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ABSTRACT

A detailed analysis of cost effectiveness of two aircraft noise reduction alter-
natives was carrled out and the final results are summarized in this report. The alter=
natives consistad of: (1) modification of all civil air carrier aircraft having JT3D and
JT8BD engines, using quiet nacelles (SAM) treatment, ond (2} medification of all JT3D-
powered civil aircraft using SAM treatment plus all JTBD~powered civil aireraft using
new front fan (REFAN) treatment. Both alternatives also assumed standard use of o

two=segment approach procedure incorporating a 6°/3° glide slope for landing.

The analysis Included o detailed evalvation of noise impoct at 23 airports for

* the years 1972, 1978, 1981, and 1987 along with a detailed cost analysis of imple~

menting the altematives. Based on a time=integrated measure of relative reduction in
number of people or land area impacted within NEF 30 or NEF 40 contours, the cost
effactiveness of the SAM 8D/3D alternative is mora than twice that of the SAM 3D/

REFAN 8D alternative.
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1.0 INTRODUCTORY SUMMARY

1.1 Introduction and Orgenization of Report

Major changes to the civil aviation system have been initiated over the past
few years which have helped to counteract the gradual Increase in noise impact around
air carrier airports, These changes have included the instigation of a nolse certification
rule for jet.aircraft (FAR Part 38) .and the resultant infusion of quieter wide body
aircraft into the air corrier fleet. While continued progress toward alleviation of noise
impact around airports would be achieved by continuing this natural transition to the
quieter and more afficient wide body aircraft, the rate of progress is insufficient,
considering continuad growth in civil aviation operations dictated by ever-increasing
passengar capacity demand. From o number of additional noise abatement altarnatives
that could be applied to further reduce airport nolse impact, two have been selected
for detalled evaluation in this unique study iavelving analysis of noise impact around

23 of the nation's largest airports,

This report presents the detailed results of this study, This velume describes
the study method (Chapter 2), presents all of the significant findings on noise Tmpact
effactivoness of the altematives {Chapter 3}, the economic costs (Chapter 4), and
prasents the conclusions and recommendations (Chapter 5),  These are also summarized
in this chapter. Volume I1 {Report DOT=T5T-75-4) describes the speclal computer pro-
gram devaloped for carrying out the noise Tmpact enalysis and Yolume III, on file with

the Dopartment of Transportation, is the single archival copy of detailed backup data,

] 02 Reﬂulfs

Noise Abatement Alternatives

The two noise abatement alternatives analyzed consisted of the fol lowing:

1. Quiet nacelle (SAM) retrofit of turbofan aircraft equipped with
JT3D englnes (707, DC=8) and JTBD engines (727, 737 and DC-9).

1-1



2. SAM retrofit of JTID aircraft combined with new front fan (REFAN)
retrofit of all JTED aircraft,

For purposes of this study, the two-segment opproach pracedure, wherein a 6°/3°
glide slope is used by all aircraft, is assumed to be in standard use for all future~year

analyses.

Noise Impoct Analysis

The noise impact was analyzed at the 23 major airports shawn in Figure 1=1.
Daily jet operations from these alrports represent 53 percent of the total jet aircraft
operations by all principal U.5. corriers in 1972 and ore expected to represent about
46 pereent of the total by the year 1987,

The noise impact was analyzed for present (1972) and projected future (1978,
1981, and 1987) operations at the 23 airports taking into cansidaration potantial changes

in the air carrier fleet mix for each alternative studied.

The costs of implementing each alternative were estimated in terms of both
current dollars and present value using a 10 percent discount rate to 1974. Costs were

basad on:

8 [nitia) Capital Investment
¢ lost Time During Retrofit
# Change in Direct Operating Costs

Lost Productivity

The effectiveness of the noise abatement alternatives was measured by

computing:

¢ The decrease in impacted area within Noise Exposure Forecast (NEF) 30
and NEF 40 contours, end

1=2
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¢ The decrease in estimated number of pecple (based on 1970 census data)
residing within the NEF 30 ond NEF 40 contours.

The impacted area represented the total land area within & given contour excluding
aimport preperty.

As illustrated in Figure 1-2, this change in impacted area or number of people
impacted was evaluated over the 15-year time period (1972-1987) considered in the
study and expressed, for each analysis year, as a parcent relative to the baseline
impact (two~segment approach) for the same year if neither retrofit altemative was
implemented. Thus, the shaded areo in Figure 1-2 represents a measure, relative to
the total area under the baseline curve for 15 years, of the effectivenass of each noise
reduction alternative, This relative effectiveness, ‘axpressed o5 a percentage, is listed
an the second and third column of Table 1= for NEF 30 and NEF 40, The upper table
defines relative reduction in impacted land area while the lower table presents corre~
sponding measuras of effectiveness for people residing within the NEF 30 or NEF 40
contours. For example, application of SAM retrofit to JTID and JT8D aircraft
reduces the number of people within the NEF 30 contour integrated over the periad
from 1972 to 1987 by 14 percent. The total cost in current dollars of each altemnative

is shown in the next column.

Thus, the cost-effectiveness of each alternative can be evaluated simply in
terms of the percent effectiveness divided by the total dollar cost to "buy" the corre-

sponding benefit denoted by the shaded area in Figure 1-2 {see the last two columns).

Interpretation

The relative cost-effectiveness of the two altematives is clearly deflned by
comparison of values baetween rows of either of the last two columns in elther table,
Based on the cost-effectivenass figures in %/$B for reduction in population within the

NEF 30 contours, the altematives differ by the following raties:
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Alternatives .%%/'%B Ratio

s SAM 3D/8D 14.5 2.1
s SAM 3D 6.8 1.0
REFAN 8D

The other measures of cost-effectiveness show higher ratios of relative effective=

ness and in the same ranking.

The in-depth analysis carried out in this study has provided additional new
insight into the ovaluation of alrort noise impact. In particulor, the study shows that
substantlal variations in impact occur emong alrporis and only by examining a substantial
aggregata samplo can one reliably predict the effectiveness of any given noise reduc-
tion alternative. MHowever, once a detailed study such as this has been carried out, one
can axplore the abiiity to apply the results to the development of more efficient means
of evaluating cosr-t;Ffectiveness of othar aviation oriented envirenmental control systems,

Some specific recommendations to this end are summarized ot the end of this report,
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Table 1-1

Summary of Cost-Effectiveness for 23 Airports
(62/39 Baseline)

Impacted Land Area

Effectiveness Cost-Effactiveness
% Reduction Cost' %/$8  Reduction
Alternative NEF 30 NEF 40 B NEF 30 NEF 40
69/3°, SAM 3D/8D 17 24 0.967 | 17.6 24.8
69/30, SAM 3D 34 35 5.001 6.8 7.0
REFAN 8D
Population
Effectiveness Cost=Effactivenass
% Reduction Cost” %/$B Reduction
Alternotive NEF 30 MNEF 40 1] NEF 30 NEF 40
469/3% SAM 3D /8D 14 22 0.967 14.5 22.8
69/39 SAM 3D ' 34 37 5,001 6.8 7.4
REFAN 8D '

*
Current dollars for total program,
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2.0 STUDY METHOD

2. Study History

Noise impact created by aircraft operations at busy airports is o complex
phenomenon, The impact depends on a vast number of interrelated factors, involving
the number and type of aircraft in operation, their flight paths and procedures, the

arrangement of the airport, its runways and neighboring areas, weather patterns, ond

- changing aviation demands. This study was undertaken to analyze in considerable

depfh these factors for the U.S, carrier airports, and to predict the changes which

should result if certaln noise’ abatement actions were to be taken.

Analysis of complex systems is, by necessity, an iterative process. As this

study progressed, some of the assumptions made at the initial stages of the investiga-

“tion were modiﬁed or discarded.

These raexaminations end revisions were made on the effectiveness as well
as the cost side of the analyses pertaining to the study. In addition to changes brought
about by insight into the problem geined from initial results, other factors led to
revision of some of the initial assumptions. For example, some changes took place in
potential alreraft noise reduction technology as the study progressed. Changes in
economic factors and energy considerations also accurred during the course of the study.

The major elements of these changes in the study are summarized in this section.

2.1,1  Initlal Approach to the Study

The basic objectives of this study have not changed since its inception —
namely, to provide quantitative information necessary to evaluate the cost=affectiveness

of aeronautical and operational alternatives to reduce airport/community noise
incompatibility.

The initial plan for the study was generally as follows:

21



& Estimate the base level noise exposure at 23 U,S, airports, which encom=-
poss the majority of the population impacted by noise from civil aircraft,
and forecast the change in noise expogure due to a number of noise abate~
ment alternatives, As initially planned, these alternatives consisted of
a matrix of six operational procedure alternatives and eight aeronoutical

alternatives,

-8 Estimate the total cost of each noise abatement alternative, including

investment, direct operating costs, ond other related costs,

8  Relate the cost of these alternatives in terms of the reduction in noise
impocted aree and in estimated number of people residing within the

noise contours to the total cost of the alternatives.

Except for changes in the number and type of alternatives analyzed and minor
changes in the list of specific airports included in the study, the study hos generally

followed this initiai plan,

Previous Studies

Studies have been mode in the past of noise impact around @ number of specific
airports throughout the nation including, in some cases, evaluation of noise reduction
alternativas for current or projected airport operaﬂons.l's No one single study pro-
vided the necessary depth or detail required to meet the objectives of this program.
None hos been able to include the detail necessary to assess affects at o sufficiently
representative sample of octual airports, nor examined these effects in terms of number
of people impacted, Indeed, previous studies were often generalized in nature and
considerably limited in scope. Recognizing these limitations, the present study was
undertaken to gain the depth of detailed analysis necessory to provide valld comparisons
of cost-effectiveness. While two of these studies evaluated costs of proposed noise
reduction alternatives, the alternatives analyzed were not suitable or the supporting

measures of effectiveness (i,e., reduction in noise Tmpact) were not adequate.4’5
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Nevertheless, these prior studies provided very important and velid background infor=

mation in the following areas to guide the direction of this study.

¢  The variation in the degree and controlling source of noise impact from
one airport to another was clearly demonstrated so that o substantial
sample of airports was required to evaluate effectiveness of any scenario

of noise reduction alternatives.2r3

s A more sophisticated camputer program would be required for evaluating

efficiantly the detailed noise impact at such a large number of airports, i

® A more accurate assessment of noise impact at any one alrport should be
made to account more realistically for aircraft performance choracter-

istics, airport flight operations, and number of pecple.

¢ Estimating costs of implementing any alternative would require a
detailed evaluation of el pertinent economic factors involved, and

should be based, again, on a substantial sample of airports.

s Relative effectivenass of a set of noise reduction alternatives does not
appear to be sensitive to reasoituble perfull'baﬁons in fleet mix, level of
operations, or day-nfght split.ﬂ' Thus, unavoidable uncertainties in pro-
jections of aviation operations to future years would not iphibit the ability
to make valid relative rankingsff.pf noise reduction alternatives,

In summary, then, the prior studies indicated the need for improved analysis

methods or more detoiled engineering and econemics dota to accomplish the purpose

of this study. Therefore, the initial effort in this study was directed toward the develop-
ment of improved noise impact analysis methods and a detailed economic and engineering
data base for application to the program. The next sections of this report summerize the

results of this work before presenting the details of the final results,

In addition to the initial definition of study methods, several basic assumptions

or ground rules were established at the beginning of the progrem. These included:

2=3



¢ Selection of the 23 airports

»  Selection of the years for future projections

#  Selection of the candidate noise reduction alternatives

¢ Selection of a measure of effectivensss for aircraft noise reduction
s Definition of economic criteria for the cost studies

These initial considerations or ground rules are discussed in the following

paragraphs or later on [n Section 2,

2,1.2 Airport Selaction
From a preliminary examination of airport noise impacts, 23 major U,5. con=
tinental isports were selacted to represent o majority of the people residing within

the NEF 30 and 40 nolse exposures (see Section 2,3 for definition of NEF contours).

This list of 23 airports excluded several major airports which are primarily
surroundud by compatible farm tand and woods, or are in the process of transferring to
a new campatible site, The list included a few smaller airports which are partially
surrounded by residential neighborhoods, together with Washington -« Dulles and Chicago =
Midway, which may be of special interest in future years. 1t is estimoted that the 23
airports sel ected accounted for @ majority of the people and impacted land within the
MNEF 30 contour in the United States as of 1972, The 23 alrports selected are |isted alpha-
betically in Table 2, 1=1, along with their daily air carrier operations and airport area.
Their geographic lecations were shown earlier in Figure 1-1, Table 2.1-2 summarizes
the relative proportion of total operations of the principal U, S. air carriers that occur

at the 23 airports.
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Toble 2, 1~1
Summary Characteristics of the 23 Airports

Dally
Operations Alrport Area
No, Alrport {Code) | No.™ [ Renk sq ml **
1 Atlanta = Hartsfield (ATL) 1136 2 6,56
2 Boston « Logan {(BOS) 550 10 3.72
3 Buffalo (BUF) 204 | 33 1,56
4 Chlcago = Midway (MDW) 14 | 55 1.0
5 Chicogo =~ O'Hare {ORD}) 1592 1 14.06
& Cleveland = Hopkins (CLE) 346 17 2,30
7 Denver = Stapleton {DEN) 522 12 6,21
8 Dulles - International {lAD) 148 | 38 15,59
9 John F, Kennady (JFK) 874 4 8.12
10 Lo Guerdia {LGA) 798 5 0,91
n Los Angales = International (LAX) 1018 3 6.0
12 Miami = Internotional {MIA) 658 8 4,21
1 Minneapolls = Wold Chamberlain | (MSP) ol I 1 4,58
14 Newark {EWR) 478 | 15 3.38
15 MNoaw Otleans = Moisant (M5Y) g | 2 2.34
16 Philadelphla = lntarnationol {PHL) 476 | 16 3,90
17 Phoenix = Sky Harbor (PHX) 212 | A 2,55
18 Partland ~ International (FDX)} 222 30 4,69
19 San Diego = Lindberg {SAN) 208 | 3z 0,76
20 San Froncisco = International {5F0) 780 & 8,13
2] Seattla = Tacoma (SEA) 300 | 22 2,81
22 St. Louis = International (STL) 504 13 2.89
2 Washlngtan = Natlonal (DCA) | _é00 9 1.01
Tota) 12458 107,3

* Aanual Average Doily /Alr Carriar Operations = CY 1972 (See Sectlen 2.4).

** Lond Area insido Afmport Property Boundary = FAA Alrport Facilities Recards,
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Table 2,1-2

Proportion of Dally Operations of Principal U.5, Corriers
Represented by 23 Airport Sample

Percent of Operations
Year (Jat Aircraft Only)
1972 53
1978 52
1981 50
1987 46

It is apparent that the 23-airport sample will represent more than 50 percent
of the tatal U, S. air carrier jot operations for the years 1972 through 1981 and will
tend to represent slightly lass than 50 parcent in the year 1987.

2,1,3 Solection of Future Years

As discussed in more detail in Section 2,7.2, the projected implementation
schedule of the twe principal noise reduction alternatives colled for:

s Completion of quiet nacelle retrofit with sound absorption material(SAM)
for all civil air carrier aireraft operating from 1, S. airports by the end
of 1978.

o Completion of rafan retrofit of all turbofan civil air carrier
gircraft oquipped with JTBD engines, oparating from U, S. airports by
the and of 1981,

Thus, the years 1978 and 1981 were used as intermediate future years for

the analysis, A reasonable projection of 6 years beyond 1981 was provided
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with the selection of 1987 as the final year ~a span of 15 years from the initial

starting year of 1972,

. 2.1.4  Selection of'a Measure of Effectiveness of Noise Reduction Alterpatives

For purposes of this study, the impact of aireraft noise around U.S. eirports
was represented In terms of Noise Exposure Forecast (NEF).B This scale is generally
accepted as the best representution of civil aircraft nolse impact, and has evolved

over the post decade specifically for this purpase. Several other concepts were con-

~ sidered for use as @ measure of effectiveness to compare noise reduction alternatives.

For example, an NEF«to=annoyance transfer function was considered for establishing a
single Integrated measure of-impact for an airport 110 However, this approach was
considered premature for adoption to this study, A "single number" measure of

impact can therefore be provided by any of the following quantities:
s Impacted area within the NEF 30 or the NEF 40 contour
s Number of people residing within the NEF 30 or NEF 40 contours

¢ Decrease in area or number of people impacted relative to a baseline

condition.

For this program, impacted area consisted of all land area within a given
-
contour exclusive of area within airport boundaries. Areas over major bodies of water

wero therefore excluded, The numbers of pecple impacted were based on 1970 census

. data without provision for change in future population density or distribution.

For any 1 year, the effectiveness of any noise abatement alternative was fo

be evaluated in terms of the change in totcl impact for all 23 airports relative to the

baseline value. For the final cost-effectivaness evaluation, an integroted measure of
the estimated effectiveness over the 15-year time period of the study was used. This

is discussed in more detai! in Section 2.8.3.
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2,1.5  Study Review and Redirection

A bosic element of this study was the substontial exposure of initial assump=
tions ond input data on economics, aircraft noise, and performance for review by other
government agencies and industry. The sequence and general content of some of these
ravlews are summarized in Appendix A, This outside review provided o useful channel
for constructive recommendations concerning the direction of the study in its early
stoges.,

Following completion of preliminary noise impoct una[yses” on the six lergest
airports and preliminary analyses of the cast of the various alternative,12 the study was
madified, This redirection wes hased, in part, on the above preliminary results and
outside review and in part, on results of changes in associated Federal research and
development programs and airline industry plonning. The major effects of these changes

were to:

®  Change the scenario of nolse abatement alternatives analyzed to those

discussed in detail in the next section {2.2),

s  Replace the year 1985 employed in the initial study with the years 1981
and 1987,

®  Reploce any outmoded nolfse or performance data with the most recent

availeble data. The final sources of data are identified in Section 2,3,

®  Revise a substantial portion of the input data or ground rules for the cost
analysis and airport operations, (The procedures used for this report are

outlined in detail in Sections 2.4 through 2,7.)

The general intent and content of these changes were communicated by DOT

to affected government and industry groups for comment prior to their adoption. 13

2-8



S WL ST

2,2 Noise Reduction Alternatives

There are a number of alternative methods of reducing the neise impact of air=

craft operations in the vicinity of airports. They can be subdivided into three categories:

»  Qperational Alternatives (Flight procedures which minimize noise)
s Aeronautical Alternatives (quieter aircraft)

¢ Ajmort Alternatives (aimort design and adjacent land use)

This study wos concerned only with the first two cotegories, both of which are
subject to research and development ond regulatory actions by the Federal Government,
and invelve implementation by o combination of the air trensportation and aircraft
manufacturing industries, The third category involves optimizing both the development of
the airport and its surrounding land use and the operational utilization of its facilities
to minimize noise impact. It is primarily subject to local control and was not considered
an appropriate varioble for analysis of the national air trensportation system, By neglect=
ing ony possible noise reduction achievable by "fine tuning " operations at each airport,
the results of this study are on the conservative side. More impartantly, the results wiil

provide o valid relative ranking of the effect of the alternatives considered.

2.2,1  Operational Alternatives

Originally, the operational alternatives te be considered in this study were os

follows:

& Current operational procedures

) 'Appraoch altitude at 3000 feat to o 3° glide slope

o Approach altitude at 3000 feet to a two=segment (69/3°) glide slope
#  Noise abatement takeoff

#  Combinations of the above

For the initial studies with the first six airports, the number of operational

alternatives wos reduced to the first three in the preceding [ist,11 These three alternatives
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were dafined for each of the principal aireraft types. The results of the preliminary
analyses indicated that use of a 3000-foot minimum approach altitude did not provide
sufficient effectiveness to justify its further inclusion in the study. This report contains
the results of applying only the standard approach procedure for the 1972 baseline cases
and the 69/39 two~segment opproach for all future-year cases. Two special considero-
tions should be pointed out. (1) Standard approach procedure at some airports invalves
the use of o constant vectoring altitude before intercepting the 3° glide slope. This
was used only for those airports where it was applicable. (2) The 69/3° approach pro-
cedure, which assumed o transition altitude between 6° and 39 of 690 feet, was opplied
uniformly at all aimports without regard to possible limitations or modifications that
might be required for safety reasons at some airports if the 49/3° approach procedure
were actually used routinely. It was assumed For this study that the necessary ground
and aircraft equipment could be installed and the 62,/39 procedure fully implemented
s the standard air carrier approach procedure by 1978.14 Specific details on opero~
tional paromaeters assumed for this procedure are discussed later in Section 2.3 along

with a description of the procedure used for takeoffs.

2,2.2 Aecronautical Alternatives

A list of the preliminary aeronautical alternatives which were considered for
inclusion in this study is presented in Toble 2,2-1. As with the operational alternatives,
subsequent changes in research and development programs plus the results of the pralim=
inary six=-airport study reduced the number of aeronautical alternatives to the two
identified in Table 2.2=1, This report contains the results of the application to all 23

airports of these aeronautical alternatives which-are under active consideration.,15-18

2.3 Noise Impact Analysis

Recent reviews of methods for characterizing community noise levels have gen-
erally agreed that desirable attributes of a valid scale for assessing noise impact around

airports should include the following:! 7,20
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Table 2,2-1

Aerontutical Nolse Reduction Alternatives Initially Considerad,
Including Those Analyzed for Preliminary Study for Six Airports!!

Approximate Parcentage
of U, S. Fleet Retrofitted

Alternative and in Operation in 1981**

100 (3217 Aircraft)

SAM 3D 1

SAM 8D 37
[ SAM 3D and 8D * 48

REFAN 8D 26

REFAN 727, SAM All Else 40

SAM 3D, REFAN 8D = 36

REFAN 3D and 8D 38

* Alternatives used for this study on 23 airports

**Ectimated from Table 2,7-1 and Reference 11
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¢  Relate accurately to human response to noise

e  Provide a cumulative measure of exposure over a long period of time
¢ Be suitable for application to mathematical medeling

s Relate to noise scales or criteria used in regulatory action for the noise

source

& Be consistent with noise scales for which a suitoeble dota base on aircraft

noise is available,

Other attributes reloted to ease of measurement or understandability to the
layman do not necessarily apply for this study, since noise assessment is to be predicted

analytically and represented in comparative terms.

Although there have been @ large number of different schemes devaloped over
the years for evaiuating aircraft noise '8,20, 22,23 the Noise Exposure Forecast (NEF)
scale was considered the most suitable for application to this study. It is besed on a
time-integrated measure of the noise level for each single event or aircraft flyby
expressed by the Effectiva Perceived Noise Level (EPNL). The latter has been shown
to provide a valid objective measure of subjective response to aircraft noise under con-
trolled [aboratory conditions.24 It appears to aceount well for the frequency response
characteristics and time duration sensitivity of human audition for aireraft sounds, Fur=-
thermore, since EPNL is the noise scale used in FAR Part 36 for aircraft noise certifica~
tion, an extensive data base of aircraft neise in terms of EPNL versus slant range was
available for this program. Well documented or experimentally validated data, based

on other noise scales, were generally not available,

In addition to the preceding reasons, further support for using NEF contours

for this program is pravided by the following rationale:

&  NEF values, like other Hme-integrated measures of noise, represent

smoothed ong~term measures of the noise exposure
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®  NEF contours are relatively insensitive to small changes in traffic volume

8 Total aimport activity is relatively stable over periods lasting several

months

¢  Available information seems to point to the use of lang-time average
noise levels rather than noise levels based on relotively infrequent peak

periods to assess community response to aircraft noise.

2.3.1  Aircraft Operatlons and NEF

The NEF 30 and NEF 40 contours were selected as criterion levels for this
study based on the following generally aceepted interpretation of these values for land

use planning:

¢ Less than NEF 30  — Essentially no complaints expected; noise may

interfere with community ectivities,
& NEF 30 to NEF 40— Individuals may complain; group action posstble,

®  Greator than NEF 40 = Repeated vigorous complaints; group action

_expected,

For any point on the graund, the value of NEF can be conveniently expressed

as:

NEF = EPNL + 10 [og (Ng +16.7 Nn ) - 88

whare

EPNT

]

enorgy average EPNL of all aircroft contributing to the nolse

input

Nd, Nn = number of flights during the day (7 AM= 10 PM) and night
{10 PM=7 AM) respectively

Thus, NEF increases as the logarithm of the number of operation increases.
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“The total aircraft operations established for this study are representative of a
long-term {onnual) average day, The numbers of aircraft movements forecast for

each of the aimports are given in Section 2.6.

2,3.2  The NEF Computer Program Mode!

The.devélopment of NEF contours (isopleths of equal NEF value) representative
of the aircraft operations in and around an airport complex requires the evaluation of a
large number of parameters, With this in mind, o computer program was developed to

mode| the aircraft activity associated with an airport and to perform the necessary cal=

_culations to determine the locations of the NEF contours. A program developed earlier

by DOT to perform these calculations was avallable af the start of the study. This =
Initial computer pregram was modified and expanded to provide the more complex com=
putations for this study, which were beyond the copabilities of the initial computer

program, A detailed description of the method employed for the program, and its use,

. is glven in Volume 11 of this report 30 Brief descriptions of the basic parameters neces=

sury for the program to determine the locations of the NEF contours are given in the
following paragraphs. The development of these parameters is described in following

sections of this report.

The Airport System Definition,

The definition of on "aitport system " for the purpose of assessing noise impact

involves severa] parameters, These are:

o Airport Altitude
The altitude of an airport is defined as its elevation obove mean sea level,

Alrmport altitude can influsnce aircraft flight performance.

s Runway Definitions

The runways at each airport are defined by describing the locations of
their endpoints with X=Y coordinates in a Cartesian coordinate system

relative to an arbitrary origin, Typically, the origin is conveniently
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located near the center of the airport with the positive Y-axis in the
direction of trve north.  The airport is assumed to lie in o horizontal

plane, at the altitude defined above,

Ground Tracks

A ground track is the locus, in the plane of the airport, of the points
directly beneath the flight path of departing and arriving aircreft. The
ground tracks are defined by straight line and circular segments as thoy
emanate from the associated runways. The runway and track definitians
for Chicags -~ O'Hare are shown graphically in Figure 2,3~1, as an
example. Procticul |imitations dictate that average ground tracks nor=
mally specified for flight control be used and effects of poth disporsion
be ignored. This simplification will not affect relative changes in impact

area between various noise abatement alternatives,

Appreach Praceduras

The procedures followad by an aircraft on landing approach will normally
vary from airport to airport in the areas leading to final descent on glide
slope, The approach procedure (e,g., pattern altitudes, descent paoints,

etc,) are termed "airport specific " and must be defined for each individual

airport.

Takeoff Restrictions

Any variance from normal tokeoff procedures must be defined for each
individual aiport. Standard tokeoff procedures may be modified by the
imposition of area ceiling altitudes, noise cbatement procedures, or

safety considerations.

Aircraft Cparations

The numbers and types of aircraft operating into and cut of the airport
must be specifled in terms of day/night distribution and ground track
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assignment. Additionally, departures must be further broken down into
trip length categories, The trip length categories are indicative of the
takeoff gross weight of the aircraft and are used to determine which take-

off altitude profile definition will be assigned to the flight.

In addition ta the “airport specific " definitions, several aircraft=dependent

items must be defined for the program. These items are as follows:

Naoise Data
The noise values produced versus the siant distence from the oircraft for
saverol thrust levels must be defined for each type of aireraft to be

considered,
Takeoff Profiles

A takeoff profile for each defined trip length for each defined aircroft
must be provided. The tokeoff profile consists of defining the alreraft
altitude, thrust setting and velocity as a function of the distence from
brake release. These profiles are standard ot all airports unless takeoff

restrictions are defined, Airport elevation corrections are applied to the

profiles where applicable,

2,3.3  Alreraft Noise and Operational Characteristics

Noise versus slant range characteristics for most of the existing aireraft with

or without proposed noise reduction alternatives were obtained from the manufacturers,
The detalled reference sources of data for each of these aircraft are summarized in
Appendix B, Nolse varsus slant range characteristics of future aircroft were defined
on the basis of data supplied by government, manufacturers or by engineering estimatos
by Wyle Research. Generally accepted correction factors to account for air=to~ground
propogation losses, engine shielding losses, and noise level versus thrust were adopted

for the study, Procedures recommended in SAE ARP-86625 and proposed ARP~1] 1426
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were utilized for extrapolating or estimating aircraft noise versus slent range curvas -

which were not otherwise available,

Particular attention was peid, in this study, to estimoting nominal aireraft
flight profile characteristics. In practice, these flight procedures vary widely with
oircraft type, pilot, girline, runway, and weather, However, practical limitations
require approximation of the operational spectrum by "typical " operating character=
istics. The characteristics assumed for the purpose of the Noise Reduction Forecast
Program are detailed in the following paragraphs. Specific performance parameters

used for Individual aircraft, based on manufecturer-supplied data, are alse included,

Takeoff

The takeoff profiles were colculated assuming a windless, sea level, 59-degree F
day and the ATA standard procedure for all departures.27 Briefly, this procedure calls
for takeoff at maximum power with o speed of Vo*+ 10 ktas aond e constont flap setting

until reaching 1500 foet above ground level, At this point, power is reduced to moxi=

. mum elimb power or that thrust needed to maintain a 1000 fam rate of climb, whichever

is greater, At 3000 feet, the airplane decreases the climb angle and accelerates at a
rate of 1 kt/sec. Flaps are retracted os speed permits, At a speed of 250 ktas, climb

is resumed in o clean configuration. Figure 2,3=2 shows this profile schematicolly.

Approach

Over each individual approach track, it was assumed that all aircraft, regard-
less of type, follow the same path, i.e., all alrcraft fly at the same pattern altitudes
and make altitude transition at the same places. Unlike takeoff profiles, a unique
appreach profile is raquired for ench ground trock at esch afrport, Figure 2,3-3 shows
o typical profile. No weight variations were consldered on approach. Alrcraft of the

same type were considered to be at one typical weight (see Table 2,3-1).

*Speed necessary to maintain minimum climb gradient as defined in Reference 28.
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Table 2.3-1
Values Used for Modeling Landings for Several Aircraft

Landing Power Seting (F, )} ~bs/eng

Lond] Ll-:nc?lth Landi Deascent with | Descent with Descent with

anding naing neing | Landing FI A h Fl M ver Fl

Weight | Roll | Spood |mmimid [ °P [ APPTOGCH TI0P il Fllght | Theust

Aircraft Typo ~lbs, ~ft, ks, ¥ & | po ® | 0© 5008/n.mi*" | Idlo | Reversal

DC=8-33, 720, 180,000 | 4100 148 4400 2045 | 5)50 2790 { 4700 1000 500 85b0
707=120/320,
Cv=-880, VC=10
DC=B8u55, =51 197,500 | 3000 140 5450 3120 | 5750 3200 | 4600 1600 700 8500
DC-%, BAC=-111 45,000 | 2910 122 4000 2285 | 3845 1975 | 2875 450 450 8000
DC-10, L-10N 300,000 | 3945 138 8535 3265 (11000 5760 | 9800 1800 1800 20000
707-3208/C, 7208 190,000 | 4100 135 3885 1380 ) 4790 2355 | 3980 700 : 700 8500
707=1200, CV=9%0 .
727 138,200 | 2800 132 6000 3550 | 5000 2590 { 3130 500 500 8000
737 88,000 | 2750 133 4825 2400 | 4930 2640 | 4820 1220 500 8000
747 500,000 | 4000 146 11800 5230 |14950 8400 11380 2790 2790 20000

'Fn = Uncorrectad nat thrust.
"*Gradlent of pattarn altitudo transition.



The profile begins in the hendoff area with aircraft at 200 ktas and o maneu=
ver flap setting. Tronsitions between a maximum of three pattern oltitudes are made
at a 500 foot/n.mi, gredient. On reaching final pattern altitude or on receipt of
clearance to land, Flaps are changed to an approach setting. Landing gear is extended
at glide slope intercept. All final approaches (including VFR) are made elong o 3°
glide slope. In accordance with ATA procedures, tronsitions from opproach to landing
flap settings ore made at an altitude of 1000 feet. A landing speed of 1.3 Vs"r + 10 ktas
is assumed while aircraft are on the glide slope. After touchdown, thrust Is increased to
simulate the neise due to thrust reversal. Approach parameters used for specific aircraft

models are presented in Table 2,3-1,

6°/3° Glide Slope

The 6°/3° operational alternative consisted of o descent along a 62 glide
slope from an applicable pattern altitude (never less than 3000 feet) until reaching a
height of 690 feet ubove ground. At this point, o transition to o 32 glide slepe was
made and landing was treated as before. Flaps were assumed to be in a landing setting
after the initial transition to the 6° segment, The transition from the 6° segment to
the 3% segment was assumed to take place on the final leg for all tracks, When normal
approach patterns involved a pattern oltityde less than 3000 feet for any ground track,
approach patterns on all tracks were elevated uniformly until the lowest pattern was

at 3000 feet, This maintained the same relative pattern separation (see Figura 2,3-4),

Fiap Schedules

Decisions about typical flop management schedulas were made after consulta=
tion with airline operations officials (see References B«12 through B-16 in Appendix B).
Results of these conversations are summarized in Table 2,3-2. For both landing and

takeoff , flop settings were chosen to be representative of operations from or onto long

_runways, These flap settings, along with aircraft weights and approach or takeoff profile

angles, formed the basis for selecting consistent thrust settings for each type of aircraft

from availuble manofacturers' performance data,

*Stall speed as specified in Reference 28,
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Table 2,3-2

“Typical Flap Settings for Takeoff and Acrival
for Several Aircraft*

Takeoff Flaps,**' Arrival Flaps, Degrees
Model ~ Degrees Maneuver ' | - Approach Landing
707=-320 an 10 20 40
707-3208 14 25 20 %
7208 30 ' 30 40 50
727 15 5 25 "
737 5 5 25 40
747 10 10 25 %0
DC-8-33 © 25 30 35 5
- DC-8-61 15 25 a5 50
DC-9-15 20 15 20 5%
DC-9-32 15 15 20 50
DC-10 15 18 25
L-1011 10 29 23

*Dased on survey of alrline oparations officials cited in References B=12 to
B-16, Duo to the lack of complete manufacturer's data, the above values
may not be wholly consistent with the flap assumptions actually used.

**Takeoff flap setting may vary with welght,
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2.3.4 Noise Impact Parumeters

The noise impact was computed in terms of the number of people residing within
the NEF 30 and NEF 40 contours and the net impacted area (excluding airport property

and water) within those same contours.

The population data used for this study were developed from population centroid
information contained in the U.S. Bureau of Census tapes for the 1970 census, A popula-
tion centroid, in this context, defines o weighted central location of a populotion distri=
bution in an area. The locatlon of the centroid s determined by the variation of
population density in the general area of concern and represents the center of population
rather than the geographic center of the area. In additien to the location of the centroid,
the number of people represented was also defined. If a centroid was found to fall within
one of the NEF contours, the number of people reprasented by the centrold was considered
impacted., Figume 2.3=5 exemplifies a graphlc representation of the centroid definitions
around Los Angeles International Airport. Populotion was assumed to remain constant for

the future years used in this study.

The definitions of the property boundaries for the airports were obtained from
alrport planning maps, provided by the aimport aperator or planning commission, or from
FAA=provided Forms 5010 and 29~A. The locations of major bodies of water were
obtained from U.S. Coast and Geodetic Geological Survey maps and from census maps,
Figura 2,36 is o graphic example of the definitions of airport property and major bodies
- of water for Miami International Airport, Impocted lond, then, is defined as the land
area inside an NEF contour, excluding oirport property. No ottempt wes made to assess
compatibility on the basis of actual land use or of ultimate habitebility.

By now, the basic procedures for evaluation of the noise from aircroft have
been defined, It remains to define the methads for evaluating the airpart and aviation
system parameters in order that the integrated noise impact and cost of noise reduction
alternatives can be defined. The last section Tn this chapter briefly reviews the method

for relating the two parameters — cost and effectiveness.
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2.4 Airport Attributes and Aircraft Operations

The assessment of noise impact at each of the 23 airports selected for this
study is based on an cnalysis of each axisting virport and its mode and level of utiliza~
tion. Forecasts are made of airport development and of evolution of the types and mix

of aircraft expected to utilize each airport in the future years selected for the study.

2,4.1  Airport Attributes

The analysis for each airport includes the establishment of presant airport
attributes, including lond area and identification of boundaries, the heading, length
and layout of all usable runways, o summary of operational facilities significant to the
airport's operation and effective eapacity including NAVAIDS and taxiways, and an

oxploration of existing plans and prospacts for airport developmant and/or expansion.

2,4.2  Alrport Capacity

Consideration was given to the existing practical annual capacity of
each ajrport, and to probable airport development and the potential for technological
improvements to runway copacity, When a forecast of demand for all classes of aireraft
movemants [!‘or a given airport, including general aviation, exceeded the estimated air=
port capacity, the number of movements was limited to that number which was compatible
with the estimated capacity of the airport. In this case, part of the increased possenger
demand forecasted was accommodated in larger aireraft without increasing the number of
operations, Any remaining demand for aircraft movements which was In excess of the air~
port capacity was assumed to ba diverted to other airports, This excess capacity problem
oceurred ot only Washington—National and Chicage-O'Hare airports, The resulting
excess activity was assumed to be environmentally compatible and, tharefore, not con-

tributery to the noise impact analyzed in this study,

2,4,3  Alrport Activity by Candidate Aircraft

The airports studied were chosen to represent a majority of the totai U, §.

population impacted by aircraft noise, The summation for all 23 airporﬁ. of total noise
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impoct determined in this study therefore represents a majority of the total impact

of aireraft noise on populations in the vicinity of all air carrier airports throughout
the United States. Noise reductions obtained on the population sample inciuded in
this study by each selected noise reduction alternotive are, therefore, representative

of the noise reduction patential of that alternative for the entire United States,

2.4.4 Development of Operational Data

Data were developed for each of the 23 selected study aimorts within the
framework of the following general categories:
o 1972/1978/1981/1987 average daily demand in terms of:
- aircraft
day/night distribution

flight track assignmant

runway utilization

departure stage lengths

s Flight track geomatry
o Airport (runway system) geometry

The NEF computer program defines avarage daily demond as annual demand
divided by 365, A control total for the demand was established using the calendar
year 1972 air carrier oparations recorded by the FAA airport traffic control tower.
Distribution with respact to aircraft type was developed through on analysis of data

contained within the following documents:

s Official Airline Guide, Domastic Edition
o Offictal Airline Guide, International Edition
o Official Air Cargo Guide

In sorting out data from these documents, Thursday, October 12, 1972 was

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

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

distribution, and stage length of departures by each aircraft type. Stage length as
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developed was based on city=pair statistics. City=-pair data were olso used in a later
analysis of flight track assignment where specific arrival and departure fixes were used

as a function of flight origin ond destination,

Flight track details were developed after undertaking o suivey at each study
airport. This survey involved detailed discussions with FAA air traffic control personnel

to ascertain the following data:

»  Runway use patterns

e Conditions influencing runway use {noise abatement, ATC rules
and regulations, meteorological parameters, etc.)

¢  Arrival-departure fixes and inbound and out'bound typical
flight paths associated therewith

e Runway limitation (aircraft type, displaced thresholds, etc.)

o  Flight track vertical profile limitations.

A detailed coméuter analysis was made of 5 years of weather tape statistical
records obtained from the U, S. Weather Records Center in Asheville, North Carolina,
for sach of the study airports. These analyses assisted in the development of percent-

use of the various runway combinations applicable to each airport,

Details associatad with airport runway layeuts (existing and proposed) were
defined by review of available airport plans, U.S. Coast and Geodetic OC Charts,

and discussions with alrport management parsonnel.

The development of estimated fleat mixes for each of the study aimports
involved three primary steps. The first step estimated possenger traffic and total cpera-
tions at aach airport, The second step requirad that the projected distribution of the
U.S. fleet be converted into o distribution of operations. The third step developed
alrport mixes based on a comparison of their present air carrier operations mix versus
mix for total U,5. operations, and extrapoloted a general relationship into the fore-
cast years. The average circraft size estimate for forecast years was utilized in this

step as a general controlling number. Details of each of the forecast steps follow,
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Step |

Airport Total Passenger and Operations Forecast

This first step involved development of forecasts for each airport of passengers
enplaned and the level of total air carrier operations, TFhe basic methed involved
a top-down approuch requiring o trend anolysis and forecast of each airport's share of
total U.S. domestic originations, the connecting traffic expected, and the anticipated
growth of international traffic at those airports where this is a factaor. The estimated
share of the-total U.S. domestic traffic was applied to the national forecast and

connecting and international traffic added for total enplanements.

Enplanements were connected to movements by analysis and projection of the
enplaning lood factor and an approximote average aireraft size. The enplaning load
factor is defined as that percentage of departing seats which are filled by enplaning
passengers. The enplaning load factor diffess from the total air carrier operating load
factor, which encompasses all passengers, including through possengers. Each airport
has o slightly different historical record for this variable, and the historical variation
was taken into account in developing the projection. The projected industry load
factor is expected to increase gradually in the future, os are the forecasts of enplaning
load factor at each irpart, in reaction to changes in regulatory philesophy and gradual

trands toward industry improvement in utilization of available capacity.

Average aircraft size is an abstraction which is useful in order to analyze
the loading characteristics at each airport, end is forecast by a combination of trend
extrapolation, adjusted by judgmental considerations of expected equipment decisions of
the air carrlers. By relating the average aircraft size to expected enploning load
facters, the average enplanements per departure are developed. The forecast of enplane-~
ments for each airport is divided by the enplanements per departure forecast, giving
required scheduled departures, This is then expanded to take into account arrivals and
air corrier operations not related to scheduled passenger service, giving total air

carrier operations.
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Step 2
Distribution of Total U, §. Oparations by Type

The primary step to determine an estimated future distribution of opsrations by
aircraft type, having forecast the future flaet by type, involves estimating operations per
aircraft year for each type. This was done by estimating operations per aircraft year for
future years, by aenalogy fo the present fleet fypes operating on the route patterns and in
the class of service for which the new aircraft will become replacements. In other words,
new flest types are expected to generate opgrations in a relationship similar to present
activity of the aircraft types they will replace. Present operations per aircraft year for
estab lished types of aircraft are expected to continue at approximately the level estab-
lished for the base period 1971-1972,

Step 3
Alrport Fleet Distribution

The disteibution of operations by equipment type for individual airports was
devaloped by the integration of several steps. Fitst, an analysis was made of each air-
port's histaric fleet distribution and compared to the distribution of total U.5, carrier
operations. In general, this step shows that the larger the airport, the higher the
frequency of use by the carriers of their larger aircraft types. This relationship is one

which is extended into the future. -

Another step involved the definition of the charactar of the airport's mission,
particularly the importance of international traffic and the number of high volume
markets that exist or are anticipated. Again, the larger the air traffic volumes and
the more important the international traffic complexes, the higher the frequency of

carrier use of larger aircraft types.

A third major factor inveolved consideration of the air carriers serving the
subject airports, any limitations that are placed on carriers by the airport operators, and
any constraints as to the level of operations at individual airports where these must

tamper unconstrained forecasts of demand.,
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Taking these major considerations into account, a first estimate of aircraft
distribution was developed by applying o higher-than-average distribution of largar
aircraft typas for larger airports, with a corresponding lower-than~overage distribution
for smaller aircraft. For example, if in the total of U.S. activity we expect
approximately 20 porcent of operations in 1978 ta be DC-9's, at a large airport like
O'Hare or Kennedy, wa assigned a lower percentage in the first distribution based on
the prasent relationship of DC-9's at the subject airport to DC-9's in the U.S.

r Similarly, DC-8's represent a greater percentage at the alrport now than the U.S.
total; this higher distrlbution of larger aircraft is projected to apply in the future,

Rofinements to this first distribution were made on the basis of several
‘ factors, The airport foracast of average aircraft size, for example, was utilized as a
: centrol number to alter the distribution as necessary. Also, the specific carriers
serving each point were analyzed in view of their actual equipment and projacted
plans for refinoments to the forecast. For exampls, if major operators of L-1011's
deminate a particular station, the DC-10 forecast was decreased, with the amount of

i decrease added to the L= 1011 forecast,
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2.5 U.S. Aircraft Fleet

. There are appra:;:imately 2000 aircraft currently in operation by the principal
U.5. carriers which do not meet the present FAR Part 36 nolse certification standards
for subsonic'turbojet airplanes. Several contracts have been awarded to aircraft and
engine manufacturers to develop feaslble nolse reduction retrofit hardware for turbofan=-
powered airplanes equipped with JTBD or JT3D engines, which comprise most of the air
cartler fleet not in compliance with the FAR noise [Tmits. These contract efforts have
developed the acoustic and performance data, the aircraft weight and operating cost
increments, and engine-nacelle production requirements associated with each retrofit
design. This section forecasts the aireraft fleet, the extent of alrport operatians and
operating costs that would result if the airlines install the proposed ratrofit hardware

on these aircraft,

The total fleet of the principol U.S. carriers, operating aircraft of the types

which are candidates for retrofit, has been identified.

The cost Impacet of the two proposed retrofit programs that correspond to the

. ceronautical alternatives considered in this study has been developed based on o fore-

cast of the number of aircraft that will be retrofitted by each airline. The best current
estimates of the unit costs of each of the proposed retrofit programs have been used to

establish the magnitude of each airline’s capital requirement for retrofit,

2,5.1  Arline Traffic and Capacity Forecasts

A forecast of the future air traffic demand and related capacity that will be
provided by the principal U.S. carriers has been developed for this study. The forecast
has been accomplished in four seporate demand segments: (See Figure 2.5-1.)

1. Scheduled domestic passengers

2, Scheduled intetnational passengers
3. All nonscheduled passenger services
4

. Cargo services for all carrier groups
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These forecasts define the level of required aircraff productivity in anpual
available ton miles (ATM's), They provide the basis for derivation of the future fleet
forecost, the future airline total investment requirement and the number of ajrcraft to

be retrofitted,

The forecast of scheduled domestic passengers was developed using a top-down

method based on projections of U, S. population, per capita personal consumption

expenditures, airline revenues ond average yield.

The airline capacity requirements for the domestic carriers were developed .
on the basis of industry average load factors increasing to 60 percent by the end of
the forecast peried. Some variance in load factor was recognized among individual

corriers and carrier groups os considered appropriate,

The scheduled international passenger forecasts were developed via o similar
top=down method. The U, S. corriers participating in this traffic were forecast
to share proportionately in world traffic demand (excluding U.5. domestic) estimated

to grow at an average annual rate of 12,9 percent,

The forecast of nonscheduled passenger operaticns was based on projections
derived from an analysis of the service histories, for the 10~year peried 1960-1970,
of aach carrier group participating in this type of service. The projected growth rate
in nomscheduled services is forecast to be highest for the Alaskan and Supplemental

Carriers.

Cargo services for all carrier groups are forecast to grow at an annucl rate of
11.8 percent. This forecast recognized o difference in the growth rate expectation
among carrier groups, and the increosing use of belly compartments on large possenger
aireraft, The cargo demand for each carrier group was forecast in total and ne attempt
was made to separately identify the extent to which all carge services would be providee

by the carrier groups which at prasent are primarily passenger carriers.

2-34



i
]
Vi

2.5.2 The Present and Future Fleet

" The eventual benefit to be derived from a retrofit ar other noise reduction
program, and the eventual cost of any selected progrom, will be largely dependent on
the number of aircraft affected, This study effort hus established and Forecc;st the size
and composition of the present and future U.S, civi'l air carrler fleet, The forecasting
gave consideration to all identifiable airline fleet development plans and to the
additional capacity required in the flest to accommodate forecast future air transpor-

tation demand.

" The U.S. air carrier fleet under consideration includes all U.S. operators of
aireraft which may be candidates for modification in any of the presently identified
noise reduction progroms, i.e., all JT3D- or JTBD~powered aircraft. Table 2,5-1
summarizes the airlines considered in the analysis. Table 2,5-2 summarizes the aircraft

by types which were active in the study buse year 1972,

The airlines' decisions regarding aireraft retirement will no doubt be influenced

by the public policy adopted relative to the methods for financing nolse reduction
alternatives. The forecasts of the number of candidate aircraft of each type to be
retrofitted and the related number of aircraft to be retired were made on the basis of
"neutral " economic impact on aircraft operators. This implies no financial penalties
ta the aircraft operatar associated with a forced retrofit which are not compensated

by soma sort of "subsidy," It also implies no firancial benefits to the airline operator,
such as an extended |ife or improved perfarmance eircraft, which are not offset by o

commensurate increase in cost.

2.5,3 Foreign Aircraft Operating in the U.S.

The U.5. aircraft and aviation industries have historically established the
operating patterns for world aviation and ean be expacted to do so in the future.
Concern for environmental externalities is not limited to the U.S.; it is to be expected,

tharefore, that foreign nations will exhibit the same concern for noise abatement. For
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Table 2.5-1

Summary of Principal U.S. Carriers Considered in This Analysis

TRUNKS
UAL LNITED AIR LINES
AAL AMERICAN AIRUNES
TWA TRANS WORLD AIRLINES
EAL EASTERN AJRLINES
BNF BRANIFF AIRWAYS
CAL CONTINENTAL AIR LENES
DAL DELTA AIR LINES
NAL NATIOMNAL AIRLINES
- NORTHEAST AIRUNES(T)
NWA MNORTHWEST AIR LINES
WAL WESTERIN AIRLINES
PAA PAN AMERICAN WORLD AIRWAYS
REGIONAL
AW HUGHES AIRWEST
AL ALLEGHENY AIRLINES
- CARIBREAM ATLANTIC AIRLINESIZ}
FL FRONTIER AIRLINES
- MOHAWK AIRLINES()
NG MORTH CENTRAL AIRLINES
oz OZARK AIR LINES
Pl PIEDMONT AVIATION
50 SOUTHERN ATRWAYS
™ TEXAS INTERNATIONAL ATRLINES
- TRANS CARIBBEAN ATRWAYS ()
ALASKA/HAWAI
ASA ALASKA AIRLINES
TSA ALOHA AIRUMNES
HAL HAWAILAN AIRLINES
WCA WIEN CONSOLIDATED AIRLIMES *
- REEVE ALEUTIAN AIRWAYS(6)
ALL CARG QY -
RBL . AJRLIFT INTERNATIONAL
FTL FLYING TIGER LINE
SHW SEABOARD WORLD AIRLINES
SUPPLEMENTAL
CAP CAPITAL INTERMNATIONAL
- JOHNSON FLYING SERVICE ()
MIA MCCULLGCH INTERNATIOMNAL AJRLINES
MON MODERN AR TRANSPORT
ONA QVERSEAS NATIONAL AIRWAYS
- PUADUE AERONAUTICS
SAT SATURM AIRWAYS
50U SOUTHERN AIR TRANSPORT
A TRANS INTERNATIONAL AIRLINES
- UNIVERSAL AIRLINES{S} .
WOR WORLD AIRWAYS
IMTRASTATE
- AR CALIFORNIA
- PACLFIC SOUTHWEST AIRLINES
- SOUTHWEST AIRLINES
Kay to Dispasition of Alrlines no Langer in Existence
{1} Included with Detta {4) Inglyded with Ameriean

{2} Ineluded with Ecstern (5) Included with ONA ond TIA
(3) Included with Allegheny (8] Mot operating lorge jeb aircraft
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Table 2,5-2
Summary of Aircraft Types Included in U. 5. Airline Industry

Nolsy

Quict

Nuwber ol =«

Number ot

Qld Jets Airveraft (1) Quiet I"an Jots Adrcrafe (1)
BAC-111 58 B727-200Q (2) 4
B707-300 12 B747 (3) 106
B720 37 bc-10-10 60
cv-880 41 pCc-10-101 -
cvV=-990 8 pe-10-40 2
DC-8-20 40 DC-10-30 -
pc-8-30 24 220 DC-10-30F -

L-1011 18 190
JT=-8D (Retrofilt Candidates) Turbo Props
B727-100 299 CV-580/600 132
B727-100C 122 F-27/227 '59
B727-200 262 683 (| L-188 46
B737-200 150 L-382 18
B737-200C 5 155 || vs-11 21
pe-ie Lotk y
DC=-9-30 235 Piston Aircraft 140 140
DC=-9-30F 7 333
: Total - Quiet 623
JT-3D (Retrofit. Candidates)

Total - All Types 2,590

B707-1000 96
B707-300B 111
B707-300¢C 119
B720B 48 374
DC-8-50 44
DC-8~50F 28
DC~8-61 35
DC-8-61T 9
DC-8~62 16
DC-8~02F 1
DC-8-63 b
DC-8«63F 45 202

Total - Noisy

1,967

(1) In Operation by prinefpal U, S, carriers as of December 31, 1972,

Source:

3

CAD Forms 41 schedules:

B~43 Inventory of Airframes & Alrecraft Engines
B-47 Lease Obligatiens-Flight Equipment

B-7 Airframes and Aircraft Enplnes Acquired

B-14 Summary of Property Obtained Under Long-Term

Leases

'52; New aireraft in complisnce with FAR 36 - Estimated.
Requirement for retrofitc of early 747's te meet FAR 36 not

considered in the study cost estimaces,
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the purpose of this study, it is forecast that retrofitting for each typa of U.S, manu-
factured equipment will be undertaken by all foreign as well as domestic carriers

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

' the cost of retrofit. Thay will not bacome a cost for the U.S. industry, nor will the

potential for additional retrofit kits be assumed to lowar the average price per kit
appropriate to the number required to modify U.S. aircraft. The assumption of retro-
fitted foreign aircraft can be expected to have impact on the NEF contours generated

for those airports which normally accommodate a significant amount of international

operations.

2.5.4  The Transition to Quiet Aircraft

Forecasts of the evolution of the future U.S. flest glve racognition to the
developments which may take plece during the period of this study, such as FAR
Part 36 compliance after some future date 31 Tt has been forecast that all aircraft to
be retrofitted will have the appropriate retroflt implemented prior to the time of the

future year analysis. No analyses were made of any time peried when any aircraft

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

estimate that the older alreraft such as B-707, 720, DC~8, BAC 111, Convair 880 and
990 equipped with other than JT3D engines will be rétired prior to the completion of

any proposed noise reduction program for those fleets.

The composition of the U.S. air carrier fleet of fixed wing aircraft as it is
forecost to evolve throughout the period of the study is shawn in Figure 2,5-2. It can
be seen that a grent majority of the current fleet are the "noisy* aircraft which would
be candidates for some form of noise reduction retrofit if a regulation derived from the

recent Notice of Proposed Rule Making became effective 31

The forecast of the future composition of the fleet reflects the expected
retirement of meny of the older "nolsy " aireraft, and the introduction of many new

“qulet " aircraft. The new aircraft include not only the wide body jets, but additional
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Figure 2, 5-2, Composition of U,S. Air Carrier Fleet
{Fixed Wing Aircraft)
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aircraft of the older types delivered in compliance with existing noise regulations, In
the later years of the forecast, the future fleet also includes several new types of air~

craft not yet in active service,

2.5.5 The Future Activity of Retrofit Candidate Aircraft

The U.S. fleet composition Is also shown on Figure 2.5-3 for the selacted
buse yeor and future years to be analyzed in detail in this study. The JT3D and JTBD~
powered aircraft which are candidates for retrofit have been highlighted to illustrate
how they are forecast to decrease in number and as components of the total active

fleet,

The same fleet summary and forecast have been translated into annual aircraft
departures for the significant years of the study on Figure 2, 5-4. A comparison of these
two forecasts illustrates that the rate of growth of aircraft movements will not be as great
as the rate of growth of active aircraft, This will result from the increasing capacity of
new aircraft and their introduction onto routes with shove average stage lengths and
therefore fawer annual departures. These two forecasts also illustrate that the retrofit
candidate aircraft will continve to contribute to airport operations at a rate which does

not decrease as rapidly as their number in the active fleet.

Retrofit Candidates 1972 1978 1981 1987
Parcent of Active Fleet 48 56 47 21
Percent of Tota] Departures 69 &4 57 30

The forecast of total alrcraft departures by percent for U, S, air carrier aircraft
of all types is summarized on Figure 2.5-5, These forecasts of future U. S, fleet aircraft
and operations provide a basis for the forecasts of the types and mix of aircraft expected

to utilize the airports to be analyzed for noise impact in this study,
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ARRUAL DEPARTURES — MILLIONS

Source: T972: FAA[CAB Alrport Activity Statlstics,

7.16

Figure 2,5=4. Total Aircraft Departures
Principal U.S. Carriers
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PERCENT OF DEPARTURES
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2.6 Airports and Alrport Fleets

The population and mix of aircraft used as the basis for noise impact analyses
at mach airpart have been developed for each of the years analyzed in the study, Con-
sideration has been given to the site-specific factors expected to influence the forecasts
for each individual airport of the number of movements, types of aircraft, day=night
distribution of activity, stage length distribution of departures, approach and departure

flight paths, and percent of use of runway directions,

A summary of the considerations ot each of the 23 study airports is provided
in this section. A summary of the analysis for Los Angeles Intemational Airport is pra-
sented, as an example, in Figure 2.6«1,showing the average daily movements of aircraft

types used in the analysis which were categorized by general "noise" characteristics.

Tables 2.6~1 through 2.4~4 are examples (for Los Angeles) of the aircraft
types and number of movements by stage [engths developed for each airport. Figure 2,6-2
illustrates the bases for conversion of stage lengths to estimated takeoff weights for each
flight. The appropriate takeoff weights are utilized to estublish the departure paths

(profiles) for each flight in the analysis procedure,

It should be noted thet the aircraft type/description are specific for 1972 and
the near term forecasts, They were used as indicators of the general size and performance
of aircraft thatserves the various stage lengths in the maore distant future, 1.e,, services
forecast to be flown with, say, DC-%'s or B-737's in 19B] and 1987, may ba flown by
any similar type of new 2-engine medium-range narrow bodied cireraft. In ell coses,
new narrow body aircraft (i.e,, 707 (new) or 2-engine, medium range, narrow) were
ossumed to have the same noise and profile characteristics as their correspanding older

SAM retrofitted versions.,
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AVERAGE DAILY JET MOVEMENTS
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Figure 2,6~1. Forecast of Average Daily Jet Alrcraft Movements
Los Angeles Internctional Airport
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Table 2,6~1

Airport AcHvity Forecast for NEF Analysisl/

Los Angeles — 1972

Departures by Stape Distapce (Statute Miles)

Mroral® | S| acrsvata | son | 1800 | 1900 | 200 | %00 | 2385 | 4399 | Suek
7208 D a1 9 7 5 8 2
N 3 i 1 0 1 0
wawe| & | % | 3 | 3| 0| 8| i
71200 | g i A
cow | 4 | % |8 [ 8| 1] 3
DC-9-15 E 18 3 g
e I I I A
pc-g-61/63 | g 15 6 |2 i s 1 8 o 8| 3
DE-9.32 H 19 H :
DC-10-10 R 1g é Z{ (2) g é
L-101} N 5 R 0 5
ve-10 N 5 5 o | 8 il
207120320 | D n 4 5 8 7 5 5 5 :
727-200 o i 68 1 13 3
720 2 2 3 16
727-100 z 42 b 3 é 18
77-100/200 | D Ag 4 3
o |5 1% |3 [ 9| T8 |33
cv-am0 g 3 g g g 3
STOL g lg 13

1/ Excludes General Aviation and Military Operations

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

Alrport Activity Forecost for NEF Analysis
Los Angeles - 1978

3 Departures hv Stapn Dlatanca futatute milna)
‘ Alrerate |Ma, of Range 1/ [Pavs2d ¢ | s00 |1000 | 1son |2suo | as00 [4509 [over
Caicpory Enelnng Cnn.ﬁlll:v .‘[ﬂ_lh‘_l-— tteht | Areleala | 500 11000 [ 1500 | 2500 | 3500 | &45a0 | 5500 | 5500
Supersonie - Long Unepee, lt‘l - - - - - - - - -
Widae Body 2 Shore-Medium  Unapee, D 26 11 3 3 9
N 7 2 2 0 3
[ pc-10 b 18 1 3| 2| u 1
N 2 0 1 o 1 0
tida Dody 3 Mediun N L-1011 D 20 1 4 2 12 1
] I3 ¢ 2 ) 2 0
. L Unspee, B 3% 3 7 4 23 2
H 6 o 4 0 2 o
i Wide fiody 3 | Meat Unspee. | B 19 v 4| 2] u| 1
’ Stratched e nape R 3 o 2 o 1 o
R
: ['DC-ID n 4 1 0 1 2
Wide.Body | 3 | Long X L ol o o} !
; llmupcc. b [ 2 0 1 5
i n ] ) 0 o 3
Wido Tody
o Stratched 3 Lang Unspoc, ,'} 2 i 3 g i
Hide DBody 4 Medfirn-Long | 747 D 53 a H 4 29 12 3
i 10 0 z 1{ . 2 5 o
' Wide Body 4 | Meddumetong | tnapec. | B 4 1| of o 2| 1
'L‘u Stretehed g P B i 0 o 0 1 o
: 737 D 29 % | 3
. H 3 3 o
; Nartow Body| 2 Madlum 4 DCA0 D 24 5 19
- N 2 2 o
g [ tmspee, | D 15 13] 2
3 ] 1 1 o
“ a ‘- short tnspec, | D 21 1wl 2
: sTOL, P L h ¢ ?
: 727-100 D 20 ? 3 2 a
] 6 z 1 0 3
ttarrow nadv 3 Madium 727-200 [} 93 (3] 12 16
H 7 5 1 1
[ 107 D 19 7 0 [} 0 4 2 1 5
N 16 2 e ol 14 a 0 o &
720 D 2 3 1
tinerow Body 4 Long N ° °
pe-8 p 18 ] o 0 g 1
1] 4 2 ¢ 0 2 0
| Unapec, o] [] 1 [+ 1} [ 1
. N 1 0 ¢ 0 1 0

1/ Hodela indlcated as Hunapecified” may Lnclude current aireraft andfor new attcraft not yet l.'n production,

2/ "pay" - 100 A M. = 10:00 F.M.[locwl tims)
= miiphe® - 10:00 MM, - 6:59 ALM,(local time)
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Table 2,6=3

Airport Activity Forecast for NEF Analysis
Los Angeles - 1981

Daparturgs by Stape Distance {Statute Hiter)
Atreraft | o, of Ranpe 1/ poyr2/ o | 300 [1o000 |1sno | 2500 | 2500 [ 4500 | (ver
Catviory  |Enpines | capablitty]  Hodel=f|miphe JArcivala | 500 | 1000 |1500 [2500 | 3500 | A500 | 5500 | 5500
Supcreenic - Long Ungpoe, D 3 0 0 1] 3
i o ] [ [ 0
Wida Body 2 Shart+Hedium Unapee, D 48 26 [ 4 12
N 12 5 2 1 &
( be-10 ol 3] 1 2 2 7 1
L 2 0 1 ] 1 0
Wido Dody | 3 podwum [ LML LR 17 &1 3 | 9| &
Unspee, b 43 11 1] 5 27
H ? 0 [i] 0 7
Wide Tedy Unspec, D il 2 5 [ 18 2
Stretched 3 Hadiua i ] s o 3| of 2| o
pe-10 1] 3 1 0 1 1]
. H 1 0 0 4 b
Wide Body 3 Lang -
| voapes. | D 9 2 of 1} 8 1
N L) 1 s 0 3 [
¥ido Lod D ] 2| o 1| &
geravehod 3 Long Unzpee. | g 3 1] o o 2
tde Body 4 Medium-long] 747 D H ) 5 ] H kL 11] 11 2
H 12 o 3 1 3 5 0
Wido fod B 7 1 [1] '] 4 2
stracchod 4 [Hedium-Leng) Unspoc, | 3 ol o of of 1
[ 137 0 4 7 3
N 3 2 1
Narrow Dady| 2 Madium bE-9 ] b v o2
| Uispec, g . 11 ]{ %
810 - Short thopac. | 5 LH 24 3
127-100 +] 12 7 2 3 7
H ] 2 L 1 2
Marzow Body b Hadium
l 727-200 | D 98 g9 | ] 15| 3
H 7 3 1 I 1]
707 D 11 4 0 o 0 2 1 1 3
N 9 i 0 L] -] 0 ] 1] 1]
Harrow Bady & Lang 4 DC-B p 1) [ ] [} ] 1
N 3 1 4] 0 2 0
Unapec, D 7 1 ] 1] 4 2
L] i 0 4] Q 2 0

- A todels indlested ds "undpecificd” may Includs cutvent alreraft andfor new alveraft nor yer in production.

Hpayt - 7:00 AH, = 10300 P,M.{lecal time)
y "m:hr." = 10:01 PH, = 5359 A.H, {local time)
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Table 2, 6=4

Airport Activity Forecast for NEF Analysis
Los Angeles — 1987

Depareuyes by Stape Dlseanee fatatute niled)
i Alrervalt | No. af Ranso 1/ pay/2/, 0 | 5001600 | 1500 (2500 | 1900 [ 4500 | Ovre
’I Catepary  [Facinea] rapdhiliey Madel=t | Nipht | arpivala 1500 11000 {1500 | 2swo | 3960 | 4350 | 500 ] 4400
i Supersonic - Le Unapec, 1) 5 0 o [+] 3
;'} P n ng napec 3 H H 8 e 3
J! Wide Body 2 Shork-Mediu Urspes, | B 9 57 9 &l 17
Vv N 19 8. 3 1 5
D10 b 15 1 3 2 a 1
s i 1 2 0 i o 1 0
@ Wide Body 3| Hediun H1-101t | p | 18 1| Al 2l e 2
i . N 3 ] 2 a H o
v L Unapee, 3 31 13 0 6 32
. N 8 o 0 0 [
’ Wids Dody 3 Hediwa Unspe. B 43 3 [ AEED 3
I Stratched b 1 0 5 0 2 1]
b [be-10 D 3 1| o t| 12
: Wide Bad 3 | e i 1 G AL . .
' 4 Ba 1,
<y & Unspec, | 1% 3| ol 2| 8] ¢
b . H 5 1 o 0 4 [
o Wide Bony 3 Laog Unspec, { O 12 4 o 1 7 1
t Stretched B N [] 1 1] [ 3 ]
: Wide Body 13 MadivmeLong | 747 D 10 [ 4 6| 36| 16 2
: N 3 0 4 1 3 4 0
P Wide Body [ Hedium-Long | Unspee. | B 13 2 o .0 7 4
;! | seratehed ‘ H 3 0 0 o 0 3
137 D 2 n| 12
. u 3 2 1
o Nacrow Body| 2 Medium pe-9 D 19 17 2
i H 2 2 0
i Unspec. | 21 18 3
: N 1 1 0
sTor, - short; Unspec, | B k1! 30 5
pes H 1 1 [
4 BRI R A 1] 1| &
; " 3 1 1 [} 1
oS Hatrow Body ] Hadiim
; L727-200 | D 81 57 91 1 2
H 6 4 i 1 0
(m D 7 s of of of 2| 1] of 2
N 6 1 0 a 5 0 0 o 0
° Narrow Body| 4 tong p-8 D 11 5 0 0 &
H 3 i 0 0 2
Unipec, 1] 1 2 ¢ L ? 2
~ H k] 0 q [ 3 0

1/ todets 1ndlcn:nd a3 “unspacified" may includo curront afircraft and/or new ailverafr nat yot in production,

& A, M, - 10:00 P.M, {local timae)
"Highe” » 10; 01 P.H, ~ 6359 AM, (local tima}

I tpay" o« 7:0
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Figure 2,6-2. Takeoff Gross Weight Versus Range for Jet Transport Aircraft
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2.6.1 Atlanta (ATL) -~ General Cperating Considerations

s Extensive use of arrival alrcraft path-stretehing is employed.

®  VFR turn-ons over the outer marker were allowed for some aircraft,

¢ A newly constructed porallel runway was considered in the
onalysis, but its operations were combined with those on the
adjacent parallel runway, *

¢ No further new runway construction was considered to exist
in the study period.

s Runway utilization wos determined by the previously discussed
weather tape analysis in conjunction with an Atlanta Tower
Bulletin, ¥ June 1972, "Runway Selection Program for Aircraft
Noise Abatement, " which denotes 9L/R as the preferential

rUnwaoys.

Table 2,6, 1-1 presents the runway utilization percentages for Atlanta

International .

Table 2,6,1-2 presents the average daily aircraft operations at

Atlanta International.

Table 2.6.1~1

Runway Utilization Percentages far
Atlanta

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

27R ] 25.3 22,0 | 21,8 | 25.3 28.0 | 26.8 26,5 | 26.5
7L 1 26,8 29.0 | 27,2 | 26.7 24.0 | 24,8 25,0 | 25,0
9L | 21.8 20.3 20.5 | 21,7 | 24.3 24.0 23.9 | 23.9
R | 23.1 25.3 27.2 | 23,2 23,7 | 24.4 24,6 | 24,6
33 3.0 3.4 3.3 3.1

* These runway designations were current in 1972 but have subsequently been changed
following completion of the new runway to the following: 27R is now 26; 271 is now 27R;
9L is now B; 7R is now 9L, and the new runway is 9R/27L,
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Table 2,6,1-2
Average Daily Aircraft Operations for Atlanta

Average Daily Operations
Alrcraft Type/Description 1972 1978 o8] 1957
720
7208
707-120/320 .
707~1208
707-3200/C 2 32 22 14
727-100 230 212 162 128
727-200 44 73 &8 72
737=100/200 58 58 50 &0
747-100 18
DC-8-30 34
DC-8-55 44
DC-8-61/43 445 20 16 16
DC=-10-10 74 1] 58
DC-9-15 132
pC-9~32 414 212 186 144
pAC=111
L=-1011 86 74 86
vC-10
Cv. 880 24
Cv. 990
Caravalle
707 (NEW) & 10 16
581 {n
4 Eng., M.R., 7475R 18 an 54
Long Range 747/747D 54 72 o8
747 Stretch
727 (QN) 15 2] 24
727 Adv. 15 23 24
2 Eng., 5.R., W.B. 12 &4 176
2 Eng., M.R., W.B. 76 120 190
3 Eng., M.R,, W.B, 164 192 208
J Eng., M.R., W.B., Sietch 52 102 178
3 Eng., L.R., W.B., DC-10-30 18 14 14
3 Eng., L.R., W.B. 40 52 85
3 Eng., L.R., W.B,, Stretch 16 28 44
2 Eng., M.R.. Narrow (2}
2 Eng., 5.R., Narrow 30 38 50
STOL, Turbeprop * B4 23 30 a4
TOTAL 1135 1322 1452 1754
(1) For the purpose of the DOT 23 Airport Study, (2) Split calegary as follows (Ref. R. Dixon Speas)
alremft in this r.lafs are considered to be of 797 - 23
tha 707 (New} variaty. DC? -  &7%
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2.6.2

Boston Logan (BOS) - General Operating Considerations

No new runway construction within the study period.

A detailed computer analysis was made of weather tape
statistics (5 years of racords) obtained from U.S. Weather
racords for runway utilization.

Flight tracks and associated altitudes were detarmined from

conversations with tower controllers and the following documents:

Logan International Airport Contrel Tower Bullatin
No. 71.6, Anti-Noise Procedures, 21 June 1971,

Arrival and Daparture Handling of High Performance
Airplanes - Boston Metropolis, BOS TWR 7232,2, 10 May 1971.

The Boston Center and Boston Tower Letter of Agreement.

Flight tracks and aititudes reflected the newly installed TCA,

Table 2.6.2-1 prasents the runway utilization percentages for Boston.,

Jable 2.6.2-2 presents the average daily aircraft operations at Boston,

Tﬂble 20602-]

Runway Utilization Parcentages for

Boston
R/W Arrival (%) ‘ ‘ Departure (%)
15 6.10 6.10
22 23.38 T 41,60
9 - 14,22
a3 19.75 19,75
27 19,48 1.47
4 31.29 - 16.86
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Table 2, 6.2+2

Average Daily Aircraft Operations for Boston

- Avecrage Daily Qperations

Alrcrafi Type/Description 173 - Ton1 e
720 .
7200
707- 1207320 T
707-120B 24
707-3208/C ' 24 34 28 26
727-100 108 74 42 58
7272200 84 B4 98 116
737-100/200 2 2 2
747-100 14
DC-8-30 2
DC-8-54 8
DC-8-61/63 10 12 12 14
pC-10-10 10 74 88 110
DC-9-15 16
DC-9-32 ¢ 200 164 162 174
BAC-111 35
L1011 68 74 82
VC~10 2
Cv, HED 4
Cv. 970
Caravelle
707 (NEW) . 16 18 14
857 - 2
4 Eng., M.R., 74751 32 42 -1:]
Long Range 744/ 74vB
747 Stroich
727 (QN)
727 Adv.
2 Eng., 5.R., W.B.
2 Eng., M.R., W.B. 38 82
3 Eng., M.R., W.B,
3 Eng., M.R., W.B., Siretch
J Eng., L.R., W.B., DC-10-30
3 Eng., L.R., W.B. 28 34 40
3 Eng., L.R., W.B., Stretch 4 g 24
2 Eng., M.R., Narrow (2) 20 10
2 Eng., S.R., Narrow 4 8
STOL, Turbeprop 20 ]
TOTAL 590 414 674 B20

{1) For the purpose of the DOT 23 Airport Study,
alreraft In this closs are conslidered to be of
the 707 (New) variety.
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2.6,3 Buffale {BUF) ~ Genera| Operating Considerations

b * o Extended final approach applicable to inbound aireraft
resulting from "keep-em=high" FAA program.
¢  Extended: "straight-out"® departure tracks (approximatély 6 n.m.)

from Runways 5 and 23 in interests of noise abatement,

"»  Preferential runway use land and departure on Runway 23,

®  No new runways or runway use changes were considered

LTI s e

. during the study period.
; s Transitional control procedures in accordance with Cleveland

.Centor/Buffalo Tower Letter of Agreemant dated April 15, 1971,

Table 2,6,3-1 présenh the runway utilization percantages for
Buffale. . .
. Table 2.6.3-2 presents the average daily aircraft operations at

Buffalo.

k) Table 2.6.3-1

Runway Utilization Percentages for

Buffalo
3 R/W - Arrival {%) Departure (%)
4 23 " 54,0 52,0
5 38.0 38,0
3 4.0 4,0
13 4.0 6.0
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Table 2,6.3=2

Average Daily Aircraft Operotions for Buffalo

Alreraft Type/Description

Average Dally Operatians

1972

1978

1981

1987

720

7200

707-120/320

707-1200

707-3208/C

16

16

16

727-100

25

22

22

20

727.200

22

36

32

32

737-100/200

16

18

747.100

DC-8-30

DC-B-55

DC-B-61/63

DC-10-10

DpC-9-15

pC-9-32

26

58

58

54

BAC-11)

68

L-1011

VC-10

Cv, 880

Cv. 990

Coravelle

707 (NEW)

85T

i

4 Eng., M.R., 74758

Long Range 747/7470

747 Streich

727 (QN)

10

727 Adv.

10

2 Eng., 5.R., W.B.

66

74

B8

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

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

3 Eng.

2

M.R., W.B., Siretch

3 Eng.

]

L.R., W.B., DC~10-30

3 Eng.

L.R., W.B,

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

2 Eng., M.R., Narrow

{2)

2 Eng., S.R., Norrow

STOL, Turboprop

22

8

2

TOTAL

204

240

246

256

(1) For tha putpose of the DOT 23 Airport Study,
aircraft In this class ore considered to be of
the 707 (Now) voriety.
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{2) Split category as follows

737
bC-9
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67%
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2,64 Chicago~Midway (MDW) - General Operating Considerations

®  No new runway construction within the study peried.

& Runway utilization assigned in accordance with control tower
personnel estimates.

s Flight tracks and procedures were developed as outlined in:

Chicage O'Hare Tower and Midway Tower Letter of
Agreement, 5 March 1973,

Chicago Center and O'Hare Tower Latter of Agreement,
25 April 1973,

Table 2,6.4-1 presents the runway utilization percentages for Chicago-
Midway.
Tabla 2.6.4-2 presents the average daily aircraft operations at

Chicago-Midway,

Toble2.6.4-1

Runway Utilization Percentages for
Chicage - Midway

R/W Acrival (%) Departure (%)
31L 30.0 30.0
13R 10,0 10.0
221 45.0 45.0
" 15,0 15.0
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Table 2,6.4=2
Average Daily Aircraft Operations for Chicago ~Midway

Afrcroft Type/Daseription

Averoge Dall

y Cperations

1972

1978

1981

1987

720

7208

707-120/2320

707-1208

707-3208/C

727-100

48

82

28

727-200 -

74

114

737~100/200

24

80

84

94

747-100

DC-8-30

DC-B-55

DC-8-41/63

DC-10-10

DC-%-15

22

DC-9-32

118

BAC-111 -

{-1011

ve-10

Cv. 880

Cv. 950

Caravells

707 {NEW)

55T )

4 Enp., M.R., 74758

Long Range 747/7478

747 Siretch

727 (QN)

727 Adv.

2 Eng., SR, W.B,

2

3

48

2 Eng.s MR, W.B,

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

3 Enp., M.R., W.B., Stratch

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

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

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

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

2 Eng., 5.R., Narrow

]

STOL, Turboprop

TOTAL

174

358

Ly

472

{1) For the purpota of the DOT 23 Alrpor! Study,

aircroft in this closs are considered to be of

the 707 (New) variety,
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737
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2.6.,5 Chicago~QO'Hare (ORD) ~ General Operating Considerations
¢ No new runways were considered to be constructed during the study period.
o In the existing time frame, B=747 aircraft cannot utilize Runways 4L/22R
and FL/27R due to a lack of stabilized shoulders. In the future time frams,
the shoulders were considered stabilized to allow unrestricted runway use,
o Dapuartures are held to 5000 feet for extensive periods due to aperating
procedures,
& Rador vectoring patterns are utilized in the handling of both arrivals and
departures.
e Eighteen different runway-use combinetions were analyzed. Calm winds
were assigned to arrivals on Runways 27R and 321 with departures on
Runways 271 ond 32R,
8 Nolse cbatement procedures (including arrival runway preferances from 11 PM
to 7 AM) as outlined in O'Hare Air Traffic Control Tewer Order 7110,13
were in effect,
o Special procedures for tower enroute service between Milwaukee and O'Hare
were included in the flight tracks.
Table 2.6, 5-1 presents the runway utili zation percentages for Chicago ~ O'Hare,
Table 2,6.5-2 presents the average daily aircraft operations at Chicage = O'Hare.
Table 2.6.5-1
Runway Utilization Percentages for Chicage = O'Hare
R/W Agrival (%) Departure (%)
Neo. | 1972 1978 | 1981 1987 1972 1978 1981 1972
4L 0 0 0 0 7.0 3,9 4.3 4.3
4R 0 0 0 0 2.6 4.8 5.5 5.5
oL 3.0 3.4 3.4 3.4 3.7 3.4 3.9 3.9
2R 9.0 9.5 9.5 9.5 4.2 4.6 4,2 4,2
14L 5.0 5.0 4.9 4.9 10.0 9.1 9.8 9.8
4R | 13.0 14.0 | 14.0 14.0 4,2 4.6 4.1 4.1
221 1.3 1.2 1.2 1.2 1.4 1.1 1.3 1.3
2r [17.2 10.4 | 10,5 10.5 0.7 0.9 0.9 0.9
7L 1.7 1.6 1.6 1.6 | 33.0 | 37.0 } 33.9 | 38.9
7R | 12,5 15,0 16.0 14.0 2.0 0.1 0.1 0.1
321 | 33.3 j34.2 |34.2 | 342 3.7 4.1 3.8 3.8
32R 4,0 4.7 4.7 4.7 | 27.4 | 26.4 | 28.1 28,1
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Toble 2.6,5-2
Average Daily Alrcraft Operations for Chicago-O'Hare

. . Average Daily Operations
Aireraft Type/Deseription 072 1975 1981 Y957
720 2 :
7208 befs] 16
707-120/320 18
707-1200
707-3208/C 174 94 20 B&
727-100 38 114 ! B2 34
727-200 200 175 143 124
737-100/200 108 106 68 42
747-100
DC-B-30 14
DC-8-55 s
DC-B-61/63 174 84 B2 80
DC-10-10 40 56 50 48
DC-9-15 + 54 :
bC-~9-32 182 206 174 122
BAC-1N 4
L-1011 2 78 68 56
vC-10 2
Cv, ABO 40
Cv. 990
Caravelle
707 (NEW) R 16 22 26
85T 01}
4 Eng., M.R,, 7475R 32 43 70
Long Range 747/7478 &6 98 102 106
747 Stretch 10 20 34
727 {QN) 38 48 4]
727 Adv, a7 47 41
2 Eng., S.R., W.8. 14 40 134
2 Eng., M.R., W.B, 94 112 124
3 Eng.. M.R., W.B, 150 140 164
3 Eng., M.R., W.B,, Streich 54 78 104
3 Eng., L.R., W.B., DC=10-30 16 14 12
3 Eng., L.R., W.B, 36 44 54
J Enn., L.R,, W.B., Stretch 14 26 38
2 Eng., M.R., Narrow (2}
2 Eng., S5.R., Narrow 52 &0 64
STOL, Turbeoprop 144 72 88 100
TOTAL 1592 1676 1488 1710
(1) For tho purpase of the DOT 23 Alport Study, (2} split category as fallows
alreraft in 1his cla.ss ors considered ta be of 737 - 33%
the 707 {New) varicty, DC=% - &%
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2.6.6

Cloveland.

Cleveland (CLE) - General Operating Considerations

Table 2.4.6-1 presents the runway utilization percentages for Cleveland.

No new.runway construction was assumed to be completed in

the study period,

All arrivals are kept high as long as possible and all departures

" are cleared to the highest pessible altitudes in accordance with

Cleveland Tower Bulletin No. 73-2,

Runway ;:ti_lizorion was assigned in accordance with monthly
runway usage charts kept by the Cleveland Air Traffic Control
Tower, ‘

SIDs and STARs were utilized to soms ‘extent; however, radar

vectoring of arrivals and departures was also employed.

-Table 2.6.,6-2 presents the average daily aircraft operations at

Table 2,6.6-1
Runway Utilization Percentages for
Cleveland

R/W Arrival (%) Departure (34)
N 29.0 2%9.0

23 59.0 59.0

18 3.0 3.0

36 3.0 3.0

27 6.0 6.0
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Table 2,6,6-2
Average Duiiy Aircraft Operations for Cleveland

Average Daily Operations

Alrcraft Type/Description To72 1978 a1 e

720

7208

707-120/320

7071200 12

707-3208/C 10 24 16 10

727-100 110 108 70 42

727-700 32 36 38 44

737-100/200 84 84 $8 104

747-100

DC-g-30 1.2

DC-8-55 10

DEC-8-61/63 12 18 ] 16

DC-10-10 8. 22 38 62

DC-5-15 ]

DC-9-32 18 40 40 36

BAC-1¥1 24

L-101t . 12 16 22

vC-10

Cv, B30

Cv. 590

Caravalle

707 {NEW)

§5T (1)

4 Eng., M.R., 747SR : 8 24

Long Range 747/7478

747 Stretch

727.(QN) 7 17 15

727 Adv. 7 17 15

2 Eng., S5.R., W.B. 22 32 Az

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

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

J Eng., M.R., W.B., Siretch

J Eng., L.R., W.B,, DC-10-30

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

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

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

2 Eng., 5.K., Narrow

STOL, Turhoprop 36 4

TOTAL 3646 384 408 434

(1) For the purpose of the DOT 23 Alrport Study, (2) Sphit calegory as follaws |
ajrcraft in this class are considered o be of 237 . 23%
the 707 (Naw) variety. DC-9 - 67%
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2.8,7

Denver (DEN) - General Operating Considerations

No new runway construction was assumed during the study peried.

VFR turn-ons over the outer marker were allowed for some aircraft.

Considerable radar vectoring is applied to arrival and departure

aircraft,

Prafarential runway use is arrivals on Runwoy 261 and

departures on Runway 26L.

Runway utilization was based upon runway use estimates by

Denvar control tower personnel .

Tabla 2,6.7-1 presents the runway utilization percentages for Denver.

Tabla 2,6.7-2 presants the average daily aircraft operations at Denver.

Table 2.6.7-1

Runway Utilization Percentages for

Denver

Arrival (%)

Departure (%)

BR
28L
17
35

2.5
85.0
2,5
10.0

2.5
85.0
2,5
10.0
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Table 2,6,7-2

Average Daily Aircraft Operations for Denver

2-464

DC-9 - &%

” Averaga Daily Operations

Alreraft Type/ De:crlp.tion To72 Y078 1981 1987
720 &
7208 22
707-120/320
707-1208 8
707-3208/C ) a2 26 10
727-100 106 124 - 114 114
727-200 90 74 74 104
737-100/200 8B 98 104 126
747-100
DC~8-30
DC-8-55 30
OC-8-61/43 34 26 18
DC-10-10 34 44 74 116
DC-9-15 40
DC~9-32 14 &0 62 42
BAC-111
L1011 é 12 20
YC-10
Cv. 880 16
Cv. 950
Carmavells
707 (NEW)
557 (1)
4 Eng., M.R., 74758 24 52 86
Long Range 747/7478
747 Siretch
727 {QN) 14 26 35
727 Adv. 16 24 35
2 Eng., 5.R., W.B, 50 84 126
2 Eng., M.R., W.B.
J Fng., M.R., W.B. 32
3 Eng., M.R., W.D., Stratch a8
3 Eng., L.R., W.B., DC-10-30 -] 26 38
3 Eng., L.R., W.B,
3 Eng., L.R., W.B., Stretch
2 Eng., M.R., Norow {(2)
2 Eng., S.R., Narrow
STOL, Turboprop 42 24
TOTAL 522 610 710 9&2

(1} For the purpase of the DOT 23 Alrpert Study, {2) Split category as follows

aircraft in this class are considered to be of 737 _ 3%
the 707 (Mew) variety.




2.6.8

Dulles (IAD) = General Operating Considerations

s No new runway construction within the study pericd.
@ Runway utillzation was assigned in aceordance with air traffic control records.
8 Construction of flight tracks and associared altitudes considered the following

material:
Intra=Facility Noise Abatement Procedures, Order IADZ 7110,86,
11 December 1972,

Dulles Tower Facility Standard Operating Procedures IADZ 7210.6,
1 April 1972,

Duiles Tower Bulletin 72-2, 15 September 1972, IFR Routes for Turbojet
Aircraft.

Dulles Tower=Dulles Airport Management Bulletin 731, 25 June 1973,
VFR Flight Near Nolse Sensitive Areas,

Washington Center and Dulles Tower, Letter of Agreement, 12 September

1971, Terminal Area Control Service,
Table 2.6.8=1 presents the runway utilization percentoges for Dulles International.
Table 2.6.8~2 presents the average daily aircraft operations at Dulles Internationa)

Table 2.6.8-1

Runway Utilization Percentages for
Dulles Intarnational

R/W Arrival (%) Departure (%)
1L 12,0 22,0
IR 35,0 1.0

30 2,0 -

19L 2.0 44,0

19R 41.0 1.0

12 8.0 _ 32,0
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Table 2.6,8-2

Average Daily Aircraft Operations for Dulles Internaticnal

Average Doily Oporations

Alrcralt Type/Description o7 1978 o8 1987

720

7200 ‘ 2

707-120/320 4

707-1208 30

707-3200/C 14 28 28 34

727-100 38 A4 50 52

727-200 35 40 52

8
737-100/200 5 8 8 -8
747100 B

DC-8-30

DC-8-55 20

DC-8-61/83 10 16 ’ 28

DC-10-10 4 16 16 20

DC-9-15 22

0C-9-32 ‘6 38 38 46

BAC-111

L-1011 10 12 16

vC-10 2

Cv, 880

Cv, 950

Coravelle

707 (NEW)

557 {t) 8

4 Eng., M.R., 74788 48 54 72

Long Range 747/7478

747 Streich

727 (QN)

727 Adv.

2 Erg., 5.R., W.B.

2 Eng., M.R., W.B. 10 14 24

Jd Eng., M.R., W.B.

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

3 Eng., L.R., W.B., DC-10-30 16 16 20

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

3 Eng., L.R., W,B., Stretch 12 24

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

2 Eng., S.R,, Naorrow

STOL, Turboprop 4

TOTAL 168 264 304 404

(1} For the ﬁurpn:e of the DOT 23 Airport Study, (2) Split categary os follows
aircraft in this class are considered fo ba of 737 230
the 707 {New) variety.  De-9 - postiy
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2.6.9 John F. Kennedy (JFK) = General Operating Considerations *

No new runway construction was assumed during the study period.
Extensive standard instrument arrival and departure (SIDS/STARS)
procedures are Used and reflected in the analysis,

Considerable radar vectoring is applied to inbound aircraft,

* Unique "lead-in" lights are used to permit aireraft to approach

Runway 13R/L in a cireling path to avoid residential areas.
Runwey assignment by troffic contrellers makes use of a computer
program_that considers weather and relative lavels of naise
exposure experienced by surrounding communities over a
selected tine period. Detailed runway use logs of history at

airport were used to supplement our runway use analysis,

Table 2.6.9-1 presents the runway utilization percentages for John F.

'Kennedy International,

Table 2.6,9-2 presents the average daily aircraft 6perutions ot John F.

Kennedy International ,

Table 2.6.9-1

Runway Utilization Percentages for
John F. Kennedy International

R/W Arrival (%) Departure (%)
No. 1972 1978 1981 1987 1972 1978 1981 1987
220 20.2 4.5 3.8 3.8 1.8 0 0 ¢
228 2,0 o 0] 0 25,0 47.2 47,5 47.6
3L 7.3 v} 0 0 37.0 35.0 34.8 34.8
31R 26.3 30.0 30.2 30.2 0.4 0 0
4L 2.1 0 4] 0 11.4 2.1 2.1 2.0
4R 18.1 37.7 37.8 37.9 0.5 o 0 0
13L 15.2 22,0 22.3 22,3 2.7 0 0 0
13R 8.8 5.8 5.9 5.9 21.2 15.7 15,6 15,6

* ' .
Sce page 2-47,
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Table 2,6,9-2

Average Daily Alrcraft Operations for John F. Kennedy International

) Average Doily Operations

Ailreraft Type/Deseription e 1978 1981 1907
720 4
7200
707-120/320 110
707-120b a2
707-3208/C 54 56 34 18
727-100 158 126 82 50
727-200 80 <ol 2 24
737-100/200
747-100 122
DC-8-30 30
DC.-8.85 86
DC-8-61/63 . 58 34 26 18
nC-10-10 12 44 . 42 38
DC-9-15 24
DC-9-32 24 54 48 40
BAC-11i 10
L-101 10 52 52 46
vC-10 12
Cv, 880 14 .
Cv. 990
Caravelle
707 (NEW) 16 18 20
SST m 8 14 20
4 Eng., M.R., 74758 . 232 222 194
Leng Ronge 747/7478
747 Shetch 22 22 20
727 (QN) 7 ? 8
727 Adv, 7 ? 8
2 Eng., 5.R., W.B. 52 82 136
2 Eng., M.R., W.B. .
3 Eng., M.R.,-W.B. 28 122 140
3 Eng,, M.R., W.B., Stretch 36 70 120
3 Eng., L.R., W.8,, DC~10-30 10 12 10
3 Eng,, L.R., W.B. 24 34 46
3 Eng., L.R., W.B., Siretch 10 18 32
2 Eng,, M.R., Narrow (2) 12 12 10
2 Eng., 5.R., Norrow
STOL, Turboprep 2
TOTAL 874 932 954 1000

(1) For Ih? purp:su ¢I)F the DOT 2!:! Airpurtitud{y, (2) Split eategory as follows

afreraft in this class are cansidered to be o
tha 707 (Naw) variety. o G
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2,6.10 LaGuardia (LGA) - General Operating Considerations *

No new runways were considered to be constructed during the
study period.

Preferential runway use involves landings on Runway 22,
departures on 13.

Immediate turns are completed when necessary to permit departures
to remain over nonresidenticl areas until relatively high

altitudes are ottained.

Extensive use of standard instrument arrival and departure

{SIDS/STARS) procedures were incorporated in the study,

s - Considerable radar vectoring is applied to inbound aircraft.

Table 2.6.10-1 presants the runway utilization percentages for

LaGuardia,

Table 2,6.10-2 presents the average daily aircraft operations at

LaGuardia.

Table 2,6.10-1

Runway Utilization Percentages for

LaGuordia
R/W Arrival (%) Departure (%)
Na. 1972 1978 1981 1987 1972 1978 1981 1987
4 2.3 5.5 5.5 5.5 24.3 33.46 33.46 33.5
13 14,3 9.0 .0 2.0 36.2 35,1 35.4 35.8
22 39.4 58.6 58.4 58.7 1.7 0 0 0
K}l 37.0 24,9 271 24,8 37.8 31.3 31.0 30.7.

* Runway utilization is heavily influenced by:

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

» Potentially conflicting traffic patterns between the two facilities.

s Waather conditions.
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Table 2,6.10-2

Average Daily Aircraft Operations for La Guardia

Aireraft Type/Description

Average Daily Operations

1972

1978

1961

1987

720

7208

707~ 1207340

707-120B

707-3208/C

727-100

294

120

110

%0

727-200

172

207

175

166

737-100/200

28

30

120

24

747-100

0C-8-30

DC~8-55

DC-8-61/63

oC-10-10

28

28

28

24

0C-9-15

42.

DC-9-32

148

36

98

BAC-111

24

L-i011

76

30

VC-10

Cv. 880

Cv. 950

Cargvalle

707 (NEW)

S5T {1}

4 Eng., MiR., 74758

Long Range 747/7478

747 Stretch

727 (GN)

59

727 Adv.

58

54

2 Eng., 5.R., W.0,

o

30

78

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

40

56

84

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

28

90

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

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

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

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

2 Eng., M.R,, Nearrow {2)

2 Eng., S5.R., MNarrow
STOL, Yurboprop

a0

18

34

52

70

el

TOTAL

778

848

864

902

(1) For the purpose of the DOT 23 Airport Study,
aircralt in this class are considered to be of

the 707 (Now) variety,
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2,6.11 Los Angeles (LAX) - General Operating Considerations

No new runway construction within the study period,

"45°" visual approach to Runways 24 or 25 was utilized in

the flight track assignment. This is a short turn-on just eost

of Hollywood Park Race Tiock.

No wide~body aircroft were assigned to Runway 25L/R in the
present time frame because of [oad-bearing limitotions associated
with o tunnel below the runways. In the 1978 to 1987 time
period, it was assumed this tunnel would be strengthened ond
runway limitations would not apply.

A new night operation procedure was utilized which restricted
landings to Runways 6 and 7 and departures to 24 and 25, thereby
placing all operations over water at night.

PSA two=segment (~6°/3%) VFR approaches were recognized,
Preferential runway use is Runways 25L/R in the present time
frame with mostly wide bodies on Runway 24. For the future, both

sets of parallels were used equally,

Table 2.6.11-1 presents the runway utilization percentages for Los

1 Angeles International .

‘ Tabla 2,56.11-2 presents the average daily aircraft operations at

Los Angeles International .

Table 2.6.11-1

Runway Utilization Percentages for
Los Angeles International

R/W Arrival (%) Departure (%)

No. 1972 1978 1981 1987 1972 1978 1981 1987
6 2.5 11.1 11.0 11,0 0 0 0 0
7 0 0 0 0 o ¢ 0 0

24 32.1 34,7 34,7 34.7 23.1 43.1 43.2 43.2

25 65.4 54,2 54,3 54.3 76.% 56.9 56.8 56.8
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Table 2,6,11-2

Average Daily Aircraft Operations for Los Angeles International

2-72

. L Averope Daily Operations
Alreraft Type/Description 1972 1978 1981 1967

720 20 '

72006 48 4

707-120/320 36

707-1200 100

707-3200/C J8 70 40 24

727-100 110 52 50 2% Ay

727-200 208 140 124 104 .

737-100/200 102 &4 54 52

747-100 80

DC-8-30 12

DC~B-55 g0

DC-8-61/63 A4 44 2 28

DC-10-10 34 40 30 34

DC-9-15 20

DC-9-32 22 52 42 42

BAC-1

L- 1011 4 A8 40 38

vC-10 2

Cv. 880 2

Cv., 990

Caravelle

707 (NEW) 14 18 28

85T (1) s} [ 10

4 Eng., M.R., 7475 26 i 52

Long Range 747/747B 100 102 116

747 Stretch 10 14 32

727 (AN} 30 42 15

727 Adv, J0 42 35

2 Eng., 5.R., W.B. 8 35 104

2 Eng., M.R., W.B, 58 g4 12

3 Eng., M.R., W.B. 90 100 1ta

Jd Eng., M.R., W.B., Siretch 44 72 1600

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

3 Eng., L.R., W.B, 22 26 38

d Eng., L.R., W.B,, Stretch 12 20 26

2 Eng., M.R., Norrow (2) 32 34 44

2 Eng,, S5.R., Morrow

STOL, Turboprop 24 A4 52 .72 -

TOTAL 1018 1044 1112 1290 -‘%&
{1) For the purpase of the DOT 23 Airpert Study, (2) Split categary as follows J

airgraft in this clafs are considered to be of 7a7 - Camm

the 707 {New) veriety. 0e-9 - 7%



2.6.12 Miami (MIA} - General Operuring Considerations

S o No new runway construction during the study period.

g »  Runway utilization assigned in accordance with control tower
1 records, ‘

‘ 11' e  Extensive use of radar vectorimg and path-stretehing procedures,
) Toble 2.6.12-1'presents the runway utilization percentages for Miami.
Table 2.6 12-2 presents the average daily aircraft operations at Miami .
Table 2.6.12-1
e Runway Utilization Percentages for
Miami
= R/W Arrival (%) Departure (%)

271 17.56 9.46
27R 15,45 23.57
B 5L 31.36 47,85

| 9R 35.63 19.2]
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Toble 2,6,12-2
Average Daily Alreraft Operations for Miami

Ajrcraft Type/Deseription 972 Avera;;;)nily OT;:‘:'OM 1057
720 4
7200 2
707-120/320 24
707-1200
707-3200/C 4 22 14 10
727-100 198 138 112 92
727-200 108 106 | 86 78
737-100/200 2
747-100 16
DC-8430 d2
DC-B-55 45
DC-B-61/63 ' 22 40 44 a2
DC=-10-10 10 1] - 80 92
DC«9-15 18
DC-9-32 13} BO 72 [-1-]
BAC-111
L.-1011 & 86 118 158
VC-10 )
Cv. 880 s
Cv. 950
Coravelle
707 (NEW) K[ 26 )
§5T (1)
4 Eng., M.R.. 747SR 4| es 96
L.ong Range 747/7478
747 Stretch
727 (QN) 23 28 26
727 Adv. 23 28 26
2 Eng., SR W.B, 14 58 146
2 Eng., M.R.. W.B. .
J Eng., MRS, W.0.
3 Eng.. M.R., W.B., Streteh
J Eng., L.R., W.B., DC-10-30 24 40 &4
3 Eng., L.R., W.B,
3 Eng., L.R., W.B., Stretch B 20 46
2 Eng., M.R., Narrow {2)
2 Eng., 5.R., Narrow
STOL, Turboprop 74 .
TOTAL 658 734 gl4 932
{1} For the purpoie of the DOT 23 Ajrpart Study, (2) Split category as follows
alrcraft in this :Ia‘ss are consldered to bo of 737 - 33%
tha 707 {New) variety. DC-% - 7%
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2.6.13 Minneapolis (MSP) - General Operating Considerations

& Na new runway construction within the study period.

LA naTs T T T

s A detalled computer analysis was made of weather tape

statistics (5 years of records) obtained from U.S. Weather

PRSPPI

records for runway utilization,
u s Noise abatement procedures ovtlined in MSP ATCT 7100.2C,
15 March 1973, were amployed,

J3

e [Extensive use of radar vectoring and path stretching wos
employed in areas designated in the Minneapolis ARTCC and
Wold-Chambertain ATCT Letter of Agr'eemenr.

Table 2,6,13-1 presents the runway utilization percentages for

7 Minneapolis - 5t. Paul,

Table 2.6.13-2 presents the average daily aircraft operations at

Minneapolis - 5t. Paul,

Table 2,6.13-1

Runway Utilization Percentages for

; Minneapolis - St. Paul
" R/W Arrival (%) Departure (%)
22 16.60 24,80
4 18.80 13.80
1iL 6.30 22,40
TIR 6,40 12,10
290 21,20 8.90
20R 30,70 8.80
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Table 2,6.13-2

Average Daily Aircraft QOperations for Minneapolis-St. Paul

Average Daily Oparations

Alreraft Typo/Doseription s

1978

1981

1907

720

7200 22

707-120/320

707--1200

707-3208/C 26

3z

30

727-100 70

78

80

B2

727-200 92

96

104

108

237-100/200 16

747-100 10

DC~8-30

DC-B-55 2

DC-B-61/83

DC-10-10

32

42

bC-9- 15 [

DC-9-32 58

78

62

BAC-111

L-1011

30

vC-10

Cv. 860

Cv. 990

Caravello

707 {NEW)

SST )

4 Eng., M.R., 74758

28

34

Long Range 747/7478

747 Stretch

727 (QN)

727 Adv.

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

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

28

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

10

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

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

J Eng., L.R,, W.B.

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

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

2 Eng., S.R., Narrow

STOL, Turbeoprop 34

TOTAL 338

3%

420

472

(1) For the purpase of the DOT 23 Aliport Study,
alreralt in this class are considerad to be of
the 707 (New) variety,

2-78

{2) Split calegory us follows

737
DC-¥

- 33%
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2,6.14 Newark (EWR) - General Cperating Considerations '

¢ No new runway construction within the study period,
¢ Runway utilization was determined from statistics maintained

by the Port Authority of New York and New Jarsey.

a  Flight tracks associated with Newark's arriving and deporting
aircraft were established in accordance with procedures set
forth in the "Standard Operational Frocedures Manual, New
York CIFRR, March 1973." Validity and accuracy of drawn
tracks were checked utilizing a blowup of the "Newark ARR-DEP
NYCIFRR ASR-6 60 n.m. Video Map."

Table 2.6,14~1 presents the runway utilization parcentoges for Newark .

Table 2.6.14-2 presents the average daily eircraft operations at Newark.

Table 2.6.14=1
Runway Utilizotion Percentages for
Nawark

/W Arrival (%) Departure (%)

4L - 32,1

4R 38,1 - .
221 37.4 -
22R - 50.3

11 1.1 7.1
29 23.4 10.5
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Average Deily Aircraft Operations for Newark

Table 2,6.14-2

Aircraft Typo/Description

Average Daily Qperotions

1972

1978

1981

1907

720

7208

707- 1207320

707-120p

30

707-3208/C,

22

&0

76

727-100

80

96

70

7%

727-200 .

58

49

50

54

737-100/200

32

38

34

36

747-100

DC-8-30

DC-8-55

24

DC-B-41/43

30

70

74

78

DC-10-10

38

54

78

DC=9-15

DC-9-32

P8

114

124

122

BAC-111

38

1.-101]

50

&6

vC-10

22

Cv., 880

Cv. %90

Caravelle

707 (NEW)

55T

)

4 Eng., M.R., 7475R

24

38

46

Long Range 747/7470

747 Streteh

727 (QN)

18

727 Adv.

10

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

28

56

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

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

J Eng., M.R.. W.B., Stretch

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

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

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

2 Eng., M.R.. Narrow

{2)

2 Eng., S.R., Narrow

STOL, Turbeprop

28

10

TOTAL

478

570

460

724

(l)' For the purpote of the DOT 23 Alrport Siudy,
aicenaft In this elass are considered to be of

the 707 {Naw) variety.
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737
pc-¢

33%
&7%




2,6,15

o Qrleans.

Orleans.

New Orleans {MS5Y) - General Operating Considerations

No new tunway construction within the study peried,

Runway utilization was assigned employing a 15 knot crosswind
criterio with the windrose contained on the Januery 1972 airport
layout plan for New Orleans International Ajrport.

Calm Wind Runway Use was arrivals on Runway 10 and
departures on Runway 19.

Noise abatement procedures contained in Pilot Bulletin 70-3 and
Pilot Bullatin 72-2, Moisont ATC Tower, were considered in
flight track construction.

Extensive radar vectoring was employed within the arrival/
departure gate areas as outlined in the Leltar of Agreement

between Houston Center and Moisant Tower, 1 March 1973.

Table 2,6.15-1 presents the runway utilization percentages far New

Tabls 2,6.15-2 prasents the average daily aircraft operations at New

Table 2.6.15-1

Runway Utilization Percentages for
New Orleans

R/W Arrival (%) Departure (%)
22.0 24,0
19 18.0 41,0
10 58.0 2,0
2.0 33.0
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Table 2,6.715-2

Average Daily Aircraft Operations for New Orleans

Aircraft Type/Deseription

Average Dally Operations

1972

1978

1981

1987

720

7208

707120320

707-1200

707.32008/C

727-100

46

46

54

727-200

&2

62

B4

737-100/200

747100

DC-8-30

DC-R-55

DC-8-61/63

32

30

DC-10-10

38

46

DC-%-15

DC-9-32

78

84

BAC-111

L-1011

36

44

62

VC-10

Cv. 880

Cv. 990

Caravelle

707 (NEW)

SST 4]

4 Eng., M.R., 7475R

24

Long Ronge 747/7478

747 Stratch

727 (QN)

20

28

727 Adv.

20

28

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

18

60

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

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

24

J Eng., M.R., W.B., Stratch

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

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

J Eng., L.R., W.B., Sireich

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

22

110

2 Eng., 5.R., Norrow

STOL, Turbaprop

a2

2

TOTAL

300

354

424

574

{1) For the purp'ose of the DOT 23 Airpert Study,

airenaft in this closs are considered 1o by of

tho 707 {Naw) varlety.
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{2) Split categery as follows

737
DC-9

B%
67%
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2.6,16 Philadelphia (PHL} - General Operating Considerations

e  Study reflected use of new east-west parallel,

o Arrival-departure tracks are in accordance with agreements with
New York and Washington centers and adjacent tower facilities.

s Arrival altitudes are governed by FAA "keep-em~high" philosophy

and local noise abatement procedures.

Table 2.6.16~1 presents the runway utilization percantages for Philadelphia.

Table 2,6,16-2 presants the average daily oircraft operations at
Philadalphia. .

Table 2,6, 16-1

Runway Utilization Percentages for

Phitadelphia
R/W Arrival (%) Departure (%)
oL - 35.0
2R 35.0 -
271 - 64,0
27R 64.0 -
17 - -
a5 - -
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Table 2,6.16~2
Average Daily Aircraft Operations for Philadelphia

i Averaga Daily Qperations

Afrcralt Type/Description 1972 1978 1981 To5
720
7208
707-120/320 12
707-120B 20
707-320b8/C 26 32 30 32
727-100 80 86 78 78
727-200 44 72 74 2]
737=-100/200 B 18 20 24
747-100 28
pC-8-30 12
DC-B-55 e - 2 -
DC-B-61/63 12 14 14 16
-DC=-10-10 2 45 58 78
bC-9-15 30
DC-9-32 124 170 162 172
BAC-111
L=101 2 28 40 &4
VC-10 2
Cwv. 880 20
Cv, 990
Cotavelle
707 (NEW)
SST (1)
4 Eng., M.R,, 7475k 34 40 44
Long Range 747/2478
747 Stretch '
727 (QN) 16 25 31
727 Adv. 14 25 31
2 Eng., S.R., W.B. 34 74 120
2 Eng., M.R., W.B,
3 Eng., M.R., W.B.
3 Eng., M.R., W.B., Sireich
3 Eng., L.R.,, W.B., DC-10-30
J Eng., L.R., W.B,
3 Enga, L.R., W,B., Stretch
2 Eng., M.R., Narrow (2)
2 Eng., 5.R., Narrow
STOL, Turboprop 30" 12
TOTAL 474 578 540 786

(1) For the purpese of the DOT 23 Alrport Study,
alrcraft in this class are considered to ba of

the 707 {New) variety,
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2.6,17 Phoenix-Sky Harbor (PHX) - General Qperating Considerations

& No new runway construction during the study pericd.

*  Runway utilization was determined by control tower personnel

astimates.
o ' Noise abatament procedures outlined in Phoanix TRACON/Tower

Pilot Bulletin dated 14 January 1972 were followed.

¢  Sky Harbor Airport, Luke AFB, William's AFB Terminal Area
Graphic Notice, 15 September 1972, was reviewed and
incorporated in the flight tracks,

o  5IDs and STARs were used. Also VFR opproach tracks were

shown bacause of their frequent use,

Table 2.6,17-1 presents the runway utilization parcentages for Phoenix,

Table 2,4.17-2 presents the average daily aircraft cperations at Pheenix.

Teble 2,6.17~1

Runway Utilization Percentages for

Phoenix
R/W Arrival (%) Departure (%)
No. | 1972 1978 1281 1987 1972 1978 1981 1987
8L 0 22,0 22,0 22,0 0 20,0 20.0 20,0

8R 50.0 28,0 28.0 | 28,0 50.0 30,0 30,0 ¢ 30,0
26L | 50,0 28,0 28,0 | 28,0 50,0 | 30.0 30,0 30.0
26R 0 22,0 22,0 | 22,0 0 20.0 20,0 20.0
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Table 2.6,

17-2

Average Daily Aircraft Operations for Phoenix

Alrgeaft Type/Deseription

Average Daily Operations

1972

1978

1981

' 1987

720

7200 .

10

707-120/320

707-1200

34

707-3208/C

4

32

a2

38

727-100

14

o

727200

46

48

62

737-100/200

16

20

24

747-100 -

2

DC-8-30

DC-8-55

DC-8-61/53

DC-10-10

22

28

DC-9-15

DC-9-32

70

8s

BAC~111

L-1011

20

24

VC-10

Cv, 880

Cv. 990

Caravelle

707 (NEW)

$5T )

A4 Enp.y MR, TAZR

26

Long Range 747/7478

747 Stratch

727 (QN)

10

16

21

727 Adv,

- 10

16

2]

2 Eng., 5.R., W.B.

26

46

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

3 Eng., M.R., W.B8,

10

d Eng., M.R., W.B., Stretch

d Eng.. L.R., W.D., DC-10-30

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

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

2 Eng., M.R., Narrew

(2)

2 Eng., S.R.;, Naorrew

STOL, Tutbeprop

22

TOTAL

212

2556

308

408

{1}’ For the purpose of the DOT 23 Alrport Study,
aircraft in this class are considered to ba of

the 707 (Neaw) variety.
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DC-9

33%
&7%




2.6.18 Portland (PDX) - General Operating Considerations

e No new runway construction was assumed during the study peried,

s Rodar vectoring procedures are utilized in the handling of both
arrivals and departures.

& Preferential runway use is arrivals on Runway 10R and departures
on Runway 10L. i

e Runway utilization waos based upon runway use estimates by
Portland control tower personnel.,

s  Altitude restrictions for deporting aircraft as outlined in Letter
of Agresment, April 16, 1973, between Seattle Air Route

Traffic Control Center end Portland Tower were applied to
flight tracks.

Table 2.6, 18-1 presents the runway utilization percentages for Portland,

Table 2.6, 18-2 presents the average daily aircraft operations at Portland,

Table 2.6.18-1

Runway Utilization Percentages for

Portland
R/W Arrival (%) Departure (%)
10L 14.0 63.0
10R 56.0 7.0
28L 7.0 l 14.0
28R 22.0 14.0
20 1.0 2.0 :
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Table 2,6,18-2
Average Daily Aircraft Operations for Portiand

Averaga Daily Operations

Aircraft Type/Description 1972 1978 1987 1987

720

7200 14

707-120/320 B

707-1208

707-3208/C & & 4 2

727-100 &2 54 &0 78

727-200 34 46 50 &4

737-100/200 30 40 50 70

747-100

DC-8-30

DC-B-55 10

DC-8-61/63 & 12 10 10

DC-10-10 2 24 a0 42

DC-9-15 2

DC-9-32 32 a8 44 &0

BAC-111 ~

L-1011

¥C-10

Cv, 830

Cw. 990

Carovellas

707 (NEW)

§ST -

4 Eng., M.R., 74758 4 [ 10

Lang Range 747/7478

747 Stretch

727 (QN) 10 16 22

727 Adv. 10 16 22

2 Eng., S.R., W.B. 20 34 58

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

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

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

3 Eng., L.R., W.B., DC-10-30 4 L] 8

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

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

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

2 Eng., S.R., Norrow

5TOL, Turboprep 14 4

TOTAL 222 274 326 445

{1) For the purpase of the DOT 23 Aitport Study, {2) Split category as follaws
aircraft in this class are cansidered ta be of 737 - 1%
the 707 (New} variety. DC-9 - &%
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2,6,19 San Diego {SAN) - Genera! Operating Considerations

¢ No new runway construction within the study period.

¢ Runway utilization was assigned based upon estimates by control
tower parsonnel.

s VFR proceduras were extensivaly utilized along with standard
IFR approach procedures.

s  San Disgo Terminal Area Graphic Notice and the Los Angelas
Cantar/Miromor RATCC Latter of Agreament, 15 February 1973,
were vied in the construction and altitude assignment for the

flight tracks.

Toble 2.6.19-~1 presents the runway utllization percantages for San Diego.

Table 2.6, 19-2 presents tha average daily aircraft operations at Son Diego.

Table 2.6.19-1

Runway Utilization Percentages for

Son Diego
R/W Arrival (%) Departure (%)
? 10.0 10.0
27 20.0 20,0
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~ Table 2.6,19-2
Averége Daily Aireraft Operations for San Disgo

Alrcraft Type/Description

Avecrage Dall

y Operations

1972 1978

1981

1987

720

7208

14

707-1207320

707-1200

24

707-3208/C

10 34

40

52

727-100

24 24

26

32

727-200

36 48

&4

82

737-100/200

46 a8

40

48

747-100

DC-§-30

2

DC-3-55

20

DC-8-61/63

4 24

25

34

DC-10-10

2 8

10

16

bC-9-15

DC-9-32

BAC-111

L-1011

vC-10

Cv, 880

Cwv, 990

Caravelle

707 {NEW)

SST

0

4 Eng., M.R., 7475R

12

Long Range 747/747D

747 Strelch

727 (QN)

14

22

28

727 Adv.

22

28

2 Eng., 5.R., W.B,

24

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

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

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

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

3 Eng., LR, W.B,

J Eng., L.R., W.D,, Stretch

2 Eng., M.R., Nortow

(2)

‘| 2 Eng., S.R., Narrow

STOL, Turbaprop

TOTAL

208 252

292

392

(1) For the purpose of the DOT 23 Airport Study,
aircmft In this class are cansidered to by of

the 707 {New) varicty.

pC-9
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2,6.20 San Francisco (SFO) = General Operating Considerations

No new runway construction was assumed to be completed in the study peried.
Extensive use of standard instrument departures (S1DS) and standard arrivel
routes (STARS) are employed due to the complex airspace environment of the
Bay Area. These SIDS and STARS delineate specific courses and altitudes

for aircraft to fly and are assigned aircraft based upon their arigin/destination
and airline routing preferences,

Non-SID/STAR radar vectoring and VFR operations were also used, Two
high-use VFR operations are the Visual Bridge Approach to Runway 28R

and the GAP Departure off Runway 28L/R.

Preferential runway use is arrivals an Runway 28 and depeortures on Runway 1.
Runway utilization wes bused upon the Weather Bureau tape analysis and
runway use surveys conducted by San Francisco control tower personnel,

A 600 foot takeoff displacement for Runway IR was considered in the analysis.
Although listed on o test basis, it was assumed that it will be permanently
adopted ,

Six degree VFR approach procedure used by PSA was recognized,

Tohle 2,6.20-1 presents the runway utilization percentages for San Francisco

International.

Table 2.6.20-2 presents the average daily aireraft operations at San Francisco

International ,
: Table 2.6.20-1
Runway Utilization Percentages for
San Francisce International
i R/W Arrival (%) Departure (%)
- No. | 1972 1978 1981 1987 1972 1978 1981 1987
g 28 92.3 92,3 92.3 92,3 34.1 34.4 | 33.7 33.7
10 0.3 0.3 0.3 0.3 5.5 4.7 4.7 4.7
1 0.9 0.9 0.9 0.9 53.8 59,3 60.0 40,0
19 6.5 6.5 6.5 6.5 1.6 1.6 1.6 1.6
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Teble 2.6.20-2

Average Daily Aircraft Operations for Sen Francisco Internotional

. Average Daily Operotions

Aircraft Type/Deseription 72 1978 1981 1on7
720 14
7208 34
707-120/320 34
707-120p 54
707-3208/C 18 44 44 46
727-100 B2 50 40 40
727-200 108 78 73 rid
737-100/200 150 122 122 104
747-100 4B
pC-8-30 10
DC-0-55 &4
DC-B-41/53 40 il 44 22
DC-10-10 18 a8 a8 40
DC-9-15
DC-%-32 26 100 98 74
BAC-111
L-1011 44 44 46
vC-10
Cv. 880 8
Cv, 790
Coravelles
707 (NEW) 24 22 22
SST ) 8 14
4 Eng., M.R., 7475R 18 40 56
Long Ronge 747/7470 56 70 102
747 Steetch [ 12 28
727 (GN) i7 25 27
727 Adv, 17 24 2
2 Eng., S.R., W.B, 4 46 g2
2 Eng., M.R., W.B. 26 36 &2
J Eng., M.R., W.8. 74 94 142'
3 Eng., M.R., W.B., Stretch J2 56 122
J Eng., L.R., W.0,, DC=10-30 10 8 10
d Eng., L.R., W.B. 20 28 45
3 Eng., L.R., W.B., Stretch 8 10 32
2 Ena., M.R., Narrow {2)
2 Eng., S.R., Narrow 20 24 34
STOL, Turboprop 40 24 34 56
TOTAL 780 924 1042 1314

{1) For the purposc of the DOT 23 Alrport Study,

aircraft [n this closs are considered to be of

the 707 (Mow) varlely.

250

(2) Split cotegory as follows -

737
D9

-

33%
&7%
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2,6,21

Seattle {(SEA) - General Operating Considerations

No new runways were considered to be constructed during the

. study period.
Praferential runway use is arrivals on Runway 16R and departures
on Runway 16L.
Runway utilization was based upon runway use astimates by
Seattle contrel tower personnel,
Considerable radar vectoring is applied to arrival and departure eircraft.
The Visuval Bay Appreach to Runway 16 as outlined in Noise Abatement
Procedures, Seattle Air Traffic Control Tower QOrder 7110.0718, wos
included in the flight tracks,

Table 2.6.21-1 presents the runway utilization percentages for Seattle,

Table 2,6.21-2 presents the average daily aircraft operations at Seattls.

Table 2.6.21-1

Runway Utilizatien Parcentages for

Seatile .
R/W Arrival (%) Departure (%)
16L 3.0 48,0
16R 57.0 12,0
4L 2.0 38.0
34R 38.0 2,0
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Table 2,4,21-2

Average Daily Aircraft Operations for Seattle

Alreraft Type/Description

Average Dally Opcerations

1972

1978

1981

1987

720

7208

38

707-120/320

12

7071200

707-3200/C

28 .

24

20

727-100

62

70

74

78

727-200

46

72

74

82

737-100/200

1o

747-100

10

DC-8-30

DC-8-55

22

DC-B-41/63

24

‘38

24

pe-10-10

4

14

20

DC-9-15

DC-9-32

22

20

BAC-111

L-1011

VC-10

Cv. B8O

Cv. 790

Coravelle

707 (NEW)

SST

-

4 Eng., M.R., 7475R

32

48

74

Long Range 747/7478

747 Siretch

727 (QN)

15

24

27

727 Adv.

24

7

2 Eng., 5.R., W.B.

14

24

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

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

e}

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

3 Eng., L.R., W.8,, DC-10-30

24

30

35

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

J Fng.. L.R., W.B., Stretch

2 Eng., M.R., Narrow

(2

2 Eng., S.R., Narrow

STOL, Turboprop

20

TOTAL

300

360

400

492

() For tha purpose of the DOT 23 Airport Study,
afrcraft in this class are considered to ba of

the 707 {Now) varicty.

2=92
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2,6.22 St, Louis (STL) - General Operating Considerations

s No new runway construction within the study period,

s A detailed computer analysis was made of weather tape
statistics (5 years of records) obtained from the U,S. Weather
records for runway utilization at St. Levis Airport,

e Arrivel and departure flight tracks were based upon radar
vectoring in assigned areas in accordance with the Kansas
City ARTCC and St. Louis Airport ATCT, Letter of Agraement,

21 April 1971,
¢ Specjal procedures ragarding the arrival handling of turbine-

powered aircraft as autlined in $t. Louis ATCT Qrder 7110. 14C
was followad.

Table 2,6.22-1 presants the runway utilization percentoges for 5t, Louis.

Table 2.6,22-2 presents the average daily olreraft operations at St. Louis.

Toble 2,6,22-1

Runway Utilization Percentages for

St. Louis
R/W Arrival (%) Departure (%)
No. | 1972 1978 1981 1987 1972 1978 1981 1987
6 3.9 2.1 2.1 2.1 0.4 0.4 0.4 0.4
12 54,2 54.2 54,2 54,2 57.5 | 57.5 57.5 57.5
24 3.4 3.4 3.4 2.4 1.2 | L9 1.9 1.9
0 38.5 40,3 40.3 | 40.3 40.2 | 40.2 | 40,2 40,2
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Table 2,6,22-2
Averuge Dally Aircroft Opereations for St. Louis

Alreraft Type/Description

Averayo Daily Operations

1972

1978

1981

1987

720

7208

707-120/320

707-1208

34

707-3206/C

26

727-100

102

__40

44

727-200

62

&7

80

737-100/200

747-100

DC-8-30

GC-8-55

DC-B-61,/53

DC-10-10

B

40

100

pC-9-15

70

DC-9-32

122

190

208

248

BAC-11]

10

L-10Y]

40

&0

100

vC-10

Cv. 880

Cv. 950

Carovelle

707 (NEW)

SST

")

4 Eng., M.R., 7475R

74

138

Lang Range 747/7478

747 Stretch

727 (QN)

22

26

727 Adv.

22

26

2 Eng., 5.R., W.B.

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

26

74

d Eng., M.R.., W.B.

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

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

J Eng., L.R,, W.B.

24

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

2 Eng., M.R., Norrew

{2)

2 Eng., 5.R., Narrow

STOL, Turbeprop

b6

28

TOTAL

504

544

427

870

{1} For the purpose of the DOT 23 Airpert Study,
alreraft in this closs are contidercd to be of

the 707 (New) varicty.

294

(2) Split category os follows

737
DC-9

3%
67%




2.6.23 Washingten National (DCA) ~ General Operoting Conslderations

No new runway construction within tha study period.

Runway utilization wos ossigned employing a 15-knot crosswind
criterion on a U. S, Weather Bureau windrase with a period of
record spanning January 1, 1954 to December 31, 1963.
Washington National Airport noise obatement procedures as
contained in the Alrmen's Information Manual ware used in
flight track construetian, ) ~

Proceduras contained in the Wcshingfo\n\Centcr and Washington
Approach Control Letter of Agreement, i;?\S_epfamber 1971, were
fallowed. -

Radar vectoring techniques and routings were L;H\Iized.

Table 2,4,23-1 presonts the runway utilization percar:\ljagas for Washington

National.

Table 2.6.23-2 prasonts the average daily aircraft operations at

Washington National.

Table 2,6.23-1

Runway Utilization Percentages for
Washingten National

R/W Arrival (%) Deporture (%) N
15 5.0 11.0
18 39.0 33.0
34 42,0 50,0
33 14,0 4.0 , )
21 - - S
3 - /
/
2-95



Table 2,6,23-2
Average Daily Aircraft Operations for Washington National

Alrcraft Typo/Doscription

Average Daily Operaltions

1972 1978 1981 1987

720

7200

707-120/320

707-1208

707-3208/C

727-100

136 76 64 - 50

727-200

122 100 B0 45

737-100/200

62 82 45 32

747-100

DC-8-30

NC~AA5

DC-~B-41/63

DC-10-10

48 50 44

DC-9-15

0C-9-32

144 158 154 124

BAC-111 -

k7

L-1011

68 | B& 94

VC-10

Cv. 880

Cv, 770

"Caiavelle

707 (NEW)

SST

{1

4 Eng.; M.R., 74758

L.ang Range 747/7478,

747 Stratch

727 (QN)

21 26 22

727 Ady.

21 26 2]

2 Eng., 5.R., W,B.

30 g2 156

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

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

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

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

3 Eng., LR/, W.B.

J Eng., L.R., W.B., Streich

2 Eng., M.R., Narrow

2 Eng., 5.R., Narrow

STOL, Turbaprep

28 38

TOTAL

400 622 &24 430

(1} Far the purpose of the DOT 23 Alrport Study, {2) Split categary os follows
ajireraft in this closs are considered to be of 737 I
- (]

tha 707 {New) varieiy.

pC-% - &%
2-%
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2.7 Cost of Nojse Reduction Alternatives

This section includes a summary of the data end methods used to compute
tha total marginal costs associated with the various noise retrofit alternatives consid-
ered within the scope of this study,

The alternative programs for noise reduction have been evaluated in terms of
total costs of the investment required to develop, certificate, and install the selected
madifications on all candidate aircraft, plus the marginal operating costs associated
with the modification over the time period, and for the varying number of candidate

aircraft, subject to the program.

The total cost of each retvofit program has been constructed from the sum of

four marginal cost elements attributable to each program:

Implementation Costs:

e Investment - initial costs for the modificotions required for
each aircraft, plus appropriate spares.
e  Lost Time - value of loss of aircraft productivity while out of

service during retrofit.
o

Added Operating Costs:

s  Changes in Cash Direct Operating Cost - for the modified
aircraft resulting from changes in weight, fuel consumption,
and performance caused by the retrofit,

8 Lost Productivity - of the modified aircraft resul ting from loss
of payload and range capability caused by the retrofit weight

and fue! consumption changes.

The Implementation Costs represent one-time costs as the direct result of the
aireraft medifications. The added Operating Costs represent recurring costs, also
directly attributable to the modifications, and extend through the remaining life of

sach aircraft that is retrofitted.
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Evaluation of the costs of proposed noise reduction programs is bosed on
certain specific data derived from retrofit R&D studies currently being conducted under
contracts for FAA and NASA. The estimates for retrofit kit costs, installation costs,
installation time requirements, weight and fuel consumption changes and other factors
identified as contributing to the investment are marginal operating costs of modified

airplanes and are derived from the latest information available from these sources.

2.7.1  The Formulation of Present Value

. Each of the cost elements of a given program will increase (in currant dollars)
over the period of time that the total fleet is being retrofitted and returned to service.
The change in cash direct operating cost and the lost productivity will continue over
the life of euch aircraft and gradually decline in total as the modified alrcraft in each

fleat are retired or disposed of by their present operators (see Figure 2.7-1),

Since each retrofit program entails a particular stream of expenditures over
separate pariods of time, the various progroms are evaluated for comparisons on the
bn;is of a computed “present value" of the total cash flow required over the life cycle
of each program. The net cash flow for each program has been devaloped for both the
implementation costs required to produce and install the modificotions and the added
operating costs which will accumulate during the span of time when the modifications
are extant on aircreft in the U.S, fleet. The cumulative nat cash flow in current
dollars for each program has been converted to present value using a discount rate of

10 percent.

It is important to recognize that in present value formulations, costs (or benefits)
are computed on the basis of net cash flow realized, not profits. Thus, for example,
depreciation charges need not be computed as an element of recurrent cost. Further-
more, if an expenditure for a capital investment is recognized at the beginning of the
project, allowing for depreciation charges would result in double accounting for the

some expenditure.
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It should be nated that only marginal costs are considered in computation of
ratrofit program costs for comparison between alternative programs. The comparisons
can thus be reviewed separafely from any consideration of the method by which noise

raduction programs may eventually be financed.

The discount rate of 10 percent hus been selected as appropriate considering
the rate of return achieved by regulated menopolies, and the target return established
by the Civil Aeronautics Board (CAB) for certain classes of oirlines, The sensitivity
of program cest caleulations to choice cf discount rate is illustrated in the summary

dafa.

2.7.2  Retrofit Implementation Schedule

The cost computations for all retrofit programs are based on the implementation
schedules shown in Figure 2,7-2, These schedules roflect estimates of the time
required to develop, demonstrate, certificate, tool-up, produce and install the

modifications on all of the candidate aircraft then active in the U.S. fleet.

At this time, the SAM (quiet nacelle) development is essantially complate,
with flight-certifiable modifications demonstrated on both JT30- and JT8D-powered
aireraft. The regulatory procedure to require this moedification to U.S. carrier fleets
has begun with the publication of the associated Motice of Proposed Rule Making on
March 27, 197431 The proposad date for total fleet compliance with the modification
program is July 1, 1978, allowing for the necessary industry tooling-up period and
individual aircraft medifications. For purposes of this study, it was assumed that all
civil air carrier aircraft operating from U.5, airports could be modified with SAM

(quiet nacelies) by the end of 1978,

The REFAN development program is still underway, with the initial results of
ground tests of a 727 and flight tests of a DC-9 due in mid-1975, No development
effort is currently underway for the 737 aircraft, which is also powered by the JT8D
engine. Assuming this modification program were to be implemented, it was assumed
for purposes of this study that all JTBD~powered civil air carrier aireraft operating

from U. 5. airports could be modified with refanned engines by the end of 1981,
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Actual modifications were assumed to take place generally over a 4-year
period for each program, thet is, during the parlod 1975-78 for the SAM modifications,
and 1978-81 for the REFAN madifications, For costing purpeses, modifications to the
JT8D-powered aircraft were assumed to be completed on a 10, ZQ, 30 and 40 percent
annual completion basis during the 4=year period for both the SAM and REFAN modi-
fications, Because of the fewer numbers of JT3D-powered aireraft and the somewhat
longer time which will be required for tooling, the SAM modification of these dircraft
waos assumed to toke place during 1976-78 on a 20, 30 and 50'percenr annual campletion

schedula, These assumptions were used in constructing Figure 2,7-2,

2.7.3  The Retrofitted Fleet

The number of rz;froﬁttéd aireraft in operation ofter each program is initiated
has been forecast for each type of candidate aircraft. These forecasts have been pre-
pored giving consideration to the known and onticipated plans of the individual
carriers operating the candidate aircraft in the U,5. fleet, The rate of retirement or
disposition of various aircraft types has been estimoted and the number of aircraft
forecast to be remaining at the end of each retrofit program, for the five types of

aircraft which are candidates for retrofit, has been established.

Figura 2.7-3 shows the history and status of the number of Boeing 707 and 720
aircraft active in the fleets operated Ly the principel U,S, carrlers. It con be seen
that this fleet reached a peak in 1969 and has been decreasing since then, The "non-
fan" B~707's have decreased most rapidly and are forecast to be completely eliminated
from the U.S. fleet prior to the end of the SAM retrofit program. The JT3D-powered
B-707's are also forecast to continue decreasing in number through 1978 such that
217 aircraft will survive the retrofit program and be equipped with the SAM medifica-
tions. The fleet is forecast to remain stable for 5 years after retrofit, then begin to
decrease again until all are eliminated from active service prior to exceeding a
20-year useful life. The dashed line in the figure represents the maximum number of
retrofit candidate aircraft that could be in operation assuming a 20-year useful |ife

which is not bome out hy historical data.
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Similar forecasts are shown for the DC-8 fleet in Figure 2.7-4, the B=737
fleet in Figure 2.7-5, the DC-? fleet in Figure 2,7-6, and the B-727 in Figure 2.7-7.
For the B«727 it will be noted that additional aircraft ore forecast to be added to this
fleet, Those added after 1972 are estimated to have SAM treatment installed when
delivered. There will, therefore, be more retrofit candidates for REFAN than for SAM
in 1978 since, for purposes of this study, all aircraft of a type are REFAN candidates
whether or not they have previously hod SAM treatment installed. Despite this, there
are fewer REFAN retrofits forecast because the investment per aircraft is 10 times greater
and only those aircraft that were less than 15 years old were considered to be worthy

candidates.

* The number of aircraft of each type forecast to be retrofitted with elther SAM or
REFAN in each of the yeors of the established implementation schedule ara shown in
Table 2,7-1. The number of aircraft of each type and the total of all types forecast
for retrofit in any year of the 3- or 4=yeor programs appear to be reasonably within
the manufacturers' production rate capability (barring delays in go-ahead or material
lead time}.

w“w

The number of retrofitted aircraft in operation after each program is initiated
is shown for each type of candidate aircraft in Table 2.7-2 for SAM and in Table 2.7-3
for REFAN. These forecasts indicate that 1,530 aircraft would actually recaive the SAM
retrofits, of which 346 usa JT3D engines, and 1,184 use JT8D engines. There would be
1,048 aircraft receiving the REFAN retrofit, of which all use JTBD engines. However,
at the end of 1972 (study base year) there were 1,747 patential candidate aircraft, of
which 576 used JT3D engines, and 1,171 used JTBD engines.

2,7.4 Retrofit Cost Per Aircraft

The costs to retrofit each of the types of candidate aircraft for quieter opera-
tion are summarized in Table 2,7-4., These 1973 costs are the current bast estimates

from work done by the FAA and NASA R&D contractors. They are weighted averages
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Toble 2.7-1

Noise Retrofit Schedule - )
Number of Aircraft Retrofitted

Calendar Year

Program 1975| 1976 | 1977 | 1978 | 1979 | 1980 | 1981
Totals
SAM:
B-707 - 43 65 | 109 217
bC-8 - 26 39 64 129
B-727 68 | 137 (205 | 273 683
B-737 16 31 47 52 156
DC-9 a5 69 | 103 | 138 345
TOTALS 119 | 306 | 459 | 646 1,530
REFAN:
B-727 57 |1 171 | 228 570
B-737 16 31 47 62 156
pC~-9 32 64 97 129 322
TOTALS 105 (209 |315 {419 1,048
Source: Schedule - DOT estimate as of January 8, 1974,
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Table 2,7-2

Number of Alrcraft in Operation

with SAM Retrofit

Year B737 DC-9 n727 B707 pCc-8 Totals
1975 8 15 32 - -

1976 30 67 135 20 10

1977 70 155 300 75 45

1978 120 275 540 160 100

1979 156 345 683 217 129 1,530
1980 156 345 683 217 129

1981 156 345 633 217 129 1,530
1982 156 345 683 217 129

1983 156 345 683 217 129

1984 156 345 637 200 120

1985 156 345 553 170 100

1986 156 322 454 135 85

1987 156 251 U1 105 65 918
1988 138 126 198 70 50

1989 33 A 9% 35 30

1990 6 10 43 10 15

1991 1 7 16 0 5

1992 0 5 10 0 0

1993 0 0 0 0 0
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Number of Aireraft in Operation

Table 2,7-3

With REFAN Retrofit

Year B737 DC-8 R727 B707 DC-8 Totals
1978 8 15 27

1979 30 60 110

1980 70 140 255

1981 120 255 450

1982 156 322 570 1,048
1983 156 322 570

1984 156 322 570

1985 156 322 570

1986 156 322 570

1987 156 251 458 865
1988 138 126 315

1989 33 34 211

1990 6 10 160

1991 1 7 133

1992 0 5 127

1993 0 0 97

1994 0 0 50

1985 ¥ 0 27

1996 0 0 15

1997 0 0 5

1998 0 0 0
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Table 2.7~4

Noise Retrofit Investment Costs Per Aircraft-

5 Millions
Calendar Yearw
1973" (1975 1976 {1977 (1978 | 1979 | 1980 | 1981
SAM:
B-707 .90 -|1.10 | 1,18 |1.26
DC=-8 77 -| .94 1,01 |1.08
B-727 17 19 .21 22| 24
B~737 .20 .23 | .24 | ,26 | .28
DC-9 175 20 .21 ¢ .23 | .25
—
REFAN:
B-727 1.70 2,38 |2,55 |2.73 | 2,92
B-737 1.45 2,03 |2.18 [2.33 | 2.49
DC-9 .96 1.35 | 1,44 |1.54 |1.65

% DOT Estimate as of April 24, 1974,

(1973 dollars)

Installed cost per aireraft, ineluding spares,

Costs ascalated at 7 percent per annum.
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considering the many variations of aircraft models within the total fleet of each aircraft
type. Thesa costs are per aircraft and are intended to include development, production,

installotion, and spares provisioning. Spares costs are estimated at é percent for
nacelles and 20 percent for engines.

These investment costs are all of the nonrecurring costs that would normally
be capitalized. The investment cast to complete a retrofit installation on the established
implementation schedules is farecast to Increase at 7 percent per year up to the year of

actual installation.

2.7.5 Fleet Invastment Cost

The total investment required to accomplish either of the SAM or REFAN pro-
grams on the established schedule for ail the U.S. aircroft of each type that are forecast to
raceive retrofit is . shown in Figure 2.7~8, The data are shown both in "current dellars”
(i.e., the cumulative sum of the investments during each yeor of the 3- or 4-year
implementation schedule) and in "prasent value" (i.e., the investments in each year

discounted from the year incurred back to 1974, ot 10 percent per year).

It can be sean that for the B=727 fleat, the required investment in REFAN is
about 10.2 times that for SAM when considering the totals for "current dollars* even
though fewer 727 aircraft are projected for REFAN modification than for SAM modifica=~
tion. Ona 'present value " comparison, fleet investment cost for B=727 REFAN is about
7.7 times that for SAM, since the REFAN progrom is scheduled for 3 years farther into

the future.
2.7.6  Lost Time Cost

Consideration has been given to the dircraft operators’ "cost " resulting from
lost productivity of aircraft during the time when they may be out of service while noise
retrofit modifications are installed. The "loss " attributable to retrofit is the excess of
estimated out=pf-service time beyond 5 days, since It is estimated that faverable

scheduling would take advantage of o normal period of refurbishment forecast to oceur
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at least once for each aircraft during the 3 or 4 years over which the retrofit programs
would take place. Table 2.7-5 summarizes the lost time and cost estimates used for

each aircraft type,

2,7.7 Changes to Cash DOC

Estimates of the change in cash aircraft direct operating costs (DOC) which
would result from each type of retrofit for each type aircrft are presented in
Table 2.7-6. Cash DOC includes flight crew, fuel/oil, aircraft and engine maintenance
and aircraft insurance, Depreciation is not, and need not be, considered as an element
of recurring cost, since retrofit programs are being compared on the basis of present

value of net cash flow, with investment included as o separate eategory.

The estimated changes in eash DOC are applied to actual experience (pre-
retrofit) hourly cash operating costs for each, type aircraft. The trend of total cash DOC
for the industry is shown in Figure 2,7-9. The trend of each cost element is shown in

Figures 2,.7-10 through 2.7-13,

An inflation rate has been applied to each element of the cash DOC to account
for forecast increases. The rate applied to each cost element is shown on the respective
figure, Fuel costs were also increasad 'sl'!arply to reflect more recent experience. Tha
base year costs (1972) were doubled prior to opplication of the inflation rate for calcula-
tion of future fuel costs, The average annual utilization of each type alrcraft hos also
been forecost to provide the basis for computing the total change in cash DOC for each
type aircraft each year they continue to operate after retrofit. (See Figure 2.7-14.)

2.7.8  Lost Productivity

Lost aircraft productivity "cost" has been developed from the estimates of the
increase in aircraft operating weight resulting from retrofit as shown in Table 2.7-7,
and from the changes in fuel consumption rates shown in Table 2.7-8, The lost produc=

tivity cost is computed on the bosis of achieving the same totel productivity after retrofit
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Table 2.7-5

Lost Time end Cost for Aircraft Qut of Service During Noise Ratrofit

Retrofit}-/ Norm.'.11-2-/ Retrofit 'Aircmft-s-/
Installatian Fefurbish Lost Lost Time
Alrcraft Downtino Downtime Time Cost S/nay
[ JT-3D Enaines SAM SAM
B-707's 13 days 5 days 8 days $ 8,300
nc-8's 13 days 5 days 8 days $ 9,000
JT=-8D Engines SAM [ RETAN SAM | REFAN
B-727's ] 13 days 5 days 0 8 days $ 6,900
B-737's 1 9 days 5 days 0 4 days $ 3,500
DC-9's 1 9 days 5 days 0 4 days $ 4,900

1/ D.0.T. Estimates as of April 24, 1974 (SAM and REFAN)
2/ At least once during 4-year retrofit perioed,
3/ Based on airline survey - Rohr Economic Model ~ April 1972,

2-115



EE RIS

=T

ST

Table 2,7=5
Noise Retrofit

(Percent Incraasa)

Change in Cash Aircraft Operating Costs* -

S.AM.
Sound Absorption REFAN ven
Aircraflt Material“* New Front Fan

JT=3D Engines

3707'5 -’ 005 -

DC’BIS 0.6 -
JT=-8D Engines

B727's 0.1 2.35

B737's 0.2 2,58

pC-9's 0.1 2.52

*Crew, fuel, maintenance and insurance.

Source: **DOT Estimates as of January 8, 1974.
***NASA BEstimates as of October, 1973.
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Figure 2,7=10, Flight Crew Costs ~ Narrow Body Turhofan Alrcroft
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Table 2,7-7

Noise Retrofit
Change in Aircraft Operating Weight
(Pounds Increase)

SAM
Sound Absorption REFAN
Alreraft Material New Front Fan (3)
© JT-3D Engines
B=-707's 3,300 (1) -
DCc-8's 3,300 (1) =
JT-8D Engines
B~727's 395 (1) 4,365
B-737's 200 (1) 2,780
DC-9's 200 (2) 2,482
Source; ) Boeing Nstimate as of February 26, 1974,

)
f%g DOT Estimate as of January 8,

1974,

NASA Estimate as of October, 1973
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Tohie 2,7-8
MNoise Retrofit

Change in Aircraft Fuel Consumption

{Percent Increase)

Aireraft

. SAM

Sound Absorption
Material (1)

REFAN
New Front Fan

(2}

JT=3D Engines

B707's 0.2 -

DC-8's 0.2 -
JT=-8D Engines

B727's 0.0 2.5

B737's 0.0 2.5

DC-9's 0.0 0.5

Source: (1) DOT Estimates as of January 8, 1974
(2) Estimates based on NASA data as of
January 21, 1974.
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that was availoble from the retrofit fleet prior to retrofit, No revenue Is "ost"; howaver,
there may be an added cost when the after~retrofit DOC is applied over any added utiliza-
tion of aircraft necessary to produce the before-retrofit leve| of fleet productivity. For
excmple, the B-707 is estimated to suffer an operating weight empty {OWE) increase of
3300 pounds and an increase in average fuel requirement of 0,2 percent as o result of

SAM retrofit, Both of these effects reduce the productivity pofenrial of the aircraft.

In order to achieve as much productivity from B=707's after retrofit, the average aircraft
utilization must be increosed, The extent of added flying hours réquired to restore flest

productivity is directly related to the utilization and useful load capucity of the aircraft

‘ type. For B~707's agnin, ot an average annual utilization of 3200 hours and 45,000

pound capacity, the required increase would be 260 hours per year if all flights operated

at their maximum petential load,

Many Fligiints are operated below [imiting weights and have some copacity to
accommodate an-increese in retrofit OWE or required fuel without reducing payload.
The extent of such accommédaﬁon, however, has wide variation depending on aircroft
type, mission fuel and payload requirements, Figure 2,7-15 has been prepared to sum-

maorize the empiricol relotionship developed to provide a basis for comparative evalua«

~tich of this effect. The example on this figure shows the relative lost productivity for

B-707's, at the estimated OWE and mission fuel penalties from retrofit, to be 14 percent.
Thus 14 percent of the 260 hours, or 36 hours per year, of added utilization will be

required to offset the weight and fuel consumption penalties associated with SAM retrofit.

Lost praductivity "cost" is evaluated for each type aircraft s the praduct of any
such required increase in utilization in hours/year and the after=retrofit cash DOC in
$/hour, cumulated for the number of oireraft forecast to be in operation each year during

the life cycie of each program. A sample calculation is shown in Table 4, 1-2 (page 4-3),

This recurring cost of odded operations required to make up for the lost pro-
ductivity of retrofit aircraft may not in reality be incurred through increased utilization

of the retrofit fleet. Aircraft operators can be expected olso to employ such alternatives
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as use of other additioha| aircraft, performance recovery programs for the retrofit
aircreft, and/or revised operating procedures, In any event, the lost productivity
"eost " as evaluated obove is intended to be a proxy for all of these alternatives to
provide a basls for relative comparisons, between aircraft types and retrofit programs,

of the penalties inherent in aircraft weight and fuel consumption increases.

2.8 Cost Effectiveness

2.8.1 Relationship Between Costs and "Benefits "

. One of the recurring issues in Systems Analysis is the criterion problem. Only
in those rare instances in which benefits can be measured in the sume unils as the costs
incurred can the acceptance or rejection of projects be made with tools prevalent in
economic thecry without raquiring the exercise of judgment. In cases where costs are

determinable In menetary units, while "benefits" are specified in diffarent units

(i.e., reduced noise impact), the problem is more complicated. If a threshold phenomenon

exists {for example, benefits must b at least at a specified level), some ralationship
bstween costs and "benefits" are established on an a priori basis. In many instances,

however, such relationships do not exist.

The airport noise reduction program seoms to fall into this category. Through present

value computations, costs can be asceriained for desired levels of effectiveness. However,

the judgment of whether a given level of expenditures can be justified by the "benefits"
expected depends on the value system of the decision maker and, as such, is beyond the

scope of the system analyst.

2.8.2 Transitory Impact of Retrofit

A proper evaluation of both the reduction of noise impact and the cost of
achieving it, in any selected program, requires an examination of the changes in effecw
tiveness and cost as they accrue over the [ife of the program. Each program encompasses

¢ period of implementation and o graduel decline in effectiveness as the subject aireraft
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are retired. As shown in this study, the baseline noise exposure decreases in future
years, This slow decrease in noise impact results from the expected gradual transition
to quieter aircraft as present aircraft are retired, The baseline impact reduces even

though the volume of aircraft activity is forecast to inerease in future years.

If various noise retrofit programs are postulated, the estimated nolse impact is
significantly reduced at en ecrlier date and in varying omounts depending on the program
or programs implemented. As the modified aircroft in each program are eventually
retired, their contribution to reduced noise impact will disappear as each type is phased

out. It can also be seen that the later any program is implemented, the less total effect

it will have.

2.8.3  Measure of Effactiveness

The selection of a proper measure for effectiveness is by itself a complex con-
ceptual problem, A variety of passible measutes (such os percentage reduction in land |
or people exposed to various levels of noise, or that percentage times the number of
years anticipated) have been identified and explored., The measure chosen for this
report is best described as the average percent reduction in impact from a baseline
criterion over the period of considaration from 1972 to 1987, This measure is graphically
displayed in Figure 2,8«1 and Figure 2,8-2, If the baseline criterion is defined as the
integral area falling beneath the baseline curve and bounded by the time axis and the
years 1972 and 1987, then the average percent reduction over that time period is the

percentage of the boseline criterion area folling between the boseline curve and the

alternative curve,

Finolly, the choice of an appropriate baseline comparator remains. For the pur-
poses of this report, two baseline criteria are used. First, os exemplified by Figure 2,8-1,
the tesults of the analysis for 1972 is considerad as the constant baseline value and, hence,
this baseline curve is a straight line on the effectiveness graph at the 100 percent level,
Second, as exemplified by Figure 2,8-2, the selection of the two-segment approach and
the fleet mix changes properly introduce a time-varying baseline corresponding to the
time-varying effects of the other alternatives, Results obtained from the use of both base-

lines are reportad,
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% effectiveness =ﬁ§ x 100%

A+B = Area under baseline curve
A = Area reduction expected from
application of alternative
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?
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//
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&{
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=
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L
% B = Area under
alternative curve
0. /
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Figure 2.8-1. Example of Measure of Effectiveness with a Constant Baseline.
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’ . A+B = Area under A
- baseline curve % effectiveness = T X 100%

A = Area reduction expected from

/— application of alternative
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Figure 2,8-2, Example of Measure of Effectiveness with a Time Variant Baoseline,
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3.0 NOISE IMPACT ANALYSIS

This section presents the results of the analysis of aircraft-generated noise
impact for the 23 airports. The data bose for this analysis includes o large array of
variables which take Into consideration the peculiar conditions of each of the 23
facilities, Included are the many operating variables which characterize each airport
and also their unique land area impact sensitivity and associated population densities.
The various noise abatement alternatives are evaluated in terms of the resultant impact
area and population involved. The effectiveness of the alternatives is then presented
in terms of changes on impact with time relative to 1972 baseline and to a time=varying
baseline. Finally, some general trends in the impact analysis relative to a national

model are considered,
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3.1 Impected Land Area and Pepuiation

Figure 3.1-1 illustrates a set of computer-generated noise exposure lsopleths
or contours around an airport,  The larger, or outer contour connects the locations
around the airport with NEF values of 30, while the inner contour connects locations

with NEF values of 40,

To determine the land area impacted for a set of contours such as in
Figure 3.1-1, the contours are combined with similar, hand-generated, descriptions
of the airport property boundaries and, if any, boundaries of nearby badies of water.
By a direct comparison of the definitions, the area that is within either contour, but
not within the airport property boundaries and not located over a body of water, can be
found and thus, a definition of the area of impacted land is determined, Figure 3,1-2

illustrates this procedure,

To determine the population residing within (i.e., impacted by) o set of
contours such as Figure 3.1-1, again, the contour coordinates are combined with
coordinate data on population residing in the vicinity around the airport, The popula-
tion data are extracted from data tapes generated by the U. S. Bureau of Census for the
1970 census. The data are comprised of coordinate information combined with a count
of people corresponding to each coordinate point. The coordinates have been trans-
formed to coincide with the same Cartesion axes used to generate the NEF contours.
Each population coordinate is examined to determine whether or not it falls within the
confines of the contours. For these points fulling within the contours, the correspond=-
ing population counts are summed, When all of the population coordinates have been
examined, the resulting sum is considered to be the number of people impacted,

Figure 3,13 illustrates the [ocautions of the population coordinates with respect to the
NEF contours in Figure 3,1-1, For the purposes of this study, no attempt was made to

forecast population growth for the future years,
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Tables 3, 1-1 through 3.1-23 reflect the results of the nolse Impoct analysis
for all analysis years and altematives at each of the 23 airparts, Also included in
each table, for information pumoses, is the total area contained within each NEF
contour examined. The combined totals for all 23 airports are given in Table 3, 1-24,
Population values were rounded to the nearest 100 people; land areas were rounded

to tha nearest whole square mile.
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Table 3,1-1. Impact of NEF Contows for Atlanta

SAM 3D, REFAN 8D

| YEAR
ALTERNATIVE [~ T oo T T T o T o T T %
e mrnl)))) i
sﬁﬁ?ﬁsﬁ?ﬂ"ﬁﬁ////%%////ﬁ%// 31.2| 65/ 0 | s0.7l25.8| 8.6
(a) Total Population Inside Contour - Thausonds of People
ALTERNATIVE [—35 1::;2 75 i) I]?z;a 45YEAR30 ':gl B[ %0 Irs;as? [T
e ::::::::::z////// R et
SAM 30 nd BD [////1I11110000 63 | 1 | 4 /,////A 60 [24 M
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{b) Total Area Inside Contour -~ Square Miles
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Jo T 35 ]
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101
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SAM J0 and 8_9_
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SAM 3D, REFAN BD

7

Wi

[ 40

b

SRS/ PR
7////J///////22/ 2/0 /za N 3

{e) Impocted Land Arec Intide Centeur - Square Miles
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Table 3.1-2, Impact of NEF Cantours for Beston

YEAR

ALTERNATIVE 1:;2 = 1978 1781 = 1787

Buseling | 431.3| 32.0| 5.6 /mﬂ(//// /////////////z%/a/////}}/yﬁ}/

§°/3° Glidesiopa 1) 159.2] 16.8 148.8| 16.8 167.8 61.5 | 18,3
e /////// s
$A4 3D, AEFAN b / A////AV/////V///// 49.4] 2.9 59.3 18.2 3.4

(o) Total Population Inside Contour - Thousands of People
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"

m////// 2 f; : 73/////////////// 34 1: 2
a0 3D, FEPAR, Sn WA/////AV/////I P I

{b) Total Area Inside Contour - Square Miles
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ALTERNATIVE |35 A0 45 30 :m T

6°/3° Glidaslope 7/ / 15 1 s | 5 2
EM %////// Y ///// A1e |4 |
SAM a0, FEEAN B0 : / W //// AV////V///// 3 | 2 | o

(c) Impocted Lond Arca Inside Contour - Square Miles
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Table 3,1-3 . Impact of NEF Contours

for

Buffalo

Y EAR

19?2

I
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I9EI

1987
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Toble 3,1-4 . Impact of NEF Contours for Chicago =Midway

SAM 30, REFAN BD

T o 7 //}"////////}/ T
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Table 3,1-5. Impact of NEF Contours for Chicago-0'Hare

e L
_GQIAJMEEI?M;{HD////// 156.6 10.3 ///////////7//// 103:7 29:8 7:1
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Table 3.1-6 . Impact of NEF Centours for Cleveland

£°/3° Glideslope

YEAR

ALTERNATIVE |—5—2 T TR T TR e T
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Toble 3.1-7 . Impact of NEF Centours for Depver

Y EAR

1972 To78 ] 1957
ALTERNATIVE |35 T o 5 i 1 45 ™ 45 1 a0
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Table 3.1-8 . Impact of NEF Contours for Dulles International

Y EAR
1572 1578 1581 1987

ALTERNATIVE [~5 (;10 //%%%% ;}/%7/}%%//}2ny}/
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Table 3.1-9. Impact of NEF Contours for John F. Kennedy International

YEAR

1972 1978 1981

1787
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!
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(c) Impocted Land Area Inside Contour - Square Miles
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Table 3,1-10, Impact of INEF Contours for La Guardia

6°/3% Glideslope

5AM 3D and 8D
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{c) Impocted Land Arca Inside Contour - Square Miles
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Table 3,1-11. Impact of NEF Contours for Los Angeles

YEAR
1772 1978 1981 1987
45 [ 40 [ 35 T 40
. Basellno 2934

ALTERNATIVE |35

///%W/ A e

{a) Total Population Inside Contour - Thousands of Pecple

YEAR

1972 1978 1981 1987
2 40 [ 45 0 | 4 0

(b} Total Area Inside Contour - Square Miles

ALTERNATIVE

. Basellno

L]

YEAR

1973 1978 1981 1987
40 30 I 35 [ 40

ALTERNATIVE 7/}'//2(/ ///l'//"/s// //2 7 //%7//1////////////7///////

Baseline
1

LT Sl / ////%7//// ,W//W////W%// ENE

(¢) Impacted Land Arca Inside Contour - Square Miles
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Table 3.1-12, Impact of NEF Contours for Miam}

YEAR

1972

1978

1701

1987

ALTERNATIVE

30 1 _45

40

Baseline

6%/3 Gldlp
&%/3° Gliderlap

260
L) a :
_____.._.,i____.
SAM 3D ond aa
8573° Glideslope
SAM 3D, REFAN ED

/////

229 9

25.4

207.6

23.3| 6.4

189.1

77.5

21,6

179 9

11.3

/////W

W

163.2

53.8

7.9

/////

5.91 0

82.6

27,2

7.1

/////////A 9.9

{0) Total Population Inside Contour - Thousands of People

YEAR

1972

1978

1941

1987

ALTERNATIVE 55

&0 |45

asl

40

Boieline &9

////////////Z

&*/3° Glideslope /7/// 54 1 5 10
6}’:@?3?;?53 7 //////AV//// 3 |1z |9
SAM 30, M B0 ///// ,W/AW 2 | s |2 ft22 [n |5
{b} Total Area Inside Contour - Square Miles
V YEAR
ALTERNATIVE [—35 [ '35.2 T o T AT

!!ml:linu

6°/3° Glida |p
4°/3° Glide |p

M/l// //ﬁ/ ////////////////

/////////////////,

////////////7//// w T T

{c) Impacted Land Area

Inside Contour - Square Miles
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Table 3,1-13" Impact of NEF Contours for Minneapolis- St. Paul

ALTERNATIVE

YEAR

1972

1978

1981

1982

A2

45

36 |40

a5

L.

Doseline

10
8

"1 #7320 Glideslope
6*/3* Glideslopn

.

| 40 45
T
0.3 0.3

75.4

82.3

2.9

SAM 2D, REFAN 0D

. 3.3 .3
$AM 1D and 8D 03] 0 %////JV//J» 77,91 19.5] 3.3
A 3D AEFAN B0 /i 4] 03] 0 |43.5]14.3] 0.3
{a) Total Popl.;laﬂon Inside Contour ~ Thousends of People
Y EAR o
ALTERNATIVE =5 '352 45 | 90 ] ]:EBJ 45 30 ] l:gl 45 30 19;;7] A0
wine |31 |7 3 A ),
o-/a°clw_as1=_p:7/// //W%m 5 2 |26 |5 ’2 28 (13 |6
NSRRI / Ao |4 | 2 W0 26 (12
§°/3° Glideslepo } /ﬁ%%% 14 3 1 17 [+

(b) Total Area lnside Contour - Square Miles

YEAR

1972

1778

1781

1987

ALTERNATIVE

J0

40

T

40

45

35

] <o

Daseline

2,

W

6%/3* Glldaslope

62/3° Glidosiopo
| SAM 3D ond BD
&°/3° Glideslape

SAM 3D, REFAN 8D

Welona;l

(¢} lmpocted Land Areo Inside Contour - Square Miles
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Table 3,1-14, Impact of NEF Contours for Newark

YEAR

97 1981 19
ALTERNATIVE [0~ 2 o &

Buseline {437 9 ( 270. 7//%7/4}/['( 45/[/ /3/0//[7/////%//7/// /j/// /4} /”

s| 7.1
8e/3 G“dm'w% 284.7/29.5 | 8.3 [181,0] 19.2(7.1 |257.0] 66.9 [27.3
62’3&?312’3’53/// 139.1] 6.5 | o T 90| 257 | 4.6
SAM 1D, AGFAN 50 i %7/////1//////4/// 42,2| a.1o 52,0 15.2 | 3.1

{a) Total Population Inside Contour - Thousands of People

YEAR

' 1972 1978 1781 1987
ALTERNATIVE 35 40 15 W40 30 [ 35 |

T T AT

6°/3° Gliteslope 12 74 |25 !

M///////% 2 18 13 /5/}///;///74////4 3 |14 |e
S 10, ZEFAN B3 / ///M?///Aﬁ////’////// 7 | 8 i la]o |4

(b) Total Area Inside Contour ~ Square Miles

Y EAR

972 1978 981 1787
ALTERNATIVE =5 a5 30 T 36 1 40 a5 | 40

78 66 | 9 w | s b ”
////%33 s L W s e |4
. | 1o s s 1

6°/3° Glideclopo -7
4¢/3* Glideslope /
SAM 30 ond 8D
6°/3° Glideslope
S5AM J0, REFAN 8D

(c)} Impocted Land Arca Inside Contour - Squara Miles

Basellne
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Teble 3,1-15. Impact of NEF Contours for New Orleans

YEAR

1972 1978 - 1961 1787
ALTERNATIVE 45 | 30 1 40 | 45 45

poscline | 32,5 6 ] MM%I}//W;}/A//////AV/}////%//ﬂ'//‘/D/é

£%/3° Glide 'P 239 7.4| 2.5 | 20.5| 8.9 | 2.5]|32.7] 18.2] 8.9
°§ﬁ?§ﬂ§n/ 25.4 | 7.1]0 {//7/////////// 30.2 | 15.8] 7.9
A, Abr At 30 %//AW 15.8] 2.5| 0 [18.2] 105 6.1

(o) Total Populatien Imside Contour - Thousands of People

YEAR

' 1972 973 IPBI 1987
ALTERNATIVE 35 aa a5 :m 30 35 [ 40

7_ /// 1| 6
i /////W///// 25 | 9 |s
//%%7//////////////// 0 |2 7 1 {12 |6 |3

(b) Total Area Inside Contour - Squars Miles

4%/3° Glideslopa 7
64/3° Glideslope |/ g
SAM 30 and B0 (/717711
6°/3% Glidaslope
SAM 30, REFAN BD

Y EAR
1772 1978 1981 1787

ALTERNATIVE

b I L T

e/ s 10 s s [
i ////%%W/ 7/,///{///{/// ARME

{c} Impacted Land Area Inside Contour - Square Miles
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Table 3,1-16, Impact of NEF Contours for Philadelphia

Y EAR

1772 1978 1781 1967
ALTERNATIVE [~ 4 0 T} 30 40 33

Besline |76 9 o.c;- y// %y J%/// ///7///7/3/.///[7//%//}///

84/3* Glidesione [ ; 70 53.9 A0 |71 03 8l.1 [18.1 |0,
‘}’i&‘a"é‘i‘;ﬂ;%/////m o | o WA | &9 |
S40 90, Resnal 30 AV/////V////AV///// s5.6/0 o |96 03]o

(a) Total Population Inside Contour ~ Thousands of People

YEAR

1972 1978 1981 1987
30

TNy

ALTERNATIVE

= L e

(b) Total Arealnside Centour - Square Milas

YEAR
1972 1978 1941 1787

— Boseline 2 7]45 %%@ /J/OA//W}}/%//H/D////‘%HSJAI?/A}/A
€9/3° Giidesiope % é%%% 4 o 0 4 1 0

ALTERNATIVE [——=p 40 30
18
Y
SAM 3D, REEAN 8D /

{c)} Impacted Land Arca Inside Contour - Square Miles
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Table 3,1-17. Impact of NEF Contours for Phoenix

YEAR

AL:"ERNA”VE 9 '352 G 0] |'ZSE 'R 0 lljgl N rls;as? 0
wine | 20,5 | 6.2.1 1.4 1 A AT

. 6'/3‘G'fd=='°f==% J] 1] 221 0 [ 25.3] 3.6 | 0 (285 |14 ] 3.8

| 62%3312?33/ / 5.0 0 | o ﬂy////ﬂ/////gm.a 1.2 | 0.5

Sa <, REEAN B0 . //V////,V/W/W// n2lo Jo Jwalos]o

{a) Total Population Inside Cantour ~ Thousands of People

ALTERNATIVE

1972

YEAR

30

1978

1281

1987

40 45

Boseling

13

6%/3° Glideslepe

S5AM 3D ond BD

6*/3° Glideslope

6°/3% Glidesiope
SAM 3D, REFAN B0

%%%

35 [ 40

W

1

7

12

&

m

W

Y

Y

&

2
2 Y

(b) Total Areo Inside Contour - Square Miles

YEAR

ALTERNATIVE

1972

1978

1981

. 1987

I a5

-

Baseline

35 [ 40

6°/3° Glideslope

YN

I

%%%%%%

0 |1 0
i T s
S 5D, AR B 2 o jo {3 |o o

(¢} Impacted Land Arec Inside Cantour - Square Miles
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Table 3,1-18. Impact of NEF Contours for Partland

YEAR
1978 1981 1987

2 s o T
-%w%%%moo%%%wmo
SAM 30 and 80 j 0.3 | 0 |0 0.9 | 0.3 | 0
e, g / / / e | o | o [os]o |o

(a) Total Pepulation Inside Contour - Thousands of People

ALTERNATIVE
Boseling

1972
40
0.3

1972 1578 15l 1987
ALTERNATIVE [—55T 45 S 35 1 4

T

o) ////% s

(b) Total Area Inside Contour - Square Miles

Bascline 20 4

YEAR

1978 1981 1957
40| 45

I

= san e
;m%%%%W%%%%%,

1 0

ALTERNATIVE

Buseline

{c} Impacted Land Areo Inside Contour - Square Miles
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Table 3,1-19. Impact of NEF Contours for San Diego

YEAR

|972 97 |9B] 1987
ALTERN ATIVE VAL =T

Bareline | 77 3 [ 24,0 //MMM///////////////%//// ///////////

i /// // e Ml o
snf:’n%n,cé'sfﬁé 0 ///////////// AV////A 40,9 42.5 (21,0 | 0.7

{a) Total Population Inside Contour ~ Thousands of Peaple

YEAR

1572 1978 1781 567
| ALTERNATIVE 35 48 3| 40 45 10 20 3510

Beseline [0 3 1 / M% /M///// /////////M MW ////

—

a:/s: Glfdeslcapu% :'/ / 7/ 13
6.5/:3:«?31':5?3 // 7/ ////W/W/ 6 s | 2
SAMs 3D, REFAM 50 / ' A/////Ay/////,f///// /| 5 6 |3 1

{b) Total Area Inside Cantour - Square Miles

YEAR

19?2 1978 1981 1787
ALTERNAT]VE AS a0 I 40 35 | 40

s T Y //////////////

:5%;:3:1::«;9 :) 7]3 7/}////2/// 9 |5 1
snﬂéﬁ%ﬁ'ﬁﬁﬁ?n//////////////////ﬁ// 3 3 1 o /4 2 |1

(e) Impacted Land Aree lnside Contour - Square Miles
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Table 3.1-20, Impact of NEF Cantours for San Francisco

YEAR
ALTERNATIVE 1972 ] 1973 1981 43 30 H:ii? [ 40
voee | 12404 11,1 | 2. ///ﬁ//ﬁ//ﬂ////////////////////////////f/////
6°/3° Glideslopo ///// 90.7] 11.4 ;Oj% ///./; 62,2 115.7 8.1
YA 30 ond B 48.6 147 W a6 (143 | a3
SAby 7, RECAN B ////,7//%% 253| 2.3l0 |23 9.2 2.3
(a) Total Population Inside Contour - Thousands of People
Y EAR
1578 1781 m?

1972

ALTERNATIVE |35

45

Baeling | 74

6%/3° Glideslope

6%/3° Glideslope

SAM 3D ond 8D V4111111

49/3° Glideslops
SAM 3D, REFAN BD

/ ////ﬁ// 6

//A//////MMM///

/V//ﬁ/////////

2 /////7////////// 31

12 5

L,

21 ? 4

(b) Tota! Area Inside Contour - Square Miles

YE

AR

1972

1978

1981

1987

ALTERNATIVE

a0

0 T 35 T 4o

Bereline

22

6%/3° Gliduslope

&e/3% Glideslope
SAM 3D aad BD

é*/3° Glideslope

SAM 3D, REFAN 8D

N

WY

7 2 0

Wi

] clu &//WI//AV/.}//
s Lo e

5 1 0

{c) Impoeted Land Area Inside Contour - Square Miles
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Table3d,1-21. Impoct of NEF Contours for Seattle

Y EAR

1972

1974

1981

1987

ALTERMATIVE

10

40

45

40

a5 |40

Boseline

123.2

§4/3% Glidestope

64/3° Glideslope
SAM 3D and BD

.

4*/3° Glidelope
S5AM 3D, REFAN 8D

.

79.0

Y

8.3

1.3

Y,

79.6

I

79.6 [ 28.1] 7.5

05.6

W,

68.7 | 16.7 | 2.7

i

19.9

)

24,2 | 6.2 1.3

(o} Total Population Inside Contour - Thousands of People

Y EAR

1972

1978

1781

1987

ALTERNATIVE

A0 |

40 |

45

Basclinn

64/3% Glideslope

&*/3° Gliduslopa

5

W

31 12

73]////5////4

)

SAM D and 8D 1 24 9 4

a3, AEAN B W o |5 |2
(b) Total Area Inside Contour - Square Miles
YEAR

ALTERNATIVE T r'if, T T 1'3857; )
L_w=ebe | o |2 1A
£°/3% Glideslope / ‘ 27 3 0 , 27 3 0 27 9 3
e e |+ b 17 s o

(¢} Impocted Land Area Inside Contaur - Square Miles
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Table 3.1-22, lmpact of NEF Coantours for St. Louis

ALTERNATIVE

Y EAR

1972

1978

1761

1987

10

40

30 [ a5 1 40

" Beweline

40
100.0( 8.5 |.

&°/3° Glideslope

S5AM 30 and 8D

6°/3° Glideslope

40
6.4 77.0

90.0 | 30.0

W)

3.0 .
7///[ 85.030.0 | 8.5
1.2

48/3° Glideslope

SAM 3D, REFAN ED

%%%%%ﬁ%i

54.7.115,.9 ] 6.4

(o) Total Population Inside Contour - Thousends of People

ALTERNATIVE =55

YEAR

1972

1978

178]

1987

45

[ 45

Boteline 0

44/3° Glideslope

69/3° Glidosicpe

%/ Uit

2
SAM 1D and BD ///// 27 1 5
. 6%/3° Glideslope
SAM 3D, REFAN 8D 2 17 7 3
(b) Total Area Inside Contour -~ Square Miles

. YEAR

. 1972 1978 1981 1987
ALTERNATIVE 55T 0 5 N I )

foseling

&%/3° Glideslopa

69/3% Glideslepa

42/3° Glideilpa

SAM 3D end 8D

=/

WA

25 9 3

SAM 3D, REFAN BD

I

M

W

15 5 2

(e) Impacted Land Arec Inside Confour -~ Square Miles
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Table 3, 1-23. Impact of NEF Contours for Washington National

 YEAR

l‘i?? 1978 195' 1987
ALTERNATIVE 70 30 ] 15 | 40

@( T

M /]}//817/0/.////////“ 0.9 [0.9
s,\&"aiﬁ‘é's‘é’:;ﬂ?o////// Wﬂ/// //// 0.9 | 0 09 [0 o

(0} Total Population Inside Conteur - Thousands of People

YEAR

1972 1978 19581 987
ALTERNATIVE 57~ T 4o 3 W40 ] 30 ] 40 | 48 %0 35 [ 48

w12 s

4_—%/%//%13 T
Jz&:*ziﬁéﬁ%‘é/ i

(b) Tc;tcl Area Inside Contaur ~ Square Miles

"YEAR

972 K
ALTERNATIVE s 178 =1 T

Baeling 0 ///ﬂ/ﬂ/ /// /////// /////////////W W

(=T £ =T | =

ﬁ;;g:;d:; //// /% ] ///A///V //// js )
s, ST / e i

(c) Impacted Lond Aroa Inside Contour ~ Square Miles
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Table 3,124,  Impoct of NEF Contours for 23 Airporls,
Y EAR
ALTERNATIVE e T ¥ T T
et 2 e AT
62/3° Gidenlon /)3021.4 284.5] 70.1 |2685.3275.8] 6.6 2719.1] 813.5]283.3
“}ﬁ?ﬂi";}gn//////zz49.c 144.8| 16.8 %V///////////Nlé 0| 564.9]159.5
saﬂ’am's’fﬁmo %V///W/ ¢93.1 60,6 780.4] 264.1] 69.5

{a) Total Population Inside Contour ~ Thousands of Peaple

TmﬁWZW%wm%%%%%
6;:,;%&3:;%////// ATRr/) 1)) EAPAIT
Sat 30, REPA B // /////W ///// 305 | 66 |25 a3 | s | 7

(b) Totol Area Inside Contour ~ Square Miles

ﬁmﬁm;%W%%M%%W%
M///// 394 '///////////7//// 421 | 134 | 40
5 0, REEAN B0 / ////A%%ISS 16 |1 |4 | 62|17

{c) Impacted Land Area Inside Contour - Square Miles
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3.2 Effectiveness Analysis

Analysis of the effectiveness of the altemative strategies in this study requires
consideration of time=varying characteristics inherent in their application, One of
these characteristics is the time required to physically perform the modification on the
candidate gircraft in the fleet. The retrofit schedules for the installation of sound
absorl')ing material (SAM} in the engine nacelles for the JT3D and JTBD engines and for
the Installation of refanned engines on JTBD-powered aircraft ore discussed in Section
2,7.2 and graphically illusfrated in Figure 2.7-2, Briefly reiterated, these schedules
are: (1) for JT3D-powered aircraft, the SAM treatment is forecast to begin in calendar
year 1976 and to be completed on a 20%~30%~50% annual basis encompassing 3
years (1976~78); (2) for the JT8D=powered aircraft, the SAM treatment to begln In 1975
and be completed on a 10%-20%-3096-40% annual basis encompassing 4 years (1975-
78), and the REFAN treatment would begin in 1978 and follow the same percentage
completion schedule as the JTBD/SAM treatment over a 4~year period (1978-81).

Thus, the years chosen for analysis cover a baseline year (1972}, the year that the SAM
treatment, if implemented, is forecast to be completed (1978}, the year that the REFAN
program, if implemented, is forecast to be completed (1981), and a future year to be
used to indicate trends (1987). For purposes of this study, the two-segment approach
procedure, 6°/3°, is assumed to be in effect for all but the year 1972 and to be used in

conjunction with any retrofit alternative considered,

The summaries of the tatal noise impact on land area and population for the
23 airports, combined, are contained in Tables 3.2-1 and 3.2-2 respectively. Each
table is divided into three sections. Section (a) contains the summation of the indi-
vidual impact values at 23 airports for the NEF 30 and NEF 40 noise levels and for
each of the altematives in each of the years considered. Section (b) reflects the
percentage of the 1972 baseline values for each of the cases. Similatly, Section (c)

contains the percent reduction in impact from the corresponding 1972 baseline values.

Using Section {b) of thase tables, time~effectiveness graphs can be constructed

as illustrated in Figures 3.2~1, ~2, -3, and -4. For these figures, straight lines are
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Table 3

2-1

Impacted Land Area Inside NEF Contours for 23 Alrports

{a) Impocted Areo Inside Contour — Square Miles

Year
1972 1978 1981 1987
30 | 40 | 30 | 40
Baseline 888 no\\\\k\\\\\\‘\\\ \\\\\\\
6°/3° Glideslope k\\\\s 562 | 65 539 551
6°/3° Glideslo 394 421 | 40
SAM 3D ond 8D \\\% B h\\\\
6°/3° Glideslope Y 155 184 | 17
SAM 3D, REFAN 8D N\ \\&\\\
(b) - Percent of 1972 Baseline
Year
1972 1978 1981 1987
Alternative 30 ] 4 |30 |40 | 30 30 | 40
Baseline 100 | 100 RN \\\\\\\\ M
6°/3° Glideslope NN\ \\\ &3 | 5 62 | &
6°/3° Glideslope “3 NN 47|36
ez N\ “ AN
6°/3° Glideslo 21 | 15
SAM 3D, REFAN. 6D \ ' §\®
{c) Percent Reduction from 1972 Baseline
Year
1972 1978 1981 1987
Altemative 30 40 40 30 | 40
soin o L \\\\\m\\\\\\ M
6°/3° Glideslope %\\ 8 | 41
6°/3° Glideslope N 65 N 53 | o4
SAM 3D and 80, \\ J &\\\\
6°/3° Glideslope N 79 | 85
SAM 3D, REFAN 8D & &\\\X\\\
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Table 3, 2-2
Population Inside NEF Contours for 23 Airports

{a) Total Papulﬁricn Inside Contour —~ Thousands of Peopie

Year
1972 1978 1981 1987
Alternative 30 40 30 40 30 40 30 40 i
Baseline 4994.3 499;%“»&\\“&\\%&\“&\\\&\\\
6°/3° Glideslope _ \xiqghé_iﬂj_{ 2685.\{\ 27% 2719.1|283.3
6°/3° Glideslope ‘
6%/3° Olideslop x\\\ \2249{2 144.\1\\\\\\\\21%.0 159.,5
6°/3° Glidesl _
SAM 3D,IREFZF\?BD &\\;\\\&\ §93.1] 60.6 780.4) 69.5
{b} Percent of 1972 Baseline
Year
1972 1978 1981 1987
Alternative 30 | 40 { 30 | 40 [ 30 | 40 | 30 | 40
Baseline 10| 700 AR
6°/3° Glideslope N%\ 61 | 57 | 54 | 55 | 54 | 57
6°/3° Glideslope \ \\ 45 | 29 \\\\‘ 42 | 32
SAM 3D and 8D §\ ‘\§\\\ w \\\\\\&\&\
6°/3° Glideslope N N 14 12 16 14
SAM 3D, REFAIP\I BD&\\ & t\\ \\\\\\\
{c) Percent Reduction from 1972 Baseline
Year
1972 1978 1981 1987
Alternative 30 | 40 | 30 | 40 [ 30 | 40 | 30 | 40
Baseline 0 0 \\\\\\t&\\\\\\\\\\\\\\\\k\\\.\_\Q
6°/3° Glideslope I\ \\%\\ 39 | 43 | 46 | 45 | 46 | 43
6°/3° Glideslope \ 55 | 7 Q\* 58 | 68
SAM 3Dand 8D R\ \ < \& \\\
6°/3° Glides| 86 | 88 | 84 | 8
SA/M 3D,|RE;XIEJeBD “ @\&
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used fo connect the data poinks available from the study, Obviously, nature does not
change abruptly, as these figures would imply, and faired curves should be drawn

through the data points. The proper curvatures ore subject to considerable speculation

and disagreement; therefore, for purposes of this report, only straight lines are displayed

to avoid unintentional biosing of the comparisens. The "curves" on these graphs demon~

strate the time=-varying relative effectiveness of each of the alteratives considered, It
can be seen, for instance, in Figure 3.2-1, that the projected changes in fleet mix
and fleet operations along with the assumed adoption of the 6°/3° approach procedure

achieve a certain measure of effectiveness in the year 1978, are slightly more effective

. in 1981, but show o slight upward (i.e., less effective) trend by 1987, This upward

trend is alsé reflected in the other two alternatives, Figures 3.2~2, -3, and -4, to a
varying degree, demonstrate similar trends with the exception of the SAM 3D/8D option
in Figure 3,2-3, This particular curve demonstrates a slight downward {i.e., more
effective) trend from 1978 to 1987. In analyzing the 23 airports individually, to deter~
mine the cause of this seeming peculiarity, it was found that eight of the airports indicate

an increasing trend in effectiveness for this option. Further examination reveals that if

~ Kennedy and either of La Guardia, O'Hare, or Newark are deleted from the analysis,

the curve would demonstrate the opposite trend, This analysis serves to point out that
even though the data base for this study is large, the use of the results must still be

tempered with caution,

The time=varying effectiveness of the alternatives, particularly the SAM
3D/8D ond SAM 3D/RFN BD options, is also demonstrated in Figures 3,2-1, =2, =3,
and -4, This can be observed most readily by considering their start points. The start
of the S'AM 3D/8D option begins at year-end 1974, while the start of the SAM 3D/
RFN 8D option begins 1 year later. The completions of the two programs are separ=
ated by 3 yeors due to the offset implementation schedule for "refanning” the JT8D-
powered aircraft. Thus, it can be seen that the SAM 3D/8D alternative is more effec~
tive in the earlier years, while the SAM 3D/RFN 8D option becomes more effective
later on. This "offset" in effectiveness tends to complicate the determination of the

best alternative.
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Figure 3,2-1, Cumulative Effectiveness Curves for One Baseline and Two Alternatives
at 23 Airports Regarding Impacted Land Within NEF 30 Contours’
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The measure chosen for this report to determine the overall effectiveness of an
alternative is the integral area under the alternative curve bounded by the percentage-
time axes and the year 1987, This measure, normalized to a baseline criterion, can be
;ﬂescribed as the average effectiveness over the 15-year period of the study, The areas
under the curves shown in Figures 3,2-1, =2, =3, and =4 are given in Table 3.2-3,
Since the year 1972 is to be used as one of the baseline criteria, then the baseline

effectiveness curve can be represented as a straight line ot the 100 percent level from
1972 to 1987,

The percent of impact reduction for each of the alteratives, using
1972 as a constant hasefine and the 6°/3° altdrnative as u time~varying baseline com~

parator, is given in Table 3.2-4. The percentages for this table are calculated in the

A
- A
R, = 1004 (l - Z;)

following manner;

where:

R, = percent of impact reduction
AA = area under alternative curve
AB = area under baseline curve

These percentages, in Table 3,2-4,are then the measures of effectiveness for

the cost-effectiveness analysis which is discussed in Section 5.
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Table 3.2-3

Area Under Effectiveness Curves

Area Under Curves - (Percent-Years}

Impacted Land Impacted Population
Altemative NEF 30 NEF 40 NEF 30 NEF 40
6°/3° 1044 990 980. 975
Glide Slope
6°/3° 862 748 842 762
SAM 3D/8D
6°/3° 684 645 642 615
SAM 3D,
REFAN 8D

Areo Under Curve for 1972 Baseline = 1500 (Percent = Years)

Table 3.2-4

Percent Impact Reduction for Alternatives

Impacted Land

Impacted Population

1972 Base* 42/3° Base 1972 Base* 6°/3° Base
Alternative | NEF 30 | NEF 40 | NEF 30 | NEF 40 ||NEF 30 | NEF 40 | NEF 30 | NEF 40
6°/3° 30 a4 0 ] 35 35 0 Y
Glide Slope
60/3° 43 50 17 24 44 49 14 22
SAM 3D/8D
6°/3° 54 57 34 35 57 59 34 37
SAM 3D,
REFAN 8D

*Numbers include the effects of the influx of newer and quieter aircraft.
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3.3 Analysis of Impact

As deseribed in Section 3.1, the total area inside o NEF contour can be com-
prised of three composite areas, These three areas are‘the area within the airport
property boundary, the area encompassing water and, finally, the remaining land area
which has been termed "impacted land," The relaticnships between total area and

impacted area, girport property area and water area within the NEF contour area

summations for the 23 airports are illustrated in Figure 3.3-1,

The three lines in Figure 3.3~1 represent smoothed values through the data
points for each of the components of the total area. One of the significant features
ilfustrated concerns the almost constant value of airport property within the cantaurs
over a wide range of values of the total area within the NEF contours. When the
latter is greater than 400 square miles, the portion of airport property within the
NEF 30 (or higher) contours seems to reach a limit of about 86 square miles, This
tepresents approximately 80 percent of the total airport property area in the 23 airports.
This indicates that approximately 20 percent (~21 square miles) of the total airpert
property for these 23 airports does not reside within the NEF contours examined in this
study, '

The lina shown for impacted land is a linear regression line through the
plotted points. The values for plotting the points were cbtained from Table 3.1~24, the
combined totals for all 23 airports. The data points used for the water area and airport
property area lines were generated during the course of the study and are given in

Table 3.3~1 in the form of total values for all 23 aimports.

In addition to the relationship to total area, the impacted land can also be
related to impacted population within the NEF contours. This relationship is illustrated
in Figure 3,3-2, The solid line, labeled 23 Airports, rapresents a quadratic fit through

the data points plotted. The equation of the line is:

Y = 1.2X2 + 4567X - 19048, People
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where

Y Is the number of impacted people

and X is the total area of impacted land in square miles ;

Two items of interest can be determined from this equation. First, if the ;
equation is differentiated (i.e., dY/dX = 2.4X + 4567), the average population '
densities for various areas of impacted land can be evaluated to show that the average
population density increases as the impacted area increases, This indicates that as the
impacted land lies farther from the airport, the average number of people in a unit
area becomes greater, This is reasonable and indicates the curva is sloping In the
correct direction. Sacond, the negative constdnt term in the equation indicates that

it is possible to have some impacted land area {(~ 4 square miles) without impacting
any peopla, ‘
The two dashed lines in Figure 3.3-2 represent results when either Atlanta or

La Guardia is deleted from the data and only 22 aimports are analyzed. These two

" particular airports were deleted one at o time to demonstrete the.sensirivify of the

center curve to perturbations in area and population values, Atlanta and La Guardia
ware chosen for deletion since each represents the maximum excursion from the 23-
airport curve in its respactive direction if only one airport is deleted, The doshed lines
also serve to again demonstrate that caution must be used when interpreting the data

and attempting to generalize the results for a total national figure beyond the data from

the 23 airports,
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Table 3.3-1
Water and Alrport Property Areas Inside NEF Contours for 23 Airporks

{a) Alrport Praperty Aren Inlidn Contour ~ Square Miles

YEAR

y 1972 -
ALTERNATIVE ; - LLZL N BV CLr A,
. 4]

%;%%:‘::—::: 7%5 :/;6 49 = ) o /'5'8 43

(b} Area Over Water Inside Contour - Square Miles

YEAR

1972 %78 TN 1967
ALTERNATIVE [—3~T 5 G //i; T }g [ 45 - | 36 | 40 | 45 30 ] a5 | 70
TS T A R T L T D T R
st Jago (50 |15 1 )

Baseling

, 15 e
/2" Glidolope 7/ /-// /) 22y | 30 | 10 |78 |29 | 8 | 180 |es | 25
:{,SME%“J%"ED/ _ /// // 163 |20 | 6 ///7////AV////j 135 |50 | 18
san 30, netan 8o /)T ///////////////W 72 |9 2{ 74 |28 |10
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4.0 COST ANALYSIS

4,1 Investment/Operating Cost Model

A cost computation model has been developed to calculate marginalﬂ imple=-
mentation and operating costs associated with each retrofit alternative described in
Section 2,7. The computer=based mode| has been designed to accommodate the scope
of input variables summarized on Teble 4.1-1. The model may be operated to provide
detailad cost summaries for any selected base year and discount rate to derive “current
doliar" and “present value" totals of discounted cash flow for each type of aircraft
fleet,

An example of the cost model computations for the B-707 fleat, forecast to
be in eperation during and after completion of the SAM retrofit program, is shown on
Table 4.1-2, This model output summarizes the controlled variables usad in the com-
putation, the program totals of current dollar costs of $423, 107,000 and discounted
costs of $26B, 524,000 and the totals for each of the four cost elements evalvated in
the analysis, This output also summarizes the detail of implamentation costs contrib=
uting to the totals above for each year during which aircraft are forecast to undergo
modification in accordance with the established schedule, Similar detail for the added
operating cost is shown for each year that modified eircraft are foracast to ba in
oporation after ratrofit. The printout illustrates the effect of the selected inflation
ratas applied to tho rocurring operating costs, and the year~by~year values of the
current doliar costs and discounted cash flow for each of the four cost elements.

The cost model is also used to summarize the cost elements for each aircraft
fleat, and the fleet costs into the total costs for each retrofit program, Tables 4.1-3,
«4, and ~5 show such summartes for discount rates of 0, 5, and 10 percent respectively,
The 0 percent rate is, of course, the "current dollar" summary. The values listed under
alternative 1 + 2 are for SAM=3D (B-707 ¥ DC-8); and those for 6 + 7+ 8 are for REFAN
=8D (B-727 + B-737 + DC=?) and similarly for the other alternatives,
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Table 4.1-1

Input Dota Summary =
Aircraft Noise Reduction Forecast
Investment/Operating Cost Modal

Aijreraft Types

Type of Retrofit Program

Base Year

Discount Rates - Parcent

Retrofit Cost Per Aircraft - $/Aircraft

Rate of Inflation - Percent

Time Lost in Retrofit ~ Days

Cost Per Day of Lost Time - $/Day

Schedule of Retrofit Programs ~ Years

Number of Aircraft Modified in Each of the Investment Years
Crew Cost « §/Hour

Fuel Cost ~ $/Hour

Maintenance Cost » $/Hour

Insurance Cost - $/Hour

Parcant Inflation in Crew Cost - Percent

Percent Inflation in Fual Cost - Percent

Percent Inflatien in Maintenance Cost ~ Percent

Percent Inflation in Insurance Cost - Parcent

Inflation Base Year

Retrofit Chunge in Cash DOC ~ Parcent

Annual Alreraft Utilization = Hours

Retrofit Change in Aireraft Operating Weight Empty - Pounds
Average Payload Before Retrofit = Pounds

Annual Available Ton Miles

Retrofit Change to Specific Fuel Consumption - Parcent
Effsctiva Change to Productivity - Percent

Delta Fusl Weight - Effect on Payload Productivity - Pounds

Number of Retrofit Aircraft in Operation in Each Year After Retrofit

* Data provided by DOT and NASA,
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Table 4,1-2

Aircraft Noise Reduction Forecast
Investment/Operating Cost Model

) AJKCRAFT TYPE &7107
' HETHUF I, SAN
bASL YEAR . 1974
UISCOURT RATE o%

KIT « INSTALLAYIOH + SPARES
COST PEH ACFT {97} 200000
COST JNFLATION Y ?
EXTEA INST. DAYS 4
COsT PER DAY & 2100

- BASE CASH POC {19921 /MR INFLATION

ARNUAL UTILTZATION (ARSE)

CAEw 205 kL]
FUEL + DIL T 1 1 3
: HA 1K EHANCE 210 1t
o YMSURAMNCE 10 ot
o -
o To14L 053 J
RETROFIT CHANGE TO CASH DOC 050 %

3200 HOWKS

ANKUAL UllLIll’l:lgﬂ!FETﬂﬂFlTl 12% HOURS

ANNUAL ATMS PER 2 M

RETROF IT CHANGE TO OWE 33C0 A%
- RETRUFIT GCHANGE TO SFC D.20 %

RETROF1T CHANGE TO PROD =l4,0 %

CURRENT £ DISCOUNTED COSYS (00D GOLLARS)

mreeelOTAL fnmmace

T DISCOUNT CWRRENT DISCRINT  CURRENT  DISCOUNT

INVESTHENT - 2461480 19076A  LOST TIME 14408 10545 2TaDdn 201316
ADDED DRC 4TRSS 20455  LOST PROD, 102274 4n7SS w019 . at210
A — o ————— e m - e S . s mam—

TOTALS 306423 211222 [T2Y H 51300 423107 et

PRESENT VALUE OF IAPLEMENTATEON COST {000 DOLLAAS|

LOST QMU AT [ Y=
HOJACFT  ANNUAL TIHE LDST
YEAR REIROFLT INYEST COST IWVEST  TIME

A EmEa— —-— aman  we -

==l SCOUNT TO PY=wwe
LOsT
INVEST TIHE  T1OTAL

1978 41 AT409 2855 AT40% 2845 50244 yta) 2359 41540
1a77 L] Teapl 4315 F2af9D  TITL 1312el 96192 $602 102198
1978 tag 131589 TZ3T 201680 14408 2760R8 190748 10343 201314

'PRESENT YALUE DF ADDED OPERATING COST (000 DOLLARSS)

BASE  CASH DOC/HR  ADDED LOSTY CUMLLATIVE DISCOUNT TO PY=mem—eu
NDWACFT  FLEET CaSH PAOD
YEAR REIKDF)T HOURS  BASE RETRQ  DOCe i pocs PROD* ,TOTiLe pacs PACDY TOTALS
e waasmars Q0] ®scms Cepm, e es Adee—  Sesae.
1978 20 &3 10lB.2 1023.] 323 Tas 325 The 1070 FLL] &s15 aas
1977 T8 23%  1083.9 108%.2 1216 2911 la02 e 4244 1228 2807 4035
1978 lat 411 14000 1EL743 B85 &503 ARaT 1olas 18513 317} Tisd 10421
e a? 89 118148 L1674 4032 9213 8480 iedaz Tibe 361h 12972 10849
1980 17 b3 1214.2 1220.3 A214 9634 1209% 29017 41712 8055 18414 28460
1901 a7 894 1289, 1 12¥5e4 4405 |DONS 11100 39p47 Salnn lo3s 23578 313894
1982 inr 694 1328.4 132342 406 LO524 21705 44413 Ttald Z2an3 24404 AQ52
i3 Hur 694 1384,7 1393.7  44l3 11003 ZL51%  AORIA 8135 14303 33158 EXLIT ]
1904 200 630 1449.8 145T7.0 4438 LOsOL 3198 Ti217 102374 16293 37242 5353
1905 170 543 1515.8 1323.3  Al22 942} 13280 80639 119919 171 40543 58143
1988 139 431 18RA.9 159244 a2z Te2d 38to2 LY ] 121185 lagze 43037 LlaaT
1987 103 335 In57.) lhbSes 2783 bJa2 Al&tb 4023 138312 1valdd LY b3 le
1988 m 223 171331 174148 1940 44l 41427 LA 142an8 2014 #8049 65195
. 190% s 111 1H12,% 182)a0 1014 2319 L 1T 101581 146023 20349 AbbODs LIT UL
: 1990 19 3] 1e95,7 190%.2 103 a9} h4745 102274 127019 20435 haT48 at2io
1991 o 0 19a2,8 Lv92.7 o -] 4745 10221 14701y 20453 A8755 L7100
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Tablie 4,1-3

Summary of Noise Retrofit Progroms

Implementation and Added Operating Costs
Current Dollars

DISCOUNT RATE 0% 70 1974
1 2 A 3 8 c 4 0
INVEST Do0C 1 +2 [LOST TIME 1 +23 B+ 2 LOST PROD| € + 4
1 B707 SAM ;;'l-;;(; -;-"5‘:; 3056425 1445; 27b0.8.; ;:?0834 102274 423108
2 DC~B SAM 133005 33343 166348 9287 142293 1754637 486886 224524
3 B727 SAM 152539 21542 174081 o 152539 174081 6569 179651
4 BT37 SAM 40971 8823 49794 0 40971 49795 793 50548
'S & DC=9 S5AM 79303 | 8789 88092 0 79303 88092 1391 89484
o & B727 RFN 1559508 451353 20108581 ° 31463 590971 2042324 922582 2964907
T B737 REN 363893 89641 453534 2183 366077 455719 123939 579458
8 0C-9 RFN 497598 161386 658984 6311 503909 665296 143809 609105
AERD ALTERNATIVES

2o 1+243+A+5 667498 117242 784740 23695 691194 808439 150913 967355
3. 1+2 3945685 78088 472773 23695 41838) 496471 151160 647632
he 3+4+5 272813 39154 311967 0 272813 311968 71153 319723
5. CbeT+ 8 2420999 702380 3123379 39957 2460957 [ 31463339 1190330 43535670
ba l42+6+T+8 2815684 780408 3596152 A3652 2879338 3659810 1341490 5001302
Te 142+4445+8 2074467 547053 | 2621520 55158 21294626 26:!6632 10759246 3152611
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Table 4.1-4

Summary of Noise Retrofit Programs

Implementation ond Added Operating Costs

Present Values {5 Percent Discount Rate)

OISCOUNT RATE 5% TO 1974
1 2 A 3 8 ¢ 4 D

INVEST oo oc 1 +2 [LOST TIME| 1 + 3 B+ 2 |LOST PROD| C + 4

1 B707 SAM 222437 | 29642 | 252079 | 12272 | 234710 | 264352 67753 | 332108

2 DC-B SAM 1131112 21861 | 134972 7916 | 121026 | 142087 32050 | 174938

3 B727 SAM 131496 14348 | 145844 0 | 131496 | 145846 3709 | 149554

4 B737 SAM 35330 5677 41607 0 35330 41007 510 41518

5 0DC=9 SAM 68371 5784 74155 0 60371 74156 916 75072

6 8727 RFN 1161318 | 260264 | 1421582 23507 |1184825 | 1445089 | 531990 |1977080

7 B737 REN 271061 53899 [ 324960 1632 | 272693 | 326593 74521 | 401115

8 DC=9 RFN 370492 98747 | 469239 4714 | 375207 | 473954 87992 | 551946

AERD ALTERNATIVES

2. 142434445 570745 77312 | 648057 20186 | 590933 | 668246 | 104938 | 773187

3. 1+2 335548 51503 3s7051 20186 355736 407239 9I603 507043

e 34445 235197 25609 | 261006 o | 235197 | 281007 5135 | 286144

5. 6+7+8 1802871 | 412910 | 2215181 29853 |1832725 - | 2245636 | 694503 |2940141

e 14246+7+8 2138419 | 454413 | 2602832 50039 | 2188461 | 2652875 | 794306 |3447184°

Te 142464545 1600567 | 323228 | 1923795 43693 [1644262 | 1967491 | 633219 |2600713
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Table 4,1-5

Summary of Noise Retrofit Programs

Implementation and Added Operating Costs
Present Values (10 Percent Discount Rate)

OISCOUNT RATE 16% TO 1974
1 2 A 3 8 c 4 0
INVEST o0og 1+ 2 LOST TIME 1 +3 B+ 2 LOST PROD| 4C + 4
1 8707 SA 190768 | 20455 | 211223 | 10545 | 201314 | 221770 | 46755 | 268525
2 DC~B SAM 97051 14971 112022 46804 103855 118826 21949 140775
3 8727 SAM 114391 9973 124344 0 114391 124364 2578 126943
4 BT3IT SAM 30743 2830 34573 0 30743 34573 344 34917
5 DC~9 SAM 59486 975 63461 0 59486 63461 629 64091
& B727 RFN © 878659 158254 1036913 17643 894502 1054756 323477 1378234
7 B737 RFR 205148 33703.. 238851 1239 206387 240090 46598 286588
8 DC=9 REN 280276 62690 342966 3577 253q53 346544 35862 402407
AERO ALTERNATIVES

20 142434445 492439 53204 545643 17349 509789 562994 12255 635251
3. 142 287819 35426 323245 17349 305169 340596 88704 409360
Y e 3+445 . 2048620 17778 222398 0 204620 222398 3551 225951
5a 6+7+8 - 13864083 254647 1618730 22465% 1306742 1641390 4259317 2067329
bo 14246+T+80 1651902 290073 | 1941975 40008 1691911 1981986 454541 247662;
Ts 142444540 1256707 R0 1485 1458192 35192 1291900 1493386 393154 1886542




4.2 Program Total Costs

The total investment required to accomplish each of the alternative retrofit
programs is summarized graphically on Figure 4.2~1. These tatal values reflect the
sum of kit, installation, and spares costs for each fleet of aircraft invelved in each

respoactive modification progrom.

It can be seen that for the two retrofit progroms that cover all alrcraft, the
REFAN~8D/5AM=3D investment is about 4,2 times that for SAM=8D/3D when con~
sidering the "current dollar" totals. On the "present value" basis, this comparison

reduces to about 3.3 times.

The total of all of the four elements of the marginal costs required to imple=
ment each of the retrofit programs, and to operate all of the retrofit eircraft in each
program for as long as they are forecast to continue in service after ratrofit, Is
summarized on Table 4,2=1. These same data are shown graphically for comparison on
Figure 4,2-2,

Aguain, it can be seen that for the two retrofit programs that cover all air=
craft, the REFAN~BD/SAM~3D total costs are about 5.2 times those for SAM=-8D/3D
when considering the "current dollar” totals. On the "present value" basis, this

comparison reduces to about 3,9 times.

4.3 Sample Financing Scheme

The concept of an aviation user trist fund has been analyzed to illustrate
the rate at which revenue generated from a separate user tax structure could pay off
the investment costs of the alternative retrofit programs, Figure 4,3~1 illustrates the
application of this concept to pay off the SAM-8D/3D retrofit progrom, as an example.
The cumulative user tax revenues starting in 1975 ore shown based on a 1 percent
domestic passenger tax, plus o | percent domestic cargo tax, plus a $1.00 inter-
notional enplanement tax, The cumulative retrofit payout is shown as required to

support the investment costs as incurred over the 4-~year implementation period for
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Table 4,2-1

Nolse Retrofit Progrom Costs (Millions)
Current Dollars and Present Value*

REFAN
e |y | W

| e

: Lost Prod. 7.8 | 151.1 | 158.9 | 1,190.4 | 1,341.5
3 Cash DOC 39.1 | 78.1 | 117.2 702.4 780.5
E Lost Time 0.0 | 23.7 | 23.7 39,9 | 63.6
- Investment | 272.8 | 394.7 | 667.5 | 2,421.0 | 2,815.7
ﬁi Total $319,7 | $647.6 | $967.3 | §4,353.7 | $5,001.3
i PRESENT

%v VALUE (10%)*

. Lost Prod. 3.5 | 68.7 | 72.3 425.9 494 .6
3 Gash pOC 17.8 | 35.5 | 53.2 254.6 290.1
2 Lost Time 0.0 | 17.3 17.3 | 22.7 40,0
¥ Investment 204,6 | 287.8 | 492.4 | 1,364.1 | 1,651.9
i Total $225.9 | $409.3 | $635.2 | $2,067.3 | $2,476.6

3 % Costs discounted at 10% to 1974,
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the SAM program. The revenue projection has been adjusted, ot a 5 percent rote, for
interest earnings on balance, or cost of borrowing, when the fund revenues are chead
or behind the payout requirement. It can be seen that the SAM-8D/3D progrom invest=
ment costs could be paid off in approximately 4,1 years at the indicated lavel of user

taxes,

A summary of the estimated payoff periods for each of the alternative ratro=~
fit programs with such a trust fund concept is shown on Figure 4.3=2, A doubling of the
tax rates would reduce the payoff periods to approximately one~half of the number of

years shown In these examples.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

5,1 Cost-Effectiveness Analysis

The primary impact parameters utilized for this study are the number of people
and areo of nonairport land residing within the NEF 30 and NEF 40 contours for 23 air-
ports, Three noise reduction strategies have been analyzed at each of the 23 airports
for 3 future years, The measure of effectiveness chosen to evaluate the results of
applying each strategy was the percent reduction in the area under the time-effective-
ness curves over the period of the study - 1972 to 1987, The relative measures of effec-
tivenass for each of the alternativa strategles have been developed and are tabulated in
Section 3.2, Table 3.2-4, The costs of implementing ond maintaining eoch of the stra~

tegies have been determined and ore tabulated in Section 4,2, Table 4.2-],

Figuras 5«1 and 5-2 illustrate the combination of the cost and effactiveness data K
for the alternative stratagies, for the NEF 30 and NEF 40 impoct criteria, for impacted I

land and impacted population and, finally, for two different baseline comporators. j

First, considering tha cost-effectiveness curves in Figure 5«1 for impacted land,
it Is apparent that although the curve sets for the two baoseline criteria are offset from
each other, the relative ranking of the alternatives is the same, The implementation of
the 6°/3° glide slepe procedure at an estimated cost of $75 million produces a reductiongy ,
in percent~years of 30 percent for the NEF 30 and 34 percent for the NEF 40 criteria,

A major port of this raduction is caused by the influx of new quiet aircraft into the fleet

L}

coupled with the ratirement of the older noisier aircraft - and a minor part of the reduction
is caused by the implementation of the 6°/3° approach procedure, The implementation
of the 6°/3°+SAM 3D/8D alternative, at an estimated cost of $967,3 millien, results in

a reduction in percent-years for the NEF 30 and NEF 40 of 17 percent and 24 percent,
respactivaly, for the 6°/3° baseline and 43 percent and 50 percent, respectively, for

the 1972 boseline, The implementation of the 6°/3%SAM 3D + REFAN 8D dlternative,

at an estimated cost of $5001.3 million, results in a reduction in percent-years for the
NEF 30 and NEF 40 of 34 percent and 35 percent, respactively, for the 6°/3° baseline
and 54 percent and 57 percent, respectively, for the 1972 baseline,
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Figure 5-1. Cost-Effectiveness Curves for Impocted Land Area Within the NEF 30 and
NEF 40 Contours at 23 Airports.
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Figure 5-2 presents similar cost-effectiveness curves for impacted population
within the NEF 30 and NEF 40 contours, The cost values for each of the programs are
the same as stated in the previous paragraph, For the NEF 30 and NEF 40 cost-
effectiveness curves, the projected changes in fleet mix along with the 6°/3° procedure
produce a reduction of 35 percent and 35 percent in pergent-years, respectively, The
6°/3° + SAM 3D/BD alternative produces a reduction of 14 percent and 22 percent,
respectivaly, for the 6°/3° baseline and 44 percent and 49 percent, respectively, for
the 1972 baseline. The 6°/3° + 5AM 3D + REFAN 8D alternative produces reductions
of 34 percent and 37 percent, respectively, for the 6°/3° baseline and 57 percent
and 59 percent, respectively, for the 1972 baseline,

5.2 Racommendations

The results provided by this study have immediate and significant application
to the development of background data on cost-effectiveness of several viable noise
abatement concepts. Both paremeters of the output cost ond effectiveness have been
basad on a delailed study of operations for a major portion of the civil aviation system.
Once such an in-depth analysis has baen completed, one naturally seeks to examine
ways In which the analytical tools and findings devaloped in the study can be applied
to other major engineering-econemics systems evaluations. Examples of such applica-
tions and areas for further improvement-in the results obtuined or opproaches taken in

this study ore suggested in the following:

s  Further sensitivity analyses for the accuracy of the findings relative
to perturbations in the varjous input assumptions.

» Application of the results and techniques to the devalopment of
absolute values of alrcraft noise impact throughout the nation,
i.e., the determination of the total number of people Impacted
by the civil, private and military aviation systems throughout

the nation.
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Figure 5-2,  Cost-Effectivaness Curves for Population Residing Within INEF 30 and
NEF 40 Contours at 23 Airports,



Further evaluation of the results obtained to establish the
feasibility of using o preselected sample of fewer airports
and/cr an artificiclly designed airport model to allow
approximate cost-effectiveness studies to be made
efficiently with minimum effort.

Application of the tachniquas to cost-effectivenass analysis

of other noise or related ait pollution abatement systems.,
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APPENDIX A

SUMMARY OF MAJOR CONTACTS WITH INDUSTRY
AND OTHER GOVERNMENT AGENCIES
RELATIVE TO DIRECTION OF STUDY .

o June 30, 1972

e August 10, 1972

e August 30, 1972

o September 22-28, 1972

»  Fabruary 26, 1973

o July 25, 1973

.o  February 14, 1974

- Contract Award

Initial program definition,
Presentation by DOT, Wyle, and Speas to representa-
tives from DOT, FAA, NASA, EPA, dirlines, airport

“operators, and englne manufacturers.

‘Initial program briefing before ATA Environmental

Committee by representatives from DOT, Wyle, and

" Speas. ‘

Initial program briefings to United Aircraft Corporation,
The Boeing Company, and MeDonnell Douglas
by representatives from DOT, Wyle, and Speas,

Initial disclosure of economics data.

Letter from Directar, Office of Moise Abatement,
DOT, to The Boeing Company end McDonnell Douglas
requesting review and comments.

Progress Report to govemment and industry.
Prasentation of initial results on the six largest aimeorts
by DOT, Wyle and Speas to representatives from DOT,
FAA, NASA, EPA, airlines, airframe and engine
manufacturers. Presentation wos part of o Retrofit
Program Status Review by the Joint DOT/NASA Office
of Noise Abatement. This meeting was followed up by
requests from the Office of Noise Abatement, DOT,
for comments on the results, program direction, and key
assumptions, and resulted in a series of changes to the
program {see Section 2,1.5 for discussion).

Preliminary results of Cost Study.

Presentation by DOT and Speas to representatives fram
DOT, FAA, EPA, OMB, and NASA of retrofit costs.
Final naise impact results were also presented on two
airports based an new aireraft noise and performance
data.



APPENDIX B

SUMMARY OF SOURCES FOR ARCRAFLNOISE
AND PERFORMANCE DATA

i Sources (See Page B-2)
rr Aircroft Type Noise Performance
707-120/320 B-21, @ | @
707-1208 B4 @)
707-3208/C - Base, SAM -4, (O @,
720 | B-1 @.
; 7200 B-4 82, (3)
; 727-100/200 - Base, SAM B-4 -2, @
- REFAN B-3 -2, (3
737-100/200 - Base, SAM B-3 -2, (3
i - REFAN B-3 -2, !
747-100/2008 B-3 B-2, ®
d DC-8-30 B-10 8-10,3)
| DC-8-55/61/63 - Base, SAM B4 8-5, 5-7, 8-8, (3
DC-9-15/32 - Bose, SAM B-4 B-5, 8-9, (3)
- REFAN - 8-3 8-3, @)
DC-10-10 B-4 8-5, (3)
L-1011 B-6 @
: BAC-111 B-21 ®
Ve-10 B2t | @
Two-Eng. W.B, (A-300B}) O ®
Caravelle @ @
: STOL, Turboprop (F-20) ® O
(1) DpC-10minu 1.8 EPNGR (&) Auvmad aqual 10 DC-9 Alsa uind for CV-990, VC-10
: @ Culculored from DC-@ data (® Caleulated from DC-10 parfarmance performances
(3 Suppariad with anglnaerlng culcufarlum Ala uad for CV-0880 nalia () Colsutated hrom 7208 data
:; ‘;m-"f;mmh = raviewed [nformally :odlﬂndfor CV-B00 parformance % ::::,::::nm ,7.07::v2;:ﬁ data
() Asumed ssuol 1o DC-10 10 ied for CY-720 nalie deta in Refatences b_10, 817

und 3-20 .
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B-2

B-3

B-5

B-6

B-7

8-9

B-10

B-11
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