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FOREWORD

Although this contractor study is primarily intended for a technical audience,
readers generally concerned with noise pollution in tile United Slates will also find
it of inlerest. To put it into perspective, this foreword offers a review of tile EPA
statutory role in aviation noise problems to dale, and how this study relates to the
EPA role. Also included are some notes on tile content of tile study and how EPA
plans to use it.

EPA's statutory role.--The Agency conducted its first investigation of
aviation noise pollution and its effect on public health and welfare under the
authority of Title IV of the Cleon Air Amendments of 1970 (Public Law 91-604).
The resulting 1971 "Report to the Presldent and Congress on Noise" confirmed tile
extent of the aviation noise probJem, and was one impetus toward passage of the
first notional environmental noise control legislation in the United Slates: the
Noise Control Act of 1972 (Public Law 92-574).

Under Section 7 of the Noise Control Ac h EPA received a new mandate: to
report on the adequacy of current and planned regulatory action undertaken by the
Federal Aviation Administration (F'AA) in the exercise of its authority to abate and
control aircraft/airport noise. The required repart_ "Report to Congress an
Aircraft/Airport Noise" (Senate Document 93-_), was released in 1973.

Under Section 7 EPA was also required to develop and propose aviation noise
control regulations to be transmitted to the F'AA for its consideration for
promulgation as FAA regulations. By the end of the 1974-75 period, most of the
EPA regulatory proposals had been sent to FAA.

Under Section 4*of file Noise Control Act_ as well as the preamble, EPA was
given a continuing responsiblity to assess noise control aetlvities of the Federal
government from the standpoint of whether the public health and welfare was
being adequately protected from enviromental nolse. This responsiblilty inc/udes
the continuing assessment of the impact of aviation noise, The Noise Control Act
was later incorporated in the the Quiet Communities Act of f978 (Public Law 95-
609), but the EPA responsibilities under Sections 4 and 7 have continued.

By the mid-1970's a number of Federal actions had clarified the prospects for
control of aviation. In October 1976 President Ford approved o FAA proposal
supported by the EPA for retrofit or replacement by 1985 of all existing air
carrier jet aircraft whlch do not meet the 1969 FAR 36 standards. In the spring of
1977 EPA published the "Strategy Document_"* which for the first time specific
numerical goals for the reduction of environmental noise in America. These goals
were; reduction to day-night (L,_,,) levels of 75 dB immediately, to 65 dB by
vigorous regulatory and planning cii_fions_ and to 55 dB eventually. These were the
goals for all parts of Amerieap including the neighborhoods around airports. Also
by spring 1977 the FAA had taken action on most of the EPA regulatory proposals,
promulgating some as F.AA regulations but not promulgating most of them.

* EPA_ Toward o National Strate,qyfor Noise Control, April 1977.



_.Vhy EPA commissioned this study.--By resolving many of the near-term
uncertainties about the prospects for aviation noise control, these developments
sot the stage for further assessment of tile degree to which Americans would
continue to be exposed to aviation noise in the future. In August 1977, I_PA
commissioned the "Year 2000 Study." As the Executive Summary indicates, the
purpose was to forecast the national noise exposure due to air carrier aircraft
through the year 2000. This exposure was to be measured in terms of land area and
number of people exposed to various levels of noise, from Lr;n 60 to g0 db.
Basically, EPA was carrying our its "health and welfare" responsib_ty by gathering
information to help answer the questions: Will implementation of the recent
Federal actions enable us to "win" the battle against aviation noise? And if so, for
how long?

This study was a parametric study using a noise prediction model. In order to
i_orcast national exposures, the experts performing the study had to make
assumptions about the most likely future scenarios for tile types of aircraft that
would be flown_ the flight procedures regulating how they would be flown, and the
rate of growth of the U.S. commercial air carrier fleet. They studied the effect on
noise exposure of three flight proceduresp two fleet mixes_ and three levels of noise
abatement technology applied to aircraft. They also had to simplify the airport
situation. There were over 300 U.S. airports of interest, all of them different in
one way or another. To make the study possible, each was classified using four
categories of airports. In additions the various possibilities for future use of 5ST's
were taken into account.

Thus, by selecting different combinations of these assumptions, over .500
possible outcomes for national noise exposure are possible, Some represent the
best outcomes and others the worst outcomes, but none are entirely out of the
question.

Uses of this stud},.--The result of the study is a data base which can be used
to assess many noise abatement alternatives in terms of how many people will
remain exposed to noise, or how much land near airports will remain exposed.
Some of the most interesting results are included in the Executive Summary of this
report. Howeve G it is important to remember that the data of the report can be
used in many ways to help answer other specific questions. It is also important to
remember that the study is an analytical tool that is best used when its
assumptions and limitations are kept carefully in mind.

Since this study was launched, there have been new developments in the
national noise abatement scene.

o In 1978 the passage of the Quiet Communities Act broadened I:PA's
responsibility for noise control and required it to extend more technical
assistance to State and local noise control efforts. This study is being
used 1:o help provide such assistance to particular regions and their
airports.



o FAA is still considering EPA proposals concerning further tightening of
the noise limits for new types of aircraft. The study will assist in
assessing the impact of FAA decisions whether or not to promulgate
these proposals.

o This study deals with the assessment of the principal source of aviation
noise exposure: air carrier aircraft. ]t is now being used as the
methodological basis to take into account another significant source of
exposure= noise from BeneraJ aviation.

o Under pending legislation to reauthorize the Quiet Communities Act_
EPA will be required to embark on a new major study of aviation noise.
The premise of this requirement is that while the nation has made
progress over the last seven years to reduce aviation noise_ the
prognosis is still not acceptable. The purpose of this study will be to
identify an agenda of actions which should be undertaken to improve
the noise environment of airport neighbors furthert The "Year 2000
Study" methodology will be highly use(ul (or the aviation study when it
is commissioned.

Comments.--Readers with commentst suggestions_ or recommendations
conce_report or related EPA activity are encouraged to contact:

Mr. 3ohn C. Schettino, Director
Technology and Federal Programs Division
Office of Noise Abatement and Control (ANR _7])
U.S. Environmental Protection Agency
Washington_ DC 20_601
Telephone= (703) 557-77.$0.



1.0 EXECUTIVESUMMARY

1.1 ProgramObjectives

One objective of this study was to forecast the national noiseexposuredue to

aircerrler aircraft through the year 2000 in termsof land area and numberoFpeople

exposed to specified soundlevels. A secondobjective was to evaluate the effectiveness

of existing aircraft noise certification rulesas well as rules proposed*by the EPA(United

States Environmental Protection Agency) for future implementation. The estimatesof area

and population exposureare primarily intended to accurately indicate the relative exposure

levels for a variety of proposednoiseabatement actions. The estimatesof absolutevalues

of national noiseexposure presentedin this study are also consideredto be the most

accurate presentedto date and supersedeprevious estimatescarried out for EPAby Wyle

Laboratories. Noise exposureestimateswere madefor two different projectlans oFair

traffic growth, Forthree different flight procedures, and for three alternative schedulesof

aircraft nolsecertification rule _ntroductionrepresentingapplication of existing, available,

and future aircraft noise reductiontechnology. Thestudyemphasizednoiseexposureof

subsonicoircarrler aircraft. Howevesja speclal evaluation wasalso madeof the isolated

noiseexposurefrom supersonicaircraft with similar noiserulesapplied.

1.2 Methods

Estimatesof national noiseexposurearea and populationwere madeusingcomputer

calculation methodsbasedon Fouraverage airports constructedto representgeneral classes

ofolrcarrier airportsacrossthe country. Theseaverage airports, called AVportsswere

constructedfrom parametersat actual airports within each AVpert class. Noise exposures

were calculated at a grid of locationssurroundingtheseAVpertsfor variousscenariosof

flight procedures_noiserules, and aircarrier activity from 1975to 2(300. The numberof

*FAA Notice No. 76-22, "ProposedRegulationsSubmittedto the FAA by the Environmental
ProtectionAgency: Noise Levelsfor TurbojetEnginePoweredAirplanesand for Large
PropellerDriven Airplanes, " Federal Register41:47358, October28, 1976_plus
subsequentcorrections.

1-1
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people exposedto various soundlevelswas found by deriving populationversusarea

functions for eachof the AVportsbasedon previousstudies. The populatTonaroundthe

AVports was derived from 1970 U.S. CensusTape informationForpopulationaround

actual airportsandprojected to future yearsusingconservativepopulationgrowth figures

from the U.S. Bureauof Census.

The procedureusedto estimatethe noiseexposuredue to aircarrfer operations

can be summarizedas follows:

• The nation'so[rearrler airportswere classifiedaccording to the type

of aircraft usingeach airfield.

• Foreach classof"airports_average runway lengthsand flight tracks were

defined from data at sampleairportswhich asa groupcontributed approxi-

mately20 to 100 percentof the aircarrier operationsin each airport eloss.

• Threescenariosfor noise rulesapplicable only to newly designedaircraft

were defined. Noise levels Forall suchnewly designedaircraft were

assumedto just comply with the limits specified in thesenoiserules.

• Twoscenariosfor future aviation activity levelswere developed from

recent PAA (U.S. FederalAviation Administratlon)publicatlons.

• A populationversusarea functionaroundthe averageairports for each

classwasdevelopedfrom populationinformationtaken from the 1970

U.S. CensusTapesand previousairport noisestudies.

• Utilizing the Wyle IntegratedNoise Model computerprogram_ noise

exposuresaroundthe averageairportswere calculated in terms of total

contourarea. Thenumberof peop]oexposedto varioussoundlevelswas

then computedfrom the preceding pepulaHonversusarea functions.

• Finally, the no_seexposureestimatesdevelopedfor the AVports were

sealedup to provideestimatesof the national exposuredue to aircarrier
aTrcraff.

• A total of 97 separateestimatesof the national noiseexposurewere

computedcovering:

1-2



-- Five yearsfrom 1980to 2000, in 5-year _ncrements,plusa base

yeart 1975.

-- Throescenariosfor noiserules(current 1975FAR Part36 plus the

rulesFor1980and 1985proposedby/_PA).

-- One additionalcase for the year 2000 in which all aircraft were assumed

to complywith the "1985 rule" proposedby EPA.

-- Three different power-cutback operaHngproceduresfor takeoff

(FAA AC91-39t and minimumand maximumcutback verslonsof the

ALPA/Northwest Airlines procedure). Approach procedure variations

were also included.

-- Two different projections of the future aircarrler fleet (moderateor

expansivegrowth).

-- One conservative projection of future population (approaching zero

population growth).

• The portion of the study which consideredsupersonicaircraft evaluated

the isolated noiseexposureat a limited group of airports for SSTaircraft

operationsonly_ with application of the samenoise rules analyzed for

subsonicaircraft.

1.3 Conclusions- SubsonicAircerr;er Aircraft

This portionof the studyhasfocusedonevaluatlon of the possibleeffectiveness

in reducingaircraft noiseexposureby two basicapproaches:application of newaircraft

sourcenoise reductiontechnologyand utilization of improvednoiseabatementtakeoff

procedures. For the formerapproach, the studywaslimited to evaluating theeffect of

imposingprogressivelylowernolse limits onall newly-designedolrereft (requlringa

new type certification) introducedafter 1975.

In no casewas it assumedthat newly manufacturedaircraft of existing typos,

wh|ch nowmakeup the fleet# had to be retrofitted exceptasrequiredby the existing rules

of FARAmendment91-136 whichrequireoil existingafroraff to complyat leastwil'hthe

1969FARPart 36 noiselimits by 1985.

1-3
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The relative changesin sourcenoiselevelsdlctated by the proposednoiserules

can be roughlydeflned as Followsin termsof the takeoff noiselimits (far sourcenoiseat

takeoff powerconditionswith outback), sideline noiselimits (for sourcenoiseat maximum

takeoff'power conditions), andapproach noiselimits (at approachpowersettings). The

relative levelsconsideronly thoseapplicable to the current aircarrier aircraft fleet.

Relative Nolse Levels, dB

Noise Rule Takeoff Sidellne Approach

1969FARPart 36 (Stage2) 0 0 0

1975 FARPart 36 (Stage3) -3 to -7 -6 -4

1980 ProposedEPARule -6 to -10 -12 -8

1985 ProposedEPARule -10 to -14 -12 -11

if suchnolse reductionswere applied to all of the aircraft operating tedayt the

decreasein noiseexposurewould bemarked indeed. For example, averagesourcenoise

reductionsof 5t 9 and 12dBt correspondingvery roughlyt to the average relative

levels in the preceding tablet would be expected to decrease the exposurearea within

tile kdn65 contourt nationallyt from a reference valueof 100%to about 38%, 17%and 10%t

respectively. Howevert the existing FARPart36 limits for 1975 (identified as Stage 3

in FAA rulesandasTechnologyLevel 1 for purposesof this study)and the proposed1980

and 1985rulesere all applied only to newly designedaircraft. Therefore, the relatively

slow rate of dilution of the existing fleet with thesenewly designedandquleter aircraft,

coupledwith reasonableosffmatesof a forecastgrowth |n alrcarrler operatlons, provides

lessdecrease in total noiseexposureby the year 2000 than would besuggestedby these

numbers. Neverthe/essl the estimateddecreasein exposureeffected by the proposedrules

would be substantial.

Consideringonly the "moderategrowth" scenario for the futurealrcarrier fleet_

andassumingthe takeoff ProcedureLevel 1 (FAAAC91-39), the change_from the 1975

referencepoint_ in the estimatedtotal area and total populationexposedby the year 2000

isshownin Table 1.3-1 for each of the three technology(noisecertlficatlon) rules considered.

1-4



Table 1.3-1

Summaryof EsHmatedReduction in Norse ExposureWithin

Ldn65 dBContour by Year 2000asa Function of the
Applied Technology Level**

ExposureWithin kdn65 Contour

Area Population

Year Technology Certification
Level Rule Mi2 % 106People %

1975 Base 1969 FARPart 36 2169 100 6.17 100

2000 1 1975FARPart 36* 1304 60 3.58 58

2000 2 1980 ProposedRule 1200 55 3.11 50

2000 3 1985 ProposedRule 1157 53 2.95 48

2000 3A ÷ 1985 ProposedRule 626 29 0.92 15

*Stage 3 in FARPart 36 Terminology

tall aircraft assumedto complywith no_selevelsspecifiedbythe 1985ProposedRule

**For Moderate Growth Scenarioof futurefleet usingflight I_rocedureLevel 1(SeeSection3.5.2)

The additional decreasein exposed population(48%re 1975base)achieved by

imposingthe 1985 (Technology Level 3) rule beyondthat effected by the 1980 rule (50%

re 1975base) issmall due to the relatively smallportionof the aircarrier fleet in the year

2000 which wouldhave beencertified under the morestringent noiserule. Justas it will

take roughly20 years for aircraft noisereduction technologyto be signlfleantly influenced

by the original 1969FARPart 36 rules, so would it take a correspondingperiod of time for

the proposed1985 rule to havea significant influence. (Eventhe 1969FARPart 36 rule is

not yet fully effective due to the remainingnumberof'alrcraft still flying which cannot

meet the required noiselevels.) Neverthelessstheprojected effect of imposingthe 1985

ruTeswould be a reduction in exposedpopulationofabout 50 percenb from 1975valuest

by the year 2000. Thereduction in exposedarea isslightly less. An approximate

1-5



indication oFthe maximumpotential for noisereductionof the 1985rule is provided

by the onespecial case (TechnologyLevel 3A) For the year 2000where it wasassumed

that all aircraft in the fleet meetthe 1985rule. In this case, as indicated in the

precedingtable, the decreasein exposureis muchgreater. Note especially that the

decreasein population isnow muchgreater (15% re 1975base)than the decreasein

exposed area (29% re 1975base). This is due to the reducedpopulationdensityas

the contoursshrinkdownnearer to the airport. Thiseffect iseven moresignificant since

the national population(andcorrespondingpopulationdensity)isassumedto increaseby

22 percent from 1975to the year 2000. Thust without this increase, TechnologyLevel 3

wouldhave reducedthe exposed populationto 39 percent insteadof 48 percent of its

1975value for the corresponding53 percentreduction in exposedarea..

Allowing for a 6-year lag betweenthe effective date for new type certifications

required by the 1985rule and the first substantialintroductionof newly designeda;raraft

responsiveto this rule andanother 20 yearsfor the 'aircarrier fleet in existenceat that

time to be completelyreplaced by theseneweraircraft, one couldexpect that the full

effect of the proposed1985rule wouldnot be felt until at leastthe year 2010.

In contrastto this necessarilyslowbut inexorable processfor reducingaircraft

noiseexposure,the potential benefit of improvednoiseabatementtakeoff procedures

is more immediateand, as indicated in Table 1.3-2, of significantbenefit. For

simplicity, the table showsthe change in area and populationwithin the Ldn65 contour

for the year 1980assumlngTechnologyLevel 1(FAR Part 36 Stage3) and for the year

2000 assumingTechnologyLevel 3 (1985proposedrule). Themoderategrowthcase

isassumedfor bothyears.

Note that for the year 1980, the ALPA/NWA MaximumCutback (Procedure

No. 2) showsa substantialreduction in exposed population(70percent re 1980AC91-39

base)wlth;n the Ldn65 contour. However, by the year 2000, whensourcenoiselevels
have beenreduced, this takeoff procedureis only slightly better than the AC91-39

procedure. This is consistentwith the fact that for both 1980andthe year 2000,

AC91-39 (ProcedureNo. 1) is significantly moreeffective thanthe ALPA./NWAMax
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Procedure(by 15 to 20%) in reducingexposedpopulation within the Ldn75 contour.

Thusthe AC91-39 procedureseemsto be moresuited for no_seabatementclose in to

an airport where the singleevent levelsare higher while the ALPA/'NWA Max Procedure

appearsbestsuited Forareasfurther away fromthe airport wheremore peopleare exposed

to lowersingle event levels.

Table 1.3-2

Summaryof EstimatedChangein Noise ExposureWithin
Ld 65 dBContourby Year 2000as a Functionof the

n • • _,k
PowerCutback Fhght ProcedureonTakeoff

ExposureW;thin Ldn65 Contour

Proced Area Populafion
Year Takeoff Procedure Level Mi 2 % 10o %

]980* AC91-39 I 1873 100 5.22 100

1980 ALP,_/NWA Max 2 1536 82 3.67 70

1980 ALPl_/NWA Min 2A 1829 98 5.05 97

2000"P AC91-39 ] 1157 62 2.95 57

2000 ALP,_/NWA Max 2 1142 61 2.80 54

2000 ALP_,/NWA Min 2A i306 70 3.55 68

* Moderate Growth and Technology Level 1 (FARPart 36 Stage3) Assumed
t Moderate Growth and Technology Level 3 ,(1985proposedrule) Assumed
** Effectsof the VariousApproachProceduresare also included (seePage3-45)

The summaryresultsshownin Tobies 1.3-I and 1.3-2 were basedon the moderate

growth case for the futureaviation fleet. The resultsare very similar for the

expansivegrowthcase.
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In summaryt the application to subsonicaircarrler aircraft of the noisetechnology

certification rules for 1980and 1985proposedby EPAwill showa substantialdecreasein

noiseexposurein future years butthe full effect will not be felt untll well beyondthe year

2000. A moreimmediate achievement in airport noisereductionis possibleby usingon im-

proved takeoff flight procedure. While the optimumprocedurewill be a functionof a

parliculor airport's demographicenvironmenb the proposedALPA/NWA Max Cutback pro-

cedure offersadditional noisereduction onan averagefor the nationsairportsover that

provided by the AC91-39 procedurefor current technologyaircraft. The optimumtake-

off proceduremay tend to changewith yearst calllng t'osappiioationof powercutbackcloser

in to airportsassourcenoise levels are reduced.

1.4 Conclusions- SupersonicTransports

This portion of the studyr documentedin AppendixE_evaluatedthe changein

exposed area andpopulationat a select groupof 13 U.S. airpo:tsconsideredas potential

candidatesfor operationsof the Concordeaircraft. A total world-wide fleet varying in size

from 16to 100wasconsideredalong with evaluation of a do-nothingcase(currentConcarde

Technologyassumed)_and impositionof"the 1969FARPart36 (Stage2) rule1 the 1975

FARPart 36 Stage 3 rule (TechnologyLevel 1 for the subsonicaircraft)0 andthe proposed

EPA 1980 rule (TechnologyLevel2 far the subsonicaircraft) to all but the first 16 SST

aircraft which representedan existing Concordefleet. Thenoiseexposuregeneratedby

justthese 16Concordeaircraft alone wasincreasedby only 6% in area and 19% in

population(w!thln the kdn65 _nntour)by the additionof asmanyas84 moreSST
aircraft to the fleeb with a correspondingincreaseof 525% in aperations_providing

theseadditional SSTaircraft conformedto at leastthe 1969FARPart 36 rules. When

theseadditional aircraft were Further quieted to conformto the 1975 FARPart36 rule

or the proposed1980 EPArule_ the exposed area andpopulationwithin the Ldn65
contour for a total fleet size of I00_ with 16Concordes_increasedabovethe baseline
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value for 16Concordesby only 2 to 12%. Thus, the no_seexposureoFthe basic

Concordefleet wouldtendto completelydom;natethe no;seexposureof pass;hieSST

operationsin the U.S, which includeexistingConcordetype a;rcraff and any

reasonablenumbe_rof other SSTaircraft which compliedw;th existing or proposednoise

rules. Without the Concordeaircraftt noiseexposureof other SSToperationswould

decreasesubstantiallyin direct proportionto the level oFthe applicable noise rule,
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2,0 IJ'qTRODUCTiON

2. I Purposeand Objectives

Tile objectives of this study were to estimate the national noise exposuredue

Io alrcan'ier aircraft Ihrough Ihe year 2000and to evaluate the effectiveness of existing

noise eerlificallon rules for aircraft as well as that of several noise regulations proposed

by the EPAo Noise exposurewasestimated in terms of total area and numberof people

exposedto specified soundlevels. Thesenoise exposure projections representa range

of possible noise exposuresthat might occur under various economic and regulatory condi-

tions through the year 2000. The study wasnot intended to predict the most probable noise

exposuresfor future years but ralher to focus on changes in ¢ocpesureas a result of regulatory

action. Emphasiswasplaced on evaluating noise exposure for subsonic aircarrier operations

and this cansHtutesthe main Body of this report. A separate evaluation of no_serules on

exposureof potential supersonicalrearder operations in the U.S. is treated in Appendi× E.

The proposednoise rules being examined for this study have appeared in

FAA NPRM-76-22 which was publlshed in the Federal Register41:47368s October 281

1976. Corrections to this NPRMsubsequentlyappeared in the Federal R_gister41:53807,

December 9t 1976.

2.2 .Relation of this Study to Other EPAWork

This studywasp_t of EPA'seffort to provide an estimate of the national noise

exposurethroughthe year 2000due toall aircraft sources. Toaccomplishthis overall

objectlver the variousJypesof aircraft operationssuchasalrcarrierss generaloviationt

and military operationsat civil airportswill be analyzed individually _nseparatestudles.

Thisstudyfocuseson the aircarrier activity alone.

Two previousstudiesof notional noiseexposurewhich were c0rHed out by Wyle

Laboratoriesfor the EPAwere alsodesignedto examine the effect of variousolrcraff noise
3s26

abatement alternatives. The relative changesin noiseexposurefor future years for the

variousnoiseabatementoptionsconsideredin thesepreviousstudiesare compared
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to resultsof this study in Section 4.4, The type of nolseabatement actions considered

and the methodsfor estimating current and future noise exposureemployed in these

previousstudieswere not the sameas for thls study. Thus, the re'lative trends in Future

noiseexposure are only roughly comparableand estimated absolute valuesof exposedarea

and population are nat directly comparable. The current study is conslderedthe most

accurate basisForabsolute estimatesof exposedarea andpopulation and_ in this respectt

supersedesthese previous studies.

2.3 Scope of Proiect

National exposure esHmateswere prepared for six time periodsstarting in 1975

(basecase)and extending to the year 2000 in 5-year intervals usingthe Wyle integrated

Noise Model (INM) computer program.*

The noiseexposure projections developed in this studywere basedon established

noiseand performance data for existing aircraft types under consideration. Foraircraft

yet to be developedt performancecharacteristicswere assumedto be similar to aircraft

in the existing fleet and noise characteristics were assignedsothat new aircraft would

just meet the appropriate noise rules For the scenario under study. No attempt was made

to preciselyestimate the noiseand performancecharacteristics of future aircraft based

on designdataits of proposedalrcraft,

The projections reflect the total exposuredue to aircarrier jet aircraft operations

at all airfields in the country that have greater than about 20 annual aircarrler jet operations.

Noise exposuresfrom propeller aircraft, businessjets1 hellcoptersl and milltary aircraft were

not accounted Parin the noiseexposureprojectionsdeveloped Forthis study.

A total of 96 different alternative gaseswere examined in addition to a base case.

Thesecasesrepresentedall possiblecombinations oP

• Three noise rule alternatives

• Three flight procedure alternatives

*This is the early versionof the airport noise mappingprogramrefined and recently published
by FAA as the Integrated Noise Model (Version I) 18
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• Twoalternative projections oFaircraft activity level

for each of five studyyears. Six additional casesForthe year 2000 were examined,

one each for the three flight proceduresand twoactivity levels, _nwhich all aircraft

were assumedto comply wlth the moststringentnoiserule currently being proposed.

Table 2.3--1 summarizesthe different casesthat were evaluated.

2.4 General Approach to EstimatingArea andPopulationExposure

The basicapproachto estimatingthe nationalexposuredue to aircarrler aircraft

was to calculate exposurevaluesat average airportsandthen scale theseaverageairport

resultsto the nationasa whole. The first step in thisprocedurewasto dlvlde the nation's

airports into four classificationsaccordingto the typesof aircraft that use the airport.

Fromthe sampleairports, averagerunwaygeometrles, flight track geometrles,trip length

distributions, andday/night operationsratios weredeveloped. Future levelsof operations

and fleet mixeswere developedfrom FAA publications.1,2 After defining the operations

for all studyalternatives, noiseexposurelevelswere calculated usingthe INM computer

programfor eachaverage airport in termsof area and populationexposure. Finally, the

exposureestimatesat the average airportswere scaled upto providean estimateof the

total nationalexposure.

2.5 ReportOrganization

Theconclusionsreached in this studyanda descriptionof the generalmethodsused

are presentedin the mainbody of this report. A considerableamountof backgroundmaterial

and supportingdata have been incl,ded asappendicesto this report. The Fallowingoutlines

the general organization of the remainderoFthis report:

Section3 defines the methodsand proceduresusedfor the entire study;Section4

providesthe detailed results;and Section5 summarizesthe principal conclusionsthat can

be madefrom the data. The Followingsupportingappendicesare provided in Volume]I.
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Table 2.3-i

Summaryof"CasesConsldered

Aviation Noise
Activity Rule FHght

Years Levels Alternatives Procedures AVports

(6,24, (1) (2) (22):(23) (14) (14) (15) (15) (15)
ALPA/NW ALPA/'NW

25)* Moderate Expansive AC Max. Min,
1975 Growth Growth 69 75 : 80 85 91-39 Cutback Cutback A B C

1975
(Base)X X X X X X

1980 × X X X X X X × X X X

1985 X X X X X X X X X X iX

1990 X X X X X X X X X X X

1995 X X X X X X X X X X X

2000t" X X X X Xt X X X X X X

Numbers _nparentheses( )designate references for sourceof"data,
t

An Add|tloaal Casewas run for the year 2000Assuming all AircraFt Conformed to the 1985 Noise Rule



• AppendixA- List oFA_rportsby Class

• Appendix B - Fleet ForecastMethods

• Appendix C - Aircraft Noise Data

• AppendixD - AircraFt PerformanceData

• AppendfxE - SupersonicAfrcraf't Noise Exposure

• Appendfx F - Detailed Resultsof Scenario Analysesat the

AVports and Extrapolations to National Estimates
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3,0 METHODS AND PROCEDURES

3.1 General Description of"ProcedureUsedto EstimateNoise Exposure

The procedureused to estimatethe noiseexposuredue to aircarrler operations

can be sUmmarizedin general termsasfollows:

• The natlon_salroarrler alrports were classifiedaccording to tile type

of aircraft using each airfield.

• Foreach classof airports, average runway lengths, flight tracks, and

mlx of aircraft" typeswere defined fromobservationsat sampleairports

in each class.

• Three scenarios for introduction of noiserules were defined.

• Two scenariosfor possibleavlation activity levels were developedfrom

recent FAA publicatlons.

• A population versusarea function around the average airport for each

classwasderived t'rompopulation informationtaken from 1970

U.S. CensusTopes.

• By usingthe INM computerprogramt nalseexposuresaroundthe average

airportswere calculated In termsof total contourarea and numberof people

exposedto various soundlevels computedfrom the precedingpopulation
versusarea functlons.

• Finally, the noiseexposureestimatesdevelopedfor the AVportswere

scaled up to provideestimatesof the national exposuredueto afrcarrier
a|rcrafi'.

The detailsof the projection methodare presentedin the following sections.
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3.2 AVport Definitions

3.2.1 AVport Concept

There were two alternative methodsavailable for estimating the notional

exposure due to a_rcraft noise. The moststraightforward of these would hove been

to performa noiseexposurecalculaHon Foreach airport of interest in the country and

then sumup the exposuresfrom these airports. The alternate approach was to develop

somesort of model airports, estimate the noise exposure for thesemodels, and then

scale the resultsto the nation asa whole. Since the former approach was dearly

impractical, the latter was usedfor this study.

Three alternative methods were available far defining the model airports. The

first was to plck one or more real airports and conslder then as representatTveof oil

ai_orts in a given class. The difficulty with thls approach was that there was no

way to determinehow representative the selected airport wasof the rest of the airports

in the nationt short of calculating the exposuredue to the other alrports. The second

method available was to "average" all pertinent parametersof the natTonalalrports of

interest. The difficulty with this approachwas that it was very difficult to average

spatial parameterssuch as runwaysand flight tracks. In the event that the runway

locations were averaged directly wffhout first assuminga basic runway configuration

suchas parallel or crossedrunways, the average airport might contain a large numberof

runways. Sucha configuration would spreadthe noise exposureover an unrealistically

large area and understatethe naise exposureat the larger diltances from the airport.

A th|rd method available to define a model airport was to assumethe model airport

had a single runway and straight in and out flight tracks. The difficulty with this

method wasthat the noisecontours resulting frarn thls model would be much longer

than these at a real airportsincean unroolistlcally large numberof operationswould

be placed on a single runwayand flight track. Thls would overstate the noiseexpo-

sureat large distancesfram the airport.
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Far this study, a combinationof the secondand third methodsmentioned

abOvewasadoptedto develop the model airports. A single runwaywasusedto

simplifythe problemof developingan averagerunway layout. However, in rr_.cog-

nffion of the problemthat a single runwaywoulddistort the results, the single runway

modelwasassumedto representan average runwayrather than an averagea;rport.

The modelalrports, referredto asAVports, wereessentially modelsof the bL_siest

runwayat ell the al_oortsunderconsideration. By tak|ng this appraach_the number

of operationsplaced on the runwaycould be limited to the physical capacitiesof

the runwaysand operationson otherrunwayscouldbe accountedfor by useof a

scallngfactor. In addiHon_ fllght tracks with turnswere included to slmulate the

naturaldispersionof flights aroundreal airpori's_both for lending andtakeoffs.

3.2.2 AVport Classes

The first step In developingthe modelai_orts wasta classifythe norton's

airportsaccording to aircraft typesusingthe airports. Therewere several reasonsfor

developingtheseclasses. Firstt in order to evaluate the national exposureof SST

(supersonictranspofi')alraraff_ candidate airportsfor SSToperationswere to be analyzed

asa separategroup. An average airport class, called AVport A_ wasconstructedfor

thls pur1_ose.Next, alrportsprahibltingoperationsofpartlcularaircrafttypes(4-.engine)

were to be analyzed as e separategroup. A classt called AVport C_ wasdefined

for this purposerand turnedout to representprimarily the naHonJssmallerairports.

This classwasfurther divided into sub-classes, C-I and C-2, for computational

puq_oses.The reenaJnlngairports fell into a third class, called AVpart B. The namesof

all of the airports in each of the abOveclassificationsare tabulated in AppendixA.

This approachto classlficotion representsa changefromthe approachused

In previouswork_ in which AVporf classeswere constructedaccording to numbersof

operationsregardlessof the typeof aircraft. 3
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The three airport classesusedin thlsstudy to representthe nation's aircarrier

airports were defined asfollows:

ClassA- SSTcandidateairports. Theseairports includethose identified
,4

by the FAA ascandidateairports ForSSToperations as well as

Philadelphla. Thereare 13airports in this classand sampledata

fromall 13 wereused indeveloping the AVport which wascalled

AVpert A. A separateclassfor SSTcandidateairportswas necessary

in order to identify the contributionof SSTaircraft to the total

national noiseexposure. Theairports in this classare listed in

Table 3.2-I.

ClassB- Airports allowTngall aircraft except SSTsto operate. Thisclass

representedthe larger airportswhere alt classesof aircraft are found.

Thereare 113of theseairports in the nation and the 15a[rperts chosen

assamplesof thTsclassare also listedin Table 3.2-1. Th_sclasswas

called AVport B.

ClassC - ATrpoztswhere4-engine jets do not operate. Thisclassrepresents

smallerairportsoffering limited servicedue to restricted runway lengtht

noiseconsideration, or insufficient demandFor longrangeservice. The

sampleairportsForthis classare listed _nTable 3.2-1. As a further

refinement_ the ClassC airperts were subd_vldedinto categoriesC-)

(eomprlsedof the two airportst LaGuardia and WashingtonNational)

and C-2 (comprisedof 179airports). Thiswasnecessarybecausethe

C-1 airports were not similarto the other ClassC airports. In all three

classestairportswith lessthan 20 let operationsper year were ignored.

Thetwo AVports for thisclasswere called AVport C-1 and AVportC-2.

Figure3.2-1 showshowthe natlon*soperationsare distributedamongthe AVport

categoriesand alsoshowswhat percentagesof the natlon_sairports are in each AVport

category, Thisfigure showsthat while onlyabout 49 percent of the nation's air-

carrier alrportsfall within theseclassest97 percent of the national operationsoccur

3-4



Table 3.2-1

SampleAirportsChosenfor Study*

AVport A AVport B AVport C-!
,lJ

Anchorage(ANC) Buffalo(BUF) New York (LGA)

Boston(BOS) ColoradoSprings(COS) Washington,D.C. (DCA)

Chicago(ORD} Denver (DEN)

Dallas-Ft. Worth(DFW) E] Paso(ELP) AVportC-2

Honolulu(HNL) Little Rock(LIT) Chicago(MDW)

Houston(]AH) Newark (EWR) Erie (ERI)

LosAngeles(LAX) New Orleans (MSY) Hollywood-Burbank(BUR)

Miami (MIA) Oakland (OAK) Ithaca (]TH)

New York (JFK) Ontario (ONT) Melbourne (MLB)

Philadelphia (PHL) Palm Springs(PSP) Santa Ana (SNA)

SanFrancisco(SFO) Portland(PDX)

Seattle-Tacoma(SEA) Raleigh-Durham(RDU)

Washlngton_D.C. (IAD) SanDiego (SAN)

SanJose(SJC)

Tulsa(TUL)

*This samplewasusedonly forevaluating the averageschedule,approachprocedure
and trip lengthsfor air traffic activity andrunwayconfigurationat each AVport.
Total operationsandaircraft mixdata were basedona 100percentsamplefor all
airports(see Section3.3).
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Figure 3.2-1, Relative Importanceof AVport Classes



at theseairports. The Figurealso showsthat airports in AVport B categoryrepresent

about one-haft of the nation's alrcarrier operations.

After definlng the airport c/asses,sampleairports listed in Table 3.2-1 were

chosenfromeach class. Thesesampleswere usedto develop a data basefor describlng

the following parametersoFthe AVFort model: runway length, approachprocedure,

day/night distributionof operations, and trip lengthdlstribution. (Total operations

andaircraft mix data were basedona 100 percentsampleof all airports in eache/ass

asexplained in Section3.3.) Choosingsamplesfor AVports A andC-1 presentedno

problem sincedata were available far all airports in each classand since the classes

were small enoughto permit examination of all airports in each of theseclasses. For

AVport B, however, there were too many'airports in the classto examine each oneand

there was nodetai)ed operational informationfor manyof theseairfields. Consequently,

a set of sampleairportswas chosenin the fallowing fashion. Airportsin AVport Bclass

were divided into foursubclassesbasedon the numberof operationsat the airfields.

Then_sampleairportswere chosenat randomfromeach size classuntil approximately

20 percent of the tara)operations were representedby samp)eairports. This method

providedsomeassurancethat the samplesrepresentedall sizes af olrports within each

classand not just the larger ar smallerairports. Figure3.2-2 quantifies the size

(numberof operations)ranges for AVport B that are representedby the sample

airports.

Choosingsampleairports for AVpart C-2 presentedsomedifficulty because

detailed informationwasnat available fora sufficient numberof airfields in each

size class. Consequently,sampleairports were chosenso/ely on the basisof data

availability. Figure3.2-3 illustrates that the AVport C sampleairportsare more

representativeof the largerairports In this class.
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3.2.3 AVport Parameters

Runways

By definition1 each AVport had a single runway. The average runway was

developed for each AVport classby Finding the weighted average runway length for

the sampleairports in each class. For exampre_if takeoff operationsfrom Runway0]

at a particular sampleairport were 4 percent of the total takeoffs fromall sample

airports in the AVport class, then Runway01 would be given a weight of .04 when

calculating the average runway length Forthis class of airports. A weightedaverage

runway length wascalculated for each AVport categoryand the resultsare indicated

an the runway layoutsshown in Figures3.2-4, 3.2-5_ and 3.2-6.

Becausethe runwaysat the AVports representweighted average runwaylengths

of all runwaysat the samplealrportsr the runway length at the AVport may be Jessthan

that necessaryfor operatlon of the heaviest aircraft at sameof the airports wffhln the

category. This apparentdlscrepaneyis of no concern since the primaP/purposeof the

runway length deflniHon in the AVport model is to establish the relative posltionsof the

takeoff and landingthresholdsfor operatlonsin oppositedirections along the AVport

runway. Sufficlent runway length was prav_dedinternally in the computermodel to

permlt takeoffs of all classesof aircraft.

,Flight Tracks

FHghtsat eachAVport were assumedto follow one of three takeoff

or three landing tracks in each direction. Except for th_ straight landing and takeoff

tracks that follow the extendedrunwaycenterline# each fllght track consistedof a

straight segmentleadrngaway fromthe alq_ortfollowed by a turn to effher the r_ght
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Note 1. AIIturnradli=l.5NM

Note 2. PercantaDesdesignate wefghtedaverage Flight track usage Eortakeoff
or approach, as indicated by dlrecHon of arrows

I
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J 1

l.t- _- I.]-_

30,2_ 20,1% NM NM| 27.3% 16.9%

96'9" 56.B* 96.9'
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Figure 3.2-6. AVportC-1 andC-2 ConFiguration



or the left, which wasin turn fallowed by another straight segment. The turning

tracks were assumedto be symmetrical about the extended runway centerllne for both

takeoffs and landings. The decision to use three takeoff and landing tracks in each

direction representsa compromlsebetween placing all the flights on one track, there-

by creating long thin noisecontours, and alternatively, placing the flights an a

large numberof complex tracks, creating a morecircular set of noisecontours. In

order to establishan average flight track geometry, weighted averageswere cal-

culated far the distanceto the first turn in the flight track and also the angle of the

first turn. Theseaverageswere basedan flight track definition data for actual

airports. The averages were taken for takeoffsand landingsseparately and forright

and left turnsseparately. The resultsof theseeelauletions are shownin Table 3.2-2 which

illustrates that there is no major difference between the geometryof tracks turning right or

thoseturning lefh thus justifying the assumptionsof symmetry. F_gures3.2-4_ 3.2-5, and

3.2-6 presentthe final flight tracks usedfor AVports A, B_C-! and C-2 in thisstudy.

3.3 Proiectionsof Aircraft Operations

3.3.1 Assumptions

In projectingthe numberof operationsat each AVpart for eachstudyscenario,

no attemptwasmadeto project future air traffic explicitly for thisstudy, instead,
• . 1_2

recent FAA pubhuatmns were usedasa basisfor developingtwo overall growth

scenarioswhich provideda range of operationslevels that mightoccur throughthe

year 2000. Of the manyFAA forecastsavailable_ the onesusedin thisstudywere

selectedbecausethey provideddetailed informationon the retirementschedulesof

particular aircraft types. Growth in the level of operationswasassumedto be

accommodatedby increasingcapacity by expansionof existingairportsratherthan

by newly constructedairports.
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Table 3.2-2

Average Flight Track Dimensions

AVport A

Takeoff Approach

Distance* Anglet Distance Angle

Right Left Right Left Right Left Right Left

2.2 2.9 73.8 73.5 10.9 9.3 101.4 90.3

2.6 73.6 10.1 95.8

AVport 6

Takeoff Approach
,,m

Distance* Angle Distance Angle

Right Loft Right Left Right Left Right Left

3,3 2.8 88.7 83,2 7.2 7.9 102.1 94.0 ,I,
3,1 86.2 7.5 98.4

AVportC-1 andC-2

Takeoff Approach

Distance* Angle Distance Angle

Right Left Right Left Right Left Right Left

1.0 1.3 46.3 69.9 3.8 5.3 91.3 102.8

i • 1 56,8 4.5 96.9

• Distancefrom the end af the runwayto the startof the first turn (nautical miles)

I"Angle of first turn (degrees)
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3.3.2 Genera[ Descriptionof Method

The methodusedto establishthe numberoFoperationsfor each studyscenario

is outlined below.

• The projectednumberof each a_rcraff type in the alrcarrier fleet

wasdeterminedfor eachyear and studyoption.

• Basedon current fleet size and operationslevels Foreachaircraft type,5' 6t24t25

the numberof operationsthat a singleaircraft can be expectedto perform

duringa year was computed.

• For eachyear_ the projectednumberof aircraft wasmultiplied by the number

oFoperationsthat canbe expectedfor each aircraft type. Theproductof

thismultipllcaHonisthe estimatedannualnumberof operationsfor each

aircraft type.

• Theseprojectednational operationswere distributedto the AVpartsbased

on therelative mix of currentoperationsat all the airports in each

AVpart class.

• The day/nightand trip lengthdistributionsfor each aircraft type was

defined basedon currentoperationsat the sampleairports.

3.3.3 Details oFthe OperationsProjections

Aircarrier Fleet Definition

The startingpoint in prepQHngthe operatior_forecastswapto developtwo

alternative fleet Forecastsfor 5-year incrementsthroughthe year 2000. One projection

wasto be representativeoFa moderategrowthin operationsand the other projectionwas

to be representativeof expansivegrowththat mightoccur underthe bestoFcircumstances

favoring unlimitedgrowthin aircerrier operations. The moderategrowthfleet Forecast

wasbasedentirely on the FAR(FederalAviation Regulation)Part36 EnvironmentalImpact

Statement_Case3.1 The fleet sizeForthe expansivegrowthscenariowastaken from the

FAA publicationt Aviation FuturesThroughthe Year 2000t Scenario5_ ExpansiveGrowth. 2
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The alrcraft types that were chosenfor this studyas being representative of all

typesin service are listed in Table 3.3-I along with the annual operationsexpected For

each aircraft type. Propeller aircraft were excluded from theanalysis becausethe noise

levels they produceare usually insignificant at any airport that haseven a small number

oFjet aperations. Businessjets, helicopters, and milltary alrcraff were also excluded

from the analysls.

New aircraft introduced into the fleet between1975and 1980, inclusive, were

assumedto be productionmodelsof existing designsand, assuch, were assumedto

complywith the 69 FAR36 noiserule.* Aircraft introduced_ntothe fleet after 1980

wereassumedto be newlydesignedaircraft or derivatives of existingaircraft types and,

assuch, were assumedto comply with the noiserule assumedto be in effect at the time

of theoriginal type design. A detai_edexampleaf this concept ispresentedlater in

this section.

BasicF!eet Size Pro]ectlons

For the moderategrowthscenario, the fleet size through1995wasgiven in

Reference1. The year2000 f_eet wasestablishedby extrapolatingthe 1990and 1995

resultsona linear basis. The ReferenceI fleet projectionsindicatethat by 1995_

74 percentof the aircraft that were in the fleet in 1975were assumedto have been

retired. By 2000, 92percentof the ahcraR"in service in 1975wereassumedto have

beenretired. The newtechnologyaircraft shownin Reference2 wereassumedto be

newtechnology 3.-enginealrcraft. A moredetailed descriptionof the fleet projection

methodis presentedin AppendixB.

Far the expansivegrowthscenario, the grossnumbersof aircraft in each

categorywere taken from Reference2t Scenario5. Thesesourcedata had to be

An exceptionwasmadefor the 2-engine Narrow Body(seeAppendixB).
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Table 3.3-1

Aircraft/Operations Relationshipsfor CY 1975

EstimatedAnnuaI
Operations Aircarrier Aircraft

Aircraft Type at U.S. Aircarrier ,JetAircraft Produclivlty
AirpOrts(6) in Service(5) Factor*

Wide Body:

&-engine 123,379 96 1s285

2-/3-engine 464, 985 204 2,279

Narrow Body:

&-engine 1,065,635 622 1,713

3-englne 3t 225,566 790 41083

2-englne 3,389,325 528 6,419

TOTAL 8s268,888 21240.

New Technologies:

3-engine Narrow - - 4,083*w
Body

,JetSTOL - - 61419*_'

&-engineWide - - 11285"*
Body(1000 Pax)

*Number of AnnualOperationsPerformedby a SingleAircraft

= (Operations)
(Numberof"Aircraft)

*'Based on Operations/Aircraft for Existing Aircraft
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adjustedt hawevert becausethe categories were nat defined in sufficient detail for

this study. Far exarnpler in Reference2t 2- and 3-engine aircraft were combinedinto

one category and no distinction was made between complyingand noncomplyingair-

craft. The addff]onal infon'nation needed for thls fleet breakdownwasderived from

the relative percentagesof aircraft categories given in Reference 10 Amare detailed

descriptionof the rnethadsusedta develop the fleet projections for the expansive

growth scenarlo is also presentedin ApperiCllxB.

FARPart 36 Compliance

In addftian to specifyingthe number of each general aircraft type] the

numberof aircraft had ta be further categorized as either meeting or not meeting

1969 FARPart 36 nalse requirements. The FARPart 36 EISwasusedasa basisfor

thls dlstrlbuHansince eachaircraft category in the E]5 wasdivided into three categories:

aircraft that currently comply (meet 1969FAR Part 36), aircraft that donot comply_ and

aircraft that have been modified ta comply. Far this study_ it wasassumedthat the

"donat comply" and "modified to comply" categories represent thoseaircraft in the Fleet

in 1975 that did not comply (with 1969 FARPart 36). Forexpansivegrowth, a detailed

breakdownaf the numberof aircraft that meet 1969 FARPart36 in each year was not

available. Consequentlytthe numberaf "1975" aircraft in each year for the expansive

growthwasassumedto be the sameas the numberof "1975" aircraft in the moderate

growth case.

Introductionof New Aircraft

Asmentionedearller_ oil aircraft producedafter 1980were assumedta be new

typesar derivativesof exlsting designswhich meet the appropriatenoiserules, it was

assumedthat all af theseaircraft wouldremain in the fleet throughthe year 2000. Thust

any increase in numberof aircraft in the fleet Fromoneyear ta the next_ as indicated in

References1and 2s was attributedto the production of new aircraft duringthe interim

period. Thequestionstill remainedas to which of theseaircraft were producedaccording

to each of the proposednoiserules. The following scenariowas assumedta resolvethis

question.

3-19



• Three alrcroft designs(either nowor derivatlve)- _, _, andZ- were
assumedto account Forall new aircraft.

• X alwaysaccountsfor aircraft that meetthe 1975rules;_.Yaccountsfor

aircraft that meet the proposed1980 rule; andZ accountsfor aircraft

that meet the proposed1985rule.

• ]n the first periodthat a new or derivative aircraft type is produced_

comprisesall of the aircraft. ]n the next interimperiod_X comprises

one-half of that period'sproduction_andY accountsfor the rest. in the

third productionperiod, X, Y, andZ each compriseone-third of that

period'sproduction. Thisdistribution remainsconstantForoil subsequent

productionyears.

Thisscenarioprovidedfor introductionof newand derivative aircraft in compliancewith

increasinglystringentnoiseruleswhile permittingolder designsto remain in production

throughthe year 2000.

Thenumberof aircraft in the U.S. aircarrier fleet for each aircraft type and

technologylevel are tabulated by year and level of growth(moderateor expansive)in

Tables3.3-2 and 3.3-3. All aircraft shownin the rowslabeled "Wide Body_.engine

1000Passenger,""Narrow Body3-englne (Hew Technology)," and "STOL 150Passenger"

ere assumedto bene.__wtypesof aircraft while the numbersshownin the remainingrowsare

actual and derivative designsof the aircraft type indicatedby the respectiverow labels.

Only the "Narrow Body3-englne (New Technology)"new type designwasconsidered

for the moderategrowthscenariowhile all three new t_,peaircraft were assumedfor the

expansivegrowthfleet.

Figure3.3-1 illustratesan exampleof the distributionof technology levels

(i.e. _ noiserule applications) for the 4-engine Wide Bodyaircraft_ and derivative designsl

assumingthe moderategrowthfleet (Table 3.3-2) from 1975throughthe year2000. As

can be _eenin the Figure, the growthin the numberof aircraft from 1975 through1980

isassumedto be newproductionof the existlng aircraft designands assuch#theaircraft
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are requiredto meet the 69 PAR36 rule. The growth from 19B0through 19851

on the other hands is assumedto be newproduction rnadelsof a derivative of the

existing a_rcraft which wouldcomply with the 75 FAR36 rule,* Jt can be seen

that the growth of this pertlcular derivative designcontinuesthroughthe year 2000.

ThegrowthFrom19B5through 1990isassumedto be newproductionmodelsof tw__.oo

derivative designs,one mentionedjust prevlously_labeled X, and a newerone labeled

Y. The newerdesign, Y, is required to complywith the BOFAR36 proposedrule, if

it is in effeet (TechnologyLevel2). Otherwise, the 75 FAR36 rule applies (Technology

Level 1). It can be seenfrom Table 3.3-2 that half of the newaircraft"are attributed

to Xond the other half to ¥. The growthfrom 1990 through1995is assumedto be new

productionof three derivative designs, the two lust mentionedanda third labeled Z.

The derivative labeled Z is required to comply with the 85 FAR36 proposedrule if it

is in effect (TechnologyLevel 3). Otherwise, the 80 FAR36 proposedrule or the

7.5FAR36 rule applies, whichever is in effect. Thisnew growth inaircraft aswell

as the growthfrom 1995 through2000 isapportionedequally betweenthe_, Y, andZ

derivative designs.

A!rc.raftProductivity

]n orderto translate the numberof aircraft in the fleet into the numberof annual

operations, an aircraft productivity factor wasdeveloped for each aircraft type. This

factor wassimply the ratio for the numberof operationsperformedin 1975by each aircraft

type to the numberof aircraft of each type in service in that year. The numberof

aircraft in the Fleetwasobtainedfrom Reference5 and the numberot operationsperformed

by each aircraft during the year wasobtained from References6, 24 and25. The resulting

produetlvJtyFactorfar each a_rcraff type wasshownearlier in Table3o3-h

*It wasassumedthat the new type certification wasapplied for 6 years prlot to actual
productionandthus _tappearsas a lO-yeor time lag for the cornplianaeregulation
since the fleet estimatesare basedon 5-year intervals.
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Table 3.3-2

Number of A;rcraft in Fleet

Moderate Growth

Y_AR

Aft,craft Type Technology 1978 1980 1985 1990 1995 2000

1969RUJe ......
}975 Lula ......

Wide Body t988 Rulu ......
4-engine 1985 Rul_ ......

1000 Polsanger Noncompfy ......

Talal ......

1969_le 51 85 88 88 59 34
1978_Io -- _ 70 T08 _72 239

Wide Body 1980Rule _ _ _ 88 102 169
4-enQ_na 1988Rule .... 67 133

IVonc_mply 45 48 45" 48 * 48" 48 *

To/of 96 130 200 270 445 620

1969 RUle 904 264 264 264 162 60
t975 RUle _ _ 157 241 375 809

Wide Body 1980 _Jle _ _ _ 83 817 35T
2-/3-englna 1985 RUle .... T34 968

Noncoraply ......

To_al 804 264 491 588 888 I, 188

1969 RUle ......
1975 hulo ......

Nallow Body 1980 RUle ......
4-engfno 1988 Rule ......

Nonco_ply 622 454 98 * _ _

ToloJ 6,?2 454 98 _ --

1969Rule 218 381 381 881 272 163
1975 Rule _ _ 21 31 38 75

Na.ow BedI 1980 Rule _ _ _ 10 t7 53
3-engine 1985 /_le .... 7 43

N_eornp1y , 572 8_)0 397 w 293 '* 8 * 0
letal 790 881 799 715 342 334

1969kule .....
197,$Pule -- _ 367 443 881 898

Narrow 8od_' 1980PUle _ _ _ 75 163 222
3-eng;ne 1985PUle .... 88 146

(New Technof0gy) Iqoncomply ......

TOIOI _ _ 367 ' 510 798 958

1969Pule 48 27_ 278 271_ 254 230
1975PUle _ 8_ 188 282 44¢ 605

Na.ow fiody 1980PUle _ _ 160 258 419 580
2*englno 1985Pure _ _ _ 98 289 421

Noncompfy 480 463 486' 399 * 269 * 189 *

Total 888 766 1,049 It318 1,645 t,975

1969Rule ......
1975PUle ......

STOL 1980PUle ......
180 Posleng_t 1988Pule ......

Non¢c_ply ......

Total _ -- I -- _ _

IOIA L 2_240 2,495 2,934 3,486 4, )02 5,078

Modl[ied tu complywith th4 69 FAR36 rule. 3-22



Table 3.3-3

Numberof AircraFt in Fleet

ExpansiveGrowth

Y[AR

Allctaff Typ_ Technology 1975 I9R0 19R5 1990 1995 2000

1969Rule .... --
1976I_I_ -- -- "39 612 9_ 1,37

Wide _ody 1980Rule -- -- -- 30 5d 99
4-enolne 1985 RUlo .... 29 91

I0_O Pmlun0_t Noncomply ......

Toter -- -- 3? 98 183 307

1969RUl, 61 180 IB0 180 154 129
1978Rule -- -- 125 194 244 804

Wide Body 1980Rule _ _ -- 69 119 179
4-engine 1985Rule -- .... _0 I IO

Noncomply 45 45 45 * 45 45 45

Tolal 96 225 350 48.t 612 769

1969Rule 204 290 298 296 188 66
1978Rule -- -- 177 310 447 646

Wide Body t960 Rule -- -- _ 132 269 468
2-/6-engine 1985Rule .... 136 634

Noneomply ......

Total 204 290 467 732 I +040 I, $34

1969 RUle ......
1975 RUte ......

Norlow Body 198(] Rule ......
4-engine 1965Rule ......

Noncomply 622 454 9R _" -- -- --

Total 622 454 91] -- -- --

1969Rule 218 3R7 3U7 387 278 169
19/5 Rule -- -- 24 35 43 68

Nnrlow Body 1980Rule -- -- -- 12 20 45
3-engine 198,5Rule 1 1 1 8 33

Noncomply 5"72 500 397 * 893 * 8 * 0

Total 7913 887 ROB 727 357 315

1969Rule .......
1975Rule 1 l 277 370 429 485

Narlow Body 1980,%lu 1 __ __ 94 183 211
3-engine 1985Rule .... 59 117

(Now Technolog)t) No_complf ......

Total -- _ 277 464 640 RI3

1969Rule 48 263 2[_3 283 259 265
197-5Rule 1 25 108 217 437 5<4

Nalrow Body 1980pule I l 82 191 411 819
2-engine 19R5Rule .... 109 629 437

Noncompfy 480 463 426 * 399 * 269* 139 *

Total 626 991 899 I+199 I+705 _,874

1969Rule ......
1975RUlu -- l 39 166 273 401

STOL 1980RUt_ -- -- -- 127 283 661
150 Po_nge¢ 1986RulL_ .... 106 235

Noncomply ......

To_a] l __ 39 293 612 997
I

TOTAL I 2_240 2+627 2+977 4+001 5+149 6+607

it M_II FIid to complywith Ihe 69 FAR66 rule. 3-23



80O
I I I I I I

Q Aircraft producedin this category are subject
700 to the following FAR36assumptionsaccording

to the technologylevel assumptions.

TechnologyLevel FAR36 Rule
1 75 FAR36

600 2 80 FAR36
3 80 FAR36

Aircraft producedin thiscategory are subject
_=_ to the FollowingFAR36assumptionsaccording

=" to the technology level assumptions.
• 500
_" TechnologyLevel FAR36 Rule0

•_ 1 75 FAR36.<
2 80 FAR36

u; 3 85 FAR 36

.c 400 Note: _Q and Q represent¢:
a derivative designsof the baselineaircraft.

<

=. 300

E

Z

Produced to compl 1
200 with 75 FAR36

Producedto complywith
100 69 FAR36

Non_ Modified to Complywith
0 I aircraft I _ . 69 IFAR36 I I

1975 1980 1985 1990 1995 2000

Year Ending

Figure 3.3-1. Exampleof Distributionand Total Number of 4--engineWide BodyAircraft
in the U.$. Aircarrler Fleet Throughthe Year 2000 Assumingthe Moderate
Growth Scenario
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Annual Operations for Each AircraFtTyp.e

Usingthe productivity Factorsjust described, the total numberof annua)operations

performedby each aircraft type was estimated for each of the two growth scenariosby

multiplying the appropriate productivity faotor by the assumednumberof aircraft in the

fleet, shownin Tables3.3-2 and3,3-3, for each of the scenarios. The results showing

annual operations are tabulated in Tables3.3-4 and 3.3.-5.

Assignmentof Annual Operations to AVports

Thepercentageof annual operationsof each aircraft type at each AVport was

estimated by examining the operationsat each airport in each AVpert classForthe year

1975,6124_25 First_ the numberof operationsof each type of aircraft were estimated for

each airport. Nexb the total numberaf operations for each airaraff type was computedfor each

AVport class by summingthe operations fromall of the individual airports _neach AVport class.

Finally, each aircraft type in each AVport classwasassigneda percentagevalue in

proportionto the numberof operationsestimated, it shouldbe noted that 0.2 percentof

the 2-engine Narrow Bodyjet operationswereassignedto "other" airports. Theseairports

are thosewith lessthan 20 jet operationsper year andwere excluded Fromthis analysle.

Thesepercentagesare tabulated _nTable 3.3-6.

D/str|bution of Trip Lengthsand Day/Night Operations

The laststep in deve)opingthe AVport operationswas to providea percentage

d_strlbutionof the numberof aircraft operationsin the daytime period (0700-2200) and

nighttime period (2200-0700)t and to developan estimate of the percentagedistribution

: of trip lengthsfor each aircraft type. This wasdonein a straightforward fashionbasedon

_i the relative numbersof day and night operat|ons8' 17_18 for each stage length at the sample

airports in each AVport category. Thesedistributionsare shownin Tables3.3-7, 3.3-8

and 3.3-9.
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Table 3.3-4

Annual Aircarrler Jet Operations
Moderate Growth

Y[AR

Aircraft lype Technolooy 1975 1990 1965 I';96 1995 2600

1969 P_Jle ......

Wide _d/ 1975 Rulu .....
4._nOlne ]980 4.le .....

1000 pgtl_rt_ot 1985 /_ule .....

H 0_¢ornpl_' ......

_otal ......

1969 P_Jle _5_545 109,742 109_244 109,242 75,827 43,697
1975 Rule -- -- 691964 134A9.16 221f054 307 r 162

W;d_ 8ody 1960 Rule -- _ _ 44,962 131,C90 217, O98
4-anglne 1985 Rvlo .... 66, 108 _70,931

DIoncompl7 57,634 57,834 57,_4 * 57,834" 57,834" 57,834"

Tolal 123,379 167,076 257,040 347,004 571,913 496,892

1969 Pula 464,985 606745 601,745 601,745 369,253 13_,760
1975Ilule -- _ 357_856 049_321 854A752 I, t60,1_3

V/Jde _d)' 1960 I_ulo -- -- -- 189,IB_ 494,616 E00,048
2-/3-engine 1985 _le .... 305,43l 6lOt 863

Noncornply .....

Tnml _4_985 606745 959,601 1,340,251 2e024,052 7_707,854

1969 Rule ......
1975 Rule ......

Narrow Body 1960 _ule ......
4_enolne= I985 8ule ......

Ho_¢a_pI y 1,065_635 479,811 167,697' _ --

Total 1,065_636 777_611 167,897 -- -- --

1969 P_lu 690,092 1.555,620 1,555,620 1.505,620 I_II0,574 665_528
1995 Ruler -- _ 85,443 126.573 15_t 154 306,224

Nmlaw Body 1980 8ule -- -- _ 40,830 69,411 216,399
3.engl_'_ 1985 R_le .... 28,581 175,569

Non¢omply 9,335,472 2_O41,496 1,620_948 _ 1,198,317 _ 32,664 _

To_al 3,225,564 3,597,]16 3,262,211 2,919,340 1,396,364 1,363,720

1969 Rule ......

Narr©w Body 1970Rule -- -- 1,498,4_5 1,600,766 2, 168,069 4,4881966
3.er_gi_ 1980 Rule -- -- _ 206,254 665,528 906_ 484

(Nr_w Te¢hnoloo4) 1985 Pule .... 359,303 596_ 117

Nonc_mply ......

Total -- -- I_498,455 2,114,990 3,192,900 3,911,807 ;

1969 _h. 300, 120 1,764,831 1,784,531 t.784,551 1.650,471 I_476_411
1975 _ule -- 160,879 1,187,848 1,810,208 2,850,114 3,_83,608

Narrow Ik_X 1960 Rule -- -- 1,087_066 I_65¢_,417 8_689,638 3,723_ 122
8.o_gln_ 1985 l_le -- -- -- 629,079. 1,662,869 2_702_473

Noncomply 3_081_205 2_972,079 9,734,569* 2e561,881 T_726,756 _ 892_ 268_

Total 3_369,358 4_917_ 089 6_733,716 8,441_816 10_559,545 12_677_873

1969 Rulo ......

I975 P_le .....
5TOL 1960 Rul= ......

150 Pa_'.enoer 1985 /_tle ......

Nonco_pl_ ......

T_al ......

TOfAL 8,268_885 10,060,837 12,679,023 15, 169,801 17,744,794 41,457_776

Aircraft wele modified to comply with tt_ 69 FA8 26 rul_.
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Table 3.3-.5

Annual Aircarrier Jet Operations
ExpansiveGrowth

Y_A_

Ailcraff TyF_ rechn_lQ_y 1978 1900 1985 1990 , ]998 2000

1969 kule .....

Wide 8od_, 1978 Rule -- -- 50 tl83 87w393 128,879 176_072
,t-enQine 1980 J_e _ -- _ 88,856 74_841 127,235

1000 Passenger 1985 _ulo .... 37_271 91,849
r'loncotnply ......

ToIol -- _ 50,123 128,949 235,191 394_856

1969 Rula 'J" 68,545 23t,336 231,336 231,336 t97,920 165,99]
1975 _ute -- -- 160,650 249_328 313,888 390,700

Wide lady 1980 _le -- _ _ 88,679 152_93_ 230,050
4-englne 1985 _le .... 64f 268 t41,392

Noacor_p_y 57,834 87,1134 87,834* 89,834 * 57,884* 57,8114'

Total 123,399 289,170 449_820 627,177 78_,1141 988,;'47

1969 _ule 464s 981] 661,0_8 661,008 661, _08 4118_516 196_0_3
1975 I_le -- -- 403,/43 706,595 I, 018,864 I_ 472t 458

Wide Body 1980 _le -- _ -- 300p873 613,148 1,066,730
2.,/'J- engh_e 1985 _Je .... 3098990 76t_299

NoncompJy ......

Total 464,981] 661,(X_8 J_O64_451 1,660,476 2.370,512 3,496,504

1969 F_le ......
1995 Rute ......

Nartmv Body 19110Rul* ......
4*engrne 1988 RuJ= ......

Noncc,mpJy Iw0¢*JSt538 _tSII Ig, 691" -- I --

Total 1,065_ 635 T/9, 8 [I 167e 897 _ i --

1969 Rule 890,092 It 1180_118 1,880,118 1,1180, t 18 I, 138_072 69Oj0116
1928 Rule _ _ 97_998 142,908 178_869 _77_643

Narrow _y 19110Pule -- _ _ 48,996 81_6_0 183,738
3.englr,= 1988 _t_ .... 32_664 t34,739

Non¢omply 9,3115,472 2_ 04l, 496 1,620_948 * 1_196,317 * 32_664 * i

rmal 8_225,564 3,6111,614 3,299,058 2_968,336 I, 4117_629 t,886, 143

t969 ._1= ......

Narlow _y t995 R_[e -- _ 1_130_989 1,810_707 1_747,881 1_980,251
8-engln_ 1980 _ull I _ -- 383,801 624_ 698 861,811

(N[*w Technoh>_y) 19_$ _,_le .... 240_897 477_710

Nonc_mpl_" ......

Total -- _ 1,180,989 1,894,808 8,613,1)6 3,319_492

J 1969 _ul_ 308,120 1_816,627 ?_816_687 t,816,6_7 1_668,867 t,508,506
1975 _ule -- 160_479 693_271 I_392,961 2_808_ 180 3,498_ 038

NafcawBody 980_11 -- _ 8_6_372 i 1,826,063 8_638_281 3,331_8112
2-englne t985_Jle I -- J 6119,690 2_JIl_909 I 2_888.180

Nancc_nply 3_081_805 2,97_079 2,9_4,569" I 2,561,251" 1_726_788" 892_268"

Total 3_1189,3._8 4_949, 185 5,7_0,839 7,696,892 10,944,698 ]2,029,535

1969 _1= _

1975 Rufa _ _ 280,348 1,065,583 1,752,431] 2,574,098
STOL 1980 Ruf_ _ _ _ 818_235 l_495,868 2_317,323

IS0 ,_lle*_ger 1985 _l/ .... 680_ 4113 l*SOB_SO6
Nar_comply ......

l_t_l _ ,,ll _ 2110,348 I_ 880, 818 3,928,536 6_399,919
TOTAL 8,268,88_ 0,298,788 12_183, 8.'_5 16_861,856 22,836,220 27_911,876

.R

Air_t=ft we_ modl/Jed to ¢_ply wllh the 69 FAR 36 rule.
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Table 3.3-6

Percentof National Operations in
Each AVport Category

AVport Category

,,Aircraft Type, , A B C-1 C-2 Others

Wide Body:

4-englne 88.8 11.2 - - --

2-/3-englne 57.1 41.5 I. 3 0.1 -

Narrow Body:

4_engine 56.3 43.7 - - -

3-engine 31.9 57.1 7.4 3.6 -

2-englne 17.5 56.9 3.9 21.5 0.2

New Technologies:*

3-engine Narrow Body 31.9 57.1 7.4 3.6 -

Jet STOL 17.5 56.9 3.9 21.5 0.2
(150 Passenger)

4-engine Wide Body 88.8 11.2 - - -
(1000 Passenger)

,k

Basedondistributionsforaircraft in the existing fleet flying similar missions.

3_28



Table 3.3-7

Fraction of Alrcraff Takeoffsand Landingsin EachTrip LengthCategory AVPORT A

Aircraft Type rlrne* Trip Length (Nautical Miles) I

g

0 500 1000 1500 2500 3500 4500
LDGS 500 1000 1500 2500 3500 4500 +

Wide Body
D 0.859 0.033 0.054 0. 105 0.329 0.166 0. ] 15 0.058

4-engine(1000 Pax) N 0.141 0.007 0.015 0.065 0.0,14 0.022 0.011 0.006

D 0.859 0.033 0.054 0.105 0.329 0.166 0.1,15 0.058
4--engine N 00,141 0.007 0.015 0.065 0.0,14 0.022 0.011 0.006

2-/3-engine D 0.828 0. ,100 0.173 0.130 0.336 0.074 0.009 0.007N 0.172 0.021 0.041 0.063 0.038 0.005 0.001 0.002

co
' Narrow Body
•o D 0.745 0.215 0.,160 0.063 0.204 0.050 0.050 0.009

4-engine N 0.255 0.074 0.042 0.009 0.085 0.028 0.01,1 0

3-englne(New Tech) D 0,877 0.541 0. 153 0. 170 0.014 0 0 0N 0. 123 0.064 0.034 0.020 0.004 0 0 0

D 0.877 0.541 0,153 0.170 0.014 0 0 0
3-engine N 0,123 0.064 0.034 0.020 0,004 0 0 0

D 0.910 0.7]5 0.175 0.019 0.001 0 0 0
2-englne N 0.090 0.062 0.026 0,002 0 0 0 0

STOL
D 0.910 0.715 O.175 0.019 0.001 0 0 0

150 Passenger N 0.090 0.062 0.026 0.002 0 0 0 0

D desJgnatesdaytime period (0700-2200 hrs)_ N designatednlghttlrne period (2200-0700 hrs),



Table3.3-8

Fraction of Aircraft Takeoffsand Landingsin EachTrip LengthCategory AVPORTB

Aircraft Type Time Trip Length(Nautical Miles)

0 500 1000 1500 2500 3500 4500
LDGS 500 1000 1500 2500 3500 4500 +

Wide Body

4-englne(1OOOPax) D 0.824 0.525 0.001 0.275 0.006 0 0 0.004N 0.176 0.103 0.000 0.084 0.001 0 0 0.001

4-engine D 0.824 0.525 0.001 0.275 0.006 0 0 0.004N 0.176 0.103 0.000 0.084 0.001 0 0 0.001

2-/3-englne D 0.734 0.265 0.431 0 0.038 0 0 0.001
N 0.266 0.015 0.250 0 0 0 0 0

H_arrowBody
D 0.808 0.337 0.269 0.131 0o071 0.006 0 0

6-engine N 0. 192 0.081 0.045 0.036 0.014 0.010 0 0

3-engine (New Tech.) D 0.885 0.585 0.237 0.041 0.023 0 0 0N 0.115 0.073 0.027 0.011 0.003 0 0 0

D 0.885 0.585 0.237 0.041 0.023 0 0 0
3-engine N 0.115 O.073 0.027 0.011 0.003 0 0 0

2-englne D 0.890 0.760 0.123 0.002 0.005 0 0 0N 0.110 0.093 0.014 0.002 0.001 0 0 0

5TOL

D 0.890 0.760 0.123 0.002 0.005 0 0 0
150 Paisenger N 0.110 0. 093 0.014 0. 002 0. 001 0 0 0

,,. i



L£
-f

_

i-

•
0

0
o
_

_
•

o
_

n
x

o

-.
_

>
Z

o
Z

O
Z

o
Z

o
Z

o
zO

zo
zo

_-
_.

B

g
_

_,
_

_,
oo

o
oo

oo
o
o

oo
_-

t
n

o

-
o

g
_

-

0
0

O
0

0
_
0

0
O
C
_

_
0

_
"

-
0 c_

N
_

g
n

O
0

O
0

O
0

O
0

(
D
O

O
0

O
0

O
0

O
0

-
-

O
0

_
0

o
o

O
0

o
o

o
o

o
o

o
o

o
o

o
o

o
o

O
0

0 3O C
_

t
n
t
n

O
0

O
0

O
0

O
0

O
0

C
)

O
O
0

O
0

O
0

O
0

O
_

O
0

O
_

O
0

O
0

O
0

O
0

÷
0 0



Estimating OperaHonson the BusiestAVport Runway

Since each of the model airports used Foranalysis in this study consistedoFonly

one runway, it was not always reasonableto place all the operationsassignedto the

average airport on the single runway. Forexamplet AVport A representsthe larger

airports in the country, mostof which have more thanone runway. "1"oplace oil the

airport operationson one runway would result in unrealistic noisecontours. This potential

difficulty was overcome by using the average numberof operationson the busiestrunway

for the sampleairports in each category to modelthe no_seexpmure at the AVport. The

resultsobtained from this busy-runway analysis were then scaled up to reflect the impact

due to all operationsat the averageairport. By usingthis busy-runway concepts it was

possibleto limit the numberof operationsan the model runwayto a predetermined maximum
7

which wasdefined by capacity restrictionsfor a single runway.

The aircraft operationsnumbersfor the AVportswere foundby multiplying the

annualoperationsshownin Tables3.3-4 and 3.3-S by the percentagesin Tables 3.3-6

and 3.3-7 through3.3-9 and then dividing that by the numberof airports in the AVpart

class. TheseAVport operationswere then adjustedto reflect busyrunway operations.

3.4 Noise Data

3.4. 1 Regulatory Action

The regulatoryactions pertinent to this study, given in chronological order, are

as Follows:

1. On 18 November 1969, the FAA publishedtheir basicrule, Federal

Aviation RegulationsPart 36 (identified herein as 69 FAR36) on noise

measurementand evaluationstandards,compliance noise levelss and

certification testprocedures.
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2, On 26 October 19731FAA publisheda rule (Amenc_ent 36-2) that

newlyproducedairplanesof older type designsmustcomplywlth the

noise level requirementsof 69 FAR36.

3. On 28 March 1975t the FAA publishedthe EPA'sproposedrule for

Civil SupersonicA_rplanes. Laterproduction or derived versionsof

current SSTtypeswouldbe requiredto complywith 69 FAR36. Future

SSTtypeswouldbe obliged to meet the FAR36 requirementsJneffect

on the date of application of the type certificate.

4. On 12 February19761the FAA publishedthe EPA'sproposedrule which

would require that nocivil supersonictransportcategory airplane may

operate from an alrport in the United Statesunlessthat airplane complies

with 69 FAR36,

5. On 28 October 19761the FAA publ|shed the EPA'srecommendations

for rev|sians to FAR36 which wouldrequire noisereductions for new

type designaircraft beginnrng In 1980 and again In 1985 (identified

here_nas 80 FAR36and 85 FAR361 respectively).

6. On 23 December1976_FAA publishedthe newretroflt/replacement rule

(Amendment91-136) which wouldrequlre all exlstlng aircraft to comply

wlth the 69 FAR36 noise level requlrementsby the year 1985.

7. On 3 March 1977_ the FAA publishednewrequirementsfor FAR36

(Amendment36-7)1 the newcompl|aneenoiselevels_applicable to

newtype designaircraft an or after 1975 (identified hereinas 75

FAR36), Thls aationresultedfromFAA NPRM75-37 published

5 November1975.

The noiselevel requirementsfor the different FAR36scenariosidentified above

are presentedgraphically in Figure3.4-I for the takeoff configurationand in Figure3.4-2

for the landing configuration.
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I 69FAR36,

/ ;"FAR36 ............

:J °/- ....
•-_ / o,_ , ' ,,i_ ' ...... i:

'; 2 /
w_l=_,.,,..._ " routFAR36_" _h_(1000/b=" 300 / /

•_. 'vOlse RVlo._:+ +i SO0 I

_._, ........ _._..... _'_'_'_"-'_'_ rowLa_dlng Cei,HflaOfio_" I000



3.4.2 Noise Scenarios

Threescenariosinvolvingthe time-phasedimplementationof the BOFAR36

and 85 FAR36 proposedrules were examinedasa part of th_sstudy. Firsf_ if was

assumedthat the proposedrules wouldnot be implementedat all and that 75 FAR36

would provide the noiserequirementsfor futureaircraft throughthe year 2000. This

casewas labeled "TechnologyLevel I." Second, if wasassumedthat 80 FAR36 would

becomeeffective in 1980and would remain in effect throughthe year 2000. Thisscenario

was called "TechnologyLevel2." Finally_ the third assumptionwasthat both the proposed

80 FAR36 and 85 FAR36 ruleswouldbe promulgatedthusrequiring further noise

reduction Fornew aircraft after 1985throughthe year 2000. :Thiscasewaslabeled

"TechnologyLevel 3." An additionalscenariowasexamined, "TechnologyLevel 3A," in

which all aircraft in the year2000 were assumedto complywith 85 FAR36. While it

may not be realistic to assumethat all aircraft will meet85 FAR36 in the year 2000,

the caseprovidesan indication of what might be achievedat somedate farther into

the future.

The follawing presents,in outline f.orm_by technology level and year, the

time-phase relationshipsof"the four scenariosjust discussedincluding the baselinecase

for the year 1975. The portionof the fleet to which each noiserule appliesis defined

for each year.

• Baseline

1975Only: Actual Levels(i.e._ existingaircraft noiselevels)

• TechnologyLevel 1

•1980 Aircraft Noise Levels

• Current FAR36 Types: Actual Levels

. 80% CurrentNon FAR36Types: Actual Levels
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• 20% Current Non FAR36 Types: 69 FAR36 Levels*

• New Types (Post1975): 75 FAR36 Levels

• 1985-200C

• Current FAR36 Types: Actual Levels

• Current Non FAR36 Types: 69 FAR.36 Levels *

• New Types (Post 1975): 75 FAR36 Levels

• Technology Level 2

• 1980 A_rcraFt Noise Levels

• Current FAR36 Types: Actual Levels

• 80% Current Non FAR36 Types: Actual Levels

• 20% Current Non FAR 36Types: 69 FAR36 Levels *

• New Types (1975-1980): 75 FAR36 Levels

• 1985-2000

• Current FAR36 Types: Actual Levels

• Current Non FAR36 Types 69 FAR36 Levels*

• NewTypes (1975-1980): 75 FAR36 Levels

• New Types (Post 1980): 80 FAR36 Levels

• Technology Level 3

• 1980 AircraFt NoiseLevels

• Current FAR36 Types: Actual Levels

• 80% Current Non FAR36 Types: Actual Levels

• 20% Current Non FAR36 Types: 69 FAR36 Levels*

• New Types(1975-1980): 75 FAR36 Levels

_r

Equivalent to application oFFAR Amendment91-136 (Retrofit Rule).
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• 1985

. Current FAR36 Types: Actual Levels

• Current Non FAR36 Types: 69 FAR36 Levels*

• New Types(1975-1980): 75 FAR36 Levels

• New Types (1980-1985): 80 FAR36 Levels

• 1990-2000

• Current FAR36 Types: Actual Levels

. Current Non FAR 36Types: 69 FAR36 Levels*

• New Types (1975-1980): 75 FAR36 Levels

• NewTypes (1980-1985): 80 FAR36 Levels

• New Types (Post1985): 85 FAR36 Levels

3.4.3 The Noise Metric

Theaircraft noise data for thisstudyare expressedas Effective Perceived

Noise Levels (EPNL)to facilitate direct comparisonsbetweenaircraft noiselevels

and the FAR36 requirements. TheJ:ompesitenoisemetricusedto expressthe final

resultsIs the Day-Night SoundLevel (Ldn)end isestlrnotedaccordingto the fallowing
formula:

Ldn _NEF+35 , d8
where

NEF = Noise ExposureForecast

as definedin Reference19. EPNLis the basicsingleevent noisemetricusedin the

computationof NEF.

Theaircraft noisecurvesdevelopedfar this studyoreshowngraphically in

AppendixC.

Equivalentto application oFFARAmendment91-136 (Retrofit Rule).
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3.4.4 Developmentof Aircraf_ Noise Characterlstlcs

In orderto estimatethe effect of the previously describedrules and their

associated implomentat[on schedules, it was necessaryto develop noise data for

the aircraft belng considered. The alrcreff consistedof five generic types as listed

below:

• 2-engine Narrow Body

• 3-englne Narrow Body

e 4-englne Narrow Body

• 2-/3-e_qglne Wide Body

• 4-engine Wide Body

The remainderof this sectiondescribesthe method by which the noise level

omissionchameterlstrcsore estimatedfor future aircraft"as well as for presentalrcmff

required to complywith noiselevel regulationsat sometime in the future. Briefly,

the methodconsistsof systematicallymodifying the bestavailable noise"level infor-

mation for existing aircraft to conformwith future noise level regulations.

The first stepis to obtain the bestavailable data for the olreraft in question.

Whereverpossible,manufacturer'sdata are usedto representcurrent condltions.

Table 3.4-1 enumeratesthe presentlyoperatlng aircraft which are represeniativeof

the above generic classesand Identifies the aircraft chosenas a basisfor the

noiselevels used in thlsstudy.
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Table 3.4-1

Identification of Currently' Operating A_reraft Whose
Noise Characteristicswere Assumedfor Generic Afforaft Classes

Aircraft Representative Noise
Class Aircraft Baseline

2-engine Narrow Body 737/DC-9 DC-9

3-eng|ne NarrowBody 727 727

4-engine Narrow Body 707/DC-8 707

2-/3--engine Wide Body A30OB
DC-10/L1011 DC-1O

4-engine Wide Body 747 747

References9e 10, 11r 12t 13

The noisecharacteristicsfor the aircraft identified in Table 3.4-1 were

mod[fied_ usingthrust interpolatlon_into five nolse-thrust-distancecurvesfor each

aircraft andwere consideredto be the "baseline" or "actual" noisecharacteristicsfor

each class. The thrustconditionsfor each of the five curvesare listedbelow:

TOT - Takeoff Thrust

MCT - MaximumClimb Thrust

CBT - CutbackThrustforALPA/NWA Max. Cutback Procedure

APT - ApproachThrust

LDT - LandingThrust
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The secondstep isto determinewhether "baseline" noise level data can be

usedas-is for future conditionsor whether the existing data have to be modified first.

To make this determination the FAR 36 certification levels for the takeoff and land!.r.r.r_

positlom are comparedto future requirementsbeing considered. If the measuredok-

croft soundlevels at the two certification positions are at or below the future certifi-

cation requlrements_the noise level curvesare not modified. However, if the noise

levels at the certification positionsare above the future certification requirements,

then the baselinenoise' level curves have to be adjusted. Table 3.4-2 quantifies the

relationship between the "actual" noise levelsl at the takeoff and landing certification

positions, for the aircraft chosento representthe classesshown in the table. Also

glvent are the adjustment factors which were usedto modify the baselinenoise levels

to future conditions.

The third step is to develop adjusted noiselevel vs distancecurvesfor future

aircraft in the event that baselinedata are not suitable. The baselinenoise level

versusdistancedata for the certification powerconditions are comparedto the future

noise level certification requirements. The amountby which the currentnoise levels

exceededthe future requirementsis thensubtractedfrom the baselinenoise level vs

distancecurvesat oil distances. Adjustmentfor takeoff and landingnoise level curves

are notusually identical andare developedindependently.

To adjust the baselinenoise level vs distancecurves for enginepowerconditions

otherthan certification powercondltlonsr a morecomplicatedadjustmenttechnique
Is used,

Frgure3.4-3 is providedto help Illustrate thls adjustmenttechnique. Curves

Blt B2t and B3 representthe baselinenoisecurvesand curvesF], f2' and F3 represent

the nolse curvesdevelopedfor future aircraft. Curves B3t andF3 representnoisecurves

¢
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Table 3.4-2

Relationshipof BasellneNoise Levels to 69 FAR36 Requirementsand
AdjustmentFactorsfor Compliancewith Future Regulations

Aircraft Max. EAR 36 Baseline (_ _ 6 A
Class TOGW Condition Limit Values ! 69 FAR36 75 FAR 36 80 FAR36 85 FAR36

(KL8) (EPNdB) iEPNdB) (EPNdB) (EPNdB) (EPNdB) (EPNdB)

N.B. (I) 114 T/O 96.0 96,0 0 - 6.6 - 6.3 -10.32-eng. LDG 103.2 107,0 - 3.8 - 7.8 -11.6 -14.6

N.B. (1) 190 T/O 99.0 101.2 - 2.2 - 5.8 - 8.9 -12.93-eng. LDG 104.4 108.2 - 3.8 - 7.5 -11.2 -14.2

N.B. (1) 325 T/O 103.7 113,0 - 9.3 -12.5 -17.9 -21.9*3 4-eng.
LDG 106.3 116.8 -10.5 -14.6 -18.2 -21.2

W.B. (2) 550 T/O 107.2 103.7 0 - 2.2 - 5.8 - 9.82-/3-eng. LDG 107.7 ]03.0 0 0 - 2.8 - 5.8

T/O 108.0 107.0 0 - 1.5 - 7.3 -11.3
4-eng. W.B. (2) 785 LDG 108.0 104.0 0 0 - 2.7 - 5.7

(1)Reference 1.

{2)Reference14.
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far powercondffians not"usedduring certification. Curves F1and F2 represent

noisecurvesfor future aircraft at certification powerconditionsand are developed

by shifting B1, and B2 as describedpreviously.

Curve F3 is the new noise level curvethat ultimately resultsFromthe adjustment
procedure. Thiscurve is constructedas the locusof points calculated for d_stances

LF3

Dt by the formula

LF3 =(Y'_/ (YF) + LF1 (3.4-I)

This equation expressesmathematically that the position oFcurve F3 relative to curves

F1 and F2 shouldbe similar to the positionof curve B3 relative to curvesB1 and B2.

Note that since LF3= LF1 + XFI equation {3.4-1)reduces to

XF _ ×B

-s,7--v7 (3.4-2)
Thisequation showsthe proportional relationshipbetweenthe relative positionsof

the set of baseline curvesand the relative positionsof the set of derived curves.

Equation3.4-1 is equally val|d for usein estimatingdata [or future aircraft at all

powerconditionsas longasXB is defined as LB3- LB1"

3.5 Aircraft Performance

3.5.1 Aircraft PerformanceScenarios

Fourcombinationsof three different takeoff proceduresand three different

landingprocedureswere usedfor thls study. Theseproceduresare defined as follows

andwill be describedin the following section.
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• Baseline(1975 Only)

Departures: AC91-39 (Figure 1of Reference15)

Arrivals: 1500ft. Intercept, 3~deg. Angler Max. Flaps

e ProcedureLevel 1

Departures: AC91-39 (Figure 1of Reference15)

Arrivals: 1500 ft. intercept, 3-deg. Anglel Min. Flaps

• ProcedureLevel 2

- Departures: ALPA/NWA Max. Cutback (Figure 2 of Reference15)

Arrivals: 3000 ft. intercept, 3-deg. Angle, Min. Flaps

• ProcedureLevel2A

Departures: ALPA/NWA Min. Cutback (Figure 5 of Reference 15)

Arrivals: 3000 ft. Intercepb 3-deg. Angle, Min. Flaps

3.5.2 Descr!ptlonof Aircraft Operating Procedures

Takeoff

The fallowingparagraphsdescribethe "AC91-39" takeoff procedure(Baseline

and ProcedureLevel 1)illustrated in Figure3.5-1. Thisprocedure, definedgenerally in

Reference27, isadopted, for thisstudy, fromthe interpretation in Reference15.

FIRSTSEGMENT (ROLL& INITIALCLIMB)

OAB Brake release; takeoff roll with takeoff thrust (TOT); rotate and climb

to 35-ft. height above airport (HAA); and accelerate to V2 keas.*

BB" Retractgeor_ climb to 400ft HAA; andaccelerate to V2 + 10 (+) keas.

*knots equivalent air speed
(+) indicatesspeedacceleration beyondV2 + 10 keasif pitch attitude limited, or to

enable a lesserflap setting during secondsegmenbor if approvedfor practical or
soFetyreasons.
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-- lO,O00 ff

Third Segment
• Flap Retraction
• Acceleration to 250 keos
. NormalClimb (MCT)

000 ft
SecondSegment

. ThrustReducl'ion(MCT)
• Partial Flap Retraction

(SpeedPermli'tlng)

First Segenent
• Roll

B' 400 ff . [nltlal Climb (TOT)
35 ft . Gear Retraction

Airport"Elevation

Figure3.5-1. AC91-39 Flight Profile Illustration
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B'C Climb to 1500ft HAA with:

• Thrust = TaT,
• Speed = V2 + 10 (+) keasl
• Flaps = takeoff,
• Gear = retracted.

SECONDSEGMENT (THRUSTCUTBACK)

C At 1500Ft HAAr maintain speed_reduce thrust to maximumclimb

thrust (MCT), and performpartial flap retraction if speedpermits.

CD CIhnb to 3000 ft HAA with:

• Thrust : MCT_
• Speed : V2 + 10 (+) keas,
• Flaps = takeoff or partial retraction if

speedpermits,
• Gear = retracted.

THIRDSEGMENT (NORMAL CLIMB)

D At 3000 ft HAAI maintain MCT, retract remaining Flapsper Flap

retraction schedule, and accelerate to 250keos with 500 to 1000fpm

rate of climb.

DE Climb andaccelerate to 250 keaswith:

• Thrust = MCT_
• Speed = V2 4-10 (+) to 2.50keas,
• Flaps = retract,
• Gear -- retracted.

E Whena speedof 250 keasand flap retraction are achieved, maintain

MCT and initiate normalclimb schedule.

EF Climb to 10,000 ft HAAwlth:

= Thrust = MCT_
= Speed = 250 keasr
• Flaps = retracted_
• Gear = retracted.

(+) indicates speedacceleration beyondV2 + 10keasif pitchattitude llmitedt or to
enable o lesserFlapsetting duringsecondsegmenhor if approvedForpractical or
safety reasons.
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F At 10000 ft HAA, continue climb at 250 keasor reduce thrustand

proceed in horizontal flight at 250 keas.

The following paragraphsdescribethe ALPA/NWA Max. Cutback takeoff

procedure* (ProcedureLevel 2) illustrated in Figure 3,5-2.

FIRSTSEGMENT (ROLL & iNITIAL CLIMB)

OAB Brake release; takeoff roll with takeoff thrust (TOT); rotate andclimb

to 35 ft height abovealrpart (HAA); andaccelerate to V2 keas.

fiB' Retractgear; climb to 400 ft HAA; andaccelerate to V2 + 10 keos.

B'C Climb to 1000 ft HAA w_th:

• Thrust -- TOT,
• Speed = V2 + 10keas (orgreater if approved)t
• Flaps = takeoff_
• Gear = retracted.

SECOND SEGMENT (THRUSTCUTBACK)

C At 1000 ft HAA lower noseand accelerate to zero flapsspeed(VZF)t

retract flaps per schedule, maintain TOT and a pitch attitude within

I/2 initial value plus0 to 3 degreesand a rate af climbnot lessthan

500 fpm.

CO* Climb andaccelerate to VZF with:

• Thrust = TOT,
• Speed = V2 + 10 to VZF keasl
• Flops = retract_
• Gear = retracted.

C' Whena speedof VZF and flap retraction are achieved_ reduce thrustto

the greater outbackthrust (CBT) that will give a rate of climb of 1000fpm

or the following positiveclimb gradientsif one engineshouldbecome

inoperative:

*ALPA/NwA Max. Cutback refersto a compositeof powercutback proceduresproposedby
the Air LinePilots Association(ALPA)and Northwest Akllnes (NWA) and interpreted In
Reference 15,
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10,000 ff

Third Segment
. ThrustIncrease (MCT)
• Acceleration to 250 keas
• Normal Climb

,000 ft

SecondSegment
• Flap Retraction

C' . Acceleration
. ThrustReduction(CBT)

1,000 ft --

First Segment

B' 400 ft . Roll
Initial Climb (rOT)

35 ft . Gear Retraction
0 Airport Elevation

Figure 3,5-2. ALPA/NWA Max. Cutback Flight Profile Illustration



• Twoengineaircraft = 1.2 percent,
• Three engineaircraft = 1.5 percent,
• Fourengineaircraft = 1.7 percent.

C'D Climb to 4000 ft HAA with:

• Thrust = CBTI
• Speed = VZF keas,
• Flaps = retracted_
• Gear = retracted,

THIRDSEGMENT (NORMAL CLIMB)

O At 4000 ft HAA, gradually increasethrust to maximumclimb thrust

(MCT), andaccelerate to 250 keoswith 500 to 1000 fpmrate of c_[mb.

DE Climb and accelerate to 250 keeswith:

i • Thrust = CBTto MCT,
• Speed = VZF to 250 keas_
• Flaps = retrocted_
• Gear = retracted.

E When a speedof 250 Leasanda thrustof MCT ere achieved, initiate

normal climbschedule.

EF Climb to 10000ft HAA with:

• Thrust = MCT,
• Speed = 250 keas,
• Flaps = retracted_
• Gear = retracted.

F At 10000ft HAA, continue climb at 250 keasor reducethrustand

proceedin horizontal flight at 250 keas.

The following paragraphsdescribethe ALPA/NWA Min. Cutback takeoff

procedure(ProcedureLevel2A) illustrated in Figure 3.5-3.
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Third Segment
• Accelerai'lonIo 250 keas
• Normal Climb

E

000 ft

SecondSegment
• Flap Retmctlon

C' . Acceleratlon
• ThrustReduction(MCT)

CI 000 ff
First Segment

• Roll
B' . Initial Climb (TOT)

ft . Gear Retraction

0 Airport Elevation

Figure 3.5-3• ALPA/NWA Min. CutbackFlight Profile111ustratlon



FIRSTSEGMENT(ROLL & INITIAL CLIMB)

GAB Brake release; takeoff roll with takeoff thrust (TOT); rotate andclimb

to 35 ft height above airport (HAA); and accelerate to V2 keas.

BB' Retract gear; climb to 400 ft HAA; and accelerate to V2 + 10 keos.

B'C Climb to 1000 ft HAA with:

• Thrust =TOT,
• Speed = V2 + 10 keas(or greater iF approved)
• Flaps = takeoff,
• Gear = retracted.

SECOND SEGMENT (THRUSTCUTBACK)

C At 1000 ft HAA, Iower noseandaccelerate to zero flaps speed(VZF),

retract flaps perschedule,maZntainTOT and a pitch attitude within

1/2 initial valueplus0 to 3 degreesanda rate of climb not lessthan

500 fpm.

CC_ Climb and accelerate to VZFwith:

• Thrust = TOT,
• Speed = V2 + 10 to VZF keas,
• Flaps = retract,
• Gear = retracted.

C _ When a speedof VZF and Flapretraction are achieved, reduce thrust

to maximumclimbthrust(MCT).

C_D Climb to 4000 ft HAA with:

• Thrust = MCT,
• Speed = VZF keos,
• Flaps = retracted,
• Gear = retracted.

THIRD SEGMENT(NORMALC LIMB)

D At 4000 ft HAA, maintain MCTand accelerate to 250 keaswith 500 to

1000fpmrate of'climb.
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DE Climb and accelerate to 250 keas with:

• Thrust = MCT,
• Speed = VZP to,250 keas,
• Flaps = retracted,
• Gear = retracted.

E When a normal speedof 250 keasand a thrust of MCT are achieved,

initiate normal climb schedule.

EF Climb to 10000ft HAA with:

• Thrust = MCT,
• Speed = 250 keasl
• Flaps = retracted,
• Gear = retracted.

F At 10000 ft HAA continueclimb at 250 keasor reducethrustand

proceed in horizontal flight at 250 keas.

Landing

The following paragraphsdescribethe parametersmentioned in the previous

definition of the three landing proceduresusedin thisstudy.

• 1500ft and 3000 ft intercept refers to the height above the airport at

which the descent along the final glldeslope is initiated.

• 3-deg. refers to the final glideslepe angle.

• Min. and Max. Flap refer to minimumand maximumcertified flap

settings for landing configuration for the aircraft involved.

For this study, all landing operationswere handled, conceptually1 in the samemanner.

Figure 3.5-4 graphically illustrates the proceduresused. Briefly, the aircraft descend

fromsome higheraltitude to the intercept altitude at a 500 ft/naut]cal mile (= -4.7 °)

rate and flaps set to "maneuver" position. Level flight is maintainedat the intercept

altitude until the final glideslope is intercepted. Prior to intercepting the final glideslope,

flaps are extended to the "approach" position. Descent along the final glideslope is

begun at the point of intersection with the intercept altitude. At 1000feet above
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olrport level the flops ore extended to the full "landlng" posltion. The descentalong the

glldeslopeis maintaineduntil touchdown.

i_ofluevar

Flap/._
Approach / 4,70

Flap , _'_____
Landing /'f l '- _-_

Flap _, __ __ Intercept

,J 3° i000_ AIti rude_ l
Runway _ {'

-_ Flap TransitionPoints

Ffgure 3.5-4. Typical LandingProfile Usedfor All Aircraft at All AVports
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3.5.3 Developmentof Aircraft PerformanceData

Theprimary sourcesof data onaircraft performancewere References9, 10,

11, 12_and 13. The computationalproceduresusedto computethe specific fl;ght

performancedefinitionswere derived fromReferences20 and21. The following

paragraphsdiscussthe computationalproceduresusedand are followed by specific

discussionsfor each of the departure andlandingscenarios. Table 3.5-1 identifies

the specific aircraft whoseflight characteristicswere usedas representativeof each

aircraft classification.

Table 3.5-1

RepresentativeAircraft for PerformanceBaseline

Aircraft Performance
Class Baseline

2-engine Narrow Body 737/DC-9

3-engine Narrow Body 727

4-engine Narrow Body DC-B

2-/3-engine Wide Body DC-10

4-englne Wide Body 747

ComputationalMethods

Wherecalculationsof aircraft aerodynamicperforrnoncewere requiredt the

following formulawasused:

T D 1.69 clV
-- = sin F)

_--_ cosFJ- g dt
where

T = Total Net Thrust , Ibs

W = Aircraft Weight , Ibs
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D/L = Drag to Lift Ratio

V = Velocity , knots

g = Acceleration of gravity , ft/sec2

= Climb Angle r radlans

Aircraft Performance Data

For the AC91-39 takeoff procedure(ProcedureLevel 1) the performancedata

containedwithin the Wyle IntegratedNoise Modelcomputerprogramwere used(this

programis discussedin Section3.8). Usingthe above equation, the performance

characteristicsfor the ALP._/NWA Max. Cutbackand ALPA/NWA Min. Cutback

procedures(ProcedureLevels2 and2A, respectively)were derived from the performance

data containedIn the Wyle IntegratedNoise Model (INM).

AppendixD containsgraphical descriptionsof the aircraft takeoff performance

data used far this study.

Table 3..S-2 describesthe landingparametersgeneratedfor maximumand

minimumflap settingsusedin this study,and definesthe assumedFlapsettings

for each aircraft category.
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Table 3.5-2

LandingParametersAssumedfar EachAircraft Class

THRUST FLAPS
Landing

Aircraft bonding Velocity (LF) (AF) (AP] (MF) {MF) LF AF MF

Class Weight (KTS) -3 ° O" -3" 0a -4.7 ° (deg) (de_]) (deQ)
(KLB) /v_x/Min h4ax/M;n Max/Min Max/M;n N_ox/MJn h_x/Min Max/M;n Max/Min Mox/Min

2-eng. N.B. 88 133/141 4820/2430 4930/3706 2640/1400 4820/4820 1220/1220 40/28 25/15 5/5

3-eng. N.B. [38 132/138 6000/3300 S000/4164 2590/1750 3130/3130 500/500 40/25 25/15 5/3

4-eng. N.B, 190 135/135 3885/2650 4790/4689 2365/2200 3980/3980 700/700 40/25 30/25 14/14

2-,/3-eng _W. B, 300 138/ 8535/ I I000/ 5760/ 9000/ 1800/ 35/35 18/18 5/5

4-eng. W.B. 500 146/157 11800/7150 14950/11550 8400/5000 11380/11380 2290/2790 30/20 25/20 10/10

Notas:

T_-ust g;ven In net pounds per en0[ns.

Mox/M;n refers to flop setlings.

LF - Landing Flap (final |lap setting before touchdown).

AF - Appr_eh F_op (Intermediate flap setting).

MF - Maneuvar Flop (initial flap setting at start of approach procedures).



3.6 PopulationModel

3.6.1 General Description of Procedure

Theobjective of the populationc=natysiswasto esHmatethe numberof people

exposedto variousnoise levels acrossthe nation aso result of aircarrler aircraft

activity. The procedureusedto preparethis estimatewasto utilize empirically derived

regressionequationsrelating total impactedpopulationto total contourarea at the

AVports. Theseregressionequations_basedonavailable data Frompreviousstudles_3, 8t 17, 18

providedan estimateof the numberof peopleexposedto the noiselevels of interestat

each AVport. ThisAVport estimatewasthen sealedup to providean estimateof the

national exposure. Thedetails of this methodare discussedin this section.

3.6.2 Details of the PopulationExposureCalculation Method

The estimatedtrend in average populationdensityat airports within various
3

size classeswas knownfrom 1970 U.S. Censusinformationobtained for a previousstudy.

Thesedata showedthat the populationdensityaroundairportstendedto vary systematically

asa function of distancefromthe center of the affport and the size of the airport based

on numberof daily alrcarrier aircraft operations. Thistrend_ illustrated in Figure 3.6-10

isbasedonthe populationdata around 165of the natlon_slargestoircarrler airports

acrossthe country. The data showedthat there was no consistentpattern in the

populationdensitydistributionasa function of angle relative to the main ]LSrunway

but that there wasa definite patternin the populationdensitydistributionasa function

of radial d_stoncefrom the center of the runway. However_when thesepopulation

distributiondata were transformedinto a generalized modelFthe resultsprovedto be

inconsistentwith other data which provideda moredirect relationshipbetweenknown

populationwithin a given contourandthe contourarea. Thus, it wasthese later date

which Formedthe primary basefar the population modelutilized in this study.

Specific data were available from References8_ 17and 18 on total exposed

populationversustotal contourarea for 100percentof the airports within AVport A

categoryt 10 percentof the airportswithin AVport Bcategory_and 100percent of the
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Figure 3.6-1. PopulationDensity Distribution for Aircarriar Airports
as a Functionof Daily ATrcorrierOperations
(Reference3)
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airports within AVport C-1 category. While specific data on exposedpopulation

versuscontour area were notaval]able for AVport category C-2 airports (airports

without 4--engineturbojet operationsexcluding LaGuardla or WashingtonNat anal),

an estimatedrelationshipbetweenpopulationand contourarea hadbeendevelopedin
3

a previousstudy for airportswith approximately the sameoverage number(21) of

daily aircarrier operationsas for AVport C-2 (17.9 operationsperday). Thus_the

relationship developedfor that studywas utilized here.

Theresulting four relationshipsbetweenpopulationand contourarea are

illustrated in Figure 3.6-2 alongwith the available datauponwhich they were based.

The four resulting curveswere definedby one consistenttype of nonlinear regression

equationas Follows:

+ + 2 3_
(a0 o x a2x +a,_x }

Total Airport Population(1000's) = 10 " (3.6-1)

where

x = log (Total AVport or "Average Airport'_ContourAreal mi2)

and the regressionconstantshavethe following valuesfor the four different AVports.

RegressionConstantsRelatingContour Areaand Population

Airport

AVport Sample a 0 a1 a2 a3(%)

A 13 (100%) -2.560 6.975 -4. 140 0.9726

8 11 (10%) -0.3313 2.494 -0.9767 0.2099

C-I 2 (100%) -0.9224 31279 -0.7978 0.2127

C-2 (fromReF.3) -0.5997 2.063 -0.9654 0.2822

The regressionequationsfor AVports At Bt andC-1 are basedonthe arithmetic average

areasand populationsfor the sampleairports included in the AVport category. The

specific airportsincluded in the populationdata basesamplefar AVportsA, Band C-I
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are identified in AppendixA. ThebasisForthe regressionequationForAVportC-2,

described_ndetail in Reference3_ wasbasedon extrapolationoFthe trendsnoted

fromactual data For larger airportsutilizing the trendsin populationprofile noted

earlier in Figure3.6-1.

Twofinal pointsshouldbe emphasizedregardingthe populationmodel. First_

the modelprovidesthe basisfor predicting total population insidethe total contourarea

Forall operationsat an airport, not just thoseat the busiestrunway. Thus,since

AVport contourareasare basedon the latter, they mustfirst be convertedto total

airport contourareasbefore thesepopulationprediction modelscan beapplied. This

processis defined later under ScalingMethods(Section3.7). Seoondly_the model is

not consideredreliable Forestimatingtotal populationwithin contourareaslarger than

available Fromthe data base. Thus,estimatesof populationfor Ldncontourlevels of
60 dBwere generally not attempted.

The growth in populationfromyear to year wasaccountedfor by increasing

the populationexposureestimatesin proportionto the expectedgrowth in overall

populationrelative to 1970. Thegrowthfactors, obtained from the 1977Statistical

AbstractsSeriesI! projections_are listed below. The Seriesil projectionsassumea

zero growthreplacementblrthrale of 2100 per 1000womenplusan annual immigration

of 400_000people.

AssumedPopulationGrowth FactorsRelative to 1970

Year 1970 1975 1980 1985 1990 I 1995 2000

Population
Growth 1 1.04 1.08 1.14 1.19 1.23 1.27
Factor
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3.7 Scaling tv_thods

Precedingdescriptionsof noiseexpOsurecalculation methodshave defined the

methodsusedto calculate noiseexposureat averagea_rports(AVports). The methods

usedto scarethe AVport resultsto the nationare presentedinthis section.

3.7.1 Method for Scaling ExposureArea

The methodfor scaling AVport exposureto the nation wasdeveloped in

Reference3. Thisbasic methodwasapplied in this studywith only slight modification.

The first stepwasto develop an equationexpressingthe relationship betweenthe

weightednumber(No) of operationsat an AVport (i.e., overagebusyrunway)and the

total contourarea_ AT_ resultingfrom theseoperationsfor a particular contour level.
Theweightednumberof operationsconsistedof the numberof operationsduring the

daytime hours(0700-.2200)plus 10timesthe numberof operationsduring the nighttime

(2200-0700). A plot, shownin Figure3.7-11 of the AVport contourarea/welghted

AVport operationsdata points for the Ldn65 dBcontoursuggestedthat an expressionof
the form

AT = a (Nc) b (3.7-1)

describedthearea vsoperationsreletionsbip wherea andb are constants,andNc is

theweighted numberof operations. Suchan expressionwasdevelopedfor each year

for the Ldn65 dB contours. (Very nearly the someresult wasobtained for other/dn values.)

As explained in the following, b is the key parameterof the entire procedurefor

scalingfromAVportcontourarea to the nation.

.th
Letthe contourarea for eacholrport in the u groupwith the samenumber

of actual operationsNi be representedby Ai. Let this area vary in a generalway

with N i as the functionA(N[). Thenr for a populationof airportsexpressedby the

d_strlbutionn(Ni)_ Indicatingn airportswith N_ daily operations,the total contour
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Figure 3.7-1. Total ContourArea VersusWeighted NumberoFDaily Operationsat
AVportsand Average "BusyRunways"for BaselineYears 1972and 1975-
A Comparisonof TwoStudies
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area over the nation will be the sum;CA.over the i intervalsof operationsN. of
I I

the contourarea per airport A(Ni) times the numberof airports with thismany

operationst n(Ni)t or:

.2
_A i = _ A(Ni) • n(Ni) , m,

i

Carryingout this summationover each of the AVporf categoriesseparatelyand than

dividing the resultlngsumby the area for the correspondingAVportsprovidesthe

desiredscaling factor. Thus,for the mth AVport, the scalefactort Fs(m)t is

_Arm (3.7-2)Fs(m)= A
m

where

_.Aim is the sum of the contourareasfor all airports in AVpart
category m

and m = As fit C-1 or C-2 for the correspondingAVports.

&L.._This scale footorwill be usedasa multiplier to scale .... AVport

contourarea and obtain the unknowntotal area z:At . How thent dowe findi
_ z;Ai sothat the scala factorcan be computedfrom the preoedingexpression?

Fromequation3.7--1, the total contourarea wasrelated to the total weighted

operationsNc by an equationof the form

A T = a(Nc )b
!.,

_i If we assumethat the weightedoperationsN is related to the actual operations
._ o
!_ N I bya constantK so that

i N =KN.
C I
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we can then write out the form for the general function A(Ni) relating contour area

and N i operaffonsas

AINi) =a(Nc )b = a(KNi )b =aK b N_

Similarly, for the specific caseof the mth AVporb its contourarea could be predicted

by

A =aKbN b
m m

where m =AI B, C-1 or C-2.

Combining the above expressionsprovidesthe desiredexpressionfar the

scaling factor for the mth AVport as

_A(Ni)rn _ n (Ni) m
Fs(m)= A

m

= _--_aKb N_m"n(Ni) m

oKb Hb
m

:ENd"°lNi m
Nb (S.Z-3)

m

Thus, the scaling factor for the mth AVport is equal to the weightedsumof the number

of airports in eQchcategoeys where the weighting factor is the quantity N_s all

divided by the correspondingweightingfactor for this AVport_ Nbrn. The key variable

is simply the exponentb in the expressionrelating contourarea andweighted

operations No. Theother constantsa and K cancel out.

The distributionn(N)i of airportsversusjet aircraft operationsfor 1975 is
illustrated in Table 3.7-1. The d_stributlonfor future yeorswasestimatedas follows•
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Table 3.7-1

Distribution oFAirports by NumberoF Aircarrier det Aircraft Operations*

Daily Operations Numberof Airports

Geometric AVportA AVport B AVportC-1 AVport C-2Min. Max. Mean
i ii

1250 1600 1410 1

1000 1250 1120 1

B00 1000 890 I

630 800 710 3 I

500 630 560 2 I I

400 500 445 3

315 400 355 2 3

250 315 280 2 4

200 250 225 7

160 200 180 8

125 160 140 2 7

100 125 110 7

80 100 89 8 3

63 80 71 11 3

50 63 56 12 4

40 50 45 8 4

31.5 40 35 8 15

25 31.5 28 9 13

20 25 22 7 I0

16 20 18 2 20

12.5 16 14 3 21

i 10 12.5 I1 1 21

8 10 9 18

6.3 8 7 11

5 6.3 5.6 11

4 5 4.5 1 4

0 4 0.74 2 21

Basedon data from Re,fences 6, 24 and 25.

3-67



it wasassumedthat the basicshapeof this distributionprofile of numberof

airports versusoperationswouldremainthe same_n futureyearsand that the geometric

meannumberof operationsfor each interval rangeof operationsin Table3.7-1 would

increasein proportionto the overall growth.

Basedonthe methodsanddata outlined above, area scalingfactorswere

computedfar all years for TechnologyLevel 1 andProcedureLevel 1 for each of the

AVports. Thesesamescallngfactors wereusedfor al._!ltechnologyand pracedureoptions.

Thescaling factorsderived for th_sstudyare listed in Table 3.7-2. These

factorswere usedto scalethe areas computedat the AVports, usingthe average busy

runwayoperations, to the nation. Fromthere, the areasat the "averageairport" were

computedby dlvidlng the nationalarea (in an AVport class)by the numberof aTrports

in the class. Thesevalues, aswell asthe national estimates,are tabulated in AppendixF.

Note that the scaling factorsin Table3.7-2 are always larger than the numberoFairports

in each AVport categorysincethey relate the contourarea for operationsat just one

runwayat each AVport to the entire contourarea for all airportswithin each AVport

category.

Table 3.7-2

Scale Factorsfor Extrapolating Area fromAverageBusy
RunwayOperationsat AVports to the Nation

YEAR

AVport Fleet* 1975 1980 1985 1990 1995 2000

/'.4 29.78 28.77 25.69 26.22 25.30 28.80A
E 29.78 28.76 25.70 26,21 29.98 35.86

M 131.63 129.11 121.97 123o16 121.11 121.39B
E 131.63 129.)4 121.99 123.14 121.13 121.38

M 3.184 3.44 4.21 4.56 4.72 5.43C-1 E 3.134 3.49 3.88 4.99 5.75 6.74

M 231.60 227.03 213.53 215.74 211.85 212.32C-2
E 231.60 227.04 213.52 215.77 211.84 212.32

*M- Moderate Growth
E- ExpansiveGrowth
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3.7.2 Method for Scaling Population Exposure

Asdescribedin Section 3.6, the population exposureat on "average airport"

can be estimatedForeach AVport category if the area exposedwithin a given contour

level at the "averageairport" is known. The preceding section hasdescribedhowthat

area iscomputed. The exposureareasat the "average airports" were usedto compute

the populationexposuresfor each of the scenarios. Scaling these populationfigures to

the nation consistedof multiplying them by the numberoFairports within the respective

AVport classes. Thetotal for the nation wascomputedby summingthe national results

Forall the classes. The exposed populationestimatesfor each scenario_each "overage

airport" and the nortonare tabulated in AppendixF. The overall national population

exposureestimatesare presentedin Section 4.

Tosummarize, the national populationestimateswere constructedasfollows

for each case.

• Computedcontourareasfor operationson _ustone runwayat each

AVport were scaled to the total area for the nation in that AVport

category usingthe area scaling factors in Table 3.7-2.

• Thesenational total contourareaswere thendivided by the number

oFairports in each AVport categoryto obtain the total contourarea

at what amountsto an "overageairport" foreach AVportcategory.

• These"overageairport" contourareaswere then usedwith the

population regressionequationsdefined in Section 3.6.2 to predict

the total populationat each "average airport." Theseare the values

tabulated in AppendixP.

• Thesetotal "average airport" populationvalues were then scaled to

the nation by multiplying by the numberof'airports in each category.

• The nationaltotal wasthenthe sumof thesetotal valuesfor each

AVport category.
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3.8 Computer Models

Noise exposurewascomputedin this studyat discretepointsat 1000-foot

intervals ona grid surroundingeach AVport. Thecomputerprogramusedto generate

the noiseexposurevaluesat the gridpointsaroundeach of the AVportsfor simulated

aircraft operationswasthe Wyle IntegratedNoise Model (INM).* The modelwas

modified to optlmi:e data throughputand to userandomstoragedevices Forthe large

quantitiesof data that were generated. None of the noisecalculationalgorithms_such

asgroundattenuationr engineshieldlngsvelocity correctionor basicslant rangenoise

ealculationss werecompromised.Handcalculationsof noisevaluesat selectedgrid

pointswere comparedto resultsfromthe modified versionand were identical.

The computerprogramto computeexposureinformatlon at the AVportsand make

extrapolationsto the notionwasdevelopedduringthe courseof thisstudy. Theexposure

program(IMPACT) drew on the noisedata basegeneratedby the |NM andcomparedthe

computedlevels to preseleetedkdnlevelsof 60_ 65_ 70_ 75_ and 80 dB. If a selected
level was lower than the computednoiselevel at any grid polnt, the area associated

with each grid pointwasconslderedexposedfor that selected level. Each grid point

examinedrepresentedan area of 1million squarefeet (.03587 squaremiles).

*This computerprogramwasdevelopedunder contract to the U.S. Departmentof
Transportationanda revised modelo[ this programhasrecently beenreleasedby the
FAA and is entitled "FAA IntegratedNoise Model_ Version I." (SeeReference16)
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4.0 RESULTS

The objectivesof thisstudywere to examine the effects of aircraft noise

rulernaking, bothcurrent and proposed,and the effects of alternative aircraft flight

proceduresin termsof both the numberof peopleand total area exposedto noiselevels

equal to or greater than several criterion levels at and aroundaircarrier airports in the

United Statesthroughthe year 2000. Thepopulationand area estimatescomputedduring

the courseof thls studywere primarily intendedto provide consistentestimatesof noise

impact to facilitate comparisonsof the effectivenessof a variety of nalseabatement

alternativesand to indicate trendsin the changein this effectivenessovertlme.

Therefore, the first portion of thissectionwill emphasize, graphically, the relationships

betweenthe variousa]ternatives consideredrather than the specific absolutevalue of an

individualestimate. A comparisonof the resultsof this studywith the resultsof previous

studiesis discussedeand the detailed resultsof thisstudyare tabulated at the end of

this section.

4.1 The Effectsof Rul.emaking

To assessthe effects of the implementationof aircraft noiserules, three scenarios

(definedin Section3.4.2) were analyzedand two setsof the resultsof theseanalysesare

showngraphically in Figure 4.1-I for area and Figure 4.1-2 for population. The magnitude

of'area and populationexposedto three selectedvaluesof Ldnare given, in bar chart
forml for each of the three noiserules consideredandfor each of the five future years,

aswell as far each fleet level. In both figures, the lowestbardefines, for convenient

reference, the 1975basecase. The aircraft operating procedureswere the samefar all

casesshownand correspondedto ProcedureLevel 1(describedin Sections3.5.1 and 3.5.2).

For the 75 FAR 36 casesshownin Figures4.1-1 and 4.1-2, it wasassumedthat

the 80 FAR36 and85 FAR36 ruleswere not implemented. For the 80 FAR36 cases, it

wasassumedthat the 80 FAR36 rule was implementedin conjunctionwith the 75 FAR36

rule. For the 85 FAR36 cases,it wasassumedthat all three rules were in effect.

Section3.4.2 discussedthe time phasedimplementationof the 80 FAR 36 and85 FAR36

rules.
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4.1.1 75 FAR36

Considering,Forthe moment, Figures4. I-1 and 4.1-2 and the 75 FAR36 cases,

it _sobviousthat there is a substantialdecreaseinarea andpopulationwithin the Ldn65
level betweenthe years 1980and 1985. This isa direct resultof FARAmendment91-136

stipulatingthat all aircraft shall complywith 69 FAR36 requirementsby 1985unlessthey

are of newtype designswhich mustmeet the 75 FAR36 rule requirements. Since FAR

Amendment91-136 and the 75 FAR36 rule are assumedfor all casesshown,the some

relative relationshipbetweenthe "exposure" in 1980and 1985can be seenin all the other

cases. The nalseexposurein 1990 indicatesan increasefrom that in 1985for both fleet

consideratlons. Theincreasein hath area and populationwas causedprimarily by on

increasein operationsnationwlde. There is a decreasein affected area andpopulation

from 1990to 1995. Thisdecreaseis causedby theassumedretirementof about three-fourths

of the alrearrler fleet nowoperating coupledwith the noisedilution effectsof the introduction

of newtypedesignaircraft duringthe interim years. This istrue for boththe Moderate and

ExpansiveGrowth Fleets. The fact that the exposedarea andpopulationbeth increase

from 1995to 2000, coupledwith the fact that over90 percentof the presentfleet is

assumedretired in 2000, tendsto indicate that addedoperatlansare causingthe exposure
to rise0

4. 1.2 80 FAR36and 85 FAR 36

An examination of Figures4.1-1 and 4. I-2 showsthat the 80 FAR36 and

85 FAR36 proposedrules shownare, for practical purposes,virtually identical to the

75 FAR36case through the year 1990. It isonly in the years 1995and 2000 that the

80 FAR36and 85 FAR36 rules showa significant departure from the 75 FAR36 rule. For

the ModerateGrowth fleet hi 1995and 2000, the noise exposuredecreasesfor both years

for both the 80 FAR36 and85 FAR36 rules. For the ExpansiveGrowth fleet the area

decreasesin 1995and then increasessllghtly, or remalnsconstant, to the year 2000.

Thesametrend is indicated by the population charts.

The additional caseanalyzed for this study (Technology Level 3A) assumedthat

all aircraft complywith the 85 FAR36 proposedrule in the year 2000. The results are

showngraphlcally in Figures4.1-1 and 4.1-2 and indicate a substantial decreasein
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Year Noise Rule Fleet

75 FAR36 (Tech. Level 1)

198oI I:_:_>_1 J

1990 P._:._,_'_ j

2000I I_-_@ I
00 FAR36 (Tech. Level2)

1980 I I_1 J _
1985 I I_<_><_;;-.'__, _J J --199o, _'-_/ , I _

19951 iI2000 _<,, ___,
85 FA_36 (Tech. Level 3) _.

198oI ,1_¢_1 1

1995 I l¢_:_"_| I

2°°°1 I_ _J I(rech.U_ve'_A)

75FAr 36

198oI I_.-_ J
1985 _g_,_ I
990 I:_'_.ql I
_9951 I_,_ I
_oool J_l I

80FAR36

198o _,_"_ "1 _
_985 ___ -"_

_995 _:_:_ _ _'
2000 _,_-_ _

85 FAR36 _

1985 I _-_'_'_ I

1990 I t_,_'_>_ I
1995 I I_:_ I

20001_:_ I

1975I

Ld!7S Ld!70 Ld!65

*Assumesall aircraft complywith B5FAR36/_ule in the year2000.

0 500 1000 1500 20 2500

Area Within LdnLevel (SquareMiles)

Figure4.1-1. E_flmatedAreain the UnitedStatesContainedWithin L Levels
forPerformanceProcedureLevelI byFleetandNoise_e
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4



Year Noise Rule Fleet

75 FAR 36 (Tech. Level 1)

,gBoI I... -_._-_._,1 I

80 FAR 35 (Tech. Level 2)

Ii

2000I I_;_
85 FAk 36 ('r_ch. Level 3) _'- _

_98oI l:._-_>-b I

200019951"21_;_"q>J I I
I_1q'_'q I (Tech. Level 3_,)

75 FAR 36

199o l_-__'%q'l

2ooo l_,_>q
80 FAR 36

1980 I'_,:5._._;_.¢_I I - _.-,,_

1990 _ .<_'_._ _.
1995 I_<_-'_1 I _

85 FAR 36 _

1980 ,| ;:__ <'__<"_<_'_ _ J

2000 J>_-k_>_'_l

Ldn'75 LdJ 70 LdnI65

*Assumesoll aircraft comply with 85 FAR 36 Pule in the year 2000.

I I I I I I I

0 1 2 3 4 5 6
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Figure 4.1-2. Estlmote_ Populohon' "m the United States Confined Within Ldn Levels
for Per£ormance Procedure Level 1 by Fleet and Noise Rule
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noise exposurefrom any of the otherscenarios. While it may be unrealistic to presume

that all aircraft w_ll complyw_ththis rule in the year 2000_ theseresultsindicatethat

the Full effects of the rule wouldnot be apparentuntil sometimeafter the year 2000.

4.2 The Effect of Flight Procedures

Toassessthe effects of different alrcraft operating procedures_three scenarios

(defined in Section3.5) were analyzed and byesetsof thoseanalysesare showngraphically

in Figures4.1-3 and 4.1-4. Thecasesshownfor the three flight proceduresof concern

each assumethe 75 PAR36 rule for onecaseandthe 85 FAR36 proposedrule for the

other. The aircraft fleet is the samefor all casesand is the Moderate Growth fleet.

it shouldbe noted here that Fora given flight procedurethe changesin exposurefrom

year to year are a result of the noiserule assumedand not becauseera change in the

flight procedure itself. Also_sinceit is moreconvenientto discussthe procedurestogether

rather than singlyt this sectionwill not he structuredthe sameas the previousone_ but

will directly discussthe resultsshownin Figures4.1-3 and 4.1-4 in the following

paragraph.

The figuresclearly showthat the AkPA/'NWA Max. Cutbackprocedurehas

lessexposed area and populationthan the other two proceduresthroughthe year 2000

under either noiserule. For the year 2000 the AC91-39 procedureapproachesequivalence,

on an exposurehasls, to the ALPA/'NWA Max. Cutback procedure1v.,hile the ALPA/NWA

Min. Cutback proceduremaintainsthe samerelative relationshipasthe previousyears.

Although the flight procedurealternatives includedunique but relatively minorvariations

in landingprocedurestasdefined in SectLon3.5.2t the effect of thesevariationscannot

be separatedfrom what is consideredto be the dominantinfluenceof"alternative takeoff

procedures.

4.3 Summary

Figures4.1-5 and 4.1-6 providea graphical summaryto thissection. The

figuresillustrate the estimatedarea and populationexposurefor the three aircraft operating

proeedurest having caseswhich assumeeach of the three noiserules in the years 1995
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Year Pert'ormQnco Noise Rule

AC91-39 (ProcedureLevel 1)

1980 I :_'_; <-_:" J_.. ,_<,,. %,,
1985 t J"_'_J>'_'_'_

,,.%,,.- .
199oI I:;._:_J

1995 J _S_'._
ALPA/NWA _x. Cutback 2)

19oo I,_-,: "_ I
75 FAR36

199o1 :¢_,',_d I (to_h.L_volI)1995 _._._
20001 _ ,

ALPA/NWA Min. Cutback ProcedureLevel2A)

1985, __j<_,_,_l ' 'I
19901 _<_:_ I

2oooI I_1 I
AC91-39

19oo19881 ,199oI I_¢_,_.:I

1995_'.'._._,_>'_:| I2000i _ _q[ ]
ALPA/NWA Max. Cutback

199o1985_Sk-_q-_.lb_,,, Ii 85FA_a6• - (Tech, Level 3)
1995 J i_:_._l t

_ooo[,,,,,I;;_ I
ALPA/NWA Min. Cutback

1980 (.... _->'_._:_ l J
1985__I [
199oI J_p_ _o_H, I

2000 F:_I I

1
Ldn75 Ldn70 Ldn6_

o 5_o ' 1_'oo 2abe '2500lOOO

AreoWithin LdnLevel (SquareMilel)

Figure 4.1-3. Estimated Area in the United States Contained Within L_,, Levels for
/V_derate Growth Fleet by Noise Rule and Performance'P_ocedure
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Year Performance Noise Rule

AC91-39(ProcedurebevelI)

,,80_I_ i
,985 i1990 I

2000 _.<_._: I
ALPA/FJWA Max, Cutback (Procedure Lever 2)

1985( J_._":_P'_C._._ I 75FAR36

2000 i_:_:_,_:1 I
ALPA/NWA Mln. Cutback (Procedure Level 2A I

1980 I.__k_:t (

19_o I_k_,_,...'_'.'-_, I

2000 _ I

AC91-39

|980 1_<,'-4"_;_ }

2000 8,5FAR36
ALPA/NWA Max. Cutback Tech. Level 3)

l,"*i985
19_oI I_._.,q_:_J I

2000 1_L_'q I
ALPA/NWA MIn, Cutback

_88I I_._q_'-_:_,;I I
_asI [_<_'_,_..__1 I
_9oI_Lq22&_l I
_99sI E_,___I I
2000t I_,o,f' I

1975I _._<_<_ I

Ld!75 Lj7o Ld°L5

Population Within Ldn Levels (Millions)

Figure 4, I-4, _timated National Population in the United StatesWithin Ldn Levelsfor
the ModerateGrowth Fleet by Noise Ruleand PerformanceProcedure
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FAR36 Performance
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Noise Rule Procedure
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"IL_:_l I 75

I_ I 80 J 1995

, "_ Max.
l 75 Cutback

I 80 ._J 2000

I I_ 80 1995
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Figure4.1-5. EstimatedArea in the United StatesWithin k__nLevel for the Years1995 and2000 for theModerateGrowth Fleet
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Flgure 4.1-6. Estimated Population in the United States Within Ldn Levels for the
Years 1995 and 2000 for the Moderate Growth Fleet
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and 2000. The Moderate Growth fleet isassumedForall cases. Theyears 1995and

2000 representthe earliest that any significant difference in no_serules, as theyare

defined Forthfs studyt can be observed. Thesefiguresclearly demonstratethat in the

years 1995and 2000, regardlessof the performanceproceduresusedt the 80 FAR36 and

85 FAR36 proposedrules could providea significant measureof decreasedexposure

comparedto the 75 FAR36 rule.
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4.4 Comparisonof Current and PreviousStudies

The currentassessmentof national noiseexposurefroma_rcerrler aircraft

operationsdiffers Fromthat of previousstudiesby Wyle3_ 8t 26 _nseveral respectsas

summarizedin Table 4.4-1. Thesedifferencesare primarily due to basicdifferences

in objectives of each studyand correspondingdifferences in the methodologyemployed.

For the two studieswhich projected exposureto 1987r3_8 the studyemphasiswas

prlmarilyoncost-effectlvenessofvarleusnoiseabatementalternafives. Theprevious

studywhich projectedexposureto the year 2000_26 evaluated the noiseabatement

effectivenessof varioushypotheticalor proposedFARnoiseregulations(i.e.s 69 FAR

Part 36 -5 dB_-10 dBs-15 dB, etc.)as well as the same_pa of aircraft modifications

(i.e., SAM treatmentor REFAN)or noiseabatement flight procedures(i.e., 6o/3 °
. 3t8approachor powercutback on takeoff) consideredin the two cost-effectivenessstudies.

Recognizingthe many differencesin methodologyemployedin thesestudies, a few

usefulcomparisonscan be made. Therelative changesin total area within the Ldn65
or NEF 30 contoursare shownin Figure4.4-1 versustimefor several of the roughly

comparablescenariosfrom thesestudies. Firsb considerthe maximumreductionby the

year 2000. The earlier "year 2000" study26 employedoverly-optimlstlcassumptions

concerningthe relative numberof newand muchquieter aircraft in the fleet by theyear

2000. Thus_the baseline projectionsof noiseexposurefor the year 2000 madein this

earlier report are no longerconsideredvalid. However_ the projectedresultsfor the

69 FARPart 36 -5, -10 or -15 dBcasesfrom the earlier studyare worthconsidering.

Far the mostoptimisticcase from the current study(TechnologyLevel 41 corresponding

to 1985FARPart 36 effective forall aircraft, usingProcedureLevel 1), the relative

contourarea is reducedto about 29 percentof the 1975baselinevalue. Thiscan be
26

comparedwith a relative contourarea from the earlier report of about

10 to 20 percent in the year 2000_ relative to a ]972 basel for the casesof 1969FAR

Part36 -15 or -10 dBrespectivelyfor all a_rcraff. The latter two casesalsoassumed

useof a two segment(6°/3_)approach end an exlreme powercutbacksubstantially

greater thanconsideredin the currentstudy. Thus_one mightvery roughlyestimate
]
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Table 4.4-1

Con _arisonof Elementsof"Wyle Studieson
National Air _ort Noise ExposureFromAircarrier Operations

Slud_ Factors DOT R_port (1) SPA Peport, 1975 (2) Wyle _.poft (3) Tiffs _port

No. Aircarrler Airports 23 3 23 - for Conifers 25 - For Conlours

In ._r:ple 82. fc_ AVporl Mix 357 - for Mix ond Ope_odons
130 - C_sus _mple at AVpoll*

First Year 1987 2000 1957 2000

_so Ycal L972 1972 1972 1975

Base olternaHve Fol 6°/2 _ "No abatement" l:_ellno All new aircraft eneet 69 FAR 36 FAR Amendment 91436 t'_

Future Yeats e_htlng affcrah and 75 FA_ 36
folnew offcraff

A_a tement Ahetn_t ives_

• 5o_fco • I_ew te_hnotogy alrcmff • New technology ollcraft meel • New technolo0y oirclaft n'_et New affcfQfl meet
in 1987 FAR 36 In 1987 on._ PAk 36 in 19BI and )987 • 85 FAR 36 (Tech. level 2)

• SAM 3D/SD FAR 36-10 In 2000 • SAM SD/SD • 80_ S5 FA_ 36 (Tech.

• _SFAN BD/SAM3D • SAM 3D/_D • AEFAN EO I==t_apolaHon onlx) _vel 3) from 1955-2(_0
• _8FAN 8D • New lechnology _ircmft at
• Dernon_II_le FAR 36-S_ -I0_ FA_ 36-10 in 1987

-15, -20

• Operat;or_l 6"/3* 6_/3 _ _pp_oach_ PCS, cu;f©w$_ 6"/3 _ ond 4 _ _pl_ach • 3 Power Cutl_ck Ptocedumtflout slza ond mix changa_ fl;ght Powel Cutbe_k on Tokeoff
tlnck d_pe_ion Curlews • 2 Applc_ch Ahltude_ Flop

Piocedu_e_

• R_¢_lver Not _ppI;c_blu Nol appl;c_ble _locotlon of residents Not agplicabt_
JnlulolIon no[_(t ledu_lIorl

treolment

Lond ac_lu;_it[an

eern_31aphi¢ Dma PopuloHon d..,n_hy = 1970 Nol appI;c_blo Populot[or_, lmudn_l_ ond [and 1970 Census & 5eHex II forecclxt
Censu_ v_lues-1975 centul and fo_ecalt

Allcarder Fleet F_reca_t 8_Hmale Io 1957 by deto;led Ex_ropofaeon beyond 1987 with For©colt of Wyte/DOT fap_rt Two I_wl_ of fleet g_wth
an_lys_ of requ_led and _la_u=lly fl,duc ing rate ol g_owth revi_d to _e 11act e_fSy crhls (rood•lot _* an5 exponUw gmwt h)
_ iluble _hcmder tfonspor t of lequ;ted ¢apaclty_ and unit
¢_p_clt;_ pro,duct iv;t y

Airport OF.cr_t_on_ 8stlmole ta 19_7 b_$ed on 8xtenl_n of foloc_tl to _'col 2500 Some f_tvi_;on al obove Two Jev._l_ of airport
Fee•cost d©ta_led on_ysls o1 for•cost conslderi_lg _rowH_ ;n a[Iclnft opef_l;on_ c_lespondlng Io

possen0er ond carQo fr¢lfli© £op_¢ity_ ond ;mploved op,ul_t;n!l fleet glowth
_t e_¢h _llport _nd offcfaft elf;clency of ahports
¢o_a(;ity b_ tXFe

General Avi_llon Ailpofts Not ¢o_lld_red Not ¢onlld._led _on.:_al oviotlon n_)ionol model Not consideled

Nali_not 8_hop_tollon Not applicobl_ _xllopolatlon to nntlon based on _t_apolollo,'. to nation - o;t- 8_t;op_lation _mllar I_ 1975
_voluol;_n oF cu_lent and foreca_l cruller _I_fts _nd general Wy]_ F,_polt (R_* 3)
pIofil_ ol o[rcarH_r _Irpolt$ by ovlof_on _irp¢.rts b)' _pel_lt;o_/
number of Ol:._lot ;onl ofco ond pc_puI_llon rn_dels

Noise Me=_ure N SF 30_ 35_ 40_ 45 i'_8F 20_ 30 and 45 Ldn 65 Io 85 _nd. N_lsa Un;t Ldn 65 to 55 (besed _n N_F_'35)
(*ncludml_ ambient )

(I)OOT-TST-75-2, _f_mnce 5 (2)SPA 550/9-75-024_ &_feren¢_ 26 3 Wyle _e eo ch 75-9_ /_f• once 3



I I I I i

100 -_ _ • Current Study- National
=_.__ _ '_ Ref. 3 (1975) Total

_\_ • R0f.z6(1975/

_,_,_ _ O Rer. 8 (1974)-23Airports
80

"_ 'k\\\ \ To0hnalo_y

60 ("'/

'D'_ \ )+6v3oo
O

_ 40-- '

e_ \\_'_ "-. ..---_ ,,-+6°/3 ° & PCB 3A

•_ - __.._._/j.-+6./3. "
- ",,SAM 3D "_" _ ............
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69FAR36-15

0 I I, ,I I I
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Figure 4.4-1. Comparisonof Relative Changesin Total ContourArea fro,11
Current Studyand SelectedCasesfrom ThreeEarlier Estimates
oFNational Noise Exposureby Aircai'rier AircraFt
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that aPFHcationof maximumfeasible no_sereducHon measuresknownat this time

might be able to reduce the total contourarea for the nation to 20 to 30 percentof

current values. However_this wouldnot be expected tobe achlevable untll well

beyondthe year 2000sincethe morereal_stlc projections of possiblenoiseexposurefor

this year, representedby theapplication of 751 80t or 85 FAR36 rules! indicate

substantially lessreduction.

Secondly,considera moreshort termviewpoint, say, for the period 1985-

1987. Thepreviousstudiesshowa reduction to 60 to 65 percent of the baseline

contourarea tar thecaseoFonly SAM retrofit to JT-3D andJT-BD engines. As one

might expect, thisisabout the sameasshouldbe achieved by the 1975 FARPart36

rule coupledwith FARAmendment91-136,

Lastly, for the sametime periodo[ 1985-]987, Figure4.4-1 makesquite

clear that a substantially greater reductionin noise exposurewould be achieved if other

maredrasticchangesin na_seabatementwere implemented(i.e., REFAN, etc.).

However, as verified in the cost-effectlvenesssludlest thesemoreeff'ectlve measures

were nat economicallyviable when requiredFar the entire alrcorrier fleet.

One final comparisonis in orderbetween the current studyand previousefforts.

ThisbearsonesHmatesof theabsolutevalue of total area within the Ldn65 or NEF30

contoursacrossthe nation in the baseline(1972-1975) periodand the corresponding

numberoFpeople residingwlthin theseboun_aries. The previousWyle reporb 3

preparedForthe EconomicsAnalysis Division of EPAt containssuchvalues for 1972

which can be comparedwith valuesfromthe currentstudy. The resultingcomparison

issummarizedbelow.

Baseline Total Contour Total

(_ato Source Year Areal mi2 Population, 106

Reference3 _972 2741 7.09

Current Study 1975 2169 6.17

Percent Difference -21% -13%
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The d_fferencesbetween these baseline noiseexposureestimatesfor the nation

are due to differences in analysis procedures, noisemetrics, and aircraft no_sedata

as outlined in the following.

PercentChange in Contour
Difference in Studies Area re Reference3 Value

Current studygroupedaircraft into fewer categories -17
(].e., 4-engine narrow body turbofan insteadof
B707, DC-8, etc.) for purposesof estimating noise.

Current studyhad different aircraft mix (i.e., no -14
pure turbojets, etc.).

Current studyincluded slmulotlan of dispersedor -5
curved flight tracks insteadof stralght-in, straight-
out.

Current studycomputed NEF30 contours,35 dB +3

added to correct to Ldn 65.

5707, DC-8 Noise ExposureLevels underestimated -='15
in previousstody.

Other mlscellaneousdifferences, scalingmethods, -3
No. of operations, operatingprocedures,etc.

-21%

Comparableresultswouldalso be obtained for the breakdownin the difference in
populationestimates.

An importantpo_ntis broughtout quHeclearly by this comparison.Rela-

tively minordifferences in modelingapproachescan causesignificant changesin

absolutevaluesof noiseexposurewhich makecomparisonsof suchabsolutevalues

betweendissimilarstudiesextremely difficult. Note alsothat the final difference

in total contourarea of 21 percent betweenthecurrent studyand thatof Reference3

correspondstoa difference in noise levels of about 1.2 dB.
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4.5 Tabulated Results

This section contains the estimates of national population and area exposed to

selected noise levels for all scenarios. The titles for each table describe the scenario

in terms of Procedure Level (see Section 3.5), Technology Level (see Section 3.4), and

Fleet Level (I = Moderate Grawth_ 5 = Expansive Growth). Table 4.5-I lists the

estimated national exposure values for the year 1975 only. Tables 4.5-2 through 4.5-25

list the estimated nationalexposures for the future study years and scenarios. It should be

noted that, for mostof" the aforementioned tables_ the population estimates for the Ldn 60

noise level are not given. It was felt that while the f'ormuiae to estimate exposed

population could be applied and the results reported_ there was, beweverl insufficient

information available to assessthe valldffy of those results, in general, the area values

obtained for the kdn 60 noise levels at the various AVports substantially exceeded those

for which the formulae were derived. Thus,application of the formulae beyond their

range of proven validity was felt to be potentially misleading. On the other hand, the

population values shown for all of the other noise levels represent interpolations based

on the derived forrnulae_ and as such, should represent valid trend indicators aswell as

reasonably accurate estimates of the absolute values of exposed population.

Table 4.5-1

Estimated Population and Area in the United States Exposed to
Noise Levels FromAirearrler Aircraft Operations For 1975

Noise

Level Area Populatlon

(Ldn) (mi2) (thousands)

60 -5t 314 1

65 2,169 61172

70 806 1,620

75 310 393

80 155 68

Note 1. Negative signs indicate noise level contour has exceeded outer boundary of
grid points Included in calculation; hence, area may exceed stated value.
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Table 4.5-2

EstimatedPopulationend Area _nthe United States
Exposedto Noise Levels from Aircarrier AircraFt Operations for

Procedure Level Technology Level 1 Fleet Level 1
i

Noise YEAR
LeveI Exposure ....

(Ldn) Parameter 1980 1985 1990 1995 2000
,ill

Area - 4,682 3,352 3,405 2,947 2,984
6O

Population

Area 1,873 1,397 1,4 1 1,279 1,304
65

Population 5,224 3,775 4, 022 3,354 3,581

Area 754 610 618 584 605
70

Population 1,364 961 1,033 913 1,026

Area 255 200 201 179 179
75

Population 267 148 157 121 126

Area 141 115 117 114 115
80

Population 54 35 38 36 38

Note I. Area given _nsquaremiles (statute). Negative areas indicate that noise evel exceeded grid boundary.

Note 2. Populationgiven in thousands.



Table4.5-3

EstimatedPopulationand Area in the United States
Exposedto Noise LevelsfromAircarrler AiraraffOperationsFor

ProcedureLevel TechnologyLevel 1 Fleet Level 1

Noise Y EAR
Level Exposure

(Ldn) Parameter 1980 1985 1990 1995 2000

Area 3,074 2,451 2,488 2,324 21379
60

Population

Area 1,536 lt260 1,290 1,197 1,240
65

PopulaHon 3,673 31064 31260 2,946 3,240

Area 757 634 641 601 617
7O

Population 1,066 1,041 1_114 968 1,074
ii

Area 277 224 228 203 206
75

Population 314 197 213 164 179

Area 142 127 128 114 118
80

Population 55 45 49 36 39

Note 1o .Areagiven in squaremiles (statute). Negative areasindicate that noise level exceededgrid boundary.

Note2. Populationgiven in thousands.

.......... . ....... -._-:,__,.,_._.:_:,ir_.._:i:,_.:;:__,;._; _:_,;Vi



Table 4.5-4

EstimatedPopulation and Area in the United States
Exposedto Noise Levels FromAircarrier Aircraft Operations for

Procedure Level 2A Technology Level 1 Fleet Level 1

No_se Y 8AR
Level Exposure ,,

Parameter
(Ldn) 1980 1985 1990 1995 2000

Area 4,063 3,387 3,429 3,000 81060
60

Population
ii i

Area 1,829 1,514 1,550 1,372 1,418
65

Population 5,047 4t247 4t537 3,750 41066

Area 829 671 681 641 655
7O

Population 1,625 1,180 lt265 1,115 1,224
III

Area 295 226 228 204 208
75

Population- 359 203 213 167 183
iii

Area 144 127 128 114 117
80

Population 57 45 49 36 39

Note 1. Area given _nsquaremiles (statute). Negative areas indicate that noise level exceededgrid boundary.

Note 2. Population given in thousands.



Table 4.5-5

EstimatedPopulatlon and Area in the United States
Exposedto Noise Levels from Aircarrler Aircraft Operationsfor

Procedure Level Technology Level 2 Fleet Level 1

Noise Y EA R
Level Exposure

Parameter
(kdn) 1980 1985 1970

1995 2OOO

Area - 4,682 3,350 3,354 21760 2,750
60

Population

Area 11873 1,388 11420 11217 1,200
65 ....

Population 5,224 3,745 3,970 3, i 16 3_109

Area 754 610 618 551 540
70

Population 1;364 961 i,027 800 802

,, • ,, iArea 255 200 20 176 173
75

PopuTation ' 267 148- 153 116 11'8
. ,.. , i ml

Area 141 115 I17 112 115
80

I

Population 54 35 I 38 35 38
I

Note I. Area given in squaremiles (statute). Negative areas indicate that noise level exceeded grid boundary.

Note 2. Population given in thousands.



Table 4.5-6

EstimatedPopulationand Area in the United States
Exposedto Noise Levels from Airearrier Aircraft Operations far

Procedure Level Technology Level 2 Fleet Level 1

Noise YEAR
LaveI Exposure

(Ldn) Parameter 1980 1985 1990 1995 2000
, ,,.N

Area 3,074 2,451 2,460 2,252 2,223
6O

Population

Area lt536 11249 1e276 It 144 1,150
65

Population 3t 673 3,029 3, 212 2, 713 2,855

Area 757 634 639 587 574
7O

Pepulatlan 1,366 1,041 1,102 921 923
i=,.

Area 277 224 224 190 188
75

Population 314 197 201 142 143

Area 142 127 128 114 115
80

Populotion 55 45 49 36 38

Note I. Area given in square miles (statute). Negative areas indicate that noise level exceededgrid boundary.

Note 2. Population given in thousands.
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Table 4.5-7

EstimatedPopulation and Area in the United States
Exposedto Noise LevelsfromAircarrler Aircraft Operations for

Procedure Level 2A Technology Level 2 Fleet Level 1

Noise YEAR
Level Exposure ....

(Ldn) Parameter 1980 1985 1990 1995 2000
,,, i

Area 41063 3,387 3,402 2t 922 2t 865
60 - .

Population

Area ]1829 1,514 11533 1,342 11320
65

Population 5,047 4j247 4j467 3_586 3_627
i

Area 829 671 675 616 600
70

Population 'lr 625 11180 11246 1,028 11015
m,

Area 295 226 226 201 197
75

Population 359 203 205 161 160

Area 144 127 128 114 115
80

Populatlon 57 45 49 36 38

Note 1. Area given in squaremiles (statute). Negative areas indicate that noise level exceededgrid boundary.

Note 2. Populationgiven in thousands.



Table 4.5-8

EstlmatedPopulation andArea in the Unffed States
Exposedto Noise Levelsfrom Aircerrler Aircraft Operations for

Procedure Level Technology Level 3 Fleet Level 1
i

Noise YEAR
Level Exposure

(kdn) Parameter 1980 1985 1990 1995 2000

Area - 4t682 3,350 3,341 2,749 2,620
6O

Population

Area 1,873 1,388 1,402 1_206 1,157
65

Population 5,224 3,745 3,908 3,045 2,952
i

Area 754 610 618 541 518
7O

Popula tlon 1,364 961 1,027 768 757

• i w,i , 0Area 255 2 0 200 173 173
75

Populetlon 267 148 153 112 "116
,i

Area 141 115 117 112 106
80

Population 54 35 38 35 29

Note 1. Area given in squaremiles(statute). Negetlve areas indicate that noise level exceeded grid boundary.

Note 2. Populationgiven in thousands.



Table 4.5-9

EstimatedPopulation and Area in the United States
Exposedto Noise Levels from Aircarr_er Aircraft Operations for

Procedure Level 2 Technology Level 3 Fleet Level 1

Noise YEAR
Level Exposure

Parameter
(Ldn) 1980 1985 1990 1995 2000

Area 3,074 2,451 2,460 2,224 2, 194
6O

Population

Area 1,536 1,249 1,276 1,141 1,142
65

Population 31673 3t 029 31212 21702 21796
Area 757 634 639 576 573

7O

Population I, 366 1,041 1,102 887 912

Area 277 224 224 ]90 184
75

Population 314 197 201 142 138
iln

Area 142 127 128 114 115
80

Populotion 55 45 49 36 38

Note 1. Area given in squaremiles (statute). Negative areas indicate that noiselevel exceededgrid boundary.

Note 2. Populationgiven _nthousands.



Table 4.5-10

Estlmatcd Population and Area in the United States
Exposedto Noise Levels from Aircorrier Aircraft Operationsfor

ProcedureLevel 2A Technology Level 3 Fleet Level ]

Noise Exposure y r-A R
Level Parameter '"
(kdn) 1980 1985 1990 1995 2000

Area 4, 063 31387 31402 2,865 2,784
6O

Popu/ation

Area ' ' 1,829 1,514 1,533 1,3'08 1,306
65

Pepulat [on 51047 4t 247 41467 3,443 3,550
Area 829 671 675 606 590

7O
Population 1,625 1,180 1,246 994 975

i i ii

Area 295 226 226 201 186
5 .. ,

Population 359 203 205 161 141

Area 144 127 128 114 115
80

Population 57 45 49 36 38

• a • .Note 1. Area given insquare miles (statute). Negative are s indicate that noise level exceededgrid boundary.

Note 2. Populationgiven in thousands.
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Table 4.5-11

Estimated Populationand Area inthe United States
Exposedto Noise Levels from Aircarrier Aircraft Operations for

Procedure Level Technology Level 3A Fleet Level 1

Noise Y EA R
Level Exposure .......

(/dn) Parameter 1980 1985 1990 1995 2000

Area 1,284
6O

Population 3,096

Area 626
65

_ Population 920
Area 251

7O
Population 154

Area 125
75

Population 49

Area 11
80

Population 0

Note 1. Area given in squaremiles (statute). Negative areas indicate that noise level exceededgrld boundary.

Note 2. Populationglven in thousands.



Table 4.5-12

EstimatedPopulationand Area in the United States
Exposedto Noise LevelsFromAlrcarrier Aircraft Operations for

Procedure Level 2 Technology Level 3A Fleet Level 1

Noise Exposure Y EA R
Level Parameter
(Ldn) 1980 1985 1990 1995 2000

Area 11265
60

Population 21963

Area 723
65

Population 1,183
Area 287

7O
Population 226

Area 136
75

Population 62

Area 11
80

Population 0

Note 1, Area given in squaremiles (statute). Negatlve areas indicate that noise level exceeded grid boundary.

Note 2. Population given in thousands.



Table 4.5-13

EstimatedPopulation and Area in the United States
Exposedto Noise Levels FromAircarrier Aircraft Operations For

Procedure Level 2A Technology Level 3A Fleet Level 1

Noise YEAR
Level Exposure

Parameter
(Ldn) 1980 1985 1990 1995 2000

Area 1,441
60

Population 3_660

Area 738
65

0_ Population 1,241

Area 289
7O

Population 230

Area 136
75

Population 62

Area 11
8O

Population 0

Note 1. Area given in squaremiles (statute). Negative areas indicate that noise level exceeded grid boundary.

Note 2. Populationgiven in thousands.



Table 4.5-14

EstimatedPopulationand Area in the United States
Exposedto Noise Levelsfrom Aircerrier Aircraft OperationsFor

ProcedureLevel Technology Level I I:]eet Level 5

Noise YEAR
LeveI Exposure

Parameter
(kdn) 1980 1985 1990 1995 2000

Area - 4,725 3,342 3,555 3,165 3,295
6O

Population

Area 1,889 1,376 1,483 1,367 I, 410
65

Population 5,277 3,699 4, 162 3,595 3,971

Area 756 596 628 610 642
7O

Population 1,375 953 1,045 1,017 I, 065

Area 258 199 206 188 196
75

Population 274 147 168 138 159

Area 141 116 119 116 122
80

Popu_affon 54 35 38 37 42

Note I. Area given insquaremiles(statute). Negative areas indicate that noise level exceededgrid boundary.

Note 2. PopulQt[ongiven in thousands.



Table 4.5-15

EstimatedPopulation and Area in the United States
Exposedto Noise Levels FromAircarrier Aircraft Operations for

Procedure Level T_chnology Level 1 Fleet Level 5
i

Noise YEAR
Level Expesure

Parameter
(Ldn) 1980 1985 1990 1995 2000

Area 31094 21402 2s550 21449 2_548
60

Population
, H

Area 11541 1,243 1,316 1,302 11343
65

Population 3_703 2t 964 3,392 3, 246 3,568
O i

Area 780 619 666 661 682
7O

Population lt431 1_028 1_193 1_117 1,244
roll

Area 277 215 232 217 217

75 tPopulation 312 179 221 196 204

Area 144 118 130 127 131
80

Population 57 36 50 48 52

Note 1. Area given in square miles (statute). Negative areas indicate that noise level exceeded grid boundary.

Note 2. Populationgiven in thousands.



Table 4.5-16

Estimated Population and Area Tnthe United States
Exposedto Noise Levels from Aircarrler AircraFt Operations for

Procedure Lever 2A Technology Level 1 Fleet Level 5

Noise YEAR
Level ExposureParameter
(Ldn) 1980 1985 1990 1995 2000

Area 4t 108 31304 3_519 31187 31292
60

Population

Area I, 836 1,503 1,571 l, 489 1,546
65

Population 5,102 4, 140 4,612 4,091 4, 454

Area 856 659 708 692 723
70 .......

Populotlon 1,702 1,184 1,353 1,232 1,388
.i

Area 295 217 242 219 229
75

Population 358 186 246 201 228

Area 144 118 130 127 131
80

Population 57 36 51 48 52

Note 1. Area given _nsquare miles(statute). Negative areas indicate that noise level exceeded grid boundary.

Note 2. Populationgiven in thousands.



Table4.5-17

EstimatedPopulationand Area in the United States
Exposedto Noise levels from Aircarrier Aircraft Operations for

Procedure Level Technology Level 2 Fleet Level 5

Noise Y EA R
Level Exposure

(Ldn) Parameter 1980 1985 1990 1995 2000

Area -41725 31342 31502 2_991 3, 006
6O

Population

Area 11889 1_376 lt457 11318 11339
65

Population 51277 31699 4, 061 3t 404 3t 620n

Area 756 596 624 594 623
7O

Populat ion 1,375 953 1,032 952 986
,.,m =lwl

Area 258 199 204 186 191
75

Population 274 147 164 135 150

Area 141 116 119 116 122
8O

Population 54 35 38 37 42

Note 1. Area given _nsquaremiles (statute). Negative areas indicate that noise level exceeded grid boundary.

Note 2. Populationgiven in thousands.



Table 4.5-18

EstimatedPopulation and Area in the United States
Exposedto Noise LevelsFromA]rcarrier Aircraft Operatlons For

ProcedureLevel 2 Technology Level 2 Fleet Level 5

Noise YEA R
Level Exposure

(Ldn) Parameter 19S0 1985 1990 1995 2000

Area 3_094 2_402 21526 2_398 2_453
60

Population

Area 1,541 11243 1,308 1,268 1,290
65

Population 31703 2r964 3,341 31107 3t349
m

Area 780 619 654 646 654
7O

Population 11431 11028 1,152 1_057 11124
=l

Area 277 215 230 203 203
75

Population 312 179 216 166 173

Area 144 118 128 118 131
80

Population 57 36 49 38 52

Note 1. Area given in square miles (statute). Negative areas indicate that noiselevel exceeded grid boundary.

Note 2. Populationg_ven in thousands.



Table 4.5-19

EstimatedPopulation and Area in the United States
Exposedto Noise Levelsfrom A_raarr_erA_rcraft Operations for

Procedure Level 2A Technology Level 2 Fleet Level 5

Noise YEAR
Level Exposure , ,

(kdn) Parameter 1980 1985 1990 1995 2000

Area 41108 3_295 31485 31081 31107
6O

Population

Area 11836 1,503 11564 11440 1,464
65

Population 5, 102 4,140 41559 3,878 4, 103

Area 856 659 694 676 679
7O

Population 1,702 1,184 1,305 1,166 1_219

Area 295 217 232 205 206
75

Population 358 186 223 193 178

Area 144 118 128 118 131
80

Populatlan 57 36 49 38 52

Note 1. Area given in squaremiles (statute). Negative areas indicate that noiselevel exceeded grid boundary.

Note 2. Populationgiven in thousands.



Table4.5-20

Estimated Population and Area in the United States
Exposedto Noise Levelsfrom Aircarrier Aircraft Operations for

Procedure Level Technology Level 3 Fleet Level 5

Noise Exposure Y EA R
Level Parameter
(kdn) 1980 1985 1990 1995 2000

Area - 4,725 3,342 3,490 2,938 2,925
6O

Population

Area 1,889 I, 376 1,457 1,301 1,292
65

Population 5,277 31699 4,061 3,341 3,403
Area 756 596 624 584- 622

7O
Population 1,375 953 1,032 914 979

Area 258 199 204 176 182
75

Population 274 147 164 118 131

Area 141 116 117 116 121
80

Population 54 35 38 37 40

Note 1. Area given in squaremiles(statute). Negative areasindicate that noise level exceeded grid boundary.

*VNote 2. Populationg_ en in thousands.



Table 4.5-21

EstimatedPopulation end Area in the United States
Exposedto Noise Levels fromAircerrier A_reraft Operations for

Procedure Level Technology Level 3 Fleet Level 5i

Noise Y EA R
LaveI Exposure

Parameter
(Ldn) 1980 1985 1990 1995 2000

Area 3,094 2,402 2,526 2,356 2,410
6O

Population

Area 11541 1,243 1,306 11261 lt273
65

• Population 3, 703 2,964 3,335 3_058 3_273

Area 780 619 654 621 648
7O

Population 1,431 1_028 1,152 1_014 1_090

Area 277 215 230 201 202
75

Population 312 179 216 163 171

Area 144 118 128 116 121
8O

Population 57 36 49 37 40

Note 1. Area given insquare miles(statute). Negative areas indicate that noise level exceededgrid boundary.
Note2. Population given in thousands.



Table 4.5-22

Estimated Population and Area in the United States
Exposedto Noise Levels from Aircarrler Aircraft Operations for

Procedure Level 2A Technology Level 3 Fleet Level 5
i

No_se Y EAR
LeveI Exposure

(kdn) Parameter 1980 }985 !990 1995 2000

Area 4, 10B 3,295 3t 485 3,037 3, 051
60

Population
, ., ,,, i,

Area 1,836 1,503 1,562 1,438 1,439
65

Population 5, 102 4, 140 4, 553 3,855 4, 000

Area 856 659 694 661 673
70

Populotion 1,702' 1,184 1,305 1, !50 1,184

Area 295 217 232 201 205
75

Population 358 ! 86 223 163 175

Area 144 1i8 128 116 121
8O

Population 57 36 49 37 40
i

Note 1. Area given in squaremiles (statute). Negative areas_ndlcatethat noise level exceeded grid boundary.

Note 2. Populationgiven in thousands.



TQble4.5-23

EstimatedPopulation andArea in the Unffed States
Exposedto Noise Levels fromA_rcarrier Aircraft Operations for

Procedure Level Technology Level 3A Fleet Level 5

Noise YEAR
Level Exposure ..

(Ldn) Parameter 1980 1985 1990 ]995 2000

Area 1,539
60

Population 3,951

Area 762
65 ........

Population lt305i i ,, , ii J,,

Area 366
7O

Population 292

Area 141
75

Population 66

Area

80

Population 7

Note 1. Area given in squaremiles (statute). Negative areas indicate that noise level exceededgr_d boundary.

Note 2. Population given in thousands.



Table 4..5-24

Estimated Population and Area in the United States
Exposedto Noise Levels from AircarHer AircraFt Operations for

Procedure Level Technology Level 3A Fleet Level 5

No_se YEAR
Level ExposureParameter
(Lcln) 1980 1985 1990 1995 2000

Area 11565
60 -.

Population 3,926

Area 843
65

Population 1,582

Area 437
70

Population 444
I

AJ_a 152
75

Population 82

Area 64
8O

Populatlon 12

Note 1. Area given in square miles (statute). Negative areas indicate that nols_ level exceededgrid boundary.

Note 2. Population given in thousands.



Table 4.5-25

EstimatedPopulation and Area in the United States
Exposedto Noise Levels FromAireerrier Aircraft Operations for

Procedure Level 2A Technology Level 3A Fleet Level 5
i

Noise YEAR
LeveI ExposureParameter
(Ldn) 1980 1985 1990 1995 2000

Area 1t 773
60

Population 41782

Area 874
65

Population 1_693
i i

Area 439
7O

Population 450

Area 152
75

Population 82

Area 64
80

Population 12

Note 1. Area given in square miles (statute). Negative areas indicate that noise level exceeded gricl boundary.

Note 2. Population given in thousands.



5.0 CONCLUSIONS

• Since the 80 FAR36 and 85 FAR36 rules do not imposerestrictions on

aircraft of existing type design, ;Fpromulgatedt their substantial effect

will not be realized Fully until a large percentage of the existing type

designaircraft are replaced by new type design aircraft. As indicated in

this study, the noticeable benefit of 80 FAR36 and 85 FAR36 beginsnear

the end of the century and would not be expected to achieve the full

potential until somelater date.

• Whi_e the "retrofit/replacement" rule * achieves dramatic early results

(wffhin 5 to 8 years) by imposingrequirementson currently operating aircraft

to meet 69 FAR36 by 1985, Furtherbenefitsare realized by the 75 FAR36

rule which imposeseven morestringent regulations on post-1975 new type

designaircraft. While the benefits of these two rulesare immediateand

ongoing, the resultsof this study indicate that the effect of increased

operations, even in the ModerateGrowth fleet, will counteract the decrease

in sourcenoise levels around the end of the century.

• A substantial immediate benefit can be realized through the optimization

of aircraft Flight procedures. A periodic review of the procedureswill be

necessaryto maintain the optlmumbenefit of flight procedurealternatlves

as sourcenoiselevels decrease.

*FARAmendment91-136 (41 F.R. 56046: December23, 1976)

5-I
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