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1.O INTRODUCTION

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

any _nstant of time. The sound may be pleasant and desirable, or it may be dTscordant

and unwonted. In the latter case, the sound is called "no_se", which is defined s_mply

as "unwonted sound" o

I If a noise is suffioiently loud, it may _ntefere wlth one's ability to con-

verse wHh another persont disturb sleep, add to the risk of hearing damage, or other-

w_se annoy the Hstener. A nolse '_vhioh adversely affects people in this rnanner can be

considered to pollute the acoustical envlronment. Thus, noise pollution is the contam-

marion of the acousHoal env_ranment by noises which adversely affect people.

A person indoors may experience noise pollution from sources located

indoors, such as a vacuum cleaner, alr condltloner, or someone else's radio. Or, he

may experience noise pollutTon which enters the house through a closed or partially

opened wlndow from sources located outdoors, such as motorcycles, alrcraft, and

power lawnmawers. " A person outdoors is also subject to nolse pollution from outdoor

sources, ;n addlt_on to nearby _ndoor sources such as a laud radio ;n o roam with open

windows.

All aspects of no_se pollution, w_th the exception of occupatlanol nolse,

together wlth a descrlptlon of the nolse characteristics and potential nolse control for

all prlno_pal na_se sources, and a revlew of the legal status of nolse pollution are con-

talned in the Environmental Protection Agency Report/* to Congress.

This report addresses the part of the overall nolse pallutlon problem

whTch is associated w|th outdoor noise in the community. It attempts to provXde a

quantitative framework For understanding the nature of the outdoor noise envlronment

and the reaction of people and community to _ts varlous aspects. The detailed |nforma-

t|on in th_s report provldes backup to the summary materTal in the EPA repor b as well

as additional mote,Tel relevant to meanhlgful measures of the nolse envlranment for

both future communlty no_semanitorlng and research purposes.

* Superscripts refer to references at the end of thls report.



_:_ _._;_;_,_ Chapter 2 contains an introduction to the basic measures of the noise

!i_ =. : environment and the manner w_th which they vary throughout a 24-hour day at a slngl

_!,_ . +,:_: location. Chapter 3 presents the g_neral results of 24-hour no_se surveys at 1B lecatlc

'_:'r_+'_' " :':_::_ which ranged from the wilderness to the downtown city. The locations were deliberah¢

, ._+ chosen to encompass the range o£ outdoor no_se environments which affect citizens in
• their daily llfe, outside of work. The data also provide a test of the relationship amo_

_"' various measures of noise For a wide variety of noise environments.

+,+.,_ _• Chepter 4 d_scussesthe nature o_ some of the constant and intermittent

-+,:,.,;b::' intruding sounds which are common in our societyr and the constraints that these

intruding no]ses place on speech communication and other human activities. Chapter 5

discusses annoyance and community reaction to nolsez developing a useful correlation

between physical measures of an inlrudlng no_se_ related factors_ and communlty

reaction. Chapter 6 discusses the growth of noise pollution over the past two decades_

and Chapter 7 contains summary conclusions and recommendations.

Appendix A g_ves a detailed summary of the data obtained at the

18 locations surveyed. Appendix B gives typical examples of the spectra of the

_ntrudlng noises and Appendix C contains a glossary o_ terms.

+ + - , . ; .
I, • ;j_,_4JJ,.m._¢,_++.+__._._.__ _+_,_+ +̧`-_+_' ''r _ _ +



2.0 DESCRIPTION OF THE OUTDOOR NOISE ENVIRONMENT

The description of community noise and its degree of noise pal lution

J requires description of all the noises in the outdoor acoustical environment. The out-

J door noise environment varies greatly in magnitude and character among various loca-tions throughout a community - from the quiet suburban areas bordering on farm land to

the din of traffic in the downtown city canyon. It generally varies with time of day in

l each IoeatTon_ being relatively quiet at night when people-activities are at a minhnum

and noisier in the late afternoon during the 5 o'clock traffic rush. Its effects may be

l experienced by people either in or out of doors. Thus, the task of describing community
noise is to determine the tlme and location variations in the outdoor noise environment

I throughout the community in such a manner that the descriptions are relevant to its

effects on people, located either indoors or outdoors. This chapter reviews the basict
and stetlstieal descriptions of the time variation of the outdoor environment at a

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

with location.

2.1 Basic Physical Description

A complete physical description of" a sound must account Far its frequency

spectrum0 its overall sound pressure level, and the variation of both of these quantities

wlth tlme. Because it is awkward to present and understand data which have three

dimensions, considerable effort has been expended during the last 50 years to develop
2

scales which reduce the number of these dimensions.

Host of the effort has been focused on combining measuresof the frequency

content and overall level _nto o quantity proportional to the magnitude of the

sound as heard by a person. The s_mplest approach found to date is to electronically

weight the amplitudes of the various frequencies approximately _n eecordance wlth a

person's hearing sensiHvlty and sum the resulting weighted spectrum to obtain a single

number. "fhrs method is illustrated in F_gure 1 for the A-welghting contained in a

sound level meter. 3 The A-welghtlng has been available in sound level meters since

the late 1930's and has been utilized extensively for measurement of all types of sounds.

3
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Because the A-weighting is not a perfect solution For the accounting of"

man's perception of the frequency charaater_stlcs of a sound, many other scales have

been developed which attempt to better quantify "loudness" and/or "nols_ness."4-9

One of these, the tone-corrected perceived noise level, 9 better accounts for the ear's

frequency response function, and also has the ability to differentiate between no_ses

I which are broadband random (roar) _n nature and those which conlain high frequencypure tones (siren), penalizing the latter. For most sounds, the perceived noise level

exceeds the A-welghted no_se level by 13 dB, the drfferences typlaally ranging

between 1 ] and 17 dB, depending prlmar_ly upon the amount of the correct|on for pure
• tones.9, ! 0, ] ] Because the perceived no_se level scale is somewhat more exact than

[ the A-welghting _n relating the physical characteristics of a sound to perceived no_sl-

I ness, particularly for aircraft noises, it has become a major element _n the no_se scale
used for certifying aircraft. ] 2, ]3

The lone-corrected peree!ved noise level scale and the better loudness

summations require complex measurement instrumentation and data analysis to define a

sound. Therefore, they have found little application in the measurement of outdoor

noise in the community, where the simple A-welghted sound level meter appears to

' serve the purpose quite adequately. Accordingly, the A-weighting is the prlnc|pal

measure of the magnitude of sound used in th_s report, accounting For both spectrum and

overall level.

To complete the description of the outdoor noise environment at a specific

Ioeat$on, it _snecessary to account for the temporal pattern of the A-weighted noise

level. The temporal pattern _smost easily observed on a continuous graphic level

recording, such as the two 8-mlnute samples illustrated in Figure 2.

'/'he first striking feature of these two samples is that the noise level varies

with time over a range of 33 dB, wh$ch is greater than an elght-fold range of noisiness.

The second major feature of the samples is that the noise appears to be

characterized by a fairly steady lower level upon which is superimposed the increased

levels associated with discrete single events. This fairly constant lower level is called

i
!

5
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the residual noise level. The continuous no_se one hears in the backyard at night when

no s_ngle source can be [denfifled t and which seems to come from "all aroundt" is an

example of resldua1 noise. D[stlnct sounds which are superimposed on the resldual noise

level, such as the aircraft overflight, cars, and dogs barking (Figure 2) can be classl-

F_edas inhuslve no_ses.

The third Feature in these two samples is the difference _n the noise level -

t_me patterns among the various sounds. The noise level of the aircraft in this example

is above that of the residual noise level for approximately 80 seconds, whereas the noise

levels from the cars passing by on the street are above the residual noise level for much
shorter durations which range between about 5 and 20 seconds. Clearlyt _f the no_se

J
I associated with these single events were oFsufflc_ent magnffude to intrude on an indl-

v_duol_s acHvltles- eonversaHonr th_nklng t watching tefevls_on tet cetera- the dura-
Hen Factor might be expected to aFFect his degree of annoyance. Simrlarly r it might

be antlc."pated thai the number of times such an event recurred also would affect his

|P degree of annoyance.
The wealth oF detailed data contained in continuous recordings of this type

is further illustrated in I:igure 3 by the half-hour samples taken at the beglnnlng of each

hour From M_dn_ght to 10:00 a.m. This example shows both the short time variations

assoeFated wlth s_ngleevent noises and the longer Hme changes h_ the level, as well as

_n the characteristics oF the temporal patterns. The residual noise level decreases From

appmxlmately 40 dB(A) at Midnight to 30 dB(A) between 4:00 a.m. and 6:00 a.m.t and

then increases to about 42 dBIA) at 10:00 a.m. AircraFt noise is generally absent

between Midn_ght and 7:00 a.m.s after which it becomes the dominant _ntruslve noise.

Local vehlofe traffic _sgenerally less frequent in the 1:00 a.m. to 7:00 a.m. perlod_

after the teenagers have returned home for the nrght and prior to the adults starting to

drive to work. i :
The data from these continuous noise recordings is very instruoHve in under-

standing the nature of the outdoor nolse envlronment at any neighborhood location,

However, to quantlfy on outdoor noise environment at one location so that _t can be

7
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compared with that at others, it is necessary to simplify its description by eliminating

_ht much of the temporal detail. One way of accomplishing this simplification is to

measure the value of the residual noise level and the values of the maximum noise

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

simple sound level meter or the continuous graphic level recording of its output.

Another method of quantifying the noise environment is to determine file statistical

.m. _ properties of the noise level by attaching a statistical analyzer on the output of the

sound level meter. These methods. For simplifying the third dimension of: the noise

environment will be illustrated in the next section.

2.2 Statistical Description

A statistical analysis of the noise level gives the percentage of total time

m. that the value of the noise level is Found between any two set limits. Such data can

be presented directly in the Formof histograms, or be used to obtain a cumulative distri-

bution in terms of the "level exceeded For a stated percentage of time." For the sample
.m.

statistical distribution of Table l, the noise level exceeds 60dB(A) For 1 percent of the

hour, 55riB(A) Far 10percent of the hourr 50dB(A) For 50 percent of the hour, and 45 dB(A)

m.: For 90 percent of the hour. These noise levels are abbreviated symbolically as L1, L10,

kS0 and L90 , respectively.
1

i Table1

' Example of Statistical Distribution of Outdoor Noise Analyzed
: in Intervals of 5 dB Widthsi

Cumulatlve
7

: Interval in Percent of Percent of
dB(A) Total Time Total Time

61 through 65 1 1

56 through 60 9 10

51 through 55 40 50

46 through 50 40 90

41 through 45 10 100



, _f _ _'_ _ _. ,_¢_,¢_: Histograms and cumulative distribution For the noise levels are given in

_,;! Figure 4 for two hours of the datat illustrated previously in Figure 3. The histegra_

ii,._.:::_.[ For the hour Between 5:00 a.m. and 6:00 a.m. is almost symmetrical, indicating a
i7:_ :_:_ gaussian or normal distribution. Heweverr the histogram for the hour between 8:00

i , and 9:00 a.m. is very non-symmetrical_ indicating a skewed non-gaussian dlstributi

This skewed distribution between 8:00 a.m. and 9:00 a.m° is the result of the large

i ' centage of time during which noise was present from aircraft overflights°

t•2!_:_!)?"_"!._, Both the direct reading and the statistical methods have been applied tc
! 24-hour recording of the outdoor noise level at a suburban residential location. Th

variation of the hourly_ and the clay (7:00 a.m. - 7:00 p.m.), evening (7:00 p.m. -

10:00 p°m.) and nighttime (10:00 p.m. - 7:00 a.m.) values of various statistical

measures_ together with the minimum and maximum values read from a continuous

reaordingr are summarized in Figure 5.

For purposes of this report, the level exceeded 90 percent of the time

(L90) was selected as an approxlmate measure of the residual noise level when there

were no identifiable steady-state or frequent recurring single event noises present.

_l illustrated in Figure 5_ the hourly values of LgO compare favorably with the hourlyi
"- values of the resldual noise levels read Fromgraphic level recordings t which in turn

generally compare well with the average mln_mum values obtained when reading a

sound level meter.

The median noise level (Lso) is a useful measure of the "average" noise

environment in the sense that one-half" of the time it is quieter and one-half of the I

it is na_sler than L50. Both L]O and k 1 are often used to represent the hlgher-level

shorter-duratlon sounds. However, as shown in the example of Figure 5, the maxlm_

no_se levels in an hour are often much greater than the highest stal_sHcal measure

(L1) which was used in the analysls_ hrdleating that these maximum nelse levels oco_

for less than 1 percent of the time during the period analyzed.

The dashed llne in Figure 5_ labeled Leq_ is the energy equivalent nois_

level (Leq) which accounts for both the duration and the magnitude of all the sounds

occurring in the time period. Its value equals that oFe steady-state noise which has th,

10
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H*

(_ same energy during the period analyzed as that of the actual Hme-varying noise. The

energy equivalent noise level _sone of the most important measures of fl_e outdoor

"_ noise environment for the purpose of correlating noise and community reaction..u
4: All of the statistical measures in Figure 5 show the typical daytlme-night-

o tlme variation in noise level, hi this example_ the residual noise level drops sharplyt--
•. a

_-¢_ after midnight reaching a m;nlmum value between 4:00 a.m. and 5:00 a.m., and

o , r_ses between 6:00 a.m. and 8:00 a.m. to its almost constant daytime value. Th_s time

_: • varlat_on of the noise is generally well correlated wlth the amount of human activity,

g>,,'_ and particularly with the amount of vehicular traffic, which is generally considered

.u i to be the basic source of the residual noise level in urban areas.

+ These statlstlcal measures simplify the problem of quantifying the outdoor
o _ noise level and will be used in thls report to compare the outdoor noise environments

in various places. However, they must be supplemented by other observations ifone is

to understand anything of the character of the outdoor noise environment beyond the

, simple statistics of the noise levels. Further, they may be misleading _f the character

I '_, of the noise envh'enment changes s_gn_FfcantIy w/thln the period analyzed statistically.

._ The values of the statistical quantlt_es g_ven far the day, evening and n_ght '
2_ periods _n Figure 5 represent the arithmetic average of the hourly values measured

during each period. The average of the hourly values of any one of the statisticalquantities during o period should be equal to the value computed dlrectly From

the ensemble of the data For the entire period if the characteristics of the noise remain

constant (or stationary) during the period. However, if the characteristics change

_i within the perlod r these two methods of calculation may yield different answers.

i_I Table 2 gives the magnitude of the differences between these two

calculation methods. Only small differences occurred during the day and evening periods,

ind;eatlng that the noise characteristics ore relatively stationary within each of these

: periods. However, larger differences of the order (_f 3 to 5 dB are Found for the Lg0

and L10 values in the night and 24-hour pefTiods, indleating the noise level character-

istics are non-statlonary. These indications are confirmed'by inspection of Figure 5

13
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I* '_;_:_: which shows that the noise has a stgnTficontly lower level in the hours between 1

!: !i:i_'_ and 7:00 a. m.
k :

Table 2

' Example of the Variat|on _n the Statistical Measures of Outdoor No|se
:+. Level for Several Periods in a 24-Hour Day, as a

_"_':" Function of CafculaHon Technique
for the Data of" Figure 5

Variable Day Eve Night 24-Hot

Hourly Mean* 41.9 41.8 34.9 39.3
L90 PeHodValue** 4] .6 41.8 32.0 33.9

; & 0.3 0.0 2.9 5.4

Hourly Mean 46.8 44.8 38. l 43.3
i ! '' L50 Period Value 47.1 44.8 37.6 44.3
I i,,

: & -0.3 0.0 0.5 -1.0

: Hourly Mean 57.4 52.1 44.7 52.0
LIO Period Value 58.2 52.3 47.4 54.7

Z_ -0.8 -0.2 -2.7 -2.7

+ ....

_._:i * Hourly Mean is the arithmetic mean of the hourly values.
• * Period Value is calculated f'rom the staHsfical ensemble f'or the

entire period.

A second [nd3catlon of a d[ff,erence in the character of the varlous tlr

periods is given by their distributions in Figure 6. The bt-modal dtstrlbutlons for L

n_ght and 24-hour time periods results from the many hours of relatively low value

during the night. Clearly, "nlghttlme," as far as the.qu3et noise environment is c

cerned in this particular example, occurred between approximately !:00 a.m. on_

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

14



Day (7:00 a.m. - 7:00 p.m.) Evening (7:00 p.m. - 10:00 p.m.)

! I
I00 --- 100
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100 .... _ 100 .... ,

80 _' _"
,, aol ",,, :,

60 \ 60!

20 _ 20

=" 0 -m.....I I I I I I I
' : 20 30 40 50 60 70 80 20 30 40 50 60 70 80

A-Welghted Noise Level in dB re 20 p.N/m 2

Figure 6. Histogram and Cumulative Distribution of the Noise Levels of
Figure 5 Throughout the Day
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_,:_i._<_;;_ As shown in Table 2, the diFFerences in celculatlon method affect the

, i:-. This is as would be expected, slnce a s_gn;flcant change for only 10 percent of the

!..':_:. flme during a perlad is required to afl'ect the former twe quantities. Obviously, me

extreme measures, such as L1 and L99 r would be even more sens;Hve to changes in

._i:..'_ the character of the noise.

This dlscuss_on clearly indicates the danger in applying statlsHcal anal>

to non-statlonary noise envlronments_ in that the results obtained For one envlranmc
i

may or may not afford a valid comparison to those obtained _n another environment,

depend;n9 on how staHonary each env;ronment is. To m_n_m;ze the problem and prc

a consistent approach in this report, aH period values have been calcu}ated b/aver,

the hourly values, except where noted. Secondly, the principal deF_niHon of outdo

noise at various IocaHons emphasjzes the dayHme noise charaeterlsHcs which tend tc

more stationary in character than the noise in other periods.

_ 16
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3°0 RANGE OF OUTDOOR NOISE ENVIRONMENTS

In order to define For this report the range of outdoor nolse environments

encountered by people in their normal actlvlties, a serles of" 24-hour outdoor noise

recordlngs was mode at each of" eighteen (18) sites. Th_sexploratory measurement sur-

vey was planned to sample noises in all types of locations t fl'om the wilderness to the

downtown a_ty_ w_th major emphas_s in the suburban and urban resldentlal areas t and to

include examples of some of today's more slgnificant noise pollution problems. Thusr

the survey presents a prellmlnary cross-sectlon of. the no_se envlronment; but since it

was not designed to be weighted by population denslty t it cannot glve a true statistical

m picture of the noise environment in terms of a national baseline. Thls chapter describes

the general results of the survey in terms of the varlat_on of. several statistical measures

of the noise environment with both location and time of day_ and discusses the _nter-

relatlonsh_ps among some of these measures. A detailed summary of the measurement

s_tes and data together wlth the survey _nstrumentatlon ore given in Appendix A.

3.1 Variation of Outdoor No_se Environment with Location

The range of daytime outdoor noise levels at the 18 locations is presented

in Figure 7. The Iocat$ons are Hsted from top to bottom of the f.lgure in descending

order o6 thelr daytlme resldual nolse levels (Lg0). The noisiest Iocatlon_ whlch is out-

s_deof a 3rd floor apartment overlooklng an 8-lane freeway_ Fsat the top of the Hst

with its daytlme residual noise level of 77 dB(A). The rural f.arm is next to the bottom

of the Hst with its daytlme resldual nolse level of. 33 dB(A).

Thls d_f.ference of"44 dB in the resSdual no_se levels of these two locations

aonstltutes a large range tn no_se climate. Its magnitude clearly implies that all clt_zens

do not enjoy the same "quality" tn their no_se envlronment. In fact, the owner of the

3rd floor apartment near the freeway has trouble keeping the apartment rented for more

than a month to any one tenant. His problem is not surprrslng n slnce the outdoor nolse

level is sufficlently hlgh to render normal speech communlcatlon d_Fficult indoors_ even

when the windows are closed.

17
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E Popular Beach on Pacific Ocean I _-_ I
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J Urban Residential I I=_-_-._': _s r

K Urban Residential Near Small Airport I t---di_ = : -_ I Aircraft Takeoff

L Old Residential Near City Center -.J _=-_,dk_--__-E _1

M Suburban Resfdenfial at City Outskirts L.J-- _1 _- _;:_:1 -- A_rcraft Overflight

N Small Town Residential Cul-de-Sac i _--_----:_1 I

0 Small Town Res_dentlal Mah_ Street i [_-----_ _- _ _1 I Ma_n Streel Traffic

P Suburban Residential in Hill Canyon I I :_ ........ =1 Canyon TraFfic

Q Farm in Valley .l _:_1_==_ I I

I
R Grand Canyon i _=_.=_k-::_._:=_:_-_ S_ghtseemg Atrcraft L

(North Rim) 80 Percent "
of Data
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The Grand Canyon measurement was made on the north rim, at a remote

camping s_te. Its outdoor daytime residual noise leveJ (L90) oF 16 riB(A) is near the

internal no_se threshold oF the field measurement system and should be representative of

the quietest locations in this country• The difference between this extremely Jaw

residual noise level and the much higher no_se levels in the city is representative of the

contribution oF man and machine to the outdoor noise environment.

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

The order in which the locations are presented is the some as that used _n Figure 7.

i However, unlike the data in Figure 7, where the L90 values increase monotonlcally

From bottom to top, same irregularity can be seen among adjacent Lg0 values in Figures7 and 8. Th_s irregularlty indicates that the magnitude oF the variation of the noise

with t_me throughout a 24-hour period _sdifferent at different locations.

The magnitudes of the variation in the L90, k50 and L10 values for day,
evenh_9 and night are presented }n F_gures 10 through 12. At two Joaat_ons in Figure 10,

both the evening and the n_ghttlme values of the residual noise (oval exceed the daytime
^

•' values because of crickets. At local;on P, which was _na quiet res_dentral hillside

canyon, the noise from the crickets was the domlnant feature in the noise environment

From 8:00 p.m. to 6:00 a.m. At the Grand Canyon, the crickets were of primary

significance in the evening and early nrghtl'rme.

' I For the remainder of locations, except downtown Los Angeles, the evenlng

no_se levels were approximately equal to the daytime values, whereas the nighttime

values were s_gnfflcantly lower• In downtown Los Angeles, the noise drops considerably

in the evening, after commercial activity ceases.

As shown in these figures, the no_se environments in city lacatlons (e.g.,

downtown Los Angeles, tenement _n New York, apartment adjacent I'o freeway and

urban shopprng center) are distinctly higher _n level than are those _n the suburban and

urban residential areas. In this small sample of measurement locations, the average

residual and rned_on no_se levels ore over 20 dB greater at the city locations then in the

detached res_den._al housing areas in both daytime and n_ghttime, as seen ;n the com-

porlsons in the first two columns of Table 3.
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Figure 9. N[ghtHme Outdoor Noise Levels Found in 18 Locations Ranging Between the WHderness and the Downtown City_
with Significant 1ntrudlng Sources Noted. Data are Arithmetic Averages of" the 9 Hourly Values in the
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99_ 90_ 50, 10 and 1 Percent of the Time

"1111rl i .... , ..... i , I ,i ...........



I0 20 30 40 50 60 70 80 90
I L I I I I I

LOCATION

A 3rd Floor Apartment, next to Freeway I _I_

B 3rd Floor Hi-Rise, Downtown LosAngeles _t

C 2rid Floor Tenement, New york City J

D Urban Shopping Center I _1_

E Popular Beach on Pacific Ocean I I_

F Urban Residential Near Major Airport I

G Urban Residential Near Ocean _

H Urban Residential 6 ml. to Major Airport I I_

l Suburban Residential Near R/R Tracks &

3 Urban Residential _

K Urban Residential Near Small Airport _ _k

L Old Residential Near City Center

M Suburban Residential at City Outskirts ' &i

N Small Town Residential Cul-de-Sac _

0 Small Town Residential Main Street ' &_

P Suburban ResidenHal in HHI Canyon r "_ _ _ Crickets Evening

Q Farm InValley I I _ _ I

R Grand Canyon, North Rim _ _ Crickets Night Day
EveMng

Day Night

I I I I [ I I [ I
10 20 30 40 50 60 70 80 90

' ,,, • ,, , _i , ' .... I_ .Ir_r,, _ .t_F/. 2



-- - ...... r.....

10 20 30 40 50 60 70 go 90
t I I I I I I I I

LOCATION

A 3rd Floor Apartment, next to Freeway I _l

B 3rd Floor Hi-Rise, Downtown LosAngeles I _ I

C 2nd Floor Tenement, New york City I

D Urban Shopping Center , 61

F. Popular Beach on Pacific Ocean i I

F Urban ResidentTa[ Near Major Airport l ]

G Urban Residential Near Ocean i

H Urban Residential 6 ml. to Major A_rport [__J

I Suburban Residential Near R/R Tracks J 4k J

J Urban ResidenHal I .3 ,_

K Urban Resld0ntlol Near Small Airport r . &'

i k Old Residential Near City Center r"-t_

M Suburban Residential at City Outskirts _ 4k ]

N Small Town Residential Cul-de-Sac I '_

0 Small Town ResldentTal Main Street .i-,-- . J

P Suburban Residential in HHI Canyon r--1 _ Cr;ckets Evening

Q Farm in Volley I '_ r .. _t '}
Night Day

R Grand Conyont North Rim I '1 _ CHckets

I I I I T . I. I I I ..
10 20 30 40 50 60 70 80 90

A-WeTghted Noise Level ;n dB re 20 pN/m 2

F;gure 11. Median Outdoor Noise Level (L=_n)For Dayt Evening and NightHme For
T8 Locations Ranging Between the WT[derness and the Downtown C_ty
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Table 3

Comparison of Averdge DayHme and NightHme Oul'door No_se Levels _n C_ty and Detached Housing
Res_denHal Areas. Data are Averages oF HouHy Values During ]ndlcoted Period.

DiFference Between
' tAverage DayHme Average N[ghtHme Day and Nrgh

(7AM-7 PM) (10PM-7AM)
Standard
Devratlon

AHthmeHe Standard ArlthrneHa Standard Average oF
Range Mean DevlaHon Range Mean DevlaHon Difference Difference

General Category dB(A) dB(A) dB dB(A) dB(A) dB dB dB

Residual Noise Level (L90)

C;ty 61 to 69.1 6.1 I 51 to I 60.B 6.3 8.3 2.1

L I

(4 Loeatlons) 77 69
_t

|

Suburban anal Urban 38 to I 4.5.6 4,6 35 to 39.8 4.1 5,8 3.6

Detached Housing I 53 I 46

Res_dentlal
(I I Locations)

Median No'lse Level (L50)

City 64 to 73,0 6.23 55 to 65.5 7.2 7.5 I 3.0

i

(4 LocaHons) 80 75 I
Suburban and Urban 44 to 50.9 4.1 38 to 44.2 4.3 6.7 2.6
Detached Housing 59 50
Res_denHoi
(11 Locations)



The average of the differences between the daytime and nighttime resi

noise levels at each of the 11 locations in the residential areas is 5.8 dB_ slightly lc

than the 8.3 dB difference for the 4 city locations. However, in Table 4, a slmHar

!:_'__i comparison of" the d_fferences between the maximum daytime and mlnlmum nighttimet

I residual noise levels showed a d_fference of ]3 dB, averaged over the same ] ] resldc

,-..l'_"_' locations, and 15.2 dB for the city locations. This latter comparison between maxl

li!_i_ '_'i and minimum levels gives full weight to the nighttime which illu
"quiet" period was

• . H
trated in the Figure 5 example of o "normal suburban resldenhal neighborhood.

'_i" _ The average value of the daytime residual noise level in res_dentlal a_

I,. ,_ was 45.6 dB(A) for this limited survey. This value lles on the borderline bet,

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

"urban residential" areas, as given in Table 5. Since the qualitative desarlptlons o

these I ] residential locations included four descriptive categories which ranged fron

'}i:_; "quiet suburban residential" to "no_sy urban res_dentlalr" it is not surprising that th

overage residual noise level for these locations is close to the average of the four

categories in Table 5.

3.2 Relatlonsh_ps Among Various Measures of the A-Weighted Noise Leve'

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

describe the outdoor no_seenvlronment.14-22 In general, these methods are relah

:;'¢ to the type of instrumentation utiffzed for measurement, the purpose of the measure-

rnents, and someHmes to the tlme-varyhlg charaelerlstlcs of the noise which is meas

The degree of sophistication of the instrumentation ranges from the simple sound lev

meter, which is read directly by eye, to a complex system involving computer anab

of the statistics of the noise levels. The duration of the noise samples utilized for

measurement has varied greatly, generally being relatively short for direct reading.

sound level meters and sometimes almost continuous for graphic level or tape-recorc

systems. ObvZouslyt the reported results are influenced by the methods employed t

obtain the data. Some indication of the degree of this _nfluence can be obtained f

the results of this surveyt which include a wide variety of types of environments.
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Table 4

Comparison of" Maximum DaytFme and Minimum Nighttime Hourly Outdoor No_se LeveJs in CHy
and _n Detached Housing Res_denHal Areas

I D_fferenceBetween
Maximum DayHme M_n_mum N|ghtt_me Day and Night
Hour 0700 - 1900 Hour 2200 - 0700 Standard

Deviation
Arithmetic Standard Ar_thmeHo Standard Mean of

Range Mean Dev_aHon Range Mean Dev_aHon D_fFerence Dif'ferenae
General Category IdBA) (dBA) (dB) (dBA (dBA) (dB) (dB) (dB)

Res}dual Noise Level (L90)

City 62 to 71 6.9 47 to 56 5.6 15 2,7

,_ (4 Locations) 79 59

Suburban and Urban 42 to 49 4.3 27 to 35 5.5 13 4.4
Detached Housing 56 42
Residential
(11 Locations)

Median No_se Level (Lso)

City 66 to 76 7.2 51 to 62 7.1 14- 4.0
(4 Locations) 83 70

Suburban and Urban 46 to 55 4.1 31 to 39 5.3 16 4.0
Detached l"lous_ng 61 46
ResidenHal
(11 Locaffons)

'_'_'_'_¢,._,,_;*s_,_._,_ __.b_ ___ _._,___._ _:_,_ _.._,,.. _ ___ _._.r_:, e,,_ _,_,,_ __ ,_._., _._*_ _. _. :_ _'_ ,_,_.: __ J,_,
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Table 5

Qualitative Descriptors of' Urban and Suburban Detached 14ous_ng

t_i':,.": Residential Areas and Approximate Daytime Residual Noise Level (L90).
T_ Add 5 dB to These Values to Estimate the Approximate

Value of' the Median No_se Level (L50).

'_' Daytime Residual Noise Level in dB(A__

DescHptTon T Toal Ranqe

Quiet Suburban ResTdenfial 36 to 40 inalusTve 38

Normal Suburban Res_denHal _,] ro 45 inclusive 43

Urban ResldenHal 46 to 50 _ncluslve 48

Noisy Urban Resldenfial 51 to 55 inclusive 53
q,

": Very NoTsy Urban Res_denHal 56 to 60 _naluslve 58

i.

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

residual level read From the graphic level recording and the lower two statistical

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

levels end tile upper two statistical measures, L10 and LI . The mean difference and

standard deviation for each of tile Four comparisons is tabulated by location in Table 6.

I The reslduaI level for these data, as read on tile graphic level recorder,

i averages approximately 0.9 dB below the L90 value and about 1.3 dB above the L99
value, wlth o standard deviation of about 2 dB in both cases. These results indicate

that L90 is a reasonable choice for resldual noise level, although an intermediate value

between L90 and L99, such as L95 , might be sllghtly better.

The results For the maximum noise level comparison indicate that L10

underestimates the maximum noise level by over 17 dB and L] underestimates it by
about 9 dB.

The actual mean magnitudes of the underestimation of kl0 range From
approximately 9 to 30 dB, with a standard deviation of 7.6 dB for all of the 432 hourly

samples, The range for the underestlmatlons of L1 is from approxlmately 4 to 14 riB,

wlth a standard devlatlan of 4.8 dB. Clearly, LI0 is a poor estimator of the maximum

noise level at almost all locations, and LI, although o much better estimator, cannot
be considered accurate. Thus, whereas the residual noise is estimated wlth reasonable

accuracy by a statistical measure between L90 and L99 , the maximum noise level is
not estimated wlth equal accuracy by an equivalent 5tatistical measure for higher

levels. To obtain accuracy wlth the latter staHstical measures, it would be necessary

to consider levels which are exceeded 0. ] percent and 0.01 percent of the tlme.

Table 7 presents a similar comparison between differences between the

arithmetic mean and the median (Ls0). The results show excellent eansistency between
these two measures of the central tendency of the noise levelt wlth the arithmetic mean

averaging 0.78 dB greater than LS0, wlth a standard deviation for the 432 samples of
0.8 dB.
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Table 6

Comparison of the Mean and Standard Devlatlon of" the 24 Hourly D_Fferences
Between Graphic Level Recorder and Statistical Measures of'_he Residual and

Maximum Noise Levels at Each oF 18 Locations

,;,:_, Residual Noise Level Comparison Maximum NoTse Level Compar_so_
, in dB in clB

!,: i: 24 Hour 24 Houl 24 Hour !24 Hour

,;_!._._,i! Mean Mean Mean Mean

_i_ LocaHon RL-L99 CrRL_L99 RL-L90 :_RL_L90 ML-L10 aML_L10 ML-L _ML-L

_, A -0.85 2.60 -3.94 4.65 9.70 3.09 5.08 2.62

8 -0.15 2.56 -2.44 1,90 9.48 4.52 3.77 2.97

C 2.05 1.19 -1.50 1.16 17.62 4.96 11.04 4.14

D 1.75 1.65 O.17 1.35 13.50 5.45 9.28 4.78

E 1.87 1.24 -1.20 0.51 12.68 3.97 8.07 3.39
!'%

F 2.28 1.24 -0.50 1.55 30.20 8.88 8.78 3.87

G -2.33 1.37 -3.41 1.89 10.40 3.39 4.10 3.45

i H 2.18 1.26 -0.44 1.29 14.75 2.45 6.66 2.07

l 1.0_ 1.10 -1.68 1.17 21.78 6.12 10.87 4.21

J 1.51 0.98 0.28 1.11 16.15 5.02 7.85 3.61

K 1.68 1.20 -0.19 0.84 24.65 6.16 10.36 4.18

L 1.62 1.20 -0.35 1.19 18.61 3.51 10.42 3.19

M 2.08 1.29 0.29 1.07 22.41 7.00 12.26 5.87

N 1.99 1.21 0.37 0.66 23.02 5,66 14.32 5.19

O 1.79 1.42 -0.90 1.94 19.51 5.37 9.73 3.70

P 2.21 1.81 -0.401 2.57 19.24 3.90 11.35 3.0?

Q 2.01 1.65 -0.10 1.10 16.65 4.37 9.24 4.86

R 1°28 1.56 -0.39 2.37 18.68 8.70 7.20 4.90

Average
All 1.33 1.95 -0.91 2.19 17.73 7.63 8.91 4.8_

I.ocattons

¢t

**Resldual Noise Level Read From Graphic Level Recordings _sabbreviated RL
Maximum Noise Level Read from Graphic Level Recordings is abbreviated ML

3O



Table 7

Comparlson of the Mean and Standard Deviation of the 24 Hourly
Differences Between the Arithmetic Mean and the Median L50

Measures of the Outdoor Noise Level in dB

Mean* Standard Mean* Standard
Location Difference Deviation Location Difference Deviation

A 0.09 0.31 .J 0.78 0.51

B 0.40 .0.45 K 1.01 0.59

C 0.18 0.27 L 0.49 0.32

D 0.32 0.24 M 1.28 0.57

E 0.48 0.26 N 0.58 0,31

F 2.68 0.66 O 0.98 0.67

G 0.66 0.51 P 0.80 0.91

H 0.90 0.39 Q 0.53 0.47

I 0.61 0.57 R 1,22 1.21

Ik

,, Composite of A through R 0,78 0.80
4_

Mean of" 24 Values of" (Ar;thmetic Mean - L50).

The d_fference between averaging hourly values of the various statlst_cal

measures throughout a per;od and computing the same values From the ensemble of all

data obtained during the per'od was d'scussed "n Sectron 2.2 For an example at one

location. A comparison of the 24-hour period results For the 18 locations, presented in

Figures 13 and 14, shows that significant differences exist at most Iocatrons between the

two methods of computation, The differences are greatest For the lower level statistical

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

From 2 to I0 d8 less than the value computed by averaging the 24 hourly values,

One of the mast important dae;s;ons ;n des;gn;ng surveys of the outdoor

noise environment is the choice of sampl'ng technique. This Factor is one of the greatest

r
J
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!0 20 30 40 50 60 70 ,,80 90
I F i I I I I I i

LOCATION

A 3rd Floor Apartment, nexP to Freeway J, F _" %_'_.... I

8 3rd Floor Hi-Rise, Downtown LosAngeles __1

C 2nd Floor Tenement, New York C_ty _ _......... 4i_.--._1 I

D Urban Shopping Center , _.- '-_ ...... , ,

E Popular Beach on Pacific Ocean _,, _"'_. --'-'_,_ I

F Urban ResidenHal Near Major A_rport ] .... _:_&,-_= ........ _._J' A_rcraft Londin_ I

O Urban Residential Near Ocean , _.:i.:,_. ............

H Urban ResidenHa_ 6 mi. to Major A_rport I ...... ._"__..... r,r, r

] Suburban Residential Near Pv/RTracks r--,= '.'.._--_-_'....._--"

d Urban Res_denHal , c; ;, ._. :-._:_., I

K Urban Residential Near Small A_rport I ,_--4G...... , , Aircraft Takeoff

k Old Residentla_ Near City Center _ "/

M Suburban Residential at City Outskirts [., F_;_ ...... --'_L. "' I" Aircraft Overflight

N Small Town Residential Cul-de-Sac I 'l_--_&_-_-'_;I I

0 Small Town 'Residential Maln Street t" _.._._.k_._ ,_-_.=_r_ I Ma_n Street Traffic ,

P Suburban Residential _nHill Canyon i ,_-_:_lk;:_:;_;_=_ r 'Canyon Traffic

Q Farm Valley --_-, =.-_-_-- Legend: J

R Grand Canyon, North Rim r' =¢_=_,=_'_."_-_.'.... i Sightseeing Aircraft _) 80 Percent I" I

L99 L90 L50 LIO L1 J

I I I ,1 I I ,I I I

}0 20 30 40 50 60 270 80 90
A-Weighted Outdoor Noise Level in dR re 20 1_N/m
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lo 20 so 40 so 60 70 Be 90
f I J J I L g I

LOCATION

A 3rd FloorApartment, next toFreeway I r_ ......_ .....J I

B 3rd FloorHi-Rise,Downtown LosAngeles i [- :_ ": .........i i

C 2nd Floor Tenement, New York City I _i ..... _ " -_1 I

D Urban Shopping Center I i::: : ; _ ....... I i

E Popular Beach on Pacific Ocean F- .... _t , I I
Aircraft Landin_

F Urban Resldentfal Near Maior Airport I I............_ ..................._-i I

I G Urban Residential Near Ocean I I........ _t ...... :..... I

H Urban Residential 6 ml. to Major Airport I I _........ _ -_ :"_-- :_1 I

I Suburban Residential Near R/R Tracks I r........ ---:_& "_,_--_-_.

d Urban Res_dential I D_:-.: ::_1_.......... I

K Urban Residential Near Small Airport I J_,, , : _- • "l I Aircraft Takeoff

L Old Residential Near City Center r L._ .!,ll, _ ._: :-_

M Suburban Residential at City Outskirts J I..,_, ,, .__ . ,-: _--_-J Aircraft Overflight

N Small Town Residential Cul-de-Sac [ r,_,_ : ,_ ......... I J

O Small Town Residential Main Street I I_ ._'._'"'_ :'_--'_..----_I Main Street Traffic

P Suburban Residential in Hill Canyon I _,*,._--,.-. ............_,. -- _,-=_'-_-_s Canyon Traffic

Q Farm in Valley ( I............... '_ ......... :'=t I Legend:

R Grand Canyon. NorthR,m,_¢'._'_'_=.-:_-_.=,_,-- ..... ,- SIghtseeing Aircraft -- -_ 80 Percent F--ofData

L99 L90 ks0 LI0 LI

I i J I I I I I I

10 20 30 40 50 60 HN/m270 80 90A-Welghted Outdoor Noise Level in dB re 20

Figure 14. 24-Hour Outdoor Noise Levels Found in 18 Locatlans Ranging Between the Wilderness and the Downtown City,
with Significant intruding Sources Noted. Data are the Levels Which are Exceeded 99, 90, 50,

10 and 1 Percent of the Time From the 24-Hour Ensemble



variables among past eo_sesurveys and may have s[gnlf_cant consequences for the

resulting data.

To obtain a prellminary evaluation of the magnitude of the errors asso-

ti_ii!i_ clated with various sample lengths, three 3200-second recordings were selected for

I analysls. The three samples were selected to cover a wide range of types of fluctuaHor

_'_'_'_ _n level. One sampleI from the freeway location1 was selected to represent an almost';'_ir_'! gausslan and steady-state intruding no_se which was expected to be reasonably stat_onaF

i,? 'i J,.'_:" lhroughout. The second sample was selected to be typical of many suburban ne_ghbor-

hoods'wHh a combination of local s_ngfe events plus aircraft overflights. The third

_iii example was an urban residential neighborhood which hod four s_gn_ficant alreraft

nolse events during the hour.

Each recording was statlsHcally analyzed in 64 sequential 50-second

samples. The raw data for sequenHal pa_rs of samples were then combined and used to

obtaln 32 values for 100-second samples. Then_ the raw data for sequential pelts of

100-second samples were combined rnto sixteen 200-second samples and analyzed.

This comblnator_al process was contlnued until the entire 3200-second recording was

analyzed as a s_ngle sample.

The average d_fference between the value of a given measure from the

3200-second sample and the value for each of the other samples was calculated. The

mean and standard devlatlon of these d_fferences is given for L1t Llor L50_ L90,

and Leq in Table 8. The mean difference for all measures of the freeway nolse (A)
_s less than 1 dB for sample duratlons of 100 seconds and greater. To obtaln the same

accuracy at locations M and Kt requires a m_nlmum sample duration of 800 seconds.

The largest sampling errors are exhlbHed by LI_ as m_ght be expected. A

posTHon Kt the mean error in L1 ranges between about 9 and 19 dB_ w_th respecHve
standard devlat_ons of about 11 and 8 dB far sample lengths of 400 and 50 seconds. Th_

slgnificance of these large mean errors _n 1.1is that only a few of the samples are

affected by the hlghest level s_ngle-event no_ses. The most stable value is L50_ whlch
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Table 8

Accuracy in Estimating Varlous Hourly Noise Level Values FromSamples oF D_Ff'efingDuraHon

Sampllng L1 L10 L50 L90 Leq
Location Duration

Number (Seconds) Mean* o** Mean a Mean o" Mean 0 Mean o"

A) Freeway Noise*** 64 50 1.67 2.65 .02 1.31 - .09 .68 - .15 .90 .12 1.03
Between 32 100 .85 2.33 .01 .99 - .05 .46 - .17 .78 .06 .74
10 & 11p.m. 16 200 .36 1.54 - .07 .64 - .02 .30 - .11 .57 .03 .49

8 400 .10 .64 - .06 .41 - .01 .24 - .09 .46 .01 .35
4 800 - .04 .38 - .06 .34 .00 .19 - .09 .44 .0l .27
2 1600 .0O .02 .00 .13 .00 .10 - .04 .29 .00 ,14

/_) Normal Suburban 64 50 6.41 7.31 2.59 5.34 - .59 3.65 -1.54 2.63 3.44 5.21
Residential at 32 100 3.41 6.27 2.29 4.85 - .38 2.89 -1.11 2.16 2.32 4.43

'_ City Outskirts with 16 200 1.48 4.09 1.74 4.44 - .20 2.26 - .94 2.04 1.54 3.59
Aircraft Over- 8 400 1.18 3.44 1.20 4.24 - .17 1.46 - .63 1.66 1.18 3.22
Flights Between 4 800 .94 2.24 .98 3.61 - .19 1.23 - .43 1.33 .83 2.72
5 & 6 p.m. 2 1600 .65 2.21 .72 2.85 - .10 .60 - .01 .20 .00 .02

K) Urban Residential 64 50 18.86 8.22 2.82 7.75 -1.36 5.79 -2.08 4.04 10.84 7.05
Near Small 32 100 ]6.48 9.40 1.35 8.74 -1.04 4.42 -1.23 2.49 9.67 7.75
Airport Between 16 200 12.67 10.39 - .57 8.11 - .49 2.43 - .30 .72 7.40 8.02
5 & 6 p.m. 8 400 8,98 11.35 -1.10 5.85 .17 1.73 - .19 .53 4.89 2.71

4 800 - .07 1.99 - .13 1.35 .13 1.13 - .I0 .39 .21 1.41
2 1600 - .06 1.59 .06 .32 .06 .40 - ,01 .09 .11 .99

* Mean denotes average diFFerence between the 3200 second value of the quantity measured and the mean value of all
the samples for the stated duration.

** o"is the standard deviation of the samples about this mean value.

*** Graphlc level recordings oF these sample "hours" are given in Appendix A.

--- , , .....
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I;. _.', has only a smaN mean error for all sample lengths_ as expected. However, to obtain

_,'_ standard deviation oF less than I dB For L50 required e sample length greater than B0C

i L' seconds at both positiens M and K, although 50 seconds were adequate For this result c

position A.

The potentlal magnitude oF file errors in estimation of the statistical

I . measures of" the higher noise levels is obviously large f"or any noise environment which

t_i,_ii, characterized by s_gnlflcant single events. Consequently, such measures should be_ appHed with great aauHon unless the fraction of time during which data are acquired

:,_i_ is at least 25 percent of the total time in the period examined, and preferably 50 per-

cent of. the total time. However, even with this ]atter constralnt_ the standard

deviation for L1 and Li0 exaeed_ 2 dB at position M and is almost 2 dB for L 1 at

position K. Assuming these errors ore normally d_strlbutedr o standard deviation of.

2 dB for a given sample length implies that the result for a single measurement has a

95 percent probobiHty of being witil_n +4 dB oF the true value.

3.3 Typical Outdoor DayHme Residual Noise Spectra

Typical outdoor daytime resldual noise spectra are given in Figures 15 a

16. All exhibit the same general shape; with their maxima at low frequency.

Figure 17 shows spectra for 8 resldenHal locations t normalized by their

ind_vldual A-welghted levels. The relaHvely small range of these relaHve levels, po

tlcularly above 300 Hz, is indleaHve of their essenHal s_rn_larltyo With the exceptlo_

of the effects of wildlife, th_s residual noise is primarily due to automotlve transport.

The low frequency maximum results f"rom the integrated effect of automobile noise eve
23

an extended area. The remainder of the spectrum is controlled by automotive noise

from a more limited area because atmospheric attenuation and shielding reduce the

higher frequency ne_se transmlsslOno Consequently_ the medium and high f"requency p,

tlon of the spectrum is relatively similar I'a the spectra for nearby automobiles, illus-

i trated in Figure 18.
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F_gure 15. Examples oF Daytime Residual Noise Spectra _n Low No_se
Level Areas (H;gh Frequency Levels at Grand Canyon S;re

May be Instrument No;se)
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F_gure 16. Examplesof Daytime ResidualNoiseSpectra in atles
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Figure 17, ExamplesoFRelaHveDaytime ResidualNoise Level Spectra at
8 Locations Encompassing Normal Suburban to Noisy Urban

Residential Neighborhoodswlth Noise Levels
Rangingfrom 43 to 55 dB(A)
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4.0 INTRUDING NO ISES

There are two basle types of identifiable intruding noises which increase

the outdoor noise level above the residual noise level - steady or quasl steady state con-

stant level nolses and intermittent single event noises. A steady or nearly constant level

nolse intruslon may result from a nearby freeway_ industry, or a neighbor's resldenfial

I alrcondltloner. Thelntermittentslngleevent noise is exemplified by the noise from an

P _' aircraft flyover_ a slngle car pass-by, or a dog who barks for o short Hme. Both types

of identifiable intrudlng noises can represent nolse pollutlon.

I i 4. ] Constant Level Nolse [ntruslons

i One of the best known examples of constant level nolse intruslon is the
nolse envlronrnent wlthln a busy clty. The hlgh daytlrne noise levels wlthln the elty

make it dlft:icult to have an intelllglble face-to-face eonversatlon at normal voice

levels outdoors. For example, if the outdoor nolse level is 76 dB(A), a condlHon com-

monly encountered when walklng along downtown olty sldewalks, it is necessary to talk

I in a ralsed voice to achieve intelllglbHity at a 2-foot dlstanoe.

The maximum distances for intelHglble conversation at varlous volta

levels are glven in Figure 19. These criteria have been applled to the outdoor d.ayHme

'. rnedlan nolse levels measured at each of" the 18 Iocatlons in the exploratory survey to

determine the rnaxlmum dlstanees for intelHglble conversation at each IooaHon. The

medlan noise level, rather than the resldaal noise level, has been selected for evelu-

atlng the effects of the outdoor nolse environment on speech aornmunlcaHon slnce the

medlan noise level more nearly represents the "typical" or "average" noise environment.

The calculated distances, summarlzed in Figure 20, Hlustrate the restrlaHons in volee

oommunlcatlon dlstanaes whleh accompany the hlgher nolse levels in the olty.

Similar aaleulotlons show that the maxlmum distances for normal voice

oonversaHon outdoors in a "very nolsy urban resldentlal" area ere 3 to 5 feet_ ocaordlng

to the range of noise levels for thls category in Table 5 in Seetlon 3.1. Clearly_ areas

wHh even hlgher outdoor median nolse levels have very Hmlted utility for outdoor con°

verso,ion, and consequently are poorly suited for detached houslng land use. Also_ the
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F_gure 19. Maximum D_stance Between Talker and Ustener for Just lntelllgl
ConversoHon and For Hrghly Intelllglble Relaxed Conversation

as a Function oF No_se Leve124_25

I
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' 1 ' ' I ' ''1 ' I ' I ' '

LOCATION Dkect VoTce Commune- Relaxed Conversation [
aatlon VFrtuaHy Imposslb]e

Normal Voice

A 3rd Floor Apartment, next to Freeway :_:'. _- ".q:_, RaTsedVo_ce

B 3rd Floor Hi-Rise, Downtown Los Angeles , .;. ,_. Very LoudVoice

C 2nd Floor Tenement, New York C_ty / \ _ . . Shout I_

D Urban Shopp|ng Center ,, / ,_ , _ \ "\ -_ "b

E Popular Beach on Pacific Ocean , / / / , / j _, ,_x \ _.,::5. -

IF Urban Resldent'a/ NearMajorAirport " /" / , _" _, "_ _' _,_..,';:-_ "_.\\

G Urban Resldentlal Near Ocean k / // /// / // _\_,_,_\\_,_,_t_,_Z._._._,k_._ " .L.

H Urban Residential 6 m_. to Major Airport " ,/ ," -" /" _\ , \_

Suburban ResldenHal Near R/R Tracks [_,," /" /" / / ,/ ,'" ,(.'%_\_,'\\_\'. _.%_._._b%_...... ,,

K Urban Residential Near Small Airport __ b..",_\ "_

L Old Res|denfial Near City Center ' l" .-/ ,-"" ,-/ /" ,J I_'_\,_\_\\_'_'_'__

M Suburban Res|dentlal at City Outskirts

N Small Town Residential Cul-de-Sac L, / ,/., ,- " " 'l,_x_'_\\_.'\_\_'_

O Small Town Resldent|al Main Street l////.," , " " . k__\_-_',_'_:'_"_'_\_.-_','_, _

P Suburban Itesident|al in Hill Canyon ') J" / / -" ' [\\_\\\_'<_,,"._..x'%.'-.'x'_._\'x-'x.\\.'\\_

Q Fon_|n VoUey I /,7 ././;'" ./,,B.\'q,;L_
' R Grand Canyon, North Rim .'i'.

2 5 10 20 50 100
Distance Between Talker and Listener in Feet

F|gure 20. Esffmated Max|mum D_stanees Between Talker and Listener That Just Permlt Intelllglble Conversation and
Those That Enable Relaxed ConversaHon When the Outdoor No|se Level Equals the Dayt|me

Med|an Noise Level (Ls0) at Each oF the 18 Locations

i L III1 e i Ill i ' . _ _ _ •, ------_ ............................. r ii , , -- -



Ii_;:_'_ noise associated wlth the "very noisy urban residential" area of Table 5 is suFFick

hlgh to restrict tile amount by which doors nnd wTndows can be opened if one is tc

a desirable indoor noise environment For relaxed conversation.

The noise levels associated wlth the "quiet suburban residential" at,

Table 5 permit just intelli0ible normal voice conversation at distances ranging bet

•',i_ 30 and 50 feet. TIle ability to communicate in a normal voice aver.these dlstancc
'_ " is very useful in a neighborhood with arge lots. However, if the noise level

is so low that the distance for inteIllglble conversation in normal voice approach,

distances between neighbors t it becomes difficult to have a private conversation.

no_se level calculated 26_27 to mask speech For normal voice level (male) so that

5 percent of: the sentences are intelllglble, ls given in F_gure 21t as a FuneHon of

_ between talker and listener For two assumed cond_Hons. There _sa 9 dB different

:_ '_!!l" between these two codd_tlons and the lower value probably is mare representatTw

!_i_,, typical situation which generally has some shielding.

i" , These results indicate that the residual noise level requrred to able.
privacy for neighbors separated by a 50-Foot distance would have to be of the or(

41 dB(A), assuming random orientation of" the talker refaHve to the neighbor and

of shielding. Thls residual noise level is approximately that of the normal subud:

community.

_i I :_ These considerations of speech hlteIHglbillty and privacy suggest t!

there is both a maximum and a minimum bound to the outdoor, noise levels which

compaHble wlth reasonable enjoyment and Full use of: patios, porches and yards.

upper bound {'or speech intelllglbiHty appears to be in the range of the "very noi

urban resrdentlal" category of: Table 5t and the lower bound for speech privacy i

Function of the distance and shielding between neighbors.

4.2 ,Intermittent Single Event Noise Intrusions

A great number of intermittent single event noises were measured c

the exploratory survey. A brief sampling of the various types of noises and theh

mum noise levels at some of'the I8 measurement locations is given in Table 9, a,
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c_E 60 _
._. "_ No Shielding and Face-to-Face
Z _ Orientation
0

-_.s50 _

o_40 "_
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2O

i 10 20 50 100 200 S00
Distance Between Talker and Listener in Feet

Figure 21. Noise [,ever Required ta Mast<Speech (5% Sentence lnterllgibillty)
as a Function at"Distance Between Talker and Listener for Normal Voice Level
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'!,_, Table9

_._._-_ ;, Examples of Intruding Noises* Found in the Residential Outdoor
•p,:_rt,-_-

r :_,... Noise Environment in this Survey

"-:!'_:::" Type of Maxlmum
t'_ T.ypeof Source Neighborhood Leve,IdF

4-Englne Turbofan Aircraft Landing Noisy Urban Residential 100
Fire Engine Siren Downtown City 95

!' '.. Diesel Truck Freeway Apartment 90
2-Englne Turbofan Aircraft Takeoff Urban Residential 88
Street Sweeper Urban Residential 87
Constructlon Crane Downtown City 85
Constructlon Air Wrench Downtown City 85
TrainPassing UrbanCity 84
Ready Mix Cement Truck Downtown City 84
Motorcycle Urban Resldentlal 84
Rapid Transit Bus Downtown City 84
Garbage Truck Urban Residentlal 83
Freeway Automobile Traffic Freeway Apartment 80
Automobile Horn Urban Residentlel 78

AutomobileSportsCar Normal Suburban 78
Tire Squeal Downtown City 78
4-Engine Turbofan Landing Urban Residential 74
Automobile on Main Street Small Town Residential 73
Ice Cream Truck wlth Music Urban Residential 70

Private Aircraft Sight-Seelng Grand Canyon 70
4-Englne Aircraft Overflight Normal Suburban 70
Car BrakeSqueal UrbanResidential 68
Hellcopter Overflight Urban Residential 68
Power Lawnmower Urban Residentlal 68
PeopleonBeach Resort 65
Children Playing UrbanResidential 64
LawnEdger SmallTownResidential 62
Cat Fight Urban Residential 60
Dog Barking Normal Suburban 60

: Stationary Train wlth Engine Idllng Urban Residential ..55
: Automobile at Distance Normal Suburban .55J

; MilkTruck NormalSuburban .54

i ,., Rooster Farm 54
Radio Playing Music Urban Residential 52

._ Crlckets in Evening and Night Quiet Residential .50
', Bird Normal Suburban 45
; Children Playing Normal Suburban 44i
I Aircraft at High Altitude Grand Canyon 40
!

• Note that these levels are as measured at the various Iocations and ere not indicat"J

I of relative source no,se.
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of their spectra ere given _nAppendix 8. The ranking of levels in Table 9 has no mean-

ing with respect to the relaHve noise output of the vedous sources t s_nce the measure-

ments are essenHally at random distances from the sources. The maximum noise levels

for these events at the various locations range from 100 tiBIA) for a 4-engined turbofan

at an aIHtude of a few hundred feet distance durlng lending to 40 dB(A) far a s_mHar

aircraft probably at an aIHtude of 30t000 to 35t000 feet during cross-country cru_seo

They are HlustraHve of the great variety of the noises encountered _n outdoor environ-

ments.

Obv_ouslyr many of these single event no_ses _nterfere w_th speech and

other activities for brief intervals of time° Howevert their impact is not as easily quantl-

f_ed in terms of speech interference as were the constant level noise intrus_ons. One

method for esfimaHng the magnitude of the _ntruslon for single event norses is to ask

people to rank the acceptability ef a series of noises at dlffeHng levels. One of the

most comprehensive recent studies of the sub]ecHve judgment of the noisiness of vehlcle
28

nelse was conducted _n Fngland at the MIP,A Proving Grounds. The results are sum-

marlzed }n Figure 22. These resultst obtained w_th reJaHvely low resldual nelse levels,

_nd_oate that when the maximum nalse level oF the vehicle during its pass-by was less

than 72 dB(A), _t was judged quiet by the average observer. When the max}mum noise

)eve) was between 72 and 82 dB(A)r H was judged acceptablet and above 82 dB(A) it

was judged no3sy. These data are consistent wlth the apparent general aaeeptance e_"

maximum levels in the range oF 62 to 70 dB(A), which result Frompass-bys on residential

streets aF standard passenger eutomeblles.

Although these results are useful in assessingthe potential noisiness of an

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

mulHple occurrences of single events. When a single event is el_sufficient magnitude

. and duraHon, or repeated many Hmes_ _t will add to the total no_seenergy _n the hour,

[ncreaslng the value of the equivalent no_se level (Leq). If the event is repeated often
:i enough so that _ts total duration' exceeds one percent of the hour, _t will _ncrease the

'i value of L1, and if its total duration exceeds 10 percent of the hour, H will _ncrease



6'0 70 80 90 100

Maximum A-Weighted Noise Level }n dB re 20 }sN/m2

I.,,f--Qu;et .-_ Acceptable _ Noisy + f:xcesslvely -_Noisy

Figure 22. Average Mean Subjective Ra_'ingas a Function oFMaximum Noise
Level in dB(A) Forthe Br_tlsh/:xperlment el"the Motor _ndustry Research

Assoclatlon Proving Grounds2.8 Nineteen Vehiclest ]ncludlng Truaks,
Automobiles and Motorcycles were Judged Twice in EachoF

Three DiFFerentOperatlng Modes by 57 Observers
(Data Collapse and Figure from Galloway s_')
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I the va,ue of Llo. These effects are _llustrated in F;gure 23, whrch shows the vah

Leq t LIO and L1 relative to the va'ue oF the residual nofse level For daytime at e,

the 18 locations. Fo; most of the Ioeations_ L10 is approximately 10 d8 greater tl

L90. At the 7 Iocat;ons where sFgniflcant _ntrud_n9 noises were notedt Both L1

I i Leq tended to be sign_f_cantty higher relat;ve to L90 than at locations where s_gn;'_'._ intruding sources were not noted. However I L10 only showed increases _n4 of th

eases. The utility of Leq _n measur;ng the cumulative magnitude of intruding nols

,I'_:_!:_ w_'J become apparent in the to,lowing chapter, when _t ,s used to re'ate the reae

of communities to _ntrud;ng noises of oil types.

J
I
r

I

I

:1 if:, L
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LOCATION Legend:

A 3rdFIoorApartment, next to Freeway ._ _ L9O LI0 L q L1 .

g 3rd Floor Hi-Rise, Downtown Los Angeles ....

C 2nd Floor Tenementl New York _ I
of data

D Urban Shopping Center _ i , .

E Popular Beach on Pacific Ocean

F Urban Residential Near Major Airport _ ...... -."..... " =-_::=-- ]--Aircraft Landing

G Urban Residential Near Ocean - "

H Urban Residential 6 mi. to Major Airport _

l Suburban Residential Near P,/R Tracks _ Trains

J Urban Resldentlol "_--....--J

K Urban ResldenHal Near Small Airport _ ] Aircraft Takeoff

L Old Residential Near City Center _ 3

M Suburban Residential at City Outskirts _ I -- Aircraft OverFHght

N Small Town Residential Cul-de-Sac

O Small Town Residential Main Street _ _-- Traffic on Main Street

P Suburban Residential in H_II Canyon q ['['['['['['['['['_ Traffic on Canyon Rd.

Q Farm in Valley _ I

R Grand Canyon North Rim _ _ Sightseelng Aircraft

I I I I I
10 20 30 40 50

Difference Between A-Welghted Outdoor Noise Levels and the Residual Noise Level L90 in dB
Figure 23. Relative Daytime Outdoor Noise Levels Found in 18 Locations Ranging from Wilderness to Downtown City with

Significant Intruding Single Event Noise Sources Noted. Data are Arithmetic Averages of the Hourly Values in the
Daytime Period (7:00 a.m. - 7:00 p.m.) of the Levels Which are Exceeded 10Percent and 1 Percent of" the

Time (LIoond L 1, Respectlvely)_ and the Energy Average'(Leq) t All Relative to the Residual N else Level (Lg0)
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!_..._" 5.0 COMMUNITY REACTION TO NOISE POLLUTION

,_,',._:', Both types oF noise pollution, the constant high level noise }ntrus_on c

":':; the downtown city, and the intermittent slng}e event noise intrusions in the suburbar

r_ , and urban residenHcl areasp _nterrere wlth speech and other human activ_t_es. The

i fawn city' type of noise environment has been recognized Forcenturies as undesirabh-

f'_'_]i residential llvh,g. The slng,e event type oF noise intrusion has been experienced aJ
,:.'., railroad frocks For the last century end may be one oF the reasonswhy land near ra_)

[i_ roads is not generally considered desirable For residential construction.,i_-_ Howevere in the last 20 yearst there has been a very large growth in I

i":.,:_,: "_ types of pollution due to the _ntroducHon of new types of no_sesources _nto suburbar
2: VJ

...... and urban resfdentlal cornmun_Hes. These sources, such as jet alrcrof't_ urban Freew,

new _ndustrlal plants_ and homeowner equipmenb have created numerous community

no_se polluHon problems. These problems have provided slgn_flcant data and inslghf

refaHng to community reaction and annoyance, and stimulated the development oF

several _ndlces far measurement oFthe magnitude of intruding noises.

5.1 C.__orrelatlono{: Community Reaction with Noise

The advent ol: the commercial jet a_rcraFt initially increased the maxls

noise levels at some locations around major ai_orts by 10 to 20 dB. These _norease

no_se caused widespread complaints and various FormsoF legal action FromelHzens I

in neighborhoods located in the vicinity oF several clv!,l airports. This situation par

_z-.;!hi leled earlier history of military jet operations by the Air Force after World War II,

although only a FewAir Force operaHona) bases were close to e_Hesand towns, Un

tunately_ the o_vfl a_rports_ which accounted br the majority oFthe early commerci

jet operaHons_ were located near the major c_tles which they served. Further_ the>

becoming surrounded by homes constructed in the post-war building boom. As jet a_"

O *atlons and jer airports eonHnued to gr w _n number_ the airport no_se problems tendc

spread through w_der areas 0¢ the community and to an ever-[ncreaslng number oF

i?_!i_i_:_ , communiHes.



The A{r Force and other governmental ogenales began to _nvestigate the

relatlonsh_ps between oh'craft noise and its effect on people in communities in the early

1950's. TMs early research resulted in the proposal of a model by Rosenbllfh and

Stevens 30 For relatlng mrcraft noise intrusion and the probable commun'ty reaction.

Thls model, first publlshed by the Ah' Force, accounted For the follow_ng seven (7)

Factors:

, • Magnitude of the noise wlth a Frequency weighting For hearing

response.

• Duration of the intruding noise (10 log relative duration).

• Time of year (windows open or closed),

• Time of day no_se occurs.

• Outdoor noise level in community when the intrudlng nolse is not
?
_: present.

: • Hhtary of prior exposure to the noise source and atHtude toward its

owner.

_ • Existence of pure tone or impulsive character in the noise.

;,¢ Corrections for these factors were generally made in 5 dB intervals since !

"_ many of the initial relaHonshlps were based solely on the intuition of the authors, and
';_. 31-33

:51_ _f was considered dlff_culf fo assessthe response to any greater degree of accuracy.
c_

Thls method was incoq_orated in the First A_r Force Land Use Plannlng Gulde 34 _n 1957,
¢i

_- and was later slmpHfied Far ease of appllcaHon by the Air Force and the. FAA.

Many other methods have been proposed For describing the magnltude and

duraHon of repeated s_ngle event type no_se_ with prlmary application to alrport no_se._,

problems. Most of these methods represent an evolution of the communlty noise reaatlon

_'_,_ model and consider at least some its prlnclpal Factors. The Factors consldered by three

)_i_ oF these methods For colculatlng the magnltude oF nolse intrusion ere summarized ink

Table 10, and additional details of the calculation procedure are given in Appendix C.
The compo_ite noise raring (CNR) 35 was introduced in the early 1960_s

and has been widely used by Federal agencies. The nolse exposure Forecast (NEF) 36 is

5]
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Table10

":_:;, Factors Considered in Each of Three Methods in Use for Describlng

, the Intrusion of Aircraft Noise into the Community *

'"" Composite
Noise Noise Exposure Community
Rating Forecast Equlvalent I.

Factor (CNR) (NEF) (CNEL)

i'!M_i; :_': _ Basic measure of"single event Maximum Tone Corrected A-welghted no_
_ nolse magnltude percelved _eraeived level

noise noise level
i level

Measure of duration of None Energy Energy integral
individual single event integration

Time periods during day Daytime (7 AM-10 PM) Daytime (7 AIV
Nighttime (10 PM-7 AM) Evening (7 PM-

Nighttime (10
, , , ,, ,, ,

!

Approximate weighting Daytime 0 dB Daytime 0
I added to noise of single Nighttime 12 dg Evening 5

_:_i event which occurs in Nighttime 10

_: _': indicated period

I.-.t ......_'_!i,_ Number (N) of identical 10 log N 10 log N
k_,:_.,,_, events in tlme period
_'_i]i ,,,= •

Summation of contHbutlons Logarlthmla Logarithmic

"i * See Appendix C for additional details.
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a recent"evolution of the CNR and is proposed as its successor by the FAA. It essentially

updates the CNR by substHut_on of"the tone and duration.corrected effective perceived

nolse level (EPNL) scale _ssuedfor aircraft certification, 13 .Jn lleu of" the perceived no_se

level (PN/) scale of the earlier CNR. Thus, the NEF accounts for both duration and

pure tone content of each single event sound, whereas the CNR accounted for neHher.

The community no_se equivalent level (CNEL) 37 was recently introduced by the State of

Callfarnla 38 for monitoring purposes. It is based on the A-welghHng to avoid the com-

plexity of the computer calculations required to obtain EPNLt and thus cannot contain a

•" pure tone werghting. It also differs from the NEF by _ncluslon of the evenFng time period

we_ghtlng t in addition to daytime and n[ghttime. Howevert despite the_e structural d_f-

ferenaes r the d_fference between the absolute values of CNEL and NEE for specific

locations near arrports _sapprox_malely constant at 35 +2 dB.

The CNEL has been applied to a series of community noise problems to

:_ relate the normalized measured CNEL w_th the observed eommunffy reactlon. The nor-

mal_zatlon procedure followed the Rosenblith and Stevens method wlth a few m_nor mod_-

flootlons. The correction factors added to the measured CNEL to obtaln the normallzed

CNEL are g_ven in Table 11 • Two examples of the application of these factors to the

measured values of the equivalent noise levels (Leq) of the _ntrud_ng noise are g_ven _n
Table 12. The examples are drawn from the results at two locations _n the range survey,

and Hlustrete an approximate procedure for calculating CNEL from the measured averages

of L in the daytime, evening and nighttime periods, aecounHng for both the period we_ght-
eq

ings of 0t 5 and 10 rib, respecHvely, and therr durations relative to o 24-hour day.

Values of normalized CNEI. have been calculated for 55 case h_storles from

the llterature and the files of Wyle Laboratories and Goodfrlend-Ostergaard Associates.

.f_-"i The d_stHbutlan of the cases among the verlous sources whleh impact areas of the commu-

!i_'_ nlty are listed _n Table 13 and the detailed data for each case are contalned [n Table 14.

ii_ The results are summarized rn Figure 24, w_th an approximate NPF and CNR scale shown

_ for reference. The data are normalized to these descr_ptlons _n Table 11 for which the
.._ correction _szero.

, ,' - 53
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Toble 11

Corrections to be Added to the Measured Community Noise Equivalent Level ((
to obtain Normalized CNEL

Amount
[ Type of" to be Addc

_. Correction Description .... CNE
r,'l_. Seasonal Summer (or year-round operation)

__:*' Correc__on Winter only (or windows always closed)

!:. :i,. .... Correction Quiet suburban or rural community (remote From large
for Out- cities and f'rom industrial activity and trucking)
door
Resldual Normal suburban community (no! Iocated near indus-

trial activity)Noise

-.' ::; - Level Urban residential community (not immedlately adjacent
to heavily traveled roads and industrial areas)

ii_, '!!_ , Noisy urban residential community (near relatively
_!i_i_.:;,,, .-,_ busy roads or industrial areas)
,,,_ . : ,_. VelT noisy urban res_dentlol communityM:i_i:_*!' _:''_4'_ Correction No prior experience with the intruding noise

for Previous

Exposure & Community has had someprevious exposure to intruding
Communrty noise but little effort is being made to control the noise.
Attitudes This correction may also be applied in a situation where

iii i_ .i. _ the community _as not been exposed to the noise pre-viously, but the people are aware that bona fide efforts

._._;.._i_._l_,,_.__,__,:_- _, _ are being mode to control the noise.

• ":" '!.,_ , _ Community has had considerable previous exposure to.... " * '__* _ the intruding na_se and the noise maker's relations with

_ _ the community are goodCommunity aware that operation causing noise is very
necessary and it will not continue indefinitely. This
correction can be applied For an operation of limited
duration and under emergency circumstances.

Pure Tone No pure tone or impulsive character
or _mpulse Pure tone or impulsive character present

54
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Table 12

Two Examples of Calculation of" Normalized Community Nolse fTquivalent Level

tlon

_sured AircraFt Landlng Nolse TrafFic Nolse in Old

in Nolsy Urban (I) Resldentlal Area Near
Factor Residentlal Community City Center (2)

Day Eve. Night Day Eve. Night
•- Energy Equlvalent

Noise Level (l_eq)
in dB(A) for Time Period 80 83 75 56 57 53

Duration and Time of Day
Correctlon Factor 3 -3 -4 +6 -3 -4 +6

Subtotals Which are added

Logarlthmlcally to Obtaln 77 79 81 53 53 59
CNEL

Communlty Noise 84 61
Equlvalent Level

Addltlonel Corrections from
Table 11:

Seasonal 0 0
Resldual Nolse Level -5 0

Experlenee & Attltude 0 -5

Pure Tone or Impulse 5 O
Total Addltlonal Correction. = 0 -5

Normalized CI_EL 84 56
=,,, ,,,,,

Actual Reaction Extenslve Lawsuits and No Reaction
Polltlcal Pressure

(1) Locatlon F in Figures 7 and 23

(2) Location L in Figures 7 and 23

( °)(3) Duration correction is 10 log _ where n is the number of hours in the period.
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Table 13

Number of Community Nolse ReacHon Cases as a Function
_: of Noise Source Type and Reaction Category
t,
r
i

i!i_:. Community ReacHon Categories

Vigorous or W_de No ReacHon
Threats of Spread or Sporadic To

Type of Source Legal AcHon Complaints Complalnts Ca

;_'":_,.¢..._'= Transportation vehlclest including:

Aircraft operations 6 2 4 1
Localtraffic 3
Freeway I
Rall 1
Auto race track 2

Total Transportation 9 3 7 1

Other slngle-event or inter- 5
re[trent operaffonsr _ncludlng
o_rcult breaker testing s target

• shoot|ngs rocket tesffng and .
body shop

Steady state neighborhood 1 4 2
sourees_ including transformer

_i _:,:.__ substatlonss resldenHal
air conditioning

Steady state |ndustr;al opera- 7 7 10 ._
fians s includlng blowers_
general manufecturlngs chemical
oH reffnerles_ et cetera

i _.:=:" Total Cases 22 14 19 5

i'

i

iJ
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Table 14a

Summaryof Data for 28 of the 55 Community Noise ReacHonCases

57
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Table 14b

" SummaryoFData For33 of the 55 CommunltyNoise ReacHonCases
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// . /no_$e

/ /
/ /
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/ /

Widespread complaTnts .to Q • = .
or single threat of /I • /so
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F|gure 24, Community React|on to IntrusTve Noises oF Many Types_sa Function oEthe Normohzed Community No'so Equ;volent Level
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The '_no reaction" response in Figure 24 corresponds to a level whTch

i ranges between 50 and 61 dB wHh a mean of 55 dB. Thls mean value is approxlmatel
[
1 7 dB above the mean value assumed in categorlzlng the daytime residual noise (L90)

: level for a "residential urban" community, which _s the baseline category Far the dot

_n the figure° This difference of 7 dB between the mean reaction Hne and L90 is onl_

2 dB greater than the average difference between the outdoor median noise level (kst

and the residual nolse level_ as shown in Table 3. Consequently¢ from these results

it appears that no community reaction to an intruding noise is expected on the averac

when the normalized CNEL of the intrudlng nolse is approxlmately equal to the daytl

outdoor median noise level (Ls0). This conclusion is nat surprising; it slmpty suggests

that people tend to judge the magnitude of an intrusion with reference to the noTse

: environment which exists without the presence of the intruding noise source.

(_i!. The data in Figure 2# indTcate that widespread complaints may be expe
': when the normalized value of CNEL exceeds the outdoor resldual no_se level by appr

: mately 17 dBt and vigorous communlty reaction may be expected when the excess
approaches 33 dB. The standard deviation of these data is 3.3 dB and on envelope of

_.i I "_5 dB encloses approxlmately 90 percent of the cases in Figure 24. Hence, thls relcship between the normalized CNEL and community reaction appears to be a reasonab

accurate and useful tool in assessingthe probable reaction of a communlty to an intr,

noise and in obtaining one type of measure of the impact of an intruding noise on a

communlty.

These communlty reaction data have also been used to test the effect o

• the various normalizing factors in Table 11, together with the duration and time peri.

welghtlng factorS _n the CNEL, on the degree oi: correlation between the community

_: reaction and the normalized CNEL. The results, in Table 15, show that the duratlor

_.'_ the factor most necessary in the normollzatlon to bring the data closer to a common I

and titus minimize the standard deviation. The absence of a duration correatlon incr

the standard deviation from 3.3 te 8.1 dB and would result in extending the boundln! i

+-5 dB,-:'_'_ ' envelope from as on the figure I to approximately + 12.4 dB. The next most

"_ _ 60



Table 15

Effect of Normalizing Factors on 55 Community Noise React;on Cases as
Measured by the Standard Dev_atlon of the Data About the Mean
Relatlonshlp Between Community Reaction and Normallzed CNEL

Standard Devlatlon
in dB of all Cases

Number oF C__ses Except those Which Standard
i Factors'* Included _n wlth Nonzero have Vigorous Devlatlen

Normallzlng Measured Correct;an in Reaction or no of all 55
Noise Level Deleted Faetor(s_ Reaction Cases

All - 2.9 3.3

All, except duration 28 7.5 8.1

Only 1 7.1 7.5
duration and tlme of

day correction _n the
measured CNEL

All, except resTdual 35 6.2 6.4
noise level

All, except tlme of 38 4.6 4.6
day

Aft, except pure tone 32 3.7 4.3
and impulse

All, except experience 23 3.4 4.0
and attl rude

All, except seasonal 3 2.9 3.3

., * Factors are from Tables 10 and 11

_

i
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: important Factor is the residual nolse level correcHon, lack at"which _ncreases th_
i
! standard deviation From3.3 to 6.4 dB, a Factor of almost two. Lessimportanb bL

: slgniFicant, are the correcHons For time of day, pure tone/impulse, and prior exp_

atHtude, time lack of whTch resulted in standard dev_atlons of 4.6, 4.3 and 4.0, r

Hvely. No change occurred by removing the seasonal factor wh_chwasonlyappl'

} three of the 55 cases.
I The original RosenbHth and Stevens method computed the magnTtude
I

j, noise by a quantity essentTally proporHonal to Leq For the time period during whlc;'2: munity reaction was caused. Thus, for a complaTnt agaTnst dayHme nolse, the rec

_"::'" would be compared against normalized L For daytime, whereas For a nighttime n
_. eq
',,:, the reaction would be compared agaTnst the normalized L For the nlghtHme 7nclL

eq
the +10 dB n_ghttime welghHng Factor. Th_sprocedure is slightly d_FFerentFrom tF

used in the CNEL which accounts For the contHbuHons of all three periods _n a sir

number.

For comparison, the 55 cases have been plotted Tn Figure 25 using tl
3O

original procedure0 except that the A-welghted equivalent level _sused For the

magnitude of the na_se. The results are generally s_m]lar to those of FSgure 24_

although the standard dev;afion is 3.5 dB rather than 3.3 dB.

The data for the 55 cases were also compared with CNEL 2 (see Appc
dlx C) which was obtained by replacing the day-evening-n;ght corrections of the

standard CNEL with the day-night correcHons of the NEF calculation procedure.

resulting mean llne was altered by less than | dB from that g_ven 7n Figure 24 and

standard dev|afion was only 0. l dB greater than bef'ofe, an _ns|gnFflcant d_fFerenc

Thust these 55 cases can support eHher type o1:time period weSght_ng For a single-

number measure of noise (CNEL or CNEL2) over a 24-hour period, or the original

.... ._.,.: period comparison concepb all in comb_natlon w_th the energy equivalent A-weT_

noise level and the other correction Factors _n Table !1 _ For the pred_ctlon of cam

inanity reaction to noise polluHon.
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; 5.2 Community Reaction and Annoyance

The normalized CNEL scale can also be compared with the results ol
39-42

surveys, such as those taken in London and in the USA, Thesesurveys dete,

community attitude by asking people what they thlnk_ rather than by assessing ove

reaction I as in the previous section.

Figure 26 shows that people are preponderantly in thek homes when

they are annoyed by noise. Table 16, from all American survey, 40 shows the actl

vltles disturbed as reported by people who were "extremely disturbed about airera'

noise." As might be anticipated, problems related to speech intelligibility heed t
, 'l

I ' Table16

I!,,' Activities Disturbed by Noise as Reported by
., %

,:, People who are "Extremely Disturbed by Aircraft Noise"

i' t

I. Actlvlty Percent
'L: "

TV/Radlo reception 20.6

:i ':: ' Conversation 14o5

ii "I:ilI Telephone 13.8

i! ..... ",: i.!!ii Relaxing outside 12.5

' Relaxinginside 10.7

Listening to records/tapes 9.1

Sleep 7.7

Reading 6 o3

Earing 3.5
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F_gure 27 shows the average annoyance reaction Found in the London Ai

port Survey 39 as a function of CNR 36 and approximate normalized CNEL. Figures 2_

i and 29 show the relationshlps of those who are "very much annoyed" and those "only (

little, or not annoyed" with data From the same survey. Also shown in Figure 28 is a
43

data point From a survey ;n Sweden, and a tangent line through tile most important

range of community react;on.

These results demonstrate that a majority of the citizens are clearly very

much annoyed when the nolse is sufflalent to produce a nomlalized CNEL of 81 dB,

which would be expected to produce a vigorous community reaction in accordance wit

tile data in Figure 24. They also show that a small but slgnlF_cant percentage oFthe

population _s still very much annoyed at the CNEL 55 value, where no community

f reaction is expected. Thus, the true impact of tile pollutlng eFl'ects of [ntruslve noTses
: as measured by annoyance goes deeper than indicated by the "no reaction" point.

5.3 Applleabil_ty of" Noise Pollution Level and TraFf,lc No_se Index to
Community Noise Assessment

._ Although the varlous vers;ons of the community reaoHon correlatlon pro-

. cedure have Found f'avor in thls country and in international standardlzetlon, 12,47' there are conHnulng efforts to develop new and better no_se scales. Two of the mosl"

/ _ recent ef'6orts stemmed 6ram a traffic noise and soc_al survey by Grif,flths and Langdon'

' _n England in 1968. assessedthe dlssatlsFactlon of residents at ]I sites wlth trafF'They

nolse, and related the results to measured values o6 the noise. These measurements wc
44

reported _n terms o6 L10, k50 and Lg0; Leq values were reported later by Robinson.
The statistical values reported were the arithmetic averages o6 24 samples (one per hou

i: 06 100 seconds duraHon each.
r Grlf'f'iths and Langdon devlsed a tra{"fic noise index which appeared to gi

_,_ the best oorrelatlon between their 24-hour overages and the dlssat_sfactlon scores. Th_

._.'-" _ndex is defined as:

,_... i_ TN] = L90+4 (LI0-L90 ) - 301n dB (5-1)

_r'r'_,,.i ! )s _'_
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Robinson reviewed the work of Griffiths and Langden and proposed a quantity call(

Noise Pollution Level, which accounted For both the equivalent energy of the nols

the amount of its Fluctuation in terms of its standard devlafion (a).44'45His pr_mar)

I$;

NPL L + 2.56c_ in dB (5-:
e eq

However, in deriving the consfanl's for NPL From the traffic nolse study, he utili_e

the approximate Form of NPL:

:, NPL' = Leq + (L10 - k90 ) in dB (5-

In addlt;on, he proposed several other approxlmotlons whlch could be applied in aI

prlate sltuat_ons, |noludlng the followlng express_on which does not require direct

il_ putatlon o6 Leq:

: , NPL = L50 + 2.56o" + a2/8.68 in clB (5-i a

t:_:_ Figure 30 compares TNI and NPLe, calculated From the 24 average ,
"' of 100-second samples, wlth the dissatisfaction scores at the ] i Grlfflths and Lang.

tlmlIll_lii_ sites. The correlation coefficient and standard deviation are approximately 0.88 ¢

I.* 3.9 riB, respectively, for TNI, and 0.82 and 3.2 dB for Figure 3]NPL e. compar,

1:i Leq and (Leq - L90) for these same data. Th_smeasure of (Leq - L90) is similar to
.... I'; measures used in the correlation of community reaction _n Figures 24 and 25. The

i: relation coefficient and standard devlafion are approximately 0.63 and 5.8 dB,

and 0.76 and 1.9 dB for (Leq L90).respectively, for Leq ,
There ore three principal observotrons which can be made from these

par]sons. Firsb all measures except Leq (only) show reasonable correlation with tl
trend oF the data, with TNI the best and NPL second best.

e

Second, the standard dev_atlons 6or (Leq - L90) are much smaller th¢
those 6or TN! and NPL o This difference is the result of the difference in the dec;e

ranges of the three sea es, approximately 29 dB for TN[, 18.5 dB For NPL and 7.
e

for (Leq - L90).
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Th_rd_ the dynamic range of" the basic L data is relatively small,eq
approximately 15 dB. Considering that the basic noise data were acquired in 100-second

samples_ some random error_ probably of" the order of +2 dB_ may be expected in the

estimates of both Leq and L10 at tile various s_tes. (For exarnple_ see Table 8 in
Section 3,2.) In addition, the day-nlght variation may d_fferbetween thes_tes t as

seen in Figures 10 through 12_ adding additional varic_bi]ity Io the comparisons. FurH_erl

there was undoubtedly some variation in level throughout the neighborhood at each site.

These probabI'e errors in the measurement1 plus the _nherent errors in assessing the actual

d_ssat_sfacfion scores_ are at least of the magnitude of" the errors exhibited _n the cor-

relations of. the various scales. Therefore, it is difficult to conclude from these date

that any one of these three candidate scales is to be pref.erred.

The TNI and NPL were computed at each of. the 18 locations h_ the no_se

survey undertaken for this report. An example of the results is shown for the daytime

period _n Figure 32r together wHh keq and L10, with all values plotted relative to L90o

For many of the IoaaHonst TN! is numeHoafly slmHar to Leq_ w_thln approximately
- +6 dB. However_ at a f'ew locations where intruding single event no_seswere suf.f'io_ently

numerous to effect L10t the TNI is much greater than Leqt with a maximum dlf.ference of
_sgreater then L as would be expected fromalmost 40 dB. In all cases_ the NPL e eq_

EquaHon (5-2). The dlff.erences (NPL e - Leq) range between approximately 6 and
26 dB.

These data were also used to calculate the numerical dif.ferences among

the three methods for calculaHng NPL_ which were g_ven in Equations (5-2) through

(5-4)° The results f.or the 18 IoaaHons are summarized in Table 17. The mean differences

and standard dev_aHons For daytime are 3.8 and 3.7 dB_ respect_vely_ for (NPL e - NP/a)

and f.4andl.3dB_ respeeHvely_ for (NPL - NPL'). In all peHods_ the standard
e

dev_atlon using NPL' was less than that obtained using NPLa_ _nd_caHng that it _sa

i_ '_i more consistent esHmator of" NPL o
, e

i 1
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10 20 30 40 50 60
T t 1 1 r "r"

LOCATION

A 3rd F,oorApartment, next to Freeway _ 0 L/"rtN,NPLeb_o/B 3rd Floor Hi-Rise, Downtown Los Angeles _ O I

C 2nd Floor Tenement, New York _ 0 J..._
80_

D Urban Shopping Center _ 0 i of" data
-I

E Popular Beach on Pacific Ocean _ 0

F Urban Residential Near Major Airport ] O 0

G Urban Residential Near Ocean _ • 0

H Urban ResTdentlal 6 ml. to Major Airport _ '0 0

Suburban ResidenHal Near R/R Tracks _C) _ 0

J Urban Reddentlal ]_ _ 0

K Urban Residential Near Small Airport J _0 (_

k Old Resldent_al Near City Center _ _ 0

M Suburban Residential at City Outsklrts _._ _ O_

N Small Town Residential Cul-de-Sac Z_ZZ_I_ O ,_

O Small Town Residential Main Street _E] 0 •

P Suburban Res_denNal in Hill Canyon _ 0 •

Q Farm _n Valley _ 0

R Grand Canyon North Rim _ _D 0

I0 20 30 40 50

Difference Between A-Welghted Outdoor NoTse Levels and the Residual Noise Level L90 in dB
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Thus, NPL can be reasonably estimated [or a wlde variety of real oul
e

door noise environments by NPL'. Th_ss_mplified approximation can be written as:

NPL' = (Leq - Lg0)+ L10

or (5-5)

(NPL' - L90) = (keq - L90) + (LIo - L90)

The computation for the daytime estimates of (NPU - Lg0) can be v_sually made for

'_, data of Figure 32 by adding the (LI0 - L90) bar to the value of (Leq - Lg0). The im I
cation of thls simplification is that NPL tends to count the magnitude of the "ntrud'nr

:::,: noise twice- First in its contribution to Leq and second in its contribution to L10.t

_ Thust it might be expected that a correlation of community reactlont such as that

_i for the 55 in Figures 24 end 25_ would exhibit a wider data scatter thangiven cases

)_/_ obtained wlth (CNEL - L90), or (Leq - Lg0 )o

An example of such on application of NPL was calculated for oh'craft

flights over residential areas wlth differing residual no_se levels. In all cases, the c

craft noise was assumed to have a maximum level of 90 dB(A) and an effective (ener_

equlvalent) duration of 5 seconds. The alrcraft nolse-tlme history was assumed to be

triangular. The community reaction for each case was estimated from Figure 24. Tb

results of thls example are given in Figure 33. The left-hand slde of the envelope of

,_," . cases is determined by the condition of I flight per hour. l't shows no correlation

between NPL and community reaatlon_ since the NPL varied only slightly although

(Leq - L9O) varied significantly. The rlght-hand slde of the envelope results from th.
condition of 30 Flights per hour. Herep the NPL varied significantly wlth the reactlf

scale. From this example t one might conclude that it would be difficult to obtain

good correlation between reaction and NPLt whenever the duration of the intruding

noise is only a small fraction of a given tlme period. Better correlation may be obta
• 46

•_: when mere than one type of source _spresent; however in thls case the results are t

on estimated rather than measured noise levels.
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SeveraJ Threats

Wldespreed _ A al
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)

Sporadic

No Reaction
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Noise Pollution Level in dB (NPL' = Leq + L10 - Lg0)

.: Figure 33. Example of the Relationship Between Noise Pollution Level anti Community
Ren_Hon for Aircraft Noise, as a Functlon of Outdoor Reslduar Noise Level.

i _ For the Outdoor Nolse Level Without Aircraft Leq and Llowere Assumed
i. to be 7 and 10 dBt Respectively, above the Residual Noise Level.

Calculations were made for 1,3, 10and 30 Aircraft per Hour,

; ,_ Each Having a Maximum Noise Level of 90 dB(A) and an
; Effective Duration of 5 Seconds. Estlmal'ed Communlt;.,

, _' Reaction is Based on Figure 24
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i A second example was calculated to see lhe effect of the steady-state

r intrudlng nolse which was turned on continuously, or For a Fraction of the period unde

i consideration. Such source characteristics are common in industrial noise and ai_I

conditioMng hear exchangers. Tile example assumed that the residual noise level was

40 dB(A) and the intruding nolsewas60dB(A). Both NPL and NPL' were calculated
e

together with L of the intruding noise and L of tile intruding noise plus the noiseeq eq

which was assumed to exist without the presence of the intrud n,a ne se.

The results are presented in Figure 34. When intruding noise is con-

i'. tlnuous ("on time" fraction of" 1.0), NPL = NPL' = L = 60 dB. However, whee eq
the source is only on For 50 percent of the time, NPL has a maxlmum of 82.6 dB,e
22.6 dB greater than when the source is on all the time. In fact, the NPL exceedse

60 dB for all on-tlme Fractions between approximately 0.04 and 1.0. In thls example

NPL' is a poor estimator of NPLe, particularly when the "on Hme" Fraction exceeds

'> 0.1. The reason is that for this steady-state nolse, kl0 = 1.90 for all values of the

!.:h "on time" Fraction which exceed 0.1. Consequently, For intermlttent steady-state

nolse, unlike the fluctuating nolses of Figures 32 or.d 33, NPL' is not an appropriate

..j estimatorof NPLe.

i; The results oF the dlsousslons in thls section indleate that NPL is less

Ii suitable than (Leq - L90) for use in measuring the magnitude of" intrudlng nolses relafi'
I to res|duol nolses, with respect to thelr effects on people. TMs conclusion is par-
I

i fioularly relevent to inten'nlttent single-event hlgh-level nolses with short duration,

as as steady-state "on time" f"raetlons between
well intermlttent noises which have

o.,endO.9.
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NPLe = Leq + 2.56 o"

NPL' = Leq +LI0- L90

Where Leq includes the combination 1_'_.
of intruding noise with outdoor noise /" \8O

[ram other sources // \

// \-/
/

70 /.K_, NPL
(:o f e

= /

-_ .f

F
_ L (combined) ..L,--- _

.../.;.:..............
: _ Leq (IntrudingNoise)

4o_
'i 0.01 0.02 0.05 0.T 0.2 0.5 1.0

Noise on Thne Fraction
i
i:

Figure 34. Example of the Effect of Turning on a Steady State
Intruding Noise of 60 dB(A) on Noise Pollution Level as a
Function of the "On Time" Fraction. The Outdoor Noise

Without the Intruding Noise is Specified by
L10=50dB(A), Leq=47dB(A)and

i L90=40i:IB(A)
i '

i i,,i_I
! i !:



6.0 THE GROWTH OF NOISE POLLUTION

There has been considerable public discussion about the growth oF no,so

pollution. Some of this discussion has led to direpred_ctlons that the noise in our

environment is increasing by as much as 1 dB per year, or ]0 dB per decade. Clearly

such a growth rate, if true, would lead to very severe consequences. To place this

problem in perspective, it is useful to examHle the possible changes in both the

intruding noises and the residual noises over lhe past few decades.

6.1 Change in Intruding Noises

There has been considerable growth in the number of miles of urban Irre,

waysand thruways since 1950. This growth is accompanied by an increase _tl no_se in

_! neighborhoods adjacent to the Freeways. Sim_larly, there has been a significantincrease _n commercial air travel since 19502.s This increase, together wHh an increc

"' of the noise level of the jet aircraft relaHve to the older propeller alrcrafb and the

t-'-: building of homes around ex_stlng clvH airports has resulted in a significant number c

_ noise problems.

_.'_'ii The amount of land esHmated to lle within the CNEL 65 dB contours is;;' illustrated in Figure 35 For both Freeways and airports. These estimates 23 show that

approximately 2000 square miles of land are bounded by CNEL 65. The actual land

use w_th[n these _mpact boundaries (a_rport property and freeway property have been

'.:...... excluded) is not known. Howevert if it is assumed that the average use _s llke the

average urban land uset approximately 10 million people would be expected to live

in these areas.

These esHmates of the impacted area are rather conservative s_nce an

intruding no_se source which causes a normalized CNEL of 65 dB in an urban res_den ::

community is expected to result _n widespread complaints. Consequently, the impac

of no_se pollution extends beyond the CNEL 65 dB boundary t even in an urban resld.

Hal community. In add_fiont For suburban communities which have lower residual n

-i!;,_._........ ]evels_ a CNEL of 55 or 60 dB is equivalent to a CNEL of 65 dB in a residential aree

Hence_ the estimates _n Figure 35 are even more conservative.

):
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Figure 35. Approximate Growth in Aircraft and Freeway Na_se Impacted Land
Area Enclosed by Community Noise Equlwlent Noise Level at: 65 dB.
Area for These Two Sources was Very Small Prior to 1955 !'
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in add_tion_ the growth oFconstrucHon acHv_tyw_thin the city and

_ndustHal prants in the suburbs and rural areas bring _ncreased no_se pollution to e_

affected area. Further_ as Hlustrated_n F_gure361 the number of noisydev_cessu

as power lawnmowers and motorcycles has increased From a few hundred thousand u

_n 1950 lo over 20 million _n 19701 bringing addHianal single event no_se palluHof

to the urban and suburban res_dentlal areas. Similarlyt the _ntroduct:,on and use o"

recreational vehicles_ chain saws_ and Fully-equipped campers has introduced a n_

element of noise pollution to the w_lderness areas. Even at a remote IocoHon on f

north r_m of the Grand Canyonr the no_se from a small propeller-driven private ah

had a maximum level of" 70 dB(A)_ a 54 dB _ncrease above the dayHme resrdual hal

level of approximately 16 dB(A).

t The increasing number of sources which produce hlgh no_se levels': gives clear evidence of the significant growth of no_se polluHon From intruding sou

over the lost two decades. Although the majorlty aF th_s growth occurred in specH

i areas where freeways or a_rways were located adjacent to the communiHes_ a sign

number of new single event sources were added to all areas from the wilderness to

_[,: ]nhabrted suburban and urban residential commun_tles.

li 6.2 Change _n Residual No_se

The quesHon remains whether these additional intrusive noises, ragew_th any changes _n the no_se characterlsHcs of all other sources_ have changed tl

outdoor residual no_se levels in the residential areas which have not had a s_gn]f_c

land usage change. It _s very d_fficult to answer th_s question wrthout the ox]sten,

of a statistically srgnlf_cant survey of the no_se environment in residential areas wl

the United States_ either current or past.

To obtain a "current" esHmate_ the data for the ] ] residential Iocati

[n the range survey_ Table 3 of Section 3.1, have been combined with data from 1

: typical res_denHal IocaHons from another recent survey ] 9 to g_ve a better compos

,',_ p_eture of an "average" urban residential noise environment. The separate and cc

_,_::. data from these two surveys_ given _n Table ]8_ indicate that both are From s_m]la_

.... 82
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: 'Fable 18

Residual Noise Levels (L9o) in dB(A) for 28 Res_dentlal LocaHons
i including I 1 from this Survey end 17 Locations From
i Measurements in Los Angeles, Detroit and Boston ]9

p

Combined

Period Quantity 11 Locations 17 LocaHons 28 Locatlon

Day L90 45.6 42.5 46.7

Std. Dev. 4.6 5.8 5.3

Evening Lg0 46.7 44.9 45.6
Std. Dev. 4.] 5.6 5.0

_, Night L90 39.8 37.8 38.9

'_3_ Std. Dev. 4. i 6.2 5.3

f!ii populations/ particularly in the daytime. However, s_nce nelther survey was und

iitll with the intent of statistically sampling a city end there are only 28 locations in

:._ the results should only be considered _ndlcatlve of central trends. The "past" dot
i are available consist of the results of four surveys! 4"16" ]8 These surveys cover t

tli: 34 years, beginning with the extensive Bell Telephone Company survey of noise i

! res_dentlal areas in Chicago, Cleveland and Philadelphlo. The cornpadson of th¢
residual noise data from five surveys is given in Figure 37.

Each survey was different in methodr objective and instrumentation

none compare identical locations. Most were also different in methods of reduci_

reporting data as well. Therefore, it was necessary to adjust the data to a comm_

for comparison. The data for the ]937 and 1968 surveys were published in terms

median outdoor noise level (L50), and those of the 1957 survey in terms of an ene

of the no_se environment. All three results have been corrected to the residual n

level (L90) by subtracting the average difference of 5 dB found between the reed;

residual levels in the current data. The mean and 50 percent range for the residu

_. : ,r levels of" the 1947-8 and 1971 surveys are shown as originally presented.

i
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I I I l I I I I I

Range of 50% oF Data Mean\ ,/--
1937 Chicago, Cleveland _/.,/y ._///

& Philadelphia (several I _i; /Jhundred areas) 14 I .4 I
Range oF 90% of Data /

/

1947 Chicago (more than
-1948 100 areas) 15 T

1954 Within 12 miles oF 1_.7/].//l/l:_
8 Airports in Eastern ]
USA (180 areas) 16 I Z

1968 Suburban Areas in |
Atlantic States
(9 areas) 18

1 1971 Los Angeles, Boston
and Detroit (28 areas) I T I

h Average of Urban and ,....]......
Suburbanr not includlng, the
1954 data

in
Calculated Urban and /

_ne Suburban wlth Equal Y////J,.///./J
Welghtlng on each oF I )
the Four Categories

I, I I I I I I I
20 30 40 50 60

A-Welghted Residual Noise Level (L90) in dB re 20 I_N/m2,

_an

Figure 37. Comparison oFFive Surveys oFOutdoor Noise Levels in Resldentlal Areas in
the United States Between 1937 and 1971. The Data For 1937t 1954 and 1968

Hove Been Corrected from Their Publlshed Values to an Approximate
Residual Noise Level by Subtractlng 5 dB to Account for these2. i

:!_._:__ Difference Between the Medlan and Residual Noise Levels

_.;i 85
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i "_ Disregarding the _954 results, the means of the other Four surveys lie
!

i' between 46 and 50 dB(A) with a grand average of 46.9 dB(A). Th_s value is also elo

I to the average value of 45.5 dB(A) calculated For the suburban categories of quiet al
I normal suburban, and urban and noisy urban residential areas described _n Table 5 of

Section 3. I.

The mean value of the 1954 data is 7.7 dB below the 1971 results end

7.9 dB below the averoge of" the other Four surveys. This survey was designed to inv*

tlgate the effect of" a_rcraft noise at many rocations under aircraft FHght tracks up to

12 miles Fromeach of eight a_qoorts, and included rural as well as suburban and urbc

locations. It _sprobable that the principal reason For the low values reported by the

1954 survey _sthat its mix of locations gave slgn_fleantly more weight to the quiet

I!!. rural and suburban areas than to the urban and noisy urban residential areas. Simlh

Ii the 1937 survey included city apartment dwelHngs as well as suburban and urban res_
: dent]al areas with detached dwellings. This difference in emphasis probably resultec

i in higher emphasls on the "very noisy urban residential" category and explains why

data have the highest reported mean velue For the residual noise level.

_B_lnlili Thus, _t Tsconsidered that the 1937 survey was biased to sl|ghtly noisl.

r

areas, the 1954 survey was slgnificanlly biased to the quieter areas, ond the three

rernalnlng surveys are probably somewhat similar in their dlstr_butlon of Ioeatlens arr

the categories of Table 5. W_th this perspective, it is concluded that where land u:

has not changed, there is no strong trend toward an inereese in the average suburba_

.: and urban res[dentlal area residual noise levels over the past 34 years. Further, it

•: appears that the only _norease which can be inferred From these data is 2 dB in over

two decades based on the d_fference between the 1947-8 and 1971 results.

Th_sconclusion _s also supported by a comparison of the noise at two

locations _n Los Angeles, where the 1971 data are d_rectly comparable to measuremc !

made _n 1955 and 1959. At a normal suburban ne'ghborhood Iocahon¢ where no slg

fioant change in land or road use has occurred over 16 years_ the two measurements

_!i:i_ the residual noise level agreed within 1 dB bet',veen 1955 and 1971. In the other c_• _?_,_
:i.:, .:. _-_



the 1971measurements in a residential urban area were approximately 2 dB h_gher than

_n 1959, due at- least in part to the .activation of a new major Freeway within 2/3

mile of the location.

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

o_ty. The results For New York, Chicago and London from 1937-1962 show remarkable

agreement. Howover, ogaln d_rect comparisons at tile same location are not available_

and the only _nference to be drawn _sthat no slgniF_cant increases _n level are demon-

strated For these extremely noisy IocaHons.

J
Table 19

; Corrlpadson of Outdoor DayHme Residual Noise Levels (L90)
in the Downtown C_ty

Daytime Residual
Noise Level dfi(A)Number of

City Locations Year Range Average

New York*

Business DistrloD 4 Large 1937 62 to 75 68

Chicago - Large 1947-48 63 to 73 68
Heavy Traffic 15

London 2° Approximately 1961-62 - 68
2O

Ottawa 21 One 1968 - 68

Los Angeles One 1971 73
(Current survey)

*
Original data which approximated median noise level (Ls0) corrected to
Residual Noise Level by subtracting 5 dB.
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The basic conclusion from all of these comparisons is that the averag

outdoor residual noise level has probably changed only a small amount over the po

few decades, Tn an area which has had a constant lanai usage throughout the perlo_

However_ if the land use has changed at any location t such as from rural to suburl

Fromsuburban to urbant or urban to downtown cTty! the outdoor residual noise lev

probably increased sTgn_frcantly (10 dB or more)t approximately _n accordance wH

vaTues _n Table 5. Consequentlyt even if the residual noise leveJ for a given cat_

of" neighborhood has not changed_ the sprawl of the cities and the suburban expan

during the post war period has slgn_ficantly Fnoreased the number of people Tmpac'

" by urban noise. Jn addltlon_ at many locations n the autdoor energy equivalent ar

maximum noise levels has increased s_gn_fTcantly because of the addiffon of new

intruding noise sources_ such as an electric power plant_ a freeway_ or a jet a_rcr

overflight path o

l"hus_ _n summary_ the growth of no_se pollution _sprlna_pally assac

w_th the spread of" areas characterized by hTgh neTse levels_ the growth in numbel

no_sy devTces used for recreation and labor sev|ng, and the construction of. freewL

and increase in use of a_rways by no_sy aircraft near res_denffal communities°

-7
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7.0 CONCLUSIONS AND RECOMMENDATIONS

Tile data and discussions hi th_s section lead to several significant

conclusions end recommendations regarding the nalure of noise poHuHon and the

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

regarded as tentatlve_ because of the lack of a statistically sound community no_se

basellne_ the general trends appear straightforward and give useful perspecHve for

the overall nature of the problem.

7.1 Conclusions

The prlnc_pal conclusions are:

Range of Outdoor Environments

• The outdoor daytime residual noise level in a wilderness t such as

the Grand Canyon Hm, _sof the order of 16 dB(A), on the farm

it is of the order of 30 to 35 dB(A), and _n the city it is of the

order of 60 to 75 riB(A). These _ncreases _n noise level, From

wilderness to Farm and to a_ty, are the result of" man's activities

and h_suse of machlnes.

• Significant errors may be expected _n the measurement of outdoor

noise levels rn environments characterized by single event noise

intrusions, unless the duration of the measurement samples is

suff_clently long.
i

• The mean (aHthrnetlc average) and median (Lso) data obtained

' at the 18 _ocaHons in this survey were generally wlth_n one dB

/ of each other, with a standard deviation of" 0.8 dB. Theref"oret

if!;. the arlthmeHc average of sequential measurements, as readmany

on a sound leve_ meter, should be a good esHmate of the statls-

tic_l median (k50). i
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• The residual no_se level read on a graphic level recorder for thr

data in this survey was found to be about I d8 less than Lg0

and one dB greater than L99, both with a standard deviation of

approximately 2 dBo

• The maximum no_se level measured in an hour was found to be

s_gnlf;eantly higher than both LiO and k i a_"almost all Iocat_or,

intruding Noises

• Areas _n which the daytime outdoor median no_se level exceed_
C

the range of 56 to 60 riB(A), ootegor;zed os "very noisy urban"

are not well suited to detached res_dentlal housing, since norm,

voice conversation outdoors _slimited to distances of less than

6 to 10 feet between talker and listener. Also, when the no_s_

level is above th_s range, it _snot possible to have relaxed car

versat;on ;n a llv;ng room at a distance of 10 feet w_th window

If: or sliding g_assdoors fully opened.

_il ''I'' • Areas _n which the daytime outdoor median level exceeds 66 dl

'_ t_' are not suited to apartment living unless the buHdings are a;r-

condiHoned so that the wJndows may be kept closed to enable

relaxed conversation indoors. If the outdoor median no_se lev.

: are above 71 dS(A), special soundproofing fs necessary to pres

: the indoor noise environment, even w_th windows closed.

: • The outdoor resldual noise level in a suburban end urban resl

dent;el communlt_es serves the useful funcl';an of providing spe

privacy between neighbors. Therefore, the requirements for s;

privacy should be consldered _rldeterm[ning the lower I;mlt of

deslrable res3dua) noise )evel in each type of community.



• Maximum noise levels below 72 dB(A) for _ndlvidual single events

have been judged acceptable h_ one ser_esoF subjecHve tests,

which is consistent with the apparent general acceptability oF

maximum levels of 62 - 70 dB(A) resulting from normal operation

of a standard passenger automobile on a residenHal street.

Community ReacHon to Nolse Intrusion

• The earrelatlon of comrnun_ty reaction w_th the Community No_se

Equivalent Level (CNEL) normalized by the method of' Rosenblith

and Stevens I appears to g_ve reasonable pred_eHons oF community

complaints to no_se intrusion, w_th 90 percent of the data withhl

_+.5dB o_"the mean relationship between the normalized magnitude

oF the intruding no_se and the degree of cornmun_ty reaction.

• The data h_d_eate that no reacHon should be expected to occur

when the normalrzed CNEL ol_the _ntrudlng no_se _s less than

2 dB above the dayHme median noise level1 or equTvalentlyr

approximately 7 dB above the residual no_se level. However_

some soc_al surveys indicate that when the intrudlng no_se equals

thls level_ approximately 20 percent of. the populaHon is "very
i

much annoyed t" although 45 percent are only "a little," or

"not at all annoyed."

• The s_gnificant eornplalnt reactions from t'he 55 community reacHon

cases and the approximate percentage of. the population "very much

annoyed" and "only a little" or "not at all annoyed" from the

London study are given in Table 20.

!

I
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Table 20

, Summary of Expected Community Reaction and Approximate Annoyanc
I as a Funaffon of Normalized Community Noise Equivalent Level

_Approxlmate Difference Between
Normalized CNEL and Average

Expected Daytime Residual Noise Level Approxlmatel ApproxlPercent Percc

CommunHy (L90) _n dB Very Much Little o_
Reaction Mean Range of Data Annoyed Anno)

No reaction 7 2 to 13 20 45

Sporadic complaints 11 8 to 13 26 37

/i Widespread compfalnf's 17 12 to 24 37 26

_. Threats of legal action 26 23 to 29 60 14
i

i:' V_gorous action 33 28 to 39 _ 87 _ 7

• To measure the magnitude of intruding nolsest relative

to community reaction. Noise Pollution Level was found

, ....... to be less suHable than a quanHty equal to the difference

i! between the energy equivalent noFselevel (Leq) and LgO.

}i_. Growth of Nolse PoHuHon :
I"

• The I_m_ted available data Fromcommunity no_se surveys car

over the past 34 years _nd[cate that HtHe _ncrease has occur

the residual no_se level, except where land usage has chang

Where such change has occurred, the nolse has generally in

probably _n accordance wffh the expected change between I

use categories _n Table 5_ such as plus 10 dB From rural to st

|



or plus 20 dB From rural to no_sy urban, A significant spread of

noise pollution has occurred in th_s manner because of the large

growth of the urban and suburban areas_ and their populations r

in the last 20 to 30 years.

• A s_gn_ficant increase of na_se pollution in the past 20 years has

resulted from the rapid growth of commercial av;ation and FromHs

use of jet a_rcraft which are about 10 to 20 dB noisier than the

p_ston engined aircraft that were replaced. A somewhat lesserr

but still s[gnificantr _norease of nolse pollution has resulted from

the aonstructlon and use of freeways whreh are located w[thln

urban and suburban residential areas. It is esHmated that at least

2000 square miles of urban and suburban areas have been severely

impacted by no_se from these two major sources_ wHh lesser degree

of _mpact extending over a much larger area.

a The rapid increase in popularity and use of noisy recreatlonal i

vehTcles and home lawn care equipment powered by poorly muffled

Tnternal combustion engines has contributed to nolse pollution _n

both the wilderness and the residential neighborhood.

7.2 Recommendatrons

Noise pollution in the community is an extremely complex problem_

i caused by a variety of sourcesr and measured _n terms of _tsd_fFedng
_r

effects on people. To approach th_s problem requlres a systematic

approach to the measurement and prediction of community noises

establishment of noise quality goals_ control of the bas_e nolse

charaotedstlcs of the various _mportant sourcest community planning

for and regulation of no_se_ and continued research to bel'ter understand

...._ the effects of noise on people and to _mprove noise control technology.



t:: The following recommendations address part of this overall problem:
!

rk' Measurement, Prediction and Goals
i

• Accomplish a nationwide community noise survey w_th suff_c_¢

locations to have statistical s_gnlflaanee to obtain:

i 1. National communHy noise baseline.
_:": 2. Opln_ons of the noise environment for each IocaHon.

_.': 3. Definition of" speech privacy requirements.

......" _,. 4. Definition of minimum requh'ements and procedures for

noise mon_torlng systems.

5. Data input to no_se quality goals.

6. Data for improving predlcHon model for community nolse
:!

• Plan and conduct one or more metropolitan areawlde monltor_

I, """ demonstration programs to obtaln total effect of alrcreft and I
I

way notse _n resldentlal areas and to further refine monlter_nr

methods and techniques.

® Revlew and update exlsHng analytical methods for predicting

outdoor noise levels in the commurgty from transportatlon sol

including obtaining any necessory physleal dote on attenuatl.

® Establlsh noise quality goals for the indoor and outdoor envlr

covering both constant and _ntermTttent s_ngle or mulfiple-ev

noise o

r,

! Control of Basic Source No_se, Community Plannlng and Regulatlo.

® Establlsh source no_se standards and goals, conslstent wlth th

:. community noise quality goals for all major source categorle

|naludlng all transportation and recreational vehicles, const

equlpment, lawn care equlpmen b and air conditioning equl I"
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• FstabHsh noTse labeling procedures for all consumer products

which produce noise.

• Develop guidelines For achieving acceptable freeway and hlghway

noise levels t incorporating the effects of source noise reduction,

barriers r and other design elements.

• Develop a model noise ordinance foruse by cities and towns.

• Develop model building codes which include noise performance

crHeria.

• Define aircraft no_se goals which are compaHble with the community

and the future air transportation system.

Research

• Work wHh appropriate federal agencies to support research funding

to develop the technology for quieter alrcroft and their operation.

• Conduct research Io improve understanding of effects of noise

on people:

1. Correlate health records versus noise exposure around major

metropolitan airports.

2. Perform experlments in sleep disturbance to determine

t, importance of community noise in sleep d_sturbance with

attention to characteristics and number of noise events versus

steady state background.

3. Obtain better def;nlfion of the role of short-time s_ngle-event

noise interrupHon in speech and telephone conversation, and

TV and radio Hsfenlng.

4. Ascertain the relative importance of indoor and outdoor
1

_ environment on community and individual reaction to noise.

;'Ji
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V
5, Determine noise criteria For people inoutdoor areas such

I asparks,

• Conduct demonstration programs _n residential housing to find

! relationship between room noise reduction and human reaction

to develop better criteria for building wall transmission Ioss_ and

i to provide design goals for reducHon of trafl_c noise for

! buildings near major Freeways,

• Conduct research towards quieting clty street canyons through

' development and opplleaHon of outdoor acoustical absorbing

Ill.i materlal to building exterior surfaces,

i
i

lllmi_, ,

I:

ii:i

.7:" •
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APPENDIX A

COMMUNITY NOISE SURVEY

This appendix provides site descriptions t no_sedata and measurement procedures

relating to each oF the 18 noise survey locations. Table A-1 provides the letter

designaHons and titles for all locations.

A. 1 Descriptive Figures

The descriptive information and data For each location are contained in

a series of"three consecutNe figures. The figures A-la t A-lb, and A-lc oil relate

to Location A. Figures A-2a, A-2b, A-2c relate to LocaHon B. Those deslgnatlons

continue through LocaHon Rt depicted in Figures A-iSa, A-18b s and A-18c. The

content of these figures 7sdescribed _n the following paragraphs.

A. 1.1 Site Descr_ptrons

I Figures A-la t A-2a t through A-lSa describe the type of communlty

represented by the survey site and its geographical Iocatron. Each figure contains

a local street mapr a photograph oF the location, a descrlpt_on oF the local noise

envrronment, and pertinent comments on m_crophone location and the measured data.

The survey location is _ndicated on each street map by a black d_amond (#).

A. ] .2 24-Hour Time History Re.cords

Figures A-lb, A-2b, through A-18b are 24-hour tlme history records

oF A-welghted noise levels for each survey location. These records are portrayed on

two Facing pages; the First page depicts noFse levels For 0000 hours to 1200 hours end

the second page depicts no_se levels For 1200 hours to 2400 hours.

Data ranging in length from several seconds to several m_nutes is m[sslng

from the 24-hour Hme history records for some of the survey locations because the

recorder was temporarily stopped for system maintenance or adjustment.

During the 24-hour measurements at Locations P and dt the communrty

"i_ no_se levels occasionally dropped below the noise threshold of the measurement

i!
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instrumentation. This _s indicated by the fairly constant level on the 24-hour

recording. This condition also occurred at Location R and is discussed in F_gure ]_

At Locations Br M and Or portions of the 24-hour record which appear to hove tea

a threshold are actually ind_catlng a constant no_se level established by air condHi

systems r blowers, or other continuous local noise sources.

A. 1.3 24-Hour Outdoor No_se Summaries

Figures A-lc, A-2c, through A-18c are summaries of the 24-hour auto

no_se levels at each location. These figures provide a stat_stleal portraya] of" eomn

noise throughout a 24-hour period. The upper graphs (a) give the maximum and res' i

no_se levels read from a graphic level recorder, together with the hourly and per]oc

values of the levels which ore exceeded 99, 90, 50, 10, and 1 percent of" the time i

(L99 , L90 , L50 , L]0 r and L1) , respeeHvely, and the energy mean equEvalent level

The lower graph illustrates the statlst[cal distribution of the noise levels throughout

each of the three time periods.

m
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TABLE A-1

Community Noise Survey Locations

Location Page. Address

A A-5 Thh'd Roar Apartment, next to Freeway -
West Los Angeles, Callf'ornla

B A-9 Third Floor Downtown Hi-Rise -

Los Angeles, California

C A-13 Second Floor Tenement- Harlem, New York

D A-17 Urban Shopping Center- Torrancer CaHfornla

E A-21 Popular Beach on PaciFic Ocean -
Corona Del Mar, Callfornla

F A-25 Urban Resldential Near Major Airport-
Lennox, Cariforn;a

G A-29 Urban Residential Near Ocean -
Redondo Beach, CaHfornla

H A-33 Urban Resldentlal, 6 miles to Major Airport- .
Los Angeles, Callfernla

! A-37 Suburban Resldentlal near R/R tracks -

Simi Valley, California

J A-41 Urban ResidenHal - Inglewood, Cellfarnla

K A-45 Urban Resldentlal near small Airport-
Newport Beach, Callfornla

L A-49 Old Resldendal near City Center-
Los Angeles, CaHf'ornla

M A-53 Suburban Residential at City Outskirts- i:]
Pacific Palisades, CaHf'arnla :1

! iN A-57 Small Town Res;denHal, Cul-de-Sac-
_i Fillmore, Call fornla

: O A-61 Small Town ResldenHal, Maln Street-
FIIlmore, Callfornla

p A-65 Suburban Resldentlal in Hill Canyon -.
Los.Angeles, Call f'arnia

:. Q A-69 Farm in Valley- Camarilla, CaHfornla I

'.' R A-73 Grand Canyon, North R;m- AHzona

,:, A-3 / '!
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_CommunityDescriptlon: Large apart- ._
ment unit_ adjacent to San Diego

i

Freeway in a mixed single multiple
unit residential neighborhood. Eight-
lane major Freeway; 0.5 mile to

I Venice Boulevard; 1.1 miles to SantaMonlco Freeway; 1.1 mile to a gen-
eral aviation airport.

Noise Environment: Thls location was

'right next to a major freeway. Free-
way traffic produced very high noise
levels mostof the day and traffic was
heavy enough to keep the residual noise levels in the high 70 dB(A) range with a
relatively narrow excursion to traffic maximums in the 90 dB(A) range. During the
very early morning hours, with light traffic, the noise level went down into the
40 dB(A) range for several brief periods. No other intruding events are readily
distinguishable on the 24-hour noise signature. The mlcrophone was positioned 100
feet from the side of the freeway and 45 feet above ground level. It projected 6
feet toward the freeway from a thlrd-floor apartment balcony. The freeway street
level was about 30 feet below ground level at the apartment building.

Figure A-la. Location A - Third Floor Apartment, Next to Freeway -
West Los Angeles_ California
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Community Descrlption: Major down-., ,,,i..,|_.._:m._' ".:l

town metropolitan area, undergoing

considerable reconstruction. The two

major projects were a five-story steel
beam construction above ground on a
commercial building and subterranean
foundation work on a parking garage. I_ :" - "
The two projects were located side by
side directly across the street from the
location. Broadway is a four-lone
major downtown street, 0.3 mile to
the Hollywood Freeway and 0.6 mile
to the Harbor Freeway, 1.7 miles to
the Golden State-Santo Ana and Santa Monica Freeways. The general area is a
network of major downtown arteries serving high rlse commercial and governmental

I buildings, 0.6 mile to railroad station and associated warehousing and industrial
district.

Nolse Environment: The notlceoble intruding noises, primarily From construction
trucks, cranes on_'olrwrenchest were superimposed on a very high level of steady
traffic nolse. Busesand motorcycles were very noticeable within the traffic noise.
Sirens produced the hlghest levels of intrudlng noises. The microphone was located
30 feet above the sldewalkt 6 feet away from the side of a relatively open parking
garage structure. A large air conditioning vent at street level, adjacent to the
parking structure, dominated the residual level during the late evening and early

" morning hours.

'7.7! Figure A-2a. Location B- Third Floor Downtown Hi-Rise -
k'{ Los Angeles t California

]' A-9 i

< ::



_i_:';_:'":_'_i':'_::'__ _':_;'¸;:i ..... _ m "
',_b'!_..... '_,_._:4:_y: , _ .r

F_gureA-2b. T_rneHis_'ory
I

LOCATION B-OOOO Hour=to T200Hours

9_,' 0100

._ _.=_. _. _. _ . -_ -- -- _ _ --_ , _,_,.,_r- " - 0300

9o-_ , __,_ ._._._.___:.:._._ .____,._s.._,________,,._o4®

40-___'__ '/_-_=. _-:-_--=----_

_7--" -

9O--" - ,_,_,_.,,,.___-_,___



10 20 30 • 40 ,_0 60
MlrtutoI

LOCATION B- 1200 Hour_to 2400 Hours

90 - r--.. -- '................ .......



....._a) Various Measuresof the Outdoor Noise Level
I I I I I I I I I I I I I I

100--

,__v _i_:,:..._. Hourly Values Arlthme'
_._-_ m'_ Average

•Hourly '

B0
0

"_ 7g

_60 ooooo .... o _9
i- L , '_

•_ 50
_ o ResTduolNoise Level

;" _L..,_ o Maximum Noise Level

"_lk, (ReadFromgraphic level recordings)I
•:_;., 40

_,,.t..... l" AM -I" PM
:' St0 I I I I I I I I I 1. 1 I I

12 2 4 6 I0 12 2 4 6 8 10 12 Day Ev,
Beginning of Hour

b) Histogramsof the Percentageof Time Noise Wasin Each5 dB Interval For ThreeTim

Day Evening Night100

. -,._<.... _ 80 -,_j!! :._&. ._E
I,--

'_ 6O

_ 40

°
IJ

_ 20

0 I i i I I I I I I t I I I '

_ " " 40 50 60 70 80 40 50 60 70 80 40- 50 60 70

. .- A-Weighted Noise Level indB re 20/s N/m;'

Figure A-2c. Summary of the 24-Hour Outdoor Noise Levels
al' Location B - Third Float Downtown Hi-Rise

A-12



Community Description: Harlem sec- ___._il_/_l'i:'" _ " i i
tlon of New York C'ity; metropolitan B_'_I_I__
low incomeresidential and commer-

/

clal area; at the intersection of 125th
Slreet and Lenox which are bothma_or
four-lane arterlals; onemile to the
East River; 25 miles to a major metro-
polltan commercialairport.

Noise Environment:Major intruding
no_seswere generatedby trucks,

s motorcyclese sirens, Fireengines,and
-- jet overflights superimposedon fairly

steady levels of automobile traffic, loud musicand voice announcementsbeing
played as part of a store front promotioncontinually from 10:00 a.m. to m[dnlght.
Considerable amountsof "people noise" were noted during times when rain was not
Falling. The microphone waslocated just _nsidean open window on the second floor
of a businessbuilding. This location wasapproximately 55 feet from the actual
corner of the building. The window faced Lenox Street.

Figure A-3a. LocationC-Second Floor Tenement-
Harlem, New York
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Community Description: Major com-
'm-_rcial shopping c_nter; large and _'_"=_._. _"_ ""'_" "... _. ,-.... • _:_"_' •_'_'_ .......

small stores, majordepartment stores_

high rlse office buildings and service
stations; 200 feet to Hawthorne Boule-
vard, a slx-lane arterTal; 150 feet to
Carson, a four-lane arterial; 1.Smlfes
to Pacific Coast Highway, a major

Night Four-lane arterlab 2.75 miles to the
San Diego Freeway, 3.75 relies to the
Harbor Freeway, 1.5 miles to a major

-io_s small general avlaHon airport, 1.5
miles to nearest industrla) area, and
2.25 m;les to a beach.

Noise Environment: Heavy street traffic dominated almost the entire 24-hour period.
,_'stoi'e air conditioner vent held up the residual level during the early morning

_ hours. Intruding noises superimposed on the general traffic noiseswere jet and
propeller overflights, trueks_ motorcycles, horns, trucks and service equlpment for
nearby lots and stores. The microphone was located 25 feet above ground, 200 Feet
from Hawthorne Boulevard, and 150 Feet from Carson Boulevard.

Figure A-4a. Location D - Urban Shopping Center-
3 Torrance, California
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Communit_Descript|on: Suburban _ _ _:f_,•

residential; single family dwellings

only; 36-faot-wlde street with only _.
neighborhood traffic; 0.25 mile to t_,_' ._j_"_. ,_l_l_';_!r._.._" . '_
Hawthorne Boulevard, a s_x-lane Rm_._im_,._w_ql_,_.;la_ll_2_j_.____
arterial; 0.3 m[[e ta Century Boule- __l_
vard, a six-lane major arterial; 0.7
m_le to Imperial Highway, a four-
lone arterial; 0.7 mile to the San ,_.._._._,_.,..-

Diego Freeway, 4.4 miles to the __* ._-' _'_'-
Harbor Freeway; located in the __
approach pattern, 0.75 mile to a
major metropolitan airport.

Noise Environment: Intruding noise events were generated primarily by the .iet air-
craft approach traffic. The maximum no{se levels were generally in the b_angeof
100 dB(A). Eventsoccurred at typical rates of 30 per hour during daytime and 6 per
hour during the morning hourS. Automobiles and dogs created the other _ntrudlng
events wlth traffic setting the residual noise levels. The microphone was located
55 feet from the curb and 24 feet above ground.

Figure A-6a. Location F- Urban Residential, Near MaTor Airport-
Lennox, Calf farnia
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Figure A-6b. Trine H_story
LOCATION F- 0000 Hou_ to 1200 Hours
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Community Description: Suburban res-
idential; single family dwellings only;

22 foot wlde street, 2 blocks long;

only traffic local to the dwellings on
the street; 0.3 mile to Palos Verdes,
a four-lane arterial; 0.5 mile to
Pacific Coast Highway, a major four-
lane artenal, 4.5 miles to San Diego
Freeway, 5.5 miles to the Harbor
Freeway, 2 rniles to major general
aviation airport, 2 miles to major
shopping and financial district; 4
miles to nearest industrial area; and
0.6 miles to beach.

Nqise Environment: The major intruding noises were from single engine aircraft from
the nearby genera/avlat_on airport and from jet overfilghts from a major metropolitan
airport. Background traffic from adjoining streets and arterials, sirens, children on
the street, delivery and service trucks formed the other intruding sources. Residual
noise levels were dominated by urban traffic. A water company diesel generator
across the street increased the residual level by 5 dB(A) for 3 hours during the early
evening. A street sweeper, motorcycle, helicopter, and a neighbor hooking up a
trailer were the unusual single events for the 24-hour period. The microphone was
located 40 feet from the curb and 20 feet above street level. Tile 24-hour no_se

level charts for this location were produced on a different chart paper than that used
at the other 17 sffes.

F_gure A-7a. Location G - Urban Resident_al, Near Ocean -
Redondo Beach, California
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Community Description: High density _..
shlgle family dwellings in an urban
residential area_ 34 feet wide street
with light residential traffic, 0.3 mTle
to Alameda; 0.75 mile to Imperial _
Highway and 1.2 miles to Central -_.t
Avenue, all four-lane arter_als; 2.7 4.. - ,
miles to the Harbor Freeway, 0.3 mile .......... _ _ i.f!:¢- .'
to a heavy industrial area and multiple __"
frock railroad and siding yard; under _,1_.¢'__-:._"
the approach pattern and 8 miles to a ____"
major metropolitan commercial airport.

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

Figure A-Sa. Location H - Urban Resldential, 6 m_lesto Major Airport-
LosAngeles, California
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Community Description: Suburban resi-
dential at the outskirts of a large
metropolitan area; 36-foot wide street
serving only neighborhood traffic; 350
feet to Los Angeles Avenue, a four-
lane major arterial; 0.7 mile to the
Simi Freewayl 300 Feet to the Southern
Pacific Railroad track, 0.6 mile to
light commercial and businessdistrict,
1.0 mile to a small aircraft landing
strip.

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

Figure A-9a. Location I-Suburban Residential, Near I_/R Tracks-
Siml Volley, Callfornla
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Commun;h/, Description: Suburbanresl- _ i i

dential; single family dwellings only
with someapartments and a hospital in i
nearby area; 36-foot wide street, a
three-block closed circle; only traffic
local to dwellings on the street; 0.2
mile to Prairie, a Four-lane ltreet,
0.25 mile to Manchester Avenue and i
Florence Avenue, Four-lane arterlals; i
0.3 mile to Ha wthbrne-LaBl_e+h', a

major four-lane arterial; 1.3 miles to !
San Diego Freeway; 3.8 miles to Har-
bor Freeway; 2 miles to major metro-
politan airport; 0.25 mile to large cemetery and park area; 0.5 mile to major recre-
ational and park area.

No;so Environment: The major intruding noises were from jet aircraft landings. The J
takeoff runup and ¢llmbout rumble formed a very unusual noise pattern. The sideline i
distance to the major air traffic kept the levels down_ but formed some very long i!
duration intruding events. The residual noise levels were generated primarily by the r

heavy arterial traffic in the area. Service trucks, lawn mowers, and cars produced i
the other intruding events. A garbage truck and a rock band practice were the
sources of some unusual single events. The microphone location was 40 feet From
curb and 20 feet above ground.

Figure A-10a. I.ocatlon J-Urban Residential-
[nglewood, Cal[fornra
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Community Description: Suburban resi-
dential; large single family dwellings
only; 36-foot wide street serving only
local traffic for a 2-block length; 0.4
mile to Dover Drive, a four-lane
arterial; 1.4 miles to Newport Boule-
vard, 1.3 miles to Pacific Coast High-
way, 1.8 miles to MeArthur Boulevard,
all major four-lane arterlals; 3.5 miles
to a major general aviation airport
which has approximately 30 commer-
clal .iet fllghts daily; 0.3 mile from
cllmbout ground track; 3.5 miles from
takeoff brake release; 3.6 miles to the San Diego Freeway.

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

i Figure A-11a. Location K - Urban Resldentlalt Near Small Airport-
: Newport Beach, California
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t__-_I_L_"_¥ '" _;Community Description: Urban resl- _ .... _.r* "v' _
dential; mostly s_ngle Family dwellings _," :"'_

with light commercial district along _ f.

nearby arterlels; 36-foot wide street

serving only residential traffic; 0.2 _ "
mile to Vermont Avenue, a four-lane
major arterial; 0.2 mile to Adams

Boulevard, a four-lane arterial; 0.5 " .:._.. _.__..i _"
mile to the Santa Monlca Freeway; ............. "......... ' .......

1. | miles to the Harbor Freeway; 2 __
miles to the major metropolitan down- 1_._:,_-:_,_:,_,:,._-._.'_:_,_r:.'__
town area,

Noise Environment: The major intruding events were produced by airplanes, he/i-
copters_ automobiles and dogs. Other measurable events were created by a lawn
mower, an ice cream vendor, a radio playing on a porch front', and children playing.
From 6:00 a.m. to 7:00 a.m., the residual noise level rose lOdB(A) due to noise
From the Santa Monlaa Freeway. The microphone location was 50 feet from the curb
and 25 feet above ground level. The microphone was on a llne of slte exposure to the
freeway. The residual noise level was 2 to 4 dB(A) lower at ground level during the
6:00 a.m. to 7:00 a.m. rise in residual level due to freeway activity.

F;gure A-12a. Location L- Old Res_denHal, Near City Center-
LosAnge)es_ California
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Communlt)/Description: Suburban resl-
deh'fial; largo moderately spaced
slnglo family dwellings only; 28-Foot !7
wide street serving a sTxsquare block
residential area; 0. ] mile to Sunset
Boulevard, a major four-lane arterial
with mostly residential and little
commercial traffic; 0.6 tulle to San
Vi,'ente Voulevard, a four-lane resl-
dontlal arterial; 2.3 miles to the San
Diego Freeway; 3.8 miles to a gen-
eral aviation airport.

Noise Environment: The major intruding noises were from jet overflights at approxl- ' i
mately 4000-6000 feet altitude, and from automobiles on the residential street. The
other intruding sourceswere dogs in the residential area and street traffic intruding
from nearby Sunset Boulevard. The residual noise level appeared to be dominated I
by traffic noise in the general area. The microphone was 25 feet from the curb and
4 feet above ground level so residential street traffic at th_s Iocallon is exaggerated L!
compared to the other _ntrud;ng events at this JocaHon, and to street traffic at other
residential locations due to the m_crophone's closer prox_mlty to the street and
ground level.

Figure A-]3a. Location M - Suburban Res_denHalat City Outskirts -
Pacific Palisades, California
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Community Description: Small town
(population 6200); cul-de-sac with
no through traffic; 2 to 4 blocks to the

main north-south and east-west streets; m..L. _
0.6 mile to State Highways 126 and
23 (two-lane surfaced highways); 0.4
mile to the main businessdistrict; 0.5
mile to the Southern Pacific Railroad
track.

Noise Environment: The major intrud-i

ing noises were From propeller aircraft "_"
and hellcopter overflights, background
traffic on nearby streets, cars in the cul-de-sac, dogsbarking, people talking, and
children playing in the area. A street sweeper in the cul-de-sac provided the
highest noise level during the day. The residual noise level in the evening has some
cricket activity present, but they do not seem to have controlled the noise. The
residual noise level was apparently governed by community activity and traffic, and
appears to have random Fluctuations during any given hour. In large urban areas,
the residual noise level appears either constant or qradually changing over any hour
period. The microphone was located 20 feet from .he curb and 4- Feet above the
ground.

Figure A-14a. Location N -Small Town Residential, Cul-de-Sac-
Fillmore, California

A-57i i !
iJiil_



:_ Figure A-14b. Time H|story
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Communlt_ Description: Small town ., .
(population 6200); main street resl- : • " '. .
dential area; 0.3 mile to State High .... ...... ....... :_...... :
way 23 and 0.6 mile to State Highway ";_

126_ bath two-lane surfaced highways;

0.2 mile to the main businessdistrict;
0.5 mile to the Southern Pacific Rail-
road track.

Noise Envlranment: The major intrud-
ing noise sources were from maln street
traffic, airplanes, trucks andmotor-
cycles, horns and lawn mowers.
Durlng the mldnight to 0100 tlme period s there were as many alrcraft overflights as
cars passing on the main street. Theresidual noise level in the late evenlng hours
appeared more steady than at the cul-de-sac location 5 blocks away (location N).
The microphone was located 55 Feet from the curb and 5 feet above ground.

Figure A-15a. Location O-Small Town Resldentlal, Maln Street-
Fillmore, Callfornia
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Comrnunlt_"Description: High income '¢_surburban residential canyon area, 30-

foot wide two-lane street, 2.5 miles

long, formlng an arterlal for all the
traffic to and from the dwellings along
the canyon road, 0.75 mile to the San
Diego Freeway, 2 miles to a major
suburban and commercial business

dlstrlct. Street and houses located : -_ '_÷_:';:_.,,-along the bottomofa narrow canyon : _: _,_ _,;,:=....
about 300 feet deep. _,,.:.... :, ',_._ . _

Noise Env_ronrnent:Heavy street
traffic formed the dornlnant intruding noise. A few aircraft overfllghtst dogsand
children playing formed the other noticeable single events, The residual level is
relatively low, except when dominated by crickets during evening and night hours,
The crickets raised the residual noise 12 dB(A) in a 20-minute period beginning
about 2000 hours. The residual noise level dropped about 15 dB(A) between 4-..00
a.m. and 6:00 a.m. when the crickets quieted down. The microphone was located
40 feet Fromthe curb and 25 Feet above ground level.

Figure A-16a. Location P-Suburban Resldent_al in Hill Canyon - i
LosAngeles, Callforn_a i l
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Community Description: Ma_or recrea-
Hon beachstate park; large parking
area but no major high speedarterlals
or streets nearby. 0.5 mile to Pacific
Coast Highway; channel entrance to a
very large recreational booting and
bay area. The beach and parking
area is about 0.2 mile wide and
located at base of a 75-foot bluff.

Noise Environment: Major intruding i
events weredue to a variety of air
vehicles; several helicopters and small
propeller aircraft at close range, and commercialjets at greater distances. Con-
s_deroble noise during the day came from recreational activity on the beach and in
the refreshmentstandarea. The residual noise during the evening wasdominated by
the surf which varied from 50 to 60 dB(A) with the breaking of the waves. During
the day the recreational activity raised the residual level to the 56 to 58 dB(A)
range and no surf noise pattern is noticeable on the record. An unusual intruding
event was the beachsanclcleaner at 7:30 a.m. The microphone waslocated about
100yardsfrom the surf at the junction of the sandand parking lot. it was placed
20 feet above ground level and above a partially covered breezeway about 75 feet
from the refreshmentstand.

Figure A-5a. Location E- PopularBeachon Pacific Ocean -
Corona Def Mar, CaHfomla
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Community, Description: Suburban ,"'

o ono n0only; 36-foot-wlde street w_th only
neighborhood traffic; 0.25 mile to
Hawthorne Boulevard, a slx-lane _" _, ":":_:'
arterial; 0.3 mile to Century Boule- ,=, ._-

vard, a slx-lane ma._orarterial; 0.7

mile to Imperial Highway, a four-
lane arterial; 0.7 mile to the San ......
Diego Freewayt 4.4 miles to the -"="_-'_"_

Harbor Freeway; located _n the --__approach pattern, 0.75 mile to a
major metropolitan airport.

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

Figure A-6a. Location F- Urban Residential, Near Major Airport-
Lennox, Callfomla
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--t/'_. :./W_. "+_ _-°"_ _ ]o,W--Jjc-__..

') n / ,_
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Communlty Description: Rural agrl- _'_ _'_-'

cultural area tomato fleJd; 50 yards to

the trees around the yard and dwelling
area; 160 yards ta Walnut Avenue, a
lightly traveled surface road; O. 6 mile
to State Highway 118, a two-lane

to LaLama Avenue and O, 75 mile to La e.,

Vista Avenue, both lightly traveled ;isurfaced roads; 3.5 miles to the Santa . .::_.. ,_,-_
Paula Freeway;3.6 miles to the _'.__
Veatura Freeway; 4,5 miles to Camarilla,

Noise Environment: The major intruding events were created by jet and propeller alr-
_:rdfl: flyovers an_l dogs barking, Other intrudlng events were from background traffic
noise, Trucks on the distant freeways could be heard distlnctfy but did nat false the
noise level above its resldual value, The resldual noise level during the evening
hours was dominated by crickets, During the day an orchard pruner in the distance
controlled the mlnlmum noise Jeve}, The mlcrophone was located 5 feet above ground
level,

Figure A-lYe. LocaHon Q- Farm in Valley-
Camarilla, C_llfornla
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_;:_ I_ , • ..._ , _ ,,._ . ,_ b. 7". ..,-- ._ _-, . .....
_;af._'_:_. "-',_L_'_.'_;;_'':"_, ,,."_g..'c,'Z'_.,,_,,g_ _s_. , ,;_ _, _": _s,_.,_.__- " '._ ._!'_..:_:. _,_'_'--

Communffy Description: Remote wilder- _ " ...,_'.';_3_,,,s_l
hess; north rim of the Grand Canyon; .._,_'_-_'_._-_-" _"_'_
a campground with four picnic tables _ :;_: ";';'_" .... ''_' -_ "_-
accessible by o 100-mile dlrt road .6_"
from St. George_ Utah. =;_s""_'"'_

Noise Environment: Extremely quiet. _ _"-_

Major intruding noiseswere generated

by propeller overflights and small
animals and insects. Crow calls from
a quarter of a mile away were clearly
audlble_ and feather aerodynamic
noise from birds no larger than sparrows
was noticeable from 30 to 40 feet away. The soundsof the rapids in the Colorado
RiveG 3000 feet below_ were clearly audible when the observer stood at the edge of
the canyon, considerably attenuated 5 to 10 feet from the edge, and completely
inaudible 40 feet from the edge. The canyon seems to act as a highly directional
horn radiating this sound vertically.

In this Iocatlon_ nighttime noise greatly exceeded daytime noise because of crickets.
Daytime animal noises consisted of barking by chipmunks and bird noises mentioned
above. The microphone was located in o sheltered area a few feet downwind from
some rocks approximately 1.50 feet from the edge of the canyon. At this Iocafion_
the noise level frequently Fell below the 16 dB(A) threshold of the measurement
instrumentation. In order to make a measurement of the correct level_ the sensl-
tlv;ty of an auxiliary sound level meter was set to a maximum levels extending
the measurement range to about 11dB(A).

Figure A-18o. Location R - Grand Canyon, North Rim --
Arizona
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A, 2 Data Acqu_sltlon and ReducHon

A,2. I Introduction

Dote acquis{tion and reduction for the community noise survey was performed

with the three systems depicted in F_gure A-19 - Standard Field Measurement Systemt

Figure A-20-- Low Noise Field Measurement System, and Figure A-21 - Data Reduction

System. Details of the application of each system, system cenflguratlon, operallng

procedures and performance speclficatians ere presented in the following paragraphs.

A.2.2 Data Acquisition Systems

A. 2.2. l Standard F_eld Measurement System

The Standard Field Measurement System was used on IocaHons where the

ambient level of the communHy noise data was higher than 30 dS(A)- 13 of the 18 survey

locations, It was a fully self-conta_ned field laboratory, used for making conHnuous

graphic level and magnetic tape recordings of the community noise levels. All equipment

_n this van operated from 715 vaa; therefore, the system was used only at measurement

locations w_th accessible llne power.

A. 2.2.1.1 System Description

Nolse data was acquired through a condenser microphone shlelded by a w_nd-

screen. Microphone slgnals were conditioned by a preampllfler and _nput to a microphone

ampllf_er for amplification and A-welghted filtering. The microphone ampl_fler, in turn,

drove a graphic level recorder and a magnetic tape recorder. A statistical distribuHon

analyzer was mechanically coupled to the pen drlvlng mechanism of the graphic !evel

recorder. Data was continuously recorded on one track of the tape recorder; appropriate

operator commentary was recorded on the ether track.

A. 2.2. I. 2 Operating Procedures

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

illustrated in Figure A-19, w_th the exception that the output of the audio oscillator was

fed to the input of the tape recorder. A serles of s_nusoldol signals ranging from 90 Hz to

12 KHz was then input to the tape recorder, and a frequency response caHbraHon recorded

on tape. Nextt the oscillator was utilized to callbrate the statisHeal dlstr_bution analyzer

and the graphic level recorder over the 50 dB chart range.
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Follewlng recorder calibration_ the preampl if'ier was connected to the micr_

phone amplifier° A B& K Type 4230 acoustic callbrator was placed on the microphone,

and the sensltivities of the graphic level recorder and tape recorder were adjusted to thl

reference level of 93.6db (re 20pN/m2). Thlsoperation completed the pre-run

caHbratlon procedure.

Followlng callbratTon_ the graphic level recorderr the tape recorder, and t'

statistical dlstribution analyzer were activated and the 24-hour measurement commence_

At the completion of each hour_ the statlstlcal dlstrlbution analyzer was stopped,: the

arnplltude dlstributian readlngs were recordedr end the analyzer was "zeroed" and resta_

During this same period -about 10 minutes -the tape was removed from the tape record,

and a new reel of tape _nstalled. A reference voltage, with a fixed relationship to the

microphone callbratlon, was put on the beglnn_ng of each reel of tape.

When the communlty no_se data rose abovet or fell below, the 50 dB range

the graphic level recordert the mlcrophone amplifier attenuator was adjusted to aceom_r

the dynamic range of this data. At periodic intervals over the measurement periods the

system was also calibrated w_th the acoustic callbrater.

A.2.2.1.3 Specification

System Measurement Range: 28 dB(A) to 130 rib(A)

System Frequency Response: 20 Hz to 10 KHz

Statistical Distrlbutlon Analyzer: Measured elapsed time of data in 10 bar
each of 5 dB bandwldth. Elapsed time
above the top band and below the betto_
band was also recorded.

A.2.2.2 Low Noise Field Measurement System

This system was used for making measurements at locations where (1) 115 va_

power was not available_ or (2) the community noise threshold dropped below the lower

llmlts of the Standard Field Measurement System. This system was usedat" five el: the

survey Ioeatlons. The system provided magnetic tape records, but no graphic recards_ 0

/-. the 24-hour noise history. Tapes were subsequently played back in the laboratory on th_ i

data reductlon system to obtain the amplitude time histories and the statlstlcal data.
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A.2.2.2.1 System Descrlprlon

Community noise data were acquired through o condenser microphone shlelded

by a windscreen. This microphone was attached to a preamplifier connected to a

precision sound level meter. The sound level meter, in turn, drove a magnetic tape

recorder through 100 feet or less of cable°

A°2.2.2.2 Operating Procedure

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

shown in Figure A-22° System frequency and dynamic response checks were performed

in the laboratory prior to field measurements, as the nature of" tile survey sites dld not

permit taking any non-portable or bulky equipment into the field°

Pre-test calibration of the sound level meter and the tape recorder were

performed wlth the acoustic calibrator at 93°6 dB° Following calibratlon, the sound level

meter and the tape recorder were activated and the 24-hour measurement commenced. A

microphone calibratlon was put on the beginning and end of each reel of' tape. One

tope ran for three hours; consequently, eight tape changes were required during a

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

A.2.2.2°3 SystemSpeciFicatlon

Overall Measurement Range: 16 dB(A)* to 130 dB(A)

Overall Frequency Response: 20 Hz to 10 KHz

*The 16 dB(A) Floor was set by the recording system -an auxiliary
sound level meter had a noise Floor of 11 dB(A).

A° 2.3 Data Reduction System

The data reduction system -shown in Figure A-23- was used to obtain

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

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

survey locations.

A. 2.3. I System Deser_ption

A. 2.3.1. i Time H isfor;,' Records

Tope recordings from the Low Noise Field Measurement System were replayed

- with the same tape recorder used in the field - _nto a graphic level recorder and statistical
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distribution analyzer. This data reduction was essentially identical to the method used

for making the 24-hour noise survey with the Standard Field Measurement System. The

graphla level recorder was callbrated by using the reference signal recorded on tape.

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

records were all replayed into the graphic level recorder.

A.2.3.1.20ne-ThirdOctave Band Plots

The First step in obtainlng this data was to select the speoiflc events on the

24-hour record to be analyzed. Once this data was located on the original graphic record,

a second graphlc record of the data was recreated from the magnetic tape to verity that lhe

proper data was located on tape. The portion of the taped record to be analyzed was then

played into the real-tlme analyzer and o graphic record of the third octave spectrum

obtained. To obtain one-thlrd octave plots of data, taken with the Standard Field

Measurement System, a correction from A-welghtlng to linear was applied to output of"

the spectrum analyzer.

A.2.3.2 StetlsHcal Analysis

Data From the statistical distribution analyzer consisted of records of (1) theql
elapsed tlme that the A-we|ghted level of the community noise data was below the bottom

of the graphic level recorder chart, (2) the elapsed time the level of the data was greater

than the top of the graphic record, and (3) the elapsed time the data remained withln each

of: ten 5 dB wlde bands covering the 50 dB range of the graphlc level recorder. This data

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

For each site.

J
i
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APPENDIX B

TYPICAL NOISE SPECTRA

Th_sappendix contains typical examples of noise spectra measuredat

someof the locations. The data were reduced on a real time analyzer using slow

randomaveraging Forthe residual spectraand maximum for the spectra of vehicle

pass-bysor other events denoted by maximum.

Measurementsare at various d_stancesFromthe various sourcest and

therefore should not be used to compare the absolute magnitude of the various

sources. However, they give an indication of the relative spectral characteristics

of the different sources.
i

Figures B-I through B-3 are for aircraft; Figures B-4 through B-9 ere

for various ground transportation vehicles; Figure B-10 hassometypical beach

sounds;and Figures B-11 through B-13 have somesoundsFromnature which include

cricketst b_rdsand dogs.
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Figure B-J1. Typical Examples oF Crickets
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APPENDIX C

TERMINOLOGY

This Appendix contains descriptive definitions of some of the principal terms used in
this report. For addltlonal definltlons refer to American Standard Acoustical
Terminology t $1.1-19601 Revls_on of Z24.1-1951 and including Z24. la, American
Standards Assoclatlonl May 26 r 1960.

SOUND PRESSURE

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

LEVEL

In aooustlcs r the level of a quantity is the Iogerlthm of the ratio of that quantity to a
reference quantity of the same kind. The base of" the Iogarhhm, the reference quantltyl
and the kind of level must be specified.

Note I: Examples of kinds of levels in common use are eleatrrc power leveb sound-
pressure-squared leve b voltage-squared level.

Note 2: The level as here defined is measured rn unTts of the logarithm ot.a refer-
ence ratio that _sequal to the Base at. logarithms, i_

Note 3: In symbols_

L = Iogr (q/q0)

where

L = level of" k_nd determined by the kind at" quantity under cons_deration_
measured in units of Iogrr .

r : base of logarithms and the reference ratio
q = the quantity under consideration

qg = reference quanffty of the same kind

Note 4: Differences _nthe levels of two like quanHIqes ql and q2 are described by
the same formula because, by the rules of logarithms n the reference quantity _sauto-
maHcaJly divided out:

log r (ql/qO) - logr (q2/qo) = log r (ql/q2)

C-I
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DECIBEL

The decibel is one tenth eta bel. Thust the decibel is a unit of level when the base
of the logarithm is the tenth root of" ten, and the quantities concerned are proportional
to power.

Note 1: Examples of quantities that qualify are power (any form), sound pressure
squared, partlcle velocity squared, sound intensity, sound-energy density, voltage
squared. Thus the decibel _sa unit of sound-pressure-squared level; it _s common
practice, however, to shorten th_s to sound pressure level because ordinarily no
ambiguHy results from so doing.

Note 2: The logarithm to the base the tenth root of 10 is the same as ten Hmes
the logarithm to the base 10: e.g., fora number X2, Iogi0r/10 X 2 = 10 Iogl0X2 =
20 Iogl0X. This last relationship is the one ordlnarHy used to slmpl[fy the
language _ndefinHions of sound pressure level, etc.

SOUND PRESSURELEVEL

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 th_s sound to the reference pressure. The reference
pressure is 20 mlcronewrons per square meter.

ONE-THIRD OCTAVE BAND SOUND PRESSURELEVEL

The one-thlrd octave band sound pressure level of a sound for a specified frequency
band rs the sound pressure level for the sound contained wrth|n the restrlcted band.O
SOUND LEVEL (NOISE LEVEL)

Weighted sound pressure level measured by the use of a metering characterlsHo and
weighting A, B, or C, as specified in th_s standard. The welghtrng employed must be
indicateds otherwise the A-welghting is understood. The reference pressure is 20
m_cronewtons per square meter (2 x 10-4 mlorobar). Unlt: decibel (riB). In th_s report
sound level (noise level) _salways A-weighted.

STATISTICAL LEVELS

Any of the statlsHcal noise levels _sg_ven in terms of the value of the noise level
which is exceeded for a stated percentage of the time perFod during whlch the measure-
ment was made. The symbol for the no_se level which is exceeded y percent of the

t_me _s Ly.

The most common measures utiHzed in thls report are L99, Lgo, L50t L]0 and LI, whTch
denote the value of the norse level which _sexceeded 99_ 90, 50, 10, and 1 percent
of the t_me respectively.
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ENERGY EQUIVALENT NOISE LEVEL

The energy equivalent no_se level For a stated period is the level of a constant1 or
steady stote_ no_se which has an amount of acousHc energy equivalent to that con-
tained _n the measured noise. The symbol for the energy equivalent noise level _s

Leq. Its mathematlcaf definition _s

1 10TO"dt
Leq = 101Oglo t2-t 1

t 1

where NL is the measured noise level as a function of time and t 1 and t2 denote the
times at the beginning and ending of"the measurement period.

RESIDUAL NOISE LEVEL

The residual no_se level _sthe level of. the all encompassing unldent_fiable no_sewhich
remain after all _denHfiable noises have been eliminated. For th_s report Lgo has been
used as an estimate of the residual noise level when no steady state idenHfiab#e nolses
were known to be present.

NOISE EXPOSURE AND NOISE LEVEL SCALES

"Noise exposure _s the integrated effect, over a g_ven period of tlme_ of a number of
different events of equal or different no_se levels and durations. " The integration may
include welghHng Factors For the number of' events during certain t_me perlods _nwhich
people are more annoyed by noise (e.g., sleep interference by no_se at night).

The various scales for no;se expsoure or noise level in use throughout the world differ
according to the particular method of integration or summation, time period welght|ng
factors, or Frequency weighHngs.

The following summarizes the essential Features oFand correlation between three no_se
scales currently used in the United States For noise exposure From aTrcraft noise. The
correlations are necessar;ly approxlmates but are considered valid for interrelating
evalua tlons of a_raraFt noise exposure at major airports served by current commercial
jet alrcraf.t. The definitions used herein are not always the same as those formally
given in the source references. In all cases, however_ the simplified form g_ven here
is an exact equivalent or valid approxlmaHoa thereto.

C-3
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Noise Exposure Forecast (NEF)

A method currently in wlde use for making no_se exposure forecasts utilizes a perceived
noise level scale with additional corrections for the presence of pure tones. Two tlme
periods are used to weight the number of Flights (Galloway, W.d. and Bishop, D.E.,
"Noise Exposure Forecasts: Evolution, Evaluationt Extensions and Land Use Inter-
pretaHons I " FAA-NO-70-9, August 1970).

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

EPNL--" PNL +101og-_ +F, EPNdBmax

" where

PNL = maxhnum perceived noise level during flyover, in PNdB,
max

tl0 = 10 dB dawn dumtlon of the perceived noise level Hme history,
in seconds,

and F = pure tone correction. Typically, F _=+ 3 dB

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

NEF = EPNL + 10 log NF- 88.0

where

' E--P"N'L= energy mean value of EPNL for each single event at the point fn
question

Nf = (N d + 16.7Nn) or

= (15n d + 150nn)
J

Nd' _d = total number and average number per hour, respectively, of flights
during the day period 0700 to 2200.

= the total number and average number per hour, respectively, of
Nn' fin Flights during the night period 2200 ta 0700.

The constant (-88.0) dB includes an arbitrary -75 scale-changing constant and
a reference number of" daytime fl{ghts of 20. The constant 16.7 accounts for

,.. the 10-to-1 weighting factor for flights during the 9-hour night period.

C-4
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Composite Noise Rating Method (CNR)

The orlglnal method for evaluating land use around civil airports is the composite noise
ratlng (CNR). It is still in wlde use by the Federal Aviation Administration and the
Department of Defense for evaluating land use around airfields (Civll Eng|neerlng
Planning and Programming, "Land Use Planning with Respect to Aircraft Nolse, "
AFM 86-5, TM 5-365, NAVDOCKS P-98, October 1, 1964). This noise exposure
scale may be expressed as follows:

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

The no_seexposure in a community _s specified in terms of the composite noise rating
(CNR)_ which can be expressed approxlmately as follows:

= +10log Nf- 12CNR _"N'Lmax

where

N_ma x = approximate energy mean maximum perceived noise level (PNL) at
o gNen point

Nf = sameas defined for NFF. The actual method for accounting for
the number of flights and time periods usesdiscrete interval correc-
tion factors. These have been approximated by the use of the

equivalent continuous weighted number of fllghts, Nf.

Community Noise l:qulvalent Level (CNF:L)

The following simplified expressions are derived from the exact definitions in the reportt
"Supporting Informatlon for the Adopted Noise Regulations for Callfarnla Airports. "
They can be used to estimate values of CNt:L where one type ofalrcraft and one fllght

path d0mTnate the noise exposure level.

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

i SENEL = NLmax + 10 IOgl0 tea _dB

where

NL = maximum nolse level as observed on the A scale of a standard
max sound level meter

and

' = effecf_ve time duration of the noise level (on A scale) inseconds
• ea
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The effective duration is equal to the "energy" of the integrated noise level (NL),
divided by the maximum noise levelt NL ax _ when both are expressed in terms of
entilogs. It _sapproxlmately 1/2 of the r_ dB down duraHon, which is the duration

for which the noise level is within 10 dB of NLma x.

A measure of the average integrated noise level aver one hour is also uHllzed Tn the
proposed standard. This is the hourly no_se level (in dB)_ defined as:

HNL _ SENEL + 10 log n - 35.6, dB

where

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

and

n = number of flights per hour

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

CNEL : _L + 10 log N o - 49.4, dB

where

N = (N d +3N e + 10N n)a

or : d ÷90 1
: Ndr_ d = total number and average number per hour_ respeaHvely I of flights

during the period 0700 to 1900

Ne' _e = total number and average number per hour, respectively, of flights
during the period 1900 to 2200

and

Ne_ n-n = total number and average number per hour, respectlvelyl of flights
: during the period 2200 to 0700

An alternative form of Community No_se Equivalent Level (CNEL2) used in Section 5.1
employed the time period weighting factor from the Noise Exposure Forecast method.
It is approximated as:

. CNEL 2 = SENEL+ l0 log Nf-49.4dB :

i where Nf was given previously for NEF calucat_on.
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COMPARISON OF COMPOSITE RATING SCALES FOR SPECIFYING COMMUNITY
NOISE EXPOSURE

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

Noise Exposure NEF = EPNL +10 tog Nf- 88, dB
Forecast

Composite Noise CNR = PNL + 10 log Nf- 12r dB
Rating max

Community Noise CNEL = S-'-E'N_L+ I0 lag N e - 49.4r dB
Equivalent Level

and CNEL 2 = SE---_-CL+ 10 Io9 Nf - 49.4, clB

_,h,_ L_

i
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