are again more pronounced in high~traffic-~impact areas. Birds
follow the same basic pattern as dogs and construction with regard to‘Erequency.
with litele locational variation in Leq (id) values. These observations sug-
f‘f\ gest that noise control programs oriented toward roadway traffic will have their
greatest impact on noise levels at the front of residential units., Non-roadway

traffic oriented measures will have a2 more uniform, though smaller, impact.

4=7 TEMPORAL VARIATION IN SOURCE CONTRIBUTIONS

Figures 4-7A through 4-~7F show the frequencies of identification and Lleq

f (id) sources of the gix sources identifled in paragraph 4-6 by time of day,

: based on data taken at the front only. Daytime refers to hours between 7 a.m.
! and 7 p.m. Evening refers to the time between 7 p.m. and 10 p.m. Nighttime
includes the period between lﬂrp.m. and 7 a.m.

: The roadway traffic sources are predictably less prominent in the night-

: time than in the daytime, both in terms of frequency and of Leq (id). In the
evening period, autos and motorcycles are as prominent as in the daytime, while
trucks are much less prominent. Noise levels asscclated with roadway vehigles

- + are consistently lower in the nighttime.
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As expected, construction nolse is usually present only during the daytime.

Dogs atre very rarely heard In high-traffic-—impact areas. In low-traffic-
impact areas, they are ﬁeard equally frequently throughout the day, though their
agsociated noise levels decrease during the nighttime,

Birds are somewhat louder in the daytime hours. Their frequency of
identification in high-traffic-impact areas 1is greatest in the nighttime, while
in low=-traffic areas it {s greatest in the daytime. This difference results
from the stronger tendency of traffic in high-traffic~impact areas to drown out
bird sounds during the daytime. Thus, the prominence of birds in high-traffic-
impact areas is basically a function of the prominence of other competing
gources, while in low-~traffic-impact areas the temporalrpatterns of the birds
themselves are more important.

From a policy perspective, these results suggest that roadway traffic
abatement measures will have their greatest acoustical effects in the daytime
and evening. This consideration must be balanced against the greater noise
impacts which occur in the nighttime as predicted by the l0~dB weighting
factor used in EPA criteria. With this factor included, roadway traffic during
the nighttime would appear to be the most important contributor to adverse
noise impacts. The penalty for nighttime sources is thus of critical importance
in assessing the rélative benefits of roadway traffic nelse abatement measures

over the temporal domain.

4-8 EFFECT OF URDAN AREA SIZE, POPULATION DENSITY, AND TRAFFIC IMPACT

4uB=1 Effect on Ldn

' Table 4=4 shows summary statistics describing the Ldn measurement results
in the 12 sampling cells described in chapter 3. The results indicate that
average Ldn values are above the 55-dB threshold of impact in all 12 ¢ells.

Standard deviations of these levels are approximately 4 dB, suggesting that

4=27
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Table 4-~4., Summary Statistics of Ldn Measurement Results,
by Sampling Cell

Traffic Ua uz Mean Std. Error of
Impact Size Density n Ldn Dev. Mean
High Large High 5 69,2 4ob 2.0
High Large Medium- 4 66.8 4.3 2.1
High
High Medium~ High 5 67.6 2.1 0.9
Small
High Medium- Medium= 3 66.9 3.0 1.3
Small High
High Medium- Medium- 4 65.2 2.5 1.2
Small Low
High Medium=- Low 4 66.0 3.3 l.7
Small
; 'cﬂ) Low Large High 19 62.4 4.0 0.9
; Low Large Medium- 11 59.0 3.3 0.9
g High
i Low Medium- High 13 60.6 4.5 1.2
: Small
L Low Medium- Medium- 21 58.3 4.0 0.9
i Small High
s .
: Low Medium= Medium=- 26 58.2 4.3 0.8
i Small Low
§
£ Low Medium= Low 8 57.4 2.3 0.9
1 Small

EX N I

B Y v T
~

._.v
E
(]
1€}
o

YT DI et BTt et 3 BT AR RS S bt ot bt b et e e e e i e e e e e e e

LR s



66 percent of the population within each cell are exposed to a residential Ldn
within 4 4B of the average. Ninety percent are expected to be axposed to within
' '8 dB of the average Ldn.

The data reveal that the average residential noise exposure is sufficilent
to generate some adverse impact in all types of urban areas. While pockets of
relative quiet certainly exist on the urban landscape, such areas must be viewed

' as exceptional even in low-density areas.

Inspection of table 4-4 indicates that traffic impact has a pronounced
effect on residential noise levels, with the average Ldn in high-traffic-impact
areas between 6 dB and 9 dB greater than in low-traffic~impact areas.

Analysis of the variation in Ldn over urban area size and urban zone
denaity reveals that density is. the other significant factor. Its effect is
best represented when the logarithm of the actual density is used as the inde~ -

fmrﬁ pendent variable instead of the density category used to define the sampling

cell structure. Urban area size is a S;gnificant factor only insofar as it
cotrelates with urban z;ne density: noise levels in large urban areas are

; higher as a result of the greater populacion densities of these areas.

A regregsion analysils of the results indicates that a simple and reasonably

: accurate prediction of Ldn is given by:

v Ldn = 42.3 + 4.7 x (log 10 UZ density) + 7,9 x (Traffic)

where UZ density is the urban zone population dénsity, and,

Traffic = 1 for high-traffic-impact

= 0 for low~traffic-impact

[

The standard deviatien of the data [rom the regression iine is 3.7 dB. Varia-

o

tion in the independent variables of traffic Impact and Ldn accounts for approxi-

mately half of the variation in Ldn found in the survey.
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The regression formula and its standard deviation may be used to predict
populatioﬁ distributions over Ldn in areas of varying traffic impact and popu-
lation density. Table 4~5 indicates the predicted percentages of population
exposed over certain values of Ldn as a function of trafiilc Impact and popula-—
tion density. Examples of urban zones of varlous densifies are also included.

Tahle 4~5 shows that virtually the entire population exposed to Ldn over
75 dB in their residential environment resides in high-traffic-impact areas
(except, of course, for those so exposed as a result of aircraft noise). This .
is important because 75 dB represents "full" nolse impact, and represents the
thrashold ar which auditory damage may begin to oeccur as a result of residen-
tial expesure. Attempts to protect this highly impacted population should thus
focus almost entirely on areas within 100 feet of arterials or 300 feet of
freeways.

In conclusion, varia;ion in Ldn as a fuynction of traffic impact, urban
area size, and hréan zone density is significant, buf rarely extends below the
55-dB threshold of impact. Sources of the variation include traffic impact and
urban zone density, with the former having a more pronounced effect, The small
population that is fully impacted according ro EPA criterla resides almost
exclusively in high-traffic-impact areas.

4=8-2 Effect on Source Contributions

Figures 4-84 through 4=8L ghow average frequency and Leq (1d) values
obtained for each source in each of the 12 sampling cells. These values are
based on measurements taken at the front only.

Source contributions were found to vary greatly from site to site. The

average values indicated in figures 4-8A through 4~8L must, therefore, not be

4=30
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Hashington,
(M

f-\ . /“‘h\ v
Table 4-5. Cumulative Populstion Distributions Over Ldn by Traffic Impact and
Urban Zone Nensity
Teaffic Percent of Population Exposed
1dn Iimpact
55 Hiph 99% 100% 100% 100% 100% [oox
Law 65 8 86 93 97 98
. 60 High 87 %4 97 98 100 100
Low 17 28 39 56 72 83
65 High 42 58 69 83 91 96
Low 1 3 5 12 22 35
70 Nigh 6 12 20 34 50 65
Low 4] o 0 1 2 4
75 Nigh o 1 )| 9 17
Low 0 i} 0 0 0
1 2 4 8 16 32
Population Density -- } } } f~ } f—t
{thousands per
square mile)
Example Urban Leominister, Newport Outaide Lancaster, Chicago, New York
Zones MA News, VA Central PA IL City
Ciey
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High~Traffic=-Impact Areas

Figure 4-8C.
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taken as predictors of these contributions at any particular site. Local
factors not considered in the survey sampling cell structure would have to be
considerad in the development of such predictors. Nonetheless, these rasults
Justify some tentative conclusions regarding the variatilon in source contri-
butions that does result from variaticon in the cell structure parameters,

The dominance of roadway traffic sources is evident throughout these
results. As expected, this dominance is less pronounced in low-traffic-impact
areas. Such areas are seen to have a generally more diverse noise environment.

Autos, trucks, motorcycles, construction, dogs, and birds were selected
for analysis of varilation with respect to graffic impact, urban area size, and
population density. It was found that Erequencies of identification are
strongly affected by traffic impact, but not by population density. Leq (id)
values are generally affected both by traffic impacf and by population density.

As expectéd. autos, trucks, and motoreycles are identified more frequently
in high-traffic areas, Construction, dogs, and birds are identified less fre-
quently., This is shown in Ffigure 4-9. )

Figure 4=10 shows the regression lines obtained when, for each of the six
sources, the dependent variable Leq (1d) is plotted against the log of the
population density. Density is seen to have more of an effect on roadway source
levels in low~traffic-impact areas, In the case of construction, density has a
provounced effect ragardless of traffic impact., For dogs and birds, the effect
ia less pronounced, but again independent of traffic impact.

A similar analysis was also performed in which the dependent variables were
the aggregate contributions of four classes of sources: roadway traffic, alr-
craft, other abatable sources, and nonabatable sources. The sources included
in these classes are shown in table 4-6, and the results of the regression

analysis in table 4-7. It was foand that both traffic impact and urban zone
b4mbdy
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Table 4-6. Source Classes
Other
Abatable Nonabatable
Roadway Traffic Aircraft Sources Sources
Autos Jets Construction Household
Trucks Planes Factories Nonpowered Equipment
Buses Helicopters Off-road Vehicles Regidual
Motorecycles Water Vehicles Dogs
Emergency Vehicles amplified Sound Birds
Unidentified Traffic Home Yard Work Other Animals
Railiroads Wind
Child Voice
Adult Voice
Unidentifiable
]
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Leq (id)

Table 4-7. Sﬁmmﬂry of Repression Kesults - Source Class Contributions

High Traffie Low Traffic

Probability Probability.
Source Density af 2 Denglty of 2
Type Intercept Coeffielent Significance R Intercept Cocfficlent Significance R
Roadway .57 .07 0.32 .039 0.16 0,10 .89 . .027
Traffic
Alrcraft .013 .0o005 0.04 .000085 ~0.06 0.03 .93 . 036
Other
Abatable .21 -0.04 0.8:2 067721 .21 -0.03 .70 .012
Sources
Non-
uba table .20 -0.02 0.29 005 0.68 -0.10 96 .031
Sources '
Roadway 61,0 .72 0.22 003 33.9 5.44 .99 .13
Traf flc
Alrcraft 14.7 12.6 0.99 .26 34.0 4.7 +99 ' .075
Other
Abatable 27.7 7.9 0.84 W11 26.3 7.0 99 14
Sources
Mon-
abatable 18.8 B.9 0.97 .16 25.6 6.9 99 . 200
Sources '

Prodieted value = Intercept + {Density Coefficient) x log 10 (urhan zone density)

Probabhility of Significance - The probability, based on the observed data, that urban
zone density is statistically significant.
R‘a - The amount of varlation in the dependent variable (Frequency or Leq (id)) which is
accounted for by variation in the independent variable (log 10 urban zone density).
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density are significant factors to frequencies of identification of these
clagses, especilally in low-traffic~impaect areas. Roadway traffic and aircraft
source ldentifications increase with frequency, while other abatabla sources
and nonabatable sources identifications decrease. Leq (id) values of all
classes increase with density in both high- and low-traffic-impact areas, with
the exception of roadway traffic in high-traffic-impact areas, where no sip-
nificant relationship is found.

In conclusion, traffic impact and population density significantly affect
the source composition of the residential noise environment. Traffic impact is
the most Important facter in determining the frequencies of identification of
noise sources. Population density 1is also somewhat significant to these

frequencies when classes of sources are considered. Both density and traffie

'impact are significant in determining noise levels associated with either

individual soutces or classes of sources; these levels increase with popula-

tion density.

4-9 SUMMARY OF RESULTS

Noise pollution is a problem to which the vast majority of the urban popu-
lation ia subject. It is most of all a problem in high density areas, and in
areas located near major roadways, but remains considerable in areas with
nelther of these characteristics.

Noise levels vary significantly both remporally and locationally. The
highest levels occur in the daytime but, if the EPA 10-dB weighting factors for
nighttime noise 1s considered, the greatest impacts occur at the beginning and
end of the nighttime., Higher levels also occur at the front of residential
units. To the extent that noilse control programs can be focused spatially and

temporally, these consideraticns should be used as a guilde to such focusing.
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Roadway traffic 1is the most sign{ficant noise source, and should be the
primary target of noise control programs., In areas located near major roadways,
roadway sources should be targered almost exclusively. In other areas, noise

from other sources is also significant, and becomes more so with greater popu=-

.lation density. In areas not near major roadways, the severity of noise is

associated with the number of significant nolse sources, and thus the degree of

the noise problem with the complexity of its solution.
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APPENDIX A

METHODOLOGY SUPPLEMENT

A=1 INTRODUCTION

The site selection procedures, measurement protocol, and analytical
procedures used in the National Ambient Noise Survey were summarized in
chapter 3. More detailed information on these topics is presented here.

A=2 SITE SELECTION

The urban population, defined for the purpose of the survey as the popula-
tion residing within urbanized areas, was divided inte 12 subpopulations on
the basis of urban arza size, urban zone population density, and traffic
impact. IA the selection of measurement sites, the objective was to obtain
random samples of residential units of these subpopulations. This was a five-
step. process. First, a quota of sites was established for each cell. Second,
appropriate numbers of large and medium-small urban areas, and urban zones
within them, were randomly selected. Third, census tracts were randomly
selected within each selected urban zone. Fourth, blocks were randomly
gelected within each census tract. Finally, residential units, either high- or
low=traffic impact units as required, were randomly selected within each block.

Within this bagic site saelection framework, a fair amount of procedural
flexibility was considered appropriate to the pilot=like nature of the study.
As a result, a number of changes in procedural detail] were made between the
first and second years of the study. In recognition of the fact that the site
selection framework, rather than the particular procedures followed within that
framework, is more important, the site selection process will be described on a

step-by-atep basis with year-to-year differences noted for each step.

A=l
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A-2-1 Establishing Site Quotas

The usé of measurement resources allows considerable flexibility in the
allocation of measurement rescurces. (This ability had already made 1t pos-
sible to systematically exclude high-aircraft-impact sites.) Two cbjectives
might be considered in exercising this flexibility. The first is to coptimize
the sample distribution from the point of view of assessing the significance of
various parameters used im the cell structure to the variables of interest (e.g.,
determining the effect of urban area'size on Ldn). The second is to optimize
the sample distribution from the standpoint of astablishing a maximally accurate
statistical profile of the population as a whole (e.g., determlning as accurately
as posglble the average Ldn value to which residents are exposed). The first
objective is best served by distributing measurement sites evenly among the
sampling cells. The second objective suggests a distribution which is a func-
tion of the cell populatiens.

In the firat'year of the study, the focus was upon the first objective,
and the sites were therefore distributed evenly. Four sites were allocated to
each of the 12 sampling cells.

In the second year emphasis was given to achleving maximally accurate
national estimates. Thus, in the second year, sites were apportioned according
to cell populations. The small populations of the high-traffic cells resulted
in a second=year allocation that emphasized much more strongly the low traffic

cells. The cell quotas, along with the numbers of sites actually obtained, are

given in table A-1,

A=2
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Table A-1. Site Quotas and Sites Obtalned for Each Sampling Cell
1980 1981 Total
Urban Area Urban Zone Traffic
Size Density Impact Quota ohtained Quota Ohtained fluota Obtained
large IHigh High 4 4 1 1 5 5
Large High Low 4 ] 16 15 20 19
Large Medium-liigh High 4 4 1 0 5 4
Large Medium-High Low 4 4 11 7 15 11
Medfum~-Small ligh High 4 4 1 1 5 5
Medium=-5mall High Low 4 4 11 9 15 13
Medium-Small  Medium-ligh High 4 3 1 1 5 4
Medium~-Small  Medium-lligh Low 4 3 2] 18 25 2]
Medium-Small Medium-Tow High 4 3 1 B | 5 4
Medium-Small Medium-Low Low 4 4 26 22 30 26
Medium=-Snall Low ligh 4 3 )} 1 5 4
Medium=-Small Low Low 4 3 6 5 10 8
48 43 97 81 145 124

Total

Timigwos.
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A=2-2 Selecting Urbanized Areas and Urban Zones

The next objective was to select residential units to £i1ll the cell quotas
established. To limit travel costs, the residential unilts were clustered in
certain tandomly selected tesildential areas, This clustering was balanced
against the need to obtain nationally representative regults.

In the first wvear of the study, the equal apportionment of sites among the
sampling cells suggested a straightforward approach to accomplisihing the desired
clustering. This was to select initially eight urbanized areas, called primary
areas, four in large urbanized areas and four in medium~small urbanized areas.
One gsite in each of the four large urban area cells was selected in each primary
large urbanized area. When possible, the analogous procedure, this time involv-
ing the four medium~small urbanized area cells, was performed for the primary
medium-smﬁ;l urbanized areas., 1In fact, most medium—small urbanized areas do
not contain urban zones in each of the four categories of population density.
fhis necessitated two procedural refinements, First, urbanized areas close to
the primary areas, and having populations on the same side of 200,000 as the
primary areas, were selected to provide the sites not available in the primary
areas. Second, a lO=-percent leeway was allowed when necessary: An urban zous
with a density as high as 3,300 persons per square mile or as low as 1,350 per—-
sons per square mile could be counted as medium-low density and likewlse for
the other density categories.

To further imsure that the sample of urbanized areas was representative of
such areas in the United States, two additional constraints were imposed upon
the utbanized area selection. First, it was decided that one medium~small and

one large urbanized area be located in the west, scuth, northcentral, and
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northeast geographical regions of the United States. Second, for the medium-
small urbanized areas, it was determined that two of the selected arcas would
have a population over 200,000 and two have a population under 200,000. With
these requirements taken into account, the urbanized areas were selected at
randem from the list compiled by the 1970 census.

In the second year, urbanized area and urban zone selection procedures
were modified as the result of a number of considerations. These included the
unequal allecation of sites to sampling cells used in the second year; a belief
that further clustering was possible in urbanized areas and urban zones of
large population; and a desire to insure that the larger population centers in
each urbanized area size category, aleng with those regions of the country with
a greater urbanized population, have a more proporticnate representation in the
sample. To accommodate thege factors, the following changes were made:

a. An urban zope was allowed to contain at least two measuremetit
sites, with an additional two sites for each millian of pbpuia~
tion (an urban zone with a population between one and two million
could have four sites).

b. The randem selectiecn process was conducted on a population-
welghted basis, so that the probahility of a certain urbanized
areda being seiected wag proportional to 1ts population.

c. No geographical quotas, and no quotas concerning urbanized areas
with populations greater or less than 200,000, were set.

Large and medium-small urbanized areas were gelected on a one=-by-one basis fol-
Jowing the random selection process desgcribed in (2), above, Each selected

area was made the locus of as many sites as was consistent with (1), above,
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subject to the limitation of the cell quotas specified in table A~1, This
process continued untill all site quotas were achleved. At this point sites in
urban zones in which more than one site was located were transferred, when
possible, tu urbanized zones in the same density category in other urbanized
areas which had been selected after the quota for that category had been filled.

The refined urbanized area selection procedure used in the second year is
preferable from the standpoints of conceptual simplicity and the representive-—
ness of the generated sample. There is no evidence, however, that the slight
biases inherent In the first~year procedure have any acoustical significance.
Thus, it i1s assumed that on a cell~by~cell basis, the data acquired in the ffrst
year 1is completely comparable with the second.

A=2-~3 Selecting Census Tracts and Blocks

i T el b it e =

According to the U,S. Census, "census tracts are small areas Iinto which
large cities and metropolitan areas are §1vided for statistical purposes.'
These tracts are in turn divided 1nto.blo;ks. A block is usually a well-
defined rectangular plece of land bounded by streets or roads. A typical tract
has a population of between 1,000 and 10,000; a typical block has a population
between 50 and 500. These divisions provided a convenient basis for carrving
the site~saelection process from the urban zone level to a higher level of
Hpecificity.

The United States Census Bureau publishes a set of census tract and bleck
statistics, along with a set of maps that contain these divisioas, for each
urbanized area. ‘Figure A-~1 shows a typleal page of block statistics. The outer—
modt numbers correspond to census tracts, the numbers beneath them to blocks
within those tracts. Figure A~2 shows the census map of the area described in
figure A~l. The larger outlined areas are censud t?acts; the smaller areas
within them are blocks. Urban zone boundaries are also identified on the maps.

¢
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Table 2, Charocteristics of Housing Units and Populotion, by Blocks: 1970—Con.
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These materials were used to randomly select appropriate numbers of census
tracts and blocks within each selected urbanized area.

In the first year, this was done on a zone-by-zone basis. For each urban
zone 1in which sites were to be located, tracts were from the set of tracts con-
tained in thét zone. Next, for each selected traet, a block was randomly
selected from the set of blocks which compose that tract.

In the second year, tracts were selected from the urbanized area as a
whole, with the random selection process weighted for population in the same
manner as the second year urbanized area selection process. Tracts were
gelected until aach urban zone had a sufficilent number of tracts. Extra tracts
which were obtained in this process were used as alternates. Blocks were then
selected from each tract, again on a population-weighted basis.

Alternate census tracts and blocks were.selec:ed in both years for use in
the evant that certain blocks were‘unacceptable for monitoring. This would be
the case 1f: (1) the block fell within an Ldn 65 coﬁtour around an alrport;

(2) the block contained no inhabited residenctial units, or was otherwise sig-
nificantly altered during the periocd between 1970 and the time of the study;

(3) the block was located in an area judged too unsafe for measurement activity;
or (4) no residential units on the block were made available for monitoring by
their occupants.

Once the census tracts and blocks were selected, they were randomly desig-
nated as high- or low~traffic impact according to the number of sites needed in
the particular urban zone in the particular traffic impact category. These

designations were adjusted in the cases where the block had na availlable

residential units in its designated category.

A=9
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A=3~4 Selecring Residential Undits

The selection of residential units from the selected blocks was made by
the monitoring field team, usually just before initiation of measurement activ-
ity at the selected site.

The first step was to identify the residential units on the selected block
which fell into the traffic impact category for which the block was designated.
This was deone by counting mailbexes or doorbells.

Next a residential unit was randomly selected from the set of identiflied
units by use of a random number table. Permission to conduct nolse measurements
at the selected unit was then sought. If permission was not ebtained, permis-
aion to monitor an adjacent unlt was requested. This process c;ntinued until a

measurement site was obtained.

The selection of residential units for measurement sites was one of the
more‘difficult activities In the survey. Field personnel had.to make judgmepts
regarding the safety of the area and its conformity to the 1970 census maps,
as well as be prepared to encounter the diverse reactlions which a stranger

asking permission to measure noise levels on the front yard has every reason

to expect. A discussion of the field experience of selecting residential units

is given in appendix B.

A-3 MEASUREMENT PROTOCOL

The measurement protocol used in the survey was typlcally carried out over
a 24-hour period. It consisted of two elements, continuous noise monitoring

and microgsamples.

A=3-]1 Scheduling

The measurement protocol was usually begun immediately after the measure-
ment site had been obtained. No formal scheduling procedures were followed

in selecting a day on which to obtaln and monitor a particular site. Rather,

A-10
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= this was determined by the travel schedules of the fileld measurement teams and
the geographilcal layout of selected census tracts and blocks. It was antici-

' pated that this would result in a set of measurement days which was aggregately
representative with respect te such variables as weather, holidays, and day of
the week. Of course, the results at any particular site are likely to be some-
what less representative,

o A=3~2 Continuous Monitoring

The continuous monitoring was usually conducted for a 24-hour pericd.
The measurement apparatus consisted of a microphone and an automated sound
level recorder. The apparatus are described in detail in appendix C.

The microphone was located at the‘architectural front of the residential
unit, and the recorder placed in a secure locatlion near it. In the case of
single family homes, the microphone position was specified at 1.2 m above_the

gﬁa -- ground, 2 m out from the front of the-building, and'2 m from the corner of the
housé farthest from the driveway. In the case of houses with no driveways or
with driveways on both si&es. tbe microphone was placed equidis;ant between
the sides of the house, This location is illustrated in figure A~3.

For residential units in apartment buildings, the microphone was placed
at the gsame height as the selected regidential unit, 2 m from the front of the
unit, on a convenient balcony or other ocutside location.

After the continuous~measurement system was éet up at the specified loca-
tion, it was calibrated and the recorder system started. The system was
inspected during each subsequent visit to the site, and was recalibrated at

the end of the measurement period.
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The continuous monitoring was extended to 3 days at eight of the measure-
ment sites. This required no changes in the measurement procedure.

A~3-3 Microsamples

Microsamples were collected manually over 30-minute periods at accessible

sides of the residential units. The micrusamples were usually obtained in

" sets of two, one at the front of the unit and one at another side. Three such

sets ware usually collected, one each in the daytime (0700-1900), evening
(1900-2200), and nighttime (2200-0700). Scheduling within this framework was
based primarily on logistical considerations.

The microphone location for these measurements was 2 h outside the midpoint
of each exterior wall, and 1.2 m abhove the ground. Filgure A-3 illustrates
these locations. Satellites were omitted when the distance between a wall and
another building was less than 3 m.

‘Each microsample consisted of about 120 sound-level measurements and
source idantifications, made once every 15 seconds., The sound-level meter was
set to "slow response,'" and was calibraced befote and after each microsample.
A sample microsample data sheet is shown in figure A-4.

A=4 ANALYTICAL PROCEDURES

A=4~l Continuous Monitoring

Sound levels maassuted in the continuous-monitoring ptocedure were encoded
on digital tape. The tapes were analyzed by means of a digital translator
interfaced with a computer, as described in appendix C. Computer output con=
gisted of hourly equivalent sound levels and statistical levels; the daytime,
nighttime, and 24-hour equivalent sound levels; and the day/night sound level

{Ldn). These data were stored in a Statistical Analysis System (SAS) data base.

a~13
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. A=-4-2 Mdicrosample Data

Each microsample was reduced to find:
a., the equivalent sound level as averaged over the entire set
of measurements gaken in the microsample;
b. the frequency of identification of each source type; and
¢. the equivalent sound level of each source type as averaged over
the set of measurements in which it was identified.
These data, along with the time of day and the designation of the side of
the unit at which the microsample was collected, were stored in a SAS data
base. _ :

A=4-3 QOther Data

In addition to the acoustical data, the urban area size, urban zone
density, and traffile impact categorias were stored in a SAS data base. Also
included were the actual urbanized area population and urban zone density of

each site, based on the 1970 census. These data were used in developing cell- 1

Jby=cell profiles and for factor analysis.

A=15
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APPENDIX B
FIELD EXPERIENCE AND SURVEY CRITIQUE

B-~1 INTRODUCTION

The site selection and measurament protocols described in chapter 3 and
appendix A are based upon the Environmental Protection Agency (EPA) and
contractor experience in community noise assessment. Essentially, these
protocels are scaled-up versions of similar procedures which were developed
for local application. Although such adaptations are quite straightforward,
their practicability and ucility can be ascertained only through implementation.
To provide useful input for future stediles, as well as to allow a more informed
agsessment of the results of this study, some remarks on this experience are
required.

B-2 SITE SELECTION

The most difficult part of the methodology was the site selection. Several
features of the study contributed to this difficulty:
a. The field engineers were usually in unfamiliar territory, making
it mote difficult to find preselected census tracts and blocks.
b. The limited travel budget and tight schedule usually allowed only
one visit to the selected block for the purposes of aite selection.
c. The random block selection process resultad in a number of unsafe
or otherwise unusable blocks being selected,
d. The survey required permission from residents before a measurement
gite could be established.
The above circumstanceq resulted in the loss of some measurement sites,
and in the relocation of othars, The lost sites were the direct result of

the limited travel budget and the tight measurement schedule., The length of

B~1
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stay in each urban area was predetermined by this schedule, which was generally
adhered to even if the desired number of sites had not been obtained. Reloca-
tion of measurement sites occurred at both the block and residential unit level.
Bloek relocation occurred 19 times, In nine of these cases, the original block
was judged too unsafe to enter or leave measurement equipment in., In other
cases, the entire bloeck fell within an Ldn = 65 dB contour around an airport
(three times), the block had been changed into an exclusively nonresidential
area {three times), or permission to measure could not be obtained at any
residential unit on the block (three times). Finally, in the Buffaloc urbanized
area, a selected block was condemned because of the Love Canal toxic waste dump
gite.

When blocks had to be reselected, two different procedures were used
depending upon the circumsténces. In cases where the problems causing reselec—
tion were confined to one particular block, a bleck adjacent to the initially
chosen one was selected randomly. In cases where reselection problems con=-
cerned a larger area, a new block was selected randomly from a set of blocks
not included in the area. In some cases, selection of a new census tract was
required also.

Residential unit relocation was much more common than block relocation.

By far the most prevalent cause for this factor was failure to obtain permise
sion to conduct measurements at the residential unit that had been selected
initially. The lack of permission was generally due to no one being at home
when the unit was called upon. In other cases; permission was refused or
could not be granted as a result of a neighbarhood association or cother
cooperative living arrangement. In all, about 40 percent of the initially

gelected vesidential units could not be used for these reasons. Of the cases
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deseribed, 40 percent resulted from no one being at home, 50 parcent involved
a refusal or inability to grant permission on the part of the occupants,
and the remainder were the result of safety considerations.

Selection of alternate residential units was accomplished deterministically
on the basis of the initial residential unit selection. The residential units
on the selected block had been assigned numbers in the initial selection l
process, If the nth unit had been selected initially and could not be used,
the unit numbered n+l was then selected, followed by n-1, n+2, n=2, etc.

Thus, the unit used for the measurement site was always the one nearest to

the initial selection, which was located on the same block and at which permis-
sion to monitor could be obtained. In only nine cases was this unit more than
two units diatant from the initially selected one.

Apartment units and other multiunit complexes posad the greatest problems
in the residential unit selection process. For example, measurements made
above the first story required entrance into the residential unit by tha Field
engineers, and this &ade obtainment of permission from the occupants substan-
tially more difficult. Another contributing factor in some cases was the lack
aof autherity of occupants to grant permission. No time had been allocated
for contacting landlords or meeting with residents' associations to obtain
this permission, and only a limited attempt could be made to do so in these
cases.

Of the ll instances in which the randomly selected unit was part of a large
apartment building or multiunit complex, the selected unit was successfully
used three times. In two cases, the unit was relocated to a first=floor
residentlal unit in the same building. In six cases, an alternate gite ;

outside of the apartment building or multiunit complex was used.

B~3
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' In three of the six alternate sites, the site used was a public building

adjacent to or across the street from the original selection. The use of such
a building allowed a measurement location at the same height as the initially
selected one, and was considered preferable to relocating to a less similar
residential unic,

The necessity for selecting alternate residential.units and blocks during
the survey introduces the possibility of bhiased results. The three most likely
sources of blas are:

a. Relocation of sites ocut of dangerous neighborhoods.
b. Relocaticn of sites to residential units where the occupants were
at home at the time of the site visit,
¢. Relocation of sites to residential units fraom multiunit complexes,
and especilally from upper story units in these complexes, to units
f“ﬁ outside of the complexes.
The relocation procedures deseribed in a through ¢ above rasult in a sample
of residential units which:
a. '"nderrepresents areas that appear unsafe.
b. Overrepresents residential units that are occupied during the
daytime hours (during which site selestion generally took place}.
c. Underrepresents residential units located in multiunit complexes,
and especlally those located above the first story in these
complexes.

While it is desirable to avoid such biases, their expected effect on
the survey results 1s minimal. WNone of the circumstances that gave rise
to the blases occurred very often, and it is doubtfyl that any substantial

correlations exist between noise enviromments and the affected variables.
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One possible exception to this is the underrepresentation of non-first-story
residential units. A systematilc approach to avoiding this blas is recommended
for future studies of this kind.

B~3 MEASUREMENT PROTOCOL

The basic measurement procedures that were included in the measurement
protocol are 24~hour continuous noise monitoring and 30-minute microsamples.
While both of these procedures have been used extensively in local surveys,
some problems arcse in their implementation for the National Ambient Noise
Survey. These ptoblems resulted from:

| a. The statistical nature of the survey.

b. The tight measurement schedule.
¢. The diversity of residential units being used as measurement sites,
d. The application of noise assessment techniques to nolse-free
environments.
The abaove features of the sutvey led to three areas of difficulty:
(1) choosing measurement positions, (2) minimizing che impact of the fileld
personnel on the noifge environments being studied, and (3) identifying sources
obgerved during the survey, .
The measurement positions were specified in the measurement protocol,
and were defined relative to the outer facades of the residential units.
These specifications were necessary to ohbtain comparable data 59r each site
without performing time-consuming preliminary measurements. The specified
positions were found to be satisfactory about 90 perceat of the time. Of the
10 percent of the exceptional cases, the most frequent problem resulted from
obgtructions such as trees and bushes or from the presence of a walkway that
could not be obstructed. In such cases, the measurement positions were simply

moved laterally to the nearest suitable location.
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In three cases, the location was found to be unsultable as a result of
acoustical cunsider;tions. This cgccurred when the specified position was
extremely clese to an operating air-conditioner or a window that was trans-
mitcting a high volume of noise from the residential interior. Because the
ohjective of the survey was to study ncise from exterior sources, the use of
these gpecified positions would have produced distorted results, and a lateral
adjustment of the measurament position was made to avoid this outcome,

While the infrequency of this circumstance minimizes 1its significance,
the importance of the field engineer's judgment in making these adjustme?ts
must be realized. There 1s a basic conflict between the need to perform
these measurements whete they will most accurately reflect the nolse impinging
upon the building facade énd the need to avoid noise emanating from that facade.
Future protocols should address this conflict, and allow field personnel some
flexibility in dealing with 1it,

The problem of survey personnel impacting the noise environments being
studied occurred when either the survey personnel generated the nolse or when
they acted as a stimulus for others to do so. In some areas, the nolse of
the field team's motor vehicle coming to énd leaving the site was a noticeable
acoustical event. This was especially a problem during thé late night measure=
mants. In other cases, the presence of the fileld team arousgsed either human or
canine curiosity and, with that, either talking or barking.

In all of thesa cases, only the 24~hour measurement was impacted. From the
point of view of this single measurement, the visits to the site to collect
microsamples might have been better aveided. In any case, a cost-benefit

analysis of these visits should be undertaken in the development of future

protocols.
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The source ldentifications used in the microsample procedure were the third
source of difficuley. Problems arose when predominant sources could not be
seen, or when there was no obvious predominant source.

Cases in which predominant sources could not be seen cccurred most fre-
quently when a solitary vehicle on an unseen roadway was the predominant source.
In some cases, the type of vehicle could be surmised on the basis of hearing
alone, hut more often the scurce was recorded as "unidentified traffic." Thus,
both aggregate traffiec noise and unseen solitary vehicle noise are included
under this designation. .

Cases in which there was no obvious predominant source occurred when .
natural sounds, such as wind, birds, and crickets, and distant man-made sources
{usually distant traffic) were both present in rthe acoustie envirocament. If
the natural sound was distinct (i.e., produced a deflection of 3 dB or more
on the sound level meter) the source was identified as the natural source.

If the natural sound was indistinct but had a masking effect on the man-made

noise (i.e., produced 2 deflection of 1 to 2 dB) the source was identified as
residual, If the natural sound was detectable but produced no deflection in

the meter, the man-made nolse was ldencified as predominant.

These rules of thumb evolved ;ver the course of the survey, and arose from
the attempt to use microsampling in situations for which the procedure was not
really intended: In the future, careful consideration should be given to
the utility of performing microsampling in environments that include only
low=~level socurces. Microsampling {s best considered as a diagnostic procedure
that is most useful when one or more high-level sources are present. When

aonly low=level sources are present, the reliability of the procedure is grearly

diminished.
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f B-4 LOGISTICS AND SCHEDULING

Referénce has been made to the severe time constraints under which the
survey was performed. The efficient use of time and the careful planning of
travel weré critical to the success of the survey. It was found that such
efficiencies allowed the field team to make two complete sets of measurements
per day.

The most time-consuming element of the survey was travel between cities.
The large volume of measurement equipment made driving the only practical mode
of transportation, although flying would obviously have been faster. The survey
was scheduled to miniﬁizé the necessary intracity travel, and this efficiency
was increased somewhat during the second year by tﬁe greater number of urbanized
areas and sites being visiced,

Intercity travel time to sites varied greatly but generally was between

f‘ﬁ 45 and 90 minutes. Attempts were made to minimize the travel time between
two sites that were being measured at the same time or consecutively. The
larger urbanized areas include substantia; amounts of land area, making such
planning especially important. 5

Implementing the protocol itself was much less tilme=-consuming., Securing :
a measurement site usuwally took about 15 minutes, and each visit to the site
lasted about 45 minutes. ;

The field team found that performing tweo sets of measurements daily was

d possible yet extremely taxing. Cartainly this represents the upper limit of

? measurement activity which can be reasonably expected of a two-person team.

Moreover, occasional slippages in schedule are bound to occur when the two-

site-per=-day regimen is followed.
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B-5 CONCLUSIONS

As a pilot study intended to provide a statistically valid profile of

residential noise environments across the United S:ates.‘the National Amblent

Noise Survey was an overall success. The survey methodology can serve as

a baslc framework for future surveys at eilther the national or subnational

level. The survey results represent the first statistically valid national

profile of urban residential ncise environments ever assembled.

The problems with methodology that are most in need of consideraticn

are (1) the treatment of multiunit residential complexes, (2) the method of

;;ecifying microphone locations, (3) the tendency of field personnel to impact

the acoustical environment being measured, and (4) the use of microsampling

when only low-level sources are present. Further consideration may lead to

solutions of these problems, or may reveal that, given resource constraints,
f@% the approaches used in the survey are the best available, In either case,

a survey such as this one must always represent compromises between what is

desired and what is possible. So long as the terms of these compromises are

gnderatood. the resulting data can be interpreted in a correct and meaningful
7 way.
E Although the methodology used was developed especially for this national
survey, its applicability extends to surveys on any other scale: community,
ragional, or statewide. Such application is certainly desirable, for it is
at these other jurisdietional levels that most noise control pelicy is made.
It 13 recommended, however, that these applicatioans be carefully considered
as to their purpose and the obvious logistical advantages nﬁat localized
survey programs have over national ones. While the henefits, on an informa-

tional level, of conducting local surveys analagous to the National Ambilent

Noise Survey are obvious, no such benefits accrue from rigorous adherence to

B-9
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all aspects of that sutvey's methodology. Many of the problems encountered
in the National survey may be avolded altogether in local surveys 1f this

point is remembered.
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APPENDIX C

24-HOUR CONTINUOUS MEASUREMENT AND ANALYSIS PROCEDURES

C-1 TINSTRUMENTATION

Acoustic instrumentation utilized for community nolse surveys which
employ continuous statistical monitoring is availlable in a number of different
formats and with varying capabilities. Three main categories exist and these
include:

a. Equipment designed to hold the data internally in software
storage in the field, and relinquish same upon command-at the
end of the 24-hour sampling.

b. Equipment that must be monitored periodically during the 24—
hour period to determine hourly, or shorter~duration, statis~
tical {information.

¢. Equipment designed to encode the data on tape (either magneti-
cally or on paper) in the fileld for later decoding In the
laboratory.

Each of the above equipment types has its inherent advantages and dis-
advantages., In general it has been found useful to Back up 24~hour samplings
with periodic manually sampled checks of the "real time" noise values. Port-
able sound-level meters placed in proximity to the stationary 24-hour miero-
phore are used for this type of monitoring. This procedure was part of the
National Amblent Noise Survey measurement protocol and was followed rigorously
throughout the survey. Three half-hour samples, one each during daytime,
evening, and late night, were performed adjacent to the stationary continuous

24-hour monitoring equipment. It was determined from comparisons of these
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satellite half-hour samplings with the same digitally instrumented sampled data,
that the statistical parameters were within 2 to 3 dBA.

Twenty-four-hour statistical sampling instrumentation utilized for the
sutvey consisted of a Bruel and Kjaer (B&K) Model 18l digital data logger,
Model 182 digital data translator, Dec—interfaae) and Pigital Dynamics model
EDP 11/45 computer with Dec printer and 9-~track tape reader. The general for-
mat of this system is in Fortran IV with 20~ to 30-minute turnover time per
24=hour survey.

The B&K_hlﬁl l-inch microphone and 2619 preamplifier units at the front
end of the 181l system meet American National Standards Institute (ANSI)
SL.7~1971 Type I specifications and the placement of the microphone/triped
combination was in substantial conformity to ANSI S1.13-1970, Field Mathod
techniques. The 18! data logger digitization rate was preset to A-weighting
and a 0,5~second sampling periled for all buc the 5-~day surveys, in which a
1.5-gecond sampling was achieved.

The field implementation of this system for real-time gatheting of 24-
hour data is given below.

-2 ENCODINC PROCEDURE

a. An Information Terminal Certified Digital cassette® was mounted
into the drive system of the 18! system. The tape was advanced
forward beyond the clear leader to the beginning of the ferric

oxide backing.

#All cassettes were bulk-erased prior to the survey to insure a clean
encoded ward stream.
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C~3 DECOBDING

The 181 system was energized and allowed to stabilize for 135
minutes prior to calibration. A B&K Model 4230 1000-Hz cali-
brator was used to calibrate the system. Prior to calibration

internal system noise was measured by isolating the microphone

" with a Model 4220 Pistonphone coupler and recording rthe output

onte a B&K Model 2306 graphiec level recorder.

Calibration commenced by engaging the 18l drive system and loading
forward the tape to the polnt of digitization. The calibrator
was placed over the microphone and held in the ON position for

30 seconds. The microphone/tfipod system was already in-situ for
the site analysis.

The calibrator was carefully removed and replaced with a l-inch
windscreen, The 181 system was sealed, covered with a weather-~
broof cover, and carefully placed behind hushes or shrubs in
proximity to the source house.

At completion of each 24-hour survey the calibration procedure
was repeated and the tape removed. The tape was either mailed

or handcarried back to the computer laboratory for decoding and
processing.

EROCEDURE

3 bk g e

.

The 181 encoded digital tape was placed in the 182 digital trans-
later unit located in the PDP 11/45 main frame room. An input name
was assigned to each cassette. This name appeared as output file
titles at the top of the statistical printout sheets for each site.
Total decoding time for each digital tape was 18 minutes.

The &igital tape output was transfercved to disk storage for pro=

cessing. The processing time for the output printing was 6 minutes.
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¢. The output files were retained on 9=-track tape storage, with

retrieval time approximately 3 minutes, including printing.
C-4 OUTPUT

The output of statistical data sheets provide the following information:

a, Number of samples taken per l5-minute, hourly, 24-hour, day-
time, and nighttime sampling periods.

b. The percentage of time A-Weighted noise levels were exceeded
for ! percent, lO percent, 50 percent, 90 percent and 99 per-
cent (LI, L1D, L50, L90, L99) of the measurement period (l5-
minute, hourly, 24~hour, etec.).

c. The standard deviation (d) for each measurement period.

d. The mean A-Weighted level for each measurement period.

e, The equivalent A-Weighted sound pressure level (Leq) for each
measurement period, . )

The above parametars are formatted for each l5-minute as well as hourly
period. Four sheets of data sutput were provided per site. The fourth sheet
included summary information for the following statistical data:

a. L1, L10, L50, L90, L99 percentile units for daytime (7 a.m. =
10 p.m.}, nighttime (10 p.m. = 7 a.m.), and 24 hours.

b. Equivalent sound pressure level for daytime, nighttime, 24
hours.

c. Mean standard deviation over 24 hours.

d. The day-night sound level (Ldn) for the survey.

C~5 MULTIPLE-DAY SITES

The encoding/decoding procedures were utilized for the multiple-day sur-

veys, with the only difference being the use of a l.5-second sampling rate

C=4
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for five of the eight sites. This required hand calculation of the daytime,
nighttime, and 24~hour statistical parameters in each instance. The sampling
rate was increased so as to dlsturb the environment as little as possible by
supplying the 181 system with a tape and sample rate configuration requiring
only one recalibration per 5 to 6 days of sampling. 1In retrospect a change
of tapes once a day (allewing for the normal 0.5-second sampling) would have
been preferable.

C-6 EXTRANEOUS FACTORS

Ninety-four of the 128 survey tapes encoded in the field were decoded
with no extraneous errors or moedification. In 30 of the remaining 34 surveys,
minor editing correctilons were required for a variety of reasons, but in no
way were the results affected to an extent beyond the inherent inaccuracy of
the . measurement system (x0.5 dB fast fespunse). Some of the reasons for modi-
fication of digital tape results included the following %henomena:

a. Dropout ervors in the digital tahe.

b. Rain or extraneous wind or moisture conditions occurring ran-
domly during the 24 hours of sampling.

c. Events precipitated by the presence of the satellite data
sampling at the survey site. These could ineclude dog barking,
curious onlookers, children playing around the microphone,
extra horn honks, accidental bumping of the 24-hour microphone,
noise caused by setup of satellite measuring equipment, etc.

d. Minor encoding errors caused by harsh environmental conditions
{overheated or excessively cold) and general wear and tear of
instrumentation utilized 7 days a week, 24 hours a day for

nearly 5 months of continuous monitoring. The major problem in
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;mm\ this instance was the 181 unit tape drive malfunction due to
the need for internal lubrication. Four of the remaining 34
surveys required modifications due to thils type of error. This
included extensive digital review of the original cassette tape.
Detailed procedures for the modifications discussed above are
presented below.

C-7 EDITINC AND CORRECTION PROCESSING - DIGITAL DATA CASSETTES

As might be expected from any statistical data gathering instrumentation,
hardware~generated encoding errors often occur in the fileld and most systems
provide for correction either at the front end of the system or during decod-
ing. The field measurement methodelogy provided for absolute calibration at
the front end of each tape, encoded with the corresponding '"word code" for
94 dB., Utilizing this number as a reference, aill other sound pressure level

fﬂﬁ values, as encoded every 0.5 sec;nd, were assigned corresponding word values.
Enceding errors always'appeared as words with values that could not possibly
represent actual noilse levels.. This 1is to say that the octal® word error

would be encoded as 1002, or 4238 which translated with the corrected base

8
value (usually 31-34 dBA)} would come out 543 dBA or 327 dBA , an obvious

data error. The reasons for epncoding errors such as the above c¢ould include:

SR O I T s T S S

o a. Dropouts in the digital cassette.
! b. Someone hitting the measurement microphone,

¢, Someone shouting into the microphene,

Moisture condensation on the microphone.

v
L
.

g amen 2

e, Mechanical drive system discontinuities in the 18! system unit.

m

Arcing in the preamplifier.

4

: *The PDP 11/45 System uses octal number system.
|
i C~6
!
!
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In cases where the drive system actually backed up on itself for a momen-

tary half-second sample, two words could go down on tape where one word be-

longed, thus effectively doubling the total numerical value. Hhat would be

translated as 64 dBA could actually be encoded as 128 dBA. Such is one pit~

fall of word encoding of digital values, In instances where very hot or

humid conditiens prevailed the drive gystem could actually speed up as much

as 25 percent due to c¢rystal oscillator control malfunctions.

Error correction for these phenomena took place in both the encoding and

decoding instrumentation process.

In the field unit, the following error correction techniques were

utilized.

‘b.

2.

[~

Minute/hour markers.
Drop~out “ompensatar.

Antl-aliaser.

The decoding error correction capabilities are more extensive since the

? computer software capability is essentially limited only by word spaca. For

following:
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' the PDP-11/45, over 130,000 storage blocks (256 words per block) are available
per disk storage unit. For digital cassettes recorded in the field on the

. National Noise Assessment, decoding error correction consisted of the

The B4K decoding unit contains an 80-dB dynamic range cutaff
switch that, when activated, will avtomarically truncate data
words above an 80-4dB bésa level input. Thus, no more cﬁan a
nominal 120-dB peak level will be passed to the digiral sur-

face, eliminating real-time information above such leval,



b.

In instances in which dropout errors or word-over-word encoding
arrors occur, a speclal software routine was written to‘search
for such diécrepancies. In this instance any word (nolse level)
encoded abave a cartain preset decibel level is raplaced with
the previous word value. Thus, if the level is set at 100 dB,
any word written in excess of 100 dB will be replaced with the
previous value., This is actually a software version of the
error correction technique previously deseribed, with the added

advantage of smoothing the time domain contour with previously

" encoded real-time data. This technique allows the temoval of

such extraneous events as children yelling into the micro-
phone, dog barking caused by the satellite aﬁalysis team's
presence in the enviromment, arcing in the microphone due to
excess molsture or dewpeint conditions, and sundry disturbances
of the 24-hour setup. It should be noted that such extraneous
data appears as abnormally encoded data on the decoded computer
printout and is readily identifiable as such.

The previcusly mentlioned decoding errors due to digitizatlun‘
failure or mechanical drive failure show up in decoding as
extraneous word codes in the output, These are automatically
printed as sample errors under the sampling rate column in the
decoded output flles for each cassette survey tape. These num=
bers are easily corrected by the edit routine by simply running
a special software program that accepts only numbers less than
LlO dB and prints out the real-~time sampled levels as if the

doubling or duplication of words never occurred.

RTINS PR SIO RO PRPRIUS IS SR SR P o SO S

semlai B D



£ d. The last editing program availlable was utilized for surveys on
which the drive system and attendant control-crystal malfunc-
tion caused less than 24 huqu of data to be encoded on the
input cassette tape. It should be noted that this type of
error occurred in less than 10 percent éf the survey. The
correction consisted of spreading the léss-than-full—day
sample out to 24 hours, realizing a full~day sampling, and
comparing satellite-sampled 1/2-hour readings with the finished
edited Z4-hour sample to determine correlations and differences.
The theory behind this editing procedure is that random mal-
functions throughout a particular 24-hour day occur in an even
distributlion, making the corrected sample correspond evenly to
the real~time noise avents presented to the measuring micro-

‘phone. Data reduced utilizing this proceéure indicated that
the theory, as applied to the cassettes so edited, £it the
normal distribution of given values within the sample error of

the survey format.

P

A formal breakdown of the data encoded for 24=hour surveys indicated

the following:

a. Four surveys edited for less than 24 hours of data.

A A bt b8 n it P R

b, Twenty-six surveys edited for minor encoding errors caused by
yelling into microphones, moisture, and other axtraneous
phenomena.

c, _ﬁinety-seven surveys decoded with ne error correction requlred.

Cc-9
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APPENDIX D

RESULTS SUPPLEMENT

D=1 INTRODUCTION

The results presented in chapter 4 are based upon statistical analyses of
"raw" acoustical data obtained in the field. To appraise the results criti-
cally, it is necessary to consider both the quality of the data obtained, and
the analytical procedures which were performed on that data.

D-2 QUALITY OF DATA OBTAINED

D=-2=1 Continuous Measurements

The accuracy of continuous sound level measurement is largely determined
by the sampling rate employed. This rate was 2 samples per second (sps{ for
the 24~hour monitoring and 0.66 sps for the 5-day monitoring.

EPA has found that sampling rates in excass of 0.4 sps can be expected
to generate Leq measurements within 0.5 dé of the true value. Sampling
aerrors in the continuoug measurements are thus not significant sources of

error to the survey results.

D-2=2 3J0-Minute Microsamples

EPA has found the 30~minute microsamples to yleld estimates of the Leq
accurate to within 3 dB when roadway traffic 1is the predominant nolse source.
Further discussion of thig error is included in paragraph D=-3-2,

Estimates of the errors in source contribution data developed from these
microsamples are difficult, Among the sources of error are:

o errors in source identifications
o sampling errots

o contributions of non-predominant sources to noise levels

D=1

LI PR IR PR Sl e




+ T S g 3] 3T e ot T PP s ah P byt

i

e e i A T b Ml L e, A bt et

It is not possible to quantify the errors resulting from mistaken source
identifications. Consideration of this phenomena would require a study in—~
volving the simultanecus collection of microsamples by different observers.

A sma}l scale study of this sort is highly recommended to those who make
extans}ve use of this procedure.

Sampling errors affect both frequency and Leq(id) estimates., In the case
of frequency, the situation is best approximated by a binomial distribution,
where a trial is considered a singlelsource identification, and a success the
identification of a particular source. Thus eaclr satellite consists of 120
trials, subsets of which are successful trials for each source identified in
the microsample.

Using this model, the expected error in frequency is given by

AFi = N 120 FL(1-F1)/120
where Fi is the frequency of source type i as obtained from the microsample.
Thus a frequency of .0l percent has an estimated error of .0l, a frequency
of .1l has an error of .03, and & frequency of .5 has an error of about .0S5.
The error assoclated with Leq(id) values also depends on the number of
times the source was identified, as this also determines the number of measure-

ments, The error is given by the equation

Aleq(id) = gi/ JlZOxFi

where ¢i is the standard deviation in noise levels associated with the ith
source, and Fi is the frequency of identification of that source. The value
for oi is source dependent, ranging from O for steady state source to as high

ag six or seven for trucks and buses.

D=2
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Leq(id) values for these latter sources are also strongly effected by
the presence of compecing sources, Such competing sources tend te drown out
low level sources, Therefore, a source is most likely to be heard when it is
emitting high noise levels, thus biasing upward the sample of sound level
measurements upon which the Leq(id) value 1is based.

Contributions from unidentified sources also result in an upward bias of
this sample. If these sources combine to account for half the sound energy
at the time of a measurement, then the noilse level assoclated with the identi-
fied source is 3 dB more than the actual level of thatr source. A 2-~dB aerror
would result if such sources accounted for 40 percent of the energy, and 1-dB
error Lf they accounted for 20 percent of the energy. While it is reascnable
to expect fhat most situations encountared fell somewhere within this range,
a more precigse treatment of this source of error is not possible.

D=3 ANALYTICAL PROCEDURES USEL

D=3~1 Distribution of Population over Ldn

The basic problem in obtaining this distribution was to translate
measurement results from 12 subpopulations (the sampling cells) into results
partaining to the aggregated urban population.

To obtain the raw distribution, the distributions ohtained for each
sampling cell were combined by means of a weighting scheme which toak into
account the human populations of the individual cells. Thus, 1if 20 percent
of the Ldn measurements obtained in a partigular cell were between 60 and
61 dB, and if that cell had a population of !0 million, then 2 million of that
population was assumed to be exposed to Ldn between 60 and 61 dB. Summing of
these individual cell digtributions produced the overall distribution,

To obtain the normal distribution, the individual cell results were used

to generate estimates of the mean Ldn and the standard deviation in Ldn. The

mean was obtained using the eduatien

D=3
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=
Iy ’:ZJ Pi x Xi,

ial
wharte P1 is the fraction of the population in the ith sampling cell, and Xi
is the mean of the Ldn measurements obtained in that cell. The standard
deviation was obtained from the equation

12 1/2

E 2 e =2
oa PL(al™+(Xi-#) ") ,
iml

where 1 is the standard deviation of the measurements obtained in the ith
cell, and the other terms are defined as above.. A u of 60.4 dB and a o of
4.8 dB were obtained from these calculations., Together, these values define
a4 normal curve, accurding to

-2 2
1 =(X=p)“/20"
P(X} 30\}271' e s

where P({X) is the fraction of the urban population exposed to an Ldn of X.

In all practical applications, this equation must be transformed to

P(X =AXSK S X#AX) = —Fee  —(X-i)%/20

o qf2r ax
where AX 13 a small but fipnite interval ( 1 dB, for example).

Use of these techniques assumes that the distribution is in fact normally
digtributed over Ldn, This is an untested assumption which would require a
much larger sample gsize for adequate evaluation., The normal distcibution is
assumed because it is simple and has genetally been found to be appropriate in
this type of analysis, and because the raw distribution does not suggeat any

other standard distribution to be more appropriate.
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D=3=2 Variation by Side

To obtain estimates on the variation in noise levels by side, microsample
data was compared with data obtained at the continuous measurement site. Each
30 minute microsample consisted of 120 sound level medsurements, and these
measurements were used to obtain an estimate of the Leq over the 30 minute
period. This Leq value was then compared with the Leq valus obtained at the
continuous measurement site for the hour in which the microsample was obtained.
(Note thac only half of this hour was covered by the microsample.) The dif-
ferentials in Leq values were then averaged by side at which the microsample
was obtained and by sampling cell. The regulrs are shown in table D=-I.

Clearly the weakest link in this procedure is the Leq obtained from the
microsample. This is because of the sampling errors inherent in the miero-
sample procedure, and because the microsample was obtained over only half of
the time period considered in the continuous monitoring procedure. Some
estimate of the resulting errors can be obtained.by means of the differentials
batween the Leq values based on continuous monitoring and those obtained from : f
microsamples at the front of the residential units. These microsamples were .
obtained at locations very near to the continuous monitoring site, thus the
differentials obtained represent sampling errors instead of noise level
variations. Inspection of table D-l shows an average error of about [.5 dB,

Note that, in 10 of the 12 sampling cells, the average Leq based on the
front microsample is less than that obtained from continuous monitoring. This
igz the result not of faulty measurement equipment but of the nature of the
averaging procedure. Leq is a logarithmic measure of sound energy, and it 1s
the average energy obtained in the two measurement procedures which shouid be
equal, Table D~l, on the other hand, reflects arithmetic averaging of the

differences in sound level, If Leq(ec} is the Leq obtained on the basis of

D~5
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Table D=1,

Average Differences in Noise Levels Between

Microsample and Continuous Monitoring Results

Traffiec Urban Area Urban Zone front Side Rear

Impact Size Density Delta Delta Delta

High Large High -1.2 3.7 8.2

High Large Medium- 1.6 3.6 g.5

High

High Medium- High 3.1 3.4 6.9
Small

High Medium- Medium~ 0.8 3.5 8.9
Small High

High Medium=- Medium=- 0.5 5.9 1.4
Small Low

High Medium- Low ~0.4 5.4 14,7
Small

Low Large High 1.9 1.2 1.9

Low Large Medium- 1.1 3.9 3.0

High

Low Medium- High 1.7 3.1 6.6
Small .

Low Medium- Med ium~ 3.1 4.7 6.0
Small High

Low Medium=- Medium= 2.3 4.0 4.9
Small Low

Low Medium= Low -0.2 4.0 1.4
Small

Delta - Average value of the quantity Leq(c¢) -~ Leq(m), where
Leq{c) is the equivalent sound level as measured at the front

of the residential unit by means of continuous monitoring, and

Leq(m) is the equivalent sound level as measured at the front,
rear, or side of the unit by means of a microsample.

SO Y
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continuous monitoring, and Leq({m) is that obtained on the basis of micro-

samples, then table D~1 reflects the value:

(ieq(c) - Leq(m))

or, equivalently,

(Leq(c) - Leq(m))
The energy average, on the other hand, 1s given by
Leq = Leq + ka®,
where k 1s a constant reflecting the distribution of sound levels and o is

the standard deviation in Leq. Thus the true equality expected iIs not

Leq{e) = Leq(m),
but

—— - J—
Leq(c) + kge” = Leq(m) + kgm2 .
Because of the greater errors assoclated the microsample generaﬁed Led's,
omz > ac’,

implying that Leq{e¢) > Leq(m) in order for the equality to be maintained.

D-3-3 Temporal Variation

Table D-2 shows the resul:s.of the eight multiday measurements upon which
the assessment of daily variation was based. Overall dally averages were
obtained by averaging the differences between Ldn values obtained for a par-
ticular day and the average Ldn for each multiday site. These average dif-
ferences were then added to the average Ldn obtained over all sites, 60 dB, to
obtain the average daily ILdn values.

The daily variation in Ldn shown in table D~2 refleects both true varia-
tion in the noise environment and sampling errors inherent in the continuous
monitoring procedure. Based upon the discussion of sampling erxrors in section

D=2, the variation may be assumed to be almost entdirely true variacioen.

D-7
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Table -2, Five-day Site ldn Values
Dates Standard
Site of M T W T F S 8 Mean Deviation
Measurement
San Franclsco 3/9/81
TR 3870 to 54.8 53.3 S54.6 58.0 55.2 2.0
BL 205 3/13/81
San bDiego 3/13/81
TR 170.01 to 53.2 56.8 60.7 54.6 52.9 54.5 55.5 2.9
BL 112 3/19/81
Tampa 4/10/81
TR 113 to 60.5 56.9 62,7 61.7 60.4 1.6
BL 2t1 4/15/8t
Philadelphia 5/3/81
TR 148 to 63.4 62.5 61.0 66.3 67.4 64,1 2.7
BL 105 5/8/81
New York 5/27/81
TR 5202 to 59.4 61.8 59.5 61.3 59.8° 60.4 1.6
BL 108 5/31/8]
San Jose 3/6/81
TR 5065.01 to 51.2 Si.1 56.8 49.5 50.7 51.8 2,8
BL 210 3/11/81
Cleveland 6/4/81
TR 1192 to 70,2 69.7 68.5 59.3 71.3 69.8 1.0
oL 104 6/10/81
Chicapo 6/16/81
TR 6305 to 62.0 63.3 64.3 63.2 61.7 62.9 1.1
Bl. 108 6/22/81
Maan 60,0 2,0

e i g




The hourly noise level histories were obtained by averaging the levels
both by hour and by sampling cell, and then taking weighted averages of these
results by traffic impact.

D-3=4 Nolse Sources

The results concerning source contributions are based upon 700 micro-
samples and 84,000 individual source identifications and sound level measure-
ments. A two-stage process was used to reduce these data. First, the daca
obtained in each micfosample was reduced to.obtain the overall Leq, according

to the equation
Leq = 10 x log 10(%0 10"”10/120)
i=l
L1 - Level obtained in ith measurement of microsample,
the frequency of identification of each source, n/120, where n is the number
K—\‘ of times the source was identified, and the Leq(id) for each source, '
| o
Leq (id) = 10 x log 10 ( 2: 10Lj/!0/%)
Jai
Li « Level measured at time of jth identification.
The acoustical data for a microsample thus contained aene Leq value, 26 fre-
quency values (one for each source considered in the survey), and one Leq(id)
value for each source whose frequancy was greater than zero. If a source was
not identified in a microsample, its frequency was.zero and its Leq(id) was
considered a missing value,

The results for each microsample‘:akﬁn at a particular site were then
reduced to obtaln a source profile of each site. To control for the various
sources of variation, different subsets of the microsamples were used accord=-
ing to the phenomena being considered. Call by ceL; variation and factor

analysis was based upon microsamples taken at the front only. The frequency
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used was computed Efrom the equation
F = 12/24 Fd + 3/24 Fe + 9/24 I'n
Fd — Frequency in front, daytime, microsample
Fe - Frequency in front, evening, microsample
Fn - Frequency in front, nighttime, microsample,
where the fractional weighting factors reflect the number of hours associated
with these three time pariods. Likewlse, Leq(id) was computed according to:
Leq(id) =.10 log 10 (10%29¢1)2 o 150, o jolealidde o 4,5,
+100e3 U g 94
Leq(did)d = Leq{id) in front, daytime. microsample
leq(id)e ~ Leq(id) in front, evening, microsample
Leq(id)n - Leq(id} in front, nighttime, microsample
The same Fd,e,n and Leq(id)d'e‘n §escriptors were used to assess variation

fffj " in source contributioms by time of day. To assess variation by side of unit,
only ﬁicrosamples collected during the daytime were considered. Thus, loca=-
tional variation was elimiﬁated ;n the consideration of temporal variation,
and temporal variation was minimized in the assessment of locational variation,
and both locational and temporal variation were eliminated in considering
variation by urban area size, populatdion, density, and traffic impact. In-
sufficient data were available to evaluate the interactive effects of these

sources of variation.

D=3-5 Factor Analvsig

Analysis of variation wich respect to urban area size, population densicy,
and traffic impact began with the definition of the dependent variables.
These were the Ldn, and the frequency and Lerq{id), based on temporally averaged
data collected at the front as described in paragraph D=3~4 of the six

salected individual sources and four source classes considered in the analysis.

D=10
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In cases where a source was not identified at a particular site, its frequency
was zero and its Laq(id) considered a missing value.

‘The independent variables were defined initially as dummy variables which
reflected the categories of traffic impact, urban area size, and urban zone
population density used to define the sampling cell structure. An initial
regression analysis was run using these three variables as well as their cross
terms. It was found that the significant factors were traffic impact, density,
and the urban area size-density product. This lead to the hypothesis that
urban area size 1s significant only because larger urban areas contain urban
zones of extremely high density, so that a "high'" density area in a large
urban area tends to be significantly more dense than one in a sméller urhan
area, To test this hypothesis, the density variable was redefined as the
logarithm of the actual density. Results of regression analysis pérformed on
this modified set of variables confirmed the hypothesis, with only traffic

impact and log 10 (UZ density) found to be statisfically'significant.

D-11
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APPENDIX E

ESTIMATION OF CELL POPULATIONS

As described in the text, the cell structure used in the National Ambient
Noise Survey incorporates three parameters: urban area (UA) size, urban zone
(wz) density, and traffic impact. The first two of these are based on data

available in table 20 of the 1970 Census of the Population - HNumber of In-

habitants, The traffic parameter is defined in terms of distances from free-
ways and arterials.

To plan the survey effieclently and to draw national conclusious from it,
it was necessary to estimate the 1980 populations corresponding to each cell.
This was a straightforward matter with respect to the UA size and UZ density
parameters. The difficulty came in apportioning the population according to
the tfaffic impact categories,

This apportionment was accomplished by means of the National Roadway
Traffic Noise Exposure Model (NRTNEM) data base.® The modal emplpys a cell
strueture very similar to that used in the National Amblent Noise Survey and ' ;
was designed specifically to produce the type of population distribution over .
distance from rﬁadway information which was desired.

Figure E-] shows the method used to determine these distributioms. It
represents the total roadway mileage of a particular roadway classification
which runs through the total occupied area of a particular population place
size, pcpulation density category. The distance dl + d2 is the distance from
the roadway center of the nearest lane (CNL) at which the clear zone ends and
the populated area begins. Thus the populated area within a particular dis-

tance d3 of the roadway is defined by M, the roadway mileage, multiplied by

E=1
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the quantity 2 [ds-(d1+d2)}. This area, when combined with its population
density, defines a population.

. Table E~1 shows the population place size and population density cate-
gories used in the NRTNEM data base. Populaticon place size is equivalent
(thohgh with a few minor deviations) to the urban area size. The population
density parameter is the urban zone population density.

Desplte these equivalences with respect to the variables employed, the
categories used in NRTNEM and the cells used in the Natlonal Ambient Noise
Survey differ with respect to the intervals of these variables which they
repregent., In the case of population place size, NRTNEM has nine cacegories,
elght urban and one rural, while the survey cell structure has only two urban
categories. Both NRINEM and the survey employ four categories of population
density, but NRTINEM uses logarithmic intervals for its categories, whereas the
survey uses linear intervals.

In addition to the population and land area of each cell, table E~1 con-
cains a parameter called P*, This parameter represents a population densiry
adjusted to exclude the land area in each cell which 1s unoccupied. Thisg
parameter thus defines the population density of the occupied area shown in
figure E~1.

Ag the survey considers only urbanized areas, which by definition must
inelude a central city with a population over 50,000, only population place
gize categories l-6 of table E-l are considered in the subsequent calculations
and tables.

Tables E«2A through E~2E show the mileage distribution of the six roadway

clasgifications used by FHWA, broken down by average travel speed and the

E-3
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Fopulation Density AresIndex ID

TTAL
TTAlL

Total

Tatul

A,

Tahle BE~l. Distribution of Population and Land Area by Place Size
{Index J) and Population Nensity Category (Index ID)

PARAMETER

[} Papulat fun
Aruan
"

2 Population
Aren
e

3 Papulation
Arei
P

4 PFapulation
Araa
pe

POPIEAT 1IN
ARtIEA

Population = 216,74 million

Based on National Roadway Traffic Noise Expasure Model Data Base

» 24

5,61
134.2
84,711

22,28
3574
12,638

21,54
8158
6, 107

0.0
0.0

AY.48
12064, 2

2

]
-2

2,10
272
13,451

4,08
715
9,002

le.13
5080
5,014

5.35
4089
5,505

22,66
12160

Lol Area = 3,549 ,642.2 vquare miley

p* = Populatian/ (Ares) (Area Factor), Adjusced
Fapulation Danuity in People pur Sqeare Mile

k]

5400k
-1t

0. 36
63
9,3l

2,04
4HH
6,967

B, 40
426
J. 842

5.0
45H4
2,13

1. 09
4561.0

POPUTATION PLACE SIZE-~IHBEX J

4

200k
~-500k

1.61
215
9,168

1,43
4538
3697.0

6,75
790
2,204

.0
0,0

-

18,74
1563.0

H

10Nk
=200k

1.16
21
5,834

2,913
1305
1,344

6.84
5266
2,011

0.0
0.0

10,93
6850.0

[

a0k
=1n0k

107
129
4,184

2,12
115
2,867

4,53
4195
1,612,0

7.0
0.0

7.1
5639.0

7

25k
~50k

6,47
58
13,091

2.94
896
8, 506

3,51
2230
4,698

1.2
2769
2,147

.48
5953.1)

8

a3k
- 25k

.85
220
16,948

4,57
1261
10,6481

446
4527
6,271

2.70
5820
1,673

t7.94
Lig28.0

URBAN
TOTAL

14,21
1570.2

51.43
13970,0

7l.20
19822.0

15.27
17262.0

152,52
12674,2

RUKAL

64,18
3,476,928
18,0

0.0
0.0

64.18
347692348

Fapnlation Place Size = Urban Arna Size

Popnlation Density « Urhan Zonw Density
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S LIl T




Table E-2A. Roadway Mileages

J = Population Place Sire
ID = Population Densfity
Kk « Ropdway Type, wheva:

| = Interstates 4 ~ Minor Arterials
2 = Urban Freewvays 5 =~ Collectors
3 - Prineipal arterials § = Locals

AVERACE TRAVEL SPEED 10 MPH

ID =t
HIGH POPULATION DENSITY AREAS
I v ks 1 2 3 4 5 &
H 0 3 16 4l 37 94
2 ) 7 2 7t 7 172
3 g 1 4 11 12 3t
4 0 3 17 45 42 19
5 ¢ 5 a4 sa 51 149
6 0 5 2 67 69 171
-2
MEDIUM TO HICH PGPULATION DENSITY AREAS
ﬂn;: J v K> ! 2 3 - 3 [
8 N
. 1 8 78 438 1085 989 2494
2 1 19 59 201 203 491
3 1 6 n B4 95 242
4 7 &9 360 563 386 514
5 2 23 Lo 273 283 499
é t 18 99 219 233 579
: I - 3
v MEDIUM TO LOW POPULATION DENSITY AREAS
IV ke 1 2 3 4 5 6
g 1 14 182 1025 2540 2314 5837
K 2 H 125 384 1321 1333 3216
I 3 7 51 2840 761 466 2197
! 4 g &8 458 1223 1125 3193
5 7 92 Lak 1100 1142 2821
; 6 4 87 a2 860 - 877 2178
T
i LCW POPUTATION DENSITY AREAS
j‘ J v k> 1 2 3 4 5 6
i 1 0 0 0 0 0 o
Y 2 ) 101 108 1063 1072 2589
v 3 7 33 290 788 897 2276
4 0 ) 0 ) 0 Q
g 5 Q 0 0 0 0 0
P 6 0 0 0 Q 9 ]

)

E-5
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Table E-28., Roadway Mileages

J = Population Place Slze
ID = TPopulation Danglty
K = Roudway Type, whera:

1 -~ Interatates % = Minor Artarifals
? = Urban Freaways 5 = Gollectors
J - Principal Arterials 6 - Locals

AVERAGE TRAVEL SPEED 10 MPH

Dt
HICH POPULATION DENSITY AREAS
N 1 2 3 4 5 4
1 1 8 43 a3 76 a2z
2 1 16 54 164 143 715
3 o 2 10 12 25 141
4 1 9 -4 92 85 534
5 1 13 Al 119 123 673
é t 14 6 137 140 769
1D a2
HEDIUM TO HICH POPULATION DENSITY AREAS
J v K> 1 2 k) [ 5 [
) 1 18 202 118 LFTL T 7)) 11228
2 & 44 152 41l 415 2208
3 2 15 80 1 195 1090
4 21 182 937 1958 1805 L1311
s 5 #0 286 556 571 146
6 1 46 257 466 a7s 2606
10 = 3 .
MEDIUM TO LOW POPULATION DENSITY AREAS
T A L 2 3 4 5 6
i l 42 472 2662 5179 4720 16264
z 28 291 399 2693 2717 14473
3 20 133 728 151 1765 9588
: 4 29 231 Lol 2487 1293 14368
5 0 241 1154 2242 2328 12695
b 1 174 967 1753 1787 9803
a4
LW POPULATION DENSITY AREAS
: 5V £ 1 2 3 4 5 6
H
i 1 0 0 0 0 0 0
: 2 22 234 805 2167 21187 11643
i 3 21 138 154 1606 1828 10241
! 4 0 0 o 0 0 0
i 5 0 0 o 0 0 0
i 6 0 0 0 o 0 o
|
i
:

v,

Ewf




FE N S

LTy e e
n i At o e B i St e & = 8t 8 P e A ia b e

Tabkle E-2C. Roadway Mileages

J = Population Place Size
ID » Populaticn Dansity
K = Roadway Typas, whero:

L - Interstates 4 - Mipor Artertals
2 - Urban Freeways 5 -~ Collactors
3 - Principal Artarcials 6 - locals

AVERAGE TRAVEL SPEED 40 MPH

IDw !}
HICH POPULATION DENSITY AREAS
J v K> 1 2 2 4 5 ]
I 1 5 9 HA il 222
2 2 lo 24 4l 4l 775
] 0 1 7 & ? 14l :
4 ] 6 29 % 24 534 ) )
5 1 9 41 34 hi] 671 :
[} L 9 51 39 40 769
ID =« 2
HMEDIUM TO HIGH POPULATION DEHSITY AREAS
,ﬁﬂ\’ J v K> L 2 b 4 -1 [} :
] 34 134 159 626 5710 11328 '
2 6 30 Loz Lib ez 2208 !
3 3 10 54 48 35 1090
& 10 121 624 555 18] Lt
5 6 0 191 157 163 1166
[ & 31 72 132 134 2606
IDw 3
MEDTM TO LOW POPULATION DENSITY AREAS
J v K> t 2 b | 4 5 ] .
l 53 s L776 L1463 1336 26254
2 37 194 667 752 749 14473
3 2 89 486 %39 499 53888
& Ja 154 793 705 650 14368
5 26 418 769 615 659 12595
[ L& L1 646 495 506 9803
iD=~ & .
LOW POPULATION DENSITY AREAS
J v Ko [ 2 ] 4 E] -]
! a ] o 4] ] 0
2 0 156 537 614 619 L1649
3 8 g2 503 55 L7 10421
4 a 4] o] 1] 4} o}
5 a Q o] Q 1] 0
11 o 2] [1} 0 [} ]
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Table E-2D. Reoadway Mileages

J = Population Place Size
ID = Population Dersity
K = Roudway Type, whers:

1 - Intucs tutus 4 = Minor Arterials
2 = Urban Freaways 5 = Calluctors
3 = Principal Arcerials b = Locals

AVERAGE TRAVEL SPEED 30 MPH

ID = |
HIGH POPULATION DENSITY AREAS
J ¥ ks 1 2 3 4 [ 6
1 g 3 16 8 7 )
2 17 ] 21 L4 & o
3 3 I [ 2 2 4]
4 12 3 t7 9 8 0
5 2 5 24 11 12 o
’ 6 10 5 2 13 12 0
ID = 2
i _ MEDTUM TO HIGH POPULATION DENSITY AREAS
(“j J v ks 1 2 3 4 5 6
¥ t 201 78 438 209 191 0
§ 2 48 17 % 9 19 0
] 3 26 3 N 16 18 0
K 3 256 &9 160 185 170 0
i 5 55 2 110 52 54 0
: 6 3% 18 99 34 as 0
§ D =3
: MEDIGRM TO LOW POPULATION DENSITY AREAS
P : J v ks | 2 3 4 5. 3
i L 470 182 1025 488 446 0
! 2 117 12 184 254 256 0
' 3 233 51 280 146 166 0
i 3 25 a8 438 25 217 0
i s 22 82 444 111 220 a
; 6 129 &7 172 165 169 0
5 D=4 ‘
| LON P0PULATION DENSITY AREAS
E J v [ 3] 1 2 3 4 5 [
i
! 1 o 0 0 o 0 0
i 2 155 90 309 205 206 0
: 3 241 51 290 152 172 0
{ 4 0 0 0 e 0 0
| 5 0 0 0 0 0 0
6 0 0 0 0 g 0

E=8
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Table E-2E. Roadway Mileages

J « Populaticn Place Size
10 = Populaciun Denpsity
K = Roadway Type, wvhave:

|l = Interstates 4 = Minor Arcterials
2 = Urhan Fraeways 5 = Callectars
3} = Principal Artarials 4 = Lacals

AVERAGE TRAVEL SPEED 60 MPU

-1
HICH POPULATION DENSITY AREAS
J v K> t 2 3 4 5 &
1 13 l 6 2 1 a .
2 29 2 7 3 3 a
3 6 0 1 0 J 0
4 21 1 6 2 2 0
5 20 F 8 2 2 0
6 7 2 10 3 3 0
-2
MEDTUM TO HICH POPULATION DENSITY AREAS
J v K> 1 2 3 4 5 6
“‘“, 1 343 % ta? 42 38 0
. 1 83 6 20 8 8 a
3 44 2 1o 3 4 0
4 437 23 120 7. as 0
5 9% ? a7 16 11 0
6 59 & 33 9 9 0
10 =3
MEDIUM TO LOW POPULATION DEMSITY AREAS
J v g» 1 2 3. 4 s 6
i 802 60 143 98 90 0
2 541 37 128 51 51 - o
3 197 17 9% 19 13 0
4 555 9 152 47 W 0
5 381 30 148 42 44 2
6 212 | H] 123 13 34 )
=g
LOW POPULATION DEMSITY AREAS
J v K t 2 3 4 5 §
1 0 0 0 0 0 ¢
2 435 20 103 4l 41 0
3 411 14 97 10 34 0
4 0 0 0 0 o ¢
5 0 0 0 0 0 ¢
6 0 0 0 0 0 0
O
E-9%
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NRTNEM population place size and population density categories. Table E-3
shows the fraction of these mileages which run through occupied land. To-
gether, tahles E~2 and E~3 can be used to construct table E=-4, which gives
mileages of roadway running through occupied land by roadway classification,
poepulation place size eategory, and population density category. This data
is given only for the roadway classifications used in defining the high-
traffic-impact~categery used in the survey: Iinterstates, urban freeways,

principal arterials, and minor arterials.

- The data in table E-5 specify values of M as defined in figure E-1 for
each combination of roadway classification, popul;tion place size category.l
and population density category. There remains the need to defime values of
dl and d2. The wvalue dl' the lane halfwidth of the roadway, is estimated as
7.5 feet for interstates and 6 feer for all other roadways. The value d2 for
each combination of readway type, urban area size category, aﬁd population
density category {s shown-in table E-35.

The high~traffic-impact areas, ags defined by the NRTNEM, include all
areas within either 300 feet of an interstate or yrhan freeway, or 100 feet
of a principal or minor arterial. The data given in tables E-~1 through E=5
can be used to estimate the populations of each of these four areas for each
population place size, popularion density category. These estimates are given
in table E-6. This data is then used to construct table E-~7, which gives the
total high traffic impact population of each category.

To obtain the high-traffic-impact populations in the urban area size,
urban zone density categories used in the National Ambient Noise Survey, it is
necessary to apportion the NRTNEM categories to the survey categories. Table

E-8 shows the 1970 utban population distribution over urban area size and

urban zone density, the latter distribution based on the category definicions

E-10
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used in the survey. Tables E~! and E-8 can be used to perform the necessary
apportionment within each urban area size category. The results are shown in
tables E~9A through E-9F.

Applying these tables to table E~7 yields the populations of each urban
area size, urban zone density, and traffic impact category used in the sutvey.
The resulting estimates are shown in table E-10.

Table E~1 and the subsequent tables based upon it reflect 1974 data. To
update these estimates to 1980, the population growth factors shown in table
E«1l are used. These growth factors are defined at the level of population
place size and are asaumed'to apply to all populatiqn density/traffic impact
categories within each category. They are assumed to reflect migration of
urban areas within categories as well as net population growth. The applica-
tion of table E-ll to table E-10 results in table E-12, in which the urban
area size categorles have been collapsed into the two used for the National

Ambient Nolse Survey., Table E-12 thus gives the population estimates of the

sampling cells used in the survey.

E-11
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Table E~3. Fractlions of Roadway Mileages Which Run Through Occupied Land

Population PFlace Size, Index J

K 1 2 3 4 5 6 7 8 9
1 0.764 0.764 0.764 0.764 0.764 0.764 0.656 0.656  1.000
2 0.738 c.738 0,738 0.738 0.738 0.738 0.679 0.679 1.000
3 0.866 0.866 0.866 0.866 0.866 0.866 0.843 0.843 1.000
4 0.845 0.845 0.845 0.845 0.845 0.845 0.849 0.849 L.000
5 0.852 0.852 0.852 0.852 0.852 0.852 0.867 0.867 1.000
.6 0.852 0.852 0.852 0.852 0.852 0.852 0.867 0.867 1.000
J is Population Place Size Index
K 1s Roadway Type Index
E-12
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£1-3

Ih=]

Inh=2

ID=3

ID=4

1Dh=)

In=2

ID=3

1Dw4

Table E-4.
J=1 Ja2 J=3 J=4 J=a5 J=6
17.6  37.4 6.9 26.7 26.0 22.2
452 109 58 575 124 77
1057 711 523 730 503 292
0 571 541 0 0 0
Interstates
(K=1)

Jml Jm2 J=3 Judy J=5 J=6
g5 L4 22,5 79 137 169
2529 339 178 2079 636 572
5916 2219 1618 2643 2562 2148
o 1787 1617 0 0 0

Principal Arterials
(K=3)

ID=1

ID=2

ID=3

D=4

ID=]

In=2

ID=3

ID=4

Roadway Mileage Through Oceupiled Land

J=1 J=2 J=3 Jng J=5 J=6
4.8 30.3 3.7 6.2 25.1 25.8
a2 86 36,9 342 113 88
849 560 252 435 455 329
0 451 261 0 o 0
Urhan Freeways
(K=2)

Jml J=2 J=3 J=4 J=5 J=6
134 288 34.6 147 189 219
3528 655 272 3125 886 744
B256 4293 2472 3969 3574 2794
0 3456 2561 1] o 0

Minor Arterials

(K:t’p)

T et s i
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Table E-5, Clear Zone Distances {(In Feet) by Roadway Type (K),
Population Density Category (ID), and Population
Place Size (J)

Population Place Size, Index J
K 1D 1 2 3 4 5 6 7 g 9
1[ALL s0. &80, 50, 50, 50. 50. 50. 50. B0,
21 A1 a,  30. 30. 4D, 40, 40. 40. 40. 50,
3] 1 10, 10, 10. 10. 10. 10, 10,  16. 40.
2 15, 15, 15. 20. 20. 20. 20.  20. 40,
3 20. 20. 20. 30. 30. 30. 30. 30. 40,
fﬁs 4 0. 30,  30. 40. 40. 40, 40. 40. 40.
4l 1 10. 1. 10. 10, 10. 10.° 10. 10. 40.
2 15, 15, 1s. 20. 20. 20. 20. 20. 40.
3 20, 20. 2o, 30. 30. 30. 30, 30. 40,
a 0. 30. 30, 40. 40. 40,  40. 40. 40.
511 5. 5. 5. 10. 10. 10. 10, 10.- 40.
‘ 2 0. 10, 10. 20. 20. 20. 20. 20, 40,
3 15. 15, 15. 0. 30. 3¢. 30. .30. 40.
4 20, 20. 20 40. 40. 40, 40, 40, 40.
6] 1 5. 5. 5. 10, 10. 10. _1l0. 10, 40.
2 0. 1n. 10. 20, 20, 20, 20, 20. 40.
3 15, 15, 15, 30. 30, 30. 30. 30. 40.
; 4 20, 20. 20. 40, 40. 40. 40, 40, 40.
i Index K denotes highway type; Index ID denotes population density category
. O
:i
: E-14
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C1-1

ID=]

=2

ID=3

1D=4

ID=1

ID=2

ID~3

ID=4

Populatlon {in Thousands) High Traffic Impact by Roadway Type

Tahle E-6.

J=1 J=2 J=3 J-4 J=5 J=6

105 46 . b 23 th 9

525 91 37 195 19 20

593 327 185 152 93 43

0 131 116 0 0 o
Intergtates
d3=300"

Ja=] J=2 J=3 Jug J-é J=5
196 49 7 24 25 23
956 92 37 215 60 46

1013 312 174 145 125 84

109 92

Principal Arterials

d3=100"

ID=1

ID}=2

1D=3

In=4

1D=|
ID=2
ID=3

D=4

Ao

Jal =2 J=3  J=4  Ju5  J=b
96 41 3 15 14 10
483 78 26 122 37 24
518 281 97 95 88 51
113 61
Urban Freeways
d3=300"
J=l  J=2  J=3 =4 J=5  I=6
276 123 10 44 35 29
1334 178 57 324 B4 60
1413 603 266 218 174 109
210 145

Minor Arterials
d3=100"

R T e R




Table E-7. High-Traffic-Impact Population (Millions) by Populatdon
Place Size and Population Rensity Category

J=1 J=2 J=3 J=b J=5 Jub
1D=1 0.67 0,26 0.03 0.11 0.09 0.07
IDw2 3.30 0.44 0.16 0.86 0.22 0.15
ID=3 3.54 152 0.72 0.61 0.48 0.29
ID=4 0 0.56 0.41 0 0 0

Table E-8. Population (Millions) and Percentages by Urban Area Size/
Urban Zone Denaity Category
Source: 1970 United States Census

UA Population

uz
Density 200K~ 100K~ 50K-

(per mile®) >2M IM~2M  500K-1M 500K 200K 100K
H (>4500) 26,3 6.02 3.49 2.40 1.74 1.04
56.6% 26.3% 24,1% 14,7% 18.1% 13.6%

MH 3000~ 20.2 7.50 3.41 5.00 2.27 20.4
4499 43.4% 32.7% 23.5% 30.6% 23.6% 20.4%

ML 1500~ 0 7.40 7.06 7.94 4,75 3.65
2999 32.2% 48.7% 48.5% 49.5% 47.7%
L <1499 0 2.01 .53 1,01 .85 1.40
8.8% 3.7% 6.2% 8.8% 18,3%

46.5 23.0 14.5 16.4 9.6 7.6

100% 100% 100% 100% 100% 1002

E-16
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Tables E-9A ~ E-9F. Apportiomment of NRTNEM Categories to Survey Categories

J=1
In=1 ID=2 ID=3 ID=4
1.00 1.00
1.00
l.o0 1,00 1.00 1,00
(A
J=4
ID=] ID=2 ID=3 D=4
L.ooc 0.11
0.55
0.34 0,83
0.17
.00 1.00 1.00 1.00
)

R R

Mi

ML

L

J=2
ID=l  ID=2  ID=3  IDs4
1.00 0.94
0.06 0.65
0.35 0.63
0.37
1.00 1.00 1.00 1.00
(8)
J=5
ID=] ID=2 ID=3 IDw4
1.00 0.28
0.72  0.07
0.79
0.14
1.00 1.00 1.00 1.00
(E)

A A e, et A b L L P

Ml

ML

M

J=3
1Dal  ID=2 ID=3 ID=4
1.00 1.00 0.18
0.45
0.37 0.89
0,11
1.00 1,60 1.00 1.00
(<)
J=6
ID=1 ID=2 ID=3 IDw4
0.98
0.02 0.73
0.27 0.69
0.31
1,00 1.00 1.00 1.00
(F)

o et Y ik s i e
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Table E-10.

and Traffic Impact

Distribution of Urban Population by Urban
Area Size, Urban Zone Population Density,

Large
UA's Medium Small UA's
Population
Density Jm=l J=2 I=3 Jmd J=5 J=6
High 3.97 0.67 0.32 0.20 0.15 0.07
H »4500
Low 23.92 2,27 1.59 2.56 1.83 0.98
High 3.54 1.01 0.32 0.47 0.19 0.11
MH 3000-
4499
Low 18.035 6.47 3.46 5.27 2.40 1.44
High
ML 1500- 0 0.88 0.63 0.80 0.38 0.24
2999 , *
(‘n3 Low 0 6.39 7.20 .3.35 5.02 .46
' High 0 0.21 0.05 0.10 0.07 0.09
: L <1499
é Low 0 1.77 0.53 L.05 0.89 1.31
;
3
g
{
SO
{
é E=18
!
L.
!
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Table =11, Population Growth Fuctors by Place Size (Index J)
For Bvery Flve Yeavs 1in the Time Stream

AREA TYPE, J

! 2 3 4 5 6 7 8 9 ALL J

PLACE SIZE, OVER 1000~ 500~ 200~ 100~ 50~ 25- 5-

THOUSANDS 2000 2000 1600 500 200 160 50 25 RURAL
YEAR VARIARLE POP (YEAR) /POP (BASELENE)
1974 1.00 1.00 1.00 .1.00 . 1.00 1.00 1.00 1.00 1.00
1980 1.08 t.07 1.07 1.02 1.02 1.02 1.02 1.02 L.12
1986 1.17 L.16 1.16 1.04 1.04 1.04 1.04 1.04 1.23
1988 1.19 L. 19 1.19 L.05 1.05 1.05 1.05 1.05 L.27
1990 1,22 1.22 1.22 1.05 1,05 1.05 1.05 1.05 1.31
1995 1.29 1.29 l1.29 1.07 1.07 1.07 1.07 1.07 1.39
2000 . 1.36 1.36 1,36 1.08 1.08 1.09 1.09 1.09 1.48
2005 1.43 l.44 1.44 1.10 1.10 1.10 l.10 l.10 L.57

2010 1.50 1.51 .51 1.12 1.12 1.12 1.12 1.12 1.65

~~~~~ ~ L St LS kb B B B S P B e B R 3 S et
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Table E-12. . Populations (Millions} of Sampling Cells Used

in National Ambient Noise Survey (1980)

High
Medium-High
Medium=Low

Low

Large
UA's

Medium/Small
UA's

High Low

High Low

4.29 25,00

1.47 14.96

3.82 19.49

2.20 19,92

3.07 L7

0.53 5.78
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Urban Area

Boston, MA
Boston, MA
Boston, MA

Chicage, IL -
Northwestern IN

Chigago, IL -
Northwestern IN

Chicago, IL -
Northwestern IN

Chicage, IL -
Northwestern IN

Chicago, IL -
Northwestern IN

Chicago, IL ~
Northwestern IN

Chicago, IL -
Northwestern IN

Chicago, IL =
Northweatern IN

APPENDIX F

THE SITES

LARGE URBAN AREA SITES

Urban Zone

Boston,

Qutside
City

Outside
City

Qutside
Cities

Outside
Cities
Chicago,
Chicago,
Chicago,
Chicago,

Chicago,

Chicago,

MA

Central

Central

Centrail

Central

IL

IL

IL

IL

IL

IL

Community

Tract

Block

Dates
Measured

Brighton, MA

Quincy, MA

West Newton,
MA

LaGrange Park,

IL

Chicago

Heights, IL

Chicago, IL

Chicago, IL

Chicago, IL

Chicage, IL

Chicago, IL

Chicago, IL

4

4180

3746

8189

g293

2434

4402

631

315

5501

6109

102

717

Lo7

320

221

104

305

102

302

406

109

Sun-Mon
Jul &-7,
1980

Sun~-Mon
Jul 6=7,
1980

Mon~Tue
Jul 7-8,
1980

Fri-5at
May 2-3,
1980

Fri-Sat
May 2=3,
1980

Sat=~Sun
May 3=4,
1936

Sun-Mon
May 4=5,
1980

Tue-Wed
Jun lé=17,
1981

Wed-Thur
Jun 17-18,
198t

Thu-Fri
Jun 18~19,
1981

Fri=-Sat
Jun 19=20,
1581

T e A A S S FUE NPT IIL RIS R T I e
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Urban Area

Chicago, IL -
Northwestern IN

Chiecago, IL -
Northwestern IN

Chicago, IL -
Northwestern IN

Chicago, IL -
Northwestern, IN

Chicago, IL =
Northwestern IN

.Los Angeles -
Long Beach, CA

Los Angeles -
Long Beach, CA

Los Angeles -
Long Beach, CA

Los Angeles -
Long Beach, CA

New York, NY =
Northeastern NJ

New York, NY -
Northeastern NJ

LARGE URBAN AREA SITES - Continued

Urban Zone

Chicago, IL

Chicago, IL

Chicago, IL

Chicago, IL

Chicago, IL

Los Angeles, CA

Los Angeles, CA

Outside Central
Cities

Outside Central
Cities

Qutside Central
Cities

Outside Central
Cities

Communitz
Chicago, IL

Chicago, IL

Chicago, IL

Chicago, IL

Chicago, IL

Los Angeles,

CA

Los Angeles,
CA

Burbank, CA

Haciendé
Heighta, CA

Carden City
Park, NY

Deer Park, NY

Tract

Hlock

Dates
Measured

6501

6305

201

2316

609

1926

2352,

01

3118

4086,
o1

303,
202

1227.

107

108

101

102

201

ha
(=]
L

102

412

116

104

510

Sat-Sun
Jun 20-21,
1981

Mon=-Tue
Jun 22-23,
1981

Tue~Wed
Jun 23«24,
1981

Thu=Fri
Jul 9-10,
1981

Tye-Wed
Jul 16-17,
1981

Thu=Fri
Mar 20-21,
1980

Thu=-Fri
Mar 27-28,
1980

Mon=Tue
Mar 3l-
Apr 1,
1980

Mon=-Tue
Mar 3l-
Apr |1,
1980

Thu-Frdi
May 28~29,
1981

Fri-Sat
May 29-30,
1981
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Urban Area
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New York, NY -

Northeastern NJ

New York, NY =
Northeastern NJ

New York, NY -
Northeastern NJ

New York, NY =
Northeagtern NJ

New York, NY -
Northeastern NJ

Philadelphia,
PA - NJ

Philadelphia,
PA - NJ

Philadelphia,
PA - NJ

Philadelphia,
PA - NI

Philadelphis,
PA = NJ

Philadelphia,
PA - NJ

Philadelphia,
PA = NJ

LARGE URBAN AREA SITES - Continued

Urban Zone

Outside Central
Cities

Cutside Central
Cities

New York, NY
New York, NY
New York, NY
Philadelphia,
PA

Outside Central
Cities

Qutside Central
Cities

Outside Cantral
Cities

Philadelphia,
PA

Philadelphia,
PA

Philadelphia,
PA

Communitz

Levitown, NY
Sayville, NY
Brooklyn, NY
Brooklyn, NY
Bronx, NY
Philadelphia,
PA

Warminscer,
PA

Narbeth,
PA

Collingdale
PA :

Philadelphia,
PA

Philadelphia,
PA

Philadelphia,
PA

F=3

il L R SO A R IITECY SRR TR

Tract Block

Dates
Measured

5202 108

1473, 31!

02
198 201
374 504
394 104
148 105

1016. 33

04

2056 201

4031. 106

03
238 201

401

259

348

R N R SR

Fri-Sat
May 29-30,
1981

Sat-Wed
May 30~
Jun 3, 1981
Tue~Wed

Jun 2-3,
1981

Tue-Wed
Jun 2-3,
1981

Wed=Thu
Jun 4-5,
1981

Sun~Thu
May 3-7,
1981

Mon~Tue
May 4-5,
1981

Tue=Wad
May 5-6,
1981 :

Wed=Thu
Mﬂy 6‘7'
1981

Thu=Fri
May 7-8,
1981

Fri-Sat
May 8-9,
1981

Fri~Sat
May 8~9 1
198]

el
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Urban Area

San Francisco -
Qakland, CA

San Francisco -
Qakland, CA

San Franciseo -
Qakland, CA

Washington, DC
MD ~ V4

Hashington, DC
MD -~ VA

Washington, DC -

MDD - VA

Washington, DC
MD - VA

LARGE UREBAN AREA SITES ~ Continued

Urban Zone

OQutside Central
Cities

Oakland, Ca

San Francisco,
CA

Qutside Central
City

Washington, DC .

Outside Central
City

Washington, DC

Communitz
El Cerrite, CA

Oakland, CA
San Francisco,
ca

Alexandria,
VA
Washington, DC

Mt. Rainer, MD

Washingron, DC

F=4

S PSP PPrs

Tract

Block

Dates
Measured

3870

4080

307

2003.

02

78.04

8047

52.01

205

101

215

501

Mon=-Tue
Mar 9-10,
1981

Tue=Wed
Mar 10-11,
1981

Wed=~Thu
Mar 11-12,
1981

Sun~Mon
Jul 6=7,
1980

Thu~Fri
Jul 10-11,
1980

Thu=Fri
Jul 10-11,
1980

Fri-Sat
Jul 11-12,
1980
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Urban Area

Allentown -
Bethlehem =
Easton, PA, NJ

Allentown -
Bethlehem -
Easton, PA, NJ

Augusta, GA -

sC

Binghamton, NY

Binghamton, NY

Binghamton, NY

Buffalo, NY

Buffalo, NY

Cleveland, OH

Cleveland, OH

Cleveland, OH

Cleveland, OH

SMALL URBAN AREA SITES

Urban Zone

Bethlehem, PA

Bethlehem, PA

Outside Central
Ciey

Qutside Central
Cicy

Outside Central
City

Binghamton, NY

Outside Central
City

Qutside Central
City

Cleveland, OH

Outside Cantral
City

Qutside Central
City

Outside Central
City

Cammunitz
Bethlehem, PA

Bathlehem, PA
Augusta, Ga
Owego, NY
Union, NY
Binghamton. NY

Niagara Falls,
NY

Niagara Falls,
NY

Cleveland, OH
Wyeliff, OH

Cuyahoga Hts.,
OH

Middleburg
Heights, OH

B L N A DY WPUT PP O WP

Tract

Block

Dates
Measured

101

176

103

203

133.01

18

201

1192

2009

1659

1731

109

715

208

905

38

202

411

101

104

i)
o
o~

102

508

o S L e

Sun~-Mon
May 10-=11,
1581

Sun-Mon
May 10-11,
198!

Sun
Aug 10,
1980

Tue-Wed
May 12-13,
1981

Tue~Had
May 12-13,
1981

Wed=Thu
May 13-14,
1981

Sun=Mon
May 17-18,
1981

Sun~-Mon
May 17-18,
1981

Thu-Mon
Jun 4-8,
1981

Fri-Sat
Jun 5=6,
1981

Sat=Sun
Jun 6-7,
1981

Sun=pMon
Jun 7-8,
1981
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Urban Area

Duluth —
Superior,
MN - WI

Duluth -
Superioer,
MN - WI
Duluth -
Superior,
MN - WI
Duluth -
Superior,
MN - WL
Fargo-Moorhead,
ND - MN

Fargo-Moorhead,
ND ~ MN

Fargo~Moorhead,
ND = MN

Fargo-Moorhead,
ND = MN

Fregno, CA
Madison, WT
Milwaukee, WI

Milwaukee, WL

SMALL URBAN AREA SITES - Continued

Urban Zone

Duluth, MN

Duluth, MN

Superior, WL

Superior, WI

Fargo, ND

Moorhead, MN

Moorhead, MN

Fargo, ND

Fresno, CA

Outside Central
City

Milwaukee, WI

Qucside Central
City

[ NPT LTI IR P I LT B P SR e AR TT SR

Community
Duluth, MM

Duluth, MN

Superior, WI

Superior, WL

Fargoe, ND

Meorhead, MM

Moorhead, MN

Fargo, ND

Fresno, CA

Madison, WI

Milwaukee, WI

Menomonee
Falls, WL
F=6

POPRI RIS

Tract

Block

Dates
Measured

33

210

206

203

1t

16,02

170

2001

408

106

109

405

220

306

120

106

425

L R R N -

Mon«~Tue
May 12-13,
1980

Mon~Tue
May 12-13,
1980

Tue-Wed
May 13-14, -
1980

Tue-Wed
May 13~14,
1980

Thu-Fri
May 15=16,
1980

Thu=-Fri
May lS5~16,
1980

Thu-Fri
May 15-16,
1980

Fri-Sat
May l6-17,
1980

Sat=Sun
Fet 28~
Mar I,
1981

Wed=Thu
Jul 1-2,
1981

Fri~Sat
Jun 26~27,
1981

Fri-Sat
Jun 26=27,
1981

e S o
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Urban Area

Minneapolis -
St. Paul, MN

Minneapolis -~
St. Paul, MN

Minneapolis -
St. Paul, MN

Minneapolis =
St. Paul, MN

Muskegon -
HMuskegon Hgts.,
ML

Muskegon -
Muskegon Hgts.,
MI

Muskegon =
Muskegon Hgts.,
MI

Muskegon ~
Muskegon Hgts.,
MI

Oxnard =~
Ventura-
Thousand Oaks, CA

Oxnard =
Ventura -
Thousand Qaks, CA

Oxnard =
Ventura ~
Thousand Qalts, CA

SMALL URBAN AREA SITES - Continued

Urban Zgne

Outside Central
Cities

Cutgside Central
Cities

Minneapolis,
MN

Minneapolis,
MN

Muskegon, MI

Muskegon, MI

Muskegon Heights,
MI

Qutside Central
Citles

Thousand Qaks,
[oF-1

Thousand QOaks,
ca

Outside Central
Cities

Dates
Community Tract Block Measured
Plymouth, MN 266.02 112 Sun=Mon
Jun 28-29,
1981
Bloomington, 252 209 Mon~Tue
MN Jun 29-30,
1981
Minneapolis, 109 413 Tue~Wed
MN Jun 30~
Jul 1,
1981
Minneapolis, 59 103 Tue-Wed
MN Jun 30=-
Jul 1,
1981
Muskegon, MI 10 113 Thu-Fri
. Jun 11-12,
1981
Muskegon, MI 04 501 Thu~Fri
Jun Ll=-12,
1981
Muskegon 14.02 6Q6 Fri-Sat
Heights, MI Jun 12~13,
1981
Norton Shores, 26.01 201 Sat-Sun
MI Jun 13-14,
1981
Thousand Oaks, 72,0l 307 Tue=Wed
1980
Thousand Oaks, h3 102 Thu=Fri
CA ‘ Apr 10=-11,
1980
EL Rio, CA 50 2lé Thu=Fri
Apr 10-11,
1580
F=7
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Urban Area

Oxnard -

Ventura -
Thousand Oaks, CA

Portland, ME

Portland, ME

fortland, OR -
WA

Portland, OR =
Wa

Providence -~
Pawtucket =~
Warwick, RI - MA

Providence -
Pawtuckat -
Warwick, RI, MA

Reno, NV

Reno, NV

Reno, NV

Rochester, NY

Rochester, NY

SMALL URBAN AREA SITES - Continued

Urban Zone
Outside Central
Cities

Portland, ME

Portland, ME

Portland, OR -
WA

Portland, OR -
WA

Pawtucket, RI
Qutside Central
Citles

Reno, NV

Rano, NV
Qutside Central
City

Rochester, NY

Rochester, NY

Community

Tract

Blaock

Dates
Measured

Part Hueneme,
CA

Portland, ME
Portland, ME
Portland, OR
Portland, OR
Pawtucket, RI
E. Greenwich,
cT

Reno, NV
Reno, NV

Sparks, NV

Rochester, NY

Rocheater, NY

F~8

42

13

01

17.01

66.02

157

209.02

05

03

19

82

78

Sane 23 e Aty At 130

EERRN

213

104

301

sla

113

413

108

115

106

601

P T T R R

Tue-Wed
Apr 15-16,
1980

Thu-Fri
May 21-22,
1981

Thu~Fri
May 21=-22,
1581

Mon=Tue
Apr 21=~22,
1980

Mon-Tue
Apr 21-22,
1980

Fri-Sat
May 22.23,
19l

Sat-Sun
May 23-24,
1981

Mon~Tue
Mar 2-3,
198!

Mon<-Tue
Mar 2=3,
1981

Tues=Wed
Mar 3-4,
198]

Mon=Tue
Jun 30~
Jul 1,
1980

Tue
Jul 1,
1980
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Urban Area

Rochester, NY

Rochester, NY

Saglnaw, ML

'

Saginaw, MI

San Antonio, TX

San Antonio, TX

San Antonio, TX

San Antonio, TX

San Bernardine -

Riverside, CA

San Bernardino -

Riverside, CA

San Bernardino -

Richmond, CA

San Bernardino =

Riverside, CA

SMALL URBAN AREA SITES - Continued

Urban Zone

Qutside Central
City

Rochester, NY

Saginaw, ML

Cutside Central
Civy

Outside Central
City

San Antonio, TX

San Antonip, TX

San Antonio, TX

San Bernardino,
CA

San Bernardino,
CA

Cutside Central
Cities

Qutside Central
Cities

Dates

Commund ty Tract Bloek  Measured

E. Rochester, 120 403 Wed=Thu

NY Jul 2=3,
1980

Rochester, NY 78 5k2 Wed-Thu
Jul 2-3,
1980

Saginaw, MI 103 907 Wed=Thu
Jun 10-11,
1981

Carrolton, MI 107 416 Wed~Thu
Jun 10-11,
1981

Laékland, TX 1719 218 Mon=Tue
Apr 6=7,
1981

San Antonio, 1702 310 Mon~Tues

X Apt 6~7,
1981

San Antonio, 1212 207 Tue-Wed

X Apr 7-8,
1981

San Antonio 1410 308 Tue~Wed

X Apr 7-8,
1981

San Bernardino, 58 203 Wed=Thu

CA Fab 25-26,
198!

San Bernardino, 62 205 Wed=Thu

CA Feb 25~26,
1981

Loma Linda, CA 73 606 Thu=Fri
Feb 26-27,
1981

Bloomington, 36 401 Thu~Fri

[of:} Feb 26-27,
1981

F=9
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Urban Area

San Diego, CA

San Diego, CA

San Diego, CA

San Diego, CA

San Jose, CaA

San Jose, CA

' Savannah, GA

Savannah, GA

Savannah, GA

Savannah, GA

Savannah, GA

Seranton, PA

SMALL URBAN AREA SITES - Continued

Urban Zone

OQutside Central

City

San Diego, €A

San Diego, CA

Qutside Central

City

Qutside Central

City

San Jose, CA

Savannah, GA

Savannah, GA

Savannah, GA

Savannah, GA

Savannah, GA

Secranton, PA

Community

Rancho
Bernardo, CA
San Diego, CA
San D;ego. Ca
Oceanside, CA
Camphell, CA
San Jose, CA
Savannah, GA
Savannah, GA
Savanﬁah. GA
Savannah, G4

Savannah, GA

Scranton, PA

F=10

Tract

Block

Dartes
Measured

170.01

80.02

25.02

185.04

30

38

104

10

112

122

109

104

101

412

209

312

112

Fri=Thu
Feb 13~19,
1981

Sat-5un
Feb 21-22,
1981

Sat-Sun
Feb 21-22,
1981

Mon-Tue
Feb 23-24,
1981

Fri~-Wed
Mar 6-11,
1981

Fri-5at
Mar 6-7,
1981

Wed~Thu
Jul 16=17,
1980

Wead=Thu
Jul 16-17,
1980

Fri-Sat
Jul 18-19,
1980

Sat=~Sun
Jul 19-20,
1980

Mon-Tuye
Jul 21-22,
1980

Tue-Wed
Jun 24-25,
1980

e e e g i
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Urban Area

Seranton, PA

Scranton, PA

Seranton, PA

Springfield
Chicopee -
Holyoke, MA

Springfield
Chicopee -
Holyoka, MA

Springfield
Chicopee -
Holyoke, MA

]

]

Syracuse, NY

Syracuse, NY

Tampa, FL

Tampa, FL

Tampa, FL

Tampa, FL

WML Y 8 AL b i e e -

CT

CT

CT -

SMALL URBAN AREA SITES - Continued

Urban Zone

Scranton, PA

Outside Central
City

OQutside Central
City

Qutside Cantral
Cities

Chicopee Falls,
MA

Chicopees Falls,
MA

Syracuse, NY
Syracuse, NY

Dutside Central
City

Qutside Cantral
City

Tampa, FL

Tampa, FL

Cammunitz

Scranton, PaA

Dickson City,

A

Blakely, Pa

Enfield, CT

Chicopee
Falls, MA

Chicopee
Falls, MA

Syracuse, NY

Syracuse, NY

Lake Carroll,

FL

University,
FL

Tampa, FL

Tampa, FL

F-11

Tract

Black

Dates
Measured

16

115

112

4805

8111

8113

108

113

108

a3

i8

311

107

121

115

307

107

[2%)
—
w

211

502

405

703

Tue~Wed
Jun 2425,
1980

Wed-Thu
Jun 25-28,
1980

Thu=Fri
Jun 26-27,
1980

Sun-Mon
May 24«25,

1981

Mon-~-Tue
May 25-26,
1981

Mon-Tuas
Hay 25-=26,
1981

Thu-Fri
May 14=15,
1981

Thu=-Fri
May l4=15,
1981

Fri-Wed
May 10=15,
1981

Fri-Sat
Apr 10-11,
1981

Mon=Tue
Apr 13-14,
1981

Tue=Wed
Apr 14-15,
1981



SMALL URBAN AREA SITES ~ Continued
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Dates
Urban Area Urban Zane Community Tract Block Measured
Waterbury, CT Waterbury, CT Waterbury, CT 3523 105 Tue-Wed
May 2627,
1981
West Palm Beach, W. Palm Beach, W. Palm Beach, 28 114 Thu~Fri
FL FL . FL Apr 16-17,
1981
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