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Proface

[n relcasing this report for public availability, some comments are appropriate to
provide the reader with o balanced perspective reluted to the assumptions and conchu-
sions provided herein,

e The data base for this report utitized the noise, performance, and operationat
assunmiptions and lorecasts 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-
flects a set of data available during that time period.

o The fleet forecast assumption in Reference 1 (relatively high number of quiet
wide bodies) did not factor-in the elfect of the energy *“situation’ or of the subsequent
economic downtum,

‘ e The implementation of SAM retrofit and two-segment approach procedures
were assumed to be initinted by 1/1/75 in the referenced DOT study,

e Due to the preceding considerations, the absolute levels of benefit accrued as
aresult of aliernative actions, as well as the date lor their realization, is subject to re-
view, -However, the relative relationships among the alternatives should remain con-
sistent with a time phase shift, Also, the benefits of retrofit versus a do-nothing alteri-
tive should be significantly enhanced, since quicter aircralt will not be entering the fleet

as rapidly as indicated in the study, ;
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ABSTRACT

This program wos undertaken for the Office of Noise Abotement and Control,
Environmental Protection Agency, to eveluate the nationwide community impact of
sircraft noise through the year 2000, considering a number of aircraft/airport noise
reduction alternatives. The study was bosed on the evaluation of operations ot three
oirports ~ Los Angeles International, St, Louis, and Washington Dulles. Primary noise
reduction alternatives were applied at each of the facilities for the 1987 and 2000 time
periods. Secondary abatement alternatives were evaluated for 1987 only, The effec~
tiveness of the vorious alfernatives was measured in terms of the totol ares impacted
under the NEF 3U and 40 conteurs af the three airports, This area was then ineremsed
by a constant factor to obtain an estimate of the impact at the national level, The
report also confains an estimote of the total orea within the NEF 20 contours ond the
impacted lond arec for NEF 20, 30, and 40 exclusive of airport property ond water,
This study utilized, in pert, the much more detailed results for 23 airports from the |
"Airport Noise Reduction Forecast" study recently completed by Wyle for the Department |
of Transportation, However, this study differs substantialty from the Department of Trans~ l
portation progrom in that it is based on anolysis at only three airports, includes no cost
or population data, extends beyond the year 1987, and focuses only on estimating trends
in aircraft noise impact to the year 2000 in order to evoluate the potential requirement
for research on new aircraft/airport noise reduction alternatives which may not currently i

be under development,
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1. INTRODUCTION

Under Section 4{c){1} of the Noise Contral Act of 1972, the Enviroenmental
Protection Agency is charged with the responsibility of coordinating the programs of
oll federal agencies reloting to noise research and noise control.  Since aircraft have
been identified os one of the primary sources of noise, this responsibility includes
formulation of plans refative to the alleviation of noise exposure in the vicinity of
airports, The primary intent of this study is to provide EPA with o rationale for speci-
fying such plans by demonstrating the effectiveness of the varfous alternatives available
for reducing the impact of aircraft noise including reduction of noise at the source,

modification of operational procedures, ond changes in compatible land use,

The analysts of the verious noise reduction alternatives wos based in part on
the results of an airport noise reduction forecast study for 23 airports recently completed
by Wyle Laboratories for the Department of TranSportotion.I* As discussed in the
Wyle/DOT raport, the 23 airports are estimated to encompass a majority of the U. §,
population exposed to oircraft noise. Three of these 23 airports were selected in this
study for the evoluotion of noise abatement alternatives opplied to the years 1987 and

2000. The principal assumptions utilized for these two studies may be compared as

follows:
Wyle/DOT Repart Current Report
Number of airports 23 3
Final Yeaor 1987 2000
Boseline for future  6° /3% approach No noise reduction olternatives
years
New alrcraft New technology aircraft  New technology aircraft constitute

constitute only B percent 65 percent of fleet by the year 2000
of fleet in 1987 and are and are assumed to comply with
represented by current FAR 36-T0 limits

technology SAM-
retrofitted aircraft

Tg::persc:riprs refer to references listed on poges R~1 and R=2.
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Wyle/DOT Report

Air carrier fleet
forecasts

Afrport operations
forecasts

txtrapolation of
noise impact to
nation

Estimate to 1987 by
detailed onalysis of
required and available
air carrier transport
copacity

Estimate to 1987 based
on detailed analysis of
forecost passenger and
corgo troffic ot each
airport ond wircraft
capacity by type

Not aftempted

Current Report

Extropolation beyond 1987 with
gradually reducing rate of growth
of required capacity, and unit
productivity

Extension of forecasts to year 2000
considering growth in aircroft
capacity, and improved operating
efficiency of airports

Extrapolation to nation based on
evaluation of current and forecast
profile of air carrier airports by
number of operations

The three cirports — Los Angeles International, St. Louis, and Dulles — wara

chosen on the premise that they were generally representative of air carrier airports

as defined by their respective operational categories, i.e., greater than 250,000

onnual operations, between 100,000 and 250,000, and [ess than 100,000 annual

aperations, respectively. This grouping was based on an analysis of alr troffic activity

at 350 air carrier afrports for 1972,

The anclytical model to compute the reduction in noise exposed area incor-

porates the boseline plus six primary reduction alternatives for the projected operating

levels in 1987 and 2000 plus four secondary alternatives opplied in 1987 anly, These

alternatives are listed os follows:

L A s sl e Y SR T bt
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Primary Alternatives

Baseline oircroft, * standord operating procedures
6°/3° glide slope opproaches
Power cutback tokeoffs

Quiet nocelle treatment (Identified as SAM ~ Sound Absorption Moterial)
to aireralt equipped with JT3D and JTBD engines for both standard

3° and 6°/3° glide slope

Engine modification (identified os REFAN) of all 727-200 and DC-%
aircraft and SAM treatment of all JT3D, 727~100 and 737 aireraft,

SAM treatment of oll JT3D aircraft ond REFAN treatment of ofl
JTED aircraft

Aircreft noise levels at 5, 10, 15, and 20 dB below current FAR 36
aireraft levels opplicable to all oir carrier aircroft operating ot

U.S. airports,

Secondary Alternaotives

Uniform percentage changes in fleet size
Changes in flight procedures (flight track scottar)
Changes in fleet composition

Night curfew

Total area within NEF 30 and 40 contours is evaluated as well as the impacted

land area for the three airports and subsequently opplied in the development of a nation-

wide impact model. For this study, the impacted land ored is defined os tha total arec

within a contour less the airport and water area within the some contour,

The results of this study and recommendations are summarized in Section 2 of

this report, The noise analysis and aviotion system onolysis elements of the study are

presented in Sections 3 and 4, Additional supporting dota are provided in the appendices.

)
Baseline aircraft assumes normel attrition end replacement forecost.

3



The conclusions and recommendations made in this report, although based on o
limited sample, cre believed to be representative on the broeder notional scale within
the constraints of the ossumptions applied,

Recognizing these limitations, however, the general conclusions ond change

in values of estimated noise impact are considered recsonable ta the year 1987 (assuming

no major technological breakihroughs or unforeseen societal changes oceur), The current

emphasis on fuel conservation could have an impact on the study results. However, the
consideration of the secondary alternatives, such as the effects of fleet size or fleet
composition, os discussed in Section 3, provide some insight into the possible effects

of a long range energy conservation progrom, Although fess confidence must be assigned
in the 26-year projection to the year 2000, the relative ranking of the effectiveness of
the various alternatives is considered sufficient to serve as o valid guideline for long

range research plonning,

It should be pointed out that this analysis of afrcraft/cirport noise impact
accounts enly for the principal component based on today's trends, mainly noise impact
around air carrier airports served by conventional takeoff and londing jet aircraft. The
additional components of aircraft noise impact atiributable to militory, general aviation,
or V/STOL aircroft ore not included in this study, With the possible exception of noise
impact from future V/STOL airports, these components are expected to be relatively

small compored to the problem considered in this study,

Finally, it must be emphosized that the estimotes of total impacted area should
be interprefed in terms of relative changes rather than ebsolute values. This qualification
is consistent with the basic infent of NEF contours as quontitive guides for planning and

not precise measures of noise impoct,

e e e e e o .
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2. CONCLUSIONS AND RECOMMENDATIONS

This section summarizes the principal results of this study and outlines some
of the problem areas which were beyond the scope of the study and which should be

evaluated in the future,

2,1 Conclusions — Primary Noise Reduction Alternatives

The primary noise reduction allernatives listed in the previous section were
evoluated in a series of scenarios of progressively greater noise reduction, This was
achieved by evnluating the cumulative effect of combining twe or more alternatives
with greater and greoter noise reduction polential. The effectiveness of each of these
scenarios is evaluated in terms of the total crea, exirapoloted to the nation, within

the NEF 30 and 40 contours for each time period,

Table 2-1 summarizes the number of aircraft for the years 1987 and 2000 for
which the SAM or REFAN Retrofit alternatives ore applied os well os the total aircraf

+ Jary
i o1l

-r
}
L

sd 3.0 !ll....s'-

operational alternatives currently under octive development or consideration which
were considered In this study, Note that while the time of initial effectiveness of the
various alternatives are only approximate, an attempt has been made, for this study, to
estimate the shape of the transition in noise-impacted orea between these initial years
and the year 1987. For the year 1987, the various scenarios of noise reduction alterna-
tives differ substantially in chsolute and relative effectiveness. By the year 2000, the
alternatives do not differ in effectiveness neorly os much from each other ner do they
achieve in total as much relative reduction. This is primarily becouse most of the
current technology qircraft will have been retired and replaced by quieter new tech-
nology aircraft which comply with FAR 36=10 limits. In this case, the relative benefits

of two~segment approach or power cutback are reduced.

Figure 2=3 illustrates the time trend for the nonspeeific improved technology
(circraft noise level) alternatives in combination with the 6°/3° glide slope and power

cuthack alterngtives. In this case, even with the substantial initial effectiveness of

e A g o ctrea e



Tohle 2-1

Number of Candidate Jet Aircroft for Each of the Retrofit
Options ond Tetal U.S. Fleet Size (From Reference 1 and 3)

MNumber of Aircmft
in Flee! Retrofitied Total
Technology Year Aircraft Typa SAM REFAN Flect Slze
0 1987 _Propc_llfi_ e L __-____.____E__H
T T T 4 Eng NB (707/0C-8) | 1m0 - 170
3 Eng NB (727) 34} 458 ¢o1le)
2 Eng NB {737/DC-9) 407 407 4920
TR IR e wa e | - - | e |
3 Eng WA (DC-10/L-1011) - - 1470
2 Eng WB (A300) - . 445
T T Teeasasea® T T TS T a0
v 557 - - 125
Totol 213 865 411
1 2000 Narrow Body 325
T T T T T T e | T T e
3 Eng WB - - =0
2Eng WR - - 400
W T T T T T w00 sea®t | - | T s
250-400 Secy(c) - - 1300
>400 Seors(d) - - 1300
v T T s T T ] R A T
Total 4500

Ml’ncludel aew alrcroft not condidotes for rotroflt,
Mﬂange, 0-500/560-2500 miles (short and medium range),
{hange, 500-2500 miles.

mﬂange, 52500 miles,
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the two operational procedures and the projected conversion of the entire fleet to
quicter aircraft, these alternatives show a high degree of noise reduction effectiveness,
particularly for the yeor 1987 when, without retrofit or improved technology assumptions,
there would still normally be a substontial number of aircraft in the fleet not complying
with FAR 35 levels, Mowever, it must be emphasized that the resultant impact data for
each altornative is an optimistic projection, i.c., the entire fleet meets or exceeds the
assumption criteria of the given point in time, Practical economics may, in fect, pre-
clude this from occurring, thercby siipping the effectivity date, Nevertheless, the
results of this projection indicate the potential for improved airport noise enviranments

ochievable in the future by various assumed alternatives,

Since no dala were anclyzed for the time period between 1972 and 1987 in
this report, the trend lines indicated in Figures 2-1 to 2-3 were estimated, using data
from the Wyle/DOT 23 Airport study as a basis.] For thot peried, the "B trend line
(Baseline Aircreft, 69/3° Approach) wos estimated for the 1978 and 1981 time periods
by extrapoloting the results of the 23 Airport Study to the nolion on the basis of equiva-
lent aircraft operations as explained in Section 3.2.2 and in Appendix A, Hoving these
estimates, values for the "A*" trend line (Baseline Aircraft, 3° Approach) were computed
for 1978 and 1981 by assuming that the percentage separation between these two lines
would be constont and the same as the percentage separation in 1987, A siraight line
estimate was assumed from 1972 to 1978 for the "A" trend line. The 6° /3% approach
alternative was assumed to be initiated by year end 1974 ond in full operation by year
end 1978. Points for the “C" trend line {Baseline Aircraft, 6°/3° Approach, Power
Cutbaclk (PCB)) were generated for 1978 and 1981, using the same percentage comparison
method with the "B" trend line, In a similar manner, the "D", "E%, and "F" trend lines
were constructed with points computed for appropriote time periods, For the trend lines
representing retrofit categories, points were estimated for the trensitional peried from
start of retrolit to completion, using the implementation schedulfe specified in Reference 1,
and lines were faired using these points to estimate the trends over the entire implemen-

totion period, For the irend lines representing the FAR 36-5 and -10 options, the
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SAM 3D/BD, 6°/3%, PCBtrend (line E) was assumed up to 1978 and the percent
accomplishment of the difference between the 1978 ond 1987 values was assumed to

be 20 percent by 1981, 50 percent by 1984, and 100 percent by 1987, It was ossumed
that the FAR 36-15 and -20 options would not be initiated until sfter 1987, Fer all

- cases considered, straight [ines were used to represent the trends between 1987 ond 2000,

The following explanation gives the ratienale for the trend variations in

Figure 2-3 between 1987 ond the year 2000 for the cases involving FAR 346-X,

There are three counteracting factors which can influence these trends in
tota] centour wrecs
- 1} A tendency to increase from 1987 to 2000 due to increased number of
operations. This influence is constant for a!l four FAR 36-X cases between

1987 and 2000 in Figure 2.3,

2} Atendency

n-‘
’

lo dacressa from 1987 1o 200D due to the normal attrition of

the noisier Level T and Il technology dircraft and replacement by the

3 quieter Level III technology aircraft, This influence is also constant for

all four FAR 36-X cases between 1987 and 2000.

SR

AL,y

- 3) Atendency in the FAR 36-X trend lines to decrease as X is increased
because the number of aircruft involved by each FAR 36-X lavel changes
from 1987 to 2000, For example, the imposition of FAR 36 ~5, and ~10

tevels would affect 26 percent and 90 percent of the fleet, respectively,

ot

]

in 1987 while these same levels would affect only 12 percent and 35
percent, respectively, of the fleet in the year 2000, One hundred percent
of the fleet would be affected by FAR 36 -15 or FAR 36 -20 levels in the
yeor 2000,

T ek - g B et
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The combined cction of these three factors results in the trends observed. The first

two factors nearly balonce out for the FAR 36 -5 level which influences a relatively
small pert of the fleet in both 1987 and 2000. For the FAR 36 -10 level, however,

a major part (90 percent) of the fleet is influenced in 1987 but much less (35 percant)

is influenced in 2000 so that the net effect of more operations and less aireroft affected
overrides the downward tendency from quieter aireraft and results in a net trend upward
in this case, The overriding infiuence of the FAR 36 ~15 and =20 lavels on all the flect

result in a net downword trend in both casas,

A desirablo national goal could be to reduce the impacted lond area within
NEF 20 {~ Ldn 55) contours to zero by the yeor 2000, Estimates of the impacted area
(excluding airport property and areo over water) within NEF 20, 30, and 40 are pre-
sented in detail in Appendix A ond are briefly summerized in Table 2-2 for NEF 20 ond
30 contours, Even with the FAR 36-20 aireraft noise level alternative there is an esti-
mated remnant of about 310 square miles of impocted lend within the NEF 20 contour
by the year 2000, However, this is a reduction by a factor of about 35 from the esti-
mated 11,000 square miles of impacted land within NEF 20 contours around air carrier
oirports today. The relative changes in estimated impacted land area in Table 2-2
clearly indicate the substantial downwerd trend in airport noise projected for the future
due to the present transition to quiter wide-body aircraft ond the foracast transition
to new technology (FAR 36-10) aireraft in the future. Thus, an effective long-term
rasolution of the problem of airport noise impacet will require additional noise reduction
developments beyond current technology in order to counteract the projected reescalation

of noise due to future air transport demand.

2,2 Conclusions — Secondary Noise Reduction Alternatives

The estimated total contour area, on a national basis, for various secondary
noise reduction alternatives in combingtion with the two=segment approach alternative,
is shown in Figure 2-4, These glternatives indicate the general sensitivity of the final

result to changes in some of the key ossumptions made in the study, o5 wel! as indicating

12
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Table 2-2

Summary of Estimated Impacted Area for Nation Within
NEF 20 and 30 Contours Expressed as a Percentage of
Impacted Area for Base Year 1972*

Alternative 1987 2000
NEF 20 NEF 30 | NEF 20 NEF 30
Mo Clange - Sase Aliciull 6% 72% 29% 2/%
6°/3° 65% &7% 20% 24%
PCB + 6°/3° 53% 522 249 22%
SAM 3D/8D 58% S1% 29% 27%
SAM 3D/8D + PCB, 4°/3° 39% 399% 24% 22%
SAM 3D, REFAN 8D +PCB, 6°/3° 25% 23% 23% 20%
FAR 34-5 + PCB, 6°/3° 20% 17% 20% 17%
FAR 36-10 + PCB, 6°/3° 10% 7% 16% 13%
FAR 34-15 + PCB, 4°/3° - - 7% 5%
FAR 36-20 + PCB, 4°/3° - - 3% 1%

“Bose impact areo for 1972 = 11,000 and 1,800 square miles inside NEF 20 and
30 contours, respectively, for nation, excluding oirport property and water,
Based on detoiled data in Table A-2, Appendix A,

13
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Estimated Totol Area (National) Within NEF Contours — Sq. Mi.

3000
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D - 50% Narraw Body Aircraft Reduction®
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E - 50% Narraw Body Aircraft Increase *
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Figure 2-4,

Sccondary Alternatives

Comparisons of Estimated Totai Area (National) Within NEF Contours Resulting
from the Application of Various Secondary Effzct Altematives for the Year 1987
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the effectiveness of night curfew alternalives. The substantial influence of the per-
centage of norrow body dircraft ond night curfew procedures is quite apparent, The
effect of flight trock dispersion, not illustrated in Figure 2-4, wos relatively small

for the lower noise levels. A 9-degree dispersion in takeoff or approach paths produced
a 3.7 percent decrcose in area within the NEF30 contour. These results are besed on o

simplified analysis and are only intended to indicate trends.

2,3 Recommendations

The results of this forecast study on noise impact cround the nation's oirports
con provide a useful imsight inte the effectiveness of many of the aireraft/airport nofse
reduction airernatives under consideration. it is recommended that an additional effort
be corried out to improve the utility and validity of these projections. The areas for

further study would include:

o Refinement of the secondary reduction alternative anolyses to evaluote,

more completely, the effects of variations in the basic study assumniiane.

o  Evalualion of trends in noise impact for the entire oviation system, i.e.,

include military (including joint use} and general aviation alrports,

o  Evaluation of effectiveness in terms of projected number of people impacted

using forecasts of population trends around a somple of airports.

e A more detailed evaluation of the amount of compotible land within pre-
jected contours for all of the nation's sirperts (f.e., refinements in the

national airport noise impoct model),

e A detoiled evaiuation of the potential effectiveness of a Fleet Noise Level
(FNL} toking into account the principle that the noise level of any given
fleet is a funetion of the engine noise of each aircraft in that fleet and
the total number of tokeoffs and lendings of each oircroft in that fleet:

1) determine the noise levels of each aireraft in thot fleet; 2) determine

the total number of operations (takeoffs and landings) for each aireraft

e — v b,



type for a representative 90~day periad; 3) caleulating FNL os a mean
logarithmic volue; ond 4)  establishing o precise limit on fleet noise
levels. The simplified analysis carried out in this study of several versions

of an aireraft poise limit indicates the potentiol benefits that might be

achieved by such noise regulations.,

16
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-3, NOISE ANALYSIS

The analysis of airport noise Impact is based on the development of contours
of equal Noise Exposure Forecost (NEF) around three somple airports (Los Angeles Inler-
natienal, St, Leouis, and Dulles), These results, in conjunction with the results of
Reference 1, were then utilized in the development of the national impact estimate,

The analysis is divided into three bosic categories of aircraft noise reduction effects,

1) Baseline fleet mix in which no changs in oireraft or operational
practices cccur except normal transitions to quieter aircraft that

have already been initiated and were extrapolated lo the future,
2) Progressive applicotion of primary noise reduction aiternatives,

3) Application of secondary alternatives in combination with the two-segment

approach,

The impact analysis Is based on actual operational date in the 1972 baseline
cens id ure Teed und epeiolivind fosecusls provided by R, Dixon Specs Associates for
1987 and 2000.3 Forecasts include type of aircraft (existing and new generation
replacement cireraft), aircraft mix, stage lengths, ond day/night ratios for eoch of
the three cirports, The baseline NEF contours for 1987 and 2000 were then modified
to reflect the five primary noise reduction alternatives. The 1987 case wos further
analyzed to reflect the secondary olternatives. Analyses were made of the total impact
area change resulting from the individual and cumulative effects of opplying the alterna-
tives, The impact was analyzed primarily in terms of the total area within NEF 30 ond
40 contours and included estimated areos down to NEF 20 (1.e., ~ Lin 55}, Additional
evaluation of the results provided an estimate of the impacted land area within these

contours exclusive of airport property and area over water,

17
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3.1 Noise Reduction Alternatives

The various noise reduction alternotives applied in this study are defined
below. The scenarios of progressive application of these alternatives, which were
used for the noise analysis, arc summarized in Table 3~1. A baseline set of contours
wos also developed for each time period, i.e., o reference base sitvation reflecting
no noise reduction practices against which all primory noise reduction alternatives
were compared, The reference condition for the secondary alternatives consisted of

the baseline airereft using o lwo-segment approach procedure.

3,1.1  Primary Alternatives

s Boseline

Using the operating levels for 1972 and those forecast for 1987 ond 2000,
it was assumed thot aircroft use ATA takeoff procedures defined in Table 3-2 and o

3° glide slope for all oppreaches.

¢ &°/3° Glide Slope

Using the operating levels forecost for 1987 and 2000, the aircraft were
assumed to use a 6°/3° glide slope on appraach, This procedure involves intercepting
the 6° portion of the glide slope at an altitude of 3000 feet or above, then descending
at o &% angle until reaching on altitude of 490 feet where the transition to the 3°
portion begins. The aircraft is established on the 3° glide slope at or above an alti-
tude of 500 feet. The 3° descent angle is maintained until touchdown, The procedure
is opproximated by straight line segments for the NEF computer program model as shown
graphically in Figure 3~1, Normal oircraft approach intercepts for a 3% glide slope at
the three study airports occur at 2500 to 3500 feet altitude, depending on the ground
track, For the 6°/3° glide slope procedure, the &% portion of the approoch is initiated
at a minimum of 3000 feet, This necessitates adjusting the entire traffic pattern existing
at each airport, so that the minimum intercept oceurs at 3000 feet, Therefore, the Intercept
altitude for 6°/3° glide slope occurs ct 3000 feet to 4000 feet for Los Angeles Inter-

notionzl and Dulles and of 2000 fozd for SE. Louls.

18
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Teble 3-1

Seenarios of Noise Reduction Alternatives

Noise Reduction Alternatives

Seenarios of Alternatives

) 1972 1987 and 2000 1287 Only
Primary v 2 afafs e[ 7[afo oz halieis]ue] v
Baseline - 3°, Appmach x | % [x l
Operational - é°/1°, Appraach xixfx|x|x{x|x [x[x{x|x {x[x}|x
= PCB, Taksoff Klw|x|xlulx [x [»
Narelle - 30 3 AR
Treatment - BD {All Tygos) . x
= 737/727-100 Qnly x
fefon - 8D X
« 727-200/DC-% Only X
Aircraft Nojse= 5 d3 X
Lawr)
(FAR36) ~10 db X
-15d8 {2000 only) x
~20dB (2000 only) x

Secondary

floet Size (£10 Percent Change)

Fleet MIx (450 Percent Change in Norrow Body Aireraft)

Dispersion in Flight Tracks {9 Deprect)

Night Curfew = No Narrow Body Nighttime Flights

Night Curfow = No Nighttime Flights

19
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Toble 3-2

Takeoff Climb Procedures with Reduced Power Setting

(from References 4 - &)

Segment | Paramotar ATA ALPA® FAR 36
] Alt s 0-1500 s 0-400' a 0=1000'~2 eng. or leds
i 0-700' = 4 eng.
Pwr » Takeoff e Takeolf ¢ Tokeoff
Speed e 2Va + 10 kh . V2 + 10 1o 20 kis vyt 10 kis
Flaps o Takeoff s Takeoff s Takeaff
2 Al « 400~ 1500
Pwr o Tokeolf
Speed s Acceleroting,
Flaps 5 & Retracting
3 Al » 1500-3000° & 1500- 4000 ¢ 1000' {mind-Jeng, orless
{Cutback) 700" (min)=4 eng.
Pwr s = Climb Pwr # Thrust required for s Thrust required for

one engine out
gradient,*”

level flight (one engine
out) but not less than
thrust for 433 gradient

Limed e =Wz tiCkn | o 2'10hn v Vil SH
Flops « Optimum s Up s Tokeoff
4 Alt a > 30co * > 4000'
Pwr s Climb s Climb
Speed s 250 kts o 210kt
flaps e Retract on « Up
Sehedule .

*Refer to Figura 3-2,
**Climb gradient ¥' (with one englne oul) not less than:®
1.2% Ffor 2-engine nircreft

1.5% for 3-angine alreraft
1.7% for 4-engine oircraft

U
Climb grodient (all engines operating) 4 = —:—}r +(W|-T)L2 {derivation from Appendix D

12.4% for 2-engine aircroft
7.3% for 3-engina oircraft
5,6% for 4-engine aircroft

20
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¢ Power Cutback

The noise abatement procedure, recammended by the Air Transport Association,
is currently used during takeoff at many air carrier airports, However, it wos recognized
thot this procedure does not provide os much noise reduction as a) the procedurs recom- ,
mended for o neise reduction power cutback {PCB) by the Airline Pilots Association
(ALPA} or b} the PCB procedure ollowed for a FAR 36 aircraft noise certification, The )
basic choracteristics of each of these procedures are summarized in Table 3-2 which

defines the flight parameters for each of the segments of the taokeoff profile illustroted

in Figure 3-2,

was that which just ollowed level flight with critical engine out. As illustrated in
Table 3-3, this procedure resulied in o varying climb gradient and thrust, relative to
maximum tokeoff thrust, depending on the number of engines. As indicated in the
last column, the average climb gradient during power cuiback for 2-, 3~, and
4-enyine aircraft was close to that given by o simple verodynamic performance model ,
developed in Appendix D which predicts that for all engines operating at the power

necessary to maintain level flight with critical engine out, the gradient is

: N ] DRA
Climb Gradient = 100 (m) (WT—") , percent

where N = number of engines.

The volues of the predicted grodicnts given in Table 3-3 are based on « typical K
lilt to drag ratio of 10 ta 1. The resulting ciimb gradient meets the FAR 36 requirements oo
for 2~ and 3-engine aircraft and is about 20 percent below the FAR 35 requirements for
4~engine aircraft, The gradienis are also about 35 to 40 percent below those indicated . i
for the ALPA power cutback procedure in Table 3-2, Although climb gradients for |

4~engine aircraft ore not exactly compatible with FAR 38, the difference in noisc impact

22 |
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Toble 3-3

Average Climb Gradient and Relative Thrust
During Power Cutback Condition

Vb Gradieni

Number oot -k
of Reduced Thrust . .
Engines Maximum Takeoff Thrust Average Predicted
(N) Minimum T,O.W. | Moximum T.O, W, % %
2 0.74 0.75 2.3 10
3 0. 61 0. 48 5.3 5
4 0,47 0.64 3.2 3,3

*
Average values for oll Level | and 11 {current technology) aireraft for minimum
and maximum tokeoff weight (T.O.W. )

**Predicted climb gradient = 100 [1/({N=1)1 (Drag/Lift} for.power setting equal
to that required to maintain level flight with critical engine out.
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is not large since 4-engine narrow body oircraft constitute less than 4 percent of the

total fleet in 1987 and even less in 2000, Therefore, the cutback procedure used here

is considered essentially cquivalent to that allowed by FAR 36,

The ALPA procedure corresponds to a climb gradient defined in Table 3-2,
Thus, the ALPA power cutback procedure would be expected to produce slightly less
noise reduction than that employed in this study, Based on the decreased reduction in
thrust that would be allowed, it is estimated that ALPA power cutback procedures would
produce opproximately 75 percent of the reduction in impacted area computed by the
power cuthock procedures followed in this study,

The bensfit of power cuthnek in tokenaff procedures is greotest in the 1972 1o
1987 period and diminishes as the year 2000 is approached, This occurs because ihe
JT3D and JTBD engine tokeoff noise cen be reduced significantly with power cutback,
After 1987, all circraft produced conform te FAR 36 requirements or better and hence

the benefit of power cutback decreases,

e Quiet Nacelle

The quiet nocelle or SAM treotment, analyzed in Reference 1, for current
technology narrow body direraft, was applied to all JT3D and JTBD gircraft in combina-
tion with eilher the standard 3° glide slope during opproach or the combination of the

6° /39 glide slope and power cutback on takeoff,

e REFAN

This condition was evalueted by applying engine REFAN modifications, also
evoluated in Reference 1, for current technology JT8D-powered nerrow body aireraft
{i.e., 727, 737, and DC-?) and applying the quiet nacelle treatment to oll JT3D air-~
craft (i.e., 707, DC-8), A second REFAN case was also developed by refonning only
the 727-200 and DC-2 airereft and cpplying the quiet nacelle (SAM) treatment to the
727-100, 737, ond oll the JT3D-powered aircroft,

2%
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s Aireraft Noise Level

Up to this point, the noise reduction clternatives considered have consisted
of available operational procedures or aeronautical system changes currently being
developed, In order to examine the potential effectiveness of further nofse reduction
steps, o series of progressively greoter reductions {i.e., -5 to -20 dB) relative to
current FAR 36 certification limits were explored, This study did not attempt to
determine the feasibility or practicability of achieving these arbitrary reductions in
aircraft noise levels, Rather, the ebjective was to develop a better perception of
the relative noise reduction value of these alternatives if, in fact, they were to

hecome availeble in future years,

The following procedure was used to evaluale the aireroft noise level alterna~
tive, The basic approoch consisted of uniformly reducing the noise level characteristics
of each type of aircraft by the amount necessary for the revised noise levels to conform
to FAR 36-5, =10, ~15, or -20 certification levels, Table 3-4 defines the epproximate
noise level, in terms of EPNL values relative to FAR 36 limits, for each type of circraft
and two FAR 36 measurement positions,* The relative EPNL levels are specified, in all
cases, for the baseline unmedified aircraft. Relotive EPNL values are also specified
for existing narrow body aireroft in the SAM or REFAN configurations, It ean be seen
from the dota in Table 3-4 that when SAM or REFAN alternotives are opplied, the
resulting aircraft noise levels would either equal or fall significantly below FAR 34
criteria for many oircroft types, For example, the 727 easily meets a FAR 34 -5 level
for the REFAN option ot all FAR 36 measurement locations,” Hewever, the same aircroft
would not meet a FAR 36-10 in the opproach aond takeoff 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 decreose in level would be required
to achieve a FAR 36 -10 limit, This 3 dB correction was applied {uniformly at all dis-
tances and ot all thrust levels} to the existing REFAN noise versus slant range curves’ to

achieve the desired FAR 36 ~10 limit on approach, This simple correction process to

*The sideline FAR 36 position is not listed since relarive FAR 36 aircraft noise levels

gt this point were always lass thea relative levels for approedh o Takeof positions,

25

e ST sy b e« e+ ra ek P

—hbre i et



Table 3-4

EPNL Values Relative to Current FAR 36 Limils, r:IB1
{All Numbers Calevlated from Noise and Profile Curves

2
in Reference 7 or Appendix B)

FAR 34 Position Approach Takeoif

, Alternative E E
Alreralt cg §1 E E % '!'xuj
DC-¢ +5 ] -2 +1 o] -7
737 +8 +4 -2 -2 -2 -8
727 + -1 ~7 0 -2 -8
DC-8 {Turbofan} +11 -3 +9 -2
707 (Tirhafan ) +9 -4 % -2
LC-10 -4 -7
747 -3 -3
L 1an -4 -4
2 Eng. Wide Body .3 -9
Leve! 111, Small =11 -16
Lovel [il, Widium =15 =1
Leval {11, Large -10 -10

]Plus (+} indicates EPNL is higher than FAR 3% limits while minus (=) indicates EPNL, is
balow FAR 36 limits.

2Thcse relative AR 36 levels were camputed on the basis of the following assumptions:

¢ 59°F day {not adjusted to 77°F FAR 36 standard day).

¢ On takeoff, FAR 36 power cuiback (see Table 3-2) applied for current narrow
body aireraft at 3,5 n mi point,

s Approach flap settings corraspond to actual {typical) values used in Reference |
which were bated an industry data,

o  Approach landing weight wos assumed to be maximum allowabls,

The relative FAR 34 lovels for current technology aorrow and wide body aircraft in

this table do not necessarily reflect tho latest certificoted or estimated FAR 36 noise

level data from FAA. These data show that SAM retrofitted aireraft can comply with

é FAR 36 (Reference 18), For example, the cartificated EFNL for 737 {SAM) aircroft
‘ on appronch with 30° flap setting is within FAR 36 limits (Reference 18).
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achieve a specified level below current FAR 36 requirements resulled, as expected,
in hypothetical aircraft noise characteristics which just met the desired limit at one of
the three certification points but usually fell well below the allowed limits at the
other points. This same process was follawed for each aireroft type end revised FAR
36 levels to obtain the hypothetical noise performance curves that would comply with
the respective lower FAR 36 limits, Note that, for the existing narrow body aircroft,
the retrofit configuration with the fowest levels (SAM er REFAN as appropriate) was
used arbitrarily as ihe starting paint to achieve levels below FAR 36 and further noise
reductions were then ossumed as required,

The resulting changes in EPNL level and the configuretion to which they
were applied te achicve the verious aircraft noize level olternatives are summarize
in Table 3=5. In all cases, each of these alternatives was combined with the 4°/3°

approach and power cutback altemative for evaluation in the program.

3.1.2  Secondary Alternatives

In order to evaluate the sensitivity of the results to small variations in some

of the key oir traffic parameters and to explore other possible oparational noise

reduction alternatives, the following secondary olternatives were evaluated,

¢ Fleet Size and Load Factor

The fleet size as projected to the year 1987 was modified by a factor of +10
percent. This appears to be o reasonable range of pessible error based on historical
forecasts and probabilities of air traffic demand (see Figure 3~3).8 For a constant
alr carrier passenger demand, the fieet size will vary inversely with the load factor

as expressed by Hthe formula:

Fleet Size (in number of available seats) = m‘%‘—;’?&

Thus, a 10 percent decrease in fleet size corresponds to a 10 percent increase in

load factor for a constant demand. In either case, the changes in fleet size or load
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Toble 3-5

LEPNL Corrections Applied Uniformly to Noise Curves ta
Achieve FARZ6~X Levels, dB

FAR 35-15 rFAR 36-20

Aircraft FAR 36=5 | FAR 3=10
DC~9" REFAN-3 | REFAN-8 REFAN-13 | REFAN-18
737" REFAN-3 | REFAN-8 REFAN-13 | REFAN-18
727" REFAN-0 | REFAN-3 REFAN-8 REFAN-13
bC~8" SAM~3 SAM-B SAM=13 SAM-18
707" SAM-3 SAM.-8 SAM-13 SAM-18
DC~10 -1 -6 -1 -16
747 -2 -7 -12 -17
L1011 N -6 -1 -6
2 Eng. Widebody -2 -7 ~12 -17
Level 111, Small 0 0 -4 -9
Level 11, Medium 0 0 -5 -10
Level 11, Lorge 0 0 -5 -10

*
REFAN and SAM indicate to which noise curve sets the given medifications
were applied, (Reference 7)
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Domestic Revenue Passenger Miles (Billions)
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Figure 3-3 Forecast of U,S., Domestic RPFM
(Certificoted Carriers, Scheduled Service)

{Data from Reference 8, 1972)
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factor were evaluated by varying the number of operations, assuming a constant

demand and constant fleet mix,

e Fleet Composition

The basic variation applied here was a +50 percent change in the number of
narraw body aircraft in the national fleet, It is obvious that the fleet size is signifi-
cantly affected through this manipulation. The fleet size was madified so that total
seats aveilable was maintalned constant by adding or subtrocting corresponding wide
body aircraft to make up for the change in the number and seating copacity of norrow

body alrcraft,

e Flight Track Scatter

Flight track scatter is demonstrated using o hypothetical airport canfiguration
but opplying the Dulles 1987 operating levels and aircralt mix, Two cases are evalu-
ated for o two-runway configuration — one runway perpendicular to the other, as shown
in Figure 3-da, The firsf cose repracsents o single rirnight in {opprocch) ond cut fohecf)
track for each runway, The second reflects 20 tracks for each runway, with 9 incre-

mental one-degree left and right turns on upproach ond tokeoff, asseen in Figure 3-4b,

»  Night Curfews

Two night restriction olternatives are evaluoted, The first reassigned all narrow
body aircraft operating between 2200 - 0700 hours to daytime (0700 - 2200) operation,
The second represents o total ban on night operations for all aireraft, reassigning these

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

remain constant,

3.2 National Medel for Noise Impocet Evaluation

The evaluation of the noise impact on the national level involved the following

basic steps.
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1. Sclection of a representative sample of airports for analysis. (The resources
for this program necessarily limited the approach to an analysis of a few of the 23 airports

studied in the Airport Noise Reduction Forecast program, ])

2, Extrapolation of the results for the sample airports to an estimate for
the nation.

3. Extropolation of the analysis carried out for total ereas within the NEF 30
and NEF 40 contours to estimate the total area within the NEF 20 contours, The lotter
MNEF value con be considered as opproximotely equivalent to the Day-Night Average
Sound Lovel (Ldn) of 55 dB recently identified as o possible lower limit {or outdoor noise

« ) o . , P 9
1o protect heaith ond welfare wirth an adequate margin of sofety.

4. Estimation of the area within the NEF 20, 30, or 40 contours excluding
airport property and water, i.e., impact area,

The first twa steps are treated Tn Hhis section since they represent the fweo
basic steps required fo obiain ihe fundomental foral arca vaiues within the INEF 30 or

40 contours, The remoining two extrapolation steps are discussed in Appendix A,

3.2,1  Selection of Sample Airports

Annual level of operations was the sole criterion for selecting a somple of
three airports for analysis. For the yeor 1972, Los Angeles International (LAX) was
considered representative of airports with greater than 250,000 operations, St. Louis
(STL) represented the airports between 100,000 and 250,000 operations, and Dulles
(IAD) represented those with less than 100, 000 annual operations. To examine validity
of this somple, data from the 23 Alrpert Study were used to relate the total area within .
the NEF 30 contour to the number of operations. These dota included the airports con-
stdered in this study, since the three oirports selected are port of the 23.] The general 1
agreement between colculated orees versus operations for LAX, STL, and IAD and the
correspanding least square regression lines computed for all 23 airports wos generally

good and impraved as one proceeded from 1972 fo later years ond as aireraft noise
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levels decreased {see Figure 3-5). This evaluation indicated that LAX, STL, ond

IAD represented a reasonable sample of airports to use in formulating a national model,
However, it also wes apparent that the most accurate estimate for a 1972 national bose-

fine would be best provided by using the data from Reference T for oll 23 airports,

3.2,2  Extrapolation of Results to the Nation

After considering several metheds for extrapolating results for the three cirports
to an estimate for the nation, the following simple scaling pracedure was chosen os the

most straightforward end practical for this study.

For any given year and alternative, the oren AN within an NEF contour for

the nation is estimated to be:

N
- N(eq)
ANT Aot | T square miles
Refleq)]
where
ARef = total contour area for the reference sample of airports for o given year
and nojse reduction alternative
NN(e y = total equivalent jet aircraft air carrier operations in the nation for the
9 specified year — assumed equal to the total air corrier operations minus
90 percent of the nonjet operations
NR(e y = corresponding fotal equivalent operations for the reference sample airports
9 in the specified year
The assumptions upon which this scaling pracedure are based may be stated
as follows:

1. The total area within a given noise contour is directly proportianal to
the number of equivalent (jet) aircraft operations, Thus, for two airports
with different number of total operations, but otherwise identical, the
total areas within a given conteur level at each airport is expected to
vary in direct proportion to the ratio of equivalent operations (evidence

to supnort this cancent is nresantad in Appendiv A},
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2. With one exception, chvious secondary effects en contour area for o
constant number of operations will tend to vary in random fashion over
a representative somple so that variations in the relationship between
contour area and equivalent operations between specific airports will
tend to average out over a large sample, i.e., the population of il

the nation's air carrier oirports,

3. The exception to neglecting secondary effects is to lump oll air carrier
oircraft into just two types — jet and nonjet — and to count the noise
impact of the latter by counting 10 nonjet aircraft operations as equiva-
lent to one jet aircroft operation, This highly simplified model for
equivalent operations is considered justifiable for this initial forecast

estimate of national oirport nolse impact,

For maximum accuracy in defining the 1972 baseline area for the nation, the

larger 23 airport sample is used as the reference samplo to define AReF and NR(eq)'

For the years 1987 and 2000, the three airports evaluated in this study are
used as the reference sample for consistency in future years, In general, .- ilustroted
in Figure 3-8, the correlation between the fotal contour areos for comporable cases for
the 23 and three airport samples is quite good, However, upon closer examination, it
becomes clear thot the total contour arca for the three airports (AS) is correlated better
with the orea for 23 cirports (A23) for 1987 cases only than for all of the years combined,
Furthermore, it was clear that for the 1972 baseline cose, the results for the thrae air-
ports would not be a reliable model for NEF 30 areas for the 23 airports and thus, similarly
unreliable for extrapolating to the nation. In summary, therefore, the 23 girport data
were used, with the preceding equation, to estimate the national volues prior to 1987 and
the results for the three airporis in this study were used for the years 1987 and 2000.

In all coses, the specific scaling factors employed are summarized as follows:
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Table 3-6,

Summary of Scaling Foctors Lked to Extrapolate

Results to Nation

sz\jfg;eif:e _Equivalent Jet Operations” Equivalei?jzr:ffNotion)
Year | Alrports | Reference Airports | Nation | Eguivalent Jets (Reference Airports)
1972 23 11,650 22,23 1.91
1978 23 13,722 26,623 1.94
1981 23 15,007 30,205 2.0
1987 3 2,499 38,493 15.4
2000 3 3,414 54,795 16.1

"
Equivalent Jets = lat Air Corrier plos 10 nercent of Propeller Afr Carriar Qnarations Por Doy
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4, AIRPORT/AIRCRAFT FORECAST ANALYSIS FOR U, S,

The airport operatians data base, as indicated earlier, wos derived from informa-
tion from the Wyle/DOT 23 Airport Study, I FAA aviation statistics, 2 and a specjal
sfudy,a which is contained in this report, conducted by R. Dixon Speas Associates,

The following paragraphs summarize the data and projections from these sources which

were used In this study;

4.1 Forecast of Fleet and Aimport Operations

The information in this section, prepared by R, Dixon Speas Associates, contains:

1. A forecast of the general types and numbers of transport aircraft expected

to be in operation in the 1J, S, oir carrier fleet in the yeor 2000,

2, A forecast of the numbers of daily movements of aircraft of each general
type expected to be operating in the year 2000 at Los Angelas Intemational, St. Louis,
and Dulles Airports,

The U. 5. fleet forecast is based on a prediction of continued advences in air=
craft technology, and without significanl changes in the natura of air transportation

services provided in response to a forecast of continuous growth and demand,

The airport operations forecasts reflect a prediction of continucd existence of
these major hub airports, growth in the average size of air carrier aireraft, and con-

straints on the development of airport capacity relieved by impraved operating efficiency

and acceptonce rates, *

4.1.1 Long Term Fleet Forecost

The farecast of the future makeup of the aircraft fleet proceeded with the
following steps:

1. Forecast of traffic demand

2,  Forecast of capacity required fo satisfy demand

*
Thus, for the purpose of this report in developing operational data for the year 2000,
airport copacity was considered to be unconstrained (improvements mode to toke
cure of new loods),
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3. Forecast of future aircraft unit productivity

4. Forecast of required fI

3. Forecast of dircraft categories in the fleet

eet size

e Forecast of Traffic Demand

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

the forecast (through the year 1987) developed by Speas Associates for the Wyle/DOT

Airport Noise Reduction Forecast Study, T

The new resulting forecasts coincide in the

year 1987 with those in Reference 1 and refiect conservative estimates of required air

corrier copacity by the yeer 2000,

e Forecast of Copacity R

equired

The required total fleet capacity, in available ton-miles (ATMs), was computed

using the following load factors:

Scheduled Domestic Passengers

Scheduled International Passengers

Nonscheduled

Coargo

Based on these dota, and a gradually decreasing rate of growth, the required

capacity through the year 2000 was estimated to be:

1980
1985
1987
1990
1995
2000

112 billion ATMs
185 biltion ATMs
218 billion ATMs
278 billion ATMs
385 billion ATMs

500 billion ATMs
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. Farecast of Future Aircraft Unit Productivity

Aircraft unit productivity (onnual ATMs per aireraft) has increased dromatically
in recent years. In 1940, the average aircraft productivity was about 5 million ATMs
per year and by 1970 it was about 18 miilion, reflecting the period of transition from
propeller aircraft to lorger, foster jets.

Unit productivity is forecast ta continue to increase, but ot a somewhat [ower

rate. The increose is mainly ottributable to:
= Continued increases in aircraft utilizotion (hours per aircraft per year)

- Sume additionul increuses in average airerafli speed (due, inturn, to
continued retirement of propeller aircraft in the near term and infro-
duction of 55Ts in the long term)

~ Increases in aircraft capacity, averaged over the fleet, from the present

leve! of about 20 tons to about 50 tons by the year 2000,

. Farecast of Required Fleet Size

The final estimares of the traffic demand and resulting estimotes of the toto] Fleet
size, calculated by dividing the total capacity required by the average unit productivity,

are given in the folfowing table,
Table 4-1

Forecast of Traffic Demand ond Fleet Size

-
Revenue Revenue

Passenger Cargo _ Average Annual

Miles Ton Miles | Cepacity Required | Unit Productivity | Fleet
Year | (Billions} | {(Billicns) ATMs (Biilions) ATMs (Millions) | Size
1980 450 17 112 34,4 3080
1985 730 30 185 45.5 4050
1987 850 36 219 49.8 4400
1990 1075 47 278 58 4800
1995 1470 &7 385 £9 5600
2000 1885 20 500 77 6500
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The method for applying these estimates of fleet size to the definition of
specific aircraft operations at the three representative airports has been developed
in detail in Reference 1. To summarize for this report, the development of estimoted
fleet mixes for each of the study airports involves three primary steps, The first step
Involves estimating passenger traffic and total operations at each airport, The second
step required that the projected distribution of the U.S. fleet be converted into a dis~
tribution of operations of the U.S. air carrier fleet. The third step developed dirport
mixes bosed on @ comparison of their present air corrier operations mix versus mix for
total U.,S. operations, and extrapoloted a general relationship into the forecost years.
The average oircraft size estimate for forecost years was utilized in this step as a general

controlling number. Detoils of the forecast aircraft categories follow,

4.2 Foracast of Aireraft Categories

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

characterized by five "levels of technology:"
e Level 0 (Zero} Propeller aircraft, bath piston- and turbine-powered,

o level | Turbojet and low bypass ratio turbofan aircraft based upon the

technology of the early 1960's, These are typlcally "narrow body" aircraft with normal

‘operating speeds in the Mach .80 to .84 range, Exomples are B707, B727, B737, DC-8,

and DC-92. New production of these aircraft beyond 1974, designated in the oirport
activity forecost tobles in Appendix C as "unspecified,”" were assumad to be equipped

with quiet nacelles (SAM),

o Level Il High bypass ratio turbofan aircraft based upon the fechnology of
the late 1960's, These are the current generation of "wide body" aircraft and their

expected ovolutionary developments. Examples are B747, DC-10, L~1011, and A,3008.
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o Level 11l Aircroft based on the technology of the later 1970's and
early 1980's. These ore assumed fo differ from the Level I and 11 families through
substantial improvements in propulsion, cerodynamic, and structural efficiency, as

well os advanced noise reduction technology. The changes assumed reflected these

imprevements.

e Level IV Supersonic transport aireraft in the Mach 2 to 3 range based
upon conservative evolutionary developments from the technology of the 1970's, (SST
oircraft noise impact was included in this study by assuming neise characteristics were

equivalent to current 4-engine narrow body turbofon aircraft with SAM retrofit. )

Figure 4-1 indicates the history and forecost of the distribution by category
of the U,S. fleet. The figures show the ropid displacement of the Level O (propeller)
aircraft by Level Iduring the 10 years, 1959 to 1969, The Level II oircraft are pro-
Jected to expand their shore of the fleet over the 1975 to 1985 period, but this wiil not
bo as dromatic a transition as was the initial changeover to jets becansa the ralative
improvements in vehicle productivity and efficiency of the total air carrier fleet will
not be so great. Beglnning in the early 1980's, the retirement of the older Level I jets
with 15 fo 20 years of service will lead to the introduction of new technology (Level III)
aircraft of small~medivm copecity, and by the late 1980's, lorge copacity oireraft of |
this same general technology level will begin to supplont the large Level 1T aircraft,
Supersonic transports (Level IV) ore forecast to be introduced in the early 1980's, grad- J

volly reaching about 450 aircraft by the year 2000,

Teble 4-2 summorizes the resulting estimate of the fleet for the yeer 2000,

indicating the forecast numbers of aircraft by size ond range category. .
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Table 4-2

Flect Forecast Summary Year 2000

- Technology Alrcraft Seating Number of
Level Size” Capacity Aircraft Stage Lengths
) I 90 to 200 325 0 to 2500 miles
!
LT | Small 200 to 300 400 0 to 500 miles
Medium 250 to 400 500 0 to 2500 miles
Large >400 600 =500 miles
- Hl Small 106G to 250 1,625 0 to 2500 miies
Medium 250 to 400 1,300 500 to 2500 miles
- Large >400 1,300 500 to >2500 miles
l
v 55T 150 to 300 450 >2500 miles
Total 6,500

*

Small  ~2+Engine
- Mediym ~3-Engine

Large ~4-Engine
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4,3 Forecast of Level 111 Aircraft Characteristics

Based on the projections given in the preceding section, two-thirds of the
U.S. fleet will consist of Level 11l aircraft in the year 2000, Therefore, it was

necessary to make seme assumptions about Level JIl aircraft noise and performance

characteristics,

4,3.1 Performance Characteristics

Although industry studies have been recently carried out on performance and
noise characteristics of udvanced technology aireraft, these studies were not con~
sidered applicable for purposes of this report. 10 Therefore, assuming potentiol
we ight savings due to improved structural design and material selection, and weight
savings due to improved propulsion efficiency and aerodynamic performance, it is
estimated that Level Il aircraff should have approximately the same cruise perfor~
mance capability as current wide body aircraft with the same payload and range but
with o lower maximum taleoff weight. To occount for the resulting improvement
in aircraft takeoff parformance, the climb ungles during takeoff for current wide
body (Level 1I) aircraft were modified to correspond to a reduction in takeoff weight.
The noise reduction due to increased distances fo the aireroft (higher tokeoff profiles
with larger thrust to weight ratios) or reduced noise output for lower engine thrusts
are assumed to be roughly simifar. The final takeoff profile curves seiected for the

Level [1] aircraft are shown in Appendix B.

4.3.2 Aircroft Noise Characteristics

The basic approach for estimating the noise characteristies of Level [II aircraft

consisted of four basic steps summarized below,
o Define a reference noise spectrum for current 3-engine wide bady oircraft,

e  Estimate the decroase in this noise spectrum for Level I cireraft assuming

a "quiet nacelle"~type treatment is incorporated in the latter,
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e  Use the modified sound spectrum, along with corrections, for duration
and propogation loss to estimate Effective Perceived Noise Levels versus

slant range for the reference (maximum thrust) condition,
¢ Empirically correct the levels to other thrust conditions and to 2- ond 4-
engine Level 11 aircraft based on corresponding data for Level 1T aircroft,
These procedures ore outlined In more detail in the following.

o Reference Spectrum — Level 11 Aircraft

The reference spectrum consisted of published one-third octave band sound
levels of a 3-engine wide body dircraft, normalized to o distance of 200 feet, an angle
of 110 degrees to the engine inlet, a moximum takeoff thrust ond stondard day conditions, ’

The resuiting spectrum is shown by the upper solid line in Figure 4-2,

o Reference Specirum — Level 111 Aireroft

It was assumed that the advonced technology (Level 111} aircraft would be
designed with noise suppression for the fan inlet and exit comparable to that achieved
by an advanced “quiet nacelle® system that could be employed. ™ Representative values

for the edditional attenuvation obtainable for this design were estimated in the following

manner,

1. The levels observed for the current 3-engine wide body aireraft (top line
in Figure 4-2) werc compared to predicted levels for the same engines without any
nacelle treatment using jet engine noise prediction metheds developed by The Boeing
Company. 12 This provided o meosure of the amount of fan noise reduction achieved .

with current technology aireraft,

2, The maximum total attenuation obtoinable with a quiet nacelle treatment .

wos then estimoted using nacelle attenuation prediction methods in the same reference.
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3. The difference hetween this latter moximum attenuation for advanced tech-
nolagy aircreft and that predicted from step 1 for current technology aircraft wos then
opplied as the incremental increose in fan noise reduction anticipated for Level 111 air-
croft, This approach insured that one consistent industry-developed method was used fo

evaluate only the incremental change in fon noise attenuation.

It wos also assumed that the jet noise portion of the current engine noise signo-
ture, in Figure 4-2, wos attenuated by an additional 3 dB. For refercnce purposes,
Figure 4-2 shows, in addition to the overall noise level for Level II ireraft, estimated
levels of its major components and, finally, the resulting estimate of the composite

ottenuated noise signoture for Level I1I aircroft,

™ Effective Perceived Noise Level Versus Distance

To obtain values of EPNL versus distance, the new refarence spectrum was first
used along with an improved air absorption propagation loss model e to compute maxi=
mum Perceived Noise Level {PNLM) versus slant ronge. EPNL versus slont ronge was
od from an crpirical correction between DPNL and PIHNLMW versws sianl
ronge, reported in Reference 12, which was derived from extensive experimental data
on current narrow body jet aircraft. The air absorption propagation loss medel actually
employod provides attenuation values nearly the same os those computed from the

industry standard for standard day canditions, 15

¢ Corrections for Varying Thrust and Number of Engines

The EPNL versus slant range values (at maximum tokeoff power for a Level [1]
3-engine dgircroft) were extrapolated to lower thrust levels using the some comporable
changes in EPNL noted for Level IT aircraft.7 The 3-engine noise curves were adjusted
for application to the 2-engine Level III aircraft by subtracting 1.8 EPNdB, which
accounts for the difference in the number of engines, For the 4-engine Level I air-
croft, the 3-engine noise curves wera increased by 3 EPNdB, which occounts for the
difference in the number of engines and the difference in maximum corrected net thrust,
The resulting final values of EPNL versus slant distance for Level 11l aircraft are given

in Appendix B,
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APPENDIX A

AIRPORT NOISE IMPACT ANALYSIS

This appendix outlines a procedure for extrapolating estimates of the total
area within NEF 30 or 40 contours to the orea within NEF 20 contours, The latter
value corresponds approximately to a Day-Night Average Seund Level (Ldn) of 55.9
In addition, a methad is defined for estimating the totel impacted arco which excludes
the portion within the airport boundary and area aver water, This method is then applied
to development of a procedure for estimating the total and impacted area for the nalien’s
alr carrier airports, The latter procedure includes the evoluation of the distribution of
air carrier airports, according to thair number of daily eparations, for the vears 1972,

1987, ond 2000. Finatly, the detailed tables of computed areas for the three airports

and estimated values for the nation cre provided,

Al Extrapolation to NEF 20 Arcas

By comhining deta from a few specific cases for the three airport semple
for which NEF 20 contaurs were computed with data from the Ajrport Noise Reduction
Forecast study, it was possible lo show the reletionship indicated on Figure A-1 for
enclosed area relative to the area within the NEF 30 contour, The average relationship
indicated in the figure Ts equivalent to a doubling of area within NEF contours for cach
decrcase of NEF by 4,1 dB or, olternaiely, an increase in area by a factor of dbout 2,33
for each decrease in NEF by 5 dB, On the besis of this scaling law, the oreus computed
for NEF 30 were increosed by a factor of 5,44 to obtain the estimate for areas within

NEF 20 using the equation shown in Figure A-l,

A2 Evaluation of Impacted Land Excluding Airport Property and Area
Over Waler

Drowing, again, on the detailed data from the Alrport Noise Reduction

Forecast Study in Reference 1, Figure A-2 shows the systemotic relationship obtained

between the sum of the total areas within NEF 30 to 45 contours for the 23 airports

A=l
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and the tolal impacted area which excludes airport property and area over water,
Note that this figure also includes the effect of verious alternatives and time periods

(1972 ~ 1987) on the rclationship between tctal and impacted areas. We will examine

this type of relationship in more detail later in this eppendix, The [incar trend shown .

in Figure A-2 for large values of total contour area can be fairly well explained in

terms of a simple model which weuld predict thet for the 23 virports, the impacted .
area is 72,4 percent of the total contour area in excess of a fixed minimum (nen-

impacted) area of about 89 squore miles representing airport property within the con-

four, The more complex equaticn shown on the figure (Equation A-~1) represents o

hyperbola which fits the nonlinear relationship between total area end impacted area

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

A3 Method for Extrapalation of Study Results to the Nation

The following technique was developed in order to extrapolate the results
of the alrpert sample considercd in this study (23 airports for the 1972 baseline and
3 aimports for the years 1987 and 2000) te estimated national values for totel and im-

pacted area, The technique involved the following elements to predict the total
contour arca,
» Estimate the profile of the nation's air carrier airports by number of

air carrier operations for the years 1972, 1987, and 2000,

o Estimate the percent of nenjet air camrier operatiens at each airport
(grouped according to number of operations), Add 10 percent of
these nanjet operations fo the jet air carrier operations to obtain the
“equivolent jel” operstions, .

o Estimote the total contour area for each airport cotegory sccording
to the number of equivalent jet air carrier operations,

e Sum up the total contour areas using the previously developed profiles

of oirports by numbers of operations,
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To estimate the total impacted land arca, the following additional steps
were taken: .

o Estimete the companents of nonimpacted area (i.e,, airport property
ond water orea inside the contour), It was found possible to roughly
estimate these nonimpacied area compenents by knowing the number of
air carrier operations ot un airport, and its general proximity to water,

o  Use the preceding profile of air carrier airporis (for 1972) to compute
the total impacted lond area for the 1972 baseline case for all of the
notion's airports,

o Use these results to modify results of Section A. 2 which were based on
the 23 airport date, to o form suitable for estimoting impacted land area

for all of the nation's airporfs,

The following considers each of these elements in mare detail,

A.3.1  Profile of tha Nation's Air Carrier Airports by Nurber of Operatiens

The total number of air carrier operations in the U.5. were forecast in
Reference 1 through the year 1987, Based on the additional ferecasts on air carrier
activity to the yeor 2000 discussed in Section 4,1, it was possible to estimate the growth
in air carrier operations to the year 2000 for the U.S, oir carrier fleet, Slarting from
o figure of 14,3 millien operaticns per year in 1987,% it was estimated that annual! opera-
tions would grow ot the rate of 2,6 percent per yeer to resch 20 million operations per
year by the year 2000.” This estimate was consistent with the forecast growth in air
carrier capacity {available ten-miles), unit productivity (aveilable ton~miles per air-
craft), number of air carrier aircraft and the corresponding slow decrease in the average

number of daily operations per circraft, as the size and trip [engths of the fleet-average

——
The forecast of total operations at the three sample eirports in this study increased
ot a rate equivalent to 2,4 percent per year from 1987 to 2000. For the purpose of
this report in developing operationa! data for the year 2000, airport capacity was
considered to be unconstrained (improvements made to take care of new loads),

A-5
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aircraft tend to increase. Severol variations on this empirical extrapolation of oper-
ations to the vear 2000 nroauced similar results so that a more detailed analysis was
not considered warranted.

The forecast trends in these parameters are shown in Figure A-3, The values
from 1987 on, including some previously listed in Section 4.1, are summarized as
follows. (Values for these parometers before 1987 may be computed or obtoined from

the data in Reference 1.)

Annual Average ATM U.s.

Operaigons Daily Operations (Annual Jotel) Fleet

Year x10" Per Aircraft x 10° Size
1987 14.3 8.9 219 4400
1990 15.4 8.8 278 4800
1995 17.6 8.6 385 5500
2000 20,0 B.4 500 &S00

With the knowledge of total operations, it was now possible to estimate the profile of

operations per airport using an extrapolation of alrport operations forecast data from

Reference 17. The latter provides values of actual (FY 1973) and forecast (FY 1985)

operotions ot each of the air carrier airports in the U, 5. This includes oll airports

with FAA control towers plus o large number of smaller airports without FAA coniral

towaers. The estimated cumulative distribution of these airports by number of opera-

tions per day in the study years 1972, 1987, and 2000 is shown in Figure A-4, The .
cumulative distribution is shown in terms of number of operations in logorithmically-

spaced jntervals for which the geometric center points differ by 10 to the 0.1 power.

The estimated distributions for the years 1972, 1967, aond 2000 were constructed
as follows, For 1972, the profile of operations for the 23 airports were used along with

values from Reference 2 for the oiher larger airports (32 or more operations per doy)., The
A-6
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operations for smaller airports were estimated by adjusting the F'.7 1973 distribution unti|
the totul integrated number of operations ot ell the airports agreed with the vaiue of
10.02 million operations per year cited in Reference 1 for CY 1972, The adjusiment

was a minor one and was only made to provide a consistent profile of operations for the
1972 baseline,
For the years 1987 and 2000, the FY 1985 profite of airports in Figure A-4

was adjusted by shifting the curve horizontally olong the percent axis, The shift was
just that necessary to change the mode of the distribution (i.e., the 59 percent point)
by the same ratio os the ratia of total operations forecast in Reference 17 for FY 1985
ond the desired tatal operations for 1987 or 2000, This empirical appreach provided

a new disfribution which, within 1 fo 2 percent, added up to the desired nuinber of
total operations, No further adjustment was made to try to eliminate the remaining
small residual errar in total number of operations, Furthermore, no attempt was mode
to include the addition of new, very small, air carrier airports in this distribution which
could occur as new cities are fermed, However, it should be noted that the forecast
distribution of airports for future yeors show a steadily increasing number with mere than
10 wir corrier operations per day, (i.e., 292 cirports in 1972, 319 in 1987, and 365 in
the year 2000), This is considered to represent the increase in airports with sufficient
operations to couse a significant noise impact, As shown lofer on, it wos estimated

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

" any significant noise Impact, This is due, Tn port, to the esimated higher proportion

of low=noise prop aircralt at such small airports, In future years, as prop aircroft are
replaced with jets, the decreasing noise levels of these newer jets will tend to minimize
any significant increase in noise impact for such low lavels of operations. Thus, while
there will undoubtedly be an increase in the total number of alr carrier airports in the
future, the incraose, over and above the number accounted for in the projections in
Figure A~4, is expected to occur in categories of very low operations per day below the
level of significant impact, When specific operations data had to be estimated (i.e.,
small airports for 1972 and all airports for 1987 and 2000), the total operations were com-
puted by the sum of the number (ni) of airports in a given (i'h) category of operations per

day multiplied by the geometric mean (Ni) of the operations per day in each i“caregory.

A-9
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Thus, the total for oll Gicports was simply

—
NT =2_, Ni e operations {A-2)
f=1

where the index 1 represents the number of categories

A,3.2 Nonjet (Propaller) Aircralt Qperations

Based on an analysis of the 1972, 23 airport sample and 1972 daircraft
troffic data for a 10 percent sample of the smaller airports, on estimate of the relative
number of jet aircraft operations wes made as a function of number of daily departures
for each interval in the airport distribution. As shown in Figure A-5, the estimate for
1972 ranged from & percent nonjet operations at the large airports with a smooth tran-
sition to 100 percent nonjet operations et airports with less than two eperations per day,
For 1987, the estimated shift in percent distribution of propeller aircraft was made so
thot the decreasa in total number of propeller operations predicted, aceording to the
forecost profile of total operations, corresponded approximotely to the values projected
in Reference 1 for total operations of prepeller aircreft (i.e., 0.3x 107 operations per
day in 1987). There were no propeller aircraft operations forecast by the year 2000

(see Section 4,2},

The nonjet operations were counted for this study, at 10 percent of their
actual value and added to the actuol jet operations to provide the total equivalent jet

operations os a conservative basis for estimeting impact from all air carrier aireraft,

A.3.3 Tota! Area Within NET 30 Contours Versus Equivaleat Jet QOperations

Using the 23 airport data from Reference 1, a regression line between tota!
areo within the NEF 30 contours {for 1972 baseline conditions) and total (equivalent)
jet operations for 1972 wos constructed, A correlation coefficient (1) of 0.839 was
obtained when the logorithm of total contour area (At) was plotted versus the log of

total equivelent operatians (Neq) to produce o regression equation given by:

_ 1.012
A, =0.097 (N, ) (A-3)
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However, as shown in Figure A-6, a simpler expression can be used which is based on

a forced linear fit of the data. This linear expression, which also assumes zero con-
teur area for zere operations, is given by:

Ay =OIN, (A-4) )

Such o linear scaling law simply expresses the concept thot tatal contour area would

vary directly with number of equivalent jet operations, The proportionality constant

would, of course, depend on 1he contour level and aireraft mix or noise reduction
alternative, This general trend towards a simple linear scaling iaw was observed for

other NEF levels and alternatives,

However, for estimating the tolal contour arza for other cases, for the naticn,
it is not necessary to define the particuler proportionality constont involved for each
case, Rather the simple linear sealing law defined earlier in Section 3.2 of the main

body of the text can be uted, This [ineor scaling of total contour area by the rotio of

eyuivaieint jeb operations follows imme

cited above,

A.3.4  Projected Total Contour Area for the Nation

Applying the techniques defined in the preceding paragraphs, including
the analysis of the airport/operations profiles, the percent nonjct operations, plus air-
port operating data for this study in Reference 1, produced the following figures for

total and equivalent jet operations for the nation and the two airport samples for the

study years,
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Total Operations Total Equivalent Jet

Per Day Operations Per Day
Year {Natian) Nation 23 A/P 3 A/P
1972 27,452 22,231 11,650 1605
1987 39,233 38,493 17,571 2499
2000 54,795 54,795 - 3414

These values of aquivalent jet operations were used, os specified in Section

A.3.3, to predict the national contour areas.

For the 1972 baseline case, the total sample areas employed from the 23

airport study were as follows;
NEF 30 1333 square miles
NEF 40 226 square miles

The total sample aroas from the three airports used in this study are sum~

marized in Section A.4 of this appendix along with the areas scaled 1o the nation.

A.3.5 Impacted Area for the Nation

Evaluation of the components of nonimpacted land area obtained from the
results of Reference 1 made it possible to define the following approximate predic-
tions for (a) the portion of airport property inside a contour in terms of total airport
proparty (A ) and total contour area (Af), and (b} the portion of contour area over

water (Aw) for airports near water,

A-14
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Airport Area - FAA Form 5010-2 records as of June 1, 1974 indicate
981 square miles of property area for 463 certificated c:lirports.]4 Thesa nationel figures
ond the specific property aress for 36 major U.5. airports with a total area of 201
square miles provided the basis for the following rough estimates for total property areas

within any of the naticn's ofrports in terms of total operations per day (N, .
N, = 180/dey, A =0.2+0.0086 N, mi. 2 (A-5)
. 2
Nr < 180/dey, Ap = 1.8 mi. (A-6)

These relationships are based on o rough opproximation of the airport property arca versus

operations data shown in Figure A-7,

Impocted Area for Airports Not Near Water - For all of the airports in

the 23 virport somple, when the areo over water (A)) was added (where applicable)
to the impacted tand area (A;), it wos found that this sum (equal to the total contour
area minus only the airport area within the contour) could be predicted for the total

of the 23 airports, or the total of the 7 smallest of these 23, by the following expression

3
A+ A, = [(.BAP)2+ (Ar)z] - 0.8, ,mi. 2 (A7)

As shown in Figure A-B, the curvilineur relationship obtained for small values of the
total contour area (A} is well defined by Equation (A~7) for either the entire sample
of 23 or the 7 smollest airports. Thus, this equation provided o good estimate of

impacted land area for any airport not near water (those for which Aw was zero) and

was applied 1o the detailed nationa! estimate of Impacted land area for the 1972 baseline.

Impacted Arca for Airports Near Water ~ Based, again, on the 23.uirporr

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

in terms of the total contour area, A . The following simple relationships, which

¢
depended on airport size, are shown in Figure A-9,
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For N 2 300 operations/day, Aw =0.41 A, squore miles {A-B)

For N < 300 operations/day, AW =0,14 At‘ square miles {(A=9)

From a rough sampling of about 250 of the air carrier airports, it was estimated that
ahout 21 percent are located near water with port of the ¢ontour areas lylng over water,
This proportion was applicd loter, along with Equations A-8 and A-9, in making the

detoiled estimates of impocted area.

Estimate of Total Impacted Land Area for 1972 Baseline - The preceding

techniques have been used to make a detoiled estimate of the impacted lond cres for
the nation for the 1972 baseline case, It wos unticipated that o simplified method
could be developed from this analysis which would be patterned after the simple approach

for estimating impacted lond area discussed earlier in Section A, 2,

The profile of airports by operations far 1972 and the resulting analysis of
the total contour area and impacted land area for the nation for NEF 30 is presented in
uble A-1. As indicuted, (he known results for the 23 airporis from Reference 1 are not
includad in the analysis. Thus, only the remaining 491 oir corrier altports (514~23)
were anolyzed for this bose case. The resulting estimate of total contour orea for the

nation within NEF 30, including the 23 airports, is 2589 square miles — just 2 percent

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

nation according to the rotio of equivalent jet operations. The total impacted land

area for the notion was computed to be 1854 square miles,

The some result for impacted land area could be obtained by adjusting
Equation A-1 shown in Figure A=2 which related total contour areo and impacted land
area for ol of the 23 airport study cases from 1972 to 1987, First, an adjustment was
made to increase the constant term (88.7) in this expression by the ratio of total opera~
tions for the nation to the total operations for the 23 airport sample. For the yeors 1972
to 1987, this ratio averaged 2,12 £0.08. The logic of this adjustment is that, as illus=

trated earlier, airport property scoles roughly as the number of operations and this
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constant {B8,7) can be token to represent the total airport areo inside the contours for
only the 23 airports. The second adjustiment was to increase the first constant (0,724)

in Equation (A-1) to 0.77 so that the resulting final expression produced the same
estimale of impacted land area (1854) as was obtained from the more detailed onalysis

in Table A-1, The logic for this minor correction is that the smaller airports are expected
to hove less contour area lying over water so that the net impacted area would tend to be
greater, The resulting final expression for estimating impocted area (Ai) in terms of total

contour area (At) for all the nation's airports is

{ .
A =0.77 I[Af%(m)z] T8 (e nife (A=10)

Since this typo of relationship proved valid for the 23 airports, 1t was considered valid

os a predictor for the national estimates of impacted land in this study,

The values for total and impacted land area for the nation are given in
Table A-2 for NEF 20, 30, ond 40, They were computed with the procedures specified
in the preceding sections of this appendix,

Table A-3 contains 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 corresponding notional estimates for Ihe secondary alternatives evaluated

_for 1987 only,
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Cperatianal Procedures Acoustic Linings Retenned Englaes Alrerolt MNolie tnvel MNELF NEF MEF
Year Feproach | Tokeodf SAM KEIF At FAR 34 20 30 0
[ [cusct | oo [av ] szzmoraen § zaasove-vton | -r [ -0 | 15 | -0 [Teral_fmpeci Tatal flmpact | Tota! i~ zac ]
1972 X 1460011000 2500 | 180 430 | 20
1987 |y 10050 7600 1e0a | 1290 380 { 150
% x| x a500| 4% oo [ 1100 70| 1o
X 9400{ 2790 1800 | 1200 350 | 190
Y. % . 7r00| LA0D 1400 { 942 30| 130
X X % % 5800] 4300 1oaq 710 240 | 90
X * X X X 410G} 3600 740 | 420 WD 54
X * X b JEI0| 2500 9| 410 o | 48
X X < 3069|220 550 | 300 o | 27
X % x 1600 1108 20| 120 s4{ &
X % Koo 708| 410 val A 25 b
X % Koo w0[ 120 4 8 nl o
2000 X 4300} 3202 wa| 420 160 | 4s
X Xl x 4300] 2200 790 | 440 160 | 45
® 4000] 2700 740 | 440 160 ] a5
% X 3800] 2800 s70| 390 10 45
X X X % 3600 2500 670 | w0 160 | 45
X X % X X 3500( 2600 830 aso 120 40
H X X % a400| 2593 830| 240 150 [ 40
® % % 3s0| 2200 s:0{ 300 o | M
X X X 2550( 1800 40 | 240 oI
X X X w 1200} 750 200 | B4 AN
X X X se0! 30 wo| 19 22 1

*Estimated impacted area cxcluding eirport boundary and arca over water, using Equation 10,

**These cases wera computed but wero not assumed to ba achiovab’e by 1987 {sce rex: ~ page 11},
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Summary of Rew Data Showing Total Aree Within NEF 30 and 40 Contours at Eoch Alirport

Tab'e A=3

(Area in Square Miles)

LAX 5TL IAD
Qperationol Procedures Acoushic Liningt Refanned Engines Alrezall Halse Leval Arca-s.mi, Asea=sq.mi. Adea-iy,mi,

Yeor Agpraach | Tokeclf SAM RLFAMN FAR M — NEF NEF MNEF
e lome ol 10 lpn | 737/737-100 | 797-200/0C -9 |_5'._n ST L <15 -no 3 | 40 2 |40 301 20
1972 x | §7.2 1 205 29.91 5.4 74.2 14,8
1787 X 45,4 2.6 8] 83 4,7 12,5
x 1A X 17.4 7.3 8.1 5.0 =054
X 12,2 9.7 25,8 5.1 43.2 17,2
X X i0.% 8.3 23,83 4.8 2?7.F 14,7
bt S X X 7.0 6.3 21.51 4.5 0.8 15,1
X X X X X 2,2 | 5.4 15,6 % 3.4 11.4 | 2.8
3 X x X 21,5 1 5.9 td.a | 3.t 9.5 2.1
" X ¥ 17,0 | 3.8 10,9] 2.4 7.7 n3
v | x % 87| 1.8 5.5 1.0 4.4 108
A X X 4.0 [ 0.9 2.6 0.5 W2 |02
b3 X X 1,7 .4 1.2) 2.2 0.8 10,1
w00 | 4 #a| 50 1.7] 2.8 1.3 ]as
% l(__ X 25,8 5.0 .7 2.5 11.3 | 2.5
b 3.8 4.4 Ih21 2.5 10.7 |2.5
X X 0.9 4.8 10.4| 2.5 0.3 [2.5
X X X % 10,91 4.8 10,41 2.5 10.3 | 2.5
x| % |x % X IR 9.0] 2.2 10,2 |2.5
A X X X 20,0 4,6 8.7| 2.2 10.2 | 2.5
X b4 X 17,21 3.7 B} 2,0 B.5 2.1
E X X 4.2 | 3.0 6.71 1.4 7.7 108
£ X X 8.0 1.4 1.5 0.7 .7 |0.6
b4 X > 3.1] 0.6 1.61 0.4 1.7 104




Table A-4

Results of Secondary Alternatives for 1987"""
{in square miles and rounded to 2 significant digits)

Totol Areg Inside Contours Mational Total MNational Impact

- Alternative LAX STL 1AD Area Areo

NEF 30 | INEF 40 ( NEF 30 [ NCF 40 NEF 30 | NEF 40] NEF J0{ NEF 40| NEF 30 | NLF 40 -
. Fleat ~ 10% 39.4 8.6 26,5 4.7 40,0 6.8 1400 310 1eoo 130
Fleat + 1094 44.9 9.8 ara 541 45.9 7.7 1900 350 1300 140
N.B. - 50% * 32.4 7.1 2.6 4.2 28.3 6.0 1300 270 840 100
M.B 4+ 507 52,3 1.1 kKA ol BME 11,1 2200 430 A0 o
: N.B. Doytime**| 28.2 5.9 21.7 3.9 14.3 3. 1060 200 620 &5
No Night 19.7 3.8 12,3 2.4 14,2 3.1 710 140 410 37
Flights

*  N.B. denotes narrews body jets.
**  Daytime = 0700 to 2200 hours.
*** Tha reforence for the olternotives is baseline aircroft, 6°/3° plideslopo for approach and standord takeoff procedures.
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APPENDIX B

DETAILED NOISE AND PERFORMANCE CHARACTERISTICS
OF ADVANCED TECHNOLOGY (LEVEL I1I) AIRCRAFT
UTILIZED FOR THIS STUDY

The assumptions for estimoting the neise and peiformance characteristics of
the Level U1 aircraft were discussed in Section 4.3 of this report. This appendix provides
the specific noise versus slont range and takeoff profile curves utiiized in the NEF
computer program for these aircraft. The corresponding data for the current technology

Lavel 1 ond Level Il aircraft are contained in Reference 1,

Figures B-1 through B-3 show the noise (Effective Perceived Noise Level in
EPNdB) versus slent distance curves for the 2-, 3-, and 4-engine advanced technology
afreraft respectively. Each groph shows the predicted noise level at several corrected
net thrust levels and includes, for comparison, the corresponding curve for the Level 11

(cutrent wide body) aircroft for one comparable corrected net thrust condition only,

Note that the moximum values of corrected net thrust shown on the graphs
{thrust/s) do not correspond to the maximum static thrust values normally associated
with the aireraft engines, Net thrust is a function of static theust and velocity of the
aircraft, At takeoff, conditions and velocity less than 250 knots, net thrust decreases
very rapidly with increosing velocity, For example, o typical wide body aireroft engine
has o static thrust of 40,000 pounds/engine at zero velocity and 100 percent rpm cor-
rected to normal atmospheric conditions, while the some aircraft after brake release
at 32 knots and 98 percent rpm hos o net thrust of 35, 300 pounds/engine; further, at
retation, 176 knots and 98 percent rpm, the net thrust equals 31,000 paunds/engine.

In most cases, the noise curves in the program for each of the existing aircreft
were calculated by the aircraft manufacturer from actual flyover measurements. These
test measurements were performed while the aircraft velocity wos 140 te 200 knots.
Nelse curves were constructed by the manufacturer from these data on the basis of

corrected net thrust and normalized to 160 knots, Noise lavels ot other thrusts were

e
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obtained by linear interpolation/extrapalation of corrected net thrusts. Note that
the noise curves for the Leve! 11 aircroft were computed from one analytical model,
outlined in Section 4,3.2, which is bosed, in part, on meosured data from @ 3-engine

(Level II) wide body oireraft.

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

advanced technology oircraft,

B-2
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Figure B-1, Noise Curves for Level Ill Technology ~ 2 Engine Aircraft,
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Figure B~2, Noise Curves for Level Il Technology ~ 3 Engine Aircraft.
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Figure B-3. Noise Curves for Level Il Technology ~ 4 Engine Aircraft.
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Figure B4, Tokeoff Profiles for Level 11l Technology, 2-Engine Alrcraft
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Figure B=5, Takeoff Profiles for Level Il Technology, 3-Engine Aircraft
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Figure B~b, Takeoff Profiles for Level 11 Technology, 4-Engine Aircroft
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APPENDIX C
AIRPORT ACTIVITY DATA

The airport operations data for Los Angeles International, St. Louis, and Dulles
Alrparts are given in Tables C~1, C=2, and C-2 respectively, Part (a) of each table
are actual figures with total operaticns based on FAA records for calendar year 1972,

while parts (b) and (¢} provide forecast activity data for 1987 and 2000 respectively,

New technology {Level I11) aircraft introduced before 1987 are included in
the 1987 operations forecast as unspecified (unspec, } Level | category aircrait. Nolse
characieristics [or fhese new aircralt are assumed equal 1o that for their corresponding

curient technology aircraft treated with quiet nacelles so as to not exceed FAR 35 limits.

c-1




Toble C-la

Airport Activity
Los Angeles - 1972

Departures by Stage Distonca (Statute Miles)
Aireralt Arrivals 0 500 1000 1500 2500 | 3500 4500 Over
Type* Day/Might**{ 500 1000 1500 2500 3500 4500 5500 5500
7208 D an 7 7 5 8 2
N 3 1 1 0 1 0
- 707-3208/C D 15 5 1 0 8 2
N 3 4] 0 1 0 2
707-1208 D kid 9 ] 5 22 2
- N 2 0 0 g 0
oC-8-30 D 5 0 0 2 3
N 1 1] 0 1 o]
pC-%-15 D 10 2 8
N 0 n 0
DC-8-55 D 3 12 | 1 15 2
N 14 3 0 1] 8 1
DC-0-61{-53) D 12 4 [ 1 4 0 1 0 2
N 10 0 2 1 5 2 i 0 V]
DC-9.32 D i0 4 1
N 1 1 0
DC-10-10 o] 15 1 3 2 9 1
N 2 0 1 0 1 0
L-1o1 D 2 0 0 0 2
N 0 0 0 0 0
YC-10 D 1 1] 0 1] 1
N 1] 0 0 0 0
707-120/-320 | D 10 4 0 0 0 2 ] 1 2
N 8 1 0 0 7 0 0 o 0
727-200 D 97 68 11 15 3
N 7 5 1 1 0
720 o] B 4 4
N 2 2 0
727-100 D | 42 15 5 & 14
N {13 4 2 1 [
737-100/-200 D Aé 41 5
N 5 4 1
747-100 D | 34 3 0 2 18 9 2
N é 0 0 1 2 3 o
CV 880 D 1 0 0 0 1
N ] 0 0 0 0
Turboprop D 12 12
(STOL) N 0 0

..... e " i e

- Excludus General Aviation and Military Cperalions,
* Day: 7:00 AM - 10:00 PM
Night: 10:01 PM - 6:59 AM
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Airport Activity Forecast

Table C-1b

Los Angeles — 1987

Departuses by Stage Distance (Statute Miles)
*ha
Aircraft Range es | Day 0 [ 500 [ 1000|1500 | 2500 { 3500 | 4500 | Over
Type* Copability Model Night | Asrivals | 500 [ 1000 § 15002500 | 3500 | 4500 | 5500 | 5500
737 D 23 21 2
N ] 3 2 ]
1 Short-Medium < DC-9 [») 1% 17 2
N 2 2 0
Unspec. D 21 18 3
N 1 ] [i]
7272-100 | D 10 4 1 i 4
I Medivm N 3 1 1 0 1
727-200 D al 57 9 13 2
N 6 4 [ 1 ]o
1 STOL Unspec. D 3 30 5
N 1 1 Q
707 D 7 3 4] 0 0 ! H 0 2
N -] 1 [¢] 0 5 0 0 [y 0
I Medium-Long { DC-8 D il 5 o] 0 [
N 3 1 0 0 2
\Umpcc. o 16 2 0 d jie V4
N 3 0 0 1] 2 0
Il Small Short-Medium  Unspec. | D 89 57 9 6 |7 !
N 19 8|35 1 |5 :
foc-to [ o | 15 1ja [2]8 [ I
N 2 0 ] 0 1 0 "
It Medium | Madivm JL—mn D 1 1(a3 |2 ]9 1 ;
N J 0 2 0 i 0 l
Unspee. | D [ 5) Blo |6 |3 ;
N 8 0 0 0 B i
pc-10 D 3 1 1] ] 1 ! |
il Mediom | Long N ! 0 0 0 !
Unspee. | D &9 ? 8 8 |39 5 :
N | 8 215 (o jo ;
1l Large Medlum-Leng 747 D 83 8 4 & |43 20 2
N |17 o4 [t )3 |9 o | :
|
*  Excludes Ganerl Aviatian and Mililary Operations, [
**  Models Indicaled as “Unspeceified” may include current aircralt and/or new airerafi not yet in production, :
v Doy; 7:00 AM - 10:00 PM
Night: 10:01 PM - &59 AM




Teble C=lc

Airport Activity Forecast
Les Angeles — 2000

Departures by Sloge Distance (Statute Miles)
Day** 0 | 500 [ 1000 [ 1500 | 2500 | 3500 | 4500 | Over
Aircraft Type™ [ Night {Arrivals { 500 |1000 | 1500 IQSOO 3500 | 4500 | 5500 {5500
I Unspecifiod |
(737/DC~9 D] 4 3 i
Type N 1 1] 0
with SAM)
1 Unspecified I
(727 Type D 7 5] 2 !
with N 2 2] v ! l
SAM} |
1 Unspecified i
(707/DC-8 D 27 (R 2 In
Type N 5 3 0 ]
with SAM) |
|
II Smalil D 47 38 ¢
N 9 5 4
II' Medium D 58 4 111 7 35
N 1 4 2 4
Il Large D 70 0 7 4 | 3 20
N 13 0 0 1 5 6 1 l
It Small D 190 75 | 115
N 35 19 [ 16
1T Medium D 173 12 | 33 21 1107
N 32 1 3 é 12
11l Lerge D 173 17 | 10 75 49 7 10 5
N 32 0 0 2 1 14 3 2
IV 55T D 1 0 0 0 6 0 0 0 5
N 0 0 0 0 0 0 0 0 0
*Excludes General Aviation and Military Operations.
Doy 7:00 AM - 10:00 PM,

Night; 10:01 PM = 6:59 AM,
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Toble C-2a

Airpart Activity
St. Loujs - 1972

Departures by Siage Distance (Statute Miles)

Aircroft Arrivals [ 0 i 500(1000 (15002500 ;3500 4500 Over
Type* Day/Night [500 [ 1000 | 1500 [ 2500 3500 /4500 | 5500 | 5500
707-320B/C D 2 0 0 1 0 0 1
N 2 0 0 1 0 0 1
707-1208 D 14 |10 2|0 2
N 3 1 i 0 1
DC-9-15 D 31 (30 !
N 4 ;2 2
DC-e-32 D &3 50 | 3
M 8 4 4
L-1on D 1 0 0 ]o 1
N 0 0 0 0 0
707-120/-320 | D 1 0 1
N 2 1 1
727-200 D 30 |16 |1 2 1
N 1 ] o |0 0
727-100 D 47 (26 |17 | 2 2
N 4 0] 2 |2 0
737-100/-200} D 3 ] 2
N 1 0 [
CV-880 D 7 2 3 ] ]
N 0 |0 (DO
BAC-TI1 D 5 5
N 0 0
Turboprop D 29 |29
(STOL) N o474

*  Excludes General Aviation and Military Operations,
** Day: 7:00 AM - 10:00 PM
Night: 10:01 PM - 6:59 AM

C-5

e i ekt s e

TR VR I



Toble C~2b

Aimort Activity Forecast
St. Louis— 1987

Deportures by Stage Distance (Statute Miles)
LL
Alreraft Range oo | Doy 0 | 500 [ 1000 [ 1500 | 2500 | 3500 | 4500 | Over
Type* Capabiiity Model | Might | Arrivals | 500 [ 1000 | 1500 [ 2500 | 3500 | 4500 | 5500 | 5500
737 D 3 1 2
N 1 (] !
! Short- Medium <DC.§ o 107 M é
N 17 9 8
Unspec. D
N
727-100| D 20 ] 7 1 1
I Medium N 2 0 ! ! 9
727-200( D &4 34 24 4 2
N 2 2 0 0 0
I STQL Unspee. D
N
707 o
N
I Medium-Llong <DC-8 b
N
Unspec. D
N
It Small Shert-Medium  Unspee, [ 35 19 13 2 1
N 3 o [ 2 | 0
DC-10 D 50 0 0 0 50
N o 0 o o] [¢]
Il Madium | Medium, -1011 o) 50 0 0 0 50
N o n 0 0 0
Unspec. D
N
DC-10 D
Il Medium |} Long ) N
. Unspec, [ D 12 0 0 0 12
N 0 0 o 0 0
747 b as 0 o w7 0 o 8
Il Lorge Medijum-Long N 34 0 ° 17 0 0 17
' Unspec. D :
N !
* Extludes Generml Aviation ond Military Operaotions,
i Models indicated a1 "Unspecified" may include current aireroft and/or new oircmft not yet in production.

"t Day: 7:00 AM - 10:00 PM
Night: 10;01 PM - &:59 AM
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Table C-2¢

Airport Activity Forecast

St. Louis — 2000

B T e L A S R R IE P e T S

2l

Depariures by Stage Distance (Statute Miles)
| Day** 0 | 500 1000!1500 2500 | 3500 [ 4500 | Over
Aircraft Type ™ | Night | Arrivals | 500 {1000 (1500 |2500 3500 [ 4500 | 5500 | 5500
I Unspecified ’
(737/DC-9 | D 17 7 l
Type N 4 2
with SAM)
I Unspecified |
(727 Type D 14 7 4 3
with N 0 0 0 0
SAM)
—
I Unspecified
(707/0C-8 | D
Type N
with SAM}
I Smail D 29 6 [
N 5 2
I Medium D 52 19 | 2 3
N 8 3 3 1
Il Large D 13 4 1 3| 3
N 2 0 0 1 1
11T Smel| b 118 30
N 19 7
1
I Medium ) 136 22 | 40 33 21 i
N 21 2 | 8| 5| 4 ;
1l Lorge D 28 0 g8 | 12 8 ! :
N 4 0 2 2 0 i
N ]
Iv SST a None ' '

“Excludes General Aviation and Military Operations.
**Day: 7:00 AM - 10:00 PM,
Night: 10:01 PM ~ 46:59 AM.
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Table C-3a

Alrport Activity
Dulles - 1972

Departures by Stage Distance (Statute Miles)
Abreraft Arrivals 0 | 5001000 1500|2500 | 3500 4500 [Over
Type - Day/Night *= | 500 | 1000 | 150023500 | 3500 | 4500 | 5500 | 5500
7208 D 1 0 0 0 1
N 0 0 0 0 0
707-3208/C D 6 3 0 0 2 0 ]
N 1 ¢ 0 0 1 0 0
707-1208 D 13 7 0 3 3
N 2 0 0 0 2
DC-9-15 D 1 é 5
N 0 0 0
DC-.8-55 D 8 3 ] 1 3
N 2 2 0 0 0
DC.-9-32 D 3 1 2
N 0 0 ]
DC-10-10 D 2 0 0 0 2
N 0 0 0 0 0
vC-10 D 1 0 0 0 0 0 1
N 0 0 0 0 0 0 0
707-120/-320 | D | 2 1
N 0 0 0
727-200 D 2 0 1 1
N 2 2 ¢ 0
727-100 D 17 é 2 9
N 2 1 0 1
737-100/-200 | D 3 3
N ] 0
747-100 D 4 0 ] 0 2 0.1
N 0 0 0 0 0 0 0
Turboprap D 2 2
(STOL) N 0

*  Excludes General Aviation and Military Operations,
** Day: 7:00 AM - 10:00 PM
Night: 10:01 PM - 6:59 AM
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Table C-3b
Alrport Activity Forecast

Dulles — 1987
Departures by Stage Distance (Statute Miles)
: Aircraft Ranze . | ooyt o | 500 [1000] 1500 | 2500 [ 3500 | 4500 | Over
Type* Caseaility Meodel Might | Arrivals | 500 | 1000 | 1500 2500 | 3500 i 4500 | 5500 | 5500
2 737 b 4 4
_M o 0
1 Short=-tedium {DC-9 ¢ 23 8 15
N D o 0
: Unspec. [ D
1 N
’ 727-100| D 23 8 | 2
H Medium N 3 2 0 !
727200 L (K} 7] 7 ]
M 13 3 1] 1]
: 1 S5TOL Unspec. ]
: N
B 707 D 17 § 9
;: N 0 0 o
1 Medium-Long DC-8 D n a1 | 2| 4
i N 3 .l o ol o
1§ . \Unspec. B 4 0 0 0 1] 1] 4
; N ] 0 Q 1] 0 0 0
, 11 Smoll Short-Medivm  Unipec, | D )] 7 1 3
e N 1| o] o
i pC-to | D 10 o/ o] of 10
; N 0 of of ol o
11 Medium | Medium <L-101 o] 8 0 o] 0 8
'7' N 1] 0 0 4] 0
{ \Unspac. D
b2 N
W 0
; bc-ta [ o 10 0| o] of 1w
§ Il Madium | Leng N ¢ ° o 0 0
H Unspee. | D 12 o| o o] 12
! N 0 0 0 0 0
ios 747 D 3 0 g o] 1w ] o ¢
[
] Il Large Medium=Long N ¢ 0 0 0 0 0 0
é Unspec. | D
N
%
. Excludes General Aviotion and Military Operations.
i **  Models Indicated oy "Umpecified” may include current alrcroft and/or new vircraft not yat in production.
{ ** Day: 7:00 AM - 10:00 PM
l Night: 10:01 PM - 8:59 AM




Table C-3¢
Airport Activity Forecast

Dulles — 2000
Departures by Stage Distoence (Statute Miles)
Day** 0 500 | 1000 | 1500 | 2500 |3500 | 4500 | Over
Aireroft Type™ | Night |Arrivals [ 500 "1000 {1500 ;2500 | 3500 [4500 | 5500 | 5500
I Unspecified . :
(737/DC-9 | D 2 2, ;
Type N 0 0 ;
with SAM) : E
I Unspecified i
{727 Type D 3 3 . :
with N 0 0 i
SAM) f
1 Unspecified
(707/DC-8 | D 22 g8 14
Type N 0 0 0
with SAM) .
11 Small D 19 16 3 !
N 2 2 0 .
IT Medium D 32 N 3 & 12
N 4 0 1 3
IT Lerge D 41 0 54115 7 14
N 5 0 i 12 ]
111 Small D é4 41 6 | 17 :
N 8 3 2| 3
MMediom | D | 53 | 6 15| 19! 4] 9 ?
N 5 o 1] 2 0 2 |
) ‘ ] T
1l Large D 60 0' 16| 028 | 0% 15
N 7 0 2 0 2 0 3
Iv §87 D o | ol of ot ol 0o &4
N 0 0| 0 o4 0 60, 0oi D0
Excludes General Aviation and Military Operuhons
“*Day: 7:00 AM - 10:00 PM,
thhr 10:01 PM - 6:59 AM.
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APPENDIX D

DERIVATION OF CLIMB GRADIENT FOR
ENGINE OUT CONDITION

Center of Gravity

Assume a simple linear first approximation modet of flight performonce for an aircraft.

Define the following porameters:

V = Velacity

T = Thrust

D = Drog

W = Weight

“# = Climb Angle

Then, summing forces through the center of gravity

T-D=-Wsin g = -:—V- d—g}’- , along the thrust axis

and L=-WeosAa=0 , normal to the theust oxis

D=1
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where

For unaccelerated climb %%’ =0

, so that these two

-D

equotions combine 1o give: sin A= I_W— , or, for small climb ongles,

sin 8 > tan @ = y = climb grodient

N = number of engines ond Fy, = net thrust/engine.

.. For one engine out, the climb gradient y' is

(N1 D
7"(w )FN N

Solving for the net thrust per engine,

Fr~1='|<iv'i'1(il.>+ 7)

Substituting this back in the equation for y gives:

{ N r\o
7'(N-l) y' (N-z T

which is the opproximate ¢limb angle for en engine thrust setting, for all

(N) engines, equal to that necessary fo maintain a elimb engle y* with

{N = 1) engines or one engine cut.

ratio (L/D) is assumed constont in all coses.

D-2

e L b A ot b i e

For this simple model, the lift to dreg
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