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ABSTRACT

._ A detailed analysisof cost effectivenessof twoaircraft noisereductionalter-

.! _ natives'wascarried out and the final resultsare summarizedin this report. The alter-

._ natives conslstedof: (1) modificationof all civil air carrier aircraft havTngJT3D and

JT8D engines_usingquietnacelles (SAM) treatment, and (2) modificationof all JT2D-

poweredclvll aircraft usingSAM treatmentplusall .JTdD-poweredcivil aircraft using

new front fan (REFAN)treatment. Bothalternativesalsoassumedstandarduseof a

two-segmentapproachprocedureincorporatinga 60/30 glide slopefor landing.

Theanalysisincludeda detailed evaluation of:noise impactat 23 airportsfor

the years 1972, 1978, 1981, and 1987along with a detailed cast analysisof imple-

mentingthe alternatives. Basedon a tlme-lntegrated measureof relative reductionin

numberof peopleor land area impactedwithin NEF :30or NEF 40 contours,the cost

effectivenessof the SAM BD/3D alternatlve is morethan twice that of the SAM 3D/

RE.FAN8D alternative.
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1.0 INTRODUCTORY SUMMARY

1.1 Introductim and Organization of Report

" Major changesto the civil aviation systemhavebeen initiated over the past

few yearswhich have helped to counteract the gradualincreasein noiseimpact around

air carrier airports. Thesechangeshave includedthe instigation of a noisecertification

rule for jet aircraft (FARPart 36) .and the resultantinfusion of quieter wide body

aircraft trite the air carrier fleet, whlle continuedprogresstowardalleviation of noise

impact around aiq_ortswouJdbe achieved by continuingthis natural transitionto the

quieter and moreefficient wide bodyaircroftt the rate of progressis insufflcienb

conslder_ngcontinuedgrowth in civil aviation operationsdictated by ever-increaslng

passengercopacity demand. Fromanumborofaddltional noiseabatcmentalternatives i

that could be applied to further reduceairport no;soimpact,two have been selected !
J

for detailed evaluation in this uniquestudyi._volvinganalysisof noiseimpactaround

:! 23 of the natlon's largestairports.
i

!_ This report presentsthe detailed resultsof this study. Th_svolumedescribes

i: the study method(Chapter 2)t presentsall of the slgn_flcantfindings on noiseimpact

_ effectivenessat: the alternatives (Chapter 3), the economiccosts(Chapter 4), and

_i presentsthe conclusionsand recommendations(Chapter5). Theseare also summarized

in thls chapter. Volume]] (ReportDOT-TST-75-4) descrlbesthe special computerpro-

gramdevelopedfor carrylng outthe noiseImpactanalysisandVolume 1]], on file w_th

:: the Departmentof Transportation,is the sTnglearchlvaJcopyof detailed backupdata.

1.2 Results

Noise AbatementAlternatives

i The two noiseabatementalternativesanalyzedcons!stedof the following:

1. Quiet nacelle (SAM) retrofit of turbofanaircraft equippedwith
i

JT3D englnes(707t DC-8) andJTBDengines(727, 737and DC-9).

1-1



2. SAM retrofit oFdT3D aircraft combinedwffh new Frontfan (REFAN)

retrofit of all JT8D aircraft.

Forpurposesof this study, the two-segmentapproachprocedure, whereina 60/3 °

glide slope is usedby all aircraft, is assumedto be in standarduseForall future-year

• analyses.

Nolse Impact Analysis

The noiseimpact was analyzed at the 23 majorairportsshownin Figure 1-1.

Daily jet operationsFromtheseairports represent53 percent of the total jet aircraft

operationsby all principal U.S. carriers in 1972and are expectedto representabout

46 percentof the total by the year 1987.

The noise impact wasanalyzed forpreseht (1972) andprojectedfuture (1978,

1981, and 1987)operationsat the 23 airportstaking _ntoconsiderationpotentlal changes

in the air carrier fleet mix Foreach alternative studied.

The costsof implementingeach alternative were estimatedin termsof both

currentdollars andpresentvalue usinga 10percent d_scountrate to 1974. Costswere

based on:

• [nfflal Capital Investment

e LostTimeDuring RetraF_t

e Changein Direct Operating Costs

• LostProductivity

Theeffectivenessof"the noiseabatementalternatlves wasmeasuredby

computing:

• Thedecreasein impactedarea within Noise ExposureForecast(NEF) 30

and NEF 40 contoumpand

1-2
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Figure 1-1. Location of 23 Airports Used for Airport Noise Rec_uction Forecast Study
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e Thedecreasein esHmatednumberoFpeople (basedon T970censusdata)

residingwlthTn the NEF 30 and NEF 40 contours.

The impactedarea representedthe total land area within a given contourexcluding

airport property.
.:

As illustrated in Figure ]-2, this change in impactedarea or numberof people

, "' " _mpactedwasevaluatedover the ]5-year time period (1972-]987) considered;n the

studyand expressed,for each analysisyear, as a percent relative to the baseline

impact (two-segmentapproach) for the sameyear if neither retrofitalternative was

implemented. Thus, theshadedarea in Figure 1-2 representsa measure, relative to

the total area unc_erthe baselinecurve for 15 years, of the effectivenessof each noise

reductionalternaHve. Thisrelative effectiveness, expressedasa percentage, is listed

on the secondand third columnof Table 1-1 for NEF 30 and NEF40. The upper table

definesrelative reduction ;n impacted landarea while the lower table presentscorre-

spondingmeasuresof effectiveness forpeople residingwithin the NEF 30 or NEF 40

contours. ForexampIe_oppHcatlonof SAM retrofit to JT3D and JT8Daircraft

reducesthe numberof peoplewithin the NEF 30 contour integratedover the period

from 1972 to 1987by 14 percent. The total cost in currentdollars of each alternative
is shownin the next column.

Thus, the cost-effectivenessof each alternative can be evaluatedsimply in

termsof: the percent effectivenessdivided by the total dollar costto "buy" the corre-

spondingbenefit denoted by the shadedarea in Figure1-2 (see the last two columns).

Interpretation

The relative cost-effectivenessof the two alternatives is clearly defined by

comparisonof values betweenrowsof either of the last two columnsin either table.

Basedon the cost-effocHvenessfigures in %/$B for reduction inpopulaHonwithin the

NEF 80 contoursr the alternativesdiffer by the following ratios:
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Alternatives %/$B Ratio

• SAM 3D/SD 14.5 2.1

• ! • SAM 3D 6.8 1.0
REFAN8D

"''r ' t Theother measuresoFcost-effectlvenassshowhigher ratios of relative efFective-

nessand in the sameranking.

The in-depth analysiscarried out in this studyhasprovidedadditional new

lnsight into the evaluation of airport nolse impact. In partleulart the studyshowsthat

substantialvariations in impactoccur amongairportsandonly by examininga substantial

aggregate samplecan one reliably predict the effectivenessof any given noisereduc-

tion oltornatlve. However, oncea detailed studysuchasthis hasbeen carriedout1 one

can explore the abillty to apply the resultsto the developmentoFmareefficient means

of evaluating cost-eFfact'vanessof other aviation oriented environmentalcontrol systems.

! Somespecific recommendationsto this end are summarizedat the endof this report.
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Table 1-1

Summaryof Cost-Effectivenessfor 23 Airports
; (60/3° Baseline)
,L,

Impacted LandArea

: :_ Effectiveness Cost-EffecHveness

i'_il % Reduction Cost* %/$B Reduction
: : ' Alternative NEF 30 NEF 40 SB NEF 30 NEF 40

'}
?

_: 6°/3° r SAM 3D/SO 17 24 0.967 17.6 24.8
!,!

':_ 6°/3°t SAM 3D 34 35 5.001 6.8 7.0,%

!_ REFAN8D

i;
2_

i

;_ Population
:J Effectiveness Cost-Effectlveness
" % Reduction * %/$B Reductionco,t
: I Alternative NEF 30 NEF 40 SB NEF30 NEF 40
i

;i1 60/3 ° SAM 3D/SD 14 22 0.967 14.5 22.8
'i

60/3 ° SAM 3D 34 37 5.001 6.8 7.4
.'i REFAN8D
K

r !

: Currantdollars for total program.
:i

r
G
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2.0 STUDY METHOD

2.1 Study History

. !! Noise impactcreatedby aircraft operationsat busyairports is a complex i

• -' i_: phenomenon. Theimpactdependson a vastnumberof interrelated factors, involving

the numberand type of aircraft in operation, their fllght pathsanalproceduresI the
i

arrangementof the airport, its ru_nwaysand nelghboringareast weatherpatterns, and

; . chang'ngavlahon demands. Thls studywasundertakento analyze in considerable _

ctepththesefactorsfar the U.S. carrier airports, and to predict the changeswhich

sh'ouldresult if certain noise'abatementactionswere to be taken.

Analysisof complexsystemsis, by necessity, an iteratlve process. As this

, studyprogressed_someof the assumptionsmadeat the initial stagesof the investlga-
tlon were modified or discarded.

Thesereexaminationsand revisionswere madeon the effectivenessas well

as the cpst side of the analysespertainingto the study, in addition to changesbrought

about by insight into the problemgained from initial results, other factors led to

.;i revisionof someof the initial assumptions.For example, somechangestook place in
potential alreraff nalsereduction technblogyas the studyprogressed. Changesin

eeonomlc factorsandenergyaonslderatiansalsooccurredduring the courseof the study.

The majorelementsof thosechangesin the studyare summarizedin this section.

2.1.1 Initial Approach to the Study

Thebasle objectives of this studyhave not changedslnce its _nception-

narnolyt to provide quantitative information necessaryto evaluate the cost-effectiveness

of aeronautical and operationalalternatives to reduce alrport/communlty noise

incompatlbillty.

The initial plan for the studywas generally asfollows:
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• Estimatethe base level noise exposureat 23 U.S. airportsr whlch encom-

passthe majority of the population impactedby nolse fromcivil aircraft,

and forecast the changein noiseexposuredue to a numberof noiseabate-

ment alternatives. As lint'ally planned, thesearternaHvesconsistedof

a matrix of six operatlanalprocedurealternatives and eight aeronautlcar

: alternatives.

• • Estimatethe total costof each noiseabatementalternative, including

investment,direct operating costs, andother related costs.

• Relatethe costof thesealternatives in termsof the reductionin noise

impactedarea and in estimated numberof people residingwithin the
no_secontoursto the total cost of the alternatives.

Except for changesin the numberand type of alternativesanalyzed andminor

changesin the listof specific airports included in the study, the studyhasgenerally

followed this initial plan.

PreviousStudies

Studieshave been made in.the past of noiseimpactarounda numberof speclfic

airportsthroughoutthe nation includingt in somecases,evaluation of noisereduction

alternatives for currentor projected airport operaHons.1"5 No one single studypro-

vided the necessarydepthor detail required to meet the objectivesof this program.

None has been able to include the detail necessaryto assesseffectsat a sufficiently

representativesampleof actual airports, nor examinedtheseeffects in termsof number

of people impacted. ]ndeedt previousstudieswere often generalized in nature and

considerably limited in scope. Recognizlngthese limitations, the presentstudywas

undertakento gain the depthof detailed analysisnecessaryto provide valid comparisons

of cost-effectiveness. While two of thesestudiesevaluatedcostsof proposednoise

reductionalternatlvesr the alternatives analyzed were not suitableor the supporting

measuresof effectiveness (i.e., reductionin noiseimpact)were not adequate.4'5

I
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Nevertheless, theseprior studiesprovidedvery importantand valid backgroundinfor-

motion in the foEIowingareasto guTdethe direction of this study.

':+_ e Thevariation in the degreeand controllingsourceof noiseimpactfrom

oneairport to anotherwasclearly demonstratedsothat a substantial

_ sampleof airportswas requ'red to evaluate effeat'venessof any scenario
of no'sereductzona Iternatives.2,3

i

• A moresophisticatedcomputerprogramwould be requiredfor evaluating

i' efficiently the detalled noiseimpactat sucha large numberof airports.
i

• A moreaccurate assessmentof noiseimpactat any oneairportshouldbe

i_ madeto accountmorerealistically'for aircraft performancecharacter-

istics, airport flTghtoperations,and numberof people.
.t

• Estimatingcostsof implementingany alternative wouldrequirea

detailed evaluation of all pertinent economicfactorsinvolved, and

shouldbe based,again, ona substantialsampleof airports.

_" • Relative effectivenessof a set of noisereductionalternativesdoesnor

'r appearto be sensitiveto reasol_ableperturbationsin fleet mix, level of

ii.: operations,or day-night split.3' Thus,unavoidableuncertaintiesin pro-i,

jectionsof aviation operationsto futureyears wouldnor inhibit the ability

to makevalid re/ative ranktngs_ofnoisereductionalternatives.
i'

In summary,then, the prior studiesindicated the need for improvedanalysis

methodsor moredetailed engineeringandeconomicsdata to accomplishthe purpose
of this study. Therefore, the initial effort in this study wasdirectedtowardthe develop- :

mentof improvednoiseimpact analyslsmethodsanda detailed economicand engineering

data base Forapplication to the program. Thenext sectionsof this reportsummarizethe

resultsof this workbefore presentingthe details of the final results.

in addition to the initial definition of studymethods,severalbasicassumptions

orgroundruleswere establishedat the beginningof the program. Theseincluded:
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• Selectionof the 23 airports

• Selectionof the years for futureprojections

• • Selection of the candidate noise reductionalternatives

• Seleatlonof a measureof effectivenessForaircraft noisereduction

• Definition of economiccriteria Forthe coststudies

Theseinitial considerationsor groundrulesare dTscussedin the following

paragraphsor later on In Section 2.

2.1.2 Airport Selection

Proma prellminaryexaminationof alrport noise impactst 23 major U.S. con-

tinental affportswere selectedto representa majority of the people resldlngwithin

the NEF30 and 40 nolseexposures(seeSection 2.3 for definition of NEF contours).

This list of 23 airportsexcludedseveral major airports which are primarily

surroundedby oompotiblefarm land and woods,orare in the processof transferringto

a newcompatiblesite. The list includeda Fewsmallerairports whlohare partially

surroundedby' residentialneighborhoods,togetherwith Washlngton-Du[lesand Chlcago-

Midwoyr which maybe of speaial interest in futureyears. It is estimatedthat the 23

airportsselected accountedfor a majority of the peopleand impactedland wlthin the

NEF 30contourin the United Statesasof 1972. The 23 alrports selectedare ffstedalpha-

beticelly in Table 2.1-1, along with their daily air carrier operationsandolrport area.

Their geographiclocationswere shownearlier in Figure 1-1. Table 2.1-2 summarizes

the relative proportionof total operationsof the principQIU.S. alr carriersthat occur

at the 23airports.
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Table 2, 1-1

Summary Characteristics of the 23 Airports

Dally

Operations Alrport Area
; . No. i Alrport (Code) No. * Rank sqrot**

.Atlanta- Hartsflold (ATL) 1136 2 6.56

Boslon- Logan (BOS) 590 10 3.72

Buffalo (BUF) 204 33 1.56

Chlcago - Midway (MDW 114 55 1.0

Chicago- O'Hore (ORD) 1592 I 14.06

i: Cleveland - Hopklns (CLE) 366 17 2.30

il Denver° Stapleton (DEN) 522 12 6.21

"' Dulles - International (lAD) 168 38 15.59:!

John P. Kennady (JPK) 874 4 8.12

LOGuardia (LGA) 79B 5 0.91

Los/mgeles- international (LAX) ]01B 3 6.0

Miami - Internatlonal (MIA) 651] 8 4.21

Minneapolis- WoldChamberlaln (MSP) 33B 19 4.58

Newark (EWe) 478 15 3.38

i_' Now Orleans- Molsant (MSY) 300 21 2.34

i Philadelphla- internatlanal (PHL) 476 16 3.90

Phoo.ix-skyHe,bar (eHxl 212 31 2.ss
_ Portland~ International (PDX) 222 30 4.69

,' SanDiego- Llndberg (SAN) 208 32 0°76

SanFrancisco- international (SFO) 780 6 8, 13

Seattle - Tacoma (SEA) 300 22 2.81

St. Louis- International (STL) 504 13 2.89

Woshlngton- National (DCA) 600 9 1.01

Total 12458 _07.3

*Annual AverageDally ;,_Ir Carrier Operations- CY 1972(SeeSection2.6).

,k* LandArea insldoAirport propertyBoundary- FAAAirport Pa¢illtias Records.
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Table 2.1-2

ProportionoFDaily CperaHonsof PHnclpalU.S. Carriers
Representedby 23 Akport Sample

/ Percentof Operations
Year (Jet Aircraft Only)

1972 53

1978 52

1981 50

1987 46

It is apl_arentthat the 23-airport samplew'll representmarethan 50 percent

i of the total U.S. air oarrler jet operationsfor the years 1972through1981anclwilll

tend to representslightly lossthan 50 percent in the year 1987.
I

I 2.1.3 Selectionof FutureYears

A_discussedin moredetail in Secffon2.7.2, the projected implementation

scheduleof the two principal noisereductionalternaHvescalled for:

• Completionof quiet nacelle retrofitwith soundabsarpHonmaterial(SAM)

for all civil air carrier a_rcraff operatingfromU.S. airportsby the and

of 1978.

• Completionof rofan retrofit of all turbofan clvll air carrier

aircraft equippedwith JT8D engines,operating fromU.S. airportsby

the endof 1981.

Thus, the years 1978and 1981 wereusedas intermediate futureyearsFor

the analysis. A reasonableprojection of 6 years beyond1981 was pravlded
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wlth the selectionof 1987as the final year -a spanof 15years fromthe initlal

i'_ starting year of"1972.

': 2.1.4 Se]ectlonof.'aMeasureof Effeetlvenessof Nolse ReductionAlternatives

+. ,_

:: Forpurposesof this studyr the impact of aircraft noisearoundU.S. a[rports

was representedin termsof Noise ExposureForecast iNEF:).8 Thisscale is generally

acceptedas the bestrepresentatlonof civil aircraft noise mpact_ and hasevolved

over the pastdecadespecificall_ Forthls purpose. Severalether conceptswere con-

slderodfor useasa measureof.effectivenessto comparenoisereductionalternatives.

For examplet an NEF-to-annayance transferf.unctlonwasconsideredfor establishinga

single integrated measureof.impact f.oran airport.9,10 However_this approachwas

consideredprematurefor adoption to thisstudy. A "single number"measureof

i impact can theref.orebe pravlded by any of the following quantities:i i

:, • Impactedarea wlthin the NEF 30 or the NEF:40 contour

• Numberof people residingw'thln the NEF 30 or NEF 40 contours
:i

: • Decreasein area or numberof people impactedrelative to a basellne

condition.
r.

r,

:'! For this programt impactedarea consistedof"all landarea wlthln a g!ven
_! contourexclusiveoFarea within airport boundaries. Areasover majorbodiesof wateri ;

were therefore'excluded. The numbersof people impactedwere basedon 1970census

data without pravislon for change in future populationdensityor d_strlbution,

: For any 1yeart the effectlvenes_of any noiseabatementalternative wasto

i be evaluated in termsof the changein total impact for all 23 airports relative to the

' basellnevalue. For the final eost.-ef.fectlvenessevaluat'onr an integratedmeasureof

thoostlmatedeff.ectlvenessoverthe 15-year tlme per_odof the studywas used. This

is discussedin moredetail in Section2.8.3.

2-7



2.1.5 StudyReviewand Redirection

A basic elementof this studywas the substantlalexposureof initial assump-

tionsand input data oneconomics,aircraft nolse, andperformancefor reviewby other

governmentagenciesand industry. Thesequenceand general contentof someof'these

revlewsare summarizedin AppendixA. Thisoutsidereview provideda usefulchannel

for constructive recommendatlonsconcerningthe direction of the study in its early

stages.

Followingcompletion of preliminary noiseimpact analyses11on the six largest

airportsand prellmlnaryanalysesof the castof the variousalternatlve, 12 the studywas

modified. Thls redirection wasbased, in part, on the above preliminary resultsand

outsTdereview and in part, on resultsof changesin associatedFederalresearchand

developmentprogramsandairline industryplanning. Themajor effects of thesechanges

were to:

e Changethe scenarioof noiseabatementalternatlves analyzed to those

discussedIn detail in the next section (2.2).

i Replacethe year 1985employedin the inltial studywlth the years1981

and 1987.

• Replaceany outmodednolseor performancedata with the mostrecent

available data. The final sourcesof data are identified in Sectlon 2.3.

• Revisea substantialportionof the input data or groundrulesfor the cast

analyslsandairport operations. (Theproceduresusedfor this report are

outlined in detail in Seafions2.4 through2.7.)

The general intent and contentof these changeswere communicatedby DOT

to affected governmentand industrygroupsfor commentprior to their adoptTon.13
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"i
2.2 Noise ReductionAlternatives

!

,. There are a numberof alternative methodsat"reducingthe noiseimpact of air-

craft operationsin thevicinity of airports. Theycan be subdividedinto three categories:• !

*' • Operational Alternatives (flight procedureswhich minimize noise)
i • AeronauticalAlternatives (quieter aircraft)

i • Ai_ort Alternatives (ar_portdestgnandadjacent land use)

Thisstudy wasconcernedonly with the first two categorles, both of whichare

subject to researchanddevelopmentand regulatoryactionsby the Federal Government,

:! and involve implementationby a combinationof the air transportationandaircraft! :

_i manufacturing industries. Thethird category involves 6ptlmizlngboth the developmentof

i the airport and its surroundingland useandthe operational util_zatlon of its facHitles

_ to minimlze noiseimpact. It is primarily subjectto local control and wasnot considered

an appropriatevarloble Foranalysisof the nationalair transportationsystem. Byneglect-

• _ngany possibleno_sereductionachievable by "fine tuning"operationsat each airport,

i the resultsof'this studyare on the conservativeside. More importantlyr the resultswi(I

: provide a va/id relative rankingof the effect of the alternativesconsidered.

, _ 2.2.1 OperationalAffernatTves

Originally, the operational alternatives to be consideredin thisstudywere as

foltows:

• .Currentoperationalprocedures

• Approachaltitude at 3000 Feetto a 3° glide slope

• Approachaltitude at 3000 Feetto a two-segment(6°/3 °) glide slope

e Noise abatementtakeoff

e Combinationsof the above

For the iniHal studieswith the first s_xalrports, the numberof operational

alternaHveswasreducedto the first three in the preceding llst.11 Thesethree alternatives
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were defined Foreach of"the principal aircraft types. The resultsof the preliminary

analyses indicated that useof a 3000-foot minimumapproach altitude did not provide

sufficient effectiveness to justlfy its further inclusion in the study. This report contains

the resulfsof applylng only the standardapproachprocedure for the 1972baseline cases

and the 6o/3o two-segment approachfor all future-year cases. Two speclol consldera-

tlons shouldbe pointed out. (1) Standardapproachprocedureat someairports involves

the useof a constantvectoring altitude before intercepting the 3° glide slope. This

was usedonly f'orthoseairports where it wasapplioable. (2) The6o/3 ° approachpro-

eodure, which assumeda transitlon altitude between6° and 3° of 690 f.eeb was applied

uniformly at all airports without regard to possible limitations or modifications that

might be requTredfor safety reasonsat someairports if the 6o/3 ° approachprocedure

were actually usedroutinely. It was assumedfor thls study that the necessaryground

and aircraft equipment could be installed and the 6o/3o procedurefully implemented

as the standardalr carrler approachprocedureby 1978.14 Specific details on opera-

tional parametersassumedfor this procedureare discussedlater in Section 2.3 along

with a doscriptlonof the procedureused for takeoffs.

2.2.2 Aeronautical Alternatives

A list of the preliminary aeronautical alternatives which were consideredfor

inclusion in this study is presentedin Table 2.2-1. As with the operational alternatives,

subsequentchanges in researchand developmentprogramsplus the results of.the prelim-

lnory slx-airport study reducedthe numberof aeronautical alternatives to the two

Identified in Table 2.2-1. Thisreport contains the results of.the application to all 23

airportsof. theseaeronautical alternatives whlchare under active consideration15-18

2.3 Noise ]repeatAnaJysls

Recentrev'ewsof methodsfor characterizing communitynoise levels havegen-

erally agreedthat desirableattributesof"a valld scale for assessingnoiseimpactaround

airportsshouldinclude the followlng:19_20
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b
:_ Tabla 2.2-1

_, Aeronautical Noise ReductionAlternatives Initlally Conslderedt
. , i! Including TheseAnalyzed for Preliminary Studyfor Six Airports11

' 11

., . ,; Approximate Percentage
• oFU,S. Fleet Retrofitted
:' Alternative and in OperaHon in 1981"*
:

I ,oselJ.e* I 100(S2t7Airc=ft)

SAM 3D 11

,_ SAM BD 37
i:

I SAM3o j-i and 8D * 48

REFAN 8D 26

_. REFAN 727, SAMAll Else 40

i_! SAM got REFAN8D *, 36
,ii

:: : REEAN 3D and 8D 30

* Alternatlves usedfor this studyon 23 airports

**Estimated from Table 2.7-1 and Reference 11

/

i ¸,
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• Relate accurately to humanresponseto noise

• Provide a cumulatlve measureof exposureover a long perlod of time

• Besuitable for application to mathematical modeling

• • Relate to noisescales or criteria usedin regulatory action for the noise

source

• Beconsistentwith noisescalesfor whicha suitable data baseonaircraft

noise is available.

Other attributes related to easeof measurementor understandabilityto the

laymando not necessarilyapply for thls study,since noiseassessmentis to be predlcted

analytically andrepresentedin comparatlveterms.

Although there have beena largenumberof different schemesdevelopedover

the yearsfor evaluatingaircraft nalse,8_20,22r23 the Noise ExpasuraForecast (NEF)

scale wasconsideredthe mostsuitable for applleatian to thisstudy. It is basedon a

time-lntegratad measureof the noise level foreach single event or aircraft flyby

expressedby the Effective Perceived Noise Level (EPNL). The latter has beenshown

to provide a valid objective measureof subJectiveresponseto aircraft noiseundercon-

trolled laboratoryconditions.24 It appearstoaccountwell for the frequency response

characteristics andtime durationsensitivity of humanaudition for aircraft sounds. Fur-

thermora, sinceEPNL is the noisescale usedin FARPart 36 for aircraft noise certifica-

tion, an axtonslvedata baseof aircraft noisein termsof EPNLversusslant rangewas

available for this program. Well documentedor experimenta/ly valldated data, based

an other noisesaales, were generally nat available.

In addition to the precedlng reasons,further supportfor uslngNEP contours

forthis programis providedby the following ratlonale:

• NEF values, llke other time-integrated measuresof nois% represent

smoothedlong-termmeasuresof the noiseexposure
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• NEF contoursare relatively insensitive to small changesin traffic volume

• Total airport activity is relatively stableover periods lastingseveral
.I

_,_ months

.... • Available Informationseemsto point to the useof Iong-tlmeaverage

noise levels rather than noiselevels basedon relatively infrequentpeak

periodsto assesscommunityresponseto aircraft noise.

2,3.1 Aircraft Operatlo,nsand NEF

The NEF 30 andNEF 40 contourswere selectedas criterion levelsfor thls

studybasedon the followlng generallyacceptedinterpretation of thesevaluesfor land

usaplannlng=

• Lessthan NEF 30 - Essentlallyno complaintsexpectedI noise may

interfere w'th cornnrnun_tyact'vltles.

• NEF 30 to NEF 40 - Individualsmay aornplalnlgroupaction possible.

• Greater than NEF 40 :--Repeatedvigorouscomplaints;groupaction

• expected,

Forany point on the groundr_thevalue at NEF can be convenientlyexpressed
as:

NEF = _ + 10 Iog(N d + 16.7N )- 88n

where

= energyoverageEPNLof all aircraft contributing to the noise

Input

Ndt N n = numberof flights durlng the day (7AM- 10 PM) andnight
(10 PM-7 AM) respectively

Thus, NEF increasesas the logarithm of the numberof operation increases.
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rThe total aircraft operationsestablished for this study are representative of a

ong-terrn (annual) overageday. The numbersof aircraft movementsforecast for

• each of the airports are given in Section 2.6.
i

2.3.2 The NEF Computer P'ragramModel

The development of NEF contours0soplethsof equal NEFvalue) representative

of the airorafi operations in and aroundon airport complex requiresthe evaluation of a

large numberof parameters. W!th this in mind, a computerprogramwasdeveloped to

model the a_rcraff actlvlty asso'ciatedwith an airport and to performthe necessarycal-

culations to determine the locationsof the NEF contours, A programdeveloped earlier

by DOT to perform these calculations wasavailable at the start of the study. This "

tnitlal computerprogramwasmodified andexpandedto providethe morecomplexcom-.

putaHonsfor this study, which were beyondthe copabillfios of the |nltiel computer

program. A detailed descriptionof the methodemployedfor the program, andits use,

_sgiven in Volume I! of thls report.30 Brief descriptionsof the basic parametersneces-

sary for the programto determlne the locationsof the NEF contoursare glven in the

following paragraphs. The developmentof theseparametersis describedin following

seoHonsof this report.

The A!_oort SystemDefinition.

Thedefinition of an "airport system"for the purposeof assessingnoiseimpact

|nvolves several parameters. Theseare: _-"

• Airport Altitude

Theoltltude of on airport is definedas its elevation above meansea level.

Airport oltffude can influence aircraft flight performance.

• RunwayDefinifians

The runwaysat each airport are definedby descrlblng the Ioeatlonsof

their endpointswffh ×-Y coordinatesin a Cartesiancoordinatesystem

relative to on arbitrary origin. Typically, the origin is conveniently
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:i
_ located'nearthe canter of the airport wlth the positive Y-axls in the

directlon of true north. Theairport is assumedto lie in o horizontal

'i plane, at thealtitude definedabove.

....... ,. • GroundTracks
i

A groundtrack is the locus, in the planeof the airport, of the paints

directly beneaththe flight pathof departingand arriving aircraft. The

groundtracksare definedby straight line and circular segmentsas they

emanate&am the associatedrunways. The runwayend track definitions

• for Chlcago-OJHare are showngraphically in Figure2.3..1_ asan

example. Practlcal limitationsdictate that averagegroundtracksnor."

' really specified for flight controlbe usedand effects of pathdlsperslon

bo ignored. Thlsslmpllficatlan wl]l notaffect relative changesin impact
area betweenvarious noiseabatementalternatives.

. ApproachProcedures

Theproceduresfollowedby an aircraft on landing approachwill normally

vary fromairport to airport in the areas leading to final descentan glide

;. slope. Theapproachprocedure(e.g., pattern altitudes, descentpoints,

arc.) are termed"airport specific"and mustbe defined for each individual

airport.

• TakeoffRestrictions

Any variancefromnormaltakeoffproceduresmustbe defined foreach

Individual alrpart. Standardtakeoffprocaduras may be medlfiad by the

impositionof area celllng altitudes, no soabatementprocedures,or

safetyconsiderations.

e A!reraff Operations.

Thenumbersandtypesof aircraft operatinginto and out of the airport

mustba specifiedin termsof day/nlght distribution andgroundtrack
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assignment. Additionally, departuresmustbe further brokendown into

trip length categories. Thetrip length categoriesare indicative of the

takeoff grossweTghtof the aircraft andare usedto determinewhlch take-

off altitude profile definition will be assignedto the flight.

In addition to the "airportspecific " definltlons, several aircraft-dependent

itemsmustbe definedfor the program. Theseitems are as follows:

e Nolse Data

Thenoisevaluesproducedversusthe s/ant distance fromthe aircraft for

severalthrust levels mustbe defined far each typeof alraraft to be

considered.

a TakeoffProfiles

A takeoff profile for each defined trip length for each defined aircraft

mustbe provlded. The takeoff profile consistsof defining the alraraft

altitude, thrust settingand velocity as a functionof the distance from

brake release. Theseprofilesare standardat all airportsunlesstakeoff

restrictionsare defined. Airport elevation correctionsare appllad to the

profiles where applicable,

2.3.3 Aircraft Noise and Operational Characteristics

Noise versusslant rangecharacteristics for mostof the existing aircraft wlth

or without proposednalsa reductionalternativeswere obtainedfromthe manufacturers.

The detailed referencesourcesof data for each of theseaircraft are summarizedin

.AppendixB. Noise versusslant rangecharacteristics of _uturaaircraft were defined

on the basisof data supplied by government,manufacturersor by engineeringestimates

by Wyle Research. Generally accepted correction factorsto accountfor air-to-ground

prapagatlon losses,engine shleldlng losses,and noiselevel versusthrust were adopted

for the study. ProceduresrecommendedIn SAEARP-86625and proposedARP-111426
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ware utilized for extrapolatingorestimatingaircraft noiseversusslant rangecurves •

which ware nototharwlsaavailable.

Parficu/arattention waspaid, in this studyt to estimatingnominalaircraft

. flight profila charoctarlstics. In practice, these flight proceduresvary widely with

aircraft typa_ pilot, alrltne, runway_and weather. However, practical limitations

require approximationof the operationalspectrumby '_ypical"operating character-

istics. The characteristicsassumedfor the purposeof the Noise ReductionForecast

Programare data,led in the following paragraphs. Specific performanceparameters

used for lndlvldual airaroft_ basedon manufacturer-supplieddata, are also included.

Takeoff

The takeoff profileswere calculated assuminga windless,sea level, 59-degree F

clay andthe ATA standardprocedurefor all departures.27 Briefly, this procedurecalls

for takeoff at maximumpowerwith a speedof V2*+ 10 ktas and a constantflap sattlng

until reaching 1500 feet abovegroundlevel. At this point, power is reducedto moxi-

•mumclimb paworor that thrustneededto malntatna 1000Fpmrate of climb, whichever

is greater. At 3000 feet, the alrplane decreasesthe climb angleand accelerates at a

rata of 1kt/soc. Flapsare retractedasspeedpermlts. At a speedof 250 ktas, climb

is resumedin a clean configuration. Figure2.3-2 showsthis profile schematically.

Appr.,oo,ch

Over each Individual approach,reck, it wasassumedthat all aircraft, regard-

lessof type, followthe samepath_ i.e., all aircraft fly at thesamepatternaltitudes

and makealtltuda transitionat the sameplaces. Unlike takeoff profiles, a unique

approachprofile ls required for each groundtrack at each airport. Figure 2.3-3 shows

a typical profile. No walghtvariations ware consideredan approach. Atrcroft of the

sametype ware consideredto be at one typical weight (seaTable 2.3-1).

*Speed necessaryto maintain minimumclimb gradientasdefined in Reference28.
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Table 2.3-1

Values Used for Modeling Landlngs for Several Affcraff

LandingPowerSetting(Fn*),"lbs/eng

Length Descentwith Descentwith Descentwith
Landing Landing Landing LandingFlap ApproachFlap Maneu_,erFlop
Weight Roll Speed Flight Thrust

Aircraft Type ,'_lbs, ,'.'ft. _kts. 3° 6° 0° 3° 0O 500ff/n.ml.** Idle Reversal

DC-8-33_ 720, 180_000 4100 146 4400 2045 5150 2790 4700 1(300 500 8500
707-120/320,
CV-800, VC-10

DC-8-.55, .-61 197,500 i 3000 140 5450 3120 5750 3200 4600 1000 700 8500

I_ DC-9, 8AC-111 65,000 2910 122 4000 2285 3665 1975 2875 450 450 8000

DC-10 t L-1011 300_000 3945 138 8535 3265 11000 5760 9000 1800 1800 20000

707-3205/Ct 7208 190,000 4100 135 3885 1380 4790 2365 3980 700 700 8500
707-120neCV-990

727 138,200 2800 132 6000 3550 5000 2590 3130 500 500 8000

737 88,000 2750 133 4825 2400 4930 2640 4820 1220 500 8000

747 500s000 4000 146 11800 5230 14950 8400 11380 2790 2790 20000

*Fn = Uncorrectednotthrust.

**Gradient of patternaltltudotransition.



The profile begins in the handoffarea with aircraft at 200 ktas anda maneu-

ver flap setting. Transitionsbetweena maximumof three pattern altitudes are made

at a 500 foot/n.mi, gradient. On reachingfinal patternaltitude or on recelpt of

clearance to land, flaps are changedto an approachsetting. Landinggear is extended

at glide slope intercept. All final approaches(includingVFR) are madealong a 3°

glide slope. In accordancewith ATA procedures,transitionsfromapproachto landing

flap settingsore modeat an altitude of 1000feet. A landingspeedof 1.3 Vs + 10ktas

is assumedwhi e a rcraft are on the glide slope. After touchdown, thrust Is increasedto

simulate the noisedue to thrust reversal. Approachparametersusedfor specific aircraft

modelsare presentedin Table 2.3-1.

6°/3 ° Glide Slope

The6°/3 ° operational alternative consistedof a descentalong a 6° glide

slope froman appllcable patternaltltude (neverlessthan3000 feet) until reachinga

height of 690 feet above ground. At this point_ a transitlonto a 3° glide slopewas

madeand landing was treated asbefore. Flapswereassumedto be in a landlngsatfing

,, after the initial transition to the 6° segment. The transitionfromthe 6° segmentto

i the 3° segmentwasassumedto take place on the final leg for all tracks. Whennormal

_! approach patterns involved a patternaltltude lessthan3000 feet for any groundtrackt
L

approachpatternson all tracks were elevated uniformly until the lowest patternwas

at 3000 feet. This maintained the samerelative pattern separation (seeFigure2.3-4).

Flap Schedules

Doalslonsabout typical flap managementsaheduleswere madeafter consulta-

tion with airline operationsofficials (seeReferencesB-12 throughB-16 in Appendix B).

Resultsof theseconversationsare summarizedin Table 2.3-2. Forboth landingand

takeoff, flop settingswere chosento be representatlveof operationsfromoronto long

runways. Theseflap settings! alongwith aircraft weightsandapproachor takeoff profile

angles, formed the basisfor selectingconsistentthrustsettingsfor each type of airaraft

fromavailable mant_faaturers'performancedata.

*Stall speedas specified in Reference28.
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Table 2.3-2

Typical FlapSettingsfor Takeoff andArrival
for SeveralAircraft*

• I Takeoff Flapst** Arrival FlapstDegreesr •

Modal Degrees Maneuver ' •Approach Landing
707-320 30 30 30 40

707-320B 14 2.5 30 30

720B 30 30 40 50

727 15 5 25, 40

737 5 5 25 40

747 10 10 25 30

DC-8-33 ' 25 30 35 50

DC-8-61 15 25 35 50

DC-9-15 20 15 20 50

DC-9-32 15 15 20 50

DC-IO 15 5 1B 35

L-1011 10 4 22 33

*Basedon surveyofalrline operationsofficials cited in ReferencesB-12 to
B-16. Due to the lack of completemanufacturer'sdata, the abovevalues
may not be wholly consistentwith the flap assumptionsactually used.

**Takeoff flap settingmay vary with weight.
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' 2.3.4 Noise Impact Parameters

The noise impact wascomputed in terms of the numberof people residingwithin

the NEF 30 and NEF 40 contoursand the net impactedarea (excluding airport property

• _. andwater) wlthln thosesamecontours.

The populationdata usedfor thls studywere developedfrompopulation ccntroid

informationcontained _nthe U.S. Bureauof Censustapesforthe 1970census. A popula-

tion centrold, in this context, definesa weightedcentral location of a populationdlstri-

bution in an area. The location of the centroid is determinedby the variation of

population density in the g_neralarea of concernand representsthe centerof population

rather thanthe geographiccenterof the area. In addition to the Iocat'on of the centrmd,

the numberof people representedwasalsodefined. If a centroid wasfoundto fall within

'i oneof the NEF contours, the numberof people representedby the centroid wasconsidered

impacted. Figure2.3._5 exemplifies a graphic representationof the centrolddefinitions

around LosAngelesInternationalAirport. Populationwasassumedto remainconstantfor

_i the future yearsused"n th_sstudy.

Thedefinltionsof theproperty boundariesfor the airportswere obtained from

airport planningmapst providedby the atq_ortoperatoror planning commission,or from

FAA-provtded Forms5010 and29-A. The locationsof major bandiesof water ware

obtained fromU.S. CoastandGeodetic Geological Surveymapsand fromcensusmaps.

; Figure 2.3-6 is a graphicexampleof the definitionsof airport propertyand major bodies

of water for Mfamt International Airport. Impactedland, then, is defined as the land

area Inside an NEF contour, excluding airport property. No attemptwasmadeto assess

compatibility on the bastsof actual /and useorof ultimate hab_tab_llty.

By now, the basicproceduresforevaluationof the noisefrom aircraft have

:_: been defined. It remains to define the methodsfor evaluating the airport and avTatlon

: systemparametersin order that the integrated noiseimpact andcost of noTsereduction

alternatives can be defined. The last sectionin this chapterbriefly reviews the method

for relating the two parameters- cost andeffectiveness.
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2.4 Airport Attribu!e.sand Aircraft Operations

The assessmentof noise impactat each of the 23 airportsselectedfor this

studyis Basedonan analysisoPeach existingairport and itsmodeand level of utiliza-

tlon. Forecastsare madeof airport developmentand of evolutionof the typesandmix

• • I of"aircraft expectedto ut_lize each airport in the future yearsse/ected for the study.

2.4.1 Airport Attributes

Theanalystsfor each airport includesthe establishmentof presentairport

attributes, including land area and identification of boundaries,the heading, length

and layout of all usablerunways, a summaryof operationalfacilities significant to the

airporf'*soperationand effective capacity including NAVAIDS and taxlways, andan

explorationof exlstlng plansandprospec_for airport developmentand/or expansion.

2.4.2 .A.irportCapacity

Consid0rationwas glvon to the existing practical annual capacity of"

each airport, andto probableairport developmentand the potential for technological

improvementsto runwaycapacity. Whena forecast of demandfor all classesof aircraft

movementslfor a given airport, includinggeneralaviation, exceeded the estimateda_r-

port capacity, the numberof movementswas limited to that numberwhich wascompatible

with the estimatedcapac!ty of the a_rport, in this case, partof the increasedpassenger

demandforecastedwas accommodatedin larger aircraft without ;ncreas_ngthe numberof

operations. Any remainingdemandfor aircraft movementswhich was In excessof the air-

port capacitywasassumedto be diverted to other airports. Thisexcesscapacityproblem

occurredat onlyWashington-National andChlcago-OIHareolrports. The resulting

excessoctivTty wasassumedto be environmentallycompatibleand, therefore, notcon-

tributary to the noise|mpactanalyzed in this study.

2.4.3 A.!rportActivity by CandidateAircraft

Thea_rportsstud_edwere chosento representa majorityof"the total tJ. S.

population impactedby aircraft naise. Thesummat_onfor al123 airports of total nolse
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impact determined ir_ this study therefore represents a majority of the total impact

. of aircraft noise on populations in the vicinity of all air carrier airports throughout

the United States. Noise reductions abtalned on the population sample included in

:i this study by each selected noise reduction alternative are, therefore, representativei

i_ of the noise reduction potential of that alternative for the entire United States.

!i 2.4.4 Development of Operational Data

:_ Data were developed far each of the 23 selected study airports wlthin the

:'i framework of the following general categories:

• 1972/1978/1981/1987 average daily demand in terms of:

- aircraft

- day/night distribution!i

:,t - flight track assignment

- runway utilization
i,.i

,i - departure stage lengths

• Flight track geometry
!i
_: e Airport (runway system) geometry

/ The NEF computer program defines average daily demand as annual demand
:i

! divided by 365. A control total for the demand was established using the calendar

: _ year 1972 air carrier operations recorded by the FAA airport traffic control tower.

Distribution with respect to aircraft type was developed through an analysis of data

, contained within the Following documents:

!

• Official Airline Guide, Domestic Edition

e OFficial Airline Guide, international Edition

• Official Air Cargo Guide

. ]n sorting out data Fromthese documenPa, Thursdayl October 12, 1972 was

:: used as an average day. The analysis produced a distribution of traffic by aircraft types
,!

in terms of the categories of aircraft differentiated within the documents, the day/night

distribution, and stage length of departures by each aircraft type. Stage length as
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developedwasbasedon cTty-pair statistics. City-pair data were alsoused in a later

analysisof flight track assTgnmentwhere specific arrival and departurefixes were used

as a function of Flightoriginand destTnatlan.

Flight track detailswere developed after undertakinga sdrveyat each study

i airport. Thissurveyinvolveddetailed discussionswith FAA air traffic controlpersonnel

to ascertainthe followingdata:

m Runwayusepatterns

• Conditionsinflue'ncingrunwayuse(noiseabatement, ATC rules

and regulations, meteorologicalparameters, etc.)

. • Arrival-departure fixes and inboundandoutboundtypical

flight pathsassociatedtherewith

• Runwayllmitation (aircraft type, displacedthresholds,etc.)

• Flight track vertical profile limitations.

A detailed computeranalysis wasmadeof 5 yearsof weather tape statlstTca]

recordsobtained Fromthe U.S. Weather RecordsCenter in Ashevl]le, North Carolina,

for oac;hof the studyairports. Theseanalysesassistedin the developrnentof percent-

useof the variousrunwaycombinationsapplicable to each airport.

Detailsassoejatedwith airport runwaylayouts(existing andproposed)were

defined by review of available alrpert plans, U.S. Coastand Geodetic OC Charts_

and discussionswith airportmanagementpersonnel.

The developmentof estimatedfleet mixesfor each of the studyairports

involved three primary steps. The first stepestimatedpassengertraffic and total opera-

tionsat eachairport. Thesecondstep requiredthat the projected distributionof the

U.S. fleet be convertedintoa distributionof operations. Thethird stepdeveloped

airport mixesbasedon a comparisonof their presentair carrier operationsmix versus

mTxfor total U.S. operations,and extrapolated o general relationshipinto the fore-

castyears. Theaverage aircraft size estimate for forecastyearswas utilized in this

stepasa generalcontrollingnumber. Details of each of the forecaststepsfollow.
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Step I

A,irportTotalPassengerand OperaHonsForecast

;, Thisfirst step involved developmentof forecastsfor each airport of passengers

i_ enplanedandthe level of total afr carrier operations. The basicmethodinvolved
J_

- _i a top-clownapproachrequiring a trendanalys_sandforecast of each airport'sshareof

: total U.S. domesticoriginations, the connecting traffic expected, and the anticipated

growthof _nternatlonaltraffic at thoseairports where this is a factor. Theestimated

shareof the'total U.S. domestictraffic was applied to the national forecastand

connectingand international traffic added Fortotal enplanements.

. Enplanementswere connectedto movementsbyanalysisand projectionof the
i

enplaning load factor andan approximateaverageaircraft size. The enplaningload

il factor is defined as that percentageof departing seatswhich are filled by enplaning
passengers. Theenplaningload factordiffers from the total air carrier operatingload

factor, whlch encompassesall passengerS,includlng throughpassengers. Eachairport

_ hasa slightly different historical recordfor thisvariable, and the historical variation

was taken into account in developingthe projection. Theprojected industryload

factor is expectedto increasegradually in the future, asare the forecas_ of enplaning

load factor at each airport, in reactionto changes_n regulatoryphilosophyand gradual

trendstowardindustryimprovementin utilization of available capacity.

Averageaircraft size is an abstractionwhich is useful in order to analyze

the loading characteristicsat eachairport, and is forecastby a combinationof trend

extrapolation, adjusted by judgmentalconsiderationsof expectedequipmentdecisionsaf

the air carriers. Byrelating the averageaircraft size to expectedenplaningload

factors, the average enplanement_perdeparture are developed. The forecastof enplane-

mentsfor each airport is divided by the enplanementsper departure forecast, giving

requiredscheduleddepartures. Thisis then expandedto take into accountarrivals and

air carrier operationsnot related to scheduledpassengerservice, giving total air

carrier operations.

2-29



Step2

Distribution of Total U.S. Operationsby Type

The primary step to determine an estimatedFuturedistribution of operationsby

aircraft type, having forecast the FutureFleet by type, involves estimating operations per
.I

aircraft year for each type. This wasdone by estimatingoperations per aircraft year for

Futureyears,, by analogy to the present fleet typesoperatingon the route patternsand in

the classof service for which the new aircraft will becomereplacements. In other words,

new fleet typesare expected to generate op_ratlons in a relationship similar to present

activity of the aircraft" types they will replace. Presentoperationsperaircraft year for

establlshedtypes of aircraft are expected to continue at approximately the level estab-

lished for the base perlod 1971-1972.

Step 3

Airport Fleet Distribution

The distribution of operationsby equipmenttype for individual airportSwas

developedby the integrationof several steps. First, an analysiswasmade of eachair-

port's historic fleet distributionand comparedto the distrlbutlonof total U.S. carrier

Operations. In general, this stepshowsthat the larger the airport/the higher the

frequencyof use by the carriersof their larger aircraft types. Thisrelationship is one

which is extended into the future.

Anotherstep involvedthe definition of the characterof the airport*s mission,

particularly the importanceof international traffic andthe numberof high volume

marketsthat exist orare antlcipated. Againt the larger the air traffic volumesand

the more importantthe international traffic complexes,the higher the frequencyof

carrier useof larger aircraft types.

A third major factor involvedconsiderationof the air carriersservingthe

subject alrports, any limitations that are placedon carriersby the airport operators,and

any constraintsas to the level of operationsat individuala_rportswhere thesemust

temperunconstrainedforecastsof demand.
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i Takingthesemajorconsiderationsinto account, a firstestimateof aircraft

dlstrlbutlonwasdevelopedby applyingo higher-than-overage distributionof larger

._ aircraft typosfor larger airports, with a correspondinglower-than-average distribution

!' for smallera_rcraft. Forexample, if in the total of U.S. activity we expect

: _i approxlmotoly20 percent of operationsin 1978to be DC-9's, at a large airport like
OaHaraor Kennedy,we assigneda lowerpercentage in the tint distributionbasedon

_ the presentrelationshipof DC-9's at the subjectairport to DC-9's in the U.S.

; S_milorly, DC-8's representa greater percentageat the airport now thanthe U.S.

!: total; thishigherdistributionof larger aircraft _sprojected to apply in the future.
i

Refinementsto this first distributionwere madeon the basisof several

factors. Theairport forecastof averageaircraft size, forexample, wasutilized as a

controlnumberto alter the distributionasnecessary. Also, the specific corrler_
!!
: servingeach point were analyzed in view of thelr actual equipmentand projected

_ plan_for refinementsto the forecast. Forexample, if major operatorsof L-lO11's

_ dominate o particularstaHon_the DC-IO forecastwasdeereasedewith the amountof
i

+_ decreaseaddedto the L-1011 forecast.

;,_

_4

2-31



2.5 U.S. Aircraft Fleet

Thereare approximately 2000aircraft currently in operation by the principal

u.S. carriers which do not meet the present FARPart 36 noisecertification standards

: i for subsonlc'turbojetairplanes. Severalcontractshave beenawardedto aircraft and

•" ' f engine manufacturersto develop feaslble noisereduction retrofit hardware for turbofan-

poweredairplanesequippedwith JTBDar JT3Dengines, whichcomprisemostof the air

carrier fleet not in compllance with the FARnoiselimits. Thesecontract efforts have

developed the acousticand performancedata, the aircraft weight and operating cost

increments,andengine-nacelle productionrequ'rementsassociatedwlth each retrofit

design. Thlssectionforecaststhe aircraft fleet, the extantof airport operationsand

operatingcoststhat would result if the airlines install the prOposedretrofit hardware
on theseaircraft.

Thetotal fleet of the principal U.S. carriers, operating aircraft of the types

which are candldatesfor retrofit, hasbeen Identified.

Thecostimpact of the two proposedretrofit programsthat correspondto the

aeronauticalalternatives consideredin thls studyhasbeendevelopedbasedan a fore-

castof the numberof alrcra'fi"that will be retrofitted by eachairline. The best currant

estimatesof"the unit costsof each of the proposedretrofit programshave Beenused to

establish the magnitudeof each elrline_s capital requirementt'orretrofit.

2.5. l Airline Traffic andCapacity Forecasts

• A forecasta[ the future air traffic demandand relatedcapacity that will he

providedby the principal U.S. carriers hasbeendevelopedForthis study. The forecast

hasbeen accomplishedin four separatedemandsegments: (SeeFigure 2.5-1.)
+

1. scheduleddomesticpassengers .+

2. Scheduledinternational passengers

3. All nonscheduledpassengerse_iaes

- -+- 4. Cargoservices for all carrier groups
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TheseForecastsdef;ne the level of required aircrafi productivity in annual

available ton miles(ATM's). They provide the basisfor derlvatlon of the future fleet

forecast, the Futureairlin e total investmentrequirementand the numberof aircraft to

be retrofitted.

Theforecastof scheduleddomesticpassengerswasdevelopedusinga top-down

method based on projectlons of U. S. population, per capita personalconsumptlon

expendlture's,airline revenuesandaverageyield.

The airline capacity requirementsfor the domesticcarrierswere developed

on the basisof industryaverage load factorsincreasingto 60 percentby the endof

the forecastperlod. Somevariance in load factor wasrecognizedamongindividual

. carriers and carrier groupsas consideredapproprlate.

The scheduledinternational passengerforecastswere developedvia a s;mHar

top-down method. The U. S. i:arrlers participating in this traffic were forecast

to shareproportionatelyin world traffic demand(excludingU.S. domesHc)estimated

to growat an averageannual rate of 12.9 percent.

The forecastof nonscheduledpassengeroperationswas basedon projections

derlved Froman analysisof the servicehistories, far the 10-year period 1960-1970,

of each carrier groupparticipating in thistype of service. The projected growth rate

in nonscheduledservices_sforecastto be highest for the Alaskan and Supplemental

Carriers.

Cargo servicesfor all carrier groupsare forecastto grow at an annualrate of

11.8 percent. This forecast recognizeda difference in the growth rate expectation

amongcarrier groups,and the increasinguseof belly compartmentson large passenger

aircraft. Thecargodemandfor each carrier group was forecastin total andno attempt

wasmade to separately _dentify the extent to which all cargoserviceswouldbe provide¢

by the carrier groupswhich at presentare primarily passengercarriers.
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2.5.2 The Presentand FutureFleet

The eventual benefit to be derlved from a retrofit or other noisereduction

: program, and the eventual cost of any selectedprogram,will be largely dependenton.i

!:i the numberof aircraft affected. Thisstudyeffort has establishedand forecast the size

'i:! and compositionof the presentand future U.S. c_vil air carrier fleet. The Forecasting
:_ gave considerationto all identifiable airline fleet developmentplansand to the

i additional capacity required_n the fleet to accommodateforecast Futurealr transpor-
:i_ tation demand.

; The U.S. air carrier fleet under eonslderotlonincludesall U.S. operatorsof

_ aircraft which may be candidatesfor modification in any of the presently identified

noisereductionprograms_i.e., all JT3D- or dTSD-poweredaircraft. Table 2.5-1

_i summarizesthe airlines consideredin the analysis. Table 2.5-2 summarlzes'thealreraft

: by typosWhlchwereactive in the studybaseyear 1972.

The alrlines_decisionsregardingaircraft retirementwill no doubt be influenced

i i by the public policy adoptedre{etive to the methodsfar F_noneingnoise reduction

:! alternatives. Theforecastsof the numberof candidateaircraft of each type to be
: retrofitted and the related numberof aircraft to be retired were madeon the basisof a

: '*neutral" economic impact on aircraft operators. This impllesno financial penalties

!_! to the aircraft operatorassociatedwltlTa forced retrofit whichare not compensated
i;

by somesort of "subsidy." It also implies no financial benefitsto the airline eperatorl

such as an extendedlife or improvedperformanceoircrafb which are not offsetby a

commensurateincreasein cost.

: 2.5.3 ForeignAircraft Op.era.tingin the U.S.

The U.S. aircraft and aviation industrieshave historicallyestablishedthe

: operating patternsfor world aviation andcan be expectedto do so in the future.

Concern for environmentalexternalities is not limitedto the U.S.; it is to be expeeted_

therefore, that foreignnationswill exhibit the sameconcernfor noiseabatement. For

i
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Table 2.5-1

Summary of Prlncipal U.S. Carriers Considered in This Ana[ysls

TRUNKS

UAL UNITED AIRLINES
_, AAL AMERICAN A1RGNES

i̧ ¸ ' I"WA TRANSWORLDAIRUNES
EAL EASTERNAIRUNES
BNF BRANIFFAIRWAYS
CAL CONTINENTAL AIR LINES
DAL DELTA AIR UNES
NAL NATIONAL AIRUNES
- E(I)NORTHEASTAIRUN S

NWA 'NORTHWESTAIR UNES
WAr' WESTERNAIRUNES
pAA PAN AMERICAN WORLDAIRWAYS

REGIONAl

AW HUGHES A]RWEST
At, ALLEGHENY AIRUNES

CARIBBEANATLANTIC AIRLINES(E)
FL FRONT]ERAIRUNES

MOHAWK AIRUNES(3)
t_C NORTH (_ENTRALAIRUNES
OZ OZARK AIR tUNES
PI PIEDMONT AVIATION
SO SOUTHERNAIRWAYS
T_ TEXAS INTERNATIONAL A[EUNES

TRANS CARIBBEANAIRWAYS(4)

ALASKA/HAWAI]

ASA ALAS;CAAIRIJNES
TEA ALOHA AIRIJNES
HAL HAWAIIAN AIRLINES
WCA "VV]ENCONSOLIDATED AIRUNES '

REEVEALEUTIAN AIRWAYS(6)

ALLCARGCI

RDL AIRLIFTI NTEENAT[ONAL
FTL FLYING TIGERUNE
SOW SEABOARDWORLDAIRUNES

SUPPLEMENTAL

CAP CAPITA[. INTERNATIONAL
- JOHNSON FLY1NG SERVICE(6)

MIA MCCULLOCH INTERNATIONAL A]RI_NES
MDN MODERN AIR TRANSPORT
ONA OVERSEASNATIONAL AIRWAYS

PURDUEAERONAUTICS
SAT SATURNAIRWAYS
SOU SOUTHERNAIR TRANSPORT
TIA TRANS INTERNATIONAL AIRUNES

UN[VERSALAIRLINES(S)
WOR WORLD AIRWAYS

INTRASTATE

AIRCALXFORNLA
PACIRC SOUTHWESTAIRUNES
SOUTHWESTAIRUNES

Kay to Diipodtion ol Afflln=t no Lon0erInExh_ence
(l) Included with Delta (4) Inctud=dwlth American
(2) Includedwllh Emtem (S) Includedw;th ONA oM 13A
(2) Inclcldedwtlh Allegheny (6) Not opDratlnglarge jet alrcmtt
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T(lble 2.5-2

Summary of AircraFt Types Included in U.S. ATrllne Industry

Noisy Quiet
N_uabe_ o£ ._ N_u_%her o r

Old Jet:s Aircraft ('i) Quiet Fan Jets Aircraf_ (i)

'_ BAC-II1 58 B727-200Q (2) 4
'_ B707-300 12 B7_7 (3) 106

" " B720 37 DC-10-10 60
• _ CV-880 41 DC-10-10F

CV-990 8 DC-10-40
DC-8-20 40 DC-10-30 -
3C-8-30 24 220 DC-10-30F

L-1011 18 190

JT-SD (Retrofit Candidates) Turbo Props

B727-100 299 CV-5_0/600 ' 132
B727-I00C 122 F-27/227 _59
B727-200 262 683 L-188 46
_B737'200 150 L-382 18
B737-200C 5 155 YS-II 21
DC-9-10 72
DC-9-10F 19 Other 17 293
DC-9- 30 235 Piston .%ircraft 140 140
DC-9-30F 7 333

ToLaI - Quiet 6Z3

, JT-3D (Retrofit Candidates) ....
_i J ' Total - All Types 2,590
f[ I B707-100D 96

IBY07-300B iii
IB707-300C 119
|B720B 48 374
DC-8-50 44
DC-8-50F 28
DC-8-61 55
DC-8-61F 9
DC-8-62 16
DC-8-62F 1
DC-8-63 4
DC-8-63F 45 202

Total- Noisy 1,967

(I) In 0potationby prlncipalg. S, aarrlera as of D_cemSor 31, 1972.
Sourco_ CAB Forms 41 schedules:

B-43 Inventoryof Airframes& Aircraft E,ginos
B-47 L_aso Obli_atioils-FllghtEquipmen_
B-7 Airframes,_ndAircraf_ En_.iilcsAcquired
B-I& Sun_llaryo_ P_'oper_y0btais,!dUnder Long-Term

Raquircment Ear ro_roi:i_o_ early 747's _ moe_ FAR 36 no_
consido_'od in _ho stt.1([ycos_ os_in_Cos.
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the purposeof thisstudy, it is forecastthat retrofitting for each type of U.S. manu-

facturedequipmentwill be undertakenbyall foreignaswell asdomesticcarriers

serving U.S. airports, it is also forecast that foreign aircraft will have no impact on

the costof retrofit. Theywill not becomea costfor the U.S. industry, nor will the

potential for addltlonal retrofit kits be assumedto lower the averageprice per kit
, "1

appropriate to the numberrequiredto modify U.S. aircraft. Theassumptionof retro-

fitted foreign aircraft can be expected to have impact on the NEFcantour_generated

Forthoseairportswhich normallyaccommodatea significant amountof internatlona]

operations.

2.5.4 The Transitionto Quiet Aircraft

Forecastsof the evolution of the future U.S. fleet give recagnitlonto the

developmentswhichmay take place during the periodof thisstudy, suchas FAR

Part 36 complianceafter somefuturedate.31 It hasbeen forecastthat all aircraft to

be retrofitted will have the appropriate retrofit implementedprior to the time of the

Futureyear analysis. No analyseswere madeof any time period whenany aircraft

model to be retrofitted is in both the before and after stage. The forecastsalso reflect our

estimatethat the older aircraft suchas B-707p 720, DC-8, BAC 111, Convair 880and

990 equippedwith other thanJT3D engineswill be retired prior to the completionof

any proposednoisereductionprogram for thosefleets.

The compositionof the U.S. air carrier fleet of fixed wing aircraft as it is

forecastto evoJvethroughoutthe period of the study is shown in Figure2.5-2. it can

be seenthat a great majority of the current fleet are the "nolsy_aircraft which would

be candidatesfor someform of noiseredactionretrofit if a regulationderived fromthe

recent Notice of ProposedRuleMaking becameeffective. 31

The forecastof the future compositionof the fleet reflects the expected

retirement of manyof the older 'hoisy" aircraft, and the introduction of manynew

"quiet"alrcraft. The new aircraft include not only the wide bodyjets_ but additional
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affcraft of the aider types delivered in compliance with existing noise regulations. In

the later years of the forecast, the future fleet also includes several newtypesof air-

craft not yet in act_ve_erv_ce.

i 2.5.5 The FutureActivity of Retrofit CandidateAircraft

TheU.S. fleet compositionis also shownonFigure 2.5-3 far the seleoted

baseyear andfuture yearsto be analyzed _ndetail in this study. ThedT3D andJTSD-

poweredaircraft which are candidatesfor retrofit have been highlighted to illustrate

how they are forecastto decreasein numberandas componentsof the total active
fleet.

Thesamefleet summaryand forecast have beentranslated into annual aircraft

departuresfor the significant yearsof the studyon Figure2.5-4. A comparisonof these

two forecastsillustratesthat the rate of growth of aircraft movementswill not be as great

as the rate of growthof active aircraft. Thiswill result from the increasingcapacity of

new aircraft andtheir introductionontoroutes with aboveaverage stagelengthsand

therefore fewer annual departures. Thesetwo forecastsalso illustrate that the retrofit

candidate aircraft will continue to contribute+toairport operationsat a rate which does

not decreaseasrapidly as their numberin the active fleet.

Retrofit Candidates 1"972 1978 1981 1987

Percentof Active Fleet 68 56 47 21

Percentof Total Departures 69 64 57 30

The forecastof total aircraft departuresby percent for U.S. air carrier aircraft

of all typesis summarizedan Figure 2.5-5. Theseforecastsof futureU.S. fleet aircraft

and operationsprovide a basisfor the forecastsof the typesand mix of aircraft expected

to utilize the airports to be analyzed for noise impact in thisstudy.
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Principal U.S. Carriers
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2.6 Airports and Airport Fleets

The populationand mlx of alrcraff usedas the basisFornoiseimpact analyses

at e.achairport havebeendevelopedfor each of the yearsanalyzed in the study. Con-
i

slderetion hasbeengiven to the site-specific factorsexpected to influencethe forecasts

_" for each individual airport of the numberof movements,typesof aircraft, day-night

distribution of activlty t stagelength dlstrlbutlonof departures,approachanddeparture

flight paths, andpercentof useof runwaydirectlons.

A summaryof the conslderatlonsat eachof the 23 studyairports is provided

in thissection. A summaryof the analysis for LosAngelesInternational Airport is pre-

sented, asan examplet in Figure2.6-1,showing the averagedaily movementsof aircraft

typesusedin the analyslswhichwere categorlzedby general "noise" characterlstlcs.

Tables2.6-1 through2.6-4 are examples(for LosAngeles)of the aircraft

types and numberof movementsby stagelengthsdeveloped for eachairport. Figure2.6-2

illustrates the basesfor conversionof stage lengthsto estimatedtakeoff weights for each

flight. The approprlatetakeaff weightsare utillzed to establlshthe departurepaths

(profiles) for each flight in theanalysisprocedure.

]t shouldbe notedthat the aircraft type/descrlptlon are specific for 1972 and

the near term forecasts. Theywere usedasindicatorsof the general size andperformance

of aircraft thatservesthe varlousstage lengthsin the moredistant Future, i.e., services

forecast to be flownwith, say, DC-9's or B-737's in 1981and 1987, may be flown by

any similar type of new 2-englne medlum-rangenarrowbodiedaircraft. In all cases,

new narrowbodyaircraft (i.e., 707 (new) or 2-englne, mediumrange, narrow)were

assumedto have the samenoiseand profile characteristicsas their correspondingelder
SAM retrofitted versions.
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Table 2.6-1

Airport Activity Forecast For NEF Analysis 1/
Los Angeles - 1972

Den,_r_uresby Stn_e DLs_nnce (Sta_u_e Htles)

ALrcra£t: Day/.2/ 0 500 1000 1500 2500 3500 4500 Over
Type NL_h_ Arrivala 500 I000 1500 2500 3500 4500 5500 5500

720B D 31 9 ? 5 0 2
N 3 I I 0 1 0

707-3208/C D 16 5 1 0 8 2N 3 0 0 1 0 2

707-120B D 39 9 l 5 22 2N 1L 2 0 0 9 0

DC-8-30 D 5 0 0 2 3
N I 0 0 1 0

DC-9-T5 D 10 2 8
tl 0 0 0

DC-B-_5 D 31 ,12 I 1 15 2
N 14 5 0 0 B 1

DC-8-61/60 D 12 4 0 1 4 0 1 0 2N 10 0 2 1 5 2 0 O O

DC-9-32 D 10 9 1N 1 I 0

D 16 I 3 2 9 I
DC-10-10 N 2 0 1 0 1 0

L-TOIl D 2 0 0 0 2N 0 0 0 0 0

D 1 0 0 0 i
VC-]0 N 0 0 0 0 0

707-120/320 D 10 4 0 0 0 2 1 1 2N 8 I 0 0 7 0 0 0 0

727-200 D 97 68 I1 15 3_Z 7 5 1 1 0

720 D B 4 4
N 2 2 0

727-300 D 42 15 5 6 16
N 13 _ 2 1 6

737-100/200 D 46 41 5N 5 4 1

747-100 O 34 3 0 2 18 9 2
N 6 0 0 1 2 3 0

CV-080 D I 0 0 0 I
N 0 0 0 0 0

STOL D 12 12
H 0 0

1/ Excludes General Aviation and Military Operations

2/ "Day" - 7:00 AM - 10:00 PM (Local TTme)
"Night" - 10:01 PM - 6:59 AM (Local Time)
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Table 2.6-2

ATrport Activity Forecast for NEF Analys;s

Los Angeles - 1978

^t_r.ec _Zo.oej R°._o o.y/_J o tooIlooo.onIz_,,o0_oo4_o_.vr,_Cncc_orv _n_;im,_ , _n_.lbitltv Hndel -]/ IR(l_h_ Arrivl_ln SOD 1000 ISOO 2500 3S0O 4SO0 SSUO SS00

5upct/;OnLC b:,n8 Unapt©, O - -

W_.da gody 2 SharC-Hcdium Unapcc, b 26 IL 3 3 9
? 2 O, 3

I_C-10 D 18 1 2 11 1
N 2 0 0 1 0

H[de Body 3 Hediu= L-1011 D 20 I 4 2 X2 t
:, H 4 0 2 O 2 O

• , L/nspe¢. 10 39 3 7 4 23 :
H 6 O 4 O 2 0

_' W£de Body 3 Med/t_ Unapec. O 19 1 4 2 11 I
S_ratched H 3 0 2 O 0

'DC-10 D _ 1 0 1 2

Wtda, _ody 3 Long l_ 1 0 0 0
,t/n_ pe¢. D B 2 0 I 5

, a o I o o

W/d. _ody 3 bong Unepee. O ,_ 1 0 0
S_e_ched H 2 1 0 O i

_/lde I]ody 4 Ned£u_*L_nS 747 D 53 3 2 A 29 12 3

I It 10 0 2 • _ _ O

NLde _ody & Ned}.um-Long J U_pe_. I) 4 1 0 0 2 1S[:re_hed N _ 0 0 0 1 0
I

'737 _ 29 26 3
N 3 3 O

::, .ar_o_ _ody 2 h1_lum =-9 _[ 24 2_ 109 l
2"

Unspo_. _ IS 1_ 02 J

lln_ro_ _ody 3 (adi_ 727-200 D 93 6_ 12 '16
H 7 5 I 1

70? P. 16 2 0 0 14 O O O

720 D 2 I 1
H 0 0 0

_ro_ _odyl 4 Lon_
0C-8 D 18 _ 0 0 9 I

N 4 2 0 0 2 0

_./ Nod_ _nd(ca(;ed a9 "unsp¢c[_|ed _' may £_lod0 ¢utr_n_ _lrcr_/l: _Nd/Ot" new a_cr_t n0c yec _ri p£odtsctlon.
2/ "D_y" . 7:00 A._. - 10:00 P.,"i.(loe_l time)
" '_tJCht" - 10:0L P,*_(* - 6:_ A,H.lloc_llime)
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Table 2.6-3

i Airport Activity Forecast for NEF Analysis
LosAngeles - 1981

i Da_artursB b7 Stn/!n Dl,tance (S_aru=e Mtte_)
^tr©_nr_. Ho. of Rnnr.e D_yl2-1 _00 ]O00 ]5OO 2S00 3_rJO 4500 (_er

- Catt._;ory [nr.tnos Cnpnb[tLI Hod¢lI-/ f/lghc Arr_vzl|_l SOO IO00 1500 2500 3500 4500 _5OO 5500

:" ,i I Supereontc Ions Un,po¢. _ 03 O0 0 O0 0

' ' D¢-_O D 13 1 2 7 1
If 2 0 1 I 0

17 1 3 11:) 1
I_tdo _od_' 3 Medium L-10tt D 3 0 2 1 0

. Unepac. D 63 11 0 27
H 7 0 0 , 7

gtdo [lady 3 Hadlum I]Kmpec. D 31 2 S I 6 18 2SCre:ched N S 0 3 0 2 0

.

_.'L_. _ody 3 _"_ Vnmpec. D 9 2 O S 1
I_ _. 1 0 0 3 O

t/ldo _ody 3 Lon8 gn_pe_. D '? 2 0 1 t.gtret:chod _1 3 1 O O 2

'glde Bndy & tfedLug-Lon 747 D SB 5 S S S0 12 2
12 O S 1 3 S 0

WLde Sony _ Hed_.um-1_n Un_pec. D 7 1 0 O 6, 2$_etched H 1 0 0 0 0 1

; 0

U,_kec. H . 1 1 O

S'ZOL -- Sho=_ _n.pec. D 2_ 22 03

727-|00 D 19 7 1 3 7
H 6 2 1 1 2

727-200 D 98 _9 ),1 lS S
N 7 5 1 1 o

_'zaw Sody _, Ions DC-B D 13 6 0 0 6 1
a 3 1 0 0 2 O

Unspec. D 7 I. 0 0 A 2
fi S 0 O 0 2 0

• It/ l",sde[| _.lldL¢4¢edas "uillspecif_.ed"may tnclud| curt'eric Itircrafc and/o_ hey a|_c_'aSC noc yet in pfnduc_£o_l.

,_ _Dny" ,, - 7:00 A.H. " 10 O0 P H. |coal time)
_._Gh_ - 0101 _,H. - 6;59 A._.(l_cal time)
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Table 2,6-4

Airport Activity Forecast for NEF Analys;_
LosAngeles - 1987

_ Depnr_ure_ h,/ _._, nl_c_ner r_cacute _tl,,_)

,: Aircrat_ No. a£ R_n_e D_yl2, O 500 Ir,Oo I_00 2f_{Jo1500 4500 O..,,t

._ _ BupereonLc - £en_ Un_pec, D 5 0 OH O O O O O

11 WLda Sody 2 Shbr_-MtdiLv Unsp©_, 0 B9 $7 9 6 17
_ 19 8 B 1 3

'_¢-20 D 15 1 3 2 8 t
' II 2 0 ]. 0 1 0

_r W£de Body 3 _edl_Lm L-loll D IG 3

Jn:lpe¢. D S?. 13 O _ i _2
N 8 O 0 8

Wide I_ody 3 Hed2_ UoSp¢* _ _S S 8 _ 2f_ 3
_i_re_ched H 7 0 5 0 2 0

o° 'o I
k/L_I n_dy 3 Lens

Un_f,_c. D 1_* 3 0 2 _ I
$ I 0 O _ 0

_/lde Body _ ' Lee& greece. _ 12 :_ O t 7 l
_i:¢el:chad If 6 1 O , O 5 0

_lde _ody 4 _edL_*Lon_ _Jnspe¢. D 13 2 0 0 7 L_
5_/_ched X 3 0 O 0 0 3

?37 D 23 21 2

, l; 3 2 1
, i _a_o_Bo_y 2 Medium _c-9 _ Is 17 2

H 2 2 0

ii Pnspee. D 2_ 18 3
': H 1 1 0

_ ;_OL Shore Un=pee. O 3,_ SO
_: H 1 1 0

10 A : 1 ?. 4

727-100
s z _ o z

a_o_ Body 3 HedIt_ 727-200 B Sl 57 9 13 2
H 6 4 1 1 0

707 O 7 3 O 0 0 I l 0 2
H 6 ]. 0 O _ O 0 O O

_=,_1:_' _ody _ 'L©n& 1_-8 HD 113 ].5 OO O0 26 02"dn,pee..B 17.3 02 00 D] ]

_/ _dllt Indicated ,Ill "l_:lsp_el_led 't _'_y Include_ur=nnc eircraEc nnd/er nu_ ai_er_g_ _a¢ ye© in production.
Sl _l_ly'* . 7100 A,N, . 20100 P.N (Ioc_lliml)
" "Blgh(:" * I0;Ol P.H, * 61-_ A.H,(1O¢_ _Im*)
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Figure 2.6-2. Takeoff Gross Weight Versus Range for Jet Transport Aircraft
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L 2.6.1 Atlanta (ATL) - General Operating Considerations

• Extensiveuseof arrival a_rcraft path-stretching isemployed.

• VFRturn-onsover the outer markerwere allowed forsomeaircraft.

;: • A newly constructedparallel runwaywasconsideredin the

:i analysis, but its operaHonswere combinedwTth thoseon the

_ adjacent parallel runway,*!
• No further new runwayconstructionwasconsideredto exist

.!
, in the studyperiod.

i
i Runwayutilization Wasdeterminedby the previouslydiscussed

=, weather tape analysis_nconjunctionwlth an Atlanta Tower

Bulletin, 1June t972, "RunwaySelection Programfar Aircraft:_
_ NoiseAbatement," which denotes9L/R as the preferential

!ii runways.

_i; Table 2,6.1-1 presentsthe runway utilization percentagesfor Atlanta
:'_ International.

Table 2,6.1-2 presentsthe average daffy aircraft operationsat
Atlanta international.

Table 2.6.1-1

RunwayUtilization Percentagesfar
Atlanta

RAte Arrival (%) Departure(%)
No.* 1972 1978 1981 1987 1972 1978 19B1 1987

27R 25.3 22.0 21.8 25.3 28.0 26.8 26.5 26.5
27L 26,B 29.0 27.2 26.7 24.0 24.8 25.0 25,0
9L 21.8 20.3 20.5 21.7 24,3 24.0 23.9 23.9
9R 23,1 25.3 27.2 23.2 23.7 24.4 24,6 24,6

33 3.0 3.4 3.3 3.1

• Theserunwaydesignationswere current _n 1972but have subsequentlybeen changed
followfng completionof the new runwayto the fol]ow_ng: 27Ris now26; 27L is now 27R;
9L ls nowB;9R is now9L, andthe new runwayis 9R/27L,
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Table 2.6. 1-2

AverageDaily Aircraft Operations for Atlanta

r Average Dally OperationsAff_raFt Type./D_scrip lion 1972' 1978 1981 1987

720: 707-120/320
707-12OB

707-3200/C 2 32 22 14

727-100 230 212 162 128

727-200 44 73 68 72

737-100/200 58 58 60 60

747- lO0 18 I

qDC°8-30 36

I DC-8-55 46

i DC-8-61/63 46 20 16 16
DC-IO-IO 74 64 56

DC-9-15 132
DC-9-32 414 212 186 166

DAC-111 '

.-lOll 86 ' 7'4 66

VC-10 I

c_,. e80 26
Cv. 990

Caravelle

707 (NEW) 6 10 16

SST (I)
4,En_., M.R., 747SR 18 SO .54
Long Range747/747_ 54 72 98
747 Stretch

727.(QN) 16 23 24
727 Adv, 15 23 34

2 Eng., S.R*, W.B* 12 64 176

2 Eng., M.R,, W.B. 76 120 190

3 Eng.t M.R._ W,B. 164 192 206

3 En_., M.R,, W,B., 5ttotch 62 102 178
3 Eng., L.R., W. fi., DC-10-30 18 16 14

3 Eng., L.R., W. 3. 40 52. _,

3 _g., L.R.s W.B,, Seetch 16 28 46
2 Eng., M.R., Narrow (2)
2 Eng., S.R., Narrow 30 38 SO

, STO,L, T.,,!hoprop, • 84 28 _ 34
TOTAL 1136 1322 1452, 1754

(1) For I)le purposeof Ihe DOT 23 Airport Study, (2) Split calegory as follows (Ref. R. Dixon Speas)
aircraft In this classore considered to be af
th_ 707 (New) v=rlety. 737 33%DC-9 67%
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2,6,2 BostonLo._an(BOS) - General Operatin_ Considerations

• No new runwayconstructionwithin the studyperiod,

• A detailed computeranalysis wasmadeof weathertape

statistics(5 yearsof records)obtainedfromU.S. Weather

recordsfor runwayutillzation.

e Flight tracks endassociatedaltitudeswere determinedfrom

conversationswith towercontrollersandthe fallowingdocuments:

LoganInternational Airport ControlTower Bulletin

No, 71,6, Anti-No_se Proc:edures,21 June 1971.

Arrival and DepartureHandlingof High Performance

Airplanes - BostonMetropolis, BOSTWR 7232,2, 10May 1971.

TheBostonCenter and BostonTowerLetter of Agreement.

• Plighttracksandaltitudes reflected the newly installed TCA.

Table2.6.2-1 presentsthe runwayutilization percentagesfor Boston.

Table2.6.2-2 presentsthe average daily aircraft operationsat Boston.

Table 2.6.2-1

RunwayUtilization Percentagesfor
Bnston

R/W Arrival (%) Departure(%)

15 6'.10 6.10

22 23,38 41.60

9 - 14.22

33 19,75 19,75

27 19,48 1.47

4 31,29 16.86
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Table 2.6.2-2

Average Daily AircraFt Operations For Boston

Average Da_IyOperations

Alrcmrl Type/Descriptlon 1972 1970 1981 1987 '
720
720B '"

i
7O7-120/820 24
707-i28a 24

707-320L3/C 24 34 28 26
727-100 i08 74 62 58

72"7.280 84 84 98 116

787-180/200 2 2 2
747-}00 14

I DC-8-38 2
DC-_-S5 B

DC-8-6T/63 10 12 12 ' 14

DC-IO-IO 10 74 88 I10

DC-9-t5 16
DC-9-32 ' 200 166 162 174

DAC-III 36

L-Ioii 68 74 82
VC-18 2

Cv. 888 4
Cv. 998

Carovelle

707 (NEW) 16 16 16

SST (l) - 2

4 En_., h_.R., 7d7SR 32 42 68
Long Range742/'/4Vfi

747 Stretch

727 (QN)
727 Adv.

2 i_ng.t S.R., W.8.

I 2 Eng,_ M.R., W.B, 36 82

I 3 Eng.r M.R., W.B.I 3 Eng., M.R. W.B., Stretch
3 Eng., L.R., W.B., DC-10-3O
3 Eng., L.R,, W.8. 28 34 40

3 Eng., L.R,, W.8., Stretch 4 6 24

2 En9., M_R., Harrow (2) 29 10
2 Eng., S.R., P/arrow 4 8

8TOL, Turboprop 28
"TO&L " _90 614 6:,_ _20

(It For the purposeat"Ihe DOT 23 Airport Study, (2) SpHt colegory as tallows

aircraft In fhls classore consideredto be oF 737 93%
the 707 (Hew) variety. DC-9 67%
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2.6.3 Buffalo (BUF)- General Operatlng Considerations

• Extendedfina{ approachapplicable to inboundaircraft

resultlngfrom 'keep-era-high' FAA program.

'f = ' Extended.'stmight-out"departure traces(approximat;'ly6 n.m.)

: fromRunways5 and23 in interestsof nolseabatement.

• Preferential runwayuse land anddepartureon Runway23,

• No newrunwaysor runwayusechangeswere considered

during the.studyperiod.
• Tmnsltionelcontrolproceduresin accordancewith Cleveland

Center/BuffaloTowerLetterof AgreementdatedAprll 15, 1971.

Table 2.6,3-1 present=the runwQyutillzation percentagesfor

Buffalo.

Table2.6.3-2 presentsthe averagedaily alraraft operationsat
Buffalo.

Table 2.6.3-1

RunwayUtillzation Percentagesfor
Buffalo

R/W Arrlval (%) Departure(%)
==,=.

23 54.0 52.0

5 38.0 38.0

31 4.0 4.0

13 4.O 6.O
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Table 2.6.3-2

Average Daily Aircraft Operations for Buffalo

Average Dolly OpolaHons
Alrcraft Type/Doscriptlon 1972 1978 1901 1907

720
7200

707-120/320

" 707-1200 1.4
707-3200/C 4 16 16 16

727-100 26 "22 22 20

727-200 22 36 32 32

737-100/200 16 16 18 ]0

747_100
DC-8-30
DC-0-55 2

DC-8-61/63

DC-IO-IO 4

DC-9-15
DC-9-32 26 58 58 54

BAC-III 68
L-1011

VC-|O

Cv. 060
Cv. 990

Coravelle

707 (NEW)
SST (1)

4 Eng., M.R., 7475R 2 4 6

LongRange747/'7470
747 Stretch

727 (QN) 8 10 11
727 Adv. 8 10 I I

2 Eng.t S.R,, W.B, 66 74 ,88
2 Eng., M,_., W.B,

,.3.En_., M.R., W.B.

.3 En_., M.R., W.B., Slretch
3 Eng.j L.R.. W.B., DC-10-30

3 Eng., L.R*, W.B.

3 Eng., L.R., W.B., Stretch

2 Eng., M.R,, Narrow (2)

2, Eng., S.R., Narrow

STOL, Turboprop ,22 B 2 1

TOTAL 204 240 246 I 256

il) For the purposeof Iho DOT 23 Ahport Study, (2) Split categoryas Follows
o_rcraFtin thh classare consideredto beof
the 707 (N_w) vorlaly. 737 33%DC-9 67%
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2.6.4 Chica_o,-Midwa),(MDW)- General Operatin_ Considerations

• No new runwayconstructionwithin the studyperiod.
, I

• Runwayutilization assignedin accordancewith control tower

_4" r _ personnelestimates.

• Flight tracksand procedureswere developedasoutlined in:

ChicagoO'Hare Towerand Midway TowerLetter of

Agreement, 5 March 1973.

Chicago Center andO_HaraTowerLetter of Agreement,

25 April 1973.

Table 2.6.4-1 presentstherunwayutilization percentagesfor Chicago-

Midway.

Table2.6.4-2 presentsthe averagedaily aircraft operationsat

Chlcago-Midway.

Table2.6.4-I

RunwayUtilization Percentc_gesfor
Chicago- Midway

I_/W Arrlval (%) Departure (%)

31L 30.0 30.0

13R 10,0 10.0

22L 45.0 45.0

4R 15.0 15.0
=,,
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Table 2.6.4-2

Average Daily Aircraft Operations for Chicago-Midway

Average Daily Operations

i 7"0 1972 1978 1981 1987

Afrcmrl Type/Description
l

£

g20_

707- ]20/320

707-128B

707-3208/C

727-100 48 82 86 9B

727-200 2 74 8R 114

737- | 00/200 24 80 84 94

747-100

DC-8-30

DC-8-55

DC-8-61/63

DC-]O-10

DC-9-15 22

DC-9-32 10 100 106 I ) R

_AC-I II

L-lOll

VC-10

C';. 880

Cv. 990

Caravell.

707 (NEW)

5St (1)

! 4 Enp., M.R,, 7475R

Long Range 747/7478

747 Stretch

727 (QN)
727 Adv.

2 Eng., S.R., W.B. 22 30 48

2 Eng., M.R., W.R, ' I_,

3 Eng., /_,R. I W.O.

3 EnLI., M.R., W.B., Stretch

3 Eng., L.R., W.fi., DC-10-3O

3 Eng,s L,R., W.fi.

3 Eng.t L.R.s W.fi., Stretch

2 Eng., M.R., Narrow (2)

2 Eng., 5.1_., P/arrow

STOL, Turboprop R
,

TOTAL I i4 358 394 472

(|) For Ihe purpole or Ihe DOT 23 Affporl Sfu(Jyl (2) Split cat_gory a= follows
aircraft in this clasl are considered to be of

the 707 (New) vat[ely. 737 33%DC-9 67%
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2.6.5 Chicago-O'Hore (ORD) - General Operating Considerations

e No new runwayswere consideredto be constructedduring the studyperiod.

e In the existing time frame, 8-747 aircraft cannot ufillze Runways4L/22R

and9L/27R dueto a lack of stabilized shoulders. In the futuretime frame,

the shoulderswere consideredstabilized to allow unrestrictedrunwayuse.

e Departuresare held to 5000 feet for extensiveperiodsdueto operating

procedures.

• Radarvectoringpatternsare utilized in the handlingof botharrivals and

departures.

• Eighteendifferent runway-usecombinationswere analyzed. Calm winds

were assignedto arrivals on Runways27Rand 32L with departureson

i Runways27L and32R.

i: • Nolse abatementprocedures(including arrival runwaypreferencesfrom11 PM

" to 7 AM)as outlined in O'Hare Air Traffic ControlTowerOrder 7110.13

were in effect.

o Special proceduresfor towerenroute service betweenMilwaukee andOqHare

were includedin the fflght tracks.

! Table 2.6.5-1 presentsthe runwayutilization percentagesfor Chicago - O'Hare.

: Table 2.6.5-2 presentsthe averagedaily aircraft operationsat Chicago- O'Hare_
!!

Table 2.6.5-1

Runwayutilization Percentagesfor Chicago - O_Hare

R/W Arrival (%) Departure(%)
• No. 1972 1978 1981 1987 1972 1978 1981 1972

4L 0 0 0 0 7.0 3.9 4.3 4.3
4R 0 0 0 0 2.6 4.8 5.5 5.5
9L 3.0 3.4 3.4 3.4 3.7 3.4 3.9 3.9
9R 9.0 9.5 9.5 9.5 4.2 4.6 4.2 4.2

14L 5.0 5.0 4.9 4.9 10.0 9.1 9.8 9.8
14R 13.0 14.0 14.0 14.0 4.2 4.6 4.1 4.1
22L 1.3 1.2 1.2 1.2 1.4 1.1 1.3 1.3
22R 17.2 10.4 10.5 10.5 0.7 0.9 0.9 0.9
27L 1.7 1.6 1.6 1.6 33.0 37.0 33.9 33.9
27R 12.5 16.0 16.0 16.0 2.0 0.1 0.1 0.1
32L 33.3 34.2 34.2 34.2 3.7 4.1 3.8 3.8
32R 4,0 4.7 4.7 4.7 27.4 26.4 28.1 28.1
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Table 2.6.5-2

AverageDaily Aircraft Operations for Chicago-O_Hare

Average Daily Operations

AErcr_rtType/Descrlptlon 1972 197_] 1981 1987
"720 2

• 728B 30 16

r 707--120/320 18
707-- 1208

707--3208/C 174 94 98 86

72?- 1O0 318 I 16 82 34

727-200 200 175 143 124
737- T00/200 ]08 186 68 42
747-108

DC-8-30 14
DC-8-55

DC-8-61/63 174 84 82 80
DC- 10--I 0 40 66 88 48

DC-9_15 • 54
DC-9-32 ]82 286 174 122
I_AC-111 4

L-1011 2 78 68 56

VC-10 2

Cv. 880 60
Cv. 990

Caravell©

787 (NEW) 16 22 26=l
SST (1)

4 Eng., M.R., 747SR 32 48 78
LongRange747/747i_ 66 98 102 106

747 Stretch IO 20 34

727.(QN) 38 48 41
727 Adv. 37 47 41
2 Eng.p S.R., W.8. 14 60 138

2 Eng.t M.R.t W.8. 94 112 126

8 Eng., M.R., W.B. 180 160 t64

2 Eng., M.R., W.B., Slretch 56 78 104
| Eng., L.R., W.B., DC-10-30 16 14 12

3 Eng., L.R., W.B. 36 46 54
3 Rno., L.R., W.8., Stretch 14 26 38

2 Eng., M.R., Narrow (2)

2 Eng._ S.R., Narrow 52 60 64

STOL, Turboprop 144 72 88 100
TOTAL 1592 1676 1688 1710

(|) For tho purposeof theDOT 23 Ahport Studyl (2) Splitcat=goryas t'allowl

alrcmrt in thisclassare consideredto be oF 737 33%
the 707 (N=w) variety. DC-9 67%
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2.6.6 Cleveland (CLE) - General Operating Considerations

• No new runwayconstructionwasassumedto be completedin

.the studyperiod.

• All arHvaisare kept highaslongaspossiblearid all departures

_; are cleared to the highestpossiblealtitudes in accordancewith

: Cleveland TowerBulletin /'40.73-2.

• Runwayut!lizatian wasassignedin accordancewith monthly

runwayusagechartskeptby the Cleveland Air Traffic Control

Towor,

= SIDsendSTARswereutilized to some'extent; however,radar

vectoring of arrivals anddepartureswasalsoemployed.

Table 2.6.6-1 presentsthe runwayutilization percentagesForCleveland.

:: Table2.6.6-2 presentsthe averagedaily a!rcraft operationsat
Cleveland.

'_' Table2.6.6-1

RunwayUti!izafian Percentagesfor
Cleveland

R/V/ Arrival (%) Departure(%)

5 29.0 29.0

23 59.0 59.0

18 3.0 3.0

36 3.O 3.0

27 6.0 6.0

2-61



Table 2.6.6-2

Average Da_ly Aircraf't Operations forCleveland

Average Daily OperaHons
Aircraft Type/D_scriptlon 1972 1978 1901 1907

720
720_

707-120/320

707-120B 12

707-320B/C 10 2:1 16 10

727-100 110 10B 70 42

727-200 32 36 38 46

737-100/200 84 84 9B 104
747-100

DC-8-20 2

DC-8-55 10

DC-8-61/63 12 18 18 16
DC-IO-IO 8 22 38 62

DC-9-15 6

DC-9-32 18 40 40 36
8AC-I|1 26

L-I011 12 16 22

VC-IO
Cv. 880

i Cv. 990
Carav_lle
707 (NEW)

t SST (1)
I 4 En_., M.R., 747SR 8 24

I LongRang_747/747J3
747 Strctcb

- 727.(QN) 7 17 15
727 Adv. 7 17 15

2 Eng., S.R., W.B. 22 32 _2
2 Eng., M.R., W.B.

3 Eng., M.R., W.B.

3 En3., M.R., W.B., Stretch
3 Eng., L.R., W.fi., DC-I0-30

i 3 Eng., L.R., W.[I.
I 3 Eng., L.R., W.B., Stretch

2 Eng., M.R., Narrow (2)

2 Eng., S.R., Narrow
STOL, Turboprop 36 4
TOTAL 366 384 408 434

(1) For thepurposeo/"Iho DOT 23 A;rport Sludy, (2) Split cotegorya= Follow=
aft=raft in Ihis ¢lossara con_;dercdto I_aof 727 33%
tho 707 (New) variety. DC-9 - 67%
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2.6.7 Denver(DEN) - General OperatingConsiderations

• No new runwayoonstruationwasassumeddur;ngthe studyperiod.

• VFRturn-onsoverthe outermarkerwere allowedfor someaircraft, i

• Considerableradar vectorlngis applied to arrival and departure

aircraft.

• Preferentialrunwayuseisarrivals an Runway26L and

departuresonRunway26L.

• Runwayutilization wasbaseduponrunwayuseestimatesby

Denver controttower personnel.

Table2.6.7-1 presentsthe runwayutilization percentagesfor Denver.

Table 2.6.7-2 presentsthe average daily aircraft oparatlonsat Denver.

Table 2.6.7-1

RunwayUtilization PercentagesFor
Denver

R/W Arrival (%) Departure(%)

8R 2.,5 2.5

26L 85.0 85.0

17 2.5 2.5

35 10.0 10.0
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Table 2.6.7-2

Average Daily Aircraft OperaHons for Denver

Average Doily Operotionl
Aircrafl Type/DescHption 1972 1970 1901 1907

720 6

7200 22
707-120/320

707-1200 8

707-0200/C 6 02 26 10
727-100 106 124 114 116

727-200 90 74 76 104

737-100/200 88 98 I06 126
747-100

DC-8-30
DC-8-55 30

0C-8-61/50 36 26 _8

DC-10-.IO 24 44 74 116

DC-9-15 40
DC-9-32 14 60 62 62

BAC-111

J L-1011 6 12 20
VC-IO

Cv. 880 16
Cv. 9_0

Carove]]e

707 (NEW)
SST (I)

4 Eng., M.R., 7470R 24 52 86
LongRange747/7472
747 Stretch

727 _QN) 16 26 35
727 Adv. 16 26 35

2 Eng., S.R., W.B. 50 84 126
2 Eng., M.R., W.B.

3 2n_.f M.R., W.B. 32

3 En_., M.R., W.O., Stretch 38
3 Eng., L.R., W.B., DC-10-30 6 26 38

3 Eng., L.R., W.B.
3 Eng., L.R., W.B., Stretch

2 Eno., M.R., Narrow (2)
2 Eng., S.R., Narrow
STOLsTurboprop 62 24
TOTAL 522 610 710 962

(1) For the purposeoFthe DOT 22 Affpart 0tudy_ (2) Split categoryas t'o]lows
aircraft in thiscJassare consideredto be of
the 707 (New) variety. 737 33%DC-9 67%
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2.6.8 Dulles(IAD) - General Operating Considerations
!

• No new _unwayconstrucHanwithin the studyperiod.

• Runwayutilization wasassignedin accordancewith air traffic control records.

'_ • Constructionof Flight tracksandassociatedaltitudes consideredthe following

_" material:

. Intra-Facillty Noise Abatement Procedures,Order IADZ 7110.86,

11December1972.

Dulles TowerFacility StandardOperatingProcedures[ADZ 7210.6,

1April 1972.

Dulles TowerBulletin 72-2, 15September1972, IFRRoutesfor TurboJet
AI rcroft.

Dulles Tower-DullesAirport ManagementBulletln 73-1, 25 ,June1973,

, VFRFlight Near Nolse SensitiveAreas.

WashingtonCenter and Dulles Tower, Letter of Agreement, 12September

i 1971, TerminalArea Control Service.

;; Table 2.6.8-1 presentsthe runwayutilization percentagesfor Dulles International.
!
4;

.I Table 2.6.B-2 presentsthe overage daily aircraft operationsat DullesInternationaJ.

Table 2.6.8-1

RunwayUtil_zatlon Percentagesfar
Dulles International

R/W Arr;val (%) Departure(%)

1L 12.0 22.0

1R 35.0 1.0

30 2.0

19L 2.0 44.019R 41.0 1.0

12 32/o
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Table 2.6,8-2

Average Daily AircraFt Operations for Dulles International

Avero0eDully Opomfions
A[rcmh Type/Descripl[on 1972 1978 19BI 1987

720

l. 7200 2
h 4

, 707-120/320 4
707-1200 30

707-320B/C 14 20 20 34
727-100 3B 44 00 52

727"200 8 30 40 52

737-100/200 0 8 0 .8
747-100 8

DC-8-3O
DC-8-55 2O

DC-8-61/63 10 T6 20

DC-10-10 4 16 16 20
DC-9-15 22
DC-9-32 '6 38 38 46

BAC-III

L-lOll I0 12 16
VC-10 2
Cv. 880
Cv. 990

Coravelle
707 (NEW)

SST {I) 0

4 Enp., M.R., 747SR 48 54 72
LongRange747/747_
747 Stretch

727 (QN)
727 Adv.

2 Eng., S.R., W.B.

i 2 Eng., M.R., W.B* IO 14 24
I 3 En0.r M.R., W.O.

' 3 En_., M.R., W.B., Stretch
0 Eng., L.R., W.8., DC-10-00 16 16 20
3 Eng., L.R., W.B.

3 Eng., L.R., W.B., Stretch _2 24

2 Eng., M.R., Narrow (2)
2 Eng., 0.0,1 Narrow

STOL, Turboprop 4
TOTAL ]68 266 304 404

(I) For Ihe purpnseof fhe DOT 23 Airport Studys (2) Split categoryas follow_
a|rcrat't in Ihh cto_sare eonddered to be oF 737 33% -
the 707 (New) variety. DC-9 67%
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2.6.9 JohnF. Kennedy (JFK) - General Operating Considerations*

• No new runwayconstructionwasassumedduring the studyperiod,

• Extensivestandardinstrumentarrival and departure(SIDS/STARS)

proceduresare bsedand reflected _nthe analysis.
2

• Considerableradarvectoring is a_plled to inboundaircraft,

• ' Unique "lead-in" lightsare usedto permitaircraft to approach

Runway13R/L in a circling path to avoid residentialareas,

• Runwayassignmentby traffic controllersmakesuseof a computer

programthat considersweatherand relative levels of"noise

exposureexperiencedby surroundingcommunitiesover a

selectedtlr_eperiod. Detailed runwayuselogsof historyat

airport were usedto supplementour runwayuseanalysis,

Table 2.6,9-1 presentsthe runway utilization percentagesfor JohnF.

KennedyInternational,

Table 2.6.9-2 presentsthe averagedaily aircraft operationsat dahnF.

KennedyInternational.

Table 2.6.9-1

" RunwayUtilization Percentagesfor
_' John F. KennedyInlernaHonal

Pv/W Arrival (%) Departure(%)
No. 1972 1978 1981 1987 1972 1978 1981 1987

22L 20.2 4.5 3,8 3.8 1.8 0 0 0
• 22R 2.0 O 0 0 25.0 47,2 47.5 47,6

31L 7.3 0 0 0 37.0 35.0 34.8 34.8
: 31R 26.3 30,0 30.2 30.2 0.4 0 0 0

4L 2.1 0 0 0 11.4 2.1 2,1 2.0
4R 18.1 37.7 37.8 37.9 0.5 0 0 0

• 13L 15.2 22.0 22.3 22.3 2.7 0 0 0
13R 8.8 5.8 5.9 5.9 21.2 15.7 15.6 15.6

"k

See page 2-69.
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Table 2.6.9-2

Average Daily Aircraft Operations for John F. Kennedy ]nternatlonal

Avera.qeDaily Opcraffon_
Aircraft Type/Description

1972 [ 1978 1981 1987
720 4
72013

707-120/320 110

• ... 707-1208 82

707-3208/C 54 56 34 18

727-100 188 126 82 50

727-200 80 30" 26 24

737-100/200
747-100 122

DC-8-3D 30
DC-R.55 66

DC-8-61/63 58 34 26 18
DC-IO-IO 12 44 , 42 88

DC-9-15 26
DC-9-82 24 56 48 40

BAC-111 I0

L-1O]I I0 52 52 46
VC-IO 12

Cv. 880 14
Cv. 990

Caravalle
707(NEW) 16 18 20

SST (1) 8 14 20

4 Eng., M.R., 74788 232 222 I96
LongRange747/7478

747 Stretch 22 22 20

727 (QN) 7 9 8
727 'Adv. 7 9 8

2 Eng., S.R., W.B. 52 82 136
2 Eng., M.R., W.B.

8 Ens.r M.R.,.W.B. 98 122 140
8 EnS., M.R., W.B., Stretch 36 70 120
3 Eng.,L.R.,W.B., DC-10-SO 10 12 10

3 En8., L.It., W.B. 24 34 46
3 Eng,, L.R., W.8., Stretch 10 18 32

2 Eng., M.E., Narrow (2) 12 12 10

2 Eng., S.8., Narrow
STOL, Turboprop 2
TOTAL 874 932 954 1000

(|) ForI11opurposeof Ihe DOT 28 Affport Study, (2) Split category as follows
aircraft in Ihl$ classate con.'_deredto be of 737 38%
the 707 (NDw) vrsHety. DC-9 67%
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2.6.10 LaGuardia (LGA)- General Operating Considerations *

• No new runways were considered to be constructed during the

_:, study period.

• Preferential runway use involves landings on Runway 22,
:i!

departures on 13.

• ZmmedTate turns are completed when necessary to permit departures

' to remain over nonresidential areas until relatTvely high

altitudes are attained.

• Extensive use of standard instrument arrival and departure

(S]DS/STARS) procedures were incorporated in the study.

• " Conslderable radar vectoring is applied to inbound aircraft.
J

_; Table 2.6.10-1 presents the runway utilization percentages for

LaGuardla,

Table 2.6.10-2 presents the average daily alrcraft operations at

LaGuardla.

Table 2.6.10-1

Runway Utilization Percentages far
"' LaGuardia

R/W Arrival (%) Departure (%)
No. 1972 1978 1981 1987 1972 1978 1981 1987

I

4 9.3 5.5 5.5 I 5.5 24.3 33.6 33.6 33.5

13 14.3 9.0 9,0 I 9.0 36.2 35.1 35.4 35.8

22 39.4 58.6 58.4 58,7 1.7 0 0 0
31 37.0 26.9 27.1 26.8 37.8 31.3 31.0 30.7

• Runway utilization is heavily influenced by:

• Noise abatement procedures (both JFK and LGA are almost completely
surrounded by high density resldential areas).

• Potentially conflicting traffic patterns between the two facilities.

• Weather conditions.
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Table 2.6.10-2

Average Daily Aircraft Operations for ka Guardia

I Averaua Daily Operations
A_rcraft Typc/DescHptFQn 1972 1978 t981 1987

72O
r

720_

707-120/320

707-120B

707-320B/C

727-100 294 120 110 90

727- 200 172 207 175 166
737-100/200 3R 30 120 24
747-100

DC-8-30
DC-8-55

DC-8-61/63

DC-IO-TO 28 28 28 24
DC-9-15 42.

DC-9-3R 164 148 36 9B
BAC-111 26

L- 1011 34 76 30
VC_.I0

Cv. 880

Cv. 990

Caravelle
707 (NEW)

SST (I)

4 En_., M.R., 747SR
LongRange747/747B

747 Stretch _

727 (QN) 45 59 ' --

727 Adv. 44 58

2 Eng._ S.R., W.B. 6 30 78

2 Eng., h4.R., W.B. 40 56 84

3 Eng.t M.R., W.B. 64 28 90

3 Eng., M.R., W.B., Stretch
3 Eng., L.R., W.fi., DC-10-30

3 Eng., L,R., W.B.
3 Eng., L.R'., W.B., Stretch

2 En9., M.R._ Narrow (2)

2 Eng., S.R., Narrow 30 1B 44
STOL, Turboprop 34 52 70 64'

TOTAL 798 848 864 902

(I) For _hepurposeof the DOT 23 Airport Studyt (2) SpIH colegaryas I'D]lows
affcra[t in IhTsc[ussaid con_idur_d_obe or
the 707 (New) varlety. 737 33%DC-9 67_'o
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2.6.11 LOsAngeles (LAX) - General Operating Considerations

; e No new runwayconstructionwithin the studyperiod.

._ • "45°'' visual approachto Runways24 or 25 wasutilized in

_f the flight track assignment. Th_sis a short turn-on just eastJr_

:, of HollywoodParkRace Track.

! e INowlde-body aircraft wereassignedto Runway25L/R in the

presenttime frame becauseof load-bearing limitations associated
-i

" with a tunnel below the runways. In the 1978 to 1987 timei
_ period, _twasassumedthistunnel wauld be strengthenedand

runwaylim_tationswould notapply.

_: e A new night operationprocedurewasutilized whichrestr;cted
k:

: landingsto Runways6 and 7 and departuresto 24 and25, thereby
:i

placing all operationsover water at night.

._ • PSA two-segment(_6°/3 °) VFRapproacheswere recognized.

• Preferentialrunwayuseis _unways25L/R in the presenttime

Framewith mostlywide bodieson Runway24. For the future, both

setsof parallels were usedequally.
'i

_;_i': Table2.6. | 1-1 presentsthe runwayutilization percentagesfor Los

_:! Angeles International.

i Table 2.6.11-2 presentsthe averagedaily aircraft operationsat

LosAngeles Int0rnational.

Table 2.6.11-1

RunwayUtilization Percentagesfor
LosAngeles international

R/W Arrival (%) Departure (%)
N o. 1972 1978 1981 1987 1972 1978 1981 1987

6 2.5 11.1 11.0 11.0 0 0 0 0
7 0 0 0 0 0 0 0 0

24 32.1 34.7 34.7 34.7 23.1 43.1 43.2 43.2
25 65.4 54.2 54.3 54.3 76.9 56.9 56.8 56.8
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Table 2.6.11-2

Average Daily Aircraft Operations for LosAngelesInternational

AveroneDolly Opefarlnns

Aircraft TypeJDescHpt_on 1972 I 1978 198l 1987
728 20

i i 728B 68 4
707-120/320 36

707-120D 1(30
707-320B/C 38 70 40 26

727-108 I I0 52 58 26 '_
727-280 208 148 126 184

737-180/200 102 64 84 52
747-]O0 88

DC-8-30 12

DC-8-85 98

DC-8-61/63 44 44 _2 2_
DC-10-18 86 48 30 34

DC-9-15 20

DC-9-32 '22 52 42 42
8AC-111

L- 1011 4 48 48 38

VC-10 2
Cv. 880 2
Cv. 990

Caravelle

787 (NEW) 14 18 2_
SST (I) 0 6 10
4 Eng., M.8., 7478R 26 38 52
LongRange747/747B 100 102 116

747 Stretch I0 16 32

727.(QN) 30 42 35

727 Adv. 30 42 35
2 Eng., S.R., W.B. 8 36 184

2 En8., M.R., W.B. 58 84 112

3 EnQ.t h4.R._ W.B* 90 100 118

3 End., M.R., W.B., Stretch 44 72 188
3 Eng., L.R., W.B,, DC-IO-SO I0 8 8

3 Eng.,L.R., W.8. 22 26 38
3 Eng., L.R., W.B., Stretch 12 20 26

2 Eng., M.R., Norrow (2) 32 26 44
2 Eng., S.R., Harrow

STOL, Turboprop 24 44 52 72

1018 IO44 1112 1298 _,_$7.
TOTAL

(1) For Ihe purposeof Ihe DOT 23 A_rportSludyt (2) Splitcategoryas follow_
a_rcrat'tin this c_assare consideredto be of
the 707 (New) wrlcty. 737 83%DC-9 67%
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2.6.12 Miami (MIA)- Genera!Operatlng,Conslderatlons

• No new runwayconstructionduring the stuc_yperiod.

_, • RunwayufillzaHon assignedin accordancewith control tower
records.

• Extensiveuseof radar vectoring and path-stretchingprocedures.

Table 2.6.12-1 presentsthe runwayutilization percentagesfor Miami.

Table 2.6.12-2 presentsthe averagedaily aircraft operationsat Miami.

7_

Table 2.6.12-1

Runway Utilization Percentages For
2'_ Miami

,_: Arrival (%) Departure (%)
,I

27L 17.56 9,46

_ 27R 15.45 23.57

• 9L 31.36 47,85
,i

9R 35.63 19.21

S
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Table2,6.12-2

Average Daily Aircraft Operations for Miami

Average Daily Opemtlans
Alrcroft Type/OascHpHon 1972 1978 1901 1987

720 4

720fi 2

707-120/880 24
707-12013

707-3208/C 4 22 16 10

727-100 198 138 112 92

727-200 lOB 106 86 78

737-I00/200 2
747-100 16

DC-8-_30 82

DC-8-55 46
DC-8-61/63 22 60 44 32

DC-IO,- 10 10 66 • 80 92
DC-9-15 18

DC-9-22 86 80 72 66
_AC-1) I

L-1011 6 86 118 158
VC-IO

Cv. 880 6
C_'. 990

Caravelle
707 (NEW) 88 26 0

SST (1)

4 Eng., M._.. 747SR 46 86 96
LongRange747/7478
747 Stretch

727 (QN) 23 28 26

727 .Adv. 23 _B 26
2 Eng., S.R., W.B. 14 88 _46
2 Eng.i M.R.. W.B.

3 En_., M.R,', W.8.

3 EnS., M.R., W.8., Stretch
3 Eng., L.R., W.8., DC-10-30 24 40 64

3 Eng.s L.R,, W.B,
3 En0., L.R., W.B., Stretch B 20 46

2 Eng., M.R., Narrow (2)

2 Eng., S.R., Harrow
STOL,Turboprop 74
TOTAL 658 -'34 814 932

(1) For the purposeoFlhe DOT 23 A;rport Study_ (2) Sp[;tcQlegoryasfollows
alrc_ft in Ibisclassare cons;tieredto be _F
tha 707 (New) vat;cry. 737 33%DC-9 67%
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2.6.13 Minneapolis(MSP)- General Operating Considerations

,_ • No new runway constructionwithin the studyperiod.

• A detailed computeranalysiswasmadeoFweather tape

_ii_r statistics(5 yearsof records)obtained from U.S.Weather
_'. recordsForrunway utilizatlon.

,.s

:,i • Noise abatementproceduresoutlined in/'ASP ATCT 7100.2C,

: 15March 1973, were employed.

• Extensiveuse of radar vectoringand path stretchingwas

employed inareas designatedin the MinneapolisARTCCand

! Wold-ChamberlainATCT Letter of Agreement._J

- Table2.6, 13.1 presentsthe runway utillzation percentagesfor

_; Minneapolis - St. Paul.

Table2.6.13-2 presentsthe average daily aircraft operationsat

•! Minneapolis- St. Paul.

;i
Table2.6.13-1

:i i

i RunwayUtilization Percentagesfor
, M_nneapolls- St. Paul

R/W Arrival (%) Departure(%)

22 _6.60 26.80

4 18.80 13.80

IIL 6.30 22.60

_, IIR 6,40 19.10

29L 21,20 8.90
"i !

, 29R 30.70 8.80
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Table 2o6.13-2

Average Daily Aircraft Operations for Minneapolis-St. Paul

L Average Da;ly Op_rolions
Aircraft Typo/Doscriptlon 1972 1978 1981 1907

[ 720
7200 02

7O7-120/320 2
707-1200

707-3200/C 26 36 32 30

i 727- I O0 70 70 80 82
727-200 92 96 104 lOB

737-100/200 16 18 16 16

747-100 10

DC-8-30
DC-8-55 2

[
DC-8-61/63
DC-10-10 32 36 42

DC-9-TS 6
DC-9-30 58 78 62 54

BAC-III

L-lOll 12 18 30
VC-IO

Cv. 880
Cv'. 990

Caravelle
707 (NEW)

SST (1)
4 En_., M.R., 747SR 28 34 46
LongRange747./7470

747 Stretch

727 (QN)
727 Adv.

2 Eng._ S.R., W.B.
2 Eng., M.R., W.B. In 28 46

3 En_., M.R. I W.B. 10 18

3 Eng., M.R., W.B., Stretch
3 Eng., L.R., W.B., DC=IO-30

3 Eng., L.R., W.B.
3 Eng., L.R., W.B., Stretch

2 Eng., M.R., Narrow (2)

2 Eng., S.R., Narrow

STOL,Turboprop 34
TOTAL 330 396 420 472

(1) For the purposeoFIhe DOT 23 Ahport Study, (2) Split calegoryas follows
aircraft _nthis classare consideredto be at"
the 707 (New) variety. 737 03%DC-9 67%
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2.6.14 Newark (EWR)- General Operating Considerations

_ • No new runwayconstructionwithin the studyperiod.
• Runwayutilization wasdeterminedfromstatisticsmaintained

by the PortAuthority of New York and New Jersey.

• Flight tracksassociatedwith Newarkfs arriving and departing

:! aircraft wereestablishedin accordancewith proceduresset

_ Forthin the "StandardOperational ProceduresManualr New

York CIFRR,March 1973." Valldity and accuracy oEdrawn

i trackswere checkedutilizing a blowupoFthe"Newark ARR-DEP
f

NYCIFRRASR-6 60 n.m. Video Map."

Table2.6.14-1 presentsthe runwayutilization percentagesfor Newark.

! Table2.6.14.-2 presentstheaveragedaily aircraft operationsat Newark.

Table2.6.14-1

RunwayUtilization Percentagesfor
Newark

R/W Arrival (%) Departure(%)

4L 32.1

: 4R 38. I
22L 37.4

22R 50.3

11 1.1 7.1

29 23.4 10.5
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Table 2.6.14-2

Average Daily Aircraft Operations for Newark

Average Daily Operafians
I Aircraft Type/Descriptlon 1972 1978 1981 1987

' 720
720B 24

' 707-120/320

707-120B 30

707-3200/C 22 60 70 76

727-100 80 96 90 76
727-200 58 49 50 54

737-i00/200 32 38 36 36
747-100

DC-8-3O 6 '

DC-8-55 24 "J

DC-8-61/63 30 70 74 78

DC-IO-IO 2 38 54 7B

DC'9-15 12

DC-9-32 9B ]14 124 ]22

BAC-tll 3B
L- 0 22 50 66
VC-10

Cv. 880 16
Cv. 990

Carave]le

707 (NEW)
SST (I)

4 En_., M.R., 747SR 24 38 46

Lang Range747/747BI
747 Stretch

727 (QN) I I 16 18
727 Adv. l0 16 10

2 Eng., S,R.+ W.8. 28 42 56
2 Eng.+ M.R., W.B,

3 EnE/.t M.R.f W.B.

3 En_l., M.R., W.S.+ _tretch
3 Eng*s L.R., W.8., DC-I0-30

3 Eng., L.R., W.B.
I 3 Eng., L.R., W.B., Stretch

2 Eng., M.R., Narrow (2)

2 Eng.+S.R., Narrow

STOL, Turboprop 28 10
TOTAL 478 570. 660 724

(|)' For thepurposeat"tha DOT 23 Airport Sludy_ (2) Spl;t categorya= follows
a|rclat'l in thTsclassare consideredto be of
the 707 (New) variety. 737 33%DC-9 67%
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2.6.15 New Orleans(MSY) - General Operating Considerations

• No newrunwayconstructionwithin the studyperiod.

_ • Runwayutilization wasassignedemplo¥1nga 15 knot crosswind

_ criteria with the w_ndrosecontainedon the January 1972airport

_ layoutplan for New Orleans InternationalAirport._:i
' j

i! • Calm Wind RunwayUsewasarrivals on Runway10and
', departureson Runway19.

e I_oiseabatementprocedurescontainedin Pilot Bulletin70-3 and

Pilot Bulletin 72-2, MolsantATC Tower, were consideredin

flight track construction.

_ • Extensiveradar vectoringwasemployedwithin thearrival/

i! departuregate areas as outlined in the Letter of Agreement

betweenHoustonCenter and Molsant Tower, 1 h'_rch 1973.

Table 2.6.15-1 presentsthe runwayutilization percentagesForNewr

L' Orleans.i!
C

i Table 2.6.15-2 presentsthe average doily aircraft operationsat New

; Orleans.

,T

Table 2.6.15-1

RunwayUtilization Percentagesfor
New Orleans

R/W Arrival (%) Departure(%)

I 22.0 24.0

! 19 18.0 41.0
10 58.0 2.0

28 2.0 88.0
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Table 2,6.15-2

Average Daily Aircraft Operations for New Orleans

Average Daffy Operations
Aircraft Type/DescHpHon 1972 1978 1981 1987

720
720B

• 707-120/320

707-120B

707-3208/C 4I
i 727- I00 40 46 46 54

727-280 48 62 62 B4

737-100/200 2 10 8 18
747- I00

DC-B-30 20
DC-8..55 28

DC-B-61/63 16 32 30 36

DC-10°10 4 38 46 18
DC-9-15 44
DC-9-32 54 78 84 6

BAC-lll

L-1011 86 46 _ 62
VC-10

Cv. 880 12
Cv. 990

CoraveHo

707 (NEW)

SST (I)

4 Eng., M.R., 7475R 4 8 24
LongRange747/747_
747 Stretch

727 (QN) 13 20 20
727 Adv. 13 20 28

2 Eng,_ S.R., W,fi. 6 IR 60
2 Eng., M.R.t W.B.

3 Eng.l M.R. l W.B. 34

3 En0., M.R., W.B., Stretch
3 Eng., L.R., W.B., DC-10-30 I0 14 12
3 Eng., L.R., W.B.

3 Eng., L.R., W.B., Stretch

2 Eng., M.R., Harrow (2) 22 110
! 2 Eng., S.R., Narrow

$TOL, Turboprop 32 2

TOTAL 300 354 424"" 574

(1) For the purposeof Ibe DOT 23 Affport Study, 12) Split categorya_ Follows
a;rcmft in Ihls classare cons;deredto b_ of
the 707 (N_w) variety. 737 33%DC-9 - 67%

2-80



2.6.16 Philadelphia (PHLI - General Operating Considerations

e Studyreflected useof new east-westparallel,

= Arrival-departure tracks are in accordancewith agreementswith
it

i _! _'_ New York andWashingtoncentersand adjacent tower fac_liHes.

e Arrival altitudesare governedby FAA "kaep-em-hlgh" philosophy
?i
t: and local noiseabatementprocedures.
!;

71
_- Table 2.6.16-1 presentsthe runwayutilization percentagesfor Philadelphia.

!! Table 2.6.16-2 presentsthe average daily aircraft operationsat_7
_hiladelphia..

!_ Table 2.6.16-1

_:::1 RunwayUtilization Percentagesfor
i;! Philadelphia

i

'I
:_:_ R,/W Arrival (%) Departure(%)
:i i

9R 36.0 -

, 27L 64.0
: I

27R 64.0

_: 17

:_ 35

I
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Table 2.6.16-2

Average Daily Aircraft Operations for Philadelphia

AvefaDo Da_[yOperotlons
Afrcral'l Type./DoseripHon 1972 1978 1981 1987

72O
7208

. 707-120/320 12

.- 707-1208 20

707-320g/C 26 32 30 32
727--100 80 86 78 78

727-200 46 72 74 94

737-100/200 8 I B 20 24
747-100 28

DC-8-30 12
DC-8-55 22

DC-8-61/63 12 14 14 16
•DC-10-.IO 2 46 58 78

DC-9-15 30
DC-9-32 124 170 162 172
8AC-Ill

L-IOH 2 28 40 64
VC-IO 2

Cv.880 20
Cv. 990

Caravelle

707 (NEW)
SOT (I)

! 4 En_., M.R., 7475R 34 40 46
LongRange747/747R
747 51reich

727(QN) 16 25 31
_27Adv. 16 25 31

2 Eng., R.R., W.g. 34 74 120
2 Eng., M.R., W,B.

3 EnQ.l M.R.f W.R.

3 En3., M.R., W.B., Stretch
3 Eng.j L.R,, W.B., DC-10-30

3 Eng., L.R., W.B.

3 Eng., L.R.t W.B., Stretch
2 Eng._ M.R., Narrow (2)

2 Eng._ S.R., Narrow
$TOL, Tueb0prop 30" 12

'OTAL 476 578 640 786

(|_ For thepurposeoFIhe DOT 23 Affport Sludy, (2) Sprit categoryol follows

ahcmff in this classare consideredto be or" 737 33%
the 707 (New) variety. DC-9 67°,o
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2.6.17 Phoenix-Sky Harbor (PHX)- General Operating Considerat!ons

• No new runwayconstructionduring the study period.

• Runwayutilization wasdetermined by control towerpersonnel

estimates.

B ' Noiseabatementproceduresoutlined in Phoenix TRACON/Tower

Pilot Bulletin dated 14 ,January1972were followed.

s Sky HarborAirport, LukeAFB, Willlam_sAFB TerminalArea

Graphic Notice, 15September1972, was reviewed and

incorporatedin the flight tracks.

e SIDsand STARswere used. Also VFRapproachtrackswere

shownbecauseof"their frequent use.

Table 2.6_ 17-1 presentsthe runway utilization percentagesfor Phoenix.

Table2.6.17-2 presentstheaverage daily aircraft operationsat Phoenixo

Table 2.6.17-1

Runwayutilization Percentages6r
Phoenix

R/W Arrival (%) Departure (%)
No. 1972 1978 1981 1987 1972 1978 1981 1987

8L 0 22.0 22.0 22.0 0 20.0 20.0 20,0

8R 50.0 28.0 28.0 28.0 50.0 30.0 30.0 30.0

26L 50.0 28.0 28.0 28.0 50.0 30.0 30.0 30.0

26R 0 I 22.0 22.0 22.0 0 20.0 20.0 20.0
I
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Table 2.6.17-2

Average Daily A_rcraff OperaHons for Phoenix

Average Doily Op_raHons

Aircrah Type/DoscHpllon 1972 1978 19[H ' 1987
720

7208 • JO
707-120/320

707-t208 36

707-3208/C 4 32 32 38

727-T00 14 6 6 B
727-200 46 44 48 62

737-100/200 t6 ]8 20 24
747- I00 2
DC-8-30

DC-8-55 2
DC-8-6t/63

)C-10.-10 6 18 22 28
DC-9-15 I0

DC-9-32 34 58 70 86
BAC-I]I

L-IOH 6 16 20 24
VC-10

Cv. 880 4
Cv. 990

Cmovelle

707 (NEW)

SST ,(1)

4 Enp., M.It., 7478R 12 16 26
LongRange747/7478
747 Slratch

727 (QN) 10 16 21
727 ,_dv. I0 16 21

2 Eng., S.R.f W.B. 18 26 46
2 Eng., M.R., W.B.

3 Eng., M.R., W.B. 8 10 16

I 3 Eng., M.R., W.8., Stretch

2 Eng., L.R., W.B., DC-|O-30 6 6 8
3 Eng.t L.R., W.B.

3 Eng., L,R,_ W.B., Stretch

2 Eng., M,R., Narrow (2)
2 Eng.t S.R., Narrow

STOL, Turboprop 22

TOTAL 212 256 308 408

(1) For the purposeof tho DOT 23 Affport 8tudy_ (2) Spilt ¢ategory'astallows
aircraft in this classare conslderedto beoF
the 707 (New) variety. 737 33%DC-9 67%
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2.6.18 Portland(PDX) - General Operating Considerations

• No new runway constructionwasassumedduring the studyperiod.

• Radarvectoring proceduresare utilized irl the handlingof both

arrivals and departures..i

m Preferential runwayuse isarrivals on Runway10Randdepartures,i

;! on Runway10L. !
• Runwayutilization wasbaseduponrunway useestimatesby

Portlandcontrol tower personnel.

:, • Altitude restrictionsFordepartingaircraft as outlined in Letter

i' of Agreement,April 16, 1973_betweenSeattle Air Route
Jl
:. TrafFicControlCenter and PortlandTowerwere applied to

'i fllght tracks.

i_! Table 2.6, 18-1 presentsthe runway utilization percentagesForPortland.

:_ Table 2.6.18-2 presentsthe averagedaily aircraft operationsat Portland.
:i

:i Table 2.6.18-1

_, RunwayUtilization Percentagesfor
_ Portland

R/W Arrival (%) Departure(%)

IOL 14.0 63.0

1OR 56.0 7.0
28L 7.0 14.0

28R 22.0 14.0

20 1.0 2.0
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Table 2.6.18-2

Average Daffy Aircraft Operations for Portland

Average Daily Operalions
Affcrart Type/DescripHon 1972 1978 1981 1987

-720
720B 14
707-120/320 8

i 707-1206

707-6206/C 6 6 4 2

! 727- I00 62 54 60 78

727-200 36 46 50 64
737-100/200 30 40 50 70

747-100

DC-8-30

DC-B-55 ]0
DC-8-61/63 6 12 10 10

DC-IO-IO 2 24 60 42

DC-9-15 2

DC-9-32 22 28 44 60
BAC-III

L-1011
VC-10

Cv, 880
Cv, 990

Carovelle
707 (NEW)

SST (1) "

4 Eng., M.R., 747SA 4 6 10

LongRango747/747,6
747 Stretch

727 (QN) I0 16 22
727"Adv. 10 16 22

2 Eng., S,R*, W.B. 20 ;]4 58

,2 Eng., M.R., W.B.

3 Eng., M.R., W.B.

2 EaCh,M.R., W.B., Stretch
3 Eng., L.R., W.B., DC-IO-20 4 6 8

3 Eng.s L.R,, W.B.
3 Eng., L.R., W.B., Stretch

2 Eng., M.R., Narrow (2)

2 Eng., S,R._ Narrow
STOL, Tu_bclprop 14 6

,,TOTAL 222 274 I 326 446

(i) For the purposeoFthe DOT 23 Affporl Study, (2) Split categoryas follow5
a|rcrah in Ibis classate consideredto be oF
tho 707 (New) variety. 737 33%DC-9 67%
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2.6.19 San Diego (SAN)- General OperatingConsiderations

• No newrunway constructionwithin thestudyperiod.

e Runwayutilization wasassignedbaseduponestimatesby control

towerpersonnel.

: '_' • VFRprocedureswere extensivelyutilized along with standard i
J

' IFRapproachprocedures, i
• SanDiego TerminalArea Graphic Notice and the LosAngeles

: Center/Mlramar RATCCLetter oFAgreement, 15 February1973, i

:. were usedIn the constructionandaltltuda assignmentfor the

:'_ flight tracks.

i Table2,6.19- l presentsthe runwayutilization percentagesfor San Diego.

_:_ Table 2,6. ]9-2 presentsthe averagedaily aircraft operationsat SenDiego.
i

Table 2.6.19-I

RunwayUtilization Pementegesfor
San Diego

R/W Arrival (%) Departure (%)

9 T0.0 10.0

27 90.0 90.0
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J
Table 2.6. 19-2

I, Average Daily Aircraft Operations for San Diego

Average Dally Oporallons

Alrcrah Type/Descriptlon 1972 1970 1981 1907

72O

7200 14

707-120/000

"' " 707-120B 24

707-3200/C 10 34 40 .52

727-100 24 24 26 32

727-200 56 60 64 82

737-100/200 46 08 40 48

747-I00

DC-8-30 2

DC-8-00 20

DC-0-61/63 4 24 26 34

DC-IO-10 2 8 10 16

DC-9-15

DC-9-02 6 14 14 14

BAC-III

L-1011 6 8 10

VC-10

Cv_ 880

Cv. 990

Caravelle

707 (NEW)

SST (I)

4 End., M.R., 747$R 2 4 12

Long Range 747/7470

747 Stretch

727 (QN) 14 22 28

P27 Adv. 14 22 28

2 Eng.e S.R., W.R. 8 24

2 Eng., M.R._ W.B.

3 En9. I M.R., W.B.

3 Eng., ,V,.R., W.B., Stretch

3 Eng., L.R., W.B., DC=10-30 6 8 12

3 Eng., L.A., W.B.

2 Eng., L.R., W.B.t Stretch

2 Eng., M.B., Narrow (2)

2 Eng., S.0., Narrow

STOL, Turboprop

TOTAL 208 252 292 392

(1) For the purpose or the DOT 23 Affport Sludy, (21 SpIH category as follows

olrcmff in this class aro considered to he oF 737 33,%
the 707 (New) variety. DC-9 67,%
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2,6.20 SanFrancisco(SFO) = General OperatingConsiderations

• No new runwayconstructionwasassumedto be completedin the studyperiod.

• Extensiveuseof standardinstrumentdepartures(SIDS)and standardarrival

routes(STARS)are employeddue to the complexairspaceenvironmentof the

Bay Area, TheseSIDSand STARSdelineate specific coursesand altffudes

for aircraft to fly andare assTgnedaircraft basedupontheir orlgln/destination

and airline routing preferences,

• Non-SID/STAR radarvectoringand VFRoperaHonswere alsoused. Two

! hlgh-use VFRoperationsare theVisual BridgeApproach to Runway28R

and the GAP Departureoff Runway28L/R.

• Preferential runwayuse is arrivals on Runway28 and departureson Runway1.

• Runwayutilization wasbaseduponthe WeatherBureautape analysisand

runwayusasurveysconductedby San Franciscocontrol tower personnel.

A 600 foot takeoff displacementfor RunwayiR wasconsideredin the analysis.

Although listedon a test basis_it wasassumedthat it will be permanently

adopted.

• Six degreeVFR approachprocedureusedby PSAwasrecognized.

Table 2.6.20-1 presentsthe runwayutil}zatlon percentagesfor San Francisco
international.

Table 2.6.20-2 presentsthe averagedaily a{rcraft operatlonsat SonFranclsco
]nternatTonal,

Table 2.6.20-1

RunwayUtilization Percentagesfor
SanFranciscointernational

I

R/W Arrival (%) Departure(%)
No. 1972 1978 1981 1987 1972 1978 1981 1987

i

2B 92.3 92.3 92,3 92.3 34.1 34.4 33.7 33.7
10 0.3 0.3 0,3 0,3 5.5 4.7 4.7 4.7

: 1 0.9 0,9 0.9 0.9 53.8 59.3 60.0 60.0
19 6.5 6.5 6,5 6.5 1.6 1.6 1.6 1.6
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Table 2.6.20-2

Average Daily Aircraft OperaHons for San Francisco InternaHonal

AverageDa_Ix Opemtlons
Aircraft Type/DescrlpHon 1972 I 197B 1981 1987

" 20 16

I

i 7208 84

• 707-120/320 34
707-120+B 56
707-3200/C 18 44 46 46

727- I00 G2 50 40 40
727-200 108 78 73 29

737-100/200 160 122 122 104

747-100 48

DC-8-30 10

DC-D-S5 64
DC=8-61/63 60 B8 44 22

DC-10-10 16 38 38 40
DC-9-15

DC-9-32 26 100 98 76
8AC-III

L-1011 46 44 46
VC-10

Cw 880 8
Cv. 990

Corave]te

707 (NEW) 26 22 22
SST (l) 8 14

4 Eng., M.R., 747SR 18 40 56
LongRange747/747P, 56 70 102

747 Stretch 6 12 28
727 (QN) 17 25 27
727 _dv. 17 24 26

2 Eng., S.R.t W.6. 4 46 82
2 Eng., M.R., W.B. 26 36 62

3 Eng._ M.R._ W.B. 74 94 142'

3 EnO., M.R., W.B., Stretch 32 56 122
2 Eng., L.R., W.B., DC-10-30 10 8 10

3 Eng,, L.R., W.B. 20 28 46
3 Eng., L.R., W.8., Stretch 8 10 32

2 Eng.+ M.R., Narrow (2)

2 Eng., S.R.t Narrow 20 24 36

$1"0L, Turboprop 40 24 34 56

TOTAL 780, 924 1042 1316

(I) Far the purposeof the DOT 23 Affport Study, (2) Spilt categoryas follows
aircraft In this classare eonfideredto beaf
the 707 (New) variety. 737 23%DC-9 67%
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2.6.21 Seattle (SEA)- General Operating Considerations

• No new runwayswere consideredto be constructedduring the

_i studyperiod.
• Preferential runwayuse is arrivals on Runway16Rand departures

_ _ on Runway16L.

• Runwayutil_zatlon wasbasedupon runway useestimatesby

Seattle control tower personnel.

• Considerableradar vectoring isapplied to arrival and departure aircraft.

• TheVisual BayApproach to Runway16 asoutlined in Noise Abatement

Procedures,Seattle Air Traffic Control TowerOrder7110.071B, was

included _nthe flight tracks.
'i
f

i Table2.6.21-1 presentsthe runway util izatlon percentagesfor Seattle.
I

_' Table2.6,21-2 presentsthe averagedaily aircraft operationsat Seattle.

!i Table 2.6.21-1
:_ RunwayUtillzaHc_n Percentagesfor
:i Seattle
!

i _ Arrival (%) Departure(%)
!i

16L 3.0 48.0

16R 57.0 12.0

34L 2.0 38.0

34R 38.0 2.0
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Tabre 2.6,21-2

Average Daily Aircraft Operations for Seattle

Average Dolly Op_rollons

Aircrat't Type/Description 1972 1978 1981 19g7,

7207208 38

707_120/320 )2
707_1208

707_3208/C 28. 26 20 16

727- I00 62 70 74 78
727-200 46 72 74 82

737-1g0/200 I0 12 14 14
747-100 ]0

DC-B-30
DC-8-85 22

DC-B-61/63 26 '38 30 26

DC-IO-IO 4 16 18 20
DC-9-]5

DC-9-32 22 18 18 20
BAC-II1

L-lOll 8 I0 I0, .
VC-IO

Cv. 880
Cv. 990

Caravelle

707 (NE_V)
SST (I)

4 Eng,, M.R., 747SR 32 48 74

Long Range747/747,8
747 SIretch

727 (QN) 15 24 27
727'Adv. 15 24 27

2 Eng. S.R., W.8. |4 16 " 24 ....
2 Eng._ M.R., W.B.

2 Ens.f M.R. r W.B. 38

3 Eng., M.R., W.B., Stretch
3 Eng., L.R., W.B., DC-]O-30 24 30 36

3 Eng., L.R., W.B.

3 Eng., L.R., W.8., Stretch

2 Eng., M.R., Narrow (2)
2 Eng., S.R., Narrow

8TOL, Turboprop 20

TOTAL ...... 300 360 400 492

(i) For file purposeoFthe DOT 23 Affport Sludyt (2) Split categoryas follows
aircraft in this classare consideredto be of
the 707 (Now) variety. 737 - 33%OC-9 67%
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2.6.22 St.'Louis (STL)- General Operating Considerations

i • No new runwayconstructionwithin thestudyperiod.i:

_i • A detailed computeranalysiswas madeof weathertape
statistics(5 yearsof records)obtainedfrom the U.S. Weather

i

recordsfor runway utilization at St. LouisAirport.

• Arrival and departureflight trackswerebaseduponradar

vectoringin assignedareasin accordancewith the Kansas

City ARTCCand St. LouisAirport ATCT_Letter of Agreementt

21 April 1971.

• Special proceduresregardingthe arrival handlingof"turbine-

poweredaircraft asoutlinedin St. LouisATCT Order 7110.14C

wasfollowed.

Table 2.6.22-1 presenf_therunway util_zatlonpercentagesfor St. Louis.

Table 2.6.22-2 presentstheaverage daily aircraft operationsat St, Louis.

Table2.6,22-1

RunwayUtilization Percentagesfor
St. Louis

R/W Arrival (%) Departure (%)
No. 1972 1978 1981 1987 1972 1978 1981 1987

6 3.9 2.1 2.1 2.1 0.4 0.4 0,4 0.4

12 54.2 54.2 54,2 54.2 57.5 57.5 57.5 57.5

24 3.4 3.4 3.4 3.4 1.9 1.9 1.9 1.9

30 38.5 40.3 40.3 40.3 40.2 40.2 40.2 40.2
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Table 2.6.22-2

Average Daily Aircraft Operations for St. Louis

Avera[lu Daily Operations
A_rcmft Type/De,,crlpHon 1972 1978 1981 1907

720
7208

"_ 707-120/300 6

707-1200 34

707-3208/C 8 36 26

727- lO0 I02 38 40 44

727-200 62 72 67 00

737-100/200 B 6 6 8
747- IO0

DC-n-30
DC-8-55

DC-0-61,/63
DC-10-10 00 60 I00

DC-9-15 70
DC-9-30 122 190 208 240

SAC-Ill I0

L- 1011 2 40 60 1O0
VC-10

Cv. 080 14
Cv. 990

Carovelle
707 (NEW)

SST (1)

4 En_., M.R., 747SR 48 76 130
LongRange747/747 n ,
747 Stretch

727 (QN) 16 22 26
727 Adv. 16 22 26

2 Eng., S.R.s W.B.
2 En8._ M.R., W.B. 0 26 76

3 En._.fM.R., W.B.

3 En_., M.R., W.B., Stretch
3 Eng., L.R., W.B., DC-]0-00

3 Eng., L.R., W.B. 8 14 24
3 Eng._ L.R., W.B., Stretch

2 Eng., M.R., Narrow (2)

2 Eng.t S,R.s No_row
STOLf Turboprop 66 20
TOTAL 504 544 627 070

(1} For thepurposoor the DOT 23 A;rport Study, {2) Split categoryas Follows
aircraft In this classar_ cons;dorcdto be af
the 707 (New) vor;ety. 737 33%DC-9 67%
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2.6.23 WashingtonNational, (DCA) T Genera/ Operating Considerations

= No new runwayconstrueHonwithin the study period.

i B Runwayutilization wasassignedemployinga |5-knot crosswind

criterion ona U.S. Weather Bureauw_ndrosewffh a periodof

recordspanningJanuary 1, 1954 to December31, 1963.

• WashingtonNational Airport noiseabatementproceduresas
I

contained in the Alrmen_s]nformatlonManual were usedin

flight track construction. \ i

e Procedurescontained in the Washingto'n,Centerand Washington i

ApproachControl Letter at'Agreement, 12_Sopternber1971, were
!

tallowed. _ J

• Radarvectoring techniquesand routingswere utilized.
\

i Table2.6.23-1 presentsthe runway uHt_zationpercentagesforWashington

'. NaHonal.

_,; Table2.6.23-2 presentstheaveragedaily aircraft operationsat

i WashingtonNational,

Table2.6.23.-I

RunwayUtilization PercentagesFor
i WashlngtonNatlonat

i

R/W Arr|val (%) Departure (%)

15 5.0 11.0

: 18 39.0 33.0

; i 36 42.0 50.0

33 14.0 6.0
/ /

/
3 " / ,

/¢
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Table 2.6.23-2

AverageDaily Aircraft OperaHonsfor WgshlngfonNational

• Average Daily Operatlans
Aircraft Type/Dcscr_ptlan

1972 1978 I 1981 1987
720
7200

• "/07-120/320
. 707- ]208

7o7-32oo/c
727-100 136 76 64 • 50

727-200 122 100 80 65
737"100/200 62 62 46 32
747- 100

DC-B-30

DC-8-61/63

DC- I0.-I0 48 60 64
DC-9- IS 6

DC-9-32 144 158 154 126
SAC-Ill 32

L- 1011 68 86 94
VC-10 i
Cv. 880
Cv. 990

Cafovelfe

707 (NEW)
SST (I)

4 En_., M.R., 747SR
LongRange747/7470_
747 Stretch

727 (QN} 21 26 22
727 Adv. 21 26 2 I

2 Eng., S.R., W.B. 30 02 156
2 Eng.t M.R,t W.B,

3 En_._ M.R._ W.B.

3 Eno., M.R., W.S., Stretch

3Eng., L,R., W.B., DC-IO-30
3 Eng,, L.R., W.B.
3 Eng., L.R., W.B., Stretch

2 Eng., M:R., Narrow (2)
2 Eng.t S.R., Narrow

STOL, Turboprop 98 38

,.TOTAL. 009 622 624 630

(I) For thepurposeor"the DOT 23 Airport Study_ (2) Split categoryas Follows
alrcra[t In thisclassare consideredto be oF
the 797 (New) variety. 737 33%DC-9 67%
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2.7 CostoFNoise ReductionAlternatives

Thissection includesa summaryof the data and methodsusedto compute

the total marginal costsassoclatedwith the variousnoise retrofit alternatives consid-
=,

ered within the scopeof this study.
"" ii

Thealternative programsfor noise reductionhave been evaluated in termsof
;i
!_ total costsof the investmentrequired to develop, certificate, and install the selected

modifications onall candidateaircraft, plus the marginal operatingcostsassociated

with the modification over the time period, and for the varying numberof candidate

aircraft, subject to the program.

Thetotal costof each retrofit programhasbeen constructedfrom the sumof

: four marginal costelementsattributable to each program:

'_ ImplementationCosts:

• investment- initial costsfor the rnodificat_onsrequiredfor

each aircraft, plusappropriatespares.

• LostTime- value of lossof aircraft productivity while outof
i!
.2 service duringretrofit.

Added Operating Costs:

• Changes_nCash Direct Operating Cast - for the modified

aircraft resultingfromchangesin weight, Fuelconsumptiont

andperformancecausedby the retrofit.

0 LostProductivity - of" the modified aircraft resulring from loss

of payloadandrange capabillty causedby the retrofit weight

and fuel consumptionchanges.

The ImplementationCostsrepresentone-time costsas the direct resultof the

aircraft modifications. Theadded Operating Costsrepresentrecurringcosts_also

directly attrlbutable to themodifications, and extend through the rema_nlnglife of
each aircraft that is retrofitted.
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Evaluationof the costsof proposedno_sereductionprogramsis basedon

certainspecific dataderived Fromretrofit R&Dstudiescurrently being conductedunder

contracts for FAA andNASA. The estimatesfor retrofit kit costs, installation costs,

installation time requirements, weight and Fuelconsumptionchangesand other factors
i

identified as contributing to the investmentare marginal operating castsof"modified

! airplanesand are derived fromthe latest informationavailable from thesesources.

2.7.1 TheFormulationof PresentValue

Each of thecostelementsof a given programwill increase(_ncurrentdollars)

over the periodof time that the total Fleet is being retrofittedand returnedto service.

Thechange in cashdirect operatingcostand the I_t productivity will continueover

the life of each a_rcraftand gradually decline in total as themodified aircraft in each

fleet are reHred or disposedof by their presentoperators(seeFigure2.7-1).

Sinceeachretrofit programentailsa particular streamof expendituresover

separateperiodsof+time, the variousprogramsare evaluatedfor comparisonsonthe

basiseta computed'+presentvalue" of the total cash flow requiredoyer the llfe cycle

of eachprogram. Thenet cashflow for each programhasbeendevelopedforboth the

implementationcostsrequired to produceand install the modificationsand the added

operatingcostswhichwill accumulateduringthe spanof time when the modifications

are extant onaircraft in the U.S. fleet. The cumulative net cashflow _ncurrent

dollars foreach programhasbeenconvertedto presentvalue usinga discountrate of

10percent.

It is importantto recognize that in presentvalue formulations,costs(or benefits)

are computedonthe basisof net cashflow realizedj not profits. Thus, for examplet

depreciation chargesneed notbe computedasan elementof recurrentcost. Further-

more, if an expenditurefor a capital investmentis recognizedat the beginningof the

project, allowing for depreciation chargeswould result in doubleaccountingfor the

sameeXpendlture.

I
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Figure 2.7-10 Noise Retrofit Program Cost Evaluation Method
to Define Present Value of Cash Flow
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It shouldbe noted that only marginal costsare consideredin computationof

retrofit programcostsfor comparisonbetween alternative programs. Thecomparisons

can thusbe reviewed separatelyfrom any considerationof the methodby which noise

reduction/_rogramsmay eventually be financed.

The discountrote of 10percent hasbeenselected asappropriateconsidering

the rote of returnachieved by regulated monapolles_andthe target returnestablished

by the Civil Aeronauttos Board(CAB) for certain classesof airlines. Thesensitivity

of programcat calculations to choice cf discountrate is illustrated in the summary
date.

2.7.2 RetrofitImplementationSchedule

Thecostcomputationsfor all retrofit programsare basedon the implementation

schedulesshownin Figure2.7-2. Theseschedulesreflect estimatesof the time

requiredto develop, demonstrate,certlfEeate, tool-up, produceand install the

modifications onall of the candidateaircraft then active in the U.S. fleet.

At this time, the SAM (quiet nacelle) developmentis essentially temple,el

with fllght-certifiable modificationsdemonstratedonboth dT30- and dTSD-powered

aircraft. The regulatory procedureto requlre this modificationto U.S. carrier fleets

hasbegunwith the publication of the associatedNotice of ProposedRuleMaking on

March 271 1974.31 Theproposeddate for total fleet compliancewith the modification

programis July 1, 19781ailowlng for the necessaryindustrytooling-up periodand

individual aircraft modifications. Farpurposesof thisstudy, it wasassumedthat oil

civil air carrier aircraft operating from U.S. airportscouldbe modified with SAM

(quiet nacelles) by the end of 1978.

The REFANdevelopmentprogram isstill underway, with the inlttal resultsof

groundtestsafa 727 and Flighttestsof a DC-9 due in mid-1975. No development

effort is currently underwayfor the 737 a_rcraftl which isalso powered+bythe JTSD

engine. Assumingthismodification programwere to be implemented, it wasassumed

for purposesof this study that all JTSD-poweredcivil air carrier alrcraff operating

fromU.S. airportscould be modified wTthrefannedenginesby the end of 1981.

2-100



SOURCE_ DOT ESTIMATES AS OF JANUARY 08, 1974,
10O
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Actual modificationswereassumedto take place generally overa 4-year

periodfor eachprogram,that is, during the period 1975-78 for the SAM modlfieations,

and 1978-81 for the REFANmodificatlons. For costingpurpases_modificationsto the

dTBD-poweredaircraft were.assumedto be completed ona 10, 20, 30 and 40 percent

annualcompletionbasisduring the A-year period for both the SAM and REPANmodi-

Fications. Becauseof the fewer numbersof dT'3D-poweredaircraft and the somewhat

longerrime'which will be required for tooling, the SAM modification of theseaircraft

wasassumedto take place during 1976-78 on a 20, 30 and 50 percentannual completion

schedule. TheseassumptTonswereused in constructingFigure 2.7-2.

2.7.3 TheRetrofittedFleet

Thenumberof retrofitted aircraft in operationafter each programis ;nltlated

has beenforecastfor each type of candidate aircraft. Theseforecastshave beenpre-

paredg_vingconsiderationto the knownandanticipated plans of the individual

carriersoperatingthe candidate aircraft in the U.S. flee_'. The rate of retirementor

drspasitionof variousaircraft typeshasbeenestimatedand the numberof aircraft

forecast to be remainingat the end of each retrofit program, for the five typesof

airera'ft whichare candidatesForretrofit, hasbeenestablished.

Figure2.7-3 showsthe history andstatusof the numberof Boeing707 and 720

aircraft active in the fleets operatedby the principal U.S. carriers. It can be seen

that this fleet reacheda peak in 1969and hasbeendecreasingsince then. The "non-

fan" B-707's havedecreasedmastrapidly and are forecast to be completelyeliminated

fromthe U.S. fleet prior to the endof the SAM retrofit program. ThedT3D-pawered

B-707'sare also forecast to continuedecreasingin numberthrough 1978such that

217 aircraft w_ll survive the retrofit programand be equippedwith the SAM modifica-

tions. The fleet is forecast to remainstableFor5 yearsafter retrofit, then begin to

decreaseagain until all are eliminated from active service prior to exceedinga

20-year usefulHfe. Thedashedllne in the figure representsthe maximumnumberof

retrofit candidateaircraft that could be in operation assuminga 20-year useful life

which ;snot borneout by historical data.
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STrnilarForecastsare shown for the DC-8 fleet in Figure 2.7-4, the B-737

fleet TnPigur,_2.7-5, the DC-9 fleet in Figure 2.7-6, and the B-727 TnFigure 2.7-7.

For the B-727 it will be noted that additional aircraft are forecast to be addedto this

fleet. Thoseaddedafter 1972are estimatedto have SAM treatment installedwhen

delivered. There will, thereforer be moreretrofit candidates ForREFANthan for SAM

in 1978since, for purposesof this study, all aircraft of a type are REFANcandidates

whether or not they havepreviouslyhad SAM treatment installed. Despitethis, there

are fewer REFANretrofits forecast becausethe investmentper aircraft is10 times greater

and only thoseaircraft that were lessthan 15yearsold were consideredto beworthy

candTdates.

The numberof aircraft of each type forecastto be retrofitted wTtheTtherSAM or

REFAN in each of the yearsof the establishedimplementationscheduleare shown_n

Table 2.7-I. Thenumberof aircraft of each type and the total of all typesforecast

for retrofit in any year of the 3- or 4-year programsappear to be reasonablywithin

the manufacturers'productionrate capability (barring delaysin go-aheador material

lead time)•

Thenumberof retrofitted aircraft Tnoperationafter each programis initiated

isshownfor each type of candidate aircraft in Table2•7-2 for SAM arid in Table 2•7-3

for REFAN. Theseforecastsindicate that 1,530 a_rcraftwouldactually receive the SAM

retrofits, of which 346 useJT3D engines, and 1,184 useJT8D engines. Therewouldbe

1,048 aircraft receivingthe REFAN retrofit, of which all useJTSDengines. However,

at the endof 1972 (studybaseyear) there were 1,747 potential candTdateaircraft, of

which 576 usedJT3D engines,and 1,171 used3TSDengines.

2.7.4 RetrofitCost PerAircraft

The coststo retrofit each of the typesof candidateaircraft for quieter opera-

tion are summarizedin Table2.7-4. These1973costsare the current bestestimates

fromwork done by the FAA and NASA R&Dcontractors. Theyare weightedaverages
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Figure 2.7-7. U.S. Airline Fleet Trends - B-727
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Table 2.7-1

• Noise Retrofit Schedule-(

_j Number of Aircraft Retrofitte'd

,_ CalendarYea_

7 "
""" !i:_"i Proh'ram 1975 19 6 1977 1978 1979 1980 1981

Totals
SAM:

B=707 - 43 65 109 217

DC-8 - 26 39 64 129

i;i B-727 68 137 205 273 683

i! , ,,-n7 I_ 31 47 .62 156
i<
_ DC'9 35 69 103 138 345J

TOTALS 119 306 459 646 1,530

i

REFAN:

B-727 57 1114 171 228 570

B-737 16 31 47 62 156

DC-9 32 64 97 129 322

TOTALS 105 209 315 419 1,048

Source: Schedule - DOT estimate as of January 8) 1974.

2-109



Table 2.7-2

Number of AircraFt in Operation
with SAM RetroFit

Year B737 DC-9 ]_727 B707 DC-8 Totals

1975 8 15 32 -

1976 30 67 135 20 10

1977 70 155 300 75 45

1978 120 275 540 160 100

1979 156 345 683 217 129 1,530

1980 156 345 683 217 129

1981 156 3A5 683 217 129 1,530

1982 156 345 683 217 129

1983 156 345 683 217 129

1984 ].56 345 637 200 120

1985 156 345 553 170 i00

1986 156 322 454 135 85

1987 156 251 341 105 65 918

1988 138 126 198 70 50

1989 33 34 94 35 30

1990 6 i0 43 I0 15

1991 1 7 16 0 5

1992 0 5 i0 0 0

1993 0 0 O 0 0
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Table 2.7-3

Numberof Airc_ft in Operation
With REFAN Retrofit

Year B737 DC-9 B727 B707 DC-8 Totals

L,

_: 1978 8 15 27

_'; 1979 30 60 110
ii.

:! 1980 70 140 255

'- 1981 120 255 450
ii

_ 1982 156 322 570 1,048i

i, 1983 156 322 570

_i 1984 156 322 570

;: 1985 156 322 570
i

1988 158 322 570
>. 1987 156 251 458 865

_ 1988 138 126 315
Ii

.¥: 1989 33 34 211

_.i 1990 6 i0 160

)

_,'! 1991 1 7 133
i
"_"_ 1992 0 5 127

i

_ 1993 0 0 97

1994 0 0 50!
i

1995 0 0 27

1996 0 0 15

1997 0 0 5

1998 0 0 0
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TaBle 2.7-4

Noise Retrofit InvestmentCosts PerAircraft-

SMilllons

•. .... Calendar Year

: 1973" 1975 1976 1977 197B 1979 19'80 198111

SAM:

B-707 ,90 - i.i0 1.18 1,26

DC-8 .77 - .94 1.01 1,08

B-727 ,17 ,19 .21 .92. .24

B-737 .20 .23 .24 ,26 .28

DC-9 .175 ,20 .21 .23 .25

m . L

REFAN:

B-727 1.70 2.38 2.55 2.73 2.92
B-737 1.45 2.03 2.18 2.33 2.49

DC-9 .96 I 1.35 1.44'1.54 1.65

* DOT Estimate as of April 24, 1974. (1973 dollars)
Ins_alled cost per aircraft, including spares.
Costs escalate4at 7 percent perannum.
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consideringthe manyvariations of aircraft modelswithin the total fleet of eachaircraft

type. Thesecostsore per aircraft andare intendedto include development, production_

installatlont and sparesprovisioning. Sparescostsore estimatedat 6 percent for

nacellesand 20 percentfor engines.

_ Theseinvestmentcostsare all of the nonrecurringcoststhat wouldnormally

be capitalized. Theinvestmentcost to completea retrofit installation on theestablished

implementationschedules is forecast to increaseat 7 percentper year up to the year of

actual _nstallation.

2.7.5 Fleet InvestmentCost

The total investment required to occompllsheitherof the SAM or REFANpro-

i gramson the establishedschedulefor all the U.S. aircraft of each type that are forecast to,i

receive retrofit is shownin Figure2.7-8. Thedata are shownboth in "currentdollars"

(i.e.t thecumulative sumof the investmentsduring each yearof:the 3- or 4-year

implementationschedule)and in "presentvalue" (i.e., the investmentsin each year

dlscountedfrom the year incurredback to 1974t at 10percent per year).

It can be seenthat for the B-727 t'leot, the required Investmentin REFAN is

about 70.2 timesthat for SAM when consideringthe totals far "current dollars"even

though fewer727 aircraft are projected for REFANmodification than forSAM modifica-

tion. On a '_presantvalue" comparison,fleet investmentcostfor B-727 REFANis about

7.7 times that for SAM_ since the REFANprogramis scheduledFor8 years farther into
the future.

2.7.6 LostTime Cost

Considerationhas been given to the aircraft operators_ "cost"resulting from

lostproductivity of aircraft during the time whenthey maybe out of service while noise

retrofit modlfleatlonsare installed. The "loss"attributable to rel'raflt is the excessof

estimated out-of-servlce tlme beyond 5 days, s_nceit is estimatedthat Favorable

schedulingwould take advantage of a normalperiodof:refurbishmentforecast to occur
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at least once for each aircraft during the 3 or4 yearsover which the retrofit programs

would take place. Table 2.7-5 summarizesthe lost tlme and costestimatesusedfor

! each a|rcraft type.

:i 2.7.7 Changes to CashDOCi
Estimatesof the changein cashaircraft direct operatingcosts(DOC) which

: would result fromeach type of retrofit for each type aircraft are presentedin

Table 2.7-6. CashDOC includesflight crew, fuel/oil, aircraft andengine maintenance

andaircraft insurance. Depreciation is not, and need not be, consideredasan element

' ; ' b'of recurring cost,since retroRt programsare etng comparedon the basisof present

value of net cashflaw, with investmentincludedasa separatecategory.

Theestimatedchangesin cashDOC are applied to actual experienceipre-

_ retrofit) hourly cashoperatingcostsfor each,type aircraft, The trendof total cashDOC

for the industry isshownin Figure2.7-9, Thetrend of each costelementis shownin

* Figures2.7-10 through2.7-13.

An inflation rate hasbeenapplied to each element af the cashDOC toaccount

i:_ for forecast increases. The rate applied to each costelement is shownon the respective

_ figure. Fuel costswere also increasedshorp/y to reflect morerecent experience. The

_i base year cost_(1972)were doubledprior to applTcatlonof the inflation rate for calcula-
::J

i_ fion of future fuel costs. Theaverageannual utilization of each typeaircraft hasalso

been forecast to pravlde the basisfor computingthe total chan_e in cashOOC foreach

type aircraft each year they continueto operate after retrofit. (See Figure2.7-14.)

2.7.8 LostPr0duct[vlty

Lostaircraft productivity "cost"has beendevelopedfrom the estlmatesof the

: Increasein aircraft operating weTghtresu_Hngfromretrofit as shownin Table 2.7-7,

and fromthe changesin fuel consumptionrates shownin Table 2.7-8. The lost produc-

tivity cost is computedon the bastsof achieving thesametotal productlvityafter retrofit
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• Table 2.7-5

LostTimeend Cost for Aircraft Out of ServiceDuringNoise RetroFit

Retrofit 1/ I Normal-2/ Retrofit Aircraft 3/

Installation I Refurbish Lost Los= TimeAireraft Down tinge Do_.'nt_me ._'__e Cost S/Day

JT-3DEngines SAM SAM

B-707's 13 days 5 days 8 days $ 8,300

DC-SIs 13 days 5 days 8 days $ 9,000

JT-SD En_i.nos SAM REFAN SAM REFAN

B-727's I 13 days 5 days 0 8.days $ 6,900

B-737's I 9 days 5 days 0 4 days $ 3,500

DC-9's 1 9 days 5 days 0 4 days $ 4,900

I/ D.O.T. Estimates as of April 24, 1974 (SAM and REFAN)

2/ At leas= once during 4-year retrofit period,

3/ Based on airline survey - Rohr Economic Hodel- April 1972.
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Table 2.7-6

Noise Retrofit
Changein CashAircraft Operating Costs* • j

_ (PercentIncrease)

i. !!
S.A.M.
Absorption REFAN

S°undiRteriai,,,Aircraft New Front Fan*** I

JT-3D Engines

; B707 's , 0.5

,_' DC-8's 0.6
i

,w, ,,.,

;'_ JT-SD Engines

i[

; B727's O. 1 2.35

_,_ B737 's 0.2 2.58

, DC-9's 0.I 2.52

:_j *Crew, fuel, malntenance and insur._nco.

!ii Source: **DOT Estimates as of January 8, 1974.
' ***NASA Esf'imates as of October_ 1973.
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• Table 2.7-7
.. Noise Retrofit

Change in Aircraft Operatlng Weight
(PoundsIncrease)

SAM
Sound Absorption REFAN

Aircraft,, Naterial,,, New Front Fan (,_

JT-3D Engines

B-707's 3,300 (i)

OC-8's 3,300 (i)

JT-SD Engines

B'7271S 395 (1) _,365

B-737'S 200 (I) 2,780

DC-91S 200 (2) 2,482

Source:' (I) Boeing Estimate as of February 26, 1974.

I_I D0T Estimate as of January 8, 1974.NASA Estimate as of October, 1973
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_i Table 2.7-8
)!
:_ Nolse Retrofit

' ii Change in Aircraft Fuel Consumption
.' _, (Parcentlncrease)

• SAM
Sound Absorption REFAN

Aircraft Material (!) New Front Fan (2)

JT-3D EnGines

B707's 0.2

DC-8's 0.2

JT-8D Engines

B727's 0.0 2.5

B737'S 0,0 2,5

DC-9's 0.0 0.5

Source: (I) DOT Estimates as of January 8, 1974

(2) Estimates based on NASA data as of
January 21, 1974.
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that wasavailable fromthe retrofit Fleet prior to retrofit. No revenueis "lost"l however,

there maybe an addedcastwhen the after-retrofit Dec isapplied over any added utiliza-

tion of aircraft necessaryto producethe before-retrofit level of fleet productivity. For

examplet the B-707 is'estimated to suffer an operatingweightempty(OWE) increaseof

3300 poundsandan !nareasein average Fuelrequlrementof 0.2 percentasa result of

SAM retrofit. Bothof theseeffects reducethe prc_ductivitypotential of the aircraft.

In order to achieve as muchproductivity from B-707_safter retroFit_the averageaircraft

utilization mustbe increased. The extent of addedflying haursrequiredto restoreFleet

productivity is directly related to the utilization anduseful load capacity of the aircraft

type. For B-707'sagain_at an average annual utilization of 3200 hoursand 45_000

poundcapacity, the required increasewouldbe 260 hoursper year iFall flights operated

at their maximumpotential load.

Many fligl_tsare operatedbelow limiting weightsandhave somecapacity to

accommodatean increasein retrofit OWE or required fuel without reducingpayload.

_rheextent of suchaccommodatlon_however, haswidevariation dependlngon aircraft

typen missionfuel and payloadrequirements. Figure 2.7-15 hasbeenpreparedto sum-

marlze the empirical relationship developedto providea basisfor comparativeevalua-

'ti_n of this effect. The exampleon thls figure showsthe relative lastproductivity for

B-707_stat the estimatedOWE and missionfuel penalties from retrofit, to be 14percent.

Thus14percent of the 260hourst or 36 hoursper year, of addedutilization will be

requiredto offset the weight end fuel consumptionpenaltiesassociatedwlth SAM retrofit.

Lastproducfivlty "cost" is evaluated for each type aircraft asthe productof any

• / - suchrequiredincreasein utillzat_on in hours/yearand the after-retrofit cashDeC in

S/hour, cumulatedfor the numberof aircraft forecast to be in operatloneach year during

the life cycle of each program. A samplecalculation _sshownin Table4. 1-2 (page 4-3).

Thls recurringcostof added operationsrequiredto makeup for the lost pro-

ductlvlty of retrofit aircraft may not in reality be incurredthroughincreasedutilization

of the retrofit fleet. Aircraft operatorscan be expectedalso to employsuchalternatives
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as useof other add'tlohal alrcraftt performancerecoveryprogramsfor the retrofit

alrcraftl and/or revisedoperatingprocedures. In any event, the last productivity

"cost" asevaluatedabove is intendedto be a proxy for all of thesealternatives to

provide a basisfor relative comparisons,betweenaircraft typesandretrofit programs,

of the penalties inherent in aircraft weight and fuel consumptionincreases.

2.8 CostEffectiveness

• 2.8.1 Re!atianshipBetweenCastsand *'Benefits"

One of the recurring issuesin SystemsAnalys_sis the criterion problem. Only

in thoserare instances in which benefitscan be measuredin the sameunitsas the casts

_ncurred can the acceptanceor rejection of projects be madewith toolsprevalent in
*Ueconomic theory without requiring the exercise afj dgrnent. In caseswherecostsare

determinable in monetaryunits, while "benefits" are specified in different units

(i.e., reducednoiseimpact), the problem is morecomplicated, if a thresholdphenomenon

exists (for example, benefitsmustbe at leastat a specified lave'l), somerelationship

betweencostsand "benefits" are establishedonan a priori basis, in (nanyinstances,

however, such relationshipsdo not exist.

Theairport noisereductionprogramseemsto fell into thiscategory. Throughpresent

value computations,costscanbe _=certalnedfar desired levels of affeatiwness. However,

the judgmentof whethera given level of expenditurescan be justified by the "benefits"

expecteddependsonthe valuesystemof the decision makerand, as such, isbeyondthe

scopeof the systemanalyst.

2.8.2 TransitoryImpact of Retrofit

A proper evaluationof bath the reductionof noiseimpact andthe costof

achieving itt in any selectedprogram_requiresan examinationof the changesin effec-

tivenessand costasthey accrueover the llfe of the program. Eachprogramencompasses

e period of implementationando gradual decline in effectivenessasthe subjectaircraft
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are retired. Asshownin th[sstudy, the baselinenoiseexposuredecreasesin future

years. This slowdecreasein noiseimpact resultsfromthe expectedgradual transition

to quieter aircraft as presentaircraft are retired. The baselineimpactreduceseven

though the volumeof aircraft activity is forecastto increasein future years.

: If variousnoiseretrofitprogramsare postulated,the estimatednoise impact is

il significantly reducedat an earl'or date and"nvary'rigamountsdependingon the program

, or programsimplemented. As the modified aircraft in each programare eventually

retired, their contributionto reducednoiseimpactwill disappearaseach type isphased

out. It can alsobe seenthat the later any programis implemented, the lesstotal effect

it will have.

2.8.3 Measureof"Effectiveness

Theselection of o propermeasurefor effectivenessis by _tselfa complexcon-

ceptual problem. A variety of posslblameasures(suchaspercentagereductlonin land

orpeople exposedto variouslevelsof noise, or that percentagetimesthe numberof

yearsanticipated) have beenidentified and explored. Themeasurechosenfor this

report is bestdescribedas the overagepercent reductionin impactfroma baseline

criterionover the period of considerationfrom1972to 1987. Thismeasureis graphlca[ly

ii displayedin Figure 2.8-1 and Figure2.8-2. If the baselinecriterion _sdefined as the

lntagral area falling beneaththe baseline curve andboundedby the time axis andthe

years 1972and 1987, thenthe averagepercent reductionoverthat time period is the

percentageof the baselinecriterionarea falling betweenthe baselinecurve andthe

alternative curve.

Finally, the choice of an appropriatebaselinecomparatorremains. For the pur-

posesof this report, two baselinecriteria are used. First, asexemplifiedby Figure 9..8-1,

the resultsof the analysisfor _972 is consfderedas the constantbaselinevalue and, hence,

th's basehnecurveis a straight line on the effectivenessgraphat the 100percent level.

Second,asexemplified by Figure2.8-2, the selectionof the two-segmentapproach and

the fleet mix changesproperlyintroducea time-varylngbaseline correspondingto the

time-varying effectsof the otheralternatives. Resultsobtained from the useof both base-

lines ore reported.
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=AAB x 100%
% effectiveness

A+B = Area underbaseline curve

//_ A = Area reduction expectedfrom

application oF_lternafive

AI ternative

u_ 50-

B°2,r;e;ou;::aurv.
0

Time

Figure2.8- 1. ExampleoFMeasureof Effectivenesswith a ConstantBaseline.
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"_ = Area under A
!_ baseline curve % effectiveness = _ x 100%
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= Area reduction expected from
i) application of alternative !
i
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u

1

!i B = Area under
!_i alternative curve

:l Time

Figure 2,8-2. Example of Measure of Effectiveness with a Time Variant Baseline.
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3.0 NO1SEIMPACTANALYSIS

Thissectionpresentsthe resultsof the analysisof:aircraft-generated noise
, i!

impact for the 23airports. Thedata basefor thisanalysisincludesa large array of

:.. variables which take into considerationthe peculiar conditionsof each of the 23

facilities, includedare the manyoperating variableswhich characterize eachairport

andalso their unique land area impactsensitivity andassociatedpopulationdensities.

The various noiseabatementalternativesare evaluated in termsof the resultantimpact

area and populationinvolved. The effectivenessof the alternatives is thenpresented

in termsof changeson impactwith time relative to 1972baseline and to a time-varying

basellne. Finally, some general trendsin the impact analysisrelative to a nat|anal

modelare considered.

i

,I

J J!

::i
11

,i
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3.1 Impacted LandArea and Population

Figure 3.1-1 illustrates a set of computer-generatednoiseexposurelsopleths

or contoursaroundan airport. The larger, or outer contour connectsthe locations

aroundthe airport wlth NEF valuesof 30, while the inner contourconnectslocations

wlth NEF valuesof 40.

Todetermine the /and area impacted Fora set of contourssuchas in

Figure 3.1-1, the contoursare combinedwith slmilar, hand-generated, descriptions

of the airport propertyboundariesand_ if any, boundariesof nearbybodiesof water.

Bya direct comparisonof the definitions, the area that is within either contour, but

nat within the airport propertyboundariesand not locatedover a body of water, can be

foundand thus, a definition of the area of impacted landis determined. Figure3.1-2

illustrates thls procedure.

Todetermine the populatTonresidingwithin (i.e._ impactedby) a set of

contourssuchasFigure3.1-1, again, the contourcoordinatesare combinedwith

caordlnate data on population residingin the vlalnTtyaroundthe airport. Thepopula-

tion data are extracted fromdata tapesgeneratedby the U.S. Bureauof Censusfor the

1970 census. Thedata are comprisedof coordinate informatlon combinedwith a count

of people correspondingto each coordinatepoint. The coordinateshave beentrans-

Formedto coincide with the sameCartesianaxes usedto generate the NEF contours.

Eachpopulation coordinateis examinedto determinewhether or not it falls withln the

confinesof the contours. For thosepoints falling within the contours, the correspond-

ing papulationcountsare summed. Whenall of the populationcoordlnateshavebeen

examined, the resulting sumis consideredto be the numberof people impaoted.

Figure 3.1-3 illustrates the locationsof the populationcoordinateswith respectto the

NEF contoursin Figure3.1-I. Forthe purposesof this study, noattempt wasmadeto

forecastpopulationgrowthfor the futureyears.
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Tables3. I-1 through3.1-23 reflect the resultsof"the no_se_mpactanalys_s

for alJ analyslsyearsandaltematlves at each of the 23 airports. Also includedIn

each table, far informationpurposes,is the total area contained within each NEF

i contourexamined. The comb;nedtotals for all 23 airportsare given in Table3. 1-24.

Populationvalueswere roundedto the nearest 100people; land areasware rounded

to the nearest wholesquaremile.
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Table 3.1-1 , Impact of NEFContoursfor Atlanta

YEAR
1972 1978 19B i 1987

ALTERNATIVE :o 4o 45 3o I ,¢o j 4.s 3o 4o 45 5o I 3s _o

6"/3" GHdallop¢ _//////_j ///////J///// 85.4 f 19.2 6.5 80.2 39.6 18.7

SA&43Dend8D 76.7 15.2 0.8 74._: 33.3 18.7

"'°'"°"°'°W/,_g////_SA_313,REFANaD 38.2 6.5 O 50.7 !25.8 8.6

(a) Total Population Inside Contour - ThousandsoF People

!

YEAR

: ALTERNATIVE 30 1972 i 45 301 194_8I 45 30 198140 45 30 I f98935I 40

0°'°"'°1°' 1' I' '_///_//_////////A_/_'////_'////__/////,'i///////471,',' /

''o"'o,'..oW////I.I//ZI//(//7,511,16 ,8 1, o _,,8 18
' ;V/////////¢kk////J66=/3 _ Glktellopo , "...,oo,. 3 1, _ //////,'////_////__o2_ 11

, _T/////,r_ ..... 7 ',.:,.,.._ooW/_IT////;W_,_S_'//I///,28 6 2 ,_,6 8
(b) Total Area Inside Contour - SquareMile'.,

2=

r YEAR
1972 1978 19111 1987

ALTERNATIVE 30 I 40 I .15 30 I 40 I 4s 5o | 40 | .is oo I o5 I _'o

' I I _/////////_;!///////,'Idl//i.////i.6'/I/l_)'/.////////////,';'////,: il=,,lino 1Ol 14 4 X l/j /, ' _ '/

'l//////'l/ifg"/._Z-8,.'.21 1";6=/0 wGll0eilop_ 69 8 63 22 8

S.¢_,_0O=n0_ 57 6' 1 54 18 6

(c) Impacted Land Area In;ideContour - Squar_Miles
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Table 3.1-2. Impact oF NEF Contours For Boston

Y EAR

1972 t978 190] 1987 ,

ALTERNATIVE 3o 4o 4o 30 40 , 45 I =o 4o 4s 3o I as j ._o

,°..,,°°,31.332.ol_.__f/_.l'/_2_ _ _/f/_'/_/A'//////Z/////;_Y//_
6_/3" Glldeslope i lsAMooo°_oo ,23.,8.,_ 0.6_ _///,'/,,'///A_35.s4_.4
°"_"°"_°"°p° _ _//S//_,,49.412.,0 __.31_.2 3.4SAM _Dt REFAN 8°

(a) Total Population inside Conlour - Thousands oF People

YEAR
1972 197g 1901 19Q7

ALTERNATIVE 30 40 45 30 I 40 4s 30 40 45 30 I 35 F 40

6"I3° GIiEellope "'"''""'"_////_//_j/J_//__.//'./Z/._.41 7 3 39 7 3 43 17 8

6°/3 ° G[IdesIope _l I11///
6°/3 a Glldeslo?__AMoO..F_,o, . '///////.'//////,,4 3 1 ,_ _ 3

(b) Total Area Inside Contour - Square Miles

YEAR
1972 192B 1901 1907

ALTERNATIVE 30 ._o .¢5 30 40 [ 4s 30 ,_o 4.3 3o' I 35 ,_o

_ #lll#l

6a/3" G[ideslape _/_/'///_

_O0on_O__ ,, o o '////_g///AY///A,3 4 ,6 •/_oGI _//_°,,,///_////_3 , 0 s 2 0I_esl
SAM3D_ REFANB°

(C) Impacted Land Ar_a Inside Contour - Square Miles
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!

Table 3.1-3. Impact of NEF Contours for BuFFalo

YEAR

1972 I,,,_____,,,,______,,,,,,,,,,_,,,,,,,,,,,,_,.,,____________________19_8_ !_ T981 1987
ALTERNATIVE 30 40 45 3o r ,_o 4s 3o 4o 45 30 I _s ,:o

Basdlno
i

,_ _AM=oo_oo ,,._o., o.._ 7//_l_.__._o.,
°"_'°"°"°°° _/7_,,_/7/_,L,_,:. SAM _D, REFANeO . . O 8.4 0.9 0.7

(a) Total Populatlon Inside Contour - Thausands of People

YEAR

AITt:RNATIVE _0 J t;O_2 .I5 _0 194_e 45 30 I t_l I 45 3o I 193_;'I 40

, '/,'/,'_,//,__, '///,//////__ r'///////////,_;'///,'i
6°/3 ¢ GlIdellepe _ '

6"/3" 011_,1o_o t_////, / I;";/;;" _/

(b) Total Area Inside Contour - Square Miles

YEAR
1972 1978 I ]gEl 1987ALTERNATIVE

30 I 40 45 30 .Io j 45 I 30 I 40 i ,_5 30 I 3S I 40

'//////,'//'/////////////_////////l_ "i//_ ,//////////;//////7,_
'/////_/////////72z,o , o ,o , o ,o _ ,6"/3o Glideslope

, os ////// 3 1 0 3 1 0

(c) Impacted Land Area Inside Contour - Square Miles
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Table 3,1-4 • Impact of NEF Contours for Chlcago-M[dway

Y EAR
1972 t978 t981 1987

ALTERNATIVE 30 40145 3///}/_ 40 45 30 40 48 30[35 _0

• 6"/'= G JI',$1opo--/////_ 74°4 ''.' '.' 80.2 '4.S '.' '8°S 42.7 '6.3

6_/3 a Ollc/c_lapc

,',.o,,.'.,,on._A_S//FASAM3D, REFANDD . . . 13.9 0.8 0 16.9 4.3 1.8

(a) Total Population Ins;de Contour - Thousands oF People

YEAR
1972 1973 1981 I 1937

45 l 30 [ 35 I ._0ALTERNATIVE 30 4u 48 _0 t,o 48 33 40

6=/3=8AM3Dan88DGli_ed°pe _ _ 13 6 3 ....

°',-°,,,°,,°.W////////W/;_//////#///_SAM3D, REFAN8D 3 0 0 3 I 1

(b) Total Area Inside Contour - Square Miles

Y EAR
1972 ]973 1981 ]937

ALTERNATIVE 30 40 43 , 30 I .10 t 45. 33 40 41 .!5.. _0 I 35 f ._3

3o.,,.=6 o o '////_J//A/_,'///__/J_/__ _/_'//;'/_
6"/3° Gl;dcdapo3.,30.°3.o W//A_/Jg//J,,. .
6'/3 ° GIIdodopQ

SAM_), _E_AN80 2 0 0 2 I 0 0

(¢) Impacted Land Area insld0 Contour - Square M;Ios
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Table3.1-5 • Impact oFNEF ContoursParChiaago-O'Hare

YEAR
1972 1978 1981 1987

ALTERNATIVE 30 40 40 0o 4o ,_0 3o ,_o 4o _o 35 ,co

Y, 7,

." ,' 6"011 "J".,J.p.... 3,0$, ,4e, '.' "9.2 "e' 8$1 2'6I' '0. ' 24.0

VlTIII6'*/3° GIIdeilopQ

$AMOOon00D 156.6_ 10.3 0.5 //////_7,Y//A'////Aio8.,,,.8 ,.,
7EI._#,.y_ o,.,,,.1o.,_,.,,o.,,.o6,/3eGfldedope

SAM 0D,0EFANOO

(a) Total Population Inside Contour - Thousandsof People

i
,i

' Y EAR
1972 1978 1981 19a7

: ALTERNATIVE _o 4o 4o 2o ,4o ,48 oo _o 45 oo I oo ,I,_o

:, 0",-o,,,°,,°.." z Y///,_4. ,o ,oS,_.'._:3Da.a 0_, I, 6

:: 6e/0" GII0esI"P ' _7_SAM 3De REFAN 80 8 3 34 15 8

(b) TotalAre_ Inside Contour- Square Miles

YEAR
]972 | 1978 1981 1987

ALTERNATIVE _o 40 40 | 30 40 45 30 40 45 30 38 40

I I

6"/3mGlleeslope

SAM0_.,_aoo 46 4 1 36 11 3
6"/3° Gli_te_Iop'_

SAM 3D, REFAN OD 3 2 24 J 7 2

(c) ImpactedLand Area Inside Contour - SquoroMiles
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Table 3.1-6 . Impact oF N£F Contours for Cleveland

Y EAR
1972 1978 " . 1981 1987
.t0 45 30 40 45 -t0 35 I t,O

,o,.,,°.1"=.7_1'.21,.1 _///_'///l_,g///A
6'/3"Ol;deslope ////////_/ !59.1 9.5 2.9 57.8 9.5 2.9 57.6 14.1 9.5

SA_,3D,_EFAN0_) _ 12.1 0 0 11.4 6.3 2.9

(o) Total Populatlorl Inside Contour - Thousands of People

YEAR
I772 1978 1981 1987

ALTERNATIVE 30 4o 45 30 I 40 ,_s 9o ._o 45 30 F ss J _0

°°'""°_,,,,________,r,________13'' [2 '///////////_,_////,W//_//_/_'//'//////////W////_J

,,,0..,=, 1 g//2_///_.g//21,_ =
6°/3°Glideslopo

SAM3D, REFAN8D 7///_ '6 I 0 7 3 1

(b) Total Area Inside Contour - Square Miles

Y EAR

1972 197B 1981 1987
ALTERNATIVE 30 ,_0 .t5 30 ,_0 t 45 30 40 45 30 I 35 40

6°/3°GIIdeslope
S_v, 3D=n__D; 14 2 0 15 4 2

°'°""'0"° W/AWS/I/.SAM3D, REFAN8D 4 0 0 5 2 0

(c) Impacted Land Area Inside Contour - Square Miles
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Toble 3.1-7. Impact at" NEF Contours for Denver

Y EAR
1972 1978 I 1981 1987

ALTERNATIVE 30 .I0 4s 30 _0 45 I 30 _ 40 1 4S 30 I 35 I _0

""°"'°"°'° .Y////Zi////AS_4 30 andSO 144. 19. 5.4 173.3 65.4 25.0

.,3.o,,..,,o°°'i//S////////////AI'$.A,_3De REFAN80 59.4 8.8 I I. 1 72.9 25.8 12.4

(a) Total Population Inside Contour - Thousands of People

YEAR
1972 1978 19BI 1987

ALTERNATIVE 30 I _o _3 30 I 43 4s 30 4o 4s I 3o 1 33 I _o

.,.o,,,°,,°,°WI/I_///._..... 3 .5. 3 .7,5
.,_30...,o 25 . 2 /////_., i ,

Y///_/ l 13 3SAM 3D, REFAN8D

(b) Total Area InsideContour - Square Miles

y EAR
1972 1978 1981 1989

ALTERNATIVE 30 40 4s so I 40 45 33 40 4s 30 I 35 I 40....

,...I,..3,, 2
6a/3 a Glldcll¢=pe _"'"_////.,/__ _ 30 4 2

",..°"_°"°'°0o..,oo_ ,0|2 , g///2._/_W//A2_ _ ,_6°/3 ° Glldedope
,AM 3D. REFAN8D _//_//_ _///// 7 1 0 ' 3 2

(c) Impacted Land Area Inside Contour - Square Miles
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Table3.1-8. Impactof NEFContoursfor Dulles International

o.
YEAR

1972 1978 1981 1987

ALTERNATIVE 30 4o 45 30 zo 4s 00 40 4s 0o 0s r ,o

oo,,,,o,3.5o o '////_y/////;_//__ y///2'////__///,__///_
6*/3*Gridoirope__ 3.5 0 0 4.7 0 0 4.7 0 0

6=/3 6 G]ldeslope __

SAM 3D and 8D 0 0 0 _//////_, _/////i_ _/////_J 4.7 0 0

6*/3 ° Glideilope WIII/ I//III///IIIll
SAM _D, REFAN 8D _'/////, _/////#/_//////z 0 0 0 0 0 0

(a) Total Popu]aHonInside Contour- Thousandsof People

YEAR
1972 1978 1981 ]987

ALTERNATIVE 30 I 40 45 30 40 45 30 40 4s 30 35 40

,o-,,o.t. r_ L__//,_*///_y///__///_'/////__///_'////__/_'/,,'/_KIIIl.cl_lllllWIIllld,./3.o,],°,,o,o,///////////////////,,, , _ 3oo 3 ,_ ,, ,
,AM:ooo_,. ,, _ , 'i///_.i////Aril///_3_ ,3

61/_ II Glllliilolll
SAM 3D, REFAN 8D . '/III,//,91 1 11 52

(b) Total Area Inside Contour - SquareMiles

YEAR
1972 1978 19a] i957

ALTERNATIVE 30 4o 45 30 40 4s 30 40 45 3o I _s ,_o

,°,.,,°.,3 o o 'i////,8_'l////A'i///i_'l///i__i///////////i._7i_

$AMs.°.,,, o o 0 Y///_/////,7///_33 , o
6=/3 * Olideilope$AM_o._,,_0 7D,_//////////__ o o 3 o o

(c) Impacti:d Land Area Inside Contour- SquareMiles
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Table 3.1-9. [mpactofNEFContours for John F. Kennedy International
r=

YEAR
• 1972 1978 r 1981 i987

ALTERNATIVE 30 40 45 so 40 4._ i 30 40 45 30 I 35 40

• : _o,o,,oo,073,,,54,9_//2_/_/_/_'///_'///_//_

' __ _'//_'////_

_;: 6"/3'Gild°slope 261.3 38.2 9.4 1161.6 25.9 3,4 142._ 55.0 22.3

;i. 6°/3 = GIIde_topo
SA_._30 _ndOO 2]0.9 24.8 3.8 106.C 35.3 7,8

' '"_'°'=_°"°_° g//E_7//_1 1: SAM_D, REFANSC 78.6 6.6 0 75.3 26.9 5,1
/

:: (a) Total PopulaHon Inside Contour - Thousands of People

)

:! YEAR
; 1972 1978 1981 T981

!i ALTERNATIVE
30 40 45 -'10 40 45 30 I 40 45 30 t 35 I 40

62 11 5 51 21 10

ii $AM3DondSD 41 16 7
6a/3 m°ll_e_(op°

,, I SAM3D, REFAN8D 28 12 6
i

(b) Total Area inside Contour - Square Miles

YEAR

1972 1978 19BI 1987
ALTERNATIVE 5o I 40 I ,_s 5o [ 40 ( ,_S 30 40 45 50 f 35 I _0

6_/3 _Gllde$1opa
SAM3D_,d 8D 19 2 0 _ r_ _//7_"_ ]] 4 0

SAM '_D,REFAN8D _/_///./f_/_7_/_ _7_//_/ 7 0 0 6 1 0

(¢) impacted Land Area Inside Contour - Squaro Miles
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Table3.1-10. Impact of NEF Contoursfor LaGuardla

YEAR
1972 1978 1981 1987

ALTERNATIVE oo 40 4._ 3o 40 45 30 40 45 30 t 85 J ._0

-,,oo,o5,.<,,.i.o "////2_'///Z/A_/A_N '//Z/d_/////7////////2
6'/3" Glldellape 764,2 10.E: 0 704.6 8.7 0 680.4 58.9 7.6
6a/3 ° GIIdellopos_o°o.o 6_._7.610._/i_Y//_////,,_5,_.,_._,.6
°"_°°"_°"°°° 7E,_J/2i-/7//_SAM3D, REFAN8D 26. I 0 0 19.._ 1.9 0

(a) Total Population Inside Contour- Thousandsof People

YEAR
1972 1975 1981 I 1987

ALTERNATIVE 3o 40 .45 do F 40 t 45 30 40 45 J 3o I 88 . ,.o

_,//_l///ii//////_"iillli 8 : 1 , 3 2SAM3D_REFAN8D

(b) Total Area Inside Contour- SquareMiles

YEAR
1972 1978 19_II 19B7

ALTERNATIVE 30 40 45 30 40 45 30 40 45 20 I 35 I 40
Z"

,°,.,,°o,,.,,,.,,....,,,_-.,__ o _ _ _ZA_A_ "l/.i_'l///li,//IS/i_
"13"_"_°"°,°'ililii,'illlli,'iliili28, o,5, o 245 ,

,.,3,o1,o,o__ _,i,61/3 ° Olldcilop_ 7,AMoo,<:,_= _/7_//////,Y//A 0 : 0 o
(c) Irnpacfad LandArca Inside Contour- SquareMiles
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Table3.1-11. Impact oFNEFContours for LosAngeles

YEAR
1972 1970 198f 1907

ALTERNATIVE 00 40 45 30 I 40 I 45 _0 r 40 f 40 30 35 I .:o

,...,,°°,_,,_,,,,.,..."._I5,.1.I,,.,'i////_J///_.1"//S/{//S{///;'i/__ _;': Z -, r/y,
6"/3"Glidetlopo _//////-//,//_/////////7"////__//_ 81.4 15.8 1.6 ; 75.6 ]4.0 1.6 70.4 32.7 13.6

SAM3Dand8; 55.9 7.3 0.2 56. I 17.4 3.3

....o_°_ANo_ W/._'//////;7////,33633 o,,7, 1,, 33
(a) Total Population InsideContour - ThousandsoFPeople

YEAR

1972 1978 J 198l J 1987ALTERNATIVE
3o I ._o 45 / 0o I so I 45 r 30 I .lo i 45 j o0 i 35 i .!n

o°,.11.o_7r,1f,or,'/////////Z/////lJ__//,_;7,/_;,
,.,,.G,I,o,,oo._,i_F.£_,i_5, li-, 5 ' .. I,ot. I., I,o,,,30°.,,0 3,7 . _////_¢,_'////_,51o ,
6_/3°GIIdc=Iopa, I

$.AM 3D, RERAN0DI 24 7 I 2 26 12 5

(b) Total Area ]nsldeContour- SquareMiles

YEAR

ALTERNATIVE 1972 1978 19Bl 1987
30 40 I 45 30 J 40 t 45 30 40 45 30 I 35 40

,-,0°.,,° g_/S_,'Y/,,J, ,
_'/_-c,i_o,_o.° 2 ]o 5 ]1SAM _Ds R_FAN 8DI 4

(c) Impacted LandArea InsideContour- SquareMiles
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TableS. l-12. Impact oFNEF Contoursfor.Miami

YEAR
1972 197[I 1981 1937

ALTERNATIVE 30 40 43 30 40 I 4s 3o _o 45 3o 3s _,3

....
6=/3 =Glideflape 7/]-//

S..V_3Oon33o 179.9 11.3 0.6 _/////, 163.2 53.8 9.9

6.,3.o,,,o,,.,°SAM3D, REFAN3D 79.8 5.9 I 0 82._ 127.2 7.1

(o) Total PopulationInside Contour - Thousandsof People

YEAR
1972 1978 19dT 1937

ALTERNATIVE 130 .I0 42 30 I .¢0 43 30 ._3 43 30 32 I ,:0

,.,.,,.._9 _ W/I//I__/_'///_'////,_'//_'////,_'//////////2
/////A///II/Y///Y_/114' - [--

6"/3"Glld¢flOPOll///L////I/_//I////, 59 112 5 54 11 5 48 21 10

6"SAM/3°G,30Icle.lepoon33D/////"'_ _//'///_)/_/////_ 43 9 i 3 7//,,_ _/////_,, 7//,/_ 39 17 96.,.o,,.o,,°.o'/////J//_SA_E_,_,.SAM3D,RSFAN30 21 5 2 22 11 5

(b) Total Area Inside Contour - SquareMHes

YEAR
1972 1978 1931 1937

ALTERNATIVE 30 I 40 a2 30 _o I 4s so ,t0 I ._ 30 I 32 I _0

so..,,.o5=/1o 2 /////__ 7_//_/__/_ '/_/2W/_'//////////_XS777_/,
6=/3=Glid_slape_HHH. 44 8 2 41 7 2 36 16 6
6=/3 = GIIdedope_AM3o°.,3. 3_ _ 1 W///_///_/////,013 5
6_/3=Gll_eslopa

SAM 30. REFAN 2D _/////// ////////_ W/'/7_,_ 16 1 0 17 7 2

_-/W/.

(c) Impacted Land Area Inside Contour - SquareMiles
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Table 3. I-13' Impact of NEF Contourst'or Minneapolis-St. Paul

YEAR
1972 1978 1981 1987

ALTERNATIVE 30 40 45 3o I 40 45 88 40 ,=5 J 30 f 38 I ,_0 i

_o,.,,,°9,.78.8°.3_///////__/_'///_'////_'//_Y/////////////////_
6"/°'Glided°P° _/ _ 69,9 0.3 8.3 75.4 3.3 8.3 82.3 22.9 8.6
6=/3 = Olldeilopo ' _,_3ooo,o ,8.80.38 _//_y/_ _., I9.53.3
,._l _;7////_7/_3_.,°.38 _._,_.3o.3'SAM _Os REFAN 8C

(a) Total Population InsideContour - ThousandsoFPeople

YEAR
1972 1978 1981 1987

ALTERNATIVE ,30 40 45 30 40 , 48 I 30 40 45 30 I 35 1 40

_////,///_ 5, =_o,_ 2 _8,3°61/3° GIIcresl=pe

6"/3 = Glide=lope

6a/3 =Gllc_e_ropo=,_o.8,,,,oo _/////////_1,3 , ,79
(b) Total Area Inside Contour - Square M_les

'' Y EAR
]972 1978 1981 1987

ALTERNATIVE 30 40 4s 8o 40 48 30 40 45 30 _ 35 ,_0

6°/3 ° GIIdcsfape,_oo..o 1151 o /////_/////__//A,9 o ,
6°/3 ° Gfidedopo

(c) Impacted LandArea Inside Contour - SquareMiles
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Table 3.1-14. Impact of NEF Contours for Newark

YEAR

1972 1978 1981 1987
30 40 45 30 40 45 10 40 45 10

Baseline 431.9 27. 7.1

o.,s.°=o.,o,o_///7E//;'/////A_._I_;.;I_.;)_-_;1-_;_.;I_-I-I_,.o6°.,:,.=
SAM2DandBD 1 25.7 4.6 J

! 6"/S= Gll_eslop_
9A._3D, REFAN8D 15.2 3.1

(a) Total Population Inside Contour - Thousandsof People

Y EAR
1972 T978 1981 1987

A,LTERNATIVE so I ._0 ,Is 1o I 4o t 45 J 30 40 49 S0 35 F xo

_.,s.o,,,,,.,.g//I//////////////__,11215 _,I, _ ,_2611
SAM3D ond8D /3o.,s.o,=,,,o_. ,'_ ,,,,,,,Z////,'/////tZ//2_, ,_

(b) Total Area Inside Contour - Square Miles

YEAR

1972 1978 1911 19B2
ALTERNATIVE 3o 40 45 30 40 ,1_ _o I ,_0 1 45 30 I 35 I .'o

(c) Impacted Land Area Inside Contour - Square Miles
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Table3.1-15. ImpactoF NEE Contours for New Orleans

•Y EAR
]992 ]97B " 1981 19B7

--A.LTERNATIVE ao 4o 45 30 J 4o I 4s 30 4o 4[//;._//. 3o as 40.... ..°..___ ,o,,.,,,,..,,.
6"/3°Ol;d_=lopQ __ 15.,J,.5 o ,,., ,o.5,.,5AM 30_ REFAN 8D

(at Total Population InsfdeContour - Thousandsof People

YEAR
1972 1998 1981 1997

ALTERNATIVE 30 40 45 30 40 45 30 40 45 30 I 35 40

6)/3= GIIdellopa _/////_. _i_///////_ 23 5 2 28 5 2 33 I l 6

6*13 = GHde$lope _ _

//III/ "//I/IL NI/II
SA_a,D ..,_ ,D 17 41 IIII//,/I////_I/II//,25 95

_7_,7////////////.,o, ,,, _ ,SAM 30) REFAN 80

(b) TotalArea lnslda Contour- SquareMiles

YEAR
' ' 1972 1978 1981 1987

ALTERNATIVE 30 40 45 30 40 4s _o 40 45 _o j _5 40

6°/3= Glld_/l°pa .zz/.,/ 16 [ 3 J I 21 3 I 25 8 4

_o,° g/////////_SAM3D, REFAN80 /¢11/!, 7 0 0 9 3 1

(c) ImpactedLandArea lnsid_ Contour - SquareMiles
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Table 3,1-16, Impact oFNEF Contourstar Philadelphia

YEAR
]922 t97B 1981 1987

ALTERNATIVE 30 40 45 30 40 45 so 4o 4s .30 os _o

Basulino76.9 0.3 0

6°/3eGIldesl°_e _///////_ 68.9 0,3 0 71.1 0.3 0 8l,l 18.1 0.3
6"/3* GIIde_16pes_oooo+oo 52.30 0 _/_,////_'/,64.,8.98
_°° g///K///////////+SAMODeREFAN8D . 5.6 0 0 9.6 0.3 8

(a) Total Population Inside Contour- ThousandsoFPeople

YEAR

I d 1972 I 1978 I 1981 1987ALTERNATI-E 3o 4o 45 30 ._o 45 9o 40 45 oo l o5 I _o

6a/3 * Glides]ape _ _

6*/3 ° Olideslopa,AM=._,_+o "/////AY//,_,313 , ,+ + 3
(b) Total ,AreaInside Contour- SquareMiles

YEAR
]972 197a t981 1987

ALTERNATIVE _o 40 4s 30 _0 4s _o Ao 45 3o ._s ,_o

,°,°,,°°,8 _ , _//,#,'////Ag///AY//,,__///Ag//,4'////_
_r+'lllll

6°13 mGlldellope r////// ,////// //////
SAM30a,_,leO I3 2 0 ////// '////// //////17 4 2

_ope

(c) Impacted LandArea ln._ideContour - ScluaraMiles
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Table 3.1-17. Impactof NEF Contoursfar Phoenix

YEAR
1972 1978 1981 1987

ALTERNATIVE 3o 4o 45. 30 40 _ 4s 3o 4o 45 30 l 3s 40oo,.o.20_°2 ,, _/__ _ _/__;:///)////__//H//__//_
6"/3*Glrddsl°Pe_//,/_//'_//,/_// //y//// 21.1 2.2 O 25.3 3.6 0 28.5 14.1 3.6

_///,'//////,_////,
,,_3o°o40o _ 0 .,_,,,,_____,,2,.3,1.20._,.,3°o,,4°,,o,o 72'///,_.'//_//////'/////A,1.2o o ,,., o._oSAM 3Dr REFAN 8D •

(a) Total Population insideContour - Thousandsof People

YEAR
1973 1,78 Igal 19a7

ALTERNATIVE 3o 40 ,is 33 I _o 4s 30 40 ,4s 30 t as I _o

..,,°°,,3._3, _//,,_,/__ y//__7//)/////__///////////////_
6"/3"_l)_o,lop__//_ 7// j i 2
SAM3D°nTBO fl_

s_ oD.,_,_ ,ofillili, '_ii///_,"'"illlllI/////A _" i o 6 3 o

(b) Totol Ar_a Inside Contour- Square Miles

YEAR
1972 )970 • 19Sl 19_7

ALTERNATIVE 30 .4o 4_ 30 ,_3 4s _0 40 4s 30 asl40

_///////;_=r_//////_, _//_/////_ ,/-//////Y////_as 4o,,,,,,,o,02 o _//_ _///_
61131GIIdeilop_ /////_ ////////////// 8 0 0 11 I 0 I2 4 1

6°/3 * Glldeilop° _ _ _/

SAM 30 an4 80 6 0 0 _///_ IIIII/, "/111//_ 9 3 0
7///// '/////A

6°/3 ° Glldellopo _/////t
SAM3D. _EFAN8_ '////// //////A "////// 2 0 0 3 0 0

'////_

(¢) Impacted Land Area Inside Contour - Square Miles
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Table 3.1-18. Impact oF NEF Contoursfor Portland

YEAR
1922 1978 19B] 1987

ALTERNATIVE 30 40 45 30 40 45 30 4o 45 30 I 35 ,_o

! _°,°,,°°.......,.......,.__,._o._.o g///2_//__////g//__ g//,_g/////////A_//A
6e./a a GIIdeslope ////////////////y///_/_ 0.9 0 0 0.9 0 0 0.9 0.3 0
6°/3 e Glidollope,_2o°oa,o 0.3 o o g//A'/////__//Ao.,0.30
,,2.o,,9° g/_7_,_/,SAM 2De REFAN 80 0 0 0 0.3 0 0

(at Total Population Inside Contour - Thousandsof People

YEAR
1972 1978 1981 1987

ALTERNATIVE 30 40 4s 20 40 45 20 40 45 20 t 35 I ._o

-,,°°2o _ 1 _////_,/_/)_ 2/__////__///_,////__//__/_
6+/3 DGrlae$Jope,_,2oo°d,o _ o _//A_////_//;;,36 2

y///// ///////,.oo,,_,..,o ,////,,/////_3 I o 4 _ i
(b) Total Area Inside Contour - SquareMiles

YEAR
1972 t978 1981 19B7

ALTERNATIVE 30 40 as 30 40 ,4s 30 ,_0 45 30 as I 40

6')/3 Q Gild.slope '/////_

6°/3 " OlIdeslo_,_= _,_.°0 g///Ag//_'/////Aoo o , , o
(c) ImpactedLandArea Inside Contour - SquareMiles
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Table 3.1-19. Impact of NEF Conlours far San Diego

YEAR
1972 1970 1981 19B7

ALTERNATIVE 30 40 45 30 40 I 45 30 40 45 30 I 3s 40

. _°,°.°°_.3_4.o_._'/.//_'////__ _,_'////4'////_'///////////2'////_
,',_'°,,_°,,°p°,///////////,'¢////_6_.05.30.776._2_.73.9,9.149.23°.4

'//////'//////,7/////
s,_ooo,_,5 55.0 3.0 0 I/I//171/I//,I////164.0 39.1 21.0

6"/3 =Gll_odope
SAM3D. REFAN8D _/ _7-//_/ _-//_t 40.9 0.7 0 42.5 21.0 0.7

(a) Total Population Inside Contour - Thousands of People

!

Y EAR

1972 1978 19BI 1907
_' ALTERNATIVE 30 40 45 30 4o 45 _o I 40 45 :o I 35 I 40

_:: ,o,.,,..1_ 3 , '////2
6t/3 _Gilde:lap° --",_0oo,,o , o g//_'/////Ag////,1__ 2
6=/3a Gild°slope

!;
•, :i

,_ (b) Total Area Inside Contour - Square Miles

,: YEAR

ALTERNATIVE 30 40 45 30 40 45 , 30 40 I 45 30 t 35 I _o

g///,_'////_ z'/Z///////,_o°,o,,°o,_ 2 1 ,/////, "/..'///_
6=/3° Ollctolfopl _//////////////./_ //////// 8 1 1 13 2 2 I 1 6 3
6=/3 ° Olldellope_,,,_0o°_oo 7 , o _///,_///_,/////,9 5 ,//////,

6"/3 a Gllcleslon°,AM_o.,._,.o "//////,,,////_'/////__ , o 4 2 1w///x y/////

(c) Impacted Land Area Inside Conlour - Square Miles , " . .
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Tabla 3.1-20. Impact of NEF Contours for San Francisco

YEAR

1972 J 1978 1981 I 30 1987: ALTERNATIVE 30 40 45 30 40 4s 30 40 45 i 3s j _o

"i//8_/4'i/i2_ ,I//////il/;_
6V'3" Glkl_slop= 90.7 11.4 2.3 70.4 1134 2.3 62.2 153 8.16V3 ° Olkleslope,_-°°-° Y_Z//,Y///__,.6,_.33.3
6"13° Glideslope

SAMSD, REFAN8D . 25.3 2.3 0 23.1 9.2 2.3

(a) Total Population Inside Contour - Thousands oF People

Y EAR

1972 197a 19111 19B7
ALTERNATIVE 30 I .10 4s so I 40 I 4s 30 40 4s 30 ss .¢'a

9 j, ,, ,,6"/3° Gllcl_lopa

(b) Total Area Inside Contour - Square Miles

YEAR

1972 197840 I 45 J 30 1981 1987ALTERNATIVE so 40 4_ 3o 40 45 30 I 35 i _o

_"'""._._._.__..._._, , _.D'S//////I///.4;_JJ'//_l/_'l///4'il//_'l////17////i_
6"/31GNd_ll°Pe ////////_jf///////_//////y 21 2 1 15 1 0 12 4 2
60/3a GIIdeilopei

°'°"°°"'" W/_,,_3.,.,..,0 y//.¢_////_, 0 o . , o
(c) Impacted Land Area Inside Contour - Square Miles
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Table3.1-21. Impact oF NEF Contours for Seattle

YEAR
1972 1973 1931 1907

ALTERNATIVE _3 4o 43 3o 43 as 30 40 45 3o 33 I so

0_'/3 °ol;de$lopo / _/_

: ,.,oo.,0o 6,.6,., 0., _//_,7//,_6,.,16.,,.7
6J/3 = Glib©slope _-/-//_/_;:_ SAM2D,REFAN80 _ _/ 19.9 1.3 0.2 24.2 6.2 1.3

(a) Total PapulaHon Inside Contour - ThousandsoF People

YEAR
1972 1973 1981 1937

ALTERNATIVE 3o 40 45 30 t ._o I 45 30 ,_o 45 30 I 35 I -'o ,

°...,,o.47
6=/3*Glldesf°P e "////_/_////////_////////_'"'''"'''''''31 5 2 31 5 2 3] 12 5

,,,0°°,,,° 22 ,i _///_//_7///_2,9 ,
6e/3 a Gl{deslopo. o0,-_ = _///;;//////_Y//_9 2 , 1o , 2

(b) Total Area Insi'deContour - Square/_iles

YEAR
; 1972 1973 1931 1907
' ALTERNATIV_ 33 40 I 43 30 40 ' 43 30 40 I 43 30 I 33 ._0

6/3 Glldoslope

6 /3 GHteIIII° " ' - I_. =o.o_3o o "////A7//_'////A_, 6 =
1_'/3"GIi_l,,lol_;t .

i SAM 30_ REFAN 8D _////// 6 I 7 3 0

(c) Impacted Land Area Inside Contour- SquareMiles
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Table3.1-22. ImpactoFNEF Contoursfor St. Louis

YEAR
1972 I 1978 t981 • I 1987

45 | 30 I 35 i 40ALTERNATIVE 38 40 4o 30 40 48 3o 40

_77MT#TT_,

6_/3° Glldedope

36 76 ,.2 .7 ,5., 6.,SAM3DsR£FAN8D

(a) Total PopulationInsideContour- Thousandsof People

YEAR
t972 197e 1901 1987

ALTERNATIVE 30 40 45' 3o 4o 45 30 48 45 3e 35 I 40

6'/,3° Glloesropo 4 2 24 5 2 29
6Q/3 ° O110eslop_

6_/3°Glldeslopo
S_"D,_FANeD /IIIIIYlII//13 3 2 17 7 3

(b) TotalArea InsideContour- SquareMiles

Y EAR
1972 ]978 1981 1987

ALTERiqATIVE 38 40 48 3o _8 45 3o ,_0 45 38 I 8_ l _e

6°/3° GIIdad=pe_///////'_////////,/_////,/_ 20 2 I 22 3 1 27 lO 3

6_/3° GIi_eslopoII/I//:,.,,.o,,o.,,°oog////t//////,
(c) Impacted LandArea Inside Contour - SquareMiles
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Table3. T-23. Impact of NEF Contours For Washington National

yEAR
1987

ALTERNATIVE ) _o

0_seHne

6°/3 ° Grldetlope ____

5kM3DandSD JO.9 JO.90.9
6°/3 a GHdeslope _"-_-_ _r_

SAM3D, REFANBD / / 0.90 0 0.!

(a) Total Population Insrde Contour - Thousandsof People

YEAR
1972 1978 I ]gal 1987

!.' .,ALTERNATIVE _o 40 4s _o ,40 4s [ 30 40 45 oo os i _o

i ' ,°.°,,_.,4 _ r////,__//_/A_ _ _/////////A
' 6_/3° Gffdeslope

6e/3° GlI_©slopo
SAM3D, REFAN80 _////,/'//_//////// 4 I ' 0 4 R 1

(b) Total Area Inside Contour - Square Miles

' YEAR
1972 , 197B 19BI 1987

ALTERNATIVE 3o I 40 04_ __ s0 t ,_o ( 45 30 4o ,_ 30 I 3s I ._0

6"/3 • GIIdeslopo

SAM3D_.REFAN8D

(c:) ImpactedLandArea InsideContour- SquareMiles
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Table 3.1-24. Impact oF NEF Contours for 23 Airports.

YEAR

1972 1978 1981 1987

ALTERNATIVE 30 40 45 3o 40 J 45 30 4o I 45 30 I 85 40_o.o.,oo,,,4._4,,.2163.4,////_'//7/,,S///__,//,,_'/_//_'//7/_,/],,/_
6°/3"Ol;_doPe'_///_j _///_//////_/ 3021.6 284,5 70.1 2685._ 275,8 66.6 2719.1 813.5 283.3

,_2ooodoo 22_,.,14_.8,68_"y////z7//_'/////_,'._16.o_6,.,1_,._
6°/3 a GIl_edop° '7/777,_77"/772r/777-//_ 2o.=,,==o _,/,,//,,,,__,//,,,,A6,31606307=0426,.6,s

(a) Total Population Inside Conlour - Thousands oF People

Y EAR
1972 1978 1981 1987

ALTERNATIVE _0 40 45 _o I 40 J 45 . 30 40 ,4.s 30 3s .¢0

6=/3" Glide=lope _//////_,

SAM 3D, REFAN8D 305 66 25 337 184 71

(b) Total Arcta Inside Contour - Square Miles

YE,_R
1972 1978 1981 1987

.ALTERNATIVE 30 _0 4, _0 _0 4s 30 .10 48 20 I 35 I 40

°o..1oo,....888..__._.110=
6_/3_ GJld_tdope///////////_/ _/////////////, 562 65 19 539 60 16 551 187 65
6_/3_ Glldell_pe,_=ooo_8o 3,438 _ _////_////_;,////,,_1,3,4o,/////_

(c) impacted Land Area Inside Contour - Squ_reMiles
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3.2 Effectiveness,Analysis

Analysisof the effectivenessof the alternative strategiesin thisstudyrequires

considerationof time-varying characteristicsinherentin their appllcatlon. Oneof

_i these characteristicsis the timerequired to physically performthe modificatTonon the
candidateaircraft"in the fleet. The retrofit schedulesfor the installation of sound

absor/oingmaterial (SAM) in theengine nacelles fol"the JT3D andJT8D enginesand for

the installation of refanned engineson JT8D-poweredaircraft are discussedin Section

2.7.2 and graphically illustrated in Figure 2.7-2. Brlefly reiterated, theseschedules

are: (I) forJT3D-poweredaircraft, the SAM treatment_sforecastto beginin calendar

year 1976and to be completedona 20%-30%-50% annual basisencompassing3

years (1976-78); (2) for the JT8D-poweredaircraft, the SAM treatmentto begin in 1975

andbe completedona 10%-20%-30%-40% annualbasisencompassing4 years(1975-

78), and the REFANtreatment wouldbegin in 1978and follow the samepercentage

completionscheduleas the JT8D/SAM treatmentover a 4-year period (1978-81).

Thus, the yearschosenfor analysiscovera baselineyear (1972), the year that the SAM

treatment, if implemented,is forecastto be completed(]978), the year that the REFAN

program, if implemented, is forecastto be completed(1981), and a futureyearto be

usedto indicate trends(1987). Farpurposesof thTsstudy, the two=segrnentapproach

procedure, 60/3 °, isassumedto be in effect for all but the year 1972and to be usedin

i' conjunctionwith any retrofit alternative considered.

The summariesof the total noise impacton land area and populationfor the

23 airports, combined, are containedin Tables3.2-1 and 3.2-2 respectlve/y. Each

table is dlvided into three sections. Section(a) containsthe summationof'the indi-

vidual impact valuesat 23 airportsfor the NEF 30 and NEF 40 noise levels andfor

eachof the alternatives in each of the yearsconsidered. Section (b) reflects the

percentageof the 1972baselinevaluesfar eachof the cases. Similarly, Section(c)

containsthe percent reductionin impact fromthe corresponding1972baselinevalues.

Using Sectlon(b) of thesetables, time-effectiveness graphscanbe constructed

as illustrated in Figures3.2-1, -2, -3, and -4. Forthese figures, straight linesare
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Table 3o2-I'

impacted Land Area Inside NEFContours For23 Airports

(a) Impacted Area Inside Contour- SquareMiles

year

' 1972 1978 1981 1987

30 40 30 40 30 40 j 30 40

°o,.oO,de,ape_._.6_ 0. .39..1_0__ 6.6o/3o_.de.ape_ 3. _ _2138 _ 40SAM 3D and 8D

6°/3° Glideslope _ _ _ _-_ 184 17SAM 3Dr REFAN8D . 155 16

(b) PercentoF 1972Baseline

Year

I 1978 1981 19871972
l

Alternative 30 40 30 40 30 40 30 40

Baseline 100 100 _'_ _ _,._'_ _'_ _,_ _'_

6°/3 ° GI ideslope _'_ _.,_ 63 59 61 55 62 59

SAM 3D and 8D _ _
6°/3 ° GI ideslope 17 15 21 15
SAM 3D, REFAN 8D

(c) Percent Reductionfrom 1972Baseline

Year

1972 1978 1981 1987

Alternative 30 40 30 40 30 40 30 40

Baseline . .0 O _ _,_'_ _'_ __ _X_ _'X_

__ 41 39 4_ 41

60/3 ° GHdeslope 37 38

6°/3 ° Glideslope 56 65 _'_, 53 64
SAM 3D and8D

6°/3° Glideslope _ _ _--8-_" 85 79 8.5SAM 3Di REFAN 8D
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Table 3.2-2

PopulationInside NEF Contours for 23 Airports

(a) Total PopulationInside Contour-Thousands of People

year

1972 1978 1981 1987

Alternative g0 J 40 30 40 30 40 30 40

Base.he ¢9943/,499__\___-_

SAM 3D and 8D 780.4 69.5

(b) Percentof 1972BaseJine

Year

1972 1978 1981 1987

Alternative 30 40 30 40 30 40 30 40

. Base,ino ,00 100_\____

60/3 ° Glldeslope _ 45 29 _ 42 32
SAM3Dand8D J

" 6°/3 ° Glideslope _-_'x_\\\\'_ 14 12 16 14
SAM 3D, REFAN8D _'_--_\_"_

(e) PercentReductionFrom1972Baseline

Year

1972 1978 1981 1987

Alternative 30 40 30 40 30 40 30 40

Baseline O 0

SAM 3D and 8D _
6°/3 ° Glldeslope 86 88 84 86
SAM 3D, REFAN 8D
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usedIo connectthe data pointsavailable from the study. Obviously, nature doesnot

: changeabruptly, as these figureswouldimply, and faired curvesshould be drawn
i

_i through the data points. The proper curvatures aresubject to consTderabiespeculation

i and disa?reement;therefore, for purposesof this report, only straTght lines are displayed

_ to avoid unintentional b_as_n_of the comparisons. The "curves" an thesegraphsdemen-

T strate the time-varyTng relative effectTvenessof each of the alternatlves considered. It

can be seen, for Tnstance, in Figure 3_2-1, that the projected changes_nfleet mix
J
I and fleet eperatTonsalong with the assumedadoptionof the 6o/3° approach procedure

achieve a certain measureof effectiveness in the year 1978, are slTghtly more effective

. in 1981, but show a slight upward (i.e.r lesseffectTve) trend by 1987. This upward

trend isalso reflected in the other two alternqtTves. Figures3.2-2, -3, and -4t to a

varying degree, demonstratesTm_lartrendswith the exception of the SAM 3D/SD option

in Figure8.2-3. This particular curve demonstratesa slight downward (i.e., more

effective) trend From1978 to 1987. in analyzing the 23 airports individually, to deter-

mine the causeof this seemingpeculiarity, Ttwas foundthat eight of the airports ]ndlcate

an Tncreasingtrend in effectiveness Forth_soption. Further examination reveals that if

Kennedyand either of La Guardia, O'Hare, or Newark are deleted from the analysis,

the curve would demonstrate the opposite trend. Thisanalysisserves to poTntout that

even though the data base for this study is large, the useof the results muststill be

temperedwith caution.

The tlme-varying effectlveness of the alternatives, particularly the SAM

3D/8D and SAM 3D/RFN 8D options, isalso demonstratedin Figures 3.2-1r -21 -3,

and -4. Thiscan be observed mostreadily by consideringtheir start points. The start

of the SAM 3D/SD option begins at year-end 1974, while the start of the SAM 3D/

RFN 8D option begins 1 year later. The completionsof the two programsare separ-

ated by 3 years due to the offset imprementafionschedule for "refanning" the 3T8D-

poweredaircraft. Thus, it can be seen that the SAM 3D/SD elternatTve is more effec-

tive in the earlier years, while the SAM 3D/RFN 8D option becomesmore effective

later on. This "offset" in effectivenesstends to complicate the determ[natTonof the

best alternative.
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Figure 3.2-4. Cumulative EFFectivenessCurvesfor One Baselineand TwoAlternatives
at 23 Airports RegardingImpactedPopulationwithin NEF 40 Contours
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The measurechosenfor this report to determine the overall effectivenessof an

alternative is the integral area underthe alternative curveboundedby the pelcentage-

time axesand the year 1987. This measure_normalized to a baseilne criterion, can be

describedasthe average effectivenessover the 15-yearperiodof the study, Theareas

•'' , underthe curvesshownin Figures3,2-1, -2 r -3 t and -4 are glven in Table 3.2-3.
:' Since the year 1972is to be usedasone of the baselinecriteria, then the baseline

effectivenesscurve can be representedas o straightllne at the 100percent level from

1972 to 1987.

Thepercent of impact reduction for each of the alternatives, using
_ 1972as a constantbaselineand the 6°/3 ° alt_lrnativeas o flme.-varyingbaseline com-

•_ paratort is glven in Table 3.2._4. Thepercentagesfor thls table are calculated in the

followlng manner:• !

_,'_ AA
: Re = 100¢ -
:.!

whero_

:" r i

'_i he = percent of impact reduction

= AA = area underalternative curve

: A_. = area underbaselinecurve: !

ii
: : Thesepercentages, in Table 3.2-4,aro then the measuresof effectiveness for

the cost-effectlvenessanalysiswhich isdiscussedin Section5.
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Table 3.2-3

Area Under EffectivenessCurves ,

Area UnderCurves - (Percent-years) '

.i ImpactedLand !mpactedPopulation

• Altemafiye NEF 30 NEF40 NEF 30 NEF40• ._ ,

60/3 ° 1044 990 980. 975
GI _deSlope

60/3 o 862 748 842 762
SAM 3D/8D

60/3 ° '684 645 642 615
SAM 3D,
REFAN 8D

Area UnderCurve for 1972Baseline= 1500(Percent- Years)

Table 3.2-4

PercentImpact Reductionfor Altematlves

]mpactedLand ImpactedPopulation

1972Base* 6o/.3° Base 1972 Base* 60/3 ° Base

Alternative NEF30 NEF40 NEF30 NEF40 NEF30 NEF40 NEF30 NEF40

60/30 30 34 0 0 35 35 0 0
Glide Slope

6°/3 ° 43 50 17 24 44 49 14 22
SAM 3D/SD

60/30 54 57 34 35 57 59 34 37
SAM 3D,
REFAN 8D

*Numbers include the effectsof the _nfluxof newerand quleter aircraft.
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3.3 Analysisof Impact

As describedin Section3.1t the tofal area insidea NEF contour can.be eom-

prised of three compositearoas. Thesethree areasare'the area within theaTrport

propertyboundary_the area encompassingwaterand, finally, the remainingland area

: which hasbeentermed "impacted land." The relationshipsbetween total area and

impactedarea, airport propertyareaand water area within the NEF contourarea

summationsfor the 23 airportsare illustrated in Figure 3.3-1.

The three lines in Figure3.3-1 representsmoothedvalues throughthe data

eoints for each of the componentsof the total area. One of the significant features

illustrated concernsthe almostconstantvalue of airport property within the contours

over a wide rangeof'valuesof the total area within the NEF contours. When the

• latter _sgreater than400 squaremiles, the'portion of airport property within the

NEF 30 (or higher)contoursseemsto reach a I_mlt of about86 squaremiles. This

representsapproximately80 percentof the total airport propertyarea in the 23 airports.

This indicates thatapproximately20 percent _'21 squaremiles)of the total airport

property for those23 airports doesnot reside within the NEFcontours examined in this

study.

The line showntar impactedland is a linear regressionline throughthe

plotted points. Thevalues for plotting the pointswere obtainedfrom Table 3.1-24, the

':_ combinedtotalsfor all 23 airports. The data po_ntsusedfor the water area andekport

property area lineswere generatedduringthe courseof thestudyand are given in

Table3.3-1 in the form of tel'el valuesfor aH 23 airports.

In addition to the relationshipto total area, the impacted land can alsobe

related to Tmpactedpopulation within the NEF contours. This relationship is illustrated

in Figure 3.3-2. The solid line_ labeled 23 Airportsr representsa quadratic fit through

the data pointsplotted. Theequationof the line _s:

Y = ].2X 2 + 4567X - 190481 People
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where

Y is the numberof impactedpeople

and X isthe total area of _mpactedland in squaremiles

• - ; Twoitemsof interest can be determined Fromthisequation. Firstt if the

equation_sdifferentiated (i.e., dY/d× = 2.4X + 4567), the average population
densities for variousareasof impactedland'can be evaJuatedto showthat the averoge

population density increasesas the impacted area increases. Thisindicatesthat as the

impacted landlles Fartherfromthe airportt the averagenumberof people ina unit

area becomesgreeter. Thisis reasonableandindicatesthe curve is sloping in the

correct direction. Second, the negative eonstdnttermin the equation tndicates that

it is possibleto have someimpactedland area (,_ 4 squaremiles) wlthout impocting

any people.

Thetwo dashedlines in Figure 3.3-2 representresultswheneither Atlanta or

La Guardia Isdeleted from the data and only 22 airportsare analyzed. Thesetwo

• particular airportsweredeleted oneat a time to demonstratethe'sansitivlty of the

center curveto perturbationsin area and populationvalues. Atlanta and LaGuardla

were chosenfor deletion sinceeach representsthe maximumexcurslonfrom the 23-

airport curve in its respectivedirection if only one airport isdeleted. Thedashedlines

also serve toagain demonstratethat caution mustbe usedwheninterpreting the data

and attemptingto generalize the resultsfor a total nationalfigure beyondthe data from

the 23 alrparts.
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Figure 3.3-1. Comparisono£CompositeAreas Within NEF Contoursfor 23 Airports.
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PopulationWlthln NEFContoursfor 23 Airports
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Table3.3-1

Water and Airport PropertyAreas Inside NEP Contoursfor 23 Airports

(a) Alrport PropertyArea ln_ideContour - Square Miles

Y EAR

SA_a3D.ha_D 84 52 34 , 86 77 56

SAM 3D, REF/,N aD 79 65 44

(b)' Area Over Water ZnsideContour - Square Miles

YEAR

ALTERNATIVE 1972 197a l 198tJ/-_'71 ,ga,
30 40 45 30 40 45 ' 30 40 ,45 30 35 I t.0

_:_:l:n_ 360 50 I 15 / " X " _./_ ' ", o.j_,.7J2_I_J////IlI//I/L//JlJXIN,.'/NIIJ/NI/_///I//W/LL/NI/b_

6°/3DGti_efla_e , ' 8 180

_AM=,_F__oYl/////I////////////////_'11/I//11/I//_
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4.0 COST ANALYSIS

4.1 I.nvestment/OperafinqCostModel

_'_ A cost computationmodel hasbeendevelopedto calculate marginalimple-

mentatlon and operating costsassociatedwith each retrofit alternative describedin

_ Section2.7. The computer-basedmodel hasbeendesignedto accommodatethe scope.i i
of input variables summarizedon Table4.1-1. The modelmaybe operated to provide

detailed costsummariesfor any selectedbaseyear and discountrate to derive "current

' dollar" and "presentvalue" totals of discountedcash flow for each type of aircraft :i

fleet.

i'.i An exampleof the cost model computationsfor the B-707 fleet, forecastto

be in operationduringandafter completionof the SAM retrofit program, isshownon

_ Table 4.1-2. Thismodeloutput summarizesthe controlled variablesusedin the aom-

putatlon_ the programtotals of current dollar costsof $423,107,000 anddiscounted

_i costsof $268,524,000 andthe totals for eachof the four costelementsevaluated in

. the analysis. Thisoutputalso summarizesthe detail of implementationcostscontrib-

.: utlng to the totalsabovefor each year duringwhichaircraft are forecastto undergo, i

._ modification in accordancewith the establishedschedule. STmilardetail for the added

operating cost is shownfor each year that modifiedolrcraft are forecastto be in

operationafter retrofit. The printout illustrates the effect of the selected inflation

ratesapplied to the recurringoperatingcosts,andthe year-by-year valuesof the

i currant dollar costsand discountedcashflow for eachof the fourcostelements.

The costmodel is alsousedto summarizethe costelementsForeach aircraft

: fleatt and the fleet costsinto the total costsfor each retrofit program. Tables4.1-3,

-4, and -5 showsuchsummariesfor discountratesof 0, 5, and 10 percentrespectively.

The 0 percent rate ist of course, the "currentdollar" summary. Thevalueslisted under

alternative 1 + 2 are for SAM-3D (B-707 _-DC-8); and those for 6 + 7+ 8 are for REFAN

-8D (B-727 + B-737 + DC-9) and sTmilarlyfor the otheralternatives.
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Table4.1-1

Input Data Summary-
Aircraft Noise ReductionForecast
Investment/OperatlngCost Model

Item

I Airamft Types
2 Typeof Retrofit Program
3 BaseYear
4 DiscountRates- Percent
B RetrofitCostPerAircraft- S/Aircraft
6 Rate of Inflation - Percent
7 Time Lostin Retrofit- Days
8 Cost Per Day of LostTime- S/Day
9 Scheduleof Retrofit Programs- Years

10 Numberof Aircraft Modified in Eachof the investmentYears
11 CrowCost- S/Hour
12 Fuel Cost- S/Hour
13 MaintenanceCost - S/Hour
14 InsuranceCost- S/Hour
15 PercentInflation in CrewCost- Percent
16 Percent Inflation in Fuel Cost - Percent
17 PercentInflation in MaintenanceCost- Percent
18 Percent Inflation in InsuranceCost - Percent
19 Inflatlon BaseYear
20 RetrofitChangein CashDOC - Percent
21 Annual Aircraft Utilization - Hours
22 Retrofit Changein Aircraft Operating Weight Empty- Pounds
23 Average Payl_d ReforeRetrofit- Pounds
24. Annual Available TonMiles
25 Retrofit Changeto Specific Fuel Consumption- Percent
26 EffectiveChange to Productivity- Percent
27 Delta Fuel Walght - Effecton PayloadProductivity- Pounds
28 Numberof RetrofitAircraft in Operation in EachYear After Retrofit

Data providedby DOT and NASA.
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Table 4.1-2

Aircraft Noise ReductionForecast
Investment/OperatingCost Model

AIKCRAFT TYP_ 6701
H_fN(JFIT* SAil
bASE VfA_ 1914
bISCOUN! RATE I0|

,, KIT * INSTALLAIION • SPARES
, COST pEA A[_! (ZV131 _G_O00
_ COS1 INFLAIIO_I _ ?

;_ EXTRA ZN51* OAtS 0

,_;i COS1 pEK _Ay I a3oO
i1

6ASE CASH _l_ _|g?2] l/HA I_FLATION

CAEg 205 01
FUEL • OIL 430 " 5Z
MAZ_TE_ANCE 210 31

!i IhSURXflC[ IO OZ

_ TOTAL OSS
"i

RETROFII CHANGETO CASH OOC 0._0 1
,'! A_NUAL UTILIZAT30_ I_LSEI 3_00 HOLNS
_' A_NUAL UTILIZATIO_I IHETROFIT) 1_6 HOU_
:i A_NUAL A_5 PER ACFT 31.2
!;_ RETROFIT C_A_GE TO O_E 3300 LOS
, _ETR_¢IT C_INGE TO SFC 0.20 |
i RET_OFII CH_NG_ TO p_OD -_4.0
,F

_'_'j CU_AENT _ D[SC_TEO COSTS IO00 DOLLARS)
.... TOTALS.* ....

-i CUAR£_T DISCOUNT OJARE_T O[SCi_N_ CURRENT DISCOUNT

';i I_VEST_E_T261600 190?6d LOSTTf_E [4_06 105_5 27bOOa _01314
• _ ADDED D_C 44?45 20_55 LOST P_OD* 102274 4_705 14TOtq . 67ZIO

_:; ..................................
ii _OTALS 306420 211213 116602 57300 423107 2_514

_ r

_:'] PRESENT VALU_ _F I_PLE_ENT_TION COST I000 DOLLA_SI

RETROFIT INVEST COST INVE$7 TI_E TOTAL INVEST TI_ TOTAL

:!:_ lgTb 43 47409 _055 47409 1055 50264 39181 13_g 41540
,,_:_ lqT? _5 76_DI 4315 IZ4090 7171 131_6| 96792 $602 10Z395

1978 109 137589 7237 2h_600 1440B Z?60_ l_T_O 10545 10_314

!*1
i

PRESENT VALUE OF ADDED OPERATING COST IO00 DDLL_RS_I

_AS_ CASH O_/HR ADDED LOST ....... CUMULATIVE............ DISCOUN| TO pV---_
NO*ACFT F_E_T CASH PROD

;_i! _EAR RE|_OFJT H_UR$ _ASE RETAO OI3CI $* DOCI pAO0_ T_ALe OOCs pR_Do TOTA_I

£_ |_Th 20 61 1010*2 1023.3 3_ 74.4 325 74_ I0_0 2bq 615 ||_
_977 70 I39 1063*9 1069.2 1176 2917 1601 3662 $264 1_20 2B07 4035
1g76 [bO _1_ l||l*? 11|7.3 _HAS bSD3 44_7 10[6_ 14613 3|71 7_49 |0421
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Table 4.1-3

SummaryoFNoise RetroFitProg_ms
]mplementaHonand AddedOperating Costs

Current Dollars

O|SCOUNT RAT_ OZ 70 1974

1 2 A 3 8 C 4 O
XNV_ST DOOC I ÷ 2 LOST TIHE I + 3 8 + 2 LOST PROI C + 6

1 3707 SAH 261680 64765 306625 16608 276088 320836 102276 623108

2 DC-8 SAN 133005 33363 1663_8 9287 142293 175637 68886 224524

3 5727 SAH 152539 2_542 176081 0 152539 174081 5569 179651

6 D737 SAM 60971 8823 49794 0 60971 49795 793 50530

5 DE-9 SAM 79303 8789 88092 0 79303 88092 1391 89684
6 8727 RFN 1559508 451353 2010861' 31663 1590971 2042326 922582 2964907

7 B73T RFN 363893 89661 453534 2183 36607? 455719 123939 579650

S 0C-9 RFN 697598 161386 658904 6311 503909 665296 143809 809105

AERO ALTERNATIVES

2. 1+2÷3e_÷5 667698 117262 786760 23695 691196 808439 1_,,n913 967355

3, 1+2 594685 78088 472773 23_95 618381 696471 151160 667632

4* 3+4+5 272813 39156 311967 0 272813 311958 7753 319723

5° " 6+7+8 2420999 702380 3123379 39957 2460957 3163339 1190330 6353670

6. 1÷2+6+7+8 2815686 78C668 3596152 63652 2879338 3659810 1341490 '5001302

7. 1÷2_4+5+6 2076667 547053 2621520 55158 2129626 2676682 1075926 3752611



Table 4.1-4

Summaryof Noise Retrofit Progmms

Implementation and Added OperaHng Costs
Present Values (5 Percent Discount Rate)

DISCOUNT RATE 5¢ T0 1974

1 2 A 3 8 C 4 O
INVEST DDOC 1 ÷ 2 LQST TIME 1 ÷ 3 0 + 2 LOST PRO_ C ÷ 4

1 8707SAM 22243, 2,642 252o79 12278234710284352 67753
2 DC-8 SAM ]13111 21861 134972 7914 121026 142887 32050 174938

3 8727 SAM 131496 14548 145844 O 131496 145864 3709 149554

4 8737 SAM 35330 5677 41C_07 O 35330 41007 510 41518

5 DC-9 SAH 68371 5784 74155 o 68371 74156 916 75072

6 8727 RFN 1161318 280264 1421582 23507 1184825 1445089 531990 1977080

7 8737 AFN 271061 53899 324960 1632 272693 326593 74521 401115

8 DC-9 RFN 370492 98747 469239 4714 375207 475954 87992 561946

AERO ALTERNATIVES

2. 1÷2÷3÷4+5 570745 77312 648057 20186 590955 668246 104938 773187

3. 1_2 335548 51503 387051 20186 355736 407239 99803 507043

4. 3+4÷5 235197 25809 261006 O 235197 261007 5135 266144

5, 6_7+8 1802871 412910 2215781 29853 1832725 2245636 694503 2940141

6. 1÷2+6÷7+8 2138419 454413 2602832 50039 2188461 26528?5 794306 344718_'

7o I÷2+4_5_6 1600567 323228 1923795 43693 1644262 1967491 633219 2600713



Table 4.1-5

Summary of Noise Retrofit Program_

Implementation and Added Operating Cos_
Present Values (10 Percent Discount Rate)

OlSCOUNT RATE 10_ TO Z974

1 2 A 3 8 C 4 O
INVEST DDDC I + 2 LOST TIHE i + 3 B + 2 LOST PROD iC + 4

1 8707 5AH 190768 2C655 211223 10545 201314 221770 46755 268525

2 DC-8 SAH 97031 14971 112022 6804 103855 118826 21949 140775

3 8727 5AH 114391 9973 12436_ 0 11_391 124364 2578 126963

4 8737 SAH 30743 3830 34573 0 30763 34573 344 34917

5 0C-9 SAH 59486 5975 63461 O 59406 6346L 629 64091

6 fi?27 RFN ' 078659 158254 1036913 17843 896502 1054756 32347? 1378234

7 8737 RFN 203140 33703.. 238851 1239 206387 240090 46596 206630

8 DC-9 8FN 280276 62690 342966 3577 283853 346544 55862 402407

AERO ALTERNATZVES

2, 1+2+3+4+5 492439 53204 545643 17349 509789 562994 72255 635251

3, 1+2 287819 35426 323245 17349 305169 3_0596 68704 409300

6, 3+_+5 204620 17778 222398 0 204620 222398 3551 225951

5, 6+7_8 1364083 254667 1618730 22659 1306742 1641390 625937 2067329

6, 1+2÷6+7÷8 1651902 290073 ! 1941975 40008 1691911 1981986 494661 24?6629

7. 1÷2÷4_5÷6 1256707 201485 1458192 35192 1291900 1493386 393154 1006542



4.2 ProgramTotal Casts

The total investmentrequiredto accomplisheachof the alternative retrofit

programsis summarizedgraphically on Figure4.2-1. Thesetotal valuesreflect the

sumof kit, installationr and sparescastsfor each fleet of airoraff involved in each

respectivemodificationprogram.

It can be seenthat for the two retrofit programsthat coverall alrcraff, the

REFAN-SD/SAM-3D investment isabout 4.2 times that for SAM-BD/3D whencon-

sidering the "current dollar" totals. On the "presentvalue" basls, this comparison
reducesto about 3.3 times.

The total of oil of the four elementsof the marginalcostsrequiredto imple-

ment eachof the retroflt programs,and to operate all of the retrofit aircraft in each

programfor as longasthey are forecastto continue in service after retrofitt is

summarizedon Table 4.2-1. Thesesamedata are showngraphically for comparisonon

Figure 4.2-2.

Again, it canbe seenthat for the two retrofit programsthat coverall air-

craft, the REFAN-SD/SAM-3D total costsare about 5.2 timesthosefor SAM-SD/3D

whenconsideringthe "current dollar" totals. On the "presentvalue" basis_this

comparisonreducesto about 3.9 times.

- 4.3 SampleFinancingScheme

The conceptof an aviation user trust fundhasbeen analyzed to illustrate

the rate at which revenuegenerated froma separateusertax structurecouldpay off

the investmentcostsof the alternative retrofit programs. Figure4.3-1 illustrates the

application of this conceptto pay off the SAM-8D/3D retrofit program, asan example.

The cumulativeusertax revenuesstarting in 1975are shownbasedon a 1 percent

domesticpassengertax, plusa 1 percentdomesticcargotax, plusa $1.00 inter-

national enplanementtax. ThecumulatNe retrofit payout isshownas requiredto

supportthe investmentcostsas Incurredover the 4-year implementationperiod for
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TQble4.2-1

Nolse Retrofit ProgramCosts(Millions)
Current Dolla_ and PresenfValue*

REFAN
-8D

_ SAM SAM SAM REFAN SAM
-8D -3D -8D/3D -SD _3D

cURRENT
DOLLARS

;i Lost Pred. 7.8 151.1 158.9 i,I 0.4 1,341.5

Cash D00 39.1 78.1 117.2 702.4 780.5

i Lost Time 0.0 23.7 23.7 39.9 63.6
i"

Investmen_ 272.8 394.7 667.5 2,421.0 2,815.7

,:; Tetal $319.7 $647.6 $967.3 $4,353.7 $5,001.3

PRESENT
_11 VALUE (10%)*
i

_i Lost Prod. 3.5 68.7 72.3 425,9 494.6

': Cash DOC 17.8 35,5 53.2 254.6 290.1

: Lost Time 0.0 17.3 17.3 22.7 40.0

Investment 204.6 287.8 492.4 1,364.1 1,651.9

i Total $225.9 $409.3 $635.2 $2,067.3 $2,476.6

_; * Costs discounted at 10% to 1974.
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,000 _ _ -
SAM SAM SAM REFAN REFAN-SO
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F;gure 4.2-2. No_se Retroflt- ProgramTotal Costs
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the SAM program. The revenue projection has been adjusted, at a 5 percent rote, for

interest earnings on baloncet or cost of borrowingr when the fund revenues are ahead

or behind the payout requirement. It can be seen that the SAM-dD/3D program Tnvest-

ment costs could be paid off in approximately 4.1 years at the indicated level of user

taxes.

A summary of the estimated payoff periods for each of the alternative retro-
• I

i fit programs with such e trust fund concept is shown on Figure 4.3-2. A doubling of the

tax rates would reduce the payoff periods to approximately one-half of the number of

years shown in these examples.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

5, 1 Cost-EffectlvenessAnalysis

The primaryimpact parametersutilized for thlsstudyare the numberof people

i . and area of nonairport /and residingwithFnthe NEF 30 and NEF 40 contoursfor 23 air-
ports. Threenoisereduction strategieshave beenanalyzed at each of the 23 airports

for 3 futureyears. The measureof effectivenesschosento evaluate the resultsof
I

applying each strategy wasthe percent reduction in the area under the time-effective-

nesscurvesever the periodof the study- 1972 to 1987. The relative measuresof effec-

tivenessForeach of the alternotlve strategieshave beendeveloped andare tabulated In

Section 3.2, Table 3.2.-4. The castsof implementingandmaintaining eachof the stra-

tegies havebeen determined andare tabulated in Section4.2, Table4.2-1.

Figures5-1 and 5-2 illustrate the comblnatTonof the costandeffectivenessdata

for the alternative strategies, for the NEF30 and NEF 40 impact criteria, Forimpacted

land and impacted population and, finally, for two different baselinecomparators.
.!

'_ First, consideringthe cost-effectivenesscurvesin Figure5-1 Forimpactedland,

It Is apparent that although the curve setsfor the two baseline criteria areoffset From

each other, the relative ranking of the alternatives is the same. The implementationof ...i

the 60/3 ° glide slope procedureat an estimatedcost of $75 million producesa reductional.
I_r _" _ .

in percent-yearsof 30 percentfor the NEF30 and 34 percentfor the NEF40 criteria.

A major part of this reductionis causedby the influx of newquiet aircraft into the fleet

coupledwith the retirementof the older noisier aircraft - anda miner partof the reduction

is causedby the implementationof the 6°/3 ° approachprocedure. The implementation

of the 6o/3°+SAM 3D/SD alternative, at an estimatedcostof $967.3 million, resultsin

a reduction in percent-yearsfor the NEF30 and NEF40 of 17percent and24 percent,

respectlvely, for the 6°/3 ° baseline and43 percentand 50 percent, respectively, for

the 1972 baseline. The implementationof the 6°/3°+SAM 3D + REFAN8D alternative,

at an esflmotedcostof $5001.3 million, resultsin a reduction in percent-yearsfor the

NEF 30 andNEF 40 of 34 percent and35 percent, respectlvefy, for the 6°/3° baseline

and 54 percent"and 57 percent, respectively, for the 1972 baseline.

5-1 _ I
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Figure 5-1. Cost-EffectivenessCurvesfor ImpactedLandArea Within the NEF 30and
NEF 40 Contoursat 23Airports.
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Figure5-2 presentssimilar cost-effectivenesscurvesfor impacted population

within the NEF 30 and NEF 40 contours. The costvalues for each of the programsare

the sameasstated in the prevlousparagraph. For the NEF 30and NEF 40 cost-

effectivenesscurves, the projected changesin fleet mixalong wTththe 60/3 ° procedure

producea reductionof 35 percentand 35 percent in perk;ant-years,respective]y_ The

6°/3 ° + SAM 3D/SD alternative producesa reductTonof 14percent and 22percent,

respectively, for the 60/3 ° baselineand44 percentand 49 percent, respectlvely, for

the 1972basellne. The 60/3 ° + SAM 3D + REFAN8D alternative producesreductions

of 34 percentand 37 percent, respectively_for the 60/3 ° baselineand 57 percent

and 59 percentt respectlvelyt Forthe 1972baseline.

5.2 Recommendations

Theresultsprovided by thisstudyhave immediateandslgn'iflcantapplication

to the developmentof backgrounddata oncost-effectlvenessof severalviable noise

abatementconcepts. Bothparametersof the outputcast andeffectivenesshave been

basedon a detailed studyof operationsFora majorportionof the c_vll aviation system.

Once suchan in-depth analysishasbeencompleted_one naturallyseeksto examine

ways in whichthe analytical toolsand findingsdevelopedin the studycan be applied

to other majorenglneerlng-eoanomlcssystemsevaluations. Examplesof suchappHca-

: tlonsand areasfor further _mprovement-lnthe resultsobtainedor approachestaken in

this studyare luggested in the following=

• Furthersensitivity analysesfor the accuracyof the Findingsrelative

to perturbationsin the variousinputassumptions.

• Application of the resultsand techniquesto the developmentof

absolutevaluesof airaraft noiseimpactthroughoutthe nation_

i.e., the determinationof the total numberof people impacted

by the civil, private and m]lltary aviation systemsthroughout

the natlon.

J I
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• Furtherevaluation of the resultsobtainedto establishthe

feasibility of usinga preselectedsampleof fewer airports

• and/or an artlficlally designedairportmodelto allow

cost-effectivenessstudies to be made
! _ art r°x'rna-a

":'_ "i efficiently with minimumeffort.
_ • Applicatian of the techniquesto ¢ost-effecHvenessanalysis

!! of other noiseor related air pallution abatementsystems.
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APPENDIX A

SUMMARY OF MAJOR CONTACTS WITH INDUSTRY
AND OTHERGOVERNMENT AGENCIES
RELATIVETO DIRECTION OF STUDY.

e June 30, 1972 Contract Award
i

• August10, 1972 Initial programdefinition.
Presentationby DOT, Wyle, and Speasto representa-
tives from DOT, FAA, NASA, EPA, airlines, airport
operators, and engine manufacturers.

a August30, 1972 Initial program briefing before ATA Environmental
Committeeby representativesfn0mDOT, Wyle, and
Speas.

September22-28, 1972 Initial programbriefings to United Aircraft Corporation,
The BoeingCompany,and McDonnell Douglas
by representativesfrom DOT, Wyle, andSpaas.

• February26, 1973 Initial disclosureof economiesdata.
Letter from Director, Office of Noise Abatement,
DOT, to The BoeingCompanyand McDonnell Douglas
requestingreview andcomments.

• July"25, 1973 progressReportto governmentand industry.
Presentationof initial resultsan the six largestairports
by DOT, Wyle and Speasto representativesfrom DOT,
FAA, NASA, EPA, airlines, airframe and engine
manufacturers. Presentationwaspart of a Retrofit
ProgramStatusReviewby the Joint DOT/NASA Office
of Noise Abatement. Th_smeeting wasfollowed up by
requestsfromthe Offloe of Noise Abatement, DOT,
Forcommentson the results, programdirection, and key
assumptions,and resultedin a seriesof changesto the
program(seaSection2.1.5 far discussion).

• February14, 1974 Preliminary resultsof Cost Study.
Presentationby DOT andSpeasto representativesfrom
DOT, FAA, EPA, OMB, and NASA of retrofit costs.
Finalnoise impactresultswere also presentedon two
airportsbasedon newaircraft noiseandperformance
data.

A-1



APPENDIX B

S'UMMARYOF SOURCESFORAIRCRAF._T._OISE
AND PERFORMANCEDATAl_ Sources(SeePageB-2)

'!i Aircraft Type Noise Performance

® ®• _ 707-120/320 B-21,

_i 707-120B B-4 Q

7oT-B2oB/c-Boso,SAM B-4,® ®, ®
720 B-, ®, ®
720B B'4 B-2, ®

727-I00/200 -Base, SAM B-4 B-2, ®

- REFAN B-3 B-2, (_

:i 737"100/200 -Base, SAM B-3 B-2, (_)

®i! - REFAN B-3 B-2,
7;

':i 747-I00/200B B-3 B-2, Q
,, _ ®_ DC-8-30 B-]O B I0,

;i DC-8-55/61/63 - Base,SAM B-4 B-_i, B-7, B-8, ®

_" DC-9-15/32 - Base, SAM B-4 I B-5, B-9, (_

i'; Q:_1 - REFAN" B-3 B-3,
i!

DC-10-10 B-4 B-5, ®

L-1011 B-6 (_

BAC-1| 1 B-21 O

QVC-10 B-21

Two-Eog.w.B.(A-300B) O (_)
:i

,.: Carcvella 0 0
STOL, Turboprop(F-20) O ®

'!
. DC-10 ml_ul 1.8 EPtqdB (_) Auumld equal to DC-9 AIw ul=d f=r CV-990, _C-10

(_) Calculotid f_'_'_ OC-8 data (_ CalculQ_ed from DC-10 parformance peRarn_ance_

(_ Supporlad with engrndedng calcufatlanl _ A_m ul=d far CV-13BO marlin _) C=l=utared from 720B dat_br WylJ Re.arch - revlm_od informally Modlnld for CV-BSO performance (_ Cal_l_t=d foam 707o320B/C data

brln_ltry (_ Almumdt'arEV-990noIse (_ Ad:llrlon_llupp_rtprov[dedby
(_ Attum_ equ_l to DC-IO data in RaI_rencet B-10, S-I7

=rid S-20
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