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SUMMARY

This report presents the status of residential exposure to
aviation noise and a forecast of changes in ailrcraft-noise expo-~
sure that will occcur during the balance of this century, and it
identifies the residual areas that reguire land use change to
achieve airport noise/land use compatibility by the year 2000.

The naticnal goal for aviation noise is to confine noise
exposure above Ldn 65 dB* to the airport boundaries and to those
areas that are used for purposes that are compatible with their
exposure to noise (not residential). The Environmental Protection
Agency (EPA), the Pederal Aviation Administratien (FAA)}, the
Department of Defense (DOD), and the bepartment of Housing and
Urban Development (HUD) all have similar noise-exposure goals for
aviation.

The number of people exposed to above L, 65 dB* will shrink
significantly during the 1980's with the replacement of the
nolsiest alrcraft in the air carrier fleet with quieter aircraft.
During the 1950's, there will be additional reduction in air=-
craft=noise levels with the increased use of the newest tech-
noleogy aircraft, which are now being produced. Therefore, the
residential exposure will probably be minimal about the year
2000. Those calculations are based on information in "FAA Avia~
tion Porecasts, Figcal Years 1981 - 1992," which concerns airport
operations and types of aircraft that will be in the air carrier
fleet through 1992, and a ceontinued moderate growth for cpera-
tions and fleet replacements through 2000,

This report alao contains an analysis of the effect of noise
abatement £flight procedures and airport operations. Although
thosa procedures will appreciably affect the exposed residential
areas, there will gtill be residual areas in the year 2000 where
land use change will be needed to achieve compatibility.

*The outdcor annual average day/night scund level.
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The FAA points out in its report to Congress, "Airport Noise
Compatibility Planning and Programs, October 1981," that B85~90
percent of the airport-noise impacted area is already developed
as residential property, which makes 2oning to prevent residen-
tial development near airports ineffective. The FAA also points
ocut, in its advisory circular, "Airport-Land Use Compatibility
Planning, AC 150/5050-6, December 30, 1977," that soundproocfing
houses is a relatively inexpensive way to provide a compatible
neise enviromment {inside the houses). To determine how costly
the soundproofing strategy would be if the noise~impacted areas
were first reduced to a minimum by reductions in aircraft noise
and by flight and airport noise-abatement procedures, the EPA has
conducted an analysis of soundproofing costs at four representa-
tive airports for 1979, 1890, and 2000. The cost of relocating
some families from critically high exposure areas was also con-
sidered. While soundproofing houses does not provide the same
relief as reduction of airport noise te I‘dn 65 dB, it is the most
practical step toward compatibility currently available,

As outlined hy the Department of Transportation in its avia=-
tion-noise-abatement policy, November 1976, the decizions and
conditions regarding land use change and noise-abatement programs
and their funding must be worked out by negotiation between the
airport ocperator and the communities impacted by airport noise.
The EPA has therefore developed procedures for determining sound=-
proofing and relocation costs at airports and presents data for
the four representative airportsg in this report. Those procedures
involve a determination of the changes in areas and people im-
pacted for a reference case and determinations of the benefits in
terms of reductions in areas and people impacted as a result of
the following:

1, the uge of noise~abatement £light procedures,

2, the use of priority runways and curved flight tracks, and

3. restrictions on population encrocachment intc aircraft-

noige-impacted areas.

iii
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While the main focus of the report is on noise exposure above

I‘dn 65 dB at air carrier airports, noise exposure around general
aviation airports and joint-use civil/military airports is also
discussed.
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INTRODUCTION

Progress has been made in reducing the aviation-~noise prob-
lem. The Federal Aviation Administration (FAA) in coordination
with the Environmental Protection Agency (EPA) has promulgated a
number of important regulations that, when fully effective, will
provide significant relief for many people around our nation's
airports who are now exposed to high levels of noise from air-
craft operations.

Progress has also been made at the local level. Both the
courts and the Federal Government have articulated more clearly
the rights and responsibilities of airport proprietors to reduce
the noige levels from their facilities. Federal legislation has
been initiated to assist in the development of plans that lay the
groundwork for and in some cases the financing of the implementa-
tion of such plans.

Despite that progress, many aviation-noise problems remain.
There is still widespread dissatisfaction among those who live in
the wvicinity of airports with the current level of aircraft-
noise-abatement progress. Community objection to aircraft noise
has in some cases already resulted in airport restrictions such
as imposition of night curfews, prohibition of specific types of
aircraft, and 1limitations on expansion of existing airports.
Construction of new airports is also being opposed, Legal action
involving noise-damage claims is continuing.

This report has been prepared by the EPA in accordance with
its broad mandate to Iimplement and coordinate the Federal Govern~
ment's overall efforts to control noige. Many significant ac-
tions have been taken to alleviate the aircraft/airport-noise
problem since the Y1973 Report to Congress on Aircraft-Airport
Noise."l This report reviews the progress that has been made in
reducing the aviation=-noise preoblem and summarizes recent EPA
studies of methods of achieving compatibility between ailrports
and adjacent communities by the year 2000. It can be used by
state and local governments and airport operators as a guide to
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define sgolutions for site~specific airport noise/land use-
compatibility problems.

This report measures the results of aviation-noise-abatement
actions taken to date against the common FAA and EPA goals for
aviation-noise-exposure reduction. While considerable progress
has been made, EPA studies show that the noise-exposure geals
will not be reached unless further action is taken at all levels
of concern.

This report contains seven chapters.

Chapter 1 identifies national aviation-noise-abatement goals.

Chapter 2 reviews the Department of Transportation aviation
noise abatement policy and an EPA review of airport noise liti-
gation, to provide a background for understanding and use of the
content of this report.

Chapter 3 deacribes acticns taken at the Federal, state, and
local levels to control aviation noise,

Chapter 4 identifies methods and procedures whera further
progress can be made toward achieving alrport-noise/land use
compatibility.

Chapter 5 covers the development of a noise exposure data
base, which provides a basis for the noise-exposure-reduction
analysis presented in Chapter 6. It also provides estimatss of
the number of people who are presently exposed to above Ldn 65 dB
and of those who will continue to be exposed to those levels in
2000.

Chapter 6 presents the results of a noise exposure-reduction
analysis by applying the noise control measures covered in
Chapter 4 to four airports and provides estimates of the cost of
land use compatibility at those airports by the year 2000. The
purpose of Chapter 6 is to illustrate the application of noise=-
exposure~reduction procedures and land use~compatibility costs to
spacific airport cases.

Chapter 7 gives results of EPA studies of noise exposure for
the year 2000 for general aviation airperts and for airports
where both civil and military operations are conducted., National

vi
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conferences on general aviation neise and land use planning held
in 1979 and 1981 are discussed.

Appendices A and B provide summaries of a study of sound-
proofing requirements for residences adjacent to commercial
airports and of a study of procedures to estimate residential

relocation costs.
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CHAPTER 1. AVIATION-NOISE-EXPOSURE GOALS

Three Federal agencies have responsibilities for establishing
Federal policy for civil aviation-noise control and abatement.
The Federal Aviation Administration (FAA) has the primary respone
sibility through its authority to regulate aircraft noise emis-
sions and flight procedures. The Environmental Protection Agency
(EPA) and the Department of Housing and Urban Development (HUD)
exercise mandates that cut acress many sources of noise, includ-
ing aviation noise.

EPA has the responsibility to cooxrdinate all Federal ncise
activities and policies. In addition, in the aviation noise arsa,
EPA is reguired to make specific recommendations to +the FAA
regarding aviation-noise regulations that are necessary to pro=-
tect the publiec health and welfare.

HUD establishes gquidelines for the use of Federal housing and
redevelopment asaistance in areas impacted by noise, including
aviation noise. Those guidelines presently represent the Federal
policy on identification of land uses that are compatible with
high noise exposures.

In keeping with its mandate to coordinate Federal efforts to
control noise, EPA, in 1977, established some tentative goals for
noise from all sources in its publication "Toward a National
Strategy for Noise Control."2 Three of these noise-exposure goals
for the nation are given in terms of annual average outdoor
day/night levels of community exposure, Lan* expressed in deci-
hels as follows:

1. "Reduce environmental noise exposure of the population to
an L, value of no more than 75 dB immediately, using all
avallable tools, except in those isolated cases where
this would impose severe hardship."

2. "Through vigorous regulatory and planning actions, reduce
environmental noise exposure levels to Lan 65 dB or
lower, and concurrently reduce noise annoyance and re-
lated activity interference caused by intrusive noises."

1-1



3. "In planning future programs concerned with or affecting
environmental noise exposure, to the extent possible, aim
for environmental poise levels that do not exceed an I..dn
65 dB. This will ensure protection of the public health
and welfare from the adverge effects of noise based upon
present knowladge.” .

In its policy document,3 the FAA has sapecified noise-
abatement goals that deal with the noise in areas near air
carrier airports as follows:

"The objective of airport noise plans prepared under this
policy should be to develop noise reduction technigques which,
to the maximum extent feasible, confine severe aircraft noise
axposure levels, levels of 40 NEF (75 Ldn) or more, to areas
included within the airport's boundary. For areas adjacent
te an airport exposed to significant airpert neoise levels of
30 NEF (65 Lyp) or more, the ohjective of the airport noise
plan should be toc develop noise reduction technigues that to
the extent possible would confine the area exposed to this
level of noise to the airport boundary or land actually being
used or which can reasonably be expected to be used in a way
compatible with these noise levels.

Ag pointed out above, the FAA's goal is to confine noise
expoaura at and above 30 NEF (Ldn 65 dB) to the airpeort bound-
aries or to those land areas that are used for purposes that are
compatible with their exposure to noise (not residential). The
FAA goals are compatible with EPA goals and with the HUD land use
guidelines4 as well as with state aviation~noise regulations in
California and Maryland. Consequently, those goals form the basis
for evaluation of progreass to date and for the future discussed

in thia report.

1-2
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CHAPTER 2. FEDERAL POLICY AND CASE LAW

INTRODUCTION

Congress and the courts have deleéated specific responsibil-
ities in some areas and have placed specific restrictions in
other areas on the various parties involved in the control of
aircraft-noise impact. To provide a background for the following
chapters of this report, a review of Federal aviation-noise
policy and airport-noise litigation is presented in this chapter,
Federal policy is covered chiefly by direct quotaticn from the
Department of Transportation, "Aviation Noise Abatement Policy,"3
issued in November 1876 and currently under revision. A study
conducted for the EPA, published 4in April 1981,5 covered an
airport-noise litigation case law review. Direct quotations are
cited frequently from this study in the review of case law pre-
sented below.

AVIATION-NOISE-ABATEMENT=POLICY

The following gquote from the Department of Transportation
{DOT) policy document indicates the motivation for passage of
Federal aircraft-noise-control legislation:

"Because of the increasing public concern about aircraft

noise that accompanied the introduction of turbojet powered

aircraft into commercial service in the 1960s and the con-
straints such concern posed for the continuing development of
civil aeronautics and the air transportation system of the

United States, the federal government in 1968 sought - and

Congress granted -- broad authority to regulate airecraft for

the purposes of noise abatement.”

The pelicy document covers significant amendments to the statute.
"In 1972, the Congress amended that statute in two important
regpects. To the original statement of purpose ‘'to afford
present and future ralief from aircraft noise and sonlc boom'
--it added consideration of ‘protection to the public health
and welfare,'"

Also,

2-1
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But

"While the federal government's exclusive statutory respon-
sibility for noise abatement through requlation of flight
operations and aircraft design 1s broad, the noise abatement
responsibilities of state and local gdvernments through
exercise of their basic police powers are circumscribed."

"There remains a critical role for Ilocal authorities in
protecting their citizens from unwanted aircraft noise,
principally through their powers of land use control."

The document then shows that the courts have placed on the

airport proprietor the legal responsibility for noise impact on

the

community and the power to control that impact. But it

cautions

"The power thus left to the proprietor - to control what
types of aircraft use its airports, to impose curfews or
other use restrictions, and, subject to FAA approval, to
regulate runway use and £light paths, 1is not unlimited.
Though not preempted, the proprietor is subject to two im=-
portant Constitutional restrictions. He first may not take
any actlon that imposes an undue burden on interstate or
foreign commerce and, second may not unjustly discriminate
between different categories of airport users."

The conclusion reached in the policy document with regard to
legal responsibilities is stated as follows:

"Our concept of the legal framework underlying this policy
statement is that proprietors retain the E£lexibility to
impose such restrictions if they do not vielate any Consti-
tutional proscription. We have been urged to undertake - and
have considered carefully and rejected - full and complete
federal preemption of the field of aviation noise abatement.
In our Jjudgment the control and reduction of airpert noise
must remain a shared responsibility among airport proprie-
tors, users, and governments."

The legal framework with respect to noise is =summarized in the

document as follows:

Ao Uik £t il 0k 460 TR
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1. "The federal government has preempted the areas of air-
gspace use and management, air traffic control, safety and
the regulation of aircraft noise at its source. The
federal government also has substantial power to influ-
ence airport development through its administration of
the Airport and Airway Development Program."

2, "Other powers and authorities to control airport noise
rest with the airport proprietor including the power to
select an airport site, acgquire land, assure compatible
land use, and control airport design, scheduling and
operations -~ subject only to Constitutional prohibitions
against creation of an undue burden on interstate and
foreign commerce, unjust discriminatien, and interference
with exclusive federal regulatory responsibilities over
gafety and airspace management."

3., "sState and local governments may protect their citizens
through land use controls and other police power measures
not affecting aircraft operations. In addition, to the
extent they are airport proprietors, they have the powers
described in paragraph 2. '

REVIEW OF AIRPORT NOISE LITIGATION

The review cof aircraft~-noise legislation conducted for the
EPAs provides some historical perspective on the judicial trends
in airport-noise 1litigation by examining many of the relevant
cases that have been scrutinized in the courtroom. Selected
guotations are given below that are considered particularly
significant:

1, "This extensive review of the most relevant judicial
decisions on aircraft noise litigation indicates that the
courts continue to hold the airport proprietor liable for
damages resulting from aircraft noise., At the same time,
the judiciary is broadening the legal theories agscciated
with noise litigation and is granting recovery for nolse
related effects on people under the nuisance theory for
emotional distress as well as under the traditional

2-3
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inverse condemnation theory for deprivation of property.
As a result of this increase in potential liability, the
alrport proprietors and the municipality nonproprietors,*
with or without federal guidance, are implementing air-
port use restrictions in an attempt to decrease objec-
tionable noise levels and avoid a possible lawsuit,
Because of the lack of definitive federal direction in
these regulatory matters, the courts have been forced
into the position of the rulemaker to determine on a case
by case basis, how close the use restrictions come to
encroaching upon an area historically perceived to be
federally preempted.”

2. "Court history from Griggs, 1962 ({supra) to Greater
Westchester,7 1980 (supra) has consistently placed lia=-
bility for aircraft noise effects experienced by property
owners sguarely upon the airport proprietor. The federal
government (unless acting as an ailrport proprietor) has
been absclved from financial responsibility for airport
raelated noise problems."

6

With regard to airport proprietor‘'s authority, the review states
the following:

*As evidenced by the analysis of the previocus cases, the
courts have carefully guarded the airport proprietor's autho-
rity to control airport operations. They have approved legis=-
lative or judicially imposed restrictions on a very limited
basis and only in cases where there is no interference in a
federally preempted area. The courts and the federal govern-
ment will, in all prohability, continue this trend in support
of airport proprietor generated regulations, If non=-airport
proprietors were allowed to enact regulations which restrict
alrport operations, it might well invite a daecline in eco-
nomic growth for the airport and the communities that are
served by them, On the other hand, the rules adopted by the
airport proprietors appear to be temperad by the economic

*Municipality nonproprietors have influenced ground opera-
tions where FAA preemption does not apply.

2-4



interest of maintaining a wviable and profitable airport
enterprise. More importantly, if the airport proprietors are
to be held liable for noise-~related damages, then they should
have the regulatory means to promulgate noise abatement
measures and hopefully decrease the chances of additional
aircraft noise inspired litigation." '

Under the heading "Legal Theories and fTrends in Awarding
Damages," the review states

"When pecple are subjected on a daily basis in their homes to
the sound of ailrcraft takeoffs and landings, they want relief
from the noise. That is, ideally they would like the court to
igsue an injunction and have the aircraft operations cease
and desist., However, this is not a practical solution to such
a complex problem, and instead the annoyed community seeks
relief that is usually spelled (as the cases will attest):
MONEY"

The review then discusses the court's decisions in thisg area

through 1980, In the case of Greater Westchester Homeowners
Assoclation v. City of Los Angeles, the judge

"....based on his findings of emotional distress not upon any

physical injury (such as hearing loss), but rather hased the
amount of recovery upon personal testimony evidence to estab-
lish the intensity of effects and duration of aircraft noise
exposure. The ruling also included the admonition that the
compensation for these past injuries would pot prohibit these
very same plaintiffs from bringing the same cause of action
for subseguent injuries from the continuing aircraft nui=-
sance, This rather liberal interpretation of personal injury
nuisance law as it relates to aircraft noise was a clear
warning to the airport operators to take a more affirmative
pogition in seeking airecraft noise abatement solutions.”

The review explains the plight of the airport proprietor as
follows:

"While the airport operator has an economic incentive to
abate the noise levels, the necessary authority to achieve
this goal is limited by the federal plenary powers in inter-

2=5
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state commerce and navigable airspace. The DOT ‘'Aviation
Noise Abatement Policy,' published by the FAA/Department of
Transportation in 1976, stated that the FAA would 'review and
advise' the airport operator as to the acceptability of any
operational use restrictions that the airport proprietors
might want to impose, However, the FAA declined an invita-~
tion to ‘review and advise,' the San Diego Port District in a
dispute with the State of California over whether to extend a

curfew (Gianturco, supra)."
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CHAPTER 3., ACTIONS TO DATE

INTRODUCTION

Progress has been made in the contrel of aviation noise since
the EPA reported to the Congress on that subject in 1973.l Prog=
ress made since 1973 is described in this chapter in terms of
FPederal, state, and local actions. &As will be seen, the roles of
each of those levels of government have been sgsignificantly clari-
fied during the last nine years, although the boundaries bhetween
the authorities of the three levels are still not entirely clear.

The Federal Aviation Administration (FAA) regulates the manu-
facturers of aircraft and, to a lesser extent, the air carriers
regarding the design, production, and use of quieter aircraft in
the U.S. fleet. The National Aeronautics and Space Administration
(NASA}) carries out research on the design of guieter aircraft,
and both the FAA and NASA study and demonstrate noise-abatement
flight proceduresa to promote the development and incorporation of
new technigues by aircraft manufacturers and operators. The FAA
also controls airspace use and management, air traffic control,
and safety, all of which can affect noise around an airport.

State and local governments, acting as proprietors of air-
ports, control the selection of airport sites and the acquisition
of buffer zones around airports; they also control airport design,
scheduling, and operations =-- subject to the Constitutional
prohibitions against creation of an undue burden on interstate
and foreign commerce, unjust discrimination, and interference
with exclusive Federal regulatory responsibilities over safety
and airspace management.

All states and local communities, regardless of whether they
are airport proprietors, may protect their citizens through land
use controls and other police powers, provided they do not trans-
gress areas of FPederal regulation or the airport proprietor's
rights.

FEDERAL ACTIONS

The Federal Government has been very active during the past
nine years in controlling aviation noise. Activities fall into
four basgic categories, ensuring that

3=-1
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1. through regulations and research, quieter aircraft are
designed, produced, and operated in the U.S. fleet;

2. congideration is given to employing noise~abatement
flight procedures;

3. consideration is given to optimizing aircraft flight
ground tracks into and out of airports; and ‘

4. airport proprietors and local officials are assisted in
carrying out neise-abatement actions.

Source Regulation and Research

The "EPA 1973 Report to Congress" highlighted the essential
need to control the amount of noise generated by aircraft if the
overall nolse from the U.5. fleet of commercial aircraft was to
be significantly reduced. As a general rule, control of noise at
the source (the alrcraft) is more cost effective than trying to
protect people from an excessively ncisy source at each location
where the aircraft operates.

In 1969, the FAA took the first major step in that direction
by issuing a new Federal Aviation Regulation Part 36 (FAR 36),B
requiring that new-~design aircraft be certificated to meet speci-~
fled nwise levels. Those 1969 noise standards came to be known as
Stage 2 levela. The unregulated aircraft in operation before 1969
were designated Stage 1 aircraft.

Although PAR 36 was an excellent first step in aircraft noise
requlation, it was understood by both the FAA and the industry
that many other problems needed to be resolved, The 1969 rule
applied only to new-design aircraft, which left the manufacture
of clder-design aircraft unregulated. Thus, in 1973, more than 90
percent of the approximately 2,000 U,5. jet-powered carriers were
older~design aircraft, which did not meet the Stage 2 noise
levals. Furthermore, due to the long structural and economic life
of these aireraft, they would probably remain in the fleet for 10
to 20 years or more as a significant factor in the airport-noise
problem.

In 1973, the FAA issued a ruleg that required that older-
design air carrier aircraft manufactured after December 31, 1974
comply with the Stage 2 noise levels. That rule subjected the

3=2
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manufacturer of all turbojet subsonic air carrier aircraft to the
Stage 2 limits. In addition, in December 1976, the FAA set a
phased compliance schedule10 by which large turbojet aircraft in
the U.S, fleet not engaged in foreign commerce were to be brought
into compliance with Stage 2 noise levels, regardless of when
they were designed or manufactured. Compliance with the December
1976 rule can be achieved by the acoustic modification (retrofit)
of noncomplying airplanes or by their replacement with complying
alrplanes, In 1980, the FAA extended the noise compliance rule to
all aireraft, both U.S. and foreign operated, as a condition for
uge in the United States beginning in 1985.

Having established compliance requirements for current civil
subsonic airplanes with the noise levels established by FAR 36 in
1969 (Stage 2), attention was then focused on lowering noise
levels of new-design aircraft. In 1976, the Envirommental Protec¢-
tion Agency [(EPA) proposed phased noise reductions to apply to
alrcraft designed at later dates.11 In March 1978, the FAA re-
vised its noise standards12 to reflect the noise reductions that
were available in the more fuel-efficient, advanced-technology
engines. When averaged across the fleet, the new allowa.xle maxi-
mum noise limits (defined as Stage 3 levels} provided approxi-
mately a 5-48B reduction from the earlier Stage 2 limits.

The FAA has also promulgated regulations covering small
propeller-driven airplanes. In 1974, propeller-driven airplanes
with maximum certificated weights of less than 12,500 pounds were
made subject to FAR 36 nolse certification requirements.l3

The above regulatory actions tock advantage of the results of
Federally sponsored R&D programs.14 The predominant activity in
aviatiop~noise-abatement research, technology development, and
demonstration programs during the late 60's and early 70's was
directed at reducing noigse levels of the large aircraft, which
make up the bulk of the commercial air carrier fleet., The signif-
icant programs of that period, the Sound Absorbent Material (SaM)
demonstration progqram and the refan program, are now £inding
their ways into operational use. SAM treatment is being applied



by some airlines as a retrofit to their fleets and is also incorno-
rated in new-production aircraft as a noise-reduction measure.

The technologies demonstrated in the refan and SAM programs are

both used in the new DC~9-80 series aircraft, which have been

designed to meet the Stage 3 FAR Part 36 noise levels.

FPurther application of existing technology can provide sig-~
nificant noise reductions for new~design turbofan powerad general
aviation aircraft. In addition, application of current technology
to military transport and tanker aircraft can alsoc provide sub-
stantial noise reduction. Reengining of such existing military
aircraft has been considered. Joint civil/military airports can
benefit from the quieter aircraft.

Although it is generally agreed that aircraft-noise control
at the source is the most cost-effective way to reduce noise
exposure, particularly when technological improvements are
applied early in the aireraft or engine design and development
cycle, there tends to be a 7- to lO~year time lag between the
demonstration of a new technology and its incorporation into new
designs for fleet use. Thus, 10 years or more will pass hefore
there 1s sufficient replacement of the older, noisier fleet with
quieter planes 30 as to noticeably reduce community noise expo-
sure.

Flight Procedures

The FAA has promulgated two requlations pertaining to noise-
abatement £light procedures; one 'addresses the sonic boom of
supersonic transports (SST)lS and the other addresses the landing-
flap settings of subsonic aircraft.16 The operator of an 88T is
prohibited, except over specified test routes, from conducting
flight procedures that would cause the alrcraft to exceed the
speed of sound and thereby cause a sonic boom to reach land
areas, On subsonic aircraft landing-flap settings, the operator
is required to use a lower-than-maximum flap setting unless the
pilot determines that weather, runway conditions, or other gafety
factors require the maximum. A lower flap setting requires lover
thrust, which results in less noise exposure. Both of the FAR
flight-procedure regulations are effective in controlling noise.
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Noise-abatement takeoff procedures have been recommended by the
FAA in advisory cireulars.l7’1®  the recommended takeoff proce-
dures are capable of effecting substantial noise reduction.
Alirport Operations

Each airport has a unique distribution of population relative
to its runways. At many alrports, opportunities exist for reduc~
ing noise exposure by using runways and flight tracks (flight
path projected vertically to ground) that take advantage of areas
that have the least residential population, such asg water, indus-
trial land, and agricultural land. The development of minimum
noise~exposure flight tracks reguires a coordinated effort by the
alrport ‘proprietor and the FAA to reduce noise impacts while
maintaining high safety standards and airport capacity. That
effort may involve adjustments to flight paths for both arrivals
and departures to maintain adequate separation, locating new
navigational aids and additional training of both air traffic
controllers and flight perscnnel.

Changes in flight tracks at Los Angeles International Airport
reduced take~off-noise impact by reruiring departing aircraft to
climb out over the ocean and recross the coast at altitudes
exceeding 7,500 feet. At Logan International Airport in Boston,
the FAA has adopted flight tracks that make more effective use of
the harbor for climbout. By increased use of the Logan runway
that has the greatest potential for community noise improvement,
the number of people exposed to greater than Ldn 65 4B has been
substantially reduced.

Alrport-Noise«~Control Planning Programs

From the Federal perspective, airport-development and noise-
control planning are primarily loca. concerns with the Federal
role limited to providing technical assistance and financial
support. The funds are provided through the Airport Development
Ald Program (ADAP), which was authorized by the Airport and
Airway Development Act, Amendments of 197619 to include, as
allowable costs, ... the purchase of noise suppressing equip-
ment, the constructicon of physical barriers, and landscaping for
the purpose of diminishing the effi:t of aircraft noise on any

3-5

U



TR IS IO RISHTIALARPIRRE S

area adjacent to a public airport,... (and) any acguisition of
land or of any interest therein necessary to insure that such
land is used only for purposes which are compatible with the
noigse levels characteristic of the operation of a public air-
port.” That act expired in 1980 and is still being reconsidered
by Congress.

In January 1981, the PFAA established a new interim regu-
Iation20 (FAR Part 150) prescribing plan requirements for airport
operators who choose to develop an airport-noise-compatibility-
planning program under the Federal program., That rule implements
portions of Title I of the Aviation Safety and Noise Abatement
Act of 1979.21 It includes the establishment of a single system
of measuring airport noise and a single system for determining
the exposure of individuals to airport noise. It prescribes a
standardized airport-compatibility=-planning program, including
the following:

1. the development and submission to the FAA of noise expo-
sure maps and noise-compatibility programs by airport operators; -

2. the standard nolse methodologies and units for use in
alrport agsesamentsa;

3. the identification of land uses that are normally compa=
tible (or noncompatible) with various levels of noise around
airports; and

4. the procedure and criteria for FAA evaluation and approv-
al or disapproval of noise-compatibility programs. While those
rules reflect the applicable provisions of the Aviation S5afety
and Noise Abatement Act of 1979, they are also the outgrowth of
and response to the recommended regulations submitted to the FAA
by the EPA referred to as the airport noise regulatory process,

The PAA conducted an airport-noise~control and land use-
compatibility ({ANCLUC) program23 that preceded FAR Part 150,
Some 40 airports participated in that grant program, which demon=-
strated noise-control planning concepts on an airport~by-airport
basis. From the date of enactment of the 1976 ADAP amendments
{July 12, 1976) to June 30, 1979, 29 airports submitted noise=

abatement plans for review by the FAA.za The FAA has also issued
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an advisory circular on airport/land use-compatibility plan-
ning.24

A recent study conducted for EPA documented the progress
made to achieve land use compatibility at the nation's airports.
Specifically, information was gathered on the kind, extent, and
cost ©f noise-rerlated land use actions. Information was also
gathered on the benefits derived from those actions and from any
coperational measures that had been implemented. Airports with
active noise~-control programs, such as those with ANCLUC studies,
were questioned.

Twenty-two of the 40 airports studied had taken land use
actions for noise -+ compatibility, spending a  total of
$251,260,000. Sixteen airports had made land purchases, 10 had
made zoning changes, 3 bought easements, and only 1 {Los Angeles,
CA)} had done socundproeofing (toe hoth public and private struc-
tures). Although the cost of land was high in many instances, the
preferred method of land acquisition was fee-simple acguisition.
Zoning changes were often made at no cost to the airport
anthority.” Several airports stated that they had completed their
land purchases., Those and other airports expressed a desire to
keep surrounding land free from residential uses.

Only six airports with no previous land use-action experience
had formulated definite plans to initiate land use actions. Most
of the airports that had already undertaken substantial land use
actions plan future actions. Twenty-two airports have budgeted
$393,900,000 for future land use changes, Twelve plan land
acquisition, six plan 2oning changes, and three plan soundproof-
ing. One airport {Renoc, NV) plans to spend $2.6 million on a
purchase assurance plan, Two others (St, Louis, M0 and Los
Angeles, CA) will buy easements. Two of three airports that plan
to soundproof residences and schools are older, urban airports
(Pittsburgh, PA and St. Louis, MO).

Regarding operational measures, 2B airports reported taking
operational measures for noise-abatement reagons. Those include
two alrporta that plan to construct new runways at a cost of $4

25
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to §5 million each. Three additional airports plan runway relo-
cation, reconstruction, or extension to alleviate noise. Many
other operational measures were taken, ranging from preferential
runways +o horizontal and vertical control to curfews, One
alrport installed a noise monitoring system, and another created
a staff position for noise control., Only one airport (Bedford,
MA) had penalties for infractions of its operational procedures.

The airport/land use~action study concluded that progress is
being made at U.,S. airports to permit noise/land use compati-
bility. Airports have spent $251 million to plan and implement
land use changes that have affected 5,000 housing units. The
funding for land use change has come in part from Federal grants
to purchase land to soundproof and to facilitate zoning changes.

STATE ACTIONS

Several States have taken the initiative in preotecting the
health and welfare of their citizens from the adverse effects of
aviation noise. Some examples follow.

California

California has established 65 dB measured on the community
noise eguivalent level (CNEL) scale as the level needed to pro-
tect people residing in the vicinity of the airport. That level
is equivalent to EPA's Ly, 65 d8. The responsibility for adop~-
ting and enforcing the noise standards is agsigned to the county
in which the airport is located.

The standard states that no airport shall operate in a manner
that expeses adjacent areas to noise levels in excess of 65 CNEL
unless the proprietor obtains a wvariance. The variance process
requires airpert proprietors to do site-specific, time~-phased
planning for actions that will contribute to the improvement of
the noise environment arcund the airport.

Maryland

The Maryland airport-noige~control program addresses the
problem of cff-airport/land use compatibility by attempting to
minimize noise levels at existing neoise-sensitive developments
and by preventing the introduction of new noise-sensitive devel-

3-8



opments. Maryland's Environmental Noise Act of 1974 requires the
following:
1. aAirport operators must assess the off-airport-noise
impact of current and projected aircraft operations.
2. If the off-airport impact exceeds Ly 65 dB, a noise-
abatement plan must be develcped to reduce the impact on
noise~sensitive land uses to the extent practicable.
3. In cases where the noise-~abatement plan does not reduce
the off-alrport noise exposure to Ldn 65 dB, a state-
certified airport-ncise zone must be established. The
zone must, at a minimum, encompass the area within the
Ldn 65 dB contour. The State has control over land use
activities within the airport-noise zone to prevent
additional incompatible use.
Other States
Florida, Minnesota, and Oregon also have programs that en=
courage noige reduction in the airport vicinity, and Illinois is
considering the adoption of a similar program. Those programs can
play an important role in bringing the parties together to seek
solutions and in controlling land use where the local jurisdic-
tions are unable or unwilling to do so.
LOCAL ACTIONS
At the local level, the control of ailrport-noise exposure
involves use restrictions impesed by airport proprietors and by
compatible land use planning. '
Airport Use Restrictions
Beginning in 1962, the courts placed the financial liability
for aircraft-noise damages on the airport proprietors. Since the
mid-70's, the courts have begun to recognize and to define the
authority of the proprietors to regulate aircraft activity =o as
to avold or minimize that financial liability, The authority of
the proprietors to establish noise limits applicable to all types
of aircraft has been upheld, as has the setting of limits appli-
cable only in stated time periods, such as nighttime, and the
control of training activities.

3-9
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Use restrictions at airports are important tools for near-
term reduction of noise exposure around major airports, but
control of aircraft noise alone will not provide adeguate relief.
Ideally, such restrictions should be imposed on the basis of a
thorough study of the noise levels in surrounding neighborhoods
{calculated or measured) and a carseful consideration of the most
cost-effective and least~disruptive restrictions that will pro-
duce the desired reduction of noise levels. In recognition of
the importance of airport-specific restrictions and the need for
caraful planning, Congress passed the Aviation Safety and Noise
Abatement Act of 1979.21
Local Land Use Planning

Controlling the use of the land around the airport is an
important means of reducing the impact of ailrport noise. Such
land should be developed only for purposes that are compatible
with airport noise. 1In cases where the land 1s already developed
for incompatible uses (such as residences}), special programs,
including soundproofing or relocation, may be required to reduce
the noise impact on users to an acceptable level.

Land use control is clearly a local matter. Theoretically,
that means that local officials have the power to control local
zoning, to acgquire interests in land (such as development rights},
to develop compatible land use guidelines, to enact building
codes, and to determine airpport locations. However, the local
entity that develops the airport hay be different from the one
asked to control local land uses. The interaests of the two
antities may also be cenflicting.

The establishment of compatible land uge plans for noisge-
exposure control can be a very useful step toward establishing
satisfactory coexistence of airports and communities if the plan
is implemented before the land is developed for residential use.
Such plans are especially helpful if they are prepared in con-
junction with an onaite airport-noise-abatement plan that
examines possible resatrictions on the use and operation of the

alrport.
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Environmental assessments or environmental impact statements
must be prepared when changes or new developments reguiring
Federal support are proposed at an airport that may significantly
affect the surrounding environment. The FAA has proposed hew
policies and procedures that will clarify and simplify earlier
requirements for actions to be taken by airport proprietors in
preparing those environmental assessments and environmental
impact statements. If done well, those assegsments can foster
and promote compatible land use planning by local officials in
conjunction with the planning for the ailrport development.
Funding

The funding and implementation of airport/land use-compati-
bility plana is a local responeibility. Some Federal ADAP funds
have been made available by Congress for planning and land acgqui-
aition. In addition, the Aviation Safety and Noise Control Act
of 1979 does not confine noise-project eligibility for ADAP funds
to a few items as did the Airport and Airway Develcpment Act of
1970 as amended.

Of course, where Federal funds are available, a relatively
small percentage of the project cost must be provided by the
airports., At some airports, land acquisition has been undertaken
by using only airport-owner funds. In Atlanta, the 5State
legislature authorized ceondemnation of 1land, within the e¢ity
limits, which was in a high noige-impact area. Such land can
gometimes be used quite profitébly for airport assoclated
industrial purposes. In some cases, the purchase and resale can
be accomplished at a profit,

Alrport proprietors may £ind it necessary to fund noise-
control programa without Federal subsidy. Locally funded pro-
grams can include the purchase of land {or an interest therein),
the management of growth patterns through zoning and utility
(sewer, water) extension policies, the preservation of important
land rescurces by means of unigue tax~assessment procedures, and
the soundproofing of noise-sensitive structures,

A potential source of funding of airport neise-control pro-
grams, which has yet to he used in this country, is a noise
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charge, that is, a charge to aircraft operators in proportion to
the noise they make. Noise charges can be an incentive for
aircraft operators to produce less noise and also be a source of
funds for nolse-abatement actions. That is an important concept
in that those who make the noise and benefit from the awviation
service causing it also pay for the costs that it imposes on the
rest of society (the polluter pays principle). The advantage of
such a concept is that it forces aircraft operators to take into
account noilse costs just as they now account for material and
labor costs, Noise charges are now assessed in Japan, France,
The Netherlands, Switzerland, and Germany. Some part of the
noise charge is used to support noise-control programs, such as
soundproofing of buildings.

3-12
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CHAPTER 4. PROSPECTS FOR THE FUTURE

INTRODUCTION

This chapter seeks to identify areas and procedures where
further progress can be made toward achieving compatibility
between air carrier airports and adjoining communities. Source
regulations, flight procedures, and airport operations, discussed
under "Federal Actions" in the previous chapter, are reviewed for
poasible future benefits. Compatible land use control, discussed
in the previous chapter under "State and Local Actions," is
identified as the means whereby further reductions in numbers of
people impacted can be accomplished when a problem remains after
benefits from other means have been realized. Litigation, re=
viewed in Chapter 2, is also discussed in this chapter.

SQURCE REGULATIONS AND RESEARCH

The introduction of the first generation of guiet aircraft
{meeting Stage 2 noise limits, established in 1969) is only now
beginning to make a significant change in aircraft noise. A
second generation of' quiet aircraft, such as B757, and B767,
using the Stage 3 technolegy developed during the early 70's is
now being produced for service and will begin to reduce ncise
exposure in the mid 90's. Stage 3 technology should be fully
effective in minimizing noise exposure during the early part of
the next century. Although the PFederal Aviation Administration
{(FAA) has not ruled out further asource-noise regulation in the
futura, no further regulations are currently planned,

The quest for greater fuel efficiency has brought about
reneved interest in propfan technology develcpment., The propfan
offers a potential for lower noise levaels than the levels of the
latest design turbofan engines. They may be used on new-design,
small aircraft to bhe introduced into the fleet in the 90's and
later. Large propfan aircraft are not expected in this century.
Therafore, the impact of propfan powered aircraft by the year
2000 will be small. Small noise reductions in the next century
may compensate for expected increases in enplanements that will
involve either more aircraft cperations or larger, noisier air-

craft.
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FLIGHT PROCEDURES

Noige-abatement«takeoff procedures can be tailored to the
particular aircraft type using them. Nolse reduction as a func-
tion of thrust reduction is much greater for oclder~design air-
ceraft powered by low bypass ratio engines than for current air-
craft powered by newer-design, high bypass ratio engines. Thus,
thrust reduction may be used to provide substantial reductions in
areas and number of people impacted by noise of aircraft powered
by low bypass ratio engines, which are currently widely used.
However, by 2000, aircraft powered by high bypass ratio engines
will predominate. Those aircraft will produce the lowest noise
impact if operated at high thrust throughout the climb. Increased
altitude, that is, increased distance, will provide more noise
reduction than reduced thrust. Considerable variation in takeoff
flight procedures among the different airlines is believed to
exist, based on available noise measurements. Minimum nocise-
expogure=-takeoff flight procedures should bhe encouraged as a
means of reducing noise impact from flights over residential
areag since benefits would be immediate.

AIRPORT OPERATIONS
In many cases, it is possible for aircraft after takeocff to

turn away from densely populated areas, thereby significantly
reducing the number of people impacted by aireraft noise. That
procedure involves the use of a priority runway system and curved
flight +tracks (vertical projections of £light paths on the
ground). The procedures are in use at some airports and are
being developed at others. The noise-reduction benefits of using
pricrity runways and curved flight tracks are also immediate.
COMPATIBLE LAND USE CONTROL

For many airports, a residuwal population impacted by aircraft
noige will remain after the henefits from ncise-abatement f£light
procedures and airport operations have been realized. A further
reduction in number of people impacted can be accomplished by
airport/land use-compatibility ©planning and implementation.

ST AR P
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REQUIREMENT OF FAR PART 150

In the Aircraft Safety and Noise Abatement Act of 1979
(PL-96=193), the Congress instructed the FAA to provide standards
for wvoluntary airport/land use-compatibility planning to be
supported by Federal funding. Those standards, published as FAR
Part 150, require the identification of land uses within the Lan
65=dB nolse~impact area that are not compatible with noise expo~
sure above Ldn 65 dB. Residential use is listed as one of those
uses, The document, however, provides the following dis-claimer:

"The designations contained in this table (in which non-
compatible uses are listed} do not constitute a Federal
detemination that any use of land covered by the program is
acceptable or unacceptable under Federal, state or local law.
The responsibility for determining the acceptable and permis~
sible land uses remains with the local authorities. PFaa
determinations under Part 150 are not intended to substitute
federally determined land uses for those determined to be
appropriate by Ilocal authorities in response to locally
determined needs and wvalues in achieving noise compatible
land uses."

California and Maryland have state laws that have essentially
the same land use~compatibility standards as FAR Part 150, Other
states are developing similar legislation.

LAND USE-CONTROL ACTIONS

To develop a noise-compatibility plan, the airport operator
must first predict the area and number of people that will be
exposed to various levels of aircraft noise. For an anticipated
number and mix of aircraft, that will be a function of various
procedural and operational actions that can be taken to control
the noise and the land use on a specified date in the future,
After all feasible cases have been conaidered, there may still be
residential areasg above Lan 65 dB on the desired target date. If
that occura, land use change in those residual areas must be used
to achieve compatibility.

Bince the area arcund most major airports exposed to aircraft
noise above Ldn 65 dB is already developed for residential use,
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zoning will not be an important tool in achieving compatibility,
Even in areas that are not highly developed, zoning may not be a
reliable tool, since it is subject to changes. The purchase of
easements on underdeveloped land is recommended instead.

For residentially developed land exposed to noise above Lan
65 dB, soundprocfing is the most practical and cost-effective
step that can be taken to achieve compatibility. However, in
areas above Lan 65 4B, releccation may be required.
Soundproefing/Relocaticon Considerations

To achieve practical ailrport noise/land use compatibility at
minimal cost, it is necessary to know the costs of land use
change in areas that will have noige exposure above Ldn 65 dB for
the foreseeable future. The changes considered in Chapter 6 of
this report are soundproofing houses to achieve interior noise
levels of Ldn 45 dB (levels normally existing with exterior
levels of Ly, 65 dB) and the removal of families from areas where
the noise levels will remain above Lin 75 dB for the foreseeable
future., The specific features of any particular plan must be
determined at the lecal community level, depending on local
conditiens.

LITIGATION

When the ailrport proprietors, nelghbors, and lacal govern=-
ments are unable to resclve their conflicts, they turn to the
courts for resolution, Based on the history of airport-noise
litigation, further legal actions in that area may be expected in
the future. Chapter 2 ol this report provides background infor-
mation and further insight regarding prospects for future liti-
gation.

A recent conference26 on airport noise found airpeort
operators recommending negotiations with surrounding communities.
The operators suggested that it is bast to be candid concerning
the prospects for noise reductions and to be open to any
suggestions for reducing noise impact by airport procedures,
They felt that after a case goes to court, they lose control and
the result may be detrimental to everyone.
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CHAPTER 5. DEVELOPMENT OF NOISE-EXPOSURE ESTIMATES

INTRODUCTION

To evaluate the effect and cost of measures that could be
employed to pravide relief to airport-noise~impacted residents, a
methodology27 was developed to integrate the parameters affecting
noise exposure.

The methodology involves developing representative airports,
calculating noise exposure for those airports, and scaling the
results to derive national noise-exposure estimates to the year
2000. Using representative airports (Rports) permits forecasts
to be generated with variables such as fleet size, fleet composi-
tion, flight procedures, and flight paths by studying only a
represgsentative sample of airports instead of the entire air
carrier ajrport population.

Each Rport represents one of a number of distinct categories
of airports. The noise exposure around an HRport, specified in
terms of area and population exposed (as well as other pertinent
gocioceconomic and demographic considerations), approximates the
total noise exposure for all of the airports within the category
it represents when multiplied by an appropriate scaling factor.
Also, the sum of the noise exposures for all categories approxi-
mates the total nolse-exposure area and population of all air
carrier airports,

Development of a methodology' based on the Rport concept
required collection of a comprehensive data base to be used for
the following:

1. definition of airport categories, -

2. selection of Rports in each category,

3., generation of noise-exposure values at Rports, and

4., axtrapolation of pertinent parameters to future years,

The analytical tools discussed in this chapter were used to
genarate reference noise-exposure estimates for 1979, 1990, and
2000. Refasrence exposure estimates were made for Rports from
which national estimates were obtained, Those exposure values
are used as a reference for noise-exposure-reduction gtudies
covered in Chapter 6.
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IDENTIFI

CATION AND GENERATION CF REQUIRED DATA BASES

The

identification and generation of the data bases required

to define airport categories and to select a single airport that
represents each of those categoriles were divided into two parts:

l.

the development of an airport/aircraft data base that

could be used to define distinct categories (or sets) of

airports and

the development of an airport/aircraft data base needed

as lnput to two computer models:

a. the Federal Aviation Administration's (FAA)} inte-
grated noisze model (INM)28 and

b. the National BAeronautics and Space Administration's
(NASA) aircraft-noise-levels annoyance model
(ALAMO).29 When used with the data for selected
airports in each category, the INM/ALAMO outputs
provided the basis for selection of the Rport repra=
sentative of ita category.

Data Used to Define Categories of Alrports

The

airport/aircraft data indentified as being required for

developing distinet cateqories of airports included the
following:

4.

number of annual commercial jet air carrier operations
for each alrport congidered,

alrport noise produced by the f£flight operations of
specific commercial jet air carrier aircraft,

selected socioeconromic and demographic wvariables that
describe the surrounding airport community (population,
housing type, owner/renter-income data, etc.), and
airport/aircraft parameters that 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 deter=-
mninations of the total noise produced by aircraft operations. The
number of annual (calendar year 1979) commercial jet alr carrier
departures by aircraft type was obtalned from FaA data30 and is,
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henceforth, referred to as the airport activity statistic {(AAS)
file. It included data for 304 airports serving certified route
air carriers.

Airport Noise Produced by Commercial Jet Air Carrier Opera-
tions. The airport noise produced by commercial jet air carriler
cperations was represented by two noise measures: airport noise
index (ANI)31 and fleet~-noise 1level (FNL). The ANI takes inte
account both the noilse generated by each aircraft and the number
of operations of each aircraft. It is sensitive to the aircraft-
noise total energy that is received on the ground and approxi-
mates the day/night socund level calculated without nighttime
welghting. fThe concept of FNL provides a method for evaluating
the noise status of fleets of aircraft. It provides a single
figure of merit so that fleets of aircraft can be compared with
each other on the basis of noise. That comparison is computed by
the following equation:

ANI = FNL + 10 log {(d/365) + 53
where: ANI = airport-noise index in dB
FNL = fleet nocise level in dB
d = number of yearly departures

The FAA provides information on noise levels produced by all
alrcraft in service in the U.S. airline fleet at the three meas-
uring points specified in Federal Air Regulation (FAR)} Part 36,
Values of FNL were found for each of the FAR Part 36 measuring
points for each airport, ANI values corresponding to each FNL
were then calculated,

Selected Socloeconomic and Demographic Variables. In addi-
tion te the aircraft operations and nolse=level data, considera-
tion of certain socioceconomic and demographic variables was
necessary 1in developing distinct categories of airports. The
airport selected was presented not only in terms of noise levels,
but also in terms of population exposed to the demographic
characteristics of this population. That information was used to
project national and airport-specific benefits of noise~control

actions,

5«3
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The variables selected for inclusion in the aircraft/airport
data base were obtained from the FAA's airport information file
(AIF).32 The following variables were included:

1. total population,
2. number of househelds in 1975,
3. total number of incomes,
4, total number of homes,
5. total number of renters,
6. average home value,
7. average monthly rent,
8. population change from 1970 to 1975, and
9. population growth rate.
Values for each of the variables were determined for areas within

a S5-mile and a l0-mile radius of the airport center using the
latest available census data, except where indicated otherwise.
Alrrort/aircraft Parameters Specific to Each Airport. A num=-
ber of additiocnal airport-specific variables were obtained from
: the AIF and included in the airport/aircraft data base.
! Combined Airport/Aireraft Data Base, The airport/aircraft
data cbtained from the AIF and the AAS5 file were combined to form
a s8ingle data base. The number of airports contained in the data
base was limited to 236 by including only those airports that
handled four or more scheduled large jet (greater than 75,000
pounds)} operations per day. Those airports accounted for over 10
million air carrier operations performed in calendar year 1979
{about 55 percent of the total jet operatiocns).
Input Data Reguired to Run the FAA's Integrated Noise Model (INM)
The INM is a computer model that can be used to calculate the
aircraft-noise environment in the vicinity of an airport given
information concerning airport location and 1layout, aireraft
types and air traffic movement, The resulting noise environment
is described in Figure 5-~1.
The INM user is required to provide at least 5 and up to 10
kinds of data describing the airport and its associated activity
Required data include the following:

to run the model.
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1. airport altitude and temperature,

2. runway configuration (number, length, and orientaticn),

3. ground track definitien,

4. approach profiles, and

S. traffic mix (distribution of operations by aircraft

type). '
In addition to the above data, the user must also provide infor-
mation related to runway use and the distribution of aircraft
operations by operation type (takeoff or landing), time of day,
and, for takeoff operations, the trip length.

Most of the required INM data was obtained from the AIF and
the AAS computer files. Data base management programs were used
to extract information from both the AIF and the AAS and to
generate data base files. Other information source333'34 were
also used to supplement or to verify data obtained from the AIF.

_:_[NM Input Data Preparation. Using the data obtained from the
AIF and the AAS files, alrcraft cperations data were computed for
each airport considered. The determination of the number of
cperations for a given aireraft type at each airport was based on
the operations data obtained from the AAS file, and the distri-
butions (on a percentage basis) of operaticns were obtained from
the AIF. Note that the AIF provided operations data related to
trip length and time of day for each aircraft type, but did not
provide information related to runway use. In preparing the INM
data bases, aircraft operations wére uniformly distributed over
all runways that were commensurate with the aircraft's perform-

ance characteristics.

The ground tracks used in INM runs to establish a baseline
were assumed stralght-in and atraight-out, that is, no turns were
performed during the takeoff or landing operations. Also, the
takeoff flight procedure and noise technology were those internal
to the INM for airport-category determinations. For nocise-expo-
sure studies, takeoff flight procedure inputs to the INM were

generated by a computer program.35
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A standard 3° glide slope was assumed for landing operations.
The thrust and velocity parameters used with the standard 3°
glide slope landing procedure are part of the INM's internal
data.

Input Data Reguired to Run the ALAMO. The ALAMO is an airport
community noige-impact-assegsment mode129 currently operational
on the NASA Langley Research Center's (LRC) computer system. For
a given INM input, ALAMO will provide area, population, and
number and types of residences within Ldn bands 5~dB wide around

an airport.

A complete INM data base is one input reguired to run the
ALAMO. Other required inputs include the latitude and longitude
of the airport center (cbtained from the AIF), the state in which
the airport 1is located, and two adjacent states. Using those
data, ALAMO uses a demographic retrieval system called SITE II (a
proprietary demographic data base developed by CACI, Inc.) to
cbtain a variety of community demographic information based on
the 1970 Census of Population and Housing.

AIRPORT-CATEGORY DETERMINATION

Factor analysis and other mathematical technigues were used
to select significant variables and to place the 236 airports in
the data base in 6 airport categories, labeled A through F, with
gimilar characteristica. The variables considered in that place-
ment included number of ailr carrier operations, airport noise
produced by those operations, selected socioeconomic and demo=
graphic variables, and airport/aircraft parameters specific to
each airport. The two smallest airport categories, E and F, did
not have large enough populations above Lan 65 dB to significantly
affect the total population of interest. Therefore, they were not
considered further. The number of airports was thereby reduced
to 129.

SELECTION OF REPRESENTATIVE AIRPORTS

The selection of Rports was made on the basis of the area and
population exposed to wvarious nolse levels. Those areas and
populations were generated by ALAMO.



Of the 129 airports in the remaining 4 categories, 55 were
gselected for ALAMO computer runs, The distribution of those
airports by Rport categery is listed in Table 5«1. Those
included all alrports in categories A and B that had relatively
large areas within the Ldn 65~ to 75=-dB contours and smaller
percentages of airports in the C (45-percent} and D (28-percent)

categories.
TABLE 5-1. DISTRIBUTION BY RPORT CATEGORY
Rport Number of Airports Number of Airports
Category in the Category Selected for ALAMO Runs
A 13 13
B 1
c 44 21
D 71 20
? TOTAL 129 55

Table 5-2 shows the distribution of the 12% airports by
category and identifies the airports selected for ALAMO computer
runs.

The ALAMO noise-exposure reports for each of the 55 airports
were used to determine the contour areas and the populatiecn
enclosed within egual bands of L4n 65 dB and Ldn 75 and greater.
The Rport selected to represent each category was determined by
comparing area and population of these two contour bands for each
airport in the category and by selecting the airport with values
clogest to the mean of the category.

The airports selected to represent each category were the

following:
Airport Category Representative Airport
A Miami, FL (MIA}
B La Guardia, NY (LGA)
‘ c San Antonio, TX (SAT)
} D Sioux Falls, 5D (FS0)

un
]
m

e
onsmppod S mn T e s e o et

P Lol ¥

AN AN AV o Sy g ey W R



TABLE 5-2, DISTRIBUTION OF AIRPORTS BY AVPORT CATEGORY
Aport APt Arpart AT A¥pasrt APT
Lategory 10. Lacation Catltgory 10, tocetlon ategory 0. tocation
ATL  Atlants, G/ JAR Jackioaville, Fi ALR Albany, MY
ot Dallas, 132 LAS  Lup Yegis, HY 8T¥  Bulrlhgton, ¥T
LAR Los Angles, CAS 14} ansar Cley, W0 Uk durganh, CA
QR0 Chicago, [L* WO Orlando, FL* CAE  Akran, OH
DEX  Denver, CO* AH  Hemphiy, TA* €Ml Champalgn/URG, L
JFK New York, NT* REE MiYwsuben, | AL Tadlas, TX
A SF0  Sen Franclice, CA® H3P Hisoespolls, M1 FAl Falrbanls, AK
(N llewrk, W HEY Maw Orleans, LA® GRN  Grand Raplds, NI
pos  Haiton, HA® OAK  Cakland, CA G50  Greenshara, NC
pCA  Waihingtaa, oc* OFC  aklaboms City, OK* HPH White Plains, HY
WA Hliml, L OWA  Omahs, KB 170 Hitd, Wl
ST St houls, O ) Kast Palm Quach, FL* JAN  Jachion, HS®
PiL Philadalphia, PAS 4 pox Fortland, OH* Jiu Juneiu, AK
(1 rhoania, A Eth Estchidan, A¥
[ LGA  Hew York, NY*Y FIT  Pittsburgh, PA LEX  Lexdngtom, Ky*
RND Rena, M o LGE Long Qasch, CA
BoL  Wiadsor lock, CTY SAH  San Rlegs, CA LI Libge, it
ohA  Hashwibie, Th® $AT  Sen Antonlo, Tooe MM Chicso, 1L
BUF  Duffale, MY SOF  Loutsyllle, KY HSH Madisaa, NI®
oM} Daltimora, HO* SEA  Seattle, WA! ofG  kahulul, HI
CLE  Ehevaland, 0N SJC  San Joie, CA PSP Falm Springs, €A
c Ll thurlatia, HC SLE Sabt taks Ci1 SBA  Santa Earban. cA
w6 Cinctnnatl, Xy SHF Sacrasesto, L SHA  Sants Ans, CA
UAY Daytan, ON* ST Syracuse, firs Alts Austin, T2
iy Detroit, M) TR T 1134 ML Poline, IL*
Ly € Paro, 17 WL Tulsa, OX* HOB  Mobila, AL
FLL  FL. Lauderdale, FL* TUS  Tucson, AZ® P Provideaca, K]
WHL  Noaolulu, Kl A Albutuerqua, He* DIMN  Des Moinag, IA*
[AD  Mashingten, OC ANE Anchorse, AX HOY  Mouston, TR
PAK lioustan, %
e Indlanapal (s, N*

*sOgngtas AWport

*lenotas abrperts selected for ALAHD computer runs
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TABLE 5-2 - CONTINUED.

DISTRIBUTION OF AIRPORTS BY AVPORT CATEGORY

Avport APT A¥port APT

Catagary 10. Lacation Kategary ta. lacarten
LAN Lansing, RI* CHA Cnaitancags, T
BIL BVinga, M1 L] Daytana Brach, FL
CRd  Charleston, 5C £SO tlous, Falls, sD**
BtS  Blwmark, WD ont tntario, (A
(1]} Balam, 1D* Pul portland, NE*
TAR Fiargo, A0 [1]1.) @irainghar, AL
GRD  Graen tay, Wi FAY  Fapattecille, HO*
S Colorsdo Springs, CO® o GTF Great falls, NP
$8Q  Sarasala, FL? AVL Asheille, NC

) CAE Calusbla, SC 111 fiint, N

ICT Michita, XS rA Fedrba, 1L
SHY  Shrevepori, tA {1 Tatlahassaa, FL
oL $aladn, DH® oRF tiorfolk, WA
P FE. Hapers, fL NOC  Rochdstar, WY
GEG  Spokane, MA Eué Eugena, OA*
LIT  Lirthe Rock, AR kDU Aaleigh-Durhaa, NC
Rit Richmond, VA ADA Hoanoky, ¥k
KRS Saginaw, MIA 1S Enoavlile, I
T fristol, Tn* ABE Allentown, PA
81N Malon Pouga, 1A FAT  Fresno, CA
4[] Cedir Mapids, IA® CHS  Chareston, WV
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DEVELOPMENT AND PROJECTION COF DATA
Fleet Forecast

Since the projected adrcraft mix and number of aircraft
operations have a direct bearing on the level of community-noise
exposure, the fleet mix was developed for base year 1979 and
forecast years 1990 and 2000, A moderate 1,7-percent annual
growth rate for total aircraft was used., As new aircraft types
are introduced into fleet service, they will replace clder types
that are not only noisier and less fuel efficient, but alsc have
lower seat capacities. As shown in the Table 5-3, the average
seats per aircraft 1is estimated to increase by 104 percent
betﬁeen 1979 and 2000. While the number of commercial aircraft is
estimated to dincrease only by 42 percent, the larger capacity
airecraft expected in 2000 require fewer annual departures than
the 197%/1990 aircraft to handle any given passenger demand
level. Thus, a decrease in departures in 2000 is indicated. Total
geat capacity is projected to increase from 372,000 in 1979 to
1,082,000 in 2000, a 191 percent increase.

TABLE 5-3. AIR CARRIER FORECASTS

Baseline Forecaat Year
1979 1990 2000
Number of Alrcraft 2,384 2,870 3,397
Average Number of Seats .
per Aircraft 156 231 319
Number of Departures
in Thousands 4,606 4,777 4,394

Projectiona of Aircraft Operations

Alr carrier activity was projected for each of the four
alrport categories and then by specific airport. Total fleet
departures were determined as the product of the number of air-
craft obtained from FAA Aviation Forecast337 and the applicable
alrcraft productivity factor (APF)*. Departures for each category

Departures
Number of aircraft

*APF =

5-~11
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were determined by adding the departures for each airport con-
tained within each category.30 Airports contained in the four
categories composed 62 percent of the national air carrier
departures in baseline year 1979, That same percentage was then
applied to determine the total departures for each of the two
forecast years. :
The total departures were then allocated to each of the
categories, That was done by a subjective adjustment of the
baseline 1979 departure data. Consideration was given to the
general nature of airport operations, such as hub versus terminal
and to the type and mix of aircraft that might be handled by each
airport given its operational constraints such as adequate runway
length +to accommodate wide-bodied jets. Since an Rport is
repregentative of all airports within its category, departures
were determined by dividing category departures by the total
number of airports in that category. The results of that proce-
dure are summarized in Table 5-4.
Demographic Forecasts

Housing, population, and other demographic factors of com-
munities around airports have not remained static in the past,
nor are they expected to remain so in the future. For example,
many noige-impacted communities (defined by noise-contour bands)
experienced different growth rates for populatien and residential
units during the 1970's. Increased divorce rates, reduced or
deferred marriages, and fewer children per family led to smaller
household sizes requiring more housing to accommodate a given
population level, Those and other changes were captured by
updating selected demographic variables, primarily, by using data
on growth rates for population and households, Airport-specific
demographic profile reports were generated by the ALAMO program
for each nolse=level contour band (Ldn bands 55=-60 4B, 60~§5 4B,
70-75 4B, 75-80 4B, 80-85 4B, 85+ dB, 65-75 dB, and 75+ dB).

The ALAMO data used were from the 1970 census. Predicted
census data for 1977 were used to obtain growth rates. Projec-
tions to 1879, 1990, and 2000 were developed from those two
census data points. Procedure details are given in reference 38,

5=12
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Noise-~Exposure Estimates

Data base noise exposures were calculated for the four repre-
saentative airports and the four categories of airports using the
methodology described. The population exposed to Ldn 65-75 dB and
to over Ldn 75 4B is given in Table 5=5 for 1979, 1980, and 2000.
Calculations were made using FAA A/C 91-39 takeoff-procedure,
flight-path, and performance data as INM input.

The results of summarizing the data in Table 5-5 to arrive at
a national airport-noise~exposure data base are shown in Table
5=-6.

The total for year 2000 of 3.63 million is slightly higher
than the value of 3.58 million previously estimated39 for year
2000. However, the 1979 total of 7.34 million is approximately 15
percent above the previous estimate39 for year 1975 of 6.17
million, The difference in the estimates is attributed to the
methodologias used.

The present estimates were intended to provide a reference or
data base from which changes could be studied., Alrcraft opera-
tions were assumed to be uniformly distributed over all runways
commensurate with the aircraft's performance. Flight tracks were
agsumed to be straight-in/out (no turns during takeoff or landing
operations). Actual airport operations vary considerably £from
those assumptions.

5-13
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TABLE 5-4. PROJECTIONS OF AIRCRAFT DEPARTURES

{Thousands)
BASELINE FORECAST YEAR
Rport/Rport Category
1979 1990 2000

Miami, FL

Category Departures 1234 1249 1112

Percent* 43,2 42 21

Rport Departures 94.9 96 B85.6
New York NY (La Guardia)

Category Departures 111 118 109

Percent* 3.9 4 4

Rport Departures 111 118 109
San Antonio, TX

Category Departures 1156 1224 1139

Parcent® 40.5 41.2 42

Rport Departures 26.3 27,8 25.9
Sioux Falls, SD

Catsgory Departures 355 380 353

Parcant* 12.4 12,8 13

Rport Departures 5 5.4 5
Total Category Departuras 2856 2971 2713
Total National Departures 4606 4777 4394

*Paercent of total category departures.

5=14
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TABLE 5-5. AIRPORT-CATEGORY DATA BASE NOISE-EXPOSURE ESTIMATES

Category
Exposed Population
Alrports
Exposed Population in Over Over
Alrport Category Year Ldn 65-75 4B 75 LdndB Category Ldn 65~75 dB 75 LdndB
Miami, FL A 1979 216,001 13094 13 2,592,012 170,222
A 1990 166,126 7165 13 2,159,638 93,145
A 2000 95,933 2485 13 1,247,129 32,305
LaGuardia, NY B 1979 1,337,354 83569 1 1,337,364 83,569
B 1990 811,157 46787 1 811,157 46,787
B 2000 171,098 15243 1 171,098 15,243
San Antonio, TX c 1979 64,241 1586 44 2,826,604 69,784
c 1990 40,354 1634 44 1,775,576 71,896
c 2000 41,654 27 44 1,832,776 1,188
Sicux Falls, sSD D 1979 2,643 987 71 187,653 70,077
D 1950 3,032 1075 71 215,272 76,325
D 2000 3,355 1275 71 238,205 90,525




TABLE 5-6. DATA BASE NATIONAL ESTIMATES OF
POPULATION EXPCSED TQ NOISE FRQM
AIR CARRIER AIRCRAFT

Outdoor Exposure Level
(dB)

Ldn 75 or greater
Between Ldn 65 and Ldn 75

Total: Ldn 65 or greater

Number of Pecple
Exposed (Thousands)

1979 1890 2000

394 288 139
6,944 4,962 3,489
7,338 5,250 3,628

5=16
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CHAPTER 6, NOISE-EXPOSURE REDUCTION AND
COMPATIBILITY COSTS

INTRODUCTION

This chapter presents the results of a noise-exposure-
reduction analysis that applies the noise-~reduction methods
covered in Chapter 4 to four airports, using the methodology
covered in Chapter 5, and provides cost estimates for achieving
compatibility by soundproofing and change of land use to non-
residential. An analysis that covers cost per enplaned passenger
is included.

Noise-~exposure reductions from the data base are anlayzed,
They include noise-abatement takeoff flight procedures, priority
runways, and curved flight tracks. After those measures have been
used in the analysis to reduce noise exposure, the remaining
residences exposed to Lan 65 dB and greater are considered for
change to compatible land use.

NOISE-REDUCTION METHODS

Flight Procedures

Takeoff £light procedures inveolving the scheduling of flap
retraction, acceleration, rate of c¢limb, and amount of thrust
reduction were studied., In addition to the data base takeoff
procedure (based on AC 91-39)}, which does not reduce thrust below
climb thrust, two additional procedures were used, based on
Pederal Aviation Administration (FAA) flight procedure AC 91-53,
Procedure AC 91-53 invelves an acceleration after initial climb,
followed by a flap retraction and then by a maximum or minimum
thrust reduction below climb thruat to provide a greater noise
reduction beyond that point. Studies were made using the 1979
data base air carrier aircraft fleet and with fleet projected to
the year 2000,

Priority Runways and Curved Flight Tracks

In a study using flight procedure AC 91-39, calculations ware
made for 10 airports to determine the percent reduction of the
number of people impacted within specified contours when priority

6-1



runways and curved flight tracks were used. Those airports in-
¢luded the four representatives airports. Results were used to
estimate a reduction in the number of people exposed nationally.

In developing a runway priority system for an airport, the
population digtribution within the Ldn 65-dB contour was studied.
The study was made using U.S. Geoleogical Survey maps that
identified urban areas and individual buildings. The selecticn of
the first priority runway is obvious if the extended centerline
of one runway is over water, swamp, desert, or underdeveloped
farmland while the others are over urban areas. However, if the
urbanization is egual in all directons, there is nothing to bhe

. gained by using one runway more than another.

The runways were identified as first priority, second
priority, third priority, etc., on the basis of minimizing the
number of people within the L, 65dB contour. The distributions
of operations on those runways are based on wind velocity and
direction, The FAA has determined that aircraft may use a
priority runway untll the tail wind exceeds 5 knots or the cross-
wind exceeds 15 knats.40 Information on wind velocity and direc-
tion was obtained from the Department of Commerce Airport Clima=-
tological Summaries for each airport.41

In many cases, it is possible for the aircraft to turn away
from densely populated areas and thereby significantly reduce the
number of people exposed. Curved flight tracks were used in
conjuction with priority runways developed on the basis of visual
inspection of 10 Geological Survey maps of areas surrounding
airports in categories A, B, and C. Turna were made only at
altitudes, airspeads, and bank angles no greater than recommended
in advisory circular 91-53.18 Calculations were made using the
ALAMO prcgrang to determine the reduction in the number of
people exposed.

Compatible Land Use

Even after flight cperations and the equipment serving a
particular airport are optimized and after future encroachment
{(additional residences built in high noise-impact areas) is con-
trolled, there will be a significant number of people exposed
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to Ldn 65 dB or greater through the year 2000. Relocation of
those exposed to Ldn 75 dB or greater and soundproofing for
houses located in enviromments of Ldn 65 to 75 dB was then con-
sidered to provide those people with less noise exposure inside
their residences.

Selection of Ldn 75 dB and above as the basis for relocation
was bhased on the assumption that people would spend time ocutdoors
in their lawns, gardens, etc. However, it can be assumed that
residents of apartment houses without outdoor recreation faeili-
ties will not spend time outdoors near their residences. Thus,
residents of those buildings will not have to be relocated from
areas having outside levels of Ldn 75 dB and above if sound-
proofing can achieve the desired inaide levels of Ldn 45 dB.

In-depth studies were recently conducted by EPA that provide
a basis for estimating the costs associated with releocation of
residents and soundprocofing of residences.42'43 Those studies
were used to estimate costs for the four representative airports
considered in this report. They also provide a basis for esti-
mating soundproofing and relocation costs for any U,.5. airport.
Summaries of these studies are given in Appendices A and B.
EXPOSURE~REDOCTION ANALYSTS

Noise-exposure-reduction and cost analyses were conducted for
four airports, each representing a typical airport in a category
of airports having operational (number and types of aircraft) and
surrounding demographic (distribution of population and resi-
dences) characteristics representative of airports of various
sizes, To estimate the benefit nationally of the use of priority
runways and curved flight tracks, an additional six alirports were
studied. The 10 airports studied covered cases ranging from a
maximum to a minimum reduction in noise exposure.

The following factors were considered in that analysis:

1. change in aircraft fleet composition and number of air-

craft operations,

2. changes in number of pecple and housing units in the area

within the Ldn 65~-dB contours,

3. <changes in flight procedures,
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4, changes in distribution of aircraft operations on runways

and the use of curved f£light tracks, and

5. change in the noise exposure level (from L, 75 dB to

Ldn 80 dB) as the basis for relocation of people who
do not have outdoor areas near their residences in which
they can spend time.

Factors 1, 2, and 5 are covered in Chapter 5. Factors 3 and
4 are discussed in the preceding section of this chapter. The
information on airport operations and the demographic data for
the area surrounding the airport were obtained from the FAA
reports "Airport Activity Statistics of Certified Route Air
Carriers“30 and "Aviation Forecasts" 37 and from the U.S. Census
Bureau data available from the ALAMOC program.29 Those data were
not discussed with the operators of the four airports selected as
representative of airport categories. Therefore, there may be
some discrepancies between the data presented for those airports
and the actual situatien. Vhen soundproofing houses and re-
locating residents, the operations and demographics must be
studied in greater depth than was done in this analysis.

Two basic land use-control scenarios were studied at each of
the four airports: uncontrolled residental encroachment and land
use controls applied after 1379 to prevent additional residential
encroachment. The analyses also considered the effectiveness of
universally employing noise~abatement f£light procedures and
optimizing the aircraft departure flight tracks.

Three time periods were examined for each airport: 1979,
1990, and 2000, The intermediate year, 1990, was selected to
examine the benefits resulting from the regquired retrofit or
replacement of all the noisiest aircraft.

At each airport, the amount of area, number of people, and
number of residential units exposed to the following average
annual Ly, Franges (ncise contour areas) were studied for the
three time periods: 65 to 75 4B, 65 to 80 4B, greater than 75
dB, and greater than 80 dB. The National Aeronautics and Space
Administration (NASA) Langley ALAMO program, discussed in Chapter
5, was used to generate those outputs. Those data were then used
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to generate costs for soundproofing43 residences exposed to
Ldn 65 to 75 dB and to Ldn 65 to 80 4B, and costs of relocating42
residents exposed to greater than Lan 75 dB and to greater than
L 80 4B.

The results of the studies for each airport for the time
periods examined are summarized in Table 6-1, which gilves the
population exposed within the four aforementicned neise-contour
areas for five scenarios, including the twe basic land use con-
trol scenarios. Costs for the scenarios are alsoc given for
goundproofing residences in the Ldn 65« to 75-dB bands and for
relocating resildents in the above-Ldn 75~dB areas. Similarly,
costs are given for two airports for soundproofing residences in
the Ldn 65-80~dB bands and for relocating residents in the above-
Ldn 80-4d8 areas. A data base case is given for 1979, 1990, and
2000 (0-R). The wvarious scenarios are identified by number.
Flight Procedures

Table 6~1 shows that in 1979, using flight procedure AC 91-53
with maximum thrust reduction substantially reduces the popula-
tion within the Ldn 65« to 75-dB and Lan 65~ to B0~dB contours
from the data base case for all airports except Sioux Falls.
{Compare 0-R and 1-FP.) Population exposed to over Ldn 75 4B and
to over Ldn 80 dB is increased. Total population exposed to
above Ldn 65 dB is substantially reduced from the data base when
using the AC 91=-53 takeoff flight procedure, Use of that
procedure will provide much less exposure reduction in 1990,
Calculations made for the year 2000 showed that exposure
reduction would be insignificant. The explanation for those
changes is discussed in Chapter 4. Significant reductions in
noise exposures dJdue to noise-abatement flight procedures are
immediate.

Repregsentative Airports

dn

General conclusions were drawn for each airport frem Table
6=-1., Those conclusions basically pertain to all of the airports
in the category represented by each airport examined.

6=~5
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Year and
Airport
Scenario

1979

0=R*
1-FpP
2-F1

4-RD
S5=RD

2000
0-R
3=RD
5-RD

RD -

M -

TARLE 6-1. ATIRPORT-NOISE~EXPOSURE REDUCTION AND COSTS

Miami, FL (MIA)

Soundproofing,
Population Exposed Relocation Population Exposed
Ldn 65-75 dB Over Ldn 75 dB Costa Ldn 65-80 4B Over Ldn 80 4B
216,000 13,100 336,600 227,800 1,300
125,600 22,200 399,400 146,000 1,800
63,800 4,300 192,900 68,100 2,800
166,100 7,200 221,500 171,900 1,400
b 110,000 11,900 247,300 120,200 1,700
142,900 6,100 183,100 147,800 1,200
+FPb 96,000 11,400 228,400 105,900 1,500
+FT 42,200 " 5,300 94,900 44,500 3,000
95,900 2,500 109,800 96,700 1,700
69,100 1,700 73,500 69,600 1,200
+FT 20,400 1,500 33,700 20,800 1,100
Reference data base a - Cost in Constant
Flight procedure, FAA AC 91-53, 1979 Dollars/1000.
maximum thrust reduction b - Interpolated,
Residential development restricted to 1979 - 2000

prevent encroachment after 1979 (land use}
Selected flight tracks and
priocrity runway use

Soundproofing,

Relocation
Costa

185,200
179,900
93,200

170,000
140,400
138,800
122,500

74,600

104,500
70,300
29,200
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TABLE 6-1, -~ CONTINUED. AIRPORT-NOISE-EXPOSURE REDUCTION AND COSTS

LaGuardia, NY (LGA}

dn

Year and Soundprocfing,
Alrport Population Exposed Relocatien
Scenario Ly 65-75 dB Over Ly 75 dn Cost L
n dn a
1979
0-R* 1,337,300 B3,600 1,374,000
1-FP 736,600 112,500 1,377,600
2~FT 961,000 40,200 794,100
1990
0-R 811,100 46,800 804,700
1-FPb 440,400 61,600 757,600
& 2~-FT 563,400 21,900 454,300
4
2000
0~-R 171,100 15,300 195,600
2= 123,800 7,000 109,200
* R - Reference data base
FP - Flight procedure, FAA AC 91-53,
maximum thrust reduction
RD - Regidential development restricted to
prevent encroachment after 1979 {land use)
FT -~ Selected flight tracks and

priority runway use

Population Exposed

65~80 dB Over Ldn 80 dB

1,403,300 171,600
822,000 27,100
990,800 10,400
851,500 6,400
487,700 14,300
581,700 3,600
183,700 2,700
129,200 1,600

a - Cost in constant
1979 dollars/1000.
b - Interpclated,
1979 -~ 2000

Cos ta

839,100
610,800
565,500

483,700
355,800
314,900

124,000
84,400

Soundproofing,
Relocation



Year and
Alrport
Scenario

1978
0—R*
1-FFP
2-FT

1930
0-R
l1-FP
3~RD
4-RD
5=RD

8-9

TABLE 6-1. ~ CONTINUED. AIRPORT-NOISE~-EXPOSURE REDUCTION AND COSTS

San Antonic, TX (SAT) S8ioux Falls, SD (FS8D)
Soundproofing,
Population Exposed Relocation Population Exposed
Ldn 65-75 dB Over Ly, 75 dB Cost Ldn 65-75 dB Over Lan 75 dB
64,240 1,590 52,500 2,640 900
42,000 3,860 95,800 3,730 890
24,650 10 15,900 950 890
40,350 1,640 63,600 3,030 1,070
b 41,820 1,850 68,900 3,530 1,090
28,980 1,360 47,900 2,640 890
+FP 31,000 1,840 56,500 3,140 890
+FT 11,120 . 10 9,900 90 800
41,650 30 44,400 3,360 1,280
21,000 10 20,700 2,590 800
+PT 8,070 0 7,900 90 BOO
Reference data base a - Cost in constant
Flight procedure, FAA AC 91-53, 1979 dollars/1000.
maximum thruat reduction b ~ Interpolated,
Residential development restricted to 1979 -~ 2000

prevent encroachment after 1979 {land use)
Selected flight tracks and
prierity runway use

Soundproofing,

Relocation

Costa

7,880
5,590

7,890
7,890
6,640
6,670
5,050

8,350
5,940
5,020



Miami

Unrestricted Encroachment Scenario. Despite the absence of
land use controls, the number of people exposed to Ldn 65 dB and
greater will decrease significantly between 1973 and 2000 because
replacement of currently used older, noisy aircraft (compare 0-R
data base cases). However, considerable costs will be incurred
if soundproofing and relocation are provided to mitigate the
adverge consequences resulting from noise exposure in excess of
L 65 dB. The use of optimized aircraft flight tracks, based on

dn
present demographics, can provide significant nolse-exposure

reductions.
Land Use~Control Scenarioc. By preventing further encroach-

ment on airport environs by additional incompatible land uses and
by optimizing aircraft flight tracks departing the airport, the
number of redidents exposed to greater than Ldn 65 4B will be
significantly reduced (compare 0-R and 5, 1990 and 0-R and 5,
2000), The analysis indicates that with these measures the total
coat of soundproofing residences within the Ldn 65- to 75-dB band
and relocation of residents exposed to greater than Ldn 75 4B to
achieve compatibility in the year 2000 will be $34 million.

LaGuardia

Unrastricted Operations Scenario. Even Lif neither land use
controls nor operational procedures are employed to further
reduce noise, the costs of soundproofing houses and relocating
people will progressively decrease from the data base case of
$1.,4 billion in 1979 to less than $200 million by the year 2000,
optimization of aircraft flight tracks can further reduce the
number of people exposed. As discussed above, use of noise-
abatement f£light procedures can also provide exposure raduction
over the next several years., For an impact-mitigation strategy
using optimized flight tracks that offers soundproofing of resi-
dences aexposed to Ldn 65-80 4B and relocation of residents living
in areas exposed to greater than Ldn 80 4B, the estimated minimum
cost for year 2000 is $84 million,
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Noise-Abatement Operations Scenarioc. The population model
assumed for communities adjacent to LaGuardia indicated reduced
population densities for the balance of the century, based on
extrapolating census data for 1970 and 1977. Therefore, there was
no need to be concerned with encroachment.

San Antonio

Unrestricted Encroachment Scenaric. The number of people
exposed to Lan 65 to 75 dB will increase after 1990 because of
projected population growth. By the year 2000, there will bhe
virtually no one exposed to Lgy, 75 dB and greater, despite the
projected increase in population. The use of optimized aircraft
flight tracks can reduce the number of people expeosed to Lan 65
dB or greater by approximately 60 percent from the 1979 data

base.

Land Uge-Contreol Scenario. A plan preventing further in-
compatibile land use in communities adjacent to the airport can
reduce the number of residents exposed to Ldn 65 dB or greater by
approximately 28 percent if implemented by 1990. A strategy to
provide soundproofing and relocation to those remaining exposed
to Ly, 65 dB or greater can be implemented at a total approximate
cost of $48 million. That cost can be reduced to $10 million
through the use of optimized aircraft flight tracks.

Sioux Falls

Unrestricted Encroachment Scenério. Pespite the progressive
introduction of quieter aircraft between 1979 and 2000, the num=
ber of residents exposed to noise levels of Ldn 65 to 75 dB and
to above Ly, 75 dB will progressively increase because of en-
croachment caused by population growth. The use of optimized
aircraft flight tracks can reduce the number of people exposed to
noise levels of Lin 75 dB and greater (1979) by approximately 70
percent from the data base; such reductions are immediate.

Land Use-Control Scenario., If implemented by 1990, prevention
of further encroachment through land use controls can reduce the
number of pecople exposed to Lan 65 dB by approximately 15 percent

6=10




by the year 2000, Optimizing aircraft flight tracks indicates a
further reduction of 70 percent. For the conditions assumed, the
results indicate that the cost to implement soundproofing of
residences and relocation of residents still exposed to Ly, 65 dB
and greater by 1980 will be approximately §5 to $6.6 million
depending on whether optimized f£light tracks are employed in
addition to land use controls.

National Exposure Reduction

Alrcraft Fleet and Number of Operations. The number of people
exposed to over Ldn 65 dB, for the data base case, by year 2000
is reduced to one-half of the 1979 number (from 7.3 to 3.6
million, as shown by Table 5-5), because of changes in fleet
compoaition and number of operations.

Prevention of Residential Encroachment. The 3.6 million
people exposed to Ldn 65 dB by year 2000 can be reduced to 2.3
million by control of encroachment to the 1879 case, a 36=-percent
reduction.

Priority Runways and Curved Flight Tracks. A study was made
of 10 airports to determine the effects of flight tracks on
population exposed to over Ldn 65 dB., In addition to Miami,
LaGuardia, San Antonio, and Sioux Fallas, the airports were
Chicago (ORD), New York (JFK), Los Aangeles (LAX), Memphis,
Indianapolis, and Dayton. Of the total population exposed at
those airports, there are half as many people impacted by the
noise from aircraft using the priority runways and curved flight
tracks as for an aequal distribution of flights from all runways
and straight-in=~and-cut £light tracks. That result shows that
the priority runway and curved f£light track procedurs is a valu-
able tool for reducing airport residential area noise expesure.
Benefits from its use can be immediate.

It 1s recognized that the calculation of the percentage
reduction in the number of people impacted by‘aircraft noise at a
given level through use of preferential runways and curved flight
tracks involved several approximations. Not having complete
information on the 1local situation, some opportunities for
improvements were missed and some assumed opportunities will not
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be realized. Also, it is recognized that some airports are
already using preferential runways to lower the nocise impact.
Other airports are using runways that point toward aircraft
destinations, which increases noise exposure. Thus, both the
basic calculations of the aircraft-noise exposure used in this
study as representing current and future operations and the
present reduction in noise impact predicted to result from the
use of preferential runways and curved flight tracks are approxi-
mations. The estimated noise exposure using priority runways and
curved flight tracks iz relative to the data base case. It is not
based on assumptions as to proceduras heing used at a specific
alrport. Only by making careful studies at individual airports
can the noise-exposure reduction at those airports be accurately
determined.

Soundproofing vs. Relocation Costs. The costs of soundproof-
ing residential units in the Ly 63~ to 75-dB band and relocation
of residents within the Ldn 75-dB contour, as «<ompared with
soundproofing within the I‘dn 65 to 80-dB band, and relocating
regidents from the area within the Ly, 80-dB contour were studied
for the 10 airports listed above. Based on that gtudy, the cost
with relocation starting at Lan 80 4B is 65 percent of the cost
with relocation starting at Lan 75 dB. It should be noted,
however, that this shift from I.':m 75 dB to Ldn 80 dB depends on
the type of housing, At LaGuardia Airport, the shift can probably
go to the maximum exposure levels for the apartment-house city
surrounding the airport. In areas with single-family houses on
large: lots, relocation should be considered. However, in those
gituations where an appreciable amount of land is involved, it is
possible that it can be bought, cleared, and sold at a profit.
COST OF SOQUNDPROOFING AND RELOCATION PER ENPLANED PASSENGER

Perhaps the most important factor in implementing a sound=-
proofing and relocation program is the cost in relation to the
airport proprieter's funding capability. This section of the
report is presented as a means of illustrating the magnitude of
this cost in relation to other airport cperating costs,

6=-12
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In this analysis, the costs are determined for the following:

l. 15=year funding periocd,

2. the year 2000 noise exposure (FAA AC 91-39 flight proce-

dures),

3. soundproofing residences in both the Lgp 65-75-d8 band

and the Ldn 65-80-~dB band, ‘

4, both equal distribution of cperations on all runways and

a priority runway system with curved f£light tracks, and

5. bhoth year 2000 and 1979 demographics (pcpulation and

housing types and distribution around ailrports)..

The costs pertain to the four airports presented in Table
6-1, and they are determined in relation to the number of
enplaned passengers at each airport, assuming that funds are
collected between 1885 to 2000.

Those calculations were made by simply dividing the program
costs by the number of enplaned passengers at each airport
between 1985 to 2000. No attempt was made to adjust the alloca~
tion of those costs in proportion to the noise of the aircraft,
as is done in a number of foreign airports.

Soundproofing and reloccation costs per passenger are given in
Table 6«4, The table covers soundproofing in the Lyn 65 to 75~-dB
band for several year 2000 scenarios., The cost for LaGuardia with
the soundproofing band covering Ldn 65-80 4B is 63¢ for the
reference (R) scenario and 43¢ for the curved=flight track (CFT)
scenario. The number of passengers was constant in those calcula-
tions. The cost per passenger varies with the program cost as
given in Table 6-l.

Priority runways and curved f£light tracks are highly bene-~
ficial at some airports. Costs per passanger for other conditions
can be obtained by using soundproofing and relocation costs for
the other conditions listed in Table 6-1 and dividing them by the
nunber of passengers for the 1l5-year period for each airport.

6-13



. . N e s
RTINS by 2 e a1 S i et P

TABLE 6-4. SOUNDPROCFING AND RELOCATION COSTS PER PASSENGER

Miami LaGuardia San Antonio Sioux Falls
Enplaned
Passengers,
1985-2000, 226,5 197.2 54.1 8.7
Millions
CQstsa
Scenario*
(20040)
R 0.48 .99 .82 .96
RD 0.32 .99 .38 .68
RD+FT 6.15 .55 .15 .58
a = Cost in constant * ~ Reference data base
1979 dollars RD ~ Restricted dewvelopment
FT ~ Selected flight tracks
CONCLUSIONS

Alrport Categories

Category A. Improvement in reducing the number of people
exposed to Ldn 65 dB and greater will be continuous during the
balance of this century for the large hub airports. The number of
people exposed to Ldn 65 dB and greater in the year 2000 will he
less than half of the number exposed in 1979 because of changes
in the air carrier fleet composition, including replacement of
noisy, older-design ailrcraft.

Cateqory B. The LaGuardia airport is a unique situation with
respect to limitations on its operations, to locatien, and to
gsurrounding demographics. The introduction of more efficient,
guieter aircraft capable of transporting more passengers for
approximately the same number of departures combined with a
decrease in population will bring a dramatic reduction in number
of people exposed to Lan 65 4B and greater hy the year 2000.
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Category C. For the medium-size hub airports, improvements
in reducing the number of people exposed to Ldn 65 dB and greater
will be continuous until 1990. Thereafter, the number of people
exposed to Lan 65 to 75 dB will begin to increase. That projected
increase is attributable to the combined effects of increasing
operations and population, which will offset the introduction of
more efficlent, quleter aircraft, in the absence of any land use
control or other ailrport operational restrictions.

Category D. Unless land use control or other airport
restrictions are imposed, Ld 65 dB and greater will continue to
increase to the year 2000,

National Population Exposure to Ailrport Noise

n

Five conclusions can be drawn from this analysis regarding

national population exposure to airport noise.

l. The number of people exposed to above Ly, 65 dB in the
year 2000 will be approximately one-half the number
exposed in 1979 because of changes in aircraft fleet com-
position.

2, Prevention of residentilal encroachment at air carrier
airports between 19379 and 2000 can reduce the number of
pecople exposed to over Ldn 65 dB in year 2000 by approxi-
mately 36 percent.

3. Use of priority runways and curved £light tracks to
reduce the number of people exposed to aircraft noise
will provide substantial "and immediate benefits. The
benefits are airport-site specific and highly variable.

4, Use of FAA flight procedure AC 91-53, with maximum thrust
reduction, for aircraft powered by low bypass ratio
engines will provide a substantial reduction in number
of pecople exposed to above Ldn 65 ds.

5. Soundproofing of residences and relocation of residents
expesed to above Ldn 65 dB provides a realistic method
for achieving airport/community compatibility by year
2000. Costs per enplaned passenger range from 15¢ to 99¢
for the five conditions and four airports studied.
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CHAPTER 7. GENERAL AVIATION AND JOINT CIVIL/
MILITARY AIRPORTS

NOISE EXPOSURE AROQUND GENERAL AVIATICN AIRPORTS

The Environmental Protection Agency (EPA) sponsored a na-
tional conference on general aviation (GA) noise and land use
planning in October 197944 and cosponsored, with the PFederal
Aviation Administration (FAA), a second national conference on
the same subject in December 1981.26 A study of present and
future exposure of people to noise from general aviation airports
has also been conducted for the EPA.4

The main purpose of the Second National Conference on General
Aviation Airport Meise and Land Use Planning was to continue the
dialogue initiated at the Firast National Conference. The emphasis
in that conference was the implementation of sgolutions at the
state and local level. Another objective was to develop a
document that would be useful to those dealing with GA airport-
noise and land use planning.

The conference showed that while nolse exposures at GA air-
ports tend to evoke the same type of responses found at air
carrier airports, the responses at GA airports occur at lower
noise levels., Views expressed at the second conference indicated
that the public does not want air carrier operations at a GA
airport. A case was cited where the public successfully stopped
inatallation of a parallel runway because it was perceived as an
attempt to permit air carriers to enter. The conferences clearly
indicated that there are nolse problems associated with GA air-
ports, Aircraft noise has in some cases posed a threat to the
mere existence of some airports, such as Westchester County, New
York and Santa Monica, California.

The conference produced a mixed picture regarding experience
in resolving incompatible land uses around airports. Neither the
airport operator nor the community have access to all the tools
avallable to solve airport noise problems. Therefore, close
interaction of those parties is absolutely required for the
aolution of land use compatibility problems. The primary means of
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accomplishing that is the establishment of committees represent-
ing aviation and community interests that are responsible for
developing airport plans, States can also assist localities by
the passage of supportive laws such as comprehensive planning
enabling legiglation identifying noise as a hazard and a consid-
eration for planning. Supportive programs conducted by state
agencies can be a means of transferring experience from one
locality to another Federal support for the planning process is
currently embodied in FAR Part 150, which includes airport-noise
exposure mapping and development of noise~compatibility programs
and requires the program to be developed by the airport operator
in consultation with the affected local government, planning
agencies, and airport users. Most participants agreed that from
the airport's standpoint the process had failed when litigation
ensued. Experiences related by various conference participants
suggestad the following guidelines in addressing compatible land
use problems:

-l. include the community as an integral part of the planning

process;

2. be honest with the community and keep promises and com-

mitments; and

3. learn from experience, be flexible, and expect to com-

promise.

A study of the national noise-exposure impacts due to general
aviation operations was prasented by the EPA at the 1981 confer=-
ence.26 That study estimated noise exposures from 1975 to 2000 by
building on an earlier stidy that assumed the incorporation of a
15-dB reduction in jet fleet noise levels by the vear 2000.45 In
that analysis, based on ov-rall numbers of operations rather than
countd of aircraft types at each airport, an estimate of the
magnitude of the area and populations exposed to I‘dn 55, 60, and
65 4B are presented. The results of the study are shown in Table
7=1 where the areas given are the net pepulated areas exposed
when the airport area is subtracted. Although the study shows
that the total area exposed to greater than I'dn 65 4B is rela-
tively small, it is sign’Iicant at some airports today and will
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be a factor in the year 2000, Most of the community reaction is
expected to occur in the areas abhove Ldn 55 and 60 dB, which are
predicted to contain 1,600,000 and 500,000 people, respectively,

by 2000,

TABLE 7-1. ESTIMATED EXPOSURES TC GENERAL
AVIATION NOISE

Ldn Contours Net Contained Area (mi.z) Exposed Population
{dB) 1975 2000 1975 2000
65 and above 14 3.3 47,000 11,000
60 to 65 225 102 363,000 500,000
55 to 60 925 981 1,256,000 1,600,000

Those numbers indicate the overall dimensions of the problem.
The situation at & given GA or air carrier airpert with predomi-
nantly GA operations must be analayzed on the basis of its site-
specific layout and its present and predicted fleet mix and num=~
bers of operations. That is particularly true when there are
significant GA jet-aireraft operations. Those airports were con-
sidered in the EPA 3tudy.26
Noise Exposure Around Joint-Use Airports

The EPA 3sponsored a study46 of present and future noise
exposure from airports in the United States that are used by both
civilian and military-based aircraft. The purpose of the study
was to predict how noise exposure around those joint-use ailrports
will be affected by increasingly stringent civil-alrcraft~noise
regulations in the absence of similar regulation of military
aircraft. The majority of Jjoint-use airports in the study con-
sisted of ecivil airpeorts that have Air National Guard or Air
Force Reserve squadrons stationed at the airfields.

The study showed that the dominant type of military aircraft
at an adirport has a clear influence on the effectiveness of
civil-aircraft-noise regulations in reducing the area within
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noise contours when both civil and military operations are con-
gidered. Military aircraft types included were fighters, tankers,
and transports. Since they represent 35 of 61 airports under
study, Joint-use airports where fighters predominate contribute
the greatest amount of nolse exposure as measured by land area
and population. Fighter contribution was mosi noticeable whers
civil adrcraft contributions were low; therefore, that aircraft
type deserves the greatest attention as civil aircraft become
increasingly quieter under stringent civil noise regulations.
The sgeven airports where the KC-135 tanker was the dominant
military aircraft contributed a rather constant moderate amount
to the total figures. The 19 airports where the transport {C-130
and C-7) aircraft were the dominant military aircraft contribute
only a small amount to the total exposure.
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APPENDIX A

SUMMARY QF SOQUNDPROOFING REQUIREMENTS
FOR RESIDENCES ADJACENT TO COMMERCIAL
AIRPORTS

{(From Reference 43}
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INTRODUCTION

In a recent study, the Environmental Protection Agency (EPA}
investigated the costs associated with soundproofing residential
gstructures that were located in the vicinity of airports., The
effort was directed towards developing cost estimates on a na-
tional basis. However, much that was done i3 applicable to indi-
vidual airports. This summary briefly describes that material,

In carrying out the study, several evircnmental concepts were
employed. Structures existing in regions where the noise exposure
was less than Ldn 65 dB were not considered as candidates for
soundproofing. Structures existing in the annular space between
the two closed curves, enclosing the airport, on which the expo-
sure levels are Ldn 65 dB and I"dn 75 4B are the ones that are
being considered as soundproofing candidates, Structures in the
area between the I‘dn 75=d8 contour and the airport houndary were
regarded as being subjected to higher noise levels than were
parmissible, and their occupants were to he relocated. Relocation
costs are discussed in Appendix B. Although the above criteria
are the ones that were the basis of the EPA study, for complete-

" ness, soundproofing costs were also determined for structures

lying between Lan 75-dB and Ldn 80-4B contours.

In determining cost of soundproofing, it is necessary to
specify not only the exterior noise that must he prevented from
entering a residence, but also what noise level is to be achieved
in the interior of the residence by' the applied soundproofing. In
the presant study, an interior nolse exposure of I‘dn 45 dB is
employed,

The range of exterior noise levels extended from Ldn 65~80 dB8
was considered to be too large to be properly represented by a
single noise level, so it was divided into three bands. Those
were r“dn 65~70 4B, 7075 dd, and 75-80 dB. The centers of those
bands were taken as rapresentative of the bands. Specifically,
the procedure for socundproofing a structure so that when it is
exposed to an exterior Ldn 67.5 4B, the interior Ly level is
reduced to Ldn 45 dB is taken to represent all cases in the 65=70
dB zone. The costs associated with the procedures are also taken
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as costs for the band. Similarly, with the other two bands, the
single Ldn 72.5 dB represents the 70 to 75-d4B band, and Ldn 77.5
dB is used for the Lan 75~ to 80-dB band.

BASIS FOR NOISE~REDUCTION ESTIMATES

When exterior noise levels and the construction details of a
room are given, classical architectural acoustics theory permits
the noise level inside the room to be estimated. Specific form-
ulas are presented that can be used for this purpose. The details
of their use are described in Reference 43,

Soundproocfing calculations are done on a room-by~-room bagis.
For a given exterior level and a given room construction (walls,
ceiling, windows, and doors), the resulting interior level is
calculated. If it is less than or equal to Ldn 45 dB, the existe-
ing construction is suffiecient, and no further soundproofing is
neceasary. However, if it exceeds that 1level, structural modifi-
cations (soundproofing) are regquired. For a room for which the
construction details and the gecmetry are well defined, the
calculations are relatively easy. However, in practice, there are
a great many structures and a correspondingly large number of
rooms to be considered, which make the calculationa more complex.
"A Study of Soundproofing Requirements for Residences Adjacent to
Commercial I\:Lx:pc’rt:s’.“‘l3 provides an orderly means for performing
those calculaticns., That report divides single-family residences
into four basic configurations and specifies the average number
and type of rooms found in each. The configurations are types
that are widely used and easily identifiable by observing the
exterior of the atructure, They are listed in Table A-l.

TABLE A-~l, SINGLE-FAMILY RESIDENCE CONFIGURATIONS

House Type Number of Rooms Total Flecor Area (Feetz)
Cne Story 6 1500
Two Story 8 2000
Bi-Level 7 1750
Split Lavel 8 2000




|
|

RGPS IR S

The abowve information is extracted from Table 1 of the
report,43 which provides much additional detail regarding the
number of rooms and types of roofs, floors, and doors., To mini-
mize the number of computations, further standardization was
introduced. The rooms were all considered to be the same size: 8
feet high with 250 square feet of floor space (approximately 16
feet X 16 feet). Windows were considered to occupy 12 percent of
the wall area, doors to have an area of 20 square feet, and
sliding glass doors to have an area of 40 square feet.

The noise level that is found in the interior of a room
depends on the amount of acoustical absorption in the room as
well as on other factors. Data obtained by Wyle in previous
studies shows that the number of absorption units (Sabins) in a
given room i1s roughly independent of frequency. For rooms with
250 aquare feet of floor area, the data shows that the number of
absorption units (A) is about 300 Sabins and that 10 Logm (A} is
25. This value of 25 was used throughout.

The considerations and standardizations above apply to
single-family houses, Similarly, related assumptions were also
made for multi-fami'ly devwllings.

RESIDENTIAL CONSTRUCTION CHARACTERISTICS

This section 1s concerned mostly with the materials from
which the walls, roofs, floors, and windows are made. They are
important because they control the fraction of sound energy
impinging on the exterior surfaces of a structure, which is
tranamittad to the interior. Heavy elements trangmit only a small
fraction of the incident gound energy. Light or 1leaky elements
{those having an air path through them) permit a large portion of
the incident sound energy to penetrate to the interior.

The contractor considered many kinds of practical housing
constructions and tabulated the frequency of use of each kind.
By the process of eliminating the uncommon construction types and
combining some of the common types, a set of basic categoriea was
developed that permitted the approximate desceription of most
types of construction.



Much of the preceding information was fed into a computer,
and the noise reductions achieved by various constructions were
examined. Several general conclusions were drawn,

1. Depending only on the types of windows and door, noise

inside dwellings is 18 to 27 dB less than it is outside,

2. The difference between poor and good conditions is ap=-

proximately 2 dB. Extremely poor weatherstripping can
result in even larger differences.

3. Adding storm windows can decrease noise levels hy about

4 dB.
4. The noise levels of roome with doors is 4 to 6 dB less
than those of rooms without doors.
FIELD SURVEY

Since one of the purposes of the EPA study was to estimate
the national cost of soundproofing residences near airports, a
survey was conducted to determine how many of each kind of
single-family and multi-family dwellings actually existed. Ten
alrports were selected, and a team of experienced cbservers drove
through appropriately chosen areas and counted the number of
structures of each type. The survey procedure and the results are
fully presented in Reference 43. They are not discussed further
here because the survey data for a sgingle airport study should be
much more detalled. It is necessary to cbtain sufficient infor-
mation so that a reasonably good computation of soundpreofing can
be made for each residence., The cost egstimate must be reasonably
close to the actual cost go that the program can be properly
funded. In particular, the people conducting the survey must be
permitted to obgerve and measure in the interior of each dwell-
ing. A comprehensive survey technique must be developed.
SOUNDPROQOFING MODIFICATIONS AND COSTS

The actual detailed calculations showing how much noige
reduction is associated with a given room ceonfiguration are done
by employing a basic equation.43 The transmission coefficients
for the wvarious types of structural elements are obtained. The
areags are standardized and have been discussed earlier. The
guantity 10 Loglo (absorption units) isg taken as 25, The eguation
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is programmed on a computer, and runs are made showing the noise
reduction achieved by the original construction and by any given
modification. Computer calculations of this type are used to
determine the benefit of any particular modification. Approxima-
tions of the required improvement in noise reductions for various
cases are calculated and tabulated. A typical example showing how
the tabular values are obtained is the case of a hollow-core-door
structure with seals in good condition. Assume that the structure
is located in the Lyy 65- to 70-dB zone. That zone has a mean of
Ldn 67.5 dB. The desired interior lewvel is Ldn 45 dB. The neces=-
sary noise reduction is 67.5-45.0 = 22.5 dB. According to Table 2
in the report,43 a hollow-core structure, with no storm windows,
and good seals has a noise reduction (referred to as baseline,
noise reduction) of 19 dB. But 22.5 dB is needed; hence, the
noise reduction of the original structure must be increased by
3.5 dB.

Once the required increase in noise reduction has been estab-
lished, there are three bhasic techniques of achieving that reduc-
tion, which should be employed sequentially.

1. Seal all 1leaks in the exterfor structure, which can

reduce noise levels by approximately 2 dB.

2. Inatall storm windows and storm doors and increase the
mass of exisating doors or replace them with heavier
doors, which can provide a reduction of up to 10 dB.

3. Increase the mass of exterior walls and roofs or replace
them with heavier ones, which is an expensive, although
effective procedure, that should only be used as a last
resort.

Those procedures are discussed in the report, which alse
gives a very brief discussion of ventilation zreguirements and
their relation to the soundproofing problem.

The details for calculating the cost of an individual sound=~
procfing case are standard and are not elaborated on in the
report. They comprise materials, labor, overhead, and profit. In
addition, there are a few miscellaneous temms, which constitute
an additional markup of 30 percent. They are as follows:
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1. cost of architectural drawings, permits, etec.;

2, miscellanecus costa for sealing leaks, for modifying
kitechen wvents, <c¢himneys, etc., and for making minor
repairs to existing structures; and ’

3. contractor's contingency.

Ordinarily, there are several alternate designs that will
produce a desired additicnal noise reduction. In the present
report, the contractor has programmed a computer so that selec-
tions of several different designs, having approximately the same
noise~-reduction capabilities, are automatically made, and the
cost associated with each is calculated. The computer prints out
the cost of the least expensive design. Those costs (in 1981
dollars) are shown in Tables 8, 9, and 10 of the EPA report.43
The tables cover gtructures of sizes from one unit (single-family
dwellings) up to 50 units. They also apply to structures in the
nolse bands Ldn 65=-70 4B, Ldn 70-75 dB, and Ldn 75-80 dB. In
addition, the costs are categorized by region. (Refer to Figure
A-1.) The additional cost for air conditioning is alsc provided
for each region. This information has been extracted from the
report and is reproduced here as Figure A-1 and Tables A-2, A-3,
and A-4.

When soundproofing is added teo a structure, it not only in-
creases the acoustic transmission loss, but it also increases the
thermal insulation, which, in turn, results in decreased fuel
cogts. Based on assumptions that are stated in the report, the
following savings can be realized from soundproofing in the

corresponding Ly Zones:

Locaticn of . National Average Annual
Dwelling Ldn Zone Fuel Savings
{1981 Dollars)
65=-70 dB § 40
70-75 dB $130
75=80 4B $290
A=7
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FIGURE A-l. REGIONS OF DIFFERING CONSTRUCTION PRACTICRES
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TABLE A-2, AVERAGE COST (IN 198! DOLLARS) PER DWELLING TO
SOUNDPROOF SINGLE-FAMILY DWELLINGS
Region
Ldn Zone
A B C D E F G H J K L
65~70 4B 2,600 1,400 2,300 2,500 4,800 1,800 2,500 1,100 2,700 2,100 3,800
70-75 4B 5,800 3,100 5,400 7,400 9,500 3,800 8,500 5,000 7,700 6,000 10,400
75-80 dB 12,800 8,200 11,000 15,100 18,000 10,000 16,100 13,600 14,900 11,700 18,200
Additional
Cost For
) Alr Condi- 1,500 800 400 1,000 1,600 400 1,300 1,700 2,500 700 2,600
S tioning
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TABLE A-3. AVERAGE COST (IN 1981 DOLLARS) PER DWELLING TO
SOUNDPROOF MULTIPLE-FAMILY DWELLINGS

TWO DWELLING UNITS

Region
Ld Zone
n A B c D E F G H J K L
65-70 4B 800 900 800 700 700 800 800 700 gog 800 B0OO
70~75 dB 2,900 1,900 2,000 1,200 1,200 3,400 3,400 1,200 2,600 2,600 2,500
75-80 A4p 7,000 5,000 5,100 3,000 3,000 6,500 6,500 3,000 5,600 5,700 5,200
THREE TO FOUR DWELLINGS UNITS
Region
Ldn Zone
A B C D E F G H J K L
65-70 4B 800 8900 800 760 700 700 700 700 800 800 800
70~75 ae 2,200 1,700 1,700 1,060 1,000 2,700 2,700 1,000 2,200 2,200 2,200
75-B0 4B 5,300 4,200 4,200 2,500 2,500 5,100 5,100 2,300 4,500 4,80b 4,800

Average cost for additional alr conditioning is $400 per unit,

R LR e e e e s e A — . e i




TABLE A-4.

AVERAGE COSTS (IN 1981 DOLLARS) FOR
SOUNDPROOFING MULTI-FAMILY DWELLINGS

FOR ALL REGIONS

Number of Units

L Zone

dn 5-9 10-49 50
65-70 700 700 700
70-75 900 800 800
75-80 1,600 1,200 1,000

Average cost for additional air conditioning

v.‘ﬁh‘,ﬁ«f‘*‘wuﬂ - T T S stttk i P A e s ok S b T e b e
el

is $400 per unit.
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CONCLUSIONS
It is believed that the subject report will be useful to

airport managers and others who may be planning soundproofing
projects, first, because it organizes the procedure and shows how
many of the necessary calculations can be performed and, second,
because it provides technical and cost data that can be used for
comparison and preliminary estimates,
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APPENDIX B

SUMMARY OF AIRPORT COMMUNITY RELOCATION COSTS

{From References 42 and 47)
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INTRODUCTION

Recently the Environmental Protection Agency (EPA) conducted
a study that dealt with the alleviation of the noise problem that
exists in the wvicinity of air carrier airports. Although the
study was for the purpose of developing a national assessment,
much was produced that is of interest to persons concerned with
noise problems at individual airports.

It is the purpose of the present section of this report to
summarize the information acquired in the EPA study and also
suggest methods for obtaining certain necessary data that is
"site specific" for each airport.

The basis used in the EPA study referred to above was the
Uniform Relocation Assistance and Real Property Acquisition
Policies Act of 19'.’0.118 This will be called hereafter the Act.

It is recognized that in most cases it is not manadatory that
the provisions of the Act be adhered to. However, the Act does
identify the types of costs encountered in the relocation process
and also proposes methods of determining these costs, It is felt
that such information is useful to any planner of a potential
relocation and so it is discussed in this report. The numerical
values of the costs presented in the Act may not be applicable
but the type of costs probably will be valid at the time a
planner undertakes his study. He can at that time use cost data
appropriate to the situation.

To caleculate the total cost of ‘relocation, it is necessary to
have not only the cost of each case but also the number of each
type of case. In the EPA report, the number of cases was esti-
mated by the use of two computer programs. The first is called
Integrated WNoise Model (INM). It established a closed curve
{contour) surrcunding an airport. Inside that contour, the noise
exposure was consldered sufficiently high so that all residents
who were situated in the area between the contour and the airport
boundary would be relocated. In the EPA study, the contour was a
curve such that at all interior points the noise exposure was Lan
75 dB or greater. It would appear that any future study would
require the establishment of a similar contour to define the area
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in which the relocation is to take place. In this connection, it
may be helpful to note that the Federal Aviation Administration
(FAA) will provide the INM computer program for a nominal fee to
anyone who has a need for it.

The second computer program employed was one that provided
demographic information based on 1970 census data. This program
was called "SITE II"; it was prepared by the CACI Corp. An up~
dated version, employing 1980 census data, will be put on the
market by CACI in the near future. For its work EPA had access to
a computer program called ALAMO, which was owned by the National
Space and Aercnautics Administration (NASA). ALAMO comprised INM
and SITE II in tandem and its output provided demographics for
the region inside the contour directly.

The SITE II, appropriately updated, was satiagfactory for the
purposge of making a national estimate, but it is not suitable for
determining with sufficient precision the demographic parameters
which are necessary for the costing of a relocatlion program.
These must be established by surveys and appraisals taken in the
region of interest. Later in this report, the needed demographic
quantities will be specified.

CLASSIFICATION OF CASES ACCORDING TO THE ACT

Genaral

A dtudy of the Act reveals that 1t defines four situations
for which financial reimbursement is avallable to relocatees,
Those c¢ould well be applicable to individual airport relocatien
studies. They are:

1. renters who become homeowners,

2. renters who remain renters,

3. rental property to be purchased, and

4., owner=-occupied units to be purchased.,

Bach of those casas 1is entitled te financial reimbursement
and thoae constitute costs to an organization that is funding
the relocation program. The cost elements are shown in Table B=-1
and are discussed briefly in the following text.
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TABLE B-l. COST ELEMENTS AND RELOCATION CASES

Cost Element

Advisory Service Cost
Moving Cost

Purchase Price
Replacement Cost
Increased Interest Cost
Closing Cost
Downpayment

Foregone Earnings

*Relocation Cases

A+ Renters who remain renters

B. Renters who beccme hLomeowners

C. Rental proaperty to be purchased

D, Owner-occupied units to be purchased

Relocation Case*

A

_—

X
X

B

—

X
X

g
X

D

—

E - - ]
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Renters Who Remain Renters

The first case is composed 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 before the initiation of negotiations for acquisition of
such dwellings. Those persons are entitled to a rent sunphlement
for up to four years in the event that the rent in a replacement
unit exceeds the rent the displaced person is paying at the time
of relocation. Such payments may not exceed $4,000. Renters are
also entitled to the advisory services of the local relocation
agency (Section 205) and to reimbursement for moving exXpenses.
Renters Who Become Homeowners

i

The Relocation Act recognizes that renters who are dislocated
may want to purchase their own homes as an option to moving to
another rental property. These people are entitled to the ad-
visory services of the reloccation agency and reimbursement for
moving expenses, In addition, there is a speclal provision in
Section 205 of the Relocatlion Act making money available for
downpayments (including dincidental expenses) oh replacement
homes. BSuch payments shall not exceed $4,700, except that the
renter mast match any amount paid in excess of $2,000.

Rental Property To Be Purchasad

The third relocation case is made up of rental property to be
purchaged. Owners of those properties are entitled to the falr
market wvalue of their rental units. Because landlords typically
suffer a disruption of their business operations and lose their
existing tenants in the course of the relocation, they may elect
to accept a compensatory payment to cover the cost of thelr
foregone earnings from the rental units. Such payments are dis~
tinct from payments to dislocated renters addressed under the
priocr tWwo cases.

It is interesting to note that other businesses may alsc be
digrupted by the relocation of their existing patronage (e.g.,
nelghborhocd grocery stores). The owners of those businesses are
also entitled to a compensatory payment.
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Owner-Occupied Units To Be Purchased

The fourth and most complex relocation case is made up of
owner-occupied units to be purchased. Relocation homeowners are
entitled to the services of the relocation agency and reimburse-
ment for moving costs. The homeowners are alse entitled to the
purchase price (at fair market value) of their homes, a supple-
mental 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 compensa-
tion for any increased interest costs regulting from liguidating
the original mortgage and taking out a new mortgage on the re-
placement dwelling at the current mortgage interest rate, and any
closing costs involved in the purchase of the replacement home.
ELEMENT COSTS
General

Estimates are provided here of the'deollar amount of each cost
elemant identified in Table B~l., The costs are estimated for the
base year 1979, Information provided by the Federal Highway
Administration (PHWA) is used to measure advisory service costs,
moving costs, and cloaing cests in 1979, Figures provided by FHWA
are rounded off to the nearest one hundred dollars.

Other cost elements are estimated by applying updating proce-
dures to the 1970 Demeographic Profile Report. The emphasis is on
the procedures used to estimate the cost clements rather than the
numbers presented. Each cost element listed in Table B~1 iz dis-
cussed below.

Advisory Service Costs

Advisory service costs arc costs incurred by the relocation
agency. They cover such activities as appraisal, negotiations,
relocation assgistance, 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 i1s recommended by the Relocation Act and is used to




determine the reasonable cost of replacement housing and to
provide the dislocated households with alternatives. The house-
holds may reject the alternatives and find their own replacement
housing, but they will be subject to the reasonable cost esti-
mates of the relocation agency.

In 1979, the service costs of relocation incurred by the FHWA
averaged $1,200 per case,

Moving Costs

Moving costg are incurred by all relocated households. Under
the Relocation Act, households may be compensated for actual
costs or may elect to receilve a fixed allowance. Under the Act,
all moves are local or treated as if they'were local.* In 1979,
84 percent of all households relocated by the Department of
Transportation (DOT) chose to receive the moving allowance plus
dislocation allowance totaling $500 per household or less. The
remainder were compensated for actual costs, which averaged
$1,200 a household. The average moving cost per household paid by
DOT in 1979 was approximately $500.

Purchase Price of Rental Property

Under the Relocation Act, all c¢wners who must vacate their
dwellings are entitled to receive fair market value for their
residential rental property.

The practical methcd to determine the proper amount of reim-
burgement is simply to have the property appraised. This should
be done for all situations in which real costs, which must be
funded, are reguired.

In the case of EPA's study, this procedure was not feasible,
and an estimation method based upon monthly rental was employed.
This is outlined below.

*The Act covers only “recasonable expenses,” and most agencies
interpret this as a move not exceeding 50 miles. A person
moving more than 50 miles would have to absorb the extra
cogts asgociated with a long distance move.
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The formula used is:
C = lziR U
Where: C = The fair market value of a typical rental prop~

erty in a given year.

R = The monthly rental income from a typical rental
unit in that same year. '

U = The average number of units per rental preoperty.

i = The estimated mortgage interest rate in that
year.

That eguation is a simplification of a complex relationship
in that it 4ignores capital gains, depreciation, maintenance
costs, taxes, and anticipated changes in rents and interest
rates. It is assumed that those complicating factors tend to
offset one another so that the eguation provides an adequate
estimate of the present value of rental property.

Purchase Price of Owner=Qccupied Units

T e e

Az in the case of rental property, the purchase price of
owner-occcupied units is established by appraisal. In the EPA
study that cost was determined from 1970 census data, which was
updated by a mathematical procedure. That is not given here since
it would not be useful in an actual costing situation.
Replacement Cost

Relocated tenants and homeowners receive a payment to cover
the increased rental or purchase price regquired to obtain compar-
able replacement housing in a quiéter neighborhood. For the EPA
atudy, it was necessary to estimate that replacement cost and a
theoretical rule that atated that property values decline at the
rate of one-half-of-one percent per decibel increase in noise
lavel was employed. In a practical airport situation, this calcu=~
lation should be done by utilizing the services of real estate
brokers and multiple listing service tables. Each airport must be
considered individually. However, the process is gquite straight-
forward and will pose no problems for the estimator.




Increased Interest Cost

The increased interest cost occurs when the interest rate on
the replacement mortgage exceeds the interest rate on the orig-
inal mortgage. To ensure that the relocation does not impose a
financial burden on the relocated homeocwner, special compensation
is made to offset the increase in interest rates. No compensation
is reguired if there is no increase in interest rates or if the
acquired property is not encumbered by a bona fide mortgage.

For convenience the section of the "Act” that deals with this

question is given below.

"{B) The amount, if any, will compensate such displaced
person for any increased interest costs which such a
perscn 18 required to pay for financing the acquisi-
tion of any such comparable replacement dwelling. Such
amount shall be paid only if the dwelling acquired by
the Fed:ral agency was encumbered by a bona fide mort-
gage which was a valid lien on such dwelling for not
. ) less than one hundred and eighty days prior to the ini-
f tiation of negotiations for the acquisition of such
: dwelling. Such amount shall be egual 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 egual to the unpaid bal-
ance of the mortgage on the acquired dwelling, over the
remainder term of the mortgage on the acquired dwelling,
reduced to discounted present value. The discount rate
ghall be the prevailing interest rate paid on savings
deposits by commercial banks in the general area in

which the replacement dwelling is located."

The concepts implied in the Act are best explained by the
example given below.

Suppose that a relocatee had purchased his home 10 years
before the time of relocation. At that time, he took a mortgage
of $50,000 with a term of 25 years at an interest rate of 9 per-
cent per year. His monthly payment would be §419.60. At the
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time of relocation, the unpaid balance on his mortgage would be
$41,369,62, When the relocatee purchases a new home, he is com-
pensated for any additional interest 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). If we assume that the
interest rate at the time of relocation is 16 percent per year,
then the relocatee would have to pay $607.60 per month te liqui-
date his debt in 15 years. 'This is $607.60 - $419.60 = $188.00
per month more than he had been paying before relocatiecn. The
present wvalue of this annuity at the prevailing interest rate
paid on savings deposits by commercial banks in the general area
in which the replacement dwelling is located, for a period of 15
years, 1is the compensation paid the relocatee for increased
interest cost. In the present case, we will assume a bank in-
terest rate of 5.5 percent per year. This gives $23,008.66 as the
amount the relocatee would receilve.

0f course, in the case of any particular airport, the above
procedure could be modified to f£it the need of the involved
commnity. .

Closing Costs

Closing costs are incurred by all persons making a home
purchase, The EPA report utilized the experience of DOT in esti-
mating these costs. In 1979, the Department of Trangportation
reports that closing costs associated with relocation averaged
$400 per unit. Closing costs are low because the relocation
agency provides guarantees to lending institutions and acts, to
gsome extent, as legal representative for the relocated house~
holds, Also, all househelds participating in the relocation
program are typileally exempt from all taxes associated with the
sale of their original units and the purchase of the replacement
units.

In the case of an interested airport, the costs can be deter-
mined by consultation with real estate and legal personnel.
Downpayment

The Federal Relocation Act has a special provigion designed
tc assist tenants in becoming homeowners. Specifically, $2,000 ia

B=10
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available outright to tenants for use as a downpayment and an
additional $2,000 is avallable on a matching basis, We assume
that each tenant electing this option has at least $2,000 to put
toward a downpayment and, therefore, is eligible for the full
$4,000 downpayment allowance.

Airports inveolved in relocation activities could provide
downpayments patterned after those in the Act. However, it should
be kept in mind that the cost numbers in the Act were established
in 1970. Revised numbers would probably be necessary in any
future relocation.

Income Foregone

" In the course of relocation, owners of rental property typi-
cally suffer losses, Those occur because of many things including
logs to tenants, These are regarded as business losses, and the
owners are compensated up to the average amount of their net
annual earnings on the property provided that amount is egual to
or dreater than $2,500 and is less than or equal to 510,000,

The conditions associated with the income foregone are guite
detailed, and anyone desiring to discover how the Act deals with
this question should study the aAct.

It is quite likely that rules for calculating income foregone
should be drawn up by the airport group interested in relocation.
Those could be tailered to meet the needs of the community and
perhaps be better than the rules given in the Act.

TOTAL COST
General

In the preceding section, the various individual costs asso-
clated with the relocation process were discussed. Those are
listed in Table B-l1l. Average values for each cost element that
are appropriate for the area should be established. Thig is best
done by careful study of the situation in the neighborhood of
interest. That meana that the cost of advising servicing, moving
cogts, etc. should be determined by studies made at the place and
time of interest. The costs are egsentially those assoclated with
property transfer, and the aid of real estate brokers should be

sought.
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Number of Relocation Cases

To determine total cost of relocation, it is necessary to
know not only average individual costs, but alsc the number of
cases in which these individual costs are involved. Table B-1
divides the relocatees into four groups, calling each a reloca-
ticn case., These are: '

Relocation
Case Description of Case
A Renters who remain renters
B Renters who become homeowners
c Rental property to be purchased
D Owner-occupied units to be purchased

In the EPA report, it was necessary to estimate the number of
each of the cases A, B, € and D by indirect means. That‘procesa
yielded only rough approximations to the actual number of cases
of each type. This is not adegquate for determining how much money
is necessary to fund an actual relocation project. In that situa=~
tion it is necessary to know precisely what the financial re=-
gquirements are. One way to ascertain the number of*cases is to
require affected persons to £111 out a questionnaire in which
they disclese their intentions, That could be done by mail.
Another way is to hire a poll-taking organization to make a
survey. The survey could cover 100 percent of the population in
the case of a small airport, or a statistically significant
sample in the case of a large airport. In any case, a direct head
count (or adegquate sample) is the best means for determining the
number of A's, B's, C's and D's.

The total cost is obtained, of course, by summing the prod-
ucts of the number of each case by the cost per case.

Summary

Most of the material presented in this report has been ex-
tracted from the report on "Relocation Costs.," It comprises the
information, originally developed for natjonal relocation cost
asseasment, which is deemed useful to an airport manager who is
concerned with relocation in his own area. The major items
covered are:
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a method for classifying relocatees that is helpful in

carrying out the costing process,
identification of the various cost elements and sug=
gestions as to how the associated cost deollars could be

determined, and
notes on how the total cost of the relocation process

can be determined.
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