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Preface

In releasing this report for public availability, some comments are ;ippropriate to
provide tile reader with n balanced perspective related to the assumptions and conclu-
sions provided herein.

• The data base for this report utifized the noise, performance, and operational
_tssumptions and forecasts developed for the DOT 23 airport study (Reference 1). That
study was initiated in 1972 and was modified in late 1973. This report therefore re-
fleets u set of data available during that time period.

• The fleet forecast a_umption in Reference I (relatively high number of quiet
wide bodies) did not factor-in the el'ft_et of the energy "situation" or of the subsequent
economic downturn.

• The implementation of SAM retrofit and two-segment approach procedures
were assumed to be initiated by I/1/75 in the referenced DOT study.

• Due to the preceding considerations, the absolute levels of benefit accrued as
a result of afiemative actions, as well as tile date for their realization, is subject to re-
view. However, the relative relationships among the alternatives should remabr con-
sistent with ,_time phase shift. Also, the benefits of retrofit versus a do-nothing alterna-
tive should be significantly enhanced, since quieter aircraft will cot be entering the fleet
as rapidly as indicated in tbe study.
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ABSTRACT

Th_sprogramwasundertaken for the Office of Noise Abatement and Control I

. _ Environmental Protection Agency, to evaluate the nationwide community impact of

aircraft noise through the year 2000, consTderinga numberof alrcraft/alrport noise

• _ reduction alternatives. The study wasbasedon the evaluation of operatlons at three

airports- LosAngeles International, St. Louls_ and Washington Dulles. Primary noise

H reduction alternatives were applled at each of Ihe facilitles for the 1987and 2000 time

periods. Secondaryabatement alternatives were evaluated for 1987 only. The efFec-

-- tiveness of the variousalternatives wasmeasuredin termsof the total area impacted

under the N_'F 3Uand40 contours at the throe airports. This area was then increased

- by a constant Factorto obtain an estlmateof the impact at the national level. The

report also contains an estimate of the total area within the NEF 20 contours and the

-- impacted land area for NEF 20, 30_ and40 exclusive of airport property and water.

This stud), utilized t in part, the muchmo_edetailed results For 23 airports from the

_ -- "Airport No_seReduction Forecast" study recently completed by Wyle for the Department

of Transportation. However, this study d_ffers substantially from tl_e Department of Trans-
L

- portatlon programin that _t _sbasedon analysisat only three alrports, rneludesno cost

! or population data_extendsbeyond the year 1987_end focusesonly on estimating trends

-- In aircraft noise impact to the year 2000 in order to evaluate the potential requirement

for research on new aircraft/alrport nolsereduction alternatives which may not currently

_:_ -" be under development.
_T
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1. INTRODUCTION

Under Section 4(c)(1) of the Noise Control Act of 1972, the Environmental

Protection Agency is charged with the responsibility of coordinating the programsof

all federal agencies relating to noise research and noisecontrol. Since aircraft have

been identified as one of the primary sourcesof noise_ this respons;bility includes
w

• formulation of plansrelative to the alleviation of noise exposurein the vicinity of

airports. The primary intent of this study is to provide EPAwith a rationale for speei-

fying such plans by demonstrating the effectiveness of the various alternatives available

for reducing the impact of aircraft noise including reduction of noise at the source,

modification of operational procedures, and changesin compatible land use.

- The analys_sof the various noise reduction alternatives was based in part on

the results of an airport noise reduction forecast study for 23 airports recently completed
1"

by Wyle Laboratories for the Departmentof Transportation. As discussedin the

Wyle/DOT report, the 23 airports are estimated to encompassa majority of the U. S.

- population exposedto aircraft noise. Three of these23 airports were selected in this

study for the eveluation of noise abatement alternatives applied to the years 1987 and

- 2000. The principal assumptionsutilized for these two studiesmay be compared as

follows:

Wyle/DOT Report Current Report

Number of airports 23 3

Final Year 1987 2000
m

Baseline for future 6°/3 ° approach No noise reduction alternatlves
,1 years

New aircraft New technology aircraft New technology aircraft constitute
._ constitute only 8 percent 65 percent of fleet by the year 2000

- of fleet in 1987and ore and are assumedto comply with
representedby current FAR36-10 [imlts
technology SAM-

- retie fitted akcra ft

__ _'_perscripts refer to references listed on pagesR-1 and R=2.

1



Wyle/DOT Report Current Report
+..

Air carrier fleet Estimateto )987 by Extrapolation beyond 1987 with
forecasts detaHed analysis of gradually reducing rate of growth

required and available of required capacity_ and unit
air carrier transport produotlv[ty
capacity

Airport operations Estimateto 1987 based Extensionof Forecaststo year 2000
forecasts on detailed analysisof considering growth in aircraft

-- forecast passengerand capacity_ and improved operating
cargo traffic at each efficlency of airports
airport and aircraft
capacity by type

_ Extrapolation of Not attempted Extrapolation to nation basedon
noise impact to evaluation of current and forecast
nation profile of air carr]er airports by

-- numberof operations

The three airports- LosAngeles Tnternational: St. I._uls, and DLstles--were

chosenon the premise that they were generally representative of a_rcarrier airports

as defined by their respective operational oategories_ i.e._ greater than 250_000

annual operafions_ between 100_000and 250_000, and lessthan I00_000 annual

operationsr respectively. Thlsgrouping was basedon an analysts of air traffic activity
-- 2

at 350 air carrier airports for 1972.

_ The anotyHcal model to compute the reduction in no_seexposedarea incor-

porates the baseline plus six pHmaryreducHon alternatives for the projected operaHng

levels _n 1987and 2000 plus four secondary alternaHves epplTed in 1987 only. These

alternat|ves are listed as follows:

H+ .
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Primary Alternatives

• Basollne alrcraFt,* standardoperating procedures

.- • 6°/3 ° glide slopeapproaches

• Powercutback takeoffs

• Quiet nacelle treatment (identlfled as SAM- SoundAbsorption Materlal)

to aircraft equippedwith JT3D end JTBD engines for both standard

3° and 6o/3 ° glide slope

- • Engine modification (identified asREFAN) of all 727-200 and DC-9

aircraft and SAM treatment of all JT3D, 727-100 and 737 aircraft.

• SAM treatment of oll JT3D aircraft and REFAN treatment of all

JTBD aircraft

• Aircraft noise levels at 5, 10, 15, and 20 dB below current FAR 36

- aircraft levels appllcab]e to all alr carrier alrcroft operating at

U.S. airports.

SecondaryAlterneHves

• Uniformpercentage changesin fleet size

• Changesin flight procedures(flight track scatter)

• Changesin fleet composition

• Night curfew

Total area wlthtn NEF 30 and ,t0 contours is evaluated as well as the impacted

land area for Ihe three alrports and subsequently applied in the development of a nation-

wide impact model. For this study, the impacted land area is defined as the total area

within a contour lessthe a'rport and water area within the samecontour.

.+ The resultsof this study and recommendationsare summarizedin Section 2 of

thFsreport. Thenoiseanalyslsand aviation systemanalysiselementsof the study are

presentedin Sections3 and 4. AddlHonal supportingdata are provided in the appendices.

-- Baseline a_rcraftassumesnormal attrition and replacement forecast. 'r

t
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The conclusionsand recommendationsmade in this report, although basedon a

I_mltedsample, are believed to be representative on the broader notional scale wlthln

the constraints of the assumptionsapplied.

Recognlz_ngthese I_mltatlons, however, the generar conclusions and change

_ in values of esHmatednoise impact are considered reasonableto the year ! 9B7 (assuming

no major tochnotogical breakthroughsor unforeseensocieta) changesoccur). The current

_ emphas_son fuel conservationcouldhave an impact on the study results. However, the

consideration of the secondaryalternatives, suchas the effects of fleet s;ze or fleet

cemposltlon, asdiscussedin Section 3, provide someinsight into the possible effects

of a Jongrange energy conservationprogram. AJrhuugh lessconfidence must be assigned

in the 26-year projecHon to the year 2000, the relative rankrng of the effecHvaness of

the various alternatives is oonslderedsufficfent to serve as a valTdguideline for long

_. range researchplanning.

It shouldbe pointed out that this analysisofa_rcraft/alrport noise impact

accounts only for the princ[pol componentbasedan today's trends, mainly no_seimpact

around air carrier airports served by conventional takeoff and landing jet aircraft. The

additional componentsof aircraft noise impact attributable to mTl_tary, general avFatlon,

or V/STOL aircraft are not included in this study. With the poss_bleex=ept;on of noise

impact from future V/STOL airports, these componentsare expected to be relatlvely

small compared to the problem consideredin this study.

Finally, it mustbe emphasized that the estimatesof total impacted area should

.- be ;nterpreted interms ofrelaHve changesrather than absolute values. This qualification

is consistent w_th the basic _ntent of NEE contours as quanHtlve guides for planning and

- not pree|semeasureselr no_se_mpact.

4
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2. CONCLUSIONS AND RECOMMENDATIONS

- Th_ssection summarizesthe principal resultsof thls study and outlines some

of the problem areas which were beyond the scopeof the study and which should be

- evaluated in the future.

_ 2.1 Conclusions- Primary Noise Reduction Alternatives

The primary noise reduction allarnatives listed in the previous section were

- evaluated in a series of"scenariosof pragresslvely greater noise reduction. Thiswc_s

achieved by evaluating the cumulative effect of combining two or more alternatives

- with greater and greater noisereduction potentlal. The effectivenessof eachof these

scenarios is evaluated in terms of the total area, extrapolated to the nation, within

- the NEF 30 and 40 contours for each time period.

Table 2-1 summarizesthe numberof aircraft for the years1987 and 2000 for

which the SAM or REFAN Retrofit alternatives are applied as well as the total aircraf'

operational alternatives currently under active developmentor consideration which

- were considered in this study. Note that while the tlme of initial effectiveness of the

various alternatives are only approximate, an attempt hasbeen made, for thisstudy, to

_ estimate the shape of the transition in nolse-impacted area between these initial years

and the year 1987. For the year ]9B7, the various scenariosof noise reduction alterna-

_ fives differ substantially in absolute and relative effectiveness. By the year 2000, the

alternatives do not differ in effectiveness nearly as much from each other nor do they

_ achieve in total as much relative reduction. This is primarily becausemost of the

current technology aircraft will have been retired and replaced by quieter new tech-

•" - nology aircraft which complywith FAR36-10 limits. In this case, the relative benefits

of two-segment approach or power cutback ore reduced.

_"- Figure 2-3 illustrates the Hme trend for the nonspoc_ficimproved technology

(aircraft noise level) alternatives in comblnation with the 6°/3 ° glide slopeand power

cutback alternatives. In this case, even with the substantial initial effectiveness of

5



Teble 2-1

Number of"CandTdateJot A_rcraFt ForEach of the Retrofit
Options and Total U.S. Fleet Size (FromReference 1 and 3)

Numberof Aircraft
In Fleol Relrofi_lecl Total

Technology y©ar Aircraft Typo SAM REFAN I:fe_t Slze

0 1987 PropQIler 78

I 4 En9 NB (707/DC-8) 170 }70

3 Eng NB (727) 341 450 601(°)

2 EngNB (737/DC-9) 407 407 492(a)

II 4 EngWB (747) 660

3 En9 WB (DC-_0,/L-}011) }470

2 EngWB (A30O) 445

Xl] k. 100-250 S*al(b) 350
iV _ST 125

Total 918 865 4_1

} 2000 Narrow Bod_' 325

11 4 EngWB 600

3 EngV¢_ - 500

2 EngV_ - 400

XI} f00-250 Seat(b) - 1625

250-400 Scat(c) 1300

>400 Seals(d) 1300

IV SST 45O

Total 6500

(°)]ncludel newalrcrot't nat candidates for r_ttoflt.

(b)Ran_el 0-500/500-2500 mile_(short andmediumtango).
q_

(¢)ltange, 500-2500 m_les°I

•_d)Ro_ge, >2._0 miles.
I
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the two operational procedures and the projected conversionof the entire fleet to

quletef aircraft, thesealternatives show a high degree of no_sereduction effectiveness,

partlcularry For the year 1987 whenr without retrofit or improvedtechnology assumptions,

- there wouldstill normally be a substantial number of aircraft in the fleet not complying

with PAR36 levels. However, it mustbe emphesizedthat the resultant impact data for

- each alternative is an optim_stlc projecHon, i.e., the entire fleet meets or exceedsthe

assumptioncriteria of the given point in time. PracHoal economicsmay, in Fact, pre-

clude th_sFromoccurring$ thereby slipplng the effectlvHy date. Nevertheless_ the

results of fl_isproject[an indicate the potential Forimproved a_rportnoise environments

achievable in the future by various assumedalternatlves.

Since no dale were analyzed for the time period between ]972 and 1987in

th_s report, the trend lines _ndlcated _nFigures2-1 to 2-3 were estimated, using data

from the Wyle/DOT 23 Airport study as a basls.1 For that period, the "B" trend line

(Basellne Aircraft, 6o/3 ° Approach) was estimated for the 1978and 19BI time periods

-- by extrapo[atlng the resultsof the 23 Airport Studyto the nation on the basisof equiva-

lent alrcraft operations as explained TnSection 3.2.2 and in Append'x A. Having these

- esHmates, values for the "A" trend line (BaselineAircraft, 30 Approach)were computed

For ]978 and ]98] by assumingthat the percentage separationbetween these two lines

- would be constant andthe sameas the percentage separation in 1987. A slraight llne

e.st]matewa._assumedfrom ]972 to 1978 for the "A" trend llne. The6°/3 ° approach

alternative wasassumedto be in_tioted by year end ]974 and in full operation by year

end 1978. Points for the "C" trend line (BaselineAircraft, 6o/3 ° Approach, Power

Cutback (PCB))were generated for ]978 and 1981, using the samepercentage comparison

method wHh the "B" trend Hne. fn a similar manner, the "D'b "E", and "F" trend lines

were constructed with points computed for appropriate time periods. For the trend fines

, representing retrofit categories, points were estimated For the transitional period from
start of retrofit to completion, using the implementation schedule specified _nReference 1,

and lines were faired using thesepoints to estimate the trendsover the enHre implemen-

tation period. For the trend lines representing the FAR36-5 and -]0 options, the

10



SAM 3D/SD, 60/3 °, PC8trend (llne E)was assumedup to 1978 and the percent

accomplishmentaf the difference between the 1978and 1987 values was assumedto

be 20 percent by 1981_ 50 percent by 1984_and 100percent by 1987. It was assumed

that the FAR36-15 and -20 options would not be iniliated until after 1987. For all

casescanslderod_straight lines were usedto represent the trends between 1987 and 2000.

The followlng explanation glves the rationale for the trend variations in
+

Figure 2-3 between 1987and the year 2000 for the casesinvolving FAR36-X.

There are three counteracting factors which can influence these trends in

Iotc_lcc,atc,JI.........._ ,_+.

- 1) A tendency to increase from 1987to 2000 due to increased number of

operations. Thls influence is constant for ell four FAR36-X casesbetween

1987 and 2000 in Figure 2-3.
i

9).. A te:_dency I_ decrease from lomT...,to 2000 due t_c,the n-.m'-',,_I........._,:+'_,.,_.....^_"

+,_ the noisier Level ! and II technology aircraft and replacement by the
J,
F:

quieter Level Ill technology aircraft, Thls influence is also constant for
!.

all four FAR36-X casesbetween 1987and 2000.

!:
k" - 3) A tendency in the FAR36-X trend lines to decrease as X is _ncreased

becausethe number of alrcr_ft involved by each FAR36-X level changes

from 1987 to 2000. For example_ the imposition of FAR36 -5_ and -10

levels would affect 26 percent and9._0percent of the fleeh respactively_

in 1987 while these samelevels would affect only 12 percent and 3__5

pereenb respectivelyt of the fleet in the year 2000. One hundred percent
+

of the fleet would be affected by FAR36 -15 or FAR36 -20 levels in the

year 2000.
'w_ .+

II



The combined acHon of these three factors results in the trends observed. The first

two factors nearly balance out for the FAR36 -5 level which influences a relatively

small part of the fleet in both 1987and 2000. For the FAR36 -I0 level, however,

a major part (90 percent) of the fleet is influenced _n1987 but much less {35 percent)

is influenced in 2000 so that the net effect of"more operations and lessaircraft c_fhated

overrides the downward tendency from quieter aircraft and results in a net trend upward

in th_scase. The overriding _nfiuence of the FAR36 -15 and -20 levels on all the f,leet

result _na net downward trend in both cases.

A desirable national goal could be to reducethe impacted land area wlth_n

NEP 20 (_-,Ldn55) contours to zero by the year 2000. Estimatesof the _mpactedarea

(excluding airport property and area over water) within NEF 20, 30, and 40 are pre.-

sented in detai] in Appendix A and ere briefly sumrnari_:edin Table 2-2 for NEE20 and

'- 30 contours. Evenwith the FAR36-20 a?reraftnoise level alternatlve there is an estl-

mated remnant of about 310 square miles of impacted land within the NEF 20 contour

by the year 2000. However, thls is a reduction by a factor af about 35 from the esti-

mated ] 1,000 square miles of impacted land within NEF 20 contours around alr carrier

- airports today. The relative changes in estimated impacted land area in Table 2-2

clearly indTcate the substantial downward trend in a_rport noise projected for the future

due to the presenttransition to quieter wide-body aircraft and the r'orecasttransition

to new technology (FAR36-10) aircraft Tnthe future. Thus, an effective long-term

resolution of"the problem of airport noTseimpact will require additional noise reduction

developmentsbeyond current technology Tnorder to counteract the projected reascalat[on

of"noise due to future ak transport demand.

2.2 Concluslons- SecondaryNolse ReductionAlternatives

The estimated total contour area, on a national basis, for various secondary

noise reduction alternatives _ncombinationwith the two-segment approachalternative, "_

is shownin Figure 2-4. Thesealternatives indicate the general sensltlvlty of the final

result to changes in someof the key assumptionsmadein the study, as well as indicating

12



Table 2-2

Summaryof"EstimatedImpacted Area for NaHon Wilhln
NEF20 and 30 Contours Expressedas a Percentageof

Impacted Area for BaseYear 1972"

1987 2000
Alternative NI:F 20 NEF 30 NEF 20 NEF 30

_,_ C.,_ng_ - _,a_ _ c.u I 6_/b 72% 2_"_,_ 27%

6°/3 ° 65% 67°/a 260/0 240/0
PCB+ 6°/3 ° 53% 52°/0 24% 22%
SAM 3D/8D 58% 61% 29% 277"
SAM 3D/8D + PCB,6°/3 _ 39% 39% 240/0 22%
SAM 3D, REFAN8D + PCB, 6°/3 ° 25% 23°/_ 23% 20%

_; FAR36-5 + PCB, 6°/3 ° 20% 17_ 20°/0 17%
FAR36-10 -t-PCB_6°/3 ° 10% 7°_ 16% 13%

! FAR36-15÷PCB,6°/3° - S°/0FAR36-20 + PCB, 6°/3 ° - 3°/0 1%

Base impact area for 1972= 11,000 and 1,800 square miles inside NEF 20 and
30 contours_ respectively_ for naHon_ excluding aiq_ort property and water°
Based on detailed data in Table A-2_ Appendix A,

13
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3°°o I1Alternatives

'_ Reduction due A - Besellno l'Jrcraff, 60/3 ° Approach (Reference) I-:[
to 60/3 ° B - I09b Fleel Reduction (uniform Forall o/c types:[ -']

o C - 10%Flee1 Increase (uniform for all a/c types)
2000

u- b " 50% Narrow Body Aircraft Reductlon*

Z E - 50% Narr_w BodyAircraft Increase*

F - Narrow Body Operations Restricted to Daytime
Hours(07(_;0-2200)

o G - All Aircraft Operations Restrictedto Daytime
.__ Hours

"B * Beat capc,ci;y maintained by adjusting number
Z 1000 of wlde bad:, aircraft.

O

P Reductiondue to

Nn
m o

A C F G A B C D E F G
NEF 30 NEF 40

I I L I

SecondaryAltematlves

Figure 2-4. Comparisonsof E._tlmotedTotal Area (National) Within NEF Contours Resulting
fromthe Application of"Various SecondaryEffect Alternatives for the Year 1987
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the effectiveness of n_ghtcurfew alternoHves. The substantial influence of the per-

centage of narrow body aircraft and night curfew proceduresis quite apparent. The

effect of flight track dispersion, not illustrated in Prgure2-4_ was relatively small

for the lower noise levels. A 9-degree dispersion in takeoff or approach paths produced

a 3.7 percent decreasein area wHbin the NEF30 contour. These results are basedon a

slmplifled analysis andare only _ntended to indicate trends.

2.3 Recommendations

The results of this forecast study opl noise impact around the norton's airports

can provide a useful insight _nto the effectiveness of manyof the alrcraft/alrpcrt noise

reduction alternatives under consideration. Jt is recommendedthat an oddltlonal effort

be carried out to improve the utility and validity of theseprojections. The areas for

further study would include:

• Refinementof the secondary reduction alternative analyses to evaluate,

more completely, the effecls of vaHatlons in the basic study a_un.!_tlnn_.

• Evaluation of treads in noise impact for the entire aviation system, _.e.,

include milHary (including joint use)and general aviation airports.

e Evaluation of effectiveness _n terms of proJectednumberof people impacted

using forecastsof population trendsaround e sampleof airports.

• A more detailed evaluation of the amount of compatible land w|thin pro-

jetted contours for all of the nation's airports (_.e. t refinements [n the

national airport no_seimpact model).

• A detailed evaluation of the potential effectiveness of a Fleet Noise Level

(FNL) taking into account the principle that the noise level of any g_ven

fleet is a function of the engine noise of each aircraft in that fleet and

° the total number of takeoffs and landingsof each aircraft _n that fleet:

1) determine the nolse levels of each a_reraft in that fleet; 2) determine

the total number of operatlons (takeoffs and landings) for each a_rcraft

15



_q

type for a representative90-day period; 3) calculating FNL as a mean i

logarithmic value; and 4) establishing a precise llm_t on fleet noise

levels. The simplified analysis carried out ;n th;s studyof several versions

of an aircraft no_selimit indicates the potenHal benefits that might be

achieved by suchnoise regulations.

16



3, NOISE ANALYSIS

The anafyslsof airport noise impact is basedon the development of contours

of equal Noise ExposureForecast (NEF) around three sampleairports (Los Angeles Inlet-

national, St. Louisr and Dulles). Theseresults, in conjunction with the results of

Reference 1, were then utilized in the development of the notional impact estimate.

The analysis is divided into throe basic categories of aircraft noise reduction effects.

I) Baselinefleet mlx in which no change in aircraft or operational

practices occur except normal transitions to quieter aircraft that

have already been initiated and were extrapolated Io the future.

2) Progressiveapplication of primary noise reduction aiternatives.

3) Application of secondaryalternatives in combination w_th the two-segment

approach.

The impact anolys_sis basedon actual operational data in the 1972 baseline

c_ u.d u. fk:ul u.d upuJ_iiu,ul fu_:cu_l_ pray;dud by _,. Dixon SpeasAssociates for

]987 and 2000. 3 Forecastsinclude type of aircraft (existing and new generation

_ replacement aircraft), aircraft mlx, stage lengths, and day/nlght ratios for each of

the three alrports. The baseline NEF contours for 1987 and 2000 were then modified

_ to reflect the flve primary noise reduction olternatlves. The 1987 case was further

analyzed to reflect the secondaryalternatives. Analyses ware made of the total impact

area change resulting from the individual and cumulatlve effects of applying the alterna-

tives, The impact wasanalyzed primarily in termsof the total area within NEF30 and

40 contours and _ncludedestimated areas down to NEF20 ( i.e., _ Ldn 55). Additional
evaluation of the results provided an estimate of the impacted land area wlthln these

contoursexclusive of airport property and area overwater.

]7
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3.1 Noise ReductionAlternatives

The variousnoise reduction alternatives applied in this study are defined :.

below. The scenarios of progressiveapplication of these altcrnatlves_ which were

usedfor the no_seanalys_s_are summarized _nTable 3-1. A baseline set of contours

wasalso developed for each time period, i.e.1 a reference basesHuatlon reflecting

no noise reduction practices against which all primary noise reduction alternatives

were compared. The reference condition for the secondaryalternoHves consistedof

the baseline aircraft usrng a two-segment approach procedure.

3.1.1 PrimaryAlternatives

• Baseline

Using the operating levels for 1972 and those forecast for 1987 and2000_

it was assumedthat aircraft useATA takeoff proceduresdefined in Table 3-2 and a

3° glide slope for all approaches.

• 6o/3 ° Glide Slope

- Using the operating levels forecast for 1987 and 2000_ the aircraft were

assumedto use o 6o/3 ° glide slope on approach. Thls procedure _nvolves intercepting

- the 6° port,on of the gllde slope at an altitude of 3000 feet or abovet then descending

at a 6° angle until reaching an altltude of 690 feet where the transiHon to the 3°

port,on begins. The aircraft _sestablishedon the 3° glide slope at or above an altl-

tude of 500 feet. The 3° descent angle is maintained until touchdown. The procedure

- is approximated by straight llne segmentsfor the NEF computer program model as shown

graphically in Figure 3-1. Normal aircraft approach intercepts for a 3° glide slope at

the three study airports occur at 2500 to 3500 feet a]tltude_ depending on _hoground

track. For the 6o/3 ° glide slope procedure_ the 6° portion of: the approach is _nltiated

at a rn_nlmumof 3000 feet. This necessHatesadjusting the entire traffic pattern existh_g

at each alrport_ so that the minimum intercept occurs at 3000 feat. Thereforo_ the intercept

altitude for 6o/3 ° glide slope occursat 3000 feet to 4000 feet for LosAngeles Inter-

n_tlen_l _nd Dull:: and at 3000 f_.c._ f_.r S_. Lc,u_s.

18



Table 3-1

Scenariosof No_seReductionAlternatives

Scenar_o_of Ahernotlve$
Nolse Re._uctlol_Alternatives

1972 1987 and2000 19B7Only

primary 1 2131_I_161__, _0,, t2 ,3,..I,51_ ,7
_ f i _ ii

Oper_Honal - 6°/3°, Approach x x x x x x x

- PCB, Takeoff x

Na,'elle - 3D
Trealmenl

- 8D (All T)'F_s) I

- 727-200/DC-9 Only

AlrcraFtNoise- 5 dB x

-- (FAP,-36) -10 dB x

-15 dB (2000 o.[y)

-20 dB (2000 only) x

Secondary

- Fleet Size (:kl0 Percent Change) x

Fleet MIx (_:50 PercentChange in Narrow BodyAircraft) x

Dispersionin Flight Tracks (9 Degrees) x

Night Curfew - No Narrow GodyNlghttlrne Fl_ghts x

Night Curfew - No Nighttime FH_hts x

19



Table 3-2

Takeoff' Cflmb Procedures with Reduced Power Setting
(f'rom References 4 - 6)

Segment Parameler ATA ALPA PAR 36

] AIt • 0-1500' • 0-400' • 0-TO00'-3 eng. or less
0-700' - 4 eng.

Pwr • Takeoff • Takeoff • Takeoff

Speed • _:V2 +10kts • V 2+TOto20kts • V 2 +]0kts

Flaps • Takeoff • Takeoff ' Takeoff

2 All • 400-1500

Pwr • Takeoff

Speed • Accelerating.

Flaps • r_etract]ng

3 Air • 1500-3000' • 1500-4000' . Ig00'imin)-3cng.orless
(C_tS._ck) 700' (n11_)-4 eng.

Pwr • _ Cllm5 pwr • 1]_rust requffed for . Thrust required for
one engine out level flight (one engine
gradient.*" out) but not less than

thrust tar 4°,.%gradient

r. , _ " _ "v'2 4. °*t'".tm_u . _%'z+IOkt; . 2!Okt: ,u_,.

Flops . Optimum • Up I TakeoH

4 AIr = >3gag' • >4000'

I%vr • Climb , Climb

Speed • 250 kts I 210 kts

.. }:laps • Retract on • Up
Schedule

• Refer to Figure 3-2.

°°Climb gradient y' (w}th one engine out) not less than: 6

1.2% for 2-englne alrcroFt i

1.5_/for 3-englne aircraft

|.7% I'or 4-¢nglne olrcraFt /.%

"r(N--_.) [- (dcrlvallan FromAppendix

D

Climb gradient (all engines operating) y = N-I
D

with U/D 10)
12.4% For2-englne aircraft
7.3_'_Far 3-engine aircraft

5.69'= for 4-engine alrcroft

2O
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• PowerCutback

The noise abatement proceduret recommendedby the Air TransportAssociallonl

is currently used during takeoff at manya_r carrier airports. However, it was recognized

that this procedure doesnot provide asmuch noise reduction as a) the procedure recom-

mended for a noise reduction power cutback (PCB)by the Airline Pilots Assoeiat_on

(ALPA) or b) Ihe PCBprocedure allowed for a FAR36 aircraft noise certification. The

basic characteristics of"each of"theseproceduresare summarizedin Table 3-2 which

defines the flight parameters for each of the segmentsof the takeoff profile illustrated

in Figure 3-2.

For lbls sludyr II_c:m',Lgmump_;;'cr:ottlng employed during pow_:rcut_,_k

• was that which just allowed level flight with critical englne out. As illustrated _n

Table 3-31 this procedure resuHedin a varying climb gradient and thrust1 relative to

maximumtakeoff" thrust, depondlngon the numberof engines. As indicated in the

last column1 the average clhnb gradient during powercutback for 2-, 3-_ and

- 4-engine aircraft was close to that givenby a sTmpleaerodynamic performance model

developed inAppendix D which predicts that for all engines operating at the power

- necessary to maintain level flight w_thcrfflcaf engine oub the gradient is

\L'_ffF/ , percent

where N = number of engines.

The values of the predicted gradients given in Table 3-3 are based on a typlcal

llft to drag r_tlo of: l0 to f. The resultingclimb gradient meetsthe FAR 36 requirements

for 2- and 3-engine aircraft and is about 20 percent below the FAR36 requiremenls for

4-engfne aircraft. The gradients are alsoabout 35 to 40 percent below those indicated

for the ALPA power cutback procedure in Table 3-2. Although climb gradients fori

_ 4-engine aircraft are not exactly compatible w_th FAR36_ the difference in noise impact

22



Table 3-3

Average Climb Gradient and Relative Thrust
During Power Cutback Condition

Number Climb Gr_dier_t
of ReducedThrusl* ,_ **

Maximum Takeoff' Thrust Average PredictedEngines
(N) MinimumT.O.W. Maximum T.O.W, % %

2 0.74 0.75 9.3 10

3 0.61 0.68 5.3 5

_ 4 0.47 0.64 3.2 3,3

Average values for all Level I and li (current technology) alrcraft for mlnlmum
and maximumtakeoff welght (T.O.W.).

**Predicted climb gradlent = 100 E1/(N-1)_ (Drag/Lift) for.power setting equal
to that requlrad to maintain level flight wlth criticel engine out.

J
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is not large since 4-engine narrow body aircraft censtltute lessthen 4 percent of the

total fleet in ]987 and even tessin 2000. Therefore, the cutback procedure usedhere

is considered essentially aquiva]ent to that allowed by FAR36.

The ALPA procedurecorrespondsto a c]imb gradient defined in Table 3-2.

Thus, the ALPA power cutback procedure would be expected to produce slightly less

noTsereduction than that employed in this study. Basedon the decreasedreduction in

thrust that would be allowed, it is estimated that ALPA power cutback procedureswould

produce approximately 75 percenl of the reduction in impacted area computed by the

powercutback proceduresfollowed in this siudy.

The Benefit cf _'.LC','.*e:cutback Tn tntcr_r:ffnrncedures is greatest in thr_ 1972 to

1987 period and diminishesas the year 2000 is approached. Tt "s occurs becausetne

,JT3Dand .JTBDengine takeoff noisecan be reduced significantly with powercutback.

After 1987b all aircraft producedconform to FAR36 requirements or Better and hence

the benefit of power cutback decreases.

o Quiet Nacelle

The quiet nacelle or SAM treatment, analyzed in Reference 1, for current

technology narrow body aircraft, was applied to oil .JT3Dand ,JTBDaircraft in combina-

ffon wlth either the standard3° glide slopeduring approach or the combination of the

6°/3 ° glide slopeand powercutback on takeoff.

- • REFAN

This condition wasevaluated by applying engine REFAN modificatlans, also

evaluated in Reference1, for current technology .JT8D-pawerednarrow bodyalrcraft

0.e., 727, 737, and DC-9) and applying the quiet nacelle treatment to all ,JT3DaTr-

craft (i.e., 707, DC-8). A second REFAN casewas also developed by refann_ngonly

the 727-200 and DC-9 aircraft and applying the quiet nacelle (SAM) treatment to the

727-100, 737, and all the ,JT3D-poweredaircraft.

24



• Aircraft No_seLevel

Up to this point, the noise reducHon alternatives consideredhave consisted

of available operational proceduresor aeronautical system changes currently being

developed, in order to examine the potential effectiveness of further noise reduction

steps, a series of progressively greater reductions (i.e., -5 ta -20 dB) relative to

current FAR36 certification limits were explored. This study did not attempt to

determine the feasibility or praotlcabil_ty of achlev_ngthese arbitrary reduoHons in

aircraft noise levels. Rather, the objective was to develop a better perception of

the relaHve noise reducHon value of these elternaHves _f, in fact, they were to

become available in fuhrre years.

The follow_ng procedure was used to evaluale the aircraft noise level alterna-

tive. The basic approach consistedof uniformly reducing the noise level characteristics

of each type of aircraft by the amount necessary for the revised noise levels to confom,

to FAR36-5, -i0, -15, or -20 certification levels. Table 3-4 defines the approximate

noise level, in termsof EPNL values relative to FAR36 limits, for each type of aircraft

and two FAR36 measurementposlt[ons.* The relative EPNL levels are speclfled, in all

cases, for the baseline unmodified aircraft. Relative EPNL values are also specified

for existing narrow bodyaircraft in the SAM or REFANconfigurations. It can be seen

- from the data in Table 3-4 that when SAM or REFANalternatives are applied, the

resulting aircraft nolse levels would either equal or fall slgnlficontly below FAR 36

" crlteHa for many aircraft types. For example, the 727 easily meets a FAR36-5 level

for the REFAN option at all FAR36 measurementlocations.7 However, the same aircraft

would not meet a FAR36-I0 in the approach cmdtakeoff mode. Thus, referring to the

REFAN column under Approach for the 727, the relative EPNL level is 7 dB below

existing FAR 36 levels so that an additional 3 dB decreasein level would be required

to achieve a FAR36-10 llmlt. Th_s3 dB correction wasapplied (uniformly at all dis-
* " 7

tanees and at all thrust levels) to the ax_stlng REFANnoise versusslant range curves to

achieve the desired FAR36 -10 limit on approach. Thissimple correction process to

*The sideline PAR 36 position is not listed since relaHve FAR36 aircraft na_sa levels
c.t Ih.: point ;.'e,rc alw,'Jysless_h_'..__eh',t;,,e I,_,,,,,:.ls['or,:.l_Mr_..c,_Ii ul' h.lkee_'fF,OS_HOnS.
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Table 3-4

EPNL Values Relative to Current FAR 36 Limits, dB 1
(All Nun_bers Calculated From Noise and Profile Curves

in Reference 7 or Appendix B)2

FAR36PosiHon Approach Takeoff

L_

Al_t _ m

DC-9 +5 0 -2 +7 O -7

737 _'8 .t4 -2 -2 -2 -8

727 -_4 -! -7 0 -2 -8

DC-8 (Turbofan) +11 -3 +9 -2

707(TIrrbofan) +9 -4 49 "2

DC-1O -4 -7

747 -3 -3

L 1011 -4 -4

2 Eng. WideBody -3 -9

Level IJ/, Small -II -16

Luvul HIs ;.'_l.-dlum -j_ -_{J

Level lib Large -10 -10

1Plus(+) indlcatesEPNL[s h;ghorthanFAR36 Hmlts wb_lenl_llus(-) ;nd;catesEPNL [s
below FAR36 limits.

2Theserelative FAR36 levelswere computedon the basisof the follow_ngassumptions:

• 59_Fday (not adjustedto 77°F FAR36standardday).

• On takeoff, FAR36 powerculback (seeTable 3-2) applied for currentnarrow
bodyalrcrafr at 3.5 n m_point.

• Approachflap settingscorrespondtoactual (typical) valuesusedin ReferenceI
which were basedon indusllydata.

• Approach landingweightwasassumedto I;e maximumallowable.

The relotive FAR36 levels for currenttechnolooynarrowand w_debody a_rcraff in
thistable do nat necessarilyreflect rhe latest cortlfrcated or estimatedFAR36 noise
level data from FAA. Theseda_ashowthat SAh'_retrofitted aircraft cancomply with
PAR36(Ret'erence18). Forexample, thecertif;cated EPNLfor 737 (SAM)aircraft

• on approachwith 30° flap settingh whhlnFAR36 limits (Reference1B).
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achieve a specified level below current FAR36 requirementsresulted, asexpected,

in hypothetical aircraft noise characteristlcs which just met the desired limit at one of

the three ce_[ficatlon points but usually fell well below the allowed limits at the

other points. This sameprocesswas followed for each aircraft type and revised FAR

36 levels to obtain the hypothetical noise performance curves that would comply with

the respective lower FAR36 llm;ts. Note that_ for the exlsHngnarrow body alrcraftl

the retrofit configuration with the lowest levels (SAM or REFANas appropriate) was

-_ used arbitrarily as Ihe starting point to achieve levels below FAR36 and further no_se

reductions were then assumedas required.
p

The resulting changes _nEPNL level and the configuration to which they

ware appHad tc ach_ew the various aircraft noise level altarnaHves arc summar_:ed

in Table 3-5. In all cases_each of thesealternatives was comb;nedwith the 6o/3 °

approach and power cutback alternative for evaluation in the program.

3. I. 2 SecondaryAlternatives

In order to evaluate the sensitivity of the results to small variations Tnsome

of the key o_r traffic parametersand to explore other poss_bleoperational noise

reduction alternatives, the follow_ng secondaryalternatives were evaluated.

• Fleet STzeand Load Factor

The fleet size as projected to the year 1987was modified by a factor of "-t:10

- percent. Thisappears to be a reasonable range of possibleerror basedon h_storical

forecasts and probabilities ofa_r traffic demand(see Figure 3-3). 8 For a constant

air carrier passengerdemand, the fleet size w_ll vary inversely with the load factor

as expressedby the formula:

Demand
Fleet S_ze(in number of available seats)= koad Factor

Thus, a 10 percent decrease _nfleet size correspondsto a 10percent _ncreasein

load factor for a constant demand. In either case, the changes in fleet size or load

27



Table 3-5

;EPNL Corrections Applied Unlformly to Noise Curves to
Achieve FAR_-X Leve]s_dB

Aircraft FAR36-5 FAR 36-10 FAR36-15 FAR36-20

DC-9* REFAN-3 REFAN-8 REFAN-13 REFAN-18

737* REFAN-3 REFAN-B REFAN-13 REFAN-18

727* REFAN-0 REFAN-3 REFAN-B REFAN-13

DC-8* SAM-3 SAM-B SAM-13 SAM-18

707* SAM-3 SAM-8 SAM-13 SAM-18

DC-IO -I -6 -I 1 -_i6

747 -2 -7 -12 -17

L1011 -I -6 -11 -16

2 Eng.Widebody -2 -7 -12 -17

Level Ill, Small 0 0 -4 -9

Level Ill, Medium 0 0 -5 -10

Level llI, Lerge 0 0 -5 -10

*REFAN and SAM indicate to which noise curve sets the given modificatlons
were applied. (Reference7)

28



D
o

m
es

ti
cR

ev
en

u
eP

as
se

n
g

erM
ile

s
(B

ill
io

n
s)

o
o

oo
o

o
o

o
o

oO
_

o
o

o
o

0
0

0
0

0
0

0
0

0
0

0
0

0
0

I
I

I
I

I
I

I
I

I
I

I
I

I

._
._

"
I

_
c

-
B

N
:

_
:_

-
-



factor were evaluated by varying the numberof operations, assuminga constant

demandand constant fleet mix.

• Fleet Composition

The basic variation applied here was a -,'-50percent change in tile number of

narrow body aircraft in the national fleet. It is obvious that the fleet size issignifi-

cantly affected through th_smanipulation. The fleet size was modified so that total

_. seatsavaUable was maintained constant by oddlng or subtractln 9 correspondingwide

body aircraft to make up for the change in the numberand seating capacity of narrow

_. body aircraft.
i

• Flight Track Scatter

FHght track scatter is demonstratedusing a hypothetical airport configuration

i but applying the Dulles 1987operating levels and aircraft mix. Two casesare eva/u-

ated Fora two-runway configuration -one runway perpendicular to the other, as shown

in Fl._'r"'r".......... _l.,_n Thg f" ': r._,:_, r_nen,:_,r,h: c; ,_ _, ,'h'n'_, :n I ....... h {{'.'_l._,_ffl.ir.t ...... _......... a ..n_,l..... i_,h_... ,_,-r ...... ) and _," ,. ....... ,

track for eacb runway. The secondreflects 20 tracksfor each runway,,with 9 incre-

mental one-degree left and right turns on approach and takeoff, asseen in Figure 3-4b.
i

m Night Curfews
i

Two night restriction alternatives are evaluated. The first reassignedall narrow

: body akcraft operating between 2200 - 0700 hours to daytime (0700 - 2200) operation.

The second representsa total ban on night operations for all aircraft, reassigningthese

, to daytime operations. In both cases, fleet mix and available air carrier capacity

remain constant.

3.2 National Model for Noise Impact Evaluation
i

" The evaluotlon of the noise impact on the national level involved the following

bas_csteps, I

i
so '

i
r
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1. Selection of a representative sampleof airports for analysis. (The resources

- for this program necessarily limited the approach to an analysis of a few of Ihe 23 airports

studied in the Airport Noise ReductionForecast program. 1)

2. Extrapolation of Ihe resultsfor the sample airports to an estimate For

the natlon.

3. Extrapolation of the anelysls carried out for total areas within the NEF 30

and NEF 40 contours to estimate the total area whhin the NEF 20 contours. The latter

NEF value can be consldered as approximately equivalent to the Day-Night Average

SoundLevel (kdn) of 55 dB recently identif'ed asa posslble lower limit far outdoor noise9
re protect health and welfare with an adequate margin of safety.

4. Estimation of the area wlthln the NEF 20, 30_ or 40 contours excluding

airport property and water, i.e., impact area.

The first two steps are treated in this section since they represent the two

rn_runaamenralTOTalareavalueswirhlnthe L_r'_u orbasicsteps required to obtain ..............

40 contours. The remaining two extrepolaHon stepsare discussedin Appendix A.

3.2.1 Selection of SampleAirports

Annual level of operationswas the solecrlterion for selecting a sample of

three airports for analys_s. For the year ]972, LosAngeles ]nternational (LAX) was

considered representative of airports with greater than 250,000 operations, St. Louis

(STL)represented the airports between 100t 000 and 250,000 operations, and Dulles

(IAD) represented thosewith lessthan 100,000 annual operations. To examine validity

of this sample, data from the 23 Airport Study were usedto relate the total area wHhin

the NEF 30 contour to the number of operations. Thesedata included the airports con-

sidered in this study, since the three airports selected are part of the 23.1 The general

agreementbetween calculated areas versusoperations for LAX, STL, and lAD and the

I correspondingleast squareregression lines computed for all 23 airports wasgenerally

goodand improved as one proceeded from1972 to later years and es alrcraft noise
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levels decreased(seeFigure 3-5). Thls evaluation indicated that LAX, STL, and

IAD representeda reasonable sample of airports to use in formulaHng a national model.

However, it also was apparent that the most accurate estimate for a 1972naHonal base-

line would be bestprovided by using the data from Reference ! for all 23 aTrports.

3.2.2 Extrapolation of Resultsto the Nation

After consideringseveral methodsfar extrapolating results for the three airports

to an estimate for the naHon, the follow_ng s_mp/escaling procedure waschosen as Ihe

moststraightforward and practical for th_sstudy.

For any given year and alternative, the area AN wlth_n an NEF contour for
the nation is esHmatedto be:

f NNIoql 1

where

ARef -- total contour area for the reference sample of airports for a given year
and nolse reduction alternaHve

NNteq_ i = total equivalent jet a_rcraft air carrier operations _n the nc_t)onfar the
specified year- assumedequal to the total air carrier operations m|nus
90 percent of the nonjet operations

_ = correspondingtotal equivalent operations for the reference sample airports
NR(eq) in the specified year

. The assumptlonsupon which this scaling procedure are basedmay be stated

i as follows:

" 1. The total area wTthlna given noise contour is directly proportional to

I the numberof equivalent (jet) alreraft operations. Thus, for two airports

with different number of total operations, but otherwise identical, the

tota/areas within a gFvencentaur level at each airport is expected to

! vary in direct proportion to the ratio of equiwlent operations (evidence

to s,pnort th_sconcr,pt is nre_,.nted in ApF'endix A).
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2. With one exception, obvious secondaryeffects on contour area for a

constant numberof"operations will tend to vary in random Fashlonover

o representative sampleso that variations in tile relationship between

: contour area andequivalent operations between specific alrports will

tend to average out aver a large sample, i.e., the population of all

- the nation's alr carrier a_rports.

3. The exception to neglecting secondary effects is to lump oil air carrier

aircraft into just two types- jet and nanjet - and to count the noise

impact of"the latter by counting 10 nanjet aircraft operations as equlva-

lent to one jet aircraft operation. This highly simplified model for

equivalent operations is con-ddered]us._ifiablc for tbi._ initial fo;'ccast

estimate of"notional airport noise impact.

-- For maximumaccuracy in defining the 1972 baselinearea for the nation, the

larger 23 alrport sample is usedas the reference sample to define ARef and NR(eq).

For the years 1987and 2000, the three airports evaluated in this study are

__ used asthe reference sample for consistency in future years. In general_ illustrated

in Figure 3-6, the correlation between Ibe total contour areas for comparable casesfor

_ the 23 and three a_rport samplesis quite good. However, upon closer examination, it

becomesclear that the total contour area for the Ihree alrparts (A3) is correlated better

_ wilh the area f'or23 airports (A23) for 1987casesonly than for all of the years combined.
Furthermore, it was clear that _'orthe 1972baseline case, the results for the three air-

- ports would not be a reliable model for NEF 30 areas for the 23 airports and thus, similarly

unreliable for ex rape ating to the nation. In summary, therefore, the 23 airport data

- were used, with the preceding equation_ to estimate the national values prior to 1987and

the results for the three airports in this studywere used Forthe years 1987 and 2000.

"; fn all cases, the specific scaling factors employedare summarizedas follows:

i

35 I

I



Table 3-6.

SummaryoF Scaling Factors Usedto Extrapolate
Resultsto Nation

No. af Equivalentdot Operations_ Ratio of._ Reference __ Equivalent gets (Nation)
Year A_rports Reference A_rports Nation Equlvalent dots (ReferenceAirports)

-_ 1972 23 11,650 221231 1.91

1978 23 13t 722 261623 I. 94

1981 23 15,007 30t205 2.0_
I

- 1987 3 2t499 381493 15.4

2000 3 3t414 54t 795 16.1

__ E:_ui:,_TentJ,_'fs=_._:" Air C_rrler p.,.._10 per,:.=,ntof Propeller A_r Cnr'ier Opemt on_Pern_,,,,

I
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4. AIRPORT/AIRCRAFTFORECASTANALYSIS FOR U.S.

The airport operationsdata base, as indicated earlier, wasderived from informa-

tion from the Wyle/DOT 23 Airport Study, I FAA ev_afi0nstaHstlcs,2 end a speeial

study,3 whicli is contained in this report, conductedby R. Dixon SpeasAssociates.

The following paragraphssummarizethe date andprojeclions from lhese sourceswhich

_ Wereusedin this study_

4.1 Forecastof Fleet and Airport Operations

The information in thls section, preparedby R. Dixon SpecsAssociates, contains:

.- 1. A forecastof the general typesandnumbersof transportaircraft expected

to be in operation in the (J,S. a_rcarrier fleet in the year 2000.

-" 2. A forecast of the numbersof daily movementsof aircraft of each general

type expected to be operating in the year 2000 at LosAngeles Intematlonal, St. Louis,

and Dulles Airports.

_ The LJ.S. fleet forecast is baseden a prediction of conHnuedadvances in alr-

craft technology_ and without significanl changesin the nature of ah' transportation

- services provided in responseto a forecast of continuousgrowth and demand.

The airport opsrations forecastsreflect a prediction of continuedexlstence of

- thesemajorhub airports, growth in the overage size of air carrier aircraft, and con-

straintson the development of airport capacity relieved by improvedoperating efficiency

- and acceptance rates.*

4.1. I LongTerm Fleet Forecast

The forecast of the future makeup of the aircraft fleet proceededwith the

tel Iow;ng steps:

1. Forecastof traffic demand

2. Forecastof capacity required to satlsfydemand

Thust for the purposeof"this report in developing operational data For the year 2000_
airport capacity was considered to be unconstrained (improvementsmade to take

- care at new loads).
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3. Forecastof future aircraft unit productlv;ty

4. Forecastof required Fleet s_ze

5. Forecastof aircraft categories in the fleet

_. • Forecastof Traffic Demand

The traffic forecast used hi this analysis was an extension to the year 2000 of

2" the forecast (throughthe year 1987)developed by SpeasAssociatesfor the Wyle/DOT

Airport Noise Reduction ForecastStudy. 1 The new resulting forecastscoincide in the

year 1987with thosein Reference I and reflect conservative estimatesof required air

carder capacity by the year 2000.

• Forecasto_Copochy Required

The roqulred total fleet capacity, in available ton-miles (ATMs), wascomputed

usfng the fo/Iowlng load factors:

Scheduled Domestic passengers 60 Percent

"- Scheduled International Passengers 60 Percent

Nonscheduled B5 Percent4_

Cargo 42 Percent

Basedon thesedata, and a gradually decreasing rate of growth, the required

capacity through the year 2000 was estimated to be:

1980 112bUIion ATMs

" 19B5 185billion ATMs

1987 21Bbillion ATMs

1990 27Bbtlllon ATMs

1995 385 billion ATMs

2000 500 billion ATMs
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• Forecast01 FutureAircraft Unff Productivity

Aircraft unlt productlvlty (annual ATMs per aircraft) has increaseddramatlca[ly

in recent years. In 1960j the average alrcraff productivity was about S milfion ATMs

per year and by 1970 it wasabout lB mlillon, reflecting the period of trans_tlen from

propeller aircraft to larger_ faster jets.

_ Unff produetivlty is forecast to continue to increaser but at a somewhat{owar

rate. The increase is ma;ntyattributable to:

-Continued increasesin aircraft utitizatlon (hoursper aircraft per year)

- Sumeaddltlonul _ncreusesin average alto,raft speed (duet _l_lurn, Io

continuedretirement of propeller akcraft [e the near term and intro-

.-, duct[onof SSTsin the long term)

- Increasesin aircraft capeclty_ averagedover the fleei', from the present

level of about 20 tonsto about 50 tonsby the year 2000.

_ • Forecastaf RequlredFleet Size

The final estimatesof the traffic demandand resulting estimatesof the total fleet

s_ze.,calculated by dividing the tatal capacity requiredby the average unit produ¢fivityr

are given in the following table.

Table 4-1

Forecastof Traffic Demandand Fleet Size

Revenue Revenue

Passenger Cargo Average Annual
Miles Ton Miles Capaclty Required Unlt Praductivity Fleet

Year (Billions) (Billions) ATMs(Billions) ATMs (M{Ilions) Size

1980 A50 77 712 36.4 3080
1985 730 30 185 45.5 4050
1987 850 36 219 49.8 4400
1990 1075 47 278 58 4800

I 1995 1470 67 385 69 5600
i 2000 1885 90 500 77 6500

...................................................................... _ ,_._v._ _ ¸



The method for applying theseestimates of fleet size to the definlt_on of

specific aircraft operations at the three represeetaHve airports hasbeen developed

in detail in Reference I. To summarize for tMs report, the development of esHmated

-_ fleet mixes for each of the study airports involves three primary steps, The first step

involves est_matingpassengertraffic and total operatlons at each airport. The second

- step requh'ed that the projected distribution of the U.S. fleet be converted _ntoa dis-

tribution of operations of the U.S. air earlier fleet. The third step developed airport

-- mixesbasedon a comparisonof" their present a_rcarrier operations mix versusmix for

total U.S. operatlons, and extrapolated a general relaHonshlp _nto the forecast years.

The average o;rcraft size estimate for forecast years was utilized in this step as a general

eontrolllng number. Details of the forecast aFrcraft categories follow.

4.2 Forecastof A_rcraft Categories

The major aircraft categories considered for projection of the U.S. fleet are

characterized by five "levels of technology:"

• Level 0 IZero) Propeller alrcraftl both piston- and turbine-powered.

• Level I Turbojet and low bypassratio turbofan aircraft basedupon the

technology of the early 1960's. These are typTcaHy "narrow body" aircraft with normal

operotlng speeds in the Mach .80 to .84 range. Examplesare B707, B727, B737, DC-8,

and DC-9. New production of these aircraft beyond ]9741 designated in the a_rport

activity forecast tables in Appendix C as "unspecified," were assumedto be equipped

with quiet nacelles (SAM).

o Level I1 High bypassratio turbofan a_rcraft based upon the technology of

the late 1960's. Theseare the current generation of "wlde body" a_rcraft and their

expected evolutlonary developments. Examplesare B747, DC-10, L-10]!, and A.300B.

!



• Level ]11 Aircraft basedon the technology of the later 1970's and

early 19B0's. Theseare assumedto differ from the Level I and II families through

substantial improvementsin propulsion, aerodynamla, and structural efflclency, as

well as advanced nolseroductlon technology. The changesassumedreflected these

improvements.

e Level |V Supersonictransportelreraff in the Mach 2 to 3 range based

- uponconservative evolutionary developments from the technology of the 1970's. (SST

aircraft nolse impact was included in tills study by assumingnoise eharacteristlcs were

" equivalent to current 4-engTne narrow body turbofan aircraft with SAM retrofit. )

Figure 4-1 indicates the history and forecast of the dlstrlbutlon by category

of the U.S. fleet. The figures show the rapid displacement aF the Level 0 (propeller)

aircraft by Level I during the 10 years, 1959to 1969. The Level II aircraft are pro-

jected to expand their share of the fleet over the 1975to 1985period1 but this will not

be as dramatlc a trensitTonaswas the initial changeover to ints h_ca,4e th_ rAIntlve

improvementsin vehlele productivity and efficiency of the total air carrler fleet will

not be sogreat. Beginning in the early ]980's, the retirement of the elder Level I iets

wlth 15 to 20 years of servlce will lead to the introduction of new technology (Level III)
i

alrcraft ofsmall-medlum aapaalty t and by the late 1980's, large capaolty aircraft of

this samegeneral technology level will begln to supplant the large Level |l aircraft.

.. Supersonictransports(Level IV) are forecast to be introduced in the early 1980's_grad-

ually reaching about 450 aircraft by the year 2000.

Table 4-2 summarizesthe resultingestimateof the fleet for the year 2000,

indicating the forecast numbersof alrcraff by slzo and range category.
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Table 4-2

Fleet ForecastSummaryYear 2000

: Technology Aircraft Sealing Number oF
Level Size* Capacity Aircraft Stage Lengths

! 90 to 200 325 I 0 to 2500 miles

II Small 200 to 300 400 0 to 500 miles

i Medium 250 to 400 500 0 to 2500 miles

Large >400 600 >500 miles

_. :II Small 1C0to 250 1,625 0 to 2500 mi;es

Medium 250 to 400 1,300 500 to 2500 miles

- Large >400 1,300 500 to >2500miles
l

I SST 150 to 300 450 >2500 mitesIV
i
I = ,

Total 6,500

*Small .-_2-Engtne
- Medlum,"-3-Engine

Large ,-,4-£nglne
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4.3 Forecastof Level II! Aircraft CharaeterlsHcs

Basedon the projections given _n tl_eprocedlng sectbn, two-thlrds of the

U.S. fleet will consist or Level III alrcraft in the year 2000. Therefore, it was

necessaryto makesomeassumpHonsabout Level Ill aircraft noiseand performance

characterlsHcs.

: 4.3.1 PerformanceCharacteristics

Although industry studies have been recently carried out on performanceand

noise characteristics of advanced technology aircraft, thesestudies were not con-

" sldered appllcable Forpurposesof this report. 10 Therefore, assumlngpotential

weight savlngs due to improvedstructural design and material selection, and weight

savingsdue to improved propulsion efficiency and aerodynamicperformance, it is

estimated that Level II! a_rcraft should haveapproximately the same cruise perfor-

mancecapability ascurrant wide body aircraft with the samepayload and range but

with a lower maximumtakeoff weight. Toaccount for the resutln.q improvement

in aircraft takeoff performance, the climb angles during takeoff far current wide

body (Level I1) aircraft weremodified to correspondto a reducHon in takeoff weight.

The noise reduction due to increaseddistances to the aircraft (higher takeoff profiles

with larger thrust to weight ratios) or reduced noise output for lower engine thrusts

are assumedto be roughly similar. The final takeoff profile curvesselected Forthe

. Level II1 aircraft are shown in Appendix B.

4.3.2 Aircraft Noise CharactedsHcs

The basic approach for estimatingthe noisecharacterlsffcs of Level IJl aircraft

cons_s_'edof Fourbasicstepssummarizedbelow.

• Deflne a reference nalse spectrumfor current 3-englne wide body a|raraft.

• Estimatethe decreasein th_snoisespectrumfar Level III aircraft assuming

; _ a "quiet nacelle"-type treatment is incorporated in the latter.

r
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• Usethe modified sound spectrum, along with corrections, for duration

and propagation loss to estimate Effective Perceived Noise Levels versus

slant range for Ihe reference (maximumthrust) condition.

• Empirically correct the levels to other thrust conditions and to 2- and 4-

- engine Level lil aircraft based on corresponding data for Level II aircraft.

Theseprocedures are outlined in more detail in the following.

• Reference Spectrum - Level If Aircraft

The reference spectrumconsisted of published one-third octave band sound

levels of" a 3-englne wide body aircraft, normallzed to a distance of.200 feet, an angle

of" I10 degrees to the engine inlet, a maximumtakeoff thrust and standard day condition1! '13

The resuiting spectrum is shownby the upper solid line in Figure 4-2.

• Reference Spectrum- Level III Aircraft

:" It was assumedthat the advanced technology (Level lll) alrcrof.t would be

designed with noise suppressionfor the fan inlet and exit comparable to tha_ achieved

by an advanced "quiet nacelle" system that could be employed. 12 Representative values

for the additional attenuation obtainable for this design were estimated in the following

manner.

I. The levels observedfor the current 3-englne wide body aircraft (top line

in Figure 4-2) were comparedto predicted levels For the sameengineswithout any

nacelle treatment using jet engine noise prediction methods developed by The Boeing
12

Company. This provided a measureof. the amount of fan noise reduction achieved

with current technology aircraft.

2. The maximumtotal attenuation obtainable with a quiet nacelle treatment
12

was then estimated using nacelle attenuation predlctlon methods in the samereference.
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3. The difference between this fatter moximum attenuation for advanced tech-

nology aircraft and that predicted from st_p 1 for current technology alrcraft wasthen

applied as the incremental increase in fan no_sereductlon anticipated For Level Ill air-

craft. This approach insured that one consistent industry-developed method was used to

evaluate only the ;ncremontal change in fan noise attenuation.

_ It was also assumedthat the jet noise portion of the current engine noisesigna-

turet in Figure -4-2, was attenuated by an addTffonal 3 dB. For reference purposes,

Figure-4-2 shows, in addltion to the overall noise level For Level II aircraft, estimated

levels of its major componentsand, finally# the resulting estimate of the composite

.... attenuated noise signoture For Level Ill aircraft.

• Effective PerceivedNoise Level VersusDistance

To obtain valuesof EPNL versusd_stance,the new reference spectrum was first

! _ usedalong with an improvedair absorptionpropagation lossmodel16 to compute maxi-

mumPerceived Nolse Level (PNLM) versusslant range. EPNL versusslant range was
i

_I_........._'J ,tro__,'I,.,.t.,r,,,u,---::._l¢or_c.c_ionbetweeil_L.r,'_L._ '_UU'""r_klw"vc:r_u_sle,d
i

range, reported in Reference 12, which was derived Fromextensive experimental data

on current narrow body jet aircraft. The air absorpt;on propagatlon tossmodel actually

employed provides attenuation values nearly ths sameas those computed from the
15

industrystandard for standardday condiHons.

• Corrections for Varying Thrust and Number of Engines

The EPNL versusslant range values (at maximumtakeoff power Foro Level )'If

3-englne aircraft) were extrapolated to lower thrust levels using the samecomparable

: changesin EPNL noted for Level ]I alrcraft. 7 The 3-englne noise curves were adjusted

for applicatlon to the 2-engine Level llI oh'craft by subtracting 1.B EPNdB, which

accounts for the dif'/erence in the numberof engines. Far the 4-engine Level Ill air-

• ' crafb the 3-englne noise curveswere increasedby 3 EPNdB, which accounts for the

d;fference _n the number of' engrnes and thedifference in maximumcorrected net thrust.

" The resulting Final values of EPNL versusslant distance for Level Ili aircraft are given

inAppendixB. i!

I
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APPENDIX A

AIRPORTNOISE IMPACTANALYSIS

+_

This appendix outlines a procedure Forextrapolating est_mate_of the total

area within NEF 30 or ,10contours to the areawithin NEF 20 contours. The latter

value correspondsapprox_matetyto a Day-Night Average Sound Level (Ldn) of 55. 9
_naddition, a method is defined Forest_matlngthe total _mpactedar_a which excludes

the portion within Ihe airport boundary endnrea over water. This method is then applied

to development of a procedure for estimating the total and impacted area for the nallon_s

air cmr}er airports. The latter procedure includes the evaluation of the dlstribullon of

air carrier alrports_ according +_the;r numberof da_l7 operatlons, for the years 1972,

]987, and 2000. Finally1 the detailed tablesof computed areas for the three airports

and esttmeled values for the nation are provided.

A. 1 Extrapolationto NEF 20 Areas
+

By combining data from a few specific cases far the three airport sample

for which NEF 20 contourswere computedwith data from the Airport Noise Reduction

Forecaststudy, it was possible to show the relationship indicated on Figure A-I for

enclosed area relQtive to the area within the NEt 30 contour. The average relationship

indicated in the flgure is equivalent to a doubling of area w_thln NEt contours for each

decreaseof NEF by 4.1 dB or, ahernatoly, an increase _n area by a factor of ¢fbout2.33

for each decrease in NEFby 5 dg. On the basisof this scaling law_ the _+ec_scomputed

for NEF 30 were increased by a factor of 5.44 to obtain the estimate far areas within

NEF 20 using the equation shown in Figure A-1.

A. 2 Evaluation of Impacted Land Exeludlng Airport Property and Area
Over Water

Drawing, again, on the detailed data from the Airport Noise RedueHon

ForeeaslStudy h'_Reference I, Figure A-2 showsthe systematic relationship obtained

between the sumof the total areaswithin NEF30 to 45 contours for the 23 airports
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FigureA-2. ImpactedLandArea VersusTotalArea for Sumsof Areasfor Alterna;ives
andNEF30-45 Valuesat 23Airports (DatafromReferenceI)
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and the tolal impacted area which excludes airport property and area over water.

Note that Ihis Figurealso includes the effect of various alternatives and time periods

{]972 - 1987)on the relationship between total and impacted areas, We will examine

this type of rerationshlp in more detaiE later in this appendix, The linear trend shown

in Figure A-2 for large values of tota] contour area ca_ be fairly well explained in

termsoFa simplemodel which wourd prod_ct that for Ihe 23 c_Trparts,the impacted

area is 72,.4 percent of the total contour area in excessof a t'_xedminimum (non-

impacted) area oFabout 89 square miles representingairport property withhl the con-

Iour. The more complex equation shownon the figure (EquatFonA-T) representso

hyperbola which Fitsthe nonlinear relationship between total area and impactedarea

when the former is lessthan about 300 square miles (for the 23 airports).

i

A.3 Method for _:xtrapolation of Study Resultsto the Nation

The follow_ng technique was developed _norder re extrapolate Ihe results

of the airport sample considered in this study (23 airports for the 1972 basellne and

3 airports rot the years 19B7and 2000) to estimated national values for total and im-

pacted area. The technique involved the followlng elements to predict the total

contourarea.

• Estimatethe profile oFthe natlon_sair carrier airports by numberoF

air carrier operations for the years1972, )987, and 2000.

• Estimatethe percent oFnon]at air carrier operaffonsat each airport

Igroupedaccording to numberoFoperations). Add |0 percentof

thesenenjet operations to the iat alr carrier operationsto obtain the

"equivalent jet" operations.

• Estimate the total contour area for each airport category according

to the numberof equivalent jet air carr'er operations.

• Sumup the total contourareas usingthe previously developedprofiles

- of airportsby numbersof operations.
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To estimate the total impacted land area_ the following additional steps

were taken:

o Estimatethe componentsof non_mpactedarea (i.e. i airport property

and walor area _ns[dethe contour). It wasfound possible to roughly

estlmatathese nonimpactedarea componentsby knowing the number of

air carrier operations at an airport, and Hsgeneral proxlmily to water.

.- g Use tl_opreceding profile of air carrier airports (for 1972) to compute

the total impacted land area for the 1972basellne case for all of the

nation's airports.

o Use theseresults to modify results of Section A. 2 which were basedon

the 23 airport dataI to a form suitable for estimating impacted land area

for ell of the natFon'sarrports.

The followhlg considerseach of these elements{n moredetail.

A. 3.1 Profile of lh_ Natlon_s A_rCarrier A_r,oortsby Number of OFerat_ans

The total number of a_r carrier operations in the U.S. were Forecast _n

Reference T through the year 1987. Basedan the additional forecasts on air carrler

activity to the year 2000discussedin SectTon4.1, it was po_sTbleto estimate the growlh

in air carrier operationsto the year 2000 for the U.S. air carrier fleet. Slartlng from

a figure of 14.3 minion operations per year in 198711it wascstlmated that annual opera-

tlens would grow at the rate of 2.6 percent per year to reach 20 million operationsper

year by the year 2000.* Thisestimate was consistent with the Forecastgrowth in air

carrier capacity (available ton-miles), unit productivity (available ton-miles per aTr-

• craFt)l number of air carrier alrarait and the correspondingslowdecrease in the overage

numberof" daily operationsper aircraft_ as the size and trTplengths of the fleet-average

*The forecast of total operatTonsat the three sample airports in th_sstudy increased
._ at a rate equivalentto 2.4 percent per year FromT987 to 2000. For the purposeof

this report in developlngoperational data for the year 20001airport capacity was
considered to be unconstrained (improvementsmode to take care of new loads).
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aircraft tend to increase. Several vadatbns on this empirlcal extrapolotlon of opor-

atTonsto the veer 2000oroduced similar results sothat a mare detailed analysis was

not consideredwarranted.

.. The forecast trends in these parametersare shownin Figure A-3. The values

from 1987 on, including some provlously listed TnSection 4. I, are summarized as

... follows. (Values for theseparameters before 1987may he computedor obtained from

the data in Reference I.)

Annual Average ATM U.S.
Opera_ons DailyOperations (Annual Jotal) Fleet

_ Year x l0_ PerAircraft x ]0' Size

1987 14.3 8.9 219 4400

. 1990 15.4 8.8 278 4800

1995 17.6 8.6 385 5600

: - 2000 20.0 8.4 500 b500

With the knowledge of total operafions_ it was now possibleto estimate the profile of

operations per airport using an extrapolation of eirpart operationsforecast date from

Reference 17. The latter provides veluosof actual (FY 1973) end forecast (FY 1985)

operations at each of the air carrier airports Tnthe U. S. This includes all airports

with FAA control towers plus a large numberof smaller airports without FAA control

towers. The estimatedcumulative distribution of theseairports by number of opera-

floes per day in the studyyears 1972, 1987, and 2000 [s shown|n Figure A-4. The

eumutotlve distribution is shown in terms of numberof operations in Iogor|thmlcally-

• spacedintervals for which the geometric center po_ntsdlffol by 10 to the 0.1 power.

The estimateddistributions for the years 1972, 1987, end 2000 were constructed

1 -.- as follows. For 1972, the profile of operationsfor the 23 airports were usedalong with

= values from Reference2 for the olher larger airports (32or moreoperationsper day). The
!
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operallons for smaller alrports were estimated by adjusting the F'.' 1973dlslrlbutlon until

the total integrated numberof operations at all the alrports agreed with Ihe value of

10.02 million operations per year c_ted in Reference 1 for CY 1972. The adjuslment

was a mlnor one and wasonly made to provide a consistent profile of'operatlons for the

1972baseline.

For the years 1987and 2000, the FY 1985profile of a_rports in F_gureA-4

was adiusted by shifting the curve horizontally along the percent axis. The sh_fl was

just that necessaryto change the modeof the dlstrlbuHon (i.e., the 50 percent point)

by the sameratio as the ratio of total operations forecast in Reference 17 for FY 1985

and the desired total operations for 1987or 2000. This emplr_eal approach provided

a new distribution which, wlthln 1 to 2 percent, added up to the desired number of

total operations. No further adjustment wasmade to try to eliminate the remaining

small residual error in total numberof operations. Furthermore, no attempt was made

to _ncludethe addition o1new, very small, air carrier airports in this dlstrlbutlon which

could occur as new ciHes are formed. However, it should be noted that the forecast

dlstr_butlon of affparts for future years showa steadily increasrng number wHh more than

10 c_ircarrier operations per day, (i.e., 292 airports in 1972, 319 in 1987, and 365 in

the year 2000). This is considered to represent the increase Jn alrports with sufficient

operations to causea s_gnificant no_seimpact. As shown later on, it wasestimated

that, for the 1972baseline case, less than 10 air carrler operations per day did not show

any significant no_seImpact. Thls is due, in part, to the estimated higher proportion

of Iow-nolse prop aircraft at such small airports. In future years, as prop aircraft are

replaced with jets, the decreaslng noise levels of thesenewer jets will tend to mlnlm_ze

any significant increase in noise impact for such low levels of operations. Thus, while

there will undoubtedlybe an increase in the total numberof a_rcarrier airports _nthe

future, the increase, over and above the numberaccounted for in the projections in

F_gureA-4, is expected to occur in categories of very low operatbns per day below the

. . level of sTgnificant impact. When specific operations data had to be estimated (_.e.,

small airports for 1972 and all airports for 1987and 2000), the total operations were cam-

- puted by the sumof"the number(ni) of airports in a given (i th) category of operaHonsperth
day multiplied by the g_ametr_omean (Ni) of the operaHonsper day in each i category.
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Thus, _he total for oll airports was simply

I

N1-=4_-_ N i 'n i , operations (A-2)
T--1

where the _ndexI representsthe numberof categories

A.3.2 Nonjet (Propeller)Aircraft Operations

Basedon an analysis of the 1972, 23 airport sampleand 1972aircraft

traffic data fo_"a 10percent sampleof Ihe smaller airports, on estimate of the relative

number of jet aircraft operations was made as a function of number af daily departures

far each interval in the airport d_slribution. As shown in Figure A-5, the estimate for

]972 ranged from6 percent nonjet operationsat the large airports with a smooth tran-

silTon to 100 percent nonjet operations at airports wilh less than two operationsper day.

For ]987, the estimatedshift in percent dlstrlbut[on of propeller aircraft was made so

that the decreasein tolal number of propeller operationspredicted, according to the

forecast profile of total operations, correspondedapproximately to the values projected

in Reference 1far total operations of propeller aircraft (i.e., 0.3x 106operations per

day in 1987). Therewere no propeller aircraft c3perotionsfereccJstby the year 2000

(see Section 4.2).

The non]et operations were counted for thls study, at 10 percent of their

actuel value and added to the actual iet operations to provide the total equivalent jet

operations as a conservative basis for estlmat_ngimpact from all alr carrier aircraft.

A.3.3 Total Area Within NEF 30 Contours VersusEqulvalent .Jet Operations

Uslng the 23 airport data from Reference 1, a regressionline between tote!

area wlthln the NEF30 contours (for 1972 basellne conditions)and total (equivelent)

jot operations for 1972was constructed. A correlation coefficient (r) of 0.839 was _.

obtained when the logarithm of total contour area (At) was plotted versusthe log of

total equivalent operatians (Neq) to produce a regressionequation given by:
1.012

At -- 0.097 (Neql (A-3)
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However, as shownin Figure A-6, a simpler expression can be used which Tsbasedon

a forced linear fit of the data. ThTsITnearexpression, which also assumeszero con-

tour area for zero operations, is glven by:

At =0.114 Neq (A-d)

Sucha linear scaling law simply expressesthe concept thai total contour area would

vary directly with number of equivalent jet operations. The proportlonalHy constant

would, of course, depend on Ihe contour level and aircraft m_xor norse reduction

alternative. This general trend towards a simple I_near scaling law was observed for

other NEF levels and alternatives.

However, for est:mating the tolal contour area for other cases, for the n:tlon,

|t is not necessaryto define the particular proportionality constant involved for each

case. Rather the s;mple linear scaling low defined earlier in Section 3.2 of the ma_n

body of the text can be used. Th_slinear scaling of total contour area by the ratio of
- .t .l-.+_ !.,. ...... i+_.... II. ,. !_ ,.I -l+_l L" ___ .+ _..... J?l+_.. _--* i+++ . IA .4++

_"'i ue'*e'+ _' '+-+I

cited above.

A.3.4 Projected Total Contour Area for lhe Nation

ApplyTng Ihe techniques defined in the precedTng paragraphs, _noluding

the analys_sof the airport/operations profiles, the percent nonjet operatlons, plus ok-

port operating data for this study in Reference 1, produced the follow_ng figures for

total and equivalent jet operotlons far the nation and the two airport samples for the

study years.
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Total Operalions Total Equivalent .Jet
PerDay Operatlons Per Day

Year (Nafian) Nation 23 A/P 3 AlP

1972 27,452 22,231 11,650 1605

]987 39,233 38,493 ]7,57] 2499

2000 54,795 54,795 34]4

Thesevalues oFequlvalent jet operations were used, as specified _nSection

A.3.3, to predict the national contour areas.

Far the 1972 basellne ease, the total sampleareas employed Fromthe 23

airport study were as follows:

N_:F30 1333square miles

NEF 40 226 square miles

The total sample areas from the three airports used in this study are sum-

marized in Sectbn A.4 of thls appendix along with the areas scaled to the nation.

A. 3.5 Impacted Area for the Nation

I:vaIuation of Ihe componentsof nonlmpacted land area obtained from the

results of Reference 1 made it possible to define the followlng approximate predic-

tions far (a) the port,on of airport property inslde a contour in termsof total airport

property (Ap) and total contour area (At), and (b) the portion of contour area aver

water (Aw) for airports near water.
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Airport Area - FAA Form5010-2 recordsas of June I, ]974 indicate

98! squaremiles of property area for -463certificated affports.14 Thesenational figures

and the specific property areas for 36 major U.S. airports with a tatcfl area oF 201

square miles provided the basis for the Fo]low_ngrough estimatesFor total property areas

within any oF the nation's airports in termsof"total operationsper day (Nt ).

2
N t =: 180/day, A = 0,2 +0.0086 Nt, ml. (A-5)P

2
N < T80/day, A = 1.8 mi. (A-6)t p

Theserelationships are basedon a rough approx;matlon oF the airport property area versus

operations data shownin Figure A-7.

ImpactedArea ForAirportsNot Near Water - Forall oF the airports in

the 23 airport sample, when the area over water (Aw) was added (where applicable)

to the impacted land area (Ai) , it was tound that this sum(equal to the total contour

area minusonly the airport area within the contour) could be predicted for the total

of the 23 airports, or tile total of the 7 smallestoF these23, by the follow_ngexpression

[(.SAp)2' (At)21L 2A i + Aw = 0.SAp ,m_. (A-7)

As shownin F_gureA-B, the curvHinecJrrelationship obtained for small values oFthe

total contour area (At) is well defined by Equaffon (A-7) Foreither the entire sample

of 23 or the 7 smallestairports. Thus, thls equation provided a goodestimate oF

impacted land area Forany akpert not neat water (thosefor which Aw was zero) and

was applied to the detailed national estimate of Impacted land area for the 1972baseline.

ImpactedArea forATrportsNear Water _ Based,again, on the 23 airport

data for o|rports near water, it was possible to roughly predict the area over water (Aw)

in termsoF the total contour area, At, The following simple relat'onshlps, which

dependedon airport s_ze, are shown_nFigure A-9.

i
!
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For N _>300 operations/day, Aw = 0.41 At, squaremHes (A-8)

For N < 300 operatlons/day, A w = 0.14 At, square m_les (A-9)

From a rough sampling of about 250 of the alr carrier airports, _twas estimated that

about 21 percent are located near water with part of the contour areas lying aver water.

This proporHon wasapplied later, along with EquationsA-8 and A-9, in making the

detailed estimatesof impacted area.

EsHmateof Tolal ImpactedLandArea For _972Baseline - The preceding

techniques have been usedto makea detaFledestlmate of"the impacted land area for

the notion for the 1972baseline case. It was anHclpated that a simpllfled method

could be developed from this analysis which would be patterned at'ter the simple approach

for estimating impacted land area discussedearlier in Section A.2.

The prof`ile of` aPrportsby operations f`or 1972and the resulting analys_sof

the total contour area and impacted land area for the naHon for NEF30 _spresented in

•. +uuJ=,_-l. .,_ JNuluutud_ifm Knownrusults f`orrnezo airports f"romReference i are not

_neluded _nthe analysis. Thus_only the remaining 491 alr carrier a_rports(51.4-23)

were analyzed for this base case. The resulHngestimate oPtotal contour area for the

nation within NEF 30, including the 23 airports, ts 2589 squaremiles -just 2 percent

higher than the value obtained by scaling the total contour area for 23 airports to the

nation according to the roHo of"equivalent jet operations. The total lmpaeted land

area for the nation was computed to be 1854square miles.

Thesomeresult for impacted land area could be obtained by adjusting

Equation A-1 shown in Figure A-2 which related total contour area and impacted land

., area for aH of"the 23 airport study easesfrom 1972 to 1987+ First, an ad.iustmentwas

made to increase the constant term (88.7) in this expressionby the ratio of total opera-

, tlons for the norton to the total operations for the 23 airport sample. For the ).'ears 1972

to 1987, thls ratio averaged 2.12 :k0.08. The logic of" this adjustment_sthab as illus-

trated earlier, a_rportproperty scales roughly es the number0£operationsand this
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constant (88.7) can be taken to represent the total airport area inside the contours For

only the 23 airports. The secondadjustment was to increase the first constant (0.724)

in Equation (A-I) to 0.77 so that the resulting final express_anproduced the same

esHmateoFimpacted land area (1854)as wasobtained Fromthe more detailed analysls

in Table A-1. The Ioglc for this minorcorrection is that tile smaller airports are expected

to have losscontour area lyTngover water so that the net impacted area would tend to be

greater. The resulting Final expressionForestimating impacted area (A;) in termsof total

contour area (At) Forall the naHon'sairports is

" - "" -188 s:_quur_" (_-|0)._. -O.J, (ID8)2 )111 Igb
I

Since this lypo of relatlonshlp proved valid for the 23 airports_ it was consideredval)d

as a predictor Forthe national estimatesoF impacted land in thls study.

A.4 Sun;ni_ryofRc:ults

The values For total and impacted land area Forthe nation are .qiven in

Table A-2 ForNEF 20_ 30r and 40. They were computedwith the proceduresspecified

In the preceding sections oF this appendix.

Table A-3 eontalns the raw data on total area within the NEF 30 and

40 contours for each alrport and primary noise reduction scenarios. Table A-4 contains

the raw data and correspondingnational estimates for Ihe secondary alternatives evaluated

for 1987only.
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Table A-4

Results of Secondary Alternatives for 19B7
(_n square miles and rounded to 2 significant d_gTZs)

Total Area Inside Conl(_urs, National Tatal National Impact

Alternative LAX STL [ lAD Area Area

HEF30 NEF40 NEFS0 NEr4c r NEE30 I NEF40 N,EF30j'NEF4O NEF30 N£F40
I

Fleel - 10% 09.4 8,6 26.5 4.7 40,0 6.0 1600 310 ll0O 130

Fleet + i_; 44,9 9.0 31,1 5.4 46.9 7.7 1900 350 1300 160

N.B. - 50% ' 22.4 7.1 22.6 4.2 20.3 I 6.0 1300 270 I 840 100

N.. p'. ÷5_." 52.3 It.1 3-'.9 _ e _:? o J tt,l 7?00 430 I !/,(_O _TN

N.fi. Daytime" 28.2 5.9 21.7 3,9 t4.3 3.1 1000 200 620 65

No Night t9.7 3.8 12.0 2,4 14.2 0. ] 710 140 410 37

FIIghtl

N.D. denotes narraw body _et=.

*m Daytime = 0700 to 2200 hours.

°'*,Tha ret'ar©ncg Far tha allernoHves is baseline affcrat'ts 6°/3 ° gl_deslope for approach an_Jstandarc_ takeat't" pracedures.
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APPENDIX B

DETAILEDNOISE AND PERFORMANCECHARACTERISTICS
OF ADVANCED TECHNOLOGY (LEVELIll) AIRCRAFT

UTILIZED FOR THiS STUDY

The assumptionsfor estimating the noise and performancecharacter_stlcsof

the Level ill aircraft were discussedin SecHon4.3 of this report. Thlsappendix provides

the specific noise versusslant range and takeoff profile curvesutilized in the NEF

computer programfor theseaircraft. The corresponding data for the current technology

Level I and Level II aircraft are contained in Reference 1.

FiguresB-1 through B-3 showthe noise (Effective PerceivedNoise Level in

EPNdB)versusslant distance curves for the 2-, 3-_ and 4-engine advanced technology

aircraft respectively. Eachgraph showsthe predicted noise level at several corrected

net thrust levels and includes, for comparison, the correspondingcurve far the Level lI

(current wide body)aircraft for one comparable corrected net thrust condition only.

Note that the maximumvalues of corrected net thrustshownon the graphs

(thrust/6) do not correspondto the maximumstatic thrust va/uesnormally associated

with the aircraft engines. Net thrustis a function of static thrust and velocity of the

aircraft. At takeoff_ conditions and velocity lessthan 250 knats_net thrustdecreases

very rapidly with increasing velocHy. For example_ a typical wide bodyaircraft engine

has a static thrustof 40,000 pounds/engine at zero velacity and 100 percent rpmcor-

rected to normal atmospheric conditlons_ while the sameaircraft after brake release

at 32 knots and 98percent rpm hasa net thrust of 35,300 pounds/engine; further! at

rotarian, 176 knotsand 98 percent rpm, the net thrust equals31_000pounds/end|no.

In mostcases_the nalse curves in the programfor each of the existing aircraft

were calculated by the aircraft manufacturer from actual flyover measurements. These

test measurementswere performed while the aircraft velocity was 14Oto 200 knots.

Noise curves were constructed by the manufacturer from thesedata on the basisof

corrected net thrustand normalized to 160 knots. Noise levels at other thrustswere
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obtained by linear intorpolatlon/extrapolatlon of corrected net thrusts. Note that

the noise curves for the Level IIZ aircrQft were computed from one analytical model r

outlined in Section 4.3.2. which is basedt in part I on measured data from a 3-eng_nn

(Level 11) wide body aircraft.

Figures B-4 through B-6 show Ihe corresponding takeoff profiles for the

advanced technology aircraft.
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APPENDIX C

AIRPORTACTIVITY DATA

The airport operations data far LosAngeles Internationab St. Louis_and Dulles

A_rportsare given in Tables C-1 t C-2t and C-2 respectlvcly. Part (a) of each table

• are actual figures wilh total operaticnsbasedon FAA records for calendar year 1972,

while parts (b) and (c) provide forecastactivity data for 1987end 2000 respectively.

New technology (Levee 111)aircraft introduced before 1987are included in

the 1987operations forecastas unspeclfled(unspec.) LeveeI category aircraft. Noise
r

. characteri_tlcs for Ihes_.ew aircraft are assumedequal Io that for the r correspencsmg

current technology aircraft treated with quiet nacelles soas to notexceed PAR36 limits.
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Table C- la

- Airport Act[vEty

LosAngeles - 1972

Deparlutes by Stage Dislance (StarutoMiles)

Aircraft Arrivals 4500
T).pe° Day/Night"* 5500

t
7200

"_ 707-320B/C

707-120_

DC-8-30

0C-9-_5

DC-_-55

DC°8-61(°63)

DC-9-32

DC-t0-10

Z.-I011

VC-10

707-120/-320

727-200

720

727-1 O0

737-100/-200

'47-100

CV 800

Turboprop
(STOL)

Ex¢ludus Generar AvFaHon and M;IHary Operallons.
** Day: 7:00 AM - 10:00 PM

N_oht: I0=0! PM - 6:59 AM
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Table C-lb

Airport AcHvlt y forecast
LosAngeles- 1987

De_rtutes by Sla_e Distance (Sralure Miles)

"' I I IAircraft Range °o Day 0 500 1000 1500 2500 3500 4500 Over
Type* Capability Model Ni_llt Arrivals 500 1000 1500 2500 3500 4500 5500 5500

'737 D 23 21 2
N 3 2 1

t | Short-Medium , DC-9 D 19 17 2
N 2 2 0

Unspec. D 21 10 3N I 1 0

727-100 D 10 4 1 I I 4

N g 1 I 0 !
! Medium

_727-2oo o BI 57 9 13 2
. o 4 , 1to

| STOL Unspe¢. D 35 30 5
. 1 1 0

I707 D 7 0 0 0 0 ' I ' 0 2
I N 6 1 0 0 5 0 0 0 0

] Medlum-Long ro_+8-- D II 5 0 0 6 I
! n 3 | o o 2 I

I

II Sm0il 5hort-Medlum Unspe¢o D I 89 57 9 6 17

N I 19 8 5 I 5

DC-|O D 15 l 3 2 8 l-- N 2 0 I 0 1 0
lXMedium Medium {L-10]I D 16 I 3 2 9 |

! N 3 0 2 0 1 0

f_Unspec. O 51 13 0 I 6 32

N g 0 0 I 0 8{ D 3 l 0 1 IDC-10

_.__ N l 0 0 0 !II Medium Long

to ,0oo. D 69 9 0 8 39 5
N 18 2 5 0 1Ix o

]1Large h4edIum-Lon9 747 D 83 8 4 6 143 20 2
N 17 0 4 l 3 9 0

i Excludes General Avlotlon and M;lltary Operations.
i "* Mod_h ir_dlcatedas "Un_p_cified" may Include currenlaircraft end/or newaircraft not yet In production.

v_ **" Doy: 7:00AM- 10:00PMNIghft 10:01 PM- 6:59AM

!
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Table C-lc

Airport Activity Forecast
LosAngeles - 2000

Departures by S_ageDistance (Statute Miles

Aircraf'trype* Night IArrivals 500 _f000 150012500 3500 _450015500 5500

(737/DC-9 D 3 l
Type N 0

wlth SAM)

]. Unspecified N _ _--__

(727 Type D
wilh "

SAM) N I_I_ _ "_

I UnspeciFieg _ --
(707/DC-8 P 11 3 2 11

Type I
wlth SAM )

11 Small

II Medium

II Large

ill Small

Ill Medium

If!Large

IV SST

"*ExcludesGeneral Aviation and Military Operatians.
*'*r_....7'00A,_..'m.na p,AA,

Night; 10:O1 PM - 6:59AM.
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Table C-2a

Airport Activity
St. Louis- 1972

Departures by Stage Distance (Statute Miles)

500 1000 1500 250013500 4500 OverAircraft Arrivals 0

Type" Day/Nigh_' 500 1000 1500 2500 3500 4500 5500 5500I j,,

707-320B/C D 2 0 0 I 0 0 1
N 2 0 0 I 0 0 1

707-120B D 14 10 2 0 2
N 3 1 1 0 1

DC-9-15 D 31 30 1
N 4 2 2

I ,,

DC-9-32 D 53 50 3

N 8 _ 4L-1011 D 1 O 0 1
N 0 0 0 0 0

707-120/-320 D I 0 I
N 2 1

t

727-200 ND j301 161 11120 0 011

727- 100 D i 47 26 17 2 2
N 4 0 2 2 0

737-100/-200 D 3 I 2
N I 0 I

CV-880 D 7 2 3 1 1
N 0 0 O 0 O

'.. BAC-111 O 5 5
N o o

i Turboprop D 29 29
(STOL) N 4

I

* Excludes General Av_allon end Milltar/Operations.
** Day: 7:00 AM - 10:00 PM

• _ Night: 10:01 PM - 6:59 AM
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Table C-2b

Albert Actlvlty Forecast
St. kouis- 1987

Departures by Stago D/stance (Sfotute Miles)

A ffcml't Ron0o , °

Typ_._._* Capability Model ?

[ Short-Medium

T Medium

Med[um-Lon9

Smc:[I Short-h_edJum Unspec.

0 18

Modlum-Lang 0 )7

I

Excludes General Aviation and MHitary Operations.

Models indicated as "Unspec_f[nd" may {nclude current aircraft and/or new o_rcmfT not yet In pro_uct_an.
Day: 7:0OAM- 10:00 PM
Night: IO:01 PM- 6:59AM
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Table C-2c

A_q_ortActivity Forecast
St. Louis - 2000

Aircraft"

¥

*Excludes General Aviation and Millta O, Operatlons.
**Day: 7:00 AM - 10:00 PM.

Night: 10:01 PM - 6:59 AM.
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Table C-3a

Airport AcHvity
Dulles - 1972

D _parturesby Sta_e Distance (Statute Miles)

Aircrat'f Arrlv,:ls 0 500 100011500 2500 3500 4500 Ove_
Type" Day/Night,- 500 1000 1500 2500 3500 4500 5500 550( _'

720B D 1 0 0 0 1
N 0 0 0 0 0

707-320B/C D 6 3 0 0 2 0 1
N 1 0 j 0 0 1 0 0

707-120B D 13 7 0 3 3
N 2 0 0 0 2

DC-9-15 D 11 6 5
N 0 0 0

DC-8-55 D l 8 3 1 1 3
N I 2 2 0 0 0

DC-9-32 D 3 ! 2

i N 0 0 0
iI DC-10-10 D 2 0 0 0 2

N 0 0 0 0 0

VC-10 D 1 0 0 0 0 0 ]
N 0 0 0 0 0 0 0

707-120/-320 D 2 1 1
N 0 0 0

727-200 D 2 0 1
N 2 2 0

727-100 D 17 2 9
N 2 0 1

737-100/'-200 D 3 3
N 0 0

747-100 D 4 0 ] 0 2 0 .
N 0 0 0 0 0 0 0

Turboprop D 2 2
(STOL) N 0 0

l * Excludes General Av|at_on and Military Operations.
• * Day: 7:00 AM - 10:00 PM

Night: 10:0l PM - 6:59 AM
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Table C-3b

Airport AcHvity Forecast

Dulles - 1987

Departures by Sta_e Dhtanc. (Statu_e Milos.__

r " O 500 2500 3500 4500 Over

Type* Co_¢biI;ty Model Night Arrivals

Short-_.t°diom_ --r-;.... _,--_-----7 15 ----

j_ D 23

I'_led_um

; 0 [ 7 6 I13 I 0 0

STOL Unspec.

] Medlum-Long
r

hot t-Medlum Unspec,

Medium

II Medium Long

1

11Large ledlum-Lang

Excludes General Aviation and Military Opemtions,

*Q Models lnd_catod as "UnspeciFied" rray include current aircraft anchor new O_rcfllFt not yet in production.
**" Day= 7=00AM- IO:OOPM

N_ghh 10:0| PM-6:59AM
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Table C-3c

Airport Activity Forecast
DulIes - 2000

Departures by Stage Distance (Statute Miles)

Day** 0 i 500 1000 ;1500 2500 3500 4500 Ore
Aircraft Type* Night Arrivals 500 !1000 1500 12500 3500 4500 5500 550C

I Unspecified _J

(737/DC-9 D 2 2 _ :
Type N 0 0 ! I

wlthSAM) i
! I

I Unspecified
(727Type O 3 3 ', J

with N 0 0 i
SAM) I

] Unspeccfled
(707/DC-8 D 22 8 14

Type N 0 0 0 :
wlth SAM)

II Small D 19 16 3 t
N 2 2 0

]I Medium D 32 11 3 6 12
N 4 0 0 1 3

II Large D 41 0 5 15 ! 7 14
N 5 0 I ] I 2 1

IIl Small D 64 41 6 17 ',

N 8 3 2 3 i

III Medium D 53 6 15 19 i 4 9 !
N 5 0 1 2 0 2 I I

1
IllLarge D 60 0 ! 16 O I 2B 0 15 '

N 7 oi 2 oi 2 ol 3, ..

IVSST D 10 01 0 0:0 0 i 6'4
N 0 0 i 0 0 t 0 0 I 0 i 0

*Excludes General Aviation and Military Operations.
**Day: 7;00 AM - 10:00 PM.

Night: 10:01PM-6:59AM.
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APPENDIX D

DERIVATION OF CLIMB GRADIENT FOR
ENGINE OUT CONDITION

r*

T L

_ Center of Gravity

i
!

i,

:_ Assumea simple ]_near first epproxlmatlon modelof flight perfarmanc:efor an aircraft.

_ Define the following parameters:

V = Velocity

T = Thrust

,_, D = Drag

W = Weight

0 = Climb Angle

Then, summingforces through the center of gravity

T_D_Wsin _=W dV
g _ , along the thrust axis

g
and L - Wcos A = 0 , normal to the thrust axi:,
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dV
For unaccelerated climb _ = 0 , so that these two

equations combine to g_ve: sin fl T WD= _ i ¢r, for small climb angles,

sln g :_ tan 6'_ y = cHmb gradient ' I

T D <'

• ' Y=W W

W= L cos fl :- L for small 6

T D
:, =_ --_

NFN D
Y: W L

wher_

N = numberofenglnes and FN : net thrust/englne.

• . For one engine out, the climb gradient y' is

/N.I\ D
y' =V-_---)F N "_

Solving f'orthe net thrust per englnet

_ W D
FN- "i'i'i'i'i'i'i'i'i_(_+ "t

Substituting this back in the equetlonfor y g;ves: !
J

L"

°
which is the approximate cllmb angte Foron engine thrust seftlng, for all

(N) englnest equal to that necessaryto maintain a alP'r,benale "y_w_th

{N - 1) enginesor one engine out. For thissimple model, the llft to clrag

l raHo (L/D) _sassumedconstant in ell cases.
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