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1. INTRODUCTION

1.1 Background

Since the inwrcoduction of the turbine powered jet airecraft into
the commarcial aviation fleet, considerable attantion has been focuaed on
the aviation nodise impact uponh surrounding airport communities. Incresased
public awaroness of tha effacts of nolise exposure and its adverse impatt on
the daily lives of individuvals and communities has resulted in significant
aiforte aimed at controlling the level of eavironmental neise rasulting
from aireraft oparations. Additicnally, copngiderable effor: has baen
devoted o the undorstanding of the ralaticonships bhetwoen the physisal

pazamutera of neise and human ragpones.

Over the pagt twe decades, ressarech hag led to the devalopmant
¢f & number of metheds which ara pusrporsed to provide a high corralation
botwoen guantitative measuras of neise and human reaponsa 5 this noise.
A gignificant propertion of those ressarch efforts have dealt with the
affects of aircraft noise exposurs. However, compared with the commercial
jew airerafe, relativaly lictle of thiz research has addressed genaral
aviation (GA) noipa and community noise impact around GA airports. It is
unclear vhethaer existing noiss offosts and dpe-rasponse relationships
applicabla te commoreial det alreraft ars appropristae for predicting the
Ampacts rosulting from GA airgraft oparations. Some of this uncertainty is
bagsod on a number of acoustic, damsgraphis, and operational differances
which distinguish GA and commercial aviation. For axample, GA alrerafs
generally produce leps intense neise levels than commersial jets and, shey
cover & wide range of aircraft types whose noise charactoristics are very
differant fzom thesa of the larger jet ajreraft. Alse, Gl pircraft typically
operate Ifrom small ailrports surrounded by urban and residential communitics
whersas the larger airperts serving commercial jat sireraft are usually
located in mors highly populated metrepolitan areas. Howoavar, rasidential
encroachment upon the airport facility may be more severs around GA airports.

1=1
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Hon~acoustic factors which have been found to influence noise response are
likely to be differsnt for the two types of alrport gormunitiss. Due to
difforences in airport use reguiraments, ailzport configurations and facili=-
+ios, and aircraft pezformance characteristics, the cperational proceduras
and £light patterns used by GR alseraft at GA adrports are not as wall
definad or controlled as those employed by commercial jets operating from
largar airporss. Becauns of these difforences, a comprshensive agszessment
of the magnisude of GA noise and the consegquent health and welfare impacts
cantiot be pradicted with the same degree of confidencs as that associated

wish commargial aircraft aperaticns.

1.2 Purpoge of Study

It has boen ostimazed that in 1975, over 124 million GA cperations
wers performod at approximataly 6,000 public=usa towerad and non=towardd
airports in the United States. Bocause of this high level of air sraffic
activity, it is balieved that GA aircraft oparations may have a significant
neise impact upon those communities gur:ound.tng airperts which serve GA air-
erafv types. Howavar, a comprehensive asoessment of the magnitude of GA
neise impact has never been made due to the uncertaintics rogarding human
rapponse o GL noise expogure, and the lack of data concerning key aircraic/
airport parameters which influence the level of community nolse exposura.
Thus, the purpese of this gstudy was to porform the following tasks relative
to GA aircraft nolse and itp potential impact upen surrounding airpert commund=

cidoe: 1 NPT O i e A R o A

Gl i O S L AR mmiEYass The cholce of appropriate
devels to protest public health and welfare will invelve value judgments which
concern political, social, ethicald, and economic considerations which are
clearly beyvond the scope of‘th.‘.s inveptigution.

*The tarm criteria as used hors rafers to dose-responss ralationships
between noise exposure énd human FesSponss.

=2
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1.3 Report Ovarviaw

Section 2 of this report prasents a general deseription of the
noise characteristics of the three genaral categories of Gi aircraft, 1.0.,
small propaller=drivan airgraft, jet (turbojet and turbofan) aireraft and

nelicopters.

Section 3 presonts & detailed discussion of the exisiing health
and welfare critaria related to the following noise effscts categoriaes:

InQividual and Community Response
Communication Interfargnce
Noise=induced Hearing Lozs

Slaep Disturbance

Nenauditory Phyaiclogieal Effacts
Bahavioral and Performance Effacts

O 0 o 0 o0 ©

A gignificant proportion of r.h& diacupsion presanted in Sectien 3
ip dovored to laborasory and social survey investigaticns doaling with the
advarse rogponge of individuals and communitics exposad te various types of
noise gources. Attantien has been focused of individual and community
rasponse bocauss of the extensive reasarch sffort which has been dirsected
toward quantifving subjective assessment ©of the various physical parametera
asgociatad with individual and cumlative noige axposurs events. Sectdion 3
alac presents a discussisn of thae applicability of the axisting health and
welfaza eritaria relative to GA airecraft noise and te GA airpor: commandisica.

Appendix A contains a somplotc listing of the noiss offacus
literature ilduntified under the literature search roguiremant of this atudy
offore. )

Appendix B prasents data related to GA aircraft/airport paramstaers

whish affoct tha extont of community nolse impact. Those data wera obtained

or devoloped Zxom Fedezal Aviation Adminigtration (FAA) publicaticns
presenting actual as wall az projected airzcraft/alrpor:t cperations dath and
from the roeults cof a ccmpfahnn:d.vc CY 1975 GA activity survey. Tha

- parameters presantsd in Appendix B includs the following:

1=3
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0

Mix of GA alrcruaft types

Lovel and discribution of dally operations (by sirport type)
Plight progeduras

Population distribusion (or dessity) arcund airports

o o o o

Dased on chese adircraft/airport paramaters, Appendix B also preseonts an
astimace of the meise iopact upon GA airpert cormunitias resulting from GA
aircraft operations. Tha impact estimate is quantified in tarms of the
nugber of poople axpssed to day=night sound lavals of 55 4B or greatar and,
iz applicable to GY 1975 GA aircraft operations.
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2. GENERAL AVIARION {GA)} AIRCRAFT TYPES
AND NOISE CHARACTERISTICS

Gh aircraft can be separated into thres ganeral catsgories:
propaller~driven, jet, and helicopter. The propeller=drivan ajrcrefit are
powered by eithar reciprocating-piston or gas turbine engines. The major
sourcas of necisa include tha propeller, engine, and angine exhaust.
Howevar, regardless of engine typc, the propaller is almost always the
daminant noioe component. The propeller noise gignature is comprised of a
harmonic saries of discrete freguency tones with the dominant fundamantal
tone typically in the rangs of #from 50 so 250 Hz. HNoise levels above the
fundamantal tone are produced by highar propeller harmonics and by diacrete
frequancy and broadband nolse from the angine and engine exhaust. A number
of variakles are known t& influance the neipe gensratad by propellers. The
most significant of these variables are: 1) propeller tip speed ralative
to the airsgream, 2) static air temperature, and 3) propeller dssign

characterigtics.

Jet aireraft can be soparated into two genoral clagses: turbojet
and turbofan. Both aircraft types are powered by turbine ongines which
congist busically of a gas genertor, i.0., & comprachor-burner-surbine
combination, which provides a supply of "hot", high=prassure gnnaul- The
turbojet engines utilize this gas gancta:n': with an sxhaust nozzle through
which the hot gases ars accelszated to provide the aircraft with forward
thrust. In addition to the bagic turbojet~angine components, the turbkofan
engine has a fan, a duct for "cold” air flow and an enlarged turbine to
powar the fan. There are two major sourcad of noise assceiated with both
engine typea, jet oxhaust and turbo=machinszy. Thoe jat axhoust neise
rosults from turbulent mixing of high wveledity exhaust gases with the
surrounding smbient air. Jet exhaust noisge iz broadband in nature with o
gignificant proportion of acoustic energy concenzrated in the low fraguoacy
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bands. An advantage of turbofan engines over turbojets iz the raduction of
jet exhaust noise asgociated with the lower jet exhaust velocity. The
intensity of jet exhaust noise has been shown to be proportional to the
sighth powsr of the veloeity of the jet exhaust relative to the ambiant
air. Thersfore, small reducticns in wvelocity may result in significant
roductions in nolse. Turko~machinery noise ip alsc broadband, but containg
strong d.incralta high=-fregquency componants o tonas due o the rotating fan
and/er compressor blades. PFor the turbojet angines, the dominant noipe
source is the jet exhaust, axcept at low engine powsar pettings whara the
turbo=machinary noise is most detectable. For the turbofan ehgines, &s the
bypags ratic {(the ratio of the "cold" air flow rate to the "hot® alr flow
rata) and the diamater of the fan incraapa, the f£an noisa can bacoma the

dominating noisge.

Helicoptars are powersd by aithar raciprocating-piston or gas
turbine engines. The principal neise sources ares those asgociatad with
the main rotors or main and tail rotors, drive engine(s), and gearbox{es).
All of these gourcas produce discrete froquancy and broadband noise. Under
cartain conditions, helicopter rotors may ganerate impulsive noias, commonly
referred to &t "blade glap" or "banging." Blade slap noise is typically
obsarved on most tandem rotor helicopters and may be generated by asveral
typas of single lifting rotor helicoptexs as well. For most heldcopters
types, the acoustic energy iz concontratad in the freguency range balow
1000 Hz. Tha frequancy structure and tempozral variation of the ssund can
vary extenzively, f£zom noises which are dominated by low Zregquency roter
harmonics (described as haoating or rumbling) €o noises which are dominated
by the higher harmonics (dascribed as -slapping or banging).

Piguras 2~1, 2~2, and 2«3 show typical acoustic apectra £or each
of the thres GA aireraft types. Table 2~1 prepents information to identify
the spectra shown in Pigures 2-1, 2«2, and 2-3 including: 1) aircraft type,
2) paximum ¢roos weight, 3) type and numbar of engines, 4) maximum horsopowasr
or thrust par engine, and 5) £light mods, i.a., takeoff, landing, er flyover.

=2
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Tablo 2-1 1Idontificatlon of Spectra for GA Alrcraft ‘Yypes Shown in Figures 2-1, 2-2, and 2-3
AIRCRAFT IDENTIFICATION PROPULSION BYSTEM
AIRCRAMY MAX, MAX  U.P.

Fiaung th/C) GBS Wi, NG It NO. OF {rust-Lba. ) FLIGUY
HuMpER HUMBER TYPE Lbo. 'TYPE LEHGINES PER ENGIHE MOnE
2=1 1 1) 3,400 Piston | 295 Flyavoer
. 2 P 6,100 Turbing 1 575# Flyover
3 £D 5,100 Plakon 2 260 Flyover
4 PD 5,200 Ploton 2 250 Takaof
3: 2-2 1 v 12,500 Turblne 2 (4,850} lakeof £
2 nr 20,500 Tfurbine 2 {3,360) Takaof
k| o) 12,500 Turbine 2 {2,050) Landing
4 g 20,500 Turbine 2 (3,360} Landing
2-3 1 13 2,050 Pinton 1 190 Flyovar
2 fl 3,000 Turbino ] 217+ Flyover
3 H 18,5400 Turbina 2 1,400% Fiyover
L il 33,000 Turbino 2 2,850 Flyover

PO ="TPropellir Drivon
3 = Turbojet
1 = Hollcopter

* Bhaft Ulorsepovor
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Table 2-2 presents a listing of the expected sound lsvals
generated by typical GA and commercial transpert aircraft cperating at 4
pource-racoivar separation distance of approximately 1,000 feet. The sound
levels shown on Table 2-2 are given in terms of Effpctive Parceived Noise
Level (Lppy) and were obtained from published data presentod in Referances
1,2, aad 3. For the GA and commercial trangport aircraft catagoriaes, Table
4=2 idontifies the follewing: 1) airerafs type, 2) typical oparational
gross waight (depanding on £flight moda), 3) type and number of engines, 4)
horsepower or thrust per angine asscciatod with tha reoported sound level
and, 5) f£flight mods.

2=7
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Tabla 2=2 HRound Levels for Typleal General Avintion and Commercial Transport Atroraflt

Opoxating at a Bourco-lleceiver Distance of Approximataly 1000 Feet

ATRCRAFT IDENTIFICATION

PROPULSBION SYSTEM

HORSEPOWER

EFFECTIVE PERCEIVED

STt e

TYPICAL
GROSS ENGINE NO. OF {(THRUST=1bs } FLIGIIL NO1BE LEVEL, {(Lgpyl,
CATEGORY TYPE  HT {lbs) TYPE ENGINES PERL_ENGINE MODE di}
PD 2,750 Pioton 1 200 Flyover 02,2
FD 3,800 Pioton 1 o Flyover n7.3
D 6,300 Pinton 2 ot Flyover 90.2
rb 12,500 Plston 2 150% Flyover 00,0
‘ s 13,500 Turbine 2 (2,500} Takeof £ 118.9
Ganaral 3 20,272 Turbinn 2 {2,800} Takeof £ 116,2
Aviation T 11,650 Turbine 2 {1,550) Takeok £ ay.7
r 18,000 ‘Turbine 2 {2,630) TakeoE £ 8.5
H 1,900 Platon 1 190 Flyover 16.0
1 2,950 Piston 1 305 Flyover 84.1
n 5,590 Turbing 1 1,0504 Flyover 03.9
1} . 5,400 Turbina 2 420~ Flyover 08,2
L}
F 116,000 Turb. (LBP) 2 (12,000) Takoof £ 10%.0
F 02,000 Turb. (LOER) 2 {4,000) Approach 91.0
e 191,000 Turb, (LOPR) 3 (12,000) Takoof £ 112.6
T 123,000 Turb. (LBPR) 3 {4,000) Approach 94.4
Commarcial ¥ 336,000 Turb. (LOBPR) 4 {15,000) Takeof £ 115.6
Tranaport TF 198,000 Turb, {LBPR) 4 (6,000} Approach 106.5
1 440,000 Turb. (IBPR) 3 {41,000) Takeof £ 102.1
Vo 296,000 Turb. (HHPR) 3 ———— Approach 95.6
. IR 713,000 Turb, {ItDPR) 4 {45,000) Takeof £ 114. 1
e 450,000 Turb. (HUPR) 1 ——— Approach 103.9
Db = Propaller briven
T3 ~ Turbojot :
F « Turbofan
Il ~ Halicopter

LOPR - Low Dy~Pasp Rutio
1tppPR - tligh Dy-Pagoc Ratlo
% = Shaft llorgepowor
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3. IDENTIFICATION AND EVALUATION OF EXISTING
HEALTH AND WELFARE CRITERIA

3.1 Individual and Communiey Response

A number of rating measuros® have been proposed for quantlfying
the subjective effecte of noise on pecple. However, all of thase measuras
¢an bt paparated inte two ganaral categories: sSingle~event and multiple-
evant meacuzss. The single=-cvant meagures attampt to desgribe how humans
Judgs or percelve the particular physical parameters of an individual noise
axpogures in terms of ageribuses mach as loudness, noisiness, annoyance,
ote. Multiple-gvent measurcs on tha other hand attempt to describe how
Daople percaive or are affected by cumulative noiss exposurs over a gpacified
period of time., Multiple=-ovent mepsuras ars usually based on single=avent
moasures and may ¢onsider {implieitly or axplieitly) cther acoustic and
non~acoustic facters cuch as tha temporal distributicn of the molipa
avants, ambient noise level, number of individual nolpe avents, season,
attitudas of those people axposed to the noims, ate..

1n ordar to amsusss the impact of alrecraft noise upon GA airport
communitiss, the guantitative measurss of the noise oxposure nmust be scaled
in zorms of thair affects on pecpls. It is essontial that the dose-response
criteria used in the nolse impact aghessment represent the highest pospible
corrolation bstwoen the noise exposure and the ceonsequant affects. The
folleving sectiens dincuss the noipe Mmosasures currently used to guantify
thoss affacta as well as the validisy and acsuracy of thase meagurss
salative €0 tha noise gcharacrmeristies of GA aireraft.

*Due to0 & lack of ptandardization in terminolegy, those measures are gsome=
times rafarred to &4F scsles, procedures, schemas, indices, doseriptors, atc.




3.1 Subjective Response Mesgures to Single Eventa

3.1 Peychoacsustic Testing

Single=e¢vent measuras currantly used o guantify humans?
subjsctive percepticns of noise have bean developed from thaoretizal
c¢oncepts concarning the auditery maechanism and from emsirical relationships
derivad from axtancive paychoacoustic resaearch performed over the past 40
yaars., A ﬂignd.fi:ant propertion of this psychoacoustic ressareh haa been
daveted to understanding and prodicting human respense o airezaft neipe.
Hintsrically, twe pesychoacoustic rusearch methoeds have beonh employad in the
investigation of aircraft nolse: laboratory and field studies.” Using
various pgychophygical methods, objective maagsures along with judged
agoeasmants of the noipge are obtainad from single noise axposure cvents.
These data are then used to aspets .snbjcctivn rogponae to the physical
¢characteristins of tha noiso much as intensity, spectral diegtribution,
durationh, etc., or to develop human response scaloa, typically in terms of
loudnezs, noisziness, annoyance, or acceptability, as a function noise

deval.

A number of psychephysical methods have been ussd in laboratory
inveastigations. Theae methods are:

Method of Conptant Stimuli (parisd comparisens)
Mathod of Adjustmont

Magnitude Easimation

Categury Scaling

o G 0 o

These methods are adequately defined in the opan liserature (e.q., Referance
4} and will not be discuzssod here. Tho psychophysical mathods used in
£1i0ld study investigations are limitod to pairud comparisons, magnituds
essination, and catogory scaling since they azploy actual noise sourcas for
test and refuronce sounds.

*Pisld studies sTe not o be confuged with social survey study mathoda
used to quantify community respensa toO noisa exposura.

=2
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Psychoacougtic invectigations conducted in & laboratory anvironment
are genarally performed uging one of the following listaning conditions:
gemi~revarberant, free~field, or earphones. Test and reference sounds
studied include raal (raccrded) or synthesized aireczaft neipe, recorded or
synthesized sounds such as tones, bands of noiso and othar grationary or
time=varying spectzral signatures. Field atudios on the other hand are .
generally limited to indeor or cutdoor tast snviroamsnts using actual noise
sources {as compared ¢ recorded noipe sources) for test and referonce
poundas. Bocause of the extrome variability among psychoacoustic testing
procsduras, a foew studies have been parformed to investigate the comparative
reliabilicy ané accuracy of some of the psychophysical methods and listening
conditions usilizod (Clazk and Kryter5:6, and Mabry and Pazzy?). Using
tan different nolsss (2 astandard and nine compaxison noisas), Clark and
Kry:ur5'5 concluded that tost results obtained using any of the three
listening conditions were cgquivalent. In a separnte gtudy compazing the
magnitude estimasion tachnigue and the mothod of pairad comparisons, Clark
and Kryrer® found that both muthods gave approximately the pame estimates
ef tho pointa of subjective sgquality for the nolse pairs, and both showad
gimilar correcspendence to prodictive physical measures. Mabry and Pnn.'y-’
found that the meathod of magnitude -ostimation was better than the ether
three poychophysical procoduras when moro complax measuras such as Lppy
are involved, Additionally, they prasented data whish suggest that the
type of standard or refarsnce sound used as 2 comparisen noise may influencs
subjective rasponse markadly.

Dased on the results of an investigantion comparing various
methods used for predicting the loudness and acceptbility of noise, sdmﬂ
et al.8 Zound that the attribute being avaluated (¢.g., annoyance ve., loud-
nens) 4oes not appreciably influence the predictability of the peychephiysical
procedura, although listeners appsar o be abla to differontiate betwean
these zasponoes (e.¢., Bargiund ot al.9/710), Also, Scharf et al.f
concluded that thare appoars %o ba little diffeorsnce botwean the reverbarant
(dif2upo=£1iald) and froe=£ield test cnvironments but that, test regults
obtainad uging earphones showed greatar variability in prodictivencss.

3=3
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31412 Types of Single-Event Measures

Subjective rosponse to single events is typically estimatod using
two ganaral methods: measuring fregquency-weighted sound levals and calcu-
lating variocus measures guch as loudness level and percesived noisa level,
Other meacurss are based on or are variants of one of thosa two methods.®
Both measuremant mathods eoploy cnargy summation procadures which vary ooly
in terms of the aumphagis plased on the rasponase to cextain audible fZreguency
bands and in degres of computational complexity. The simplest summation
procadure is the Zreguency=waighted sound pressure level tochnigue. The
four frequency-waighting procedures which have been standardized and in-
corperated into commercial sound level metere are the A(L,), B(Lg),

ClLp) and D{lLy) netwerks. Alshough it is not yet standardized, an
E-weighting nagwork (Lep) is nlsa' in une. Those notworks are basaed on
ompirical relationships derived from psychocacoustic tegting. Tha rnln‘l:d.va'
ene=-third octave band weightings for each of thase natworks are ghown in
Table 2=1.

The summation proceduras associated with the loudnass level
meagures arse considerably wmeore complex than the frequancy-weighted sound
prasgure level pofocodures. These include 2wicker's Loudnasa Level (Llg),
and Stovens's Loudness Level (Ilg) (computed using sither Stevenz's
Maghk VI (MR V1) or Magk VII (MK YII) ealculation prosadurea).

*Although the suditory attridbute purported to bo moasured by aach method
may pe differsnt, both relats the physical properties of the sound

to a subjective or & porceived auditory experience. VWhether or not

the percadved auditory experience actually differs, depanding on the
physical parameter of the scund investigated and the labal assigned to it
{i.¢.; loudness, noisiness, acceptability, intrusivenoss, annovancs, and
8¢ on) has bean the subject of cnnuova:ﬂy n.mnn? researchers over the past
peveral yeazs (8.G., Knrrick et 2.1, stevens, Scharf et al.B,

and Barglund ot al.?/10y,

3~4
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Table 3~1 One~Third Octave Band Frequency Walghtings
for the A, B, C, D and E Networks

LOWER AND UFPER

CUT=0FF FREQUENCY

(45~56)
(56=71)
{71-90)
(20~-112)
(112=140)
{140=180 )
(180=224)
(224-280)
280-355)
{355=d50)
(450~560)
(560=710)
(710=800)
(900=1120)
(1120=1400)
(1400=1800)
(1800-2240 )
(2240=-2800)
(2000-3550)
{3550-4500)
(4500-5600)
(5600=7100)
(7100-8000)
(9000=11,020)

BAND CENTER
FREQUENEY

50
o
80
100
125
160
200
250
215
400
500
630
800
1000
1250
1600
2000
2500
3150
4000-
5000
6300
8000
10,000

+*

+

+

+ 1,3
-

*

-

BAND WEIGHTINGS, dB

A

«30.2
=26.2
=22.5
-14.1
=16.1
=13.4

=10.9

- 8.6

- 4.8
- 3.2
= 1.9
- 0.8
0.0
0.6
1.0
1.2

1.2
1.0
0.5
= 0.1
- 1.1
= 2.5

3=5

b}

=11.6
- 8.3
=~ 7.4
=~ 5.6
- 4.2
- 3.0
- 2.0
- 1.3
- 0.8
= 0.5
- 0.3

0.0
0.0
0.0
0.0
~ 0.1
- 0,2
- 0.4
- 0.7
- 1.2
- 1.9
- 2.9
4.3

-5

7.3
0.8
0.5
=0.3
=0.2
~0.1
=0.0
0.0
0.0
0.0
0.0
0.0
0.9
0.0
0.0
-0,1
~0.2
=0.3
-0.5
=0.8
=1.2
=2.0
=3.0
=44

i

=12.5
=11.0
- 9.0
- 7.5
- 6.0
- 4.5
- 3.0
- 2.0
= 1,0
- 0.5

0.0

0.0

0.0

0.0
+ 2,0

+ B.D
+10.0
+11.0
+11.0
+10.0
+ B.5
+ .0
-+ 3,0

E

~17.4
=14.5
=11.8
-~ B.4
- 7.3
- 5.2
- 3.6
- 2.2

- 0.3
0.1
0.1
0.0
0.0
0.7
2.1
4.0
5.9
7.6
8.7
9.1
8.3
6.5
3.8

+ + 4+ 3+ o+ o+ o+
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Both Stavens's MK VI and Zwicker's procedures have bean internationally
standardizod, Thess caleulation methods for computing loudness level all
take, inte sccount the masking affects of lower frequency bands of noise
which imhibit the contribution o loudness of gelativaely higher freguency
bands. However, there are a number of differences betwaen Zwicker's method

and thoss of Stavens's. These diffareancoa are:

1, 2Zwicker's method is considerably more complex than Stevens's
mathods;

2, Zwickar's mathed is based more fismly on theory and can be
applied to more cemplax noise spectras

3. Unlike Stevens's methods, Zwicker's method takes into acéount
the well=known acsymmetry in masking, i.e., an upward sproad of
masking of higher frequencins by lowaer freguancies.

Bacausa of these difforences, 2wicker's calculation procedurs ragults in
loudnans level values whish ars typically 5 48 greater than those detormined
uzing Stavans's methods for the same nolses.

Clierhead?d nas discussed mome of the zimilarities and diffsronces
Petwean the basic freguency~waeighted sound lovel and loudnass leval compu=
tation methods whisch have formed the bazis for a multitude of subssguent
wariations. Ollerhsad concludas that although the basic algabraic techpigues
in the two mothods ara vary Adifferent, the net rosults show far mors gimie
larities than difforencas, particularly if attantion is focusod on the
lovels and spectra which are characteristic of aireraft noise. The main
Aiffuronceas betwaean the fraguency-waightaod sound level and the loudness
leval prnce.dn:n and thair subseguant variations lie in the diffarent
froguency weighting functiens. '

Another computational scheme in general use is the Parocoived
Noise Level (lpy), This procedurs was bascd on the concept that parcsived
noisiness and perceived loudness wore tvWo distinet astributos of auditory
experience. ¥ However, as pointod cut by Schulez’®, tho eriginal
form ¢f the procedure Sor calculating the percelved noiss level of a
broadband noise spectrum iz basically the same as that of Stavens's MK VI
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procedure for calculating loudnesz leval, with twe exceptions: (1) tzhe
ogtave band levels used £for evaluating an aireraft flyover are the maximum
valuea' attained in sach pand dusing the event, regaxdleas of whether theos
peaks ecour simultanecusly: and (2) instead of assigning a loudnass index

to eachk measured frequency band level of noise (as in the MK VI calculation
to reprasent its contribution to total leudness), & ¢orresponding contri-
bution to total parceived noisiness is amgigned for each band., The summatieon
equation used to arrive at the total percaivod nelsiness in noys® is idonti~
cal €o that usad to cslcoulate sotal loudness in sonas for the MX VI procedura.
Alse, the equations used o convert from novs to perceived nolse level and

to convert from scnsu to loudness leavel (in phons) are identical.

Since itsg original dmrnl.lopmu:, the procedure for caleoulazing
pereaived noise level has undergone a nupber of revisgions, rafinomants and
oxtensions which acgount for temporal and spectral complexities. Thase

: changes have pusportedly improved correlation betweon objective and avbiective

measures of ajrcraft noise.

3:1.1.3 Faenors Affecting Singla~Event Measurusc

For the past two docades, peychoaccustic rassarch in the f£isld of
subjective response to aircraft noise has been axtensive. It is a difficult,
if not an impeosaible task to identify all of the rolated investigations
whish have addressad the subject aren over this timge poricd. Most of the
work has been focusod on improving objactive moasures of an individual's
gubjective or judged asseasment of tha physical characteristics of jet
aircraft nodse. Inocludod in this regearch have bean investigations
of audible pure tones, tamporal pattarns of airxeraft flyover noise signals
{simzlated and actual receordings), signal duration, combinatvion effects of
pure tones and duration, and tho effects of Doppler shift.** jdditieonally,

*Tha unit of perceivad noisiness iz the noy, and values ars read f£rom
tables or consoura of equal perceived noisiness.

**Dopplar shift iz the apparant upward ahift in froquency of & sound as
& noiso gourcs approachas the listaner, or the apparent downward shift
when the nolse sourge recedas.
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investigations into the effects of background noise and the growth of the
percaived magnitude as a function of stimulus level haove bsen conductod.
Resoarch in other areas particularly relevant to GR aireraft have alse baeen
parformed. These areas include revipien ¢o the shape of tha poy contours
at lovw Ifregquaencies and the percsived magnitvde of impulse noise signaturas,

Comprohensive raviews of earlier rasearch studies which have
contributed significantly teo, or contain raelevant comment upon, the devalop-
ment of widaly used gingle~cvent neise measures are presented by Ollsrhead, 13
Galloway, 16 and Schulez.'5/17 ohorofore, the following secticns will
presant only &4 gummary of this development and will highlight gome of the

mopt important ifsues.

A. Duranticn and Tocna Effacts

Aftar the introduction of the turbine powared jet aircrafs into tha
commercial aviation fleat, it was obsarved that at the sams ovarall sound
presgure level, the noipe produsoed by jet aizezaft was perveived differontly
fzem that generatad by the commercial propellere~drivon (piston) airerafs. 14
This differance wag purportedly due to the increased sansitivity of the
human auditory system to highar frequency content of the jat aircraft noise
gsignatures. This 2inding led £6 the development of tho Lpy ¢dncept and
the neotion that noisiness and loudnoss are difforont auditory oxperiences.
Subsoquent research suggoested that the Lpy procedurs Ald not adequately
account for the affacts of nignal duration oF pure tont COMPONANta,

he1 Duration Effacts

Krytor and Poarsona’® found that.for sounds that varied in
duration over a rangs of 1.5 to 12 seconds, jJudged equivalant percaived
noise level (as compared with a roforence sound with constant sound lavel)
incroased by approximately 4.5 4B each time the duration was doubled.
Poaroona1? roported in a latsy study using longar pericds of durasion (up
to 64 gseconds) tha: the effest of duration on parceived noisiness is &
continucusly varying functicn ¢f level., It was found that judgod eguivalent
perceived noisineps corraspondsd to 6 dB par doubling of the signal duration

=8
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in the zangs of 1.5 mo 4 saconds, 3.5 per doubling between 4 and 16 peconds,
and 2 dB per doubling for durations in excess of 16 ssconds. Over the
range of durations examined, 1.5 to 64 ssconds, the pergeivad noise lavel
increased by an average of 2.5 4B for a doubling of duracion,” comparud o
the increass of 4.5 dB for a doubling of duratien found in the pravious
tests. Williams et al,20.21 Zound that for two aireraft flyovars with

the game peak leval but with different duratioens, the £lyover having the
ahorter duration {10 dB-down duration measuread £rom peak level) is judged
£0 he more acceptable. Furthermora, it was roported that Lf two flyoverss
differ in durstion by a factor of twe, the peak noise lavel of the ohe
having the longer duration mugt be 2.5 to 4.0 dB lems than that of the
other flyover, if the two are to ba judged egqually acceptable. This
finding is in general agrecmant with the rosults rsparted by Poaraons. 19
As shown in Pigurs 3-1, changes in signal durasion by a factor of 2 appear
to follow an approximmte 3 4B trading relationship for othar acegptabllity
rating categories as wall, i.a., barely acceptabls and unacceptable.

In a study by Littlo and Mabry2? it was roported that sounds
with durations between 1 and 16 seconds did increase annoyancs, but that
the duration effect waz always greatar when gubjocts ware instructed to
attond to the duration of the sound and that the magnitude of tha increass
dopendad upen the test method. Alse, it was reperted that the penalty for
doubling duration ranged from 2.1 te 3.1 &) when subjects ware inetructed
to ettend to duraticon comparsd to 0.6 to 1.9 4B when they wera not.

Pozzy and Pnrryn contend that onlv when subjects arc specifically
diracted to attend to duraticon is a duration effect gbaerved and that when
subjects attand to duration, they are actually rating the intensity of a
sound in torma of its duration. It was pointoed out that duration effacts can
alac be cboerved in loudnsss judgments, conmrary to the concept that duration
it an inherent foctor in noisinesz judgments alone.

*This iz approximataly eyual to a doubling of acoustic energy, i.e., 3 dB
per doubling of duration.

3=~9



~1 o}

i B

A2

LY

i .‘ :

DURATION (IR SECONDS) 10dp BELOW MARIMEM LEVEL

40

a0

20

10

i ] i
{ | {
70 80 90 100 210 PEAK L,
57 69 7 87 57 PEAX Ly
Ty ™ Loy
Figure 3-1. CONTOURS OF EQUAL NOISINESS BASED ON
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NOISES HAVING DIFFERENT DURATIONS
{from wWilliams, et al., Refarence 20},
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In a study by Ollerhesd’? in which the parceived leval of
flyovar noise produced by sevaral aircraft categories was invastigated, it
was concluded that, based on the assumption of uniform duraticn/ parceived
level tzadecif allowancs, the application of a 3 &8 per duration doubling
improves the performance of the gingle-event measures and is close o the
cprimum for all aircrat categories considersd (jet aircraft, propeller-
driven airgraft and helicopters).

A.2 Effects of Purs Tones

Sevaral investigations have been performsd to assess the effocts
of pure tonas on aubjoctive response and to evaluate the various correction
Proceduras used to account for the ineroasad senaitivity of humans to
signals containing dlperete fraquoncy components {6.g., Ollarhead, 3,24,25
Xrytor and Pearsons, '8  Pearsons,26 Doarsons ot al.,?? Adcock and
Ollarhead,?® and Pearsons and Bennett2®), Tha goneral eenelusdien
zeported by these studies was that the prosence of discrete fraguencies, or
Pure tones, influoncas the perceived "nolsinems” of acoustic signalsz. It
wag found that correcticn for the presence of puze tones improves the
correlation between the objoctive moapursment and the subjective assossmant

of tha noise signala.

A.3 Combinaticn Bffeces of Duration and Puro Tonas

A number of studies have investigated the offocts of combining
duraticn and pure tone corrasctions on the subjective azpazament of aircrags
noise (B.g., Pearsens,26 Ponrsens and Bennett,?? Adcock and Ollarhead, 2B
and Xryter et al.30), Results #rom these studies indicate that objective
measures which incorporate tona and duratien corrections provida battar
agreement with subjective judgements of accaeptability than do the other
moasures which do not. However, most of thega studies alae concluded
that the more complax tone and duration corracted moasures and goms of
the ginplar measuras such as L, and Lp wore not significantly differont
in tesms of thedir ability to predict subjective ragponns.

3=-11
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B, Other Effacus

Cther effects on perceived neisiness of aircraft flyovers which
have been investigated include Doppler shift and background noisa. AR
investigation by Ollerhesd®® reported that £lyover noises with a pronounced
Deoppler shift (i.a., actual flyovers) raquired lass correction for duration
than noises without Doppler ahift (i.e., simulated flyovers).

In a later study by Pearsons ez al.d) it was concluded that
Lzpy, with the 3 dB inecrcase in judged magnitude par doubling of duration
wag an accurate predictor of the noisiness of alircra®t flyovess containing
bDoppler shift. Howaver, at altitudss of 500 feat or less and nominal speod .
of 200 mph, the Lppy procedurs somewhat underastimated the apparent noisinecss i
by approximasely 2.5 te 3.5 4B.

.

Roginger et al.2? investigated the rezpense judgmenta of
annoyanca to appreoaching and roceding sounds which continucusly increasad
or decreased in intansity and/er fraquency. It was reported that a cone-
tinucus increase in noise fregquancy and intensity as the sourss appears
to approach the obaarver is percoived £o be more annoying than when it
appears to be moving away from the obsarver in spite of che fact that the
duration and total enezygy ©f both signals were identical (within tolsrances).

A number of astudias have roported the rasults of invactigations
to determine the affocts of background or ambisnt noise on the zubjective

' apgessment of aircraft noise exposurs (e.g., Pearsons, 12 Powall and

Rice,?3 Bottom,34 Sternfeld et al,,35 and Bottom and Wataze6).

Uning three background noise levals (Ipy of 47, 64, and B0 4B) with a

peak frogquency of 250 Hz, Pearsons?® concluded that background noise can
reduce the judged noisiness of an airgraft flyover. However, to obtain a 4
to 5 4B reductien in judgod perceived noisinaesa, background noise must be
increaged by 33 AB. For edample, a mean rating of "Nolsy" was approximataly
92 dB with background noinse of 47 4B, while the mean zating of “"Noisy! waa
approximately 87 4B with background noise of 80 dB. Using road traffic
backoround noise, Fowell and Ricad3 roport s docroase in subjective

3-12
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rosponae of approximately 4.5 dB (A=weighted sound level) to individual
sircraft nolses ranging from 45.9 dB to 64.8 4B as the background nolsze
lavals increased from a mean level of 32.3 dB to 46.4 dB. It should be
noted that the effects of background noise reported by Pearscns’'? and
Powell and Rica®3 were obtained with she background noise romaining
conptant over each test session. Powell and Rieed3 report that when the
background levels were changed betwean each alroraft nolse flyover, no

consistent or significant affects wera notad.

3.1.1.4 Comparigson of Single-~Event Measures Usad to Asaess Individual
Ragponse to Aircraft Nolsa

A roview of several earlier studies investigating subjective
rasponsa to aircraft nolsa or, acoustic signals pimilar to aircraft noilde,
hn'producnd sema conflicting results regarding the chodiece of the optimum
ginglo=event measura. A pumbar of these gstudies have omphasized the
impportance of signal &duration and diserate Zrasguency coatent in subjece
tive assaszmont of the noise ovent. Soms of the measures investigated
considerad only =he maximum amplituds ©f the sound lsvul produced while
others accounted for amplitude variation over & spacified time intoerval of
the event. Aloost all of these measures considered the freguancy distri-
bution of the sound, e:.':her explicitly and implicitly.

The choice of the single-event measura providing the baest
objective moasure of the subjoctive ansesoment of aircraft noise has
tandad to vary from study to study. A number of factors have, most
likely, contributad ¢o the variability in the reported study results.
Scme of these facters include:

Type of sound studied
Type of raference sound
Comparisen method (peychophysical procadure)
Listening conditlonsa

Numbar of subjects

bynamie zange of sound levels judged

Spectral and tamperal characteristice ¢f tha sounds
Method usad o aevaluate test regulta

Subjact diffosancus

0O 0 0 0O 0O0DO0OCD

3=13




emtar

Although eaclimr psycheacoustic ressarch investigations have
provided an extensive data base, methodological differences among thase
investigations preclude a comprehensive assessmant of the relative influence
of each of the factors listed above. However, savaral studles have boen
performed in an Attampt to asgess the differscnces (or similarities) among
sha numareus single~evant measures (e.g., Young and Pcte.::aon,” Schulez, 15,17
Botzford, 38 and Scharf ot al.P). Using various comparisen techniques,
thasa studies evaluated the performance of objective measures of noise in
tarms of their ability te predict subjective rosponse, or in terms of their
correlation with othey objective measures. The majority of those studies
have groported that the mora complex measures such as Llg, LLg, and
Lppy, are guparier to the simplier frequency-waightod sound level oDsagures.
Howevezr, & review of a numbay of thane studies suggests that, although the
more complax moasurses apposr to correlats botter with human rasponoae, they
are only marginally better than some of tha simplier meoasures (particulazrly
Ly, Lp and Lg) and, in moat cases, the differences betweon thom are
wall within the range of mesasuramasnt and computational srror.

3.1.2 Individual Rasposse to AlrcraZs Noise

3.1.2.0 Earlier Invastigations

Ralativaly fow of ths sarlier psychoaccustic reseaxch ilnvesti-
gations ware concernad with gsubjoective response to noaise produced by GA
aireraft, Boesauss the noiss characterlstics of propellar-driven alrcrait
and helicopters ars very different from those of the larger semmaselal
Jats, it is not claar whether axisting single=aovent moagures are applicable
to all GA aircrast types. In ordar to evaluate their applicability, two
carlier investigations specifically addresgding response to GA aireralt have
been reviewad. Although soveral othor adreraft noise invaptigations in=
eluded GA aireraft, the results wers net roportaed with respect to individual
aircraf:s catugoriss. Therofore, contlugiong specifically related to GA )
aircraft could net be derived from thoe repors findings.

3-14



—

I B e

I

I B T

L

L.

In 1968, Ollerhead25 conducred a paired comparisons tess to
gtudy the subjective regponse to noise produced by Gp aircraft. The
primary objective was o determine the applicability of t¢he perceived noise
levael concept in rating the relative nolsiness of f£ive representcative GA
alreraft types. These aireraft types are shown in Table 3-2. Onhar
cireraft types evaluated included a Douglas DC-8~30 and a Boeing 707«120B.

In the main experiment, 28 subjects rated 35 recorded flyover : |
sounds producad by the saven alreraft types (five GR and two commercial
transporss).® Subjects ware ingtructad to evaluate the relative "neipineag”
of two acoustic aignals presented in pairs. The experiment was conductad
in an anechoic environment (progressive wave chamber). The Standazrd
Refarence Sound (SRS) wao an cetave band of pink noise (i.ea., random noise
with a uniform spectrum level as measured by a constant percentage bandwidth
analysis) ceantered on 1000 Hz with a duration of four soconds. termedinte
rafarente sounds with durztions ranging from 4 to 32 maconds wors congtructed
from shapad wideband noipe gpectrum which simulated jet exhaust neise. &n
"phaslute” judged sguivalant leval was determined for cach sound by dirsct
and indirect comparison wish the SRS. Levels of varicus single-evant
measures wara shen datarmined from sounds judgad equivelent %o the SRS,

Twenty=aix single-ovent meagunes wers evaluated by calculating
+he producte=momant coafficiaent of correlation batwoasn the caleulatod
and Judged levels. Of the currently used single~ovent measures, it was
reported that Lpy, with and without a tone sorraction, Lz, and Lp
gave the best corralation with the subjective noise evaluation results.
For the GA aircraft noise signals invegtigated, tllarhoadss raportod
that & duration correction** appsarad to have littie influence cn the
subjective nolpinass of flyover sounds. By coemparing the results o those
from a number of simulated flyodver sounds, Ollsshend2S concluded that
this could be exploined by sthe influence of the Doppler frequency shift.

*riftaen of thasa sounds wers synthesized frem actual recordings of the
three Piper aireraft to chtain various signal durations.

*rpuration correction was defined by : AdB = 10 logqpy (T40/15) where
HAB is an incroment to be added to the peak value of the single=cvent
measure and Typ is the time interval batwoen the 10 dB=down points in
the gingle=gvent time hiptory of the noipe signal.

3=15



Table 3«2 GA Adrcraft Types Used in Koise
in Reference 25 (Ollerhwmad)

Rasponse 3Study Dascribed

AIRCRAPT TYPE/MODEL CLASSIFICATION

Single Piston Engine,
4=-Place

Pipar Charskea 140

Sport/Businegs Alrcrafs

Single Pisten Engine,
6=FPlace
Usilizy Adrczaft

iper Chorokes 6

Piper Aztac Twin=~Pizton Ingine,
t=Place
Exacutive Transport

Tusbo«Comtander Twin Turboprop,

79 Seat

Exocutive Toansport
Lear Modsl 23 Twin Turbojot,

f~Saat
Zxacutive Transport

INSTALLED

GROSS WT, H.P./THRUST
(Lbg.) (b8, )
2150 150 H.P,
3400 260 H.P.
5200 500 H.P.

B950 1200 S.H.F.
12,500 5700 1l»a.

3=16



T A B D P TV £ 6 . 7 By e 2 e -

1

|

I3

Severszl points should be mantioned Zegarding Cllerhead's evalusation
technigue and basic findings., Firs%, aircraft other than GA types ware
insluded in the overall assessment of the ptudy resulss, i.e., a DE=5-30
and a 707=120B. Second, of the 35 ailrcraft flyover signals investigated,

20 reprosentad actual aireoraft fivovers while 15 were synthesized or "shapad
gignals"” constructed from actual receordings of airecrafe flyovars. Although
the synthesized recordings sounded like adirzraft flyovers, there wag no
change in fraguancy as the pound pressurs level amplituds vaxied over the
signal cduraticn, a characszeristic of an approaching and receding sound with
prenounced £ragquansy componants. Pinally, the method of evaluation used to
avaluate the relative performance of the various single-event meaguras and
t0 conclude that a duration correction does not influance subjoctive acoess«
mant of a flyovar sound did not consider the accuracy® of the cbjactive

meaguras investigared,.

Using the study results reported by Ollerhoad,zs tha
subjective reaponse data hava been divided inte two aircraft satagories,
propaller=driven aircraft and jet (turbojet and surbofan) alreraft. For
poth of thase alrcraft sategories, & "rank" ordering analyeis of the
ralative parformance of the currantly uwsed single-evant meagures was
porformod. The rank crdering was performad with respect to both avarage
diffarance (accuracy) and variability (conmistaoncy) betwesn the calculatad
and judged scund lavels. The variability is spocified in terms of the
gtandard doviation about the mezn. Table 3«3 presents the resulis of the
rank erdering analysas., It may be sean Srom Table 3-3 that foz the propulloz-
driven airecraft and for the jet aircraft the rank ordersing of the gingle~
avent measures with respect to average differcnce doea not follow the rank
crdaring with raspect to vai:-‘.ah:l.lity- The.tignificance of this rosult 4is
unclaar. However, the frequency-weighted sound levels ars the moSt accurata
single~ovent moasures for both aircraft categories with the Ly and Ly
(and Lp %or the jets) ghowing the smallest difforsnces’ batween calceulated
and judged rosponse. Alse, it is obsarved frem Table 2-3 that the rank

*Ascuracy as wsed here refors to the abilizy of an cbjective muasurs to
predict pudbjective respoénso to noige with the smallest possible abaolute

QLIOr.
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Table 3-3 nNank Ordering of Single-Evant Measuren Usad to Prodict Subjective Response to
Mrocratt Nolne (Propeller-bDriven Alroraft and Jet Alrcraft)i Dorived from Data

Prenented in Refarenca 25.

JET (TURDOJET AND TURDOFAN} R1RCRAFY

PROPELLER~DRIVEN AIRCRAFTL
AVERAGE AVERAGE
BINGLE-EVENT DIFFERENCE BINGLE-LEVERT BINGLE-EVENY DIFFERENCE BINGLE-EVENY
MENBURE, {ABZOLUTE VALLEH) MIEASURE, ETANDARD MEASUNE, {ARBOLUTE VALUES) MEASURI, SEANDARD
BEM SEM-8/S 5EM DEVIATION 5EM EEM-SRE BEM DEVIATION
dan dn dn an
LD 1.0 “JPN)'P 3.0 I'B 0.3 I'D""PH 2.6
Ly 1.5 Ll 3.1 (Ly)p b 0.7 Lig 3.1
(LPN’D 2.4 Ln, (LPN,U 3.2 Iip 0.9 LLZ 3,5
"‘D)D 3.7 (Ln)b, (LD’D 3.3 Ly 21 ‘LPN)T 3.6
(Lpyirp 4.9 2.4 2.7 [ 1.9
Lpidpabo 5.3 Lig, (Lpy)op 1.6 {Lalp 5.9 Ly 5.3
Lpy 6.7 Lp.Lpy 3.8 (Lpylp 6.1 Iy 5.4
ms 7 - 0 4 . 4 u-ls 7 L] 4 Lc 5 L] 5
1L, B.% Lp 4.5 (Lpn )y a.1 {Lpyin (Lpn)ap 5.7
{Lpy)o 9.7 Lpy 9.3 Lplp 58 3
(Lpydp 11.6
LEQEND
Lp = unwoelghtod sound lavel
Lpobp,LosLp @ £requongy weiglited pound levels
{Lplps (Lp)p = duration cotrected frequency wolghted sound levels
Lpy * porcolved nolpe loval
(Lpy)p = porceivod nolse lovel with tons corractlon
(Lpy)p = porcejved noloa lavel with duration correctlon
(Lpy)yp = porcaived noloo laval with tono and duration correction
LLg = Btevena's MX VI loudness calculatlion procedura
LLy = 2wicker's loudnans ecaleulation procedure

e et At i




T T T YR et e e oL

ordazring on the basis of variability 1s somewhat sgimilar for both aircrafe
cagegories with the Lpy, Lls, Llg, Lp and Lp measuras showing the

best correlation with subject response. With the exception of the LLg
and Lp meagures, this finding is consistent with the overall results

zeported by Ollerhead,25

Conaidering only the propeller—drivan alreraft, it may be obaerved
2rom Table 3=-3 that the Lpy measuras (tone corroctad and uncorrocted) ars
improved in terms of accuracy by a duration correction, i.e., reduced
avarage differenca, while the accuracy of the frequency=weightad measures, -
Ly and Lp, is reduced. The variability of the Lpy and the frequency~
weightad single=svents measures appears to be little affected by & duration

corraction.

For the jet aircraft, the Lpy msagures (tone Corrected and
uncerracted) and the Ly ave ioproved in tarms of accuracy by a duratien
correction whils the accuracy of the Ly is reducsd. Howaver, the vari=
ability of both Lpy measuras and the Ly ang Lp measures is increased

by o duration corzection.

In 1571, Ollerhead’? conducted a comprehonsive paized com=
parisons tegt to asacss the practical differences batween a numbar of
mathods for caleulating the poerceived noise level of aircrafe flyover
sounds. A total of 119 aireraft pounds was Belected for use in the
invastigation. The pounds wars divided into four major catagorias:

34 jotz (surbojat and turbofan), 5% propeller-driven aircrsaft (31 gas-
turbine engined and 28 piston-engined)}, and 26 piston= and turbing=
engined helicepstess, Tha socunda i.n:ludcd outdoor rocordings of flyovers,
takeoffs, and landings with a wide assertment of microphene positions with
raspect to tha flight path 86 that tho sounds comprised a wide variation of
those sounda which might be heard around mixed traffic airports. The
sounds ware played to a total of 32 subjects in an anschoic listaning
envirenment with individual tests performed with five or six subjects at a
tima. An "abpolute” Judged parxcaived sgquivalent level was obtained for
each sound by direct or indiract compariscn with a SRS consizting of an
octave band of pink noiss centerad at a fraguency of 1000 Hz. Eighteen
single=avant measurss wora ranked in torms of their ability to accurately
and ccngistently preadict the perceived levelsa of the pounds as compared
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with ebjective mpasures. olierhead!? found that significant differances
@0 axigt betwoaen sats of objective measures. It was reported that in terms
of consistency the complex measurement procedures including Ellg, BLLg/

and ELpy are essentially indistinguishable.* Also statistically indistin=
guishable from the complex measurament procedures ware the ELp and the LLe.

Distinct differences were found between the applicability of the
singla-éven: measuras of sounds in the four differant alrcraf: catagoriaes.
on the averags, all of the gingle=event Moasures wers axtremaly consisteont
2or the piston=engined propellexr alreraft sounds but increasingly iess oo
for the jazg, the surboprops, ané the helicopters, in shat ordar. The
daficionsias of the latter groups were attributed to impropar account of
purs tones in the turbeprop spactza and low Zreguancy harmonic sound in the
heliscptar scunds. It was roasonad that tenes at froguencies boelow 500 Hz
woere ldentified for turboprops and helicoptars but eould net be parcaived
by listeners. Ollerhead!? concludes that only in the case of the jat
sounds 4id the tone correction to the Lpy appear to perform as intended,
and then the improvement was Sarginal. Ollerhead!? alac roported that in
tha sape of the piston~angined propeller aircrafe sounds, the corraction
was not raquired and that for turboprops the naed for a corraction was
questionable. Ollarheadl? guggests that the procoedure used to detoct and
correst for tones belew 500 Hz may result in overcstimating tho «ffacts of
thess low froguancy sones. Howevar, Galleway‘s roports that Ollarhead?d
incerrectly applied the tone coerrecticn belew 500 Hz and recommends re=
analysis of tha study datn to provids botter ingight regarding tha applie
cability of tone corzected Elpy, especially to halicopter noisa.

Additienally, Ollarhoad?? conciuded that the spplication of
a 3 &b correction per duration doubling inq.:ru'vn the porformance of the
single=event measures for all airsraft catogogios. Finally, Ollezhead!?
reported that on the basmis of accuracy and consistency, the Lp ip the
best freguancy-weightad sound leval studied and, for all practical purposas,
ig at leoast as good 4as Lpy for rating airczaft noise.

*The prefix E denotas the application of an intagratad signal duration
allowanen.
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The study results reportad by ollerhead’d have daen saparated
accarding teo the following aireraft categorization: 1) GA propeller-
driven {piston engifne), 2) GA turboprop, 3) commercial jet (turbefan), and
helicopear (plston and turbine)., The GA propeller~driven and GA turbeprop
aireraft wara dafined as aircrafe with gross waight not exceoding 12,500
lbs. Howevar, two turboprsp aircrafs which excecded the GA grose weight
limit (719,230 lbs and 35,000 lbs) ware included in the GA surboprop gToup
gince thena airsraft do operate at G airports. Only sircraft with a groas
weight of 75,000 ibs or more ware included in the jet aircraft category.

It ghould be noted that of the 34 jet aircrfaft sounds ingluded in Ollerhead's??

investigation, 32 were commarcial turbefans with gross weights exceeding

75,000 1lba.

For each aircraft categery, the sarrently used single=ovent
measuras woera rank ordered on the bazis of avarage diffarance (accuracy)
and vardabilicy (consistency) batween the calculated and judgad sound
levgls. Tha results of the rank ordaring analyssc ara shown on Table

3=4,

With reospect to accuracy, it may be seen Zrom Tahle 3=4 that
for each of the four aircraft categorles, the Lp {(unweighted sound level),

‘ Elp, Lp, Lps Iy, ELp and ELLg are among the bost single-avent

measuras of subjective respeonsa. Conaidering the propaller—driven piston,
turbeprop, and halisoptor airezaft ss o single alreraft catagory, the
Zollowing have boon concludad from the results pregented on Table 3=4:

1. Ilp and Lp ara, on the average, mora accurate for the -
propaller-drivan pigton, turboprop, and helicopter afireraft
than for the jat aircrafe.

2. Lp and Lp are, on tha average, less accurats for the
propaller~dziven pisson, surbeprop, and halicopter alreraft
than for the jet aircraft. .

3. Lp, ELp and ELLg give approximataly the pame degree of
accuracy for all four aireraft categoriss.
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Tabla 3-4 Rank Ordering of Hingle-Bvent Moasurea Used to Predict SBubjecl:ive Responee
to Alroraft Holge (GA Propeller-Driven Piston, GA Turboprop, Commercial Jat,
and llelicopter) Derived from Data Pressnted in Reference 13.

Gh PROPLLLER-DRIVEN (PIGYON EHGINE) GA_1NRDOEROE
AVERAGE AVERAGE
DIFFEBRENCE BIFFERENCE
SINGLE-EVENT (ADBOLUTE VALUEB) BINGLE~EVENT SrANDARD BINGLE-EVENY (ADSOLUTE VALUES) BINGLE~EVENT BINDARD
HEASURIE, BEM-gRe MEASURE, DEVIATION MEASURE, 8FM-SR8 MEASURE, DEVIATION
BEM an HEM dD BEM dn BEM dan
Lp, Ehp 0.4 Ly 2.1 Ly 0.0 ELLy 2.1
Ty 2.2 BLLy 2,2 Lp,ELp 0.3 E(Lpy ) ELlg 2.4
ELIJﬂ ! 2.4 m“B‘E["D 2-4 ELD 103 m.nn 3.0
Ln 2.7 EIJLB. E(Lp“) 2.5 EJJB 2.9 E(LI’N’T 3.1
ELp 3.0 Ip 2.6 ELLg 3.0 ELp 3.4
Ly 3.6 L o Lp . ELp ,ELA 2.7 ELTiy 4.5 LLZ 3.6
ELp 3.7 E{Lpy ) 2.8 Ly 5.1 Lpy 3.7
By 4.3 Lpe (Bpydpng 3.0 EfLpy} 5.5 Ly, ELp 3.8
ELPN 1.4 (LPN)T 3.4 LD 6.1 LLS 1.0
E(Lp“)w 7.1 ELp 7.9 Lp,ELp 4.4
ELy 0.8 E{Lpy)p 9.5 Lp 4.5
LLg 0,9 LLg 10. 1 Lp 4.6
Lt‘z 10.5 mz '10‘ ““PN)T 4-9
lpy 1.1 Lpy 13.3
(Lpy)dep 14.6 {Lpy )y 1.7

Rotor ‘The profix § danoten tha application of an integrated signal duration allowance

Lagoend:

Lp = unwolghted gound level
Lpelp,Ly = froquancy welghted oound leveln
Lpy = poroeivod noise level
(Lpy)p = porecalved noine leval with tone correctlon
LLpg = Stovana'n MK VI loudnoos calculation procedure
LLg = Zwickor's loudness cnlculatlon procedure
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Table 3=-4 Hank Ordering of Single~Bvent Measuren Usad to Predict Subjectlve Hesponsa

{Cont'd)

to hMreraft Holse (GMh Propeller-Driven Pilston, GA Turboprop, Commercial Jet,

and ltalicoptar) Derived f£rom Data Prosented In Referance 13.

pe B

COMMENCIAL JED (‘URLOFAN)

HELICOPTER (P18TON AND ‘TURBINE)

AVERAGE

AVERMGE
DIFFERENCE SINGLE-EVENT SINGLE-EVENT DIFFERENCE BINGLE~EVENT
BINGLE-EVENT (ADSOLUTE VALUES) " MEABURL, BLANDARD MBABURL, (ABSOLUTE VALUES) MEASURE, SI'ANDAND
MEASURE, SeM-8ng BEM DEVIATION BEM SEM-8RS 5EM DEVIATION
GEM an di db 111}
Lu 0.3 LLZ 2.7 ) ELP,LD 0.3 ELLH 3.4
Kb[l 1-4 2.9 Ln 0.5 ELLZ 305
[T’!"D 1.9 ELD'LI\'LPN 3.1 Ebhs 2.4 EDD 3.6
ELD 2.3 E(LPN)T.LLB,E{LPN) 3.2 LPlELD 3.2 E“"PN)'E(["PN)T 3.7
ELLgy 2.5 BlLLg 1.3 KLy 1.6 Llig,ELy 3.9
Ln 3.1 ELLZ 3.5 I"ﬂ'E‘LPN) 4.1 m.-n,LLB 4.3
ELp 3.7 (Lpylyp 3.7 Lig 4.9 Elp 1,6
EtLPN) 4.7 ELA 3.8 £LLy 5.2 I‘D'LPN 1.7
LLg 6.3 £ 0 4.6 ELp 6.8 Lp,Lp 5.0
L 6.9 BLp 8.1 Lpn 7.2
Lk, Lipy , 8.9 {Lpy)p 9.9
(Lppdp 1.6
Hoto: The prafix E dovotaes the opplication of an integrated nignal duration allowarca
Legend:
Lp = unwoightod aound level
Lp.Lp.Lp = froguency welighted sound lavels
i * percaived noloe level
(Lpy)p ™ porvaived nolse level with tone correction
LLg = Stevenn's MK VI loudness calculatlion procoedura

Ly w Zwickor's loudneos calculation procedure

. Ao o b st P e
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With respect to cengistency, the results shown on Table 3=4
gupport Ollerhoad's'? conclusion that, on the avezage, all of the single~
evant measures are extremaly consistent with the least variability for the
propellax-driven piston ajrcraft followed by the jets, turbopzops, and
helicopters, in that order. Ailso, by averaging over all aizeraft catagories,
it may bs seen that FElp, Ly and Ly are the most consistent froguency=
woightad sound level measures and that Ells, ELLg, E{lpy)} and E(Lpy)ey are
the most consistant calculated ascund lavel measurss.

Cenzidaring the propeller=driven piston, turboprop, and helicopter
airgraft as a single aircraft catsgory, the following have been concluded
from tha rasults presanted in Table 3-4:

1. ELLp is, on the avarage, more consistent for the propallar-
driven piaten, turboprop, and halicopter aircrafie shan for
tho jat aircraft.

2. Ip and Ly a:a, vn the average, leasc consistent for the
propallar=driven piscon, turboeprop and helicoptor aireraft
than for the jot aircrafe.

3, ILp, ElLg, E(lpy) and E{Lpply give zpproximataly the same
dagren of consiatsncy for all four ailreraft categories.

It should bs noted shat for all aircraft categuries, ineluding the
jet aircraft, the Lpy with & tone correction shows axtremsly poor acguracy
and poor consistency compared with all othar single-sven:t measurss.

However, applying a correction far ﬁignnl duration improved both the
accuracy and the congistancy of the tons ¢orrected Lpy for all ailrcrafs

categories.

3.1.2.2 Recent Investigaticons

Magt of the recent psy:hon:ous:ié gtudies have been concermnad
with subjective reaponse to holicoptar and larger commarcial jet alrerafe
neisa. Hewever, Shephaxd?® recently completod an investigation of the
annpyance from noise prbducnd by a4 light single=engined (piston) aizcraft.
Uping Ao numarical catogory scaling technique, 30 subjects gave annoyance
ratings to & total of 25 tape roecorded aircraft sounds. Theoe sounds had
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poak A=-welghtad sound levels of botween 65 and 85 48, and 10 db~down
durations of beswesn 2 and 45 seconds. Shepherd investicated the use of a
nupber of single=event measures including Ly, Lp, Loy Ips Lpys (Lpyle,
LEpn+ Stevens's MARK VII, and Lp. The following conclusions ware ;

reported;

¢ Thea addition of a duration correction to any ©f the coo=
monly used single-event measures helps explain annoyancs.
The benefit of this addition depends upon the msasure
usad and the form of the durasion correction emploved.

o In general, the increase in the value of the product~
monent corrclation coefficient obtained with the addition i
of a durasion corresction is only marginally simificant .
for the aircrafes sound investigatod.

© A5 db= and a 20 db-down durxtion correcticon appear o be
ag good ag the gonvaentional 10 dB=down duration corrsctien.

© For the aircraft scunds investigated, the 5 dB-down duration
producad consistently, though not significantly, larger :
product~momant correslation coefficienta.

In o recant study examining the subjective responss to several
helicopter blade-slap charactaristics, Lawson4l reported that L, and
Lpy underestimated the annoyance caused by impulsive noilSes by approxdi-
mately 2 dB. This finding was basad on tegt rosulss of a numarical catagery
pealing procadurs in which 40 subjects judged the annoyance (noiginess)
of synthesized halicopter sounds. Using a magnitude estimation precedura,
ratterson 41 et al. investigated the annoyance (noininess) rapponse of
actual helicopter flyovars. TITwenty~five subjects took pazt in the invessi-
gation and a DPC-3 (propellar-driven) aireraft was used a8 a raference sound
sourca. It was concluded that: 1) Thare is little diffaronce batwoen the
L. Lp and Lppy in predicting subjective respense; 2) The ogquivalant
continucus A-wedghted sound loavel ‘I‘Aeq) performed as wall as any of the
other meaguras, and 3) No correction for blade glap was found which improves
the predicticon of annoyanta. Intarestingly, it wkg réported that thore
ware individuals whose rasings of annoyance wers moras consistont with the
L~ and Ly fraguency-veighted sound levels.

3=25
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DBowsl142 investigated 72 actual £lyovers of two helicopters
and a small single engine propeller=~dziven aircraft. A total of 91 pubjects
locatad indoors and outdoors judgad the noisiness of the airerafits using a
numerical category scaling procedurs. It was concluded thasn:

1. Ro significant improvament in the noisiness predictive
ability of Lppy was provided by either an impulsiveness
correcsion or an impulsiveness cerrectionh based on an
A=weighted crest factor.*

2. For egual Lppy, the more impulsive helicopter was consistently
judged less noisy than was the less impulsive helliecopter,

In two seudiesids 44 conducted under FAL sponaorship concerning neise
cartificacion ¢riteria and implementation consjidarations for V/STOL air-
grafit, a number &f gingle-ecvent maasures were invastigatod to deternmdne
theizr validity in assangssing unnoynnca' ragponse and to egtimate noise
lovals that will be accaptable to communities surrounding airports. In the
firse study,“ 35 subjects made both magnituds estimation and absolute
acreptability judgmants €0 both actual and simulated recerdings of aireralt
flyovers. A total of 32 flyover signals ware prosanted at five differont
lavels, The flyoversz ilnsluded commereial jet powered aircrafes, szmall and
modium propaller~-driven pilston and turboprop commutesr alrerafs, both single
and twin engine halicopters, a V/STOL military jet fighter, a tilt wing
tucboprop V/STOL, and soven simulations reprasenting STOL adrcraft con=
figurations and operations. In all, 10 differant single-event msasures
woare svaluated including Ly and Lpy with each ¢orracted apcording ¢o
currant FAR~26 proceduras for tono, duration, and tone and duration combined.
Stovens's MK VI and MX VII ware also avaluated, but no esrrections ware
applied to thase proceduras. Because the study results were not prosentsed
with respuet to the individuald aireraft categorias, (i.e., propaller~driven
piaton, turbopropa, halicopter, aete.), the conclusicns zeported in this
study could net be spacifically related to the GA~type airerafs.

*The crest 2actor i peak spund lovel minug rms sound level.
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However in the follow-on study®d iz was comcluded that:

T+ Lpy with the current FAR-36 duraticn correction procsdure
(Lpylp reliably reflects annoyvance to helicopter noise.

2. No correction for “"slap" or tone is requized.

3. {Lp)p (duratien corrected) is not significantly differant
from (Lpylp for measuring effects of helicopter nedse.

4, Elimination of "“heavy slap" is cguivalent to a maximum of
a 2 to 3d8 (A-waighted sound level) raeduttion relative to

annoyance responsa.

1,1.3 Subjective Response Moasures to Multiple-Events
2.1.3.1 Types of Multsiple=-Event Measures

Prodiezion and understanding of community rasponse wo noipo
cannot be mads golely on the bagis of tha physical paramatars and acoustical
characterigsties of the noise expesure. FPor this reason, laboratory studies
of human response o airerafit noise do not provide sufficient informatien
alone to allow an adeguate undercsanding of commundity reactions or to
agtablish limits of acceptable noise exposuza. As a resuld, opinieon
(social) surveys have boen used o collect data concarning the dagras
of disgsanisfaction or annoyante exparigncod by indi:vidunls sxposad to
various lsvels of aircraft noisa. Theae dara are then correlated with
objective measyres that account for the alrcraft's noise charactaristics
and the volume of nirsraft activisy occurring ovar a gpocified periocd
of tima. Thase cbjective moasures, or multiple-evon:t measuras, are than
used to scale cumpnity or group rosponse (as opposad to the response of
any ona individual) to various cumulative magnitudes of aircraft noilse

AXposuTa.

The first studies concarned with community roeacticn o aircrafs
f0iss were undurtaken in the United States during the aarly 19508.95 In
£he late 19508, surveys were conducted around soveral United Ssates Adr
Fores militcary air basas to ldentify noise problems associated with the
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advent of jes airerafe.4® 1 1981 and 1987, comprehansive surveys wore
performad around Londen (Heathrow) Adrport.47/48 prom 19867 to 1971, thres
separate purvey elforts were conducted In the United 5tates to investigate
community reaction to commercial jet aircraft noise around asven major
airports (Beston, Chicago, Dallas, leos Angales, Miami, and New York) and
two cmaller city airports (Chattancoga and Reno/Sparks).49:50

Tho £irst multiple-evant measure propoasd for nircrafe noise was the
Composite Noise Rating (CNR), developad specifically for use in airpert/land use
planning. For takeoff and landing operations, CNR is defined matho-
masieally by;49,50

CNR = 10 logyp § eatilog{l(Lgy)y + 10 logqp (Npj + 20 Nyy)1/10} =12 (3=1)
]

where j is a single clase of oporation (aircraft type, type of oparation,
flight path, etc.) producing a particular type of noiss event at the point
in guegtion, ij and NN: ars the number &f daytime and nighttime
occurrences in that class, respectively, and {Lpyly L8 the maximum
percaived nolse level in that clasa.

Two peints should be noted regarding the CNR formulation:

1. It deals spacificnlly with airereft noisc "evonts" and
excludas other typas of ncige.

2« The night panalty, whiech ism equivalent to 13 &8, is based
cen an assumed increasad community sensitivity during the
night hours.

The CNR prodictive equation is of particular importances becauss
it formed the basis for many later multiple=aveant mMONSULes.

A2 a result of a number of criticioms of ¢€hs CNR measurs and
for a number of other reasons, the Noiso Exposure Forscast (NEF) procedura
was developed undar the gponscrship of the FAA in 1967.57 mhe NEF ia
dofined mathematically by:52

NEF = 10 logqy I antilog {[(Zgpy)y + 10 20g19(Npy + 16467 Bys}1/10}-88 (3-2) -
3

whare (Lppyly 4s the "affoctive” parcaived noise level.
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The WEF differsd £rom the CNR in three respects:

1. f7The perceived nolse level concept was replaced by the
effective percaivad nolse level measure which accounted
axplicitly for the effacts of flyover duration and dis-
ecrete froquency componante.

2. The generalizavion of sguivalent noise level which was
cbtained through continuous integration or summation and
which could include the effects of ambient noisa.>?

3+ The aiffarence in the constants used as normalization
facrors to adjust the measures for different volumes of
oparation.

The third measure, the Noise and Number Index (NNI) was davealoped
in England ag an outgrowth of the gocial surveys conductad arcund Heazthrow
Adrport. On the basis of the firgt survey, the NNI was developed Zrom a
bugt fit average responss, asguming a pricri dependence on beth nolae level
and numbar of eventsz. Tha MNI is given by: 54

NNI = 10 :.agw-:; {Santilog [(Lg),/10) + 15 log 8,1 ~}e0 (3=3)
3 3

vhaere Nﬂ is the total number of operaticns or events in a specified
period of time.

Investigations sonductsd in sevsral other countries used the
resulis of attitudinal surveys and physical noise moasuraments to dovelop
& number of additional relaticnships betweon community response and &
meagure of noilse exposura. As a result of these extensive afforcs %o
quantify community rosponse to alreraft, as well oz other noise scurces, &
numbar of nationally and intermationally racognized multiple~evant measures
have been developed. Scme of these measurse includs the German Mean
Annoyance Level (Q), the French Isopasophic Iadex (¥), the South African
Madiae Indax (NI}, the International Civil Aviantien Organization's Waighted
Equivalent Continuocus Papceived Nedige Lavel (WECHNL), the Naetherlanda Total
Noige Load (B), ¢he United Statas’ Day=Night Sound Level (Lay), the
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United Kingdom's Noise Psllution Level (NPL) and Traffic Nodise Index (TNI).
Anothar mulziple~event mesasure used by the State of Califormia for purposes
62 land use planning around airpérts is the Community Neoise Eguivalent
Level (CHEL), However, for mogt purpeses, CNEL is equivalent o the Lag.

Mathematical expressions Zfor these multiple=event measucos
are presantad in Reference 54. Howaver, most of thepe measuras baar a
gtrong resemblancs to the CNR, NEF, and NNI measuves with only minor diffe
erances in computational detail, ¥For example, the La, is given b:,':"6

- - -
Ly, = 10 log,, z entilog { [{Lg), + 10 log,, (Np, + 10 ¥y, )1/10} = 42,4 (3~4)

vheza (Lg)y is defined as the Sound Exposure Leval52? for the j-th noise

leval or svent.
3.1.3.2 Factors Affocting Mulsiple~Event Meagures

In the devslopmant of many of the multiple=ecvant moasuras,
it has boen gonorally assumed that community respense is ralatod to
a maagurs of the acoustical anargy, either sotal or average, oxpstienced
over a spacified interval of time. Basoad on this underliying assumption,
equivalent=cnargy models have been formulatad, accerding to which a 10~
feold change in aither acoustical enargy or numbar of svents ia eguivalent
t0 a 10 4B change in noipe exposurs level. Additionally, mest of the
mltiple~evant moasuros include a weighting factor to account for varying
noisa ponsitivity of people with time of day. In some cases, adjustmenta
for seasonal variationa may be incorporated. In the following pections,
the affects of the number of events and the time=—of~day weighting adjust=
ments on the validiey and accuracy of multiple-gvent measures will be
Aiscussed., Emphasis is focused on theas two “acoustical factors" since
they are ganerally considered to be two of the most ipportans parapstars
affecting the correlatien betwoon noise exposurz and community ToSpORAe.

A, Effoct of Number of Zvants

Basad on an equivelent~anergy modal, ¥ identical noise eventa
will sum in accordance with the relationship, X logqgh where K = 10.
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With only a faw exceptions,® this summing relationship is incorporated in
most of the existing multiple-event measures usad to quantify aircrafe

noise axposure.

Based on the 1961 London (Heathrow) Airpeort neise and opera=
tiong data used to develop t*he NNI, Galloway and Bishc953 have comparad
the mean annoyance scorss determined from the social survey dota with
caleulated CNR valuas. The ralationship between CNR and average annoyance is
shown in Figure 3-2, It may be seen that the CNR rating f£its the subjective
judgments of neise expogure guits well, in spite of the differant manner
in which the number of evants are accounzed for in the CNR and NNI equations.

Galloway’s reporss that based on analyses of the spoacond scocial
survay around Heathrow Airport (1967), the degree of correlation batwaen
tommundity response and nolse axposure is, in genaral, quite insensirive o
the value of K ugad in the pumming relationship ovar the range of from 2
o 22, But that some form of K logygl is useful in assesging anneyance
respensa. ln a rscent invastigation of the trade-off effpcts of aircrafs
noise level and numbar of events, Rice3® presenta study results which
tend to suppost the uza of X = 10 a0 an appropriate value in the sumning
relationship. Howaver, Rice notos that based on the resulte of the investi~-
gation it appears that the total number of events influences anneyances
judgments with optimum values of X baing zomawhat proportional to the
numbar of evants. In 1972, TracerS® reported the results of a otudy
to investigate the offect of commercial jer ailrczaft poise from smaller
eicy (commercial aviation) airports and to compars those data with thooe
from an carlier azudyd® of the offects of commercial 4ot alrezaft neise
exposure in big cities. The rasults indicatad thac 2 significant difference
exists botwean tho smaller citins and the biggar cities with respoct to the
relationship botween annoyance and aireraft noise axpesure at CNR valuos
balow 125. It was reported that the numbar of highly annoyed perpens in
tho smallor cities wag less than half that in the larger citises at thess
CNR values. It wao concluded that one of the factors most likely responsible
for the difference in annoyance rasponse was the relativaly lower airgraft
traffic volume cbmarved at the smaller city airports.

*Some of thesn exceptions include the Mean Annoyancs Leval (a): the
Reise and Number Index (NNI), and the Total Nodse Load (B).
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AVERAGE OPINION OF DEGASE OF ANNOYANCE

* DASED ON N = 250

15 LoG H - 8O

NNE = P"d“m\x + 10
(HNT)* 24 31 a1 54 64 74
I 1 T T
VERY MUCH — -
MODERATE — -
LITTIE — -
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Figura 3-2.

CHR = PNABL Y 4 10 106, N - 12

LONNON “lm\'l‘llll‘(m') ATRPORT SOCIAL SURVEY AHNOYAHCE RESIMONSE
AS A FUNCTTION OF CHI' AND HMI; DATA FROM 1961 SURVRY
{from Galloway and Dishop, Refeoronce %11,
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Rylander et al1.96,57,58 repores thas, based on data from a
numbar of aircrafs noise social survevs, the degree of annoyvance exprasged
by # naise exposad population is closely ralated tol the peak noise leval
of pingle flyovers., For arcas exposed to & low numboar of daily opesrations
(35 or lmas) the extent of "very aanoyed” in the populasion is essentially
zero provided the noise levels (of single events) do not axceed a maximum
A=-walghted sound Jlevel pf 90 4B, az which peint the percaent highly annoyed
increases markedly. For areas exposed to a high number of coperazions {50
or more) an increase in the axtent of "very annoyed” it found whan the
noise leval of tho neisiest aircraft excoeds 70 to 75 dB. 1In these high
exposure arsas it is reportad that tha increase of mean annoyance with
maxizum or peak A=weightad noipe levals up to 95 dB is lipaar with a
corrslation coefficient of 0.99.

Cennor and PattarsenS? nave recently investigated the genaral
validisy of the "eguivalant-onorgy” and the "paak A=-weightod sound leval®
concupts as applind to community annoyance to aircraft neise. Using
data previcusly gathered around aine U, 5. airports,4P:50 ie was concludsd
that annoyanse response follows neithar concept. Additionally, it was

Tepartad =hat:

1+ Annoyance response can be butter predicted by treating
lavel and numbsr of events as separate variables, rathar
than combining them in a single~number exposure parametear.

2, Junoyance increasaes steadily with energy-muan lavel for
eonztent daily operations.

3. Annoyanca incraasas with anumbers of sparations up to 100=
189 per day, then docreascs for high numbors.

4. The statistical dizeribution of individual annovance varies
with level and pumber of evanms, thud influencing tha behavioer
of any single noise moasurs, such as & mean of a porcentila
value, zelative to that of ancther measura.

Bs DParisd of the Day

. Most of the multiple=event mensures divide tha day inte two oF more
diacrate time periods. Some of these periods may be welghtad to account for
variations in community sensitiviesy ¢o noipe during thase parieds. Thase
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mlciple=event maasures usually divide the day into two pericds, daytims

and nighttime, or three periocds, daytime, evening and nighttime.* Ragard-

less of whather the day is divided inte twoe or three time periods, nighttime

nolise expasure or nolse levels are generally weighted by an addtional 10

di. The 10 dB penalty treats nighttime sounds as thoush they were edither

10 4B more intaense than they actuslly are. However, specific documantation

in support of the 10 4B nighttime penalty is scant. It appears sthat the

palection of a 10 4B wvalue was made more on the basis of judgmant than on

actual scientific findings. Furthermore, justification for the usse of a 10

4B nighttime penalty nas been based primarily on the basis that there is no

strong evidencs 0 contradist its use. For example, the use of a 10 48 .
panalty applied to nighttime exposure in the NIF procadure appeargs to have
boen carried over from the earlier CNR scheme. However, little guantsicative
data to supperst 4 10 4B nighstime weighting have ¢var been prosansed for
either the CNR or tha NEF proceduras.

The EPA "Levals Documnnt"52 based the choice of 10 dB for the
nighttinme waighting of nodlse levels on its extonsive prior usage and an
datn obtained from 55 community nolse surveys showing the time variations
of of anviroomsntal neise laval over & 24=hour period. Support for tha 10
4B nighttime penalty was baped on the following three agsumptiong: 1) the
sama noise anvironment it consldared more digturbing during nighttime
than daytime, 2) the extorior background noise levels tend to drop by 10 ap
er mors duxing the night in most communities, and 3) the reducad activity
inside homes during the nighttime contributas to the gaparal lowering of
intorior nolse lovals. Thua, it was concluded that neise evants ocourring
duzing the ndghttime should bo woightod £o0 raflect the inereaned intrusive-
nagg of thalr diasturbancs. Furtharmore, the "Levals Dogsument® statad that
the 10 45 nighttims penalty was appropriato because it would: 1) asgure
that the day sound laval (Ly) and tho aighttime gound lavel(ly,) coptri=
buted about oqually te Lgan in low noise anvi:pnmenr.s (45 ¢o 55 aB), and
2) apply pressura towards & 24-hour reducticn in noise lavals in high nolde

anvizonmants (65 so 90 d4B).

*For & two pariod day tha dayeims is from 7 a.m. 0 10 p.m. and the nighttime is
from 10 p.m. to 7 a.m. For a three poriod day the daytims is frem 7  a.D. to
7 p.ms, evoning is from 7 p.m. o 10 pum., and nighttime is frem 10 p.m. to 7 a.m.
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Racent studies have presanted data which suggest thst a 10 4B
penalty for nighttime perieds may pnot be the appropriate weighting wvalue
{evg., Borsky,®0 Pidell and Jones, 6! Ollerhead,62/63 and Man-Acoustics
and Neisebé). Based on results from a study of variations in community
annoyance around New York (JFK), Borsky®C suggesss that the 10 &B penalty
is much too high. Fidell and Jones 5! investigeted the effects of reducing
nighttime noise exposure in a community near Los Angalas International
Adrpart by 25 %o 30 4B {A=weightad) batween 11:00 p.m. and 6:00 a.m.

Bassd on the results of this investigation, it was reported that the
raduction in noisa exposure had no appraciable short-term effect on the
reposted sleeping habits, communicatlions interference, or beliefs in

danger or misfeasance of the affected population, nor did it significantly
change their lovals of anncoyance, whether annoyance was spacific te speach
and sleap interfersnce or gensral ¢o aircraft noiss. It was suggested that
& pomssible axplanation may 1ia in the nighttime penalty, indicating a
possibility that 10 4B is too large. In & zecent gtudy by Ollerhmadb2
concarning the relative annoyance of aircraft neise in communitias around
London (Heathrow) Adrport, it was reported that aircraft noise is considered
te be worse, in torms of disturbance and annoyanca, during the evening than
during the day (one avening airerafs flyovar baing eguivalant to four
doytime adrcraft flyovers) and that aireraft nolse causes liztle or ne
dioturbance to monat people at night, presumably bacause they cBlesp through
it. However, poople who are diptrubed at night consider the disturbanco to
bs more savare and more anncoying than during the waking day and avening
hours. It was concluded that with raspect to the structure of multiple-evant
measuras used to predict commundty annoyvance from airsraft operations, an
ovening welghting of about 5 or 6 4B saams mors appropriata and that the
commonly used walghting of 10 dB iz prebably too large and extends ovax too
long & period of time. It was suggastoed cthat parhaps the svening time
period be extanded to 1:00 a.m, to cover the critical "falling asleep®
phase and 2 apply & zero waighting for the remainder of the night.

In a recent investigation to determine airport neise levels
that are compatible with residential lving activities, Man~hcoustics and
Noiaeb4 rpported resulss which strengly suppert Ollerhoad's62? conclusions
zagarding the peomalties for nighttime flyover intrusiona. In this study,
community noise simulation systemn were placed in tha homes of twenty=foux

=35



A s o e e e, .,

e b g A

73

familias that ware not previously lmpactad by actual airpert neoise. FPour
diffarant alrport nolse conditions wera simula'.:adl. Three conditions in-
valved day £flights of 150 commercial aircraft (2,3,and 4-engine turbojex
and turbafan) producing average WEF values of 36.9, 32.5, and 26.9. The
fourth condition added 18 night £lights (10 p.m. %o 7 a.m ) which resulted
in & maan NEF of 32.9. Based on the findings of this study, it was
concluded that:

1. Interference and general annovance was highest in the cvening
time (7 p.m. o 10 p.m. )y
2, The 10 4B panalty for night flights is too lsrge and csuld ba

reduced to 5 or 6 dB, a weighting value which would mere accoure
ately zeflect community responss to alrport nolse anvironmants.

An additional zelevant Zinding was that, on the average, parsicipasts tanded
to undareatimate the numbar of flyover intrusions they were actually exporiencing, l
guggesting the possibility that they were responding primarily to the loudar ;

£lyovars.

3.%1.3.3 Compariscn of Multiple-Event Maasures Used to Assess Community
Ragponge to Aircraft Noise Exposure

A, Theorstical Comparisens

A number of atudios have comparad seme of tha currently uwsed -
multiple~event meagurea by computing aingles~numbar ratings for cach
moeasure using ldentical ancise and operational parametars. The rating
valuas for each multiple~gvent measure are than comparad (generally on the
baeis of tha number of operations) to determins the degraes of corralation.

Galloway and Von Giarke®5, for example, comparsd the GNR, NNI and
E on the basis of the number ¢f daytims opt;:ntiuns for a situation whers
the avarage maximum perceivaed noise lavel wag 110 db with a Aurasion of 15
seconds. It was concluded that the diffarences among these throe procedurag
axze vaery small compared to the ovarall uncerzaingy in measuring community
Teactien., However, both NNI ond O provide a higher penalty on numbar
of operatieona above 50 per day for a given neise level than doas CNR.
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SarendipityBé compared the ONR, NEF and NNI on the basis of the
numbar of daytime operations for two differant cases; 1) with equal base

noise measures (i.e., lpy = (Lpy)max® Lppy). and 2) with unequal base
neise measures, For the first case the following relationships were determinad:

NEF = CNR - 76
CNR = NNI + 68 = 5 logqgWN
NEF » NNI - 8 = 5 logegN

whara N is the total numbar of operatione. For the second case, the

relationships were given bw:

NEF = CNR + (Lppy = Lpy) = 76
CNR = NNI + [Ipy = (Lpylgax) + 68 = 5 logqgN
. NEF # NNI + [Lgpy = (IpNimax] = & = 5 logqgN

Galloway 1€ naa compared a number of prominent mulsiple-event measures :
on the basis of the nuober of daytime operations assuming an effective ‘
duration of 10 seconds, & maximum Lpy and Lppy of 110 dB, and the '
apsumption that L, is approximately 12 dB less than Lpy. The meagurss
compared includod Lans CNEL, WECPNL, B, ﬁ, N, NNI, NEF,and CNR.

This comparison iz ghown in FPigure 3«3. On the basis of this compariseon,
Ga.llnway16 concludans that all of the measures are highly correolated, and that
most are conceptually identical for all practical purposes, differing only
in minor detail and, thus, social surveys can be correlatad on the basis of

any af the zating moasuTes.

It should be notad that 4in all of the above comparigon studies,
the oxprassiens usod &g & basis for comparison ware general, or only
appreximations, to the actual multiple-avent oguations, applicable to
2 linitod sat of noise and cperatiocnnl conditions (i.s.,a £fixed noise
laval and affeoctive time duratien, and only daytime operatioens considered).
Additionally, the aasumed relationahips among the szingle=svent moaguras
usad to compute the multiple~eovent moasures are only approximations based
on aversges of maasurement &tn. For oxample, the diffearsnces betwean
Lppy and Lpy or Lpy and Ly, and the offective time duration of an
aircraft flyover vary as & Zfunction of digtances from the airecraft. Under
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mars roalistic conditions, the relationships among the multiple~svant meas=
ures would ba, mogt likely, somewhat differont than thoas raported. Howevar,
because all of the measgures will increase or decreass proportiocnally with

sound pressure level and number of cperations, a high correlation would

still be axpected,

The EPA "Levels Document®S52 gcates that thers is no £ixed
relationship between La, and CNEL, CNR, or NEF due to diffarences
batwean the Lp and the Lpy frogquency weightings and the allowancs for
duration, as well asg the minor aiffersnces in approach to adjusting for
nighttime neoise events. However, the following approximate relatienships \

ward given:

Lap & ONEL :
Lan & NEF + 35 |
NEF & CNR=70

B, Empirical Lompariscons

A nunber of studics have comparad sgome of the currently used
mulriple=avant meagures by compusing single-pumber ratings for each meagure
using the asama f£iald moasurement diata. Thase rating values are compared to
determine the relacionships among the multiple-evant moasures and €O
determine their degree of corrslation.

Uzing acsustical measuromant deta obtained arsund sevan U.S.
alrports, Tracord? raports that the ONR, NNI* and REP are practieally
intarchangeable and highly intercerralated, partigulazrly in the range
éxpested to ¢ annoying. The following relationships and corresponding
corralation coofficients ware reported:

CHR = NEF + 72 {zr = (.90)
CNR = NKI + 56 (2 = 0,99)

+

Tho correlatisn coefficient betwean NEF and NNI wag given ag x = 0.B8@,

however né rolatienship was given.

*NNI was defined mathamasically in thip study by the following axprassion:

NNI = 10 logqp | antilog (Ln:%-d—)d- antiloyg (—W—I-?D—*-'-—”)] i

whare NNIa and NWI, ara the values datarmined for day and night,
reapectively.
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Using the rasults of a number of social surveys concerning
aireraZe poise, Schuizz67? presents relationships betwaen La, and
HNI. These relationships are shown in the following table:

Lan ®» 8 NNI + b

Survey ! -}
London Heathvow (1861) 0.760 37.5
Swadish (1972) 0.877 a1.7
Swigs (1973) 0.833 33.3
London Heathrow {1967) 0.855 33.5

i general relaticnship batween Lap and KNI has been detsrmined
by averaging the Heathrow (1%961), Swadish, and Swiss eguations and iz given
as Lag = 0.82 NNI =+ 34.2.

€. Realationship Batween Muldiple~ and Single<Event Maasures

It is genorally agreed that the annoyance responas of a commanity
cxposed To alrcraft nolse is adeguately predicted by an acoustical anergy
summation model. Howaver, alternative models such as the "pesk A=weighted
sound level" concapt have bean recently proposed but have thus fary not
raceived breoad support. It would bo of some intarast +o oxamine the
realationship between the maxisum or peak levels observed for a aumber of
independent time~varying eventa, such as aircraft flyovers, and rusulting
cumilative noise axposure levals moasursd at the same locations. The Lag
maltiple—avant measurs was sslected for this esvaluation.

For a perics of single=event noisos, La, ¢an be estimated
by the following expressien:S2

Lan ™ Lamax * 10 10gqg (D/2) + 10 logsg (Ka + 10Ny} =49.4 (3=5)

wharo Lamax = maXiguad or peak A=walghtod sound loval, @B

durption ¢f the noize signal moasured from the 10 dB=
down points, seconda

Ra = fotal number of daytims evonts
Ny = total numbar of nighttima avents,

3=40
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For simplicity, it will bo assumed that all of the single~avant
nolse signatuxves are identical and theraforas, all will have egual Lpamay
and D values. SchultzB7 has presented a relatienship between the 10 dB-
dowh duration and the Lp, ... occurring during an sdrcraft Llyover. This

relationship is given as:

D=~ 0,634 Lymay *+ 73.2, seconds (3=6)

Substivuting «his exprassion into eguation 3=5 and lesting X

]
rapregent the percentage of nighttime £lights (i.e., X = 100 = nn j
g * Np
the Lan oquation bacomes:
Lan = Lamax *+ 10 logigh + 10 logyg (1 + 0.02X) =+ {3=7)

10 logqg (=04317 Lpmay + 36.6) ~49.4
where N iz the tstal numbaezr of daily £lights, i.e., N = Na * Np.

Using equation 3~7, relatlonships between Lan and Limax
for various combinations of total daily operations and percentage of

nighttime opersticns can be examined.

Agpuming 10 percent nighttime operations, Figura 3=-4 shows
Lan 08 & funcnien of Lyma. and total number of daily operations.
Pigure 3-5 shows the diffarocnce between Lypgny and La, as a function
©f Ipmay and total number of daily operations. Three dally traffic
volumas have been shown in each figura: 35, 150, and 1000 eperations per
day.

Plgures 3=4 and 3=5 ghow the trading relaticnship betwesn noise
lovel and total number of events, tharacteristic of the equivalent-shergy
models. They aleo provide ingight roegording the validity of the "poak A=
weighted sound level® stimulua/response model proposed by RylanderS6.57,58
at al, According to these authors, for arsas exposad to daily oparations
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of 35 or less, the percent "very annoyed” in the population is essentially
rero provided the noise levels (of =ingle events) do not excesd a maximum
of 90 dB, at which point the percent highly annoyed increases markedly.
hlso, for arsas exposed to daily operations of 50 or more, an increase in
the percent "very annoyed" is found whan the nolse lavel of the neisisst
aircraft exceeds 70 to 75 dB. From Figure 3=-4 it may be aesn that for

35 total daily cperations (assuming 10 percent nighttime operations) a
change in maximum noise level of from 40 to 90 4B, results in a corre~
sponding change in Lg, of from 23 to 68 dB. Assuming ambient Lg, noise
levels of 60 dB or less, the aircra#®t cperations do not begin to contribute
simificantly (en an energy basis) to the noise environment (or are not
noticed) until their maximum A=weighted noise level approaches BO o 90 &B.
Howaver, for total daily cparations of 150 gr more, the contribution of the
airecxaft noise to the total La, beecomes comparable to that of the assumed
ambient at maximum A-waightod noise levels of from 70 to 75 dB. For this
noise level range (70 to 75 dB), if may be peen Arem Figure 3~4 that the
Lan contribuvions from a 1000 daily aircraft opevamions weuld exceed an
ambient lavel of 50 4B by 4zom 5 to 10 48, Additienally, increases in the
maximim A-woighted lovels would result in proportional increases in the
total Lan. These increasaes could occur even for the pitustion whare tha
nodsiest aircraft representod only a small percantage of the total number
of daily operatiens. For example, if the traffic volums at an aizport is
185 cparations per day with 35 (19 percent) cperations perfermed by the
noisiest aircrafs, it may be sesen from Figure 3=4 that if the quietsor and
noisier aircraft producta maximum A=-weighted levels of 70 4B and 90 4B,
rodpectivaly, the noizier aircraft would control the total La,. This is,
of coursa, an extrame case but it sorves to illustrate the point.

It is also invercsting to nota that, as sghown on Figure 3-3,
as the total mumber of dally cperasions imcroasas, the difference batween
Lpmny and Lan decroasas. The implication baing that under ceztain
opaerational conditions, the maximum A=waighted noise level could serve as
an adeguate noise exposura and ragpohss moasurc.
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3. 1.4 Community Respense to Adrerafs Noise

There iz little doubt that environmental noise interferes with
and digrupts an extensive range of human activities. The subjective
imprescions of the noige, and the activity interfarence and disruptien it
produces, are balieved to contribute sighificantly to the gensral faeling
of annovance. Howewver, it is generally agreed that these two copntributors
slone cannct adequately prodict the deagree of induced annoyance saxperisnced
by individuals living in the vieinity of nolse sources. In fact, the
rogults of many studies have shown poor correlation between individual
ragponse and measured physical characteristics of the noise environment.
Typical results from communify noise susveys show that less than eone
guartar of the variance in individual annoyance reactions can be attridbuted
to physical noise expocura. The remaining variance is believed to be
cauped by differances in sensivpivity to annoyance by noise (or nolse
annoyance suscaptibility) among individuals at the same oxposure level,
Earlier annoyance prediction models accountod for these diffarences statds-
tically in two ways: 1) by averaging the responsaes of individuals and
using the median respeonse as a prediction measurs, and 2} by incorporating
meagures of poycho-social variables™ (or imtervening nonaceustical
variables) which ars purported to affect annoyance independantly of nolse
expesure. Although both methods increase the corrslation between annoysnce
rasponsa and noise oxposura lavel, thers is gome gquagtion regarding the
raliabilisy of theso metheds, particulazly with ragard to establishing
eritericn levels +o asmess community noise impact.

MeXennall® has pointed out & numbar of pogsidle limisationz of
tha use of an aversge or "central tendency” rosponse relationship. Firas,
the average ruspondse does not provide information regarding the nature and
extent of tho variation in annoyancs reponse. Second, the average ragponse
rglationships ara constructed from particular combinations of paycho=sosial
factors that existed at o particular po'ia: in time in a particular locality.

*S5eme of thage variables include: 1) opiniecns abour the affects of aircraft
noliga on health, feuar of aircraft crashes, attitudes about the provent~
ability of the neise exposure {misfeacanca), and atsitudes regarding the

imporcance
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Genaralizing these regults to other localities or to the future in the game
logality implicitly assumes that tho attitude structure in thesa othar situ=
ations would replicate that found in the particular survey. It iz evidant
that this particular asssumption would pe invalid if there were changes in
the mix of ralevant psycho=-social attisudes in the population or if the mix
ig different among the populations being compared. Finally, surveys designed
co establish the central tendency run the risk of reglonal biases which

could distor:, waasken, or even reverse the expected cantral tendency result.

Schulezb7? suggests that the importance of the nonatcustical
vaziables have bean overemphasized and <hat a possidle reason Sor sthe low
correalation batween individual annoyance response and nolse expogura level
nan boon the poor handling of the acoustieal variablas. Schultz§7 alse
suggosts that, with respect te sarlier noise surveys, half of the sample
pepulation at each noise axpscure level who respond below the cantral
tandency have zimply not heard the nolse measured in the survey. Tho
principal =easen for shis is attenuation of the nolse relative to the
maagurement logasion dus to distance, houge erientation, shislding by other
buildings or terrain, and noips reduction through the building structure

itoell.

Schulez67 proposoas that comparsd with the central tendancy
cuncept, & mere meaningful and ugeful method for predisting community
segpense €0 nolse axphsure would e one based oh "parcant highly anncyad®.
In addition to the high eorrelation betwean the noise exposure and tho
expressed gubjective reaction, the use of parcent highly annoyed ia
supporsed on the basis of the following:

1. The median response iz much more difficult to translato

Zrom one annoyance seala to qnotha:, in svaryday torma
that are undesstood by politicians and policy makers:

2, "porecent highly annoyed" carries 4 common-sense import
that avarage responsa completaly lacks;

3. Avarage annoyance raspeonse iz distorted by the responsas
af che "superpangitives® and the "imparturbables'™;

4. The median responsa does not adequataly daseribe that part
of the population whosa expressed annoyance actually
changes with differencas in noise expopura;

5, The modian responss to noise corrasponds emsantially %o "no
complainta™ and is not dealing with the community nolse
proebleom at all,
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Based on 4zta obtained from a numher of airccaft neise social
susveys, +the EPL "Levels Dor:umen:"sz presents twd linsar celationships
boatween percentage of the axposad populasion bighly annoved and noise
expegure® gpecified in terms of outdoor day-nigh: sound level. Theas
falationships were devaloped fZxrom the Iirst London Heathrow Aisport susvey,
and Zrom whe conmbined results of the sacond London Heathhow Lilvport suxvey
and eight U.S. air cazgier airpast surveys. The combined survey relationship
was dcveloped £rom dazs representing "moderate’ responses <o the attitudes
af “foaz” and “misfeaganoe”. Bash relationships, aleaps wizh the combinad
Sasults ©f the *wo Lopdon~Heathrow surveys and the eight U.S. adr garrvier

eirport susveys, aro shown in Figure 3=6.

Bazed on the results of eleven posial survays concerning the
neiso Zrom airgraft, street traffic, expressway trefiic, and railroads,
schulszf? nas roecantly develeped a genersplized selatienship bemween
percent highly annhoyed and outdoor nolse leved in tezms of Lan. The
sligven surveys congiderad in the evaluation inslude the Zollewing:

1. Pizg:t Heashrow Aircrefs (1661)
2. PFranch Airersft (1966)

3., Sacond Hegthrow Airezzfs (1967)
4, Munich Aircraft (1969)

E. Pariz Stroet Traffic (1965)

6. BSwiss Road Traffic (1972)

7. Lendon Strect Txafiic (1972)
8, BSwedigh Aireradt {1972)

S, Swigss Alrcraftt (1573)

10. T™ranch Railroad (1872)

11, Uzban Noise Susvey=EPA (1974)

The dath used =0 dovalop <he gann;znliznd Tolationahip i3
shown in Pigure J=7. aAdrcozafs detp points are ropresented by salid
cirsles while the nop=airerass dasta points ave reprosentad by solid
sguares. Daing statistical regrepsion technigues, best fit equations
have baon develpped uting the following thres sets of dzts:

*Figures D=10 anmd D+-13 in Appandix D of Rofaraence 52.
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1. All aircrafit and non-aircrafy data points;
2, Airzegraft data points only;

3, Non-aircraft data points only (less the French Railroad
:ﬂ)n

Linsar, quadratic, and cubic functional forms weare Zfitted to
ecach data pet. In addition, because of the significant number of data
points Palow Lan of 55% dB, best £it equations were alse developed for
sach data set ¢considering only those points egual to of graatar than La,
of 55 dB. However, for this case, only tha linear and cubic functional

forms were evaluated,

For the aircraft dasa set only, the beast fit relationships
derived Zrom ail avallablo data peints and £rom datu poines with La,
egual t£o or graater than 55 dB are shown in Figures 3-8 and 3-3, raspactivaly.
For cempariscn, the relatcionship devaloped by Schulsz {as presented in
Rafaronca 67) is alao shown in each of these figurss.

Table 3-6 presants & complete summary listing of the regrassion
equations developed for all purvey data sets, functional forme, and the
two Lap data point zanges. Additdonally, relevant statistics ingluding
the gtandard arror of estimate and the product-moment correlation coafficient

ars presanted.

Banad on Figures 3-8 and J3-2 and the information preaented in
Table 3~6&, the following conclusions can be made regarding the annoyance
response datn roported by Schultz 67,

1. Fox sach ©f the three data pets considared, thore ip
statistically little diZference among the three functional
forme uged to obtain best fit relationships batwean parcent
highly amnoyed and La4.. This sapplies to both Lgn dota
peint rangas, i.e., &ll awvailable daza points and only data
points with Lan oqual te or grester than 55 dB;

*55 &b has besn identified by the EPA as the outdoor yearly day-night sound lavel

that will protect public health and walfare (in regidential areas) with 2
margin of safaty.
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Tabla 3~5 BEST FUI FUNCTIONAL FORMS AND RELEVANT SUATISTICAL DATA FOR NELATIONSNIPS REPREBENTING PERCENT MIGHLY
ANNOYED (®UA) A8 A FUNCTION OF DAY-NIGHT SOUND LEVEL; DASED OH DATA PRESENTED 1IN REFERENCE 67

ALL AVALLADLE DATA POINTS USED IN REGRESSIONS
BHA = &+ B(Lay) + Clbgy)? + DlLg,)3

SPANDARD BERROR  CORRELAVION

FUNCEZONAL NO. OF
FORM DATA BETS DATA POINTS A p c D OF EBTIMATI COEFFICIENT
ATRCRAFY 155 «99, 50 1.86 0 0 10,960 0.0870
AND -
MON=ALRCIALT
LINEAR ALRCRAST 8o -98,26 1.85 0 0 12,294 0.075
OtLY
NON-AIRCRAFT 62 -105,02 1,94 0 0 8.704 0.675
otLY*
l‘l
o AIRCRAFT 155 111.92 -4.5628  0.0475736 0 9,234 0,910
AND
NOR=-ALCRAERT
QUADRATLIC AIRCRAFD 00 121,24 -4.8647 0.049693 1 o 9,950 0.921
otiLY
MOR-AIRCRAFT 62 156.83  -5.8399  0,0584534 0 7.793 0.903
LY. :
ALNCRARY 155 230,21  ~10.0340 0. 130262 ~0.408884 9,241 0.911
AND x10™3
HON~ALRCRAFT
cunic AIRCHAFT 00 215,989  ~9,2775 0. 116643 -0,331349 9,908 0,922
ONLY x10-3
NOH=ATRCRAFY 62 69.24  «2.00029 0 0.286250 7.814 0,902
oMLY ? (**) w1o=3

4 fFronch Rallroad survey data not Included
A* pdditon of this term did not lmprove corrslation coeffioclent
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Table 3-5 pEST 10 FUNCTXONAL FOMMS AND RELEVANT STATISTICAL DATA FOR RELATLONSHIPS REPRESENTING PERCENT IIIGHLY
{Continund) ANHOYED (SHA) AS A FUNCTION OIF DAY-NIGHYT 50UND LEVEL, DABED OH DATAR PRESENTED IN REFERENCE 67

OMLY DA'PA POINTE WITH Lg, EQUAL 10 OR GREATER 'LiAN 55 4B USED IN REGRESSIOHS
WA = A+ BlLgy) + ClLgy)? + D{Lgy)3

FUNCTIONAL to. or STANDARD ERROR  CORRELATION

FonM DAL BETS DATA POINTE D 5] C [ OF BESTIMATL COEFFICIEHT
AIRCRAFT 133 -118.53 2.10 0 0 9.818 0.875
AND
HON~RIRCIAFT
LIMSAR . AIRCRAIY 69 ~124.50 2,17 0 0 10.584 0.806
oMLY
NOM~AZRCIAFT 59 ~114.38 2.070 0 0 B.597 0.876
ONLY*
AIRCRAFT - - - - - - -
D
NON-AXRCRAEY
QUADRATIC AIRCHATY - - - - - - -
OHLY
NON~AIRCRAFL - - - - - - -
ONLY*
ALNCRAFY 133 14.96  -0.023279 0 0. 189697 9,741 0.093
' AND (v) %1073
HOM=RIRCRARD .
cunte ALRCRALY 69 B.54  ~0.735085 0 -0,196373 10.769 0,900
ONLY (#v) x10™3
NON=AXRCRANT 59 61.98  -1.84365 0 0.275783 8.004 0. 095
oMLY * tar) x10~

¢ Pronch fallroad survey data not included
#% padition of thia torm did not linprovea correlation coeffloiont




2 Based on the data used to develop the regreassion
relationthips between percent highly anncoyed and La,, it
&ppears that there is little diffsrence betwaen annoyance
rasponae to aircraft noise and response to nen-alrcraft

nolse sources;

3. The begs fit relationships betwaen percent highly annoyed
and Lan are genarally as good, and in some cases better
vwharn data points with La, less than 55 dB are cimitted,
i.a., when the "gupersensitives" are not considared.

It should be notad that general agreament does not axist concerning
the annoyance response similarity bezwesn airsraft and non=sircraZt nolse

OOURCO&.

In a recent laboratory study” by Riee,b52 sixtoen subjects

wars axpesad to aircraft and traffic nodse while nngngclad in a rocroational
aetivity. Racordings of the noise produced by Boaing 747's, 707's, 727'a,
and McDonnell Douglas DC=10's during landing operations were presanted to
subjects at thres A-weightod squivalent of noise levels 40, 50, and 60 dB
at threo rates of 4, 8, and 16 per twenty-five minutes. Trafiic noise was
Prosented at the same poise levels for each of the following three different
gizuations: 1) dietant freaway traffic, 2) busy divided highway, and 3) &
quiet rosidential aroa with trucks. ‘The study Tesults indicated that:

t» Dased on average subjective scale values, traffie nolse
was judged 2ignificantly mera annoying and more difficult
to Lve with than aircoraft noise for oqual indoor Lpco
lovals, '

2. Thera i no singls measures that will predict egual subjactive
responses for hoth airexaft and wxaific nolse.

Howaver, after adjusting for noise reduction (building
attonuntion), ™" RiceS9 prasents datn showing the psrcent highly annoyed

*The gtudy was conducted in a simulated domeastic living room built
within o laboratory environment, and isalated f£rom all noise axcept
that which was deliberataly introduced during the coursse of the
eXperiment.

**Por aireraft and the distant freeway traffic, the noise reductien
wag abour 20dB, whareas for the divided highway and truck traffic,
the loss was closar ¢o 2448,

3~55
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as & funecuion of outdoor noise lavel for both alrgsaft and traffic noise

sourcas. These data, along with a best fit linear relationship, are shown

in Figure 3=10. In the development of this relationship, Lg, was set

squal to Lpeg + 3 d8.* Az seon in Figure 3-~10, the percent highly

annoyed by aircraft nolse or by traffic noise, &t egual outdoor Lgp ‘
levals are, for all practical purposes, identical. Although some response

diffarences may exist buzwoeen =he tTwo soursas, it would be difficult o

conclude shat these differences are gignificant.

Figure 3=-11 presects a comparison of a number of suggestod
ralationships between percant highly annoyed and noise exposure levels .1.::
turms Of Lan. Relationshipa shown in Figure 3=11 include the following:

1. Combined resules of both lLondon~Heathrow Adrport surveys
and the aight U.S. Airpert Surveys 1(Rl:to:u:lmcn 52},

2. Schultz's gaperalized relationship based on elaven social
susveys (Reference &§7);

. Compogite ralationship comprised of the following:

a. Straighteline fits for aircraft davs sats (presantad in
Rafarance 67) using all available data podnts and only
dats pointe with Lay equal €0 or greater than S5 48,

b. Combined cutdoor aireraft neise and trafific noise response
data presented by Rice (Roference 69).

ith respect to GA airceraft and GA airport oparations, relativaely
litzle effor: has been focussd on quantifying community rasponse 0 noige
expoours. Rohrmann?!, Harris,72/73 and Hall et al.74 have recantly
reportad rosults of community gsurvey studies concerning the reactions o
naise exposure arsund airports serving prodominantly small, nen-commersial
aircraft. The results presonted in these ptudies, however, are not sufficient
to devolop quantitative ralationships between parcent highly annoyed and
iovel of noise oxpesure, at least oh & basls cumparable with othar ralation=-
ships previously shown. Nwenhalan,baau& on the resulta presontad in
theoe recent studies, it iz concluded that GA aircraft oparations can, and
do in mcme capus, create comnunity noise problems. Rohemann 77 found

, that approximataly half of thooe living near the sirports investigated are

annoyedl, to samio degree, by alrcraft cperations. In an iavestigation

*This relatienship wos derived on the basis that the moasured

difference betwaosn the daytime equivalent sound level (L) and the
nighttime oquivalent scund lavel in typical residential aroas is probably
en the order of 4 4B (sce pags B=Y of Referencea 70).
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involving eight GA airporte in Massachusetts, Harris 72:73 eoncluded
shat at these airposts:
1. Cumulative zizcraft nolise near the ambient resulting frem
other noise sources resulted in concerted community action;

2, Airport neighbors f£irst complained about levels of nodlse
expogurs from touch~and-go training cperaticens about 5 4B
lowar than thay first complained about levels of noilsa
axposure from normal arzivals and departures;

3. Raighbors complainad less, for & given nodise leval, when
the neighbors, the FAA and the airport proprietor were able
{0 work together,

Harris’2 suggests noise exposure limits at residentially
zoned areas arocund GA type airports in accordance with the following:

TYPE OF ACTIVITY KOISE EXPOSURE LIMT®
Itinerant operaticns Lan ©f 55 dB or the annual

average of the ambient La.
plug § 4B, whichever ls greatar

Touch-and-go oparations Lan 0f 50 dB or the annual
avarage of the ambient Lag,

whichavar is grasser

Bazris’2 also suggasta noise axposure limits for arcas around
commercial (air carrier) sirporcs {Lan of 65 AB) and arcund airports
gerving military jet airecraft (L, of 70 dB). Adthough the noise expoBure
limits for GA type airports are £rom 10 to 20 4B lower than for <the other
airport types, Harris’? doos not discums the reasons for these differancas.

Hal) et al.7d pesformed 221 inverviews &t 15 cites azound an
sirport serving predeominantly Gh aircraft" to investigase communisy
reagponse to nolse frem GA airport oparstions. It was repeorted that
compared with a larger airport serving largar commercial aireraft, lower
percentages of spoech intorference and high annoyance are reportod by the
GA airport commundty. However, the GA airport community did ropert a
higher percentage of sleep interfarence. It was roagenad that the higher
percontage of sleap disturbance raported Dy the GA alrport community was
probably dua to greater neise sensitivity resulting from the infzequent

nature of night f£flights.

raireraft types included the Zollowing: 1) executive turbojets, 2) twin-
engine propeller, 3) light singlee-sagine poepeller (100-200 EP), 4) light
single=angine propeller (200-3004P), and 5) twin=engine turbopraop.
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3.2 Cther Doge = Response Relationships

3.241 Communication Interfersnce

One of the most obvious affacts of noise is its ability to
interfers with speech communication. The degrae of zpeech interferaenca,
i.0., the magking or disruption ¢f speech, is a function of the type
of communication and the conditions under which it must be maintained.
Environmental noise may interfere with face=to-face convarsations, with
telephone use, and with radio and television listening. Neise may also
interfare with the ability to hear warning shouts or commands, thus
inereacing the probability of accidents. Seme of the most important
factors contributing to apeach interfaraence includa: 1) the charae=
saristics of the auditory signal to be heard, 2) charactaristics of
the intarferring sound, and 3) separation distancs betwaon the source of
the auditory signal and the listoner. Seccondary facters include: 1)
acoustical onvironment in which the communication process takes place,
2) degras ¢f clarity of the auditory signal, 3) hearing aculty of the
listener, 4) wvisual cues, and §5) amount of redundancy in the avditory
signal.

The froguancy ranga of spoech extends from approximately
100 =o 6000 Hz, The tozal variation in intonsity leval (dynamic ranga)
¢f puccessive gounds is approximately equal to 30 d2. S5peech is charac-
corized as an acoustical adignal which undergoas rapid fluctuations both
in sound level and £requency patterna. The integration and rn:ég'nition
of uhase constantly shifting pattarna is essensial for cptimum spsoch
intelligibility. Neoiss not only diminishes the ability to detect the
anditory signal, but also reduces o linenn':'ﬂ ability to follew tha
pattarn of signal fluetuation. The degres of gpoech interfarence is
therefors quite sensitive to the level, ths energy distribution with
respact $0 froquoncy, and the tamporal charactoristica of the inter~-
ferring sound. e

A pumber of rating schemes have been devaloped opecifically
2or gquantifying the apsech intorfercnce effects of noise. The meat

prominent of those &ara:

3=60
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© Articulation Index
o Speech Interfersnce Laval
© Preferred Speech Interference Level

The Articulation Index (AI) is a numerically calculatad measure of tha
intelligibility of tranzmitted or processed speech. It takes into account
the limications of the transmission path and background noise. The Al =an
ranga in magnituds batwean 0 to 1.0. Al values ¢f less than 0.1 and above
0.6 rapresent conditions whore the gspeech intalligibility is generzally

low and high, raspeesively. Speech Interferance Level (SIL) and Preferred
Spoech Inturference Level (PSIL) are calculated guantities which provide a
guide to the intarferzing effact of noise on zeception of speoch. The SIL
iz the arithmetic avarage of the octave bands in the most important part of
the apeoch fzaquency ranga, 600~1200 H=, 1200-2400 H=z, and 2400=4800.

Using octave bands bagsed on proferred frequencies, the PSIL is the arithmotic
averags taken ovar the octave band levels sentared at 500 Hz, 1000 Hz, and
2000 Hz. A eurrantly pkopoaed measurse would also include the octave band
centared at 4000 H=.

An aspassment of the fating schemes has been preaasted by
Schulez?5:17 and Yaniv and Flynn75 ané will not be Aiseussed harc.
Howaver, come impertant limitations of tho use of these rating schemas

marits soms attention.

The AT mathod has bean uped toc estimate gpsech intelligibility in
the prosence of stoady-state and Sime-varying noiss socurcas. Howaver, use
of the AT method for pradicting intelligibility ¢f spoach in the presance
of fluctuating noisa levals iz questionable. As pointed out by Yaniv and
Flynn7> the A% is based upen, and bas buan.principally validated againmst,
intalligibility tasts lavelving adult mals talkers and trained listeonors.
Thuz, the Al cannot bs assumed fully applicable to fomale talkers or
children speakers.® Additionally, the complexity of the calculatien

"In a recent study by Poarsons st al.”’8 it wap found that for the
speach categorieca of: 1) norpal, 2) raised, and 2) loud, minimal
volce lovel differonces exictad letween male, femals, and children
spoakers. Howaver, it wag found that male spoakers chow & greater
conceantracion of ansrgy in the cne-thivd oztawe bands balew 200 2z,
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procodura associated with the Al severaly limits its use as & practical

means for measuring environmental noise levals.

The principal limitasions of the S5IL and Psn'procedures are:
1) neither is very appropriats for evaluating the speech~interferring
uffocts of nodse with considerably meore energy at high freguencies than
at low frecuancies, and 2) neither accurately moasurese the masking of

speach by noime containing intense low freguency componants.

Pigure 3-12 shows the relaticnship between spaaker-liistenar
peparation distance as a function of Al for normal vocal effort and ambient
nodise level (given in tarms of EIL, PSIL (0.5, 1, 2 kHz), Lpy, and Ly)
and &8 a function of various vocal aefforts and ambient noise lavals.

A number of studies related to the spoech inteosfarence affocts i
of aircrafe flyover noiss have baon reviewed. Using word intelligibiliey |
tests, Kryter and Williams?7 investigsted the speech intarferance cffects
of recorded "run=up" and flyover noise freom jet (turbojet and turbefan) and
propellerdsivan airzcoraft.* Half of the intelligibility tosts wore admin-
istared with tho noise filtered 0 achiove indoor apectrn and itvelis. The
speach levels sealectad were 80 4B, 84 dB, and B8 4B for the outdoor tast
condition and 65 4B, 65 dB, and 72 4B for tha indoor tast conditicn. A
number of rating schemes were used ag a moans of evaluating and validating
the speech interfersnce effectivenass of tha alrerpft noise. Soma of thege
rating schemes included Lp, Loy Lps SIL, AL, and Lpy. It was

raportad that:
1. The speesck intarference &ffocts of the noise Zrom jet and
Fropuller~driven aircraft cannct be adeguately evaluated
from Lp or L, moagures;

2, S or Lpy calculated by aitber the fulle or 1/3=-octave
band methods, provide modarataly accurate methods of
estimating the speasch intorfsrance affocts of aircraft
noise;

3, The AI calculated by either the full= or 1/3=octave band
netheds predicts with roasonable aecuracy the understand=
ability of spsuch in the prasense of the aireraft acisos
usad in the sztudy;

* Adroraft types were: 707-120, 7208, 727, and a Super-Sonstollation.
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4, The full= or 1/3-octave band methods of caleculazing either
ipy or AL gave ossentially the same results for the noise
conditions tested in the study. However, the 1/3~octave
band method should be generally more reliable and accurate
than the full-~octave band method when applied %0 a wider
variety of aircraft noises.

In a later study, Williams et a1.20:78 copductod an investi-
gation =o determine the extent that simulation of speach activities
influance the acceptability of single flyover noisae, Until this investie
gation, moot poychoacoustic laboratory studies had been performed in
which the only task that was regquired of subjects was To rate the individual
flyovar noisos. Howaver, this wag thought to be unrsalistic since in a
roai=lifo gituations, flycver noise from airecaft intrudas upon ongoeing
activites, particularly those involving communication.

Acgeptability ratings were obtained under the following thrae

experimental conditiona:

1. 35 flyovers ranging from 63 to 83 Lpopay with no
speech signal presentad;

% 45 fiyovers ranging frem 63 to 93 Lpmax with
simulated rodio=TV listening;

3., 35 flyovars rangipg from &3 to 83 pr with
simulated talephona liptening.

For the second experimental condition, the 10 additional flyovers
wers presentad along with speech monitoring lesvels of 71 and 83 4b.
Twanty=8ix collage students sarvad as subjects and their task was to rate
the single-event £lyover intrugiens on a four~point adjectival category
oeales The ascale used wast: (1) of no concern, (2) accaptableo, {3) baraly
acceptable, and (4) unacecaptable.

Fer the two spacch conditione, i.e., with radio-TV listening and
telephone listoning, subjoects answered written cuastions ¢onceraing the
contaxtual speach maspags. The f£lyover noipes prasented ware evaluated

WEilizing Lpnpax, La, and EIL and related to the judgment results.
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In the EPA Alrport/Aircraft Noise Study,’Y it was raported
that two moters was a typical outdoor coomunication distanse in urban
areas. In ordar to permit 95 parcent sentance intelligibility at this
distance using normal voice effort, it was dstermined that steady, continucua
A-welghted background sound lavels cannot excead 60 dB. Thiz lavel waa
rocommended as the naximum permisgible value for intruding steady nolse for
speach communicationa outdoers. Since the magnitude of almost all sovizon-
mental noises fluctuates over time, this maximum parmissible lavel was
interpreced as an average or equivalont-continuous level (Legl. For
indoer envizenments, an A-wadghtied L,q laval of 45 dB was identifiod an
the maximum permingibla valua which would assurae 100 percent suntence
intelligibilicy for rolaxod convarsation. It was pointed out chas spaech
intarferunce critaria based on avarage or equivalent-continuous sound level
moastsng ara bedt applied to aenvircnmental noisag which ars stoady.
Howaver, averaga sound level measures ara consarvative when applied to
nen=staady noisas, when maximum levels do nhot causa a complata intarruption
of speach communication. Howavar, when maximum lavals ara sufficient to
cause completo Anterruption ¢f spaech communicaticn, a situation which
oftan occurs with aireraft flyovers, annoyance exiteria ara probably more
applicable in assesaing human Tasponsa than Spaach criteria given in termn

of parcantage of sontence intarferanca.

for residential areas, the EPA "Lavels Documant"52 jdentified
Ldn values of 55 AB and 45 4B as the maximum parminsible levels of
intruding nedss to allow satisfactory spacch communication in cutdosr and
indeor nolas environmenta, ragspectivaly. It was raportad that bealow thaga
lavals, no offacts 2n "public health and walfare" would cccur ag a rasult
of interfsronce with speech. Although the outdoor maximum permissible
leval identified in the "Lavala Dogumens" ls 5 dB lower than that recome
mended in the earlior EPA Adrport/Aircrafs Noise Study (assuming Lay to
bo approximataly ecual to Leq(uy, + 3 dB), it waas reportod that the
additicnal 5 4B would significantly increase the average community aolaa
exposure rosponaae f£rom approximately 17 percent to 23 porcent highly
annoyed. Based on data preseatad in tha EPA "lLavela Document", Figuwes
3=13 and 3~14 pragent relationships batween A=-vwaighted equivalant-continuous
aound level and percent nangence unintelligibility for indeor and cutdoor

noisc envircaments, regpectivaly.
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3.2.2 Noiga«Induced Hoaring Losg

;“-‘xponu.ro to noisa of suffigiont intanaity for asufficiently long
pericda of time reaults in a temporary Alacrsase of the thrashcld of audibil=-
ity, 1.0., Temporary Thrashold Shift (T7S). Thia loas usually can be
regained in approximacaly 16 hours after tho noise axpogura terminaces.
Repested expoguras to high intensity noise lavals which saunme large TIS,
will evantually laad t¢0 irreveraibla, pemmanant leas of hoaring, il.a.,
Noise=Inducad Parmanant Threshold Shift (NIPTS).

It has been Zound that regular exposurc to A~waightad scund
laveln of from 60 to 80 dB for perioeds in axcoss of B8 hours will cause some
TT8 in a gignificant proporticn ¢f tha populasion exposad. Noipoe from 10040
to 6000 Hz appears to causa the greatast 75 with noias-induced hearing
lesa initially occurring at approximataly 4000 H=.

It is generally agresd zhat for a given Log: intarmittent ar
tima=vary noise will producse leos hearing damsge than a continuous noisa
with tha same acpustical enargy. XIn ordar to make a reagzonable assasagment
of the potantial hearing damage rasulting from exposura to time~varying
noisa, a numbar of coancepta have bean proposed to define the srading
relationghip batween oxposurs timo and nodse lavel., Two mathdologias which
have boen used axtensivaly to azsags hearing damage potantial ara the TTS
and the equal-enargy concaptas. Briofly, tha TS5 concept statas that a TTS
meagused 2 minutes aftar cosaation of a S-hour noisa oxposure clamaly
approximatos the NIPTS incurred after a 10 to 20 year sxposure to that
sama leval. The equal-anergy concept states that egual amounts of sound
energy will causa equal amcunts of NIPTS zegardlassg of tha distriburion
of tha anargy aczoos time. Nelthor eoncept has Leen shown to be applicable
to all nolse axposuses AS iz Pointad out by a number of atudies which
have examined the uses and limitations of both mathodologies. MNoverthslesa,
the equal=-gnergy concapt has been salected by tha EPA on tha basis that
it ia a reasonable pradictor of TTS and cthat it tonds o ke consarvative
with ragpact to the cbsorved charactaristics of anvironmental noise over
a 24=pour time period.
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Cnly a few studies have attompted to directly ralats actual

community aircraft nelsa axposurs to nolss=-induced hearing loss. Parnaell

et al.80 investigatad the effects of alrcraft noisa on the hearing of
reaidonts in communitica gurzounding Los Angales Intarmational Alrport.
Investigation rasultg indicatod that at the higher audiblae frequencies

thers ware tronds which suggested poorsr heazring for the alrport community
as comparsad with an aireraft-noise=-£ree comnunity. Howavar, it was reported
that bocause of wha uncertainties in the study resulty, the apparant poorar
hearing of the airpor: community reasidents could not ba coneclusively

linked to aircraft noise exposura.

Hecontly, Ward at al.8! attempted to datarming tha auditory
threshold shift of fubjects exposured to peak A-~waightad noise levels of
111 &2 produced by reccrded commersial jet aircraft (DC-8 and 720-8)
flyovara. Six-hour exposures o landinga and takaoffs at the rate of 1 per
1.8 or 3 minutes ware adninigtered to two groupa of five normal liatenara.
T75 was detormined by meaguring auditory thresholds at throee frequuoncies in
both sara after 1, 2, 4 and & hours of sxposura and at three othor fre=
gquancies after 5 hours and comparing theso with prae=exposurs thresholds.
Rocavery was followad by testing at 15 minute intervals for 2 hours aftar
the last flyover and again 16 houzrs after oxposure. The mean TTS5;
{temporacy thrashold shift 2 minutes after exposurs) did not reach 5 d3
at any frecuoncy f£oX either expogure condition. Ward of al.®8 concludes
that the possibilisy of suffering a meagursable permanent leas of haaring
a3 a rosult of airzeraft flyovers in a rasidential neighborhocd is ramdta,
even for persons who live imedintaly adjacant to & busy airport.

Hiramatsu et al.92 iavestigated the TTS due to racorded takeoffs
with peak A=-weightod lovala of fzoem 75 t¢ 100 dB. Tha acoustical anargy in
the noisae signal wac concentratad primarily in the freguency ranga of from
500 ta 4000 Hz. PFive normal ligtoners wore axpogaed to flyovers at a rate
ef 1 par 2 or 4 minutas for about % hours at a time. 7TT5 measuronunts were
mada 0.5 minutas aftar cucsation of the noisa exposura at various inmarvals
of the total exposura time duration., All TTS measuranents reportsd wers
the average TT5 at 4000 Hz cbtained from all five subjacts. Rasults
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indicated that the growth of TIS at 4000 Hy is approximately expressad ag

a function of LogqT, where T is the axposure timo in minutaes. Based on
the gstudy rogults, Hiramatsu et al.52 paeportad that axposurcs to peak
A~walightod lovels of 75 dB at a rate of 1 par 2 minunes did not produce TIS
significantly different from the TTS for a non=aexposure condition, and that
growgh of T75 does not bagln until peak A-waighted lavals are batweaen 75
and 80 d4m.

The EPA Alrport/Aircraft Hoise Study’® prosents data which
show that tha maximum NIPTS produced in a4 population after forty years of
noisa axposure (after the age of twenty) is more savera for 4000 Hz than
the average of tho traditional aspeach frequancies of 500, 1000, and 2000
Hz. As a result of this finding, a significant proportion of the axiating
hearing ~ lemg eriteria has bean baped on the aveidance of any substantial
loas of hearing at 4000 Ez. Additionally, it has baon found that a 5 &8
NIPTS variation in an individunl's threshold of hoazring iz genezrally
considared as normal. Based on a 4 4B Qiffgrence betwesn ousdoer day and
night average gound levels, and on 8 hours of outdoor ¢xposura to intag-
mittent noclse, sesulting in an A=-waightsd continuoua=-aguivalent sound leval
ef 80 as*, it was concluded that Lgn of 83 4B or lass will produce mo
noticeable hoaring changs over the 500 to 4000 Hz range in 90 percant of
the population. Due to the uncurtaintisn agsociatad with some of the
asgumptions made in deriving the maximum permdizsgible level, it was rocom=
monded that a yearly outdoor Lan of 80 dB be used ap the noise exposure
limit to protect agaiast hoaring loag from aircraft noisa.

Taking into accouns that 4000 Hz in tha most sengitive %o
hearing losa and that logases of lens than 5 dB are generally not conaidered
noticable or significant, the ZPA “Lavels Documant352 idantified an
8~hour axposure level not exceading 75 dB, or a 24~hour axpoaurs level not
axeanding 70 4B as requisits o protact 96 percent of tha population £rom
geoater thas &4 § 438 NIPTS. Thiz recommendation was based op axpoasure to
stoady noise of 8 hours pur day, 5 days per waak, ovar a parioed of 40
years. Pigure 3«15 prasents curves ahowing the maximum and average nelse=
induced permanent throshold shift expected after a 40=ywar axpeopura (from

*This lavel and duration of noise axposure will produce a NIPTS at 4000 Hz
of 6 4B (A=-weighted) in the most sengitive 10 percent of tha population

afeer 40 yeuars of daily expoaura.
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aga 20 to 60 yoars) to a 24~hour A-waightad continuycua=sguivalent lavel.
The curves shown in Flgure 3-~15 wera doveloped from data presented the EPA

"Lavels Document®.
3.2.3 Slasp Disturbance

Slaap ia not one contiauous or uniform condition. Itk is a
complex saries af states through which the brain progreases in a cyelie
pattarn, ropsated saveral times over the couraw of tha aleeping pariod.
Although thars ars no sharp diatinctions botwaan different states, it is
ganarally agresad thas thors ara basically fivae stagas of nleop. EHach stage
ia ijdentifiad by specific panterns of frequancy and amplituda combinations
which ars typically obsorved from alactrosncaphalogram” (EEG) recordinga.
Laboratory investigations have shown that noise can &ffect changas or
shifta in sloop stages without aczually cauaing a slaadper to awaken as wull
as producing arousal or behavioral awakening. Aveusal is dafined as the
seaponae which reaults in an EEG pattern having soms or all of the character=
istica of an awaka EEG, while behavioral awakening requires a specific
motor or verbal rasponse.23 The principal factors which have buen found
to affact rusponsas t©o noise during alesp include: 1) aga, 2) gex, 3)
aleacp staga, 4} noiaa lovel, 5) frogquency of noise occurranca, &) nolse
quality, and 7) prasleep activity. Dua =2 the extreme bahavioral and
physiological diffarences ameng individuala, and the suspected affacty of
habituation and adaptation to noias axposurs dusing sleep, fuw studies have
assemptad to describe tho affscta of noise in a way which can bae used o
establish exiterion levels. Thoea studies which have pragented gquantitative
stimulua=raspongs rolatienships have focused attention on alesp pattarn
dizruption and awakening ragponsas rather than tha shore= and long=tarm
after aeffiocts such as paychological and physiological disorders, or task
performance degradation during paricds !oll:owinq alaop disturbanco.

In torma of aircyaft nr..'d.aa effocts, a number of ralavant studias
have been performed {e.g., LeVersB4, Lukas et al.85, BorakyS9 and LukaoB83/86,87),
Levare®4 conductsd an investigatien to assess the arousal produced by the
oscurrence of noise from jot aircraft flyovera (Boeing 707) and by different
auditory fraquoncies which wure squatad for gubjactive but not physdical

*An ZEG iz a graphical recording of the variatiens in potential
betwaen alectredes adharod to the outaide of the head.
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intensity. The aircraft nolsa was prassentsd to gix malo subjecta on

randomly salacted nights ovar a 14 day perisd. MNine flyovars wera prasentad
each night, laating approximataely 20 geconda and reaching a maximum A-waighted
gound level of approximately 80 dB. The zesults indicated that broad-band
auditory stimuli will raliably produce arcusal and that this arousal

appears to outlast the physecial pressnce of thoe stimulus by at least a

peried of 5 minutes.

Tha differsnt auditory freguencisn wora presoatad te aight male
subjucts on threg nights over a 4 day peried. Sounds consistad of 20
preassntations of one-third octave band gound centerad on a f£raquency of
125 H=, 250 Hz, or 1000 Hz, all eguatod for loudness to an A=walghtad sound
lavel of 80 db. Resulta showed that all frequonciss wera effactiva in '
producing arousal in sleaping subjects but they wers not always equally
effective as would be pradicted on tha basiz of their psychoelogical loudneaa.
LeVarad4 cuncluded that the effactivensss of diffarent freguoncies in thadx
arousal capacitles waa not prodictable on the basia of the lp approximation

of aqual loudnags.

tukas?® gummarizad five ysars of work at the Stanford Research
Instituts which peortainad ©o the investigation of test subject and stimulua
variablas that appeared to be tha major determinants of human rasponse o
gub=scnic and supersonic aircraft nolses during slesp. Tha susmazizad
results of thasa studiasm suggesst that:

1« Children 5«8 years of age ars uniformly unaffactad by noisa
during sleap: .

2. Qlder subjects ara more gsansitive to noisa than are yosunger
cubjecta;

3. Women are mere ssnsitive to noise during sleep than men;

4, FWithin thair age group, individuals may vary greatly with
Iespect to theoir raelative sonsitivities to noigse during
sleap:

5, The fraquency of behaviocral avakening is a function of
the intonsity of the sub=gonic jet flyover nodise. A3
atimulus intenaity increases, the frequancy of bahavioral
awakening alsoe ingreasasg, and the frequency of no dis=
cornible EEG changs decrasses.
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In a latar study, Lukas®?:87 conducted a comprahensive roview
of domastic and foreign seientific literature on the effacts of nolss on
human sleep. Luxas82:87 copcluded that availahle data indicass that
& resaonably acsurata prediction of the frequancy of aleep diprupsion can
be made if tho noise is degeribed in torms of single-aovent measures
which account for its spectral cha:acta%iatics and its duration. Lgpy
appoared to bo glightly mora accurate than aithor EL, or SENEL. Maximum
Lp or Lpy aze far leoso accurate than either of tha meagures which account
for duration. additionally, it was reported that overall aleep qualisy™
can bo predictod with rsasonable accuracy from multiple-~event measures such
as CNR, whan they ara calculatad using ELy or Lgpy a8 the basic siagloe~event
measura. Ralaticnships batwean fraquoncy of slasp diaruption and nodae
level, and £xequency of arcusal or bahavioral awalkening and neiae level
wera doveloped from the data presantsd by Lukaz82, Approximate mathe-
matical sxpressiona for thagse ralationships are given by:

FSD » 1.40 Lppy = 74.00 (3=8)

and
FABA = 1,03 Lgpy « 58.90 {3=3)

whera FSD ig the froguency of slasp diaruption and FASA 1s sha fraguency
of arousal or behavioral awakening. 1% should be noted that the Lepy

usod in eguationa 3-8 and 3=9 was calculatad using the time intarval
betwean tho 10~4B downpoeints of tha noise signal as the affoctive duration
and using 0.5 sscondn ag the zmoferonce duration.

Thiasson®8 hag recsatly pregantoed tha rosults of an invegti-
gation to determing the probdbility of disturbance of glaup, as judged by
EEG recoxds, by Sovéen nsoises per night producad by a reccrding of a
pasging truck. Recponses wara moasuroed in tusms of sleop digruption
(defined as slaap stage shifes from deepar to ghallowsr) and behavioral
awakanings asz a function of peak A=~waelghtad sound level. Thirty-Zfive
subjects ranging in age fzom 16 to 77 years of age (12 betwean ages of

*gleep gquality is moagured in teyms of:; 1) faeclings of woll being on
arcusal, 2) fealings about the gennral quality of sleep, and 2) an
estimate of how lang it scak to fall aslesp.

=75



T B |

(I

L__}

L1

3

16=28, & malag and 4 Zamalas; 12 batwasn ages af 46=-51, 7 males, 5 femalas;
and 11 betwsen ages 55-75, all male)} were oxposured to peak lavala of

35 to 75 4B over a paried of 24 successive nights. It wag

concluded that:

1« Young and old pacpla hava naarly the same rzosponse to
nocisa vwhile middles~agod aubjects are mors gensitive by
akout 15 4By

2. The atimulus<risponse ralationphip can ba reughly approxi-
mated by a linsar relationship between rasponse and peak
A=woighted leval;

J+ The probability of ahifts in alsap to a shallowar laval
does not appaar to adapt in 24 succeasive nights with gsaven
noises par night, but tha probability of waking dropa to half
valua in about two waaks;

4. Regponne increases with duration of the noise, at least ovaer
the limited range of from #ractions of a secend to a minuta.

Additionally, Thieasen®8 compared the stimulus-geaponse ralation-
ships dazived fzem avorage response data (averaged ovar all agas) for aleep
disruptien (shifta in sleep 4taga) and behaviornl awakonings with tho data
given by tuxag3? in an earlier study. Thiassan®® reported that the
rogression lina rapreésonting the probability of awakening wag a raasonable
2it to Lukas' dasa excopt that tha slope appeared &0 ba too low. Alge, the
segragaion line rspresenting the probability of sleop dissuption was in
good agroement with the data from Lukas87, bus was shifted about 10 dB or
more to the laft, suggasting groatoar gonpitivicy by that amount. It should
be notad that although ne ralationship betwaan Lppy (&g dofined by
tukas¥3) and Ippay was ruported by Thisszen®8, examinasion of the
data prasented shows that the maximum A=walghted lovels wara converted to
approximats Lppy valuaes using the relatipnship Lepy ™ Lpmax + 21.

This approximate ralationship batween Lppy and Lpga.e i85 also supported
by data zeportad by Lukas.%3"

*Uging data presented in Table I. of Refaransa 23, the average differanco
betwsen Lppy and Lpma, was 20.8 di.
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Mest xecently, Griefahn and Muzet89 have preaantaed tha raesults
of a liteoratire secarch concerning the affacts of noise-induced aleap
disturbances. Tho stimulus~rsaponae relatiecnships ware givaen in tarms of
percent of awakanings and in terms of parcent of O=rsactions (definad an
all reactions lasa than a chango of one aleop sntage) as a funcuion of
oaximum A=walghted leval. The fellowing goneral conclusions yagarnding tha

charactaristics of tha noisc wara reported:

1. Bandwidth = Sleop dizturbancas ara greater with inercasing
bandwiduh;

2, Number of Stimuli Por Night = A noise of moderate poak
intonalty cccurring ragularly ia lens disturbing than the
same nsige ofeurring randemly. :

3. Duration of Noiss Eixposura - Habituation to nolss dusing
sleep dapands on the infermaticn sontont ¢f tha ncise and
on motivation., Habituation for autcnomic zeaponsss has not
bean demonatrated.

Additionally, it was ropartad that with increasing ags, the
preobability of awakening rsactions bacomas groater, whersas the probabilicy
of O=zsactions bocomos leas. Differences in the zoactions of femala and

male aubjects L3 not clear since rosults for diffarent laboratory axperimenta

ara coensnradictory,

For comparison, the stimulus=rasponsa rulatlonships concarning
the probability of awakening and the probability of sleep digruption
presented by Lukas®?®, Thicsnan®®, and Griefahn and Muzer®? are
shown in Figures 3=16 and 3-17. The relationships ars given in tarms
lgpy (68 defined by Lukas®3) assuming a 21 4B diffarance batween Lyppy

and LM, 1.0-, LE?N = Lm + 21.

+

3.2.4 Honauddsozy Physiclogical Effacts

In ths physiolegical ragponse arsa, the rasults of human
and animal experimants show that average orf intsusive noise can act a3 a
stresgeproveking stimulun.90 Che autonomic narvous syatenm ( aympathetic
and parasympathetic) zesponds to streagful agenus (guch ag noide) and
trles to regulate tha perturbation in bedily funetions by effecting
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changus in circulatory, zespiratory, exezatory, and glandular organs.

For longar term noipa exposures the result may be the chronic stroas
syndrome. Strags iz known to be a factor in tha davalopment of peptic
ulecers, cardievascular dissase (hypertanaion and coronary artery digeases),
and is suspected to ba a fagtor in tha aging process.

Increasad blood preasuxe (genarally considared an adversa
health effoct) and itz attendant effacts have been oboarved both for
ghort-tarn anvironmental noise oxposuraes, and lengorx-term occupational
nolse c::panu:nu.gc In tha cass of poise exposura in the edxliar stages,
a study of achool children axposed ©o noise from heavy straat traffic
{1000 cars/hour) showed that they had considerbly highar bleod prassura
than childron from schools in quieter areas (traffig rate at 50 cars/hour).3?

Saveral asudien of woerkers exposed to high noise levels have
indicatad chronically alevated blood prassure, and periphersal cireulatory
and cardiovagscular problams. Workers chronically axposed to A-waighted
noise levals in the 90 to 96 4B range exhibited significantly greatar
incidenco (3 to 4 timea the mormal rata) of hypertension.?C Addivionally,
industrial workers with hearing impairment (thus lemg=term high lavel nodse
axpogura) had a 3 times groater zate of hypertansion compared to indusezdial
workers with n¢ significant hearing lo85.92 The evidance thus indicates
that atreas roactions dus o noige erxposura couss hdgher than normal bleoecd
praggsura (a parsistant rosponsd), and thas ropeated and prolenged noisa
exposure may ba a contributing fachoer to chronlc or asute hypartension, and
other cardiovascular prabloms. Thua, noisse=induced stress may not .nacessarily
manifest itsclf only in hearing damags or fatigua. As an additional oxample,
hoalth data frem the U.S5.5.R. indicacs that chaanges in genaral morbidity
and its character in populatisns living in 'noisy areas of big cities can
dafinitely ba corralated with noige levaels.®d

Other neiso strens tests in which phyniological zeaponoe was .
measurad have been conducted in laboratery studies using continuous and ‘
inzsrmictent tones and roecorded aireraft noige. ‘The results indicated that
intermittent noise had a strongar affect than continuous noise on the
nervous systom and cardiovascular functioning.%4 Thus, the total noise
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exposure tima may not be as important an indicator of nonauditory phynio-
logical effecta u4a the pattorn or combination of noise exposures and quiat
pexiods. In a test using recorded Jjat noise, a continucus noise axposurae
ouivalest to 120 aircraft at Lypay = 87 dB induced sustained tension of
the sympathetic norvous system, and incroased complaints of lypercensicn.?S

In tha cana of physiological effacts of noise ¢n pecple living
near commercial jet airports, a fow studies have boon conducted which
indicate a direct realationship hatween high airera2ft nolse lavala and
inereased physiological reactions. Poople living in arsas whers maximum i
A=waightad aircraft noiae levala axceeded 100 AR complained to a significantly i
greater degraec about problems rolatad to nervousness, and digestive and )
cardiovaacular systems than did pecpla living in arxeas where aircraft nolae
lovels wora in the 80 £o 90 dB range.9® oOn a more cbjective baasis,
neasursments of specifie physiclogical zesponses in alrport arsa zesidents
subjected o various levels of aircraft noise indicated that raagsiong
inereanad directly in proportion to noisa laval increass.?? The changa
in specific physislogical responaas wara ralated 2o the noise lavels of the
nodge avents, whila the combined o "whola" reactiona (phyaiolegical and
paychological) wara realated €9 noise pcales which combine nodisa level and
number of evanta. Thare appaarsad to be oo adaptamion o adircraft noiaa.
The study indicatea that cardicvaascular offacts (increasad blood prasgzura,
ats. ) rasult from the anncoyance roactiona to the airceadt noise exposura.
The conclualons were that asgessment of alrport noige impact should be
condueted uging a cumulative type noige axposure rating scale [whish
sembinas avant 'no:l.aa lavala and number of evanta), and that roalistie
protaction of the airport area residents' haalth ragquires a limit on
maximum neise levels for aingle-aevanta.

3.2.8 Behavioral and Parformance E2facts

1.2.5.1 Dehavioral Effacts

It has been suggestad that specifiic and non=spacific effects® of
long=term éxposure ¢ intrusive/annoying nolss can contribute to a chronie

*Specific effects include auditory and bahavorial raspoases, while other
temporary and peraissing physioclogical and paychelogical responscs might be
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atress syndromo which ia manifestod by paychiatric discmdars. A roview of

the literature discussing thons caune-effact relaticnships indicatea, for

exampla, that every third perscn gufforing neurcsis and every £ifth porson ;
with other mental digorders devaloped illness as a zesult of axposurs to :
noise.”8

Direct links botween the higher axposure lavels of aircrafs nolse
and mental disorders in residents livig near alrports hava baen diffiicult
to agtablish consluaively. Studies near Heathrow Adrport (London, England)
and Los Angeles International Airpert (California) have indicatad a highar .
rata of admissions at psyehiassic elj.nicn for peopla living in the egtab= 1
lished aireraft noise zones.99/100 oha major criticism of thase studies ;
has bean that demographlic factoys, rather than aircraft noiss by itself, |
may be tha cauae of diffarcnces in the incidense of mental illnhesses.
Howaver, preliminary megulss of o much larger and more racent study of
rnaidants near Heathrow alrport once again are showing a higher rate of |
paychiatric admissions from high noige zonea.'90 aAnalynas of othar
factors in the problam of showing cauna and effect result in suggestiona
that in high noise arcas where the peppls see no mechanism for combating
the noise and degpair of any alleviation, & greator ratae of peychianrie
preblama will precipitata.

What Lo avident is that {obviocusly, it would ssem) in areas of
high noise exposurs there is 4 marked increase in the proportion of poopls
intanasly annoyed. Aas thore are more very annovad people in the high nolse
sones, in numerical terms thara will beo mora people suffering oymptoms of
ill-offacta who are likely to attributo thesa aymptons to the noilss axposura.
In ragard to sunneyance ralatod or aggravatad paychological 'problams and
demcgraphic or othar anvironmmantal fnctorn,' tha critarion of rata of psychiatzic
admigsions may not be gufficisntly sansitiva’ to always detect the acute or
chronic effects of nolas oo peopla at risk in a large atudy population.

*torped non-gpscific.®! Dhe non-specific rosponses include cardiovasculas
and othor syatematic changed such as hloed pressuroe incraase, muasular
contractiona, and heart rats incraase. The parsigting rasponses that have
buen indicated include chronic strass syndsoma, poychoscmatic digorderss,
and bshaviorial and porformanca disorders.
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3.2.5.2 Performance Effects

Many of thoe studiea, ané revisws of gtudies, regarding the
effecta of noiss on human performance Appear to ba structured toward mantal
or physical taska likely to cccur in an cccupational or military function.
Morsovaer, thoose studies tend to examine the immodiate or consurrent sffacts
of noise on performance, rathaer than the effects on parformance over a
period of timn, on people who ara exposced to noisa prior to and during tha
tasks. In fact, fn a 1972 study to davalop parformance tests for asscsomant
of nolse stress sffecss, it was suggested that ¢ortadn noise atregsea may
have their maximum effocts on gocma tanta aftar a hrief exposure and on
other tests only after extendad exposura and performanca durationg, 101
Thua, it is net clear that such studiass produce results that are ralavant
te the residantial environmant with high noise levelsa, cor to the effacts of

nioisy environmenta on tha pezformance of children in acheool.

Cne such recent zeview of the affects of goneral neisa on human
performance was conductad for the purpesc of predicting the affacte of
time=varying aircraft noiss.'92 The predisticns weze that under cectain
conditions whars only low or limited pazformance was nocaagsary, sircraft
neise would have no effect or an anhancing affuct. In casea wharo performanca
at capacity was required, highly variabla aircraft noize (irrslsvant to the
tadk perfermance) would result in parformance deodramonta. Howevaer, the
gubject study 4ld not includa in its reviaw many of the 2elevant studies
availabla. For example, in ome study it was found that the pariosdic
Prasanca of jot oizcraft noise (at a porcelived noisa level of 100 dB) had
no sigunificant efiact on the time~on~track of a paced visual srasking
task. 93 The rolavancs of thig study is not clear since most pecpla
arcund airporta are probably not involved ln specialized tasks similar to
Paced visual tracking. In another, parhaps mora ralavant goudy, it was
found that both gpead and accuracy on a mamory=decision response task wazg
dograded Dy taat noises, including aircrafe anlan, as ovarall sound
pressure levels in the 100 4B range. 104 poeher gtudies hava indicated
that jat ajreraft nolse levals in tho 90 4B (A-weighted) range contribute
%0 an increase in mental fatigue and to inhibition of apptitude fer performing
tasks.?5 The results of parformance tests in a more recent study examdined
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indicacad that A-waightod noise levels below 85 dB are nott deblilitative on
pome paychologieal tuska (reading), although it was reportad that pravisus
research had shown decremaents in rsading parformance with highar (115 4B)
poise levals. 105 Addditionally, it was repartad that moderatas nolac

lovals (B84 df) appear to ast as a stressor for more sanaitive pecple
porforming a difficult paychemotor task.

3.3 Asgegament of the Applicability of Exisating Health and Walfara

critoria to Ganeral Awviawion Alroraft Noige and to Genaral
Aviation ort Communisins

Thera is litzla deubt that anvireamental neise contributes
significantly to the genaral fesling of annoyance experienced by individuals
living in the wvicinity of major nocise sources. Nolsa interfares with speach
comunications and diaturbn slesp. Ropeated axposura to nolse of sufficiant
intanaity for long pariods of time will rasult in some degrea of parmansant
leas of hearing. Othor affaects of nolae con people includs nonauvditory
physiclogical and bohavioral reactiena, and in some casea, nclise may degrade
physical and mantal task performance. With respect to GA alreraft nodiae,
ralatively faw studies have ianveatigatad the dosa~rugponse relaciconahipa
azaoclataed with the above health and wolfpre noise effacts catogorles, or
thé potential noise impact upon surrounding airport communitioas. Tharzafors,
ansegsmont of the applicability of existing health and welfars critoria to
Gh aircrafit nolise and to GA airport ¢omnunities must be, for the most part,
infarred frem dasa and conclusions darivaed from gtudiaa involvisg commercial
alrecraft and othor neon=~alrcraft nelge gourcas.

3.3 Individual Remponse

A raview of earliocr and morae :ecl'ant paychoacoustic rsasarch
inveatigations concerning iadividual regponse to GA and commescial airerafs
noisa, as well as other noeise souzces, has idontified ooma conflicting
ragults ragarding the cholca of the optimum mmasura{s) for quantifying
human responss. The digagreoment raportod among the varioun studies
reviawed iz believaed to ke astribusable %0 2 number of experimansal factors
(ges Sectdon 3.1.1.4). Howaver, basad on availabla psychoacoustic tast data
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spocifically related to individual rosponse t0 GA aireraft noise,13.23
"sank=ordering” analygses wors parformed to evaluato the relativa accuracy
and conaiztency of a number of surrantly used froguoncy-waighted and
caleulatad sound leval measuras. The following conclusions ragarding the
applicability of thesma currently used single-event meagsures to GA alrcraft
{amall propaller-drivan airczaft and helicopters) noise ara:

1+ The fraquancy-waighted sound level msasursa (Lp, Lp and Lp)
arse, on the avarage, more accurata than the calculated sound
lovel measuras (Llg, LLy and Lpy). Also, for all practical
purposes, tha Ly, Ly and Lp ara esssntially indiastinguishe
able. In terms ¢f congistoney, thera is little difference
batween the fraquancy~weightod sound lovels (Lp, Lp ana Lp)
and the caleulatod sound level measures (LLg, LLp and Lpy).

2. Tons corrected parceived noina level is, on thes averags, laesa
accuratae than parceived noisa level without a tone cozzection.
With respect to conaistancy, tharae is listle diffarence
batwean the two parcelved noiass laval moaauras.

3. The agcuracy of the fraguancy-walghted sound level measures
is, on tho average, reduced by a duration allowance. Tha
accuracy of the caleulated sound level meaguxes i3, ¢n the

' averags, increased by a duration allowangoe. For both sound
lovel messures, the consistoncy i3, on tha avarage, only
marginally increased by a durasion allewanca.

4s Tha calculated sound laval measuras (ILlg, LLp and Lpy) with
a duration allewance ara, on tha avarage, only marginally
mora accurate and mors consistont than the fraquaency~waightod
sound lavol measures {Ly, Ly and Lp) with a duration
allowanca.

5. Che frequancy-waighted aound lavel measurms (Lp, Lp, and Lp)
without a duration allowanca and, the calculazed sound laval
measurag (LLg, LL; and Lpy) with a duratien allowance ara, on
tha averaga, thae mogt accurate and the mopt conaistent
currantly usad single-avent measures. Howavar, thafs azre
only marginal differonces betwoon these two sets of dound
lavel measuras. .

Tabla J=& presents a summary listing the data used as the basis for above
sonclusions. Findings ragortad in othar invagtigatiens specifically
addreasing individual response to Gh aircraft noiss tend 0 suppurt the

above conclusions.39,41,42,44

On the basis of providing reasonabla accuracy and conaistency in
predigting subijective rogponsa, sevaral of ghe currently usad fraguoncy=
walghted sound leval measures and calculatad gound laval Measures &xa
considarsd applicable to GA aircraft noise. For GA alvcraft nelss it
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Table 3-6 Analyais of the Ralativo Aacuracy and Conelstoncy of Variouo 8inglo-Kvent Moapuron

Unod to Praediet SBubjoectivo Reasponoo to Gonoral Aviatlon Alrcraft Hodoo.

Data Prossnted on Pablep 3-3 and 3-4.

Daxivad Exrom

Fragquanoy~-Holghted Caloulated
Sound Lovol Measures Sound Lovel Moagursog
Hithout Duratdion #ith Duration Without Duration Hith Duration
Allowanoca Allowanao Allowanca Allowanco
L Iy Ip {talp (Lplp (Lplo g g Lpy {Lpyly (LLglp (LLz)p (Lpylp (Lpnlap
Accuracy,
dan 2.9 2.5 2.0 6.4 3.7 2.8 7.7 9.5 9.6 13.0 2.6 4.7 4.1 7.1
_Conalotonay,
dan 3.9 4.0 2.6 3.3 2.2 3.3 3.7 3.2 3.8 4% 2.0 2.6 3.0 3.3
Lagend;
LysLpsLp = frequancy walghted sound loveln
(Ipdpedlglps{Lp)p = froquancy volghtod oound lovelo with a duration allowance
Lpy = purceived nqlnn lavel
‘LPN)T » porcalvad noloe loval with tono corraction
{Lpylgp = perceivod noloe lavel with tone correction and duration allowanoo
LLg = Stevona'a MK VI loudneos ealoulatlon proceduro
LLy =~ Zwickar'p louwdnoos calculation procedura
{LLg)lp = Btevonn's MK VI loudnens calculatlion procedure with duration allowance
(LLp)p = Zwlckar'o loudnasus caleulation proceduro with duration allowanca
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appears that a tona corraction is not regizad, at laast for the parcaivad
acisa level measures, and that a duration cosrection iz beneficial enly
when applied to the calculated sound lavel measuresa. Thazafors, with
reapect to GA aireraft noise, the saelscticn of one cof tha currently usaed
single-evant measuras over anothar will requirs a judgement ragarding a
trade-off betwaon the dogros of accoptable accuracy and conaiastancy and the
complexity asssciated with computing the value of the single-avent measure.

3.3.2 Comnunity Responsa

With respest to GA aircraft nolse and GA airpor: aparationa,
relativaly littla effort has beon focused on quantifying community response
t0 nolse axpodura. Most of the exigting msasures of comuunity rasponse to
aircrfafit nolaec ara based on the concapt that the degres of annoyance
uxp.nriancad by individuals, and tho community as a whole, can be adaguatoly
predictad by acoustical-energy summatiocs modols. The undorlying assumption
of these acoustical-enorgy modals ia that noise axposed populations will
experionce aimilac degroes of annoyance whan axpogsed to cguivalent levals

of acoustical snargy.

Although & number of invaatigations have pressntad smudy
findings which queation the gansral validity of the "eguivalenteenergy”
concopt, #0+56,57,58,59 ¢horg appears to ba goneral agraement that: 1)
the dagres of annoyanca axporienced by populations exposnd o airerafs
noise is influenced by hoth thu total number of noisas avants and tho nelse
lovel amplitude of thasn evanta; and 2) gradiction of community responas to
nelse dxpoduzra based on 4 moasuTe of the pescsnt of tha axposad population
which is "highly annoyed" provides a more meaningful and ugaful meana of
agseoaing noipe impact than other measures'based on averags oy median

reaponac.

\ With only a faw axceptions, mogt of she existing multiple-avent
maagures usad to quantifly community noiss exposurs sum N noise events in
agcordance with tha ralaticnship, X logygh whare K = 10. Alse, most af

these moasuraes include a waeighting facter so asecount for varying noigsa
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sengitivicy of poople with time of day. Ganerally, highttime noiae axposura ;
or noige lavels ara welghted by an addicjional 10 48. Rescent investigations :‘
have presented findings which tond t¢ support tho uso of K = 10 as an

appropriate value in the noisae evant sumning relationship. 16,55  dowever,

other racoent investigations hava reoported findings whieh suggest that the

10 4B nighttims waighting is too high.60,61,62,83,64 yNotwithstanding

theoe recant findings concesning the 10 48 nighttims weighting, rosults

£rom o number of earlier and more racent secial surveysS2/87.69 concarning

noise from airsraft, as wall as othar noipe gourtes, hava shown good

cerxralaticon and conaistency bacween the percent of highly amnoyed personsz

and day=night gound lavel {Lan),& multiple=ovent mossura which sums X

noise eventa uaing a 10 log N zelationship and applies a 10 4B walghting to

nighttine nciss evanta.

Tharzafora, with raspect 0 GA aircraft acise expogura, thare
is littlo reason to axpect that communisy annoyance reasponse criteria
based on zalationships betwaan percent highly anncyad and noise axposure
measurss sSuch a3 La., would not be applicabla to GA alrport comttnitias. :
Howavar, £indings from a numbor of community annovanca response studiea,
soma specifically ralatud to GA aircrafs nolse impact, have suggested that
compared with the averaga responge of communitias around largar commercial
airporea: 1) the porcentage of the population axperiencing high annoyancao
(at a given noise expogurs level) may be lowar for GA airpores;90.56,57,58,74
and, 2) the noise axpopure limit considerad to be acceptabla by most of the

. airpert community may be as much an 15 dB lowar f£or GA AiZports. er73 1t

is balieved that thase diffarences between commercial and GA alrport
community rasponse are, most likely, due to lowor overall noigs exposure
pProduced by QA airerafs operations and lower background, or ambienz, noige
levals around GA airperta. Tharefora, exigting annoyance dose-rasponss
zelationships (i.0., parcant highly annoved as a functicn noise exposure
leval) may not be applicable to GA airpert communities.
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3.3.3 Comnunication Interfaraence

The Articulatien Indax {(AI), tha Speach Interferance Leval (S5IL)
and the Praferred Speach Interfarance Lavel (PSIL) are ameng the most
prominent rating schemes devaloped spacifically for quantifying the speech
interforence affects of nolss. Howaver, due to the complaxity of the
ealoulation procedurn, the AL is not congidared to be a practical means of
measuring the interforanca effacts of GA aircraft nolse. Alse, tho SIL and
the PSIL are not considarod applicable to GA aircraft noise since nsithar
accurataly measurss tha masking of spaach by noise containing intensa low
frequency components (beslow 500 Hz). A= may be seen from Piguras 2-1 and
-3, typical propeller-driven aircraft and helicopter noisa spectra ara
detinated by low fraquency tones, genarally below 500 Hz.

A number of Ainvestigationas have been parformed o assads the
opeach intorieranca uffacts of alrcraft flyover noise.20,21,77,78
Howaver, the findings resulting from thase invastigations ara not dizectly
applicabla %0 GA aircraft noise since commarsial jet {(turbojet and turhbeofan)
alrcraft and largs propaller-driven aircraft were the only airvczaft types
evaluatad. Nevarthelesds, it wag reported that the ralationshipa hatwoan
aceeptability rating of aircraft noises and varicus single-avent measuras of
the poak noise levals ara esgentially the same whathor the rating was
cbtained in the abaance of speech or with spaceh prosant at a comfortable
listening level.20/78 Tnis finding suggests that dose=responze measuras
relating acgeptability and noise exposure might ba equally as effactive in

eatimating speach intarfazranca affects of GA aircraft noisa.

Tha EPA "Lavels Document"5Z presonts specch communication
eriteria for cutdoor and indoor naolse environments in terms of porcont
sontenca unintalligibilisy and A=woightod oquivalent-continuous sound
lavel. Howevar, the EPA Adrport/Aireraft Neise Study?0 poinemd out that
gpeach interforence e¢ritoria basod on average or oquivalsnt=continucusg
sound laval measuras are beat appliad to anvironmental noiaes which are
asteady. It wan also pointad out that the average or egquivalant~continucus
Doasures are conservative when applied to non-gtoady nolsas when the
maximum levels do not causs a complata interruption of spuech communication.
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Hall et al.7% conductad a social survey around an airport
sorving pradominantly GA ailreraft to investigats community response to
noise from GA airport oparations. It waz reported that compared with tha
average regponsa of communities arcund a larga commercdal airport, lowar
percentages of spaach intarfarance ware raportsd by the GA airport community.
Howaver, thia finding is, moat likely, ralated more to diffarances botwaon
the amplitudes of GA aireraft noise as compared with commercial,
aircraft noise (sae Tabla 2«2).

Baged on the above findings, it is beliaeved that esxisting
communicatien criteria are not applicable to GA aircraft neiss or to GA
alrport communitins, and that annovance (or accaeptabiliey) criteria are
prabably mozre applicable in agsesaing tha impact of communication inter=
ference caused by GA aircraft noiss than specch or communication critaria
given in terms of percont of sentanco unintalligibility.

3.3.4 Noiza=Inducad Hearing Loas

only a faow inveatigaticns have attemprted to rolate alrcrafe
neise exposurs and noise-induced hearing.?9.80.81.82 gowaver, the
criteria derived from these investigations are considered applicable to GA

aircrafe noise and to GA airport coumunitien.

3.3.5 Sleap bDisturbance

Savaeral investigations have beon paerformed to asacas the affects
of aircraft nolse on nleap.60.84,85,86 peowevar, aone of those investi-
gations have produced quantitative doge-rosponsa relationships in tarms of

sleep disturbance and noise uxpogsura leval,

Lukas,84/87 Mhingeen®® and Grisfahn and Muzat3® navae
zscently devoloped sloap digtrubanca relationships given in tormg of alewp
digruption and aloep awakoening as a function of singlo-avent noiﬁ: axposuso
level. The ralationsnips developed by LukasB3:87 wers based on human
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responga data rolated to a variaty of noise socurcens, moat of which (76
peorcant) wers gub-sondic and auparsonic 'jct alreraft. The ralationships
doveloped by Thicozen®® wore based on regponsas from a recording of a
pasding truck. The ralationships daveloped by Griefahn and Muzeedd ware
alse basad on responaes ralatod to various nolna sources; howavar, the
zelative parcantage of aircraft noise sourcss was not reported.

A campariascn of tho slaop disruption and sleep awakaning criteria
developed by Luwhaa®3.87 und Thiesaen®? show roasonably good agreamant
even though tha nolse stihull wara, for the most part, qulte diffegens. A
coumparison of the slaep disruption and slsap awakening criteria devalopad
by Grisfahn and Muzacf® howavar, shows zather poor agresment with bhoth
the Zukas®3,87 and the Thissaen®8 criteria {mse Figure 3-16 and 3=17 in
Saction 3.2.3).

Exanination of the time history and octave band spectrum of
she truck noise used by ThisssanB® (Pigura 2 in Raferance 88) and tima
histories and noise spectra of several propeller=-driven aircraf:!?6 ghnows
ramarkable gimilarity between the two nolss sourca types. Therafore, on
the basis of this aimilarity, it is concluded that the slaep dizcurbance
eriteria developad by Lukas83/87 (ana supportad by crizscia daveloped by
ThisseenB8 are applicable to GA aircraft nocisa. However, it should be aocted
that, for the meat part, tha Griafahn and Muzat®? critaria show lass
glocp digsturkance sensitivity to noise am comparod with the criteria
doveleped by LukssB3:87 and Thiesaen.B8

With zeoaspect to GA alrpozt communitiaes, tha applicability of the
exizting sloep disturbance criteria i3 agquivocal. Based on laboratory
investigations, it has been reported that noise cccuxring randemly on
infrequently (4 situation vwhich might be axpoctad at GA airports with
nighttime operations) is moxs disturbing shan the sams nolae ecocurring
ctogularly.83,87,89 padairionally, bassd on Zindings f#rom an investigation
of community responsa to noise from GA alreraft operations, it was roportad
chat compared with tha ava:hgn ragponsa of a cammunisy uo_und a larga
commarcial airpert, a highar percontage of sleap digturbance was raported
by the GA alrport community.’$ It was suggestad that tha highar percantage
of sleep digturbance raported by ¢he GA alrport coumunity was probably due
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to greater nolae sensitivity rasulting £rom the infrequent nature of night
flights. Lukas®3:87 poporta that findings from ons investigation have
ghoenn that sleop disturbance Lrom low-denasity street traffic (1.8 vehiclos/
min.) waa greatar than that from highedansity sraffie (4.3 vahiclea/min,.),
but tha ap_pﬁaitn ragult waa obtainad with jat sizrceraft noises.

3.3.6 Nonauditory Physioclogical and Beshavioral Diserderz and Task
Porformance Effects

Although growing avidance suggesta a link hetwean nolse and a
numbar of nonauditory physiologiczl and huhavioral disorders, and dagradation
of physical and pental task parformance, dofinitive ¢riteria for thend noilsa
effects categories have not yet bean showoughly quantified. Therafoars, an
agsessmant of tha applicabilisy of existing erxitaria for thase noisa affests
catagories to GA aircraft nolpe or %0 GA zirport communities cannot be made
at this time.

3.4 Conclusions and Racommandations

Bagad on an evaluation of exiszting health hd walfara cricaria
and, an assagsaent of tha applicability of thagsa criteria ©o GA airecraft
noiza and to GA airport communities, the following conclusions and racom~

mendztions are prosanted:

Individual Response

On the basis ¢f providing roasonabla ascuracy and coensistoncy in
prodicting individual gubjective rasponse, geavaral of tha currently used
froquency~weightad acund level measuras and calculated sound level maasuras
are considerad applicabls to GA aircraft noisa. Tha Zreguoncy=welightad
sound level moasuras (Lp, Ly and Ln) without a duration allowance (er
correcticn) and tha calculated sound lavel measuraes (Lls, LlLp and Lpy) with
a duration allowanca are; on the averaga, tho moat ascurate and the most
congsigstant currently ugad gingle=cvent measursa ¢f GA aireraft noiszae.
However, thore are only marginal differences botwesn thase wwe sats of
sound lovel measuras. Thereforae, it is reocoemmendad that the simplex
frequency=walghted sound measurss (Lp,Im and Lg)}, without a duration
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corraction, be usad to azsess individual subjective response to GA alrcraft
noisse. Sinca, for all practical purposes, tha Ly, Ly and Lp are essantially
indigsiaguishable, all throe of theze £roquancy-waightod sound lavel
measures are considarad aquivalent with rospect to pradicting individual

gubjective reasponsa.

Community Rasponge

There is liztle reason to expect that community annoyancs rasponse
eriteria basad on a relationsghip hotwaen percant highly annoved and noise
erpogure measuraes such Az day-pight sound laval would not be applicabla w
GA aizport communitiaun. However, findings f£rom a4 nunber of ccmmunity
annoyance respensa studias suggest that oxisting community annoyanca
criteria may not be aspplicabla to GA airport communitias. Therzafors, the
foellowing racomnandations ara praganted:

1. Community noise surveys should be conducted around savezsal
repredeontative GA airports to obtain additional data relating
annoyancea Lsapongs to GA alrcraft noise axpoaura.

2 Basad on the resulta of the GA alrport community nelse survay,
annoyance eritaria should bao developed and comparsd with exdsting
community annoyance cfitaria to dotarmina thoir degroew of corralation.

3. Until anneyance criteria ara dovalopod aspoacifically for GA airpor:
comnuniticn, the doge~responsa relationahip developad by Schulzzb?
gheuld bo ugsad 2o agsasas community annoyanca from CA alrcoraft

noina axposura.
Communisation Iatarfarance

Exdsting communication critaria are not, for the most part,
applicable to GA aircraft nolse or to GA airport communities. Howevar,
begaunse of the time=varying nature of aireciaft noise exposure, it is
believed that annoyance {(or acceptabilisy) critaria ars probably mors
applisable in asaesaing tha impaet of communication intearfarance cauaed by
GA airerafs noisue than speach or communication eritacia given in terms of

percant of sentenca unintalligibility.
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Neise=Induced Hearing Loas

Existing noigae-induced hearing lozs eriteria are conasidarasd
applicable to GA aircraft noize and te GA airpore communities. Although it
ia balieved that the criteria identified in the EPA “Levals Documpnu®S2
overastimate the affects of GA atreraft noise oxposure, it is recommanded
these criteria be used to assess thae potantial noise-induced hearing looa
impact upon GA airport comaunity residenhs.

Sleep Digtusbance

Exigting sloep disturbancs critaria ars considered applicable to
GL aircraft noipse. Howevar, with ragpect to GA airport communities, tha
applicability of tha exisgting slesp disturbance critaria ia egquivocal., Find-
ings firom a number of studiss suggest that random or infrequent ocourrencas
of noiss (a situation which might be expectaod at Gi airports with nighttime
ocperations) arae mora disturbing than tho same noise oeccurring ragularly.
Therafora, it ia rocommended that laboratory and fiald studies ba conducted
£o obtain rasponas data apecifically addrossing the relative slacp distur=
banca efifecta of random or infiragquent noisa occurrences ags compared with
regulay or uniferm noise occurrances. Alac, until thase datd are availabla,
it is recommendud that criteria davelopod by Lukas83/87 (and gupported by
éritoaria developed by Thiszzend8) be used to assoas the sleop disturbance
affocts of GA aircraft nolss upon GA airport communities residents.

Nonauditory Physiological and Bahavioral Dizorders and Tagk

Porformanca Effacta

Although grewing evidence suggests a link betweon nolsa and a
number of nonauditory phyalolegical and bahavioral disgorderxs, and degradation
of physical and mental tank performanca, definitive criteria for thesa
noiss affacts catogoriss have not yat been thoroughly gquantified. Therafors,
an asacasment of tho applicability of existing criteria for thosa nolse
effects categories to GA aireraft nolse and to GA airport communities cannot
ba mads at this tima.
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APPENDIX B

GENERAL AVIATION (GA) AIRCRAFT/AIRPORT PARAMETERS
WHICH INFLUENCE THE EXTENT OF COMMUNITY NOISE IMPACT

This Appendix pragsonts data ralatad to some of the key physical
pumthrs which influanca the noiss impact on communities surrounding GA
airportn. Sineca there is no recognized definition of GA airports, it has
boea nacagsary to dofino thase aizrports as th oas which serves predominantly
GA type aireraft. A dafindition of GA airports, in guantitative terms, has
boan davelspad Zrom data presanted in Fodoral Aviation Admindatration (FAd)
publicsations and is &discuased in Section B.2.

In addition to the noisa amizaion charactaristics and overall
noise lavels associatad with GA airerafe, a number of other phyaical
paramatars have bean identified which have asignificant influence on the
asssosment on coomunity noise impact raesulting from alreraft operationa.

Thase paramsters aras

1. Mix of aircxrafe typea

2. level and diszribution of daily oparations (by airport type)
3. Flight procedures .

4 Populanion clsscibution (or density) around aizrperts

In tho following aoctions, data concarning each of theaa physical
parameters will ke discugaed. A basaline calendazr year (QY) of 1975 has
been salectad, Tha choice of 1975 az a refsrance year wag basad on &
number of copaiderations: 1) baseline yaar of CY 1575 iz conasistent with
other EPA contract efforta involving GA noise impact; 2} dus to the inharent

. time lag assoclated with tho asaimilation and tha digeribution of aireraft

activity data, CY 1975 reprcsants the most complete collaction of ralevant
gtatiatical data currantly available; and 3) a significant body of activity
data ¢oncerning tha level and dipsribution of Gh aircraft operaticna at GA
airporss has been collected and evaluatad by the Offica Management Systomo
af the FAA in o¥ 1975,
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body of activity data concerning the laval and distribution of GA aizreraft
cperations at GA airports has beon collactad and avaluataed by sha Offica
Managament Sysatems of tha FAA in &Y 1975.

B.1 MIX OF GA AIRCRAFT TYDES

Relavant statistical data concerning the mix of GA alrcraft
ara gonerally givon in torms of aircraft type and primary use categurias.
Two sourcas wera found which ildantified the mix of GA aircrafit by type
and by primary use category: 1) Fhh Stazissical Handbook of Aviawien!,
and 2) Selectad Stawisties, United Staten Genexal Aviation 1859=19752,
Baped on data presantod in these two documenss, valuas of tha avarags
GA alrxgraft fleat siza and mix ware determined in accordance with the
following airgraft types and primary use categoriasg:

Airecrafe Tvpa Primary Usa Catogory
Bingle Engine Piston, Exgcutiva
1=3 spats
Business

Single Engine Pigzon,

4 or mora soats Peraonal
Twin Engine Pigten, Aarial Applicaticnn
leas than 12,500 lbs.

Ingtructional
Multi-Engina Piston,
Greatar than 12, 500 lba. Ar Taxi
Turboprop Induatrial/special
Turbojet Rental
Turbofan Other
Halicoptar=-Piston
Hoelicoptes=-Turbine

hn estimatad dignributien of the mix of active (CY 75) GA
aircraft by typa and primu:&r use catagory is shown in Tabla B8-1. The
data shown in Table B=1 doag not rueflsct tha actual relative mix o
lavel of dally operatichs oeccurring at GA airports. Howevar, baded on
data obtainad dzom a 1978 GA activity survay conducted at 245 publie uge
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ESTIMATED DISTRIBUTION OF ACTIVE (C¥ 75)

Tablo B-1.
Gh AIRCRAFT UY TYPE AHD DY PRIMARY USE

Alxorate Typo pPrimary Yue of Airoratt Tulal
srial Induatxial/
Erocubive ULugineos Voracnal Application inakructicnal Alr Taxi  Upeglal _dlantal Othet

dlngle Engine Platon tis 069 V035 4216 G458 Hy [311] 2440 139) 5054)
1-3 Buats o {3046}

tingle Englne Pleton 12311 26424 45460 164 5129 1054 ooy 447 12060 06017
4 ar moved Osats 132.5)

Twin Enylpe Platon 4163 kL1 1] 2049 100 (1} o0 234 FTTN) 4450 19122
€42,500 1bo. 111.6}

Hulti=KEngyine Pluton 205 in 120 126 a6 150 0 44 " 1id
212,400 Y. {0.7)

' Turboprop 467 231 a 3 ] 274 10 0 T 2196
’ {1.3}

Turbojot 957 i3 ] 5 [}] 26 4 12 7 1247
10.7)

Turholan” <319 [} 5 i 2 12 2 4 6 406
i0.2)

sllcoptur=- e 394 193 552 215 F1z] (2] 29 165 2510
tlaton (1.5}

llsliovpur= 3114 it} 1 27 [} 366 129 6 131 1105
Turbinm (8.0}

Total 2157 30690 70553 1202 12409 6093 23144 3w 1796 163, 260
{5.5) {23. 1) {41.5) {4 4) {75} 3.7 1.4) [4.d) (2:3) (106)*

‘It le apsumed that turbofau alroratc rapresent approglmately 25V of total GA jet tloot.

roeals may Rob' g to 100 purcoant due o rownddng

Hatay

Hunbors An paronthossa reprosank percunt of tokal GA alroralt flaot,

Souroa: loferonges | and 2.
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airperts in all S0 United Statas by the Office of Managemant Syatemad of

the FAA, o comparison of tha estimated active Gh 2leat distributuion with
astual daily GA operationa by aircraft type and primacy use capn ba mada.
These compariscns are shown in Tables B-2 and 8«3, It can bs oeen that,
basad on availables data, the distribution of tha GA fleat mix, in terms of

parcoent of total fleet =zizs, iz zapresantative of tha actual digeribution
of daily Ga aizcraft activity.

B.2 LEVEL AND DISTRIBUTION QF GA AIRCRAFT COPERATIONS BY AIRPORT TYPR

FAL statistical data show that in 1975, there wors approiimately
60 million aireraft cperaticns at FAA-towaged U. S. ¢ivil and joint-uoe land
facilities.? Of this total,approximataly 45 million operations were par=
fnm? by GA typo aircraft. It was ostimated that GA operations at tho ovar
400 FhA=towared airpoérts roprenentsd only abous 34 parsent of tha total numbar
of GA oparationa in C¥ 1975.2 Tha romadining 66 percent, or approximataly
66 million sparations occurred at non-FAA towersd and non-towered public
and private uae airperta. Additionally, it was estimatad that about 7,000
er 53 porcent of the more than 13,000 landing facilitles on racerd wish
the FAM Wwere open £6 public use and handlad at least 95 percent of all GA
aireraft cperations. Non=-towared public use aispornts tan be categorized
aceording to the type(a) of runway surfaca(s) and the lighting system({s)
in operation. Tabla B«d presents a summary listing of tha estimatad dig-

tribution of U. 5. e¢dvil and joint~use airports on record with the FAA in CY
1975.

Adreraft activity data concerning lavel and disteidution of
oparaticons at a given airport are racerdad or satimatad in Sozms of genaral
aireraft categories and cperations, l.o., all airgsafs are catogorizad as
GA, air taxi (AT), commerelal air carrier (AC), or military types, and cpara=
ticns are countad as aither local or itinarant.” Only FAA~towerad alrports

*Local cperations ara typically traluing filighta consisting of touch~ande=goss
or ahert distance or duration coperaticna. Itinerant operationsm ara dafined
43 an arrival cperation a4t an alrport by an aireraft which has nct doparted
that airpers in the previous 30 minutes or a depazrturs f£rom an airport by an
airgzaft which doag not return o that adrport in the following 30 minutos.

B=4



Table BE=2. DISTRIBUTION OF ACTIVE GA AIRCRAFT FLEET BY
AIRCRAFT TYRE; CY 1978

ACTIVE GENERAL AVIATION AIRCRAFT PLIERT BY AIRCRAFT TYPE (C¥ 75)

B e T T LY

o

I~y 1y a1 oy oM™

-

1 ™

3 £

23 3

Y 2/ 3/

Areraft Type No. % No. b Ho. L}
Single=eangine 51378 31.0 49699 30.2 1910 27.2
Piston; 7=3 Places
Single-aengine 86117 51.9 87514 53.2 3684 52.4
Piaton;
4 Placas and over
Multi=angine 20330 12.2 20213 12.3 951 13.5
Piston
Turboprep 2519 1.5 1869 1.1 216 3.1
Turboiet 1321 0.8 1098 0.7 nal*l 1.7
Purbefan 444 0.3 66 0.2 e{* 0.6
Halicoptoze 2279 1.4 2731 1.7 75("*) 1.0
Platon
Helicoptez=- 1563 0.9 1042 0.6 38(*™) 0.5

Turhing
TOTALS 165,961 100.0 164,538  100.0 7,032 100.0

1/ = FAA STAT. HANDBROOK = CY 1975 (Ref. 1)

2/ = FAA~AVP-76-12-C¥ 19753 (Raf. 2)

i/ = 1973 GA AQCTIVITY SURVEY (Raf. 3)

= Baged on the aasunption that turbojet and turbogan aireraft raprassnt

approximataly 75% and 258, rogpectivaly, of tha total GA jet fleat.

*» = Bagad on the avarage distributicon of Platon and Turkine sypes as

presented in 1/ and 2/.
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: Table B=3., DISTRIBUTION OF ACTIVE GA AIRCRAFT FLEST BY

! r AZRCRAFT USE; CY 1975
L L’ ACTIVE GENERAL AVIATION AIRCRAFT FLEET BY ATRSRAFT USE {CY 75)
g 2/ 3/
| r Adrcratt Type No. % Ho. L] No. %
S Exgcutiva 9342 5.6 6970 5.5 a3z 6.2
? Buainosa 35415 21.3 40773 2¢.8 1409 . 20.1
E persecnal 81084 48.9 76015 4642 057  43.6
: [ Aerial Applicution 7176 4.3 7383 4u5 70 1.0
|
{ [ Inatrustional 12419 7.5 12514 7.6 1387  19.8
| ‘: Adr Taxsi®} 6331 2.8 5048 3.6 330 4.7
i .
P ‘
L Industrial/Epecial 2544 1.5 2479 - 1.5 91 1.3
: [ Rental 7689 4.6 6929 4.2 bl -
: v
E othart*™) 3961 2.4 627 2.2 236 3.4
1
165,961  100.0 164,538  100.0 7012 100.0
E TOTAL |

! E 1/ = Pnh STAT, HANDBROOK = C¥ 1975 (Rof. 1)

!

i y 2/ = PAR=AVP=76=12~CY 1975 (Rof. 2) '

‘ E 3/ =~ 1975 GA ACTIVITY SURVEY (Raf. 3)

. * = Includes Commuter Air Carzier

: E “* « Glidor Activity Subtracted frem this Category

*e* . Included in othar use Categories

3 ' '
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Table B=4, ESTIMATED DISTRIBUTION OF U.S. CIVIL AND JOINT-USE
AIRPORTS ON RECORD WITH FAA IN CALENDAR YEAR 1975.°

1

T S Ty R B et

1

AIRPORTS AIRPORTS
QPEN TO NOT CPEN
AIRPORT CLASSIFICATION PURLIC ™0 PUBLIC © TOTAL
TOTAL TOWERLD
AIRDCORIS
Fah 407 407
NON=FAA 40 4 44
TOTAL HONTOWERED
AIRFORTS
PAVED AND LIGHTED 2,568 203 2,7
PAVED AND ONLIGHTED 519 801 1,320
UNPAVED AND LIGHTED 835 173 708
ONPAVED AND UNLIGHTED 1,940 4,002 8,942
TOTAL 6,000 - 5,183 11,192

1

-3 & 13

i

* Excludas heliporss, stolportsa, and gaaplans basos.
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maintain daily racords of aircraft operaticnal data. Thase data ara racorded

on gstandard FAA forms and are umsad as the basis for a numbey of FAA ssatissical

publications. The non-towared public uame airports provide only estinatos of
the number of annual lacal and itinazant aircrafs cpazations. Neither the
tovuered or non~towarad airperets provide cparational csunts by specific alz-
craft type or typa of cparatien. Thezafora, the publishad FAA statistical
data congerning aireraft activity at varisuas typas of public uge airports ia
not sufficient to provids a detalled distribution of the level of cperationa
performod by aspecific aircraft types. Howavar, in 1975, the Office of
Mapagement Systams of the FAA conductod an extensive GA activicy gurvaey at
245 airporta in all 50 United States. Of tha 245 airports surveyed, £3 had
Fih towers, aight had nen=rAA operatsd towexs and 174 had no towar. Tha 174
non=towared airports included those with runway(s) which wera: 1) paved

and lighted 2) paved and unlighted 3) unpaved and lighted, and 4) unpavaed
and unlighted. Operational data were racorded in terms of the numbar and
type of oparaticn parformed by apecific GA alrcraft types at cach airport
survayed. A computar taps f£ile containing a complete liating of all of the
survey data was cbtained and inatalled en the EPA's computar syatem. DBased
on publighed PAA statiszical daea,4/5/6 whe airporzs included in the 1975
activity survey ware arrangad according to the actual or astimated total
nunber of ennual operaticna for Cf 1975. Thasa alrports ware then grouped
according to tower status (towared or nonetowersd) and according o airport
typs, i.0., GA or commercial air carriar (AC). An aizport was classified as
a GA airport Lf‘ it was:

1a Tewered and the ratic of total annual GA (plus air taxi)
cperationa €o total annual opuerastions is agual to or
greater than 0.85; all othor towered alirports are
classified commoreial air carriers; (sea footnota” ).

2. Nen=towsred

*Critaria Zor the towerad alrport classifiications are based on
atatigtizal data concerning level of cperations at airports
specified as General Aviation Airports in "FAA Adr Traffic
Activicy, €Y 1975" (Raf. S).
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All airpert types, towered or non=towerad worsa arrangoad according
to the lavel of total annual cparations. Additienally, nonetowoarsd alrports
ware grouped according to the configquration of the runway{s) (i.a., paved or
unpaved and lighted or unlightad). Table B=5 prasaents a4 summary listing of
the airport catsgorization scheme upsaed in evaluating the lavel and distribu-
tion of GA aircraft operaticns at sach airpert typs. Tabla B=5 was davaldoped
from statistical data presantad in FAA publicatiena.4.5.6

Table B-6 prosants a listing of tha lovel and diatribution of
GA aircraft operations for each ailrport type identified in Table B-5.
These data are bagsed on the rasulta of the 1975 GA activity survey performed
by the PFAM and are given in termas of the parcant of total cparations racorded
at ecach airxport, for cach aircraft type. Becauss the survay data were
collocted for two supamate days, ong woakday and ono waekend day, tha
average parcaent of total apern:im‘m han been adjusted to'm:cnunt for the
probable differances batwesn the averaga lavel of weekday and weskend day
sperationa. This adjussmont was made using tha following aequation:

A3 = 3 ((5 % WDR) + (2 % WEDA)]

whore Adj)t = adjustad averags weakly parcontaga of aizerait oparationa,
HWD% = weakday parcantage of alrcraft oparations,
WIEDt = waokend day percentaga of aireraft gperations.

B3 ILIGHT PROCEDURES USED AT GA AIRPORTS

Tha f£flight procsdures used on takeoff or landing can hava
asignificant cffacts on the degroe of noisa axposurs produced in surrounding
alspors communities. Unlike tha procndurm; used by larger commorcial jat
alzeralt, GA £light proceduras ars not as well dafined, pareiculaxly at
non=towared airporta. Altheugh many towerad, asg well as non-tovared air=
porta, 4o hava specific taksoff and landing cperational procedurwsa, thers is
little standardization among all alrport types.
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Table D=5. CLASSIFICATION CF TOWERED AND NONTOWERED AIRPORTS USED 1,
EVALUATION OF LEVEL AND DISTRIBUTION OF CY 75 GA OPERATIONS™
Averago Ratic of
Number Average
Towar Status Rangs of Total of Total Nunbar "™ o
and Vaolume Annual Adreraft Annual of Average
Adrpore Catagory Cparations Alzczaft Arports Total
Typa(s) Cporationa Considered Cpurations
oW Laesa than or
equal to 100,000 65,000 €9 0.91
T Towered -
{GA plus AT) MEDIUM 101,000- 154,000 84 0.94
200,000
HIGH Greater “an 282,000 45 0.99 i
201,000 !
-
oW Lasa than or 89,000 96 0.78 :
equal to 100,000 11
" Towezed - i
(AC) MEDITM 101,000= 142,000 74 0.70 :
200,000 ‘
HICH Greataer than 289,000 42 0.52
201,600
o Lags than or 17,000 144 0.88
equal to 25,000
Nan~Tovarad,
Pavoed Runwayao= MEDIUM 26,000=- 36,000 153 0.92
Lightad and 50,000
Unlighted
HIGH Greator than 88,000 104 0.93
51,000 .
Non=Towarad,
Unpavod
Runways= AVERAGE 2,000« 18,000 an 0.90
Lighted and 47,000
Onlightad

* »pased on FAA statistical data prasentad in Refforences 4, 5, and 6

** sncludes gemasal avissicn plus eu..r taxd.
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Tablo B-6.

LEVEL AND DISYRIDUTION OF DAILY OA AIRCRAMY ORERATIRONS AS
DEPERMINED FROM CY 1975 GA ACTIVITY BURVEY (REF.3), VALUES
GIVEN 1N TERMS OF BERGENTAGE OF WOTAL OPERAYIONS RECORDED

A B

‘Tower Obatue
and Volusa

Fiston-gnglhud
Husbex of  Oinglu~Bnglue, inyle-Enylne,

Mrports )~ 3 ffoats 4 _or Hore floakw _ Hulbi-knglue Tusboprop Turbojat/Fan  ligllcopker

Alxpovt Typale)  Category consldured I L I L 1 L 1 L 1 L t L
Lod [} 29,94 Ll EY I F] 6.00 %09 0.0 426 O.12 Lu9 0.0 349 .06
Towared
{GA plus AT)
HEDIUN 12 d0.43 5.9 41.60 G.41 9.7 0.4l 2,78 0,07 L6 '] 1.686 0.08
tiait F 0.1 t. 13 04,46 ballt 2.7 0.0 1,00 0.0 0.30 0.75 1.5 9.0
tf ¥l ] ] .51 .21 3,04 Wi 10,32 4.20 1,95 2.2 2,07  0.42  D.4% DY
-: Powared HEDIUH 14 0.0 1,46 41.61 0.486 10.4% 0,00 4.01 i 4,23 Q0. 10 1L.78 0.0
[£14]]
[Ty ] 2.29 3,50 30.5% $.24 1.6  0.7% 2,60 0«0 .32 0.4 0.53 0.0
[¥ig ] 36,90 12, 14 26,23 9.02 G.03 1.22 2.5} (1Y) 020 0.0 4:.16 0.62
Hon~Tawsred,
kavod Runways =
Lightad and HEDLUN 11 16,01 FI3 )] 44.70 1.60 .55 010 89 4.9 0.9 0,080 1.3 0.0
unlighited .
[11{r1] u 30.67 2.04 53.01 4,20 490 0.9 0706 Qa0 i 0.9 u.6%  u.07
Hoti~Towacad,
Unpaved
Runvays = AVEIAGE 17 a1.01 i1.97 .13 7.47 447 0.0 g.0 0.4 0.0 t.0 1.45 0.0
Lightad and
tnlighted

& g = Itinerank oporaclonm dofinad as takaoffs or landingu.

44 |, = Laoa) oporatlons JuEined an "touch-ahd-goes™ {countod &4 Lwo opevatione),

Hoker Hows mey Dot ous to 100 percant duv to rounding.
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Flight procedurca vary firom alrpert to airpert for sevaral reasons
including:; 1)} cperaticnal restrictions imposod by the airport operator aor
the FAA, 2) types and dimensions of available runways, 3) gaographical
foatures surrounding the airport, and 4)' variahility in piloting techniques.
Additicnally, f£flight procadures waed at a given airpert vary due to weathar
¢onditions, pilot experiance, trafffic voluma, and types of aireraft using

the alrport.

Bedd Landing Procadures

Landinga are genarally nc:ompli.nhed‘ from a traffic pattarn usad
to insure an ordarly flow of traffic into the airpors. Traffic patterns ara
typically deaignatad as sithar "left" or "right® patterna which consist of
separata flight paths or “logs” around a runway of tha airport. Thesa lega
ara carmed;

1a Upwind leg

2. Crogswind log
3. Downwind lag
A Base lag

5. Final leg

The traffic pattern is entered at a spocified Traffic Pattern Altituds (TPA)
typically 800 feat, but thisg varies Srom aizport £0 airport. A nunber of
studies?+8.9,10 pave shown thar actual approach and landing procedures

vary conaidarably frem the structured leoft and right patterns recomsnded
by a particular airpore.

Howagvoer, in an attempt to achleva soma standazdizaticn in tha
flight precedures at non«towared alrpores, :the FAA has rocently publishad
an hdvisory Circular AC 90~66, "Recommandsd Stindard Traffic Pastazns for
Adrline Oporations at Uncontrollad Aldrposts”. This advisory cirsular
recopmends that & downwind entry mide=point of the runway be used and that
specifiic departure procuduses be used to minimize conflict with srafiic
uaing the crosgwind lag. The FAA racommendad traffic pattarns and das-
eriptions aze ghown in Figures B-=1 and B-2. Alao shown in these figures aros
typically uged upwind ontries to the rscommendod traffic pattern.

R=12



AC 90=66 (197%)

VARIATION IN STANDAND
TRAFTIC PATIERN

[RRPTS T W ¥

3

DOWNWIND

RUNWAY

RECOMMENDED STANDARD LEFT TRAFFIC PATTERN

1 Enter pactorn in lavel f1ighe, absac the midpoint of che rumexy, at
paccarn altituds.

2 Mafintain patiern albitude untdl abesm approsach and of the landing
fumisy, ot downwind lag.

3 Complata tutn to £inal at least 1/4 mile £rom Tutay.

& Contdnua scxaight ahead wumtil beyoud daparcurs and of sunway.

s If tevaining in the traffic .pactarn, covxence Curn to crosswind lag
beyond tha departura ¢nd of tha Tutway, within 00 fast of pastarn
altituda,

§ 12 doparting the craffic pattern, comtinua atfaight out, Of axdt with

8 439 laft tumn bayond tha daparfure end of tha runway, affar raaching
pattern altituda,

FICURE B=l, ILLUSTRATION OF FAA AC 90-64 STANDARD IEFT

TRAFFIC PATTERM ({SLIP)

P13
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FICURE

I A2 90-66 (197%)

“ TRASTIC PATTERN

U BGCE

WN

UPWIRD

RECOMMENDED STANDARD RIGHT TRAFFIC PATTERN

Ercar pattern in laval flight, abmam the midpoint of the futway, at
pattarn altituds,

Maintain pactern altitude until abogm approach end of the landing
runvay, on downwind lag.

Complate turn to final &t least 1/4 mile Zrom munway,

Continua stroight shead uncil beyond daparturs end of rumiay.

If remaining in che traflic pattarn, commnces tusd to croxswind leg
bayond the daparturn end of tha runway, within 300 faet of patzern
altituda.

4 deparning tha traffic pactorn, contimus straight out, or axit with a

459 might turn beyond tha departurs end of tha fumway, upon teaching
pattarn alsituda, .

Bed. ILLUSTRATION OF FAA AC~90-64 STANDARD AICHT
TRAFTIC PATTERH (SRTP)

B=14
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Badeld Takaaff Procadursn

Congiderable effort has been focused on identifying the optimal
neise abatsmant takesoff procedura(s) for the largar commarcial jat aircrafe.
Relatively littla attention howaver has beon given to the amall GA ajrcraft
types. Bscauna of conzsiderable diffarances in parformance charactaristica
botwoon larger commercial aircraft and GA type aircraft, it ia unclear
whather £light procedurss which have beon demenatzatod &0 provide ncise |
level reductions for the commercial avaiation flast ars applicabla to tha Ga E
aigeraft £leat. Additionally, it is not clear whather a aingle takeofs
£light procadura would ba appropriate for all GA alrcraft typas. Howaver,
baged on limited available informasion and on results from analysss invelving
larger commercial alrzcraft, it iz unlikely shat a single "beat® procadure
could be used by all GA aircraft typed.

In general, GA alrcrags takeoffs can be clagasifiad as
aither: 1} normal, 2} short field, or 3) chatacla. The normal takeoffs ara
typically made with zers degrae flap retrzaction, normal takeoff power
satting and aircraf¢ picch attituds to achieve "best rata of climb.® The
short f£iold and obstacls takeoffs ars usually made with flaps extonded,
maximum takaoff power (or at least greater thon normal takaoff powar), and
airerage pitch antituda €0 achieve "besn anglo of climb". Thage procadures i
are mores related to safaty considerations thapn noisa abatemsnt or control.

Recently, Aaronsll examined a numbar of noisae control takeoff
procadures using thras GA aircraft types: 1) a twin—angine jes, 2) a
swin=ongine piaton (propellar), and 3} a gingla=engine piston (propeller).
Throo flight procedures ware used for both piston engina aircraft and two
for the jut. Aarons concluded that the flight procedurs which was beaot, in
torma of noise reduction and safaty, for cne alrcraft type was not best for
the othar airerafts types. It was concluded that the optimal takeoff flight
procedure for each GA aircraft was;

-] Twin=eangine jet = Rotract gear after 4 positive climb rate is
established. Thisz is followed by an immadiase parzial f£lap
rotraction from inizial takecff flapsa and at the sams time
reduco power to a sutting which is slightly highez than thoe
FAMA angine=-out raquirement (FAR=-25).

B=15
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o Twin=angine piston = Retract gear when insufficient runway
ramaing for a atraight ahead landing, and maintain maximym
climb powsr. At 500 feat above ground level, reduca powar
t0 normal climb gatting. (Notta: no f£lap satting
confiigurationsg were given).

e Singla=angina piaton =~ Climb at 70 knota (IAS) with takooff
powar and zoro flaps to 500 feet above ground level. At i
500 feot, raduce powar to recommendad normal climb patting. .

B.4 POPULATION DISTRIBUTION (PENSITY) ARCUND GA AND
NOR-~GA AIRPORTS
Average population dengities around towered and non-towared
Gh and non~GA aidrperts hava been detarmined for a representative sample
ef airport types idontified in Table B~5. Thaese data wars obtained from
tha 0ffice of Environment and Energy of the FAA which provided a listing of
the populations within a radius of fzom 2 fo 10 miles, in two mile incramunts,
arsund ovar 1500 towered and non=towerad airports in the U. S. The popula= :
tion data are based on the 1970 U. 5. Population Census. The pepulaticn "
density values waera datermined from total population and total land area
within circular aveas Srem 2 €0 10 miled, in tweemile incrementa, for cach
airport typo. Dxcopt for tha fizst two-mile zading distanga, averaga
population densities werse determined for circular bands, in tweemile incra-
nents, out €0 10 milea from each airport. For the first two~mile radiug
valua, the averaga population densities wars datarpined £from the total
population and total land area wishin the two=mile radius distance, misus
the airpert arca. The average population density valua wishin a 5-mile
radiug of sach alrpert type was also datermined. A sample of the FAA liage
ings ig shown in Figure B~3., Tabla B-7 prassnts a4 summary of tha population
densities dotermined from the complete listings previdad by tha FAA.

B.5 ESTIMATED NOISE IMPACY UPON GA AIRPORY COMMUNITIES RESULTING FROM
GA AIRCRAFT OPERAIICHS

The IPA "Levels Document” 2 hasn idéntified 55 dB as the outdoor
yaarly day-night sound lavel (Lg.) requisnite to protoct public health and
walfara from the effacts of anvironmental noiss. PFueople living in arsas
axposed to noise levels greater than La, of 55 dB will ke oxpactad to
experience some degraa of nolse impact. fhnr:af.‘cra, the eatimatad noisa
impact upoen GA airport compunities resulting from GA airexaft oparations will
be quantifiaed in torms of the nmumbor of poople oxposed to Lan values of
€5 4B or groatar.

B=18
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Flgure B-3. SAMPLE LISTING OF 'THE POPUILNTION DISTRIBUTION
ANOUND W), S. ALRPORIS; DANPA PROVIDED hY THE
OFFICE OF ENVIRONMENT AND ENERGY OF TUE FAA
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Table U-7. Populatlon Denolty Valueo By Adrport Wypu and Dy Dintance From Adrport,
bapod on Data Provided by the Office of Lnvironment and Enorgy of tha FAA

Population Ronolty Ao a Function of Distancu

Tovor
ftatun & Volunma . From tha Alrport, Peoplo lor Square Mila
Adrport Ontagory
Yypol{a) Humber of Avardago
Adrports o-21V/ 2-4 46 60 8-10 . o-5% 0-101/
Congiderad Milog Milosn Milou Milaon Milag Miloo Milows
Towared, Low 62 813 900 701 446 206 830 507
{Genoral
Mviation
&
Adxr Taxi) MEDIUM a2 1807 1817 1557 1244 9247 . 1742 1205
nzan 14 2017 2415 2219 2245 2063 2428 2217
3 Towarad, 1oW 89 556 495 41 268 206 402 e
] (Alr
Carrioer) .
MEDIUM 73 1410 1310 1076 a67 692 12640 9210
HiGi a 3354 3739 kYRR 3030 2209 3606 2991
LOW 26 323 226 142 135 105 220 144
Hon~Towared,
Davod
Runwayo - MEDIUM 136 340 k[13] 164 a6 50 269 129
Lightod &,
unlightad, .
HIGI 4 1040 "1316 1169 1030 a60 1243 060
Hon-lovworad,
Unpavad
Runvays = WERAQL 58 516 497 475 k[-1:] 329 494 396
Lighted &
Unlightod,

1/ nipport land area not included in calculation
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A knowledga of two impact parametors is roguired in crder to
parform an azsessmant of community noisa impact resuelsing from alrcraft
cparationa: 1) tha arsa exposad to a givan noise exposure lavel and, 2)
the number of paople within the noiso adposed area. A pore neaningful
impact agsessmsnt can ba porformed if tho ambiant (or Background) noise
lavels are alsc considersd. The follewing sections prasent a detallsd
descriptglon of the proceduras used to determine the reguired impact
parameters and the estimated number of GA airport community residenta
iopacted by GA aireraft noisa.

B.5.1 Araa Arsund GA Mgurt;i Impacted by GA Aircraft Noilsa

Gallaway13 has davelopad a modael to rolats nolse axpoaad
area surrounded by a specificd NZF (or Lap) and tha number of daily
propaller~driven aizcraft oparations. The relationship iz given aa: -

{10 109‘101{ = NEF = 5.92)/8
Am 10 (B=1)

{10 log,.N = L, + 29.08)/8
A= 10 10 dn : (8=2)

whara A ia area in squaze miles.

Bquation B-2 is dexived from the approximate relationship batwesn NEF and
Lan given as:iR

Ld.n = NZF + 38 {B=13)

For adirporta with GA jet alrcraft oparations it is assumad that sach jet
aireraft operation ia comparable in nolse impact to spproximataly 200
propaller=driven aizcraft.!d

. B=19
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Bapaed on the data prasanted on Tables 3-5 and B=6, a distwibution
of the avorage number of daily GA aircraft oparations, by alreraft type,
wag datermined for the towarad and non-towaraed GA airpotts only (GA alrporta
as defined in Section B.2). The digtribution 6! GA aircraft, aleng with
the "effective” numbar of daily cperatiecns ars shown on Table B=8. 7The
effactive number of daily operations ia the valua N umad in equacions B-1
and B~2 and is detarmined by counting ona jat aircraft cperatien as 200
propaller-driven aizeraft cparations, and summing the number of daily GA
aizeraft cparations.

Using squation B-2 and solving for Ly, as a function of
surrounding arva and effective number of daily oparaticns, the expectad
L4y valus at the beundary of each of tha GA airports was dectermined. The
average airport areas used ts detormine the airpert boundary noisa lavels
vera darived from data gsupplied the 0ffice of Environment and Energy of the
FLA {Soe Pigure B=3). For each GA airpert type, two boundary nolsa levels
ware computed: 1) noise exposurs from GA alrcrafe operations only aad, 2)
noisa exposura from GA aircrafé operations plus the ambient noisa. The
amblient noise leval for each GA airpert type was computad from ampisical
rolationships defimed in the EPA "100 Site Study"'4 relating day/nmight
ambient noise level and rosidential population density.* 7Table B=9
presants a summary of the airport boundary noise level values and the data
uzsed to calculate theas valusa. It may ba geen from Table B-3 that, even
with theo addition of the ambisnt noise to the noias leval gunarated by GA
airerafn operations, only the towarad GA alrports are axpuctod to have
boundary noise lavels which oxcood La, ¢f 55 dB.

B.5.2 Estimated Aven and Number of Peopla Around GA Adirports Exposed
to Lan Values of 55 dB or Groater

Using acquaticn B-2 and the effsctive numbar of daily GA aixgraft
operations prasentad on Table B~8, the estimatad area and number of pecple
anposod =0 La, values 55 4B or groater were calculated for towercd and
non~tawarad GA alrpor:t types. These estimatoa are shown cn Table B=10.
Zatimatas ware detarmined for two noise exposure conditionm: 1) noisa

*Populatien density values used to compute Lap valuea wera based on total
circular area (minug airport area) and total populatisn within a 5~mile
radiug of the airport.
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tablo B-0, Digtribution of the Avorage Humber of Dally Oparations
by GA Adrcraft and GA Alrport Typo, Derlved from Data
Prooented on ‘Tableo B-5 and B-6

Towor Btatun Avorage Numbor of Daily Oporationg Effoctive

and Volume Propellexr-  Turbojat/ Humbor of Daily
Alrport Yypolo) Catogory  Drivon Turbotoan llalicopter  Oporaiionm,®* N
Low 156 3 3 759
‘Towored Madium 179 6 11 1590
(Gh plun A1) nigh 744 10 12 2756
i Hon=~Toworud,
N paved Munways =  Averago 108 0.5 2 201
- Lightod and
Unlightod
Hon~towarod, '
Unpaved
Nuliwisya = Avarago 44 [V ! 1 45

Lightad and
Unlighted

*Ono job operation counted ac 200 propoller-driven alrcraft oporations
Ono halipopter oporaticn counted as ona propollor-drivon alreraft oporation.
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Pable -9,

GA Alrport Boundary Paramocbors:
Mibjont Holse Levael and Alrport Doundary Nolso Lavol

Averago Alrport Aroea,

Oy S PP N oo A (o Y I o s i e e e e

fwaulting £rom QA Alrecraft Operationn. (Dased on CY 1975

Gh Operations Data}.

Pay=-iight Hound Laoval at

Avarage Adrport Boundary, an
Towor Btatun MMrport  Mubiont Day- GA Mreraft
and Voluio Aroa, Hight Sound Gh hiroralt ~ Holpa Plud
Aldrport typo(s) Catogory 8q. Ml. Luval,* dpn Naiupo Only Mubient Hodso
Low 1.74 53.1 56.0 57.9
Towared Modium 1.32 55,9 60.1 61.8
(GA plus A7) High 1.64 57.1 61.8 63.2
Hon~lowored,
Pavod Runways -
Lightod and Avaraga 1.05 5t.1 52.0 54.7
unlighted
Hon=Paworoed,
Unpavad
Runwaye =~ Averago .21 51.2 51.0 54.3
Lighted and
Unlightod

*ambiont day-night sound leovael caloulated f£xom avarage population denuity
computad £rom the total olrcular aroa {minua alrport area) and total
population within a H~mila radiuwp of the alrport.
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Tabla B-10.

e T T o

Eotimated Area and Numbor of reopls Around Gh Alrports Expousud to

Lgn Yalues of 55 dll or Greatar (Baned on CY 1975 GA Operations Data).

Aron Exposed to Lg, Values
of 55 dBi or Greater, Bg. Mi.
(minuo Alrpork Area)

Numbar of FPeoplo
Etponed to Ly, Valuuy
of 55 dn o rGreator 4/

Towor Btatus Humberx GA Aircraft Gh Mrerafit
and Voluno of Gh alrecraft Nolsa Plup GA Mrorafr  Holpo Plun
Mrport 1Typola) Catogory Mrports Holse Only Mmbiont NHolpo Hoiue Only Jmbiont Holino
Y, Low 69 0.55 T 6.04 31,499 391,727
Toworaed HMedium o4 4.46 23,092/ 652,623 2,371,297
{Gh plus AT) ilLgh 485 9.65 37, 198/ 1,076,211 4,063,379
Hon~towarad,
Pavud Runways - 3/ 3 e il
Lightud and Averagua aoa? e 74 1 0
Unlightod
Hon~Towurud,
Uupaved
Runwayg = Averago 2475 3/ 3/ ~f~ (=
Lighted and .
Unlighted

1/196 FaR towerad airports anly.
2/ppbient day~night vound level grenter than 885 4u;, aroa and numbor of paople
ghown reprogent: area sxposod to Ly, valuoa equal to ambiont nolpe leval plus ono ap.
3/hrea onposed Lo Lgn valuos of 85 di or greator io within alxport boundary.
A/tumbor of paople expopod i equal to tha poise ciposad aren times the avorage population dopoity
compulad from kho total oircular area {slnun alyport urca) and total population within a 5~mila

radiun of thoe airport.
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exposure from GA aircraft operaticns only and, 2) noine sxposura from GA
airorafit operations plus the ambient noise. From tha data presentad on

Tahla B~10, it may ba seen that only the areaa arpund towered GA airports
ara, on tha averaga, axposad €0 Lgm values of 55 4B or graater. For

thege airperts, it is cotimated that for CY 1975 GA operations, approximataely
8 million pecple ware impactad by GA aircraft noise. Howaver, dus to tha
projected increasss in GA aircraft oparations, the data shown on Table B=10
probably undsrmatimate tha current isipact frem GA aixcraft noisa.
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