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1, INTRODUCTION

1.1 Backeround

Since the introduction of the turbine powered jet aixcraft inco
the coomercial aviation fleet, considerahle attention has been focused on
the aviavion noise impact upon surrounding alrperz communities. Increased
public awareness of the effects of nolse exposure and its adverse impact on
the dally lives of individupals and communizies has resulted in significant
efforts almed at contreolling the level of environmental nolse resulting
from aircraft operations. 3Additionally, considerable effozt has bezn
devoted =o the understanding of the relationships between the physical

parameters of noise and human response.

Over the past two decades, research has led to the development
of a number of methods which are purported to provide a higna correlation
betwéen guantitative measures of noise and human response to this nolse.

A significant proporticn of these research efforcs have dealt wizh the
effects of alreraft noise exposure. However, compared with the commercial
jet aircraft, relatively little of this research has addressed general
aviation (GA) noise and community noise impact avound GA airporzs. It is
unclear whether existing noise affects and deose-response relationships
applicable to commercial jet aireraft are approprlate for predicting the
impacts resulting Srom GA aireraft operations. Some of this uncertainty is
based on a number of acoustic, demographic, and operational diffarences
which distinguish GA and commercial aviationm. For example, GA alrcraft
genarally oroduce less intense noise levels than commercial jets and, they
cover a wide range of airecraft types whose noise characteristigss are very
different from those of the larger jet aircraft, Alseo, GA alrcraft typically
operate from small airports surrxounded by urban and residential communities
whereas the larger airports serving commercial jet aircraft are usually
located in more highly populated mesropolitan areas. However, raesidential

encroachment upon the airport facility may be more severe around Ga airports.
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Non-acouszic Zastors which have been found to influence hoise response are
likely to be different for the two types of airport communities. Due to
differences in airport use requirements, airport configurations and fagili-~
ties, and aircraft pexformance characteristics, the operaticnal procedures
and flight patterns used by GA aircraft at GA airports 4re not as wall
defined or controlled as those emploved by commercial jets coperating £rem
larger airports. Because of these differences, a comprehensive assessment
of the magnitude of GA noisa and the conseguent health and welfare lmpacts
cannot be predictaed with the same degree of confidence as that associated

with commerzial aircraft cperazicns.

1.2 Purnose cof Study

It has been estimated that in 1975, over 124 million GA operations
were perZformed at approximately 6,000 public-use towered and non~towered
airports in the United States. 3Because of this high level of air wraffic
activity, it is believed that GA aircrafsc operations mav have a significant
noise lumpact upon those cammunities surrounding airports which sexve GA air-
erxafs types. However, a comprehensive assessment of the magnitude of GA
nolise impact has never been made due to the uncertainties reqarding human
response to GA noise exposure, and the lack of data concerning key airczait/
alrport parameters which influence the level of community nolse exposure.
Thus, the purpose of this study was to perform the following tasks relative
to GA aircrafit noise and its potential impact upon surrounding airport comtuni-
ties: 1 RO O P AR R W N O S A R N A T AR B A A CR S SRR R & A GhS
QUMD OTFENEXPANIELPASRACEIEE 1) aunsedncoimaiathonop kiaaib b S it A 5ing,
AUEBUEE S S e T s A SR AT A L AT I R N S A e GRS A T O SR AR A O A e
Wmmmsmwmmmmmmmmm

The intent of

3 1m

' The choice of appropriate
levels to protect public health and welfare will inveolve value judgments which
concern pelizical, social, ethical, and economic considerations which are

clearly bevond the scope of this investigation.

*The term criteria as used here refers to dose-response relationships
betwaen noise exposure and human responsa.

-2
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1.3 Renors Overviaw

Section 2 of this report presents a general description of the
noise characteristics of the three general categories of GA aircraft, i.e.,
small proveller-driven aircraft, jet (turbojet and turbofan) aircraft and

hellcopters.

Section 3 presents a detailed discussion of the existing health

and welfare criteria related to the following noise effects categories:

o Individual and Community Response
=} Communicaticn Interference
o Noise=~Induced Hearing Loss
. =] Sleep Disturbance
o Honauditory Physiclogical Effects '
o Sehavioral apnd Performance Effects

A significant preportion of the discussion presented in Section 3
is devorted to laboratery and social survey investigations dealing with the
adverse response of individuals and comnunities exposed to various wypes of
noise sources. Artention has been focused on individual and communiczy
response because of the extensive research effort which has been directed
toward cuantifying subjective assessment of the various physical parameters
associated with individual and cumulative noise exposurs events. Section 3
also presenszs a discussion of the applicability of the existing health and

walfare criteria relative to GA aircraft noise and to GA airport communities.

Appendix A contains a complete listing of the noise effects
literature identified under the literature search reguirement of this study
effore. '

Appendix B presents data related o GA aircraft/airpert parametecs
which affact the exten:t of community noise impact, These data were obtained
or developed from Federal Aviation Administzration (FAA) publications
presenting actual as well as projected aircraft/alrport operations data and
from the results of a comprehensive CY 1975 GA activity suzvey. The

-parameters presented in Appendix B include the following:

o e e elaedeed
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Mix of GA aircraft types

Level and distribution of daily operations (by aizport typel
Flight procedures

Population distribution (or demsity) around airports

i 1
o o 0 o

m Based on these aircraft/airport parameters, Appencdix 3 also presents an
estimate of the nolse impact upon GA airport communities resulting from GA
aireraft operations. The impact estimate is guantified in terms of the

numbar of people exposed to day-night sound levels of 55 &8 or greacer and,

is applicable to CY 1975 GA aircrart operations.
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2., GENERAL AVIATION (GA) AIRCRAFT TYPES
AND NOISE CHARACTERISTICS

Ga aircraft can be separated into three general categories:
propeller-driven, jet, and ﬁelicopter. The propeller=-driven aircrafr are
powered by either reciprocating-piston or gas turbine engines. The major
sources of noise include the propeller, engine, and engine exhaust.
However, regardless of engine type, the propeller is almost always the
dominant noise component. The propeller noise signature is comprised of a
harmonic series of discrete frequency tones with the dominant fundamental
tone typically in the range of Irom 50 to 250 Hz. Noise levels above the
fundamental tone are produced by higher propeller harmonics and by discrerte
frequency and broadband neise Zrom the engine and engine exhaust. A number
of wvariables are known to inZluence the noise generacted by oprepellers. The
most significant of these variables are: 1) propeller tip speed relative
to the airstream, 2) scatic aixr temperature, and 3) propeller design

characzaristics.

Jet aircraft can be separated into two genexal classes: turxbojec
and turbofan. Both aircraft types are powered by turbine engines which
consist basically of a gas genertor, i.e., a compressor-burner-tuxbine
combination, which provides a supply cf "hot", high-pressure gases. The
turbojet engines utilize this gas generator with an exhaust nozzle through
which the hot gases are accelerated to provide the aircraZt with forward
thrust. In addition teo the basic turbojet~engine components, the turbofan
angine has a fan, a duct for "cold” air flow and an enlarged turbine to
power the fan. There are two major sources of nolse associated with both
engine types, jet exhaust and turbo-machinery. The jet exhaust noise
rasuless from zurbulent mixing of high velocity exhaust gases with the
surrounding ambient aixr., Jat exhaust noise is broadband in nacure with a

significant proportion of acoustic energy concentrated in the low frequeacy
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bands. An advantage of turbofapn engines over turbojecs iz the reduction of
jet exhaust noise associated with the lower jet exhaust velocity. The
intensity of jet exhaust noise has been shown to be proporticnal to the
eighth power of the velacity of the jet exhaust relative to the ambienz
air. Therefore, small reductions in velogity may result in significant
reductions in noise. Turbo-machinery ncise is also broadband, but centains
strong discrete high-frequency companents oxr tones due to the rotating fan
and/or compressor blades. For the turbojet engines, the dominant noise
source is the jetr exhaust, except at low engine power settings where the
turbo-machinery noise is most detectable. TFor the turbhofan engines, as the
bypass ratio (the ratio of the "gold" air flow rate = the "hot" aixr flow

rate)} and the diameter of the fan increase, the fan neise can become the

dominating noise.

Helicopters are powered by either reciprocating-piston or gas
turbine engines. The principal noise sources are those assoclated with
the main rotors or main and cail rotors, drive engine(s), and gearbox(es).
All of these sources produce discrete frequency and broadband neise. Under
certain conditicons, helicopter rotors may generate impulsive noise, commonliy
referred %o as "blade slap" or "banging." 3lade slap noise is typically
abserved on mest tandem rotor helicopters and may be generated by several
erypes of single lifting rotor helicopters as well. For most helicopter
types, the acoustic energy ls concentrated in the freguency range below
1000 Hz. The freguency structure and zemporal variation of the sound can
vary extensively, from noises which are dominated by low £recuency rotor
harmonics (described as beating or rumbling) to noises which are dominated

by the higher harmonics (degeribed as slapping or banging).

Pigqures 2-1, 2-2, and 2-3 show t}pical acoustic spectra for sach
of the three GA aircraft types. Table 2-~1 presents information teo ldentify
the spectra shown in Figquras 2-1, 2-2, and 2-3 including: 1) aircraft type,
2) maximum gross wedght, 3) type and number of engines, 4) maximum horsepower
or thrust per engine, and 3) £light mode, i.e., takeoff, landing, or flyover.
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Table 2-1 Identificatlon of Spectra for GA Alrcruflt

— M

ca ey

ALTRCRAYE IDEHTIFICATION PROPULELON SYS5TEM
AYUCHRAFD MAK,. MAX NH.P.
FIGURE (h/C) GUHDSS Wi, ENGINE HND. OF (‘riRugr-Lbe. )
NUMBER NUMULLIR TYPRE Lba. 1Y PE EHGIHLES PENR iu'NGly_L
2-1 1 D 3,400 Piston 1 295
2 | Y}] 6,100 Turbine 1 LY L
3 o)) 5,700 Plgton 2 260
4 vl 5,200 Plgton 2 250
[ )]
h 2-2 1 o 12,500 Turbine 2 (2,u50)
2 '~ 20,500 Turblne 2 (3,300}
3 a 12,500 Turbine 2 {2,450)
4 g 20,500 Turblne 2 (3,360)
2-3 1 H 2,050 Blaton 1 190
2 H 3,000 Turblne 1 317+
3 1] 18,500 Turbine 2 1,400%
4 " 33,000 Turblne 2 2,450

¥~ Propelle¥ Driven
I - Turbojet
i - Uelicopter

. Shaft Horsmepower

— s e wraw AWV deWmikd

Typas Shown in Figures 2-1, 2-2, and 2-3

FLIGIIT

MODIE

Flyover
Flyover
Flyover
Yakeot £

Takeol £
TakeoEf
Landing
Landing

Flyover
Flyover
Flyover
Flyover
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Tahle 2~2 presents a listing of the expected sound levels
generated by typical GA and commercial transport aircraft operating at a
source-recelver separation distance of approximately 1,000 feet. The sound
levels shown on Table 2-2 are given in terms of Effective Perceived Noise
Level {Lgpy!) and were obtained from published data presented in References
1,2, and 3. For the GA and commercial transport ailrecrait categories, Table
2~2 identifies the following: 1) aircraft type, 2) typical operaticnal
gross weight (depending on flight mode), 3) type and number of engines, 4)
horsepower or thrust per engine associated with the raported sound level

and, 3) £light mode.

2=-7
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Table 2-2 Sound Levels for Typlcal Geweral Aviabion amd Commercial Yransport Alrcraft

Operating ab a Source-Necelver Dlgstance of Approximately 1000 Fecl

ALRCIAEY IDENTIFICATION

PROPULSLION SYSTEM

HORSEPOWER

LYFECYTIVE PERCEIVED

TYRLCAL
GROSSH ENGINE NO, OF {MIRUST-1ba} FLIGIED MOLSE LEVEL, (Lgpyl.
CATEGORY TYRE Wl (1lbsu) 1Y PIS EHGINES _ PR ENG LN MOLE il
rn 2,750 Pigton 1 200 Flyover 82,2
rn 3,000 Pigton 1 o Flyover 07.3
X)) 6, 100 Pigton 2 aui Flyover 90.2
P 12,500 Piston 2 750% Flyover a3.0
"y 13,500 Turbine 2 (2,500) Takeof £ 118.9
General piv 20,372 Turbine 2 (2,800) Takeof £ 115.2
Aviatlion Py 11,650 Turbine 2 {1,550) TrakeotE au. 7
Tr i, 000 Turblne 2 {2,630} TakeoEE 9g.5
H 1,900 Piaton 1 190 Flyover 76.0
H 2,950 Piston 1 anh Flyover Bd.1
1 5,540 Turbine 1 1,050 IFlyover 03.9
i 5,400 ‘Purbline 2 420 Flyover BB.2
1
Uy 116,000 I'urb. {LEBPR) 2 (12,000) Takeoft £ 109.8
TF B2, 000 Turl. (LUBR) 2 (4,000) Approach 91,0
e 191,000 Tueh. (LUPR) 3 {12,000} Takeof £ 112.6
T 123,000 Turb, (LRPR) 3 (4,000) Approach 941.4
Commerclial P 336,000 T'urb. (LIPR) 4 (15,000) TakeofE 115.6
‘t‘ransport e 198,000 Turb. {LRPR) 4 (6,000) Approach 166.5
Ui 440,000 Turb. (HDER) 3 (41,000) TakeoE £ 02,1
U 294,000 Turb. (1IBPR) 3 ———— hpproach 95.6
I'E 713,000 Turh. (iMER) 4 (45,000) Takeonb £ 114.1
L'F 450,000 Turh. (HBPR) 1 —— Approach 103.9

PD - Propeller Driven

13 - Turbojet
1'¥ - TurboEan
I = lNallcopter

LUPR - lLow By-Pags Ratio
HOPR - Nligh By-Pass Ratio
* «~ Shaft Horsepower
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JOENTIFICATZION AND EVALUATION OF EZXISTING
HEALTH AND WELZARE CRITERIA
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3. IDENTIFICATION AND EVALUATION OF EXISTING
HEALTH AND WELFARE CRITERIA

3.1 Individual and Coomunity Response

nave baen proposed for guantifying

-

A number of rating measures*
the subjective affects of noise on people. However, all of these measures
can be separated inte Two generzl categories: single—event and multiple-
event measurss. The single-event measures attempt © describe how humans
judge or perceive the particular physical parameters of an individual noise
exposure in terms of atztributes such as loudness, ncisiness, annoyance,
etc. Multiple-event measures gn the other hand attemot o describe how
recple percelve or are affected by cumulative nolse exposure over 2 specified
pericd of time. Multiple-even: measures are usually based onr singles-event
measures and may consider (implicitly or explicitly) ocher acoustic and
non~acoustic factors such as the temporal distzibution of the nolse
evants, ambient noise level, number of individual nolise avents, season,

attitudes of those people exposed to the noise, efc..

In order to assess the Impact of alrecraft noise upeon GA alrpore
communities, the guantitative measures of the noise exposure must be scaled
in zerms of their effects an people. It is essential that the dose-raspcnse
criteria used in the noise impact assessment represent the highest possible
correlation batween the nolse exposure and the consequent effects., The
following sections discuss +he noise measures currently used to guantify
thege effects 25 well as the validitzy and accuracy cf these measures

ralative o the noise characteristics of GA aircraf:.

*Due to & lack of standardization in terminology, these measures are some-
times referred to as scales, procedures, schemes, indices, descriptors, etc.

=1
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3.1.1 Subjective Response Measures to Single Events

J.1.1.1 Psychoaccustic Testing

Single-event measures currently ussd to guantify humans'
subjective perceptions of noise have heen developed f£rom theoretical
concepts concerning the auditory mechanism and from empirical relationships
derived frem extensive psychoacoustic research verformed over the past 40
yYears. A significant proportion of this psychoacoustic research has been
devoted to understanding and predicting humar response to aircraft neise.
Historically, two psychoasoustic research methods have been emoloyed in the
investigation of aircraft noise: laborartory and Zisld studies.” Using
various psychophysical methods, objective measuxres along with judged
asgessments of the noise are obtained from single noise exposure avents.
Thesa data are then used to assess Eubjec:ive response to the physical
characteristics of the noise such as intensity, spectral distriburion,
duration, ewnc., or to develop human response scales, typically in terms of
loudness, noisiness, annoyance, or acceptability, as a functicon noise

level.

A number of psychophysical methods have been used in laboratory

investigations. These methods are:

Method of Constant Stimuli (paried compazisons)
Methed of Adjustment
Magnitude Estimation

0 0 o o0

Category Scaling

These methods are adequately defined in the open literature (e.g., Reference

4) and will not be discussed here., The psychophysical methods usad in
field study investigations are limited to paired comparisons, magunitude
estimation, and category scaling since they employ actual noise sources for

test and reference sounds,

"Field studies are not to be confused with social suzvey study methods
used to guantily community Tresponse to neise exposure.
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Pgychoacoustic investigations conducted in a laboratory environment
are generally performed using one of the following listening conditions:
semi-reverberant, free—-Zfield, or earphones. Test and reference sounds
studied include real (recorded) or synthesized alrcraft nolse, recorded or
synthesized sounds such as tones, bands of noise and cther stationary or
time~varying specutral signatures. Field studies on the other hand are
generally linited to indoor cor cutdoor test environments using actual noise
sources {as compmared to recorded noise sources) for test and reference
sounds. Because of the extreme variability among psychoacoustic testing
procedures, a few studies have been pexrformed to investigate the comparative
reliabilicy and accuracy of some of the psvchophysical methods and listening
conditions urilized {Clark and KryterS:S, and Mabry and Parry’). Using
ten different noises (a standard and aine comparison noises), Clark and
Kryters's concluded that test results obtained using any of the three
listening conditions were egquivalent. In a separate study comparing the
magnitude essimation technigue and the method of paired comparisons, Clarxk
and K:y'.:ers found that hoth methods gave approximately the same estimates
of the points of subjective equality for the noise pairs, and both showed
similar correspondence to predictive physical measures. Mabry ang Par:-_:-’
found that the method of magnitude estimation was bhecter than the other

iTee psychophysical procedures when more complex measures such as Lepy
are involwved., Additionally, they presented data which suggest that the
type of standasd or referance sound used as a comparison noise may indluence

gubjective respcnge markedly.

Baged on the results of an investigation comparing vaxrious
methods used for predicting the loudness and accepthility of noise, Schard
et al.® found that the attribure being evaluated (e.g., annoyance vs. loud-
ness) does not appreciably influence the predictabilisy of the psychophysical
procedure, although listeners appear to be able to differentiate between
these responses (e.g., Berglund et al.®/10), Alsc, Scharf et al.®
concluded that there appears to be little diZferance between the reverberant
{ddLfuse=fiald) and free=£fisld test environments but that, test results

ebtained using earphones showed greater wvariabhility in px‘edictivéness-
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31,2 Types of Single-Event Measuzes

Subjective response to single events is typically estimated using
two general methods: measuring frequency-weighted sound levels and calcu~
lating various measures such as loudness level and perceived noise level.
Other measures are based on or are variants of one of these two methods.®
Both measurement methods employ energy summation procedures which vary only
in terms of the emphasis placed on the response to certain audible fredquency
bands and in degree of computational complexicy. The simplest summation
procedure ls the Zraguency-weighted sound pressure level technigue. The
four frecuencvy-welighting procedures which have been standardized and in=-
corporated into commercial sound level meters are the A(Lpl, B(Lgl,

C{Ln) and D(ly) newwerks. Although it is not yet standardized, an
E~-weighting network (Lg) is also in use. These networks are based on
emplrical relationships derived from psychoacoustic testing. The relative
one-third cctave band weightings for each of these networks are sShewn in

Taple 3-~1.

The surmation procedures associated wish zhe loudness level
measures are considerably more cemplex zhan the IZrequency-weighted sound
pressure level procedurss. These include Zwicker's ‘Loudness Level (LLz),
and Stevens's Loudness Level (LLg) (computed using either Stevens's

Mark VI {MK VI) or Mark VII (MK VII) calculatipn procedures).

*although the auditory attribute purported to he measured by each method
may be different, both relaze the physical properties of the scund

to a subjective or a perceived auditory experiance. Whether or not

the perceived auditory experience actually differs, depending on the
physical parameter of the sound investigated and the label assigned o it
(L.e., loucdness, noisiness, acceptability, intrusiveness, anneyance, and
80 on) has been the subject of controversy among researchers over the past
several vears {e.g., XKerzick et al.11, Stevens, 2 scharf ez al.e,

and Berglund et al.?/170),
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Tahle 3~1 One-Third Octave Band Freguency Weightings

B for the A, B, €, D and E Networks
—~
LOWER AND UPPER BAND CENTER BAND WELIGHTINGS, &8

- CUT-OFF FREQUENCY FREQUENCY A 8 c D E
e (45=-58) 50 -30.2 -11.6 -1.3  =12.5  -~17.4
- (56=71} B3 -26.2 - 9.3 -0.8  ~11.0 ~14.5
‘[“ (71-90) 80 -22,5 - 7.4 -0.5 - 9.0  -11.8

- (90~112) 100 ~19.1 - 5.8 -0.3 -7.5 - 9.4
: (112=140) 125 ~16.1 - 4.2 -0,2 =-8.0 - 7.3
;[j {140-180) 160 -13.4 - 3.0 ~0.1 - 4. - 5.3
i {180~-224) 200 -10.9 . 2.0 -0.0 ~-3.0 =-3.8
;[: (224-230) 250 ~ 8.5 - 1.3 0.0 =2.0 -2.2
§ (280-355) 315 -6.6  =0.8 0.0 = 1.0 - 1.1
t[j (355-430) 400 - 4.8 - 0.5 0.0 = 0.5 = 0.3
. (450~560) 500 - 3.2 - 0.3 0.0 0.0 0.1
?[: (560~710) €30 - 1.9 - 0.1 0.0 0.0 0.1
| {710-800) 800 - 0.8 0.0 0.0 0.0 0.0
{m {800-1120) 1000 0.0 0.0 0.0 0.0 0.0
;[z (1120-1400) 1250 + 0.6 0.0 0.0  +2.0  +0.7
I {1400~1800} 1600 + 1.0 0.0 -0.1 4+ 5.5  + 2.1
![j (1800-2240) 2000 + 1.2 - 0.1 -0.2  + 8.0  + 4.0
i (2240-2800) 2500 + 1.3, - 0.2 0.3 +10.0 + 5.9
S[E {2800~3550) 3150 + 1.2 - 0.4 -0.5  +11,0  + 7.6
% (3550-4500) 4000 1.0 - 0.7 -0.8  +11.0  + 8.7
{ (4500-5600) 5000 0.5 - 1.2 -1.3 +10.0 + 9.1
- (5600=7100) 6300 - 0.1 - 1.9 ~2.0  + 8.5  + 8.3
i (7100~9000) 8000 - 1.1 - 2.9 -3.0 + 6.0  + 6.5
}: (9000~11,020) 10,040 - 2.5 - 4.3 -4.4 -+ 3,0 +3.8
E

[
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Both Stevens's MK VI and Zwicker's procedures have been internationally
standardized. These calculation methods for compurting loudness level all
take inte account the masking effects of lower Zreguency bands of noise
which inhibit the centribuzion to loudness of relatively higher frequency
bands. However, there are a number of differences between Zwicker's method

and those of Stevens's. These differences aras:

1. 2wicker's method is considerebly more complex than Stevens's
methods;

2. Zwicker's method is based mwore firmiy on theory and can be
applied Lo more complex noise spectra;

3. Unlike Stevens's methodés, Zwicker's method takes into account
the well-known asymmetzy in masking, i.e., an upward spread of
masking of higher frecuencies by lowez freguencies.

Because of these differences, Zwicker's calculation procedure results in
loudness level values which are wyplcally 5 48 greater than those determiped

using Stevens's methods for the same noises.

olierhead!d nas disc?ssed some of <he similarities and differences
between the basic frequency-weighted sound lewvel and loudness level compu-
tation methods which have formed the kasis for a multitude of subsegquent
variations. Ollerhead concludes that although the hasic algebraic technigues
in the two methods are wvery different, the net results show Zar more simi-
larities than differences, particulaxly if attention is focused on the
levels and spectra which are characterxistic of aircraft noise. The main
differences betweeen the frequency-weighted sound level and the loudness
level procegures and their subsequent variations lie in the different

fraguency weighting functions.

Another computaticnal scheme in general use is the Perceived
Noise Leval (Lpy). This procedure was based on the concept thart perceived
noisiness and perceived loudness were two distinct ateributes of auditory
experi.ence.14 However, as pointed ocut by Schul::’s, the original
form of the procadure for caleulating the perzelved noise level of a

broadband noise spectrun is bhasically the same as that of Stevens's MK VI

3~6&
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procedure for calculating loudness level, with two exceptions: (1) the
occave band levels used for evaluating an aircraft flyover are the maximum
values attained in each band during the event, regardless of whethexr these
peaks occcur simultanecusly; and (2) instead of assigning a leoudness index

to each measured frequency band lewvel of noise (as in the MX VI calculation
to represent its conuributicon to rotal loudness), a corresponding contri-
bution to total perceived noisiness is assigned for each band. The summation
eguaticn used o arrive at the total perceived noisiness in noys* is identi-
cal to that nsed to calculate total loudness in scnes for the MK VI procedure.
Also, the eguations used to conver: Irom noys %o perceived noise level and

to cenvert I-om sones to louwdness level (in phons) are identical.

Singe its original developmenz, the procedure for calculating
perceived noise level has wadergone a number af raevisions, refinements and

extensions which aceount for temporal and spectral complexities. These

changes have purpertedly improved correlation betwWeoan okjective ané subjeczive

measures of airxcrafe noise.

3.1.1.3 Factors Affecting Single—Event Measures

For the past two decades, psychoacoustic research in the field of
subjective response to aircraZt noise has been gxtensive. I is a aifficule,
if not an impossible task to identify all of the related investigations
which have addressed the subject area over this time period. Most of the
wark has been focused on improving objective measures of an individual's
subjective or judged assessment of zhe physical characteristics of jec
alrgcrafe nodse. Included in this reseazch have been investigations
of audible pure tones, temporal patterms af ailrcraft flyever ncise signals
(simulazed and actual recordings), signal duvation, combination effects of

pure tones and duration, and the effects of Doppler shifs.*" Additionally,

*The unit of percelved noisiness is the noy, and values are read from
tables or contours of equal perceived nolisiness.

**Dopplar shif+ is the apparent upward shift in frequency of a sound as
a4 noise source approaches the listener, or the apparent downward shift
whan the noiss source recedes.
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investigations into the effects of background noise and the growth of the

perceived magnitude as a function of stimulus level have been conducted,
Research in other areas particularly relevant to GA aircraft have also been

performed, These areas include revision ¢o the shape of the noy contours

at low frequencies and the perceived magnitude of impulse noise signatures.

Comprehensive reviews of earlier reseacch studies which have
contributed significantly to, or contain relevant comman:t upen, the develop=~
ment of widely used single—evept noise measures are presented by Ollerhead, 13
Galloway, '® and schules,5/17 mherefore, the following sections will

present only a summary of this development and will highlight some of the

most important issues.

A. Duraticn and Tone Effects

Afcer the introduction of the turkine powered jet aircraft into the
gommercial aviation fleetw, iz was observed that at the same coverall scound

noise produced by jet aircraft was perceived éifferently

pressure level, the
14

Zrom that generated by the commerclal propeller-dxiven (piston) airczafz.
This difference was purpertedly due to tha increased sensizivity of the
human auditory system to higher freguengy content of the jet atroraft neise
signatures. This finding led to the development of the Lpy concept and
the noticn that noisiness and Ioudness are different auditory experiences.
Subsequent research suggested that the Lpy procedure did not adequately

account for the effects of signal duration or puxe tone companents.

A.,1 Durarion Effeczs

Xryter and Pearsons1® found that. for sounds that vazied in

duration over a range of 1.5 to 12 seconds, judged eguivalent perceived

noise level (as compared with a reference sound with constant sound level)
increased by approximately 4.5 4B each time the duration was doubled.
Pearsons'? peported iz & later study using lenger periods of duration (up
to 64 seconds) that the effect of duration aon perceived noiginess is a
continuously varying function of level. It was found that judged egquivalent
perceivad noisiness corresponded to € 4B per doubling of the signal duzation

3-8
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in the range 9f 1.5 2o 4 secends, 2,5 per doubling between 4 and 1€ secends,
and 2 dP per doubling fSor duraticns in excess of 186 seconds., Over the_
range ©f durations examined, 1.5 teo 64 seconds, the parceived noise level
increased by an average of 2.5 48 for a douhling of durazics,” compared to
the lnerease of 4.3 dB for a doubling of duration found in the previous
tests, Williams et al.20/21 found that for twe airgrafc flyovers with
the same peak level but with different durations, the flyvover having the
shorter duration {370 dE-down duration measured from peak laevel) is judged
to be more acceptable. PFurthermore, it was reporced that if two flyovars
differ in duraticon by a Zfactor of +wo, the peak noise level of the one
having the longer duration must be 2.5 to 4.0 48 less than that of the
other flyover, if the two are  to be judgad equally acceptable. This
finding is in general agreement with the results reporsed by Pearsons. 19
As shown in Figure 3-1, changes in signal duration by a faczor of 2 appear
<o follow an approximate 2 d8 trading relationship for other acceptabilicy

rating categories as well, i.e,, barely acceptable and unacceptable.

In 2 study by Little and Mabryzz it was reported that sounds
with durations between 1 anéd 18 seconds 4id increase annovance, but that
the duration effect was always greater when subjects were instructed to
attend to the duration of tne sound and that the magnitude of the increase
depended upon the test method. alse, it was reported that the penalsy for
doukling duration ranged from 2.7 to 3.1 48 when subjects were instructed

<o attend to duration compared to 0.5 5 1.9 dB when they were not.

bl

-] 23 5 - j &
Parry and Parzy contend that only when subjects are specifically
directed to attend to duration is a duration effect obsexved and that when

subjects attend to duraticn, they are actually rating the intensity of a

sound in terms of izs duration. It was pointed out that duraticn effects can

alse be observed in loudness judgments, contrary to the concept that duzation

is an inherent facter in noisiness judgments alone.

*Ihis i3 approximately equal to a daubling of acoustic energy, i.e., 3 48
per doubling of duration.

3=9
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Figure 3=1. CONTQURS OF EQUAL NOISIMESS BASED ON
JUDGMENTS OF ACCIPTASILITY QOF AIRCRAFT :
NCISES HAVING DIFFIZRENT DURATIONS
{from Williams, et al., Refarence 20),
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In a study by Ollerheadl® in whish the parceived level of
£lyover noise produced by several ajreraft categories was investigated, it
was concluded that, besed on the assumpticn of uniform duration/ pexceived
level tradeaff allowance, the application of a2 3 d8 per duration doubling
improves the performance of the single~event measures and is close to the
optimum for all aircraft categories considered (jet aircraft, propeller-

driven airgraftc and helicoptezs).

A.2 Effects of Pure Tones

Saveral investigations have been performed to assess the effects
of pure tones on subjective response and o evaluate the various correction
procedures used <o account for the increased sensitivity of humans to
signals centaining discrete fregquency components {e.g., Ollerhead, 13,24,25
Krycer and ?earsons,18 Pea:sans,26 Pearsons et al-,27 Adcock and
Dllerhead.zs and Pearsonhs and Bennezzzg). The general canclusiecn
reported by these szudies was that the presence of discrete frequencies, or
pure cones, influences the perceived "noisiness" of acoustic signals. It
was found that correction for the presence of pure tones lmproves the
correlaticn between the objective measurement and the subjective assessment

of the noise signals.

A.3 Combination Effects of Duvration and Pure Tones .

A number of studies have investigated the effacts of combining
duration and pure tone corrections an the subjective assessment of aircraft
noise (e.g., Pearseons,?® Pearsons and Zennecs, 29 Adcock and Ollerhead,28
and Xryter et al,3?), Resul:s from these studies indicate that objective
measures which incorporate tone and duration corrections provide better
agraement with subjective judgements of acceptablility twhan de the other
measures which do not. However, most of these studies also concluded
that the mors complex tone and duration corrected measures and some of

4 &1

the simpler measuwres such as Ly and Lp were not significantly different

in terms of their ability to predict subjective response.

3-11
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3. Qther Effec=s

Other effects on perceived ncisiness of aircraft flyovers which
have been investigated include Doppler shift and background noise. An
investigation by Ollerhead2s reported that flyover noises with a pronounced
Doppler shift (i.e., actual flyovers) regquired less correction for duration

than noises without Deppler shift (l.e., simalated flyovers).

In a later study by Pearsons et al.31 it was concluded that
Legpy: with the 3 dB increase in judged magnitude per doubling of duration
wag an accurate pradictor of the noisiness of aircraft flyovers centaining
Doppler shift. However, at altitudes of 500 feet or less and nomirnal speed
£ 200 mph, the Lppy procedure somewhat underestimated the apparent noisiness

by aprroximactely 2.5 to 3.3 43.

Rosinger et al.32 investigated the response judgments of
annoyance to approaching and receding sounds which continuously increased
or decreased in intensity and/or frequency. It was reported that a con-
tinuous increase in noise frequency and intensity as the source appears
to approach the obsezver is perceived to be more annoying t=han when is
appears to be moving away from the observer in spire of the fact that the

duration and total energy of both signals were identical (within tolerances).

A number cof studies have reported the results of Investigations
to determine the effects of background or ambient noise on the subjective
assegsment of aircraft noise exposure {(e.qg., Pearsons, |2 Powell and
Rice,33 Bottom,3% Sternfeld et al.,35 and Botrom and Waters36).

Using three background nolse levels (Lpy of 47, 64, and B0 d8) with a

. peak frequency of 250 Hz, Pearsons'® concluded thart background noise can

reduce the judged noisiness of an aircraft flyover. However, to cbtain a 4
to 5 dB reduction in judged perceived noisiness, background noise must be
inereased by 33 d3., For example, & mean rating of "Noisy" was approximately
92 dB with background noise of 47 d3, while the mean rating of "Noisy" was
approximately 97 dB with background noise of 80 dB. Using road traffic

background ncise, Powell and Rice33 report a decrease in subjective

3=12
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response of agproximately 4.5 d3 (A-weighued sound level) %o individual
aircraft noisas ranging Erom 45.9 dB8 to 64.8 dB as the backqround naise
levels increasad from a mean level of 32.3 &3 to 46.4 dB. It should be
noted that the effects of background noise reporsced by Pearsons'? and
Powell and Rice3d3 were obrained with the hackground noise remaining
constant over each test Session., Powell and Rige33d rpport that when the
background levels were changed betwsen each aircraft noise flyover, no

consistent or significant effects were noted.

3.1.1.4 Comparison of Single~Event Measures Used to Assess Individual
Response to Aircrait Noise

A review of several earlier studies investigating subjective
response to aircraft noise or, acoustic signals similar to aircwaZt noise,
has produced some conflicting results regarding the cheice of the optimam
single~event measure. & number of these studies have emchasized the
importance of signal durazien and discrete freguency content in subjec-
tive assessment of the noise event. Some of the measures investigated
considered only the maximum amplitude of the sound level produced while
others accounted for amplizude variazicn over 2 specified tfime intezval of
the evenr. Almost all of these measures considered the frequency distri-

bution of the sound, either explicitly and implicitly.

The cholce of the single~avent measure providing the best
objective measure of zThe subjective assessment of alrerazZt noise has
tended to vary from study o study. A number of factors have, most
likely, contributed to the variability in the reported study results.

Some of these factors Lnclude:

Type of scund studied
Type of reference sound
Comparison method (psychophysical procadure)
Listening conditions

Number of subjects

Dvnamic range of sound levels judged

Spectral and temporal characteristics af the sounds
Method used toc evaluate fest result

subject differences

O 00 0 0O 0 0 O
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Although earlier psychoacsustic research investigations have
provided an extensive data base, methodological differences among these
investigations preclude a comprehensive assessment of the relative influence
of each of the facteors listed above. However, several studies have heen

fop ol

performad in an attempt to assess the differences (or similarizies) among
the numerous single—event measures {e.g., Young and Peterson, 3’ Schulitz, 15,17
Bocsford,38 and Scharf et al.B). Using various comparison technigues,
these studies evaluated the performance of objective measures of noise in
terms of their ability to predict subjective response, or in terms of their
correlation with other objective measures. The majority of chese studies
have reported that the more complex measures such as LLp, LLg, and

Lepy. are superior to the simplier frequency-welghted sound level measures.
However, a review of a number gf these studles suggests that, although the
pore complex measures appear to correlate better with human response, they
are only marginally better than some of the simplier measures {partsiculac-ly
Lps up and Lg) and, in most cases, the differences between then arxe

wall within the range of measurement and computational srror.

3.1.2 Individual Response to Aircraft Noise

3.1.2.1 Barlier Investlgations

Relatively few of the earlier psychoacoustie research investi-
gations were concerned with subjective response to noise prodused by GA
aircraft. Because the nhoise characteristics of propeller-driven aircrafe
and helicopters are very different from thase of the larger commercial
jets, 1t is not clear whether existing single~event measures are applicable
te all Ga aircraft types. In order to evaluata their applicabilisy, twe
earlier investigations specifically addwessing response to GA aircraft have
baen reviewed. though several other aircraZt noise investigaticns in-
cluded GA aircraft, the results wers not repor=ed with respect to individual
ajireraft categories. Therefore, conclusions specifically related to GA

aireraft could not ke derived from the report findings.

3=14
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In 1968, Ollerhead?® conducted a paired comparisons test w
study the subjective response to noise produced by GA aircraft. The
primary objective was to determine the applicability of the serceived noise
level concept in rating the relative noisiness of five representative GA
aircraft types. These aircraft types are shown in Table 3-2. Other

aireraft types evaluated included a Douglas DC-9-30 and a Boeing 707-120B.

In the main experiment, 28 subjects rated 35 recorded Ilyover
sounds produced by the seven aircraft tvpes (five GA and two commercial
transports).* Subjects were instructed ta evaluate the relative "neisiness"
of two acoustic signals presented in pairs, The experiment was conducted
in an anechoic environment (progressive wave chamber). The Standard
Reference Sound (SRS} was an coctave band of pink neoise (i.e., zandem neoise
wich a uniferm spectrum level as measured by a constant percentage bandwidth
analysis) centered on 1000 Hz with a duration of four seconds. Intermediate
reference sounds with durations ranging Srom 4 €0 32 seconds were constructed
Zrom shaped wideband nolse spectrum which simulaced jet exhaust noise. an
“absolute" judged equivalent level was determined for each sound by direct
and indirect comparison wich the S5RS. Levels of various single—event

neasures were then determined Ifrom scunds judged equivalent o the 5RS.

Twenty—-six single-event measures were evaluated by calculating
the oroduct~-momant coefficient of correlation between the calculated
and judged levels. Of the currently used single—event measures, it was
reported that Ilpy, with and without a tone correction, Llg, and Lp
gave the best correlation with the subjective roise evaiuazion results.
For the GA aircraft noise signals investigated, Ollerhead?5 reported
that a duration correction** appearad to have little influence on the
subjective nolisiness of flyover sounds. 3By comparing the results t2 those
from a2 number of simulated flyover sounds, ollerhead?® concluded that

this could be explained by the Influence of the Doppler frecuency shift.

*pifteen of these sounds were synthesized from actual recordings of the
three Piper alrcreft to cbtain wvarious signal durations.

r*Duration correction was defined by : AdB s 10 logqq (T4p/15) where
A48 is an increment t» be added vt the peak value of the single-event
measure ané Tip is the time intarval rezween the 10 dB-~down points in
the single-event tima history of the noise signal.

3=15
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Table 3-2 GA Aircrafit Types Used in Noise
in Reference 25 {Ollerhead)

Regponse Study Described

AIRCRATT TYDE/MODEL

Piper Cherokee 140

Piper Cherokee £

Turbo-Commander

Lear Mecdel 23

CLASSIFICATION

Single Piston Zngine,
4~Place
Spore/Business Aircrafe

Singlle Pisteon Engine,
&-Place
UDellity Aizcraft

Twin-2iston Engine,
6~Place
Execuzive Transport

Twin Turkoprop,
7-9 Seat
Executive Transpor:

Twin Turbojet,
8~Seat
Executive Transpory

INSTALLED

GROSS WT. H.P./THRUST
{Lbs, } {Lbs.)
2150 150 H.P.
3400 260 H.P.
5200 500 H.P,

8950 1300 S.KH.P.
12,3500 5700 lhs.

J=18
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Several points should be mentioned regarding Ollerhead's evaluazion

technigue and basic findings. FTirst, aircraft other than GR types were

included in the overall assessment of the study results, i.e., a DC=5=30
and a2 7067=-1208. Second, of the 35 aircraft flyover signals investigated,
20 represented actual aircraft flyovers while 15 were synthesized or "shaped

signals" constructed from actual recordings of airezaft flyovers. Although

-

the synthesized recordings scunded like aircraft flyovers, there was no

change in freguency as the scund pressure level amplitude varied over the

r signal duration, a characteristic of an approaching and receding scund witch
prancunced frequency components. Pinally, the method of evaluatien used <o

! evaluate the relative performance <f the various single—event measures and

to conclude that a durazion correction does not influence subjective assess—

ment of a flyover sound did not consider the agcuracy™ of the objective

L measures investigated.

Using =he study results reported by Ollerhead,2> the
subjective response data have been divided inte two aircraft categories,

propeller=-driven aixcraft and jet (turbojet and turbofan) aircraii. For

i both of these aircraft categories, a "rank" ¢rdering analysis of the

relative performance of <he currently used single-event measures was

vperformed. The rank ordering was performed with raspect to both average
diffmarence (accuracy) and variabilitzy {(consistency) between the calculated

and judged sound levels. The variabiliscy is specified in terms of the

standard deviation about the mean. Table 3-3 presents the results of the

rank ordering analyses. It may Dbe seen f£rom Table 3-3 that for the propeller-

i~

driven aircraft and for the jet aircraft the rank ordering of =zhe single-

event measures with respect to average difference does oot follow the rank

ordering with respect to variability., The significance of this result is

l‘,- [~ unclear. However, the frequency—weighted sound levels are the mosz accurate
- single~event measures for Huth aircraft categories with the Lp and Lg

_ {and L, for the jews) showing the smallest differences begween calculated
f" and judged response. Alsg, it is observed from Table 3-3 rhatr the zank

i

i TAccuracy as used here refers to the ability of an objective measure to

predict subjective response to nNoise with the smallest possible absoluse

i e
i
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Table 3-3 Hank Qrdering of Single-Event Measureg Used to Predict Subjectlive Responue to
hircraft tloise (Propellec-Driven Alrcraft amd Jet Alveraft); Devived from Data

Pregented in Reference 25.

JET (QTURNOJEYT AND TURBOFAN) AIRCRAML

Steveno'as MK VI loudness calculation procoedure

LL 5
Zwicker's loudness calculatlion procedure

LLg,

"

PUOPELLER=DRIVEN AIRCRALNL
MVERAGE AVERAGE
SINGLE~EVENT DIFFERENCE SINGLE-EVENT SINGLE-EVENT DIFFERENCE SINGLE~EVENT
MEASURE, {(ARSOLULE VALUES) MEASURE, STAHDARD MERSURYE, (AHSOLUTE VALUES) MEASURE, STANDARD
LEM BEM=-SRS 5EM DEVINI'ION SEM SEM-S5N1S SEM DEVIATION
an dn dn du
Iy 1.0 {Lpy }p 3.0 Ly 0.3 Lp.Lpy 2.6
Ly 1.5 LLg 3.1 (Lytpele 0.7 LLg 3.1
(I‘I'N)U 2.4 I‘A’(I"I’N)D 3.2 Lp. 0.9 Lbz 3.5
(hpdp 3.7 (Lpdpe tlp)p a.3 Lo, 2.1 {Lipy dop 3.6
{LPN}TD 4.9 I 3.4 LD 2.7 Ln 3.9
Lp;LA;LC 5.3 LLS"]'PN)TD 3.6 (l‘l\)l.) 5.9 Ly 5.3
Lpy 6.7 Ly bipy 3.8 {Lpyltp 6.1 L, 5.4
LlLg 7.0 1.4 LLg 7.4 La 5.6
LLZ .5 LP 4.5 “'[“N)T[) a.1 (I‘PN)D' “"I’N)TD 5.7
(Lpydp 9.7 bppy 9.1 {Lplp 5.4
(Lydp 0.1 Ll 1.1 (Lplp 7.3
(Lpy g 11.6
LEGEND;
. bp = unweighted socund level
LpLp.Lo,Lp = frequency waighted sound levels
{Lplp. (Lplp = duration corracted fregquancy welghted sound levels
Lpy = percalved noise level
(Lpy)r = percelved nolse level with tone correction
(Lpylp « percelved noloe level with duration correction
{Lpylqp = percelved nolae level with tone and duration correction
=
-
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ordering on the basis of variabilizy is somewhat similar for both aircrasde
categorias with the Lpy, LLgp, LLg, Lp and Ly measures showing the

best correlation with subject response. With the exception of the Llg
and Lp measures, this Zinding is consistent with the overall results

reported by Olierhead, 25

Considering only the propeller-driven airczaft, it may be cbserved
from Table 3-3 that the Lpy maasures (tone corracted and uncorrected) are
improved in texrms of acouracy by a duration corracticn, i.e., reduced
average difference, while the accuracy of the freguancy-weighted measures,
Lp and Ly, is reduced. The variabilizy of the Lpy and the Ifreguency-
weighted single-event measures appears to be little affected by a duraticn

correction.

For the jet aircraft, the Lpy measures {tone corrected and
uncorrected) and the Lp are improved in zterms of acouTacy by a duracion
correction while the accuracy of the L is reduced. However, the vari-
ability of both Lpy hmeasures and the Ly and Lp measuxes is increased

by a duration corzection.

In 1971, Ollerhead!? conduczed a comprenensive paired com-
parisons test to assess the practical differences between a numbex of
methods for calculating the perceived noise level of aircrafy Zlyover
sounds. A total of 119 aircraft sounds was selected Sor use in the
investigation. The sounds were divided into four major categories:

34 Jjets (turbojet and turbofan), 59 prepeller-driven aircrafe {31 gas-
turbine engined and 28 piston-engined), and 26 piston- and turhine=~
engined helicopeters. The sounds included outdeor recordings of £lyovers,
takeorfis, and landings with a wide asscortment of zmicrophone positions with
raspect to the Zlight path so that the sounds comprised a2 wide variation of
those sounds which might be heard around mixed traffiz airports. The
sounds were played to a total of 32 subjects in an anechoie listening
envizonment with individual <ests performed with five or six subjects az a
time. An "absolute" judged perceived equivalent level was ohtained for
each sound by direct oz indirect comparisen with a SRS consiszing of an
octave band of pink noise centered at a frequency of 1000 H=z, Lghteen
single-avent measures were ranked in terms of their ahility to ascurately

and consistently predict the perceived levels of the sounds as compared

3=19
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with eobjective measures. Ollerhead!? found chas significant

It was reported that in terms

differences
do exist between sets of objective measures.
of consistency the complex measurement procedures including ELLg, ELLy,

and ELpy are essentially indistingudshable.* Also statistically indistin-

guishable from the complex measurement procedures were the ELp and the ILLg.

Distinct differences were Zound becween the applicability of the
ingle~avent measures of sounds in the fouxr different aircraft catecorles.
On the average, all of the single-event measures were extremely consistant
for the piston-engined propeller aircraZf: sounds but increasingly less so
for the jets, the turboprops, and the helicoprers, in that order. The
deficiencies of the latter groups were attributed to improper account of
pure tones in the turboprop spectra and low freguency harmonic scund in the
helicopter sounds. It was reascned that tones at frequencies below 500 Hzx
were ildentified fox turboprops and helicoptess but could not be perceived
by listeners. Ollerhead!? conecludes that only in the case of the jet
sounds did the tone correction to the Lpy appear to perform as inctended,
and then the improvement was marginal. Ollezhead!3d also reported that in
the case of the piston-engined propeller aircraft scunds, the correctien
was pot required and that for turboprops the need for a cerrection was
guestionable, Ollerhead!? suggests that the procedure used to detect and
correct for tones Lelow 500 H: may result in overestimating the effects of
these low frequency tones. However, Galloway16 reporTs that Ollecheadl?
incorrectly applied the tone correction below 500 Hz and recommends re-
analysis of the study data to provide better insight regarding the appli-

cabilicy of tone correctaed Elpy, especially to helicopter noise.

additionally, Ollerhead’? concluded that the application of
a 3 dB correction per duration doubling iméroves the pexformance of the
single~event neasures for all aireraft categories. Finally, Ollerhead!3
reported that on the basis of accuracy and consiscency, the Lp is the
best frequency-weighted sound level studied and, for all practical purposes,

is at least as good as Lpy for rating aircraft noise.

*The prefix T denotaes the applicazion of an integrated signal duratien
aliowance.

3-20
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The study results raepcrted by Ollerhead'? have been separated
aceording to the following aircraft categorization: 1) GA propeller-
driven (piston engine), 2) GA turboprop, 3) commercial jet {turbofan), and
helicopter {piston andé turpine). The GA propeller-driven and GA turboprop
aircraft ware defined as aircraft with gross weight not exceeding 12,500
lbs. However, two turboprop alrecrafi which exceeded the GA cross welght
limit (19,230 1lbs and 35,000 lbs) were included in the GA turbopror group
since these aircraft do operate at Gi ailrports. Only zircraft with a gross
weight of 75,000 lbs or more were included in the jet aircraft categaory.

I: should ke noted that of the 34 jet aircrfaft sounds included in Ollerhead's

investigation, 32 were commercial turbofans with gross weights exceeding

75,000 1lbs,

For each aircraft category, the currently used single—-event
measurss were rank ordered on the basis af average differance (accuracy)
and varighilivty (consistency) between the calculated and judged sound

levels, The results of the rank orfering analysas are shown on Tahle
g

3=4.

With respect to acguracy, it may be seen Zrom Takle 3~4 that
for each of the four aircraft categories, the Lp (unweighted sound level),
Elps Ly, Lgs Lp, ELg and ZLLg are ameong the best single—event
maasures of subjective response. Considering the propeller—dciven piszon,
curbopron, and helicopter aircraft as a single aircraft category, the

£5llowing have been concluded from the results presented on Table 3-4:

1, ZLp and L are, con the averace, re accuxate for the '
propeller—driven piston, tuxboprop, and helicopter aircraft
than for the jet aircrazt.

2. Ly and Lp are, on the average, less accurate for the
propeller~driven piston, turboprop, and hellcopter aircraft
than for the jer aircraft.

3. Lp, ELp and ELLg give approximately the same degree of
accuracy for all four aircraft categeries.

3=-21
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Table 3-4

1

7

Rank Ordering of Single-Event Measures Used to Predict Subjectlve Responae
to Alreraft Nolse (GA Propoeller-Drlven Plston, GhA Turbaprop,

Commerclal Jet,

and Helivopter) Derlved from Data Pregented in Nefoerence 12.

GA PROPELLER-DRIVEN (PISTON ENGLHE}

Gh TURBOPROP

RVERAGE

AVERAGE
DIFFEERENCE DIFPERENCE
SIHGLE~EVENT (ADSOLUTE VALUES) SINGLE-EVENT SIANDARD SINCGLE=-EVEN'Y {ABSOLUTE VALUES) SINGLE~EVLENT SEANDARD
MEASURE, SEM-SRS MEALBURLE, DEVIALTLION MIEASURE, SEM-S5NHS MEASURE, DEVIATION
SEM i} SEM [e11] SEM il Sk dli
Lye Ely, 0.4 LLg 2.1 L, 0.0 ELLy 2.1
Lp 2.2 ELL, 2,2 Lp, Elp 0.3 E{lpy),ELLg 2.4
ELLg 2.4 ELy, Ly 2.4 Kby i3 ELy 3.0
I'Il 2.7 EIJJS, E(LpN’ 2.5 El‘ll 2.9 E““I’N)T 3.1
ELyy 3.0 Ly 2.6 LLLg 3.0 EL) 3.4
Ly 1.6 Ly eLp, ELp, Ely 2.7 Ll 4.5 LL., 3.6
ngu 3'7 E‘Ll]N,lll 2 -l’ llu 5- I Li"‘ 3.7
ELLy, 4.3 Tpe () g 3.0 B (Lpy ) 5.5 Ly, ELp 3.8
ELpy 4.4 (Lippg dp 3.4 Ly, 6.1 LLg 1.0
E“‘l’N)T 7.1 Bl 7.9 Lp,ELp 1.4
El“l\ 8.0 E(I‘PN"].' 9.5 LJ'\ 4.5
Lug 0.9 LLg 0.1 Ly 4.6
LLg, 1.5 LL, 1.1 {Lpg 1.9
I-le 11 2 1 LPH }3 . J
(LPN)T 14.6 (LPN)T 1.7
Note; “The prefix E denotes the appllcation of an Integrated signal duratlon allowancae
Legond:
Lp = unwalghted sound lavel
Lp.Lp, Ly = fraquency weighted sound levels
Lpy = parcelved noise level
(Lpy)y = percelved noise level with tone correctlon
LLg = Stevens'n MK VI loudnesas calculation procedure
LLy = Zwlcker's loudness calcuwlation procedure
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Table 3-4 Rank Ordering of Single~Event Heasures Used to Predlict Subjectlve Rasponse !
(Cont"d) to Alrcraftt Noise (GA Propeller-Driven Piston, GA Turboprop, Commarcial Jet, !
and flelleopter) Derived from Data Pregented in Reference 13, :
COMMERCLAL JET (I'URHOFAH) HELICOPTER (PISYTON AND ‘TURDINE) '
AVEIAGE AVERMGE i
DI FFERENCE STNGLE-EVENT S1LHCGLE~EVENT DIFFERENCE SINGLE-EVENT ]
SINGLE~-EVENYT (ALUSOLUTE VALUES) MEASUINE, SIrANDARD HMEASURE, (ABSOLUTE VALUES) HMEASURE , STANDARD :
MEASURE, SEM-~5RS SEHM ' DEVIMIION SL1EM SEM-8RS SEM DEVIATION
SEM [<1}] dl un di
Ly 0.3 Ll 2.7 Blp, Ly 6.3 ELLg 3.4 _
ELp 1.4 Ly 2.9 Ly 0.5 ELLg 3.5 :
Lp,Lp 1.9 ELpy, Ly lpy £ ELLg 2.4 ELy, 2.6 :
ELD 2.3 E(I‘I‘N)T’LI‘SIE{LPN) 3.2 Lp,l'}hu 3.2 E(I"PN)'E(LPN)'P 3.7
ELLg 2.5 ElLlLg 3.3 KLy 1.6 LLy, ELg 3.9
Ly . ELLy, 3.5 Lp . E(Lpy) i.1 Fl, LLg 4.3 |
E'LD 3.7 ‘I‘leT 3.7 LLS 1.9 ELI) 1.6 :
E(LPN) 4.7 ELA 3.8 ELLZ h.2 LD‘]‘PN 4,7 ’
ElLLgy 5.0 Ly Lp 4.2 E{Lpg by 6.7 Ly, (Lpp)a 4.9
LLg 6.3 Iiy 13 1.6 ELp 6.8 L, Lep, 5.0
ELp 6.9 LlLp 5.1 Lipp 7.2 !
E““PN)T 7.0 ["LZ 7.9 i
LLg,Lpy ) 8.9 {Lppydo 5.9 |
{Lpyg)yp 11.6 '
!
Hote: ‘l'he prefix E denotea the appllcatlon of an Integrated siynal duratlon allowance i
1
Legends I
i
Lp = unwelghted sound lavel !
Lp,Lg, Ly = frequency welghted sound laverls '
Lpy = perceived nolse level '
(Lpydyp = percelved noise level with tone correctlon
LLg = Stevens's MK VI loudness calculation procedure
Ly = Zwicker's loudness calculation procedure
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With respect to contsistency, the results shown on Table 3-4
support Ollerhead's?3 conclusion that, on the average, all of the single-
event measures are extremely <¢onsistent with the leas: variability for the
zropeller-driven plszon aircraft followed by the jets, turboprops, and
helicopters, in that order. Also, by averaging over all aircraft categories,
it may be seen thay Elp, Lp and Lp are the most consistent freguency-
weighted sound level measuras and that ELLy, ELLg, E({Lpy) and E(Lpyly are

the most consistent calculated sound level measures.

Censidering the propeller-driven pisteon, turbooropn, and helicopter
aircrait as a single aircraft category, the following have been concluded

from the Zesults presented in Table 3~4:

1. ELLgz is, on the average, more consistent for the propeller—~
driven piston, turkoprop, and helicopter aireraft than for
the jet aircraft.

2, Lp and Ly are, on the average, less copsistent for the
Fropaeller-driven plston, turboprop and helicepter airgrast
than for the jet aizcrast,

3. ELp, ElLg, E(Ilpy) and E(Lpylp give approximately the same
degses of consistency for all four aircraft casegories.

Iz should be noted that for all aircraft categories, inecluding the
jet aircraft, the Lpy with a tone correction shows extremely poor acguracy
and poor consistency compared with all other single-event measures.

However, applying a correction for signal duration improved bath the
accuracy and the consistency of the tone corrected Lpy for all aircraft

categories.

3.1.2.2 Recent Investigations

Mogt of e recent psychoagoustic studies have been concerned
with subjective response te helicspter and larger commercial jer aircrafe
noise, However, Shepbd:.‘d39 recently completed an investigation of the
annoyance from nolse péoducad by a lighe single~engined {(piston) aircrafrt.
Using a numerical catagory scaling technigue, 30 subjects gave annoyance
ratings to a total of 25 tape recorded aircraft sounds., Thege sounds had
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peak A-welghted sound levels of between 65 and 85 48, and 10 dB-down
durations of between 2 and 35 seconds., Shepherd investigated the use of a
numbexr of single-event measures including Lp, Lg, Loy Lps Lpye {Lpylp.
Lgpy+ Stevens's MARK VII, and Lp. The following conclusicns were

reported:

¢ The additien of a duration correction to any of the com
monly used single~event measures helps explain annoyance.
The benefit of this addizion depends upon the measure
used ané the form of the duration correction emploved.

© In general, the increase in the value of the producte-
moment corxralaticon coefficient obtained with che addircion
of a duration correction is only marginally significant
for the aixcraZe scund investigatad.

© A 5 d2- and a 10 dB~down duration correction appear to be
as good as the conventional 10 d8-down duraticn correction.

5] For the aircraft sounds investigated, the S5 dB-down duracion

roduced consistently, though not significantly, larger '
P g

product—moment correlation ccefficients.

In a recent study examining the subjective rCesponse to several
helicopter blade~slap characteristics, Lawton40 reportad that Ly and
Lpy underestimated the annoyance caused by impulsive noises by approxi-
mately 2 d8. This finding was based on test results of a numerical category
scaling procedure in which 40 subjects judged the annoyance (noisiness)
of synthesized helicopter sounds. Using a magnitude estimation procedure,
Patterson 41 et al. investigated the annoyance (noisiness) rasponse af
actual helicopter flyovers. Twenty-£five subjects took part in the investi-
gation and a DC~-3 (propeller-driven) aixcraft was used as a rveference sound
source. It was concluded that: 1) There is little difference between the
Lps Lp and Lepy in predicting subjective response, 2) The eguivalent
centinuous A-weighted scund level (Lheq) parZormed as well as any of the
other measures, and 3) Ho correction for blade slap was found which improves
the prediction of annoyance. Interestingly, it was reported that there
were individwals whose razings of annoyance were more consistent with the

Lp and Ly frequency-weighted sound levels.
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Powalls? investigated 72 actual flyovers of two helicopters
and a small single engine propeller—driven aizgrafs. A toral of 91 subjects
located indoors and ocutdeocrs judged the nolsiness of the airgcraft using a

numerical category scaling procedure. It was concluded thast:

1. No sicnificant improvement in the neoisiness predigtive
abilizy of Lrpy was provided by either an impulsiveness
correction or an impulsiveness correction based on an
Aa=welghued crest factor.*

2. Tor equal Lgpy, the mere iopulsive helicopter was consistently
judged less noisy than was the less impulsive helicopter.

In =wo studiesd3rdd conducted under FAA sponsership concerning neoise
certification criteria and implementaticn considerations for V/STOL airz-
craft, a number of single-event measures were investigated to detrermine
their validitcy in assessing annoyancé response and to estimate noise

levels that will ke acceptable to communities surrounding airports. In the
£first study,43 35 subjects made both magnitude estimation and absolute
acgeptability judgments to both actual and simulated recordings of aireraft
flyovers. A total of 312 flyover signals were presented at five different
levels. The flyovers included commercial jet powered aircraft, small and
medium propeller~driven piston and turboprop commuter aircraft, both single
and twiln engine helicopters, a V/STOL military jet fighter, a til:t wing
surkoprop V/STOL, and seven simulations representing STOL aircraft con-
fiqurations and gperations. In all, 10 different single~event measures
were evaluated including Lp and Lpy with each corrected according to
current FAR-36 procedures for tone, duration, and tope and duration combined.
Stevens's MK VI and MX VII were also evaluated, but no corrections weare
applied to these procedures. 3BSecause the study results were not presanted
with regpect to the individual aizeraft categories, (i.e., propeller-d-iven
piston, turboprops, helicapter, etc.), the conclusions reported in this

study could not bhe specifically related to the GA~type aircraft.

*The cresat factor ls peak sound level minus rms sound level.
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However in the follow=-on study44 it was concluded thasz:

1. Lpy with the current FTAR-38 duration correction procedure
(Lpy)p reliably reflects annoyance to helicopter noise.

2. No correcticn Zor "slap" or tcne is reguired.

3. (Lplp {duration corrected) is not significantly different
from (Lpylp for measuring effects ¢f helicopter noise,

4. Elimination of "heavy slap” is eguivalent to a maximum of
a 2 to 3d3 {A~weighted sound level) reduction relative to

-

annoyance response.

3.1.3 Subjective Response Measures to Multiple-Zvents

3.1.3.1 Types of Mulciple-Event Measures

Pradiction and understanding of community yesponse To nolse
cannot be made solely cn the basis of the physical parameters and acoustical
characteristics of the nolse exposure, For this reason, laboratory studies
of human response to aircraft noise do nor provide sufficient infermazion
alone to allew an adeguate understanding of community rCeactions or £o
establish limits of acceptable noise exposure. &s a resul:s, opinion
{social) surveys have been used To collect data concerning the degree
of dissatisfaction or annovance experienced by individuals exposed to
various levels of alrcraft peise. These daza are then carrelated with
ohjective measures that account for the airxcraft's noise characteristics
and the volume of alrcraft activity occurring over a specifled pericd
of time. These objective measures, or multiple-event measures, are then
used to scale community or group response (as opposed to the respense of

any one individual) to various cumulative magnitudes of aircraf<t noise

exposurea.

The fizst studies coneermned with comunity reaction to aircraZfs
nolse ware undertaken in the United States during the early 19505.45 1na
the late 19505, surveys were conducted argund sevexral United States Aix

Force military air bases to ldentify neise problems associated with the
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advent of jet aircraft 4% 1Tn 1981 and 1967, comprehensive surveys were
performed around Londeon (Heathrow) Ai:port.47'4a From 1967 teo 1971, three
separate survey efforts were conducted in the United States to Investigate
community reacrtion £o commercial jer aircraft noise around seven major
ailrports (Boston, Chicago, Dallas, lLos Angeles, Miami, and New York) and

+wo smaller city ailrports (Chattanooga and Reno/Sparks).49f5°

The first maltiple-event measure proposed for aircrafe nolse was

pug -y

zhe

Composite Noise Rating (CNR), developed specifically for use in alrport/land use

planning. For takecff and landing operations, CNR is defined mathe-

tically by:49f5°

2

CNR = 10 logqn I antilogi[(Lon)s + 10 logyg (Npy + 20 Hys)1/30 ) =12 (3-1)
10 & 1 PN/ 10 Dy NJ

]

where j is a single ¢lass of operation (aircraft type, type of operaticn,
£light path, etc.) producing a particular type of noise event at the pein
in guestion, Npy and Ny4 are the number of daytime and nighttime
cccurrences in that class, respectively, and {LPN)j is the maximum

rerceived noise level in that class.
T™wo points should be noted regarding the CNR formulation:

1+ It deals specifically witch aircraft noise "evenzs" and
excludes other typas of noise.

2, The night penalty, which 15 equivalent to 13 dB, is based
on an assumed increased community sensitivity during the
night hours.

The CNR predictive ecquation is of reicular importance because

it formed the basis fcr many later multiple-event measures.

As a result of a number of criticisms of the CNR measure and
£or a number of other reasons, the Nolse Exposure Forecast {NEF) procedure
was developed under the sponsorship of the FAA in 1967.5% The NEF is

defined mathematically by:32
NEF = 10 logqq I antilog{[(Lgpy)j + 10 logig(lpy + 16467 Ny4)1/10}=88

3

where {LEPN)j is the "effective" perceived nolise leval,

3=-28
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The NZF differed from the CNR in three respeacts:

1. The perceived nocise level concept was replaced by the
effective perceived noise level measure which accounted
explicitly for the effects of flyover duration and dis-
crete frequency components.

2. The gensralization of equiwvalent noise level which was
obtained through continuous integration or summation and
which could include the effects of ambient noise.o>

3. The differxence in the constants usad as normalization
factors to adjus: the measures for different volumes af
cperation.

The third measure, the Noise and Number Index (NNI) was developed
in Englané as an outgrowth of the social surveys conducted around Heathrow
Airport, On the basis of the first survey, the NNI was developed from a
best fit averxage response, assuming a priori dependence on both noise level

and number of events. The NNI is given by:s4

= 1 - L ; - -
NNI = 10 log, ¥, {.;an:_loq [(Zgg)5/70) = 15 log N } 80 (3-3)

whers Nj is the total number of operaticns oxr events in a specified

period of time.

Investigations conducted in severa)l other countries used the
results of atritudinal surveys and physical noise measurements to develop
a number of additional relaticnships between cormuniiy response and a
measure of nolse exposurse. As a result of <these extensive efforts +o
quantify community response to aircraf, as well as other noise sources, a
numbar of nationally and internationally cecognized multiple—avent measures
have been developed. Some of these measures include the German Mean
Annoyvance Level (Q), the Prench Isopsophic Index {4}, the South Afzican
Noise Index (WI), the International Civil Aviation Organization's Weighted
Equivalent Continucus Perceived Nolse Level (WECPNL), the Netherlands Total

¥olse Load (B), the United States' Day-Night Sound Level (La,), the

3-29
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United Kingdom's Noise Pollution Level (NPL) and Traffic Noise Index {TNI}.
Another multiple~event mesasure used by the State of California for purposes
of land use planning arsund airports is the Community Noise Equivalent

Level (CNEL). However, for most purposes, CNEL is egquivalent to the Lan:

Mathematical axpressions for these multiple-event measures
are presented in Reference 54. However, most of these mesasures bear a
strong resemblance to the VR, NEF, and NNI measures wizh only minor diff-

erences 1ln computational detail, For example, the Lin is glven by:16

= hl 5 { T Y * i b - .
Ly, = 10 log, z anzilog | [tzg), = 10 log,, (g + 10 N 01/10 b~ 49,4
where (Ls)j ig defined as the Sound Exposure Lavel32 Zor the j=th noise

level or eventc.
Jo1.3.2 Factors Affecting Muliiple-Event Measures

In the development of many of the multiple~event measures,
lt has been generally assumed that community response is related to
a measure of the acoustical energy, either total or average, experienced
over a specified interval of time. 3Based on this underlying assumption, .
equivalent-energy models have been formulared, according to which a 10-
f{old change in either acoustical energy or number of events is eguivalent
to a 10 d8 change in nolse exposure level. Additionally, mest of the
miltiple—event measures include a weighting facter to account for varying
noise sensitivity of people with time of day. In some cases, adjustments
for geasonal variations may be incorporated. In the following sections,
the effects of the number of events and the time=-of-~day weighting adjust=
ments on the validity and accuracy of multiple—-event measures will be
discussed. ZEmphasis is focused on these two "acoustical factors' since
they are generally considered to be two of the most important parameters

atfecting the corrslation between noise exposure and community —esponse.

A. EZffect of Number of Events

Based on an eguivalent-energy model, N identical noise events

will sum in accordance with the relationship, XK logqgN where ¥ = 10.

3=-30
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With only a few axceptions,* this summing relationship is incorparated in
most of the existing multipla-event measures used to guantify aircrafs

nolse exposure.

Based on the 1981 London (Heathrow) Airpert noise and opera-
tions data used to develop the NNI, Galloway and BishopS3 have compared
the mean annoyance scores determined Zxom the social survey data with
calculazted ONR values. The relationship between CNR and average annoyance is
shown in Figure 3-2. It may be seen that the ONR rating fits the subjective
judgments of nolse exposure guite well, in spite of the differsnt manner
in which the number of events are accounted for in the CNR and NNI eguations.

Galloway16 reports that based on analyses of the second social
survey around Heathrow Alrport (19867), the degree of corxrelation between
community response and noise exposure is, in general, cuite insensitive to
the value of X used in the summing relationship over the range of from 2
to 22, but that some form of K logqgN is useful in assessing annoyance
response. In a zregent investigaticn of the t-ade-off effects of aircralt
noise level and number of events, RiceS3 presents study results which

tend to suppert the use of X = 10 as an appropriate value in the summing

relaticonship. However, Rice notes that based on the results of the investi-

gation it appears that the total number of svents influences annoyance

judgments with optimum values of X being somewhat proporticnal o the

number of events. In 1972, Tracorod reported the zesults of a study

to investigate the effect of commercial jer aircrafs noise from smaller
city (commercial aviation) airports and to compare these data with those
from an earlier study49 of the effects of commercial jet alreraft noise
exposuxe in big cities. The results indicared that a significant diiference
exists between the smaller cities and the bilgger cities with respect to the
relationship between anncyance and aircrafc noise exposure at CNR values
balow 125. It was reported that the number of highly annoved persons in
the smaller citiles was less than half that in the larger cities at these

CNR values. t wag concluded that cone of the factors most likely rasponsible
feor the dliference in anncyance response was the relatively lower aircrafe

traffic volume observed at the smaller city airports.

*Some of thede exceptions include <he Mean Annoyance Level (E), the
Noise and Number Index (NNI), and the Total Noise Load (2).

3=31
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Rylander ex al,36.37,58 reports

number of aircraft noise social surveys,

that, based on data Irom a

the degree of anncyvance expressed

by a noise exposed population is closely related to the peak nolse level

of single flyovers.

For areas exposed o 2 low number of daily operations

{35 or less) the extent of "very annoved"

zero provided the noise levels (of single

A-weighted sound level of 90 d&B, at which

increases markedly.

or oore)

an

increase

For areas exposed to

in the peoulation is

events} do not exceed a maximun

point the percent hishly annoyed

essentiall

a hish number of operarnions (50

in the extent of "very annoved” is found when the
eds 70 o 75 d8. ZIn these hign

noise level of the noisiest aircraft exce

exposure areas it is reported that the increase of meap annoyance with

maximum or peak A-welghted noise levels up =2 95 d8 is linear with a

correlation coefficient of 0.99.

Connor

and Pattersond? have recently investigated the gemaral

validizy of the "equivalent-energy” and the "seak A-weighted sound lavel"

congepts 25 applied 0 community annovance o aircraft noise.

data previously gathered arcund nine U. S. airports,$9/30 i+ was concluded

chat annoyvance respense follows neither concept. Additionally,

reported that:

.

discrete time periecds.

1.

B.

Most of the multiple-event measures divide the day into two or more

Using

it was

Annoyance response ¢an be better predicted by treating
level and number cof events as separate variables, rather
than combining them in a single~number exposure parameter.

Annoyance increases steadily with energy-mean level for
constant daily operations.

Annoyance increases with numbers of cperationms up zo 100-
199 per day, then decreases for high numbess.

The statistical distribution of individual annoyance varies

with level and number of everts,

of any ;ingle nolise measure, such as a mean or 3 percentile
value, relative tn that of another measure.

Pexiod

af the Davy

variations in community sensitivity to noise during these periocds. These

3-33
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multinle-event measures usually divide the day into two periods, davtime

and nighttime, or three pericds, daytime, evening and nighttime.* Regazd~
less of whether the day is divided into twe or three time periods, nighttime
naise exposure or nolse levels are generally weighted by an addcional 10

dB, The 10 4B penalty wreats nighttime sounds as though they were either

10 dB more intense than they actually are. However, speciilc documentazion
in suppors of the 10 dB nighttime penalty is scanz. t appears that the
selection of a 10 dB value was made mors on the tasis of judgment than on
actual scientific findings. Furthermore, justifiecation for che use of a 10
dB nighttime penalty has been based primarily on the kasis that there is no
strong evidence to contradict its use. For example, the use of a 10 4B
penalty apolied to nighttime exposure in the NEF procedure zppears te have
been carried over from the earlier CNR scheme. Howewver, little guantitative
data to support a 10 dB nighttime weighting have ever been presented Zor

either the CNR or the NEF procedures.

The SPA “Levels Document52 baged the choice of 10 &8 for the
nighttime weighting of noise levels on its extensive prior usage and on
data obtained £rom 55 community noise surveys showing the time variations
of of environmental noise level over a 24-hour period. Support for the 10
dB nighttoime penalty was based on the following three assumptions: 1) zhe
same noise environment is considered more disturking during nighttime
than dayzine, 2) the exterior background noise levels zend to drop by 10 43
or more during the night in most communizies, and 3) the reduced activity
inside homes during the pighttime contributes to the general lowering of
intarior noise levels. Thus, it was concluded that noise events ocsurxing
during the nighttime'should be weighted <o reflect the increased intrusive-
ness of their disturbance. Furthermore, the "Levels Document séaced That
the 10 4B nighttime penalty was appropriate because it would: 1) assuze
that the day sound level {Lg) and the nighttime sound level(l,} contri-~
buted about equally teo La, in low noise enviroaments {45 o 55 aB), and
2) apply pressure towards a 24-~hour reduction in noise levels in high noise

environments (65 o 90 4m).

*For a =wo period day the daytime is frem 7 a.m. to 10 p.m. and the nighttime is
frem 10 p.ome t2 7 a.m. Por a three period day the daytime is from 7 a.m. ®o
7 p.m., evaning is from 7 p.m. to 10 p.m., and nighttime is frem 10 p.m. to 7 a.z;.

3-34
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Recent studies have presentsd data which suggest that a 10 4B
penalecy for nighttime periods may not be the appropriace weighting value
(e.qg., Borsky,sn fidell and Jones,®! Ollerhead,52'53 and Man—-Accustics
and Ncise54). Based con results from a study of varlations in community
annoyance around New York (JFK), Borskyso suggests that the 10 dB penalty
is much too high, Fidell and Jones 81 investigated the effects of reducing
nighttime noise exposure in a cosmunity near Los Angeles Internarional
Airporc by 25 zo 30 dB (A-weighted) between 11:00 p.m, and 6:00 a.m.
2ased on the resulos of this investigation, it was reported that the
reduction in noise exposure had no appreciable short=-term 2£fect on the
reparted sleeping habits, communicazions interference, or beliefs in
danger or misfeasance of the affected population, nor did it sighificantly
change their levels of annoyance, wnether annovance was specific to speech
and sleep interference or general to airsraft noise. It was suggested that
a2 possible explanation may lie in the nighttime penalty, indicating a
posgibility that 10 48 is too large. In a recent study by Gllerheaat2
concerning the relative annovance of aireraft noise in communicies around
London (Heathrow) Aixport, it was reported that alrcrarft noise is considered
to be worse, in terms of disturbance and annovance, during the evening than
during the day (cne evening aircraft flyover being equivalent to fouxr
daytime aircraft f£lyovers}) and that aircraft noise causes little or no
disturbance to most people at night, presumably because they sleep through
it. HdHowever, people who are distrubed at night considexr the disturbance to
be more severs and more annoying than during the waking dav and evening
hours. It was concluded that with respect to the stmucture of multiple-event
meagures used to predict community annoyance from aircraff operations, an
evening weilghting of about 5 or 6 4B seems more appropriate and that the
componly used welghting of 10 &8 ls probably toa large and extaends over toq
leng a period of time. It was suggested that perhaps =he evening time
period be extended to 1:00 a.m. to cover the critical "falling aslaep"

pnase and to apply a zero welghtling for the remainder of the night.

In a recent investigaticn to determine airport noise levels
that are compatible with residential ldving activities, Man—Acoustics and
Noise®4 reported results which strongly support Ollerhead's®? conglusions
regarding the penalties for nighttime Llyover intrusions. In this study,

community nolse simulation systems were placed in the homes of twenty=-£four

3-35



- IWT BYHY AUV 10330

M

[

1l
..

families that were 3ot previocusly impacted by actual airpert noise. Four
different airport noise conditions were simulated, Three genditions in-
volved day flights of 150 commercial aircraft (2,3,and 4~engine turbojet
and surbeofan) producing average NEF values of 36.%, 32.5, and 26.9. The
fourth condition added 18 night f£lights {10 p.m. to 7 a.m.) which resulted
in a mean NEF of 32.9. 3Based on the findings of this study, it was

concluded that:

1. Interference and general annoyance was highest in the evening
cime (7 p.m, to 10 peme);

2 The 10 dB5 penalty for night flights is fog large and could be
reducad zo 5 or & dB, a weighting value which would more accur-
ately reflect community response to airport noise environments.

An additional relevant finding was that, on the average, participants tended
to underestimate the number of flyowver intrusions they wexe actually experiencing,
suggesting the possibility that they were responding primarily to the louder

£lyavers.

3.1.3.3 Comparison of Multiple-Event Measures Used to Assess Communic
Response %o Aircraft Hoise Ixposure

A. Theoretical Comparisons

A number of studies have compared some of the currently used
multiple~event measures by computing single-number ratings £or each
measure using identical nolse and opexational parameters. The rating
values for each multiple-even:t measure are then compared (generally on the

basis of the number of operations) to determine the degree of correlation.

Galloway and Von Gierke®5, for sxample, compared the CNR, NNI and
2 on the basis of the number of daytime cpérations for a situation where
the average maximum perceived nolse level was 110 d2 with a duracion of 15
geconds. It was concluded that the differences among these three procedures
are very small compared to the overall uncertainty in measuring community
reacticn., However, botn NNI and Q provide a higher penalty on number

of cperavions above 50 per day fer a given noise level than does CNR.
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Serendipityaa comparaed the CNR, NEP and WNI on the basis of the
number of dayvutime operations for two different cases: 1) with egual base

noise measuras {i.e., Lpy = (Lpylmayx™ Lppy!s and 2) with unequal base

nolse measures. For the firsc cose the follewing relaticnships were determined:

WEF = CHR -~ 76
CNR = NNI + 6B - 5 logigN
NEF = NNI ~ & ~ 5§ logqgW

where N is the teotal number of operations. For the second case, the

relacionships were given by:

WEF = CNR + (LEPN - I‘Pﬂ') - 76
CYR = NNI + (Loy = (Lopylpax) + 88 - 5 logqoN
- NEF = NNI + [Lgpy ~ (LpN)lmax! - 8 = S5 logqgi

Galloway16 has compared a number of prominent multipla-event measures

on the basis of the number of daytime operations assuming an 2ffective
duration of 10 seconds, a maximum Lpy and Lppy of 110 48, and the
assumption that L is approximately 13 d8 less than Lpy. The measuwes
compared included La,, CNEL, WECPNL, 3, Q, N, NNI, WEF,and CNR.

This compazison is shown in Figqure 3-3. ©On the basis of this comparison,
Galloway15 concludes that all of the measures are highly corzelated, and that
most are conceptually ildentical for all practical purpeses, differing only
in minor detail and, thus, social surveys can be correlated on the hasis of

any of the rating measures.

It should be noted zhat in all of the above compariscon studies,
the expressions used as a bagis for comparison were general, or only
approximaticns, to the actual multiple~event equatioens, applicable uo
a limited set of nolse and eperational conditions (i.e.,a fixed noise
level and effective time duration, and only dayrime operations considered).
rdditionally, the assumed relazionships among the singla-event measures
used to compute the muluiple-event measures are only approximations based
on averages of measurement data. For exampls, the differences between
Loy and Lpy or Lpy and Ly, and the effective time duration of an

aircraft flyover vary as a function of distance from the aireraft. Under
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more realistic conditicns, the relationships among the multiiple-event meas-
ures would be, most likely, somewhat different than those reported. However,
because all of the measures will increase or decrease proporticnally with
soungd praessure level and number of operations, a2 high correlation would

still be axpected,

The EPA “Levels Document"52 scates that there is no fixed
relationship bectween Lgan and CNEL, CNR, or HEF due to differences
between the Ly and the Lgy freguency weightings and the allowance for
duration, as well as the ninor differences in appreoach to adjusting fox
nighttime noise events. Howevex, the following approximate relationsnips
ware given:

Lan & CHEL

Lgn = NEF + 35
CNR~70

§

B, IZmpirical Comparisons

A number of studies have compared some of the currently used
multiple~event measures by compuzing single-npumber ratings Ifor sach measure
using the same £ield measurement ta. These rating values are compared to

determine the relationships among the multiple-event measures and to

deternine +their degree of correlation.

Using acoustical measurement data obtained around seven U.S.
ailzrports, Tracors? reports that the IR, NNI* and NErF are practically
interchangeakble and highly intercorrelated, particularly in the range
expected to be amnoying. The following relationships and corresponding
correlation coefficients were reported:

CNR = NXF + 72 (r = 0.90)
CNR = NNI + 56 (r = 0,99)

The correlation coefficient between NEF and NNI was given as r» = 0.88,
El

howevar no relationship was given.

*NNI was defined mathematically in this study by the following expression:

b -+
WNI = 10 logyo | ansilog (—Sid-}s ancileg |zl

where NHNIa and NNI, are the values determined for day and nighe,
cespactively,
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Using the results of a number of social surveys concerning
aircraft noise, SchulzzB7 presents relazionships hetween Lgu and

NNI. These relationships are shown in the following table:

Lgy = @ NNI + b

Survey - b
laondon Heathrow {1961) D.760 7.5
Swadish (1972) 0.877 31.7
Swiss (1973) 0.833 33.3
London Heathrow (1967) 0.855% 33.5

A goneral celazicnship betwean I and HNI has heen determined
g E an

by averaging the Heazhrow (1961}, Swadish, and Swiss equations and is given

as Ldn = 0,82 NNI + 34.2.

C. Relationship Between Multivle~ and Single-~Zvent Measures

It is generally agreed that the annoyance response of a community
exposed to aixcraft nolse is adeguately predicted by an acoustical energy
surmation model. However, alternative models such as the "peak A-weighted
sound level" concept have been recently proposed but have thus far not
received broad support. t would be of some intersst to examine the
relationship hetween the maximum or peak levels observed for a number of
independent time-varying events, such as aircraft flyovers, and resulting
cumilative noise exposure levels measured at the same locations. The Lay,

miletiple~event measure was selected for this evaluation.

For a series of single-event noises, L, can be escimated

by the following expression:sz

Lan = Lpmax + 10 logqg (B/2Z) + 10 logqg (Ng + 10N;) =49.4 (3=5)

whare lamax T maximum or peak A-weighted sound level, 4B
» duration of the noise signal measured f£rom the 10 db-

b down points, seconds
Ng a potal number of daytime events
Mgy = total number of nighttime events.
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For simplicitcy, it will be assumad that all of the single-event
nolse signatures are identical and therefcre, all will have egual Lppma,
and D values. Schulezb7 has presented a relationship between the 10 4B-
down duration and the Lym,, occurring during an airecrafc flyover. This

relationship is given as:

D= - 0.634 Ly + 73.2, Seconds {3-8)

Substituting this ewxpression inte eguatien 3-5 apnd lezting X

represent the percentage of nighrtime flighets {(i.e., X = 100 n )
Ng + Ny

the Ly, equation becomes:

Lan * Samax * 10 logygl + 10 logqg (7 + £0.09X) + " 3=7)
10 logqg {=0.217 Lppa.. + 36.5) -49.4

wheze N is the total number of daily Zlignts, i.e., N = Ny + N..

Using eguation 3-7, relacionships becween Ly, and Lamax
for various combinarions of total dajily operaticns and percentage of

nighttime operations can be examined,

Assuming 10 percent nighttime operations, Tigure 3~-4 shows
TLian 85 a function of Lipps, and total number of daily operations.
Figure 3-5 shows the difference between Lppa.. and La, as a funciien
0f Lamax and zotal number of dally operations. Three daily tsaffic
volumes have been shown in each figure: 35, 150, and 1000 operations pex

day.

Fiqures 3-4 and 3-3 show the trading relationship between noise
level and total number of events, cha:ac‘.:e:;:‘-st:‘.c of the equivalent-snergy
models., They also provide insight recarding the validicy of the "peak A-
weighted sound level" stimilus/response model proposed by Rylander55'57'53

ez al. According to these authors, for areas exposed to daily operations
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of 33 or less, the percent "very annoved" in the population is essentially
zero provicded the noise levels (cf single events) do not exceed & maximum
of 90 dB, at which point the pexcent highly annoyed increases markedly.
Also, for areas exposed to daily operations of 50 or more, an increase in
the percent "very annoyed" is found when the noilse level of the noisiest
aircraft exceeds 70 to 75 d3. From Figure 3-4 it may be seen that for

35 wetal daily cperations (assuming 10 percenz nighttime operations) a
change in maximum noise level of from 40 to 90 dB, results in a corre-
sponding change in L, of from 23 to 58 dB. Assuming ambient Ly, neise
lavels of 60 4B or less, the aircraft operations do not begin to contribute
significantly (on an energy basis) to the noise environment {or axre not
noticed) until their maximum A-weighted noise level approaches 80 tc 90 a4s.
However, Zor total daily cperaticns af 130 or more, the contribution of the
aireraft noise to the total Ly, hecomes comparable to that of the assumed
ambient at maximum A-weighted noise levels of Zrom 79 to 75 4B, For this
noise level range (70 to 75 d3), it may be seen Zrom Tigure 3-4 that the
Lan contributions from a 1000 daily aircraft operacions would exceed an
ambient level of 60 d3 by from 5 o 10 dB. Additlonally, increases in the
maximim A-weighted levels would restlt in proportional increasas in the
total Lg,. These ilncreases could occus even for the situation where the
noisiest aireraft represented only a small percentage of the total number
cf daily operations. For exampie, if the traffic volume at an airpors is
185 operations per day with 35 (19 pexcent) operations performed by the
noisiest aircraft, it may be seen from Figure 3-4 that if the guieter and
neisier aireraft produce maximum A-weighted levels of 70 dB and 90 4B,
respectively, the noisier aircraft would control the total Lg,. This is,

of course, an extreme case but 1t serves to illustrate the pointn.

It is also interesting to note that, as shown on Figure 3=-3,
as the total numbexr of daily operations increases, the difference between
Lamas and Lgay decreases. The implication being that under certain
cperational conditicons, the maximum A-weighted nolse level could serve as

an adeguate noise exposure and response measure.
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3.1.4 Community Response to Aircrait Noise

There is little doubrt that environmental noise interferes with

and disrupts an extensive range of human activities. The subjective
impressions of %“he noise, and the activity interference and disrupticn iz
produces, are bhelievad to ceontribute significantly to the general feeling
of annoyance. Howewver, it is generally agreed that these two contributors
alone cannot adequately pradicr the degree of induced annovance experiencad
by individuals liwving in the viecinizy of noise sou-ces. In fact, the
results of many studies have shown poor correlation batween individual
response and measured physizal characteristics of the noise envirgnment.
Typical results from community neoise surveys show that less than one
guarter of the varzriance in individual annovance reactions can he attributed
2o physical noise expegsure. The remaining variance is believed to be
caused by differences in sensitivity w0 annovance by noise (or noise
annoyance susceptibilicy) among individuals at the same exposure level,
Earlier annovance prediction models accounted Zor these differences statis-
tically in two ways: 1)} by averaging the responses of individuals and
using the median response as a predictien measure, and 2) by incorporating
measures of psycho~social variables” (or intervening nonacoustical
variables) which are purported to affect annoyance independently of nbise
exposure. Altshough both methods increase the correlazion between annovance
response and noise exposure lavel, there is some gquestion regarding the
rellabilicy of these methods, particularly with regard o establishing

critarion levels to assess community noise impact.

McKennell®8 nas pointed out a number of cossible limitations of
the use ©f an average or "central tendency” respense relazionship., TFirzst,
the average response does pot provide information regarding the nature and
extent of the variation in annoyance repanse. Second, the average responsa
relationzhips axe constructed from partisular combinations of psycho—social

factors that existed at a particular point in time in a particular locality.

*Some of these variables include: 1) apinions aboun the effects of aircraft
noise on health, fsar of aircraft crashes, attitudes about che praventc—
abllicy of the noise axposure {(misfeasance), and attitudes vegarding the

importance
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Generalizing these resul:cs to other lecalities or to the future i{n the same
localizy implicitly assumes that the attitude structure in these other sicu-
ations would replicate that found in the particular survey. It is evident

that this particular asssumption would be inwvalid if there were changes in
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the mix of relevant psycho-social attictudes in the population ox if the mix

is different among the populations being compared.

to establish the central tendency xun the risk of regional biases which

could distort,

waaken, or even reverse the e¥pected central tendency resul:.

Schul=zf? suggests that the importance of the nonacoustical

variables have been overemchasized and that a possible zeason Zor the low

correlation between individual annovance respanse and neoise exposure level

has been the poor handling of the acoustical variables. Schul:z®? also

suggests that, with respect to earlier neise surveys, half of the sample

population at

tendency have

each nolse expsoure level who respond below the central

simply not heard the noise measured in the survey. The

principal reaseon for this ls attenuation ¢of the noise relative to The

measurement location due =o distance, house orientation, shielding by othe

buildings or terrain, and ncise reduction through the building structure

itself.

schulezb7 progoses that comparad wizh the central tendeney

concept, a wore meaningdul and useful method for predicting comounity

response to noise exposure would be one kased on "percant highly annoyed",

In addition %o the high correlation between the noise exposure and the

expressaed subjective reaction, the use of percent highly annhoyed is

supported on the hasis of the following:

1.

2.

3.

4.

5.

The medlan response is much more diffjicult to translate
Irom one annoyance scale to another, in eavervday terzms
that are undarstood by politicians and policy makers;
"Percent highly annoyed" carries a common-sense import
thac average response complecely lacks;

Average annoyance response is distorted by the responses
of the "supersensitives" and the "imperturbables";

The median response does not adequately describe that part
of the population whose expresseé anncyance actually
changes with differences in noise exposure;

The median response to nolse corresponds essentially #¢ "no
complaines” and is not dealing with the community noise
problem at ail.
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| Based on data gbhtained fzom a2 number ¢f aisczaft noise soclal

- - e} . . e
surveys, twhe ZPL "lLevels Dccumen:"s" Presents twe linear relationships

r- tween percentage of the exposed pontlation hicnly annoyed and noise
- exposure* spaciiied in terms of outdoor day-night scund level. These
.[- relationships were developed from the f£irst London Heathrow Alrport survey,

P el

and Zrom the combined regulzs 2f the second London Heathrow Airport susvey
and eighz U.S, air rrier airport suTveys. The combined survey relationshin
was developed Zzom date representing "moderate" responses o the attitudas

of "fear” and "misfeasance"., Both relationships, along with cthe copbined

T

———

regsulcs of the two Londopn~Heathrow sur-veys and the eight U.S. air caxriers

2irpors surveys, are shown in Figure 3-8,

~

- Based cn the results of eleven social surveys concer:iing the

noise from aircrafc, street wraffic, expressway trafzic, and railrscads,

-

Scaul==87 nas recently developed & generalized celationshipy betwween

e e 2=}

1
percent highly aanoved and outdoer neise level in tezms of Lin. The

2ol

=

eleven susveys sonsidered in the evaluation include =he Zollowing:

1, ZIPirxse Heazhwow Aizcreft (1961)
2, Trench Alrcraf« {1968}

3. Second Hezthrow Alircrefs (1887)
4. Munich Airsorzafe (1969)

5. Paris Street Treffic (1963}
Swiss Road Traffic (1972)
London Street Traffic {(1972)
Swedish Alrecrale (1572)

Swiss Alrcraft (1973)

10. Franch Railroad (1973)

1. Uzxban Neise Suzvev—IPa (1974)

#

om

AN )
.

The data used o develop the generalized relazionship is

shown in Figure 3-7. Adrorafs t2 points are represented by solid

M LT Py s et g it iy~ v

circles while the hop=aircrafe date poipes are represented by solid

o
-

sguares. Using statistizal regression technignes, best it equazions

have been develeoped using the following three sets of dasa;

*Figures D=10 and D=13 in Appendix D of Referance $2.
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2.

1. All aircrafe and non-aircrafc £3 points;
2. Aircraft data points only;

3. Neon-aircraft data points only (less the French Railroad
wal.

Linear, guadratic, and cubic functional forms were fitted to
aach dacta set. In addition, because of the significant number of data
points below Lg, of 55* dB, best fit eguacions were also developed for
each data sat considering only theose points egual to or greater than L,
of 535 43, Howaver, for this case, only the linear and cubic runctional

forms were evaluated.

For the airgrafs data set only, the best fiv relationships
derived from all available data points and from data points with Lg,
egual to or greater than 53 d8 are shown in Figures 3~8 and 3-9, respectively.
For comparison, the relatignship developed by Schulvz (as presented in

rReference 67) is also shown in each of these Zigures.

Table 3-~6 presents a complete summary listing of the regression
eguations developed for all survey daza gets, functicnal forms, and the
two Lg, data point ranges. Additionally, relevant statistics including
+he standard error of estimate and the product—-momens correlation coefficient

are presented.

Bagecd on Figures 3-8 and 3~% and the information presented in
Tahle 3=6, the feollowing conclusions can be made regarding the annoyvance

rasponse data reported by Schulsz 67,

1. For each of the three data sets considered, there is
statistically listle difference among the three functional
forms used to cbtain best fit relaticnships between percent
highly annoyed and Lsn. Thi: applies to both Lg, data
point ranges, i.e., all availaple data points and only data
poinets with Lg, equal to or greater than 55 485

*55 dB has been identified by the EZPA as the outdeor yearly day=-night ssund level

chat will protect public health and welfare (in residential areas) with a
margin of safaty.
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LEVEL;
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BEST FIT FUNCLCIOHAL FORMS AND RELEVANT SPAPLSPLCAL DATA FOR HELATIONSULIPS REPRESENTING PERCENT NYIGHLY

RHNOYED ($1IA)} AS A FURCTION OF DAY-H1GUT SUUND DAPA PRESENTED IN REFERENCE G7

ALL AVAILAULE DATA POLINTS USED IN REGRESSLONS
SHA = A 1 DLg,) + c“'cln’2 + U“'dn]3
PUNCTIONAL Hy. OF STANDARD ERROR  CORRELAPTIUN
FUIM DA'TA SLTS DA'TA POLNTS A I C ) OF ESTIMNIE COLFF1CLENE
ALRCRALY 155 -9g, 54 1.U6 0 0 10.960 0.470
AHD
MON-RIHCIARY
LINEAR ALRCRAET 00 -9g, 26 1,65 0 ] 12.294 0.u7%
OHLY
NON-ALRCIARY 62 ~t05.02 1.94 0 0 a.704 0.07%
ONLY®
ALNCRAYT 155 111,92 -1.5624 0.0475736 0 9,234 o.910
ARD
NON-AI RCRAY
QUADRATIC ALRCRAFT 08 121,24 -4,8647 4, 0496931 0 9.950 0.921
ORLY
NOH~AIRCRAFY 62 156,83 -5,9399 0.0584534 ) 7.793 0.903
OHLY *
ALRCRARTY 155 230,21 =10, 0344 0.130262 -0. 408804 9,241 0.911
AND x10~3
NON=ALRCRAFY
cunic AIRCRAFT fili] 215,94 -9,277% 0.116643 -0.331349 9,908 0.922
ONLY x10™3
NON-AI RCRAFY 62 69.24 -2.,00021 0 0.206256 7.814 0.902
ONLY* (a*) %1073

* pPrench Rallroad survey data not Included
»* Additon of this term dld not limprove correlation cosfficlent
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DEST FLT FUNCTIONAL FORMS AND RELEVAND SFATISTICAL DATA FOR RELATIOHNSI(IPS REPRESENTING PERCENT IIGHLY
AHNOYED (®IIA) AS A FUNCTIOH OF DAY-HIGHYT SCUND LEVEL, DASED OW DAA PRESENTED IN REFLERENCE 67

{Continuad)
ONLY DATA POIHTY WITH Loy, EQUAL 70 OR GUEATER TUAH 55 dP USED 1N REGRESSIONS
RIA = A B(Ly,) * CiLg)? ¢ D(Lg,)3
FURCPIONAL NO. OF STANDARD ERROR  OQORRELATION
FORM DATA BETS DAYA POINTS A N c n OF BSTIMALE COEFFICIENTY
ALRCRAFD 133 -115,53 2,10 0 0 g.038 0.875
AND
HOH~AIRCRALD
LINEAR AIRCRAFY 69 -124,50 2.17 0 0 10.584 0.006
ONLY
NON=-ALHCRAFT 59 ~114.38 2.070 0 a 8.597 0.876
ONLY*
AIRCHAFT - - - - - - -
AND
HON-AIRCRAFT
QUADRATIC AIRCRAET - - - - - - -
ONLY
NOW-ALRCRAFT - - - - - - -
ONLY*
AIRCRART 123 34.96 -0.021279 0 0.189697 9.741% 0.898
AND {**) x10"3
HON-AIRCRAFT .
CuBIC AIRCRAFT 69 8.54 ~0.735085 0 ~0. 196373 10.769 0.908
onLY (**) x10~3
HON-AIRCRAFT 59 61.98 ~1.84365 0 0.275783 B8.004 0,095
ONLY* (*%) x1073

¢ Prench Railroad survey data not included

«* pnddiclon of this term dld not lmprove correlatlon coafficient
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2, Based on the data used to develop the regression
relationships between percent highly annoved and Lgp. it
appears that there is little differencs between annoyance
sesponse to aircraft noise and response to non-aircraft

noise sources;

3. The best fis relationships between percent highly annoyed
and Lan, are generally as good, and in some cases better
when data pointcs with Lay less than 55 dB are omitted,
i.e., when the "supersensitives" are not considered.

.

It should be noted that general agreenment does hot axist concerning
the annoyance response similaricy between aircraft and non-aircraft noise

SOUrCes .

In a recent labaratory study by Rice,B83 sixeeen subjects

wers exposed to aircraft and traffic nolse while engaged in a recreational
activity. Recerdings of the noise produced by Boeing 747's, 707's, 727's,
and McDonnell Douglas DC-+10's during landing operations were presented to
subjects at three A-weighted eguivalent of noise levels 40, 50, and 80 43
at three rates of 4, 3, and 186 per ewenty~-Iilive minutes. TraIfic noise was
bresented at the same noise levels for each of the following three different
gituations: 1) distant freeway traffic, 2) busy divided highway, and 3) =

quiet residential area with trucks. The study results indicated that:

1. Based on average subsdective scale wvalues, tzaffic noise
wag judged significantly more annoyving and more diZfjculc
to live with than aircerafc noise for egual indoor Laeq
levels.

2. There is no single measure that will predict equal subjective
responses for both airecrafs and traffic noise.

However, after adjusting for noise veduction (building

attenuation),”” Rice®? presents data showing the percent highly annoyed

*the study was conducted in a simulated domestic living room built
within a laboratory environment, and isolated f£reom all noise except
that which was deliberately introduced during the coursse of the
experiment.

**Yor alrxcraZft and the distant £reeway traffic, the noise reduction
was about 2043, whereas for the divided highway and zruck wraffis,
the leoss was closer to 24da.
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as a function of outdoor noise leval for both aircraft and trafiic noise
sources. These data, 2long with a bestc fit linear relationship, are shown
in Figure 3-10. In the development of this relationship, Lg, was set
equal to Lpgg + 3 dB.* As seen in Figure 3-10, the percent highly
annoyed by airecraft noise or by traffic noise, at equal cutdoor Lgp

levels are, for all practical purposes, identical. Although scme response
differences may exist between the two sources, it would be difficult wo

conclude that these differences are significant.

Figure 3-11 presents a comparison of a number of suggested
relationships between percent highly annoyed and noise exposure levels in

terms of Lgp. Relationships shown in Figure 3-~11 include the focllowing:

1. Combined results of both London-Heathrow Airpor:t surveys
and the eight U.S. Alrpert Suxveys fRefe:encs 52).,
2. Schultz's generazlized relationship based on eleven soecial
surveys (Referance 67);
3., Composite relationship comprised of the following:
&. Straight-line fivs for airgraft data sets (presented in
Reference 87) using all available da%a points and only
data points with Ly, equal to or greater than 55 dg,

b. Combined ocutdoer aircraft noise and traffic noise response

data presented by Rice (Reference 69).

With respect to GA aircraft and GA airsport operations, relatively
liztle effort has been focusad on quantifying community Tresponse to noise
exposura. Rnh:mann71, Har:is,72'73 and Hall et al.’4 have recently
reparted results of community survey studies concerning the reactions to

noise exposure around airports sarving predominantly small, non~commercial

aircraft. The results presented in these studies, however, are not sufficient

to develop guantitative relationships between percent highly annoyed and

level of noise exposure, aht least on a basis comparable with other raslation-

ships praviously shown. Neverthaless,baseé on the results presented in
these recent studies, it is concluded that GA aixcrarft operations can, and
do in some cases, create community noise problems. Rohymann 71 found

that approximately half of thosa living near the airports investigated are

annoyad, to some degree, by aircraft cperations. In an investigatdion

*Ihis ralationship was derived oz %he basis that the measured

difference between the daytime eguivalent sound level (L) and the
nighttime eguivalent sound level in typical residential areas is probably
on the order of 4 A3 (sse page B~9 of Reference 70).
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involving eight GA airports in Massachusetuis, Hazzis 72:73 zoneluded

thaz at these airpeorts:

1. Cumulative aircraft noise near the ambient resuluing Zrom

-

other ncise sources resuwlted in concexted community action;

2. Airport neighbors first complained about levels of noilse
exposure from touch-and-go tralning operaticns about 5 ds
lower than they first complained about levels of noise
axposure f£rom npormal arrivals and departures;

3. Neighbors complained less, f£or a given noise level, when
the neighbors, the FAA and the airport proprietor were able
to work togethex.

" . el . . N . .
Harris’? suggesus noise exposure limits at residentially

zoned areas around GA tType airports in acgordance with the following:

TYPE OF ACTIVITY NOIEE EXROSURE LIMIT

Itinerant operations Ly of 55 dB or the annual
average of the ambient Lg.
. plus 5 &8, whichever is greater

Touzh~and-go operations Lan of 50 d8 or the annual
average of the ambient Lgp,
whichever is greatex

Ha=ris?’? also suggests noise exposure limits for areas around

commercial (air cawrier) airports (Lgy of 65 dB) and around airperts
serving military jet airzegrafs (Lgn of 70 d2). Although the noise exposure
limits for GA type airports are from 10 to 20 dB lower than for the cother

airport types, HAZzris’? does not discuss the reasons for these differences.

Hall ez al,’4 performed 22t interviews at 15 sites around an
airpor: serving predominantly GA aircrafe” to investigate community
response to noise Ifrom GA alrpeort operations. It was reporved thas
compared with 4 larger airport serving larger commercial aircrafs, lower
percentages of speech interference and high annoyvance are repors=ed by zhe
Ga alrport coomunity. However, the Gi aizport community did report a
higher percentage of sleep interferxence. It was reascned that the higher
percentage of sleep disturbance reported by the GA airpcrt community was
probably due to gredater noise sensitivity resulting from the infrequent

naturs of night flighus.

wAirerafts types included the following: 1) exacutive turbojets, 2) twin-
engine propellar, 3} light single-engine propeller (100-200 HP), 4) light
single~engine prepeller (200-300HP), and 5) twin-engine turboprop.
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3.2 Other Dose =~ Response Relationships

3.2.1 Communicatzicn Interference

Cne of the most obvious effects of noise is its ability =o
interfere with speech communication. The deqree of speech interference,
i.e., the masking or disruption of speech, is a function of the type
of communication and the conditions under which it must be maintained.
Environmental noise may incerfere with face-to-face conversatiens, with
telephone use, and with radic and =elevision listening. WNoise may also
interfeze with the ability tfo hear warning shouts or commands, thus
increasing the probability of accidents. Some of the mos:t important
factors contributing to speech interference include: 1) the charac-
teristics of the auditory sigmal to be heard, 2) characteristics of
the interferzing sound, and 3) separation distance between the sourze of
the auditory signal and the listener. Secondary factors include: 1)
acoustical envircnment in which the communication process takes place,
2} degree of clarity of the auditory signal, 3} hearing acuity of the
listener, 4) visual cues, and 5) amount of redundancy in the auditory

signal.

The frequency range of speech extends fSrom approximately
i00 to 6000 Hz. The total variation in inzensity level (dynamic range)
¢f successive sounds is approximately egual to 30 d8. Speech is charac-
terized as an acoustical signal which undergoes rapid fluctuations both
in ssund level and Zrequency patterns. The lntegration and recognition
of these coastantly shifting patterns is essential for optimum speech
intelligibility. Noise not only diminishes the ability to detect the
auditory signal, but alsc reduces a listene:r's ahilizy to follow the
pattern of signal £luctuation. The degrea of speech interference is
thezrefore guite sensitive to the level, the energy distribucion with
respect to £requency, and the temporal charvacteristics of the inter~

ferring sound.

A number of rating schemes have been developed specifically
for quantifying the speech interference effects of nolsa. The most

prominent of these ara:
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o Articulasion Index
o Speech Interference Level

o ©Preferred Speech Interfarence Level

The Articulation Index (AL) is a numerically calculated measure of the
intelligibility of transmitred or processed speech. It takes intp account
the limitations of the transmission path and background noise. The AT ean
range in magnitude betweer 0 to i.0. AL values of less than 9.1 and above
0.6 represeat conditions where the speech intelligibility is generall

low and high, respectiwvely. Speech Interference Level (3IL) and Preferred
Speech Interference Level (PSIL) are calculated quantities which provide a
guide to the interfexxing effect of noise on reception of speech. The SIL
is #he arithmetic average of the octave bands in the most important part of
the speech Zfrequency Tange, 600-1200 Hz, 1200-2400 Hz, and 2400-4800.
Using octave bands based on preferred freguancies, the PSIL is the arithnmetic
average taken over the cctave band levels centered at 500 Bz, 1000 Hz, and

2000 Hz=. A currently proposad measure woueld also include the octave band

cantered at 4000 Hz.

An assessment of the rating schemes has been presented by
Schulez15:17 and vyaniv and Flynn75 and will not be discussed here.
However, some impocrtant limitations of the use of these rating schenes

merits some atzention.

The Al method has been used to estimate speach intelligibility in
the presence of steady-gstate and time-varying noise sources. However, usae
of the AI methed for predicting intelligibility of speech i.n the presence
of fluctnating noise levels is questiopable. As pointed outs by Yaniv and
E‘lynn75 the AI is based upon, and has been.principally validated against,
intelligibility tests invelving adult male talkers and trained listeners.
Thus, =he Al cannot be assumed fully applicable to female talkers or
children speakers.¥ Additionally, the complexity of the calculation

"in a recent study by Pearsons et al.’® it was found that for the
speach categories of: 1) pormal, 2) raised, and 3) loud, minimal
volca lavel differences existed between male, female, and children
speakers. However, it was found that male speakers show a greatar
concenzration of energy in the cne=-third octave bands below 200 Hzx.
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procedure associated with the Al severely limics its use as a practical

means for measuxring environmental naise levels.

The principal limications cf the S5IL and PSIL procedures are:
1) nelther ls very appropriate for evaluating the speech-interferring
effacts of nolse with considerably more energy at high freguencies than
at low IZrequencies, and 2) neilther accuwately measures the masking of

speech by holse containing intense low f£reguency components.

Pigure 3-12 shows the relationship bexween speaker-listenexr
separation distance as a function of AT for normal vocal effort and ambient
noise level (given in terms of SIL, PSIL (0.3, 1, 2 kHz2), Lpy, and Lyl

and as a function of various vocal aefforws and ambient noise levels.

A number of studies related to the speech interference effects
of aircraft f£lycover noise have been reviewed. Using word intelligibilicy
tests, Kryter and Williams77 investigated <the speech interference eifects
of recorded "run-up” and flvover noise from jer (turbojet and turbofan) and
propellerdriven alrcraft.* Half of the intelligibility tests were admin-
istered with the noise filtered to achieve indoor speczra and levels, The
speech levels selected were 80 dB, 84 dB, and 28 43 for the osutdoor test
condision and &5 43, 69 4B, and 73 43 for the indoor test cendition. A
number cf rating schemes were used as a means of evaluating and validating
the gpeach interference effectiveness of the aircraft neiss. Some of these
rating schemes included Lp, Lgs Lp, SIn, AT, and Lpys It was

reportad that:

1. The speech intarference effects of the noise from jet and
propeller-driven aircraft cannot be adeguately evaluated
from Lp or L, measures;

2. B5IL eor Lpy calculated by either the full= or 1/3-octave
band methods, provide moderately aceurate methods of
estimating the speech interference effects of aircrafy
noise; .

3. The AT caleulated by either the full- or 1/3~oct=ave band
methods predicts with reasonable accuracy the understand-
ability of speech in the presence of the aircraft noiges
used in the study;

* Adzoraft types wera: 707-120, 720B, 727, and a Super-Constellation.
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VOCAL EPPORPS AHD AMBIENT NOISE LEVELS {(from Reference 79) .
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4. The Zull= or 1/3-cctave band methods of calculating either
Lpy of AL gave essentially 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 to a wider
variety of aircraft noises.

In a later study, Williams et 21.20.78 conducted an investi-
gation to determine the extent that simulation of speech aczivities
influence the acceptabilizy of single flyover noise. Until this investi-
gation, mest psychcacoustic laboratory studies had been performed in
which the only task that was required of subjects was to rate the individual

lyover noises. However, this was thought to be unrealistic since in a
real-life situations, £lyover noise from airecraft incrudes upon ongoing

activites, particularly those involving communication.

Acceptability ratings were ohtained under the following three

experimental conditions:

1. 35 flyovers ranging Zrom & To 83 Lppa, with no
speech sigmal presented;

2. 45 Elyovers ranging from 63 to 93 Lomax wizh
simulated radio-TV listening;

3. 35 flyovers ranging from €3 To B3 Lomax with

simulated telephone listening.

For the second experimental condition, the 10 additional flycvers
were presented along with speech nonitering levels of 71 and 831 as.
Twenty~six college students sarved as subjects and their task was to rate
the single-event flyover intrusions on a four-paint adjectival categoxy
seale. The scale used was: (1) of no concern, {2} acceptable, (3) harely

accaptable, and (4) unacceptabls.

For the two speech conditions, i.e., with radio~TV listening and
telephone listening, subjects answered written gquestions concerning the
contextual speech messaga. The flyover nolses presented were evaluated |

wtilizing Lpymax, Lpa, and SIL and ralazed to the judgment results.
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Results and conglusions ware:

1.

3.

For comfertable radio and TV listening (a level corre-

sponding to that measured at a distance ¢f about one meterxr

rcm a talker speaking in a raised voice), there is a sharp
drop in estimated sentence intelligibility when the peak

necise level value of an aircraft flyover exceeds a perceived
noise level of about 88 dB, a SIL of 68 43, or an A-welghted
sound level of 76 d48; such a peak noise level also results in

an appreciable detericration in comprehension o vexbal

messages of the type that might be presented in a radio or ™V
news broadcast; an aircrarft flvover with this peak levsl is
rated hy listenars zo be "barely accentable," if it is

assumed zhat such a flyvover will occur a numpber of wimes

during a day;

The relationghip baetween acceptabilicy ratings of aircralic
nolse and various physical measures of the peak noise levels

are essentially the same wnether the ratings are obtained in the
absence o speech or with speech present at a comfortable
listening level (radio-TV speech or =zalephone speech); this :
£inding indicates that no correlation Zactors neeéd To be added :
to, or censidered with, Lpy values to achieve estizmatas ol the
acceptability of airgrafec noise in terms of beoth perceived

noisiness and speech interference; this finding also suggests

that procedures based on speech interference might be egqually

ag effective in estimating zhe acceprabilicty of aireraft naise

a5 procedures based on perceived noisiness;

When aircraft nolses are rated in the presence of speech,
an increase or decrease in spaech level resulets in an lncrease
or decrease in acceptahility;

Correlations between listener ratings of acceptability and

various physical measures of peak aixcraft noise Loy, SIL, and

Lp 4re essentially the same, indicating that any one of these

three measures i1s egually effective for predicting listenex
acceptablility;

The mean of the differences batween “"acgeptable” and

"anacceptable” Zor the three conditions was 22 23 (A-welghted

sound level};

The mean of the L, ratings for “acceptable" was approximately
64 dB indicating that most persons would find this peak
laveal acceptable.
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In the TPA Adrport/Aircraft Noise s:udy,70 it was reported
that two meters was a typileal outdoor coomunication distance in urban
areas. In order to permit 95 parcent sentence intelligibility at this
distance using normal volce effort, it was determined thar steady, continupus
A-welghted backeoraound sound levels cannot exceed 60 48, This lavel was
recommended as the maximum permissible value for intruding steady nolse for
speech cotmunications outdoors. Since the magnitude of almost all environ=
mental noises f£luctuates over time, this maximum permissible level was
interpreted as an average or egquivalent~continucus level !Leq). Far
indoor environments, an A-weighted Leq level of 435 4B was idenziiied as
the maximum permissihle value which would assure 100 percent sentence
intelligibilicy for relaxed conversation. It was pointed out that speech
interference criteria based on average or equivalent-gontinuous sound level
measures are best applied to environmental nolses which are steady.
However, average sound level measures aze conservative when appliegd to
non~steady noises, when maximum levels do not cause a complete interzuption
of speech communication. However, when maximum levels are susficient to
cause complete interruption of speech communication, a situwation which
often occurs with aircraft flyovers, annoyance sTiteria are probably more
applicable in assessing human response than speech criteria given in terms

of percencage of senteoce interference.

For residential areas, the EPh "Levels bocument"32 jdentified
Lan values of 55 4B and 45 dB as the naximum pexmissible levels of
intzuding noise to allow sazisfactory speech communication in cutdoor and
indoor noise environments, respectively. It was reported that helow these
levels, no effects on "public health and welfars" would occur as a result
of interference wizth speach. Although the ocutdoar maximum permissiblae
lavel identified in the "Levels Document" is 5 43 lower zhan that recom-
mended in the eaxlier IPA Adrport/hRircrait Noise Study (assuming Lap to
be a.ppfaxﬂ.mately egual to I‘eq{day) 4+ 3 4B}, it was reported that the
addicional 5 &3 would sigunificantly increase the average community noise
expasure response from appreximately 17 percent to 23 pergent highly
annoved, Based on data presented in the ZPA "Levels Documentc", Figures
3-13 and 3-14 present relationsnins between A~waighted eguivalent-continuous
sound lavel and percent sentence unintelligibilicy for indoor and outdoor

tnoise environments, respectivaly.

3-66

e - )



FrEATE VW Dol od il

1

T A
0

e

e L e e

100 ]

PERCENT SENTENCE UNINTELLIGIBILITY

|

g | I
50 85 60 &5 70 75

A—WEIGHTED EQUIVALENT —CONTINLIOUS
INDOOR NOISE LEVEL(L'q). dB

FIGURE 3-13 PERCENT SENTENCE UNINTELLIGIBILITY AS A FUNCTION OF
A-WEIGHTED EQUIVALENT—CONTINUOUS INDOOR NQISE LEVEL;
NORMAL VOICE AT 2 METERS { EPA "LEVELS DOCUMENT” , REF -
ERENCE 52).
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: 3.2.2 Noise~Induced Hearing Loss

Exposure 0 noiss of sufficient intensity Zor suflficiently long
periods of time results in a temporary increase of the thresheld of audibil-
I ity, i.e., Temporary Threshold Shift {TT7S). This loss usually can be
regained in approximately 16 hours after the nolse exposure terminates.
Repeated exposures to high intensity noise levels which cause lazge TIS,
will eventually lead to irreversible, permanent loss of hearing, i.e.,

Noise-Induced Permanent Threshold Shift (NIPTS).

~—

It nas been found that regular expesure o A-welghtad sound

levels of from 60 to 80 8B for periods in excess of 8 hours will cause some

"
H

TTS in a signilicant proportion of the population exposed. Noise £rom 1000

to §000 HEz appears teo cause the greatest TUS with noise—induced hearing

M

loss initially cccurring at approximately 4000 Hz.

\ !

It is generally agreed zhat Zfor a2 given Laq' intermiccent or
time-vary noise will produce less hearing damage than a continuous noise
with the same accustical energy. In order to make a reasonable assassment
of the porential hearing damage resulting Zrom exposure o time-varying

noise, a pumber of ceoncepts have been proposed te define the srading

1 M

relationship between eXposure time and noise level., Two methdologies which
have been used extensively to assess hearxing damage potential are the TIS
and =he egual-energy concepts. Ariefly, the TIS concept states that a TI§
meagured 2 mlnutes after cessaticn of a 8-hour noise exposuras claosely
approximates the NIPTS incurred after a 10 to 20 year exposure to that

same level. The egqual-energy concept states that equal amounts of sound
energy will cause equal amounts of NIPTS regardless of the discribution

cf the energy across time. Nelsher concept has been shown to be applicable
ts all noise exposuras as is pointed out by a number of studies whieh

have examined the uses and limitatiorns of both methodologies. Nevertheless,

1 31 0 mMm

the ecualwenergy concept has been selecred by the EZPA on the basis that

£

it is a reasonable predictor of TT5 and that it tends to bhe canservaitive

- with respect to the cbserved characteristics of environmental noise over
- a 24-hour mime period.
oo 3~59
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Only a few studies have attempted to directly relate actual
community aircraft noise exposure to neise~induced hearing loss. Parnell
et 21.80 invescigated the effects of aircraft npoise on the hearing of
residents in communities surrounding Los Angeles International Alrpors.
Investigation results indicated that at the higher audible freguencies
there were trends which suggested poorer hearing for the airport community
as compared with an aircraft-noise~fres community. However, it was reported
that because of the uncertainties in the study results, the apparentc peorar
hearing of the airport community residents could not be conclusively

linked to aircraft noise exposure.

Recently, Waxzd er al.8) artempred =o decermine the aunditory
threshold shift of subjects exposured to peak A-weighted noise levels of
111 &8 produced by reccrded commercial jet aircraft (DC~8 and 720-B)
flyevers. Six-hour exposures to landings and takeoffs at the rate of 1 per
1.5 or 3 minuces were administe:éd to two groups of five normal listeners.
™S was detarmined by measuring auditory thresholds at three freqguencies in
both ears after 1, 2, 4 and 6 hours of exposure and at three other fre-~
gquencies after 5 hours and comparing these with pre—expasure thresholds.
Recovery was followed by testing at 15 minute intervals for 2 hours after
the lasy flyover and again 16 hours after exposure. The mean TISp
(temporary threshold shift 2 minutes after exposure) did noc reach 5 dB
at any frequency for either axposure condition. Ward et al.31 concludes
that the possibility of suffering a measureable permanent loss of hearing
as a result of aircraft flyovers in a residential neighborhood is remote,

even for persons who live immediately adjacest to & busy airport.

Mirapatsu at al.32 izvestigazed the TTS due o recorded takeoffs
with peak A-weighted lavels of Srom 75 to 100 &B. The acoustical energy in
the noise signal was concentrated primarily in the Ifrequency range of from
$00 To 4000 Hz. Five normal listeners were exposed to flyovers at a4 rate
of 1 per 2 or 4 minutaes for about 9 houxrs at a time. T7S measurements were
made 0.5 minutes after cessation of the roise exposure at various incarvals
of the total exposure time duration. All TS measurementa reported were

the average TTS at 4000 Hz obtained 2rom all five subjects. Rasults
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indicazed that the growth of TT8 at 4000 H, is5 approximately expresssd as

a function of Log;gT, where T is the exposure time in minutes. Based on
the study results, Hiramatsu et al.g2 reported that exposures to peak
A~welghted levels of 75 dB at a rate of 1 per 2 minutes did not produce TTS
significancly different from the TTS for 2 non-exposure condition, and that
growth of TTS does not begin until peak A~weighted levels are bectween 75

and 80 da.

The ZPA Airport/ihircraft Nodise Study7° presents daza which
show that the maximum NIPTS produced in & population afiter forty years of
noise exposure {after the age of twenty) is more severe for 4000 Hz than
the average of the tradinicnal speech frequencies of 500, 1000, and 2000
Hz. As a resulz of this finding, a significant proportion of the existing
hearing = loss criteria has been based on the avoidance of any substantlial
logs of hearing at 4000 Hz., Addiziopally, it has been Zfound that a § 4B
NIPTS wvariazicn in an individual's whreshold of hearing is generally
considered as normal. Based on a 4 43 difference between outdoor day and
night average sound levels, and on 8 hours of outdoor axposure to inters=
mittent noise, resulting in an A-welghted continuous=—egquivalen:t sound level
of 80 dm*, it was copcluded that Lgy, of 33 a8 or less will produce no
noticeable hearing change over the 500 to 4000 ¥z range in 90 percent of
the population. Due to the uncertainties associated with some of the
assumptions made in deriving the maximum permissible level, it was recom-
mended that & yearly outdoor Lg, of 80 di be used as the noise exposure

limiz o protect agaizmst hearing loss from aircraft noise.

Taking into account that 4000 Hz is the most sensitive to
hearing loss and that losses of less than 5 a8 are generally not considered
noticable or significant, the ZPA "Levels Document"S2 identifiasd an
8~hour exposure level not exceeding 75 dB, or a 24~hour exposure level not
exceeding 70 dB as requisite to protact 96 percent of the population from
greater than a 5 dB8 NIP?S. This recommendation was based on exposure o
steady noise ¢of 8 hours pex day, 5 days per week, over a period of 40
years. Figure 3«15 presents curves showing the maximum and avearage noise-

induced permanent threshold shift expected after a 40~-year exposure {(from

*This lavel and duration of noise exposure will produce a WIPTS at 4000 Hz
of § d8 {A-weighted)} in the most sensitive 10 percent of the population
ter 40 years of daily exposura.

3=71




- TEEY VI Flu bW dndad bl

-

T

M

mmmmmmr“lr'"}mrﬁ

NOISE INDUCED PERMANENT THRESHOLD 2HIFT IN B

1%

FIGURE 3-15.

& MAX.NIPTS FOR 500, 1000, 2000 HZ
2L AVE, NIPTS FOR 500, 1000, 2000 HZ -
O MAX. N¥PTS FOR 4000 HZ
3 AVE,NIPTS FOR 4000 HZ
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t ]

75 80 85 20

24 HR, A-WEIGHTED CONTINUQUS—EQUIVALENT
SOUND LEVEL [Leqi, dB;

AVERAGE NOISE—INDUCED PERMANENT THRESHOLD
SHIFT (NIPTS) (BEYOND PRESBYCUSIC LOSSES)

EXPECTED AS A FUNCTION OF A-WEIGHTED
CONTINUOQUS—EQUIVALENT SOUND LEVEL (DEVELOPED
EROM DATA PRESENTED IN EPA “LEVELS DOCUMENT™,
REFERENCE 52}
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age 20 to &0 years) +“o a 24-hour a-weighted continuous-egquivalenr level,
The curves shown in FPigure 3~15 were developed from data presented the EPA

"Levels Document”.
3.2.3 Sleep Disturbance

Sleep is not cne concinuous or uniform condition. It is a
complex series of states threough which the brain progresses in a cyclic
pattern, repeated several times over the course cf the sleeping pariod.

thoush there are no sharp distinctions between different states, it is
generally agreed that there are basically five stages of sleep. Each stage
is identified by specific patterns of freguency and amplizude combinations
which are typically observed from eclectreencephalogram” {ZEG) recordings.
Laboratory investigations have shown that noise can effect changes or
shifts in sleep stages without actually causing a sleeper to awaken as well
as producing arousal or behavioral awakening. Arcusal is definad as zhe
response which results in an ZEG pattern having some or all of the character-
istics of an awake EZEG, while behavioral awakening requires a specific
motor or verbal response.®3 The principal factors wnich have been Zound
to affect responses to noise during sleen include: 1) age, 2) sex, 3)
sleep stage, 4) noise level, 5} freguency of noise cccurxrence, 6) aoise
qualicy, and 7) presleep activity. Due to the extreme behaviocral and
physiclogical differences among individuals, and zhe suspected effscts of
habituatcion and adagtation to nolse exposure during sleep, few studies have
attempted to describe the effects of noise in a way which can be used <o
establish eriterion levels, These studies which have presented guantitative
stimulus~response relationships have Zocused attention on sleep pattern
disruption and awakening responses rather than the short- and long-term
after effects such as psychological and physiclogical disorders, or task

pezformance degradation during periods following sleep distusbance.

In terms of aircraft noise effects, a nucber of relevant studies
have been performed {e.g., LeVe:ea4, Lukas et al.a5, Borskyao and Lukasa3f95ra7).
LeVere34 conducted an investigation to assess the arcusal produced by the
occurrence of noise from jet alrcraft flyovers (3oeing 707) and by different

auditory frequencies which were equatsd for subjective but not physical

*An EEG is a graphical recording of the variations in potential
betwean electrodes adherasd to the ounside of the head.
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intensicty. The aircraZt noise was presented to six male subjects on

randomly selected nights over a 14 day period. ine Zlyovers were presentad

each night, lasting approximately 20 seconds and reaching a maximum A-welghted

sound level of approximately B0 d3. The results indicated that broad-band

auditory stimuli will reliably produce arousal and that this arousal

appears to outlast the physclial presence of the stimulus by at least a

pericd of 5 minutes.

The different auditory frecuencies were presentad to eight male
subjects on three pights over a 4 day period. Sounds consisted of 20
presentations c¢f one-third octave band sound centered on a frequency of
125 "=, 250 Hz, or 1000 Hz, all equated for loudness to an A-weighted sound
level of 30 d8. Results showed that all frequencies were effective in
producing arcusal in sleeping subjects but they were not always egqually
effective as would be predicted on the basis of their psychological loudness.
LaVereB4 concluded that the eSfectiveness of different fraguencies in their
arousal capacities was not predictable on the basis of the Lp approximation

of esgual loudness.

Lukas8® summarized five yearxs of work at the Stanford Research
Institute which pertained ton the investigation of test subject and stimulus
variables that appeared to be the major determinants of human response to
sub-sonic and supersonic aircraft noises during sleep. The summarized

results of these studies suggest that:

1. Children 5-8 years of age are uniformly unaffected by nocise
during sleep;

2. 0Older subjects are more sensitive to noise than are younger
subjacts; -

3. Women are more sensltive o noise during sleep than men;

4. Within cheix age group, individuals may vary greatly with
respect to their relative sensitivities to nolse during
sleap;

5. The frequency of hehavioral awakening is a function of
the intensity of the sub-=sonic jet flvover noise. BAs
stimulug intensity increases, the frecquency cof behavioral
awakening also increases, and the frequency of no dis-
cernible EEG change decreases.
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In a later study, ZukasB2 /87 conducted a comprehansive review
of domestic and foreigm scientifiic literature on the esfects of noise on
buman sleep. Lukas®3:87 concluded that available data indicace that
a reasonably accurate prediction of the frequency of sleep disruption can
be made if the noise is described in terms of single—event measures
which account for its spectral characteéistics and its duration. Igpy
appeared to be slightly more accurate than eicher EZLp or SENEL. Maximum
Lp or Lpy are far less accurate than either of the measures which account
for duration. Additionally, it was reported that overall sleep quality'
can be predicted with reasonable accuracy Zrom multiple-event measures such
as CNR, when they are calculated using ELp Or Lppy as the basic single-event
measure. Relationships between freguency of sleep disruption and noise
level, and frequency of arousal or behavioral awakening and neise level
were developed from the data presented by Lukas83, Approximate mache~

matical expressions for these relationships aze given by:

FSD = 1,40 Lgpy - 74.00 (3-8)

FABA = 1.03 LEPN - 58,90 {3=9)

where FSD is the freqguency of sleep disruption and FABA is the freguency
of arousal or behavioral awakening, t should be noted that the Lgpy
used in equaticons 3-8 and 3-9 was calculated using the time intexval
between the 10-dB downpoints of the noise signal as the eiffective duration

and using 0.5 seconds as the reference duration.

Thiessendd hag recently presented the results of an investi-
gation to determine the probabilicty of disturbance of sleep, as judged by
ZEG records, by seven noises per night produced by a recording af a
passing truck. Responses were measured in terms of sleep disruption
{defined as sieep stage shifts from deeper %o shallower) and behavioral
awakenings as a function of peak A-weighted sound level, “hirty=five

subjects ranging in age Zzom 16 to 77 years of age (12 between ages of

*Sleep guality is measured in terms of: 1) feelings of well being on
arousal, 2) feelings abouz the general quality of sleep, and 3) an
sscinate of how long it tocok zo fall asleep.
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16-28, 8 males and 4 females; 12 between ages of 46-51, 7 males, 5 females;
and 11 between ages 55-75, all male) were exposured to peak levels of
35 to 75 dB over a period of 24 successive nights. It was

concluded that:

1. Young and old people have nearly the same response to
noise while middle-aged subjects are more sensitive by
about 15 48m;

2. The stimulus-rasponse relationship ¢an be roughly approxzi-
mated by a linear relationship between response and peak
A-waighted level;

3. The probability of shifts in sleep to a shallower level
does not appear to adapt in 24 successive nights with seven
noises per night, but the probabllivty of waking drops to half
value in about two weeks;

4. Response increases with duration of the noise, at least over
the limited range of from fract=icns of a second to a minute.

Additionally, Thiessen88 comparad the stimulus-respaonse relation~
ships derived from average response data {averaged over all ages) for sleep
disruption (shifts in sleep stage) and behavioral awakenings with the data
given by Lukas87 in an earlier study. Thiessen®¥ reporsed that the
rsegression line representing the probability of awakening was a reasonable
f£fit to Lukas' data except that the slope appeased to be oo low. BAlse, the
regression line representing the probability of sleep disruption was in
good agreement with the data from Lukasa7, but was shifted aboutr 10 &8 cor
mara to the left, suggesting greater sensitivicy by that amount. It should
be noted that although no zelationship between Lepy {as defined by
Lukass3} and Lpmay, was reported by Thiessanea, examination of the
data presented shows that the maximum A-weighted levels were converted to
approximate Lgppy values using the relatipnship Lepy = Lamax + 21.

This approximate relationship between Lgpy and Lppa. 15 alsc supporsed

by data reported by Lukas.S3"

*Using data prasented in Table I. of Referencsa 83, the average difference
between Lpwny and Lpga. was 20.8 dB.
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Most recently, Griefahn and Muzet3% have presented the results
of a literature search concerning the effects of noise-induced sleep
disturbances., The stimulus-response relationships were given in terms of
percent of awakenings and in terms of percent of O-reactions (deSined as
all reactions less than a change of one slaep stage) as a function of
maximum A-weighted level. The following general conclusions regarding the

characteristics of the noise were reported:

1. Bandwidth - Sleep disturbances are greater with lncreasing
Eandwidth;

2. Number of Stimuli Pexr Night ~ A noise of moderate peak
intensity occurring regqularly is less disturbing than the
same nolse ocggurring randomly.

3. Duration of Neise Exposure - Habituation to noise during
sleep depends on the ipformaticn content of the noise and
on motivation. Habituation for autononmic responses has not

been demonstrated.

Additlonally, it was reported that with increasing age, the
probability of awakening reactions becomes greater, whereas the probability
of C~reactions becomes less. Differences in.the reactions of female and
rale subjects 1s not clear since results for &ifferent laboratary axperiments

ars contradictory.

For compazison, the stimulus-response relaclonships concerning
the probability of awakening and the probability of sleep disruption
presented by LukasS3, ThiessenB8, and Griefahn and Muzer89 are
shown in Figures 3-15 and 3-17. The relationships are given in terms

Lepy (28 defined by Lukas83) assuming a 21 28 difference between Lpoy

and Lipamax: i-€.. Lppy = Lamax = 21.

3.2.4 Nonauditory Physiolcogical Effects

In the physiological response area, %the results of human
and animal experiments show that average or intrusive nolse can act as a
stress=provoking stimulus.?0 The autonemic nervous system (sympathetic
and parasympathetlc) responds to stwessful agents (such as noise) and

tries to regulate the perturbation in bodily functions by effecting
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changes in circulatery, respiratory, excretgry, and glandular corgans.
For longer term noise expasures the result may be the chraonic stress
syndrome. Stress is known to be a2 factor in the development of peptle
ulcers, cardiovascular disease (hypertension and coronary artery disease},

and is suspected to be a factor in the aging process.

Increasad bleod pressure (generally considerad an adverse
health effect) and its attendant effects have been observed both for
short-term environmental ncoise exposures, and longer-term coccupational
noise exposures.?0 In the case of noise exposure in the earlier stages,
a study of school children exposed to noise from heavy street traffic
(1000 cars/hour) showed =zhat they had considerbly higher blood pressure

than children from schools in guiecer areas (trafiic rate at 50 cars/hour).91

Several studies of workers exposed to high noise levels have
indicated chronicalily elevated blood pressuxre, and peripheral circulazory
and cardiovascular preoblams. Workers chronically exposed to A-waighted
noise levels in the 20 wo 26 dB range exnibited significantly greater
incidence (3 o 4 times the narmal zate) of hypertension.90 additionally,
industrial weorkers with hearing impairment (thus long-ter high level noise
exposure} had a 3 times greater rate of hypertension compared to industxial
workers with ne significant hearing loss.?2 The evidence thus indicates
that stress resactions due to neise exposure cause higher than normal blood
pressure (a persistent response), and that repeated and prolonged noise
exposure may be a contributing factor to chronic or acute hypertension, and
other cardieovascular problems. Thus, noise~induced stress may not necessarily
manifest itself only in hearing damage or Ffatigue. As an addizional example,
health data £xom the U.S5.5.R. indicate that changes in general morbidicy
and its character in populaticns living in‘'noisy areas of big cities can

definitely be correlated with noise levels. 93

Other nolse stress teats in which physiological response was
measvred have been conducted in laboratory studies using continucus and
termittent tones and recorded aircraft noise. 7The results indicated that
intarmittent nolse had a stronger effect than coantinuous noise on the

nervous system and cardiovascular functioning.¥¥ fThus, the total noise
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exposure time may not be as important an indicator of nonaudisory physio-
logical effects as the pattern or combination of noise exposure and quiet
perieds. In a test using recorded jet noise, a centinuous noise exposure
equivalent to 120 aircraft at Lpp,, = 87 dB induced sustained tension of

the sympazhetic nervous system, and increased complaints of hype:tensicn.95

In the case of physiolegical effects of noise on pecple living
near commercial jer airports, a few studies have been conducted which
indicate a direct relationship between high ajrcraft noise levels and
increased physiclogical reactions. People living in areas where maximum
A=-weilcghted airecraft noise lavels exceeded 100 48 complained to a significantly
greater degree about problems related o nexvousness, and digestive and
cardiovasecular systems than did people living in areas where alrcraft noise
levels were in the 80 to 90 4B :ange.95 On a more objectiwve basis,
measuxements of specific physiological responses in airport area residents
subjected to various levels of aircraft noise indicated that reactions
increased directly in proporticon to noise level increase.97 The change
in specific physiological responses were related to the noise levels of the
noise events, while the combined cor "whcle" reactions (physiological and
psychological) were related to noise scales wnich combine noise level and
number of events. There appeared to be no adaptaticn wo aircraft noise.
The study indicates that cardiovascular effects (increased blowd pressure,
etc., ) result from the annoyance reactions £z the alrcraft nolse exposure.
The conclusions were that assessment of airport noise <mpact should be
conducted using a cumulative type noise exposure rating scale {which
combines event noise levels and number of events), and that realisti
protection of the airpeort area residents' health reguires a limit on

-

maximur noise levels for single-avents.
3.2.5 Behavioral and Perfermance Zflects

3.2.5.1 Behavioral Effacts

It has been suggested that specific and non-specific effects* of

long=term exposure to intrusive/anncying noise can contribute to a chronic

*Specific effects include auditory and behavorial responses, while cother
tamporary and persisting physioclogical and psychological responses might be
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stress syndvyome which is manifested by psychiatric cdisorders. A review of
the lizerature discussing these cause-effect relationships indicates, for
example, that every third person suffering neurosis and every Iifth person
with other mental disorders developed illness as a result of exﬁcsure o

noise.”8

Direct links between the higher exposure levels of aircraft noise
and mental disorders in residents livig neaxr airports have been difficult
tc establish conclusively. Studies near Heathrow Airpor:t {London, England)
and Los Angeles Inte-pnacional Adrpert (Californdia} have indicated a higher
rate of admissions at psychiatrie clinies for people living in the estab-
lished aircraft noise zones.?9: 190 The major cxiticism of these studies
has been that demographic factors, rather than aircraft noise by icselsf,
may be the cause of differences in the incidence of mental illnesses.
However, preliminary results of a much larger and meore recent study of
residents near Heathrow airport once again are showing a higher rate of
psychliatric acdmissions from high noise 2ones. 199 Analyses of ccher
factors in the problem of showing cause and effect result in suggestions
tchat in high noise aveas where the people see no mechanism for combating
the noise and despair of any alleviation, a greater rate of psvchiatric

problems will precipitate.

what is evident is that (chviously, it would seem) in areas of
high noise expesure %there is a marked increase in the properzion of people
intensely annoyved. As there are more very annoved deople in the high noise
zones, in numerical terms there will be more people suffering symptoms of
ill-effects who are likely to aciribute these symptous to the noise exposure.

In regard to annnoyance related or aggravated psychological problems and

demographiec or other environmental factors, the criterion of rate of psychiatric

admissions may not be sufficlently sensitive to always detect the acute or

chronic effects of noise on people at xisk in a large study population.

*carmaed non-specific.g" The nop=speclfic responses include cardiovasculay
and other svstematic changes such as blood pressure increase, muscular
contractions, and heart rate increase., The persisting responses that have
baen indicated include chronic stress syndrome, psychosomatic disorders,
and behaviorial and performance disorders.
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3.2.5.2 Performance Effects

Many of the studies, and reviews of studies, regarding the
effects of noise on human performance appear to be structured toward mental
or physical tasks likely to occur in an occupational or militarxy function.
Moreover, these studies fend to examine the immediate or concurrent effects
of neise on performance, rather than the effects on performance over a
period of time, on people who are exposed te nolse prier to and during the
tasks. In fact, in a 1973 study to daevelop performance tests Ior assessment
cf noise stress effects, it was suggested that certain noise stressas may
have their maximum effects on some tests after a hrief exposure and on
other tests only after exuended exposure and performance durations. 01
Thus, it is not clear that such studies produce resulus that are relevant
to the residential envircnment with nigh noise levels, or o the effects of

nolsy epvironments on the performance of children in school.

One such recent review of the effects of general noise on human
performance was conducted for the purpose of predigting the efifects of
time-varying aircraft noise.192 7The predictions were that under certain
conditions where enly low or limited performance was necessary, aircrafs
noise would have no effect or an enhancing effect. In cases where performance
at capacity was required, highly variable aircraft noise (irrelevant to the
task performance) would result in performance decrements. Howevexr, the
subject study 4id not include in its review many of the relevant studies
available. For example, in one study it was found that the periocdic
presence of jet aircraft noise (at a percelved noise level of 100 48) had
ne significant effect on the time—on-track of a paced visual tracking
zask.1923 7The relevance of this study 1s not clear since most people
around airports are probably not involved in specialized tasks similar to
paced visual tracking. In another, perhaps more relevant study, it was
found that both speed and accuracy on a memory-decision response task wera
degraded by test noises, including aircraft noise, at overall sound
pressure levaels in the 100 &8 range. 194 Other studies have indicated
that jet aixcraft noise levels in the 90 48 (A-weighted) range contribute
to an increase in mental Zauigue and to ighibition of apptiﬁude for performing

tasks.?5 The resulrs of performance tests in a more recent study examined
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indicated that A-weighted noise levels below 85 dB are not debilitative oﬂ
some psychological tasks (reading), although it was reported that previous
reseaxch had shown decrements in reading performance with highexr (115 dB)
noigse levels, 105 Additionally, it was reported that moderate noise
levels (84 dB) appeaxr to act as a stressor for moxe sensitive people

performing a difficult psychomotor task.

3.3 Assessment of the Applicability of Ixisting Health and Welfare
Criteria to General Avianion Alrcraft Noise and to General
Aviation Aircort Communizies

There is little doubt that environmental neoise contributes
significantly to the general feeling of annoyance experienced by individuals
living in the vicinity of major noise sources. Neise interferes with speech
communications and distuzbs sleep. Rapeated exposure to noise of sufficlent
intensity for long periods of time will ryesult in some degree of permanent
loss of hearing. Other effects of noise on people include nonauditory
physiolegical and behavioral reactions, and in scome cases, noise may degrads
physical and mental task performance. With respect to GA alreraft noise,
relatively few studies have investigated the dose-response relationships
associated with the above health and welfare noise effects categories, or
the potential noise impact upon surrcunding airport communities. Therefore,
assessment of the applicability of existing health and welfare criteria to
GA adreraft noise and to GA airporz communities must be, for the most part,
inferred from data and conclusions derived from studias invelving commercial

aircraft and other non-airoraft noise socurzas.

3.3.1 Individual Response

.

A review of earlier and more recent psychoacoustic veseazgh
investigations concerning individual response to GA and gommezcial alrcraft
nelse, as well as cther nolse scurces, has identified some conflicting
results regarding the choice of the optimum measure{s) for gquantifying
human response. The disagreement reported ameny the varicus studies
reviewad is bealieved to be aztributable o a number of experimental factors
(sme Section J.1.7.4). EHowever, based on avallahle psychcacoustlic test data
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specifically related to individual response o GA aircraft noise, 13,23
"rank-ordering” analyses were parformed te evaluate the relative accuracy
and consistency of a number of currently used freguency-weighted and
calculaced sound level measures. The following conclusions regarding the
applicability of these currently used single-event measures to GA airecraft

{small propeller~driven aircraft and helicopters) noise are:

1. The frequency-~weighted sound level measures (L, Ly and Lp)
are, on the average, more accurate than the calculated sound
level measures {LLg, LL, and Lpy). Alse, for all practical
purposes, the Lp, Ly and Lp are essentially indistinguishe-
able. In terms of consistency, thexe is lictle difference
between the IZrsquency-weighted scund lewvels {(Lp, Lg and Lp)
and the calculated sound level measuxes (LLg, LLg and Lpy!.

2. Tone corrected perceived noise level is, on the average, less
accurate than perceived noise lavel without a tone correction.
With respect 4o consistency, there is litule difference
Letween the two perceived noise level measures.

3. The accuracy of the freguency-weighted sound level measures
is, on the average, raduced by a duration allowance. The
accuracy of the calsulated sound level measures is, on the
average, increased by a duration allowance. For both sound
level measures, the consistency is, on the average, only
marginally increased by a duration alleowance.

4. The calculated sound level measures (LLg, LLs and Lpy) with
a duration allowance are, on the average, only marginally
more accurate and more cansistent than the freguency-weighred
sound level measures (Lp, Ly and Lp) with a duratien
allowance.

S. The Irequency-weighted sound level measures (L, Lp, and Lp)
withour a duration allowance and, the calculated sound lavel
maasures (LLg, LLg and Lpy) with a duration allowance are, on
the average, the most accurate and the DOSt COnsSistent
currently used single—event measures. However, there axe
only marginal differences betwesn thesa two sets of sound
level measures. .

Table 3«6 presents a summary listing the date used as the basis for abave
conclusions. Findings reported in other investigations specifically
addressing individual response to GA aircraft noise tend to support the

above conclusions.39,41,42,44

Cm the basis of providing reasonable accuracy and consistency in
predicting subjective response, several of the currently used freguency-
welghted scund level measures and calculated sound level measures are

considared applicable to GA aircraft noise. For GA alrcraft nelse it
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Table 1-6 Analysis of the Relative Accuracy and Conslatency of Varioua Single-Event Measures

Usad to Predict Subjectivae Response to Genueral hAviatlon Alrcraft Nolse.

Duta Presented on Tables 3-3 and 3-4,

berived from

Frequency-Welghted Calculated
Sound Level Measures Sound l,evel Mcasures
Without Duration wlth Duratlon Without Duration With Duration
Allowance Allowance hAllowance Allowance
Ly Ly Ly (Lalp (Lplp f(Lplp Mg Lby Lpy (Lpyly  (LLgly (ELglp (Lpnlp  (Lpnlup
Accuracy,
dB 2.9 2.5 2.8 8.4 3.7 2.8 7.7 9.5 9.6 13.0 2.6 4.7 4.1 7.1
Conelatancy,
di 3.9 4.0 3.6 3.3 3.2 1.3 3.7 3.2 3.8 4.1 2.8 2.6 3.0 3.3
Legend: i

Lp/Lp.Lp = frequency welghted sound levels

(Lpdpe (gdp, (Ipdp = frequency welghted gound levals with a duration allowance

Lpy = percelived nolse level

{Lpylgp = percelved noise level with tone correction

perceived nolse level with tono correctlon and duration allowance

dtovens's MK VI louduess calculation procedure with duratlion allowance
P

(LPN)TD bl
ILg = Stevens's MK VI loudness calculatlon procedure
Ly = Zwicker's loudneas calculatlon procedure
{LLglp ==
‘I‘LZ)D Ll

Zwicker's loudness calculation procedure with duration allowance

¥ HYIAY ABWY LD




ERNEY IV VWY bl

.'_+_"| — =

-

—
|

Y

IR e B}

DU I

A S bt

appears that 2 tone cerrection is not regired, at least for the perceived
noise level measures, and that a duration correction is beneficial only
when applied to the calculated sound level measures. Therefore, with
respect to GA aircraft noise, the selection of one of the currently used
single-event measures over another will reguire a judgement regarding a
trade-off between the degree of acceptable accuracy and consistency and the

complexity associated with computing the value of the single-event measure.

3.3.2 Communiity Response

With respect to GA roraft nolse and GA airpor: operazions,
relatively little effort has been focused on guantifying communisy respaonse
to noise exposure. Most of the existing measures of community response to
airerfaft noise are based on the coacept that the degree of annoyance
experienced by individuals, 2nd the community as a whole, car be adequately
predicted by acoustical-energy summation models. The underlying assumption ;
of these acoustical-energy models is that noise exposed populatzions will |
experience similar degrees of annoyance when exposed to eguivalent levels

of acoustical energy.

Mthough a number of investigations have presanted study
findings which gquestion the general validity of the "eguivalent-energy"
conccpt,50'55'57'58'59 there appears to be general agreemenz that: 1)
the degree of annoyance experienced hy populations exposed to airzcraft
noise is influenced by both the total number of noise events and the nolse
level amplitude of these events; and 2} prediction of communirty response to
noise exposure based on a measure of the percent of the exposed pgpulazien
whizh is "highly annoyed" provides a more meaningful and useful means of
assessing noise impact than other measures 'based on average or median

responsea.

With only & few exceptions, most of the existing multiple-evens
measures uged to quantily community noise exposure sum N nolse events in
accordance with the relationship, X logqgN where X = 10. Also, most of

these measures include a weighting factor to account for varying noise
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sensitivisy of pecple with time of day. Generally, nighttime noise exposure

or noise levals are weighwed by an additional 10 &B.

Recent investigations

have presented findings which tend to support the use of K = 10 as an

appropriate value

in the neise event summing rela:icnship.15v55 However,

other recent investigations have reported f£indings which suggest that the

10 éB nighttime weighting is too
thesea recent findings concerning the 10 48 nighttime welghting,

nigh.%0,61,62,83,84 yorwithstanding

results

Zrom a number of earlier and more recent social survey552f°7f69 concerning

noise from aircraft, as well as other noise sources, have shown good

corralation and wconsistcency between the percent of nighly annoyed persons

and day-night sound level (Lgul,a multiple-event measure which sums ¥

noise events using a 10 log N relationship and applies a 10 dB weighting to

nighttime noise events.

Therefore, with respect te GhA aircrait nolise exposure, there

is little reason to expec: that community annovance response criteria

haged on relationships between percent highly annoyed and naise exposura

measures such as Lg, would not be applicable to GA airport communities.

However, findings
some specifically
compared with the
airporss; 1) the
(at a given noise
and, 2) the noise
airpors community

from a number of community annoyance response studies,
related £0 GA aircraft noise impact, have suggested that
average response of communities around larger commercsial
percentage of the population experiencing high annovance
exposure level) may be lower for GA ai:port5;5°f56-57'53f74
exposure limit considered to be acceptabls by most of the

may be as much as 15 dB lawer fox GA alrpor:s.72-73 It

is believed that these differences between commercial and GA aizport:

community response are, most likely, due to lower overall noise exposure

produced by GA aircraft operations and lower background, or ambient, noise

levels around GA alrports. Therefore, existing annoyance dosa-response

relatienships (i.e., percent highly annoyed as a function noise exposure

level) may net be

applicable o GA airport communities.
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3+.3.,3 Communication Incerference

The Articulation Index (AL}, the Speech Interference Level [SIL)
and the Preferred Speech Interference Level (PSIL) ave amcng the most
prominent rating schemes developed specifically for guantifving the speech
interference effects of noise. However, due to the complexity of the
¢caleculation procedure, the AI is not considered te be a practical means of
measuring the interference effects of GA airzcraft noise. Also, the SIL and
the PSIL are not considered applicable te GA aireraft noise since nedither
accurately measures the masking of speech by nolse containing intense low
frequency components (below 500 Hz). As may be seen from Figures 2-1 and
2=3, typical propeller-dxriven aircraft and helicopter noise spectra are

daminated by low f£reguency tones, generxally below 500 Ho.

A number of investigations have been periormed to assess the
specch incerference eaffects of aircraft flyover noise,20,21,77,78
However, the findings resulting from these investigations are not dirzectly
applicable o GA aircraZt noise since commercial jet {turbojet and turbofan)
aireraft and large propeller~driven aircraft were the only aircraft sypes
@valuated. HNevertheless, it was reported thaz the relationships between
acgeptabilitsy racing of aircrafse noise and various single-even:t measures of
the peak noise levels are essentially the same whether the rating was
obtained in the absence of speech or with speech present at a comfortable
listening level.20,78 7Thnis finding suggests shat dose-response measures
relating acceptability and noise exposure might be egually as effective in

estimating speech lnterference effects of GA aircraft noise.

The EPA "Levels Document"52 presents speech communicazion
crizeria for outdeor and indeoor noise enviromments in terms of percent
sentence unintelligibility and A-~weighted equivalent-continuous sound
level. Howaver, the EPA Airpert/Aircraft Noise Study7° pointed out that
speech interference criteria hasad on average or eguivalent-continuous
sound level measures are best applied to environmental neises which are
steady. It was also pointed out that the average or eguivalent-continuecus
meagures are conservative when applied 2o non-steady nolses when the
maximum levels do not cause a complete interruption of speech communication.

3-89
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4all ex al.’4 conducted a social survey around ah airporet
serving predominantly GA aircraft to investigate colmunity response o
noise from GA airpert operations. It was reported that compared with the
average response of communities arocund a large commercial airport, lower
percentages of speech interference were reported by the GA airport community.
However, this finding is, mest likely, related more to differences between
the amplitudes of GA aircraft noise as compared with commercial

alrcraft noise (see Table 2~2)}.

Based on the above findings, it is believed that existing
comnunication criteria are not applicable to GA aircraft ncise or to GA
airport communities, and that annoyance (or acceptability) criteria are
probably more applicable in assessing the impact of communication inter=-
ference causedé by GA zZircraft noise than speech or communicaticn criteria

given in terms of percent of sentence unintelligibilizy.

3.3.4 Noise=Induced Hearing Loss

Only 2 few investigations have attempted to relate aircraft

*
naise exposure and noise~induced hearing.’0.80,81,82 ygyever, the
criteria derived from these investigations are considered applicable to GA

aircraft noise and to GA airport communities.

3.3.5 Sleep Disturbance

Several investigations have been performed to asgess the effects
of alrcraft poise on sleep.50,84/85:86 yowever, none of these investi-

gations have produced gquantitative dose~response relationships in terms of

sleep disturbance and noise exposure lavel.

Lukas, 33/87 ThiessenBB and Griefahn and MuzecS9 have
racently developed sleep dlstrubance ralatlonships given in terms of sleep
disruption and sleep awakening as a function of single—event noiss exposurs

level. The relationships developed by Lukas83.87 were based on human
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response data related to & variety of nolse sources, most of which (78
pergent) were sub-sonic and supersopic jet aixcraft. The relationships
develored by Thiessen3® vere based on responses from a recording of a
passing truck. The relationships developed by Griefahn and Muze:z89 were
also based on responses related to various noise scurces; howevar, the

relative percentage of aircraft noise sources was not reported.

A comparison of the sleep disruptien and sleep awakening criteria
developed by Lukas83,87 ang Thiessen®® show reasonably goed agreementc
even though the noise stimuli were, for the most part, guite different. A
comparison of the sleep disruption and sleep awakening criteria developed
by Griefahn and MuzetB® nowever, shows racher poor agreement with both
the Lukas83/87 and the ThiessenB8 criteria (see Figure 3-16 and 3~17 in

Section 3.2.3).

Examination of the time history and octave band spectrum of
zhe truck noise used by Thiessenss (Figure 2 in Refarence 38) and time
histories and noise spectya of several oropeller-driven aireraze196 shows
remarkable similarity between the <twc nolilse spurce types. Therefore, on
the basis of this similarity, it 1s concluded that the sleep disturbance
exiteria developed by LuxasS53/87 (ang supported@ by criteria developed by
Thiessen®8 ara applicable to GA aircraZft noise. However, it should be noted
that, for the most part, the Griefahn and Muzez89 critezia show less
sleep disturbance sensitivity to noise as compared with the criteria

developed by Lukas83/87 and Thiessen,88

With respect to GA airport communities, the applicabllizy of the
existing sleep distuvbance criteria is eguivocal. Based on laboratory
investigations, it Nhas been reported that neise oceurring randomly ox
infrequently (a situation which might be expected at GA airports with
nighttime operaticns) is more disturbing than the same noise occurring
regqularly.83,87,89 aqdicionally, based on findings from an investigation
of communlty response to nolise from GA alrxcraft operations, it was reported
that compared with the average response of a commuiity around a large
commercial alrpor:, a higher percentage of sleep disturbance was reparxted
by the GA ajzport ccmmv.nity.74 It was suggested that the higher pescentage

of sleep disturbance reported by the GA airport community was probably due
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to greater noise sensitivity resulting f£rom the infreguent nature of night
flights., Lukas®3:87 reports that findings from one investigation have
shown that sleep disturbance from low-density street trafiic (1.8 vehicles/
min.) was greater than that from high~density traffic (4.3 vehicles/min.},

but the cpbposite result was obtained with jet aireraft nolses.

3.3.6 Nonanditory Physiological and Behavioral Diserders and Task
Performance Effects

Llthough growing evidence suggests a link between noise and a
number of nonauditory physiological and behavioral disorderss, and degradation
of physical and mental task performance, definitive criteria for these nolse
effects categories have not yet been tharoughly quantifiea. Therefore, an
assessment of the applicability of existing criteria for these noise effects

categories %o GA aircraft noise or to GA airport communities cannot be made

at this cime.

3.4 Conclusions and Reccmmendations

Bagsed on an evaluation of existing health and welfare criteria
and, an assessment of the applicability of these criteria to GA aircraZft
noise and to GA airport communities, the Zollowing conclusions and recom-

mendatlions are presented:

Individual Response

Om the basis of providing reasonable accuracy and consistency in

predicting individual subjective response, sevaral of the currently used
requancy~weighted sound level measures and calculated sound level measures
are considerad applicable to GA aircraft noise. The frequency-weightaed
sound level measures (Ly, Ly and Lpl without a duration allowance {oT
correction) and the galeulated sound level measuraes (LLg, LLg and Lpy) with
a dpraticon allowance arey, on the average, the most accurate and the most
consistent curreantly used single-event measurea of GA aircraft noise.
However, there are only marginal dlffarences between thase two ssts of
sound leval measures. Therefore, it is recommended that the simpler

froquency-weightad sound meagures (Lp,Ly and Lp), without a duration
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corraction, be used to assess individual subjective response to GA aircralt
neise. Since, for all practical purposes, the Ly, Lg and Lp are essentially
indistinguishable, all three of these frequency-weighted sound level
measures are considered equivalent with respect to predicting individual

subjective response.

Community Response

There is little reason to expect that community annoyance response
eriteria hbased on a relationship between percent hizhly annoyed and noise
expasure measures such as day-night sound level would not be applicable T
GA airpor:t communities. However, Zindings Zrom a number of community
annoyance response studies suggest that existing community annoyance

criteria may not be applicable to GA airport communities. Therefore, the

following recommendations are presented:

1. Community noise surveys should be conducted around several
representasive GA airports to obtain additional data relating
annoyance response to GA aircraft noise exposure.

2 Based on the results of the GA airport community neise survey,
annoyvance criteria should be developed and compared with exiscing

community annovance criteria to determine their degree of correlation.

3. tntil annoyance criteria are developed specifically for GA airpor:
communities, the dose-response relationship developed by schultz6?

should be used %o assess communlzy annoyance from GA aircraft
noise exposure.

Communication Interference

Existing communicatcion eriteria are not, for the mast pars,
applicable to GA aircraft noise or to Gh airport communities. Howaever,
because of the time-varying nature of aircraft noise exposure, it is
balieved that annoyance {or acceptability) cristeria arxe probably more
applicable in assessing the impact of communication interference causad by

GA aircraft noise than speech or communication cxriteria given In terms of

perceat of sentence unintelligibility.
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Noise-Induced Hearing Loss

Existing noise~induced hearing less criteria are considered
applicable to GA aircraft nolse and ©o GA airpert communities. though it
is5 beliaved that the criteria identified in the EPA "Levels Document®S2
overestimate the effects of GA aircraft noise exposure, it is recommended
these criteria be used co assess the petentlal noise~induced hearing loas

impact upon GA airport community residents.
i -

$ileep Disturhance

Existing sleep disturbance criteria are considered applicable to
GA aircrait noise. However, with respect to GA airport communities, the
applicability of the existing sleep disturbance criteria is equivocal. Find-
ings from a number of studies suggest that random or infrequent occurreaces
of noise {a situation which might be expected at GA airporss with nighttime
cperations) are more disturbing than the same noise occuxring regularly.
Therefcre, it is5 recommended that labeoratory and f£ield studies be conducted
to obcain response data specifically addressing the relative sleep distuxr~
bance effects of random or infreguent noise ccTuxrences as compared with
regular or uniforn noise cccurrences. alse, until these daza are available,
it is recommended that criteria developed by Lukas33/87 (and supported by
criteria developed by Thiessen38) be used to assess the sleep disturbance

effects of GA aircraft noise upon GA alrport communities residents.

Neonauditorv Phvsiological and Behavioral Discrders and Taak
Perforpance Zffects

Although growing evidence suggests a link between noise and a
numbar of nonauditory physiological and behavioxral disorders, and degradation
of physical and mental task pexformance, definitive criteria for these
noise effects categories have not yet been thoroughly guantified. Thersfore,
an assegsmient of the applicabllity of existing cxriteria for these noise

effects categories ©o GA aircraft nolse and «o GA aispor:t communities cannot

ba made at this time.
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APPENDIX B

GENERAL AVIATION (Ga) AIRCRAFT/AIRPORT PARAMETERS
WHICH INFLUENCE THE EXTENT OF COMMUNITY NQISE IMPACT
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APPENDIX 3

GENERAL AVIATION (GA) AIRCRAFT/AIRPORT PARAMETERS
WHICH INFLUESNCE THE ZXTENT OF COMMUNITY NOISE IMPACLT

This appendix presents data related %o some oI the key physical
parameters whish influence the noise impact on communities surrounding GA
airports. Since there is no recognized definition of GA airsports, it has
been necessary =o define these airperts as th ose which serve predominantly
GA type alrcraft. 2 definition of GA airports, in gquantitative terms, has
been developed from data prasented in Federal Aviation Adminlistration (Faa)

publications and is discussed in Sectlon 3.2.

In additica to the nolse emission characteristics and overall
noise levels associated wizh @A aircratt, a number of other physical
parameters have been ldentified which have significant influence on the
assessment on community noise impagt resulting from aircraft operations.

These parametars are:

1. Mix of aircraft types

2. Level and distribution of daily operations (by airport tyope)
3, Flight procedures

4. Population distribution (or density) around airports

In the following sections, data concerming each of these physical
parameters will be discussed. A haseline calendar year (C¥) of 1975 has
been selected. The choice of 1975 as a referance year was based on a
number of consideraticns: 1) baseline yeaxr of CY 1975 is consiscent with
other EPA contrach efforts involving GA noise impact; 2) due to the inherent
time lag asseociatad with the assimilation and the distributieon of aircralit
activity data, CY¥ 1975 represents the most coomplete collection of relevant
statistical daca currently available; and 3) a significant body of activity
data concarning the level and distribution of GA aircraft operations at GA
airports has been collected and svaluated by zhe 0ffice Management SysStems

of the FAA in CY 1975,

D=1
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body of activity data concerning the level and distributien of GA aircraft
operations at GA airports has heen collected and evaluated by the Office

Management Systems of the FAA in CY 1875.

B. 1 MIX OF GA AIRCRAFT TYPES

r Relevant statistical datea concerning the mix of GA aircraft
are generally given in terms of aireraZt type and primary use categories.

Two sources were found which identified the mix of GA aircraft by type

and by primary use category: 1) FAA Statistical Handbook of Aviation?,

and 2) Selected Statistics, United Stares General Aviation 1959-19752,

Based on data presented in these two documents, values cof the average
GA aircraZft Zleet size and mix were determined in accordance with the

following airgraft types and primary use categories:

Aircrafe Tyne Priparv Use Categorv
Single Engine Piston, Executive
1=3 seats
Business

1T m1 m

Single Engine Piston,
4 ar more seats Personal

I

T™win Engine Piston, rerial Applicaticns
Lesgss than 12,500 lbs.

E Instructional
: Malti-Engine Piston,
Greater than 12, 500 lba. Air Taxdi
E Turboprop Industrial/special
[- Turbojet Rental
} Tutbofan Cther
[} Helicopter-Piston
Helicopter~Turbine

An estimated distribution of the mix of active {CY 75) Ga
aizcralit by type and primary wse category is shown in Table 2=~1. The
data shown in Table B-1 does not reflect the actual relative mix or

[

leval of daily operations cccurring at GA airports. However, basad on

1

data obtained from a 1975 GA activity survey conducted at 245 public use

| S
g
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rable B~1. ESTIMATED DISTRIBUTION OF ACPTIVE (CY 75)
GA AIRCRAFN BY 'LYPE AND BY PRIMARY USH
Alroratt Type vrimary Upsw of Alrecafl Tolal
Aorilal Indlunirial/
Exeoutiva Husltows  Personn)  Applleatdlon Instructlopal Alr Taxd tipoclial Rontal Othur
Ainyle Engina Platan 165 1064 29415 6216 Ga5u 1y G 2440 1593 5054¢
1-3 Buats (30.6)
Gingle Engine Piston 14196 26410 45460 164 5129 1054 anw 4147 1200 ucoal?
4 or wmore Hueatd 52,5}
Twin Engine Platon 4161 7540 2049 1y 618 2660 214 pi-2il 459 19122
<12,500 1iba. {11.6)
Hulti-Engina Pluton 2046 372 120 126 26 150 6 41 1" 1154
212,500 lbu. (0.7)
Turboprop et 234 43 k] u 314 w L] " 2196
\ {1.3)
Turbojoet 957 45 13 5 ] 96 4 12 7 1217
{0.7}
Turbufan” YT 15 5 1 2 3z 2 4 26 405
{G.2)
ltalloopter- 144 294 195 552 215 232 644 24 165 25t0
I*iotan (1.5}
Holigopar~ iz 12 1 27 :] 566 129 6 12t 1305
Turbina {0.8)
Tatal 9157 Jun96 551 802 11469 6091 2514 7310 146 165,264
15.5) {23.1) t47.%) {44} {7.5) (a.n (1.5) (4.4} (2.3) (1a0)"*

.-

et

“1t lo aswumsd that curbofany alrcrate coprosant approxloately 258 of Local
**rotalu way not' aum to 100 porcont dus to rounding
Hote) Humbsrws in parunthesns reprosent pyrcent of Letal GA alreraft £loct.

fouroe: [wmlvrencos | and 2.

GA jot Clasat.
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airports in all 50 United States by the 0ffice of Management Systems3 of

the TAA, a comparison of the estimated active GA f£leet distributuion with
actual daily GA coperations by aircraft cype and primazy use can be mace.
These campariscns are shown in Tables 3-~2 and 3-3. It ¢an be seen that,
based on available data, the distribution of the GA fleer mix, in terms of

percent of total fleet size, is representative of the actual distribution

of daily GA aircraft activity.
LEVEL AND DRISTRIZBUTION OF GA AIRCRAFT COPERATIONS 3Y AIRPORT TYZE

FAA statistical data show that in 1575, there were approximately
60 million aircraft operations at FaAa-towered U. 5. civil and joint-use land
facilicies. ' Of this toral,zpproximately 45 million cperations were pex-
formeg by GA type airczraft. It was estimated that GA coperations at the over
400 PAA-towered airports represented only about 34 percent of the total number
of GA operations in CY¥ 1975,3 The remaining 66 percent, or aporaximately
86 million operations occurred at non-FAd towered and non-towered public
ant private use airports. Additionally, it was estimated that about 7,000
or 53 percent of the more than 13,000 landing facilities on record with
the FAA were open to public use and handled at least 95 percent of all GA
aircraft operations. Non-towered public use alrports can be categorimed
according to the type(s) of runway surface{s) and the lighting system(s)
in operation. Table B~4 presents & summary listing of the estimated dis-
tribution of U. 5. civil and joilnt-use airperts cn reccrd with the FAA in CY

1975,

Adrcraft activity data concerning level and distriburion of
operations at & given airvort are recorded or estimated in terms of genezal
aircraft categories and operations, i.e., all aircrafs are categorized as
GA, adr taxi (AT), commercilal alr carrier (AC), or military types, and opera-
tions are counted as eithexr local or itinerant.” Only FAA-towered airports

*local operations are typically training flights comsisting of touch-and-goes
or short distance or duration operations. Itinerant operations are defined
a3 an axrival operation at an airport by an aircraZi which has not departed
that airport in the previous 310 minutes or a departure fram an airport by an
aircraft which does not return to that airport in the following 30 minutes.
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Table B-2. DISTRIBUTION OF ACTIVE GA AIRCRAFT FLEET BY
ALRCRAFT TYPE; C¥Y 1975

ACTIVE GENERAL AVIATION AIRCRAFT FLEET BY AILRCRAFT TYPE (CY 75)

1/ 2/ 3/

Aircraft Type No. % No. % No. %
Single=-engine 51378 31.0 49699 30.2 1910 27.2
Piston; 1-3 Places

Single=-engine 86117 51.9 87514 53.2 3684 52.4
Piston;

4 ?lacas and over

Multi~engine 20330 12.2 20213 12.3 951 13.5
Piston

Turboprop 2519 1.5 1869 1.1 216 3.1
Turbojet 1331 0.8 1098 0.7 179" 1.7
Turbofan 444 0.3 365 0.2 19" 0.8
Helicopter— 2279 104 2737 1.7 75" 1.0
Piston

Helicopter- 1563 0.9 1042 0.6 agl*™) 0.5
Turbine

TOTALS 165,961 inec.o 164,538 100.0 7.032 100.0

1/ -~ PAA STAT. HANDBRCOK = CY 1975 {ReZ. 1)
2/ - PAA-RVP-76=-12-CY 1975 (Ref. 2)

3/ = 1975 GA ACTIVITY SURVEY (Ref. 3)

¥ « Based on the assumption that turbojet and turbogan aircraf:s represent
approximately 75% and 25%, respectively, of the total GA jet fleet.,

*® - Basad on the average distribution of Piston and Turhine types as
prasented in 1/ and 2/,
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Tahle B-3,

DISTRIBUTION CF ACTIVE GA AIRCRAFT FLEET BY

ALRCRAFT USZE;

CY 1975

ACTIVE GENWERAL AVIATION AIRCRAFT FLZET BY AIRCRAFT USE (CY 75)

17 2/ 3/
Adrcraft Type No. % No. LY No. %
Executive 9342 5.6 8970 5.5 432 6.2
Susipess 35415 21.3 40773 24.8 1409 20.1
Personal 81084 48.9 76015 46.2 3087 43.6
Aerial Applicztion 7178 4.3 7383 4.5 7¢ 1.0
Instructional 12419 7.5 12514 7.6 1387  19.8
Air Taxif™) 6331 3.8 5848 1.6 330 a7
Indu#trial/Spacial 2544 1.5 2479 1.5 91 1.3
Rental 7689 4.6 6929 4.2 Lhhd -
othex(*¥) 3961 2.4 3627 2.2 238 3.4
165,961 100.0 164,538 100.0 7012 100.0
TOTAL .

1/ = FAA 3TAT. HANDBEROOK ~ CY 1975 (Ref. 1)

2/ =~ FAA-AVP-76~12=CY¥ 1975

(Raf. 2)

3/ = 1975 GA ACTIVITY SURVEY (Ref.

= Includes Commuter Air Carrier

3

"* - glider Activity Subcracted from this Category

#*» o Included in other use Categories
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Table 3~4. ESTIMATED DISTRIBUTION OF U,S. CIVIL AND JOINT-USE
ATRPORTS ON RECORD WITH FAA IN CALENDAR YFAR 1975.°7

ATRPORTS AXRPORTS
OFEN TO NOT OPEN
AIRPORT CLASSIZICATION PUBLIC 0 PUBLIC TOTAL
TCTAL TOWERED
ALIRPORIS
FAA ' 407 407
NCN-~FAA 40 4 4+
TOTAL NONTOWERED
AIRPORTS
PAVED AND LIGHTED 2,568 203 2,771
PAVED AND UNLIGHTED 519 801 1,320
UNPAVED AND LIGHETED 535 173 708
UNPAVED AND UNLIGHTED 1,944 4,002 5,942
TOTAL 6,009 5,183 11,192

* Zxcludes heliports, stolports, and seaplane bases,

B=7
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maintain daily records of aircraft operational data. These data are recorded
r on standard FhA forms and are used as the basis for a number of FAA statistical
publications. The non—~towered public use airperts provide only estimates of
- the number of annual local and icinerant aircraf: cperations. Neither the
cowered or non-towered airports provide operational counts by specific airx-
. craft type or type of operaticn. Therefore, the published FAA statistical
, data concerning alrcraft activity at varicus types of public use alrports is
not sufficient to provide a detailed distzibution of the level of operations
performed by specific airceraft types. Howevex, in 1975, the Qffice of

Management Systems of the FAAR canductad an extensive GA activity survey at

1 T

245 airports in all 30 United States. ©Of the 243 airports suxveyed, 63 had
FAA towers, eight had non-Fad oparated towers and 174 had no tower. The 174

non-~tcwered airperts included those with runway(s) which were: 1) paved

: 1

and lighted 2) paved and unlighted 3) unpaved and lighted, and 4) unpaved
r and unlighted. Operational data weze recorded in terms of the numher and
- type of operation performed by specific GA alrsraft types at each airpor:t
r‘ surveyed. 3 computer tape f£ile containing 2 complete listing of all of the
- survey data was octained and installed on the EPR's computer system. Based

on published FAA statistical data,%/5/6 zhe airports included in the 197S

i

activicy survey were arranged according te the actual or estimated total -
number of annual cperations for CY 1975. These airports were then grouped
aceerding to towsr status {towered or neon-towered) and aceording to airport
type, i.e., GA or commercial ailr cazrier (AC). BAn airport was classified as

a GA adrport if it was:

1. Towered and the ratlo of total annual GA (plus air taxi)
opesations to total annual operations is egual to or
greater than 0.85; all other towered airports are .

clasgified commercial air cazTiers; (see footnote™).

2. Non-towareaed

3 1 r 1 1 r

*Criteria for the towered alrport classifications are basad on
staristical data concerning level of operations at alrports
specifled as General Aviation Airports in "PAA Air Traffic
Activity, CY 1975" (Ref. 5).

3
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All airpor: types, towered or non~towered were arranged according
to the level of total annual operations. Additionally, non-towered airports
were grouped according to the configuration of the runway({s) (i.e., paved or
unpaved and lighted or unlighted). Tahle B-3 presents a summary listing of
the alrport categorization scheme used in evaluating the level and disuribu-—
tion of GA aircraft cperations at esach airport type. Table B-5 was developed

from statistical data presented in FAA publications.®/3.8

Table B-& presents a liszing of the level and discribution of
GA ailrcraft operations for each airvort type identifiaed in Teble B3-5.
These data are based on the results of the 1975 GA activity suxvey performed
by the FAA and are given in terms of the percent of total operations recorded
at each airport, for each alreraft type. ISecause che suzvey data Were
collacted for two sepazate days, one weekday and one weekend day, the
average pexcent of total operations has been adjusted to.aCcount for the
probable differences bezween the average level of weekday and weekend day

oparations. This adjustment was made using the Zfollowing eguaticon:

Adjs = % f{5 x WD%) + (2 x WEDZ)]

where Adj% = adjusted average weekly percentage of aircraft operations,
WD% = weekday percentage of alrcraft operations,

WED% = weekend day percentage of aircraft operations.

B.3 FLIGHT PROCEDURES USED AT GA AIRPORTS

The flight procedurss uﬁed on takeoff or landing can have
significant effects on the degres of noiss exposure produced in surrounding
airport communities. Unlike the procedu:e; used by larger commercial jet

zeraft, GA flight procedures are not as well defined, particularly at
non-towered airports. Although many towered, as well as non-towered alr-
ports, do have specific takeoff and landing operational procedures, there is

little standardization among all aizport types.

B9
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Table 5-5., C(LASSIFICATION OF TOWERZSD AND NOW-TOWZRED AIRPORTS USED IN,
SVALUATION OF LEZVEL AND DISTRIRBUTION QF CY 75 GA OPERATIONS"

Average Ratio of
Number Average
Tower Status Range of Total of Total Number a*™ o
and Volume Annual Adrcraft Anhual of Average
Airport Category Operations irerafe Arports Total
Type{s) Operations Considered Operations
oW Lass than or
equal to 100,000 85,000 69 0.91
Towered
({GA plus AT) MEDIUM 101,000~ 154,000 84 0.94
200,000
HIGH Greater than 282,000 45 0,99
201,000
LOW Less than or €9,000 96 0.78
egqual to 100,000
Tawered
{AC) MEDIUM 101,000- 142,000 74 0.70
200,000
HIGH Greater than 289,000 42 0.52
241,000
LOwW Leas than or 17,000 Tdd 0.38
equal to 25,000
Non=Towered,
Paved Runwaws-  MEDIUM 26,000~ 36,000 153 0,92
Lightad and 50,000
Unlighted
BEIGH Greater than 38,000 104 0.93
51,000
Non=Towered,
Unpaved
Runwaya~ AVERAGE 2,000-~ 18,000 29 0.90
Lightad and 47,000
Unlighted

* Based on FAA statistical data presanted in Refarences 4, 5, and 6

** Includes genaral aviation plus air caxi.
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Table DB-G. LEVEL AND DISTRIBUTION OF DAILY GA ALRCHAFT OPERAPINONS AS
DETERMINED FHOM CY 1975 Ga ACTIVITY SURVEY (REF,3), VALUES
GIVEN IN TERMS OF PERCENTAGE OF TOTAL OPERATIONS RECORDED
Plutop=Englnud
Towyr Btatuu Numbar of singlu-Bnylne, tiinglu-Engine,
and Volume Alrpurta 1 - 1 tnaty 4 or More Duata Hulti-Engine Turboprop Turbojat/Fan llallocapter
Alrport Typolu) Cakouyory Conaiduraed I Lé# 1 L I L 1 1. 1 L 1 L
10W 10 29,94 7.27 11,72 G.U0 9.09 .30 4.26 0. 12 t.uY 9. 10 1.9 0.06
Towarsd
{GA plus AT)
HEDLUM 12 20.43 5.74% 42.640 6.43 .17 o.41 2. T8 p.07 1.6] a 2,69 0.09
nGu 2 .11 .12 64,46 1.00 0.79 u.y 1. Fls U0 0,50 0,75 1. 51 .0
LOW 9 23,51 5.21% 35,34 14,44 t0.22 4.20 1,95 2.02 3,07 0,42 0.49 0.1
Tawonrod HELNUH 15 6.0 ledt 42,861 [P-17 16. 45 0. 06 4,63 0.0 G, 23 0.4 .70 0.0
[AC)
niGu - [} 22,2349 .56 J%.55 9. 11,69 t. 75 2.63 o.0 5.32 0.34 0.5 u.a
LOW ] 36,48 12. 14 26,221 .42 6,03 1,22 2,63 0.0 0.20 0.0 4. 16 0.62
Hon-Tawarad,
Favad Hunways -
Llghtod and HEDIUM 12 36.81 3.1t 44,70 1.60 9,55 u. 1 1,689 g.0 0.97 0.00 .30 0.0
tinlightud
HIGH u an.a? 2.64 55.01 4.20 4.490 0.14 0,76 g.0 0. 1% 0.0 0.69 0.07
Hon~Towurad,
Unpaved
Ihuiways - AVEIIAGE 17 41. 81 u.97% 5. 13 7.47 d.47 0.0 U.0 0.0 0.0 0.0 1.65 a.0

Lighted and
tnllghtad

* I « lcinorant oporationn dotlned as takeoffs or landinga.

*s |, - Jooal cpuratlons defliped aa “touch-and-goes® [counkad as two opavationu).
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Flight procedures vary £from alrport to airpert for several reasons
including: 1} coperational restrictions imposed by the airport opexater or
the FAa, 2) types and dimensions of available runways, 3) geographical
features surrounding the airport, and 4) variabilicy in piloting techniques.
Additionally, £light procedures used at a given airport vary due to weather
conditions, pilot experience, traffic volume, and types of aircraft using

the airpore.

B.3.1 Landing Procedures

Landings are generally acgomplished frow a traffic pattern used
to insure an orderxly flow of traffic into the airport. Traffic patterns are
typically designated as eithar "left" or "righs" patrverns which consisz of
separate flight paths or "legs" arcund a runway of the airport. These legs

ares termed:

1. Opwind leg

2. Crosswind leg
3. Downwind leg
a. Bage leg

S. Final leg

The traffic patterm is entered at a specifiaed Traffic Pattern Altitude (TPA)
typically 800 feex, but this varies from airpeort to airport. A number of
studies’ 8:9/10 pave shown that actual approach and landing procedures

vary considerably from the structured left and right pattarns recommended

by a particular airport.

However, in an attempt to achieve some standardization in the
fLight procedures at non—-towerad airparts, -t.he TAA has recently published
an Advisory Circular AC S0~68, "Recommended Standard Traffic Patterns for
Airline Cperaticns at Uncontrolled Alirports". This advisory cirgular
recommends that a downwind sntzy mid-point of the runway be used and that
specific deparsure procedures be used to minimize conflice with traffic
using the ¢rogswind leg. The FAA rscommended traffic patterns and des-
eriptions azre shown in Figures B-1 and B«2. Also shown in these figures are

typically used upwind entxries to the recommended =raffic pattarn.

B-12
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2 5 YARIATION IM STANDAFD
PG PRAFFIC PATTERM

ESTRY STRAIGHT IN
TC DQWHWIND
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RUNWAY

N>

1

,__
H
H

r

myTRY STRAIGHT N UPWIND
i 3
Il—- RECOMMENDED STANDARD LEFT TRAFFIC PATTERN
ir__. 3 Enges pattern in level {light, abeam the zidpoinc of the rummy, at
. pattern aloitude,

2 Maincain pattern altigude wmtil abesm approach end of the landing
runway, om dowmsind leg,

3 Complate tusn to fimal at least 1/4 =ile fzam mumvay.

& Continue scraight ahead unmtil beyond deparcure end of Tunway.

5 12 remaining in the traffic .pactern, cooDence tumm 2 crosavind lag
i beyond the daparture end of the Tumway, within 300 faet of pactarm
aleicude.

1f depgrcing the craific pactern, comtinue straighs ous, oy eaxit with
a 450" 1efr murn bayond the departure end of the rumway, afzar reaching
f pattemn altitude.

FICURE B~l. ILLUSTRATICN OF TAA AC 90-66 STANCARD LEFT
TRAFFIC PATTERH (SLTP}
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B it AT 90-66 (1978)

VARIATION IN STAMDARD
TRAFTIC PATTERY

EWNTRY STRAIGHT IM
TO DOWNWIND

L e Bl

DOWNWIND

[EATEATALY AT faprmTy

SR e e D
o]

2 INIRY 5T T
i :""FE SNTRY STRAIGHT

IN 70 UPWIND

U N

ENTHY STRAIGUT

1

1

RECOMMENDED STANDARD RIGHT TRAFFIC PATTERN

1 Encer pattern in level flight, almanm the midpoint of che TUDWAY, &t
patteTn altirude.

2 Maimcain pattera aleitude until abess approach and of zhe landing
Tunway, on dowmsind leg.

Complate tutn to final at least 1/4 mile from rumway.

Continue stTaight ahasd until beyond departure and of rumvey.

.

(D I B R

5 2 remaining in the traflic pPAtTeIn, tomnence turd to crosswind leg
, bayond the deparcure end of the rumway, within 300 feet of pRttesn
aledtude.

6§ If depazting the sraffic parzern, continue stTaight out, or axit wizh a

459 =ight turn beyond zhe departure end of the Tunway, upon veaching
pactern aliitude. .

FIGURE B=2. ILLUSTRATION OF FAA AC-30-68 STAMDARD RIGHT

E TRAFFIC PATTERN (SRI?}
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5.3.2 Takecff Procedures

Considerable effoxrt has been focused on identifying the cptimal
noise abatement takeoff procedure(s) for the larger commercial jet aircrait.
Relazively little attention however has been given to the small GA aircraft
types. Because of considerable differences in perfermance characteristies
between larger commercial aircraft and GA type aircrafc, it is unclear
whether flight procedures which have been demonstraved to provide nocise
level reductions for the commexcial avaiation flaet are applicable teo che GA
aircraft fleet. Additionally, it is net clear whethex & single takeofZ
flight procedure would be appropriate for all GA aircrait types. Howeaver,
based on limized available information and on results Irom analyses involving
larger commercial aircraft, it is unlikely that a single "bes:" procedure

could be used by all GA aircraft types.

In general, GA alxcraft takeoffs can be classified as
either: 1) normal, 2) short field, or 3) chstacl:. The normal cakeoffs aze
typically made with zers degrea f£lap retraction, normal takeofi power
setting and aircraft pitch attitsude te achieve “"bhest rate of climb.," fThe
short field and cobstacle takeoffs are usually made with flaps extended,
maximum takeoff power (or az least greater than normal takeoff power), and
aizgcraft pitch attitude to achieve "best angle of climb". These procedures

are more related to safety considerations than noise abatement or contzel.

Racently, aaronall examined a number of noise contzol takeafs
proceduras using three GA aireraft types: 1} a twin-engine jet, 2) a
twin—-angine piston (propeller), and 3) a single—engine piston (propeller).
Three £llght procedures were used for both piston engine aircraft and two
for the jet. Aarons concluded that the flight procedure which was best, in
terms of noise reduction and safety, for ome ailzcraft type was not baest for
the other alrcrafs types. 1t was concluded that the optimal takeoff flight

procedure for each GA aircraft was:

o Twin-engine Jjet ~ Retract gear after a positive climb rate is
established. This is followed by an immediate partial flap
recraction from initial takeoff flaps and at the same time
reduce power to A setting which is slightly higher than the
FAA engine-~ocut redquirement (FAR-25).

B=15
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=] Twin=engine piston - Retract gear when insufiicient runway
remains for a straight ahead landing, and maintain maximum
climb power. Ac 500 Zeet above ground level, reduce power

to normal climb setting. (Note: no f£lap setting
configurations were given).
o Single-engine plston - Climb at 70 knots (IAS) with cakeoff

power and zero f£laps to 500 feet above ground lavel. At
500 feet, reduce power to recommended normal climb setting.

B.d DOPULATION DISTRIBUTICH (DENSITY) AROUND GA AND

NON=-GA AIRFORTS

Average population densities around towered and non~towered
GA and non-GA airports have been determined for a represantacive sample
of airgort types idencified in Table B-35. fThese dacta were obtained from
the Office of Environment and Energy of the FAA which provided a listing of
the populations within a radius of from 2 to 10 miles, in twe mile increments,
around over 1500 towered and non-towered alrpor:s in the U. S, The popula-
tion data are based cn the 1970 U. 5. Populaticn Census. The population
density values were determined from total population and votal land area
within circular areas from 2 to 10 miles, in two-mile increments, for each
alrport type. Except for the first two~mile radius distance, average
pepulation densities were determined for circular bands, in twe-mile incre-
ments, out to 10 miles from sach airporet. For the first two-mile radiusg
value, the average population densities were determined £rcm the total
population and total land area within the two-mile radius distance, minus
the airport area. The average population density vaiue within a S5-mile
radius of each airport type was also determined. A sample of the FAR list-
ings is shown in Figure B~3. Table B~7 presenzs a summavy of the paopulation

densities determined from the complete listings provided by the FaA.

B.5 ESTIMATED NQISE IMPACT UPON GA AIRPCRT COMMUNITIZES RESULTING FROM
GA AIRCRAFT OPERATIONS
The EPA "Levels Document”!2 has identified 55 48 as the outdeor
yearly day-night sound lavel (Lg,) reguisite to protect public health and
welfare from the effacts of environmental noise. Pecple living in areas
exposed to noise levels greater than Lgy of 55 dB will be expected to
experienca somsa degree of nolse lmpact. Therefore, the estimated noise
impact upon GA alrport communities regsulting Zrom GA aircraft operations will
be quantified in terms of the numbar of people exposed o Lan values of
55 dB or gromatar.

B=18
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Tuble B-7. Populatlon Denuliy Valuea By Alrport Type and By Dlatance From Alrport,
Raged on bata Provided by the Offlce of Envlironment and Enargy of the PAA

Towor Population Densglty As a Function of bListance

Status & Volume . From the Alrport, Decple Per Syuare Mile
AMrport Category
rypola) Numbor of hveraye
Alxporta o-21/ 2-4 1-6 G0 8-10 0-5.17 u-101/
Conaldered Mileg Miles Milea Miles Miles Milaa Milen
Towared, LOwW 62 313 200 701 446 286 830 507
{Gaeneral
Aviation
K
Adir wranl) MEDIUM B2 1007 18t7 1557 1244 947 1742 1289
inrGu 44 2817 2415 2231 2245 2063 2428 2217
o Towerad, oUW 09 556 495 ary 284 206 482 38
@ (Adr
carrier)
MEDRIUM 73 1410 1330 1076 u6? 692 1268 918
11LGH 41 33154 3739 KYA R 3030 2289 Jené 2991
LOW 96 323 226 142 135 105 220 144
Non-Towered,
Paved .
Runwaya - MEDIUM 136 3410 Jon 164 26 50 269 129
Lighted &,
Unlighted,
HIGH 71 104D 1316 1169 1030 . 060 1243 a60
Non—lowerad,
Unpaved
Ruhways - AVERAGE 55 516 497 475 368 329 494 396
Lighted &

Unlighted,

v Alrport land area not included in calculatlion
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A knowledge of twe impagt parameters is reguired in crder to
perform an assessment of community noise impact resulting from aircraft
" operations: 1) the area expesed to a given noise exposure level and, 2)
the number of pesple within the noise exposed area. & more meaningful

impact assessment can be performed Lf the ambient (or background) noise

71

levels are also considered. The following sections gpresent a detailed

descrintgion of the procedures used to determine the reguired impact

——r—

parameters and the estimated number of GA airport community residents

impacted by GA aircraft noise.

B.5.1 Area Around GA Alrports Impacted bv GA Alxcrafs Noise

.._.h

Galloway13 has developed a model to relate noise exposed
area surrcunded hy a specified NZF (or Lgh) and the number of daily

propeller-driven aircraft operations. The relationship is given as: -

(10 log1DN - NEF = 5,92)/8
A= 10 (B=1}

—

LA or .
S -
. (0 log1oh Lo * 29.08)/8
- A= 10 : (B~2}
’:f""
L_ where A is area in square miles.
: r Equation B-2 is derived from the approximate relationship between NEF and
- Lap given as: 12
r .
' L” Ldn = NEF + 35 {B=3)

For adrports with Gh jet aircrafs operations it is assumed that each jet
aircraft operation is comparabls in noilse impact to approximately 200

propeller-driven alrcraft.l3

N N DO B
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Based on the data presented on Tables B-5 and 5-6, a distribution
of the average number of daily GA aircraft operations, by aircraft type,
was determined for the towered and non-towered GA airports only (GA airperts
as defined in Section B.2), The distribution of G2 airecraft, along with
the "effeetive" number of daily operations are shown on Table B~8. The
effective number of daily operations is the value W used in eguations B-1
and B~2 and ls determined by counting cne jet aircraft operation as 200
propeller-driven aircraft operaticns, and summing the number of dally GA

aircraft oparations.

Using equatidn 3-2 and solving for Ly, 4s a function of
surrounding area and effective number of daily operations, the expected
L4y value at the boundary of each of vhe GA airports was determined. The
average airpers arcas used w2 deotsrmine the airport boundazy noise levels
were derived Irom data supplied the Qffice of Environment and Energy of the
FAR (see Piquwe B-3). For each GA airpor:t type, two boundary noise levels
were computed: 1) noise exposure from GA aircraft operations only and, 2)
noise exposure from GA aircrafit operations plus the ambient ncise. The
ambient noise level for each GA airport type was computed from empirical
relaticnships defined in the EZPA "100 Site Study"'% relating day/night
arbient noise level and residential populaticn densisy.* Table 3-9
presents a summary of the airport boundary noise lavel wvalues and the data
used to calculaxe these values. It may be seen from Table B-5 that, even
with the addizion of the ambient noise to the noise level generated by GA
aircraft operations, enly the towered GA airports are expected to have

boundary noise levels which exceed Ly, of 55 4s.

B.5.2 Estimated Area and Number of People Arocundé GA Airports Exposed
to Lan Valuas of 53 438 or Greater

Using equation 3-2 and the effective number of daily GA alrcraf:
operations presented on Table E-8, the estimated area and numbexr of pecople
exposed to Lan values 535 AR or greater were calculated for towered and
non-towared GA airport types. These estimates are shown on Table B-~10.

Estimates were determined for two noise exposure conditions: 1) noise

*Population density values used to compute La, values wers based on total
gircular arsa (minus airport area)l and total pepulation within a S-mile
radiugs of the airport.
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Table n-8.

and -6

Distribution of the hverage Humbor of Dally Operatlona
by GA Afrcraft anmd Gh Alrpoct ‘Type, Derlved Crom Bata
Presented on Tables D-5

Tower Status . hverage Humber of Dally Operalklong Effectlvae
and Volume Propaller- Turboiet/ Number of Dally
hirport ‘'ype{n) Category bDriven turbofan linlicopter Operations,™ N
Low 156 3 3 759
Towered Medlum 179 6 1 1550
{GA plug A1) High 744 10 12 2756
y Hon—lowarad,
™ raved Runways - Average 105 0.5 2 201
- Lighted and
Unlighted
Hon-fowered,
uynpaved
ltunways - Avarage 44 G 1 45
Lighted and
unlighted
*Ono jet operatlon counted as 200 propeller-driven alreraft operations,
One hellcopter cperation counted as one propeller-driven nircraft operation.
SR T - B - —
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Table B-9.

L T e T T

Gh pirport Boundary Parameters: Avarage Alrport Area,
Ambient Nolse Level and Alrport Boundary MNolse Leval
Resulting from GA Alrcraft Operations. (Baged on CY 1975
Gh Operatlons Dala).

Day-Night Sound Level at

Averaga Alrport louandary, di
Tower Statun Adrport hublant Day- GAN Adrcraft
and Volune hrea, Night Sound Gh Alroraft Nolse Plus
Mrport Type(a) Category Sq. Mi. Level,* 4B Nolae Only Anbleut Noigpe
Low 1.74 53.1 56.0 57.9
Towared Mad Lum 1.32 55.9 60. 1 61.5
(GA plus AT) iigh 1.64 57.1 61.8 63.2
Non—-"Towered,
Pauved Runwayas - -
Lighted and hverago 1. 05 51.1 52.0 54.7
Unlighted
Hon-Towared,
Unpaved
Runways - Avarage 0.21 51.2 51.0 54.3
Lighted and
untighted

*ambient day-nlght sound level calculated From averaga population density
computed from the total clrcular area {(minus alrport area) and kotal
population within a 5-mile radlua of the alrport.

g
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Table B-10. Estlimated Area and Number of People Avound GA Alrporlts Expoaed to
Ly, Values of 85 di or tircater {Based on CY 1975 GA Uperatlons Data).
Area Bxposced to L, Values Hunber of People
of 55 Jdi or Greater, S¢. Mi. Exposed to Ly, Values
{minuo Alrport Arca) of §5 df o rGreater,4/
Tower Stakua Humber Gh Adrcrafu Gh Atrcrafu
and Voluma of Gh alrcrafu Holse Plus Gh Aircraft Holse Plus
Alrpart Typols) Catogory Mrports Nolse Only hnblent: Nolse Holse Only Mnblent Holse
v Low 69 0.55 6.04 31,499 391,727
Towered Medium 84 1.46 23,042/ 652,623 3,371, 397
(GA plus AT) High a5 9.85 37.19%/ 1,076,211 4,063,379
u|1 ttan-lowered, ,
I ravad Runwaya - 3/ 3
w -u- -
Lighted and Average a7 = 3/ 0 0
unlighted
Non—"lowarad,
Unpaved
Runways - Average 2475 i/ 3/ -0~ -~
Lighted and .

tL;a::i i TR DS R

T e ramww gy

Unlighted

1/198 FAA towered alrports only.
2/pmblant day-night sound level greater than 55 4p; area and number of opla

shown repregent aren exposed to Ly, values equal to amblent noise level plus one 4B.
3/Area ewponed to Lg,, values of 55 db or greater is within alrport boundary.
4/ ¥umber of people exposed ls equal to the noise exposed area times the average population danpity
computed from the total circular area (mlnus airport usrea) and total population within a S5-mile

radlus of the alrport.
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axposure from GA alrcraft operaticons only and, 2) nolse exposure from GA
alreraft operations plus the ambient nolse. From the data presanted on

Table 3-10, it may be seen that only the areas around towered GA alrpores ..

1 T

ara, on tha average, exposed to La, values of 55 &3 or greater. For i
these airports, it 1s egtimated that for CY 1975 GA operatlens, approximately

—
[ S |

9 million people were impacted by GA aircraft noise. However, due o the ;
projectad increases in GA ajrcrait operations, the data shown on Table B~10

probably underestimate the qurrent impact f£from GA aireraft noise.
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