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" 1.0 INTRODUCTION

A person's acoustical environment consists of the sound that he hears at

any instant of time, The sound may be pleasant ond desirable, or it may be discordant

and unwanted, In the iaiter case, the sound is called "noisa", which is defined imply

as "unwantad sound",

If a nolse is sufficienily Joud, it may intefere with one's ability to con-
verse with another person, disturb sleep, add to the risk of hearing domage, or other-
wise onnoy the listener, A noise which adversely affects people in thiz monner can be
cansidered to pollute the acoustical environment, Thus, noise pollution is the contam-
ination of the ocaustical enviranment by noises which adversaly affect peaple.

A person indoors moy experience noise poliution from sources lacated
indoors, such a3 o vacuum cleaner, air conditioner, or someone elsa's radio. Or, he
moy experience naise pollution which enters the house through a closed or partially
opened window from sources [ocated outdoors, such os moloreyeles, aircraft, and
power lawnmewers, A person outdoars is also subject to noise pollution from outdoor
sources, in oddition to nearby indoor scurces such as a leud radio in & room with open
windows,

All aspects of noise pollution, with the axception of occupational noise,
togather with a deseription of the noise charocteristics and potential noise contrel for

all principal noise sources, ond a reviaw of the legal status of noise pollution ore con-
tained in the Environmental Pratection Agency Repénl ' to Congress,

This report addresses the part of the overal| naise pellution problem
which is associated with outdoor noise in the community, |t ot!empts to provide a
quantitative framework for understonding the nature of the cutdoar nolse environment
and the reaction of people and community to its varicus espects. The detailed infarma=
tien in this report provides backup to the summary moterial in the EPA repart, as waell
as additionol material relevant to meaningful measures of the noise enviranment for

both future community noise moniloring ond research purposes.

* Superscripts rafer to references at the end of this report,



Chapter 2 contains an introduction to the basic measures of the noise
environment ard the manner . *th which they vary throughaut o 24<hour doy at a single
location. Chaptar 3 presents the general resuits of 24-hour nnise surveys of 18 locations,
which ranged from the wilderness to the downtown city, The locations were deliberately
chasen to encomposs the range of autdoor noise enviranments which affect citizens in
their daily life. cutside of work, The dota also provide a test of the relationship omong
variour measures of noise for a wide variety of naise environments,

Chopter 4 discusses the nature of some of the constant and intermittent
intruding sounds which are commen in our society, and the constraints that these
Intruding noises place on speech communication and ether human activities, Chapter 5
discusses anneyance and community reaction to noize, daveloping a useful correlation
between physical measures of an intruding naise, related factars, and cammunity '
reaction, Chapter & discusses the growth of noise pollution o ver the pest we decades,
ond Chapter 7 cantains summary conclusions and recommendations, ‘

Appendix A gives a detailed summary of the date cbtainad at the
18 locatiens surveyed, Appencix 8 gives typical exomples of the spectia of the

intruding neises and Appendix C contains a glassary of terms,




Ry

2.0 " DESCRIPTION CF THE QUTDOOR NOISE ENVIRONMENT

The daseription of community noise and its degree of noise pollution
requires description of all the nolses in the outdoor acousticol environment, The out-
door noise environment ve ius greatly in magnitude end character among vorious loca-
tions throughout o community — from the quiet suburbon oress bordering on farm land to
the din of traffic in the downtown city canyan, [t generally varies with time of day in
each location, being relatively quiet ol night when peaple-activities are af o minimum
ond naisier in the late afternoen during the 5 o'clock traffic rush, 1ts effects may be
experienced by pecple efther in or out of doars, Thus, the task of describing cemmunity
noise is to determine the time and location variotions in“the outdaor noise environment
trraughout the community in such o monner thot the descriptions ore releyent ta it
effects an people, locared either indoors or autdoars. This chapter reviews the basic _
ond statistical descriptions of the time varistion of the cutdoor environmeat at a
specitic location, and Chapter 3 reviews the generel range of the expected variation

with location.

2.1 Basic Physical Description

A complete physical description of a sound must account for its frequency
spectrum, its overall sound pressure level, and the variation of both of these quantities
with time, Becouse it is owkwurd to present and undlersh:nd dato which have three
dimensians, considerable effort hos baen expended during the last 50 years to develop
scoles which reduza the number of these dimensians,

Mast of the effert has Leen focused on combining measures of the frequency
content and everal| level into o quantity proportional to the magnitude of the
sound as heard by o persen, The simpiest npproach found to date is to electronically
weight the ampliludes of the various fraquencies opproximataly in accerdance with o
persen's hearing sansitivity end sum the resulting weighted spectrum to obtain a single
number, This methad is illustrated in Figura ] for the A-weighting contained in a
sound level meter.J The A-weighting has baen ovailable in scund level meters since

the [ate 1930's ond hos been utilized extesively for measurement ef oll types of sounds,
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Because the A~weighting is not o perfect sslutien for the occounting of
man's perception of the frequency characteristics of o sound, mary other scales havs
been developed which attempt to betier quentify "loudness" and/or "noisineu."’hq
One of these, the tone-corrected perceived noise leval,” better accounts for the ear's
frequency respanse iuaction, and also has the ability to differentiate betwaen noises
which ore broadband rendom (roor) in nature ond those which contain high frequency
pure tones {siren), penalizing tha latter, For most saunds, tha percaived noise level
axceeds the A-waighted noise level by 13 dB, the differences typically ranging
betwean |1 ond 17 d8, depending primarily upon the amount of the cartection for pure
rones.9‘ ro.n Becnure the perceived noise level scole is somewhat more axoct than
the A-weighting in relating the physical characteriztics of a sound to perceived noisi-
ness, particulatly for aircroft noises, it has become a major eiement in the noise sfnle

used for certifying aircruﬂ'.'?' 13

The tone=-corracted perceived nolse level scale ond the better loudness
summations require complex mearament instrumentation and dota analysis to defina o
sound, Therafora, they have found little appliection in tha meosurement of outdoor
noise in the community, where the simple A=weighted sound leve! meter cppears to
serve the purpose quite cdequately, Accordingly, the A-weighting is the principal
measure of the magnitude of sound wied in this report, accounting for both spectrum and
overall lavel,

To completa the description of tht cukdasr noise envimnmant at a specific
location, it is necessary to accaunt for the temporal pattern of the A«weighted neise
level, The temporal pattern is most eciily obsarved on a cantinuous graphic level
recording, such aos the two B=minute scmples illustroted in Figure 2,

The first striking feature of these two somplas is that the noise laval varies
with time aver a renge of 33 dB, which is greater than an eight~fold range of noisiness.

The second major faature of the samples is that the noite appears te be
charocterized by a fairly steady lower level upon which is superimposad the increasad

fevels associared with discrete single events, This fairly constant lower level Is colled
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the residual naise lavel. The continuous noise one hears in the bckyard at night when
no single source can be identified, and which seems to come from "all around," is an
example of residual noise, Distingt tounds which cre superimposed on the residual noise
level; such as the aircroft overflight, cors, and dogs barking (Figure 2) can be ¢lassi-
fied as intrusive noises,

The third fectyra in these two sompies {s the difference in the noise level -
time polterns emong the various sounds, The noise level of the cireraft in this exemple
is cbove that of the residual noise level for opproximataly 80 seconds, whereas the noise
lavels fram tha cors pussing by on the steeet oce above the residua] noise |evel for much
shorter durations which renge beiween sbout 5 and 20 seconds. Clearly, if the noise
ossociated with these single events were of sufficient megnitude te intrude on an indi-
viducl's activities = conversation, thinking, watching telavision, et cetera — the durg~
tion factor might be expected to cffect his degree oi cnnoyance. Simileily, it might
be anticipoted that the number of times such an event recutred alsa would affect his
degree of annayance.

The wealth of detoiled data cantained in continuous recordings of this type
is further illustroted in Figure 3 by the half-haur samples taken ot the beginning of each
hour from Midnight te 10:00 a,m, This exomple shows both the short time variations
associated with single event noises and the longer time chonges in the lavel, as well as
in tha cheoctaristics of the temporal patterns, The rasiduol noise level decreoses from
approximately 40 dB(A) ot Midnight to 30 dB(A) between 4:00 a.m, and 6:00 a.m., ond
then increczes to obout 42 dBfA) o 10:00 a.m, Aireraft noise is generally aobsent
batwean Midnight ond 7:00 a.m., after which it bacomes the dominont intrusive noise.
Local vehicle t-offic is generally less fraquent in the 1:00 a.m, to 7:00 a.m. periad,
after the teenagers have returned hame for the night and prior te the adults starting to
drive to work,

The date from these continuaus naise recordings is very instructive in under-
standing the ncture of the cutdoor nalse environment ot any neighborhood location,

However, to quentify an outdoar nolse enviranment ot one location so that it can be

T
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compared with that at others, ¢ is necessory to sitnplify its description by eliminating
much of the temporal detcil, One way of aeerimplishing this simplification is to
meosure the vaiue of the residual noise lavel and the values of the moximum noise
level far specific singla event sounds at varicus times durlng the day, using either o
simpla sound level meter or the continuous grophic level recording of its output.
Another mathod of quantifying the noise environment is lo datemine the statistical
properlies of the noise level by attathing a stetistical anclyzer on the output of the.

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

environment will ba illustrated in the next section,

2,2 Statistical Description

A statisticel onalysis of the noise level gives the percentage of total time
that the value of the noise lave! is found hetween ony two set limits, Such data con
be presented directly in the form of histegrams, or be used to abtain o curulative distri-
bution In termms of the "level exceeded for o stated percentage of time," For the sample
siatistical distribution of Takle 1, the noise level exceads 60 dB(A) far 1 percent of the
hour, 55dB(A) for 10pereent of the hour, 50dB{A) for 50 percent of the hour, and 45 dB(A)

for 90 percent of the hour. These noise levels are gbbreviared symbolically as L', LIO’

LSO and L90,

respectively,

Example of Statisticel Distribution of Quidoor Noise Analyzed

Tobla |

in Intervals of 5 ¢8 Widths

Cumulative

Intervel in Percent of Percent of

dB(A) Total Time Totol Time
61 through 65 ! ]
54 through 60 ? 10
51 through 55 40 50
46 through 50 -0 20
41 through 45 i0 100

EJ

-,




AR

Histegrams and cumulative distribution far the noise levels are given in
Figure 4 for two hours of the dato, illustrated previously in Fi‘gure 3. The histogram
for the hour between 5:00 a.m, and &:00 a.m, is olmost symmetrical, indicating
goussian or narmal distribution. Howaever, the histagram for the hour between 8:00 a.m,
and 9:00 a.m. is very non-symmetrical, indicating o skewed non=gaussian distribution,
This skawed distribution between 8:00 a,m. and 9:00 a.m, is the result of the large per=
cantoge of time during which noise was present from alreraft averflights.

Both the direct reading and the statistical methads have been applied to a
24-hout recording of the cutdoor noise level ar o sububan residentiul location, The
variation of the hayrly and the day {7:00 a.m, = 7:00 p.m.}, evening (7:00p,m. =
10:80 p,m. ) ond nighttime (10:00 p.m, =.7:00-a.m,} values of various statistical
measures, together with the minimum and maximurn volues read from a continuous

recording, are summarized in Figure 3.

For purposes of this reparr, the level exceeded 90 percent of the time
“‘90) was selected as an approxiviate measure of the residual noise level when there
wera no identificble steody=-ziote or frequent recurring single evant noises present, As
ilustroted in Figura 5,/t_l1e hourly volues of qu compare favorably with the hourly
values of the residugl haise levels reod from graphic level recordings, which in turn
generolly compare well with the averege minimum values abtained when reading o
sound |evel meter, .

The medion noise iaval “'50) is a useful measure of the "average" noise
environment in the sense thot ona=half of the time it is quieter ond ene-holf of the time
it is noisier than L50' Both LIU and Ll are often used to represent the higher-leval
shorter-duration sounds, However, as shown in the exomple of Figure 5, the maximum
noise levels in on hour are often much greater thon the highest statistical measure
(L|) which wes used in the analysis, indicating thot these maximum noise levels oceur
for less than 1 percant of the time during the period analyzed,

The dashed line in Figure 5, labeled Leq" is the energy equivalent noise
level {Leq} which accounts for bath the duration and the megnitude of oll the sounds

occurring In the tima period. [ts value equals that of o steady=state noise which has the




5-6 AM

100 -!
!
]
° 80 e ﬁ— -
E \
- ]
5 40 | -
[] II
m ]
2 [}
40 ! .
u []
£ z
il .
0 .

20 30 4 S50 & 70 80

A=Weightad Naise Leval in dB re 20 uN/M?

8-9 AM
1o0{~ | -
t
\
o B0& i 1
E 4
= \
s 40F ! -1
g i
2
= 3 ——
g 40
&L \
20 - _-“\‘ =
0 T -

1 1
20 30 40 S0 40 0 80
A-Waighted Noise | avel in db re 20 uN/m?

Figure 4, Histograms end Cumulctive Distribution of Noise Lavels for
Two (2) One=Hour Periods of Dota from Figure 3




Zl

A-Weighted Noise Level in dB re 20 pN/rn2

90

a0

~J
[=]

o
f=J

w
[=]

-3
=]

(&)
o

20

f"‘\‘

Hourly Values
®

jo——
1

[l

AM,
L1

O  Residual Nolse Level

®  Moximum Noise Level
(Read from graphic level recordings)

| P.M, -
1 | ] 1 J |

Arithmelic
Average of tha |
Hourly Values
Duiing Period _ |

-

1 1 L

12 2 4

)

a 10 12 2 4 & 8 10
Beginning of Hour

r '

12

‘Day Eve Night

Figure 5. Statistical Portrayol of Community Noise Throughout 24 Hours of a Residence in @ Nomal Suburban Meighborhaod,
Data Include the Maximum & Residual Noise Levels Read from o Graphic Level Recorder, Together with the
Hourly & Period Values of the Levels Which are Exceeded 99, 20, 50, 10 and

| Percent of the Time, ond ths Energy Mean Equivalent Lavel “'eq)

.




i g

some energy during the period anclyzed as that of the octual time-varying neise. The
energy equivaolent noise level is one of the most important measures qf the qutdoor
neoise enviranment for the purpose of correlating nalse and remmunity reoction,

All of the stctistical measures in Figure 5 show the typical daytime-night-
time variation in nofse level, In this exemple, the residual noise level drops sharply
after midnight recching a minimum value between 4:00 a.m, and 5:00 e.m., and
rises between 6:00 a.m, ond 8:00 a.m, to its almost constant doytime value, This time E
variction of the noise is generally well correlcted with the amount of human activity, "
and particulerly with the omount of vehicular traffic, which is generally considered
to be the basic source of the residual noise level in urban areas.

These statistical measures simplify the problem of quantilying the outdoar
naise level and will be used in this repart to compare the outdoor noise enviranments -
in vorious places. However, they must be supplemenied by other observations if one is
to understand anything of the choracter of the outdaor noise environment beyond the -
simple statistics of the noise 'evels. Further, they may be misleading if the character
of the noise enviranment chonges significantly within the period analyzed stutistically,

The values of the stetistical quantities given far the day, evening and night
periods in Figure 5 represent the crithmelic average of the hourly velues measured
during each period, The average of the haurly volues of ony one of the statistical
quantities during o period should ba equal to the value computed directly from
the ensemble of the data for the entire pariod if the choracteristics of the noise remain
constant (or stationury) during the period, However, il the characteristics ch’nge
within the period, these two methods of calculation may yiald different answers.

Teble 2 gives the magnitude of the differences batween these two
caleulation methads. Only smoll differences oceurred during the day and evening periods,
indicating that the noise choracteristics re relatively stationdary within eoch of these

periods, However, larger differences of the order nf 3 10 5 dB are found for the L‘?O
and L!O values in the night and 24=hour periods, indicating the noise level character=

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




which shows that the noise has a significantly lower lavel in the hours between 1:00 o, m,

and 7:00 a.m,

Toble 2

Exomple of the Variation in the Stotisticol Meazures of Outdoor Noise
Level for Saveral Periods in a 24=Hour Doy, as a

Function of Caleulotion Tachnique

for the Data of Figure 5

Varicble Day Eva Night 24~rour

L Heutly Meaan* . 4]. 34,9 39.3
%0 Periad Value** . 41, 32,0 33,
a 0.3 . 2, .

L Hourly Mean N:| 44,8 38,1 43.3

50 Period Value N 44,8 37. 44.3

A 3 0.0 . -1.0

L Hourly Mecn 57.4 521 44,7 52,0

10 Period Value 58.2 52,3 47, 54,7

a -0,8 -0,2 -2, -2,7

* Hourly Mean is the arithmatic mean of the hourly values,

** Paricd Value is calculated from the statisticol ensemble for the

entire period,

A second indication of o differenca in the character of tha various tima

pariods is given by their distributions in Figure 4, The bi=modal distributions far both the

night ond 24-heur time periads resuits from-the many hours of ralatively low values

during the night, Clearly, "nighttime,” as far as the quiet naise envirohmant is con-

cerned in this particular axample, occurred between approximately 1,00 a.m, and

7:00 o.m., rather than between the arkitrery limits of 10;00 p.m. end 7:00 a.m,
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As shown in Toble 2, the differences in ccleulation method offect the

extreme stotistical values, L“,J and L__, more than the central statistical value,

L90 Lso
This is as would be expected, since o significant change fer only 10 percent of the
time during a period is required to affect the former iwo quortities. Obviously, more
axtreme measures, such os L' end L99, would be even mare sensitive to changes in
the charocter of the noise,

This diseussion clearly indicates the danger in applying statistical analysis

1o nan-stationary noise envirenments, in thot the results obtained far one environment
may or may not offord o valid comparison te thase obtoined In onother environmant,
depending on haw stotionary each enviranment is, To minimize the prablem and pravide
a consistant upproach in this report, all period velues have been colculated by ave;qging
the hourly voiues, except where noted, Secondly, the principal definition of outdoor

naise at various locations emphasizes the daytime nojse characteristics which tend 1o be

more stationary in ¢haracter than the noise in other periads.




3.0 " RANGE OF QUTDOOR NOISE ENVIRONMENTS

In order to define for this report the range of outdoor noise environments
encountered by people in their narmal activities, a series of 2d-hour outdoor noise
recordings was made ot eoch of eighteen {18) sites, This exploratery measurement sur-
vey was planned te semple naises in all types of lacations, from the wilderness to the
downtown city, with major emphasis in the suburban and urban residential oreas, and to
include examples of sume of today's more significent noise pollution prebiems. Thus,
the survey presents o preliminary cross-seetion of the noise environment; but since it
was not designed to be weighted by population density, it cannot give a true statistical
picture of the noise environment in terms of a noticnal boseline, This chaprer describes
the generol results of the survey in temns of the voriation of saveral statistical meosures
of the noise environment with both locotion and time of doy, ond discusses the inter-
relotionships omong seme of these measures. A detailed summary of the measurement

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

3.1 Varietion of Qutdoor Noise Environment with Location

The range of daytime ocutdoor noise levels et the 18 locations is presented

in Figure 7. The localions are lisied from top to bottom of the figure in descending
order of their daytime residual noise levels quo). The noisiest lacation, which is cut-
side of o Jrd floor cpartment overlocking an B-lane freewoy, is ot the tap of the list
with its doytime residual noice level of 77 dBiAY, The rural farm is next to the bottom
of the list with its daytime residual noise lavel of 33 dB(A},

This difference of 44 dB in the residual noise levels of these two locations
constitutes 1. large range in noise climate, [ts magniiude clearly implies that [ citizens
do not enjoy the same "quality" in their noise environment, [n fact, the owner of the
3rd floor apartment near the freeway has trouble keeping the cpartmant re=ted for more
than @ month to any one tenant, His prablem is nat surprising, since the outdoor noise
level is sufficiently high to render narmal speech communication difficult irdoon, aven

when the windows ore closed,
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The Grand Cenyon measurement was made on the north rim, at a remete
camping sita, [ts outdonr doytime residual noise level “'90) of 16 dB(A) is near the
Internal naise thrashold of the field measurement system ond should be representetive of
the quietest Jocations in this country, The difference between this extremely low
residual noise level and the much higher noise levels in the city is representative of the
conttibution of mon ond machine ta the autdoor noise environment,

Figures B and 9 present similor data for the evening and nighttime periods.
The order in which the logatians are presented is the same as thet used in Figure 7.
However, unlike the data in Figure 7, whera the beg volues increase manotanically
from bottom to top, some iregulority can be seen among odjacent I.‘;‘0 values in Figures
7 and B. This irregularity indicotes that the magnitude of the variation of the noise
with time throughaout o 24-~hour period is different at diffarent locations,

The magnitudes of the voriation in the L90, LSO and L]0 volues for Ecy,

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

ey

-

bath the evening and the nighttime values of the rasidual roise level exceed the doytime
values bezause of crickers. At locetion P, which was in o quiet residentiol hillside
conyon, the noise from the crickets was the dominant feoture in the nuise mnvironnent
from 8:00 p.m, to 6:00 a,m, At the Grand Ccnyon, the crickets were of primary
significonce in the evening ond early nighttimes

For the remainder of locations, excapt downtown Los Angeles, the evening
noise levels were opproximately equol to the daytime values, whereas the nighttime
values were significantly lower, In downtown Los Angeles, the noise drogs ennsiderably
in the evening, after commercial aclivity ceases,

As shown in these figures, the noise environments in city locations (e.g,,
downtown Los Angeles, tenement in New Yark, opartment adjacent to freeway ond
urban shapping center) are distinctly higher in level then ore thase in the suburben and
urbon residential areas, [n this small semple of measwrement locations, the overoge
residucl and medion noise levels are over 20 dB greater at the city locations than in the
detachad residential housing areas in both daytime and nighttime, e seen in the com-

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

Comparison af Average Daytime and Nighttima Quitdoor Naise Levels in City and Detached Housing
Residentiol Areas. Daota ore Averages of Hourly Values During Indicated Period,

Differance Batween

Average Daylime Average Nighttime Day ond Night
(7 AM=7 PM) (10 PM~7 AM)
Standard
Daviation
Arithmetic | Standard Arithmetic | Standord Average of
Range Mean | Deviation | Range Mean Deviation | Difference | Difference
Genaiol Category | dp{A)} dB{A} db dB{A) dB(A} db dB da

Residuol Moise Lavel (L.m)

City 6110 6%.1 6.1 5lto 60,8 6.3 8.3 2.1
5 {4 Locations) 77 49

Suburban and Urban| 38 1o 45,6 4.6 3510 19.8 4.1 5.8 3.6

Datachad Howing | 53 ) 44

Rosidential

(1) Locations}

Medion Noiie Level (Lso)

City &4 1o 73.0 6.23 5510 65,5 7.2 7.5 3.0
(4 Locations) B0 75 v S e
Suburbon and Urban| 44 to 50.9 4.1 3810 44,2 4.3 6.7 2.6
Detached Housing | 59 50

Residential

{11 Locations)

iy,

it s pagbdhe ke oA 1 i e
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The average of the differences between the daytime and nighttime residual
noise lavels at cach of the 11 locations in the residential areas is 5,8 dB, slightly less
than the 8,3 dB difference for the 4 city locations. However, in Table 4, a similor
comperison of the differences between the moximum daytime ond minimum nighttime
residual noise levels showad o difference of 13 dB, averoged aver the some 11 residential
locations, end 15.2 dB for the city locations, This latter comparison between maximum
and minimum levels gives full weight to the "quiet” nighttime period which was illus=
trated in the Figure 5 example of o "normal suburban residential" neighborhoed.,

The average value of the davtime residual noise level in residentiol areas
was 45,6 dB (A) for this |imited survey, This volue lies on the borderline between
the doytime residual ncise level ronges chosen to represent “normal suburban" and
“urban residenticl” areas, as given in Table 5. Since the quolitative descriptions of
thesa 1] residential locations included four descriptive categories which ronged from
“quiet whurban residential™ to "neisy urben residential " it is not surprising that the
average residual naise level for these locations is close to the averege of the four

categaries in Table 5,

3.2 Reiationships Amang Various Measures of the A-Weighted Noise Level
There ore saveral metiods which have been used to report data which
describe the outdoor noite envirenment, 4-22 In ganeral, these mathods are related

to the type of Instrumentation utilized for meosurement, the purpose of the meosura-
ments, ond sometimes to the time=varying choracteristics of the noise which s meosured,
The degree of sophistication of the Instrumentation ranges from the simple sound levei
meter, which is reca directly by eye, to a complex system invelving computer analysis
of the statistics of the noise levels. The duration of the neis< somples utilizad‘far
measurement hos varied greatly, generally being relatively short for direct reading of
sound [ave| meters ond sometimes almost continuaus for grephic leval or tape-recorder
systems, Obviously, the reported results cre influenced by the mathads emplayed to
obltain the data. Some indication of tha degree of this influence san ke ohtained fram

the rasults of this survey, which include o wide variety of types of envircaments,



! Toble 4

Comparisan of Maximum Daytime and Minimum Nighttime Hourly Outdoor Noise Levels in City
and in Detached Housing Residential Areas

o . e e
Difference Between
Maximum Daytime Minimum Nighttime € -, and Night
Hour 0700 = 1200 Hour 2200 - 0700 Standard
. Deviation
Arithmetic | Standard . Arithmetic | Standard Mean of
Range Mean Deviation | Range Meon Deviation | Difference | Difference
General Category | (dBA) (3BA) (dB) {dBA) (dBA) (di} (dB) (dB)
Residuol Noise Level (Lgg)
' City 62 to 71 6.9 47 10 56 5.6 15 2.7
{4 Locations) 79 59
S
Suburban ond Urban | 42 to 49 4.3 27 10 35 5.5 11 4.4
Datachad Housing | 56 42
Rusidantial
{11 Locations)
Median Noise Level (Lso)
City 66 to 76 7.2 5lto 42 7.1 i4 4.0
{4 Locations) 83 70
Suburbon and Urban | 46 to 55 4,1 3lte a9 5.3 16 4.0
Delached Housing | &1 ' dé
Residential
{11 Locations)
13




Table 5

Qualitative Descriptors of Urben and Suburban Datoched Housing

Residential Araas and Approximate Doytime Residual Noise Levai (L90).

Add 5 dB to These Values 1o Estimate the Approximate
Value of the Median Noise Level {Lso).

Daytime Residuel Noise Lavel in dB(A)

Very Noisy Urban Residential

Deseription Typical Range Average
Quiet Suburban Residential 36 ta 40 inclusive 28
Neomal Sybyrban Residenticl 41 to 45 inclusive 43
Urban Residential 46 to 50 inciusive 48
Naisy Urban Resideniial 5] to 55 inclusive 53
36 to 60 inclusive 58

28
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A comparisor was made for each of the 24 hours of each site between the
residual {evel reod from the graphic |evel recording and the lowar twa statistizel
mensures, ng and L99. A similar compariien ~as mode between the moximum noise
levels and the upper two statistical mectures, LIO and LI . The mean difference and
standard daviation for each of the four comparisens is tabulated by location in Tablz2 4,

The residual [evel for these data, as read on the grophic level recorder,
averagss opproximately 0.9 dB below the Log value ond cbout 1,3 dB cbove the L?‘?
volue, with o stoandard deviction of chout 2 dB in beth coses, These rasults indicote
thet L‘?O is a reasonable cheice far residual noise tevel, olthough cn intermediote value
between Lgg ond L99, weh as L95, might be slightly batter,

The results far the maximum noise |evel comparisen indicate that L'0
underestimates the maximum noise level by over 17 dB ond Ll underestimates it by

about ¢ dB,

-

The actual mean magnitudes of the underestimation of LIO range from
approximately % to 30 dB, with o standerd deviatien of 7.6 dB for all of the 432 hourly
somples, The ronge for the underastimations of Ll is fram approximately 4 to 14 dB,
with a stondurd deviation of 4,8 d8, Clearly, L10 is o poor estimator of the maximum
noise level at almost all locations, ond L] , although o much batter estitmator, connot
be considered occurate, Thus, whereas the residual noise is estimated with reasonchie
accuracy by o statistical mecsure between L,;0 ond L99, the maximum noise Jevel is
not estimated with equal accuracy by an equivalent statistical meosure for higher
levals, To cbtain accuracy with the lotter statistical measuras, it would be necessory
to consider levels which are exceeded 0.1 percent ond 0,01 percent of the time,

Toble 7 presants o similar comparisan between differences between the
arithmetic mean end the medicn (LSG). The results show excellent consistency between
these two measures of the centrol tendency of the noise {evel, with the arithmetic meon

averaging 0.78 dB greater than Lsy with a stonderd deviation for the 432 samples of
0.8 48,
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Table &

Comparisan of the Mean and Standard Deviation of the 24 Hourly Differances
Between Grophic Level Recarder and Stotistical Measures of the Residual and
Maximum Noj.a Levels at Each of 18 Lacalions

Residual Noise Lavel Camparison’ | Maximum Noise Level Comparison®*
indb indb
44 Hour 24 Houd 24 Hour 24 Hour
Mean Mean Meon Mean
Location | RL-lgg GRL-LW RLLgg URL-Lgo MI.-L]0 ch--Lm ML-Ll cr‘w_.'_1
A -0,85 | 2.60 | -3.94} 4.45 2.70 3.09 5.08) 2,62
B ~0,15 1 2,56 |=2.44| 1.90 ?.48 4,52 .77 .97
C 2,05 1,19 | =150 1.l [17.62 4.98 N.041 4,14
o 1,75 | 1.85 0.17] 1,35 |13.50 5.45 9,28 4.78
g 1,871 1,28 {-1.,20| 0,57 ji2.48 3.97 8,07 3.3¢9
F 2,28 | .24 }-0.50| 1,55 | 30,20 8.98 2,781 3.87
G -2.33 | 1,37 |-3.41] 1.8% ] 10.40 3.39 4,00 3.45
H 2.18] 1,26 |-0.44| 1,29 | 14.75 2,45 6.86 1 2,07
[ .04 1,70 [-1.68] 1,17 [ 21,78 6.12 10,87 4,21
J 1,51} 0,98 0.28| 1.11 {14.15 5.02 7.85] 3,61
K 1681 1,20 | ~0,19] 0.84 | 24,65 6,14 10.% | 4,18
L 1,62 1,20 [-0,35] 1,19 ] 18.61 3.51 10,42 ) 3,19
M 2.08{ 1,29 Q.29 1.07 | 22.4) 7.00 12,26 | 5.87
N 1,99 .21 0.37{ 0.66 | 23.02 5.66 14,32 5,19
c 1,79 | 1.42 |-0.90 94 118,50 5.37 9,731 3,70
P 2,211 1,81 |~0,40} 2.57 |19.24 3.70 11,38 ] 3,07
Q 2,00 | 1,65 |-0.10| 1.10 | 16.45 4.37 F.24| 4.85
R 1,28 1,56 |-0.3%| 2.37 |18.48 8.70 7.20| 4,%0
Average
All 1,33 1,95 |-0.91| 2,19 }172.75 7.63 8,911 4.85
Locatiens

-
«wRestdual Noise Level Read from Graphic Level Recordings is abbreviated RL
Maximum Noise Level Read fraom Graphic Level Rucordings is abbraviated ML
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Toble 7

CTomparison of the Mean and Standard Deviation of the 24 Hourly
Differences Between tie Arithmetic Mean and the Median Lgg
Measuros of the Outdoor Naise Leve! in dB

Mean* Standard Mean* Standard

Location Difference Deviation | Location | Difference | Deviation
A 0.09 0.3] J 0.78 0.51
B 0.40 v 45 K 1.0 0.59
C 0.18 0,27 L 0.4y 0.32
b 0.32 0.24 M 1.28 0.57
E 0.48 0.26 N 0.56 0.3)
F 2,68 0.6 Q 0.98 0.47
G 0.46 0.5! P 0.80 0,91
H 0.90 0,39 Q 0.53 0.47
] 0.41 0.57 R 1.22 T.21
Composite of A thraugh R 0.78 0.80

.Mecn of 24 Values of (Arithmetic Mean = ls0).

The difference betwnen avaraging hourly values of the various statistical

measures throughout o period and computing the same values from the anemble of all

data obtained during the period was discussed in Section 2,2 for en sxomple ot one

location, A comparisen of the 2d4-hour period rasults for the 18 locations, presented in

Figures 13 and 14, shows that significant differences exitt af most locations between the

two methads of computation, Tha differences are greatest for the lower level statistical

measuras, porticularly L'??' with tha vaolue computed for the 24=hour ensemble ranging

from 210 10 dB less than the value computed by overaging the 24 hourly values,

Cne of the most importont decisions in designing surveys of the ouJtdeor

noise enviranment is the choice of sampling techaique., This foctor is ene of the greatest
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A-V¥eighted Outdonr Nolse Lavel in dB re 20 pN/m

Figure 13 24-Hour Outdoor Noise Levels Found in 18 Localions Ranging Between the Wildernais ond the Downtawn City,
with Significont Inruding Seurces Noted:” Data ore Arithmetic Averages of the 24 Hourly Values in
the Entire Day of the Levels Which are Exceeded 99, 90, 50, 10 ond | Percent of the Tine
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€igure 14, 24-Hour Quidoor Noise Levels Found in |B Locations Ranging Between the Witderaess and the Downtown City,

with Significent intruding Soirces Moted, Data ore the Levels Which are Exceeded 99, 90, 50,

10 and | Parcent of the Time from the 24=-Haur Ensemble
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variables.omong post nolse surveys ond may have significant consequences for the
resulting data,

Ta obtoin o preliminary evaiuation of the magnitude of the wrroes assa~
cieted with various somple lengths, three 3200-second recordings were selecied for
onalysis, The three samples were selected to cover o wide range of types of fluctuations
inlevel. One sample, from the freeway location, v s selacted te represent on almost
gaussian and steady-stare Intruding nofse which wus expected to be reasoncbly stationary
throughout, The secend sample was selezted to be typical of many suburban neighbor-
hoods with a combination of local single avents plus aireraft averflights, TI"m third
exampla was an urbon resldenticl naighborhood which had four significant aircraft
noise events during the hour,

Each recording was statistically analyzed in 64 sequential 50-second
samples, The raw dota for sequentlal poirs of samples were then combined and used 1o -_
chtain 32 volues for 100-second samples. Then, the raw data for sequential pains of
100-sscond samples ware combined into sixtean 200-sacond semples ond onalyzed,

This combinatorial process was continued unti] the entire 3200~second recarding was
onalyzed as o sirgle semple, .

The avarage difference between the value of a given meosure from the
3200-second sample and the valua for each of the other somples wos calculoted, The
moan and standard deviation of these differences is given for LI’ LTO’ LSO’ L‘?O’
and L__ in Table 8, The mean diffarence for all measures of the freeway noise (A)
it less than 1 dB for somple durations of 100 seconds and greater, To obtain the some | .
eceuracy at [ecations M and K, requires a minimum sampla duration of 800 seconds,

The largest sampling errors are exhibited by L', os might be expected, At
position K, the mean crror in LT ranpas between obout 9 and 19 dB, with rélpective
stondard devigtions of about 11 ond 8 dB for sample lengths of 400 and 50 secands, The
significance of these large maan arrars in L] is that only o few of the somples are

affected by the highast isvel single-event noises, The most stable valus is LSO’ which




Table B

Accuracy in Estimating Vaiious Houly Noise Level Values from Samples of Differing Duration

\
A\

Sompling L l.'0 50 l‘?ﬂ Leq
Location Duration

Number (Secands) Meon* g** | Mean g Meon g Meon ¢ Mean ¢
A) Freewoy iNoise *** 64 50 1.67 2,45 L2 .31 - .09 6B |- .15 0| .12 1.03
Between 32 100 B85 2.33 LI 99 - .05 4A (- 17 78| 06 T4
I0& 1) p.m, 16 200 36 1,54 |- 07 W64 |- 020 20 )- 101 57 .83 .49
8 400 J00 64 f- 06 L4 |- 00 241~ ,09 464 .01 35
4 800 - .04 .38 |- .06 W4 .00 A9 - .09 44 .0l 27
2 1600 .00 .02 .00 .13 .00 0 |- 04 29 .00 14
) Normul Suburban 64 50 4,41 72,31 2,59 5,34 |- .39 3,65 |-1.54 2,63 3,44 5.2
Residential o 32 100 3.4 46,27 | 2,29 4.85|- .38 2,89 |-1.01 2,6 2,32 4,43
City OQutskirts with 16 200 1.48 4,09 | 1,74 4.44 |- .20 2,26 |- .94 2,04 1.54 3.5
Aireraft Oves- 3 400 VI8 3,44 | 1,20 4,24 |- .17 1,46 |- B3 146 1,18 3.22
flights Between 4 800 94 2.4 98 .61 |- .19 1,23(- .43 1,33, .83 2,72
58& 6 pm, 2 1600 S5 2,2 72 2,85|-,10 L&0(- .00 20| .00 .02
) Uiban Residential &4 50 |6.86 B.22 | 2,32 72,75 |-1.36 5,7¢v|~-2.08 4,04 |10.84 7.05
Neaor Small kY] 100 16,48 9,40 | 1,35 8.74 [-1.04 4,42 |-1,23 2.49| 9.67 7.75
Airport Between 16 200 12,67 10,29 |- .57 8,11 |- .49 2,43 |~ ,30 ,72| 7.40 5.02
586 p.m, 8 400 8,28 11.35 §-1,10 5,85~ .17 1,70(~ .19 53] 4,89 2.7
4 800 =07 1,99 |- .13 1,A5) 13 13- .10 39 .21 4
2 1600 - .06 159 |- .06 J2)] .06 40|- 01 09 L1 .99

*  Meon denoles overoge difference batween the 3200 second value of lha quantity mecsured and the snean volue of ol
the somples {or the stuted duration,

*v g is the stendord deviotion of the samples about this meon value.

*** Graphic level recordings of these sample "hours” are given in Appendix A,
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hos anty @ sma!! mean error for ol| sample lengths, os expected, However, to obtain o
stondard deviation of less than 1 dB for kg required a sample length greater than 800
seconds at both pesitions M and K, although 30 seconds were cdequnte For this result at
position A,

The potentiol magnitude of the errars in estimation of the statistical
measures of the higher noise levels is cbvious!y lorge for any noise environmert which is
chorocterized by significant single events, Consequently, such measures should be
app'lied with great coution unless the fraction of time during which dota are aequired
it at least 25 percent of the tatal ﬁr;ae in the periad excmined, ond preferobly 50 per-
cent of the total tima, However, even with this latter constraint, the standard
deviction for L] end LIO exceeds 2 dB of positior. M end is almost 2 dB for L] at
potition K. Assuming these errars are nomally distributed, a stendord deviation of
2 dB for o given sample length impiies thot the result for o single meowremant has o

95 percent probability of haing within =4 dB of the true value,

14 Typieol Qutdour Daytime Residual Noise Spectra

Typicaol outdoor daytime residual noise spectra are given in Figures 15 ond

16, All axhibit the same general shope, with their moxima at low frequency.

Figure 17 shows spectra for B residential locations, nommalized by their
individual A=weighted levals. The relotively small ronge of these relative levels, por=
tieulorly obove 300 Hz, is indicative of their essential similority, With the excaption
of the effacts of wildlife, this residual naise is primarily due to automative transport,
The low frequency maximum results from the integrated sffect of cutomobile noise over
an extended area.23 The remainder of the spectium is controlled by cutomotive naise
from a more fimited orea because atmospheric ottenustion and shielding reduce the
higher frequency noise transmission, Contequently, the medium and high frequency por-
tion of the spectrum is relatively similar to the spectra for nearby qutomobiles, illus-

troted in Figure 18,
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4.0 INTRUDING NOISES
There are two basic types of Identifioble intruding noises which increase

the outdoor nojse level above the residucl noise level — steady or quasi steady stal  con-
stant level ncises ond Intermittent single event noises, A steady or nearly constont |evel
ncise Intrusion raay result from a nearby freeway, industry, or a neighbor's residential
air conditioner, The intermittent single event noise is exemplified by the noise from an
aircraft flyover, asingle car pass-by, or a deg who barks for a short time, Both types

of identifiable intruding noises can represent noise poliution,

4,1 Constant Level Noise Intrusions

One of the best known examples of constant level noisa intrusion is the
noise environment within a busy city, The high daytime noise levels within the city
make it difficult 1o have an intelligible face-to-face conversation at nermal voice
levels cutdoors, For axcmple, iF the outdoor noise level 1576 cB(A), o condition com=
monly encounterad when wolking along downtown city sidawelks, it is necessary to talk
in a raised volce to achieve intelligibility ot a 2-foat distance,

The maximum distances for inteliigibie conversation at various voice
lavels are given in Figure 19, These criterin have been applied to the outdoor doytime
median noise lavels measured of each of the 18 locations in the exploratory survey to
determine the maximum distoncas for intelligible conversation at each locetion. The
median noise level, rather thon the rasidusl noisn level, hes been selected for evalu~
ating the effects of the outdoor noise environment on speech communication since the
medion noise level more neorly represents the "typical" or "average” noise environment,
The caolculoted distances, summarized in Figure 20, illustrote the restrictions in voice
cammunication distonces which accompany the higher noise levels in the city,

Similar calculations show that the maximum distances for nomal vaice
cnnversation outdoors in o "very noisy urban rasidenticl" orea are 3 ta 5 feet, according
to the range of noise levels for this categery in Table 5 in Section 3.1, Cleorly, areas
with even highar cutdoor median naise levels have very limited utility for autdoor can=

versation, and consequently are poerly suited for detoched housing lend use, Also, the
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A-Weighted Sound Level in dB re 20 ;.JN/m2
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Figure 19, Maximum Distance Between Talker and Listener foar Just Intelligible
Canversatien and for Highiy Intelligible Reloxed Conversatien
as o Function of Naise Level<*¢
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#  Suburban Residential at City Outshins 1
N Small Tawn Resicantiol Cul-da-Sac -
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Figure 20, Estimated Maximum Distances Between Talker and Listensr That Just Pamit Intelligible Conversation and
Thase That Encble Relored Convenation When the Outdoor Noise Levsl Equals the Doytime
Median Noise Level “'50, ut Each of the 18 Lacoutions
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noise ossociated with the "very noisy wrban residentiol”" aren of Table 5§ is sufficiently
high to restrict the amaunt by which doors and windows con be opened if one is to retain
a desircble indoor naise environment for relaxed conversatian. '

The noise lavels associated with the "quiet suburban residenticl" area of
Table 5 permit just intelligible normol voice conversation ot distances ronging between
30 and 50 feet, [he ability to communicate 'n & normal voice over these distances
is very useful in a neighbarhood with large lots. However, if the noise level
is so low thot the distance for intelligible conversaiien in normal veice oppraoches the
distonces ketween neighbars, it becomes difficult to have a privaiz conversotion. The
naise lavel calculcred26' 2z to mask speech for normal voice level (male) sa that only
5 percent of the sentences are intelligible,is given in Figure 21, as o function of distance
between talker and listener for Iwo assumed conditions, There is o ¥ dB difference
between thess two conditions end the lower value probably is mare representative of the
typical situation which generally has some shielding,

These results indicate that the residuct noise level required to obtain
privecy for neighbars separated by o 50-foot distance would have ta be of the order of
41 dB{A), assuming random arientation of the talker relotive to the neighbor and § JB
of shielding, This residual noise level Is cpproximntaly that af the normal suburban

cemmunity,

, These considerations of speach intelligibility and privacy suggest that
there is both o maximum ond @ minimum bound to the cutdoer noise levels whizh are
compatible with reasonoble enjoyment and full use of patios, porches ond yords, The
upper bound for speech inteillgibility appecrs to be in the range of the " very noisy
urban residential" cotegory of Tuble 5, and the lower bound for cpeech privacy is o

function of the distance and :hielding between neigkbors,

4,2 Intevmittert Single Event Naise Intrusions

A great number aof intermisttent singl. event naises were meosured during
the explorctory survey, A brief sempling of the vorious types af naises and their maxi=

mum noise levels at some of the 18 measurement lacaticens is given in Table ¢, and some
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as a Function of Distonce Betweer Talker and Listenar for Normal Vaice Lavel
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Toble 9

Examples of Intruding Moises™ Found in the Residentinl Qv ituror
Noise 11 ircnment in this Survey

Typa of Maximum Noise®
Type of Source Neighborhood Leve! dB(A)

4~Engine Turbafan Aircroft Lending Noisy Urbon Residential 100
Fire Engine Siten Downtown City 95
Diasel Truch Freeway Apartment 70
2-Engine Turbofan Aireroft Tokeoff Urban Residentiol 88
Street Sweeper Urban Residential 87
Construction Crane Downtown City * 85
Corstruction Air Wrench Downtown City 85
Train Passing Urben City 84
Ready Mix Cement Truck Dewntown City 84
Motorcycle Urban Residentiol 84
Ropid Transit Bus Downtown City 84
Garbage Truck Urban Residential 83
Freaway Automobile Traffic Freeway Apartmant 80~
Automobile Horn Urban Residenticl 8
Agtomobile Sports Ca- Nomet Sikurban 78
Tire Squeal Downtown City 78
4=Engine Turhofan Landing Urban Residential 74
Avtomobile on Mein Stroet Small Town Residential 73
lee Cream Truck with Music Urban Residential 70
Private Alrcioft Sight-5Seeing Grand Canyon 70
4-~Engine Aircraft Qverfiight Normal Suburbon 70
Cor Braka Squeal ' Urban Residential 48
Helicopter Querflight Urbon Residential 48
Pawrer Lawnmower Urbon Residential &8
People on Beach Rasort &5
Children Playing Urban Residential 64
Lawn Edger Small Town Residential 62
Cat Fight Urben Residential 40
Deg Borking Nomai Suburbon 40
Statienary Train with Engine Idling Urban Residential 55
Automaohiie at Distance Normel Suburban 55
Milk Truek Nomal Suburban 54
Rooster Farm 54
Radia Playing Music Urbian Residential 52
Crickats in Evening and Night Quiet Residential 50
Bird Normai Suburban 45
Children Playing Normal Suburban 44

40

Aircraft at High Altitude

Grand Canyon

* Note that these evels are os measured ot the vorious locations and are not indicotive

of relative source noise,




of their spectra are given in Appendix B, The ronking of levels in Table 9 has no mean~
’ ing with: respect to the relotive noise outpu of the varlous seurces, since the measure-
ments are essentially at random distances from the scurces, The maximum noise levels
for these events at the verious locetions range from 100 d8(A) for a 4-engined turbafan
at an altitude of o few hundred feet distence during landing to 40 dB(A) for a similar
aircraft probably ot en altitude of 30,000 to 35,000 feet during cross=country cruise,
They are illustrative of the grear variety of the noisas encountered In outdeor enviran-
! ments.,
Obviously, many of these single event noises interfere with speech and
other activities for brief intervals of time, However, their impact is not as easily quenti-
. fied in tarms of speech interference as were the constont level noise intrusions. One
- method For estimating the magnitude of the intrysion fer single event noises is to ask
people to rank the acceptability of o series of noises at differing lavels, One of the i
most comprehensive recant studies of the subject! ve judgment of the noisiness of vehicle )
‘T" noise was conducted in Englond ot the MIRA Proving Grol.n'u:h.:',B The results are sum= r:““

marized in Figure 22, These results, obtained with relatively low residual noise levals,

-

indirote that when the moxinum noise level of the vehicle during fts pass-by was less
/ than 72 dB(A), it was judged quiet by the average chserver, When the maximum noise
# leval was betwean 72 and 82 di(A}, it was judged acceptable, ond chove B2 dB(A) it
was judged noisy, These datg ore consistent with the apporent general acceptance of
meximum levels in the range of 62 ta 70 dB(A}, which result from pass=bys on residential
. streets of standord passengar outomobiles.
Although these rewlts are useful in assessing the pc ential noisiness of an
* isolated singie avent, they do not necessarlly account for tha cumulative effect of
multiple accurrences of single events. When a single event is of suffizient magnituda
and duration, or repeated many imes, it will add to the total noise enargy in the hour,
increasing the value of the equivalent nois?_ level “‘eq)' If the event is repeated often
enough 3o that its tatal duration exceeds cne percent of the hour, it will increase the

value of L], and if its total duration exceeds 10 percent of the hour, it will increcse

i
L




Averoge Meon Subjective Roting

3 p Excesively Noisy

4} Acceptable -
| A ) ) : } 1 | ) l {
40 70 80 90 100

Maximum A-Weighted Naise Level in dB re 20 uN/m

- Quiet —+ Acceploble -+— iNoisy + Excessively
Nolsy

Figure 22. Average Mean Subjective Rating as o Function of Moximum Noise
Level in dBIA) for the British Experimant ot the Motor Industry Research
Assaciation Proving Grounds? Ninateen Vahicles, Ineluding Trueks,
Automobiles ond Motarcycles were Judged Twice in Each of
Three Different Qperating Modes by 57 Observers
iData Collapse ond Figure from Golloway??)
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the value of LIO' These effects are illustrated in Figure 23, which shows the values of

Leq' le and L] relative to the value of the residual neise levei for daytime ot each o
the 18 locations. Far most of the logations, LIO is opproximately 10 dB greater then
L90' At the 7 locotions where significont intruding neoises were noted, bath L] ond

rn

L q tended to be significontly higher relotive to Log than ot locotians where significant

intruding sources were not noted, However, L“.J only showed increases in 4 of the
cases, The utility of L g in measring the cumulative mognitude of intruding noises

will hecome apparent in the fallowing chapter, when it is used to relate the reoction

of communities to intruding noises of all types,
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Dilference Detwesn A-Woighted Qutdoar Noite Levols ond the Residual Najsa Leval Lyq in €8

0 10 0 k) 40 50
1 I T \ 1
LOCATION Legend;
A 3rd Floor Apartment, next to Freaway 1o ,90 !:}0 ;l:‘;“ I;l
0 3rd Floor Hi-Rise, Downtown Loy Angoles i S 0 s n|
aor Hi=Rise, Downtow I LoB0% - e J
C  2nd Fleor Tenement, New York | | - [ 1 R
of dato
D Uiban Shopping Centar i |
E Popular Beach on Pacific Ocean o m—
F  UWiban Rasidentiol Necr Major Airport H } — Aircrolt Landing
G Uiban Residential Near Orcean LD 1
H  Uibon Residenticl & mi, to Major Airpart it )
I Subuiban Residential Near R/R Track: 1] ]- - === Trolm
4 Usban Residential X |
K Usban Resideniiol Neor Small Airport =1 .| e Airzraft Takeoff
L Old Residential Near City Centar X ]
M Suburban Residential of City Oubskins I ~ === ndreraft Qverflight
N Smoll Town Residentiol Cul-de=-Sac | ]
O Small Tawn Residential Main Sticet - ~—-- Tiaffic on Main Steei
# Suburbon Residential in Hill Canyon -l ] - ~— Tralfic on Canyon Rd,
Q Farm in Valley 2 & B ]
R Grand Canyan North Lim o | - —3 - - oo ——Sightseaing Aircrolt
i 1 | 1 1
] 0 20 0 40 50

Figure 23, Relative Daytime Outdoor MNolse Luvels Found In 18 Lacatluns Ranging from Wildamess to Downtown Clty with
Significant Intruding Single Evert Noise Sources Noted, Dale are Arithmetic Averuges of the Hourly Values in the
Daytime Periad (7:00 aum, - 7:00 p,m,) of the Levels Which ara Excetded 10 Percent and | Percent of the
Timu (i.|pand L |, Respactively), ond the Energy Avemge (Leq), AllRelative ta the Residual Noise Level [Lgg}




\

5.0 ‘ COMMUNITY REACTICN TO NOQISE POLLUTION

Both types of noise pollution, the constont high level naise intrusion of
the downtown city, and the intermittent single event noise intrusions in the svburban
and urban residential oreos, interfere with speech and ather humaen activities. The down-
town city type of naise environment has been racognized for centuries as undesirchle for
residential living, The single event type of naise intrusion hos been experienced olang
roilroad tracks for the last century and may be one of the reasons why land neer roil-
roads is not generctly considered desirchlie for residential construction,

However, in the last 20 years, there has been o very lorge growth in both
types of pollution due ta the introduction of new types of noise sources into suburban
and urban residantial communities, These sources, such as jet aireraft, uiban freeways,
new industrial plants,  and homeawner equipment, have created numerous community _
noise pollution problems. These problems have provided significant data and insight

relating to community reaction end onnoyance, and stimuloted the development of

—

several indices for measurement of the magnitude of intruding noises, -

5,1 Carrelation of Community Reaction with Noise

The advent of the commerciol jet alreraft initially increosed the moximum
noise levels at some lacations around major aimports by 10 to 20 dB, Thesa increases in
noise coused widespraad complaints and various forms of legal action from citizens living
in neighborhoods located in the vicinity of several civil cimports, This situation paral-
leled aarlier history of military jet operations by the Air Force after World War I,
although only o faw Air Force oparational bases were ¢close to cilies and towns, Unfor-
tunataly, the civil airports, which sccounted for the majority of the eorly commerciai
jet oparations, were located near the major cities which they served, Further, they were
becoming surrounded by homes constructed in the post-war building boom. As jet opere
ations and jet airports continued to grow in number, the airport noise problems tended to
spread through wider arens of the cemmunity ond to an ever-increasing number of

communities,
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The Aijr Forca ond other governmental agencies begen to investigate the
relationships between aircraft noise ond its effect on people in communities in the eorly
1950"s. This early resecrch resulted in the proposal of o model by Rosenblith and
Srevens:m for relating aireraft noise intrusion ond the probahle community reaction,
This medel, First published by the Air Force, cccounted for the follewing teven (7)

.

factors:
e Magnitude of the noise with & frequency weighting for hearing

response,

e Duration of the intruding noise {10 log ralative duration),

a Time of yeaor {windsws open or closed],

e Time of day noise ocqurs,

e Qutdeor noise laval in community when the intiuding neise is not
present,

e History of prior exposure to the noise source ond ottitude toward its
owner,

e Existence of pure tone or impulsive choracter in the noise,

Corractions far these foctors wera generally made in 5 dB intervals since

many of the initial relationships were based solely on the intuition of the cuthers, end

3133

it was considered difficult to assess the response ta any grecter degree of occurscy.,
This methaod was incorparated in the first Air Force Land Use flanning Guide'% in 1957,
and was later simplified for ease of application by the Air Force and the FAA,

Many other methads have been proposed for deseribing the magnilude end
durction of repeated single event type noise, with primary epplicatien to airport nojse
problems. Maost of these methods reprasent on evolution of the community naise reaction
model and consider at least some its principal factars, The factars considered by three
of these methods for colculating the magnitude of noise intrusion are summarized in
Tcble 10, and additional details of the calzulotion procedure are given in Appendix C.

The composite noise roting (CNR)35 wos introduced in the early 1940's

and has been widely used by Federol ogencies. The noise exposure forecast (NEF)™ is
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Toble 10

Focters Considerad in Eoch of Three Methods in Use for Des{cribing
the Intrusion of Alrcraft Moise into the Community ™

Composite
Noise

Nojse Exposure

Community Noise

Rating Forecast Equivalent Level
Factor ({CNR) {NEF) (CNEL)

Basic measure of singi;: event| Maximum | Tone Correctad | A=weighted noise
noise mogni tude perceived | perceived lavel

noise noise level

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

Time periods during day

Daytime {7 AM=10 PM)
Nighttime {10 PM=7 AM)

Doytime (7 AM=7 PM)
Evening (7 PM=-10 PM)
Nighttime (10 PM=7 AM)

Approximate weighting
added 1o noise of single
avent which occuis in
indicoted period

Daytime

0d8

Nighttime 1248

Daytime 048
Even'ny 5d8
Nightiime 10 dB

Number {N) of identical 10 1ag N 10 log N
avents in time period
Summation of contributions Logarithmic Logarithmic

* See Appendix C for additional details,
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a recent evolution of the CNR and is proposed os ils surressor by the FAA, |t essentially
updates the CNR by substitution of the tone and duration~carrected effective perceived
noise lavel {EPNL) scale issued for aircraft centification, 1 in liew of the perceived noise
level (PNL) scale of the eorlier CNR, Thus, the NEF aceounts for both durotion and
pure tone cantent of each single event sound, whereas the CNR accounted for neither.,
The cemmunity noiss equivalent level (CN EL)37 was racently introduced by the State of
Californiuas for monitaring purposes, It is based on the A-weighting to avaid the com~
plexity of the computer caleulations required to ohtain EPNL, ond thus cannat contain a
pure tone weighting, [t also differs from the NEF by inclusion of the evening time period
weighting, in addition to daytime and nighttime, However, despile these strugtural dif-
ferences, the difference between the absolute values of CNEL ond NEF for specific
locotions neor airports is approximately constant at 35 2248,

The CNEL hos bean applied to o series of community noise problems to
relote the normalized measured CNEL with the obierved community reoction, The nor~
malizetion procedure followed the Rasenblith and Stevens mathod with a few minor modi~
ficalions, The correction factars added to the measured CNEL te abtain the nermelized
CNEL are given in Table 11, Two exampfes of the application of these foctors to the
measuted values of the equivalant noise lavals (Leq) of the intruding noise are given in
Table 12, The examples are drawin from the results at two locations in the ronge survey,

and illustrate an approximate pracedure for calculating CNEL from the measured averages

"of Le in the daytime, evening and nighttime periods, oceaunting for both the period weight-

ings of 0, 5 and 10 d, respectively, and their durations relativa to a 24=hour day,
Values of normalized CNEL have been calcuioted for 55 case histories fram
the literature ond the files of Wyle Loboratories and Geodfriend=Ostergoard Associates,
The distributicn of the cases among the various seurces which impoct areas of tha commy=~
nity cre listed in Table 13 and tha detoiled data for each case ore contoined in Table 14,
The results are summarized in Figure 24, with on appreximata NEF and CNR scole shown
for reference, The dato ore narmalized to those descriptions in Table 11 for which the

correction is zero.
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Table 11
Correchions to be Added to the Measured Community Noise Egquivalent Level (CNEL)
to Obtain Normalized CNEL :
Amount of Correction
Type of to be Added ro Meosured
Correction Description CNEL in dB
Secsonal Summer {or year~round aperation} 0 :
Carreciion | Winter only (or windows always clased) -5 !
Corraerion Quiat suburban or rural community (remote from large +10 i
for Qut=- cities and from industrial activity end trucking) '
1
;:;Lua, Normal suburban community (not lacated necr indus- ] |
. trial activity) :
Noise !
Leve! Urban residential community (rot immedictely adjocent 0 :
to heavily traveled roads end industrial areas) :
Noisy urhan residential communiry (near relatively -5 -
busy roads or industriol arens) {
Very noisy urbon residentiol <ammunity =10 P :
! |
Correction No prior experience with the intruding noise +5 T
for Pravious Community has had some previous exposure to intruding 0
Exposure & . .
R noise but [ittle effort is being made to control the nolse,
Community . ! . o
This correction may olse be epplied in a situation where
Attitudes . .
the community hos net been expos#d to the noise pre-
viously, but the people are aware that bona fide efforts
ore being mada 1o conirol the noise,
Community has hod considerable previoys exposure to -5
the intruding noise and the noise maker's relations with
the community are good
Community aware that operaticn cdusing noise is very =10
necessory and it will not continue indefinitely. This
carrection can be applied for an operation of limited
duration and under emergency circumstances,
Pfura Tone Mo pure tone or impuisive choracter 0
or Impuise Pure tane or impulsive character present 5
! !
vt
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Table 12

Two Examples of Caleulation of Normalized Community Noise Fquivalent Lavel

Aircraft Landing Noise Trafiic Neise in Old
in Noisy Urban (m Residential Areo Neor

Factar Residential Community City Center(?)

Doy Eve. | Night Day Eve. Night

Enetgy Equivalent

MNoise [evel (Leql ;
in GB(A) for Time Period 80 83 73 % 5 .
Duration and Time of Cay .3 -4 & -3 -4 4 [

Correction Foctor

Subtotals Which are added

Lagatithmically to Obtain 77 79 a1 53 53 5@
CNEL |
Cammunity Nai 84 61

Equivalent Level

Additlenal Corrections from

Table 11:
Secsonal 0 0
Residual MNoise Level -3 ¢
Experience & Attitude 0 -5
Pure Tane er Impulse 3 D
Total Additional Correctiony 0 -5
Nomalized CNEL 84 5%
Artual Reaction Extensive Lowsuitt and No Reaction

Political Pressure

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

(3} Duration correction is (IO lag ';T ) where n is the number of hours in the period.,
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Table 13

MNumber of Community Noise Reaction Cases a3 a Function
of Noise Source Type and Reaction Category

Community Reaction Cutegories

Vigorous or Wide tlo Reagtion
Threats of Spread | or Speradic | Toal
Type of Source Legal Action | Complaints| Complaints | Cases
Transpartation vehicles, including:
Ajrcraft sperations 6 2 4 12
Local traffic 3 ]
Freaway ] 1
Rail | !
Auto race track 2 2
Total Transportation % 3 7 i
Qther singla~event o1 inter- 5
mittent operations, including
cicuit brecker testing, terget
shooting, fockat testing and
body shes
Steady siate neighbarhood 1 4 2 7
scurces, including tronsformer
substations, residential rmmm e ea et
air conditioning e
Steady stare industricl apera- 7 7 10 24
tions, including blowars,
general manufacturing, chemical,
oil refineries, et cotera
Total Cases 22 14 17 55
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Summary of Data for 28 of the 55 Community Noise Reaction Caies
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Table 14b

Summory of Dara for 33 of the 55 Cemmunity Noise Reactien Cases
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_ The “no reaction" response in Figure 24 carresponds to o level which
ranges between 50 ond 6] dB with @ mean of 32 dB. This mean volue is opproximately
7 dB soove the meon volue ossumed in categorizing the daytime residual noise “'90)
level for a "resideatial urban' community, which {s the baseline category for the data
in the figure, This difference of 7 dB between the mean recction line and qu isonly
2 dB greater than the average difference between the vutdoor median noise [evel iLgq)
and the residucl noise lavel, or shown in Table 3, Consequantly, from these resylts
it appears that no community reaction to on intruding noise is expected on the average
when the normalized CNEL of the intruding noise s approximately equal to the daytime
outdeer median noise |evel (Lso). This conelusion is not surprising; 7t simply suggests
that peapie tend to judge the magnitude of an intrusion with reference ta the noise
environment which exists without the presence of the intruding noise source.

The dota in Figure 24 indicote that widespread complaints may be expected
when the narmalized value of CNEL exceeds the outdoor residual noise level by approxi=
mately 17 dB, and vigorous community reaction may be expected when the axcess
opprooches 33 dB. The stondard devialion of thess doto is 3,3 dB and on envelepe of
%54 encioses opproximately 90 percent of the cases in Flgure 24, Hence, this relation-
ship hetween the nomallzed CNEL and community recction appears to be o reesonchly
accurate and useful tool in assessing the probable reaction of a community to an intruding
noise and in obtoining one type of meaiure of the impact of on {ntruding noise on a
community,

These community reaction data hove also been used to lest the affect of
the various normalizing foctors in Table 11, together with the duration and time petiod
weighting factors in the CNEL, on the degree of correlation between the community
reaction and the normalized CNEL, The results, in Table |5, show that tha duratien is
tha foctar most necessary in the nomalization to bring the data closar to a common line
ond thus minimize the standard devigtion, Tha absence of o duration correction inerecses
the standard devietion fram 3,3 te 8,1 dB and would result in extending the bounding

envelope from s dB, as on the figure, 1o opproximately 112.4 d8, The next most
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Table 15

Effect of Normalizing Factors on 55 Cammunity Moisa Reaction Casas as
Maasured by the Standard Deviation of the Data About the Mean
Relationship Betwean Community Reaction ond Normalized CINEL

Stundord Daviation
in dB of all Casas

Number of Cases | Except thase Which | Standord

Fostors* Included in | with Nenzero have Vigorous Deviation
MNormalizing Measured | Correction in Reaction or no of all 55
Noise Level Deleted Factor(s) Reaction Cases
All - r 3.3
All, except durction 28 7.5 8.1
Cnly 1 7.1 7.5

duration and time of
day correction in the
measyred CNEL

All, except rasidual a5 6.2 6.4
noise lavet

All, excopt time of a8 4.6 4.6
day |

All, except pure tons 32 3.7 4.3
and impulso

All, except experience 23 3.4 4.0
and aititude

All, excopt seasonal 3 2.9 3.3

* Factors are from Tables 10 and 11
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important factor is the residual noise level correctian, lack of which increases the
standord deviation from 3,3 to 6,4 dB, a foctor of almaost two, Less important, but skill
significont, are the corrections for time of day, pure tone/impulse, and prior experience/
attitude, the lack of which resulted in standard deviations of 4,6, 4,3 cnd 4.0, respec-
tively, No change occurred by removing the teasancl foctor which was only cpplied in
three of the 55 cases, .

The original Rosenhlith rad Stevens method computed the magnitude of the
noise by c':qu:mriry essenticlly proportional to L'=q for the time period during which cam=
munity reaction was coused, Thus, for o comploint agalnst deytime noise, the recction
would be compaied cgeinst normelized Leq far daytime, whereas fer a nighttime naise,
the reoction would be compuared ogainst e naimelized Leq for the nighttime including
the + 10 d8 nighttime weighting factor, This procedure is slightly different from that
vsed in the CNEL which accounts for the contrisutions of oll three periods in a single

number,

For cumporisan, the 53 coses have been plotted in Figure 25 using the o
(S

originol procedure,ao except that the A-weighted equivalent level is used for the
magnitude of the noise, The resulls are generally similor te those of Figure 24,
although the standard deviation is 3.5 dB ,ather than 3,3 dB,

The data far the 55 cases were also compored with CI\!EL2 {see Appen-
dix C} which wes abtained by replacing the day~evaning=night caorrections of the
standard CNEL with the day-night carrections of the NEF calculation procedure, The
resulting mean line was altered by less than | dB from that given in Figure 24 and the
standord deviation was anly 0,1 dB greater than belore, on insignificant difference.
Thus, these 55 cases can support either type of time period weighting far a single~
number meosure of neiss (CNEL or CNELZ) over a 24=hour period, or the original
period comparison concept, all in combination with the energy equivelent A-weighted
noise level and the ot correction factars in Tahble 11, for the prediction of com-

munity recction to noise pellution,
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Figure 25. Cominunity Reaction to Irtrusive Moises of Many Types asa Function of the
Normalized Noise Level Using Originol Procedures
of Resenblith ond Stevens
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5.2 Community Reaction and Annayance
The nomoalized CNEL scale con alsa be comparad with the results of sacial
-42
surveys, such as those taken in London and in the USA.:!9 4 These surveys determine

cammunity attitude by asking peopie what they think, rether thon by astessing overt
reactian, s in the previous tection,

Figure 26 shows that people ore preponderantly ir theic homes when
they are annoyed by naise, Tebie 16, from an American survey, 40 shows the acti=
vities disturbed os reported by people who were "extremely disturbed about aircraft

noise," As might ba anticipated, problems related to speech intelligibility head the list,

Table 16

Activities Disturbed by Moise o3 Reported by
Pecple who ore "Extremely Disturbed by Aircraft Noise"

Activity Percent
TV/Rodio receplion 0.8
Conversation 14.5
.Telephone 13.8
Relaxing outside 12,5
Relaxing inside 10,7
Listening to records/topes 9.1
Sleep 7.7
Reading 6.3
Eating 3,5
’
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Figure 27 shows the average cnnoyance reaction found in the Londan Air-
port Survey39 os o function of CNR% and approximate normalized CNEL. Figures 28
and 2% show the relationships of those who ure "very much onnoyed” and those "anly o
little, or not annoyed" with dota fram the same survey. Also shown in Figure 28 is o
data point from a survey in Sweden,43 and o tangent |ine through the most important
range of communilty reaction,

These recults demonstrate that o majority of the citizens are clearly very
much anncyed when the noise is wificiant to oroduce a nomelized CNEL of Bl dB,
which would ke expected to produce a vigorous cammunity reaction in accordance with
the dote in Figure 24, They alio shaw thot a small but tignilicant percentoge of the
population is still vary much annayed ot the CNEL 55 value, where no community
reaction is expected, Thus, the trys impact of the polluting effects of Intrusive naises
s measured by annayance goes deeper than indicated by the "ne recction” point,

5.3 Applicabllity of Noise Pollutian Level ond Traffic Noisa Index to
Cammunity Noise Asesment

Although *he vorious versions of the communily reaction correlation pro-
cedure have found faver in this country and in internationsi stendardizetiaon, 12,47
there are continuing efforts to develop new and better noise scalas, Two of the mest
recent effarts stemmed from o tralfic noise and secial survey by Griffiths and Lv:mc_;dcm:‘?2
in Englond in 1968, They assessad the dissotisFaction of residents at 11 sites with treffic
noise, ond relcted the results to megsured volues of the noise, Tl ese measurements were
reparted in terms of LIO' LSO and L90" L“:q values ware reported later by Rabinscu-l.44
The statistical volues reported wero the arithmetic aserages of 24 samples (ane per hour)
of 100 seconds durotinn each,

Griffiths and Langdon devised a troffic neise index which cppeared to nive

the best correlation bubween their 24=hour averages and the dissatisfaction scares. This

index it defined cs:

TN] = L90+4 Lyg = koo = 30ind8 (5-1)
&é
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Robinson reviewed the work of Griffiths ond Langden ond proposed a quantity colled
Noise Pollution Levei, which accounted for both the equivelent energy of the noise and
tha ameunt of its Fluctuation in terms of its stendord deviation (a).44'4 His primary definition
iss ’ ]
NPL = L+ 2,%0C indB (5-2) I
e, ey i
However, in deriving the constants for NPLe from the teaffic noise study, he utilized B

the cpproximate form of NPL: ) . |

——

= Lﬁ)q + “’IO - L?O) in db (5-3) L

— NPL
T
ot

in oddition, he proposed several other cpproxim:‘:‘f?om.‘which vould be applied in appro-

pricte tlluations, including the following expression wl;afrb does not require direct com- -

putution of Leq:

. ” ' ' ‘
+ 2.5%¢ + 0°/2.48 indb 1{5-4) L

NPL L
a
]

50

Figure 30 compares TN] and NPL_, calculated from the 24 average voluis
of 100-second samples, with the dissatisfaction scores ot the 11 Griffiths and <ngdon
sites, The correlation coefficient and standard deviation are approximately 0,88 and
3.9 dB, respectively, for TNI, and 0.B2 ond 3.2 dB for NPLe. figure 3! compares
Leq and (Leq - I.90) for these some dota, This mecsure of {Leq - qul is similer to the i

measures used in the eorelotion of communily reaction in Figures 24 ond 25, The cor~
relation coefficient », . standard deviotian ore approximately 0,63 and 5.8 d8B,
rewpectively, for leq' ond 0.76 and 1,9 dB for (Leq - L90).

" nere ore three principol observations which con he made from these com-
periser.. . «rst, all mensures except Leq fonly} show recsancble correlation with the
trer - of the data, with TNI the best ond NPLB second best,

Second, the stanaoard devictions for lLe - L90) ara much smaller thon
those for TN| and NPLG. This difference iy the result of the difference in the decibel
ranges of the three scales, eppraximately 29 dB for TNI, 18,5 dB for NP!.E and 7,5 dB

for ‘Leq - L90)' ,
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hitd, "e dynemic 1ange of the basic Leq dota is relatively small,
approximately 13 ¢!, Conideting that the besic neisn data weie ocquired in 100-second
sarples, some 1 andom enor, prohshly of the oivder of =2 dB, may be espected in the
estimetey of Loth Leq and LIO 2t the various sires, 'For exumple, see Table 8 in
Section 3,2,1 In cddition, the day=-night vu stion moy differ between the sites, os

seen in Figuies 10 through 12, adding edditional vericbility to the comparison:, Further,

‘ :J;.-':: there was undoubtedly -cme veiiation in level Huoughout the neighborhood at ecch site,
: . These piohaiils wiiers in the mogsyrement, plus the inherent errors in cssessing the octuel
.'-,‘: dissolisfaction sgo1ey, e et leaut of the mugnitude of the eirors exhibited in the cor-
: relations of the vriivws scales, Therefore, it is difficult to conclude from these doto

that any one of there thiee candidste scales s te he preferred,
The TMI ond MPL were computed ct each of the 18 locations In the neise

' wurvey urdertaben for this iepart, Ap exomple of the resnlts is shawn for the daytime
periad in Figure 32, tugether with Leq and LIO‘ wit' ol volues plotted relative 1o qu.

Fo. meny of the locatiems, FNTis numerically similar to Leq' within cpproximataly

ts an. However, 3t o few locerions where intruding ningle event noises ware sufficiently

numerous to effact LIO' the TR Ty ngeh g0 v then L_?q, with o maximum difference of
clmost 40 d8, Jdn cll cases, the NF’I.c is grester than L&q, os would be expected from
Equetion 13-2), The differences (NPLc - Leq' ran_ + between cpproximaiely & and
26 db.

' Thete dete were alia utea to caleulste the numerica' differences omong
the three metiads fov caiculating IPL, which weie aiven in Equotions i5=-2) thraugh
(5+4), The reiultr For the 13 lor ations cre ymmerized in Table 17, The mecn differences

ond standerd Jeviations for daylime e 1,8 cx:"ld 1.7 dB, respectively, for INPLe - NPLG)

and 1.4 ong | % dB, respectively, fo |NP!.¥ = MPL'Y, In oll periods, the stondard

davigtion using MPL' was less  than thet ohtoined wsing I‘IPLQ, indicating thot it is o

mase consijtel.t estimatar of NPLn.
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Tohle 17

Relationships Among Various Methads of Calculating MNoise Pollution
Level for Data from 18 Locations

NPL, - NPl NPL, - NPL
Locarion Day Eve Night 24 Hours | Day Eve Night ~ 24 Hours
A §.2 1.3 =14 -0,7 |~0.7 =0.7 4.0 3.8
8 -1 1.8 3.0 2.3 2.5 =0.7 1.2 6.5
C 1.8 1.7 1.2 1.7 0.9 0.8 0.1 1.7
D 1,2 0.7 2,2 1.2 [~0.4 0,5 2.4 6.2
3 1.5 1.8 1.4 1.3 0.4 =01 -0.3 1.4
F 10.3 10.6 156 0.5 2.3 35 7.8 7.4
G 2.8 &1 1.5 1.7 3.2 0.5 1.9 6.8
H 2.3 1.7 3.3 1.8 0.4 0.7 1.4 2.8
I 3.5 4. 4,2 1.6 1.2 1.9 9.7 7.0
J 3.2 1.8 4,4 K 0.7 0.8 3.4 3.1
K 9.5 7.4 8.7 7.1 2.9 2.4 3.8 7.9
L 2,7 2.3 2.5 2.7 1.2 0.9 4.0 2.7
M 4.4 8.8 5.8 3.7 0 1.2 7.0 4.7
N 4.2 2.7 2.5 2.9 0.7 0.8 2.3 3.7
O 1.4 2.0 6,1 4.0 1.9 0.3 2.8 5.4
P I 1.2 04 =17 g.2 .0 2.6 9.9 5.2
Q 2.5 1.8 13.7 5.1 3.4 0.2 4.2 3.7
R 4.4 O 2.9 4,2 3.7 2,7 J.8 0.4
. |Meen Differsnce | 3.8 3.0 4.2 2.9 | 1.4 0.9 3.8 4.6
Standard Deviation| 3.7 2.9 4.4 2.7 1.2 1,2 2.9 2,2
S I
MPL, Lag r2.580
«{ NPL, Lsgr2.56a 10?868
NPL' Leq Flic = L90
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Thus, NF'Le con be recsonably estimated for o wide vorlety of real out=

doof noise environments by NPL', This simplified opproximation can be written as:

NPL' = (L - Log + Ly
{5-3)

Qar

(NPL' = Log) = (L = L) + (L = Lyg)

The computation for the day**—a estimates of (NPL' - qu) cen be visually made far the
data of Figure 32 by adding the fL]0 - qu) bar ta the velue of (Leq - L?O)' The impli-
¢ation of this simplification is that NPL tends to count the megnitude of the intruding
noise twice — first in its contribution 13 Leq and secand in its contribution to LIO'

Thus, it might be expected that a correlation of community reaction, such as that -
given for the 55 cases in Figures 24 and 25, would exhibit a wider data scotter than
obtained with (CNEL - L90)' or (Leq - "90)'

An example of such an applicotion of NPL was caleulated for oircraft
flights over rasidential areas with differing residucl noise levals, in all coses, the air-
craft noise was assumed to hove o maximum |evel of 90 dB{A} and an effective (energy
equivolent) duration of 5 seconds, The aircroft noise«time history wos assumed to be
trianguler, The community reaction for each cose was estimated from Figure 24, The
results of this example ore given in Figure 33, The laft=hand side of the envelope of
cases is determined by the condition of 1 flight per hour, It shows no carrelation
between NPL ond community reaction, since the NPL vorled only slightly although
L - L9o) voried significontly, The right=hond side of the envelopa results from the
condition of 30 Flights per hour, Hare, the NPL varfed significantly with the reaction
scale, Fram this example, ane might cancluds that it would be difficult to abtain
good carrelation betwesn reaction ond NPL, whenaver the duration of the intruding
noise is only o small froction of o given time period, Better correlotion may be obtained
when mare thon ane type of source is presenr;“ however in this cose the results ore boied

on estimctad rather than meosured noise levels,
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Renrtion for Aircraft Noise, as a Function of Cutdoor Residual Naise Level.
Far the Cutdoor Nelse Level Without Aireroft Leg andLpwere Assumed
to be 7 and 10 dB, Respectively, cbove the Residual Noise Level,
Calculations were made for 1,3,10 and 30 Al-craft per Hour,
Each Having o Maximum Noise |evel of 90 d8A) and an
Effeciive Duration of 5 Seconds. Estimaied Community

Reaction is Based on Figure 24
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" A second example was coloulated to see the effect of the steady-state
inhuding moise which wns lurned on continuowsly, or for o froction of the period under
consideratian, Such souice characteristics are commen in industrial noise snd cis
conditioning hear exchangers. The exampie asiumed that the residual noise level wos
40 dBfA} and the intruding noise was 60 ditA), Both NPLe and NPL' were celculeted,
together with Leq of the intruding noise and Leq of the intruding noise olus the noise
which wos astumed to exitt -without the presence of the intruding noise,

The results are presented in Figyre 34, VWhen intruding noise is con=
. 00 ¢B, However, when

a
3l.4 8,

tinucus ("on time" fraction of 1,01, NPLe = NPL' = Luq
the souree is only an for 30 percent of the time, NPL_ has o masimum of
22,6 4B greoter tha when the source is on nll the time. In foct, the NPLe exceeds

60 ¢B for all on-time fractions between cppraximately 0,04 and 1,0, In this exomple,
NPL' is o poor estimaror af NPLe’ particularly when the "on time" fraction evueunds
0.1, The reason is that for this steady ~stote noise, Lo L90 for ell values of the
“on Hme" fraction which exceed 0,1, Consequently, Fov intermittent steady~stare
noise, unlike the Fluctuating neises of Figures 32 ar.4 33, NPL' is not en appiopricte
estimator of NPLe.

The results of the discussions in this tection indicate that NPL s Tess
suitable then r‘l‘eq = Lgg! for use in mecturing the magnitude of intruding noizes relstive
to residual noises, with respect to their effects on peaple, This conclusion is par-
ticularly relevent to intermittent singl e~event high-level naises with short duration,
as well s intemittent stecdy=state noises which hava "o time" F:ca‘li?-;‘-‘- batwern

0.1 and 0.9,

7]
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6.0 THE GROWTH CF NGISE POLLUTION

There hos been gansiderable public discussion about the growth of neise
pollution, Somn of this discur.ion hes led to dive predictions that the naise in our
environment is increasing by as much ¢s | dB per year, or 10 dB per decede, Cleorly,
such a yrowth rate, if true, would lecd to very tevere consequences. To place this
problem in perspective, it is useful to esomine the possible chonges in both the

intruding noises and the residuc| noises over the pest few decodes,

6.1 Change in Intruding Noisas

There hos been considerable growth in the number of mile: of urban free=
waysand thruways since 1930, This grawth is cecompanied by an increose in noise in
neighborhoods odjacent to the freewuys. Similarly, there hos been o significont
in¢reawe in commercici air travel since 195033 This inerec.e, together with on increcse
of the naise leve! »f te iot aircroft 1elative to the older propeller circralt, ond the
building ef home: rround existing civil aliparts has 1etuited in o significont number of
noise problems,

The um:int af Tend estimated to lie within the CNEL 65 B contours is
illustroted in Figure . or both freewoys and citports, These astimates?3 show that
epproximetely 2000 square miles of land are Lounded by CINEL 83, The actual land
use within these impcet boundaries icitport praperty and fiuewuy property have been
excluded) is not known, However, il it is csiumed thet the sverage use is like the

average urban lond use, npproximately 10 million people wauid be erpected to live

in these areos,

These estimates of the impacad orea are rather : a;mervative tinge an
intruding noise ource which couses o normalized CNEL of 45 8 in nn urean residenticl
community is expected lo result in widespread complaints, Contesuently, rhe 'mpact
of naise pollution evtends beyord the CNEL 45 48 houndeiy, even in un wiben residen-
tinl community, I'n addition, for suhurhan communitias wiich have lover ravidual naise
levels, o CNEL of 55 0r 60 &B i< aquivalent tn o CHNEL of 65 48 in o retidential aree,

Hence, the estimates in Figure 35 =1s even mere conservative,
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In additian, the growth of censtruction activity within the city and

industrial plents in the suburbs and rural areas Lring increased noise pollution to each

offected arao. Further, os (Hustrated in Figure 36, the number of noisy devices such
us power lawnmewers cnd motorcycles has increated from o few hundred thousend units
in 1950 to sver 20 mitlion in 1970, bringing additioncl single event noise pollution
to the urben ond suburbon sesidential ereos. Similarly, the introduction ond use of
recreational vehiclas, chain saws, and fully-equipped cempers has introduced a new
element of noise pallution to the wildeiness greas. Even at o 1emote lacalion on the
north rim of the Grond Canyon, the noise ftom a small prepeller.driven privote aircraft
had a maximum level of 70 d8!A 1, o 34 ¢B increase chove the daytime residual nolse
level of cpproaimately 16 dBiAI,

The inzreesing number of sourzes which produce high noise Tevels =
gives clear evidence of the significant growth of noize pollution from intruding scurces .
aver the last bwo decedes. Although the mejerity of this growth occurred in specific
areos where freeways or airwoys were locoted adjacent to the communities, o significant
number of new single event wources were added to oll weas fiom the wilderness ta the

inhabited suburkan and wrbon residential communities,

4,2 Chenge in Residual Noise

The question remeing whether thase odditicnal intrusive noiws, together
with any changes in the noiwe cheractaiistics of «ll ather wouices, hove changed the
t;uldncr residual noise levelr in the residenticl creas whicl have not had a significant
land usage chenge. It is very difficult to unswer this question without the eajstence

of a stetistically significant wivey of the noise eavironment in residentiol areos within
&

; the United States, either cunent or past,
; To obtoin a "cuntent estimste, the dnta for the 1) residentizl localicns
i i the range survey, Tehla 3af Section 3,1, have heen combined with 4.ty from 17
typical ratidential locatian from onother recent '-urvcy'g o ive o be'rf.n" composi te
pictuie of an "avercge ' vt esidentiel noise enviionment, 1he ter crate snu combined

data fiom these twa survers, siven in Table 12, indicote that beth are from similar
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Table 1B

Resndunl Noise Levels {Log) in dB{A} for 28 Residential Locatlians
Including 11 from this Survey and 17 Locations From
Mecsuremenls in Los Angeles, Defroit and Boston!?

Combined

Period Quantity 11 Locations 17 Locations 28 Locations
Day Log 45,6 47.5 46.7
Std, Dev. 4,6 5.8 5.3
Evening Lsp 46,7 44,9 45,4
Std, Dav, 4.1 5.6 5.0
Night Lep 39.8 37.3 38.9
Std. Dev. 4,1 6,2 5,3

populations, porticulorly in the daytime, However, since neither survey wos undertaken
with the intent of statistically sempling a city and there are only 28 locations in total,

the results thould only be considered indicative of centrol trends, The "past” dota which
are available consist of the resulls of four 5UlVEy5]4 -16,18 These surveys cover the last
34 years, beginning with the extensive Bell Teleshone Compeny survey of noise in 1937 in
residential areos in Chicage, Cleveland and Philadelphio. The comparison of the daytime
residual noise dote from five survays is given in Figure 37,

Each survey was different in method, objective ang instrumentation, and
none compare identical locations, Most were also different in methods of reducing and
reparting data as well, Therefore, ir was necessary 1o odjust the dola to a comman bose
for comparison. The dota for the 1937 and 1948 surveys were published in terms of the
medion outdoor noise level iLgn), and those of the 1957 survey in terms of an energy mean
of the noise environment, All three rewlis have been carrected to the residual naise
tevel (Log) by subtracting the cveroge difference of 5 dB found betv sen the median ana

residual levels in the current data, The mean and 50 percent range for the residual naise

fevels of the 1947-8 and 1971 surveys aore shown as eriginolly prasanted.
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1937 Chicage. Cleveland
& Philadelphia lseveral
hundred areas)!4

1947  Chicago more than
-1948 100 areas)!s

1954 Within 12 miles uf

Range of 50% of Data —--.

L

f

Range of 70% of Datg .a—

8 Airperts in Eastern [ =
USA (180 areast!® -1
1968 Suburban Areas in .
Atlantic States
(9 areas) {
) 1971 Los Angelas, Barton [ t" ]
and Detrait {28 areas) L i
Average of Urban and :
Suburban, not includingthe L
1954 data .
Caleulated Urban and
Suburban with Equal f A*-’—-T
Vieighting on eoch of 1 ]
the Feur Categories
! 1 1 1 1 ! L ]
20 30 40 50 &0

A=Wuighted Residucl Noise Level "L,?

Figure 37, Compariton of Five Surveys of Outdoor MNoise Levels in Residential Areos in

0

) in dB re 20 pN/m2

the United States Between 1937 and 197), The Dota for 1937, 1954 and 1948
Have Been Corracted from Thei: Publithed Values lo an Approximate
Residual Noise Level by Subtracting 5 dB to Account:for the
Difference Between the Medion ond Residual Noise Lavels
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Disregarding the 1954 results, the meons of the other four surveys e
between 44 end 50 dBIAY with a grond avernge of 44,9 dB(A), This value is also close
to the average value of 45,5 dBIA} calculated for the suburhan categories of auiet and
noermal suburban, und urben end noisy urban residential areas deseribed in Toble 5 of
Secrion 3.1,

The mean volue of the 1934 data is 7,7 dB below the 1971 results nad
7.9 dB belaw the average of the ather four surveys. This survey was designed to inves-
Hgate the effact of airciaft noise at many locotions under circrafr flig'st tracks up teo
12 miles fram eoch of eight niqporty, and included wral cs well as suburban ond wrban
locaticns, [t is probokle thet the princiuel rectan for the low velues repaited hy the
1954 survey is thet its mix of locations gave significently more weiuht to the quiet
rural and suburkan creas than to the urban znd noisy urher residential craes, Similarly,
the 1937 wrvey included city cpartment dwellinas os wel! us whuiben end whon 1ei-
dentiol oreas with detezhed dwelling:. This differcnce in emphasts prabakly resuited
in higher emphasis on the "very noisy urfian 1esidential” cotegory and explains why rhese
doty have :he highest reported mean vaiue for the residuai naise level.

Thus, it 7s considarad that the 1937 survey was kinced 10 tlight!y noisier
arens, the |754 survey was tignificantly bimsed to the quieter areas, ond the throe
remaining surveys are probah!y somewdat tdmilar in their distribution of locations ~mang
the cotegories of Table 5, V/ith this perspective, it iv conciudes that where land use
has mer chanqed, there is no strana trend tovier] 1 inciecse in the aversge uburban
and urbun residentiol cree residual noite lovels ove. tho prtt 34 yesns, Further, it
oppeors that the only ircreasn which can ke infoired fiom these Jata is 2 dB in over
two decedes hosad on the difference Letween the 1947-2 end 1971 1esults,

This conclusion iy slwo cunpoited by & compari-an of the noiw ot two
locations in Los Angeles, where the 1971 dota nre directly camparchie to measurements
made in 1953 and 1939, At g nomal suliurkan neighbarhaod loeation, wheie no signi-
fieant change in land or road use has ecrunied avir 18 yeais, the twe measurements of

the res;-ual noise level agrend within 1 dB hetween 1955 and 1971, in the cther cese,
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the 197 1 measurements in a residential urban area were opproximately 2 dB higher than
in 1939, due ot least in part 1o the activation of a new major freeway within 2/3
mile of the lacation.

Table 19 presents a comporison of residual noise levels in the downtown
city, The results for New Yoik, Chicage and London frem 1937-1962 shaw remarkable
agresment, However, again direct comparisans ar the same location are not available,
and the enly inference ta be drawn is that no significant increases in level are demon-

strated far these extremaly noisy locations,

Tcbia 19

Comparison of Outdoor Daytime Residuol Noise Levels {Lgp)
in the Downtown City

[ Daytime Residual
Number of Noise Laval dB(A)
City Locations Year Range Avorage
New York *
Busictass District™ |  Llarge 1937 21075 48
{  Chicago = Large 1947-48 83ta 73 48
{  Heavy Traffic!s |
|
London?? Approximately 1951-42 - 48
20
Ottawa?! One 1964 - 48
Los Angeles One 1971 73
{Current survey)
'Original data which approximated median roise level (Lsg) carrected to
Residual Noise Level by subtracting 5 48,
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he bosic conclusion frum atl of these comparisons is that the averuge
autdoar residual nolse level has probohbly changed only a small amount over the past
few decades, in an area which has had @ constant land usage throughout the period.
However, if the land use has changed ot any location, such as fram rural to subutban,
from suburban to urban, or urban ra downtown city, the outdoor residual naise level
probably increased significantly (10 dB or more), opproximately in aczordance with the
values in Table 5, Consequently, even if the residual noise |evel for @ given category
of neighborhaod has not changed, tha sprawl of the cities and the suburba, axpansion
duting the post war period hos significantly ircreased the number of people impactad
by urban ncise. Inaddition, at many lacations, the outdoor energy equivalent and
maximum noise levels has increased significantiy bacause of the oddition of naw

intruding noise sources, such as un electric power plant, o freeway, or a jer aircraft

-

overflight path,
Thus, in summary, the growth of noise poliution is principally associated

with the spread of areas characterized by high noise levels, the growth in numbers of -
\ H

noisy davices used for recreation and lobor saving, and the construction af freeways

and increase in use of airways by noisy aircraft near residentiol communities.
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7,0

CONCLUSIONS AND RECOMMENDATIONS

Tha dote ond discussions in this sectlon lead to several significant

conclusions ~nd recommendations regarding the nature of nolse pollution and the

methods of measuring its magnitude, Although mony of these conciusions must be

regarded as tentative, because of the lack of a statisticolly sound community noise

baseline, the general trends cppear straightforword and give useful perspective for

the overall nature of the problem.

7.1

Conclusions

The principal cunclusions are:

Range of Qutdeor Environmants

The cutdoor daytime residual nois= level In o wilderness, such as.
the Grand Canyon rim, is of the order of 14 dB(A), on the famm
it is of tha order of 30 to 35 dB(A), and in the city it is of the
order of &0 to 75 dB(A). These increasas in noise level, fram
wilderness to farm and ‘o ¢ity, ore the result of man's activities

and kis use of mochines.

Significent errors may be expected in the meosuremant of outdoor
noise levels in enviranments choracterizad by single avent noise
intrusions, unless the durction of the megsurement samples is
sufficiently long,

The mean (arithmetic averags) and median (Lgg) date sbtained
at the 1B locations in this survey were generally within one dB
of each ather, with o standord daviation of 0.8 dB, Therefore,
the orithmetic average of many sequential measuraments, os read
on o sound leval meter, should ba o good estimate of the statis-

ticel median {L5g).
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The residual nals» level read on o grophic level recorder for the
data in this survey wos found to be about 1 @B less than Loy
end one db greoter than Lgg, bath with a stiandard deviation of

cpproximately 2 dB,

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

significantly higher than bath L4 and Ly at aimost all locations,

Intruding Naises

Areas in which the deytime outdoor medion noise level exceeds
the ronge of 58 1o 40 dBlA), categorized os "very nolsy urbun”,

are not well suited to detached residential heusing, since normal

voice convessation cutdoors is 1imited te distances of less than -

& to 10 feet between talker and listener. Alsa, when the noise
level is above this range, it is not passible te hove relaxed zan-
versation in e living room ot a distance of 10 feet with windaws

or sliding glass doors fully cpened,

Areas in which the doytime outdaor median level exceeds 66 dB(A)
are nat suited to opartment living uniess the buildings are aire
conaitioned so that the windows may be kept ¢closed to enable
relaxed conversation indoors. |f the cutdeor median noise levels
are chove 7] dB(A), special soundpracfing is necessary to preserve

the indasr roise enviranment, even with wirdows closed,

The sutdoor residual noise level in @ swhburban and urban resi-
dentiol communities serves the useful function of praviding speech
privacy belweesn neighbors, Therefore, the wquirements for speech
privacy should be considered in determining the lower limit of o

desireble residudi noise level in each type of cammunity,
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taximum naise levels below 72 dB{A) for individual single events
have been judged acceptable in one serfes of subjective tests,
which is cansistent with the apparent general occeptability of
maximum levels of 42 - 70 dB(A) resulting from normal operation

o o standerd possenger automabile on a residential street.

Community Reaclion to Noise lafrusion

a
- ) .
.

—t

The correletion of community reaction with the Community Noise
Equivalent Level (CNEL) nomalized by the method of Rasenblith
and Stevens, cppears to give reasonable predictions of community
complaints to noise intrysion, with 90 percent of the data within

25 o8 of the mean relrtionship between the normalized magnitude

of the intruding noise and the degree of community reaction,

The deta indicate thot no reaction should he expectad to necur
when the normalized CNEL of the intruding noise {s less than

2 dB above the doytime median naise level, or equivalently,
opproximately 7 dB chave the residual noise level, Howeve,
some social surveys indicate that when the intruding neise equals
this level, approximotely 20 percent of the population is "very
much annoyed,” althsugh 45 percent are anly “a little," or

"not at ell annoyed,"

ha significant complaint reactions trom the 55 cemmunity reoction
cases and the opproximate percentoge of the population "very much
annayed" ond "oniy a little" or "not at all onnoyed" from the

London study cre given in Table 20,

21




Table 20

Summary « f Expected Community Reaction and Approximate Annoyance
as @ Function of Normalized Community Noise Equivaient Level

Approxirpcm Difference Between
ypuans | i i N Ll Vi S
Community Very Much | Little or Not
Reoctian Meun fange of Data Annnyed Annayed
No reaction 7 21013 20 45
Sporadic complaints 11 8to 13 26 37
Widespread complaints 17 1210 24 37 2%
Threats of legal action 26 2310 29 40 14 i
Vigorous action 33 2810 3% ~ 87 = 7
. To measure the magnitude of intruding noises, relative

to community reaction. Noise Pollution Level was found

to be lass suitable than a quantity aqual to the difference

between the anergy equivalent noise level fLeq) ond Lgg.

Growth of Noise Pallution

. The limited available data from community noise surveys conducted

over tha past 34 years indicote that |ittle increase has ocqurred in

the rasidual noise laval, except where lond usage hos changed,

Where such change hos accurred, the noise has generally increasad,

probably in accardance with the expected change between land

use categories in Table 5, such os plus 10 dB from rural to suburban,
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7.2

ot plus 20 dB fram ral to noisy urban, A significont spread of
noise pellution has occurred in this manner because of the large
growth of the urban and subyrban areas, and their populations,

in the lost 20 to 30 years.

A significant increose of noise pollution in the post 20 years has
resulted from the ropid growth of cemmercial aviation and from its
use of jet aircraft which are chout 10 to 20 dB noisier then the
piston engined aircraft that were replaced, A somewhat lasser,

but still significant, increase of noise pollution has resulted from
the construction and use of freeways which are located within
urban ond suburbean residentiol araas. It Is estimated that o Jeost
2000 square miles of urban and suburben areas have been saverety =
impacted by neise from thess two major sources, with lesser degrea.

of impact extending over a much larger area,

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

both the wilderness and the residential neighborhood.

Recommendations

Noisa pollution in the community is an extremely complex prablem,
caused by o voriety of sources, and measured in terms of its differing
effects on paople, To approcch this problem requires a systemotic
epproach to the measurement and predistion of community noise,
establishment of noise quality geals, control of the basic naise
charaeteristies of the varlous impertant sources, cammunity planning
for and regulation of naise, ond continued ressarch to better understand

the affects of noise on people and to improve noise control technalogy,
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The fallawing rezommendations address port of this overall problem:

Measurement, Prediction cnd Geols

L] Accomplish a nationwide community noise survey with sufficient

locations to have statistical significance to obtain:

T. MNational community noise baseline,
2, Oplinions of the noise environment for each location,
3, Definition of speech privacy requirements.

4, Definition of minimum requirements and procedures for
noise monitoring systems,

5, Doata input to noise quelity goals,

&, Data for improving prediction model for cammunity noise.

. Plan and conduct one or more metrepaliian arsawide monitaring
demonstration pragraint lo ebeain total effect of aircraft and free=
woy noise in rasidentiol oreas ond to further refine monitaring
methads and techniques.

. Review and update existing analytical methods far predicting
outdoat noise |evels in the community fram transportation sources,

including obtaining any necessary physical data on attenuation,

. Establish noise quality geals for *he indoor and cutdaor environment,
covering both constant und inter 5. en! single or multiple-event

neise .

Centrol of Basic Source Noise, Community Plenning and Regulotion

° Establish source noise stendords and goals, consistent with the
community noisa quolity geals for all major source colegories,
including all tronsportation and recreational vehicies, construction

equipment, lowa core equipment, ond air conditioning equisment,
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Establish noise lobeling procedures for al! cansumer products

.
which produce neise,

. Develop guidelines for achieving accepteble freewoy and highway
naise levels, incarperating the effects of source noise reduction,
barriers, and other dasign elements,

. Develop a madel noise ordinance for use by cities end towns,

) Cevelop model building codes which include nelse performance
criteria,

L] Define aireralt noise goals which are computible with the community
and the future air tronsportation system.

Research

. Wark with appropriate federal agencies 1o support research funding
to develop the technalogy fer guieter aircraft and their operation,

. Zonduct research to improve understonding of effects of noisa

. on people;

1, Correlate health records versus neise exposure argund major
metropolitan oirports,

2, Perform experiments in sleen disturbence to determine
importance of community noise in sleep disturbance with
ottention to choractesistics ond number of noise avents versus
steady stote bockground,

3. Obtoin bettar definition of the role of shart-tima single~avent
noise interruption in speech ond telephone conversation, ond
TV and rodia listening,

4, Ascertain the relctive importonce of indaor and cutdoer

cnvironme 4t on community and indlividual reaction 1o neise.

93




5. Determine noise criteria for people in outdeor areas such

a3 parks.

Conduct demonsiration progroms in residential housing to Find
relatianship between room noise reduction and human reaction
ta develop better criteria For building wall trensmission loss, and
to provide design goals for reduction of traffic noise for

buildings near majar freeways,

Conduct research towards quieting clty street canyons through
development and application of autdoor acoustical absarbing

material to building exterior surfaces,
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APPENDIX A

COMMUNITY NOISE SURVEY

This appendix provides site descriptions, noise dote end measurement procedures
relating to each of the 18 noise wrvey locutions, Table A=1 provides the |etter
designations ond titles for all locatiens,
A Descriptive Figulis

The dessriptive informatian and dato for each location are contained in
o series of thiee consecutive figures, The figures A=la, A-lb, and A=lc all relate
to Lecarion A. Figuras A«20, A=2b, A-2c relate to Locction B, Thote designations
continue through Lacation R, depicted in Figures A=18a, A=18b, and A=18c. The -

contant of these figures is described in the fallowing paragraphs.

A Site Descriptions
Figures A=la, A=2a, through A=18a desceibe tha type of community

representad by the survey site and its geogrophical location, Eoch Figurs contains
a local siveat mop, a photagraph of the location, a description of the lacal noise
environment, and pertinent comments on microphone location and the measurad data.

The survey locetion is indicated an sach street map by a bleck diamond (#).

Al2 24=Haur [ime History Records
Figures A=1b, A-Zb, through A~18h are 24~huur time histary records

of A~weighted noise levels for cach survey lacation. These records ars portraved on

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

Data ronging in length from several seconds to several minutes is missing
fram the 24<hour time histary records for some of the iurvoy loeations because the
recorder wes tempararily stopped for system mainteranca or adjustmant,

During the 24=hour measurements at Locations F and J, tha communi ty
noise levels accasionally dropped below the noise thresheld of the measuremenr

-
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instrumeniotion, This is indicated by the faitly constent [evel an the 24-hour
recording. This candition also occurred af Location R and is discussed in Figure 18-A,
At Lacations B, Mand Q, portiens of the 24-hour recerd which cppear to have reached
a threshold are actually indicating a canstont noise leve! established by air canditioning

systems, blowers, or other continuous local noise sources,

A.1.3 24=-Hour Qutdoor Noise Summarias

Figures A-1c, A=-2¢c, through A=18¢c are summati=s of the 24=heur outdaor
noise jevals at each location, These figures provide a statistical portrayal of community
noise thraughout o 24=hour period. The upper graphs {a) give tha maximum and residual
noise levels read from o graphic level recorder, togethar with the hourly and peried
values of the levels which are exceeded 99, 90, 50, 10, and 1 percent of the Hme
(L99, L90’ LSO' LIO' and L,), respectively, and the energy mean equivalent level “:c_q)'
The lower graph illustrates the stutistical distribution of the noisa levels throughout

each of the three time pericds.
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Location

A

=

Page

Anj

A=13
A=17
A-21

A=25
A=2%
A=3]
A-37

Aedl
A=d§

A=49
A=53
A-57
A-]
A-L5

A=69
A=73

TABLE A=

Community Noise Survey Locativns

Address

Third Floor Apartment, next to Freeway —
West Los Angeles, Califomia

Third Floor Downtown Hi=Rise —
Los Angeles, Califarnia

Second Floor Tenement - Harlem, MNew York
Urban Shopping Center = Torrance, California

Popular Beoch on Pacific Qcean —
Corona L=l mar, California

Urban Residential Necr Majar Airport =
Lennox, Califania

Urben Residential Near Ocean «
Redondo Beach, California

Urban Residential, é miles ta Major Airport -
Los Angeles, California

Subutban Residential near R/R tragks -
Simi Valley, Califatnia

Urban Residential « Inglewoed, California

Urban Rasidential near small Ajrport -
Mewport Beach, California

Old Residential near City Cantar -
Los Angeles, California

Suburbon Residential at City Ouiskirts -
Pacific Palisades, California

Smal! Town Residential, Cul=de=Sac -
Fillmare, California

Small fown Residentiol, Main Strast -
Fillmare, California

Suburban Residential in Hill Canyen —
Los Angelas, California

Farm in Valley - Camarille, California

Grand Conyon, North Rim ~ Arizona

A=]




Community Description: Large apart-
ment unit, adjocent to San Diego
Freeway in a mixed singla multiple
unit residential neighborhood. Eight-
lane major freeway; 0.5 mila to
Venico Boulavard; 1.1 miles to Santa
Monico Freaway; 1.1 mile to a gen-
eral aviation airport,

Noise Environment: This location was o
right next fo @ major freewuy. Free- o

way traffic produced very high naisa s
levels most of the day and traffic was

heavy onough to kaeep the residucl noise levels in the high 70 dB(A) range with o
relatively norrow exsumsion to traffic maximums in the 90 dB(A) range. Ouring the
very early marning hours, with light traffic, the noise lavel went down inio the

40 dB(A} ranga for several brief periads. No other intruding avents are readily
distinguishahle on the 24=hour noise signature. The microphone was positioned 100
feet from the side of the freaway and 45 feat chove ground lavel, It projected 6
faer toward the freeway from a third-floor apartment balcany, Tha fraeway streat
lavel was about 30 feet below ground lavel at the apartmont building,

Figure A=Ta. Location A = Third Floar Aportmant, Next to Freswoy -
Westr Los Angales, California

Preceding page biank

A5
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Figure A=lc. Sumnary of the 24=Hour Qutdoor Noise Levels
at Losation A = Third Floor Apartment, Next to Freeway
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Community Description: Mojor down=
town metropalitan area, undergoing
considerable reconstruction. The two
major projects ware a five=story steal
beam construction abave ground ¢n a
commercial building and subterranean
foundation wark on a parking gamge.
The two projucts vera Jocated 1ide by ; .
side directly acrass tha street from the R N I &
location. Breadway iy a four-lane ‘ i v &k ‘ﬁ'
major downtawn street, 9.3 mila 10 i nitaiiirta by , =

the Hollywood Freeway and 0.6 mile

to the Harbor Fraaway, 1.7 milas to

the Goldon State=Santa Ana and Sanr Monica Freeways. The general orea is o
network of major downtown arteries serving high rise commercial and governmental
buildings, 0.4 mile to railroad siation and associated warehousing and industrial

district.

Noise Environment: The noticeable intruding naises, primarily fram construction

trocks, crones and airwrenches, were superimposed on a very high lavel of steady
traffic neis. Buses and motorcycles were vary noticaable within the offic noise,
Sirens produced the highest lavels of intruding ~oises. The microphone was located
30 feet abova the sidewalk, 4 feet away from tha side of a relatively open parliing
garage sttucture. A large air conditioning vent at street level, adjecent to the
parking structure, dominated the residual level duting the late evening and early
morning hours,

I

Figure A~2a, Location B = Third Floar Dewntown Hi=Rise —
Las Angeles, Califomia
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Figure A-2b, Time History
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Figure A=2c, Summary of the 24=Hour Qutdoor Noite Levels
at Location B = Third Floor Downtawn Hi=Rise
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Community Descriptian: Harlem sec- ST ;: 'J'I"‘E"‘U and LN WEETET Y
tion of New York City; metropoliton 3 - U iRKpacd W poneddai tee 7 inlkel
low income residential ond commer= N TR gt -

cial areo; ot the intersection of 125th
Street and Lenox which are both major
faur~lane arterials; one mile to the
East River; 25 miles to a major metro=
politan conmercich cirport,

Noise Envira, ment: Majer intruding
noises ware genzrared by trucks,
motorcycles, sirens, fire engines, ond

jet overflights superimposed on fairiy
-tady levels of automobile traffic, loud rusic and voice announcements being

played o5 part of a store front promotion continually from 10:00 a.m. to midnigit.
Considerable amounts of "pecple noise" wire noted during times when rain was not
falling. The microphone was located just inside cn open windaw on the secend floor
of o business building. This location was approximately 55 feet from the actual
corner of the building, The window faced Lenox Street,

Figure A=Ja, Location C - Second Floor Tenement -
Harlem, New York
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Flaure A=3L. Time History
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Community Description: Moajor com=
marcial shopping centar; large and
smoll stores, major department stores,
high rise office buildings and service
stations; 200 feat to Howthorne Boule~
vard, a six=lane arterigl; 150 feet to
Coron, a four-lane arterial; 1,5miles
te Pecific Coost Highway, o major
four=lane arterial; 2,75 miles to the
Sen Diego Freawoy, 3,75 miles to the
Harbor Freeway, 1.5 miles to o major
small general aviation airpart, 1,5
miles to nearest industrial area, and
2,25 miles to & beach,

Noiia Environmans: Heavy straet troffic dominated almost the entire 24<hour period,
Aitora air condilioner vant keld up the residual level during the sarly morning
hours. Intruding noises superimposed on the general traffic naises were jet and
prapeller averflights, trucks, motorcycles, hurns, trucks and service equipment for
nearby |ots and slores, The microphone was located 25 feat chove ground, 200 feet
from Hawthorne Bouteverd, and 150 feet from Camon Boulevard.

Figura A=da. Llacation D = Urban Shopping Center -~
Torrance, California
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Figure A-4b. Time History
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Community Description: Major recrea-
Hon beach state pork; large parking
area but no mojor high spead arterials
or streets nearby. 0,5 mile to Pacific
Coast Highway; channal entrance to a

very largs recreational boating and " _ ("k‘
bey area, The beach and parking -.-“-‘ TR RS 3% IR
area 1s obout 0.2 mile wide and ..“’ L * I A l rﬂ ;'%I

locatad at basa of a 75-foot bluff,

Noise Environment: Major intruding .

events wore due to o variety of air -
vehicles; saveral helicopters and small

propeller aircraft at close ranga, and commercial jets at greater distances. Con=
siderable nolse during the day come from recreational activity on me beach and in
the refreshmunt stond area, The residual noise during tha evening was dominated by
tha surf which variad from 50 to &0 dB(A) with the breaking of tha waves. During
the day tha rocreational activity roised the residual levsl to the 56 to 58 dB(A)
range and no surf naise pottern is noticeable on the record, An unusual intruding
event wos the beach sand cleaner ot 7:30 a.m. The micraphone was {ocated about
100 yards from the surf ot the junction of the sand and parking lot, 1t wos ploced

20 faet above ground level and above a partially covered breezeway chout 75 feet
from the rafreshment stand,

Figure A=5a, tlocatien E = Popular Beach on Pacific Ocean -
Corona Dal Mar, Califomia
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Figure A-5b, Tima History
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Community Description: Suburban
residentiol; single family dwallings
only; 34=foot=wide street with only
neighborhaed traffic; 0.25 mila to

—t_

ariarial; G.I mile to Century Boule-
vard, asix«lane major arterial; 0.7
mile to imperial Highway, o four~
lona arteriol; 0.7 mile to the Sen
Diego Freeway, 4.4 miles to the
Harbor Freewoy; lacated in the
approach pattem, 0.75 mile to o
major matropolitan airpart,

Noise Environmant: Intruding noise evants were generated primarily by the jet air-
craft approqch traffic. Tho maximum noisa levels waro ganerally in the range of
100 dB(A), Events azcutred at typicel rates of 30 per hour during daytime and & per
hour during the morning hours, Automebiles and dogs created the other intruding
events with traffi¢ 1eMing tha residuel noise levels. The microphone was |ocatad

55 feat from the curb and 24 feat above ground.

Figure A~6a. Location F = Urhan Residential, Near Major Airport -
. Lennox, Califomio
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at Location F — Urban Residential, Near Major Airport
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Community Deseription: Suburban res-
Tdential; single family dwellings only; ;
22 foot wide street, 2 blocks long; i

=1

- . » e ’:5:... g s
only traffic local to the dwellings on e P B ¥ o3 L P
e AT AR L‘?‘ ,A!'.ﬂ_-_v. ¥ )
; i L me .t "!} i N L

A o

the strect; 0.3 mile to Palos Verdes, E A
a four-lane arterial; 0,5 mile to ‘
Pacific Cooast Highway, a major four-
lanae arterial; 4.5 miles to San Diege
Framway, 5.5 mites ta the Harbor
Freeway, 2 miles to major genaral
aviation airport, 2 miles to major
shepping cnd financial disiricr; 4
miles ro nearest industrial area; and
0.6 miles to beach,

Noise Environment: The major intruding noises were from single engine aircraft from
the nearby general aviation airport and from jet overflights from a major metropolitan
airport, Background traffic from adjoining streats and arterials, sirens, children on
the street, delivery and sarvice trucks Formed the other intruding sources. Residuol
noise levels ware dominated by urban traffic. A water company diassl generator
across the straet increased the residual level by 5 dB(A} for 3 hours during the early
evening. A street sweeper, motorcycle, helicopter, and a neighbor hoocking up a
trailer were the unusual single events for the 24=hour period. The microphane was
lo-ated 40 feet from the curb and 20 Feet above street lavel, The 24-hour noiie
lavel charts for this lacation were produzed on a different chart paper than that used

at the other 17 sites.

Figure A=7a. Location G — Urban Residential, Near Cceen ~

Redondo Beach, Colifornic \_’J
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Figure A=7b, Time History
LOCATION G - 0000 Hours to 1200 Hours
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A-Weighted Noise Level in dB re ?(IO::-"«l’m2
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Figure A=7¢c. Summary of the 24=Hour Cutdaor Noite Levels
at Location G = Urban Residential, Near Qcean
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Community Description: High density
singla family dwellings in an urban
residential area, 34 feat wides stroat
with light residential treffic, 0,3 mile
to Alomeds; 0.75 mile to Imperial
Highway and 1.2 miles to Central
Avenue, all four-lane arterials; 2.7
milas to the Horber Freeway, 0,3 mile
ta g heavy industrial ares and multiple
track reilroad and siding yard; under
the approoch pattern and 8 miles to o
major metropolitan commereis| airport,

Naisa Environment: The major intruding single events were produced by jet aircroft
during landing appreach, automobiles, dogs, helicopters, and childran playing,
Other intruding avents ware from the railroad, a factory whistle, and two large
scrap iron yards in the area, Residuol sources were difficult to assess but probably
wore gavemod by o combination of urban traffic and industricl noise during the
entire day, Airzraft avarflights were of long duration and at moderately high noise
favels, with no interval between event thresholds during the busier periods. The
microphone was lacated 50 feat from the streot and 20 feat above ground level,

Figura A«Ba, Location H -~ Uthan Residentinl, & miles to Major Airpart —
Los Angeles, Califarnia
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Figure A~Bb, Time History
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figure A=8c, Summary of the 24«Hour Qutdoor Nojse Levels
ot Location M = Urban Residential, 6 Miles to Major Airpart
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Community Deseription: Suburban resi-

dentiol ot the oufskirts of a large

metropolitan areo; Jé=font wida street . -

serving only naighborhood teaffiz; 350 r R 40 .

fast to Los Angeles Avenue, a four=- o g ) IR St dion,

lane major arterial; 0,7 mile to the ?—-—5’;:"‘“ e ‘&";‘; ‘?f

Simi Freaway; 300 feet to tha Southern L™ %% Ll :"‘?‘"‘“’Z-ﬂ';u

Pacific Rollroad track, 0.6 mile to “C’-!’ o R Stmannae

light commercial and buslness district,  a... .1

1.0 mileto a smail aircraft landing v :
[

strip. / g
Noisa Environment: Majer intruding

noise avants were produced by trains, small airplane overflights, and automobiles,
Othet intruding noises were produced by dogs and on ice crecm vendor, matoreyeles,
children playing, ond o rocket test bunst from the Santa Susana rocket test stand
ared. Minimum noise lgvels during the midnight hour ware sat by a traln idlingena
slcyng. The microphona was located 50 feer from the curb and 18 feat nbove ground.

/ Figure A=¥o, Location | = Suburban Residential, Near R/R Trocks -
Simi Valley, California
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Figure A~%b. Time History
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Community Description; Suburbanresi~
dential; singla family dwellings enly
with same apartments and a hospital In
nearby area; 3é-foot wide streat, o
thrae=block nlosed circle; only troffic
local to dwallings on the street; 0,2
mile to Prairia, a four«lane street,
0.25 mite to Manchester Avenue and
Florenca Avenue, four~lane arterials;
0.3 mile to Hawihorne=LoBrea, a
major four-lane arterial; 1,3 miles io
$an Diego Freeway; 3,5 miles to Har~
bor Freeway; 2 miles to major metro=-
poHion airpert; 0.25 mile to large cemetery and park area; 0.5 mile to mejor recre=-
ational and park arsa.

Noise Environment: Tha major intruding noises ware from jet aircroft londings. The
takeoff runup and ¢limbout rumble formed o very unusual naise pattern. The sideline
distance to thu majar air traffic kept the levels down, but formed some very long
duration intruding events, The residual noise levels were genarated primorily by the
heavy arterial b +ffic in the area, Service trucks, lown mowers, and cans produced
the othar intruding events. A garbage truck and a rock bond practice wera the
wurces of 3ome unusual single events, The micra,hona location was 40 feet from
curb and 20 fest ahove ground.

figure A=10a. Locatior J — Urban Residenticl -
Ingloewood, California
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Community Description: Svburban resi- ,

dential; large single family dwellings
only; 36=foot wide streat sarving anly
local traffic for a 2-block length; 0.4
mile to Dover Drive, a four=inns
arterial; 1.4 miles to Newport Boule=-
vard, 1,3 miles to Pacifie Coast High-
way, 1.8 miles to McArthur Soulevard,
all major four~lane arterials; 3,5 miles
to & major generu| aviation airport
which has approximately 30 commer-
cicl jet flights daily; 0.2 mile from
climbout ground tragk; 3.5 mites from
takaoff broke release; 2,6 miles to the San Diego Freaway.

Noise Enviconment: Major intruding noise sources were created by commereial jet
aircraft in their climbout pattern, a faw helicopter events, propellar airplanes and
some qutomobile noise. Other intruding avants results from dogs barking, lawn
mowers, hammering, o car revving up acress the street, a gorbuge can rolling down
6 driveway, and jet engine thrust reversals at the airpart, The residuul noise [evels
were relatively low and seemed uninfluenced by the presence of crickers ar this
location. Cricket activity is noticeable on the 24<hour record during the 0100 hour
whan ane or more crickets were relatively close to the microphone, The residucl
noise lavels were apparently dominated by neighbarhood activity and distant traffic,
The microphene was located 45 faet from the curb ond 20 feet cbove ground leval,

Figura A~lla. Location K ~ Urban Residantial, Near Small Airport =
Newport Beach, Califernia
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Figure A~11b, Time History
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Community Descripticn: Urban resi=
dential; mastly single Tamiiy dw=llings
with light commereicl district aleng
nearby arterials; Jé-foat wide street
serving only residential traffic; 0.2
mtle to Vermont Avenve, a four=lone
major ararial; C.2 mile to Adams . — . TS iy B0
Boulavard, a four=lane arterial; 0.5 , L —

-

mile to the Santa Monica Freeway;

1.1 miles to the Harber Freeway; 2

miles to the major metropalitan down= 2 n—_:'mm
tawn area,

Noise Environment: The major intruding events ware produced by airplanes, heli-
copters, aulomobiles and dags, Other neasurable events were created by o lawn
mower, on ice cream vendor, a radio playing on o parch frant, and children playing,
From 6:00 a,m. to 7:00 a.m,, the residual noise level rose 10 dB{A) due to naise
from the Santa Mohica Freeway, The microphone location was 50 feet from the curb
and 25 feet chove ground level, The microphone was on a ling of tite exposure te the
freaway, The residual noise lavel was 2 to 4 dB(A} lower at ground level during the
6:00 a.m, to 7:00 a.m, rise in residual level due to freeway activity,

Figura A=12a, Lacation L -~ Old Rasidentiol, Near City Center =
Los Angeles, California ’
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Figura A=12b, Time History
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A-W/eighted Noise Level in dE re 20 pN/mz
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Figure A=12c, Summary of the 24«Hour Quidoer Noisa Levels
at Locution L ~ Old Residential, Mear Gity Center
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Cemmunity Description: Suburban resi-

dential; large moderately spoced f o e e

single fomily dwellings only; 28-faot i o T, - 7

wida strast serving a six square black . : . m‘ Tty '

residentiol orea; 0.1 mile to Sunset ‘ '

Boulevard, o major four<lane arteriai AN
with mostly residential and listle oot L. - . . i

commercial traffic; 0,6 mile to San g el ...A 3

Vieente Voulevard, o four-lane resi-
dential arterial; 2,3 miles to the Son
Diego Freeway; 3,8 miles to a gen=
eral aviation airport,

Noiss Envirenment: The major intruding noises were from jet overflights ot approxi-
mately 4000-6000 feet altitude, ond from automebiles on the residential street. Tha
othet intruding sources were dogs in the residential area and street troffic intruding
from nearby Sunset Boulevard  Tha residual noise level oppeared to be dominoted
by traffic noise in the general area, The microphone was 25 feet from the curb and
4 foet abova graund level sa residentiol street traffic ot this location is exoggerated
compered to the othar intruding events at this lozation, and to street traffic at other
residantial lecations due to the microphone's closer praximity to the street ond

ground lavel,

Figure A=13a, Lecation M - Suburban Residential ot City Outskirts —
Pacific Palisades, California
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figure A=13b, Time History
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Fillmore) o

Community Description: Small town
{peplation 6200); cul-de-sac with

no through traffie; 2 to 4 blocks to the
main north=south and east-west streets;
0.4 mile ta Stata Highways 126 end
23 (two=lane sutfaced highways); 0.4
mila to the main busine:s district; 0.5
mile to tle Southern Pacifiz Roilroad
track.

-~

MNoiss Environment: The major intrud=
ing noises were from prope!ler aircraft
and helicoptar overflights, backeround
traffie on nearby stieets, cars in the cul-de«sac, dogs barking, pecple talking, an-
children playing in the atea. A streat sweapar in the ¢ul-de-1ac provided the
highest noise leval during the day, The residual noise level in th  evening has sewe
cricket activity present, but thay do not sau to have controlled me noisa. The
residual noise level was apparently govamed by community activity and traffic, and
oppears to have random fluctuations during any given hour, In large rrban areas,
the residual nolse lavai oppears either constant or gradually changing naver any hour
poriod. Tha microphona was located 20 feet from e curh and 4 feet obove the
graund,

Figure Aalde, Location N =Small Tawn Residential, Cul=de-Sac -
Fillmore, California
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Figure A=14b, Time History
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Community Description: Small town
(pepulation 6200); main street resi=
dentlal areo; 9.3 mile to State High-
way 23 and 0,4 mile to State Highway
124, bath two=lane surfoced highways;
0.2 mila to the main busiress district;
0.5 mile to the Southem Pacific Rail-
road trock,

Noise Environment: The major Intrud~
ing nois# sourcas were from main street
traffic, aitplanas, trucks and motor-
eycies, homs and lawn mowers,
Duting the midnight to 0100 time paticd, there were as many aircraft overflights as
cars passing on the main sireet, The residual noise level in the late avening hours
appeared more steady then at the cul=de~wic location 5 blocks away (location NJ,
The microphone was locared 55 faet from the curh and 5 feet cbove ground.

Figure A=15a, Location © —=Small Town Residential, Main Strest -
Fillmore, Califarnia
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A-Weightad Noise Lavel in d) s 20 ph/md
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Figure A-~15b, Time Histary
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noisa level above its residual value, The rasidual noise level during the evening
hours was dominated by erickets, During the day an orchard pruner in the distance
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Comrmunity Description: Remote wilder~
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a campgrouncd 'vith four picnic tobles . PO
accessiblie by a 100-mijle dirt road P LLIARY: SISy
from St, George, Utuh, ':‘ : "-;-_" . %
Noite Environment: Extremely quiet. - 5','3':‘/' U
Majer intruding noises were ganeratad XIP 4 Y
by propelier overfiights and small o ‘,\\‘ r';l i
animals and insscts, Crow calls from o P
a quarter of a mila away were clear! {‘ .

q N Y F . Y 5 'p“'].

audibfe, and feather nerodynam?:
noise frem birds no larger than sparows
was noticeabl 2 from 30 to 40 feet away. The sounds of the rapids in the Colorado
River, 3000 feet below, were clearly audible when the observer stood at the edge of
the canyon, considerchly attenuaied 5 ta 10 feet from the edge, ond completely
inaudible 40 feet from the edge. The canyon seems to act os a highly directional

horn radiating this sound vertically,

In this jocotion, nighttime noisa greatly exceeded doytime noise becouse of crickets,
Daytime animal noises consistad of barking by chipmunks and bird noises mentioned
ahove, The microphone was located in o sheltered area a tew feet downwind from
some rocks approximately 150 fest from the edge of the canyon. At this location,
the noise lavel frequently fall halow the 14 dB(A) threshol? of the measurement
instrumentation. In order to moke a measurement of the correct level, the sensi-
tivity of an auxiliary sound level meter wos set to a maximum level, extending

the m=osurement range to about 11 dB(A),
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A2 Dota Acquisition and Reduction

A.2.1 Introducrion
Data acquisition and reduction for the community noise survey was performed

with the three systems depicted in Figure A~19 = Standard Field Meosurement System,
Figure A<20 ~ Low Noise Field Measurement System, and Figure A=2] — Data Reduction
System, Deta’ls of the application of each system, system configuration, operating

procedures ond performance specifications are presented in the fallowing paragrepit,

A2.2 Data Acquisition Systems

A,2.2,1  Standard Field Measuremeat System
The Standard Field Measurement System was used on lccations where the

ambient level of the community noise data was higher than 30 dB{A) ~ 13 of the 18 survay
locations, It was o fully self-contnined fisld laboratory, used for making continuous
grophic level and magnetic tope recardings of the community noise levels, All equipmer:l'
in this von operated from 115 vae; therefore, the system waos used only at measurement -
locations with accessitle line power, {~_~
A2.2,1,1 System Description

Noise data was acquired through o condenser microphone shielded by o wind=~
screen. Micraphane signals were conditioned by o preamplifier and input to o microphone
amplifier for amplification and A-weighted filtering, The microphone amplifier, in surn,
drove o grophic level recorder and a ragnetic tope recorder, A statistical distribution
analyzer was mechanically coupied to the pen driving machanism of the grophic level
racorder. Data was continunusly recerded on one trock of the 1ape recorder; oppropriate

operatar commentary was recorded on the other track,

A,2,2,1.2 Qperating Proceduras

To prrform a 24=hour noise suivey, the equipment wos first interccnnected os

illustroter in Figure A=19, with the excuption that the output of the audic oscillator was
fed to the input of *he tape rezorder, A series of sinusoidal signals ranging fram %0 Hz to
12 KHz was then input 1o the tape recarder, ond o frequency response calibration recorded
n' tupe, Next, the uscillator was utilized to calibrate the statistical distribition analyzer

and the graphic level recorder over the 50 dB chart range,

A=77
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Following recorder calibretion, the preamplifier was connected to the micro=-
phone amplifier., A B & K Type 4230 ocoustic colibratar was placed on the microphone,
and the sersitivitics of the graphic |evel recorder and tape recorder were adjusted to this
reference level of 92,4 dB (re 20 pN/mz). This aperation completed the pre-run

calibratien pracedure,
Following calibration, the grophic level recorder, the tape recorder, and the

statistical distribution analyzer were octivated and the 24-hour messurement commenced,
At the completion of each hour, the statistical distribution cnoly 7er was srapped; the
omplitude distributian readings were recorded, ond the onalyzer was "zeroed" ang restorted,
During this some period ~ cbout 10 minutes — the tope was removed fram the iape recorder F
and a new reel of tope installed. A referance voliage, with a fixed relatiamship ro the ’
microphone colibration, was put on the beginning of each recl of tope, N
When the community neise data rose ubave, or lall belaw, the 50 dB range of
the graphic level recorder, the microphone amglifier attenvater was adiusted to accommadate
the dynamie range of this data, At periedic intervals over the measurerent period, the

system wos also calibrated with ike acoustic calibratar,
A,2,2,1,3 Specification

System Measurement Rangs: 28 aBIAY 1o 130 dB. A
System Frequency Response: 20 Hz ta 10 XHz

Statistical Distributian Analyzer: Measured elopsed tire of data in 10 bonds,
each of 5 dB bandwidth, Elapsed time
above tha top bund ond below the bottom
band was also recorded,

A, 2,2.2 Luw Noise Field Measurement System

This system wos used for making maasurements of lacolions where (1) 115 vae
power wos nat available, or (2} the cammunity noise threshold Arappad balaw the |awer
limits nf the Standard Field Maasurement System, This system was ysed nt five of *he
survey locations, The system provided mognetic tope records, but no graphic 1ecoros, of
the 24=hour noise history, Tapes were subsequently played back in the luberctory on the

dala reduction svitem to obtain the omplitude time histaries and the statistical data,

An?l




A.2.2.2.1 System Description
Cammunity noise dote were acquired through a condenser microphone shielded

by o windscreen, This microphone was attached to o preamplifier connected to o
precision sound level mater, The sound level meter, inturn, drove o mognetic tape
recorder throug's 100 feet or less of cable.

A,2.2.2,2 QOpermting Procedure
Te perform ¢ 24-hour noise survey, the equipment was interconnected as

shown in Figure A~22, System frequency and dynamic response chiecks were performed
in the laberatory prior to field measurements, ¢s the nature of the survey sites did not
permit teking any non=portoble or bulky equipment intg the field,

Pra-test calibration of the sound lavel meter and the tape recorder were

perfarmed with the acoustic calibrator ot 93,£ dB,  Follewing colibration, the sound level

meter and the tape recorder were activated ond the 24-heur measurement commenced, A

microphone <alibration wos ut on the beginning ond end of each reel of tape, One -
tape ran for three hours; censequently, eight tase changes were required during o

wrvey. Tape recordt were monitored by heodphone during the noise survey.

AL2.2.2.3 System Specification
Cuverall Megurement Range: 16 dBIA)"* to 130 dBlA)

Qverall Frequency Response: 20 Hz2 to 10 KHz

*The 14 dB'A) floor was set by the recarding systam —an auxiliary
«aund level merer had o noise floor of 11 4B1A),

A.2.3 Datg Peduction Syslem
The data reduction system — shown in Figure A-23 = was used to ohtain

‘1 vime history and statistical analysis records of the dota from the Low Neise Field

Measurement System, and /2] one=third octave band anclyses of data from gll 18 noise
survey logations,
A2,3.1 System Doescription

4.2,3.1,1 Time History Records
Tape recordings from the Low Noise Field Measurament System were replayed

- with the same tope recorder used in the field — inta a graphic level recorder oand s1atiztical

A=79 _—




distribution anclyzer, This dota reduction was essentiolly identical to the mathod used

for making the 24-hour noise survey with the Stondard Field Measurement System. The
grophic level recorder was calibrated by using the reference signal recorded on tape.

The micraphone amplifier wes sat to provide an A=weighted output signol, and the 24~hour

records ware ol! replayed into the grophic level reccrder.

A.2.3,1,2 One=Third QOctove Band Plats
The first step in obteining this deta was to telect the specific events on the

24-hoyr record to be analyzed, Once this dota was loce!ed on the arigingl gropnic record,
d second graphic record of the date wos recreated from the magnetic tape to verify that the
proper dota was located on tape, The portion of the taped record to be analyzed was than
played inta the real=time cnolyzer and u graphic record of the third octave spectrum '
obtained, To obioin one=~third octave plots of data, teken with the Stondard Field

Measuremant System, o correction from A-~weighting to lineor wos applied to cutput of

the spectrum onalyzer,
A,2,3,2  Satistical Analysiy

Dala from the statistical distribution analyzer consisted of records of (1) the
elopsed time that the A=weighted level of the community noise data wos below the bottam
of the graghic fevel recorder chart, (2} the elcpied time the level of the data was greater
than the tap of the graphic racord, and {3) the elapsed time the data remained within each
of ten 5 dil wide bands cavering the 50 dB range of the graphic level recerder; This data

was subsequently processed on @ CDC 600 computer ta obtain the siatistical distributions

for each site,
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APPENDIX B

TYPICAL NOISE SPECTRA

This appendix contains typical examples of noise spectra measured at
soma of the lacations, The data were reduced on o real time analyzer using slow
random overaging for the residual spactra ond imaximum for the spectra of vehicle
pass=bys or other events denctad by maximum,

Meagsurements are of various distances from the varlous sources, and
therefora should not be used to zompore the obsolute magnitude of the various
sources, However, they give an indicction of the relative spectrol characteristics
of the different sources,

Figures B -] through B~3 are tor aircraft; Figures B=4 thraugh B=% are
for vorious ground transportation vahicles; Figure B=10 has some typical beach
sounds; and Figures B=11 thraugh B-13 have some sounds from nature which include

crickets, birds ond dogs.
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One-Third Octove Band Sound Pressure Level in dB re 20 pN/mz
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APPENDIX C

TERMINOLOGY

This Appendix contains descriptive definitions of some of the principul teems uzed in
this report, Faor edditional definitions refer to American Standard Acoustizol
Terminology, S1.1=1980, Revision of 224, 1-1951 ond includirg Z24. la, American
Standards Association, May 26, 19560,

SOUND PRESSURE

The sound pressure @t @ point is the total instontanacus pressure at that point in the
presence of a sound wave minus the static pressure at that paint.,

LEVEL

In acouwsties, the level of @ quantity is the logatithm of the mtio of that quantity to &
reference quantity of the same kind, The base of the legarithm, the reference quantity,

"' . and the kind of level must be specified.

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

prassure~squared lavel, voltagessquared level, -
MNote 2: The leve! as here definea is measyred in units of the logerithm of a refer-
. ence ratio that is equal te the base of logarithms.
- Note 3: In symbols,
L Tlog, (q/‘!Q)
whare
L = level of kind detarminea by the kind of quantity under consideration,
measured in units of log,r
r base of logarithms and the referrnce mto
q * the quantity under consi faration
/ 9y ¢ reference quaniity of the soma kind
LT Note 4: Differenzes in the level: of twe Iike quantities q) and g are described by
the same fermula because, by the rules of logurithms, the refarence quantirty s auto=-
matizatly divided out:
log, {q) /) = leg, {3/qg) + log, (a)/a;)
C-1 "\
“/./ f ~ - - K . - - -
- /—/ "o . - -
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DECIECL
The decibel is one fenth of o bel, Thus, the decibel is @ unit of level when ihe bote
of the fogarithm is the tenth root of ten, and the quantities cancerned are properticnal
to powet,
Nate 1: Excmplas of quontities that qualify are power (any form), sound prassure
squored, particle velocity squared, sound intensity, sound-energy density, volloge
squared. Thus the decioel is g unit of sound-pressure=-squa+<d level; it is commen
practice, however; to thorten this to sound pressure level becduse ordinarily no
ambiguity results from so doing.
Nate 2: The logarithm te the base the tenth root of 10 is the same as ten times
the logarithm to the base 10: e.g., for o number X2, log)glsio X2 =10 logm)'l2 =
20 log)gX. This last relationship is the one ordinarily used ro simplify the
language in definitions of sound pressure level, ate,

SOUND PRESSURE LEVEL

The sound pressure level, in decibels, of a sound is 20 times the logarithm to the base
10 of the ratio of the pressure of this sound to tha reference pressure. The referance
pressure is «0 micronewtons per squore meter, -

ONE=-THIRD CCTAVE BAND SOUND PRESSURE LEVEL

The one«thitd octave band sound pressure lavel of a sourd for o specified frequancy
band is the sound pressure level for the sound contained within the restricted band,

SOUND LEVEL (NOQISE LEVEL)

Weighted sound prassure lavel measured by the use of a metering characteristic and
weighting A, B, or C, o+ specified in this standard, The weighting employed must be
indicated, otherwise the A-weighting is understocd. The reference pressure is 20
micranewtons per square mater {2 x 104 microbar), Unit: decibel (dB), In this report
sound level (noise level} is always d-weightad,

STATISTICAL LEVELS

Any of the statistical noise levels is given in terms of the volye of the naise level
which is exceeded for a stated parcentage of the time period during which the meosure=
ment was made, The iymbol for the noise tevel which is exceedad y percent of the
time is Ly.

The most camman measures utilized in this report are Lgg, Leg, Lgg, Ljgand Ly, which
dencte the value of the noise fevel which is exceeded 99, 90, 50, 10, ond 1 percent
of the time respectively,
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ENERGY EQUIVALENT NQISE LEVEL

The energy equivatent noise level for a stated peried is the level of o constant, or
steady state, noise which has an amount of acoustic energy equivalent to thar con=
toined In the measured noise. The symbol for the enargy equivalent neisw level is

Leq' lis mathematical definition is
t

L
- ! To
leq = 10 log;q -12—_;—1 [ 10 at

where NL is the measured noise level as a function of time and 1 ond ta denots the
times ut the beginning and ending of the maasurement period.

RESIDUAL MOISE LEVEL h

The residua! noise level is the level of the all encompassing unidentifiable noise which
remain aftar al| identifiable naises have been eliminated. For this repart Log has been
used as an estimate of the residual noise leve| when no steady state identifiohle noises

ware khown to be present. i

NOISE EXPOSURE AND NOISE LEVEL SCALES N

"Noise exposure is the integrated effect, over g given period of time, of a number of
different events of #qual or different noiie levels and durations. " The integration may
include weighting factors for the number of events during certain time periods in which
pecple are mara annoyed by noise {e.g., sleep interference by noise ot night).

The various seales for noise expsours or noise level in use throushout the world differ
according to the particular methad of integration ar summotion, time period weighting

factars, or fraquency weightings.

o

The following summarizes the essential features of and correlation between thres noise
scales currently used in the United States for noise exposure from airgraft noise, The
correlations are necessarily opproximate, but are considered valid for interrelating
avoluutions of aircraft noise exposure ot major airports sarved by current commercial
jet aircraft, The definitions used herain are not always the same as those formaliy
diven in the source references. [n all cases, however, the timplified form given here

is an sxact equivalent or valid approximation thereto,




p—

Noise Exnosure Farecast (NEF)

A method currently in wide e for making noise expcsure forecasts utilizes o perceived
naise level scale with additional corrections for the presence of pure tones. Two time
periods are used to weight the number of flights (Gallowasy, W.J, and Bishop, D, E.,
"Noise Exposure Forecasts: Evolution, Eveluation, Extensions and Land Use inrer=
pretations, " FAA-NO=-70-5, August 1970).

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

EPNL G PNL_ +10|og-£’- +F, EPNGB

20
where
F'N!.qu - maximum perceived noise level during flyover, in PNdB,
Ho ° 10 dB down duration of the perceived noise level tima histery,
in seconds,
and F = pure tone correction. Typically, F +3dB -

Community noise exposure is specified by the quantity, noise exposure farecast (NEF),
For @ given runway dnd ong or two dominant girciaft types, the total NEF fer both day=
time and nighttime operotions can be exprested approximately es:

NEF - EPNL + 10leg M - 88.0

where
EPNL : energy meon valye of EPNL for each single event ot the point In
question
Ne = (Ng ¥ 16.7Ng)  or
+ {158, + 1507 )

Nd., n, - toral number ond nverage number par hour, respectively, of flights
during the doy periad (700 to 2200.

pe Ay - the total number and avarage number per hour, respectively, of
fligh*s during the aight period 2200 to 0700.

The constant {~88.0) dB includes an arhitrary <75 scale=changing constant and
a reference numbar of daytime flights of 20, The constant 16,7 accounts for
the 10«ta=] weighting factor for Flights during the S~haur night period.
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Camposiie Nojsa Rating Method (CNR)

The original method for evaluating land use around civil airports is the compasite noise
rating (CMR). It 1s still in wide use by the Fedarcl Aviation Administration ond the
Department of Defenze for evaluating land use around airfields (Civil.Engineering
Planning and P-cgramming, "land Use Planning with Respect to Aircraft Noise, "

AFM 86=5, TM 5-385, NAVDOCKS P98, Cctober 1, 1964). This noise exposure
scele moy be exprested as follows:

The sing!e event noise lavel is expressed (without @ duration or tone correction) as
simply the maximum perceived noise level {PNLg, .. ) in PNd8,

The noise exposure in @ community is specified in terms of the compasite noise mating
{CNR), which can be axpressed opproximately os followss

CNR = PNL +10log N, - 12
‘max f

where
TNL = approximate energy mean maximum perceived noise level (PNL) at
a given point
Nf = same as defined for NEF. The ectual mathod far accounting for
the number of flights and time pariods uses discrate interval correc= p—
tion factors. These have been approximated by the use of the o
aquivalen! continuous weighted number of flights, NF'

o~

Community Noise Equivalent Level (CNEL)

The following simplified expressions are derived from the exact definitions in the repott,
"Supporting Information for the Adopted Noise Regulations for California Airports, "
They can be uted to astimate values of CNEL where ona type of aircraft and ane flight

path deminate the noise exposure level.

Single avent noise is spacified by the single event noise expasure leval (SENEL) in dB
and can bs closely approximated by:

SENEL = NLmax +10 logw - dB

whera
NLmax = maximum noise level as observed on the A scale of o slandord
sound leval meter
and
effective Hime duration of the noisa lavel (on A scale) in saconds

_.
n

eq




The effective duration is equal 1o the “"_nergy" of the integrated noise level (NL},
divided' by the maximum noise level, Ny, 1y » when both are expressed in terms f
entilags. It is approximately 1/2 of tha 10 dB down duration, which is the durution
for which the noise lavel is within 10 dB of NL ...

A measure of the average integrated noise level over ona hour is also utilized in the
proposed stondard, This is the hourly noise lever (in dB), defined as:

HNL - SENEL + 10 leg n ~ 35.6, dB

whers
| SENEL = energy mean value of SENEL for each single event,
=
| ond .
P
| n = number of flights per hour
The total noiss expasure for o doy Is specified by the community noise equivu‘lenf
level {CNEL) in dB, and may be expressed as:
."—”\} CMEL : SENEL + 10 log N, - 49.4, d8
g
where
Nc = (Nd +3N, + 10N )
| or = (lZﬁd +9'r'|'e I-‘?Or-.n)
N:I' Ed - total number and average number per hour, raspectively, of flights
during the period 0700 to 1900
Ne’ Fe : total number and average number per hour, respectively, of flights
during the pericd 1900 10 2200 '
and
Nn'Fn * total number ond average number per hour, respeciively, of flights
during the period 2200 to 0700
An alternative form of Community Neise Equivalent Level (CIN ELZ) used in Section 5.1
employed the time period weighting factor from the Noise Exposure Forecost method.
It is appraximated as;
CNELy - SENEL + 10 I-g N, - 49.4 dB
where N wos given previously for NEF calucation.
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COMPARISON ©OF COMPCSITE PATING SCALES FOR SPECIFYING COMMUNITY
NOISE EXPOSURE

'
The basjc expressions dafinad above for specifying community naise exposure are
summarized below.,
i

' y

Noise Exposure NEF = EPNL + 10 log N; - 88, d8
Forecast

Composite Naise CNR = ﬁ:ﬂ'max +10 log NF - 12, dB
Rating

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

and CNEL2 = SENEL +10log NF ~4%.4, 48
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