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1.0 INT,_ODUCTION

A person's acousticalenvironment consistsor the soundthat he hears at

any insmnt of time. The soundmay be pleasant and desirable, orTtmay be discordant

and unwanted. In the i,'J_'ercaset the sound;scaJled "noise", which ;s defined :;reply

as "unwonted sound u .

If o no_seis suFfioionllyloud, it may fnteFerewith one's aOillty to con-

versewith anotherperson, disturbsleep, add to the riskoFhearing damage, or other- i
wiseannoy the listener. A noTsowhich adversely affectspeople ;n th;.*manner con be

i
considered to pollute the acaustlcalenvironment. Thust noisepollution is the cantom-

_norionof the acoustical environmentby no;soswhich adverselyaffect people.

A r.ersonindoorsmay experience noisepollution Fromsourceslocated I

_ndoors, such as o vacuumcleaner, air conditioner, ar someoneelsa's radio, art hei

_._, may experience noise pallut_on which enters the housethrougha crosedor partially
i

,_..j openedwindow from sourceslocatedoutdoors, suchasmotorcycles_aircraft, and

powerIownmowers. A personoutdoors;s also subject to noisepollution Fromoutdoor

sourcest _n addition to nearby_ndoorsourcessuchasa roudradio _na room with open

windows.

All aspectsof noisepollution, with the exceptTonof occupational noise,

togetherwffh a descriptionof the noise characteristicsandpotentla_ noise control for

all principal noisesaurcesFand a review of the legal statusof noisepoJlutlan are can-
IJ

talned in the EnvironmentalProtectlanAgency Report to Congress.

Th_sreport addressesthe part of theoverall noise pallutlon problem

which is associatedwith outdoornoise in the communffy. It at'.-_nptsto provide a

quontltetlve frameworkfor understandlngthe natureof theoutdoornoiseef_vironment

and the reaction of people andcommunityto _tsvorlousaspects. Thedetailed informa-

tion in this reportprovides backupre the summarymaterlol ;n the EPAreport t aswell

as addlt;onal material relevant to meaningful measuresoFthe noiseenvironment for

both future community noisemonitoringand researchpurposes.

* Superscriptsrefer to referencesat the end of th_sreport.
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C_apter2 contains an _ntroduotlonto the bas_ameasuresof the noise

environmentard themanner , _+hwhich they vary throughout a 24°hour day at a single

location. Chapter3 presentsthe general resultsoF24-hour nn_sesurvey1at 18 _ocations,

which rangedfromthe wlldernessta the downtownarty. The Iocatlons were deliberately

chosento encompassthe range oFoutdoor noiseenvlmnmentswhich affect oltizens _n

their dailyllfe; outsideoFwork. The data alsoprov[dea test of the relatlanshlp among

vaHou: measuresoFnoiseFora wide variety of r.o;seenvironments.

Chapter4 discussesthe nature oFsomeof the constantand ;ntermlttent

_ntrud_ngsoundswhich are commonTnour soaietyt and the constraintsthat these

lnfrudlng na|sesplace an speechcommunication andother humanactivities. Chapter 5

d_soussesannoyanceand communltyreaction to noi:e, developinga useful correlation

between phys|c,_lmeasuresoFan _ntruWngnoise, related Factorse and community

reaction. Chapter6 discussesthe growth oFnoisepollution oter the past twodecadest

and Chapter7 containssummaryconclusionsand recammendatlons. /"_

Appendlx A givesa detailed summaryof the data obtained at the

T8 locations surveyed. Appendix B gives typlco/examples oF the specha of the

_ntrudTngnoisesand Appendix C :ontalns a glossaryoFterms.

2



2.0 DESCRIPTIONOF THEOUTDOOR NOISE ENVIRONMENT

Thedescriptionof communitynoise and its degree of noise polluHan

requiresdescrlpHonof all the no_sesin theoutdooracousHcolenvironment. The out-

doornoiseenvffonmentvc_,_sgreatly in magnitudeand character amongvariousIoca-

tions throughouta community- fromthe quiet suburbanareas borderingon farm land to

the din of traffic _nthe downtownc_tycanyon. It generally varies with timeof day '.n

each Iocatlon_being relatively quiet at night whenpeaple-actlvltles ore at a minimum

and noisier in the late afternoonduring the 5 o'clock traffic rush. Itseffects may be

experienced bypeople e_therin or out af doors. Thus, the task of descrlb_ngcammunlty

noise_sto determinethe time and Jocatlonvariationsi_"_he outdoor noiseenvironment

tt roughoutthecornmunltyin sucha mannerthat the desoripHo.sare rele.yantto it_

effects on people, located either indoorsor outdoors. Thischapter fay'Jewsthe basic -

and stot[stlcal descriptionsof the time variatlan of the outdoor environmentat a
/

-_, speclilc IocaHon, and Chapter 3 reviewsthe general range of the expected var[otlon

_" with location.

2. I Basicfhyslcal Description

A completephysical descrlpHonof a soundmu_taccount for its frequency

speotrum_;Is overallsoundpressurelevel_ and the variation of both of thesequantities

with time. Because_t rs awkwurdto presentand understanddata which have three

dlmensionst considerabl.:teffort hasbeen expendedduring the last 50 yearsto devebp
2

scaleswhich redu_Jthe numberaf thesed;menslans.

Mostof the effe_ hasbeen focusedon combin_ngmeasuresof the frequency

content andoverall level into a quantityproportional to the magnitudeof the

soundas heardby a person. Theslmpie_tnpproachfound to date is to electronlaally

weight the amplitudesof thevadaus frequenciesapproximately in accorderl_e with a

person_shearingsensitivity and sumthe resulting weighted spectrumto obtain a slngJe

number. Thismethodis illustrated in Figure I for the A-welghtlng conlalneq in a

soundlevel meter.3 TheA.werghHng hasbeen available in sound level meterssince

the late 1930'sand has beenutilized extels_vely Formeasurementef all typesof saunds.

I
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Becausethe A-weighting is not a perfect s'_lutlonForthe aacoq.n!_n_of

, ,. man'sperception of the Frequencycharacteristics of a sound,many otherscalesha',,"

been developed which attempt tobelier quantity "loudness" and/or "nolslness.''4"9

One of these, the tone-:orrected perceived noise level_9 better accounts for the ear's

frequencyresponse_'unctlontandalsohas the ab_llty to differentiate between noises

which are broadband random Iroar)in nature endthosewhich _.onta_nhigh frequency

pure tones(siren), penaHzlng the latter. For mostsoundss th_perceived noise level

exceeds the A-welghted noiselevel by 13 dB, thedifferences typically ranging

betw"en I i and 17 dB, depend;ng10Hmar;lyuponthe amountof the carreaHon far pure

tones.9, _0, ] 1 Becnurethe perceivednoise level scale is somewhatmore exact than

"-_,T the A-weTghtlng in relaHng the physicalcharacteH_tlcsof a soundto perceived noisi-
ness, particularly Foraircraft nolscs_it has becomea major element in the nolse scale

used for certlfy_ng aircraft. ]2, 13

The tone-correctedperceived noiselevel scale and the better loudness

summationsrequire complex measurementinstrumentationanddata anolys_sto defin_ a

sound. Thereforer they have Foundlittle applloctlan in the measurementof outdoor

noise _n the communlty_where thesimpleA-welghted soundlevel meter appears to

serve the purposequite c_dequately..Accordingly, the A-we_ghtlng rsthe prlnc_pa]

measureof the magnitudeof soundusedin this reports ,_ccountlngFarbothspectrumand
overall level.

._: To complete the descriptionof the outdoornoiseenvironmentat a specific
]ooation_ _t is necessaryto accountForthe temporalpattern of the A-weighted nclse

level. The temporal pattern is mosteasily observedon a cantlnuousgraph;c level

• • recording_ suchas the two 8-m_nutes_rnplesillustrated in Figure 2.

_- The first strlkmg featureof these twosamples_sthat the noiselevel varles

• ' with time over a rangeof 33 dB, whTchis greater thanan elght-Fold rangeof nolshless.

,'" The secondmajor featureof the samplesis that the noiseappearsto be

" characterized by a Fairlys_eadylowerlevel uponwh;oh_ssuperimposedthe increased

levels associatedwith discrete s_ngleevents. Th_sFairly constantlower level _scalled



Early Afternoon

Aircraft80 Carson NearE i_Lo_al Cars --,
Overf/_ght;. / /Boulevard-; /

70 /_Sl_orts /t',,ndard0
N 4o
E /--Residual Noise Level

m 30 I 1 I 1 I 1 t"12

.c 1 2 3 4' 5 6 ?
Time in Minutesm

.-_ _ Late Evening

"a 80 Intermittent Local Cars.7
Dog Barks //

"_- ., / D;stant Steady Barking of Two Dogs

70 Cars,7 c _" "_

< 6o _

50

ii 1 I I I I I r I
0 l 2 3 4 5 6 7 8

T_mein Minutes

Figure2. TwoSamplesof Outdoor Noise in o Ncttna) Suburban
Neighborhoodw;th the Microphone Located

20Feet fromthe Streat Curb
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the resld.al noise level. The coht_nuousnoise onehearsin the backyard at night when

no s_ng[esourcecan be _dentffFed,and which seemsto come from"all around," ;san

exampleof residual noise. Distlnot soundswhich are superimposed_+nthe residual noise

evel. suchas the aircraft overflight, cars, an.'+dogsbarking (F_gure2) can be classY-

Fledas intrusive nolses.

The third Featurein these+'wesamplesis the difference in the noiselevel -

time patternsamongthe varioussounds. The noise level of the olrcraff in this example

is above that of the residual no_selevel Farapproximately 80 seooncis,whereasthe noise

levels Fromthe carsp_ss_ngbyan thestreet a.'e above the residual no_selevel for much

shorterdurations which range betweenabout 5 and 20 seconds. Clearly, if the noise

associatedw_th these_ingle eventswere of sufficient magnffude to intrude on an _ndl-

v_ducl'sactiv;ffes - conversation, Ihlnktng, watching televls[an, et cetera - the dura+-.

tlon Factor might be expected to o_fact h_sdegree o+"annoyance. S;milc+ly, it might

be antlcipated that the numberof timessuchan event recurred alsowould affect his

degree of annoyance........

The wealth of detailed data contained tn continuousrecordingsof th_stype

is Furtherlllustrated _nFigure 3 by the half-hour samplestaken at the beginning of each

hour FromMidnight to 10:00 a.m. Th_sexampleshowsboth the shorttime variations

associatedwith single event noisesand the longer time changes;n the level, oswell as

+nthe cherocterisfios of the temporalpatterns. The reslduol no+solevel decreasesFrom

approxTmotely40 dB(A)et Mtdnlght to 30 dB(A) between4:00 a.m. and 6:00 o.m., and

then increa-+esto about42 dB+A)at 10:00a.m. Aircraft no+so+sgenerally absent

between Midnight and 7:00 a.m., after which _tbeoomesthe domlnantfntruslve noiso.

Local vehicle t-efflc is generalty lessfrequent _nthe I:00 a.m. to 7:00 a.m. period,

after the teenagershave returned homefor the nigh,tend prior ta the adults starting to

drive to work.

The data from thesecontinuousnoise recordingsis very instmct+ve in under-

standingthe nature o++the outdoor noiseenvironment at any nelghbo_ood location.

However, to quantify an outdoornoiseenvi,onment at one location sothat it can be

7
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Indicates the tlrne H;ilory [race, wile Letler Cod.._ Above and Below It.
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comparedwith that at others_ ;t is necessaryto simplify its description byeliminating

muchof the temporaldetail. One way of ace mphshlng this simplification ;s to

measurethe value of the residualnoise revel and the rabies of the maximumnohe

level [or specific singleevent soundsat various timesdurlng thedays usingeffher a

simplesoundlevel meteror the continuousgrophic level recordingof its output.

Anothermethodof quantifying the r_olseenvironment is to determine the stathfical

propertiesoPthe noi_elevel by attaching a statistical analyzer an the output of the

soundJevelmeter. Thesemethodsfor slmpHfylng the third dimensionof"the noise

environmentwlH be Hlustrated in thenext sectlan.

2.2 Stat;s!;cal Descript;on

A statistical analysis of the noise revel givesthe percentageof total time

that the value of the noiselevel is found between any two set limits. Suchdata con"

be presenteddirectly in the form at"hhtogroms, or be usedto obtaino cumulativedistil-

but;on in termsof the "level exceededfar o stated I:ercentageof time." For the sample <

stati:Hcal dlstrlburian of Table |, thenoise level exceeds60dBIA) For | percentat. the

hour, 5SdB(A) for 10percentof the hour, .50d_(A) fo: 50 percentof the hour, cmd45 dB(A)

for 90 percent at. the hour. Thesenoise levels are abbreviatedsymbolically as L1, LI0,

LS0and L90, respectively.

Table I

Exampleof Stotlstlcal Dhtrlbufion of Outdoor Noise Analyzed
in Intervalsof 5 r'g Widths

CumulaHve
Intarwl in Percentat" Percentof

dB(A) Total Time Total Time

6] through65 I l

through60 9 10

51 through55 40 50

46 through50 ,.,0 90

41 through45 10 100

9
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Histogramsandcumulallve dlstHbutlon t'ar the noise levels are given in

Figure 4 t'ortwo hoursof_he data, ilrustro ecl prevrau ly in Figure3. The histogram

far the hourbetween5:00 a.m, end 6:00 a.m. is almostsymmetrlcaJ, indrcatlng a

gausslanor normal dlstr_buHon. However, the histogramFar the hourbetween8:00 a.rn.

and9:00a.m. i_ very non-symmetrlcal, indicating a skewed nan-gausslandlstrlbution.

Thlsskeweddistrlbut[O._between8:_0 a.m. and 9:00 a.m. is the resultof the large per-

centageof time duringwhich noisewaspresentfrom aircraft overflights.

Boththe dlrect readingand the statistical methodshave been applied to a

24-hourrecordFngoftheautdoarnolselevelarasuburbanresldent_ul location. The

/' varlat_onof the hourly and the day (7:00 a.m. - 7:00p.m.)_ evening(7:00 p.m. -

/ 10:O0p.m. ) and nlghttlme(lO:00 p.m. -.7:00 a.-n.) valuesof variousstar,sHoal
measures,together with the minimumand maximumvaluesread froma continuous

recording, are _ummarlzed;n Figure5.

For pu_osesat"tl-ls ceporr, the level exceedecl90 percentof the tlme

(Lgo)wasselected asan approx!._otemeasureof the residual ne_selevel when there

_*_ were no identifiable steady-:tate or t.requentrecurring single event noisespresent. As

illustrated in Figure 5F the hourly valuesat.L90 comparet.avorablywith the hourly

valuesat.the residual 'no_selevels read fromgraphic level recordlngs, which _nturn
/

generally comparewell with the average m;nlmumvaluesobtained when reading a
soundlevel meter•

The mediannoise level (Ls0) _sa useful measureof the "average" noise
environmentin the sensethat one-half of the time it isquieter andone-half of the time

it is noisierthan L50. BothL|O and LI are often iJsedro representthe h_gher-level
shorter-durationsounds. However, asshown_n the exampleof Figure 5, the max_r_um

noise I_vels_nan hourare often muchgreater than thehighest stal_sHaalmeasure

(LI) whichwasused_nthe analysis, indicating that thesemaxrmumnoise levels occur

for lessthan | percent of Ihe tlm_ during theperiod aJ.alyzecl.

The dashedline ;n Figure 5, labeled Leqe is the energy equivalent no_se

level {Leq)which accountst"orboth the duration and the magnitudeat"all the sounds
occurringin the tlme perlod. Itsvalueequc_lsrhatot"osteady-statenaisewh_chhasthe
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sameenergydurlngtheperiodanalyzedasthatoFtheactualtlme-varylngnoise.The

energy equlva]ent no{se level ;s one of the most important measuresor the outdoor

noise environmentfor the purposeof correlating noise and communityreacHon.

All of the statisHcat measuresin F_gure5 show the typical daytime-night-

Hme vaHatlon in no_selevel. In Ih_sexample, the residualnoise level dropssharply

after midnight reaching a minimumvalue between4:00 a.m. and5:00 a,m. t and

risesbetween6:00 a.m. and8:00 a.m. to its almostconstantdaytime value. Thistlme

variationof the na_e is generally well correlated with the amountof humanactivity S

and parHcularlywith the amountof vehicular traffic, which is generaJ[yconsidered

to be the basic sourceof the res{dualnoise level in urbanareas.

ThesestatlsHcalmeasuressimplify the problemof quanHt'y_ngthe outdoor

noise level andwirl be usedin this report to compareIhe outdoornoiseenvironments-

in variousp/aces. However, they mustbe supplementedby otherobservationsif one is

to understandanything of the characterof the outdoornoFseenvironmentbeyondthe i_.-,_,

simple stotlstlcsof the noise !evels. Further, they maybe misleading if the ¢haractur "....

of the no_seenvironmentchangesslgn_Ficantlyvllthln the period analyzed stutlstlc_iJy.

"" ThevaJuesof the statistical quantitie_ glve,1Forthe day, evening andnight

periods in Figure5 representthe arlthmeHc average of the hourlyvaluesmeasured

during eachper_od. Theoverage of thehourly v_luesof any one of thestatlsHca]

quantities duringa period shouldbe equal to the value computeddirectly from

the ensembleof the data Forthe entire _-erlodif the characteristicsof the noise remarn

' ,' constant (or statlanu_) during the period. However, ;f the characteristicsch/'nge

within the peHod_ thesetwo melhods_,f calculation may yield different answers.

Table2 gives the magnitudeof the differencesbetweenthesetwo

¢alculotlan methods. Only small differences occurredduring the day and evening periods,

;ndi{ating that the noisech,_racteristics _re relatively stationarywithin each of these

periods. However, larger differences of the order of 3 to 5 dBare foundfor the L90

and LIO values in the night and 24-hour periods, indicating the noise level character-

;_tics are non-staHonary. These _ndicat{ansare confirmedby inspectionof Figure 5

13
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which showsthat thenoisehasa significantlylower level in the hoursbetween 1:00 a.'n.

and 7:00 a.m.

Table 2

Exampleof the VaHatlon in the StatlsHcalMeasuresoFOutdoor No;so
Level for Several Periodsin a 24-Hour DayI asa

Fufbctlonof Calculation Technique
for the Dataof Figure5

Varloble Day Ev_ Night 24-Ha..+r

Hourly Mean* 41.9 41 .B 34,9 39.3
Lg0 Period Value" 41,6 41.8 32,0 33.9

•' 0.3 0.0 2.9 5,4

_._/ Hourly Mean 46,8 44.0 38, I 43.3
LS0 Parlor'1Value 47, I 44.8 37.6 44.3

A -0,3 0.0 0.5 -1.0

Hourly Mean 57,4 52. I 44.7 52.0
L|0 PeriodValue 58,2 52.3 47.4 54.7

& -0.8 -0.2 -2.7 -2.7

* Hourly Mean is the arithmetic meanof the h_urly values,
"* Period Value ;s calculated fromthe statistlcal ensembleForthe

entlre period,

A secondPndlcotionoFe difference in the character of the various time

periods is given by their distributions in Figbre6, The be-modald+strlbuHonsParboth the

n;ght and 24-hour Hoe perle,'_ resultsfrom'themany hoursof relatively low values

during the night. ClearlyS "nighttimes" as f++rasthe quiet nolso environment+scon-

cernedin this particular examplesoccurred betweenapproximately 1;00a.m, and

7:00 a.m.s rather than between the arb_trc,_ f_m+tsof 10:00 p,m, and P:00 a.m,

\
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i As shown;n Table 2, the difference; ;n calculation method affect the

i extreme statistical values, LIO and L90, more than the centra_statistical value# LSO.This ;s as would be expected, since a significant change far on_y |0 percentoF the

t;me during aper;ad ls requlred to afFectthe former twa quartTties. Obviously, mare

extreme measures,such asL1 and L99, would be even more sensitive to changesin
the character cf the noise.

This dlscuss;oncrearly indicates the danger ;n applying stat;stlcal anal),s;s

.to nan-stationary no_seenv}ronments__nthat the resultsobtained For oneenvironment

may or may nor afford a valid comparisonto thoseobtained In another environment,

depending on how stationary each environmentis. To mlnlmize the problemandpray;de

a consistent upproachin this report, all period values have been calculated by averaging

the hourly values, except wherenoted. Secondly, the p._inc;paldet';nit[anof outdoor

•_'_ noise at variouslocations emphasizesthe daytime no_secharacteristics which tend to be

more stationary rn chmacter than the noise ;n other periods.

I,



3.0 RANGE OF OUTDOOR NOISE Ei',IVIRONMENTS

In ardor to define For this report the range oFoutdoor no_se environments

encountered by people in their normal acHv_tles, a series aF 24-hour outdoor noise

recordings was made at each of eighteen _18) sites. This exploratory measurelnent sur-

vey was planned te sample no_ses in all types of lacatlons_ from the wilderness to the

downtown city o with major emphos_sin the suburban and urban res_dentlal areas_ and to

include examples ot. some oF today's more s;gnifiaant noise pollutlon problems. Thus, [
i

the survey presents a prellm_nary cross-sectlon at"the no_seenvironment; but s_nee it
]

was not designed to be weighted by populolian denslty t _t cannot glve a tnJe statlsHcal i

picture at. the noise environment in terms of a national baselTne. This chapter describes I

the general results oF the survey in terms oF the varlaHon of several statistical measures

of the noise environment with both IocoHon and time at. day t and d_seussesthe inter-

relatlonshlps among s(,me of these measures. A detailed summary at. the measurement

s_tes and data together with. the survey ;nstrumentatlon are given in Appendix A.

3. l VaHcHon oF Outdoor Nolse Environment w_th Location

The r_,nge at. daytime outdoor noise levels at the ]8 locations is presented

_n Figure 7. The ]ocaHans are listed From top to bottom at"the figure _n descending

order of theft daytime residual noise levels (Lg0). The nols_est location, which ;s out-

s_deof a 3rd floor apartment overlooking an 8-lane Freewayt is at the top _t. the I_st

with its daytime residual noise level aF 77 dBIAI. The nJral farm is next to the bottom

oF the llst with _ts daytime res_:tual noise level at. 33 dB(A).

Th_s dffirerence oF44 dB Tn the residual no_se levels o[ these two ]acc_Hons

constitutes _. large range _n no_se affmate. Its magnl;ude clearly implies th,2t '1 citizens

do not enjoy the same "quality" _ntheir noise environment. In t'aat, the owner oF the

3rd t.loor apartment near the t'reeway has trouble keeping the apartment re'_ted for mare

than a month to any one tenant. His problem is not surprls;ng_ since the outdoor noise

level is sut.t'ic_enHy high to render normal speech communlcaHon difficult _ndoors, even

when the w_ndows are closed.
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The Grand Canyonmeasurementwas madeon the north rim, at a remote

campingsffe. Itsoutdoordaytime reslduaJno_se level (L90) of 16 dfi(A) _snear the

Internal no_sethresholdof Ihe field measurementsystemand shouldbe representaHveof

the quietest locationsin this country. The difference betweenthis extremely low

residual noiselevel and the _uch higher noise levels ;n the c_ty_srepresentatlveof the
o_

contribution of manand machine to theoutdoor no_seem._ronment.

Figures8 and9 pre,ent similar data for the evening and n;ghtHmeperiods."

The ord_r in which the locations are presentedis the sameas that used in Figure7.

However, unlike the data in Figure 7, where the Lg0values increasemonotonically

from bottomto top, someirr_gu[arlty can be seenamongadjacent L90 values in Figures

7 and 8. Th_s_rregularity indicates that the magnitude of the vnHatlon of the no_se

with time throughouta 24-hour period ;s different at different locations.

Themagnitudesof the variation ;n the L90, LS0and LI0 values for day,
"" evening andnight are presentedTnFigures10 through12. At two locationsin F[guJe10,

both the eveningand the n_ghttimevaluesof the residual _o_selevel exceed the dayHme _.,

y valuesbe'=.auseof crickets. At location P, ,.vhlchwas _na quiet res_dentlalhills_d_canyon, the noiseFromthe crickets wasthe dominant feature _nthe no_seenvlron,'nent

' from8:00 p.m. to 6:00 a.m. At the Grand Canyon, the crickets were of primary

", s;gn;_;cancein the evening _nd earJyn;ghtHme_

," For the remainder or IocaHons, c_xc_,ptdowntown LosAngeles_ the evening

noiselevels wereapproximately equal to the daytime values, whereasthe n_ghtHme

7" valueswere s_gnificontlylower. In downtownLosAngeles, the noise dro_:sce)ns_derabJy
in the evenlng, after commercial activity ceases.

As shownin these figures, the noiseenvironmentsin city IocaHons le.g.,

downtownLosAngeles, tenement in New York, apartment _djacent to freeway and

urbanshoppingcenter) are d_stlnctlyh_gherin level than ore thnsa rn the suburbanand

urbanres_dentlalareas. In this small sample of measurementJo_.aHons,the average

residual and mediannoise levels are over20 dE greater at the city locations than_nthe

detached residenHalhousingareas in bothdaytime and n_ghtHme, as se.en_nthe com-

parisonsin the first two _.olumnsof Table 3.
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Table 3

Comparisona[ Average Daytime andNighttime OuldoorNohe Levels in City and Detached Housing
Resldentlal Area_. Data are Averagesat"Itourly Values During Indlcated Per_od.

Range

Dit"GerenceDetween "\

Average Daytime Average Nighttime Day and Night

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

J Deviation '

Arithmetic Standard Ar_thmetlc Standard Average of
Mean Dev_atlon Range M_an Devlalion Difference Difference
de(A) dBdE(A) dBedna.,Co,.go_,I_A) d8 d_,)I d_

R01idualr.toise Level (Lgo)

City 61 to 69.1 6.1 51 to 60.8 6.3 8.3 2.1

(4 Locations) 77 69

Suburbanand Urban 38 to 45.6 4.6 35 to 39.8 4. I 5.8 3.6
Detached Hou_,ing 53 46
Res|delltlal
(I | Locatlom,)

MedianNoise Level (Ls0) "_-

City 64to 73.0 6.23 55 to 65.5 7.2 - 7.5 3.0

(4 Locations) 80 75 _-

SubulbOrland Urban 44to 50.9 4.1 38to 44.2 4.3 6.7 2.6
Detached Housing 59 50
Residential
(II Locations)

I

\



1 The average oF the differences between thedaytime andn_ghttlmeresidual

,,. noise levelsat each of Ihe ] I IocaHons_n the residentffd areas_s5.B dBt shghHy le s

than the8.3 dB diFFerenceForthe 4 city locations. However, in Table4t a simiTar

comparisonof the differences betweenthe maximumdaytime andm4nlmumn'ghtHme

residual noiselevels showeda difference of 13 dB, averaged over the same I1 residential

locations# and 15.2 dBfor the city locations. This latter cornparlsonbetween maximum

and mln_mumlevels gives t'ull weight to the "quiet" nighttime period which was_11us-

trated _ntheFigure 5 exampleoFa "normal suburban residential" neighborhood.

The averagevalue of the daytfme residual noise level _nresldentlal areas

was 45.6 dB(A) tar th_sJim,ted survey. Th_svalue Hes on the borderlinebetween

the daytime residual noise level rangeschosento represent"normaI suburban"and

"urban resldenH=l" areas, asgiven in Table 5. S_noethequal[taHve descrlpHonsof,

_'. these I ] residential ]ocatlons included l'ourdescriptive categorieswhfchranged From

_ '*quiet suburbanre_s_dentlcll"to "no_syurbanresldentlal/' _t _snot sur_rlsfngthat the

_" average residual no_serevel FortheseIocaHonsis close to the overageof the Four

categar|es in Table 5.

,./ 3.2 R..elaHonsh_psAmongVar!ousMeasuresoF theA-Weighted Nalse Level

There are severalmeH_o,_swhich have been used to reportdata which
•* ' 14-22describe heoutdoor no;., envlronrnen in general, thesemethodsare related

to the type o"anstrumentatlonuHllzed t'ormeasurementt the purposeor the measure-

monts_,andsometimesto the tlme-vo_,ing characteristics of the no_sewhich is measured.

Thedegree of soph[stlcatlanoF the _nstmmentatlonrangesfrom the simplesound/oval

metere which is reaa d_reotlyby eyes to o complex system_Jlvolv_nl computer,analys_s
of the statlsHcsoFthe noise levels. The durationoFthe nals: samplesutilized For

measurementhasvaried greatly_ generally being reJoHvely shortFord_rect reading of

soundlevel metersand sometimesalmostcontinuousForgraphic level or tape-recorder

systems. Obv_ously_the reported resultsare influenced bythe rn_thodsempJnyedto

obtain the data. Some;hal;cot;onof the degreeof this influence :.an beobtained From

the resultsoFthis survey_ which include o w_devariety oFtypesoF envlro,'l;nents.

,..



' Table 4

Comporlsonof MaximumDayffme and Minimum N;ghttlme Hourly Outdoor Noise Levels in City
and in Detached Housing ResidentialAreas

Difference 6elween

Maximum Daytime MTnimumNighlHme D '/and Night
Hour 0700 - 1900 Hour 2200 - 0700 Standard

I'-ctenderd'- --" [ 7 -" DeviationArithmetic , /ArithmeHc/ Standard Mean ofI"
Range h_eon JDevlatlonRange_ Mean ] Deviation Difference Difference

G.,.e_olcategory(dnA) (dnA.)_L._____ ¢dBA)I (algA).I (an) (riB) ¢dn) i , i

ReslduolNo_soLevel (L90)

.............

City 62 to 71 6.9 47 to 56 5.6 15 2.7 '_

(4 Locations) 79 59

SuburL:,anand Urban 42 to 49 4.3 27 to 33 | 5.5 13 4.4

Delached Housing 56 42 J ,

Residential '

(] 1 Locations) ..... ,,\

Median Noise Level (Ls0)

_.ity 66 to 76 7.2 51 to 62 7.1 14 4.0
(4 Locations) 83 70

Suburbanand Urban 46 to 55 4.1 31 to 39 5.3 16 4.0
Detached Housing 61 46
Residential
() I Locations)



} Table 5

QualltatTvo Descrlptorsof Urban and Suburban Detached Housing

Residential Areasand Approxlmate DayHme Resi_al No_seLevel (L90).
Add 5 dBto TheseValuesto Estimate the Approximate

Value of the Median Noise Level (L50). "" _.

Daytime Residual Noise Level in dB AI

Descrlpr_on typiaal Range Avera_e

Quiet Suburban Residential 36 to 40 ;n¢luslve 38 !

Normal Suburban Residential 4] to 4,5 _ncluslve 43

Urban Residential 46 to 50 _n¢ludve 48

Noisy Urban Residential 5] to 55 inclusive 53

Very Nohy Urban ReddenHal 56 to 60 inclusive 58
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A compar;sor,was madeForeach of the 24 hoursat each s;te between the

res;duol :_vel read Fromthe graph;¢ Jevel recordTngand the Jowertwo sta:;st_:aJ

mensures, Lg0 andL99. A sire;lay¢ompar;;on,yesmadebetween the max;mumno;so

levels and the uppertwostar;st;colmeo:ures, LI0 and LI . The mean difference and
standard dev;ation Foreach oFthe fourcomparisons;s tabulated by Iocat;on ;n Toblo6.

The res_duaJlevel Forthesedora, as readon the groph;c level recorder,

averagesapprox;mately0+9 dB beJowthe Lg0 value anr_about 1.3 dB above the L99

value, w;th a standardcloy;at;onoFabout2 dB_n bc.thcases. Theseresults;hal;cote

that L90 is a reasonablechelae For residualno_selevel, although an Fntermed;atevalue

between L90 and L99, suchas L95, m;ghtbe slightly better.

The resultsForthe max;mumnoise level camper;son;nd_cate that L/0

underest;matesthe max;mumno_selevel by over 17 dBand LI underest;mates;t by
about 9 dfi.

TheactualmeanmagnitudesoF the underest_mat;onoF LFOrange Irram

approx;mately 9 to 30 dB, w_th e standarddev;at;ol oF"7.6 dBForall oFthe 432 hourly _ ,

samples. The range Forthe underest_mat;ansoF L1 is Fromapproximately 4 to F4 dg,

with a standarddev;atFanoF4.8 dg. Clearly, LTO;sa poor estimatoroF the max;mum

noise level at a/mostall Iocat;ons, and LI, a/though a much better estimator, cannot
"" be cons;deredaccurate. Thus, whereasthe residual no;so;s est;moted w;th reasonable

accuracy by a stat;sllaalmeasure between L90 and L99, the maximum nohe level is

not estimatedw;th equal accuracy b_.,on equ;valent statlst;cal measure Forh_gher

levels. To obta;n accuracyw;tb the latter star;st;col measures, ;t would be necessary

to aons;der leveJswh;chare exceededO. I percent and0.01 percent of the Hme.

Table 7 presentsa sim;lar camper;sonbetween differences between the

ar;thrnet;¢ mean and the reed;an(Ls0). Theresults showexcelient cons;stencyb_tween
these two measuresoF thecentral tendencyoFthe noise level, with the arlthmet;c moan

averaging 0.78 dB greater than LSO, w;th a standc,rd dev;ation Forthe 432 samplesoF
0.8 dB.

29
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Table6

Comparisonof the Mean and StandardDevlatlon of the 24 HourlyDifferences
8etween Graphic Level Recorder and Statistical MeasuresoitheRes_dualand

MQx_mumNol,e LevelscatEachof 18Locations

ResidualNoise LevelCamp_r,son J Maximum No_seLevelComparison°'
TndB in dB

_4Hour !:'4 HaL 24 Hour 24Hour
Mean Mean Mean Mean

Location RL-L99 CrRL.L99RL-L90O'RL.L90 MI.-LIo aML_LIo _/_L-LI CrML.LI

A -0.85 2.60 -3.94 4.68 9.70 3.09 5.08 2.62

B -0.15 2.56 -2.44 1.90 9.48 4.52 3.77 2.97

C 2.05 1.19 -1.50 I. 16 17.62 4,96 11.04 4.14

O 1.75 1.65 0.17 1.35 13.50 5.45 9.28 4.78

E 1.87 1.24 -I.20 0.51 12.68 3.97 8.07 3.39

.__ F 2.28 1.24 -O.SO 1.55 30.20 8.88 _3.78 3.87

G -2.33 1.37 -3.41 1.89 10.40 3.39 ,_.10 3.45

H 2.18 1.26 -0.4.4 1.29 14.75 2.45 6.66 2.07

I 1.04 1.10 -I.60 1.17 21.78 5.12 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 -0.05 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. !9

0 1.79 1,42 -0.90 1.94 19.51 5.37 9.73 3.70

P 2.21 1.81 -0,40 2.57 19.24 J 3.90 11.35 3.07
Q 2.01 1.65 -0.1C_ 1.10 16.65 I 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 8.9t 4,88

Lo¢aHon$

. ji ..'Residual Na_seLevel Readfrom Graphic Level Recordings;sabbreviatedRL
MaximumNoise Level Readfrom Gnaph_aLevel reao,dings _sabbreviated/'_L
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Table 7

Comparisonof the Mean and Standard Deviation of the 24 Hourly
DifferencesBetween t;_eArithmetic Mean andthe _Aed;anL50

Measuresof the Outdoor/Noise Level in dB

I Mean" Standard Mean* Standard
LocaHon Differenoe Dev_atTon Locatlon Difference Deviation i

J
F

A 0.09 0.31 J 0.78 0.51

B 0.40 _ 45 K 1.01 0.59 i

C 0.18 0.27 L 0.49 0.32 i

0 0.32 0.24 M 1.28 0.57 i

E 0.48 0.26 N 0.56 0.31

F 2.68 0.66 0 0.98 0.67
i

G 0.66 0.51 P 0.80 0.91
J

H 0.90 0.39 Q 0.53 0.47 d

I 0.61 0.57 R 1.22 1.21 I_'_

Co.'npos;teof A throughR 0.78 0.80

t

Meanof 24 Values of (Arithmetic Mean - 1.50).

The difference betwhen avf_rag;nghourly valuesof the variousstatlstloal

measuresth.'oughouta period and computingt_e same valuesfromthe ememble of all

data obtainedduring the per_odwasdiscussedin Sect;o:12.2 for an exampleat one

location. A comparisonof Ihu 24-hour period resultsfor the 18 Iocatio_s, presented in

Figur0s13 and 14_showsthat significant differences exist at mostlocationsbetween the

two methodsof computation. The differences are greatest for the lower level stotisHcal

measures,particularly L99, with the value computed for the 24ohaur ensembleranging

from2 to 10 dB less than the value computedby averaging the24 hourlyvalues.

One of the mostimpartc,nt decisionsin desi_n_n9surveysof the o.Jtdoor i

no;soenvironmentis the choice of sampling teohnfque. This factor ;s oneaf the greatest
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varlables.amongpast noisesurveysandmay have slgn_ficantconsequencesForthe

resulHngdo*a.

To obtain a preliminary evaluation of the magnitudeof the ,rrors asso-

clate:l with vorloussamplelengthsI three 3200-secondrecordingswere selected for

anal_,..s;s.The three sampleswere selected to cover a wlde range of types of f_uctuaHans

in level. One sampre_ fromthe freeway Iocatlon_ w,s selectedto representan almost

gausslanand steady*state _ntrudlngnoFsewhich was expected ta be reasonablystaHonary

throughout. The secondsamplewassele:ted to be typical of manysuburbanneighbor-

hoodswith a comb_neHonof local shlgle eventsplus aircraft overflights. The third

examplewas an urban res/dential neighborhoodwhich had four signH'icantaircraft

no;see_ents during the hour.

Each recordingwas statistically analyzud _n64 sequential 50-second

samples. The raw data for sequentlolpa_rsof samples were thencombinedandused ro

obtain 32 valuesfor 100-secondsamples. Then, the raw data for sequentla]pairsof
, j T00-secondsampleswere combinedinto sFxteen200osecondso.topicsand analyzed.

Thh comb_natorlalprocesswas canHnueduntil the entire 3200-secondrecordingwas

analyzed as a s;_qle sample.

. The averaged_fferencebetweenthe value of a g_venmeasurefromthe

sampFeand value for of the othersampleswas calculated. The
3200-second the each

moanand standarddev_aHonof thesedifferences _sg_venfor L|, L10s LSO, L90,

andLeq _nTable 8. The meandifference for oil measuresof the freeway noise(A) .
hess than 1 dBForsampledurationsof 100secondsand greater. To obtain the same

accuracyat [ocaHonsM and K, requiresa nJ_n_mumsampleduraHonof 800 seconds.

The largestsamplingerrorsare exhibited by Lis as might be expected. At

position K, themea_error ;n L1 raneesbetw_,enabout 9 and 19dB, with respective

standarddeviations of c_bout)1 and 8 dfi for sample lengths of 400 and 50 sec_,_ds. The

significanceof these large meanerrors_n LI h that only a few of the samplesare

,dfected by the h_ghes_"level s_ngle-eventnoises. The moststable value is LS0, which

I
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lable B

Accuracy in Estimating Vallous HouLfy Noise Level Values from Samples of Differing Duration

Sampling LI LI0 LS0 L90 Leq
Location Duration

Number (Seconds) Mean" L1t* Mean o Mean o Mean O Mean u

A) Freeway Noise *'* 64 50 1.67 2.65 .02 .31 - .09 ,60 - .15 .90 .12 1.03
Between 32 I00 .05 2.33 .01 .99 - .05 ,4A - .17 .7_ .06 .74
10&ll p.m. 16 2C0 .36 1.54 - .07 .64 - .02 ,30 - .11 .57 .03 .49

0 400 .10 .64 - .06 .41 - .Or .24 - .09 ,46 ,01 .35
4 800 - .04 .38 - .06 .34 .00 .19 - .09 .44 .01 .27
2 1600 .00 .02 .00 .13 .00 .I0 - .04 .29 .00 .14

M) Normul Suburban 64 50 6.41 7,3t 2.59 5.34 - .59 3.65 -I.54 2.63 3.44 5.2l \
Residenliaicl 32 I00 3.41 6.27 2.29 4.85 - .38 2.89 -I.II 2,16 2.32 4.43 \

'_ City Outskirts wilh 16 200 1.48 4.09 1.74 4.44 - .20 2.26 - .94 2,04 1,54 3.59
A&crat't ave*- 0 400 |.IB 3.44 1.20 4.24 - .17 1.46 - .63 1.66 1.10 3.22

[llohtsBelweeJ_ 4 800 .94 2.24 .98 3.61 - .19 1.23 - .43 1.33 .83 2.72
5 & 6 p.m. 2 1600 .65 2.2] .72 2.85 - .10 .60 - .01 .20 .00 .02

K) Urban Residential 64 50 18.86 8.22 2.82 7.75 -I.36 5.79 -2.08 4.04 10.84 7.05
Near Small 32 IO0 16.48 9.40 1.35 0.74 -I,04 4,42 -1.23 2.49 9.67 7.75

• / Affpod Between ]6 200 12.67 10.39 - .57 8.11 - .49 2.43 - ,30 .72 7.40 B.02

5 & 6 p.m. 8 400 8.98 11.35 -I.10 5.85 - .17 1.73 - .19 .53 4.89 7.714 800 - .07 1.99 - .13 1.35 .13 1,13 - .lO .39 .21 1.41
2 1600 - .06 1.59 - .06 .32 .06 .40 - .0l ,09 .ll .99

* Mean denotes averag= difference between Ihe 3200 secondvcdueof" Iho quonllty mecsured al_dthe ,neQn value or"all
the somplus [or tho stuted duration.

' ' u is Ihu _tande_ddeviotlo'_ of the samplesabout this mean value. i

° °' Graphlo level recordingsof these sample "hours" are _iven in Appendix A.



hasonly a sma!',meanerror tar all samplelengths, asexpected. However, to obtain a

standarddeviaHon of less than I dP.for LS0 required a s_mple lengthgreater than BOO

secondsat both posiHonsM and K, although50 secondsware adeq.J,_'efor this result at

positionA.

Thepatentlal magnitudeof the errors in estlmatlon of the staHsticat

measuresof the higherno_selevels is obviouslylarge for any noiseenvlronmel't .vh_chis

characterizedby slgnlflcant singleevents. Consequently, suchmeasure_shouldbe

applied with great caution unlessthe fract_c,nof time durlng which data are acquired

is at least25 percentof the total time !n Ihe perFodexamlnedt and preferably 50 per-

centaFthe total time. However, evenwith this latter constraint, thestan"ard

/- deviation for L1 andLTOexceeds2 dB at positlor.M and is almost2 dg for L| at
positionK. AssurnTngtheseerrorsare normallydlstrlbuted, a standarddevlatlon of

/ 2 dBfor a given samplelength impiles that the result Fora singlemeasurementhasc

95percent probability of belt_gw[thln -+4dEof the true value.

_.3 T_plcal Outdo_r DaytTmeResidualh4olseSpectra

Typical outdooL'c_aytlmeresidualnoise spectraare given in Figures 15 and

16. All exhibit the samegeneralshape, with their maxlmo at low frequency.

/1 Figure 17showsspectra far 8 residential ]ocatlonst normalizedby their

;nd;vidualA-weighted levels. The relatively small range of these relative levels, par-

tZculurlyabove 300 Hzt is _ndlcatlve of their essenHalslmHorlty. With the exception

e| the effects of wildllfe, this residual naive is primarily due to autamaHvetransport.

'[he low frequencymaximumresultsfromthe integrated effect c_fautomobilenoiseover
23

anextendedarea. The remainderof the spectrumis controlled byautomotive noise

froma more limited area becauseatmosphericattenuation and shieldingreduce the

higherfrequency noise trensm[sslon. Consequently, the m_dlum andhigh frequency por-

tion of the spectnJmis relatively similar to the speatra for nearby automobiles,_llus-

tratedin Figure lB.

./
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4,.0 INTRUDING NOISES

Thereore two baslc types af identifiabre intrudlng noiseswhich increase

th+_outdoornoise level abovethe resldual noise level - steadyor quasisteady star con-

stant level nclsesand intermlttent single eventnolses. A steadyor nearly constant level

nclse tntnJslonmay result froma nearby ffeewayt industry, or a nelghbor's resldenHal

alr condltlonor. The intermittent singleeventnolse h exemplffled by the noise Froman

alr_raft flyovert a slng/e cappass-by_or a dog who barksFora shorttime. Bothtypes

of identifiable intrudlng noisescan representnolse polluHon.

4. I ConstantLevel Noise Intruslons

One of the be_tknownexamplesof constant level noise intruslon is the i

noiseenvlranmentwithin a busycity. The hlgh doyffme noise levels within the city

make ir dlfflcult to hovean intelllglble Face-to-Face conversationat normal voice

,\ levels outdoors. Forexample+ if the outdoor nolse level is 76 cB(A)S acc,nditlon cam-

\ manly encounteredwhenwa_klngalong downtowncity sldewolksF it is necessaryto talk

h_a ralsedvoice to achieve intelllglbillty at a 2-foot dlstance.

ThemaximumdlstoncesFor tntelilglble conversationat varPausvalce

levels are given in Fiaure 19. These¢rlterln have been appliedto the outdoor daytime

mediannoise levels measuredat eachof the 18 IoeaHons in the exploratory survey to

determinethe moxlmumdistancesForintelllglble conversaHonat each Ioc_ion. The

median nolse level S ratherthan the reslduo] noise level, hasbeen selected for evalu-

ating the effects of the outdoornolseenvlro,_menton speechcommunicationsince the

• mediannolse level morenearly representsthe "typlcal" or "average" noiseenvironment.

The calculated dlstonces_summarizedin Figure 20, illustrate the restrictions in voice

communoat'on d stanceswh ch accompany he h_ghernoise levels in the clty.

_, ._imllar cah:ulatlonsshowthat the maximum dlstances for normal volce

cnnversattonoutdoorsin a "ve_, nolsy urbon resldential" area are 3 to 5 feet_ accordlng

to the rangeof nolse levels Forthis c0tego_, ;p Table ,5In Section3. I. Clearly, areas

with evenhlgher outdoormediannolse levels have very Iimlted uHIity for outdoorcon-

versatlo,_ and consequentlyare poorlysulted Tardetachedhousingland use. Also_ the
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Dhecl VoTce Communl- . _ Relaxed Conversation _I

LOCATION cation Virtually Impossible Normal Vc,lce

Ra;s,_d Voice

A 3,d FIor)r Apartment+ next la Freeway

B 3,d Floor H;-Ri,e, Downlown to, Angele, _ " _ :: _l: ....... _'_r _ _'ou_ Vo [_ _

o u,bo,Sbapp;,0Canto, _ " L_i!_.:_.i!::::!._:/F _':'-'"1
E popular Beach _n Pacific Ocean I I'! :;:;!_!:;;;_i!i;:i' _ -- ' '-'_

F Urban Reddential Neol Major Aiq_orl --. I ....

O Urban Res]denllol Near Ocean I I:;:i: :;.;.'.:.:;_::':L_" . i._

It U_bun Rosldentiot 6 role to Major A;qood I _ ;: .:.•.... ;.;, E'

) Suburban Re*idel+tlat Hear _/'_ lm_Y-_ I [ :;..." . .::::. :: IL

, " . :::::::::::::::::::::::::::J Urban Residelltlal I ".

K urn°.R.,i_,,,oJN.o,S._=IIAi,po_t I " I . " ' r/'_"i!_i_;_+ii_'[ --_

L aid Re,i;lenlial Noo, City C=,l,f 1 _ . ; "" . t:'_:?:_;!:'.':::"::;.';._[_="_

M SuburbonResidentlolatCityOut,kid. I _ : " I:iii::':'_":'_i';_

N Small lawn Reiid=nl;ol Cul-d.-Soc '1 , I ' ,'" " _'_:_:

0 Small Town Resident;el Morn Sl,eet I I _, _ _ "._!_!_:_;!;'_!_i_i_

p Suburban Res;denliol in Hill Canyon I" ' " , I " _" " _ I ::::+;;:::'_'_::I'':_:,

Q Form in ',/ottey [ , / I '"_

R Grand Canyonl North Rim

I I = = I I , I,I + I , I , ,,,
2 5 _0 20 _0 100

Oitlonce B01woen _alker ._nd b_ltell,'_r _rlFoot

Figure 20. E_|lm_edM_ximumD;_tances_etw_en_[_k_r_ndLh_n_rTho_Jus_P`trmil_nte_li_ble_nv_r$a_nond
ll_oie '[hal £noSle Relaxed Conve."_otion When the Outdoor Noi_e Level Equal_ the Daytime

Med_t NoE_{= Le_eJ (bs0_ _t Each of the* '18 Loc(dtoC_t
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noiseassociatedwTththe "very noisyurban res_dentTal"area of Table 5 _ssuFt.lc_ently

high to restrict the amountby which doorsand windowscan be opened ii: oneis to retain

a desirable indoornoise environmentfor relaxed conversatian.

The noiselevels associatedwith the "quiet suburbanresldent_al" area of

Table 5 permit just intelllg_bJe normalvoice conversationat d_s_anresrangingbetween

30 and 50 t'eet. [he ab[Hty to communicate :n a normaEvoice aver these d_stances

is very useful in a neBghborhoodwith large lots. However, if the noise Jevul

;s so low that thedistance t'orintelligible conversation in normal v_;ce c:ppraachesthe

distancesbetweenneighbors, it becomesdifficult to have a prlva;._ c._nversat[on. The

no_selevel calculated 26'27 to maskspeechFornormal vo_celevel (male) so that (0nly

5 percent of the sentencesare_ntell_glble,;sgiven in F_gure21, as a Functionof distance

between talker and listener far two assumedconditions. There ;s a 9 dB dl,rfefence

between these two eondlt_onsandthe ro.vervalue probably is morerepresentative at. the

__..y typical sltuat_anwhich generally hassomeshlefding.

Theseresultsrndlcate that the residualnoise level required to obtain

privacy Irorneighborsseparatudbya 50-,_aotdistance w_uld have.to be of the order at.

41 dBfA), assumingrandomarlentat_onat"the talker relative to the neighbor and5 dfi

of shielding, Thisresidual noise level Is opproxl.-.,1relyth,_t ,_Fthe J_ormalsubulban

community,

Theseconsiderationsat"speech rntelI;glbHTty and F,rlvacy :uggestthat

there is both a maximumand a minimumboundto theoutdoor noiselevels wh;:h are

compatible w{th reasonableeniayment and Fulluseof pat{as, porchesand yards. The

upper bound Forspeechinteillgibillty appearsto be in the rangeof the "very noisy

urban residential" category of Table 5, and the lower bound For!peech privacy is a

t.uncfionof the distance and sh_eldlngbetween ,_eighbors.

4.2 Inte_m;ttert Single EventNoI_a Intrusions

A great numbe_of [nterm*ttent singl, event noiseswere measurec_during

the exploratory survey, A briet,samplingat. tee various typesof no_sesand their maxi-

mum noise levels at someof the I_ measurementlocations is g{ven in Table 9, and some
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Table 9

Examplesef lntrud/ng Nohes" Found_n rhe ResldenH=lO,#_.ror
Noise L_ ;ronment _n th_sSurvey

, , = ,, = ,

• ,%
Typeof Maximum Noise

\_, Type of Source Neighborhood Level dB(A)

4-Engine TurbofanAircraft Landing Noisy Urban Res_dentlar 100
Fi e Engine Siren DowntownC_ty 95

---" D_eselTruck Freeway Apartment 90
2-EnglneTurbofanAircraft Takeoff Urban ResidenHal 8B
Street Sweeper Urban Residentlal 87

: ".'- ConstructionCrane DowntownC_ty ' B5
CarstnsctlonAir Wrench DowntownC_ty B5

• _ Train Passhlg UrbanC_ty 84
ReadyMFxCementTruck DowntownC_ty 84

-- "" Motorcycle Urban Residential 84
"" RapidTransit Bus DowntownC_h' 84

• Garbace Tru,:k Urban ResldenHal 83
" '_-,_-- FreewayAutomobile Traffic Freeway Apartment 80-
._. Automobile Horn Urban ResldenHal 78

' ".... Automobile SportsCa, . NormokBOEu'tban 78
-_ Tire Squeal DowntownCTty 78

: "" 4-Engine TurbofanLanding Urban Residential 74
Automobile on Main Street Small TownResldenHal 73

-'_ _ceCreamTruck with Music Urban Residential 70
...... PrivateAlrczaff Slght-See(ng Grand Canyon 70

-'" 4-Engine AFrcroFtOverflight Normal Suburban 70
,\ Car BrakeSqueal Urban Res_dentlal 68
- \ Helicopter Overflight Urban Residential 6B

PowerLawnmower Urban ResldentlaJ 68
Peopleon Eeact_ Resort 65
Children Playing Urban Res;dentlal 64

;"'_/.:.. LawnEdger Small TownResldentla/ 62
•- Cat F_ght Urban Res_denHal 60

Dog Barking Normal Suburbnn 60
StaHonaryTrain with Engine Idling Urban Resldent_al 55

,. Automobile at Ohta*_oe Normal Suburban 55
../ Milk Truck Normal Suburban 54
,_-,- Rooster Farm 54

:-._" " : RadioPlaying Music Urban ResldenfiaJ 52
Crickets in Evening,and Night Quiet Residential 50

• - _. Bird Normal Suburban 4.5
:._,.'V*" Children Praying Normal Suburban 44
•' :' : A;rcrat't at H_ghAh;tude Grand Canyon 40

I

i"".'_-'.:T Note that these levels are asnteasuredat the various locationsand are not ;nd;cative

7-i of refaHve sourcenoise.
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,,. of their spectr,Jare g_veninAppendix B. Tke ranking of levels in Table 9 hasno mean-

/ rngwlth respect to the relativenoiseoutpu"ofthe varioussources, since the measure-

mentsare essentiallyat randomdistancesFromthe sources. Themaximumnoise levels

'/. for thesm eventsat the various[ocotlonsrange From100dB(A) Fora 4-englned turbofan

at an altitude of a FewhundredFeetd_stanceduring landing to 40 dB(A) for a slmHar

7"" aircraft probably at an altitudeof 30, 000 to 35t O00feet during ,:ross-countrycruise.

They arm illustrative of the greatvariety of the no_sesencounteredin outdoor environ-

merits,

Obviously, manyof these s_ngleevent noisesinterfere with speechand

othe'ractlviHes far brief _ntervalsof time. However_ their impact ;s not as easily quantl-

fled in terms of speechinterferenceaswere the constantlevel noise_ntruslons. One

methodFor estimatingthe magnitudeof the intrusionfor single event no_sesis to ask

peop/e to rank the acceptablJ[tyof a seriesof noTsesat differing levels. One of the

most¢ornprehenslverecentstudlesof the subject:re judgmentof the noisinessof vehicle

• _ noisewas conductedin Englandat the M|P,.AProvlngGrounds.28 The resultsare such- L,
--_ mar_zedin Figure 22. Theseresults,obtained with lelaHvely low residual noiselevel_,

_"'_'" indleate that when the max,.humnolse level of the vehlcle during Its pass-bywas less

, .,// than72 riB(A), it wasjudgedquiet by the average observer. When the maximum noise

//_: level wo:_between 72 and 82dB(A), it wasjudged acceptable, and above B2 dB(A) it

wasjudged nolsy. Thesedataare consistentwlth the apparentgeneral acceptance of

-::,'." maximumlevels in the rangeol62 to 2'0dnIA), which result flare pass-byson residenHal
; streetsof standardpassengerautomobiles.

%_.'_ Although theseresultsare useful _nassesslngthe pc ent|al nols_nessof an

isolatedsingle event, they donotnecessarily account Forthe cumulative effect of

multiple occurrencesof s_ngleevents. When a single event is at"suFfL-'ientmagnitude

,/
._ , andduration, or repe_tedmanytimes, _t will add to the total noiseenergy in the hour,

• _ .f increasing the value of the equlvalentnolsR.level (Leq). IFthe event is repeatedoften

_--'I_,_;_' enoughso that _tstotal durahonexceedsone percent of the hour, it will increasethe

"_./j. value of L|s and if its total durationexceeds 10percent of the hour, _twill _ncrease

--_"_ 46a
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..j (Data Col!ar0seand Figure t'romGalloway 2'_)
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Ihe value ,0FLI0. These effects are illustrated in P_gure23_ which skowsIhe valuesoF

Leq, LI0- and LI relative to Ihe value oFthe residual noise leve_ t'ordaytimeat each oF

the 18 locations. For mostof thelocot;ons t kl01sapproxlrnately 10 dB greater than

L90. At the 7 Iocotlons where slgnlflaant ;ntrudlng noiseswere notedSboth L| and

Leq tended to be slgnificantly h_gher relative to L90 than at Ioaal;ons where slgn_t'icant

_ntrudlngsourceswere not noted. However, LI0 only showedincreasesin 4 of"the

cases. Theutility oF Leq in measuring the cumulative magnitudeof intruding noises
will becomeapparent in the following chapter, when it is usedto relate the rettctian

of communities to intruding noisesof all types.

J

>.
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0 I0 20 30 40 50

I I I i 1 I i
LOCATION Legend_

L90 L 0 L LrA 3rd Floor Apartment, neAt to Freeway _ "--_" ] i:t_ q t \s

D 3_d Floor Hi-Rise_ DowntownLosAngeles [ _. _'_J. I ,_ ,_ - '_.

O Ulflon ShoppingCensor ! E'"_ •_
I

E PopularReachon Pac;fic Ocean - ,.._', ,
F Uiban Resldenllal Nect Major AirporS l I' 'I I --Aircraft Landing

G Urba. Res_denlialNear Ocean • I'-' I

H Udmn Residential6 mi. to MajorAirporl I' _11 I

I Subulbon Res_dentlalNear P/R Ttoc_.: , t'l '1 I ....... T_alns

J Uiban ReHdentlal t'_j

K Urban Resldentiai Near SmoHAirport ..... _:1 I'_'1 I ...... Air,:rafl Takeoff

L Old RpsJdentiolNe.r City Center __'_

M SubulbonResldentlol ot City Ouhklrls L"_' ; ........ _,hcroh Over|llllhl

N Small TownResidentialCul-de-Sac I'"t "1

O Small Town Re$1denHolMa_n Street f _ld I ...... Tlaffic on Main Slteel

P Subud.anResidenliol In Hill Canyon 1_'11 I - "-- Tt_|fic on CanyonRd.
Q Formin Valley •,_':

R Grand CanyonNotlh Rim ......... • t _, "_1 ........ SlghtseelngAircraft

I I J I
IO 20 30 40 :SO

Difference BetweenA-Weighted Outdoor Naim Levoh end the ResidualNoise Level L90 in dB
Figure 23. Relative Daytime Outdoor Noise L_velsFoundin 10 LocoHunsRangTng|ram Wildrrne. Io DownlownCity w;th

Significant Intrudlng S_ngleEyefulNoise SourcesNoted, Dole ore Arilhmetlo Averagesat"the Hourly ValuesFnthe
Da:.Hme Parred(7:00 a.m, - 7:00 p..m.) o1 the Lev,:lsWhich are Exceeded t0 Percentand I PercenSor the

T[mu(LIoand LI,Respectlvely)l andIhe EnergyAverage(Leq)e All Relollve to Ihe ResidualNoise Level (Lg0)
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5.0 COMMUNITY REACTION TO NOISE POLLUTION

Bothtypesof noise pollution, the constanth_ghrevel noise _ntruslanof

the downtownc_tyS and the _ntermfftent s_ngleevent no}seintrusionsin the suburban

andurban residential areast interfere with speech and ether humanaatlvff|es. The down-

town city type of noiseenvlranmenthas been recognizedfor centurFesas undedrcble for

residential living. Thedng[e event type of no_seintrusionhasbeen experienced along

railroad tracks Forthe last centuryand may be one of the reasonswhy land near rail-

roodsis not genera!fy considereddesirable Forresldentlal aonstrucHon.

However, in the last 20 years, there hasbeen a very larg', growth_n bath

typesof polruHon due to the _ntroducHonof new typesat.nalse sourcesinto suburban

and urban resldantlal commun;tles. Thesesources, such asjet olrcraft, urbanfreeways,

- - new industrial plants, and homeownerequipment, have creatednumerouscammunity .

noisepoHuHon probrems. Theseproblemshaveprovided slgnff_ca,t data and _nslght

reFaHngto communityreacHonand onnoyonce_and sHmufotedthe developmentof i:_.__
several indices for measurementof the magnitude of _ntrudlngno_ses. _.._ i

,5.l Correlation of CommunityReacHanwith No_so

The adventat. the commercialjet alrcroFt in_tlally increasedthe max;mum

noise levels at someIocatlons,_roundmajor airports by 10 to 20 dB. These_ncreoses_n

noisecausedwidespreadcomplaintsand various t'ormsat"legal acHon fromcitlzens I_v_ng

in neighborhoodslocated _nthe v_c_n_tyat"several ¢_vll airports. Thissltuat;on paral-

leled earlier hlstoryat"mlritary jet operations by the Aft Forceafter World War I1,

although only a few Air Forceoperational baseswere close to c_tles and towns. Un._or-

tunately, the civil airports, which accounted t.or the majodty at"the early commerclal

jet operatlonss were Focctednear themajor ciHes which they served. Further, they weru

becomingsurroundedby homes¢onstr_cted ;n the post-war buHd_ngboom. As jet oper=

atlons and jet aErportscontlnuedto growin number, the airport noiseproblemstended to

spreadthrough w_derareasof thecommunityand to an ever-increasingnumberof

commun_tles.

7-
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The Air Forceand othergovernmental agencies beganto ;nvesHgateIhe

relationshipsbetween aircraft noiseand its effect on people in communitiesin the early

1950's. Thlsearly researchresultedin the proposalof cimodelby Rosenbllthand

S_evens30 for relating aircraft noiseintrusion end the prabahle cammunrryreaction.

Thlsmodelt first publishedby theAir Force, aficountedFarthe Followingseven (7)

factors:

• h4agnltudeo[ the nolsewlth a frequencyweightingForhearing

responso,

• Durationof the intrudlng nolse (1O rag rerat[ve duraHon).

• Time of year (windowsopen or closed).

• Time o( clay nolseoccurs.

• Outdoor noise level in community when the [nt.'udlngnoise is not

present.

• Historyof prlor exposureto the noisesourceandottltude toward its

_-_'/" owner,

• Existenceof pure trineor impulsive character Tnthe noise.

CorrecHons [or these factorswere generally madein 5 dBintervals slnfie

mfii_yof the inltlal reloHonshlpswerebasedsulely on the intuiHfinof the authors, and

it wasconsidered difficult to assessthe responseto any greater degreeof accuracy.31"33

Thismethfidwas in_oR0aratedin the first Air Force Land Use?lannTngOulde34 in ]957,

and waslater slmplified t'orease of fippllofit|on by the Air Forceand the FAA.

Many other methodshavebeen proposedfor desfiHblngthe magnilude and

durcl1'ionaf repeated singleevent typenoise, wlth primaryapplication to albert noise

problems. Most of thesemethodsrepresentan evoluHon of the communityno;se reaction

infidel and consider at leastsame its pHncipal factors. The [actorsconsTderedby three

of thesemethodsfor ¢alfiulaHng the megniludea[ no;so intruslonare summarizedin

Table ]0, find odd;tional details of theca[aurelian procedurearegiven in Appendlx C.

The compfisltenolse raring (cr',IR)35 wasintroducedin the early 1960's

cindhas beenwidely usedby Federal agencies, The nalse expfisureforecast (NEF)36 is

J
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Table !0

FactorsConsidered in Eachof Three Methodsin Usefor Des¢fiblng
, cP

the Intruslonof Aircraft Noise into the Community

Composite
Noise Nolse Exposuce CommunityNo_se
Rating Forecast Equivalent Level

Factor (CNR) (NEF) (CNEL)

/ Basicmeasureof slngie event Maximum ToneCorrected A-weighted noise
noisemagnitude perceived _erceived level

noise noiselevel
level

Measure of durotlonof None Energy Energyintegrotion _
individual s_ngleevent integration

Time periods during day Daytime (7 AM*]O PM) Daytime (7 AM-7 PM)
Nighttime (10 PM-7 AM) Evening(7 PM-10 PM) _"J

Nighttime (10 PM-7 AM)

Approximate weighting D_ytl,'_e 0 d8 Daytime 0 dB
added to noiseof single Nighttime 12dfi Even:n_ _ dB
event which occursin Night,_me 10dB
indicated per_od

-- Number (N) of identical I0 !og iN 10 log N
events in time per_od

"'_ Summefinnof contributions Logarlthm_c Logar3thmlc

' : " SeeAppendix C for additional details.

/( 52
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a recentevolution of the CNR and _sproposedas ils su,"_,essorby the FAA. It essentially

updatesthe CNR by substitutionof the tone and duratlon_orrected effective perceived

noiselevel (EPNL) scale issuedForaircraft certification t 13 in lleu of the perceivedno_se

level (PNL) scale of the earlier CNR. Thust Ihe NEF accountsForbothduration and

pure tonecontentof each singleeventsound_whereas the CNR accountedfor neither.
37

The communitynoiseequivalent level (CNEL) was recently introducedby the State of

Cal_f0rn_a38 Formon_taringpurposes. It is basedon the A-welghting to avoid the com-

plexity of the computercalculations required ta obtain EPNLs and thuscannotcontain a

puretoneweighting. It alsodiffers Fromthe NEFby inclusion of the evening time period

weighting, _n additionto daytime and nighttime. However_ despite thesestructural d_F-

ferencest the difference between the absolutevaluesof CNEL and NEF Forspecific

1 locationsnear a_rports_sapproximatelyconstantat 35 + 2 dB.

TheCNEL hasbeen applied to a seriesof communltyno_seproblemsto

-:_ _' relatethe normatlzedmeasuredCNEL wTththe observedcommun]tyreaatron. The nor-
,.j

mal_zatlonprocedure FollowedtheRasenbllthandStt=vensmethodwith a Fewm_normodl-

fiaat;ons. The correction Factorsaddedto the measuredCNEL to obtain the normalized

CNELare g_venin fable I ]. Twoexamplesof theapplication of theseFactorsta the

/ measured,,aluesof the equivalent no_selevels (Leq)of the _ntrud_ngnoiseare given ;n
Table 12. The examplesare drawn Fromthe resultsat two locations;n the rangesurveys

and _llustratean approximateprocedureForca[cu[atlng CNEL Fromthe measuredaverages

' of Leq_nthe daytime, evening andn_ghtfimeperiods, accounting Forboth the per_odweight-
ingsof 0t 5 and 10dBsrespectlvelyS and their durations relative to a 24-hour day.

Values of normal;zealCNEL hove been calculated for 55 casehistoriesFrom

the literature and the flies of Wyle Laboratoriesand Ooodfriend-OstergoardAssociates.,

The dFstr_buficnof thecasesamongthe varioussourceswhich _mpactareasof the commu-

nity are listed in Table 13 and thedetailed data for each case are containedin Table 14.

The resultsare summctrlzed_nFigure24s wffh an approximate NEF andCNR scale shown

for reference. The data are normalizedto those descriptions in Table I T Forwhich the

1 correctionis zero.

J
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Table II

CorrecHons to be Added to the Measured Community Noise Equivalent Level (CNEL)
to Obtain Normalized CNEL

Amount of Correction

p Type of to be Added to Measure,

Correction . Description . CNEL in dB

Seasonal Summer (or year-round operaHon) 0
Carrec;;on Winter only (or windows a/ways closed} -5

C0rrecrion Quiet suburban or rural community (remote from large _'lO
to*' Out- cities and From (rldustrial activity and trucking)
door
Residual Normal suburban communffy (not located near indus- +5

trial actlv_ty)Noise

! Level Urban residential community (nat _mmedictely adjacent 0
to heavily traveled roads and industrial areas)

Noisy urban residenfial community (near relaHvely -5
busy roads or ;ndustrlal arens)

Very noisy urban resident;el ':ommun;ty .. -10 _*_-' i
Correct;on No prior experience with the ;ntrud;ng no_se _5 "_-'
for Previous

Exposu*.e& Community has had some previous excosure to (ntrudlng 0noise but little effort is being made to control the norse.

Community This correction may also be cppHed ;n a s;tuol;an whereAttitudes
the community has not been exposed to )he noise pre-
v(ously, but the people are aware that bona Hde elforts
are being made to control the noise.

Community hashad aonsrderable previous exposure to -5
the intruding noise and the noise maker's relations with

the community are good

Communffy aware that operation causing nolse ;s very -10
necessoryand_twill not cantinue ;ndef;nTtely. This
correction can be applied t'oran operotion of Hmited
duration and under emerqency circumstances.

PureTone No pure tone or ;mpulsive character 0
or Impulse Pure tone or impulsive character present _5

f
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Table 12 i

TwoExamplesof Calcuiatlon of Normalized Communi_ Noise rqulvalent Level

Aircraft Lan'_ingNoise Trofflc Noise in Old

in Noisy Urban (1) Ras;dentlalArea Near
Factor ResidentialCommunity City Center(21

m,

Day Eve. Night Day Eve, Night
EnelgyEquivc,ient

Noise Level (Leq_
in dB(A) for Time Period 80 83 75 56 57 '_3

: Durationand Time of Day
CorrecHonFactor3 -3 -4 .6 -3 -4 .6

"_ SubtotalsWhich areadded

-.-J Logarithm;c=ityto Obtain 77 79 81 53 53 59

CNEL I

CommunityNoise
EquivalentLevel 84 61

ii

Additional Correctionsfrom
Table 11:

Semonol 0 0
ResidualNoise Level -5 0
Experience & Attitude 0 -5
PureTone or Impulse 5 0

Talo}AddltTonal Correctlons 0 -5
,,,=

Normalized CNEL 84 ,56
i=

Actual Reaction ExtensfveLawsuit*and No Reaction
Political Pressure

(1) LocoHanF Tn FTgures7 and23

(2) LocationL in FTgui'es7 and 23
/

('1) 13ural'on correction,s (,0,og -_-)where n ,slhenumberofhours[ntheper,od.



Table 13

Number OFCommunityNoise Reaction Casesasa Function
of Noise Source Typeand Reaction Category

CommunityReactionC_tegor_e$

Vigorousor Wide Ha R._-act;of_
Threatsof Spread or Sporadic Total

Typeof Source Legal Action Complaints Compta;nts Cases

Trans_rtatlon vehlcles, including:

.Aircraft operations 6 2 4 12
Local traffic 3 3

Freeway I 1
Rail I !
Auto race track 2 2

Total Transportation 9 3 7 19 _" '

Other single-event ,:f inter- 5
mittenf operaffons, including
circuit breaker testing, to:get
shooting, rocket testingand
bo_y sho_

Steady state neighborhood I 4 2 7

_curcas, including transformer .... .-.... -
_ubstatfons,residential ....... .,.°.....--"
air candifionlng ......

Steady state industrialopera- 7 I 7 10 24
tlons, including blowers,
general manufacturing, chemical,
o;I refineries# et cetera

/ Tote] Cases 22 . 14 19 55

,J'
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SummaryoF Data t'ar 28 oF the 55 Commun;tyNolse ReactionCases
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' "_- The "no reaction" responsein F_g*_re74 correspondsto a level which

• " rangesbetween 50 and 61 dB with omeanof 5,_dB. Thlsmean value_sapproximately
r

7 dB above the meanvatue assumed_ncategorizing thedaytime residualno;so (Lg0)

'. , level for o "res_de._tlolurban" commun;ty_which is the baselFne¢atego_ Forthe data

"'" ;,1the figure. This difference of 7 dBbetween the meanreaction I_neand L90 _so._ly

<,,_, 2 dBgreater than the average difference between the _utdoormedian noise level (Ls0)

and the residual na_selevel, as shownin Table 3. Consequently,Fromthese results

'.i. • ff appears that no cammunrtyreaction to an intruding noise_sexpected on the average

.,', whenthe normalized CNEL of the intruding noise is approximatelyequal to the daytime

"' " outdoormedian no_seJevel (Lso_ This_onclus!onis not surprising;;t simply suggests

' : that people tend to judge the rnagn_t,Jdeof an [ntruslonwith ref,-'rence to the noise

environmentwhich existsw_thout thepresenceof the intrudingnoisesource.

Thedata ;n FFgure24 _nd;catethat widespread":ompla;ntsmay be expected
...._.

when the normalized value of CNEL exceedsthe outdoorresidual no;solevel by approx;-

.., motaly 17 dB, and vigorouscommunityreaction may be expectedwhenthe excess t ;

._ approaches33 dB. Thestandardday;orlonof thesedata is 3.3 dB and an envelope of i

-5 dBenclosesapproximately 90 percentof the casesin F_gure24. Hence, thFsrelation- I
• i

shipnetween the nom_alizedCNEL andcommunityreact;anappearsto be a reasonably

"_ _ accurateand useful tool in assessingthe probable reaction of a communityto an _ntn_d;ng

noiseand ;n obtaln;ng one type of measureof the impactof an Intrudingnoise on a

"' community.

.... 1! These community reaction data have also been used to test the effect of

the various normalizing factors ;n Table 1 ! _ together with the duration and time period

• .. weighting F_ctors in the CNEL, on the degree of correlatFon between the community

•" _" reactionand the normalized CNEL. Theresults__nTable 15, showthat the duration ;s

the Factormostnecessa_ _nthe normalization to bring the data closer to a commonI_ne

._.._: endthusm;n_mlzethe standardday;at;on. The absenceof o duration correction incre¢,_es

":"_i" the standarddeviation frnm3.3 to 8. I dBand would result _nextending the bounding

_-7'"" envelopefrom +5 dB, ason the fig_'re,toapproximately + _2.4 d_. The next most

! _._. 60



Table 15

Effectof NormalizingFacto_ on 55 CommunityNoise Reaction Casesas
Measuredby the StandardDev;atlonof the Data About the/,Aeon
RelationshipBetweenCommunityReaction andNormalized CNEL

StandardDeviation

Numberof Cases ;ndS of all CasesExcepl"thoseWhich Standard
Factors" Included ;n with Nonzero have Vigorous Deviation

Normalizing Measured Correction in Reaction or _o of oil 55
Noise Level Deleted Factor(s) Reaction Cases

All 2,9 3.3

I Al_wexcept dumtlon 28 7.5 8. I

Only 1 7.I 7.5
• -lurat;onand time of

"'\ day correction ;n the
measuredCNEL

All, except residuol 35 6,2 6.4
noise level

All, except time of _ 3R 4.6 4.6
._ day I

All, except pure tone 32 3.7 4.3
and impulse

AII_ except experience 23 3.4 4.0
and a;tltude

Allr except seasonal 3 2.9 3.3

" Factorsare fromTable_ 10and 11
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_mportal_t Factor is the residual noise level correcHonr lack of w_[ch increases the

standard ddv[aHcm from 3.3 to 6.4 dB, a Factor of almost two. Less_mportant, but stilt

s_gn_flcont t are the correctlonsfor HmeoFday t pufetone/_mpu[se S and prior experience/

.... atHtude, the lack of which resulted _n standard dev_aHons of 4.6, 4.3 ,:nd 4.0, respec-

llveiy. No change occurred by removing the seasonal factor which was only applied [n

three of the 55 cases.

The oHglnol Rosenbllth r._d Stevens method computed the magnitude of the

noise by a quantity essenHaJly proportional to L for the time period during which cam-
eq

mun_ty reacHon was caused. Thus_ For a complaint against dayHme no;se, the reccHo,i

'_" would be competed ,_g_nst normalized Leq for daytlme_ whereas for a nlghtHme noise,

the reaction would be compc_redagainst .he no_m_lTzed L For the nighttime {ncludlngeq
the_10dBnlghttlmewe{ghting Factor. Th{sprocedurelssJightJy different from that

used _n the CNEL which accounts for Ihe contdautians of all three periods in a single

number.

For comparison, the 55 cases have been pJotted _n Figure 25 using the f_..,,

original procedure, 30 except that the A-weighted equlva]ent level is used Far the _',..:'

- r rnagn_tude of the noise. The results ore generally s_milar to those of F_gure 24,
although the standard dev_atlon is 3.5 dB .other than 3.3 dB.

The data far the 55 case:, were also compared wrth CNEL 2 /see Appen-

•_ dlx C) whlch wc.s obtained by replacing the day-ev.-nlng-nlght corrections of the

standard CNEL with the day-n_ght correcHons of the NEF calculaHon procedure. The\

resulting mean Hne was altered by less than I dB from that given in FTgure 24 and the
,'.'

•. standard devlaHon was only 0. I dB greater than before, an insignificant d_fference.

Thus, these 55 cases can support e_ther type af t|me period weighting far o single-

_ number measure of noTse(CNEL or CNEL2) over a 24-hour period, or the orlg_nal

period comparison concept., all [n combination w_th the energy equivalent A-welghted

"":" noise level c_ndthe ot}'_ correction factors in Table II, For the pr_=dlction of cam-

-- munlty reaction to no_se pol]utlon,

6s ;_
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5.2 CommunityReactionand Annoyance

Thenormalized CNEL scalecan alsobe comparedw'th the resultsoF social

surveysS suchas those taken _nLondonand in Ihe USA.39-42 Thesesurveysdetermine

communityattitude by askingpeople whatthey thlnk t rather thanby assessingovert

reaction, as in theprev;oussection.

Figure26 showsthat peopleare preponderantly_ntheft homesv_en
40

they are annoyedby no_se. Table 16t froman American surveyl showsthe actl-

v_t_esdisturbed as reported by people whowere "extremely disturbedaboutaircraft

noise." As mightbe anfiolpatedt problemsrelated to speech intelllglb|l_ty head the llst.

Table 16

Activities D;sturbedby Noise 01 Reportedby
Peoplewhoore "Extremely Disturbedby A_roraftNoise"

Activity Percent

TV/Radio reception 20.6

Conversation 14.5

Telephone 13.8

Relaxingoutside 12.5

Relaxinginside 10.7

L_stenln,3to records/tapes 9. I

Sleep 7.7

'_ Reading 6.3

Eating 3.5
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F;gure 26. Percentageof PeopleWho Were Ever Disturbedby Noise at
Home, Outdoorsan_ at Work in LondonCtty Survey20
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Figure 27 showsIheaverageannoyance reaction Foundin the LondonAir-

port Survey39 36asa function of CNR and approximatenormalized CNEL. F_gures2B

and 29 showthe relationshipsof thosewho ore "very muchannoyed" and those"o.fly a

Httle, or not annoyed" wHhdatafromthe samesurvey. Also shownin Figure 28 h a

data point froma surveyin Sweden,43 and a tangent Hne through the most_mportant

range of community reaction.

Theseresultsdemonstrdtethat a majorHy of the ¢_tizensare clea,ly very

muchannoyedwhen the no_se!s sufficient 'tooroduoe a normoli:ed C.'_ELof BI dB,

Which would be expected to producea vigorouscommunityreaction in accordancewith

the data ;n F_gure24. Theyalsoshowthat a small but s_gn;lloantpercentageof the

population is still very muchannoyedal' the CNEL 55 value, whereno community

reaction Tsexpected. Thus, thetrueimpact oFthe polluting effects of intrusive noises

asmeasuredby annoyancegoesdeeperthan indicated by the "no reaction" point.

5.3 ApplleabH;ty of NoisePollution Level and TrafFicNo_seIndex to %:,'
Commun;tyNoise Assessment

A/though 'He variousversionsof thc communilyreo_Honaorrelatron pro-

cedure HaveFoundfavor _ntH_scountryand [n international standordL_aHon,12,47

there are continuing efforts to devetopnew and better noisescales. Twoof themost

recent eFFortsstemmedFroma traFHcnoise and social surveyby GrHfiths and Langdon22

in England_n 1968. They _ssessedthed_ssatlsfact;onof res_dentsat I] slteswHh traffic

noise, andrelated the resultstomeas_redvaluesof the nohe. TIese measuremen_"_were

valueswere reported tater by Robinson.44reported _ntermsof L10, L50 and L90;Leq
The stathHcal value_reported werethe ar_thmetic a _erage_of 24 sampJesFoneper hour)

of 100 secondsduration each.

GdffHhs andLangd0ndeviseda tro[F!c noiseindex which appearedto _ive

the best corretafion betweentheft 24-hour averages and the d;ssaHsfact[onscores. Thls

index is defined as:

TNI : L90t4 IL/o-L90) - 301ndB 15-1)

66
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Robinson rev(ewed Ihe work of Gr[fflths and Longdon and proposed a quantity coiled

Noise Pol]uHon.Leve;, whTch accounted for both he equivc" en energy of the no;se and
44t45

the amount of its fluatuotlon ;n terms of ;ts standard deviation (o). H;s primary defiri;t;on

TS: .,.
NPL = L + 2..,._6_ ind8 (5-2)

However t [n deriving the constants for NPL e from the traffic noise study_ he utilized ' ,

the approximate form of NPL:

..... _NPL_ = keq + (LI0 - L90) ;n dB (5-3)

In addltlon_ he proposed several other cpproxlmaho_s.whloh could he applied ;n appro-

prlate shuaHons, includ;ng the t'o[Iowlng expression wl_h-_hdoes not require direct cam- -

put,flea of Leq: i

NPL ° LhO _. 2.._o' _ o'"/'_,.68 _ndB I(5-4) _-,, -i
l

Figure 30 compares TNt and NPLe, calculated from the 24. overage valuG

of 100-_econd _omples, w;th the d;ssat[sfact_on scores at the I) Griffiths and "_ngdon

sites. The correlaHon coefficient and standard deviation are app,oxlrnotely 0.88 and

3.9 dE, respectively_ For TNI, and 0.82 and 3.2 dE]for NPL . Figure 31 comparese

Leq and (Leq - L90) for these same data, This meesure of ILeq - L90) h similar to the
measures used ;n the c_,r'elotlon of community reaction in F;gures 24 and 25. The cor-

relaHon coefficient r, j standard deviation are opproxlmotely 0,63 and 5.8 dB,

re',pect[vely, for _eqF and 0.76 and 1.9 dB for (Leq - L90).
• here are three pr;nclpal obserwHons whh'.h con be made from these cam-

par[sot',..rst, all measures except Leq (only) show reasonable correlatTon with the
_ren ..Jrthe data, with TNf the best and NPL second best•e

Second I the stanoord devintlons for ILeq - Lg0) are much smaller thnn
those t'or TNI and NPL . Th_s difference is the result of the difference _n _he decibele

ranoes oFthe three scnles, approxlmatelt29dB ForTNI, 1fi.hdBiot NPL and 7.hdB
e

for ILeq - L90 }.
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• q: Ib halt 'le dTileml ¢ ,_rngc _F the basic l data [3 relotlvely small,
eq

....... apploxlnl_ltely 15 HB. Col_,iderlng that the basic ,,o_sn data wele acqu_rc.d ;n 100-sea.and

._.::.. sanlp!es, some _:mJom e,,or, p,ob_hly of tile o,dor of -2 dB, may be e>pected in the

..... est;mate_ofkoth Leq on_L[0 _1 theva,lousslres. 'Fo, exumple, see Table _in

C..'-,_ Sect;or: 3,2,_ h, c.dditlon_ II_e day-nlght v_, "_tlon may differ between _he rites, as

'_ '.e_n in Fi_e_ II1 tlwough 12, addlng addhlon:l varlcbHily to the compallson'.. Furtk,er,

=.r.'._ there w_s undou_tedfy .ome vc_*_,on in level thou_hout the neighborhood at each slie,

The_e ploha!_l._ eHel_ ;n the '_easu_ewan_,plu_ the h_he,ent errorsin c_sesslngthe actual

:_ dlssaHsfacHon _:, ,as, q,e ut lea_t of _he m,:gnltu_e oI the e_rors exhlblted in fl_e cor-

relc, tlonsoFtl'evmiuus _cah:s. ThereFo,e, it is d_ff_¢ult to conclude from thesedata

" : that any a.e c,l tv*..,e H_,ee c:w,_id=te scales is to be preferred,

""-_'#" The TNI and NPL were computed ct each at" the 18 locations In the nclse

-_ o'_. 'urvey ur:dertaben far thls _epo_t, An example of the rest,Its ;_ shown for the dayHmo

period ;n Figule 32, t_uether with Leq and LI0, ..it'_ _ll valuesplaited relative to L90,

_ . . Fo, mcny_fthelocaHcns_ rNI;_numerically ;tailor to Leq, w_thlnapproxlmately
" ''_ -+6 dB. )towe_,, . ,_ Fuwlocations where hltruding s_ngloeventnoiseswere sutF;clenlly

numerousto effect LI0 , d_eT_'!! ;, ._.uchg. , than Leq, wlth a maximumdifference of7'7
,._...__. almost 40 c_B. ,In cellcases, the NPL e is _7_eae, than Luq, aswould be expected from
• _ Equation _J-21. The dfffe_ence_ Ii"JPL - k ' ral_ , between approximately 6 and

_=...-_'-.. e er_

-_.. 26 db.

'_':_'¢'.'_"'" The_ed_ta were _1_ouseo_ocnJcul_te the numer;ca_ d_fe_encesamong

7..Y . ._:..._,. Ihe _hreemelhod>_o_caieulatin._ r_PL, Which were _j,v(_r,;n Equations,5-21 through

_'•' (5-4). The ,e:ult, Fo. the l_ [ae._Honsa_e .ummc,rP.'edin Table 17. The mean differences

"_.,. and standarddevlat_on: forclcyl;mo cl_e 3,B c;nd3.7 dB_respectlvely_ FO,INPL - NPL )

""" and 1.4 arm I '_dB_ ,especHvely, Fa__NPL NPL'I, In all periods, the standard

c'_ davi'JHonus_nc]r,JPL'_as le._ than hlcl obtalned usln_tPqPLo,indlcalin;1 hot s a
"_'-_ mo,e com;;tel._ e_t;ma_nr,ofNPL

°"
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Table 17

Relatian_hlpsAmongVarious Melhaclsof Calculating No_e PollutiOn
Level far Data from 18 Locatior_s

NPLe* . NPla* NPLe - NPL_*

Location Day Eve Night ;.4 Hours Day Eve Night 24 Hours

A 1,2 1.3 -1,6 -0.7 -0.7 -0.7 4.0 3.8

B -0.1 1.8 3,0 2.3 2,5 -0.7 1,0 6.5

C 1.8 1.7 1.2 1.7 0.9 0.8 0.1 1.7

0 1.2 0.7 2.2 -1.2 -0.4 0.5 2.4 6,2

E 1.5 1.8 1.6 1.3 0.4 -0.1 -0.3 1.6

F 10.3 10.6 15,6 0.5 2.3 3..5 7.8 7.4

G 2,8 4,1 1.5 1.7 3.2 0.5 1.9 6.8

H 2.3 1.7 3.3 1.8 0.4 0.7 1.4 2.8

-_ 1 3.5 4.1 4.2 1.6 1.2 1.9 9.7 7.0

._1, J 3.2 1.8 4.0 3.1 0.7 0.8 3.4 3,1

K 9,5 7.4 8.7 7.1 2.9 2.4 3.8 7.9

L 2,7 3.3 2,5 3.7 1,2 0.9 4.0 2.7

M 4.4 8.8 5.8 3,7 0 1,7 7.0 6.9
/

N 4.2 2.7 2.5 2.9 0.7 0.8 2.3 3.7

O 1.4 2.0 6.1 4.0 1.9 0.3 2.8 5.6

P 1.2 0,4 _1.7 0.2 1.0 2.6 9.9 5.2

tM 2.5 1.8 13.7 5.1 3,4 0.2 4.2 3.7

14.4 0 2.9 4.2 3.7 2,7 3.5 0,4

can DH't'erence 3.8 3.0 4.2 2.9 1,4 0.9 3.8 4,6

StandardDeviation 3.7 2.9 4.4 2.7 ].3 1.2 2.9 2.2

NPLe Leq _7,'_6a

• NPLa LS0 _2.56o , u2/8,68

NPL' Leq eLI 0- L90
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Thus,NPLe can be reasonablyestimated Fora w_de variety of real out-

doornolse envffonmentsbyNPL'. Thls s_n_pl|fiedapprox_maHoncan bewrltten as:

-- NPL' = (Leq - L90) + LI0

. , or (5-5)

(NPL' - Lq0) = (L q - L90) + (LI0 - L90)

The computation for the da?"-'_ estimatesof (NPL' - Lg0) can be visually made t'orthe

I data of Figure32 by eddlng the {LIo- L90) bar to the value of (Leq - L90). The impli-
cat_onof thls s_mpl_f_cotionis that NPL tendsto count the magnitudeof the _ntrudlng

na_setw_ce- First in _tscontr_butlont_ L andsecondin its cantHbutlonto Li0._- eq
Thus, ;t might be expected that a correlation of community reaction, suchas that

given for the 5.5casesin F_gures24 and 25, would exh_bff ow_derdata scatter than

obtained w_th (CNEL - L90), or (Leq - L90). ,,_ ,
An example of suchan appl;caHon of NPL was calculated for aircraft _,......

flights over residential areas with dlffer_ng residual no_selevels. In all cases, the a_r-

craft no;st was assumedto have a maximumlevel of 90 df(A_ and an effective (energy

equJvalent) duraHon oF5 se_ands. The a_rcraff noise-tlme hlstoo, was assumedte be

,'" triangular. The communityreacHon for each casewasest_rnatedfrom F_gure24. The

resultsof th_sexample are g_ven in Figure 33. The left-hand side of theenvelope of

cases_sdeterminedby the condition of ) flight per hour. It showsno correlaHon

between NPL and communityreaction, since theNPL varied only slightly a_though

(Leq° L90) varied slgnlfiaanHy. The rlght-hand slde of the envelope resultsfrom the
eondlt'on of 30 flights per hour. Here, the NPL varied s_gn_fieantlywJth the rec_ctlon

scale. From th_sexample, one m_ghtconcJudethat _t would be clifflcult to obtain

gaod correletlan betweenreaction and NPL, wheneverthe duraHan of the intruding

noise _sonly a small Fractionof a given Hmeperiod. Better co.'relatlen maybe obtained
46

whenmore than one type of sourceis present; however;n this case the resultsare based

on estimated rather than measured noise_evels.

I
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" A seconde_.'amplewascalculated to see the effect of the steady-state

int_udlngnoisewhlchwns turnedon continuously, or For_FracHonolthepe_;oounder

• cons;deratlon. Suchsourcecha_acterlstl,.$ orecommon_n[ndustrla[ noise_ndch

conditioninghearexchangers. The example assumedthat ll,e residual noise level was

40dBfAI and the ;ntrudlngnoise was60 di_lAl. Both NPL _ndNPL' were calculated,e
togelherwith L of the ;nlrudlng noise and L of the ;nt_dlng noiseolus the noise

eq eq
whichwas c_ssumedto ex_:¢'without the presenceof the ;ntrudlng noi'ie.

The resultsare presentedin Figure 34. When [ntrud_,_gnoise ;s con-

Hnuous("on time" Fractionof t.0).. _'JPL - NPL' -- L -- o0 c_B. However, when
e cq

the _ourc:e_sonly c3nFor50 percent of the time, NPLe ha_a mo^*mumof ..,.. d_,
22.6 dBgreater tha_ when the so.J_ce[s on all the time. In Fact, the NPL e_ce._ds

e

60dB Fortill on-tlme Fractionsbetween opproximotely 0.04 onc_I .0. In this exemplar

NPL' is a poor estimatorof NPkes particularly when Ihe "on time" Fractione,L:eeds

0.1. The reasonlsthot Forthlssteady-stnter, olse, LIO L.90Forall voluesof the

"on time" Fractionwhichexceed 0. I. Consequently, Fo_intermittent steady-stclte _ I

noise_unlike the Fluctuatingnoisesof Figure_32 or.'J 33, NPL' [s not _n r_pp_op,lote

estimatorair NPL .e
The*esultsof the cliscussior,s in this secHonindlcate th_,t i_'PL;s less

sulable t _an (keq- Lg0) fnr use_nmec;:.urlngthe magnitude of intfudi*_g._o[:esrel_tive
to residual nolses_w_threspect to their _ffects o'_people. Th_sconclusionis par-

tlculc,rly re/event to intermittent slngle-event hlgh-level *_olse,iwith s!,_rt clu_et[on

aswell a_.intermittent stecdy-:tete noiseswhich ho,.,e"on time" F'_act]_.-,:I'_erwe,:n

0.1 _nd0.9.

f
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NPLe Leq " 2.56 o" J
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LI0 _0dB'Ab Leq 47dB(A_and
L90 40dB,AJ

79

........ / _ II



6.0 THE GROWTH OF NOISE POLLUTION

There has been considerable public discussion about the growth of nohe

polluHon, Saran or" tiffs d_scu' ,ion has led to dhe predlcHons that the noise in our

envTronment is _ncreas;ng by ns much cs I dB pet year, or 10 dB per decode. Clearly,

such a growth ratet if truer would lead to very severe consequences. To place this

problem _n perspecHve_ it [s useful to e:,amlne the pos_[blo changes in both the

_ntrud;ng noises and the residual noises over Iho post few decades.

6. ] Change _n Intruding Noises

There has been conslderab!e growth [n the number of mHe_ of urban free-

waysand thruways since 19S0. This growth [s accompanied by an increase _n nahe _n

neighborhoods adjacent to the Freewuys. S_m[larly_ there has been a slgnificcnt
I

increase ;n commerc;ai air travel since 1950_.] This _ncrec,e_ rogether w;Ih an increase i

of the norse love I _f .:,r. iot _;rcraft .elaHve to the older propeller a;rcrat't, and the

building oF home: r.round existing c_[[ ahports has _esu_ted _n o significant number at" i._---,,

noise problems. __-'-,

The um-,.nt or" Ic_d esHmated to lle with_n the CNEI 65 dB contours is

illustrated in Plgure , or both t'reeways and ahoortSo These e_timate_ 23 show that

oppraxlmately 2000 _quare miles aF land are I.oundecl by CNEL 65. The actual land

use within these impact boundaries Jalrport properly and h_ew_.y property have been

excJuded) _snot known. However_ if _t is assumed that the ¢'.'eraqe u_e [s llke the

average urban land use_ npprox_m'Jrety l0 milllon people w_uid be e,,pected to I_ve

in the_e areas.

These esHmates of the _mpac!ed urea ate rather .-'o_ervarlve _ince an

_ntrud[ng noise _ource which couse_ o nermaHzec_ CNEL of 65 fib h, _n ,_r_an _esldential

community is expected to result in _idespread complc:h_ts. Con,eou¢_tly, rt_e 'r_pact

of noise pollution e,,tends beyond the CNEL 65 dS hound=_,,,_ e,/en ;n _=nuH_cn _eslden-

t;,_l community. In add_tlon_ for suburban communiti_s ..vh[ch hove Ios..er re,:dual no_se

levelh a CNEL at"55 or 60 _JB_, equlv,._lent t,', ,_ C/"¢EL of 65 ,_G ;n a re:_denHal area.

H_nce_ the estlmat_s in Figure 3._ ,'_,, e,_e_ more conservative.
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rn add[Hen, the growth of' construction acHvh), w;th_n the c;ty and

_ndustr[ai plants h_ th_ suburbsand furor areas brhlg rncreosed *_olsepoHuHon to each

at'Fectea area. Further, as illusi'rated in F;gure 36, the nur.lber of no_sy devices such

us power lawnmowers a*ld motorcycles has increased from a few hundred thous."nd units

in 1950 to over 20 mff[[o_ in 1970, br_ngfng oddlt;onai srngle event noise polluHon

to the urban and suburban1_esldenHal =fees. S_mi_arlys the ;ntroductfon and use of

recrec_tlorlal vehlcfes t o'la[n saws, alld fuJJy-equil_ped campers has ;ntroduced a new

element of r_o_sepollutlor_ to the w_lde_nessarea_. Even at o _er_ote locatfon on the

north r_m at" the Grand Canyon, the no_set'rom o small prcpeJler.dHven private o[¢craFt

had a mclx_mum level ,JF70 "JBIA,, n ._4dB in_reose above _he aayHrne r_slduaJ no_se

level at" cpp.-o_mateiy 16 dB,'Ai.

The [n_.reas_ngnumber of sources which produce hfgh no_se levels

gives clear evidence at. the s[gn_fican_ growth of noise pollution From _ntrudh_g sources

aver the last two dec_des. Although the mejorlty of th_s growth occur,ed _n specific _'_"',

areas where Freeways or o_rw_yswere located adjacent to the carnrnun_t[es, a slcjn_fioant

number at. new single eve_t sources were _dded to _ll o*¢._sf_om the wilderness to the

_nhab[ted suburban and u_ban res_denHal oommunities.
r

6.2 Change in Residual Noi_e

The quesHon remr;_nswhether these add_Honc_l _tru;ive no_s_, toe,ether

w_th any chan_eslnthenoi_ech_aote_ist_¢_or alJother _ou*ces, hove changed the

outdoor resldua_ no;_e levels _n the _esldenHcl aroa_ wh_cl, have not had n s;gnlf;cont

;and usage change. It [_ very d[t't.lcult _ounswer th_s questlon without the exi'_tence

of a stcHsHcally slgnlt"lcant sulvey at" the noise env_ronme'_t h_ re_dentloJ e_rensw_th_

the U_ted States_ elthe_ cur_er_tor nest.

To obtaln ,_ "cu_rent" est;mcte, tl_e d,_t_ for th_ll *e_denH_l Io¢c:tlcns

;_ the rnncje survey, To:hi..-3 _f Sect;or_ 3..I, have he_.n :omt_ined ._s[Ibd_t _ from 17

_'yp_oal res_.Jentlc_l Jocot;o_. from c.nother recent _urvcy 19 !o ,t_ve a be't,_, coupes;to

plctu_e c,f an "_vero._e' u*_,_ _es;dont_l noise env_,o_rn_nt, ll.e '.ercrate _.n_Jcom,:[ned

data F_omthe_e tw,_ su_ve_._ ,:._ven in table I_, [r_d_oote that hath _re f_om _rn_lar

_2
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Table ]8

Residual Noise Levels (L90) in dB(A) For28 Residential LocaHons
Including I1 from Ihls Survey and 17 LoaoHonsFrom
Meesurements_n LosAngelest Detrolt and Boston19

I Combh_edPeriod Quantity ll Locations 17 Locations 28 LocoHons

Day L90 45.6 47.5 46.7

Std. Dev. 4.6 5.8 5.3

Evening Lg0 46.7 44.9 45.6 i
i

Std. Dev. 4.1 5.6 5.0 I

N_ght L90 39.8 37.cl 38.9
Std. Dev. 4. I 6.2 5.3 :

populaHons, parHcularly ;n the doyHme. HoweverS s_nce,_e;thel surveywas undertaken _'_'_'_ i

with the intent of statistically samplinga city and thereare only 28 locations in total,

the results shouldonly be considered_ndlcatlve of central trends. The"past" data which
•, 14-16r 18

are ova_JabJeconsist oF the resu[Isor tour sulveys, Thesesurvey_cover the last

34 yearss beg_nnlngw_th theextens_,,e8ell TeleohoneCompanysurveyof no_se_n 1937;n

residential areas in Chicago, Cleveland and Phi'.adelphla. The comparisonof the dayHme

residualno_sedata from five surveys;s given in Figure_7.

Each surveywasdifferent _nmethod, objective ann _nstrumentation,and

nonecompare identical IocaHons. Mostwere alsod;Ft'erentin rnethod_of reducing and

reportingdata aswell. Therefore, _rwm necessaryto adjustIbe data to a commonbase

Forcomparison. The data for the 1937 and 1968 surveyswere published_ntermsof the

medianoutdoor noise level ILs0)S and thoseof the 1957 survey;n termsol_on energymean

of the no;soenvironment. All three resultshave been c,_rreotedto the residual n._ise

tewl IL90) by subtracting the c:verogedifference of 5 dBfound beh' een the median c:na

residual level_,_nthe current datr_. The meanand 50 percent range for the residual noise

levelsof the 1947-8 and 197] surv_'.ysare shownasoriginally pres,_nted.
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.._ _...._ ._...._m_.._ee,__._m_m_......,_:r-_ _t__e,,,,,,,,_m.__ ' ._....r._ ,..,



D_sregardlng the 1954 results_ the means of Ihe other t'oul surve_,._He

between 46 and 50 dB{A} w;th a grnnd a'.eroge of 46.9 dBfA). This value ;s also close

to the average value of 4,_.5 dBIA} calculated for the suburban categories of _'_ulet and

normal suburbant and urben _nd noisy ulbon resident;el areas described [n Table 5 of

Section 3. I.

The mean value of t!_e 1954 data is 7.7 dB below the 1971 to'suit,,n'_d

7.9 dB be!ow the average at, !he other Four surveys. TMs survey was deslqned to ;nves-

tlgote the effect or"a_cvof't Jlolseat many IocoHons unde_ oh'craft fl_gt:t tr_cks up to

I'_ miles from each or' e;ght cJi,ports_ f_nd h_cfL:._ed rural es well ns suburban and urb,_n

foc=Hcns. It ;s probable that the prlnc_,..,el roe=son for the _ow values repo, t,.":_hy the

1954 survey _sthat _tsmix or, Ioce.tlons gave significantly more weight to the quiet

rural and suburban areas than to lh,e _Jrban ".nd no;sy arbor res;denHat c,'n_'_. S;mHorly t

the 937 survey _ncluded city apartment dwe ncls as we rJS ubu ban and u_ban _e;i-

denfial areasw_rhdetn*.heddwell_ngs. TI,;s dlt'¢-_ence_n emph_';_sproboblyres_lted

in higher emphas_son the "very noisy uri'_nn_es_derltlal" category and explains why rhese f.,,.

:lena h,':'.'e _heMghest reported menn value t'or the .es[du_i noise feve_. _.....

Thus, it [s consldor?d that the 1937 _urvny was Elated to dlghtly noisier

areas, the 1954 survey was s_e._nfficantly t_;r_sedto the quieter are-.s, cmd the thr_e

remnln_ng :urvey_ are probab!y so,_ewh_.t ,_mHnr in tl_elr di'.tHhuHon of locutions ,_mong

the categories of Table 5. Whh th;_ per:pective, ;t ;.. co_ciu_le,.=that where land u_e

ha'_'_or _._al_ed_ there _sno !.h'on_ tren_J rov.'r*'i ,:n h_c_ease _n t!_e nveraoe 'uburb_n

andurban rasldenHal area _e_.iduafnoi;o levef_ ova, the pn_t 34 )'e_rs. Further, _t

appears that the only ;r'crec_ wMch can hn inferred fIom these data ;s 2 dB in aver

two decnde_ Ila_ed on the dit.t'e_ellc:ebetwe.en tile 1947-_ and 1971 =esults.

Fi,
TMs concluGon _ _1_o:unpaired by a comp_H,:_n af the noi',_ at tv.o NI

Iocutlons ;n LosA'_,_eles, wher_ the 1971 data r_red_roctly ccmpar_hle to mer_,.urements _.i
made in 1955 and 1959. At a normal su[:urban ne;ollborhood location, whe_e no slgn_-

ficant ¢F,_nge in It_nd or road usehas occur, ed ov, r 16 yea, s, the Iwo me_suremenl; of

the residual noi_e level ngre_'d w_lh;n 1 g_ he_een 1955 and 1971. _n the other case, .!

i .



the 197 | measurements_na res_denHalurban areawere approx;rnately2 dB hlgher than

_n 1959, cluear least_npo_t to the aaHvation of a new majorfreeway w_thln 2/3

mile of the [ocaHon.

Table 19presentsa comparisonof residual noTselevels _nthe downtown

city. The results for New Yo_k, Chicago and Londonfrom 1937-1962 show remarkable

agreement. However, again direct ¢ompaHson_at rhe samelocation are notavailable,

and the only inference to be drawn isthat no s;gnificant _ncreases;n level are demon-

strated far theseextremely noisy/ocations.

Table 19

Comparisonof Outdoor OayHmeResidual Nolse Levels (L90)
_nthe DowntownC_ty

OayHmeResidual

Number of No_seLevel dBIA)

- C;ty Locations Year Range Average

New York*
BusinessD_strlotI_ Large 1937 62 to 75 68

Ch;cago- Large 1947-48 63 to 73 68
Heavy TrafficIs J

t

London2° Approxlrr_::tely 1961-62 68
2O

Ottawa 21 One |96t_ 68

LosAngeles One 197T 73
(Current survey)

i*

Original data which approximatedmed;an r,o_selevel (Lso)corrected to
ResidualNo_seLevel by subtracting.5dB.
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The bas_aconcluslan frurnatl of these comparisonsis that the average

outdoQrreHdual no_selevel hasprobablychangedonly a small amountover the pnst

Fewdecades, _nan area v..hlchhashada constant landusage throughoutthe period.

However, _f the landusehas changedat any Iocat|onr suchas flarerural to suburban_

fromsuburbanto urban, or urban to downtownclty, the outdoor re:idual nalse level

probably in_r_sed slgnff_cantly (10 dBor mare), appraxlrnately _nae':.ordaneewith the

values in Table5. ConsequentlyS even if the residualnoise level for a given category

of ne_ghbarhoodhasnot changed, the sprawlof the cities arid thesuhurbe,iexpansion

during thepostwar periodhas significantly _nereasedthe number of people _mpacted

by uri0annoise. In additionr at many IocaHonsr theoutdooi"energy equlvafent and

maximumnoise levelshasincreaseds[gnil';aantlybecauseof the oddltTanof new

_ntrudlngno_sesources,suchasun electric power plant, o freeways or a jot aircraft

overflight path.

Thus, Fnsummary, the growth of noisepollutlon is prlnalpa_lyassociated

with the spreadof areaschamcterlzod by high noise levelss the growth_n numbersof _._
noisydevicesusedfor recreation and labor sav_ng,andthe construatlonaf Freeways _..... '

and increase fn useof airways by noisyalrcn3ft near resTdentio/cammun_Has.

I
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7,0 CONCLUSIONS ANO RECOMMENDATIONS

Thedata and discussionsin th_ssection lead to severalsignificant

conclusions_ndrecommendationsregarding thenature of no_sepollut[an and lhe

methodsof measuringits magnitude. Affhough manyof theseconclusionsmustbe

regarded as tentatlve, becauseof the lack of a statistically soundcommunityno_se

hasellnet thegeneral trendsappearstraightforwardand give useful perspectivefor

the overall natureoFthe problem.

7.1 Conclusions

Theprincipal con_luslonsare:

Rangeof Outdoor Environments

• The outdoordaytime residualnoise level in o wildernesst suchas.

the Grand Canyon rimS isat"the order of 16 dE(A), on the farm

..... ' _t is of theorderof 30 to ._5dE(A), andin the city it is at"the

J order oF60 to 75dE(A). Theseincreases_nnoiselevel, fr.'_m

wildernessto farmand !o clty, are the result of man'sactivities

and h.:suseo[ maahlnes.

• S_gnificanterrorsmay be expected _nthe measuremeJ_toFoutdoor

noise levels _nenvironmentscharacterized by singleevent no_se

intrusions, unlessthe durationoF the measurementsamplesis

sufflelently lang.

• The mean (arlthmetl¢ average) and medlon(L$0) dataobtmned

at the IB locations in this surveywere generally within one dE

oF each other, with a ._tandorddeviation of 0.8 dE. Theret"oret

the arithmet;c averageot"manysequentialmeasurements,as read

on a soundlevel metere shouldbe o goodestimateof thestc_tls-

tlacl medlan (Ls0).
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• • The residual nols", level read on a graphic level recorder for the

data in this survey was found to be about I dB less than 1.90

and one dB greater than L99, both with a storidord dev[atlon af

approxlmately 2 dB. ,:

• The maximum noise level measured _n an hour was found to he

"gnrflcantly hlgher than both LI0 and L] at almost all IocaHons.

/ntruding No;ses

• Areas _n wh;ch the dayHme outdoor median noise level exceeds

the range of 56 to 60 dB(A), categorized as "very noisy urban"/

ore '_otwell suited to detached res;dent!al houslng, since normal

voice conve.'sotlon outdoors ;s flmlted tc distances of less than

6 to tO feet between talker and I;stener. Also e when the no_se

level is above this ranger ;t is not possible to have relaxed con- ."-".

versaHon _n a living room at a dlstance of |0 feet with ,v_ndows .....

or sliding glass doors fully opened.

• Areas in which the dayl;me outdoor median level exceeds 66 dB(A)

are not suited to apartment llv;ng unless the buildings are aft-

conoltloned so that the windows may be kept closed to enable

re[axedconversotionlndoors. IFtheoutdoormed_annolseleveJs

are above 71 dBIA)_ special soundproo_ng _snecessary to preserve

the 'ndoor no_se enwronment/ even wlt_ wlrdows closed.

• The outdoor residual noise level in a suburban and urban resl-

dentio_ comrnuniHes servesthe useful function of prov;d;ng speech

pHvraay between neighbors. Therefore, Ihe _qulrements Ear speech

privacy should be cons;tiered ;n determining the lower [[mlt o1"a

desirable residual noise level ;n each type of community.
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• f'._.axlmumnoiselevelsbelow 72dB(A)forindlvldualsingleevents

havebeenjudgedacceptableinone seriesofsubjectivetests_

which is cansistent wlth the of,parent general occeptahility of

maximumlevelsof 62 1 70 riB(A) resultingfrom normal_peratlon

o_"a standGrdpassengerautomobile on a residential street.

CommL,nlty _eactlon to Noise Intrusion

• The carrek-tlon of communit7 reaction whh the CommunityNoise

EquivalentLevel (CNEL) normalized by the method af Rasenbllth

and Stevens,appearsto give reasonablepredlcfion_at"community

cc_mplaintsto noise ;ntr_slon, wlth 90 percentof the data within

5 aB of the meanrelrHanshlp between thenormalizedmagnitude

o_the intruding noiseand the degree of community reactlon.

• The cJQtaindicate that no reoctlon shouldbe expected tonccur

whenthe normalizedCNEL of the intruding noise is lessthan

2 JB abovethe daytime median noise Ir'vels or equivalently,

approxlmalely 7 dBabovethe residual noiselevel. Haweve._

somesocial surveysindicate that whenthe intruding nolseequals

thislevel, approximately 20 percent of thepopulationis "vely

muchannoyed," ahhough45 percent are only "a Ihtle/' or

"not at all annoyed."

• The significant complaint reactions fromthe55 communityreaction

casesand the approxlmatepercentage of the population"very much

annoyed" and "only a little" or "not at all annoyed" fromthe

L.ondanstudycre givenh_ Table 20.
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Table 20

Summaryc f ExpectedCommunityReactionandApproximate Annoyance
asa Functlonof Normalized CommunityNoise Equivalent Level

Approximate Difference Between
Normaffzad CNEL andAvomgo

Expected Daytime ResidualNolse Level App."oximatepercentApproxlmatepercent
Communtt._. (L9c) in rift Very Much Lfftle or Not

Reaction MecJn Rangeof Data Annnyed Annoyed

No reaction 7 2 to 13 20 45

Spora,-/iccomplaints I I 8 to 13 26 37

Widespreadcomplaints 17 12 to 24 37 26

Throatsof legal action 26 23 to 29 60 14

V_gomusaction 33 28 to 39 =87 = 7 (>'_'_

• To measurethe magnffude aF_ntrudlngno;sos, relative

to communityreaction. Noise PalluHonLevel w_s Found

to be lesssuitable thana quantity equal to the difference

between the energyequivalent noise level (Leq) and L90.

Growth of NorsePollut|an

• The Hm_tedavailable data fromcommunitynoise surveysconducted

aver thepast 34 years hldlcate that Httle hlcrease hasoccurred in

the residualnoise levels except where landusagehas changed.

Where suchchangeha_ occurred_ the noisehas generally increased+

probably [n accordance,w_th the expected change between land

use ¢otegarlesin Table 5, suchasplus 10dB Fromrural to suburban,
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or plus20 dB frQinrural to noisy urban. A significant spread of

noise pollution hasoccurredin thls manner becauseof the large

growthof the urbanand suburbanareas, and their populaHons,

in the last 20 to 30 years.

• A significantincreaseof noisepollution in the past 20 yearshas

resulteJ fromthe rapid2rowth of commeralalavlatlan and from its

use of jet offcraff which ore about 10 to 20 dBnolsler than the

piston enginedaircraft that were replaced. A somewhatlesserF

but still significant, increa:_eaf noisepollution has resultedfrom

the constructionanduseof Freewayswhichare located wlth|n

urban andsuburbanresldentlal areas. It is estimated that at least

2000 squaremites of urban and suburbanareashove beenseverely"

__ impactedby noise fromthese two majorsources,with lesserdegree

i of impact extendlngovera much larger area,

• The rapid increase in popularity anduseof noisy recreational

Vehiclesandhomelawncare equipmentpoweredby poorly muffled

internal combusHonengineshas contributed to noise pal[uriah in

both thewildernessand the resldentlal nelghborhood.

7.2 Racammend,lt;ons

Noise polluHon in the communityis an extremely complex problem,

causedby o variety of sources,and measuredin termsof its d_fferlng

effects on people. To approachthis problem requffas a systematic

approachto themeasurementand praOlct;on of communitynoise,

establishmentof noisequality goals_ control of the basic noise

characteristicsof the varlousimportant sources,communityplanning

for and regulation of noise, and continued researchto better understand

the effects of noiseon p_ple and to improve nolse control technology.

/
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The following re':ommendatlonsaddresspart of this overall problem:

Measurement, Predict;on end Goals

• Accomplisha nat_onwlde communityno_sesurvey w_tbsufflc_ent

focotlonsto have statisticals_gnificanceto obtain: '

I. Nat;anal communitynoisebasel;he.

2. Opinions of the noise environmentForeach facet;on.

3. Definffion of speechprivacy requirements.

4. Definition of m;nimumrequirementsand procedurestar

noisemonitoring :ystems.

5. Data input to noisequality goaJs.

6. Data for Tmprov_ngpredlct;onmodelfor communltynoise.

• Planand conduct oneor moremetropolitan areaw;de mon;toring

demonstrationprogramsto obtain tolal effect of aircraft and free- L......
way no_sein resldenffal areasand to Furtherrefine monitoring

methodsand techniques.

• Reviewand updateexisting analytlcal methodstar predicting

outdoorno_selevels _nthecommunityfromtransportationsources,

including obtaTnlngany necessaryphysicaldata on attenuation.

• Establishnoisequality goalsfor "heindoorand outdoorenvironment,

coveringboth constantund_nter._ _nl s:ngle or multlple-event

noise.

Cc,ntrol of BasicSource No_se, CommunityPlanningand Regulation

• Establishsourceno_sest_ndurdsandgoals, ,:anslstentw_thIhe

communityno_sequality goals for alJmajarsourae oategodes,

in:lud_ngall transportationand recreatlonal vehTclest construction

equlpment_lawn care equ;pmentt anda_rcond[tlanlng equipment.
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• Establishnoiselabellng proceduresForall consumerproducts

which producen_ise.

• Developguidelines fo_achieving acceptable Freewayand highway

noise levels, _nearporatlngthe effectsof sourcenoisereductionS

barrlers, andother designelements.

• Develope modelno;soordinance Foruse by cities andtowns.

• Developmodelbuilding codeswhich include noiseperformance

cHter]a. _:

e Define a[rcrcft _oi_e goals which are ¢oml:XJHble_ith the community

andthe futureair transportation_ystem.

Research

• Work withopproprlate federalagencies to supportresearchfund;,_g

to developthe techr_ologyForquieter alrcraft and their aperaHon.

• _onduct researchto improveunderstandingof effects of no;so

..on people:

I. Correlatehealth reoordsversusnoise exposurearoundmajor

metropolitanairports.

2. Perfo_ experlment_in sleepdisturbanceto determine

importQnceof communitynoise_nsleep d_sturbancew_th

attentionto characteristicsandnumberof noiseeventsversus

steadystate background.

3. Obtainbetter definition of the role of short-times_ngle-ovent

noiseinterruption in speechand telephoneconversations and

TV andradio listening.

4. Ascertainthe relative ;mporta,lceof indoorandoutdoor

anvirar_me'_ton communityand ;ndlvidualreaction tonoise.
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5. Determine noisecrlter;a Forpeople _noutdoor areas such

aSparks.

• Conductdernonstrotlonprogroms_nresident;a) housingto find

relat_onshlpbehveenroomno;so reduction and humanreaction

to develop better or'tone For bu'ld'ng well tn=nsm;.lonIossj and

to provide designgoalsfor reduct;o_ of traffic no_sefor

buildings near major freeways.

• Conductresearch towardsquieting city street canyonsthrough

developmentand appllcatlon of outdoor acoustical abso_ing

mater;al ,_obuild;ng exterior surfaces.

i
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APPENDIX A

COMMUNITY NOISE SURVEY

Th_sappendixprovidessite descrlptlans_noisedata c.ndmeasurementprocedures

relating to each of the lR noisesurveylocutions. Table A-I providesthe _etter

des_gnaHonsand tltlas for all Iocatlans.

A. I Descriptive Figures

Thedescriptive [nformatlonand data Foreach rocatlonare contained in

a serles of three consecutivefigures. The figuresA-la, A-Ibt and A-lc all rela;e

to LocationA. FiguresA-2a, A-2b t A-2c relate to LocationB. Thosedesignations

continue throughLacaHonRt depicted in FiguresA-18a t A-18b t and A-Inc. The

content of thesefiguresis described;n the followTngp_mgraphs.

i A. t, 1 Site DescrlpHons
_./ =,=

Figures A-Io, A-20, throughA-ISa descrlbe the type of community =

representedby the surveysite and its geographicallocation. EachF_gure¢ontalns

a local street map, a photographof the locationSa descrlpHonof the local noise i

environment, and pertinent commentson microphonelocation and the measureddata.

The surveylocation is indicated on catchstreet mapby a black diamond(#).

A. 1.2 24-H.our fime History Records

F'guresA-Ib, A-Zb t throughA-18h are 24-h_'urrime h_storyrecords

of A-welghted no_serevelsForeach survey/aeolian. Theserecordsare portrayed on

two faolngpages; the first pecJedepictsnoise levels For00(30hoursto 1200 hoursand

the secondpage depicts noiselevels t'or1200hoursto 2-'00 hours.

Data ranging in length Fromseveral secondsto several minutesis mlss_ng

fromthe 24-hour time history records for someof the survey IocaHansbecausethe

recorderwastemporarily stoppedfor systemmaintenanceor adjustment.

During the 24-hour measurementsat LocaHonsFandJ, the community

noise levels occasionally droppedbelow the no_sethresholdof the .m.easuremenr
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insmamenlatlon. TI.;sis _ndlcatedby rhe fairly constant level an the 24..hour

recording. Th_scondition alto occurredat Location R and ;s dhcussed_nF;gure I8-A.

At LocationsB, M and O, parHonsoF the24-hour recordwhich appear re have reached

a threshold ore actuoll). _nd_catlnga canstar.t noise leve_established by a_rcondltlon;ng

systems,blowersf ar other conHnuous lacesnoise sadraes.

A. ! .3 24-Hour Outdoor Noise Summaries

F_gutesA-Ic, A-2o I throughA-tSc are summariesof the 24-hour o*Jtdaor

no_selevels at each IocaHon. Thesefiguresprovide o statistical portrayal oFcommunity

no_sethroughouta 24-hour period. The uppergraphs (a) gFve the maximumend residual

noise levels read froma graphic /eve/ recorderetogetherwith the hourly and period

valuesof the reveh which are exceeded99, 90, 50, 10, and I percentof the time

(L99, L90* L50, LI0, and L1)t respectlvely, and the energymeanequivalent level (_q).
The lowergraph illustrates the staHst_cold_strlbutionof the noise levels throughout

each of the three time periods. _ i

\
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TABLEA- !

CommunityNoise Survey Locatlc,ns

Location Page Address

A A-5 ThirdFloorApartment, next to Freeway-
West LosAnger,s, California

B A-9 Thffd Floor DowntownHi-Rise -

LosAngeles, Calit'nrnia

C A-13 SecondFloor _'enemef,t- Harlem, New York

D A-17 UrbanShopping Center- Torrance, California

E A-2_ PopularBeachan P_c;_i¢Ocean -
CoronaD=I Mat, CaliFornia

F A-25 UrbanResidentialNear Major Airport-
Lennox, California

,_ G A-29 UrbanResidential Near Ocean -i RedondoBeach, Californfa

H A-33 UrbanReddcnHal, 6 miles to Major Airport -
LosAngeles, Callforn|a

A-37 SuburloenResidential near R/R tracks -
Sire; Valley, C=lifarn;a

J A-41 UrbanReddentiel- Zng_ewood,Cal_fcrnia

K A-45 UrbanResidentialnear imall Airport -
Newport Beach, California

L A-49 Old Residential near City Ca,_ter-
LosAngeles, California

M A-53 SuburbanResidential at City Oulsk[rts-
Pacific Pal;mdes_C_lifami_

N A-57 Small TownResidential, Cul-de-Sac- i

FNImore, Col; farn[a i
O A-61 Small [own Resident;al, Main Street -

Fillmore_ Californ_a

P ,_-65 SuburbanResldenHalin Hill CanyOn- i
LosAngeles,Cal;FornFa

Q A-69 Farm ;n Valley - Comer;Ire, California

R A-73 Grand Canyon, North R;m- Atizona ;' i
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merit units adjacent to San Diego

Freewayin a mixed single multiple _.'_,,_ _L ,

lane molar freeway; 0.5 mile to I " " '__ ....
Vealea fiaulevard; 1. ! miles to Santa i C!t ,.,.,.__.__._._..,._.._._:.__.m__
Monica Freeway; I. I mile to a gen- r _ .,____-_""_l

ell aviation olrl_rt. [:;:. .,. ,

right next to a major freewuy. Free- . .
way tref_c producedvery hlgh nelse
levels mostof the day and traffic wai
heavy enoughto keep the r_iduol noise levels in the hlgh 70dR(A) range wilh a
relatively non'owex=unlon to traffic maximumsin the 90 dS(A)range, During the
very early morning hou,_, with light traffic, the noise level went clownInlo the
40 clB(A)range for severalbrlef perlod_. No other intrudingevents are readily
distinguishable an the 24-hour noise signature. The microphonewai positioned 100
feet fnomthl side of the freeway and 45 feet above groundlevel, It projected 6
feet toward the freeway froma third-Fleer apartment balcony. The freeway street
level w_ about 30 feet below groundlevel et the apartmentbuilding.

PlgureA-Io. Location A - ThirdFloorApartment, Next to Freeway-
West LosAngeles, Callfornla

Precedingpageblank
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a) Various Mealur_ or"the Outd_r Nolle Level

Houtl_' Values I Arithmetlc

Average of the
Hourly Values

tOO • O_rln9 Perlod

• Q gl oil• gl
Z90 eoo

,

\\._ 7o

L i , . , I

50 X {R(_d Itemgrnphl¢ leve_ recordlngl) I• Mctx_mu_t_Nolle Level

I, AM '1 '_"
40 I I I I I I f l I I I I I I I

16 2 4 _ 8 10 12 2 4 _ 8 10 12 Day Eve N_ght
BeginningO_Hovt

b) H;llograml of the Percenfageof TimmN_ilm Was In Each5 dE Intlrv,lJ far Threm T;me Periodt

Day Evening NTohl
100

=!e° _ ._. ,,__, !0 B i i i
5o _ 7o 8o Qo_o ._ _ 7o e0 9o _o 5o 6o 7o 6o _o

A-Weighted Nolle Level In de re 20pN/m 2

Ffgure A-]c, Surnn_ry oF the 24-Hour Outdc3or i_ofse Levels

at Locat;on A - Third Floor Apartrnent t Next to Freeway

i
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S.;--¢ P'_. ,.%'_E2",'_:M.'.,.'._ -"--_,_"%1_0-_,'_ _" ; ,P",,%<. _ z'W,_ _r_ 7 F/,'_ ' I',?"T7 '. 'it
""" ",," : X'..,_'.._."J: I" .' '_,/'_"-_/. I_.. ' ....". ".""

• _a , _l _ _i" i. ".'l" I', Tu,_l, IIF . .. ,

Commu°it Oe.c.,°,,o.,.o 0.dow°-,.
town metrepoJlran orea_ undergoing I'.> l.., ii ii _ _'__:; '_ I : _- I-tl__'"-I:-. -._._*.t_'_ i-_:.. _..._EI -

conslde:bie reconstructlo,. The two i' "_I__I_'_ '_ ''_ -- "

mo.iorprojects werea flve-ltOl_ steel " ..,,-r _ _:;._t.._; ..
beam conslru¢tlonabove groundona _ _ ........ ._ _ i-_-.,
commercial building and subterranean , _ -.l_.,r .,.,,...el_ '_,

foundotlo,i work ono I:,_tklng ganigo. _-" _,_. _,,_'I • :
The two projlicts were located Ilde by _-- , ".,,_'_,,l'_,_islde directly oCrais the street fromthe "_'_ -._,_.,;. -.'" e'"

location..qroodwoy l$ a Four-lane >'b_"_t_'='l,.'L.- - -." _"_. _
major downtownstreet, O.3 mile t0 _, "'_I..
the Hollywood Freewayand 0.6 mile
to the Harbor Freev,_ay,1.7mHel to
the Golden State-Santo Ana andSane Monlca Freeways. Thegeneral area is o
network of major downtownarteriesserving high rise commercialandgovernmental
buildings, 0.6 mile to railroad station and associatedwarehouiTngand industrial
distrlct.

Noise Environment: The noticeable intruding nolses_primarily fromoonstruetlon
trucksecronesand ainvrenches, were superimposedon o very high level of steady
Iraffi¢ noise. Busesand motorcycleswere very noticeable within the traffic noise.
Sirens produced thehighest levelsof intruding ",alsel. The rnlerophonewas located
30 feet above the sldewalk_ 6 feet away from the slde of a relatively openpad:ing
garage structure. A large alr aondltlonlng vent at street level, adjacent to the
parking structure, dominated the residual level during the late evening and early
morning houri.

Figure A-2a. LocationB- Third Floor DowntownHI-RIse-
LosAngeles, Collfornla
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_ a) Various Measuresaf the Outdoor Noise Level
I I I I [ I I I I I I I I ' i,

I00--

HourI_'Values Arithmetic
! Average of the,
i . Hourly Values

90 • • • • • • • • • • • • • During perlod-

_ to

YL/
,o "--'".z/11 \1 .\_. _. / so,

i "- ill \ / '-"x\ "/Lg0/
Z

_sn
; Resldua#No;se Level

• MaximumNoise Level<

(_e_d from grophl¢ leve recordings4O

'_; I' AM '1 PM
ZO ] l I, I I I I I I T I I I I I

12 2 4 6 8 IO 12 2 4 6 8 10 ]2 Day Eve Night
Beginning of Hour

b) H_stogramsoF the Percentageof TimeNoise Was in Each5 dB Interval for Three Time Periods

Day Evening Night
100

: _80L-
"_ O0

e ,10

o _b 5'o6b_; 8'o .b E'o_; Ib8; .%8boo ;o 8b
k-Weighted i,,/o;seLevel in d8 re 20FN/m

Figure A-2c. Summary air the 24-Hour Outdoor Noise Levels
at Location B- Third Floor Downtown Hl-Rhe
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' 14/ii!
-C°mmunitY.Description:HoHemsec- ,, ' .,_,._..]__,_ _ _ pe I..:-,-.'f _N_.,"
tlon of New York City; metropolitan ._,:.,,_;-"._,.I._.,__,__.,t,:r". LJ-, .t-,...... ,_,_...... ,.:....... _ ._L"_'. _.._.,j,.
low income residen,_ialandcommer- !_.._ .,_--._ _ , .. ;

. ,.t,;.. !e,_:I,_'_.. ,_,','. _ , ._' 1,
¢ial area; at the intersectionof 125th r_ _.._.._?. _. _.. _ ,;.._-._,......_,

S_eetandLe,,o_whTchateboth,.oja,I i" ._-- "__four-lane °,ter;als; onemile to the _._ .-., .... _ '_,,_._._._
EastRiver; 25 miles to a majormetro- .. _. ,.._. _..

:_-_:4 '. I
Noise F.nvir_.merit: t_taiorintruding , ,":_""'_.'" ' ._'_" ;_ _I tt_
nalses weregen:raled by I_ucks, _." I .... ' • " "_ _motoroyc,es,slreo$.,ro°o0 o...od
jet overflights superlm_ed on _alrly
._',ody levels of automobiletraffic, loudn_usicand voiceannouncementsbeing
played a_ part of o storefrontpromotioncontinually From10:00 a.m. to midnight,
Considerableamountsof "people no;so" wt re noted duringtimes whenrain wa: not
falling. Themicr_phonewaslocated just insidean openwindowon the second Floor
of a businessbuilding. Thlslocation wasapp_'oximately55 feet from the actual
corneroFthe building. Thewindow faced LenoxStreet.

Figure A-3a, LocaHonC-Second Floor Tenement-
Harlem, New York
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a) VarTousMeasuresof the Outdoor Noise Level

110 1Hourly Values Ar[thmetlc

Average of"the '1
Hot,try Velues

100 • O • • During Par_od

Z 90 e o o • • •

• • • • •

80 _ LI ""_ _

-
7_ ,_ ,,_ / _ '_/- "-

•_ 60 L99 "_"

< _ C ResiclualNolse Level 1 -
• Maximum Noise Level J

50 (Readfrom graph;= lever recordings) I
/

"- I- A._. r. P.M. .j
40 t ,I I I r I t I Z, I I I l I l

12 2 4 6 8 IO 12 2 4 6 8 :0 12 OQy Eve Night
Beginningof Hour

b) Hhtogromsof the Percentageof Time Noise wal in Each5 dB lntarvaJ for ThreeTime"Pedods

T00 Day Evening N_ght

80

"6 60
&

_ 2o

0

40 5'o4; 7; _o 4o5;6;7;s; .o5_6;7;8;
A-Welghted Noise Level in d8 re 20 _aN/m2

Figure A-3c, Summary of the 24-Hour Outdoor Noise Levels
• of Locotlon C - Second FIo_r Tenor,lent
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.___' --"_--.l.".-- -'.-"_--_,,..• ._I
_,,,,,__ ,lJ, .,_'_"c-T'.I. _ _1 _,_I.__.__,,_L_B

_-'_i-._........,l.'_-:"_*, _"_.J '" _'" ' .'_ _ _.J,_.

,'VF_ .... _..... _,._ .. XX ;| ....,,-o : . , ,-, •

_'!"._-:_,_.=_-_"_.. 0-. ',_'_ ,;,I-'l.... .._'""._ " -, ,.

CommunityDescrlptlun= Major com-
mercial shoppingcent_'r; largo and "_ ' .- .....I
small stores, major department stores, ......... " " .... "
high rise office buildings and service -r . =*,-'-..*....... ,_
stations;200 feet to Hawthorne8oule- l 1,..*,_.:, ,."J .' • " _...]
yard, o six-lane arterial; 150 feet to L..., . .d.._s...,-,.,,...a... $.._,. , --] _.......
Carson, a four-lane arterial; I.Smiles _' ± _,,_-'_..__,o_, " _;'" /.=*_'1 "

to Pacific CoastHighway, a major __4._" ._:. °_' |
four-lane arterial; 2.75 miles to the l=__':"_-_.L, _ ' ",'- + .,_". ,,T.-_..,_,_.,_.

SanO_egoFreeway,_._ m,le,to,be _,d."_.:..'/.'::_'i."" -'r....-_,C"_'_HaY,or Freeway, 1.5 miles too major _!':;_/;S" '
small general aviation olrport, 1,5 In",',',',',',',',_-_: : : -- .._/'°'"_':'_'r"''-
milestonearestIndustrialarea, and
2._5milesto_ beach.

Nolso Environment: Heavy straet trafffe dominatedalmost the entire 24*hour period.
;_iore air ¢onditFonervent held up the residual level during the early morning
hou_. Intruding noisessu_rimposed on thegeneral truffle arises wore jet and
propeller overflights, trucks, motorcycles, hr,rns, trucksand service equipmentfor
nearby lotsand stares. Themicrophonewaslocated 25 feet aboveground, 200 Feet
FromHawthorneBoulevard, and 150 feet fromCar=onBoulevard.

FigureA-4=. Locatlon D- UrbanShopping Center-
Torrance, California
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a) Various M_sures of _heOutd_r No_se Level

Hourly _'alum Arlthmeti¢
Average of th=.

: Hourly V=lues
90 _ •

B0L • I • •Qe OO QI •
OO 41 • IIII

• • e

'_" L90

.... ',Sf '.

• C • M=xlmum Noise Level /

40 (ReadIro_ _ral_hl¢ level fecordingt) l

I AM i....... PI_
30 I I I 1 I I I I I f I I I I I

12 2 4 6 8 l0 IS ." 4 6 8 )0 12 Day Eve Nighl
81t'im_ingot Hour

b) Histogram! ol the Percm_tclcjiof _'h_e Noise Wol _nEQch5 dB Jr_/ervoI_orThree T_me Petriodt

100 Da_, £veninq N;ght

,_ 80
E

,p=

,_ 40w

3_J 40 50 60 70 40 ._0 60 70 30 _40' 50 dO 70
A°W_ l_ed Noise Lev(=lIn d6 te 50 _N/m

Figure A-4c. Summary of the 24-Hour Outdoor Noise Levels

at Location D - Urban Shopping Center



I

CommunityDescription: Major recrea- _ J

tion beechstate park; large parking ' -"_t._
area but no major h_ghspeedarterials .'1
or streetsneadoy. 0.5 mile to Pacific
Coast Highway; channel entrance to a

very large recreatlonai boating and . . •
bay area. Thebeach andparking e ' "_:"". _" :

located at baseof o 75-foot bluff. - I

No_seEnvironment:Major intruding _p t[_
event_ware duo to a variety oFalr
vehicles; several helicoptersand small
propelleraircraft atalosarange, andoammerclal jetsctgreaterdistances. Can°
sidemble noiseduring the day came from recreationalactivity on rnebeach end in
the ro&eshrn_ntstandarea. The res/dual noiseduring the eveningwas dominatedby
the surf which varied from50 to 60 dB(A) with the breakingof the waves. During

•" the day the recreational activity raisedthe residual loyal to the 56 to 58 riB(A)
range andno surfno_sepattern is noticeable on the record. An unusualintruding
aventwosthebeachsandcleanaratT:2Oa.m. The microphonewas locatedabout
I00 yards from the surfat the junction of the sand andparking lot. It was placed
20 feet aboveground level and above a partially coveredbreezewayabout 7.5feet
f_omthe refreshmentstand.

Ft_uroA-:So. Location B- PapularBeach on Pacific Ocean -

Corona De!.Mar,._CaIi fore_a
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1:. Figure A-5b. T;ma History
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Figure A-So. Summary oF the 24-Hour Outdoor No[s= Levels

i at Location E - Popular _,_ch on Pacific Ocean



.4

i"r .-..,,: . ___,_ - __-_1.... _-__. --. ._ _

".11_ :2 '_'_^"_ ' ; __A_ !.,_/L , -l'.s_-_ _ _ ,_.

_,'?mmunltyDescrip,tion: Suburban _,.._

rasldential;single 'F_miiydwoillngs _, i -

neighborhoodtraffic; 0.25 mile to "_
• Hawthorne9oulavord, a slx-lona _,.

ar,_rla,; 0.3 mile to CenturyBoule- .. i_L _'_ _. _'_' -_i "yard, a s[x..lanen_or _rterlall 0.7
mile to Imperial High'._y, a four_ _" _.r- _ :1".._ '1's
lane arterial;0.7 mile ta the San _:-
D_ogoFreeway, 4.4 miles to the _- -':" ' • ._
Harbor Fr_e_y; located in the _;.',.,
approachIx_ttern, 0.75 mile to a _.,

r_jor metrapoilta._airport.

No;so EnvironmQnt:Intruding noiseeventswere generated pdrmr;I7 by the jet off-
craft appro_.h traffic. Themaximumnoise levels were generally ;n the rangeof
100 dS(A). Eventsoccurred at typical rate=of 30 per hour dud'_gd_ytime and6 per
hourduring the morninghour_. Automobilesanddogscreated _e other intruding
eventswith traffic setting the residual noise levels. The microphonewas located
55 Featfromthe curb and24 feet above ground•

F_gureA-6o. Location F- UrbanResldentiol, Near Major Airport-
Lennox, Call ramie
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o) Various _,uras ot tha Outdoor Nohe Level
'1 i i i i i F i i i i i i i i

• • • • • • • • • • • Avemge of the
I00 • • • • • • • Hourly Voluat

• • • Our;eg Petlod

° , ,,, /"A/ ',/ \/ \ ',__Lo, f \

:...,o ,.-.,..,,/v,.v_ , _, ,,o,,\
_ _ °

50/ - :

50 .... 1 ., L90

) L99

40

f2 2 4 6 8 1O 12 2 4 6 e 10 12 Bay Eve Nlgh_

BeglnnlnO ot Hour .,.. . .

b) Hhtmjmmt of the ParcentogeoF Time P_ohe ,,as in Egch 5 dB Inten,al for Thee T_mePeriods

:00 _ Eveni_ " NI_hf
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6O
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Figure A°6c, Sumi,xIr;, of the 24-Hour Outdoor Nohe Levels

at Location F- Urban Residential, Near/vtajor Airport
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.... / '- Holl:,.,,-uv,'lRi_i.d'_7_ _1_-'¢,_)",_,<_". ....
• i lllgllli _ll i_lll t Illl t llll* _ • _i _ I ll- .,> ,

7-.L, , ....... _,....... . .,

CommunityOescr_pHan=Suburbanres-
idential; single family dwell;rigs only;
22 ioot wide street, 2 blockslong; _ "
only tmf#Tolocal to the dwellings an .... i¢-_.:,._,,lil_ _l_.:_,,_,_,..._..,.,"!/:-'¢#_-_,
the streot; O.3 mile to Palos Verdes,

•,i_t' ........ .' t4, . "; #.."]a fo,,ir-lanearterial; 0,5 mile to '_.-_"....... i " 't *. "
PacFa Co_ t Highway, a ma_orfaur- .._ " -,:,_'. -" -i_ll_.._D; .,, .+ _l._, " , +
lane ¢:rterial; 4..5 mlles to San Diego .'_r'._ _.: i:i ._----_t..ll,... ,-. . ,.'_
Freeway, 5.5 miles to theHarbor _'_'_'* .-" "*"L:".,"
Pteewoy¢ 2 roues to majorgeneral "_
avlcltlon olrport_ 2 miles to major
shopping_nd financial district; 4
miles to nearest industrial areal and
0.6 miles to beach.

i',l_ile Envlror_mertl;Themajor intrudingnoiseswerefromsingle engineaircraft from
the n_ilrby general avlot_an airport and Fromjet overflights Froma major metropcllltan
airport. Backgroundtruffle ffonl adjolntng strcetsandarterlals, slrens,children on
the street, delivery and srtrvioe truclct form_d th__llherintruding sources• Reslduol
noise levels tv,_redominatedby urban trofflCo A water company dieselgenerator
acrossthe streetincreaied the r_sldual level by S dfi(A) for 3 hoursduringthe early
evening..4 street sweeper, motorcycle_ hellcopter_ and a neighbor hooking up a
trailer were the unusualsingle eventsfor the 24-hourperiod• The microphonewas
Io:.atect40 feet from the curband 20 feet above streetlevel. The 24ohournoise

level chartsfor lhls lacatlan were produe.edon a different chart paper than that uled
at the other 17sites.

FigureA-7a. Locatlorl G- Urban ResldenHal,Near Ocean-

RedondoBeach, CalTf0rn;o _,)
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b) H;ttogeomtof the Per©enrageof Time Noise wet In Each 5 dfi ]ntervul far Three Time Periods
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FigureA-Tc. Summaryof the 21-Hour Outdoor Noise Levell
at LocationO -Urban Resident;•l, Near Ocean
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EL"_"._,1;,.,_._ ..... ._,_.,'."",."._-_----=.<_._:!"_....... .=---,--',,,,..'==._'""'k"_;i,

..... '.,.k"/_ _ , ." _. _,.'r_,oL.'-.'._k_..-.
, e_ ,00_ -_ _ .--,-.--T_.* ., _-, LI?,9*I*0 , '_miI_. .

_i . , ;.--'_''-.-----.:-"_-' -,# ...... _" '_' 7:-=_,_:__ ",,. _

single family dwellings in an urban _:.::# _ . "_l_,_I

with light residential tmfflc, 0.3 mile l _''
to Alameda; 0.75 mile to lmperlol : /k " '. _"'_a'_'

Highway and 1.2 miles to Central ', _ K"
Avenue, all Four-lane arterlols; 2.7 _ .J"l..g _-------'m--", . _ - _1. _ ,"" -.--':_.,". _','; ,-_ " - 11

miles to the Harbor Freeway, 0.3 tulle .,_ " i .i' "'" 'toaheavylndustrlalere_andmultiple F :_"
track railroad and siding yard; under _.. ._.....-._;#_,, ,.. :._
the appr_ch pqttern and 8 miles to a [: >.:_._', "_ - - -.i_" ......
major metropolitan ¢ommerclal airport.

NoiseEnvlmnment: The major intrudingsingleeventswere Ioroducedby jet aircraft
d_ring landing opgroach, automobiles, dogs, helicapte_l, and children praying.
Other intruding eventl were fromthe railr_d, a factor/ wfllstle_ and two large
scrap irar_yards in the area. RelTdualsourc_ were dlfficult to assessbut probably
were govemerl by a camblnatlon of urbantraffic and Industrial noise during the
entire day, Aircraft averfllghts were of Icmgduration and at moderatelyhlgh noi_e
levels, with no interval betv,een event thresholdsduring the busierperiods. The
mlcralohanewas located 50 feet from the street a_d 20 feet above groundlevel.

FigureA-_la. L.ocaHonH- UrbanResldentlaI# 6 miles to Major Airport-
LosAhgeles, Callfarnia
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_) Various M_lure= of the Outdoor NaIll L_vll
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Day Even;n9 Night

_a0 \

so _ _ _; /o _o4o 5o ,o 1o 3_ 4_ _o _b 7_
A-Weighted Noise Level in dB re 20#N/m ;_

i';gure A-8¢. Summary of the 24-Hour Outdoor Nolse Levels

at Location H - Urban Res;deniqal_ 6 Miles to Major Airport
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,<]. .. _-_::.,,..i '1_ _ I lk_k-_ !'i L

. ,._,,._._._-Z-_--_------7_-._e._._.,-_,__

' ,.'"1._ .,_.',.._: _ --,'_ , , , ".'

Community, Description: Suburbanresi-
dential at the oui-;kirtsa_a large
metropolitan area; 36-font wide street _

se_lng only neighborhoodtmffi_; 3,50 . ,'_
feat to LosAngeles Avenue, o four- _ . '_ i. _..,_.._,.. _o,.,.- •'_'._._.._-'
lane meier r_rferial; 0.7 mile _'othe [ ,.,_,.._,_,'--e,_,._..,.,,..m,..,"'_"_'_'_ _.._.,_,.;'r_'_"_ l "_"

Sial Freeway;300 Feet to the Southern _L,_I ---,---,._' , _,_t.._ "_Pacific Railroad track, 0.6 mile to " _'_
light commercialend huslnessdistrict, n'_..]
1.0 tulle'to a small aircraft Iondlng _" •

strip. / _..
F/ease/_nv'r_nment Meier int_dlng
noise_venrSware producedby trains, small airplane ovarfHghrl, and automobiles.
Qthe_ Intrudlng noiseswareproducedby dogsandan ice cram vendor, motorcycles,
children playing, and a rocket test bunt Fromthe Santa Su_na roc_cettest stand
are,_. Minimum noise levels during the midnight hour were setby o train Idling on a

sld/ng. The microphonewaslocated 50 feet Fromthe curb and 18 Feetaboveground.

Figure A-9o. Location l- SuburbanResidenHal, Near R/R Tacks-
/ Slml Valley_ California
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_. Figure A-9b. Time Hislo_
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('_ a) Varlaus Measures of the Outdoor No_se Leveli i i _ i i J _ 6 i
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" +,,._"_'_'_: J_'_"_'" " ",,_"N_,_," c _,,_w_ " " .,_l':'_+l. ".
.-_ -_,.++,_:._'.....'I'..,_-..,_._,," .,i r-"_.

• , Con_l+m ,l_Conj__Jein• ,. . q. ipj,_i<,,. r ,.'T-_.+,***_-._-:.' ,_/,_,_...._:.I. b _

, +: " %, • "+ 'L.'_" " re,-,-i.'i +- c_i+mI+p+ _*,,+_ I , :
'Q+ _++*.-lll_ll_ , ' ,_ pill+ +,l++. ,+ +" . _ _ ,+ ._,.....

_..e.............._.._._ r_._...._+,._.,C__,i, ', ' ......-_-'_s;-','" :'.+ ' ",-'+7_..... c_,'i-.+_+ ,,.+.+,,+._,_+:_]:./:,,_--+--<-_+_..+_++_
,, ............ +., "-r-,_-"."_.- ..... . .... _+ ._,,+,+ +_+_+_+

"- .......... I "_ C.+---J + +_:_.,.+-,,_
i. ;#_+is . . IIs14Iii"i.+ lililj_ i_. lii Ill •

Con,munltyDescription: Suburbanresl- _ __ _,,,,,., p_" _'$N' +-" ,_+ !

den,lal; single fnmlly dwellings only

with someapartmentsand a hospltal in +,;._.

"'a+'are°':°"oat++de''+t'a IIhree-t+lack closed circle; only traffic _-]
,a<a,,o,we,,n+,a.,h.s,,,.,;0.2 L.L...-....,+--.,..,_',__-1 _.....
mile to Prolrle_ a four-lags itreetl _ _+. _1_:'_. --,.,. :j......
0.25 mile to M.nchester Avenueand _"_. :'+_-..'_l_"_r_
FlorenceAvenue, four-lane arterials; i_ '. "'.. ; " _i,m,_'_;_
0.3 mile to l.#owlhorne-l.al_reo+ a . . _+++. .-
major four-lane arterial; I, 3 miles ia .,-+;" .. • I" i" _,_' '++'-"_• o.,+ +.++,I

SanDiego Freeway;3._ miles to HaP-
bar Freeway;2 milesto major metro-
politan airpart; 0.25 mile to large cemetery and park area; 0.5 mile to major recre-
atlonal and park area.

Noise Environment:Th+lmajor intruding noiseswere from jet aircraft Iond|ngs. The
takeoff runupand¢llmbout rumbleFarmeda very unusualnoll_,pattern. Thesideline
distanceto th. major a|r traffic I<eptthe levels down, but formedsomevery long
durationintruding events. Theresidual noise levels were generated primarily by the
heavyarterial t, _ffic in the area. Service tP.JCkl,lawn mower_+and carsproduced
,he o,her intrudingo,+oP.ts. A garbage truck and a rock bond practice wore the
souroosel someunusualsingle events. The micr%hono locationwas 40 fee, from
curb and20 feet above ground.

Figure A-10a. Lace/lot' J - UrbanResidential-
[nglewood+ Californla

A-41
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# ..... "_'-'v"._"_ _ " /'"" ." _ ,'", " :

• ," ' " ,,,'-. .,,_ _ .,'_..,.,,'......_ I

,, ..#...... ....._ .. . ._,_,_.._ , _,,_ #_,.
•, .. ' .,el.-_- .-_._ _ - .--. _:

C.ommunit_Description: Suburbanresl-

dantial; large single family dwellings . .,,_'_.._;_? _,__z_._

only; 36-foot wlde stree*servingonly . _

,ace,tra.,c°-h,ac,ength; ff
mile to Dover Drive, a four-Irene r'"'

arterial; ].4 miles to Newport Boule- _'__,''_al I f-"
_ord,h_mli_toPoci_CoostH_gh-I_'i:_"--'--"_._---:.-.'.--..--.,__-,.
way_ 1.8 miles to McArthur _eulevard, P'_.1_ -

allmajor four-lane arterials; 3.5 miles _;_"_"_" ,t Lto a major general aviation oirport

whichhas approximately30 commer- _ ..':_,.'_._
aicl let flights daily; 0.3 mile from
cllml_outgroundtracE; 3..5 miles from
takeoff brake release;3.6 miles to the San Diego Freeway.

Noise Environment:Major intrudingnoise sourceswere created bycommer_'iotjet
aircraft in their climbout pattern, a few hellcopter events, propellerairplanes and
someautomobilenaise. Other intrudingeventsresults from dogsbarklng, lawn
mower_,hammering,a car revvingup acrossthe street, a garbagecan rolling down
a drNeway, and jet engine thrust reversalsat the airport. Theresiduulnoise levels
wererelatively low and seer_eduninfluenced by the presenceof cricket'sat this
location. Cricket activity is noticeable on the 24-hour recordduringthe 0100 hour
whenoneor morecrickets were felatlvely closeto the microphone. The residual
noiselevels were apparently dominatedby r,elghborhoodactivity and distant traffic.
Themicrophonewaslocated 4.5feet from the curband 20 feet aboveground level.

Figure A-lie. Lacofion K- Urban Resldentlal, NearSmall Airport-
Newport Beach, California

A-45



Figure A- I I_a, 'Ti,le l_;story
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L*_, I" e -:" ,_{,,. ,J,*, T ,, 1 .,._,._,_.-..':" .,.:_,._.(
v"_-_ - _""_-.';--_? ._';'_1
I;.- .._ :..,.,._._.-"_ ........ __. _ _ _,,_,, .

.... _ _ _ _ "'_ " _' " _.'_'l_ ,
' _ " ''_ ', - ._"_L_'-_"",,.. , ,. , ... .......

CommunityDescription: Urban resi- _'_','_",-• _._._._,._.._..
dential; mostlysingle family dwellings _, . .:_; -,
with I_ghtcommercTclldistrict along "_" '_ t "

°.yarter,a,,;-,ootw,destr..,I ; ;

mile to VermontAvenue, a Caur-lane "_''" _;_'"_ "'- "' "_''"_ ' '" C-"6oulevard, a tour-lane arterial; 0.5 _,1:- _ .,.
mile to the Santa Moniaa Freeway;
1.1 m_esto the HarborFreeway; 2 ____.--,ell
milesto themajor metropolitandnwn-
towr't area.

Noise Environment:Themajor intrudingeventswere produced'by airplanes, hell-
copter, automobilesanddogs. Other neasurable events were createdby a lawn
mower, an ice cream vendor, a radio playing on a p_Z_:c_front, andchildren playing.
From6:00a.m. to 7:00a.m., the residual noise level rose l0 dB(A)clueto noise
flare the Santo/'_oh;caFreeway. The microphonelocation was50 t'eet fromthe curb
and 25 t'eetabove groundlevel. Themicrophonewason aline ofsffe exposureto the
freeway. Theresidual noise level was 2 to 4 dB(A) lower at grOundlevel during the
6:00 a.m. to 7:00 a.m, rise Tnresidual level due to freeway activity.

FigureA-12a. Lacat;o_ L- Old Residunfial, Near C;ty Center-
LosAngeles, Col[t'orn;a
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_. FiguraA-12b. T;motfistory
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al Vadeu$ _easurelof the Outdeat N=ilu Level
[ 1 i i i i i I
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Figure A-12c. SummQry of the 24-Hour Outdoor Nols_t Levels

at Locution L-Old ResldenHaJl Near City Center
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,.2-_'','. ,t ;_," ' " ":.'1,. _,

_,_-'.,'/*, ',,'i...'._. ".,,_'_.,: j.,_. j._,;:.__,_",'_./..._- _,_,_. _., _,"

,,,/,r " " ' " ---

I
! -- Suburbanresl- t'.,.

dential; largemoderatelyspaced .. 2 ,: . ,:_ .i Community Oesoriptlan: _"

single family dwellings only; 2f-foot ; ,' , ' ,
wide streetserving o six squareblock
residential area; 0.1 mile to Sunset "-"T
fioulevard, a major four-lane arterial

with mostlyresidential andHttle J...... *:..... ':_'_"'_ ....... "i'i_..,1commerclal troffla; 0.6 mile to Son _ "._
Vicente Voulevard, a four-lane tes;- "": _-'_.,._':._
dential arterial; 2.3 milesto the San
Diego Freeway;3.8 miles to a gen-
eral aviation airport. "_

Noise Environment:Themajor intrud!ng noiseswere from jet overflights at opproxl-
mately 4_10-6000 feet altitude, and from automobileson the residential street. The
other intrudingsourceswere dogsin the residential area andstreet traffi_ intruding
FromnearbySunsetfiaulevar_ Theresidual noise level appeared to be don_inated
by traffic noisa in the general area. '[hemlcrophone v_s 25 feet fromthe _ur_ and
4 f_et abovegroundlevel so residential stree* traffic at this location is exaggerated
compared to theother intruding eventsat thls Iooation_ and to street traffic et other
residential locations due to the microphone's_la!.er proxlm;ty to the streetand
ground level.

FigureA-13a. LocationM- SuburbanResidentlaJat City Outskirts-
Pacil;¢ _alisades, California
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•' '_" ' " ' ' "_..... ".... " ""_" E' ,q ,,

Communltv _esc_ipti_,n:Small town

no through trnffic; 2 to 4 blocksto the _'.::_

moln r_artk-south and ecst-west streets; t /.U _'_._' _ "_'__,_'_l
0,6 mile to State Highways 126end _ _.._. !_... . ._
23 (two-lane surfaced hlghways);0,4 [,11 _l.,_...e_ _ ..... . - _'--_
mile to the mainbusinessdistrict; O.S _ .M _ _- _ l'_
mile to the Southern_aciflc Railroad _--_._ _
track.

Noise Environment:The major intru_.- _-
ing noiseswerefrom propeller air,.raft '*"
and helicopter overfllgh_, background
traffic o,_nearby streets, carsin the cul-de-sac, nagsbarklng, people tal_ing, an_
children playing in the area. A street sweep&rin the cul-de-sac provlded the
hlghestnoise level during the day. The residualnoise level in t_. evening has le','e
cricket activity _esent_ but theydo not ses:_-,to Nave controlled the noise. The
reslclual n,_ile level wasapparently governedby community activity and traffic, _nd
appearsto hoverandomfluctuations duringany given hour, In large ,.rb_n areas,
ther_sidual noiselevel appearseither constantor qmduolly changing ,_verany hour
period. Th._microphonewas located 20 feet from,,_ecu_'band 4 feet above the
ground.

Figure A-14_, LocationN -Small T_wnResidential, Cul-de-Sac -
Fillmore, Callfarnla
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Figure A-14b. Time llistory
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Figure A-14c. Summary of" the 24-Hour Outdoor Noise Levels

at Lo:atlon N -Small Town Resldent;al, Cul-de-Sac
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" i _ ...=,.._ . I_ " _, i .ll. iS. .._i_ At ,¢ .......

• 7"2:;0 _" t" "' '_ _ i

Comm ni,Oe,c,iptlon:Small | ,
(population 6200); m,in street resi- ._ i ;,_
dentlal area; 0.3 mile to State High- l_:;_ ..__,.._lt .
way 23 and O. 6 mile to State Highway /,,-' :: ;,_ ,_:_ "F "

126, bath two-lane surfaced hlghways; _ "_ _i _T "_ ':"0.2 mile to the main bus'r,e_sd=strlct; . ".
._. ,_ , 1._: _-_.,

0.5 mile to the Southem Pacific Rail- i_._̀ .... _l_l,._.. _ ._.t ....... , ...... _, :
road track, m_,_'.:_.-,.. ' _ ...._ - "T" .. ,

I_"=.... "'_ II ....-,;,;
Noise Env|mnmenh The major lntrud- i" " " _" "' ""

ing noi',e sources were from maln street "_,.traffic, airplanes, trucks and motor- _'-..-'--_'-" .......- "_
cycle_, hems and lawn mower=.
During the midnight to 0]00 time per[c,.d_ there were as man), aircraft overflights as
cars passing on the rr=in street. Tt_e residual nalse level in the late evening hours
appeared more steady than at the cul-de-sac IocaHon 5 blocks away (location N).
The mlcrophone was located 55 _eet from the curb and 5 feet above ground.

F_gure A-15a. Location O-Small Town Resldentlal, Maln Street-
Fillmore, California
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Vadou_ Measuees oF eh- Outdoor Nohe Level
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Figure A-15,.. Summary oF the 24-Hour Uutdoor No;s• Levels
at Location O - SmaJl Town ResidentiaL, h_in Street
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._- _._ ,_ I. o, _'_ ...... , ...,-_,.._. 7._ ,.-._ .._..'_; ,;,.;._"_

Commun_t'/Description: High income A
sumu.'banresidential canyonarea, 30- i._..:_b'* ..£.,_ ,
footwide two-lane street, 2.5 miles _ ,,_r_._l_._... : _'
Iong_formingon arterial for all the I ,." "''L'_. _'_/ ''';

Itraffic to and from the dwellingsalong , . _,the canyonroad, 0.75 mile to theSon _ .__ z -_, . .

DiegoFreeway, 2 miles to a major I_ .-._- ,._"" ,;d.,'._._-Y_,._.obu.0noodoo=e,o,o,bo.,n. " .....
district, Street andhousesIocotod - ._._,-
along lhebottom ofo narrow canyon . • .r_._ ,
about _00Feet deep.

No;so _nvironmen/:Heavy street
traffic form=dth'oclominantintn.dlngnoise. A few aircraft over_lights, dogsand
childrenplaying formedthe other noti©eeblasingle ownts. Theresiduc_llevel is
relatively low, except whendominatedby cricketsduring eveningand night hours.

Thecricketsraised the residual no;so12 dE(A) in a 20*minuto _riod beginni.gabout 2_0 hours. Theresidualnoiselevel droppedabout 15dE(A)between 4:00
a.m. and6:00 e.m. whenthe cricketsquieted down. The microphonewas Iocat'_d
40 feat from the curband 25 feat abovegroundlevel.

FigureA-16a. LocationP- SuburbanResidentlol in Hill Canyon -
LosAngeles, Cal;fom_a
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FigureA-16b. Time tfistory
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cl_ VQrleu$ Mealu;es oF the C)utdoar htoile Level

I i i I ; i L i I I I I
90 _ •

I
Hourly Values AH fhmefi_

Average Of the

Hourry Valuel

eO Dur_, 3 Per;od

e6

i'° i""-" I t I I i I I r r i I i

t_ _ 4 6 8 10 12 2 4 6 8 IIl 12 Dlv gve Night

: geg;nning of Hour

b) Hiltaqramt of Ihe "erc,_nt_qeof Time Nolle l_'a_ ;rl Fach 5 dB Inlervol I_t Three IFlme Oeri_d_

l_O _ __YI;ven;n q Niqhl

"_ 611

_ _0

o
70 40 50 60 70 30 40 50 60 70 _0 30 40 50 60

A-Witlgt_led _o;_e Level _n dB re _Ou N ',n 2

F;gure A-16¢. Summary oF the 24-Hour Outdoor Noise Level',
at Locat;on P- Suburban Res;dent;c_l ;n Hill Canyon
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-_)- :-,._"7,< , .,,_"-. '.', .-. _ I_

/ ,,._;/ : '-, _... ",, I _-. , / "t .'_'-_
.i/J _f" , "_-. "". - r.';'.'-'. __ _ , i

• /("".._:.--_'_ , ., -._ . o_--
'J " _)'"7 _ _ '"_, '

v../-_r_.<: _ ._ \ --.:_. -_---_., ____f

: I .,".',,,.'l . ' ,', _ /. ",..., --.4t. --._.

_._ . . - . _ ..,-.-_. ._.,. ,.. oO,

Commun_ L_e!ariotlon: Ru_l ogrl- ':_" @'_,;"

cultural _r_,_ _omoto f_eld; 50 yards to .:./.._., ,. :" ._,.t. _..'t _. ._
the tree: urr...nd ihe yard and dwellk " ".-,_."_ .,_. '_ I :';_.._V,.t:,_": ' ' ,_ l.,d _
a ea; ;6.1 vard_ to %alnut Avenue, a _ .... ..._ _,, ,.._•.. ,1 • At; _, _e-. 4.
Ilqb!ly :rq_,._l.'d ;_nea¢_ road; 0.6 mile 6' ._ . '_" ". ";" '

to .qte.t; H;grw_;1 118, a two-lane ._,,_._,.. _. _,.,sC,_,.,;.,._._t.._9_ "
mod_.;a:eh, tr_v,:led b_ghway; 0.6 mile "' ._"_',,." "- ........ .

t,..LaL,,:,,.:Av-._:eandFJ.7_"_Hetol.a . ,, .ht_;/,.-,,_6,..._..,._,, .;.;. :..._ r?'"
Vista .,:_v_quet b,_tb lightly traveled . "-.,._,w_.-_-_. ,;,,. ,--:. ,>,,._, .... _ t

surf¢ceo :(_d_; 3.5 ,ni[-'_ to the Santa '" "_l_w*;'_' .'_._'¢ .9_''-e_ _....... '¢'_ " '_'_'_':
Poula Fr_'waf' 3.6 miles to the -- . i .".7.,J..m;..... ,-,.--e,,o_,
Ventura t-te-._.:.,.; 4.5 miles to Camarilla.

NoLe Environ, neat: The major intruding events were created by jet and propeller off-
_T_t'. ty"t_y_vena--n-a'n_--dogsbarking. Other intruding events were from baokground traffic
nals_,. Trucks on the distant freeways could be beard distinctly but did not mlse the
nolss _evel above its residual value. The residual noise level during the evenln,t.i

hourswas dominated by crickets. During the day an orchard pruner in the distance
controlled the mln;mum noise level. The microphone was located 5 feet above ground
lave6

F_gure A-lTd. Location Q - Farm _nValley -
Camarillat Califomla
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,"" ' "'",_ ¢ ; ¢ X ."_._".r_*;_ _°'.+'./:'_+,,_ ++1"._'1_._ "° ._.'t,_.l_

.++_+:r, i _. .';+",_.j+" t: t'_ _l NT ,+_, _tlT.d_'+P,.I++-- •" ". --" ,..¢ --

+,+_+ ..+ + .......
.+",,_++ _;'_:,:+- ,',x' +"._, . -. +:.k+J". ".,: ....r_+__.._____,:"+" . .+,,":_. "_

• "_',,,_.. ./+Ir_'_.':''._..'"'_+O, ,_''..++. +q -r ,. + , "' e+,,_. • ,+,.

Community Description: Remotewilder-- . +.._
heSS; north rim of the Grand Canyon; "_ ,_ ,_+_.._. _._._._
a campground 'vlth Fourp:cnlc tobies ._,•_._,_, ,_'_ +_j ++t|
accessible by o 100-mile dirt road _.... _.._.+.%j_. -+-',... . .r+,,w._]
from St. George, Utah.

+"I'/ + 1Noho Environment: I_xtremelyquiet. " ' ' "x-- : .....
Major intruding noiseswere generated _. _ . . ,, .e_., , "

by propeller overflights andsmall +'_._+ "" _I _)'_, " '+':"' '1animalsand insects. Crow calls from ' ' ' ,..:._ "_.._

....+ ++a quarter at:a mile away were clearly
audible, and i%othernerodynam:: ..m_,.m.*_*.+...,++_+_"
noise fromblr_tsno larger t_',ansparrows
was noficeabl_ from 30 to 40 _eetaway. The soundsof the rapidsin the Colorado
River+,3000 foot below, wereclearly audible whenthe observerstoodat IP_oedgeof
the canyon, considerablyattenuaied 5 to 10 feet Fromthe edge,and completely
+naudiblo40 feet from the edge. The canyonseemsto oct as a highly directional
horn radiating this soundvertically.

In this location, nighttime noisegreatly exceededdaytimenoisebecauseof crickets.
Daytime animal noisesconsistedof barking by chipmunksandbird noisesmentioned
above. The microphone was located in a sheltered area a taw feet downwindFrom
somerocksapproximately 150 Feet from the edge of the canyon. At thls location,
the no+solevel frequently fell below the 16dfi(A) thresholdof the measurement
;nstrumentation. In order to makeo measurementof the correct level+ the senst-
tiv+ry of an a,+xHiary soundlevel meterwas set to a maximumlevel, extending
the m.-osurementrange to about 1_dfi(A).

Figure A-18a. LocarlonR- Grand Canyon, Nvnh RPm-
Arizona
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> F;oureA-18b. Time History
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A. 2 Data Acquisition and Reductlo._

A. 2. I Introduction

Data ocqu[sitlon and reduction for the community noise survey was performed

with the three systemsdepicted in Figure A-19 - Standard F_uld Measurement System,

Figure A-20 - Low Noise Field Measurement System, and Figure A-2/ - Data Reduction

System. Data:Is of the appllcat[on of each system, system configuraHon, operating

procedures and performance specifications are presented in the following paragraphs.

A.2.2 Data Acquisition Systems

A. 2.2. I Standard Field Measureme,lt System

The Standard F_eld Measure,._ent Syslem was used on locations where the

ambient level of the community noi_e data was higher than 30 dB(A)- |3 of the 18 survey

locations. It was a fully self-conlalned fleid laboratory, used for making contlnuaus

graphic level and magnetic tope recordings of the community noise levels. All equipment

in this van operated from 115 vac; therefore, the systemwas used only at measurement

locations w_th accesslb[e llne po_ver. ""_"

A. 2.2. I. I System D.:scrlption

No_se data was acquired through a condenser microphone shielded by a wind-

screen. Microphone signals were conditioned by a preamplifier and input to o microphone

amNllfler far Jmplifh:atlon and A-welghted Filtering. The microphone amplifier, in turn,

drove a grcphlc level recorder andan'agnetic tape recorder. A statlstical distribution

analyzer was mechanically coupled to the pen drlv_ng mechanism of the graphlc level

recorder. Data was continuously ¢e=:ordedon one track of the tape recorder; appropriate

operator commentary was recorded on the athe_ track.

A.2.2. T.2 Operating Procedures

To pc'rform a 24-hour noise _u.'ve_,., the equipment was first inrercGnnected as

Hlustrateq in FigureA-19, with theexc_pHon that the output of the audloascHIotor v,.as

fed to the _nput of .he tape re:order. Aserles ofsinusoldal signals ranging from 90Hz to

]2 KHz was then input tr_ thu tape recorder, and a frequency response calibration recorded

n ' tape. Next, the ascii]afar was utilized to calibrate the statistical d[strib_.tlan analyzer

and the groph;c level recorder over the 50 dR chart range.

A- 77 _.,,j



Following recorder collbretlon, the preamplifier was connected to the micro-

phone amplifier. A B & K Type 4230 acoustic caHbratcw was placed on the microphone,

and the sensitlvhles of the graphic level recorder and tap,_ recorder were adiuste,-i to th;s

reference leve_ of 93.6 dB (re 20 pN/m2). This a_eratlc,_ completed the pre-run

calibration pro(:adure.

Following calibration, the graphic level recorder, the tape recorder, and the

statlstTcal distrlbutian analyzer were activQted and the 24-hour measure,n_nr commenced.

At the completion of each hour, the statistical distribution analyzer w_s stopped; the

amplltude distributlon reodings were recorded, and the analy_er was "zeroed" one restarted.

During this same period - about I0 minutes - the tape was removed f,'or,j the lope recorder ii

and a new reel of tape installed. A reference ,,ohage, wlth a fixed relc, li'-_nship to the

rnlcrophone calibration, was put on the beginning of each recl of tape,

When the community noise data rose above, or fc_[Ibelow, the .50 dB range of

" the graphic level to,order, the microphone amplifier attenuator ',',,asadjusted to accommodate

_- ..... the dynamic range of this data. At periodic intervals over the measurer,eat period, the

system was also calibrated with ;he acoustic calibrator.

A.2.2.1.3 Specifi,':ation

System Measurement Rallge: 28 dBtA_ to 130 dB,A_

System Frequency Response: 20 Hz ta 10 KHz

Statistical Distribution Analyzer: _,teasured elapsed time rjf data in I0 bands,
each of 5 dB _nndwid_h. Elaps_,d tir_e
above the tap band and belo,, the bottom
band was also recordec_.

A.2.2.2 Luw Noise Field Measuremunt System

This system was used For making measureme.lts at locations where _1) 115 vac

power was not available, or _2_ the cornrnunltv no;so threshold dropped b_.l_v, the lower

limltsnf theSlandardFieidMeasurement System. Thi_ syste,n was usednt fiveaf'h_

survey Iocahons. The system p,'nvided magnetic tape records, but no _raphic fecoras, of

the 24-hour noise hlsto_,. T(Jpes were subsequently played back ;n the laboratory o,_ the

data reduction systeento obtain the amplitude time bist_ries and the statlstlaa[ d:ta.

,. j/
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A.2.2.2.1 System Description

Com'nu_,tty no_se data were acqurred through a condenser microphone shielded

by a w_ndscreen. This ndcrophone was attached to a preamplifier connected to cT

• , ; preciston sou'_d level ,neter. The sound level meter, in turn, drove a magnetic tape

recorder throug!, 100 feet or less of cable.

A.2.2.2.20pernt_ng Procedure

To Perform a 24-hour no_se survey, the equipment was _ntercannected as

shown _nFigure A-22. Syste,r, frequency and dynamic response c',,ecks were performed

in the laboroto,w prior to field measurements, os the nature of the survey slJes did not

_erm;t taking any nan-portable or bulky equipment _nto the field.

Pro-test calibration of the sound level meter and the tape recorder were

performed with the acoustic calibrator at 93./, dB. Following aatibrations the sound level

meter and the tape recorder were octlvated and the 24-hour measurement commenced. A

microphone ,:.alibrat_on was _:ut on the beginnlng and end of each reel of tape. One •

tope ran for three hours; consequently, eight to_e change were required during a

•urve 7. Tape records were rno,lhor,_d by headphone during the noise survey, k+_,,

A._'.2.2.3 Sywem Specfflca_on

0_11 tvleo,urement Range: 16 dB(A)' to 130 dB(AJ

Overall FrequuncyRes._onse: 20 Hz to I0 KHz

• The 16,_B_A) floor was set by the record{ng _ystem-anauxillary
.ound luvel mater hod o noise floor oF 11 ,_S/A).

A. 2.3 Data Ped+_ctlon Syslem

)'he data reducHon system -shown in Figure A-23 - was used to ohta[n

: I _ time history and statist;cal analysis records ol the data from the Low Nc[se Field

Measurement ._Xstem, and t2) one-thlrd octave band anoFyses of dote from oil 18 noise

survey I.occJtlons.

A.2.3. I S/stem De,,cr;l_tlo_

A.2.3.1.1 Time Histar_, Records

Taoe recordings from the Low Noise Field Measurement System were replc3yed

- with the same tape recorder used in the field - into a gr_phic level recorder and starlit{col
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distribuHananalyzer. Thisdata reduction wasessentlally identical to themethodused

formak[ng the 24-hour nolsesurveywlth th_ StandardField MeasurementSystem. The

graphic leveTrecorderwas calibrated by usingthereference signal tecorded on tape.

The_slcrophoneamplifier wasset to provide an A-weighted output signal, and the 24-hour

record.*were all replayed into the grQphlclevel recorder.

A.2.3.1.2 One-Third CctaveBand Plots

Thefirst step in obtaining this datawas to select the specific eventson the

24-ho_r record to be analyzed, Once this data '._asIoc_,:_don the orig'.nolgrapnlc record,

a secondgraphic recordof the data wasrecreatedfrom the magnetic tapeto verity that the

properdata waslocated on tape. The porHonof the taped record to be <3nalyzedwasthen

played into the reel-time analyzer and a graphic record of the third octavespectrum

obtained. To obtainone-third octave plotsof data, taken with the StandardField
r

"_._ MeasurementSystem,a correction fromA-weightlng to Hnearwas applied to cutput of
"_J the spectrumanalyzer.

A.2.3.2 Statistloci A.nal_sls i

Data fromthe statlstica_dTsrrlbuHonanalyzer consistedof recordsof (|) the

elapsedtime that theA-welghted level of the communitynoisedata wasbelow the bottom

of thegraphic level recorder chart, (2) the elapsedtime the level of the data was qre_ter

thanthe top of the graphic records and {2) theelapsed time the data remainedwithin each

of ten 5 dB wide bandscovering the 50 dB rangeof the graphic level recordei'. This data

wassubsequentlyprocessedon a CDC 6600 computerto obtain the statistical d[stributlons

for each site.
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APPENDIX B

TYPICAL NOISE SPECTRA

Thls append;x conta;ns typ;caJ examples of no;se spectra measured at

some of the locations. The data were reduced on a real time analyzer using sJow

random averaging for the res;dual spectra and maximum for the spectra of vehicle

pass-bys or other events denoted by maximum.

Measurements are at var;ou$ distances from the various sourcese and

therefore should not be used to :ampare the absolute magnitude af the var;ous

sources. However, they g_ve an indication of the relative speL:tral charactorlst;cs

of the different sources.

F;gures B.] through B-3 are tar aircraft; Figures B-4 through E-9 are

rrV_ _r var;ous ground transportation veh;c[es; F;gure 8-|0 has some typ;cal beach

_/ sounds; and Figures B-l| through B-13 have some soundsfrom nature which ;nclude

crlckets t b;rds and dogs.
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APPENDIX C

TERMINOLOGY

'- Th_sAppendix containsdescriptive defin_Honsof someof the pr_nc;p,,l terms_,:ed;n
this report. Far add;tlanal definll;ons refer to American StandardAcoustical
Term;nology_ S1. I-|9601 Revisionor Z24. I-1951 and includirg Z24. la t Amerrcan
StandardsAssaciat;ont May 26t 1960.

SOUND PRESSURE :

Thesoundpressureat o paint is the total instantaneouspressureat that point ;n the
presenceor a soundwave minusthestatic pressureat that pa_nt.

i

lEVEL

In acou_tPcs, the level of a quantity _sthe Ioga:irhmof the _t[o of"that quantity to a
reference quanHty of the samek_nd. The base of the Jc,garlthm_ the reference quantity,

..... and the klnd or leveJmust be spec;t'_ed.1,

.., Note h Examplesaf kindsof levels in commonuseare =lactrlc power level_ sound-
pressure-squaredlevels voltage-|,4uared level.

..
', Note 2: The level as here defined is measured_nunits or the logarithm of a refer-

ence ratio that ;sequal tG the baseor logarithms.

Note 3: In symbols, \_

L logr (q/qo)

wh_re

L : level of kind determ_neaby the kind of quontrty underconsiderations
measured_nunits o¢Iogrr

r boseor logarithmsa*_dthe referee,or ratio
q _ the quantity under consl.J_tatlo.

' qO ; reference qua_:;ty af the samekind

• , Note 4: Differences ;n the revels oFtwo Hke quantft;esql and q2 are described by
thesame f_rmula becauses by the rulesat" logarithms, the reference quanriry Fsauto-

"• mat_,:ally divided out:

. Iogr _q),/qo) - !ogr (q2/qo) ; logr (ql,/q_)

,i

• c-t \

.,.+

.,: i. -'.../-,...,.............
,.I _. ,; t



DECIEEL

The dec;hal _sone tenth_fa bnl. Thus, the decibel :s a unit of I_wl when the base
of the logarithm _sthe r_._nthroot of ten, and the quanHtles concernedare proportional
to power.

Nnte h Examplesof quantiHesthat qLallfy arepower (any form), soundpressure
squared, porHcle velocity squared, sound_ntensity, sound-energydenslty, vollage
squared. Thusthe decibel _sa unit of sound-pressum'e-squa-.'dlevel; it _scommon
practice, howt.ver¢ ro shortenth_sto soundpressurelevel becauseordinarily no
ambiguity re_ufrsfromsodoing.

Note 2: The IogarHhrnto the base the tenth root of 10 is the sameas ten times
the Jogar_thmto the base 10: e.g., for a numberX2_ Iogl01/10X2 = l0 IogloX2 =
2.0 Iogl0X. Thls lost relar_onshipis the one ordinarily usedto slmpllfy the -
language in def_nH_onsof soundpressurelevel, etc.

SOUND PRESSURELEVEL

The soundpressurelevel, ;n declbeJs,of a sound;s ,_0 times the logarithm to the base
lO of the ratio of the pressureof this soundto th_ reference pressure. Thereference
pressureis _0 micronewtonsper squaremeter.

ONE-THIRD OCTAVE BAND SOUND PRESSURELEVEL

• The one-third ocmv_ bondsoundpressurelevel of a sound for a specified frequ=,_cv
_ band is thesoundpressurelevel Forthesoundcontained within the restrictedband. !

SOUND LEVEL(NOISE LEVEL)

Weighted soundpressurelevel measuredby the use of a metering chamcterlstlc and
welght[ng A_ B, or C, a_specifiedin this standard, The we_ghtlngemployed mustbe
;ndlca_ed, otherwise theA-welghHng ;s understood. The reference pressure;s20
m_oronewtonsper squaremeter (; x )0-4 microbar). L_t: dec_beJ(dB). In th_sreport
sound level _no;selevel) Tsalways_.-welghted.

STATISTICALLEVELS

Any of the slatlstlcal noise levels isg_ven_n termsof the value of the noise level
which _sexceeded for a stated percentageof the Hmeperiod duringwhich the measure-
ment was made. The symbolfor the no_selevel which _sexceeded y percent of the

time is Ly.

The meet commonmeasuresuHl[zed in this report are L99_ L90_ LE0_ L 0and L_ whiah
denote the value of the noise lewl which _sexceeded 99_ 90, 50, I0, and 1 percent
of the time respectively.

C°2



ENERGY EQUIVALENT NOISE LEVEL

The energy equlvalent noise lev!l far a stated period is the level eta constant t or
steady state, noise which has an amount of acausHc energy equlvaJent to that con-
to(ned in th_ measured n_|se. The symbol Far the energy eclu;valent noise level is

Leq. Ils mathematical defin;tTon is

Leq = tOtOglO iO"l_-at

t I

where NL h the measured noise level as a funcHon of time and t 1 and t 2 denote tt,e
times at the beg_nnlng and ending of the measurement period.

RESIDUAL NOISE LEVEL

The residual no_se level is the level of the arl encompassing unldentifiabfe noise which

remain after all identifiable noises have been ellm_natod. For this report LgO has been
usedas an estimate of Ihe residual no_selevel when no steady state _denHfiab[e n_ises

were known to be present. ._

i NOISE EXPOSURE AND NOISE LEVEL SCALES .

"Nohe exposure is the integrated effect, over a given per_od of tlme, of o number of
: different events of equal or different noise levels and durations. " The ;ntegratlon may

include welghting factors for the numberof events during certain time periods _nwhich / ....
people are more annoyed by nolse (e.g., steep _nterference by noise at night). _

The various scales For noise expsaure or nohe level in use throughout the world d_ffer
a¢cord;ng to the particular method of integmtlan or summation I time period weighting
factors, or frequency welghtlngs.

The fol lowing summarizes the ess.'_ntlolfeatures ofaod correlrJHon between three noise
scales currently used _n the United Stares For noise exposure from aircraft no_se. The
correlations are necessarily approx[rr_te, but are considered valid For interrelating
evaru_Hnns of alrcraft n_'_seexposure at major airports served by current commercial

let aircraft. The definlt;ons used herein are not always the same as those formally
g_ven In the source references. In all cases, however, the .HmpJified form given here
is an exact equivalent or valid approx_maHan thereto.

C-3
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h

Noise E,,c;JosureForecast (NE_

A method currently _nwide use for making no_se expc,sure forecasts uH]_zes o percelved
no_se level scale wffh addltlonal'correcHons for the presence oF pure tones. Two t_me
periods careused to weight the number of flights (GallowJy SW.J. and Bishop,D.E.,
"Noise Exposure Forearm=is: Evolutlo,_, Evaluation t Extensions and Land Use [nrer-

pretoHon%" FAA-NO-?0-9, August ]970}.

The single event nohe level is defined _n termsof effective perceived noise level
(EPNL) which can be specified approximately by:

EP.NL _ PNLma x ÷101ag_ +Fi EPNdB

where

PNLma x - maximum perceived na_se level during t.lyavort in PNdBs

tl0 - 10dB down duration oF the perceived noise level time history,
in seconds,

and F = pure tone correction. Typically, F _"3dB

Community noise exposure _sspecified by the quantity, noise exposure rore;ast (NEF).
'_ For = g_ven runway and one or two dominant alrclaft types, the total NEF for both day-

- time and nighttime opemtlons can be expressed approximately as:

NEF : EPNL * 101ogr- - 88.0

where

EPNL : energy mean va/ue of EP/'qL Far each s;ng_eevent at the po_nt in
question

/
i

Nf = (Nd _" 16.7Nn) or

(15_'__ 150"_n)

Nd, n-d . total number and nvemge nurnberperh_rt respectlvely, ot.t'lFghts
during the day perlad _,7C_ to 2200.

Nn' fin " the total number and average number per hour, respectivel_b at"
fl[gh's during the night period 2200 to 0700.

The constant I-gg.0) dB ;ncludes an arbltrory -75 scale-¢hanglng constant and
a ret.erence number of daytime fl;ghts at"20. The constant )6.7 acoounts t'or
the 10..to-I welghHng factor for flights during the 9-haur night period.

C_4



Camposi:e Noise RaHn_Method (CNR)

The or_g;na_"methodfor evaruatlng land usearoundcivil airports Is the compositenoise
raring (CNR). it is still in wide useby the Federal Av;aHon Administration and the
DepQrtmentof Defensefar evaluating land usearoundairfields (Civil Englneer;ng
Planningand P'ogrammlng, "Land UsePlanninfl with Respectto Aircraft No;se_"
AFM 86-5, TM 5-365, NAVDOCKS P-98, October 1_ 1964). Thisno;soexposure
scale may be expressedas follows:

The single eventnoiselevel ;s expressed(withouta duraHon or tone correction) as
simply Ihe rr_x;mumperceived noFselevel (PNLmux) _n Pl_dB.

The norseexposurein a community_sspecified [n termsof the compositenoise _aHng
(CNR), which canbe expressedapproximatelyas follows;

CNR ":"IS"NLmax ÷ 10log Nf° 12

where

= approximateenergymeanmaximumperceived noiselevel (PNL) at
max a given polnt

Nf = rome as defined for NEF, Theactual methodfor accounting for
the numberof flights end time periods usesdlscrete ;ntar,,ol ¢orre¢- _._
rich factors. Thesehave beenapproximatedby the useof the _.,,
equ;valenl continuousweighted numberof flights, N f.

CommunityNoise Equivalent Level (CNEL)

• The following simplif;edexpressionsare derived from the exact definit[ons ;n the report_
"SupportingInformer[onfar the Adopted Noise Regulations for Californ;a Airports."
They can be usedto estimate valuesof CNEL where one type of alrcmft and one flight
path dominate the noise exposurelevel.

Single event noise;s specified.by the single event noise exposurerevel (SENEL) in dB
and can be closelyapproximatedby:

+ 10 dB
; S_:NEL: NLmax loaf0 tea.

where

NL : max;mumnoise level as observedon the A scale of a standard
max soundlevel meter

and

t -- effect;re rime duration of thenoise level (onA scale) ;n s_conds
ea

c-s
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Theeffect;re dufallon isequal to the ".nergy" of the hltegr_ted nolse level (NL),
divldeN'by themaximumnoiselevel,. NLma , when bath are expressed in termsofX

anHlags. It Tsapproximately 1/2 of the 10dBdownduration,, whlch is the durutlon

for which the noise level is within 10dB of NLrnax.

A measureof theaverage integrated noise le'.'el over one hour _sal_o uHllzed in the
proposedstandard. ThFsis the hourly noise level (in dB)r deE]nedas:

HNL" SENEL + 10 log n _35.6, dB
i

where

SENEL : energy meanvalue of SENEL for each slngle evenh.

and
/

n : numberof Flightsper hour

Thetotal nolseexposureFaroday is specified by theaommunltynoise equlvalent
level (CNEL) in dB..and may be expressedas:

"_" CNEL = S£NEL + 101ogN c -49,4, d8

where

Nc : (N d ÷3N e _ 10Nn)

or = (12_ d +9_e _'90_In)

Ndt _d - total r,umberand average numberper hour_respectlveJy_af t'fTghts
during the period0700 to 1900

Pie s_e _ total numberand average numberper hour, respecHvely., of Flights
during theperiod 1900 to 2200

and

Pin" _n " total numberand average numberper hour_respectively, al ]Hghts
during the periodJ200 to 0700

An alternative formof CommunityNoise Equlvalent Level (CNEL2) usedin Sectlon5.1
employedthe Hmeperiod welghHngFactor flare the Nolse ExposureForecastmethod.
Zt is approximatedas:

CN(L 2 - SENEL* 101,-gPif-49.4d8

where PiFwas given previouslyForNEF calucaHon.

_-// C-6
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COMPARISON OF COMPOSITE RATING SCALESFORSPECIFYING COMMUNITY
NOISE EXPOSURE

l
Thebade expressionsd_fined above for specifying communitynahe exposureare
summarizedbelay,.

I

Nols_ Exposure NEF = E-_"L + ]0 log N F- 88, dB
Forecast

CompositeNoise CNR ": _"N"Lmax + I0 log Nf. - 121dB
Rating

CommunttyNohe CNEL : SENEL ÷ 101ogN¢-49.4; dB
Equlva/ent Level

and CNEL2 = SENEL + 101ogNr-49,4_dB
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