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I. INTRODUCTION AND SUMMARY

The concern with afrport noise has ted to a number of major steps to

" reduce exposure levels. Tangible benefits of these steps are evident today.

Quiater aircraft are now operating in the U.5. fleet, adjusted flight pro-
cedures result in scme aircraft being flown in a quieter manner, some air-
port operations are geared to appropriate flight tracks and airport pro-
prietors and local officials are carrying out noise abatement actions at
particular airports., The result of these actions has been a reductfon in

the number of people exposed to high levels of nolse from aircraft operatfons.
Further reductions 1n exposure will occur during the balance of this century
as the federa)l noise reguiations which have been promulgated become fully
effective. '

For many afrports, a residual population impacted by aircraft noise
will remain after benefits from all other noisae contrel means have been
realized. This report considers a resfdential soundproofing and relocatfon
program as a means of achieving airport noise/land use compatibility. A
detailed discussion of tssues involvad in such a program {s given. To
quantify the cost of such a program a2 methedology is daveloped and used to
integrate parameters affecting noise exposure, A forecast is presented
of changes in air carrier afrport noise exposure that will occur during the
balance of this century. This study alsc examines noise exposure benefits
of noise abatement flight operations, f1ight procedures, and restrictions on

1-1



papulation encroachment. Soundpreofing and relocation costs are developed
for four airports.

PART 150 PLANNING PROGRAM

A major new program was recently estabiished to promote a planning
program to develop compatibility of aircraft noise with land-use near '
afrports. Specifically, the Federal Aviation Administration (FAA) on
January 6, 1981, established interim regulations prescribing requirements
for airport operators who choose to develop an alrpart noise compatibility
planning program. This program, codified at 14 CFR Part 150 (hereinafter
Part 150}, establfshes a single system of measuring afrport noise and a
single system for determining the exposure of individuals to aircraft nofse.
A standardized afrport noise compatibiity planning procedure also {5 pre- .
scribad, The compatibility program seeks to obtain compatibility of aircraft-
operations with community activities within acceptable safety, economic and
environmental parameters, This may be accomplished by reducing existing
incompatible Tand use in the vieinity of a particular airpart and by pre-
venting the introduction of new incompatible land uses in the future.

Each airport program developed under Part 150 must address noise
control aiternatives, subject to the constraint that the alternative strategy
be appropriate to a specific airport, including the following:

. Preferential runway system
. Construction of barrfers and acqustical shielding,

includfng the soundproofing of public Buildings

. Restrictions on the use of the afrport by any type
or class of aircraft based on afrcraft noise charac~
teristics (such as curfews, noise abatement takeoff
approach procedures and landing fees)

. Fiight procedures to reduce noise exposure

a  Acqufsition of land and {nterest therein to insure
ajrport compatible land uses.

1.2
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The noise control alternatives no doubt will help imprave the
noise environment at afrports and, more specifically, generate added confi-
dence that the estimatas of people exposed will be reduced in future years.
However, the noise “"problem" and 1ts related effects on air carrier operations
will continue until compatibility is achieved. Statistics that demonstrate
reduced noise exposure 20 years hence may provide little solace to pecple
who currently, or in the near to mid-term, will 1ive {in areas of unacceptably
high airport noise levels. But some encouragement may be derived from
a land use change program i1f the most heavily impacted areas are treated in

the near futura,

The Part 150 planning process requires that incompatibilities
be identified and plans be included for their elimination. This could
include, after reasonable noise control alternatives are implemented, a
program of soundproofing and relocating private rasidances exposed to
airport noise levels exceeding L,, 65 dB and 75 dB, respectively. The
objective of Part 150 4s to establish a maximum outdoor level of Lyn 65 d8
to assure compatibility with Federal criterion. HWhen Ldn 65 dB cannot be
reasonably met, soundproofing could provide an acceptabie level of {ndoor
noise and, if outdoor noise cannot be reduced to Ldn 75 dB, the opportunity
to be relocated.

Soundproofing and relocation are certainly not new noise contral
measures., Both have been employed in selected circumstances in the United
States and abroad, However, there is extant relatively minimal experience
with a comprehensive relaocation/soundproofing program, particularly in
conjunction with broader, more comprehensive airport noise control planaing
processes,

With this {in mind, subsequent c¢hapters of this raport analyze
fssues {Chapter II) and present background material (Chapters III and IV)
relevant to the planning for and implementation of a comprehensive airport
soundproofing/relacation program, To place the various 1ssues and back-
ground materfal in a proper perspective, scenarios concerning the level of
noise exposure and attendant program implementation costs are developed.
Guiding the development of these scenarios are four general assumptions:

1-3



. A1l private residenceé within specified nofse contours
{1.e., Lyn 65 to 75 dB and, as an option Ly 75 to 80 d8)
will be candidates for soundpraofing assistance

] A1 private residences within other higher specified noise
contours ({.e., greater than Lgn 75 dB (or Lyn 80 ds)
will be candidates for relocation assistance

. The program should apply to residences exposed to
specified noise contours projected for the year 2000

¢ The concept of representative airports, or "Reports" will
be used to assess program issues and costs which might
be faced by alrports interested in this program.

SELECTION OF REPRESENTATIVE AIRPORTS

The concept of and procedure to select reprasentative airports, or
Rports, are described 1in Chapter III, In general, each reprasentative afrport
represents a distinct category of afrports specified in terms of area and
population exposad to adverse noise lavels. Afrports included 1n the
Rport selecticn process were Timited in the first instance to those with
scheduled commercial jet operations (398 airports). The universe was
further restricted by excluding afrports with less than four air carrier
jet operations per day, as less than four flights would not constitute a
noise problem. Factor analysis was then used to group the remaining 326
airports into six distinct Rport categerfes, Within each category, a single
afrport was sought which, on average, represented the noise exposure
characteristics of all other airports in that category. Huwever, for two
of the categories no such representative airport could be found and
representative airports were not selected. The remaining four categories
for which Rports were selectad contained 129 airports and accounted for 62
percent of the 1979 national departures.*

The four rapresentative atrports used in this study are presented
in the table which follows.

*Excluded afrports are generally characterized as having relatively faw
dally Jet operations and minfmal to no adversa population nofse exposure,
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Study Rports

Rpot Number of Airports Selected
Category in Category Rports
A 13 Miami, FL {MIA)
B i La Guardia, MY (LGA)
¢ 44 san Antonfo, TX iSAT
D T%% Sioux Falls, SD (FSD
Total

Much of the analysis in this report of noise abatement and control
options use the forecast experience of tha four Rports as a basis and 1s
further predicated on generalfzed distribution of runway operations and
flight tracks. However, calcuiatfons are also made for 10 afrports to
determine the noise {implications of preferential runways and curved flight
tracks, The procedure employed to generate a comparison of a base case
assuming even distribution of runway and strafght flight tracks with a
system of priority runways and curved fiight tracks, also is presented in
Chapter III.

PROGRAM SCENARID DEVELOPMENT

Chapter IV of this study describes the procedures to develop the
scenarios from which program impacts and fssues are assessed. Principal
elements .of the procedures involve air carrier fleet forecasts, demographic
forecasts, representative airport program costing, altarnative flight pro-~
cedures, optimized ground tracks and controls on residentfal encroschment.

Flest Forecasts

Since the projected mix and number of aircraft operations will
have a direct bearing on the level of afrport community nofse exposure,
the fleet mix was developed for base year 15879 and for forecast years 1990
and 2000. Afrcraft growth was based on a moderate 1,7 percent annual growth
rate in total aircraft. However, reference to the number of aircraft under-
states the expected rapid expansion fn commercial afr service. As new
aircraft types are introduced into fiset service, they will replace older
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types which not only are noisier and less fuel efficient, but also have

Tower seat capacities. As shown 1n the table below, between 1979 and 2000
the number of commercial aircraft 1s estimated to increase 42 percent and

the average seats per aircraft to increase 104 percent. The larger capacity
aircraft require many fewer annual departures to handle any given passenger
demand level, thus explaining the decrease in departures fn year 2000.* How-
ever, the larger aircraft will be noisier than smaller aircraft using the
same technology.

Afr Carrier Fleet Forecasts

Baseline Farecast Year
1979 1990 2000
Number of Afrcraft 2,384 2,870 3,397
Average No, of Seats per
Afrcraft 156 231 319
Number of Departures in
Thousands 4,606 4,777 4,394

Noise Source Requlatian

Noise levels for existing and new production aircraft are governed
by Federal Aviation Administration Regulations (FAR 36)., Compliance depends
upon when the aireraft are designed and produced, with the existing noise
1imits designated as Stage 1, 2 or 3. The changing mix of aircraft will
avolve toward meeting the Stage 3 level. For axample, 21 percent of the
air carrier fleet met Stage 2 at the beginning of 1977 and 48 percent at the
beginning of 1981, About 86 percent of the U.5., fleet {5 expected to meet
Stage 2 by 1985,

The airport-community noise beneffts of the more advanced control
requirements for Stage 3 aircraft will not accrue for some time due to the
20 year or so lead time required for new noise technology afrcraft to
meka up enough of the air carrier fleet to make a noticeable fmpact on
comunity noise exposure, Thus, the ganeration of aircraft using the Stage

*Total seat capacity increases from 372,000 to 1979 to 1,062,000 1n year
2000, a 191 percent increase over the 21 year perfod.
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3 technology developed fn the late 1970's will not begin to fully impact
exposed communities until the late 199Q's.

Demographic Forecasts

Housing, population and other demagraphic patterns around afrpart
communities have not remainaed static in the past, nor are they expected to
remain so in the future, For example, many communities (dafined by nofse
contour bands) experfenced different growth rates for population and resi-
dent{al units during the 1970's, These and other changes are captured by
updating selected demographic variables based primarily on growth rates for
population and households. Exposure parameters selected for detailed
analysis in this technical supplement are: {1) population; (2) area;

(3) rasidences; and {4) program cost.

Representative Alrport Program Costing

Estimates of the four previously mentioned exposure parameters
were daeveloped from data for selected noise contour bands. Estimates a
population, area and rasidences were obtained from computer program cutputs
described 1n Chapters 111 and IV, Representative airport program costing
was performed by multiplying the average cost of soundproofing or relocatfng
a residential unit by the number of thase units in a given nafse contour

band,

Noise Abatement F1ight Procedures

Afrcraft are capable of using a variety of safe departure pro~
cedures, each of which genarates different nofse levels and different airport-
environs noise axposure patterns. The thrae take-off procedures assessed

in this study are:
s AC 92-39 (recommended by the FAA 1n Advisory
Circular 91-39)

9 ALPA/MUA Max {recommended by the Afrline Pilots
Association, or ALPA)

. ALPA/NWA Min (also recommendad by the ALPA),
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SCENARIQ DESCRIPTION AND PROGRAM IMPACT

An airport proprietor has available a number of options and
perspectives from which to address the afrport-community noise expgsurs
probfem. These are assessed fn Chapter V by means of scenarfos which are
developed by varying the factors which strongly influence the extent of
airport noise exposure, A measure of the effectiveness of noise abatement
options is gained through a comparison of exposure levels associated with
varfous fleet forecast years.

Land Use Control

A major problem faced by many afr carrier airports is the en-
“eroachment of non-compatible residential development into areas adversely
impacted by afrport nofse. Benefits which m{ght otherwise accrue from
noise abatement actions often are more than offset by population or resi-
dential growth. The table below summarizas the benefits of aggressive noise
compatibility planning and implementation on noise exposure levels assocfated
with the year 2000 afr carrier operations. ’

Year 2000 Population (in
thousands) by %Q“ d8 Contour

Land Use Control Implications 65 to 78 15¢ Total
Unrestricted Population Growth 3,489 139 3,629
No Growth After 1990 2,768 119 2,885
No Growth After 1979 2,185 10 2,287

A measure of the opportunity lost by not instituting effective land uge
contrei is that ahsent such control, normal population growth between years
1979 and 2000 would expose an additional 1,4 million people to adverse
noise levels, The exprsure numbers presentad hers and elsewhere {n Chapter
V are derived from a data base (ses Chapter III) which does not consider
actual afrport runways and flight tracks, Accordingly, while pressntation
af actual values tends to provide a point of reference to quant{fy the
airport noise problem, more importance 15 the relative change in these
values as various nofse control options are considered. for example, land
use contrel in years 1979 and 1990 would reduce population exposure hy 63

and 79 percent | raspertively,
1-8



N

Alterpative Flight Procedures

Unlike the abatement measures summarized eaf11er. use of alternative
flight procedures does not offer the opportunity for qenerally unifaorm fme
provements in airport-environs noise levals. Rather, they tend to shift the
locus and intensity of impacts between areas. For example, when cansidering
the current fleet mix, the ALPA/NWA procedures may reduce total noise ex-
posure as measured by people exposed to levels greater than Lan 65 dB but
they also fncrease exposure Tevels in areas closer to the airport already
experiencing the most intense impact. The converse {s the case for the
AC 91-39 takeoff procedures. By the year 2000 with higher by-pass ratio
engines the later procadure reduces exposure levels {in absolute as well as
relative terms, as shown in the table below.

An airline working with the airport proprietor might consider
employing the ALPA/NWA Min or Max procedure for low bypass ratio engined
afreraft and the AC 92-39 procedure for afrcraft with high bypass ratio

engfnes,
Priority Runways and Curved Flight Tracks

The baseline computer runs empioyed far this report were made
using an equal distribution of operations on all runways suitable for these
operations. Mowever, special studies have been made to estimate the reduc-
tion 1n number of people impacted by airtraft noise and of cast of sound-
proofing.and relacation when afrcraft use runways and ground tracks which
route them over the most sparsely populated areas. The priority rating of
runways and ground tracks 15 based on population within the Ly 65 dB contour.
The first priority runway 15 used at all times when the wind 1imits permit,
{.2., all head winds and up to 5 knots tail winds and up to 15 knots cross
winds, The second takes what it can of that remaining time with the same
1imfts, Turns are made 1n flight to avoid populated areas at FAA limited
bank angles when the aircraft has achieved the FAA prescribed altitude and
afrspeed.

In general, significant reductions fn noise impact ¢can be made
most atrports usfng these procedures. This report praesents data for (1)
strafght in and out ground tracks and equal dfstributions of operations
on appropriate runways and {2) priority runways and curved ground tracks.
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It was not possible within the scope of this study to obtain the actual
runway distributions of operations and the actual ground tracks used at each
airport studies. Thus, the benefits shown are from an arbitrary baseline to
an optimum operating procedure,

A comparison of the effect of alternative airport procedures is
provided below:

Population Exposed to Greater
than L., 65 d8 {1,000's)

Fleet Year Strajght Curved
1975 7,583 3,014
15890 4,376 1,756
2000 2,287 834

The above estimates are on based on the forecast experience of the four
Rports. To forecast experience of an enlarged group of 10 airports
indicates a potential population noise exposure of 50 percent when con-
sidering strafight flight tracks and even runway distribution with curved
f11ght tracks and priority runways.

Expanded Soundprocfing Zone

. It 1s recognized that the pattarn for the development of com-
patibi1ity in a practical manner may differ from one afrport to tha next.
The noise exposure level (Ldn) at which the strategy for developing com-
patibility shifts from soundproofing to relocation, for example, may be
moved upward for apartment houses, or houses with assentially no outside
grounds with gardens and play or 1iving space, as compared with houses with
such outdoor amenities. Thus, in some areas with essentially no indoor
1iving, people can be protectad from outdoor Ldrl levels of B0 or higher 4if
their residences are soundproofed to indoor levels of Ldn 45 dB or lower,

There 15 also the practical problem of overall cost for the
development of compatibility. If the area from which residents are being
removed 15 to be converted to industrial or saome other compatible use, there

1-10
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{5 the question of the amoutn of land vacated per doliar cost to the project.
The land area vacated by apartment dwellers or dense housing areas 15 small
compared‘with single family houses with lawns, gardens, etc, For this

reason and becausa the per unit cost of soundproofing of apartment is less
than for single family houses, the cost of relocating familiers from apart-
ments compared with soundproofing 1s much higher than for single-family houses
with grounds.

There is also the important question of the desires of the peopile
1iving in high noise exposure areas., In some cases, segments of the exposed
population are serfously disturbed by the noise but initfally don't want to
relocata. However, after their neighbors have moved they don't want to stay
in a partially deserted area, The development of practical plans to meet
the needs of each local sftuation must be made at the local Jevel with all
elemants of the local situation involved in the planning, For the above
reasons the costs for soundproofing and relocation have been determined for:

. Class A == Soundproofing increases of Ldn 65 to 75 dB
and removal in areas above L, 75 dB

[ Case B -~ Soundproofing in areas of Ldn 65 to 80 dB
and removal in areas above Ly, 80 dB.

The costs are developed for both A and B recognizing that at some
airports (such as LaGuardia) the soundproofing may be used even above

Ldn 80 dB and at other airports there may be no soundproofing above 75 Lan-
0f course, by the year 2000 there will be many azirports in the categories
studied where there will be no areas above Ldn 75 dB.

RELOCATION COSTING PROCEDURES

Chaptar VI describas the framework from which the relocation costs
were devaloped. The type of assistance which may be offered in a given
ralocation/soundproofing program 1s modeled after the requirements of the
Uniform Relocation Assistance and Real Property Acquisition Policfes Act of
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1870, The framework begins with an overview of the applicability and
requirements of this Act. Next a set of relocation cases is defined and a
procedure to estimate the frequency of each case 15 set forth, Finally,
costs associated with each program element coverad by the cases are pre-

sented,
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Il. SOUNDPROOFING/RELOCATION PROGRAM
ISSUE ANALYSIS

The airport soundproofing/relacation program discussed in this study
is proposed to complete the achievement of compatibility after all practical
afrport noise abatement actions have been taken under FAA's Part 150
(Raference 1), Affected residents are defined 1n this chapter as those living
in the areas which will be exposed to airport noise levels in excess of Ldn
65 dB in the year 2000. (See Chapter V for quantification of affected
population and measures which can minimize airport-community noise exposure.)

The carrying out of this objective implies that fairly detailed plans
must be developad specific to each airport. However, before such detailed
planmning can commence, it 15 necassary to consider a number of {ssues which
may have a substantial impact on the content of the plan finally produced and
on the probability of its successful implementation,

Some of the yssues that could be raised by the attempt to plan and
implement a soundproofing/relocation program are discussed in this chapter.
The list is fairly complate, since if an issue is not raised, it may prove to
ba an unexpected impediment to program implementation at a later date, The
discussion of aach {ssue of necessity is general, since specific airports are
not considered at this time.
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It is not sufficient simply to raise issues, but to suggest
alternative means for resolving the issues. The means selectad will be an
element of the plan for a particular airport. Means for the resolution of
issues must be equitable for all parties involved, They must also be
palitically, economically and secially realistic.

FRAME OF REFERENCE

It is necessary to consider the genera)l framework within which the
program will be conducted. Once the issues associated with the establishment
of this framework have been brought to 1ignht, a great many subsidiary issues
will become apparent. Therefore the initial set of issues are those dealing
with specific program cbjectives, the principal protagonists in program
planning and implementation, the legal framework within which they must act
and the relationship of the goals of the program to the goals of the airport
and the community in general,

Having established this general framework, it was possible to proceed
to subsidiary issues in succeeding sections.:

Speci fic Objectives of the Program

The Federal government has undertaken a series of steps to provide
raliaef to residents in the vicinity of airports who are subjected to excessive
noise. In promlgating Part 1580, the FAA has taken an important step in this
direction by providing standardized procedures for individual airports to
develop a plan for noise alleviation. This Federal effort has been amplified
to inciude a program faor residential soundproofing in sound-impacted areas or
relocation of residents where soundproofing is not feasible. This
soundproofing/relocation study is a step toward achieving the general
objective of providing noise relief to affectad rasidents,

This general objective must be translated into a series of specific
cbjectives that will guide implementation by an airport of the
sgundproofing/relocation pragram., These specific objectives must recognize
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the legitimate needs and responsibilities of the various parties concerned
with an airport's operation and development. Implementation of the program
will be expedited, as pointed out in the FAAR Advisory Circular entitled
Airport Land Use Compatibility Planning (Reference 2), if ail such parties
(see Table 2.1) are involved in its planning. To determine how these parties
can contribute to the planning process, it is useful to examine their specific
objectives, The essential element of the planning process then is the
integration and reconciliation of the frequently conflicting objectives of the
individual parties.

In all cases, an interested party is assumed to have the particular
objective of minimizing his contribution to the cost of the program. Thus,
the objectives discussed below exist in addition to the cost minimization
objective. Cost as an issue is discussed in a following section.

The airport propriator (i.e. a city, county, authority, board, etc.)},
as operator and awner, provides air service to the community at a profit, or
within a specific budget. The proprieter will be primarily responsible for
planning and implamanting the program, with the assistance of varfous agencies
and governmental bedies. Exercise of this responsibility must be within an
astablished legal framework with respect to noise. Generally, the proprietor
has the power to select an airport site, acquire land, promote compatible land
use, and control airport design, scheduling and cperations. Limitations on
this power are subject to constitutional prohibitions against the creation of
an undue burden on interstate and foreign commerce, unjust discrimination and
interference with activities pra-empted by the Federal government {f.e., FAA
responsibility over safety and alrspace management). This pivotal role of the
airport proprietor derives in part from the mentioned responsibility. Perhaps
equally important, however, is the fact that the proprietor is ¢losest to the
noise problem, with the best understanding of both local conditions, needs and
desires, and the requirements of air carriers and others that use the
airport.
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TABLE 2.1
PARTIES INVOLVED IN PLANNING/
IMPLEMENTING A SOUNDPROOF ING/RELOCATION
PROGRAM
Alrport Proprietor
Federal Aviation Administration

. General National Aviation System Responsibilities {e.g.,
development activities, funding source)

Airport Users
s Customers
- Travaling Public (business and leisure)
- Cargo Shippers
s Aircraft Qperators
-~  Air Carrier Alrlines
- Cargo Carriers
- Military
- General Aviation
s  Airline Pilots
Airport Communities
e Private Sector {business)
e . Affected Residents
= Non-Affected Residents
Governmental Bodies

s  Muynicipal (local)

. County
] State
s  Regional

Other Airports (competitors)
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The specific objectives of the proprietor in undertaking a
soundpraofing/relocation program are:

] To avoid noise damage claims
* To provide space and climate conducive to airport expansion
. To avoid curfews and capacity limitations.

The first objective 15 probabiy the most significant from his viewpoint.
Courts have held that noise impacted homeowners can legally collect for
damages (and collect again after a stated period). Perhaps Just as important,
the program is envisioned as a major tool which, when used in conjunction with
other noise abatement options, would improve the image of the airport in the
comiunity. This in turn would help reduce community objections to airport
axpansion activities whether they involved physical expansion of runways or
actions anabling an expanded number of ajrcraft departures. Obtaining space
for expansion can be used as a ratfonale for undertaking the program.
Expansion is needed to allow afrport traffic to grow with the community.
Finally, the imposition of curfews and simi)ar measures obviously would lessen
the airport's income and provision of service and thus is to be avoided If
possible.

The FAA in its role of providing air trafffc contral and management
of navigable airspace has the objectives of insuring the expeditious flow of
traffic, and insuring the safety of passengers and persons on the ground. The
basic natiomal policies intended to guide FAA include:

. Regulation of air commerce in a manner to best promote its
development and safety

. Promotion, encouragement and development of c¢ivil aergnautics

. Control of navigable airspace and the regqulation of both civil
and military operations therein in the interest of safety and
efficiency

. Development and operaticn of a common system of air traffic
control and navigation.
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Aside from operational changes to reduce noise, a soundproofing/ relocation
program as such may have an impact on the traffic control function af FAA by
improving take~off and landing safety. This improved safety results from the
removing of residences from under the landing approach path. As moniters of
Airport Development Aid Program (ADAP) funds, FAA has the objective of
dispensing these funds where they contribute the most to the development of
the National Aviation System. The FAA also provides financial and technical -
assistance to airport proprietors for noise reduction planning and abatement
activities, consistent with the highest standards of safety.

The airport's customers (i.e., the traveling public and cargo
shippers) have an interest in airport noise control as 1t may affect the
sarvice offered. One suspects the average passenger almost never thinks of
the noise his travel may jmpose on persons on the ground. Airport users
(1.e., air carrier airiines, cargo carriers, etc.), however, are most
certainly aware of the noise problem, Their cbjective is to continue to
operate at their current level, or to ingrease their level of operations.
Recognizing that a severe noise problem may curtail their operations, they may
support a soundproofing/relocation program. In fact, a program may be more
acceptable than alternatives such as curfews and capacity limitations. Both
customers and users would have a haightened interest in the program if
required to fund the effort in whole or in part. Realization of the economic
impact would depend on the funding level and mechanism employed as well as the
ralative allocation among the groups. For example, landing fees would
directly impact the airlines, who could pass all or portions of the costs to
customers in terms of higher ticket and air cargo rates. Interest among
cus tomers would not be as great here as under a funding mechanism calling for
specific noise charges as a Jine item on each ticket or tariff.

The objective of airline pilots {s to approach, land, take-off and
climb-gut with the minimum difficulty and in.the safest manner. Special
flight procedures are falt by some to hinder attainment of these objectives.
Hence, if a choice had to be made, airline pilots may prefer a soundproofing/
relocation program over special flight proceduras. It is recognized that the
FAA has ulitmate authority over safaty; alternative flight procedures which
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adversely affect air safety would not be allowed. However, the opinions of
airline pilots are well integrated into the FAA decision-making process and
their cooperation or even encouragement would no doubt increase a proposed
program's acceptability.

When discussing the objectives of airport commnities, it is
necessary to distinguish residents and businesses as a group and local
governmental bhodies as another group. Businesses, or the private sector in
general, as represented by Chambers of Commerce or similar groups, are almost
aiways in Tavar of high levels of operations at the laocal airport, and also in
favor of physical expansion when there is a need to increase this level. They
feel that good air service is good for local business. They tend to oppose
curfews, capacity limitations and similar measures. To gain land for
expansion and to eliminate the nedéd for curfews, ete. they prebably would
favor a program if necessary.

Residents in affected areas logically might be expected to be in

favor of a saundproofing/relocatfon program. Howaver, experience with
~voluntary relocation programs has shown that only timited acceptance of
ralocation offers can be expected. Relocation thus becomes a desirable option
when it 1s someone else's home or neighborhood to be affacted. Strong
neighborhcod ties are the apparent cause of this reluctance. Hence the
objective of many affected residents is to “stay put®. Note that opposition
from residents in non-affected areas can be expected if they are asked to pay
part of the program's cost thruugh increased taxes.

At the municipal or county government level, a large number of
possible objectives can be listed. These can be discussed roughly in order of
activity required. At the lowest level, the objective could be to maintain
nefghborhood integrity. Massive relocation could, in effect, destroy a
neighborhood with a strong religious or ethnic component. This would lead to
opposition to carrying out the relocation part of the program {(but perhaps not
the soundproofing part). Relocation also cauld possibly disrupt the carafully
balanced local political structure that may exist in some cities. In these
casaes, the objective of the local government might be to oppose the ralecation
part of the program. Relacation, and its attendent erosion of local tax
bases, would certainly meet with strong governmental opposition.
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In some cases, there may be a few residences in a noise impacted
region that are scattered among industries or other buildings. Since these
industrial land uses are prohably noise compatible, a relocation program would
involve only removing the isolated residential structures. Thus, if the
objective is to make the area noise compatible, the relocation effort involved
would be minimal.

Aside from these scmewhat minimum effort programs, a logal government
may have ohjectives that require complete ¢learance of the impacted area.
Such objectives might be:

. To obtain land for public facilities such as parks, sewage
treatment plants, water resevoirs, etc.

. To provide Jand for ajrport expansion
. To redevelop the area for a higher use to increase the tax base

. To eliminate a blighted area to reduce crime and the cost of
public services.

These obfectivas are not mutually exclusive. Further, whether acquired land
can be adapted to so-called higher uses remains questionable, particularly if
it is to be accomplished on a major scale.

The described objectives of the local government reflect the broad
responsibilities over the “body politic". However, an action that might favor
the community at large may lead to resistance from specific individuals or
businesses. Furthermora, residents in a high noise impact area are often
extremely vocal in expressing their annoyance to community leaders, but at the
same time (as mentioned) may just as vehemently oppose relocation., A careful
balancing of ind{vidual versus community-wide interests {s thus necessary.

The objective of state governments in undertaking a program in some
cases are similar to those of local governments. In addition, certain unique
objectives apply at the state level, The similar objectives include:
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. To provide better air service

. To avoid curfews, ete.

. To abtain land for public facilities
. To pravide for airport expansion

. To redevelop the area

® To eliminate a blighted area.

The unique objectives applicable to the state case are:

. To undertake programs that Jocal governments will not undertake
for social or political reasons

. To assure a better financial base for the program
. To ease the local tax burden.

The first of these recognizes that a state government can overcome
local opposition to a program stalled by local government objections of the
type mentioned above, The second and third recognize that tha finapcial
resources of the state are greater than those of local governments.

A regional group of states may undertake a program with the objective
of accomplishing a needed program where the impacted area 1ies in more than
ong state (e.g., Cincimnati, Philadelphia, Omaha}. Also, such a grouping may
be desirable to assure that fees or taxes in cne state to pay for the program
do not divert traffic to an airport in a neighboring state.

As with any major new program, initial opposition may in large
measure be based on fears which later prove to be unfounded. The relative
costs and benefits, on an individual and collective basis, may not be readily
apparent, Effective planning and early and open community involvement is thus
considered a necessary program alement. i
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Role of Noise Measurement

Applicability of, and eligibility for, a relocation/soundproofing
program is most reasonably determined on the basis of noise exposure levels.
Consequently, the definition of contours of constant noise exposure has great
importance. The primary tool for this process is the use of afrport noise
pradiction programs. The accuracy of noise exposure calculation procedures
is, therefore, of concern.

Assuming that contour lines are precisely and accurately determined,
using procedures specified in the FAA regulation Part 150, the larger question
~- as to how this information is to be applied -- should be considered. The
precise contour lines can not be implemented as rigorous boundaries for
program action since they would split communities, neighberhoods, blocks and
even individual structures and dwellings. Thus, the contours would have to be
flexibly applied with a considerable degree of judgement. This judgement must
be primarily based upon land use planning and econcmic and political
considerations. Consequently, the technical benefits derived from
measurements are unnecessary since approximations provided by computer
prediction programs are a sufficient basis for program decision-making, These
congiderations are addressed below.

SOUNDPRDOF ING CONSIDERATIONS

*There are a number of issues spacifically related to the
soundproofing component of the program.' In general these issues can be
classified as technical and programmatic. Technical issues involve standards,
specifications, quality control, ventilation and similar items. Programmatic
issues involve mainly legal and cost questions. Obtaining a waiver of damage
1iability in exchange for soundproofing is an example of a lega) issus. The
question of cost sharing by residents is an example of a cost issue.

Installation Specifications

The specific building modifications required to achieve an atceptable
interior noise level (defined as Lyp 45 dB) are strongly influenced by the
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construction characteristics of the dwelling and its state of repair. The
construction patterns vary considerably among geographic regions, but are
fairly uniform within a region. Chapter IV of this report describes aleven
regions with fairly homogeneous construction patterns and presents average
costs of soundproofing average dwelling units within each regfon. Although
soundproofing modifications will vary, they can generally be grouped by
outdoor noise level as follows:

Lin 65 to 70 dB <= sealing leaks and improving
weatherstripping

¢ Ly, 70 to 75 dB -~ as above, plus installation of storm
windows, storm doors and roof insulation (where necessary)

. Lgn 75 to 80 dB -~ as above, plus modifying walls to add
insulation {where necessary).

The application of these controls will vary with individual rooms depending
upen room features (number and types of doors) as well as the buflding
construction (type of exterior walls and roof) and condition {presence and
condition of weatherstripping) such that room neise reductions of 0-5 dB, 5-10

dB and 10-15 dB, raspectively for the exposure ranges mentioned above, will be
required,

A catalogue of specific noise control modifications can be developed
which defines the required features to achieve the desired interior noise
levels as 2 function of the exterior nefse level and building element type and
its construction and condition. These modifications could be selected when a
given noise path is determined to require increased attenuation. Contractor
hiring and cost estimation can be performed after identifying the numbers of
each specific modification required to soundproof some given number of
buildings.

A spactal problem could occur when the dwelling is fairly rundown,
Here there are 11kely to be many cracks and gaps (some quite large) which
provide leakage paths for exterior noise, An extensive degree of
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refurbishment would be needed to achieve the desired sound attenuatien.
Furthermore, the dwelling is 1ikely to have numerous building code vialations
which would have to be corrected before a construction permit is granted. ATl
of these factors add substantially to soundproofing costs, which may in
certain instances be prohibitively expensive. 1In such cases, consideration
might be given to relocating the affected residents as an option to
soundproofing. A blighted neighborhood would contain many such dwellings and
piecemeal relocation would generate problems, discussed elsewhere, associated
with a checkerboard housing pattern. A further option would thus be the
wholesale relocation of the blighted neighborhood.

Provision For Variations

Considerable variations are 1ikely to exist from dwelliing to dwelling
with respect to not only construction features and structural condition but
also the presence of owner modifications such as enclosed porches and large
dormers. Three general approaches exist which can be used in specifying the
soundproofing modifications:

. Uniform installation of treatments regardless of
dwelling-specific characteristics

. Installation of treatments based upon visual inspection of each
dwelling

. Instaliation of treatments based upon acoustical testing of each
dwelling {with or without retesting after installation).

The first approach described would be the simplest to implement.
However, some dwellings may be given unnecessary noise contrals and others
insufficient features, The last approach conforms to the more standard noise
control engineering practice of identifying and quantifying noise paths. It
defines pracisely the features which will be required for each dwelling.
However, this approach has the disadvantage of considerable testing cost. The
second approach is perhaps a compromise between the others. It provides some
degree of “tuning" of the features to each structure with moderate program
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cost for inspection. However, this approach would not be sensitive to the
isolation of small sound leaks which could substantialiy nullify the benefits
of high noise reduction installations. Visual inspection -~ perhaps in
conjunction with some sort of post-modification performance verification —- is
probably the most cost-effective procedure. (See discussion below on
soundproofing performance verification.)

Another type of variance could arise when the homeawner or landlord
wants to take advantage of a proposed soundproofing effort to install special
features to enhance the enjoyment of the unit and increase ts value. If
walls are to be modified, for example, upgraded electrical wiring or special
wall finishes may be desirable. Another example would be upgraded duct work
as a predicate for installation of a central air conditioning system.

Consideration of owner-suggested variances could increase program
costs, especially if it prevented adoption of the uniform installation

.technique. On the other hand, it would help encourage voluntary or even

active program participation.

Ventilation and Air Conditioning Qptions

The exchange of air 1inside buildings with fresh outside air is a
natural and necessary process. It 1s necessary in order to rid buildings of
air with a high density of carbon dioxide and to clear the air of contaminates
{such as smoke from cigarettes, cooking and heating by-products and dust).
Current residential buildings in the U.S. typically have air infiltration
ratas of one to two air changes per hour. The minimum specified by the
American Society of Heating, Refrigeration and Air Conditioning Engineers
{ASHRAE) 1s one air change per hour - with greater exchange rates in areas of
heavy smoking.

From an enery conservation point of view, reduced air infiltration
rates are desirable. Homes have been built with rates as low as 1/4 air

change per hour although at law infiltration rates problems of aesthetics and
health bacome significant. The problems include incraased odors from human

2-13

R Y PR S



activitties, increased humidity and increased chemical and radiation
contamination, such as formaldehyde and radon gas emitted from the building
matarials (particularly, masonary products). The radon gas, RN 222, is a
decay product released naturally by trace amounts of uranfum fn rock and
s0il. The amount that accumulates indoars is minimized as air 1s rapidly
interchanged with fresh outdoors air. Radon-rich air in uranium mines is
known to cause lung cancer and is considered by some to be a potentially ‘
significant hazard in energy efffcient homes (Reference 3). In the context of
the sound-proofing program, provision of ventilation would be required
although the absolute quantity of ventilation should be the minimum necessary
for comfart, aesthetics and health.

The most effective way to ventilate soundproofed homes {is by means of
a central forced-air system. The use of central air ventilatien can be
readily adapted to central air conditioning, The cost for the addition of air
conditioning in soundproofed dwellings has baen estimated as $400 to $2600 for
singie family buildings and approximately $400 per residence for multiple
family structures (Reference 4). Where central air conditioning does not
alraady exist in a structure to be soundproofed, its installation could be at
the building owner's option and cost. The use of central air conditioning
does have the ben2fit of eliminating the need for acoustically baffling any
existing window or wall mounted air conditioner units. In these cases credits
could be provided building owners for any savings obtained from not baffling
room afr conditioner units.

Soundproofing Performance Verification

After soundproofing treatments have been installed, verification
measurements are desirable to evaluate the effectiveness of soundproofing
modifications installed after only a visual inspection, to fdentify
performance deficiencies rasulting from incompetant or dishonest contracting,
or to evaluate the adequacy of tnstalled treatments where dweiling-specific
features such as enclosed porches and large dormers exist. These performance
verifications might take any of three forms:

. Indoor aircraft noise monitoring
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. Exterior butlding wall noise reduction measurement
. Acoustic leak Tocation.

Interior noise monitoring has the benefit of evaluating the actual
performance of the structure in obtaining the desired performance goal.
However, its implementation includes many of the difficulties invelved in
gutdoor noise monitoring, such as those related to sampling (see previous
discussion on the role of noise measurement). Indoor measurement presents
additional difficulties related to the selection of appraopriate measurement
iocations within the dwelling and the effects of background nolse generated
within the dwelling (which could often excead that due to exterior noise
sources), Furthermore, indoor monttoring would intrude upon the occupants of
occupied dwellings although this may be minimized by measuring a very limited
sample., (This limited sample might consist of perhaps 10-15 flyovers,
preferably of nofisier aircraft typaes, recorded as singie event, sound exposure
levels.)

The evaluation of building wall nofse raduction performance fnvolves
the measurement of sound levels both inside and outside the building
structure. It eliminates the difficulties related to sampling and background
noise which axist for monitering. However, existing and draft measurement
procedures developed by the International Standard Organization (ISO) and the
Amerfcan Society for Testing and Matertal (ASTM} are not widely used and have
poor repeatahility. Significant problems related to their implementation
arise from the variable effects of sound absorption {n the interior rooms as
well as the location of interior room measurement positions. Additional
practical problems {involve the locating of test neise sources (primarily
loudspeakers) and exterior microphones -~ particularly with respect to
high=-rise structures. Actual aircraft flyovers could be used as the source of
nofse but measurement errors would be caused by uncertaintities in the
axterior noise measurement and variability of aircraft flight tracks. The
ajreraft flyover approach has been implemented in a well controlled situation
with good correlation with the loudspeaker noise source measurements
{Refarence 5},
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Leak detection has the advantage of simplicity of both procedure and
required equipment and has even been proposed as a means of detecting air
infiltration openings in buildings for energy conservation. Equipment
required for such a verification method would involve simple noise sources
such as an inexpensive loud speaker and cassette recorder, and elementary
sound detecting devices such as a plastic headset of the kind provided to
airline passengers. This method would ba unaffected by many of the drawbacks
of the above procedures byt does not provide a quantitative evaluation of
structural performance and 15 not suitable for evaluating performance
deficiencies of targe distributed surfaces such as windows.

A1l performance verification methods discussed above have inherent
disadvantages. Consequently, the requirement for a post-modification
verification is best mat by the use of visual inspections as a primary quality
control technique. Where defigtencies are suspected but not visually
determinable, limited interior noise monitoring and/or leak detection
techniques ara most suitable,

Noise Liability Waiver

One goal of the soundproofing program is to improve the welfare of
the affected population. Another goal is to protect the airport against the
threat of adverse noise suits. To batter undarstand the {mplications of
airport noise 1{tigation, it is useful to briefly relate the general theories
under which -noise damages have been assessed.

Moise Liability Theories. The first, and most traditionally applied,
theory is inverse condemnation which is broadly defined as the deprivation of
private property by 2 party or agency without just compensation. The basis
for the theory is that a property owner suffers a diminution in the market
value of the property as a direct result of airport noise which causes a
substantial Interference with the use and enjoyment of the property. Loss of
use and enjoyment of land would constitute a taking of property and, absent
compensation, would violate the fifth amendment of the Constitution.
Application of this general theory varies significantly among jurisdictions.
Whether a particular party would be able to sustain the burden of proof of
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showing that airport noise was the proximate cause of reduced property values
would depend on the facts involved. The same holds true for the amount of
damages which might be awarded, It is important to note, however, that such
awards generally would be lump-Sum payments and apply-exclusively to property
damages.

Damages under the nuisance theory, howaver, may entaijl continuing
11ability on the part of the airport propriator. Generally defined, nuisance
is that which annoys or disturbs one in possession of his property, rendering
its ordinary use or occupation physically uncomfortable to him. Nuisance
cases arise as a matter of "equity" wherein the courts balance the interests
involved. This allows distinguishing between disturbances which are
inconsequential, those that are offensive only to hypersensitive individuals
and those that affect ordinary comfort as defined by the customs of a
community. Thus, a nuisance may exist aven in situations where some people
are hardeaned to the discomfort but a normal person would stil} be adversely
affected. Furthermore, nuisance need not arise out of a negligent act or
conduct. Sometimes an activity is a nuisance per se, without regard to the
care with which 1t is conducted or the circumstances under which it exists,

Upon a finding of a nuisancae, the courts may grant a single award for
past and prospective damages, or entertain successive actions for a continuing
nuisance. A case jn point is Greater Westchester Homeowners v, City of Los
Angeles, 8 ERC 1406 (Cal. Super. Ct. 1975), aff'd, Greater Westchester
Homeowners Association v, City of Los Angeles, 14 ERC 1074 {Cal. Sup. Ct.
1979). The lower court noted that the decisional law “...indicates that a
loss to the homeowners of the use and enjoyment of his home which results in
his annoyance, discomfort, mental or emotional distress is a compensable
injury inscfar as ...nuisance 1s concerned", Specifically rejected by the
court was the arguament that affected residents assumed the risk of noise by
moving into the area after the institution of jet operations at the airport.
Accordingly, 41 plaintiffs were awarded damages in the aggregate sum of
$86,000 plus attorney fees.* Since afrport noise was expected to continue to

#*The plaintiffs also brought suit for property damages under the theory of
inversae condemnation, award for which was not the subject of the referenced
1itigation.
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be a nuisance, the court further noted that "the awards to those plaintiffs
will not constitute a bar to future claims by these plaintiffs against the
defendent city for the continuing emotional and mental distress caused by the
continuing nuisance of noise from jet aircraft.”

The court went on to note several alternatives which the city might
consider in relieving itself from continuing nuisance 1iabiiity. These are:’

] Reduction in the Jet airgraft decibel leve!

s Acquisition of homes through voluntary agreements or through
direct condemnation actions

»  Soundproofing of residential properties.

Although nat binding on the dispesition of the case, the court “unequivocally
and unhestitantly” suggested that homeowners ought not to be forced to live in
a situatfon of being subjected to jet aircraft noise nujsance and then
periodically suing the city of ‘Los Angeles for damages.

Liability Waiver, Given the distinction between inverse condemnation
{lunp=-sum, property damage) and nuisance (continuing, personal injury
damages), the utility of a liabflity watver may be addrassed under each theory
seriatum.

The measure of damage of inverse condemnation is the reduction in
property values attributabie to airport noise. A general measure is provided
by Nelson {Reference 6) whose studies suggested a noise discount of about 0.5
percent per decibal. A home in a Ldn 65 to 70 dB contour would thus
experience a 2.5 percent reduction in property valua,* Simiiarly, the

*Assumgs a comparison of a dwelling situated in the mid-range of a L4y 65 to
70 dB contour as compared to the mid-range of a Lgn 60 to 65 dB contour
which would be outside the soundproofing zone. QS measure excludes any
appreciation in property values associated with the desirability of proximity
to the airport proper - often a major employment center {see Chapter V1
discussion of relocation replacement cost).
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reduction would be 5.0 and 7.5 percent for homes in the Ldn 70 to 75 and 75
to 80 dB contours, respectively. Assuming an average home value of $40,000,
this is a property value reduction (and therefore potential Tiability) of
$1,000 to $3,000. Thase values compare favorably with the cost of
soundproofing most homes in most soundproofing regions. It could thus
forcefully be argued that acceptance of soundproofing assistance would
substantially militate 1iability as home values would appreciate by an amount
closely offsetting any depreciation attributable to excess airport noise.

Notwithstanding this point, a waiver would still be desirable since
it would (1) preclude with greater certainty damage assessments and (2)
obviate the need for often expensive attorneys fees assocjated with defending
inverse condemnation suits.

In the case of nuisance, there is no systemmatic measure of potential
1iab{ility because of the more speculative nature of personal injury damages.
Impacts such as Interference with person~to-person communication, ability to
enjoy the use of the out-of-doors portion of property, sleep and the enjoyment
of television are difficult to quantify and are extremely dependent upon
localized conditions. Adjustments to property values related to soundproofing
improvements would not obviate potential nuisance awards for past or future
personal injury. Furthermore, while soundproofing would assure a quiet
environment within a home, the use and enjoyment of the out-of-doors would
remain impacted.

Liabi1ity waivers would thus be highly desirabie, if not essential,
as a pre-condition to offering soundproofing assistance.

Period of Acceptance

In some of the types of soundproofing efforts, the resident would
have the option of accepting or rejecting an offer to soundproofing his
residence. If he rejects the offer, he may or may not be required to give a
noise easement to the implementing agency. In either case, a question is
raisad concerning the program's duration, or how long should the offer to
soundproof remain open? This queston implies that a fixed acceptance period
should be established beyond which the program is terminated.

2-19

P



vl tht s i by i s Bt R L

In some soundproofing efforts, the resident may be required to accept
the soundproofing offar, or 1f the offer is rejected, raguired to meet other
conditions, such as assigning a noise easement to the agency. In these
mandatory situations, the acceptance period can be limited to the time
required to contract for soundproofing or the time required to complete legal
and finantial arrangements, In othar soundproofing variations, the resident
may have his home soundproofed if he chooses, or decline soundproofing with or
without conditions. In these vnluntary cases, the acceptance time would
presumably be longer than in the previous cases, since it seems more
compatible with the character of a voluntary program to give the resident more
time to come to a decision.

However, from the point of view of the agency, an axtended, or
indefinite, acceptance period has two disadvantages. First, the Jonger the
period, the longer the agency must maintain offices, counseling centers,
staffs, ete. to support the program. This continuing expense is not justified
after some inftial period, since the rate of acceptance of offers will
probably decrease greatly with time.

Long term financing of the program probably is easfer to arrange if a
good estimate of the number of acceptances can be obtained early in the
program. A short acceptance period allows this to be done.

A program of soundproofing between the Lgn 65 to 75 dB contour is
envisioned here as part of a larger program which includes relocation inside
of the Ly, 75 d8 contour. The best time periods for the relocation and
soundproofing ¢lements of the program may not coincide. Although some partial
reduction in administrative staff, etc. can take place at an {ntermediate
paint in the program, some attempt to match the time periods is probably most

efficient.

Cost Sharing

A comparison of average unit soundproofing costs and property value
diminution related to airport-generated noise was presented earlier, (A more
detailed presentation of soundproofing costs by structure type, outdoor sound
level and geographic region is provided in Chapter IV.) Although comparing
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favorably with soundproofing costs in most instances, the diminution value is
generally lass. The argument thus could be made that the property owner would
receive value in excess of potential damages and he should be required to
contribute to the cost of soundproofing, perhaps equal to the cast
differential,

However, such a stance considers only the inverse condempation theory
and not potential continuing liability associated with the nuisance theory.
While quantification of damages under the latter theory are not possible in
this study, 1t can be assumed that when added to inverse condemnatfon, total
damage would at Teast equal or more probably exceed soundproofing costs.

Since a 1ability waiver is considered an essential prerequisite for
acceptance of a soundproofing offer, a cost sharing requirement might well”
thwart implementation of the program.

Two expections to this general propesition are extant. First, if the
program is to accept or even actively encourage owner-specified varfations
which exceed nominal soundproofing requirements, a degree of cost sharing
would be in order. The second exception relates to the desire to obtain
maximum voluntary program participation. Here, a nominal cost sharing of 5 to
10 percent of total costs may help make the property owner, feel he has a stake
in improving the quality of life in his residence and in the geperal
nefghtorhood. Nominal cost sharing could also be added only after a stated
time to encourage early, voluntary program participation.

REL OCATION CONSIDERATIONS

There are a number of fsgues related specifically to relocation.
These issues arise mainly from the specific objectives of the program. For
example, 1f redevelopment is contemplated within some time period to obtain
land for 1ndustrial purposes, then rglocation would have to be mandatory in
order to insure that the Tand involved would fn fact be avaflable for
redevelopment. Achievement of some of the other specific objectives discussed
previously only require voluntary relocation. Many relocation fssues derive
from this basic 1ssue of whether relocation 15 mandatory or voluntary. An
example 1s the availability of affordable housing for relocated residents.
Other relocation specific issues are logical boundaries for the relocation

area, maintenance of neighborhoods, etc.
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Maintenance of Relogation Area

Specjal care must be taken by the relocation agency to prevent crime
and vandalism in the relocation area. For any relocation effort, there would
be a short or long period during which homes and rental properties are being
purchased and demolished producing either complete or partial clearance of the
area. Thus, during this interregnum, the area has a checkerboard pattern of
structures and vacant lots. Unlaess certain steps are taken, this pattern may
lead to undesirable effects on those residents who elect not to relocate.

The undersirable effects include occupation of vacant buildings by
squatters, vandalism, arson, vermin, trash and, as a consequence of these,
sharply reduced property values. Other consequences of a piece-meal decrease
in the general population of the area might include a loss of neighborhood
stores and possibly a drastic cutback of city services.

When buildings are purchased, but not immediately demelished,
squatters almost 1nvar1abiy move in. Consequently, confrontations frequently
take place when they must be evicted>by the authorities. Squatters are a
problem in any land clearance project; airport relocation programs wouid not
bae an exception. The problem initially appeared at Logan, and has appeared in
France at Orly and Charles de Gaulle airports (Reference 7).

The obv ious solution to the squatter problem is prompt demolition of
acquired buildings. This means the agency must negotiate a demolition
contract which provides for "on-call" wrecking services. Even if squatters do
not mova in, empty buildings are prime targets for vandalism and arson. These
are dangerous to remaining residents, as well as to the local police and fire
departments. Again prompt demolition is the solutionm.

In addition to actual building demolitian, it is necessary to clear
the area completely including foundations, and to eliminate possible nesting
locations for vermin. Furthermore, in the Logan case, it has been found
necassary to do something active with the vacant property in addition to the
passive actions of demolition and clearance. If this {is not done, vacant
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lots become trash depositories or parking lots for abandoned antos. Actions
that can be taken jnclude landscaping, use by neighbors for vegetable gardens
and use as playgrounds. These actions have been part of the Logan Airport
program in the Neptune Road area. ,

A problem for which there is no simple solution is the loss of
neighborhood grocery stores, restaurants, dry cleaners, etc. Obviously, as
the population in the area declines, such local businesses fina it
unprofitable to remain. This loss of neighborhood amenities is particularly
hard on elderly residents, the ones likely not to relocate. Pnorhaps a local
"shopping bus" to other business centers is a possible solution.

Another closely related problem without a simple solution is the
¢losing of local churches and synogogues. A public sector solution probably
is not possible.

Another problem s the possible Toss of a neighborhood school because
of decreasing enroliment, Here, an adjustment in school bus routes is
obv iously possible.

The seriousness of thase last three problems is highir dependent on
jocal conditions. For example, in the Logan-Neptune Road project, the area is
affectively isolated from the remainder of East Boston by a rapid transit line
and a freeway. This isolation made neighborhood stores, schools, etc.
particularly valuable to the residents. In contrast, in the Seattle-Tacoma
project (Reference 8), no such obvious physical boundary exists. Neighborhood
facilities simply move slightly further away, but are still accessible. Also,
the two areas probably differ in the basic character of their populations.
That 1s, the Neptune Road populatian is probably more neighborhood orientad
than the Seattle-Tacoma population, and thus more dependent on neighborhood
facilities.

In summary, the relocation agency must be ready to undertake certain
actions if the quality of 1ife is to be maintained in the impacted area for
those residents who chose to remain, or who have not yet relocated, Prompt
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demolition of acquired buildings and development for constructive neighborhood
use of vacant lots are primary actions. In addition, the agency must be
prepared to enhance (and pay for)} city services such as police and fire
protection, school transportation, trash collection, etc.

Relacation Boundaries

A certain amount of flexibility is required in setting the boundar ies
of a relocation area. Aside from the basic analytical and aperational errors
involved in determining the L, 75 + dB contour, there are a number of
social and developmental reasons for considering some expansion or contraction
of the region bounded by the nominal relocation contour.

There are also basic economic implications of a flexibile relocation
boundary. Costs associated with the soundproofing/relocation program
components are presented in Chapter IV. For the 1979 fleet year, average
soundproofing unit costs are $1,920, compared to $33,370 per raelocated
residence.* A boundary which expands the nominal or primary relocation zone
would substantially increase total program cost. A contracted or mixed
relocation zone would of course offer substantial cost savings., A measure of
the cost impacts of flexibile boundaries may be gained in reference to the
Chapter ¥ discussion of an expanded soundproofing zone. Note that this
section assumes the relocation zone 1s defined by the L, 75 dB or greater
noise contour; as an option, the 2one might also be defined by the Ldn 80 dB
or greater noise contour.

The non-gconomic reasons why it may be necessary to have flexibility
in setting the boundarias for a relocation region include:

. The need to set the boundary of a relocation region at a
well-defined physical feature

*{osts are based on total residential units, which may range from a single unit
home ?o individual units in an apartment building containing 50 or more
rental units.
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. The need to consider the social character of the regions on both
sides of a boundary

. The need to provide land for industrial projects, civic projects
or airport expansion

. The desire to aliminate blighted areas.
These four reasons are discussed in the following sections.

Well-Defined Features as Boundaries. The boundaries of a region
should be established as closely as possible to major readily-identifiable
physical features. Examples of such features are main streets, freeways,
railroads and waterways. This would avoid situations such as accur under
German relocation law, where boundaries can pass through houses. Since
modifying the German law is difficult, such property owners may wait years to
receive the noise compensation payments provided under the law., In
Switzerland, by way of contrast, noise impact zones can follow roads,
waterways, property l1ines and even forest edges or terrain featuras (Reference
9). '

Land for Redevelgpnent. Achievement of the fundamental objective of
providing nofse alleviation for impacted residents does not necessarily
require the area to be completaly cleared. A number of mandatory and
voluntary programs allow residents to remain under certain conditions.
Hawever, if the impacted area is to be redeveloped for civic, industrial or
comnercial use, complate clearance of residences is necessary. In such cases,
noise alleviation s achieved aithough 1t may not have been the principal
cbjective of the program.

Examples of redevelopment for civic purposes include use of the area
for parks, water works, vehicle storage, etc. Examples of industrial and
commercial uses include 1ight to heavy manufacturing, warehousing and enclosed
shopping centers. Included in this general redevelopment category could be
the provisions of land for airport expansion. This dves not refer only to
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runway extensian. Land is also reguired for hangers, warehouses, fraight
depots, etc.

The amount of land required for any of the above redevelopment
purposes may be considerably different from the amount included within the
relocation zone. If it is significantly greater, then using noise alleviation
as a rationale for the program is weak. This would then raise questions about
funding, legality, etc.

In these redevelopments the area involved should be extended to a
logical physical boundary (freeway, railroad, etc.). This will eliminate
leaving a small housfng area sandwiched between the redevelopment project and
the boundary, for example, between a warehouse and a railroad.

Clearance of Blighted Areas, Another rationale for complete land
clearance 1§ the removal of a blighted area. Such an area frequently is
characterized by deteriorating housing and commercial structures, high crime
rates, vandalism, etc. The cost 1is high of maintaining police, fire and ather
services in such a reglon. This high cost and the undesirable social
conditions Tead to a desire to redevelop the area.

This type of situation has lead the city of Inglewoed to undertake a
radevelopment program (Reference 10). The area is under the approach to the
matn runway at Los Angeles International Airport. Since Hollywood Park
racetrack is adjacent, the plan is to create an expanded, integrated amusement
area. The remarks of the previous section concerning boundaries and amount of
1and needed are applicable also in this situation. However, the use of noise
alleviation as a rationale for land clearance may be stronger in this case if
it 1s reasonable to assume that the blight was caused at least in part by the
excessive noise.

Nature of Relocation Assistance

Whether relocation of residents is to be provided on a voluntary or
on a mandatory basis, the cost of such assistance would be substantial
primarily because it would entail property purchases at fair market value. In
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addition, there is ancillary assistance that would be provided under most
circumstances which would impose additional costs on a per unit and total
program basfs.

The actual mix of relocation assistance, and the attendant level of
coverage, may vary depending on the particular circumstances and policies of
implementing jurisdictions. However, an understanding of the nature of such
assistance may be obtained through reference to the Uniform Relocation
Assistance and Real Property Acquisition Act of 1970, 42 U.S.C. 4601, The
provisions of the Act and circumstances in which it might apply are presented
in Chapter VI, The types of assistance and cost reimbursement required are as
follows:

s  Advisory Service Costs, These are costs incurred by the agency
implementing the relocation effort and cover activities such as
appraisals, negotiations, relecation assistance and
administration. They may also include the c¢ost of lgcating and
appraising comparable replacement housing units,

e Moving Costs. These cover reimbursement for reasonable moving
expenses. A1l moves are treated as if they were local, with
most implementing agencies interpreting this as a move not
exceeding 50 miles.

e - Purchase Price of Real Property. As tenants are relocated,
rental unit owners are paid the fair market value for rental
property purchases. Such properties may range from single unit
structuras to high rise apartments.

e  Purchase Price of Owner-Occupied Units. Owners are pald the
fair market value for property purchased,

s  Replacesment Cost., Relocated tenants and homeowners receive a
payment to cover the increased rental or purchase price required
to obtain comparable replacement housing in a quieter
neighborhood.
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. Increased Interest Cost, This cost item arises when the
intarest rate on a replacement mortgage exceeds the rate on an
original mortgage. The current high mortgage rates would create
a significant differential when compared to, for example,
mortgages an homes purchased 5 or 10 years ago.

. Closing Costs. Incurred by all persons making a home purchase.

. Downpayment, This special provision in the Act {s designed to
assist displaced tenants fn becoming homeowners. Cash
allowances up to $4,000 are provided for downpayments.

. Income Foreqone. This cost item compensates landiords for
disruption of their business operations as they loose their
existing tenants in the course of a relocation.

Although the level of benefits provided may vary, the assistance
items described above would apply to the majority of relocation programs.
Likely variations would occur in the provisions of downpayment assistanca,
which may not be provided as an added benefit to tenants desiring to become
homeowners. Another example is an "{ncentive" paymant, offared as an
inducement to relocation. Emminent domain power could be exercised to force
rélocation. Even so, an incentive payment would be useful in minimizing
protracted delays associated with condemnation sufts.

Availability of Comparable Replacement Hous{ng

The Uniform Relocation Act raquires that adquate, affordable,
comparable and socially acceptable replacement housing ba available for
persons displacad as a result of a relocation effort. While the relocation
progran addrassed in this study is confined to the resolution of annoyance
axperienced by those who reside around airports, administrators of the pragram
may face probiems encountered by renewal projects in the past. Thus, the
problems of adequate and affordable replacement housings for the relocation
program js discussed in 1ight of the parallel experience gained in urban
renewal projects.
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To minimize adverse effects of the relocation program upon dispiaced
persons, a disequilfibrium in the housing market around the airport should
axist. To absorb initially displaced famiTlies there must be a sufficient rate
of vacancy in housings which are affordable to middle and low income
households, In the past such a condition was required to be certified by
renewal projects before federally sponsored demolition could occur.
Concurrently, a disequilibrium fn high income rental housing should also
exist. In this market, however, there should be a shortage, if new high
income rental housing is to be rented at a favorable occupancy ratio
{Reference 11). In fact, such disequilibria are rare and in recent years
there have been indications that reverse disequilibria are more 1ikely to
accur. Namely, shortages of middle and low income housing and a surplus of
high income rental units are becoming comonplaca.

The notion of comparable, replacement housing implies that the
structures in question could be compared in terms of a set of common
attributes. And these attributes should reflect the characteristics of the
units and thefr surrounding area such as:

. Amblent ar outdoor nofse level

. Accessibility to employment centers

. Socio-economic characteristics of neighborhood
. Characteristics and dimensions of the structure.

A pivotal objective of & soundproofing/relocation program is, as
stated previously, to provide relief to residents exposed to airport-environs
noise levels in excess of L, 65 dB. This does not necessarily rule out
relocation to an area located within an L4 to 65 dB contour. Such action
should insure that the new residence has efther already been soundproofed to
achieve the desfred indoor noise level or built inftially to reach this
level. In general, however, relocation should be geared to areas exposed to
Tess than Ldn 65 dB so as to minimize impacting the enjoyment of the
outdoors. This factor has added importance when considering a voluntary
relocation effort; residents are more likely to participate if they are abie
to perceive maximum, tangible improvements in their everyday lives.
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Accessibility to employment centers can perhaps best be achieved by
emphasizing relocation within the general environs of the airport. In many
cases with large comtercfal airports, the airport proper s a prime employer.
For example, Miami International Airport is estimated te account directly or
indirectly for up to 20 percent of the metropolitan area's employment base,

Similarity of socio-economic characteristics of a neighborhood may he
a particular problem for some relocation efforts. Residents in the Neptune
Road area of Logan Airport have objected to assimilation into areas without
similar characteristics. They thus have been reluctant to leave on a
voluntary basis. As would be expected, demographic facters would be of lasser
jmportance for a young, mobile professional than for an elderly resident with
strong local ties,

The nature of the replacement structure sometimes transcends
comparability; i.e., the replacement housing unit should provide basic
amenities such as running water, indoor toilets, etc., even if not present in
the arginal housing.

Argas with housing surpluses may have most of the mentianed
attributes with the possible exception of demographic characteristics. But,
as mentioned, housing stock disequilibria may well Ge the norm rather than the
exception, especially for temants trying to secure apartment units in an era
of rapid condominium conversions. One way to minimize problems in securing
replacement housing 15 to stagger relocation aver time to avoid a massive
exodus from the project area, This option does have cartain disadvantage,
such as maintenance of agency staff, checkerboard patterns or desire to
utilize acquired land for redevelopment/airport expansion purposes.

ELIGIBILITY .
The magnitude of the soundproofing/relocation program depends upon
the numbers and types of structures eligible to receive the benefits of the

program. People, in their inftial reaction to the concept of airport noise
alleviation, usually think only of residences. There are many reasons,
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however, to contemplate extending program benefits to neighborhood stores,
small businesses, schoals, churches, etc. These raise a number of issues
relative to equitable treatment, cost and social impacts.

Another set of issues concerning eligibility invelves questions of
timing. For example, should eligibility be limited to present property
owners? Should a time limit be set on acceptance of assistance offers? Is
future eligibility, if any, determined by present or future noise contours?
The various answers to such questions greatly influence the magnitude of the
program,

Other eligibility issues are not as easy to classify, but are unique
in themselves. For example, should eligibility be extended to persons in high
noise areas if the noise is mainly non-airport related? Again, is eligibility
a matter of individual homeowner choice, or a matter for the lacal government
of the area in which he Tives?

Program Coverage

It is necessary to consider the desirability of extending the
soundproofing/relocation program to various classes of non-residential
structures. Non-residential structures house activities that can be
classified in classical economic terms as sheltered or exposed. Sheltered
activities produce goods or services consumed in the local area while the
goods and services produced by exposed activities are consumed outside of the
area. If the local area {5 defined as that-within the Ldn 65 dB contour,
then the factors to be discussed are those bearing on the eligibility of these
two classes of activities to receive the benefits of the soundproofing/reloca-
tion program. !

This section discusses issues related to the eligibility of exposed
activities such as industries and commercial activities. The next section

discusses one class of sheltered activities, public buildings such as schools
and hespitals.
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There are a number of factors which may influence the eligibility of
exposed activities such as ndustries and commercial establishments to receive
the benefits of a noise alleviation program. Among thase are:

. Compatibility of the activity with various sound levels
. Self-noise generated by the activity

. The effects of redevelopment.

These factors are discussed in the following sub-sections.

Noise Compatibility. Eligibility for inclusion in a
soundproofing/relocation program depends upon the degree to which noise
interfers with the normal functions of the activity. There 1s general
agreement that the activities of most heavy Industries are 1ittle affected by
noise, while mental activities ara greatly affected by noise, Between these
two extremes, however, there is some debate as to the noise levels at which an
activity is seriousiy affectad.

One set of noise compatibility values has been generated by the FAA
as part of a set of interim regulations on airport noise compatibility
planning programs, These Part 150 regulations prescribe a set of plamnning
actions that an airport proprieter may take to reduce the impact of airport
noise on nefghboring land uses. In these regulations, the FAA has defined
sound levels (Ldn) which are compatible with various land uses. Table 2.2 has
been reproduced from Appendix A of the Part 150 regulations.

The categories, “Commercial® and "Manufacturing and Production", 1in
Table 2.2 are (with the exception of “Retafl Trade-General“} the types of
exposed activities discussed in this section. Such activities do not depend
on the economy of the immediate area in which they are located.

The impacted area at any particular airport will not have all the
commericial/manufacturing activities Tisted. Absence of some activity could
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change the allowable sound levels considerably. For example, in the
manufacturing category, the absence of photographic and optical industries
changes the allowable Ldn from 70 dB to B0 dB. Thus, for any given airport,
noise compatibility will have to be determined using classifications specified
more precisely than the c¢lassifications given in Table 2.2. This wil) require
a fairly detaiied inventory of the affected industries and commercial
establishments in the area.

If the presented Ldn values are accepted, then the soundproofing
and relocation boundaries selected for residences may be unduly restrictive
for the commercial manufacturing cases considered here. If the noise
reduction levels shown in the table (which apply to new construction} can be
achieved by soundproofing existing structures, then the soundproofing 2o0ne
¢ould be between Ldn 70 to 80 dB. This would be a considerabTe reduction in
area from that included within the residential bounds of the 65 L, to 75 dB
contour. Similarly the relocation zone boundary could be moved into the Ldn
80 dB line, if "should be prohibited” in the table is interpreted as being
equivalent to "relocate".

Self-Noise. Manufacturing activities that generate considerable
self-noise would not be eligible for coverage under the soundproofing/
relocation program envisioned herein., The FAA view, as demonstrated in Table
2.2, 1s that manufacturing activities, aside from livestock raising and
precision manufacture, can tolerate noise lavels up to Ldn 85 dB. Offices
associated with such enterprises must, of course, be soundproofed. This
allowable high npise Tevel fs based on studies showing that annoyance from a
given noisa level decreases as the background noise lavel increases.

Noise tolerant activities are prime candiates for exclusion in
airport noise relocation zones. Manufacturers with a high self-noise level
are one type of noise tolerant activity.

Redavelopment Effects. Exclusion of commercial/manufacturing
activities could forestall redevelopment efforts. Several objectives in
undertaking a soundproofing/relocation program, in addition to securing
alleviation of the noise problem, involve ¢learance and redevelopment of the
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impacted area, or use of the area for airport purposes. The impact of
excluding this type of activity on any redevelopment effort depends an the
type of program offered, the noise compatibility of the activities and the
fraction of the noise impacted area occupied by the activity.

A number of types of mandatory and voluntary relocation programs are
possible. These could be analegous to the residential relocation programs
{voluntary or mandatory) discussed previously. However, rather than exploring
all these program types, only the voluntary program is consiered at this
time. In this program type, the activity could accept or reject voluntarily
an offer to relocate. In rejecting the offer the activity does not agree to
any conditions, such as surrendering the right to sue for noise damages.

When this type of program is prasented to noise tolerant (up to Ldn
& dB) and noise sensitive manufacturing activities the probable reactions are
1ikaly to be as shown in Table 2.3. Four combinations are shown of including
or excluding activities from the program with noise tolerant or noise
sensitiva activities. In three of the four combinations, the probable result
is that the industry will not move, and thus hinder future redevelopment of
the area for other uses,

Excluding activities from the program means the operator was not made
a relocation offer. If such excluded activities are not to become a
hinderance to the redevelopment program, they can be persuaded to relocate
only by providing them some especially attractive incentives provided external
to the basic redevelopment program,

Even including an activity in the program does not allow clearance of
the area. As shown in Table 2.3, a noise tolerant industry is not 1ikely to
accept an offer to relocate unless 1t is especially attractive financially.

Finally, a “hold~out" activity may not hinder redevelopment if it
occupies only some small fraction of the redevelopment area, or if it is

compatible with the proposed type of redevelopment. Obviously, noise tolerant
industry is compatible with a program to redevelop a noise impacted
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TABLE 2.3

EFFECT ON REDEVELOPMENT OF INCLUDING OR EXCLUDING NOISE
SENSITIVE AND NOISE TOLERANT MANUFACTURING ACTIVITIES

Noise Sensitive

Noise Tolerant

‘ Exciuded Included Excluded
Includad from in from
in Program Program Program Program
Probable Reaction to Move Stay Stay Stay
Voluntary Program |
Does Potential for Noisa No Yes No No
Damage Suit Exist?
1s fiedavelopment No Yes Yes Yes
Hindered?
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residential area such as an industrial park containing other noise tolerant
industries.

Inclusion of Public Buildings, Such As Schools and Hospitals

Although measurements of ajrcraft noise on vulnerable populations in
schools and hospitals are rare, it has been recognized that such fmpacts exist
and regulations pertaining to the use of these structures were developed by
the ANCLUC program. Thus, in principle, public buildings should be included
in the programs. However, some economic factors should also be included in
the eligibi)ity criteria and some of these factors are discussed below.

Prevailing Federal government perceptions, court decisions and the
Uniform Relocation Act emphasize that those who are affected by ajrcraft noise
shauld be compensated. A fairly recent report to the Congress (Referance 12)
recommended that public buildings should be covered by the program. The
- report estimated that approximately 1,100 scheols and 90 hospitals should ba
soundproofad. These structures couid accommodate 700,000 pupils and 31,000
patients, respectively. The “renabilitatfon® {soundproofing)
¢osts were estimated to be $148 millign and §56 million far schaols and
hospitals, respectively. The benefit of soundproofing schools was said to be
2.5 miilion worth of teaching time raecovered and energy savings per year.
Far hospitals the energy savings were estimated to be §0.25 milifon per year,

In-light of these beiiefs, pubiic buildings should not be excluded in
principle from the soundproofing/relocation program, and compatibility
criteria for these structures can be found in Part 150. Moreover, financial
ajd could be obtained from Federal grants, provided a multiple obJective
palicy could be defined for such buildings (such as energy conservation).
However, other considerations should be included when developing specific
el{gibility e¢riteria for such buildings, specifically, the econamic
relationships batween these buildings and the rest of the community.
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FUNDING

A number of important financial issues will arise when planning for a
soundproofing/relocation program. In general, there will be four types of
funding fssues. One type of issue will concarn authority or responsibility.
For example, will financing be undertaken by the airport authority, the city,
the state or some other groupu Another set of jssues deals with the funding
mechanisms to be used, i.e., bond issues, ADAP funds, noise charges, '
accumulated revenue, etc. This leads immediately to a third set of issues:
those dealing with the continuing sources of revenue that can be used to
retire any bonds which may be issued. Such souces include landing fees,
taxes, airport concession income, etc. Finally, there is a set of issues
which relate to the financial arrangements at the airport under consideration
to the finances of other airports and to the financing of related programs.

While responses to the issues raise complicated concerns and
perceptions, a measure of the financial reguirements for a comprehensive
soundproofing/relocation program may be gained in the first instance by
examining noise fees as a source of revenues, If the fees are extraordinarily
high, concerns with shifting demand patterns or, more basically, financial
viabi1ity arise. If the fees are low, on the other hand, many related
concerns lose much of their importance.

Noise Faes

Noise charges, as they have been suggested, in theory should be set
equal to the marginal damage cost incurred at the optimal level of pollution,
In turn, the optimal lavel of pollution i5 determined by the equivalence of
marginal abatement costs and marginal damage costs. It is stressed that
market imperfactions, including the very existence of detrimental
externalities themselves, may be such as to leave no indication as to which
diraction to take in modifying the price structure for such alleged
misallocations. Therefore, 1t would be a more pragmatic approach to establish
environmental quality standards and then use charges to secure those
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standards. Simply, a model] requires the charge to be set equal to marginal

abatement costs for each firm so as to achieve the overall quality standard.
This is held to be the least cost approach to achieving the standard, since

marginal abatement costs are equalized for each firm.

One procedure for aircraft noise abatement would set a fee for each
type or series of aircraft, and for each hour of the day. The fees would be
set to balance demand with capacity, and they would be adjusted, as needed, to
maintain this balance. Noisy aircraft would pay more than quiet aircraft; at
peak hours, large aircraft would pay more than small ajrcraft; and overall,
the fees would be higher in peak hours than in off-peak hours.

Aircraft are already assessed a landing fee at airports; a noise
charge could easily be an additional landing fee. The noise charge could be
viewed as an approach that would be more cost effective--produce more quiet
for lass money-~than restrictive governmental regulations because it could
provide monetary incentives to the airlines to veluntarily adopt less noisy
practices in order to reduce their nofse charges. These charges would provide
funds for local noise abatement programs such as soundproofing of dwellings,
schools and hospitals, purchase of land for buffer zones, and relocation of
impacted residents. More importantly, these practices may well reduce future
noise exposure levels and thereby reduce total program costs.

The Foreign Experience with Noise Fees. The following is a
discussion of noise charges which exist in other countries. These are
presented meraly as examplas of systems and to whom the charges are directed.
The system applied to the Amsterdam Schiphal Airport {Reference 13) in the
Natherlands was to devise an "Aircraft Noise Overall Index" (ANOI) based on
the hypothesis that loudness (noise as subjectively perceived) doubles for
each 10 dB increment. ({Surveys show that every 10 dB increase of noise level
produces a twenty-point increase in the percentage of people seriously
annoyed.} These factors were combined to develop an indicator:
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Ta2 (L) x2(bytp)i0

whera: I = impact indicator
L; = noise level
L, = annoyance threshold

The ANOI index would be:
ANOT = Fipnir1

where:  F. o the area in the nofse footprint of an aircraft at
naise lavel i
PD;= population density in F,
I, = impact indicator in Fy,

The rate of change {a) could be calculatad by dividing the cost of
local action at this afrport by the number of ANQJ] units produced at the
airport. Each aircraft would then pay a charge for each landing or takeoff
equal to

a'i ANOIi .

This system was applied to the case of Amsterdam's Schiphol Airport,
and the charge per aircraft would range to approximately 3303 (U.S.) for a
noncertified, four engine aircraft (the noisfest). This approach bases the
charge on a reliable noise impact indicator and calculates the rate according
to the cost of a predatermined program of local noise abatement measures
around the airport applying the charge.

In France, a special charge designed to fimance nofse insulation of
buildings around Charles de Gaulle and Orly Airports has been in operation
since 1973 (Raference 14), According to this scheme, each passanger is paying
a charge of one franc on domestic flights and three francs on intarnaticnal
flights., The funds are collected by the airport and ailocated by a spacial
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commission for financing as much as two-thirds of the cost of noise insulation
for private and public bufldings. This charge is not related to the noise
level of the aircraft, however. For this reason, implementation of a new
system is now under consideration {Reference 14}. The basis for the charge
would be the noise emission in EPNdB as measured under the ICAQ Anpex 16 noise
cartification procedure, called characteristic noise (CN), compared with the
maximum noise level authorized under Annex 16, called reference noise (RN). _
Aircraft would be classified in one of four groups:

0 Category I: if CN>RN
e Category II: if CN is lower than RN by a maximum of 9 EPNdB

e Category IIl: if CN 1s lower than RN by no less than 9 EPNdB
and no more than 18 EPNdB

s Category IV: If CN is lower than RN by more than 18 EPNdB.
The charge could be calculated by applying the following rates:
Catagory I1: a

Category 11: 1/2a

Category IIl: 1/4a
Catagary [V: OQa

where the basic rate 15 the amount of francs per ton maximum takeoff weight
Such a charge could amount to 5 to 10 percent of the Tanding charges for the
category.

In Japan, a special tanding charge has been operating singe September
1975 (Reference 15). Its major objective is to fipance local noise abatement
measures. The charge 15 a function of the aircraft weight and noise level,
In 1979, the chargas by type of ajrcraft were as follows:
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NOISE CHARGES AT JAPANESE AIRPORTS

Charge
Type of Aircraft Yen usg
Boeing 747 SR 215,420 1,034
0c8 196,680 944
L101l 169,100 812
Boeing 727 101,240 487
bCo 69,280 333

The charge 1s paid by airlines, and part is shared among the passengers by
in¢luding flat rate amounts in the price of tickets (for domestic flights
only).

Miami Airport - An Illustration. The funding required to implement
an airpert noise soundproofing and relocation effort can be acquired through
the use of landing fees or passenger surcharges, If landing fees are used,
they will be required to be equitable so noisier aircraft have higher noise
fees. The charge was noted by the President's Council in Wage and Price
Stability as less disruptive of interstate commerce than imposing curfews or
the grounding of noisy planes {Reference 16). To quantify the impacts of a
noise charge and the development of program funds for an airport soundpprofing
and relocation program, a methodology was developed that enabled an assessment
of the manner in which noise charges could be allocated over time to
accumulate program funds. Table 2,4 develops a charge for each operation of
an aircraft type hased on the following assumptions:
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TABLE 2.4

NOISE CHARGE PER AIRCRAFT OPERATION

MIMMI RPORT
1919 7000

Afrcraft Type EPRL "y Fyit, N Fylh "y 'i"‘l

{000} ) {oeg) ' (0a0) §
he-9-12 104 745 $ 57.01 6.14 $ 65,59 o’ -
DC-9-15 104 4.1 57.62 2.09 65,59 - -
BAC-11) 104 - - - - - -
721-100 104 18,62 §2.01 - - - -
FRTEIY 08 1 51,62 4.0 65.59 - -
707-320 /¢ 108 2.48 12.23 - - - -
707-1208 105 0.22 72.33 - . - -
7208 105 0,07 69,08 - - - -
BC-H-55 105 2.8] 7L - - - -
DCA0-10 105 0.44 72,33 - - - -
DC- 9/ SAH J08 1.53 72,33 2.01 082,75 - -
2205M 105 15.91 12,13 11.98 8z.14 - -
22IA0F H/SAM 105 15.91 12,13 12.03 a2.14 - -
pE-5-000 102 - £.53 65,59 5.78 M.
DE-B-51763 106 3.4 90,72 - - - -
A-310s 102 - - A48 .07 4.49 47,20
B-767» 102 - - 4.50 25,75 44 47.20
B-757% 102 - - 1,22 41.07 3,23 41.20
A-200 103 1.13 45,30 3,68 52.11 .58 £9.46
DE-10-10 104 4.09 57,01 1.74 G5.59 1.46 . M
t-101 104 10,22 . §7.01 5.55 £5.59 5.1 n.m»
0¢-10-30 104 1.10 57,62 2.10 65.59 322 .M
STREICH 104 0.47 57.62 K76 TR §5.59 3,06 "M
747-200 104 o.n 55.78. .02 65.59 30,78 .19
Mr-100 105 0.99 71.72 2,06 62,14 - -
17 STRETCI 108 0.11 72.13 4,00 -, 82,4 11,85 94.40
8-747 TVRE 105 - - - . - 4,19 94.40

T0TAL 94,50 90, 16 b1

“How Alrcraft Typs After 1979,
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Total program (airport soundproofing and relocation) costs for
compatibility at the Miami International Afrport (MIA) in the
year 2000 would be $122,634,000. Program costs would be
considerably less if compatibility controls and noise abatement
flight tracks were employed to reduce noise exposure levels (see
Chapter V}.

Departures {in 000's) are presented by aircraft type and by year
(1979 baseline, 19590 and 2000). Note that there are fewer
alrcraft types 1n use in year 2000 as compared to 1979 and there
are fewer departures, but aircraft capacity is greater in year
2000 as compared to 1979 {see Chapter IV}.

Determining actual charges for specific fleet operations
requires a schedule of charges hased on the decibel lavel
{EPNL), time-of-day and possibly the runway. As the noise level
increases, the total charge, depending upon the environmental
damage .caused by noise emissions, also increases., The EPNL for
the various aircraft types are basad upon Federal Aviation
Ragulation 36 Stage 2 and 3 and different aircraft weights, For
those aircraft that were not in servica prior to 1979, EPAL
levels were based on the lowest of existing measures. Thus, it
is assumed that newer models of aircraft will cause less of an
noise impact than oider models.

It ts further assumed, for reasons of simplicity, that there
will be no time value of money. Thus, there will be discounting
of program funds to 1979. Therefore, the total program costs of
£122,600,000 15 1n 1979 dollars., A straight line methad of
desired funding for the period 1980 to 2000 {5 also assumed.

The funds accumulated will be at the same Tevel each vear, or
$6.13 miTl4ion.
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The total program cost (T) can be acquired in a 20-year period
{1980-2000) through the charge Fi/Ni on each aircraft operation. This is
given by:

10 EPNLi/IO
n EPNL /10
L p N1 10 i
where F1 = the fee per aircraft type for some period of time based on the

ajrcraft's noise level

Fi/Ni =7

i = the given aircraft type

N1 = total aircraft departuras for the same pericd of time.

Table 2.4 dees not take into consideration the possibie shift from
one aircraft type that may be noisier to another aircraft type that would be
quieter, nor does the table consider weighting the cests based on nighttime
arrival/ departure versus daytime arrival/departure.

The magnitude of these charges per alrcraft operation is low, the
mean being $65.24, $64.54 and $73.69 for 1979, 1950 and 2000 respectively.
While the airlines are shifting to quieter aircraft over time, this charge
does not generate a strong incentive for airlines to retrofit neisy aircraft.
Further, the per operation charge would be even less were compatibility and
noise abatement flight tracks employed.

The 1979 landing charge by Miami is $21 for a DC9, $44 for a Boeing
707 and 5118 for a Boeing 747.* These landing fees are average daytime
landing values and include pertinent costs for Tanding, lighting, passenger
service charges paid by airiines, parking, security, park zone and terminal
navigation fees. Landing fees at different airports fluctuate widely. The
fluctuations should be the result of differant traffic patterns infrastructure
costs and the services provided. Table 2.5 shows the representative charges
for seven U.S. airports.

*From Table 2.4, the 1979 noise charge would be $57 for a DC-9-32, 372 for a
Boeing 707 and $58 for a Boefng 747-200,
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TABLE 2.5
Representative Landing Fee (dollars) (U,5. Afrports)*

Airport o9 8107 8747
Kennedy, NY 1,421 1,883 3,616
Dallas/Fort Worth 125 225 552
Detroit 766 1,205 3,039
Los Angeles 79 165 446
Miami 21 44 118
San Francisco 48 100 271
Washington National 235 ) 380 967

The noise fee is an item that airlines would pass directly to the
customer. The increase in individual ticket prices would not encourage
passengers to shift from noisier to quieter aircraft. A "nofse surcharge" may
be a method to make the public aware of the problem, and of the relocation and
soundproofing program, However, a nolse surcharge may require fraguent
adjustments, thus making the implementation of the fee less efficient than was
proposed with a straight-fee operation.

The above example of a nofse fee is only for i1lustration purposes,
demonstrating a potential methodology that could be incorporated (with
modifications) to fund the aeventual program costs for soundproofing and
ralacation of private residences exposed to airport noise Tevels exceeding
Lgn 65 dB and 75 dB, respectively. Other features that would require
incorporation into such a plan ars the time-value of money and discounting of
future cash flows.

*0n a per passenger basis, the average Tanding fee for the seven representative
airports (assuning a 70 parcent 1oad factor) would be $4.77, $5.47 and $4.05
for the 0CS, B707 and B747, respectively, The per passenger noise charge
(from Table 2.4) would be $0.70, $0.69 and $0.18.
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[I1. REPRESENTATIVE AIRPORT DEVELOPMENT METHODOLOGY

This chapter covers the develomment of a set of anmalytical tools
which can integrate the sundry parameters which affect airport noise exposure
and can then be used to forecast the ramifications of a series of noise
abatement planning scenarios. The generation of a comprehensive data base and
the determination of a set of representative afrports, or Rports, is a
necessary first step in the development of such analytical tools. This
chapter describes the procedure employed to generate such a data base and set
of representative airports,

BACKGROUND

There are two alternative methods which can be employed for
estimating the national exposure due to aircraft noise. The first method
requires a nofse exposure calculation for each airpart of jnterest and then
sumning to determine total exposure, Since this first method would require
considerable time and resources to implement and complete, it 15 generally
regarded as an impractical and undesirable approach, The second method
involvwes developing model airports, calculating noise exposure for these mode!l
ajrports, and scaling the results to derive national noise exposure estimates,
The model airports, referred to as Rports, permit forecasts and sensitivity
analyses to be performed for variables such fleet size, fleat composition,-
noise levels, f1ight procedures, and flight tracks by studying only several
airports jnstead of many.
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The representative airports represent a number of distinct categories
of airports, that is, subsets of the total set of airports. The requirement
is that the noise exposure around a Rport, specified in terms of area and
population exposed (as well as other pertinent socic-economic and demographic
considerations), approximates the total noise exposure for all of the subset
1t represents when multiplied by an appropriate scaling factor. Alse, the sum
of the noise exposure for each subset should approximate the noise exposure
(area, population, etc.) aof all sets of airports.

IDENTIFICATION AND GENERATION OF REQUIRED DATA BASES

Since it could not be predicted beforehand just which variables might
prove most useful in defining distinct categories of airports, the initial
steps in the methodology might charitably be described as casting the net as
wtdely as possible. After the initial explaratory period, however, it was
rapidly determined that only a relatively few real fish had been caught in the
net. Thus, it was possible to define categories of airports on the basis of
rather few variables with considerable confidence that the most important
factors were being taken into consideration.

The identification and generation of the data bases required to
determine a single Rport that represents a distinct category of airports were
divided into two parts: (1) the development of an airport/aircraft data base
which could be used to define distinct categories (or sets) of airports and
(2) the davelopment of an airport/aircraft data base necessary to run the
FAA's Integrated Noise Model (INM) and the National Aeronauties and Space
Adninistration's Aircraft NoisesLevels Annoyance Model (ALAMD)* for selected
airports fron each airport category.

*The ALAMD 1s an afrport community noise impact assessment model currently
operational? on the NASA Langley Research Center's (LRC) Computer System
(Reference 1).
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Data Required To Define Distinct Categories of Airports

The airport/afrcraft data identified as requirements for developing
distinct categories of afrports include the following:

. Number of annual commercial jet air carrier operations for each
airport considered

. Airport noise produced by the flight operations of commercial
Jjet air carrier ajrcraft

. Selected socio-economic and demographic variables which describe
the surrounding airport comunity

. Airport/aircraft parameters which are specific to each airport
considered.

Number of Annual Commercial Jet Air Carrier Operations. This

variable was considered essential because it is one of the determinanis of the
total noise produced by aircraft gperations, The number of annual (calendar
year 1579) commercial jet air carrier departures by aircraft type was obtafned
from Table 7 in Reference 2, A computer file containing these aircraft
operations data was coded and installed on the EPA's NCC computer system, The
f1le, henceforth referred to as the Afrport Activity Statistics (AAS) file,
ineluded aircraft operations data for 304 h'lrports serving certificated route
atr carriers.

Afrport Noise Produced By Commercial Jet Afr Carrier Operations. The

afrport noise produced by commercial jet ajr carrfer gperations was represented
by two noise measures: (1) Flest Noise Level {FNL) and (2} Airport Nofse
Index (ANI). The concept of FNL provides a method for evaluating the noise
status of fleets of ajreraft. It provides a single fiqure of merit so that
fleets of aircraft can be compared with each other with respact to noise. The
concept of FNL 1s very flexible in that it can be applied to a wide variety of
situations. For example, 2 general FNL could be calculated for 211 airports
or any subset of airports in the U.S. The calculation could be done for any
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particular airlfne or any combination of afirlines. For a detailed explication
of the concept of FNL, ses Reference 3.

Even a cursory examination of the eguatfon for FNL will reveal that
it is an average of acoustical energies. Thus, it {s possible that two fleets
might have the some average noise leval, but could produce different levels of
total acoustical energy. In other words, two airlines or airports might have
the same FNL, but one of them might have a much greater number of operations.
A measura that would be sensitive to differences in total energy fs the
Airport Noise Index (ANI) which approximates day-night sound level calculated
without the night weighting. ANI 1s calculated by the following formula:

ANI = FNL + 10 log (0/365) + 53

where: ANI = afrport noise indax in d8
FNL = fleet noise level in dB

D = number of yearly departures.

The Federal Aviation Administration (FAA) provides infarmation on
noise levels produced by all aircraft in service in the U.5. airline fleet at
the three measuring points specified in Federal Air Regulation (FAR) Part 36:
sideline, takeoff, and approach. Noise levels are providad for alternative
engine installations in the same model of airc¢raft, Singe this information is
much more detatled than the afrcraft information given in Reference 2, which
does not givwe the engines installed in the aircraft types, it is necessary to
use both 2 maximumn and a minimum value for-calculating FNLs. These values are
the levels for the nofsiest and quietest engine installations, so that the
total range of variation 1n noise levels for a particular type of aircraft can
be covered. Thus, a maximum and minimum FNL 1s found for each of the FAR Part
36 measuring points, a total of six FNL values for each ajrport. Further, it
is possible to calculate an ANI value corrasponding to each FAL, a total of 12
noise measures. It was felt important te include ail 12 measures in the
initial data base because it was impossible to predict what intercorrelations
might exist among them or how they might contribute to the definition of
afrport categories.
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Selected Socio-Economic and Demographic Variables. In addition to
the aircraft operations and noise level data, consideration of certain socio-
economic and demographic variables was necessary in developing distinct
categories of airports. That 1s, airport noise 1s a problem only if there is
an impact on the surrounding population. The representative airport, then
salected, should be presented not only in térms of noise levels, but in terms
of population exposed and the demographic characteristics of this population
as well., Only in this manner can the Rport concept be effectively used to
project national and airport-specific data on the benefits of noise control
actions.* The variables selected for inclusion into the aircraft/airport data
base were obtained from the FAA's Airport Information File (AIF).** Thase

variables included:

Total population

Number of households in 1975

Total number of incames

Total number of homes

Total number of renters

Average home value

Avarage monthly rent

Population change from 1970 to 1975
Population growth rate.

Values for each of the variables were determined for areas within a five-mile
and a ten-mile radius of the airport center and are based on 1970 census data,
except whera indicated otherwise. The five-mile radius was used because it

*Tha integration of notse and demographic factors represents a major
improvement on prior studiaes employing the Rport concept. For example, in
Reference 4, four Rport classes were developed according to aircraft types
using the air carrier airports. Sample airports from each class were then
selected based on operational characteristics {e.g., runway length, day/night
distribution of oparations, stc.) and number of airport oparations. The
character of the surrounding communities/poputation was not a factor in final
Rport selection.

**A computer tape of the AIF was obtained from the FAA and installed on the
EPA's NCC computer system. A description of the elements of the AIF is
presented in Referencas 5.
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included the areas that would be most severely affected by noise, and the
ten-mile radius was used because it {s about the 1imit of noise effects.

Data were extracted from the AIF for only those airports with
scheduled commercial jet operations, for the noise effects of propeller
alrcraft are slight in comparison to jet aircraft. It was found that the AIF
contained information for 298 airports which meet this criterion.

Alrport/Afreraft Parameters Specific To Each Airport. A number of
variables which were considered to be airport-specific were obtained from the
AIF and included in the airport/aircraft data base. These parameters were!

Number of miles from the airport to the nearest city

Afrport area in square miles

Number of hard surface runways

Number of IFR runways

Length of longest runway

Practical daily operations capacity

Number of huurs open per day

Number of cargo operations during the time period from 1990 to

2159

s Number of scheduled jat operations during the time period from
1990 to 2159

# . Number of scheduled jet operaticns per day (24 hour period)
Number of 4-engine narrow body operations during the time period
fron 0700 to 2159

. Number of 4-engine narrow hody operations during the time period
from 2200 to 0659

. Number of 4-~engine wide body operations during the time period
fron 0700 to 2159

. Number of 4-engine wide body operations during the time period

fran 2200 to 0659,
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These variables comprise almost all of the airport-spacific variables in the
AlIF that appeared to hold at least some promise for contributing to a
definition of airport categeries. An attempt was made to use a few other
variables in the AIF (such as computed daily fuel consunption and noise
exposure forecast), but they proved to contain so many missing values that
they could not be used. '

Lombined Afrport/Aircraft Data Base. The afrport/aircraft data
obtained from tha AIF and the AAS file were combined to form a single data
.base. The combination of the two files resulted in a data base representing
277 afrports. The number of airports containad in the data base was reduced
to 236 by considering only those airports which handled four (4) or more
scheduled large jet (greater than 75,000 pounds} operations per day. Less
than four flights per day would not constitute a noise problem. These 236 -
airports accounted for over 10 million air carrier operations performed in
calendar year 1979, or about 95 percent of the total Jet operations,

Input Data Required to Run the FAA's INM

The FAA's INM §5 a collection of computer programs which can calculate
the aircraft noise environment in the vicinity of an airport given certain
information concerning airport location, layout, and the type and movement of
ity afr traffic. The resulting nofse environment can be described in aither
tabular ur graphic form (see Table 3.1 and Figure 3.1).

The INM user 15 required to provide at least five and up to ten types
of data describing the airport and 1ts associated activity in order to run the
model. Required data include the following:

Afrport altitude and temperature

Runway configuration (number, length, and orfentation)
Flight track definition

Approach profiles

. Traffic mix (distribution of operations by aircraft type).

3-7
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TABLE 3-1
EXAMPLE OF TABULAR PRESENTATION OF INM RESULTS

EXANFLE AIRPORT SCEVARIO

YT ETT TR PR P PRI Y PR L PR R LY LY AL PR L L P D L L LD LY Ll

T b e T i 0t 0 0 b hp ok el bk b 1 b b gl b S il b e 0 g 4 g bt ot 5t £t b et

4 I ! 4 I CCHTONR 1 1 1
T PNT : X 1 Y I LON I AREA T FLTS I ITERATIONS |
I 1. CARCe I CONPN, ITECIPELS T S04 MI. I USEC I . T
1121 1 2%.5 1 I194.9 I 75.1i0 1 3.37 1 23 1 7
I 1321 3.1 T 4914.,9 75,12 I 3«27 I 23 1 7
I 193 7 21948 I 478742 I 744551 1,35 T 211! ?
1 134 1 -2817.9 1 €84R .8 [ 7497 1 .32 1 22 I 7
I 196 1 ~858s3 1 52914 I T4aS8 1 3.3 1 231 7
I 136 1 =1208.44 I 7332.9 1 75,21 1 3.27 1 2: 1 £
T 187 1 184302 T  7772.2 1 78496 I 3.24 I 221 a
1 138 1 =1909.6 ! 1A%18,4 1 T4292 T 3a21 I 21 1 £
T 109 1 =2292.7 1 32757 1 75.81 1 .19 ! 22 I 8
T 130 I «2338,1 1 958583.7 @1 74,51 1 I.19 1 2% 1 7
T 111 1 =213€.%2 I 9830.,7 @ 78.7€ 1 .21 2t 1 12
[ 1121 =1&832.6 I 6958,3 I T8.87 1 2.28 1 2t 1 T
T 113 1 =1157.3 ¢ B291.1 I 74452 1 334 1 23 1 e
I 114 1 al217 1 7598 .4 I 2401 I 3.39 7 atr 1 7
I 115 I w2R2.5 I 692540 I 75601 1 Ja44 I ar 1 -]
I ils 7 157,80 I 4213.7 ! 78.00 1 3,49 1 21T a
I 117 L 524,353 I 8543.,2 I 74.69 [ 328 1 21 1 1
T 118 1 1L8S.1 T 486948 I 74,57 I J.60 1 211 7
I 119 1 1611.0 ¢ 42369 1 Ta.58 T 3.66 1 21 1 7
I 129 1 21%041 I 3633.5°1 TSeLC I I.72 1 221 7
I 1211 2740,9 1 3372+ 1 Ta .58 1 J.78 1 23 1 7
I 1221 326346 1 2449.7 1 74,99 1 IN2 1 2% 1 7
I 1221 381645 T 1R719 I Ta.68 1 J.A5 T 221 b4
I 124 1 35R2,7 1 1848.,3 1 Tasa97 I l.9%4 [ a3r 7
I 1258 1 B197.4 I 1%41e4 I 4457 1 3.8 T 231! 7
T 126 1 62114 I 1660.6 [ 74482 T JaG8 1T 231 H
1271 7922.2 ? 1985.4 1 764558 1, 44901 1 231 7
I 129 1 78371 I 1843.6 I 74458 [ 4e:3 1 g1 I K
T.r29 1 649,46 T 1599,5 1 74,98 1 4402 T 23 1! 7
I 1301 944847 I 179,11 74498 1 4015 T 2T 1 7
I 132 I 10244.9 1 1947,2 T 74.56 I 4204 'T 2?1 7
I 1321 1122841 I 1719.4 1 78,96 1 4a11 1 2x 1 7
I 1331 11727.1 I 127a8.,3 [ 74 .5 I 422 1 21 1 7
I 134 I 12403.8 I 853,54 [ 78,85 1 4,32 1 2} 1 7
1138 I 1%18%.0 I 522.0 I M98 1 Q439 7 23 1 7
I 136 1 13%94.2 1 447,71 T4.5%2 Heny T 23 I H
I 137 1 143770.% 1 227.3 1 7448 I He%2 1 - 21 1 7
I 138 1 1B45a.7 1 Gsd I Salz2 I 4,88 T 231 1 1
END
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FIGURE 3.1, EXAMPLE OF GRAPHIC PRESENTATION
OF INM RESULTS
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In addition to the required data, the user muyst also provide information
related to runway utilization and the distribution of aircraft operations by
operation type (takeoff or tanding), time of day, and, for takeoff operations,
the trip length, Details concerning the INM input data coding format and
cther data requirements are discussed in Reference 6.

Most of the required INM data was obtained from the AIF and the AAS
canputer files, Data base management programs were used to extract information
from both the AIF and the AAS and to generate data base files, Information
presented in Reference 7 and 8 were also used to supplement or to verify data
obtained from the AIF.

Data Obtained From the AIF. The data extracted from the AIF included:

Runway altitude

Airport latitude and longitude

Variation between magnetic north and true north

Distribution of aircraft departures by ajrcraft type, by trip
length and by time of day

L] Runway configuration,

An example of the presentation format used to display the INM data obtained
from the AIF 1s shown on Table 3.2. As can be seen from Table 3.2, the
distribution of aircraft departures s given only in terms of generic alrcraft
types, e.9., 2ENBDA means a 2-engine narrow body operation performed during
thae day. Also, the airport runway end-points are defined in terms of lat{itude
and longitude. In preparing I#M input data, the latitude and longitude values
were converted to X-Y coordinate points with the airport Tatitude and longitude
as the coordinate system center.

Bata Obtained From the AAS Fila. The AAS fila presents operations
data for general classes of alrcraft and does not provide a distribution of
operations by aircraft/engine configuration., Therefore, in order to utilize
the data contained in the AAS file, the AAS aircraft classes were matched with
the aircraft types considered in INM. .The aircraft types included in the AAS
file and their corresponding INM aircraft types, AIF generic types, and INM

3-10
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TABLE 3-2
EXAMPLE OF THE ALAMO REPORT OUTPUT

— ALAND DERMOSRAPHIC NOISE EXPOSUNE " REPORT T T

AIRPORT: WASHIMGTOR WATIDNAL ALRPORT DCTANT ALL OCTANTS
CONAUMITTI waININGTCN: DE

1 ' 1 NDISE GUE TG ALRPORT, LON
! OEMSSRAPMIC VaRTADLES 1 t Lo 1 t 1 1

I 1970 0F 43 WOTED 1350 =35 195 =020140=451 49 =705 70 =731 75 =001 OVER 80
1 I 1 1 1 1 1 1

1 1 1 t t 1 t 1

f SELF=NOLSE, LONCLIC2S § " g '} i 52 § ) ; 511 &7 § 9

1
! IAPACTED PEPLL } @ 1 BT onn 1w 1 miet  am ; 713
; ANEas 34 an } { 13Ta 74 : 107470 L LT ISTSE BT Y ; 11.21 } o83
‘ t .
170t pob / 52 wn ; ¢ Ioenr am 1 aerf ooz ! 234 § [19]
: AVG GROWTH AATEs APR ; s : -h } -t % - : 1.3 § -t = a2.9
§ PET FARILY S0PuLATLION ; n : "o ¢ 194 } #8.1 f 80,7 : e : T
1

1 AVG aGls AOULTS » 37 .1 T 1 4t 40 1 01 e 1 TR 1
1 1 1. I 1 t T 1

1 PCT 480 a3 t "o 1 1L b I a0l 1021 1.3 2 1.4
1 i 1 1 t : 1 I

; PET toe TRI EDUM g u f .0 } 6.7 ; [T P33 { 134 ; 1.0
; PCT AGR/PRDS { ) i 0. : 173 : ane) {. 3.3 { 7.3 ; *%.0
{ AVG FAAILY INCONE i ; 18400 { 13113 { e ; 19833 1 12044 g 19380
} PET SINGLE FAR 4L } ] } Yor ; 40,0 : 361 lx 6.1 ; 1.7 { (Y
§ PCT AOME OWMERS } { b § Thed { 0442 ; 28.1 ; 32.1 { 00
1 4ve none LTV B } - ;o oeses I 3900 } * a0 1 "t 34083 f T oze911 E -
; PCT nM WITh asC { -n ; aleb : 33,5 ; 89.2 1  3%.9 } 0.4 ; 0.9

1

1 PCT HA wiTh TV I 0 1 %l BT BT 870D 03.4f 90,4
1 1 3 1 T 1 t !

[1) BASED ON 1977 POPULATION DATA
(2 BASED OM POPULATIONS AFTEN GALLOWAT . -
E3) AQULTE 25 TEARS QLD OR QLOKR
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aircraft IDs are shown on Tabie 3.3. Based on a format similar to that shown
in Table 3.3, aircraft operations data were generated from the AAS file.

INM Input Data Preparation. Using the data obtained from the AIF and
the AAS file, aircraft operations data were computed for each airport
considerad. The determination of the number of operations for & given
aircraft type at each airport was based on the operations data obtained from
the AAS file, and the distributions {on a percentage basis) of operations
obtained from the AIF. It should be noted that the AIF provided aperations
data related to trip length and time of day for each aircraft type but did not
provide information related to runway utilization. In preparing the INM data
bases, aijrcraft operations were uniformly distributed over all runways which
were commensurate with the aircraft’'s perfommance characteristics. '

The flight tracks used for baseline INM runs were assumed to be
straight-in and straight-out {i.e., no turns were performed during the
take-off or landing operations). Also, the take-off flight pracedure and
noise technology were those internal to the INM. '

A standard 3 degrea glide slope was assumed for landing operations.
* The operational procedures used during landing operations consisted of the
follawing:

. Descent at approach flaps from 5000 feet above the airport to
1000 feet above the afrport..

. At 1000 feat ahove the alrport, landing flaps are selected and
hald untfl the end of the touchdown roll.

] At touchdown, raversal thrust {s applied and the aircraft is
decalerated to 32 knots (KTAS).

The thrust and velocity parameters used with the standard 3 degree glide slope
Tanding procedure are part of the INM's {nternal data. Deta{ls concerning the
INM's internal data bases are described in Reference 6.
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TABLE 3-3
AIRCRAFT CLASSIFICATION FOR INM RUNS

Afrcraft Afreraft AlIF INM
* Types . Type Arcraft Afrcraft

{Per AAS) {Per INM) . Types 1D

A-3008 A300 2EWB 20

B~707-100

8-707-300 707-120/320 4ENR _ 13

B-707-1008 707-1208 4ENB 8

B~707-3008

B-707-300C 707-320B/C  4ENB 7

B-7208 7208 4ENB 9

B.727-100

B-727-100C 727-100 3ENB 5

B-727-200 727 W/SAM 30

3ENB

B8-727-200 727 ADV.W/S Kk

8-737-200

8-737-200¢C 737 W/SAM  2ENB ‘ 29

B-747 747-100 4EWB 25

§=737C

B.747F 747 STR . 4EW8 27

B-747 SP 7474200 4EWR 25

BAC-TIT-200  BAC-IIT ZENE ) 3
" DC-8-10/20/30 DC-B-30 4ENB 15

0C-8-50 -

0C-8-51

DC-8-62 DC-8-61/63  4ENB 11

0C-8-63F

DE-9-10 DC-9-15 ggﬁg §

BE=0-30 __ Dl=0=a2 _

iC=-2-50 - 28

HE=10-10 Dt-10=10 SEN 21

BE-10-10 bC-10-30 3EWB 2

0C-10-40 _____STREICH — 3EWB 2

LI L-101d IERE 22
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Input Data Reduired to Run Tha ALAMD

The ALAMD is an automated mathematical model which assesses the noise
impact of airport operations on a given afrport community. It conducts an
analysis of descriptive information relative to the airport confiquration,
location and flight operations; noise contour data which reflects the airport
comnunity as a whole and for each of the octants defined by super-imposing a
¢ircle divided radially into eight equal parts on the community, centered at
the airport.

A major task performed by the ALAMD is the generation of noise
contour data. These contour data are developed using the FAA's INM,
Therafore, a complete INM fnput data base is one requirement to run the ALAMD.

Other required input data include the latitude and longitude of the
airport center (obtained fram the AIF), the state in which the airport is
located and two adjacent states. Using these data, ALAMD utilizes a
demographic retrieval system called SITE II* to obtain a variety of information
concerning the airport community extracted from the 1970 Census of Population
and Housing.

PRIORITY RUNWAY AND FLIGHT TRACK STRATEGY

Genaralized studies of aircraft noise impact on areas naar airports
when made in an effort to predict areas and population within specified
contours, nomally assume approach and departure fl1ight paths on extended
runway centerlines and aircraft operations distributed equally on all runways
appropriate for thosa operations. The reason for these generalizations is
that the selection of optimum distribution of operations on runways and of
optimum ground tracks to fly over the minimum number of people is a time-
consuning and therefore expensive task when a large number of airports are
fnvalved. In this study, calculations were made for 10 airports to determine

*SITE II is a proprietary demographic data base developed by CACI, Inc.
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the percent reduction of the number of people within specified contours when
preferential runways and flight tracks were used. These data were than
extrapolated to obtain a percent reduction in the number of geople exposed to
specified aircraft noise levels in the whole system of airports.

Priority Runways

In developing a runway priority system for an airport, the population
distribution around the airport was studied with an estimated Ldn 65 dB
contour for all of the airport operations in mind. This study was made using
U.S. Geological Survey maps with a scale of 1:24,000. These maps are kept
current by overprinting the 1atest changes indicated by aerial photographs.
Urban areas are shown in pink and updating revisions are shown in purple with
individual buildings identified. The selection of tha first priority runway
is obvious if the extended centerline of one runway 1s over water,
swamps/desert or underdeveloped farmland while the others are over urban or
developed areas. However, if the urbanizatfon is equal in all directions,
there is 1ittle to be gained in reducing total population noise exposure by
using ong runway more than another. The total area within a given contour for

‘a fixed set of operations is roughly the same regardless of the distribution

of these operations on the several runways at an airport.

Points to remember {n selecting priority runways and ground tracks
are, first, that even though the contour may extend over residential areas in
all directions, perhaps the tips or a significant part of the contour may
extend beyond the residential area fn one or more directions. Second, the
flight track can be curved away from residential areas after the initial
take-of f and ¢} imb.

Runways in this study are identified as first priority, second
priority, third priority, etc., on the basis of minimizing the number of

people within the L, 65 dB contour. Most of the operations are on the
first priority runway or on the first and second priority rumways. The
operations on the third and forth priority runways are small.

The ‘distribution of operations on thesa runways is based on wind
velocity and direction. The FAA has determined that aircraft may use a
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15 knots {Reference 11)., Information on wind velocity and direction has been
obtainad from the Department of Commerce's Airport Climatological Summaries
for each airport (Reference 12). The data used in this study are from the
“annual" Table lIA for each airport. Since Instrument Flight Rules (IFR)
weather conditions, which might require the use of a different runway, exist
for a small portion of the time it is assumed that the same runways would be
used undar IFR as under all weather conditions.

The first priority runway is used under all conditions except when
the tail wind is more than 5 knots or the crosswind is more than 15 knots,
The weather data indicate the percent of time that the wind 4s at each of
sixteen points of the compass and is in one of nine wind velocity ranges.
When the angle between wind direction and take-off heading {a) is lass than
90°% conditions are acceptable, except when the crosswind component (wind
velocity times sin (a) 15 more than 15 knots. When the wind is more than
90° from the take-off heading, an additional limitation is that the tailwind
component (wind velocity times cos {a) may not be more than 5 knots, On this
basis, all time intervals in the annual Table 11A for the airport are assigned
to the first priority runway if the mid-wind velocity for the band meats the
above acceptable criterion. The tota) of these time intarvals indicates the
percent of the time when the first priority runway can be in use. It is
assumed that operations on that runway are the same percent of the total
operations as the percent time that the runway is in use,

The next step is to consider the percent time when the second
priority runway can be used, Jocking only at the time intervals which have not
already been assigned to the first priority runway. This usually results in a
much smaller percent of time for second priority runway use. Continuing the
process, still smaller times or zero times are assigned to the third and
fourth priority runways. ‘

It should 21so be noted that if the first or other priority runway
cannot take all of the aircraft using the airport, the priority assignments
must be limited to these afrcraft which can use the priority runway. However,
the problem of reassignment from the priority runway was rarely encountered in
this study.
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Curved F1ight Tracks

In many cases, it is possible for the aircraft to turn away from
densely popul ated areas and thereby significantly reduce the total number of
people impacted by aircraft nofse at a given level. Curved ground tracks have
been used in conjunction with prigrity runways developed on the basis of
visual fnspection of the Geological Survey Maps mentioned above. Turns are
made only at altitudes and airspeeds greater than 500 feet and Vo 10 and
at bank angles no greater than 15° as recommended by the FAA in their
Advisaory Circular 91-50 (Reference 13). The radius of the turn is calculated
using the formula:

R= v2/g tan
wheres v = aircraft flight speed

g = accaleration of gravity

= angle of bank.

As an example, an aircraft with an altitude of 500 feet or more and at a
Vo + 10 speed of 145 knots could make a turn with a radius as small as 7000
feet,
AIRPORT DATA BASE AMALYSIS

In addition to the AIF variables identified previously, 16 additional
variablies wera calculated for the data base by transforming the original
ve~iables. Tha new variables thus created ara given in the following 1ist:

. Log of tha total population at 5 miles and 10 miles

L) Log of the number of households at 5 miles and 10 miles

. Log of the total! number of incomas at 5 miles and 10 miles

. Log of the total number of homes at 5 miles and 10 miles
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. Log of the total number of renters at 5 miles and 10 miles
. Log of the total number of departures per year

. Log of the number of scheduled jet operations per 24-hour period
(from AAS)

¢ Log of the number of 4-engine narrow body operations during the
time period from G700 to 2159

. Log of the number of 4-engine wide body operations during the
time period from 0700 to 2159

. Square root of the airport area

. Number of scheduled jet operations per 24-hour period divided by
practical daily cperations capacity (airport utilization}.

These variables were added because same transformation of a variable will
frequently bear 2 closer relation to a criterion than the coriginal variable.

At this point the data base contained 2356 airports with measurements
on 56 variables for each alrport. An obvious first question concerning the
dats base {s: What are the interrelationships among these variables? The
data base contained 56 variables, but undoubtedly some of them were so highly
correl ated with each other that only relatively few sources of variation are
represented by them.

The procedure chosen to approach this problem was "factor analysis“.
Factor analysis basically takes a matrix of the corralations of each variable
with every other variable and resolves it into independent factors that
camprise the variables in the matrix. A number of +1.0 through -1.0 1s
calcul ated for each variable with respect to each factor. This number is
referred tc as the loading of the variable on the factor.

In this study, factor analysis was used as an aid to making mera
informed choices concerning which variables to use in deciding how many
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categories the airports should be segregated fnto and in deciding which
airports should go into which categories. Used in this fashion, factor
analysis provided a rough guide for winnowing the variables down to a
reasonable number to work with and for chogsing variables that showed the mast
promise for making useful discriminations among airports.

The number of factors was increased from one through ten in one-factor
steps to explore how the varfables grouped with each successive Increase in
the number of factors An excerpt from a typical result fs shown in Table 3.4
to provide an idea of how the variables grouped themselves.

The results shown in Table 3.4 may be interpreted in the following
way. Factor 1 could be described as related to the total acoustic energy
produced by airport operations. Factor 2 appears to be related to demographfc
features (number of people) of the area surrounding the ajrport., Ffactor 3
appears to be related to economic aspects (amount of money) of the area
surrounding tha airport, Factor 4 appears to be related to the activity of
the airport. Factor 5 appears to be related to the average acoustic energy
emitted by airport operations, and Factor 6 is evidently related to the growth
of the area,

A relatively small number of variables was picked from the original
set for use in determining ajrport cateqories. The reduced set of varfables
inciuded the following:

e Jet gperations day-night

Log jet operations day-night
Dapartures

Log departures

Number of IFR runways

Total population at five miles
Total population at ten miles
Households in 1975 at five miles
Households in 1975 at ten miles
Average income at five miles
Average hame value at five miles
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TABLE 3-4

EXAMPLE GROUPS OF VARIABLES RESULTING
FROM FACTOR ANALYSIS

FACTOR
1 2 3
variable
Log departure 0.88 *
Mean ANI 0.88 *
Log jetops 0.82 *
day night
Total rents * 0.96 *
ten mi
Total {ncoms » 0.96 *
five mi
Househalds 75 ' » 0.96 *
five mi
Tetal pop * 0,96 »
five mi
Households 75 oo 0.93 *
ten mi
Total pop * p.922 *
tan mf
Fop change * 0.88 »
ten mt '
Average fncame * *. 1089
five mi
Average home * * 0.86
val five m1
Average home * * 0.83
val ten mi
Log total pop * - 0.83
five mi
Average rent * » 0.83
five mi ,
Log households * * 0.82
75 flve mi
*reo,50
3-20
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TABLE 3-4 (Cont.)

Factor
1 2 3 4 5 6
Varfable

Average rent * * 0.82 - » *
ten mi
Jet ops * * * 0.73 ] "
day night
Departures . * 0.70 * >
Mean FNL * 0.82 *
Growth at * * » 0.81
five miles
Growth at * * * * » 0.72 |
ten miles i
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e Growth at five miles
&  Mean ANI
&  Mean FNL.

These variables appeared to represent a reasonable sample of the characteris-
tics of airports and the areas surrounding them because the important aspects
of the process of noise generation by the airport and the important aspects of
the residential area surrounding the airport were represented in the data.

Jet operations, day-night derartures, and number of IFR runways are related to
one aspect of noise generation (airport activity). Mean FNL is related to the
noise characteristics of the fleet using the airport, and mean ANI, log
departures, and log jet operations represent a mixture of airport activity and
fleet characteristics. Total population at five and ten miles, and number of
households in 1975 at five and ten miles are related to noise exposure, and
average income at five miles and average home values at five miles are related
to the wealth of the exposed population. Growth at five miles is probably
related to both impacted population and its wealth.

REPRESENTATIVE AIRPORT-CATEGORY SELECTION

With the number of variables reduced to a manageable number, the
approach taken to segregate airports into categories was to use different
combinations of variables and number of categories until something approaching
an optimal canbination of categories and variables appeared to be achieved.

The technique used for determining the number of categories and
assigning afrports to thom was the "K-means algorithm" (Reference 9). The -
optimal combination was the use of $ix categories with the airports assigned
by seven variables, The variables were:

Total population at five miles

e Households fn 1975 at ten miles

» Average income valua at five miles
s [Dapartures

s Mean FNL

¢  Maan ANI

[ ]

Lag jet operations day-night.
3.22
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Many different combinations of variables and categories were tested and
compared, and several oriteria were used in evaluating them. ODiscussion of
the process of arriving at the final categorization follows.

Internal Consistency

Internal consistancy was the primary criterion of evaluating the
results of a particular combination of varjables and categories. This was
approached in two ways. ' First, plots of the location of airports with respect
to the cateqories were examined. The plot of the final categorization is
shown in Figure 3.2, The figure shows the multivariate distance* of each
airport fraom the means of its own category with respect to every other category
projected on a plana that passes through the centers of three categories.
Canbinations that result in plots showing lesser anounts of overlap among
categories were considered to be more internally consistent. In other words,
relatively simple 1ines could be drawn in Figure 3.2 that would separate each '
category from all others.

Another measure of internal consistency involved ranking the
categories with respect to the variables. Each category of airport has a mean
value of all of the variables used in the amalysis. The categories were
rankad with respect to each variable, and a sum and mean of ranks was found.
This information 15 shown for the final categorization in Table 3.5, and,
again, 1t shows a consistent relatfonship among the categories.

Qualitative Considerations

Another criterion, which was less quantitatively defined but of no :
less importance in evaluating the variables that went inte the categorization |
process, was relavance to the aim of the project to produce noise exposure
estimates. Thus, when the 11st of varfables in Table 3.5 is examined, a rough

e

*This distance 1s the posftive square root of the sum of the squared distances
from the centers of the category (tha means of all! sevan variabies for that
c?tegorj)f) to the airport (the observed values on all seven variables for that
afrport). .
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RANK OF AIRPORT CATEGORIES ON THE SIX VARIABLES
USED IN THE FINAL CLASSIFICATION

TABLE 3-5

CATEGORY
VARIABLE

Tt e il L b a0

3.25
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i 2 3 4 5 §
Total population 2 1 3 4 6 ]
at five miles
Number of house= 2 1 3 4 5 1
halds 1n 1975 at
ten milas
. Average home 2 1 4 3 6 5
_ value at five
miles
Number of 1 2 3 4 5 (]
departures
Mean FNL 1 ] 2 4 3 5
Mean ANI 1 2 3 4 5 6
Log Jet oper- 1 4 3 4 5 6
ators, day-night
Sum of ranks 10 15 21 27 36 38




FRe A I e e

sort of weighting can be seen in the number of each type of variable included
in the final set. Two variables {population and households) represent the
number of people around the airports, and another two variables (airport noise
index and log of the jet operations) represent generated noise weighted by the
activity of the airport. Four of the seven variables, than, represent the
most important aspects of noise exposure. The inclusion of departures gives
some weighting to airport activity alone, and FNL gives some weighting to an
average noise level atone. Finally, the inclusion of average home value gives
some weighting ta the value of the property in the exposed area.

Sensitivity to Changes

Although this was not of major importance, some consideration was
given to the effects changing the variables and the number of categories.

Variables, Minor changes in the variables produced 1ittle or no
change in the categories. For example, it made no differénce whether
population at five or ten miles were included; efther one gave the same
results. Growth was not included in the final set of variables because it
appeared to have no effect on the categorization,

Number of Cateqories. If more than six catagories were used, no
change was seen in the categories whose members included the larger airports.
The only effact seen was to divide the categories containing the smaller
airports into smaller and smaller categories as the number of categories was
increased. There seemed to be little value in making fine discriminations
between airports that constitute a relatively insignificant part of the

airport noise probjem.

RPORT DETERMINATION

The praceding discussion, although important in its own right in some
respacts, is merely prologue to the actual determination of Rports to
represent caf.égories of airports.

A total of 71 airports were selected from the 236 airports and six
{6) airport categories for ALAM) computer runs., The atrports selected from
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each category were those airports identified as being closest to the category
cluster mean*, except for categories A and B, in which all of the airports
were analyzed. The percentage of airports selected from each Rports category
(For ALAMZ runs) was based on the relative percentage of total annual (1979)
alrcraft operations and the average surrounding airport population associated
with each Rports category. That is, a larger percentage of the airports in
aifrport categories A and C were selected for ALAMD runs as compared with the
percentage of ajrports selected from categories D, E, and F.** This selection
criterion appeared reasonable since it was expected that the major proportion
of the national noise exposure would be due to aircraft operations at those
airports included in categories A to C.

The distribution of the 71 airports by Rport category is presented in
the following table.

Distribution by Rport Category

Rport Number of Airports . Number of Airports
Category in tha Category Salected fu;g ALAM) Runs

B 1 1

¢ 44 21

0 71 20

E 15 6

F 92 10
TOTAL 238 T

Methodolaqy Used to Selact Rports

Airport community nofse impact reports were generated for most of the
71 airports. However, for five (5) of the airports in airport category E, no

* Afrport category B contained only ane airport, La Guardia.

**To be more precise, the airports ranked by the multivariate sum of squared
deviations fran all of the category means. The afrports with the lowest
muitivartate suns of squares were selected.
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demographic data were reported. For many of the other 66 airports, no
demographics were reported for entire octants or some of the Ldn contour
bands.

The ALAMD naise impact reports for each of the 66 airports were used
to determine the contour areas and the population enclosed within equal noise
level bands of Ly, 65 dB to 75 dB and Ly4y75 and greater. The mean and the
corresponding standard deviation of the areas and the population for these two
noise contour bands were determined for each of the Rport categories using
data for the individual airports in that Rport category.

The Rport selected to represent each airport was determined by
canparing contour band values for area and population for each airport in the
category with the Rport category lim{ts, defined as the contour band mean plus
or minus a fixed percentage of the standard deviation. The fixed percentage
of the standard deviation was adjusted until all of the contour band values
for one airport fell within the band 1imits. This airport was designated the
Rport for the category considered, As an example of the Rpart selection
procedure, Table 3.6 presents a listing of the data used to determine the
Rport representing Rport category A. The fixed percentage of the contour band
standard deviation used in the Rport category A analysis was 50 percent.

Since many of the airports in Rport categories D, E, and F had no
population .within the 65 d8 to 75 dB and 75 dB and greater contour bands, the
selaction of the Rports for these categories could not be made in acecordance
with the above procedures. After examining the noise impact data for the
airports included in these airport categories, it was decided to omit
categories E and F. The Rport representing category D was salected using a
simflar, but somewhat modified, procedure as that used to select Rport for
cateqories A and C. The following table identifies the Rport representing
gach of the four (4) Rport categories:
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TABLE 3-6
RPORT DETERMINATION ANALYSIS: AIRPORT CATEGORY A

?%T ALAMO OUTPUT
AREA POPULATION
$Q. MI. (PEOPLE )
65 to 75 + 85 to 75 +
75 dB dB 75 d8 dB
MIA 30.91 8.15 134011 7568

BOS || 26.57 §.07 | 203359 9341
pEN || 29.24 7.58 88029 6588
STL || 25.62 5.45 93346 | 11664
LAX || 40.66 | 11.34 | 204578.| 28888
PHL {[22.63 | 4.86 71586 2778
sFo || 33.10 7.65 58022 | 13802

DFUW 49.22 11.19 18250 0
DCA 22.68 4.93 | 202464 a1y
EWR 16.62 4.54 120782 §277

ORD §8.44 14.29 277801 10941
ATL 65.98 16,15 44902 32389

JFK 27.98 6.85 219940 6709
MEAN 34,83 8.39 133849 10776
g (N-1){ 14.56 3.75 80389 9504

MEAN +0,500 || 42.11 10.27 173844 18578
MEAN -0.500 || 27.58 6.52 93454 §974
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Rport Selected

Cateqary Rport
A Miami, FL (MIA)
B La Guardia, NY (LGA)
c San Antonio, TX (SAT)
D Sioux Falls, SD (FSD)

A camplete 1isting of tha 236 airports contained in the combined
alrport/aircraft data base is presented by Rport category in Table 3.7. The
71 airports selected for ALAMD runs are denoted by a single *; Rports are
denoted by a double *.

i
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TABLE 3.7

DISTRIBUTION OF AIRPORTS BY RPORT CATEGORY

Aport  APT Rport AT, Rpore | APT Apart | APY
Category (0. Locatlan Cﬂ?cany R Lacatian 1 Category] 10, Lacatton Category | 10, Locatlon
ATL Atlinta, Gt JAX Jacksonville, FL ALB Mbany, HY LAN Langing, W]*
(7] Datlas, TA* LAS Lit Vegas, Y Ty bulrington, ¥T BIL  Biltings, HI*
LAL  Las Anglos, CA® MCI Kansas City, HO , BUR  Murgank, CA €W Charleston, SC
ORD  thicago, fit Hea  Orlando, FL* CAK  Akron, O 815 Blseark, HD
DEN  Oenver, CO MEM  Iemphis, TH* ” CHI  Champaign/URD, L1 8Ot Bolse, ID*
JFK dow York, FYe MKE  Hilwaukes, Wl DAL Daldas, T2 FAR  Farga, KD
A SED San Francitco, €A H5P Hinnea lia. MH FAI Falebanks, AK GRD Gireen Bay, Wl
B Hewark, hab MSY  New Orleans, LA* GRR  drand Rapids, MI €05 calorado Springs, CO®
BiS  foston, HA DAK  Qakland, CA G50 Greemsbora, HC SRQ  Sarasola, FLN
oA Washipgton, OC* 1149 Oklahona City, QK* JIf uWhite Plalng, HY B CAE  Columbla, 5O
NiA  hiaal, FLe* OMA  Dadha, MO £a g, ICT  Michits, kS
STL 5t. Louls, MO* £0! Hest Palm Beach, FL* JAN Jackson, MS* SHY  Shreveport, LA
PiL Phitaielphia, PA® A POK Portland, 0A* JHI Junsau, AKX TOL Ta)edo, DN
(L} Phoanix, A2 KIN  Katchikan, AKX MY . Meyars, FL
b LGA  Hew York, Py PIT  PMtisburgh, PA LEX  Lexington, KY* GEGC  Spokane, WA
] 813 fono, MY o LGE  Lonp Amach, CA LIT  Little Rock, AR
BOL  Windsor fock, CT* SAL fSan Ncq.‘i A L Libee, 0 RIC  Richeond, vA
A Hasheille, TH® SAT  San Antanio, TX** MDY Chidao, JL K85 Saginaw, HID
BUF  Buffalo, fiY SOF  Loulseddte, KY WSl Padison, WE® TRI  Bristo), THé
B4l Daltimora, MO* SEA Seattle, WA® 068 Kehuled, M BTR  Haton Rouge, LA
L Chlaveland, O St San Jose, CA PSP falp Sﬁrlﬂﬂh cA CI  Cedsr Rapids, JA*
C cit Charlodta, HC SLE Salt Lake City SBA Santa farbara, CA EUG  Eugens, DR
41 Lincinnati, Kr* SNF Sacramentp, CA SHA  Santa Ans, CA ADU  Raleigh-Durham, HC
DAY Dayton, O4° SR Syracuie, NY* AU Austin, TX ROA flosnoke, YA
o bl o e i selie e i) fouie, ik,
L s, 12 . ahila,
FLL Ft. Lsuderdale, FL* s Tucson, A2® YD Providence, Al ADE Allantown, PA
WL Honolulu, V8 480  Albuquerque, NM* DSH  Das poinas, [A*
IAD  Hashington, BC AHC  “Ancharage, AX ney  itouston, IX
(L] liouston, 1A
1HD Indlanspal ls, 11*

*Nenotes afrports selected for ALAMO computer runs

**eno tes Rport
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TABLE 3.7 {Cont.)
DISTRIBUTION OF AIRPORTS RY RPORT CATEGORY

Rport APT Rport | APT Rport APT Rpart APT
Categary yp, Locatfon Categary | 1D, Locat tan Categary | 1D, Locatlon ‘Categary | ID. Location
CHA  Chattancoga, TH 150 kinston, HC AST  Rachester, Mit GPT  Bulfart, MS* .
0AD  Osytona Beach, FL JLH Joplin, MO SO8  South Nend, IN e Hibbing, KN
FSD  Sfoux, Falls, SOe* LAH  Liwton, OK SCK  Stackton, CA HLN  llatenas, HT
ONT  Ontario, CA LCHl  Lake Charles, LA SLH Salina, &S - HAL  larlingen, TX
PKH  Portland, HE* LFT  Laferetto, LA s Sfr!ngliald. {3 iI5¥  Huntseille, AL
biiM  dirminghar, AL LHT  Klamath Falls, OR MY Albany, GA® HTS  Huatdngton, NV
FAY Futttn“ln.ugc' Il:glg i.lmEnln. HElll :gg :rccu-":;nn. A f0A  (daho Falls, D
[} GTF  Great Falls, 4 Crosse, gusta, Tran Mountaln, HI
AL AshviBle, HE L8 Lewisburg, WY ALO  Mstertoo, MA® :ﬂ ulmton-s-lal: ne
T Fliat, Ml WS Lewlston, [D AVP Mllkas-Narra, PA SUE  Sloux City, IA
PIA  Peoria, 1L HAF  Hidland, TX A0 Kalamazoo, M1 Tl fuscaloass, AL
TH  taliahassen, FL HCH  Macon, GA* 06t  Dinghampton, NY I Traverse City, Al
ORF  tartolk, YA ] WFE  McAllen, T £ 8GR Dangor, ME F YLD  taldosta, GA
f0C  fochastaer, WY HFR  Hedford, OR DPT  Aeaumont, TX ¥Ps  Valparaiso, FL
MGH * Hontgomary, AL OI®  Butte, MT YK Yaklma, WA®
ADQ  Kodiak, AF HEG  Muskegan, I 628 Bozeman, MT Mi  Abllene, T8
ESF  Alexandris, LA BKK  Kaunskakad, il COU  Columbis, MO Ctd Charlattesville, VA
GFK  Grand Farks, HD HLd' Helbourne, FL CPR Caspap, WY PIIF  Hewport News, YA
Gl Groenville, WS HLU  tonros, LA €56 Colushus, GA 08 Lubbock, TX
KOA  Kona Ke Atole MaT  Hinat, HD DEC  ODecatur, IL® SGF  Sprinaficld, WO
kallua-Kora, It HQT  Herquette, MI PLH Duluth, HN HEl  HMeriddan, HS
h50  Missoula, HI* 05t Oshkosh, Wi* R Elafrs, HY SIT  Stika, AR
OHE  llome. AK PEH  Panama City, FL ERf Erle, PA OHN  Oothan, AL
OTZ  rakzebue, AK® PR Plerre, 50% ESC  Excanabs, M1 YHG  Youngstown, O
Mit”  pocatella, 10* PEO Parkersburg, WY Ey¢  Evansvilin, IN ChP  Corpus Christl, Tk
RPA Wapid City, SO* PRS Pensacata, FL . FLO  Florence City, 5C 6t Culumhus, MS
54T  Sin Angelo, TA* PSC Pasco, WA® FOE  Topeks, KS A aridio. TR
51T Cherlotta Amalie, ¥1 Ul Pueblo, £0 Fsn Ft. Smith, AR ISP Isip ’
SIX  Christdansted, ¥l RDD  Redding, CA FHA  Ft, Hayna, 1N It fthaca, HY
SAY, “avannah, GA RFD  Nockford, IL 63T Grand Junction, €0 '
5Ju San Juan, PR (113 Ahinelander, ¥l 1) Gatnsville, FL
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IV, PROGRAM SCENARIO DEVELOPMENT

The benefits and costs associated with 1mp1ementat10n of an airport
noise soundproofing and relocation effort will vary depending on the
assumptions employed regarding program content, eligibility, timing and
funding., Practical implications of these assumptions are discussed in Chapter
II. To quantify these benafits and costs on both an airport-specific and
national basis, a methodology was developed which enabled an assessment of how
noise impacts might change as program assumptions change. The culmination of
the methodology was the development of a series of program scenarios which was
used to assess:

. Changes in noise impacts associated with advances in aireraft
source noise reduction

. Impacts of afrport-environs land use contrels as a means to
minimize program costs and noise exposure impacts

. Trade-offs available from soundproofing residences which might
otherwise be candidates for relocation

. Implications of additional airport noise reduction alternatives

involving preferantial runway use, flight tracks and f1ight
procedures.
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This chapter presents an overview of the scenario development
methodology. Chapter V describes the program scenarios and provides program
cost summaries.

GENERAL ASSUMPTIONS

The Keystone of this analysis was the assumption that aviation noise
is a serious problem at many of the Nation's commercial airports and that a
concerted program of soundproofing and relocating private residences exposed
to excessive airport noise levels is needed to address residual impacts.
Resfdual impacts are defined as those remaining after reasonable noise control
alternativas (such as alternate flight procedures, preferential runway use,
etc.) are implemented.

Other general assumptions guiding scenario development were:

. A1l private residences within within specified noise contours
(.24, Lyq 65 to 75 dB and, as an option, Ly, 65 to 80 dB)
will be candidates for soundproofing assistance.

e A1l private residences within other higher specified nofse
contours (f.e., Ly, 75+ or 80+ dB) will be candidates for
relocation assistance,

e The program should apply to résidences exposed to specified
noise contours projected for the year 2000,

. The concept of representative airports, or "Rports®, will be
used to assess program fssues and costs which might be faced by
real airports. '

The concept and derivation of a representative airport, instead of a
pseudo-airport as used in some earlier studies, was explained in more detail
in Chapter III. The use of represantative airports enabled gemeration of
fleat composition, program costing and other variables representative of the
characteristics of real afr carrfer operations and the actual composition of
cormunities affected by aircraft noise. However, {t bears emphasis here that
the analysis of a representative afrport 1s not a substitute for noise

4-2
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compatibility planning which must be undertaken by an actual airport. The
reason is that it was not possible in the study methodalogy to incorporate the
unique features of demographic and aircraft operational patterns extant at the
airport. Rather, general patterns were employed to in essence bound the
probiems which may arise in planning for a comprehensive relocation and sound-
proofing program.

FLEET FORECASTS

Corcern over fuel efficiency and noise levels, coupled with advances
in aeronautical technology, have lead to a changing mix of the Nation‘s air
carrier fleet, Through the 1970's, the less fueli-efficient and noisier
ajrcraft were gradually being replaced by new aircraft types which placed a
premium on fuel economy and quieted engines. This pattern will continue into
the future as older aircraft are retired from service and as new aircraft
types are introduced into the market. The projected mix and number of
aircraft operations in selected forecast years will have & direct bearing on
the level of afrport community noise exposure. Accordingly, the fleet mix was
forecast for the years 1990, 2000 and 2030* in the aggregate and then for the
four designated Rports. Baseline 1979 data were also developed for comparison
purposes,

National Adr Carriar Fleet Composition

The national afr carrier fleet in 1979 consisted of 2,384 aircraft
covering some 30 aircraft types (Reference 1). Aircraft types are grouped in
Table 4,1 according to seven engine/body designations as follows:

e 2.engine, low by-pass ratic engine, narrow hody (2LN)
e 3-gngine, low by-pass ratio engine, narrow body {3LN)
¢ d.engine, Tow by-pass ratio engine, narrow body (4LN)

*The forecast for the year 2030 Is essentially a forecast for some date in the
future when all aircraft in the ajr carrier fleet will meet FAR Part 36,
Stage 3 noise limits.
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TABLE 4,1

BASELINE 1979 AIRCRAFT FLEET

ENGINE/ DEPART- NO. OF b) NO. OF
BODY URES AIRCRAFT | apFh AIRCRAFT
DESIGNATION | AIRCRAFT NAME | (1,000's) | (BY TYPE) (BY SERIES)

737 W/SAN 515.3 206 2501 206
DC-9-15 L) ¥,
' DC-9-32 7501 381 3062 245
2LN DC-9 H/SAM 166.5 54
BAC-111,, 1002 75 VD 7
pc-9-80%0 - - - 3320 .
727-100 697.6 239
3N 727 WiSAM 711.2 1029 2060 283
727 ADV H/SAM 711.2 345
707-120/320 2.4 2
707-1208 100.9 175 1154 87
707-320 B/¢ 98,5 \ ag
aLn 720 B vy ~7 TT00 T
DC-8-30 T3 5
DC-8-55 4006 188 709 57
DC-8-61/ 63 89.1 126
A-300 12.0 12 1000 12
2HH A-310 a} - = 1325
B-767 - - 1825 -
0C-10-10 95.4 106
3HN DC~10-30 3.1 140 299 3
STRETCH 274 3
L1011 1237 37 —Ta07 37
747-100 83.1 113
4HN 247 STR 7.9 131 734 1
747.200 ., 62 7
B~747 TYPE? - - 730 -
8-737-300 &) 2920 -
2HN sorerdf 1825 -
TOTAL 4,605.6 2,384 1932 2,384
a

b)

55;.\;,,”;-(.;‘;,.;‘:_! P A ST

bENOTES new afrcraft type aftar 1979,
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s  2-engine, high by-pass ratio engine, wide body (2HW)
s  3-engine, high by-pass ratio engine, wide body (3HW)
e 4d-gngine, high by~pass ratio engine, wide body (4HW)
¢ 2-angine, high by-pass ratio engine, narrow body (2HN).

Available data on fleet compasition was limited to general aircraft
types and did not identify multiple series for any given type. A finer
distinction was necessary, however, to convert the data to a form acceptable
as input to the Integrated Noise Model. That is, the aircraft series within a
given type exhibit different noise curves which In turn affect noise level
pradictions.

The number of afrcraft by type and serfes was determined by comparing
departure data for each series with the total for all series. For example,
the Boeing 727 has three distinct series as shown in Table 4.1. Departures
for each series in 1979 (Reference 2} were 697,600 for the 727-100, 711,200
for the 727 W/SAM* and 711,200 for 727 ADV W/SAM. Total 727 departures were
2,120,000, An Aircraft Productivity Factor, or APF, was calculated by
dividing total 727 departures by the total number of aircraft of this type.
The APF for the 727 5 thus 2,060. It was assumed that the APF for a given
aircraft type was constant for all aircraft represented in the series.
Accordingly, the numbér of alrcraft by series was determined by dividing
departures for each series by the composite Aircraft Productivity Factor {see

Table 4.1).

Afreraft fleet projections for the selected forecast years of 1990
and 2000 were based on 2 1.7 percent annual growth in total aircraft from 1979
(Reference 3). These projections, however, understate the expected growth of
commercial aviation. As mentioned, the less fuel-efficient aircraft are being
replaced by advanced series. In addition, the average number of seats per
aireraft is increasing, resulting in fewer departures and fewer total ajreraft
required to meet any given demand lavel, This factor is depicted in Tables
4.2 and 4.3 which group the afr carrier flaet according to nominal seat
capacity. Table 4.2 shows that in 1979 afrcraft with nominal seat capacities
of 140 or less comprised almost 80 percent of the total air

=Danotes advanced design incorporating sound absorbent material, or "SAM",
45
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TABLE 4.2

AIR CARRIER FLEET COMPOSITION BY SEAT CAPACITY

Spat No. of Number of Ajrcraft
Categary (Avg} Seats Afrcraft Name 1979 1950 2000
115 0C~9-32 245 112 -
90 0C~9-15 82 38 "
100 97 8AC-111 28 - -
94 727-100 339 - .
115 737 W/SAM 208 108 -
Sub-Total 900 258 =
148 707-320 8/C a6 - -
125 707-120 8§ 87 - -
167 720-8 7 - -
153 0C-8-55 57 - .
148 *707-120/320 2 - .
146 OC¢3-30 5 - -
140 139 DC-9 W/SAM 54 41 -
145 727 W/SAM 345 260 -
145 727 ADV, W/SAM 345 261 -
167 0C-9-80R - 100 240
124 B-737-300% - 84 100
Sub-~-Total L] 745 350
224 DC~8-51/63 126 - -
215 . A=31 - 232 300
200 233 B-767° - 233 300
187 §.7572 - 157 215
Sub~Total TZe
275 A=300 12 188 200
315 0C-10-10 106 94 100
280 L-1011 . Y 191 203
280 215 0¢-~10~30 3 189 200
315 STRETCH 31 170 180
Subtotal
452 747-200 7 200 883
380 452 747-100 113 87 -
Subtotal By
550 496 747 STRETCH 11 115 340
750 743 8-747 Typed - - 136
TOTAL 2284 2870 1397

2penotes new aircraft type aftar 1979,




TABLE 4.3
AIR CARRIER FLEET CAPACITY BY SEAT CAPACITY

No, of Alrcraft Total Seat Capacfty (1,000's)
cags.;:ry 1979 1990 2000 1978 1990 2000
100 900 258 - 90.0 258.8 -
140 988 746 340 138.3 104.4 47.6
200 126 §32 815 25.2 126.4 163,0
280 239 83z 883 66.9 233.0 247.2
380 120 287 883 45,6 109.1 335.5
550 11 115 340 6.0 A 63.2 187.0
750 - - 136 - - 102.0
TOTAL (2384 2870 3397 372,0 661.9 1082.3
Average - - - 156 231 319
Mrorat
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carrier fleet. By 1990, however, the percent composition drops to 35 percent
as all of the 707's and many of the existing 727, 737 and DC~9 afrcraft are
retired and replaced by higher capacity aircraft. Conversely, the market
share of aircraft with seat capacities of 380 or greater grows from § percent
in 1979 to 14 and 40 percent in years 1990 and 2000, respectively.

Total seat capacity increases from 372,000 in 1979 to 1,082,000 in year 2000
as the average number of seats per aircraft increases from 156 to 319 during’
the period (see Table 4.3).

While the tatal seat capacity increases dramatically during the
forecast period, total departures show a modest growth and, in fact, decrease
from year 1990 to year 2000 (see Table 4.4). As the fleet mix changes over
time to emphasize aircraft with higher capacities, departures per aircraft
(defined by the APF) decline. For example, the composite Aircraft Productivity
Factor of 1,232 in 1979 decreases to 1,664 and 1,293 in the two forecast
years, raspectively.

Representative Airport Fleat Projections

B T
P RN ERL RONRER

The neit step in the projection methodology involved projecting air
carrier activity by each of the four Rport categories and then by specific
Rport. Total fleet departures were determined based on the number of aircraft
times the applicable APF. Next, departures for each Rport category were
determined by sunming the departures for each airport contafned within the
Rport category (Reference 2). Afrports contained in the four Rport categories
comprised 62 percent of national air carrier departures in baseline year
1979. This same percentage was then appiied to total departures for each of
the three forecast yea's to derive total Rport departures, '

Total departuras next had to be allocated to each of the Rport
categories. This was done by a subjective adjustment of the baseline 1979
departure data. Allocatien of Rport category departures to the saven
saat category groupings {see Tabler 42) was similarly performed on a
judgemental basis, Consideration here was given to the general nature of
airport aperations (e.g., hub versus terminal) and the type and mix of
aircraft which might be handled by each airport given certain operational
constraints {e.g., adejuate runway length to accommodate wide-bodied jets).
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Since each Rport is representative of all airports within the respective
category, departures for each Rport were then determined by dividing categary
departures (by seat classification) by the total number of airports in that
category.

The results of this procedure are summarized in Table 4.4. A final
stap involved allocating total departures for each representative airport by
saat category and then by specific aircraft type or seéries. Detalls on the
procedures are provided in Reference 4.

Noise Source Regulation

e

As a general rule, control of noise at the source (the aircraft) fis
more cost-effective than trying to protect people from an excessively noisy
source at each location where it operates, In 1969, the Federal Aviation
Administration took a major stap 1n this directfon by issuing a new Federal
Aviation Regulation Part 36 {FAR 36) requiring that new design aircraft be
certificated to meet specific noise levels, These 1969 noise standards came
to be known as Stage 2 levels, The unregulatad afrcraft in operation prior to
1969 were designated Stage 1 (Reference 5).

Although FAR 36 was an excellent first step in aircraft noise
regulation, it was understood by hoth the FAA and the industry that there
remained many other problems to be resolved, The 1969 rule applied only to
new design aircraft; that 1s, those whose application for initial certification
was submitted earlier than the 1969 date which was specified in the rule,

This left the manufacturer of older design aircraft unregulated, as well as
the operation of the older design aircraft. Thus, it was not surprising that,
in 1973, the U.5. jet-powered carrier fleet of approximately 2,000 aircraft
cons{sted of more than 90 percent older design aircraft which did not meet,
and were not required to meet, the Stage 2 noise levels. Furthermore, due to
the long structural and economic life of these afrcraft, they would probably
remain in the fleet for 10 to 20 years or more as a significant factor in the
af{rport noise problem.

Since 1973 the FAA has taken steps to fil] thesa gaps. The FAA has
issued a rule which requires that new production of older design aircraft

4-9
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TABLE 4.4
ANNUAL DEPARTURES BY RPORT CATEGORY

{Thousands)
BASELINE FORECAST YEAR
Rport/Rport Category
1979 1990 2000
Miami, F1.
Categorg Departuras 1234 1249 1112
Percent 43.2 42,0 41.0
Rport Departures 94.5 86.0 85,6
NYC (La Guardia)
Category Departures 111 118 109
Parcentd 3.8 4.0 4.0
Rport Departures 111.0 118.0 109.0
San Antonio, Tx.
Category Departures 1156 1224 1139
Percent? 40.5 41,2 42,0
Rport Departures 26.3 21.8 25,9
Sioux Falls, SD
Category Departures 355 380 353
Percent 12.4 12,8 13.0
Rport Departures 5.0 5.4 5.0
Total Catagory Departures 2856 2971 2713
Total National Departures 4506 4777 4394

percent of total category departurss.

f
| 4-10
!

i
i
e A e e e e g e

L N I S I I T A
A N R R P e




i s e e s

comply with the Stage 2 noise levels {Reference 6). In addition, in December
1976 the FAA set forth a phased compliance schedule by which all aircraft in
the U,S, fleet, not engaged in foreign commerce, are to be brought into
compliance with Stage 2 noise levels no matter when they were designed or
manufactured (Reference 7). Finally because the Stage 2 noise levels were no
longer sufficiently stringent for new-design aircraft, the FAA has further
reduced the permissible noise levels for them (Stage 3).

The FAA rule for new production of older design aircraft (Reference 7)
was effective on December 31, 1974, It brought under the Stage 2 1imits the
manufacturing of all turbojet subsonic aircraft which were of designs certifi-
cated before 1969. This represented the bulk of the aircraft being manu-
factured at that time, and therefore significantly increased the number of
alrcraft subject to the FAR 36 noise requirements.

The pace of compTtance with FAR 36, Stage 2 has accelerated over the
past years, and will continue into the future. For example, 21 percent of the
air carrier fleet was in compliance at the beginning of 1977, and 42 percent
was expected to be 1n compliance by mid-1980. About 86 percent of the U.S.
fleet 15 expected to be in compliance by 1985 (Reference B).

While the compliance statistics are impressive, the benefits of the
advanced technologies embodied in the Stage 3 requirements will not accrue for
some time, There tends to be a 7 to 10 year delay between the demonstration
of 2 new technology and 1ts introduction into new designs for fleet use. Then
an additional 10 or more years go by before these quieter ajrcraft make up a
substantial portion of the fleet so that they make a noticeable impact on
atrport-comiunity noise exposure. Thus, the second generation of quiated
aircraft (e.g., B-757 and B-767) using the Stage 3 technology developed 1n the
1570's is being produced for service in the 1980‘'s and will begin to impact
exposed communitias in the 1990's. Noise levels associated with stages 2 aNd
3 are presented in Table 4.5.
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TABLE 4.5

FAR-36 NOISE LEVELS BY STAGEa]

{TAKE-OFF LEVELS (EPNdB) (APPROACH LEVELS (EPNdB)
Seat Na.
Category Engines| Stage 2 Stage 3 Stage 2 Stage 3
100 2 90,9
3 97.9 39.9 103.9 100.2
4 95,9
i 2 92.8
140 3 100.3 95,8 104.9 101.3
4 97.8
. 2 94.8
200 3 1p2.8 97.8 105.9 102.5
4 99.8
2 96.8
280 3 105.3 99.8 106.9 103.6
& 101.8
2 88.6
380 3 107.5 101.6 107.8 104,7
4 103.6
-2 100.7
550 3 108,0 103.,7- 108.0 105.0
4 105.7
2 101.0
750 3 108.0 104.0 108.0 105.0
4 106.0

n)Saurce: Referance 5

R T T T A T
;,;.,-,;.l;,g,.,‘,;-_,u..u;..-.-w.q i
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DEMOGRAPHIC FORECASTS

Four general exposure parameters are defined to compare scenario
results, These are population, residences, area and program costs for the
soundproofing and for the relocation aspects of the tatal program. The
parameters are quantified primarily using selected output from NASA's Airport
Noise-Levels and Annoyance Model, or ALAMO (Reference 10),

ALAMO contains a large demographic data base manageément program
developed by CACI, Inc., and called SITE II. Using the SITE II datz base,
afrport-specific Demographic Profile Reports are generated by the ALAMD program
for each nofse level contour band (Ldn as follows: 55-60, 60-65, 65-70,

75-80, 80-85, 85+, 65-75 and 75+. A sample profile report is shown on
Figure 4.1, |

While the profile reports contain a wealth of valuable informatiocn,
the data is primarily based on the 1970 census.* Changing economic and
demographic conditions over the past 10 years, particularly with respect to
items sugh as population, households, housing units and structures and housing
and rental values may seriously erode the validity of using the direct ALAMD
output to estimate relocation and soundproofing costs for 1979 and for selected
forecast years. Accordingly, the procedure used to update selected demographic
varfables 1s described below.

Updating Procedure Framework

An important advantage of using the ALAMO data base for program
costing and fmpact evaluation was that it presents discrete data for a given
afrport based on specific noise level contour bands based on specific
assumptions regarding afrcraft fleet mixes, total departures, flight
procedures, runway use, etc., The SITE Il data base mentioned praviously
contafns demographic information by Census Tracts and each tract in turn is

S 3 it

*More current data {generally 1977) is available for selected variables, namely
total population, number of households and per capita income.
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designated by a centrofd. To synchronize census data with the aircraft noise
information, ALAMO provides demographic data as if it occurred in the centroid
of a census tract. Thus, changing demographic configurations around an
airport are reflected in the ALAMO output as a given band expands or contracts
{thereby varying the number of centroids affected) or as there is movement
batween specified noise level bands.

This factor was of added importance considering the fact that a
relatively large number of ALAMD runs were employed as part of the
soundproofing/retocation scenario development. Accordingly, the basic
framework of the updating procedure was 2 need to provide for automatic
updating of the ALAMO output without resort to time-consuming inclusion of
axternally derived site-specific updating parameters, This objective was
achfeved by a procedu%e based almost exclusively on the relationship between
the rate of change of two demographic variables -- total population and number
of households -- and the remaining varfabies of interest in program costing,*
Further, the rate of change for these variables can be determined directly
from the ALAMO output sfnce it contains two data points (i.e., 1970 and
1977).

Updntfnb Procedure

The updating was accomplished in two parts. First, selected
variables were updated to 1979 values to establish a suitable baseline.
Second, the 1979 values were updated to any desired forecast year., The
procadure has been computerized in ORI's ALAMO Report Generator Program
(DEMCON) whereby the user merely specifies the scanario name and forecast year
desired {Reference 11).

The 1970 values for population (P) and households (H) wera updated to
1979 baseline salues based on their respective annual compound growth rate as
follows:

#The derivation and rationale of the range of variables needed to determine
program costing are described in Chapter VI below.
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X1979 = ¥1970{1*7y) (1)

—

+

-
]

x = Ba170

where: X = variable of interest, either population (P) or
househalds (H)

r = compound growth rate

y = year for which updated ALAMD data is available
(normally 1977).

Population, Total population in 1979 was estimated by Equations (1)
and {2). The distribution of population by race was determined by applying
the same percantage distribution for 1970 population in the ALAMO demographic
profile report. Similarly, age distribution and median age were held constant
at their 1970 values. The male/female distinction in the 1970 census data was
dropped for the updates and a composite age distribution presented instead.

Households. Total households in 1979 was similarly calculated by
Equations (1) and (2). Average household size was determined by dividing
total population by total households. Note that it is possible for a given
afrport to experience a decline in total population with an increase in
renters, homeowners and housing units. This cccurs when the compound growth
rate for population is Jess than that for househalds. This occurs bacause the
siz2e of the "average" family unit is generally declining due to a greater
jncidence of single-parent families (an out-growth of the increasing divorce
rate), fewer children per family and reduced and/or deferred marriages Teading
to increased single-person families. These factors are reflective of the
changing demogra- phic characteristics/of the family unit experienced in the
past decade. The reduction in average household size means that a greatar
housing stock would be needed to accommodate any given population level,
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Number of Renters. The total number of renters for 1979 was
determinad by:

Rigze = Rygzp(lery)® (3)

whare: f = number of renters
ry = compound growth rate for households.

Note that total renters plus total homeowners does not equal total households.
This is because more than one household may reside in a single rental or haome
unit. Equatfon (3) maintains the number of multiple household units at their
1970 levels,

Percent Renters. This variable was held constant at its 1970 value.

Averaga/Median Rent, In the absence of afrport-specific information
on changes 1n rental values, it was assumed that rents rise in accordance with
national trends. While this assumption may have resulted in an over or under
estimate of 1979 rental values for a given airport, application of national
trends remains appropriate for costing at a national level. Table 4.6
prasents consumer price {ndexes for residential rent and home purchase using
1970 as the index year. Rental values {RV) for 1979 are:

vag?g = 1.50 vag'?o (4)
where: RV = monthly rental valué,

Note that examination of a number of ALAMO profile reports and DEMCON updates
showed renta) values for 1970 generally in the range of $150 to $300. This
range may appear tow, especially in reference to the perception of rental
values 1n a large metropolitan area such as Washington, D.C. However, a
number of factars would tend to deprass rental values around major commercial
airports. Such factors ara: (1) rent control extant in urban areas; (2)
blighted netghborhoods in the vicinity of atrports; and (3} the reduced
desirabiifty of housing in a high-noise impacted area.
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TABLE 4.6

CONSUMER PRICE INDEXES FOR RESIDENTIAL RENT
AND HOME PURCHASE, 1965-1979

RENT* HOME PURCHASE**
YEAR 1970 « 1.0 | 1979 = 1,0 | 1970 = 1.0 1679 = 1.0}
1965 0.88 0.55 0.82 0.43
1966 0.89 0.56 0.83 0.44
1967 0.91 0.57 0.85 0.45
1968 0.93 0.58 0.87 0.46
1969 0.96 0.60 0.53 0.49
1870 1.00 0.63 1.00 0.53
1871 1.08 0.56 1.08 0.56
1972 1.08 0.68 1,10 0.58
1973 1.13 | 0.71 1.12 0.59
1974 1.19 0.74 1,21 0.64
19785 1.25 0.78 1.36 0.72
1976 1.31 0.82 1.42 0.78
1977 1.39 0.87 1.52 0.80
1478 1.49 0.93 1.66 0.88
1979 1.60 1.00 1.89 1.00

*Source: Economic Report of the President, Transmitted to the Congress
January 1980, Table B-49, page 259. Converted from 1968=100.0

**Sourca: Ibfd, Table B-50, page 260. Converted from 15682100.0
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Number of Homeowners., The same procedure used to update number of
renters was used as follows:

HOy 999 = HO1g70 (L+ry)’ (5)

where: HO = number of homeowners
Ty = compound growth rate for households.

Percent Homeowners. This variable was held constant at its 1970

value.

Average/Madium Home Value. The naticnal trend for home purchasa
values {Table 4,6) was used as follows:

where: HY = home value.

As in the case with rental values, close proximity to a major ajrport tends to
depress home values.

Number of Units/Structuras. The 1370 ALAMD output presents the

number of housing units according to seven structure types, fncluding mobile
homes. The total numbér of units was updated to 1979 values by:

Uig7g = Uigrg (L4ry)? (7)

whera: U = total! housing units
ry = compound growth rate for households.

The total, updated units were then allocated by structure type according to
the same percentage distrihution extant in 1970, That s, if the housing
stock in 1970 consisted of 80 percent single family dwellings, 80 percent of
1979 units would sim{larly be $ingle family dwellings. Building patterns over
the past decade may in fact have caused a shift in the composition of housing
structures, as occurred 1n the viginity of Washington National Adrport with
the recent construction of a number of large, multi-unit structures,
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Deliniation of such shifts, however, was not possible within the procedural
framework for the update presented earlier.

The update for housing structures necessitated a two-step process
since total number of structures were not directly delineated in the 1970
ALAMO output. Accordingly, DEMCON first converted units to structures by
assuming that a prototype structure consists of the mid-point of the range of
units within each structure type as follows:

UNITS PER STRUCTURE

RANGE AVERAGE
1 1
2 2
3-4 3.5
5-9 7.0
10-49 29.5
50+ 75

The number of structures was calculated by dividing the number of
units by the average number of units per structure type, The 1970 percentage
distribution per structure type was then applied to 1979 values.

Note that mobile homes are excluded from the updating procedure,
This was based on the assumption that soundproofing would not be a viable
option for mobile homes. Furthermore, the relocation costing procedure
developed in Reference 12 {and summarized in Chapter V1) does not apply to
mobile homas since the homes would be physically transferred and set in a new

deyelopmant,

The omission of mobile homes would of course tend to underastimate total

relocation/soundproofing program costs, but not by a significant amount given
to relative scarcity of such homes in the relevant airport nofse contour areas.
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Update to Post-1979 Values, A different procedure was required to
update to post-1979 values. Since program costs were based on constant 1979
dollars, all variables containing a doliar value are held at their 1979 lavels
{e.9., per capita income, average/median rent and average/median home values).
Furthermore, the basic demographic shifts which led to smaller household and
family sizes in the past decade were noted earlier, There {s, however, a
practical limit to the decline in these parameters as, for example, the average
household or family size cannot fall bhelow 1.0. The decline in these
parameters is expected to level off at current values. Accordingly, the
variables also were held constant at their 1979 values.

A1l of the variables which do change in the post-1979 period do so at
the same annual compound growth rate, reprasented by the growth rate for
households, as follows:

ZT = 21979(1+rH)T'1979 (8)

where: T = the post-1979 year for which an update 1s desired

1 = variable of interest, namely total population, total
households, number of renters, number of homeownars
and number of units and structures (tatals and by
structure type).

Unlike the case for updating to 1979 values, the post-1979 values
will not have situations where a declining pepulation may give rise to a
larger housing stock. Rather, there is a direct correlation between the rate
of change of households and all the other demographic factors represented by
the variable "Z",

Under this procedura, a given airport may axperience declining
population in the perfod 1970 to 1979 and then increasing population in the
post-1975 era, This remains a reasonable {nference since, while the size of
an average household may decline, the nuclear household will navertheless
continue to produce progeny, leading to a population incraase in future years
as househald size is kept constant. An alternative approach would be use of a
coherent survival methodoTogy (Reference 13)., However, this approach did not
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fit within the framework for the updating procedure because: (1) historical
airport-specific data was not readily available; and (2) site-specific input
of these data (if available) would be required,

REPRESENTATIVE AIRPORT PROGRAM COSTING PROCEDURE

Estimatas of the four primary exposure parameters -- total population,
number of residences, area and program costs -- were developed for each
scenario using selected output and data from the following programs and
reports:

. ORI's ALAMD Demographic Report Generator Program or "DEMCOM"
(Reference 11).

. FAA's Integrated Noise Model, or "INM' (Reference 15).

. ORI report entitled "Procedures to Estimate Airport Residential
Costs" (Reference 12).

* Wyle Laboratories report entitled "A Study of Soundproofing
Requirements for Residences Adjacent to Commercial Afrports”
{Referance 14).

The derivation of the exposure parameters and selected other variables is
described below.

Rport Population

fir _‘:‘ -, PR A ot
A I e e

Total population for each of the salected Rports was obtained from
the ALAMO Demographic Profile Report, as updated by ORI's DEMCOM program
(Reference 11). Population 15 summarized for the soundproofing and relocation
phasas of the program respectively,

Number of Residences

The number of affected residences was similarly obtained from the
direct output of Reference 11. For purposes of this study, the concern was
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with each residential unit as opposed to the total number of structures which
may be exposed to adverse airport noise levels.

Area

Area in square miles for the soundproofing and relocation zones was
obtained also from Reference 11,

Program Cost-Soundproofing

The cost of soundproofing was predicated on the stated goal of
achieving an interfor sound level of L, 45 dB. Costs per residential
dwellings unit to achieve the stated criteria were developed using the
following approach (Reference 14). First, the noise reduction of existing
units was calculatad and combined with the exterior sound levels from airport
operations to determine the existing interior levels. The difference between
these levels and the stated criteria represents the additional noise reduction
to be provided by soundproofing. The modifications necessary to achieve this
additional noise reduction were then fdentified and costed,

The wide range of dwelling types and construction found in the U.S,
made it necessary to develop a series of categories. Single-family dwellings
were classified into four main types -- cne-story, two-story, hi-lavel and
split-Tevel. Multi-family dwellings were classified in terms of the number of
units contained, the categories being 2, 2 to 4, 5 to 9, 10 to 49, and greater
than 50 units per structure. For each dwe]iing category, interior configura-
tions were defined describing the number and size of rooms, and the type of
construction elements, 1.e., wall, roof, floor, ate., prasent in each room.
This data formed the basis for the calculation of noise reduction provided by
@xisting dwellings.

To caleulate the noise reductfon, the sound transmission characteris-
tics of each construction element were specified in terms of a single number,
called the exterior wall rating (EWR) rating. The EWR ratings of typical
dwelling elements were defined using a classification scheme covering ail
constructions common to the U.S, The scheme used the exterior wall and rpof
construction as the basis far classification, treating other elenents as
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subcategaries or potential options that may or may not be present in any
dwelling type. The Nation was divided into eleven regions, each one
incorporating areas of similar dwelling construction. In this way, it was
possible to specify the noise reduction of dwellings on a regional basis,
taking local features into account.

To determine the distribution of dwelling types in each region, and.
to obtain detailed information on local dwelling characteristics that affect
noisa reduction, field surveys were conducted at one airport in each region.
The airports surveyed were selected on the basis that the local dwelling
characteristics were representative of the respective region. The {informatiecn
obtained was used to identify the types of modifications most suitable for
soundproefing dwallings in each region.

The selection of soundproofing modifications required for construction
alements in each dwelling category in each region was made using a cast
optimization technique to achieve the interior noise c¢riteria at the least
cost. The costs for adding a ventilation system, required to replace the
natural ventilation that cccurs through leaks in the dwelling structure, were
then added to the costs for structural modifications to provide an overall
cost for soundproofing. Costs were originally developed in terms of 1981
dollars. However, these estimates were deflated to 1979 dollars for compati-
bility with the basaline scenario, which {is defined as 1979 operations and
1979 demographics,

Total soundproofing costs per Rport were determined by multiplying
the cost per residential dwelling unit by the number of unfts in the respective
rapresentative airport.

Regional Soundproofing Casts

As mentioned previously, the cost of soundproofing a residential
dwelling unit is strongly influenced by the construction characteristics of
the dwelling. The characteristics, in turn, vary considerably in different
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reafons of the country but are fairly consistent within a region. To capture
regional variations, the Nation was divided into 11 regions in which
construction patterns are fairly homogeneous (see Figure 4,2). A brief
description of each region is given below {Reference 14).

Region A: The Pacific Coastline. The climate is relatively mild as
far inland as the Sierra Nevada foothills., Additionally, this region contains
three major metrgpolitan sections: San Francisco - Oakland - San Jose
complex, Los Angeles - Orange - Riverside - San Bernardinge Counties complex,
and the San Dieqo County area, The population concentration is relatively
high, bringing with it the influx of skilled trades. Lumber s plentiful as
are aggregates for concrete, and most all other standard building materials,
explaining the proliferation of stud-and-stucco construction, modified by the
higher modified by the higher cost systems such as brick veneers. The higher
aconomic level of a metropolitan and industralized area permits use of more
axpensive methods and materials for assthetic purposes. Selsmicity for this
region 15 high and is an {mportant consideration,

Region 8: Inland Southern California, Southern Nevada, and South-

western Arfizona, Climate 1s a prime factor; hot, dry summers and ralatively
mild winters. Closely spaced metropolitan areas do not exist. Lumber is
jmported, but sand and aggregates for concrate block are plentiful.
Therefore, in this region, buildings will have a greater percentage of
concrete masonry. As a further incentive, concrete block structures are cool
in the long summers. The common stud-and-stugco combination is also popular,
as in this region it is again the most economical and durabie., Additionally,
maintenance 15 low for stucco In relation to wood, which needs paint more
frequently.

Region C: The Gulf Coast and Atlantic Coastline. This region enjoys
a relatively mild ¢1imate with high humidity, and is subject to violent
tropical storms. Clay for brick is relatively abundant, as is local lumber,
Therefore, less stud-and-stucco construction {s used as it is more susceptible
to moisture, and the brick and concrete black construction 1s more popular.
Whan wood framing is used, it is often protected by brick veneer. Because of
the high humidity and generous rainfall, concrete block is often protected by
axterfor plaster,
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Region 0: Eastern Seaboard and Inland to Central [11ingis. Both
¢1imate and concentration of popuiation comprise the prime influence here,
The ¢ifmate is quite cold for half the year and insulation properties are
impartant. B8oth brick clay and lecal Tumber are available, and the labor
availability in all trades is generally good.

Region E: New Yark City. Single-family dewallings are similar ta
those found in Region D, but the central urban area consists largely of row
houses and high~rise buildings.

Regions F and G: Central South and Great Lakaes {Western) Statas.
Although these regions have considerably different climates, the average
construction is similar due to economics., Lumber is local and plentiful, as
15 clay for brick. Away from metropolitan areas, union influences are not so
strang, and carpenters are fraquently jackeof-all-trades, laying brick and
block, installing gypsumboard or plastering.

Reqions H, J. and K: Central States. These regions of different
climatic conditions are governed more by economics than by climate. Most
parts of this region experience below-freszing winters and hot, moderately
humid summers. More important, however, {s the commonalfity that, with the
exception of very Tocalized spots such as the Seattle-Tacoma area, there is no
concentration of urbanization and industrialization. Consequently, the
economy of the region s the prime factor, and materials and construction
combinations giving best insulation at least cost are predominant. In this
region, the carpenter 1s fraguently the general builder. Matarial {nfluences
are again balanced between the easy transportabiiity of lumber and the general
Jocal avatlability of clay for bricks. Thus, the construction norms for
different parts of the reglon are similar for differeat reasans.

Region L: Hawaii., Generally lightweight construction for walls and
roofs, with heavy use of wood products. The climate 1s mild throughout the
year so that insultation is not required.
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Averdge residential soundproofing costs by region and by structure
type and L, are presented in Tables 4.7 to 4.9, Note that the costs vary
considerably among the regions. For example, Miami Internaticnal Airport
(which is the Rport representing the 13 afrports in Rport category A) is
Tocated in Region C, The cost of soundproofing a single unit dwelling fn the
Ldn 65-75 dB contour at Miami is thus $1,975. This amount is considerably
higher than the costs for an airport in Region H ($945) and lower for an
airport in Region E ($4,125).

Average soundproofing costs for the Rport categories was developed
according to the following procedure.

First, the 129 airports contained in the four Rport categories were
allocated to their respective regions (see Table 4.10). A weighted average
soundproofing cost per residential unit was then determined for each Rport
catagory by multiplying the number of airports within each region by the
applicable unit cost. Average costs per structure type and Ldn contour are -
presented in Table 4.11. The average unit cost {by Ldn,contnur and
structure type) for each Rport category is then multiplied by the number of
residential units for the respective Rport,

Pragram Cost-Relccation

The gost of relocation of residential properties was based on the
purchase of all such properties contained within the applicable relocation
zone, defined as either the L, 75+ dB noisé contour or, alternatively, the

dn 80+ dB noise contour. The approach used is as follows (and dascribed in
more detail in Chapter VI).

First, the provisions of the Uniform Relocation Assistance and Real
Property Acquisition Policies Act of 1970 were examined for their potential
applicability to the program. While 1t 1s not certain that the Act would in
fact apply to relocation efforts implemented by an airport proprietor, the Act
nonethelass provides a consistent, uniform basis from which costs may be
estimated. Cost elements covered by the Act are:

s Advisory service costs incurred by a relocation agency
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TABLE 4.7

AVERAGE RESIDENTIAL SOUNDPROOFIN? COsSTS:
SINGLE-FAMILY DHELBINGS
(1579 Dollars)

region Lgntontour §5-70 dB 70-75 dB 75-80 dB
A 2,235 4,980 " 10,995
B 1,200 2,665 7,045
c 1,975 4,640 9.450
0 2,150 6,355 12,970
E 4,125 8,160 15,465
F 1,545 3,265 8,590
¢ 2,150 7,300 13,830
H 945 4,295 11,685
J 2,320 6,615 12,800
K 1,805 5,155 10,050
L 3,265 8,935 15,635

8ourca: Raference 14.

bConvers1cn to 1979 dollars based on U.5, Department of Commerce Composite
Construction Cost Indexes of 232.3 and 199.6 for 1979 and Apri) 1981,

respectively (Reference 18],

4-29

R s e 8 e e




TABLE 4.8

AVERAGE RESIDENTIAL SOUNDPROOFING_COSTS:
MULTIPLE ~ FAMILY DHEBLINGS""
{1979 Dollars)

Ly Contour THO UNITS THREE TO FOUR UNITS
Regton 65-70 d8 70-75 dB 75-80 dB | 65-70 dB 70-75 d8 75-80 dB

A 585 2,490 6,015 685 1,80 4,555
B 770 1,630 4,295 770 1,460 3,610
c 685 1,720 2,665 685 1,460 3,610
D 600 1,030 2,575 600 860 2,150
g 600 1,030 2,578 600 860 2,150
F 685 2,920 5,585 600 2,320 4,380
G 685 2,920 5,585 §00 2,320 4,380
H 600 1,030 2,575 600 860 1,975
J 685 2,235 4,180 685 1,80 3,865
K 685 2,235 - 4,895 §85 1,890 4,125
L 685 2,150 4,465 §85 1,880 4,125

dsourca: Reference 14,

bt:t)nver's.ﬂ:m to 1979 dollars based on U.S. Department of Commerce
Composite Construction Cost Indexes of 232.3 and 199.6 for 1979
and April 1981, raspectively, (Refarence 18).
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TABLE 4.9

AVERAGE RESIDENTIAL SOUNDPROOFING COSTS:
MULTI - FAMILY UNITS (>5 UNITSaPER STRUCTURE)
FOR ALL REGIONE
{1979 Dollars)

Number of Unfts
Ldn Zone
5.9 16-49 50+
65-70 800 600 500
70-75 770 685 585
75-80 1375 1030 860

8source: Raferance 14,

bCanwér'sfcm to 1979 dollars based on U.S. Department of Commerce
Composite Construction Cost Indexes of 232.3 and 199.6 for 1579
and Apr11 1981, respectively (Reference 18).
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TABLE 4.10

DISTRIBUTICON OF AIRPORTS BY
SOUNDPROOFING REGION

REGION RPORT CATEGORY
Total
A B c D  Airports
A 2 - 4 7 13
8 - . 1 i 3
c - " 3 2 5
° ! - § 8 15
£ 2 - 5 11 18
F & - 10 17 33
G - 2 . . 1
" - - 3 9 12
’ 2 - s 12
K - - 3 1 4
L - - 1 3 4
Total
Alrports 13 1 44 7n 129

TR L s S ki b i 5 et
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TABLE 4.11

AVERAGE RESIDENTIAL SOUNDPROOFING COSTS BY
RPORT CATEGORY
(1979 Dollars)

STRUCTURE TYPE
Single  1-2 3-4 5-9  10.49 50+

Lyn Contour ‘ Family Units Units Units Units Units
gport Catagory A :

65-70 dB 2,210 670 630 600 600 600

70-75 dB §,030 2,310 1,850 770 685 GRS

75-80 48 11,000 4,840 .81 1,375 1,020 860
Rport Catagqory B

§5-70 dB 2,150 885 600 600 600 600

70-75 48 7,300 2,820 2,320 770 685 &85

75-80 dB ) 13,830 5,585 4,380 1,375 1,030 860
Rport Category C

65-70 dB 2,110 660 540 600 600 600

70.75. dB 5,240 1,95¢ 1,600 770 £85 6as

75-80 d8 11,1906 4,200 3,480 1,375 1,030 860
Rport Category O

§5-70 4B 2,240 850 630 600 600 600

70-75 dB 8,860 1,930 1,570 770 685 685

75-80 d8 11,890 4,160 3,370 1,375 1,030 860
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& Moving costs

s  Purchase price of rental property

#  Purchase price of owner-occupied units

s Replacement costs for tenants and homeowners

s Increased mortgage interest costs

e (losing costs on replacement housing

s Downpayments on replacement housing

o Income foregone for landlords suffering business disruption.

Not all of the cost elements listed above would apply to every person
displaced as a result of a relocation effort. Accordingly, four distinct
relocation cases were defined to categorize cost elements:

Case A ~- renters who remain renters

Case B ~~ renters who become homeowners

fase C =~ rental property to be purchaser

Case D ~- owner-occupied units to be purchased.

Casts per element were derived from a combination of national costs
{e.g., for mortgage interest rate trends) and cost values specific to the
reprasentative airport under study. Examples of the latter are average home
values and average monthly rental values within a specified relocation

contour,

A summation of the appropriate cost elements lead to derivation of
the total cost per relocation case. The final step 1n the methodology involved
muttiplying the cost per case by 1ts frequency of occurrence to estimate total
Rport relocation costs. Frequencies were similarly determined from a
comhbination of national trends and afrport-specific data. The afirport-
Spec1f1h data was obtained directly from the ORI DEMCON program output. Such
data includes number of renters, number of owner-occupfed units and number of
rental properties. The mix of renters who upon relocation are 1ikely to remain
renters (Case A) or to become homeowners (Case B) was based on national survey
data compiled from the Federal Highway Administration's experience under the
Relocation Act (Reference 16).
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As was the case for soundproofing costs, all relocation costs were
eéstimated in terms of constant 1979 dollars,

NATIONAL NOISE EXPOSURE ESTIMATION PROCEDURE

The concept of the representative airport enables a fairly smoath
transition from estimating exposed area and population for the four Rports to
astimating the 1ikely magnitude of noise exposure on a naticnal scale. From
the Rport development methodology presented in Chapter IIl, 1t was noted that
the representative afrports represent a number of distinct categories of
airports, Accordingiy, the magnitude of exposure parameters for each Rport
should, on average, be fairly represantative of the magnitude of all airports
within the relevant category. National exposure estimates can thus be
astimated by a two~step process as follows. First, parameter values for each
Rport are multiplied by the number of airports represented by the Rport. A
summation of the resultant category values then provides an estimate for
national values.

It bears emphasis here that the results of a national noise exposure
astimation procedure dre more complex, They are the end result of a
considerable amount of preparatory analysis which, as discussed elsewhere ip
this report, involved manfpulation of extremely large data bases, use of a
combination of airport-specific and naticnal information and of necessity
required the establishment of certain simplifying assumptions. Nevertheless,
the approach was intended to improve upon earlier technfques used to determine
representative airports and to generate national soundproofing/relocation
exposyre astimates. The primary ways in which this study differs from
previous studies (Refeience 17) are that demographic data contributed to the
determination of representative airports, real rather than psuedo-airports are
used and program expos. e estimatas ware developed from a "bottom-up"
approach. When considering any gfven afrport within a Rport category, the
extent of 1ts potential noise probiem (and, conversely, potential cost of
program implamentation) may be quite different than that of the representative
airport. Unique local features such as terrain, airport layout and nature of
air carrier operations are just some of the factors which cause the
differances.
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NOISE ABATEMENT FLIGHT PROCEDURES

Aircraft are capable of utilizing a variety of safe departure
procedures, each of which gaenerates different noise lavels and different
airport-environs noise exposure patterns. These differences are assessed in
the scenarios by examining three takeoff flight procedures.

Takeoff Procedures Description

In general, aircraft fnitiate takeoff roll with high thrust and
small-to-moderate flap settings (takeoff thrust and flaps). Shortly after
1ift-off, they retract landing gear and by 400 ft. height above the airport
(HAA) reach a stabilized all-engine climb speed which permits them to climb at
a safe but relatively steep gradient. At specified values of HAA, depending
upon the takeoff procedure, the afrcraft will retract flaps (cleanup) and
reduce or cut back the thrust to a specified setting. At some point in space
below 10,000 ft. HAA, the aircraft will ¢limb in a clean configuration, at
climd thrust, and at an airspeed not exceeding 250 knots (Keas) equivalent

airspeed).

A noise abatement takeoff procedure is an aircraft departure schedule
consisting of three flight path segments which can be {dentified by their
principal operational activities:

¢ - Ground roll and initial climb
¢ Thrust reduction ’
s Normal ¢limb.

Within each segmant may be several sections in which the airplane conducts
additional activities such as gear and flap ratractions, accelarations to
specified speeds, and thrust changes. The locations at which the activities
are fnitiated and their magnitude and duration are the factors that determine
the takeoff procedures' effectiveness for noise abatement.
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The principal differences in takeoff procedures that influence the
noise exposure patterns on the ground are cleanup before initiation of thrust
cutback (C/B), or vice versa; extent of cutback thrust (CBT); HAA for cleanup
and inftiation of CBT; and HAA for reapplicatfon of thrust when CBT is less
than maximum climb thrust (MCT). Following are brief descriptions of three
takeoff procedures that are examined in this report from the standpoint of
noise abatement:

AC 91-39, The Federal Aviation Administration has recommended a
departure procedure in Advisory Circular 91-39 which until recently was
supported by the Air Transport Association (ATA) as beneficial for the
reduction of community noise and pilot work load (Reference 19). The procedure
would reduce takeoff thrust (TOT) to maximum climb thrust (MCT) before cleanup.

ALPA/NWA Max. The Airline Pilots Association {ALPA) recommends a
procedure which, except for minor detafls, is similar to the one routinely
used by Northwest Airlines (NWA) (Reference 20). Both organizations claim
benefits for community noise {impact, fuel consumption, wear and tear on
engines and safety, The procedure would reduce TOT to a CBT egual to the
ene-engine-out certification requirement for thrust but only after
acceleration and cleanup.

ALPA/NWA Min., This procedure 1s similar to ALPA/NWA Max except that
TOT would be reduced to a CBT equal to MCT after acceleration and cleanup.

Schematics of the three takeoff flight procedures are presented in
Figure 4.3.

Each of the aircraft takeoff procedures has both advantages and
disadvantages for ncise control, depending upon the location of noise-
sensitive communities. A procedure that reduces thrust before cleanup has the
advantage of abating noise sooner than a procedure that reduces thrust after
¢leanup. However, the noise abatement resulting from the former may be lass
than the latter and may occur too close to the airport to benefit many people.
A procedure that employs a large thrust reduction has the advantage of maximum
noise abatement, but would be of no value if noise-sensitive communities were
not located where that advantage would be realized.
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A procedure that reduces power below climb thrust in order to minimize
the noise axposure for one community must ultimately reapply power to climb
thrust, which may increase the exposure for another community. When comparing
two procedures, one with larger thrust cutback than the other, there will be a
crossover point at which both procedures will produce the same noise level on
the flight track. Inside the crossover point {toward the airport), the larger
cutback procedure will produce less noise, but outside the crossover point, .
the reverse is true (Reference Z21),

Proceduras to Assess Noise Abatement [mpacts

The noise abatement implications of the three flight proceduras were
quantified in terms of the four general exposure parameters by means of the
ALAMO program output. Recall from Chaptaer III that a complete INM run 1s
required as input to ALAMO. The INM, in turn, requires as input detailed
aircraft f1ight path and performance schedule data, Separate schedules had to
be developed for the AC 91-39, ALPA/NHA MAX and ALPA/NWA Min flight
procedures,*

Modified analytical algorithms for constructing aircraft flight path
and performance schedules for the specifiad operational procedures were
developed from References 22 and 23, These algorithms were derived from
fundamental aircraft and performance relatfonships or from aperational charac-
teristics applicable to specific aircraft types. Based on these algorithms, a
computer model was developed with which the requisite INM input data were
generated. '

*Schadules for the AC 91-39 procedures had to be 1ndependently developed to
ensure consistency with the other two procedures.
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V. SCENARIO DESCRIPTION AND PROGRAM IMPACT

The stage has been set in the prior chapters for the presentation of
scenarios which capture the impacts of selected airport noise control
measures. Impact quantification is achieved by examining the four exposure
parameters in both absclute and relative terms. Scenarias in turn are
developed by varying four major factors which strongly influence the extent of
airport-community noise exposure, namely:

. Afr carrier fleet year -- incorporates the mix of aircraft types
and series in either the baseline 1979 or selected forecast year

. Demographic year -- reflects growth, if any, in population and
demographic variables

. Fiight procedures -- reflects one of three takeoff flight
procedures

. Airport procedures -- peflects use of priority runways and
flight tracks.

A fifth factor, extent of soundproofing assistance zone, does not directly
impact ncise exposure. Rather, it relates to program cost by examining the
benefits of offering soundproofing in lieu of relocation assistance to
residences within the L, 75 to 80 dB contour zone.




SCENARIQ DESCRIPTION

When the term “scenario” is used, it applies to a discrete set of
assumptions for each of the four factors. For example, scenario 2.3 refers
to: (1} year 2000 fleet mix; (2) demographic data held constant at values
projected to year 1990; (3) use of takeoff flight procedure AC 91-39; and (4)
avan distribution of operation on appropriate runways and straight in and out

flight tracks.

The term "scenario group" refers to a combination of scenarios
according to noise abatement alternative. The five scenaric groups are
described below and summarized in Table 5.1 in reference to national
populatiaon, area and residences exposure estimates. Selected exposure
parameters for the four Rports are provided in Appendix A.

BASELINE AIR CARRIER FLEET

This scenario group reflects a situation whereby the fleet mix and
level of air carrier operations change over time from 1979 base values through
farecast year 2000. fLand use patferns are assumed to continue to evolve much
as they had in the pre-1979 era., This is represented by updating the
demagraphic variables to the corresponding fleet mix year.

Note that as the fleet mix changes over time, a greater number of
existing, relatively noisy aircraft are replaced by newer, quieter airecraft
types and series (see Chapter IV). The result is a dramatic reduction aver
time in the number of people exposed to adverse alrport noisa levels, even in
the face of populaticn growth in affected airport communities and increases in
ajrcraft departures.

National exposure parameters for years 1979, 1990 and 2000 are
presented in Table 5.2. Taotal population exposed to noise levels in excess of
Ldn 65 dB drops from 7.6 million in 1579 to 3.6 million {n 2000, a decrease
of 53 percent. The decrease in population exposure is even greater in the
greater than L, 75 dB noise contour (65 percent) than in the Lyn 65 t0 75
dB contour (51 percent). This {s because areas of highest noise impact tend
to be ¢loser to the airport boundary and conversely areas with lessar impact
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TABLE 5.1
NATIONAL NOISE EXPOSURE SCENARIO SUMMARY

EXPOSURE PARAMETERS

Scenario fleet Demographic Flight Flight b/ v
Kumber Year Year Proceduras Track Population~ Area Residences=
Baseline Alrcarrier Fleat:

1.1 1979 1979 AC 9)-39 Stralght 7,581 2,107 2,10
1.2 1990 1690 AC 91-39 Stralght 5,250 1,756 2,049
1.3 2000 2000 AC 91-2% Strafght 3,628 1,073 1,369
Land Usa Control Implications:

2.1 1990 1979 AC 91-39 Straight 4,376 1,756 1,113
2.2 2000 1919 AC 91-39 Straight 2,287 1,073 873
2.2 2000 19%0 A 91-39 Straight 2,885 1,073 1,004
Altgrnative Flight Procedures:

3.1 1979 1879 ' ALPA/HHA MIK Straight 6,58 1,660 2,555
1.2 2000 2000 ALPAZIMA MIK Straight 4,290 1,294 1,631
1.3 1979 1979 ALPA/IMA HAX Straight 5,117 2,121 1,922
1.4 2000 2000 ALPAJHHA NAX Stralght 4,898 1,370 1,045
Alternative Flight Tracks:

i1 1919 1979 AC 51-39 Curved 3,014 2,548 1,186
4.2 1930 1979 AC 91-39 Curvad 1,768 1,654 687
1.3 2000 1979 AL 91-19 Curved 834 1,001 320
tioise Abatement Combinationsd/

§.1 2000 1990 ALPA/IMA MIN 1-3 3,422 1,294 1,328
5.2 2000 1979 ALPA/IMA MIR 1-3 2,830 1,294 1,089
5.3 2000 1990 ALPA/IHA MAX 1-3 3,980 1,370 1,506
5.4 2000 1979 ALPA/HHA MAX 1-3 3,231 1,370 1,243

—
ry

ﬂ-’nnﬂncts fmplications of land use control for alternative flight procedures and notse source contral.
—-/Populul.ian and arca {n thousands.




TABLE 5,2

NATIONAL NOISE EXPOSURE ASSOCIATED WITH
CHANGES IN AIRCRAFT FLEET MIX AND OPERATIONS

NOISE LEVEL (LDN)

EXPOSURE PARAMETER 65 to 75 75+ TOTAL

1879 Fleet

Population (1,000%s) 7,160 394 7,553
_ Area (Sq. Milas) 2,286 420 2,707
| Residences (1,000’s) 2,805 135 2,940
' 1590 Fleet
Population (1,000's) 4,962 288 5,250
Area (5q. Miles) | 1,453 303 1,756
Residences (1,000's) 1,954 g 2,049
2000 .Fleat
Fopulation (1,000's) 3,489 1338 3,628
Araa {5q. Miles) 894 178 1,073
Residence_s {1,000's) 1,328 41 1,369
1
!
|
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tend to be further removed. High impact areas are also concentrated at runway
ends. As ajreraft source levels are reduced, the nofse contours tend to
shrink in towards the airport boundary. Once inside the boundary, there is ne
community impact due to the lack of residential properties,

The relationship between area and population in the context of
shrinking noise contours is presented in Tables 5.3 and 5.4 for the Miami and
San Antonio Rports. 1In 1979, both Rports show a population impact for all
contour bands except Lgn 85 ¢ dB. Both area and population impact are less
in 1990, but more significantly the shrinking contours result in the partial
subsuming of the Ldn 80 + dB contours efther within the airport boundaries
or within areas with no residential development. The inward migration of all
contours also causes residences in the outer contour bands no longer to be
impacted by adverse airport noise levels. For example, as Miami's Ldn 65 to
70 dB contour shrinks from 46.3 to 13.4 square miles between 1979 and 2000,
respectively, the noise problem i5 in essence eliminated for residences in a
32.9 square mile area. A similar situation is extant in San Antonic. HNote,
however, that this Rport shows a reduction in impacted area between 1990 and
2000 but that population actually increases during the 10 year period. This
is caused by a population growth rate high encugh to more than offset the
substantial reduction in noise impacted area.

LAND USE CONTROL IMPLICATIONS

A major problem faced by many air carrier airports is the
ancroachment of non-compatible residential construction into areas adversely
impacted by afrport noise, Airport proprietors find that the benefits which
might otherwise accrue from noise abatement actions are mora than offset by
this encroachment (see, for exampie, Table 5.4). Thus, while the area exposed
to say L, 75+ dB contracts over time, more people and residences are
affacted due to demographic growth.

Agressive noise compatiblity planning and implementation would help
assure that noise control benefits are actually achieved, as measured by an

absolute decrease in population exposed. The analytical toois available for
this study did not permit site-specific examination of local tand use
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TABLE 5-3

RELATIONSHIP OF IMPACTS AREA TO POPULATIONE/
: (Mtami Rport)

Contour Band 1373 1330 200 23

{Ldn d 8} Arca Population Area Population Area Population Area Population
55-60 229.6 17%.0 139,1 173.3 81.4 119.9 109.0 125.5
60-65 100.6 136.7 78.1 148,13 3.0 127.1 47.5 124.5
65-70 46,3 142.1 28.3 108,2 13.4 65,6 17,0 7.7
10-75 14,4 73.8 9.2 51.9 6.5 30.4 1.9 40,7
75-80 6.5 11.8 4.8 5.8 2.5 0.8 1.1 3.8
80-85 2.8 o U 1.9 1.4 1.0 1.7 1.3 1.7
05+ 1.6 - 1.4 - 0.8 - 1.0 -
65-75 60.7 . 216.0 37.5 166.1 19,1 95.9 24.9 118.5
76+ 11.1 13.1 8.1 1.2 4,4 2.5 5.3 5.4

EjArea {n square miles; population in thousands.
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TABLE 5-4
RELATIONSHIP OF IMPACTED AREA TO POPULATION/

(San Antonio Rport)

Contour Dand 1979 1590 2000

(Lgq 4B} Area Populaticn Area Population Area Population
§5-60 106.6 153.8 58.5 123.4 34.3 79,6
6065 51.1 88.8 24,6 70.6 1.5 " 718.8
65-70 17.3 48.0 9.0 21.5 6,5 15.0
70-75 6.6 16,3 4,2 18.8 3,2 26,6
75-80 2.7 1.6 1.7 1.6 1,3 -
8085 1.0 - 0.6 - 0.4 -
85+ 0.7 - “ 0,4 - 0.3 -
65-70 231.9 64.2 13.2 40.4 9.7 41.6
75+ 4.4 1.6 2.8 1.6 2,0 -

Ejﬁrea in square miles; population 1n thousands.
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patterns. As a proxy for land use control, normal demographic growth far each
Rport was held constant at selected years. There is a certain amount of lead
time associated with implementaton of any major new program. A comprehensive
soundproofing/relocation program certainly would not be an exception to this
general propasition. A lead time of 10 years is thus assumed. That is, for
fieet mix year 2000, demographic values are held constant at their 1990
levels. Holding these values constant at 1979 Tevels also is presented to
quantify the “opportunity" loss caused by program lead time.

Two points are useful in clarifying land use impiications. First,
the area impacted for any given fieet mix remains the same with or without
land use controls. What land use controls do s to vary the affected
population and residences for a constant area, Second, all program costs are
in terms of 1979 dollars. Thus variables which are monetized {such as average
home value) do not change over time. Only non-monetized varfables change,
such as number of homeowners. The table fmmediately below summarizes the
benefits of land use contro} which restricts growth in areas of high airport
noise,

Year 2000 Population (in
thousands) by Lan Contour

Land Use Control Implications §5 to 75 75+ Total
Unrestri;ted Population Growth | 3,489 139 3,628
o Growth After 1990 2,766 119 2,885
No Growth After 1979 2,185 101 2,287

A measure of the opportunity loss 1s that population growth between years 1979
and 2000 would expose an additional 1.4 million people to adverse noise
levels. Another way to look at land use control is to consider that over the
21 year perfod, there would be a major turn-over fn populatfon. Many people
currently Tiving in a high noise area would move out, to be replaced by new
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residents migrating into the area. If population attrition was not replaced,
the opportunity loss would be even greater,

ALTERNATIVE FLIGHT PROCEDURES

The general characteristics of the three takeoff flight procedures
examined in this study were described in Chapter IV, Unlike the abatement
measures discussed above, use of alternative flight procedures does not offer
the opportunity for generally uniform improvements in airport-environs noise
levels. A1l three takeoff flight procedures are comprised of threas flight
path segments which are identified by their principal operationai
activities.* However, the procedures differ with respect to the location at
which these activities are initiated and the sequence of their occurrence.
Thus, a procedure which specifies thrust reduction early in the takeoff
aperation would tend to reduce noise lavels close-in to the airport boundary.
However, thrust must later be reapplied thereby increasing noise exposure to
areas further removed, The net resuit is that the procedures tend to shift
the locus and intensity of impacts between areas.

A "cross-over! point s represented in Table 5.5 which compares the
impact of the three flight procedures for the La Guardia Rport for fleet yasar
1679. The AC 91-39 procedure has the advantzge of reduging noise exposure to
araas most severely affected by airport noise, namely the greater than Ldn
75 dB contours. However, these areas are relatively small and generally have
lower population densities, This is to be expected since the areas contain
the airport proper, safety considerations limit the height and location of
residential structures and the high noise levels tend to make the area
unattractive for residential development.

The cross-ovaer point is reached near the end of the Ldn 70 to 75 dB
contour band. Here, area impacted is greater both relative to the other
flight procedures and to the area closer in to the airport. As a general
rule, the greater the area impacted, the greater the population impacted,

*The aircraft performs various operational activities such as landing gear rea
traction, flap retraction, acceleration and thrust adjustments,
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TABLE 5-5

AREA TMPACT OF ALTERNATIVE FLIGHT PROCEDURES

LA GUARDIA RPORT
(Square Milas)

FLIGHT PROCEDURE
Noise Contour -

{Lgn 4B) AC 91-39 ALPA/NHA MIN ALPA/NWA MAX
60-65 106.1 94.1 95.2
65-70 46.2 7.4 19.4
7075+ 15.2 13.0 10.3
75-80 5.9 7.2 6.9
80-85 2.4 3.4 3.3
85+ 1.4 1.5 1.5

*Denotes "cross-over" point where AC 91-39 flight procedures results in
relatively greater noise exposure.
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The effects of the ALPA/NWA Min flight procedures are basically the
converse of those for the AC 91-39 procedure. Impacts increase closer to the
airport boundary and decrease further away. The ALPA/NWA Max procedures
generally produces the same results, except that noise abatement is
significantly greater in the Ldrl 65 to 75 dB contour area.

Total population exposed to adverse noise levels for fleet year 1979
{(from Table 5,1) for the three flight procedures is estimated as follows:

] AC 91-39 -- 7.6 millian
. ALPA/NWA Min -~ 6.6 million
. ALPA/NWA Max -- 5.1 million

Population impacts by Ldn dB contour for the four Rports and on a
national basis are summarized in Table 5.6. HNote that the ALPA/NWA Max
procedure more than doubles the population axposed to Ldn 75 + dB as
compared to the AC 91-39 procedure. The question thus arises who should be
offered relief? The choice becomes one of the greatest good for the greatest
number versus concentrating first on those most severely impacted.

An interesting phenomena occurs in the post-1979 period. For fleet
year 2000, total population exposed is:

. AC 92-39 -- 3,6 million
. ALPA/NWA Min -~ 4.3 miilion
° ALPA/NWA Max -- 4.9 million

Here not only does the AC 91-39 procedure result in the lowest population
impact, but program costs are lowest as well, The AC 91-39 procedura results
in lower impact for both the L, 65 to 70 dB and the Lan 75 + dB contour

areas (see Table 5.6). The primary reason is that the air carrier fleet mix
has changed to generally replace aireraft powered by low by-pass ratio engines

5-11

o st AT B VU
B3l e

g



21-¢

TABLE 5-6
POPULATION IMPACT OF ALTERNATIVE FLIGHT PROCEDURES
{thousands)

1979 Fleet Year

2000 Fleet Year

RPORT 65-70 70-75 75+ 65-70 70-75 75+
La Guardia, WY

AC 91-39 983.5 353,90 83.Q 34,2 136,9 15.2

ALPA/NHA MIN az24.1 295.2 121.9 172.8 63,0 19,1

ALPA/NHA MAX 526.8 209,7 112.5 274.9 2.8 19.6
Hiami, FL _

AC 91-39 142.1 73.9 13.1 30.4 65.6 2.5

ALPAJNHA MIN 120.5 61.7 24.3 64.4 40,7 5.5

ALPA/NHA MAX 719.0 A6.6 22.2 47.1 62.1 5.5
San_Antonio, TX

AC 91-39 48,0 16,3 1.6 15,0 26.6 .

ALPA/NHA MIN i8.4 10.7 3.9 25.3 26,6 -

ALPA/NHA MAX 24.8 17,2 3.7 34.5 26.6 -
Sloux Falls, SD '

AC 91-39 2.0 . 0.7 1,0 3.4 - 1.2

ALPAZNWA MIN 1.8 2.0 0.9 K - 1.3

ALPAZNWRA MAX 1.8 2.0 0.9 3.4 - 1.3
National

AC 91-39 5085,0 2081.0 394.0 1,33t.0 2,160.0 139.0

ALPA/NWA MIN 4208.0 1710.0 670.0 2,350.0 1,762.0 182.0

ALPA/NHA MAX 2113.0 1714.3 891.0 2,647.,0 2,070.0 183.0
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with aircraft powered by high by-pass ratio engines. Reduced thrust levels
achievable with the high by-pass ratio engines does not result in as much
noise reduction. Thus the AC 91-39 procedure {which achieves more altitude)
is much more attractive from a noise abatement viewpoint.

An airport proprietor might well consider employing the ALPA/NWA Min
or Max procedures in the near-term, and then shift to the AC 91-39 procedure
in the mid-term as changes in fleet composition warrant. The noise prediction
methods discussed elsewhere in this report and in the FAA's Part 150 rule
offer the opportunity to seiect the most appropraite flight procedures
consistent with an airport's overall noise abatement policy.

EXPANDED SOUNDPROOFING ZONE

This scenario group explores the advantages of expanding the
soundproofing assistance area from Ldn 65 to 75 dB to Ldn 65 to 80 dB. As
mentioned previously, this option would not affect the number of people
affected by adverse airport-environs noise levels, but instead provides a
procedure which can be adapted to the type of housing and housing patterns at
an airport. It also provides a mechanism to better accommodate the desires of
residents for whom soundprocfing or relocation is praposed.

Soundproofing Zone Selection

‘The primary soundproofing zone was selected based on a number of
factors. First was the feasibility of soundproofing residential units to
achjeve the desired goal of an interior noise not to exceed Ldn 45 4B,

There was the recognition that while soundprocfing might not be wholly
satisfactory to impacted people because their enjoyment of the outdoors would
sti1l be 1imited, they could at least escape to the privacy of their homes and
enjoy a good n{ght's sleep, family conversation and relaxation around the
talevision or stereo without the nerve-racking disruption of over-flying
afreraft. But there nevertheless are 1imits to the level of outdoor noise
that people should be forced to endue on a long-term, sustaining basis. If
the outdoor sound level is too excessive, the escape to the indoors might be
tantamount to confinement. The pleasure of ocutdoor sports, picnies or just
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relaxing in the sun would largely be removed. Another facter concerned the
cost of soundproofing: the greater the attentuation required to achieve an
interior level of Lyn 95 dB, the greater the associated costs. The genera)
soundproofing modifications are:

. Lin 65 to 70 dB -- sealing leaks and improving weatherstripping

. ban 70-75 -- as above, plus installation of storm windows,
storm doors and roof insulation, as necessary

. bdn 75-80 ~-- as above, plus modification of walis to include
addition of insuiation, as necassary.

As would be expected, the greater the sound attenuation needed to achieve an
interior level of Ldn 45 dB, the more extensive the modifications must be
and costs are increased accordingly.

Consideration of tha expanded 50undproof1nglzone was similarly based
on technological, cost and compatibility with living conditions.
Soundproofing apartments where pe0p1é normally do not spend an appreciable
amount of time on the grounds outside the building should impese a minimum
impact on the life style of the residents. This is particularly relevent when
soundproofing provides a program alternative to relocation. Recent studies on
soundproofing practices have demonstrated that adequate attenuation can be
provided for residences in areas expcsed to an Ldn 75 to 80 dB nojse level.
The associated costs, although higher compared to the primary soundproofing
zone, are not excessive. TakKing average costs for Rport category C as an
example {(see Table 4.11), soundproofing a single unit structure is estimated
to cost $5,240 in the Ldn 70 to 7% dB contour and $11,190 in the Ldn 75 to
80 dB contour, an increase of 113 percent. However, as the number of units
per structure increases, the structural modifications are less and the cost
nultiple s significantly reduced. For example, the cost differential for
structures of greater than 50 units 1s much more attractive in both an
absolute and relative sense ({.e., $685 versus $860, a 26 percent increase).
An analysis of 10 airports, which included the four study Rports, compared
total soundproofing/relocation costs with the relocation threshoid at Ldn 75
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dB versus Lyn 80 dB. Total program costs for the 10 afrports was 65 percent
for the expanded soundproofing zone.

The policy implicatiens of an expanded soundproofing zone involve
important trade-offs. Enjoyment of the cutdoors would of course be more
severely impaired given the higher outdoor noise levels. But soundproofing
does offer the possibility of minimizing the social, economic and political
disruption which might otherwise be associated with a broad relocation
effort, This point {s the crucial factor: soundproofing becomes an aption
for relocation. And this option need not apply across the board for all
residences within an Lan 75 to 80 dB contour.*

The Chapter II issue analysis noted that the contour lines are not
precise, but are subject to a margin of error. Also, a relocation area in all
1ikelihood would not be inflexibly defined. It would tend to follow natural
boundaries such as roads or streams and would tend to avoid bifurcating small
neighborhood enclaves. Furthermore, local residents,.although desiring to be
afforded relief from excess noise levels, might vehemently oppose a relocation

. affort. Opposition is likely to be more pronounced if relocation resulted in
tha split-up of ethnic and gther neighborhoods where a strong sense of
comunity ties exists.

Program Exposurs Implication

-An expansion of the soundproofing zone means that residences which
would otherwise be candidates for relocation would become candidates for
soundprocfing. Since per unit costs are significantly less for soundproofing,
the shift would reduce total implementation costs. This relationship is
presented in Table 5.7 for the Miami Rport and for fleet year 1979. Combined
costs per residential unit are estimated at $3,691, comprised of an average
unit cost of $2,064 for soundproofing and $34,480 for relocation., The
expanded zone lowers combined unit costs to $2,530, a 31 percent reduction.

*The study impact estimation procedure did not allow for a split of sound=-
proofing and relocation within a given contour area. However, comparison of
impacts associated with a primary versus an expanding soundproofing zone doas
pF?vide insights into the implication of a mixed relocation and soundproofing
effort.
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TABLE 5-7

COMPARISON OF PRIMARY AND EXPANDED SOUNDPROOFING ZONES
Miami Rport

|_Expeosure Parameter Soundpraofing -Relocation Total
Primary Zone?
Population (thousands) 216.0 131 229.1
Area (square miles) 60.7 11.1 71.5
Rasfdences (thousands) 93.0 5.0 99.0
Program Casts ($ mi1lions) 193.1 172.4 365.4
Cost per Residence 2,054 34,480 3,691

Expanded Znneb)

Papulation (thousands) 227.8 ' 1.3 2891
Area (square miles) 67.1 4.6 n.s
Residances (thousands) 98.8 0.5 99.3
Program Costs ($ millfons) 233.5 17.7 251.2
Cost per Resfdence 2,363 35,400 2,530

°)Def1nad as L,, 65 to 75 dB for soundproofing eligibility; Lan 75 + for
relocation a?fgib111ty. '

b)Defined as L,, 65 to B0 dB for soundproofing eligibility; Ly, 80 + for
relocation affgib111ty.

c)Variatiun in total resfdences due to application of different grow rates
for demographic updates,
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Soundproofing unit costs are higher under this option, since costs
are uniformly greater the more attentuation fs required. The example for the
Miami Rport also shows a slight increase in relocation costs (3 percent).
However, such an increase would not occur in all situations. Rather, unit
ralocation costs are strongly dependent on housing values. At many commercial
air carrier airports experiencing adverse noise Tevels, the quality of the
housing stock is Tess the closer the residence fs to the airport boundary
(where noise levals are generally the highest). The result is the expanding
soundproofing zone may actually decrease relocation unit costs. On a totai
program cost basis, the option would offer a reduction from $365 millicn to
$251 million.

~ As the fleet mix changés over time, however, the program cost savings
of an expanded soundproofing zone are not as pronounced. This is primarily
attributable to the use of quieted aircraft which achieve the greatest
reduction in noise exposure for areas closest to the airpeort. By the year
2000, thera are proportionally fewer residences in the Ldn 75 to 80 dB
contour area, with less attendant cost savings of an expanded soundproofing
2one.

AIRPORT PROCEDURES

Caleulation of the percent reduction in the number of people impacted
by aircraft nojse at a given level as a result of going from straight in and
out flight tracks with even runway distribution of take-off operations to the
use of preferrential runways and curved flight tracks involves several
approximations. Not having complete information on localized situations in
this study, some gpportunities for improvement are missed and some assumed
opportunities would not work cut as expected. It is also recognized that some
airports currently are using preferential runways to lower the noise impact on
people,

Other airports are using runways which point toward aircraft
destinations which happen to increase the number of pecple impactad by a given

afrcraft noise laval. Thus, both the base calculation of the aircraft noise
exposure used in this study as representing current and future operations and
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the percent reduction in noise predicted to result from the use of
preferential runways and curved flight tracks are approximations. Only by
making studies at individual ajrports can the noise exposure reduction be

accuyrately determined.

A comparison of the potential benefits of using altarnative ajrport
proceduraes is presented below:

Population (1,000's)

Fleet Year Straight Curved
1979 7,553 3,014
1990 4,376 1,756
2000 2,287 a34

The exposure estimates, summarized from Table 5,1, are based on restricting
demographic change to 1979 values. Reducations in population exposed to noise
levels 1in excess of L, 65 dB range within a narraw band of 36 to 40 percent
for the three years considered. It 1s interesting to note, however, that
impact area is reduced by less than 7 percent. This result is to be expected
vhen it is noted that aiternative airport procedures have minimal impact on
noise redyction; rather, the procedures redirect the impact to areas with
relatively less populatien density.

The majority of this study focused on the four Rports. For
alternative flight procedures, six additional afrparts were considersd to
better capture the widely varying demographic patterns arcund the Nation's
airports. Population exposure related to these ten airports is presented in
Table 5.8. For these airports as a group, alternative airport procedures
reduyce popuiation exposure by 80 percent as compared to the 36 to 40 percent
reduction noted above. However, the reduction varies considerably among the
airports. For example, La Guardia is virtually surrounded by fairly dense
housing patterns thus making it difficult to re-direct aircraft operations to
minimize population exposure. The reverse is the case for airports such as
Los Angales, where a significant number of daily operations can {and are)
directed over the Pacific Ocean thereby virtually avoiding developed areas.
Where water barriers exist, the benefits of alternative airport procedures can
be expected to continue into the future, Such may not be case for Jand-locked
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TABLE 5.8

POPULATION COMPARISON OF STRAIGHT VERSUS
CURVED FLIGHT TRACKS AND PRIORITY RUNWAYS

(1979)

AIRPORT. ' STRAIGHT CURVED aggﬁg$¥gu
Dayton (DAY) 9,745 2,270 77
Sfoux Falls (FsD) 1,630 982 73
Indiannapolis (IND) 17,915 7,798 56
Los Angales (LAX) 399,276 102,957 74
Memphis (MEM) 106,045 40,529 62
Chicago (ORD) 657,495 174,882 73
New York Kennedy (JFK) 380,306 224,938 41
San Antonio (SAT) 65,828 23,833 64
Miamf (MIA) 229,177 76,688 67
New York La Guardia (LGA} 1,420,354 1,001,241 30

TOTAL 3,290,371 1,656,108 50
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airports surrounded by land suftable for development but not as yet
appreciably occupied, Absent Tand use compatibility controls, options with
respect to alternative airport procedures may well be limited over time.

SUMMARY

It is evident from the preceding discussion that an airport
proprietor has available an number of options and perspectives from which to
_address the airport-community noise exposure problem. But for all Rports
addressed in the study (which are in turn representative of 129 actual
airports), the nofse control options would not eliminate adverse noise impact
by the year 2000. They merely provide mechanisms by which the residual noise
problem might be minimized,

Five general perspectives may be used in selected options. These are:
e  Minimize total soundproofing/relocation program costs

e Minimize the highest adverse noise exp55ure

] Minimize total adverse noise exposure

e Minimize residential relocation,

‘. Pravent additional incompatibilities.

Implementation of effective noise compatibility land use controls

_ would promote all policy options by preventing encroachment into noise
sensitive areas. Consideration of an expanded soundproofing zone would reduce
total program costs and minimize residential relocatian by limiting
eligibility for this type of assistance. Consideration of alternative flight
proceduras offers a mixed bag of benefits. For fleet year 1979, the ALPA/NWA
procedures reduce the noise exposure for residents furthest from the afrport
but increase exposure for areas closer in. The net effect s that totai
adverse nofse exposure 15 reduced but total program costs are greater due to
the greater incidence of relocation eligibility (i.e., exposure to Lan 75 +
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dB increases). The converse holds for the AC 51-39 procedures. For fleet
year 2000, the AC 91-39 procedures would have a beneficial impact on atll

policy options.

" The magnitude of the policy option impacts varies among Rports and,
by definition, AVport categories. Table 5.9 summarizes the populaticn
gxpasure and program costs for fleet year 2000 and the AC G1-39 flight
procedures, The baseline case refers to year 2000 demographics and land use
control is assumed to 1imit population change to 1990 levels. The 1590
demographic year applies to the expanded soundproofing zone.

The projected statist{ics show that LaGuardia actually 1ncreases
population levels between years 1990 and 2000. This results from the
projection methodology which applied the pre-1979 growth rate to future
years, For LaGuardia, the rate was negative. This does not, however, mean
that land use control offers a disbenefit., As noted previously, the
methodology could not capture the impact of population and residential
construction turn-over. The cost benefit of an expanded soundproofing zone f{s
substantial due to the relatively large population residing the L, 75 to 80
dB contour.

The Miami Rport was projected to experience moderate population
growth, leading to a moderate henefit of land use contrel. The expanded
soundproofing zone option would change the mix of relocat{on versus
soundproofing assistance for some 700 people. Total program costs would be
reduced accordingly, '

For San Antonio, the projected demographic growth rates are quite
nigh, leading to a significant reduction in population exposure resulting from
land use controls., Note that the lack of pecple in relocation zone. This
results from a combination of the use of quieted aircraft and the general lack
of residences close to the airport boundary.

The converse is true for the Sioux Falls Rport. Here, there 15 a
pocket of people extremely close to the airport boundary who even in year 2000
would be exposed to noise levels 1n excess of Ldn 75 d8B.
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TABLE 5.9

COMPARISON OF ABATEMENT ALTERNATIVESE/
(Fleet Year 2000)

Population Exposed {Thousands) Pr%g::m
RPORTS Soundproafing  Relocation Total ($ Millions)
LaGuardia, NY
Baseline 171.1 15,2 186.3 191.1
Land Use Control 173.9 15.2 189.1 152.0
" Expanded Soundproofing
Zone 186.4 2.7 185.1 125.8
Miam{, FL
Baseline . 95.9 2.5 58.4 122,86
Land Usa Control 81.8 2.1 83.9 100.6
Expanded Soundprocfing ' |
Zone 82.4 1.4 83.9 §7.1 ‘
San Antonfg, TX
Basaline 41.7 - 41.7 41.5
Land Use Contral 29,9 - 30.0 27.7
Expanded Soundproofing
Zone 30,0 - ian.o 27.5
Sfoux Falls, SD
Baseline 3.4 1.3 4.6 9.2
Land Use Control 0 1.1 4.0 7.9
Expanded Scundproofing
Zone 3.0 1,1 1.0 7.9

3fBase11ne refers to year 2000 demagraphics; land use control and expanded
soundproofing rafer to year 1990 demographics.
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VI. RELOCATION COSTING PROCEDURE

This chapter dascribes the framework from which the relocation costs
described in Chapter IV were developad. The type of assistance which may be
offered in a given relocation program is modeled after the requirements of the
Uniform Relocation Assistance and Real Property Acquisition Policies Act of
1970, 42 U.5.C. 4601. Although there would be instances in which the A¢t must
be applied due to Federal participation in the project, it is anticipated that
there will be many cases in which the Federal Government would not be involved
and in these instances the Act may be used as a helpful guide in program
pignning.

The framework begins with an overview of the applicability and
requirements of this Act. Next a set of relocation cases 1s defined and a
protedure to estimate the frequency of each case is set forth, Fimally, costs
associated with each program element covered by the cases are presented,

UNIFORM RELOCATION ACT REQUIREMENTS

Enacted fn 1971, the Relocation Act was a Congressional response to
problems caused by differing and conflicting provisions for relocating
dispiaced persons inherent in a wide range of federally-assisted programs,
These programs ranged from providing no assistance at all in some cases to
providing liberai benefits and protection in others. The Ac¢t was directed at
resolving these inequities by aestablishing a uniform policy for the fair and
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equitable treatment of persons displaced as a result of Federal and federally-
assisted programs.

Whether the Ralocation Act would actually apply for an airport
soundpruof{ng/re1ocat1on program remains an open guestion. Applicability
centers around the meaning of Section 101(6) of the Act which defines
“displaced person”. It is this definition that governs eligibility for the
several types of assistance availabe under the Act. Section 101(6) provides,
as pertinent, that:

The term "displaced person" means any perscn who... moves from real
property, or moves his personal property from real property, as a
result of acquisition of such real property, in whole or in part,...
for a program aor project undertaken by a Federal agency, or with
Federal financial assistance;.... )

Section 108 of the Act extends relocation coverage to state agencies
whenaver such agency acquires real property “...at the request of a Federal
agency for a Federa) program or project...” In such instances, the acquisition
for the purpose of the Act shall be deemed an acquisition by the cognizant
Federal agency. A state agency is defined in Section 101(3) as:

«+.any department, agency, or instrumentality of a State or of a
political subdivision of a State, or any department, agency,
instrumentality of two or more States or two or mare political
subdivisions of a State or States.

Coverage of "a displaced person thus requires that there be extant a clear
Federal involvement (in the form of financia) assistance or a pragram or
project) and that the acquisition be undertaken directly by a Federal agency
or through a political instrumentality of a state,

The Federal Government may be invelved in the program under three
broad mechanisms. The first 1s direct grants and loan guarantees to individual
airports, such as those under the Federal Aviation Administration's Airport
Development Aid Program (ADAP) or Federal-aid to Airport Program (FAAP)}. Even
partial funding would bring the program under the first test of applicability
of the Act as long as such funds are used specifically for the acquisition of
rasidences and relocation of profile.
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The second mechanism arises if the overall program would come under
some degree of diract Federal Government direction or control. An example
scenario would have noise charges collected by individual airports transferred
to the Federal Government and then allocated to airport programs depending on
their need. This hypothetical process is simiTar to the Highway Trust Fund
which allocates funds to various State highway departments. As Tong as funds
finance identified airport programs, the first test would be met.*

The final mechanism would occur where the Federal Government would
possibly suggest standards and time limitations for program implementation,
but would not be involved in allocating funds collected by individual airports
as discussed in the case above. While a Federal "presence" would be extant,
persons would not displaced as a result of a pragram or project undertaken by
a Federal agency nor would Federal financial assistance be involved.

From the above discussion, it is evident that, while it is cartainly
possible that the Relocation Act could apply to atrport-specific relocation/
soundproofing programs, conclusions regarding the extent of its coverage are
not possible at this time. The Act neverthelass providas a useful basis from
which relocation costs can be developed. This is done by first defining a set
of discrete relocation cases and then determining costs for each case.

ALLOWABLE COSTS

Persons dispTaceB under the Relocation Act are entitled to assistance
and caost refmbursement in three categories as follows:

*A possible exception would be if the fund transfers were characterized as
“hlock grants" with virtually no strings attached. This sftuatien could be
analogous to general revenue sharing funds allocated pursuant to the State
and Local Fiscal Assistance Act of 1972, 31 U.S5.C. 122] et seq. These funds
transfer have been held to be exempt from the Relocation Act because of the
Aﬁt'? requirements and the "no strings attached" intent of general revenue
sharing.
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Relocation assistance advisory services -~ a program element
funded by the relocation agency to provide general assistance to
displaced persons

Direct payments not subject to statutory limitations - homeowners
and tenants are entitled to reimbursement for actual reasonable
moving expenses and homeowners are entitled to the fair market
value for acquired property.

Direct reimbursements subject to statutory i1imitations -
reasonsable costs associated with securing replacement housing
subject to a maximum of $15,000 for homeowners and 4,000 for
tenants.

The basic cost elements of the three categories are summarized fn Table 6.1
and are discussed in more detail below.

DEFINITION OF RELOCATION CASES

Four relocation cases are defined as follows:

Case A -~ Renters who remain renters

Case B -~ Renters who become homeowners

Case ¢ -- Rental property to be purchased

Case 0 == Qwner-occupied units to be purchased.

Relecation cost elements applicable to each case are summarized in Table 6.2
1he cases are discussed below.

Renters Who Remain Renters

The first case is comprised of existing renters who elect to remain
renters. Section 204 of the Act provides for payments to tenants in displaced
dwellings who were tenants for at least 90 days prior to the inftiation of
negotfations for acquisition of such dwellings. Thase parsons are entitled to
a rent supplement for up to four years in the event that the rent in a
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TABLE 6-1

ASSISTANCE AND COST REIMBURSEMENT ITEMS UNDER THE RELOCATION ALT

DESCRIPTION

ACT REFERENCE

COMMENTS

ADVISORY SERVICES

Sec, 205

Avatlable to displaced persons and
adjacent property owners

Cavers property appraisal, locating
replacement housing, agency administra-
tive expenses, etc.

DIRECT PAYMENTS WITH NO
LIMITATIONS

0 Moving expenses

» Purchase Price

Sec. 202

Sec. 203

Actual, reasonable expenses

Moving ($300) and dislocation ($200)
expenses allovance in V{eu of actual
expenses

Fair Market Value (FHV) of dwelling
acquired

Limited to homeowners,

DIRECT PAYMENTS WITH LINITATIONS

0 fleplacemant Costs
{Homeowners )

Sec. 211

ni fference hetween purchase price of
replacement dwelling and FHY of
dwelling acquired




TABLE 6-1 (Cont.)

DESCRIPTION

ACT REFEREHCE

COMHENTS

Increased Interest Cost

Closing Cost

Downpayment

Replacement Costs
{ Tenants)

Income Foregone

Sec. 203

Sec. 203

Sec, 2M

Sec, 204

Sec, 202

Interest differential between acquired
and replacement dwelling {homeowners
with bona fide mortgage?.

Reasonable expenses for evidence of
title, recording fees, and closing
costs related to replacement dwelling
(homeowners anly).

Tenants purchasing replacement housiny
{not to exceed $4,000, with displaced
person matching payments In excess of
$2,000).

Lense or rental differential between
acquired and replacement rental
dwelling.

Compensation to owners of rental prop-!
erty, subject to 410,000 maximum, i
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TABLE 6-2

COST ELEMENTS AND RELOCATION COSTS

COST ELEMERT

RELOCATION CASE*

2 £ 0
Advisory Service Cost X X X
Moving Cost . X X
Purchase Price X X
Replacement Cost X
Increasad [nterest Cost X
Closing Cost X
Downpayment X
Foregone Earnings X

»Ralocation Cases

A. Rentérs Wtho Remain Rentaers

B. Renters Who Basome Momeowners

C. Rental Property to be Purchased
D. Owner-Qccupied Unfts to be Purchased
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replacement unit exceeds the rent the displaced person is paying at the time

of relocation. Such payments may not excead $4,000. Renters are also entitled
to the advisory services of the local relocation agency (Sectfon 205) and to
re-imbursement for moving expenses.

Renters Who Become Homeowners

The Relocation Act recognizes that renters who are dislocated may
want to purchase their own homes as an option to moving to ancther rental
property. These people are entitled to the advisory services of the relocation
agency and re-~imbursement for moving expenses. In addition, there is a special
provision in Section 205 of the Relocation Act making money available for down-
payments (including incidential expenses) on raplacement homes. Such payments
shall not exceed $4,000, except that the renter must match any amount paid in
excass of $2,000.

Rantal Property To Be Purchasad

The third relocation case is made up of rental property to be
purchased. Owners of these properties are entitled to the fair market value’
of their rental units. Because landlords typically suffer a disruption of
thefr business operations and lose their existing tenants in the course of the
relocaticn, they may elect to accept a compensatory payment to cover tha cost
of their foregone earnings from the rental units. Such payments are distinct
from payments to dislocated renters addressed under the prior two cases.

Owner-0ccupied Units To Be Purchased

The fourth and most complex relocatfon case is made up of owner-
occupied units to be purchased. It is assumed that the owners of thase units
will remain homeowners even though some will, {in fact, choose to became
renters, This simplifying assumption may result in a'slight overestimate of
the ralocation cost of homeowners.

Relocated homeowners are entitled to the services of the relocation
agency and re-imbursement for moving costs. The homeowners are also entitled

6-8

e P TR o TR YL
S oA et e s et




e TN Y Ve T

R e T

to the purchase price (at fair market value} of their homes and a supplemental
payment over and above the fair market value in the event that the purchase
price of the comparable replacement home exceeds the fair market value of
their homes in the area exposed to excessive airport noise. They are also
entitled to compensation for any increased interest costs resulting from
liquidating the original mortgage and taking out a new mortgage on the
replacement dwelling at the current mortgage interest rate, and any closing
costs involved in the purchase of the replacement home.

CASE FREQUENCIES

The procadures described here for estimating relocation case
frequencies rely almost exclusively on the output of the ALAMO program
{Reference 1) as modififed by the updating procedures in ORI's DEMCOM program
{see Reference 2 and priaor discussion in Chapter IV). A sample output from
DEMCOM is pravided in Figure 6.1 for reference purposes (in particular, note
the frequancy data on the numbers of households, renters, homecwners and
housing units).

Renters Who Remain Renters

&énm i

The total number of renters residing within the Ldn 75+ dB contour
in year 1979 for the Rport represented by Miami International Airport is 2,837
(see Figure 6.1}. Should these renters avail themselves of the relocation
option, they may choose under the Relocation Act to either remain renters
(Case A) or become homeowners (Case B), The mix betwaen Case A and Case B was
based on a survey of the U.S. Department of Transportation's Federal Highway
Administration (FHWA) experience under the Relocation Act (Referance 3). A
survey 2,473 tenants reiocated during Fiscal Year 1979 resulted in 2,086
¢laims which did not involve downpayment assistance, Thus, 84 percent of
affected temants chose to remain renters. This percentage is used as a
constant for all relocatfon frequencies examined in this report. For Miami,
the frequency of Case A is 2,383 (or 2,837 x .84).
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Renters Who Become Homeowners

The FHWA survey mentioned immediataly above resulted in 16 percent of
affected tenants filing claims under the Relocatien Act for downpayment
assistance, This percentage is similarly applied to relocation frequencies.
For Miami, the frequency of Case B 1is thus 454 (or 2,837 x .l16).

Rental Property to be Purchased

Noting again Figure 6.1, there were 3,582 residential housing
structuras located fn the potential relocation zone. These structures range
from a single building of more than 50 units to some 3,144 single-unit
dwellings, It s assumed- for purposes of this study that rental properties
consist of all structures minus these occupfed by homeowners, who are further
assumed to all reside in single-unit dwellings. The number of rental
properties subject to purchase (Case C} under the Relocation Act is thus 1,399
(or 3,582 - 2,183).

Owner-0ccupied Units to be Purchased

The final classification {Case D) consists of owner-occupied units
which would he eligible for purchase under the Relocation Act. This is assumed
to be comprised of the total number of homeowners from Figure 6.1 or 2,183,

RELOCATION ELEMENT COSTS

Estimates are presented {in this section for cost elements comprising
aach relocation case in 1979 dollars. Certain costs (such as those for
advisory services, moving costs and closing costs) are constants which apply
to all Rports and all scenarfos. Others are dependent upon localized
demograpnic condittons and therefore vary across Rports and scenarios.

Examples include purchase price and replacement costs for properties relocated.
Much of the data needed to calculate ajrport-specific element costs are
provided as direct output of ORI's DEMCON program. A sample output page is
provided in Fiqure 6.1 for the Rport represented by Miamf International
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Airport, updated for 1979 values and 1979 baseline air carrier operations and

for the L4, 75+ dB contour. References to costs associated with this Rport
are provided for added clarity to the description of cost element derivation
praovided helow.

Advisory Service Casts

Advisory service costs are costs incurred by the relocation agency.

They cover such activities as appraisal, negotiations, relocation assistance

and administration. They may also include the cost of locating and appraising
three or more comparable replacement housing units for each unit to be vacated.
This activity 15 recommended by the Relocatfon Act and is used to determine
the reasonable cost of replacement housfng and to provide the dislocated
households with alterpatives. Tha households may reject the alternatives and
find their own replacement housing but they will be subject to the “reasonable
cost" estimates of the relocation agency. In 1979, the service costs of
relocation incurred by the Federal Highway Administration {Reference 3)
averaged 51,200, This constant is used for all cases.

Moving Costs

Moving costs are incurred by all relocated households, Under the
Relocation Act, households may be compensated for actual costs or may elect to
receive a fixed allowance. Under the Act, all moves are local or treated as
if they weré local, In 1979, eighty~-four percent of all househoids relocated
by the Department of Transportation chose to receive the moving allowance plus
dislocation allowance totaling $500 per household or less, The remainder wera
compensated for actual costs which averaged 51,200 a household. The average
moving cost per household in 1979 was approximately $500. This value is alse
constant for all cases.

Closing Costs

Closing costs are incurred by all persons making a home purchase. In
1979 the Department of Transportation reported that closing costs associated
with relocation averaged $400 per unit. Closing costs are low because the
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relocation agency provides guarantees to iending institutions and acts, to
same extent, as legal representative for the relocated households. Also, ali
touseholds participating in the relocation program are typically exempt from
all taxes associated with the sale of their original units and the purchase of
the replacement units. A constant 3400 is used for all cases.

Downpayment

The Federal Ralocation Act has a special provision designed to assist
tenants in becoming homeowners, Specifically, $2000 is available outright to
tenants for use as a downpayment and an additional $2000 is available on a
matching basis. [t s assumed that each tenant electing this option has at
ieast $2000 to put toward a downpayment and, therefore, is eligible for the
full $4000 downpayment ailowance.

Replacement Cost

Retocated tenants and homeowners recefve a payment to cover the
increased rental or purchase price required to obtain comparable repiacement
housing in a quieter neighborhood. Airports axert two distinct affects on
residential land values: a dapreciation effect due to afrcraft noise and an
appreciation affect due to accessibility to the afrport (Reference 4}, The
Relocation Act requires that replacenent housing be equally accessible to
places of employment. Since the airport is an employment center, replacement
housing 1s assumed to be equally accessible to the afrport so that the
appreciation in regidential property values due to access cancels out, leaving
only the depreciation effect due to noise.

Regarding the decrement in rents and property values due to noise
axposure, residential rents and property valuas are assumed to decline by one
half of one percent per decibel of neise esposure, holding distance to the
airport constant (Reference 5).
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It is further assumed that a typical relocation within the greater
than L,. 75 dB contour would move from an area of average noise exposure of

Ldn 77.5 dB to an area with an average exposure of L, 62.5 dB.* This
relocation fnvelves an increase in residential rents and property values of

7.5 percant (0.5 x 15).%*

While the decrement percent is constant for all Rports, the actual
value for replacement housing varies by Rport based on average rent and home
values. Under the Relocation Act tenants are eligible to a lump sum payment
equal to four times the increase in thefr annual rent. For the Rport
represented by Miani International, the average rent in 1979 is $198 per month
or $2,376 per year. The relocation involves an increase in rents of 7.5
percent or $178.20 per year. Four times this is $713, the average replacement
cost for tenants.

The average home value for the Miami Rport is $31,658. The
relocation involves moving to a comparable house in a quieter neighborhood
whare homes cost 7.5 percent more, or an incremental replacement cost of
$2,374, *xn

Purchase Price of Owner-Occupied Units

The homeowners displaced as a result of an airport relocation effort
are antitTed to the fair market value for purchased properties. The average
home value in 1979 dollars for the Miami Rport is £31,658.

*The latter area was chosen to reflect property in the general vicinity of an
afrport but exposed to noise levels belew Ly, 65 dB which would make the
property a candidate for soundproofing assistance. Stated somewhat differ-
rently, a reasonable goal of a program would be to offer positive ralief
to affected residents and not toc merely transfer a family between araas
affected by adverse airport noise levels.

*The increase could be 10.0 percent for relocations from a Lgy BO+ dB
contour.

***Tha Relocation Act's $15,000 1imit on replacement dwelling has not been
raised in 10 years, even in the face of rapidly escallating hous1ng values
during this period. However, Federal agency experience under the Act is
that payments generally do not exceed this Timit. This situation may have
changed in the last few years due tg Ege extremely high interest rates.




Purchase Price of Rental Property

Under the Relocation Act all ownars who must vacate their dwellings
are entitled to receive fair market value for their residential property.
From information on the monthly rental, an estimate of the fair market value
of the typical rental property is derived. The formula used is:

C=lz-s-&lll (1)

where: C = fair market value of a typical rental property
in a given year

s |
i)

monthly rental income from a typical rental
unit in that same year

U = average number of units per rental property

i

astimated mortgqage jnterest rate in that year.

Equation {1) is a simplification of a complex relationship in that it ignores
capital gains, depreciation, maintenance costs, taxes and anticipated changes
in rents and interest rates.,* It is assumed that these complicating factors
tend to offsat cne-another so that Equation {1) provides an estimate of the
present value of rental property which is adequate for the purpose of making
cost estimates,

.The average rent (R) in 1979 for the Miami Rport is $198 per month or
$2,376 per year., The average number of units per rental praoperty (U) within
the Ldn 75+ dB contour 15 estimated by subtracting the number of homeownars
{who are assumed to occpy single-unit structures) from total airport units and
then dividing by the total number of structures, less the number of homeownars.
The equation is:

*See Appendix D of Reference 6 for the procedure used in Equation (1) fn
mathematical notation.
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~ where x = total number of residential units
y = total number of homeowners
z = total number of residential structures.

Derivation of the mortgage interest rate (1) for the relocation year
presents spacial problems due to year-to-year fluctuations in the rate.
Because the costing procedure {s intended to be representative of all
ralocation cases in all scenario years, the actual mortgage interest rates
prevailing in the year of sale are not used. Instead, rates are used from
which unwanted year-to-year fluctuations have been removed. These “smoothed
out" rates better represent the linear trend in interest rates over the 25
year period 1955-1979. The time series data for this period are listed in
Table 6.3 and plotted in Figure 6.2, Also shown in Figqure 6.2 is the least
squara line fitting the data. This ]ine is used to estimate the trend-1ine
mortgage interest rates for the historical period and for the forecast years.

Thus,

i = 0.048 + 0.00196Y (3)

where:
i = mortoage interest rate in year Y
Y = year analyzed with 1955s0 {e.g., if relocation occurs
in year 1979, then Y = 24},

Applying Equations (1) to (3) to the Miami Rport results in an
average rental property purchase price of $55,472.

Increased Interest Cost

Tha increased interest cost cccurs when the interaest rate on the
raplacement mortgage exceeds the interast rate on the original mortgage. To
insure that the relocation does not impose a finamcial burden on the relocated
homowner, special compensation is made to offset the increase in interest
rates. No compensation is required if there is no jncrease in interest rates
or if the acquired property 15 not encumbered by a bona fide mortgage.
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For convenience, the provisions of the Relocation Act dealing with

increased jnterest costs are provided below:

The amount, if any, which will compensate such displaced person for
any increased interest costs which such person is required to pay for
financing the acquisition of any such comparable replacement
dwelling. Such amount shall be paid only if the dwelling acquired by
the Federal agency was encumbered by a bona fide mortgage which was a
valid lien on such dewlling for not less than one hundred and eighty
days prior to the initiation of negotiations for the acgquisition of
such dwelling. Such amount shall be equal to the excess in the
aggregate interest and other debt service costs of that amount of the
principal of the mortgage on the replacement dwelling which is equal
to the unpaid balance of the mortgage on the acquired dweiling, over
the remainder term of the mortgage on the acquired dwelling, reduced
to discounted present value. The discount rate shall be the
prevailing interest rate paid on savings deposits by commercial hanks
in the general area on which the replacement dwelling is located.

Given the amount remaining on the criginal mortgage, the number of

monthly payments remaining, the original mortgage interest rate and the
mortgage interest rates in effect in the year of the relocation, the increased
interast cost is calculated as follows:

IS—C—D {4)

I = increased interest cost

A = monthly payment based on new interest rate

B = monthly payment based on original interest rate

€ = monthly payment based on passbook savings interest
rate

ocutstanding balance on old mortgage.

o
N

The year in which the homeowner gurchased his home, and the interast

rate in effect in that year, are crucial to the determination of increased
interest cost. Some homes in the relocation area may have been purchased
racently at relatively high interest rates. Others may have been purchased
long ago at the low interest rates prevailing at that time. This complex
reality may be approximated with a single representative case. Specifically,
the following assumptions apply to all purchased homes:

6-17
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TABLE 6.3

ACTUAL AND ESTIMATED MORTGAGE
INTEREST RATES FOR THE YEARS 1955-1979

YEAR YEAR INDEX ACTUAL RATE ESTIMATED RATE
1955 0.0 0.0500 0.0483
1955 1.0 0.0530 0.0503
1957 2.0. 0.0590 0.0523
1958 3.0 0.0580 0.0542
1959 4.0 0.0620 0.0562
1960 5.0 0.0640 ' 0.p581
1961 6.0 0.0610 0.0601
1962 7.0 0.0600 0.0621
1963 8.0 -~ 0.0589 0.0640
1964 9.0 0.0502 0.0660
1965 10.0 0.0851 : 0.0680
1966 11.0 0.0625 0.0699
1367 12.0 0.0646 0.0719
1968 13.0 0.0697 0.0738
1969 '14.0 0.0780 0.0758
1970 15.0 00845 0.0778
1971 16.0 0.0774 0.0797
1972 17.0 0.0760 0.0817
1973 18.0 0.0795 0.0836
1974 19.0 0.0892 0.0856
1875 20.0 0.0901 00876
1976 21.0 0.0899 0.0895
1977 22,0 0.0501 0.0915
1978 23.0 0.0954 0.0934
1979 24.0 0.1077 0.0954

Sourca: 1955.1962, The Data Resources IJ.S. tong~Term Review, Winter 1977,
Data Resour:es. fnc., "Flous‘lng." pages 11.10 = 11.11
1963-1579, Economic Regurt of the Pu»es‘ldemzg Transmitted to the
Congress, January , lable &4, page
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SCATTER DIAGRAM OF MORTGAGE INTEREST RATES AND THE LEAST
SQURES REGRESSION LINE, 1955-1979

*TFe T statistic and studant’s © statistic indfcate that the regress‘lon and

the coefficient of the year index are quite significant. The R* indicates
that the regressfon accounts for 87 percent of the varfance 1n mortgage
interest ratas gver time.
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. Mortgage duration at original purchase is 25 years

. Mortgage 10 years old at time of relocation (15 years remaining)
. Passbook saving rate of 5.25 percent

. Downpayment of 10% of purchase price

. Smeoth-out interest rates used {See Table 6.3).

Combining all of these assumptions lead to a simplified equations for three
representative relocation years:

979 = 0.050414 E {5)
lyg9g = 0.114828 E (6)
aoog = 0.124469 E (7

where: 1 = increased interest cost
E = average home value,

The average home value for the Miami Rport is $31,658., Thus, the increased
1979 interest cost is $1,596,

Equations (5) to (7) coupled with the assumptions presented earlier
are intended to provide a straight-forward means to estimate increased
interest costs. An approximation of the costs associataed with relocation
years other than 1979, 1990 and 2000 may be obtained by extropolating betwsen
the constant valuas in the three equations.

Critical to the use of the simpiified methodology is the use of the
"smothed out" interest rates in equation (3) and Figure 6.2. Drastically
different results are obtained when year-to~year fluctuations in mortgage
interest rates are considered. For exampie, suppose that a "relocatee" had
purchased his home 10 years before the time of relocation. At that time he
took a mertgage of $50,000 with a term of 25 years at an interest rate of 9%
per year. His monthly payment would be $419.60. At the time of relocation
the unpaid balance on his mortgage would be $41,369.62. When the relocatee
purchases a new home he is compensated for any additional interast costs
incurred by his having to borrow $41,369.62 at a higher rate of interest for
15 years (the time his first mortgage had to run). Assuming that the interest
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rate at the time of relocation {3 16% per year. The relocatee would have to
pay $607.60 per month in order to Tiquidate his debt in 15 years. This is
$607.60 - $419.60 or $188.00 per month more than he had been paying prior to
relocation. The present value of this annuity at "the prevailing interast
rate paid on savings deposits by commercial banks in the general area in which
the replacement dwelling is Tocated”" for a period of 15 years is the _
compensation paid the relocates for increased interest cost. In the present
case, a bank interest rate of 5.5% per year {s assumed, This gives $23,008.66
as the amount the relocates would receive.

The fncreased fjnterest cost of $23,000 in the above example is
considerably higher than the $1,596 estimate provided previously. This report
is predicated on the later estimate on the assumption that the current
{1981/1982) mortgage interest rates are the results of abnormal economic
conditions and the rapid increase 1n rates is not 1ikely to be representative
of long term conditions and trends. The reader {s referred to Appendix F of
Reference 6 for derviation of interest costs based on actual mortgage rates
and terms,

Income Fareqone

Landlords typically suffer a disruption of their businaess operations
and Tose their existing tenants in the course of the relocation. However, the
réplacement properties which they purchase are typically occupied at the time
of purchase.’ Under the Faderal Relocation Act, owners of multiple unit
structures receive the difference in gross annual earnings, if any. The owners
of such units are alsa entitled to compensation for moving costs, up to $1,000,
and search costs, up to $500.

Owners of single unit rental structures who purchase comparable
replacement structures are entitled to receive as compensation an amount equal
to their average annual net earnings from their original rental property, if
not lass than $2500 nor more than $10,000. This payment is in 1ieu of moving
costs and search costs. For simplicity, it is assumed that all owners of
single unit rental property recefve an amount equal to their average annual
net earnings. It is further assumed that net earnings equal three-quarters of

§-21
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gross earnings The average rental income in 1979 for the Miami Rport is
$2,376 per unit per year. The net rental income is 75 percent of this, or
$1,782 per single unit rental property.

The owners of multi-unit rental property receive a flat payment of
51,500 plus compensation for loss in gross earnings. It is assumed that such
pwners experienca no loss in gross annual earnings and therefore receive
$1,500. This payment is made without regard to the number of rental units in
thetir buiidings. To place income foregane costs on a per-rental property
basis, the distribution of rental units among single and multi-unit structures
must be known. This can be derived from the data in Figure 6.1 as follows.
First, singla=unit rentals equal single unit structures (3,144) less ‘
nomeowners (2,183), or 961, Muiti-unit rentals are simply total structures
{3,582) less single-unit structures (3,144}, or 438. From this example, 89
percent of al) rental properties are single~unit properties and 31 percent are
multiple-unit properties. Thus, the avarage income foregone per rental
property is 0.69 times $1,782 plus 0.31 times $1,500, or 31,694 per renta)
property.

Relocation Element Cost Summary

Table 6.4 presents a summary of a1 relocation cost elements for the
Miami Rport. Costs associated with the four relocation cases presented
carlier are also presented, Note that the procedures described herein are
concernad with gross costs, They do not reflect value which may be raceived
from salvage of purchased properties or from subsequent resaie of the land,
Benefits of these and similar transactions are discussed in Chapter II, lssue
Analyses.
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TABLE 6-4

RELOCATINN CNSTE PER CASE {($1879): (MTa) MIanM], FL
RASELTNE 13735 NPERATINNG -

LE L L DL PRI LT I XYY DL LA L L LD E LDl L LD LD L DDl L DL L)

COST ELE™ENT RELNCATTINM CASEw

A A ¢ ' n.

ADVISORY SERVICE COST 1200, 1200. 1200. 1200.
MOVING COST : 500. 500, . 500.
PURCHASE PRICE 53472, 31558,

*

.‘-----------.-----.----.n-.-----tﬂ--.--..l.----.-l-.nﬁi----"-h-.----..

SHR=TOTALL |, 1700. 1700, . S&a72.° .33354,

REPLACIMENT CNST 713, 237a.
INCREASED INTEREST COST .7 159,
CLOSING COST _ ' . a00.
DOWNPAYMENT ' ' ' 4000,

INCOME FQOREGONE 1694,

4

LD EL LD LY DL LI P L PRI P LY DI PRI LY DEL L LY P LR LDl Ll

SUR=TOTAL2 713, apno. ., 1e8d,. | 4370,

TOTAL COST PER CASE ($) 2413, 5700, 58%h4, 17728.
FREQUENCY OF CASE ) 2183, as4. 1399, 2183,

sTEadedw i fgeoneeshigesseaessagansele sl fsgdedeoNeRBBEaaSEe bame STy eSS wee

TOTAL C(SMILLTONS) 5.75 2.59 81,65 82.36
GRAND TOTAL (SMILLIONS): 172,38

«RELOCATION CASES
4, RENTERS wHO REMAIN RENTERS
B. RENTERS wH BECOME HOMEDWNERS
C. RENTAL PROPERTY TO BE PURCHASED
O. OWNER=DCCUPIED UNITS TO 8E PURCHASED
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SUMMARIES

A-1




TABLE A-1 ATRPORT~NOISE~EXPOSURE REDUCTION AND COSTS

Miami, FL {MIA)

Year and Soundproofing, Soundproofing,
Airport Population Exposed Relocation Population Exposed Relocation
Scenario L. 65=75 dB Over L 75 as Cost L 65-80 4B Over L. 80 dB Cost
dn dn a dn dn a

1979

O-R¥* 216,000 13,100 336,600 227,860 1,300 185,200

1-FP 125,600 22,200 399,400 146,000 1,800 179,900

2-FT 63,800 4,300 192,900 68,100 2,800 93,200
1990

o-R 166,100 7,200 221,500 171,900 1,400 170,000

1-¢P, 110,000 11,900 247,300 120,200 1,700 140,400

3~RD 142,900 6,100 183,100 147,800 1,200 138,800

4—RD+FPb 96,000 11,400 228,400 105,500 1,500 122,500

S5=RD+FT 42,200 . 5, 300 94,900 44,500 3,000 74,600
2000

O-R 95,900 2,500 109,800 96,700 1,700 104,500

3-RD 69,100 1,700 73,500 69,600 1,200 70,300

S~RD+FT 20,400 1,500 33,700 20,800 1,100 29,200
* R - Raference data base . a - Cost in Constant

FP - Flight procedure, FAA AC 91-53, 1979 Dollars/1000.

. maximum thrust reduction b - Interpolated,

RD - Residential development restricted to 1979 ~ 2000

prevenit <ncroachment aftexr 1979 (land use)
FT - Selacted flight tracks and
priority runway use
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Year and
Airport
Scenario

1979
O-R*
1-FP

2-Pr

RD -

Frr -

TABLE A-] - CONTINUED. AIRPORT-NOISE-EXPOSURE REDUCTION AND COSTS

LaGuardia, NY (LGA)}

Soundproofing,
Population Exposed Relocation
Ldn 6§5-75 dB Over Ldrl 75 an Coata Ldn
1,337,300 83,600 1,374,000
736,600 112,500 1,377,600
961,000 40,200 794,100
811,100 46,800 804,700
b 440,400 61,600 757,600
563,400 21,900 454,300
171,100 15,300 195,600
123,800 7.000 109,200
Refaerence data base

Flight procedure, FAMR AC 91~53,

maximum thrust reduction

Residential development restricted to
prevent encroachient after 1979 (land use)
Selected flight tracks and

priority runway use

Population Expose
65-80 dB Over Ld
1,403,300 17

822,000 2
990,800 1

851,500
487,700 1
581,700

143,700
129,200

a - Cost in const
1979 dollar
b - Interpolated,
1979 - 2000

Soundproofing,
d Relocation

80 dB cost
n a

1,600 839,100
7,100 610,800
0,400 565,300

6,400 483,700
4,300 355,800
3,600 314,900

2,700 124,000
1,600 84,400

ant
s/1000.
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Year and
Alrport
Scenario

1979
“O-R*
1-FP
2-FT

1990

0-~R

. 1-FP
A 3=RD
4-RD

5~ID

2000

"3-RD
S5=~RD

FP -
RD -

PT -

TABLE A-1 -~ CONPINUED. AIRPORT-NOISE-EXPOSURE REDUCTION AND COSTS

San Antonio, TX (SAT) Sioux PFalls, sb (FSD)
Soundproofing, Soundprﬁpfing,
Population Exposed Relocation Population Exposed Relocg&on
L 65~75 dB Over L 75 4B Cost L 65-75 dB Over L 75 dB Cos
dn dn a dn an a
64,240 1,590 52,500 2,640 9040 7,880
42,000 3,860 95,800 3,730 890 7,670
24,650 10 15,900 50 B90 5,590
40,1350 1,640 63,600 3,030 1,070' 7,890
b 41,820 1,850 68,900 3,530 1,000 - 7,890
28,9860 1,360 47,900 2,640 890 6,640
+FPb 31,000 1,840 - 56,500 3,140 8%0 6,670
+FT 11,120 ) 10 9,900 90 800 5,050
41,650 30 44,400 3,360 1,280 8,350
21,000 10 20,700 2,590 850 5,940
+F 2,070 0 7,900 90 800 5,020
Reference data base a - Cost in conatant
Flight procedure, FAA AC 91-513, . 1979 dollars/1000.
magximum thruast reduction b - Interpolated,
Reaidential development restricted to 1979 - 2000

pravent encroachment after 1979 (land use)
Selected flight tracks and
priority runway use
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