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SUMMARY

The FAA hasbeen concerned wiih the noise levels of turbojet (axial
flow jet and axial flow fan) powered airplanes ihat do not comply with
FAR 36 since its promulgation in 1969, Two ANPRMs and one NPRM
related to relrofitting operat.ional airplanes o meet the noise levels
specified in IFAR 368 have been published for public comment. This
report examines these three proposed actions in detail and recom-
mends iwo regulations based upon their best features.

The first regulation would be a straight retrofit rule which would be
effective in {ully exploiting current and available noise control technol-
ogy. The second regulation would be a Fleet Noise Level (FNL) rule
which would supplement the first rule and which would be an effective
medium for exploiiing near and far future technology.

The Analysis Section discusses technology options for source noise

conirol including Quiet Nacelles, Refan, and miscellaneous other methods

applicable now and in the future to all civil subsenic turbojet engine-
poweredairplanes, Included in the Analysis are estimates of the noise
levels and the unitand investment costs for the various retrofit options
available to the large transport airplanes and to the smaller business
jet airplanes as well. Also included in the Analysis, are discussions
of the concepis of Fleet Noise Level (I'NL), Day-Night Level (Ldn),
and Noise Exposure Forecast (NEF) with numerical examples, which
illusirate the pertinent relationships.

The Health, Welfare and Economic Considerations Section discusscs
the costs of achieving various cumulaiive noise levels beginning with
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the investment costs developed previously. BSix retrofit options are
chosen for study and their cost-elfecliveness delermined, including the
costs of protecting people within specified Day-Night Level (Ldn) noise
exposure areas, Compatible land use costs are determined including
the costs for sound insulatioﬁ of buildings, relocation of people, and
land development. Cost allocation and financing methods are discussed
and a number of retrofit financing alternatives are presented,

The Appendixes c_:ontain sample regulations and detailed discussions

of the methodologies for FNL and Ldn/NET,
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1, INTRODUCTION AND RIEQUIREMENTS

Public Law 90-411 amended the Federal Aviation Act of 1958 to
requirethat, in order to afford present and fulure relief and protection
to the public from unnccessary alrceralt noise and soniec bhoom, the
Federal Aviation Administration (I"AA) shall prescribe and amend such
regulations as the "AA may find necessary to provide for the controel
and abatement of aireraft noise and sonic bhoom. In addition,
PL 90-411 provided detailed specilications that must be considered by
the FAA in prescribing and amending aircraft neise and sonic hoom
regulations,

The Noise Control Act of 1072 (Public Law 02-574) supersedes
Public Law 90-411 and amends the TFederal Aviation Act of 1958 to
include the concept of '"health and welfare' and to define the
responsibilities of and interrelationships between the FAA and the
Environmental Protection Agency (EPA) in the control and abatement
of aircraflt noise and sonic boom. Specifically, the Noise Control

Act requires that, in order to afford present and future relief and

protection to the publie health and welfare from aireraft noise and

sonie¢ boom, the FAA, after consultation with EPA, shall prescribe

and aménd such regulations as the FAA may find necessary to provide
for the control and abatement of aircralt noise and sonic boom,

The Noise Control Act also requires that KPA shall submit to the
FAA proposed repulations to pll‘ovide such control and abatement of
aircralt noise and sonic boom (including control and abatement
through the exercise of any of the IFAA's regulatory authority over
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air commerce or transporiniion or over airerafll or airport cperations}
as EPA delermines is neecessary to protect the public health and
welfare, The regulations proposed by EPA shall be based upon, hut
not submitied before completion of, a comprehensive study to be under-
taken by the IZIPA and reported to Congress.,
The Aircralt/Airport Noise Study, which has been corlnpleted, wus
required to investigate the: ‘
(1) adequacy of Federal Aviation Administration flight
and operational noise controls;
{2) adequacy of neoise emission standards on new and
existing airerafi, together with recommendations
on the retrofitling and phaseout of existing aircraft;
(3) implications of identifying and achieving levels of
cumulative noise exposure around airports; and
(4) additional measures available to airport operators
and local governments to control aircraft noise,
The study was implemented by a task force composed of six task
groups whose .product consisted of a report to Congress and six
volumes of supporting data (one volume for each task group). The
reporis are identiflled as Relerences 1 through 7. |
Concurrent with the Aircraft/Airport Noise Study, the EPA pre-
pared a general documenti of criteria, Reference 8, in conformance
with Section 5{(a){1} of the Noise Control Act, This '"Criteria
Document'' reflects the scientific knowledge most useful in indicating
the kind a.nd extent of all identifiable effects on the public¢ health and
welfare which may be expected from differing quantities of noise.

1-2
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In addition, as required by Scction 5{a)(2) of the Noise Control Act,
the EPA has prepared a document on the levels of environmental noise,
the attainment and maintenance of which in defined areas under various
conditions are requisite to profect the public healih and welfare with
an adequaie margin of safety, This "Levels Document' is identified
as Refercnce 9,

! As a result of the Aircraft/Airport Noise Study, EPA determined
that an effective program to protect the public health and wellare with
respect to aircraft noise would require the development and proposal
to the TAA of three complementary Lypes of regulations:

X (1) Noise abatement flight procedures,

(2} Noise source emission regulations (lype certification}
affecting the design of new aircraft and requiring the
meodification or phascout of certain portions of the
existing fleet, and

{3) An airport noise regulaiion, which would limit the

curmulative exposure received by noise-sensitive land
areas in communities surrounding airports, Sucha
regulation, by acting as a performance standard for
i the airport as a complex source, would require

achievement of mutually compatible airport operational

and land use patterns.

The following eight areas have been idenlified for aireralt noise

regulations to be proposed by the EPA for promulgation by the FAA
under Section 611 of the Federal Aviation Act as amended,

1-3



{a) ight Procedures

(1) Talicolf

Individual airports, or runways of the airporis, can
be placed info the following ‘three main categories regarding
communily noise exposurc: sideline noise sensitive; near down-
range noise sensitive; and far downrange noisc sensitive, A set
of three standard takeoff procédures suitable for safe operation of
each type of civil turbojet airplanes are being considered for use,
as appropriate, to minimize the noise exposure of the noise sensitive
communities,

(2}  Approach and Landing

The following two standardized approach procedures,
suitable for safe operation of each type of civil turl.ojet airplanes,
shall be proposed for nse as appropriate fo minimize community
noise exposure: reduced flap settings; and iwo segment approach
(approximately 6 /3 ).

{3) Minimum Altiludes

Minimum safe altitudes, higher than are presently
specified in the TFederal Aviation Regulations, shall be proposed
for the purpose of noisc abatement, applicable to civil turbojet
powered airplanes regardless of category.

(b} Type Certification

{4)  Retrolit/Fleet Noise Level

Nearly 1, 800 existing large turbojet airplanes, having
at least 4,000,000 operations per yearin the United States are not

1-4
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covered by any noise rule hut are the major source of noisc impact
in the vieinity of most commercial airports, Regulations shall be
proposcd to insure that both the existing and future civil aiveraft
flect are controlled to noigse levels as low as possible by available

technology.

{5) Supersonic Civil Aircrall

Regulations shall he proposed which would limit the
noise generated by future types of civil superseonic aireralt to levels
commensurate with the subseonic civil {leet.

(6} Modifications 1o Federal Aviation Regulations (I"AR 386)

Meodifications to FFAR 36 shall he proposed for lowering
the noise criteria levels for all new airplane types that must
comply. In addition, various amendments shall be proposed that
would: require altitude and temperature accountability; strengthen
test conditions for acoustical change approvals; and, in general,
make the rule clearer and more effective,

{7) Propeller Driven Small Airplanes

Noise standards shall be proposed {or propeller driven
small airplanes applicable o new type designs, newly produced air-
pl;'mes of older type designs, and te the prohibition of "acoustical
changes" in the type design of these airplanes.

{(8) Short HMaul Airvcralt

Neoise standards shall be proposed for all aireraflt
capable of vertical, short, or reduced takeolf or landing cperations.
The requiraed lengths of runways for these operations are beipg
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consideradl as: 1,000 ft. for VIOIL,; 2,000 ft. for STOL; and

4,000 ft. for RTOL.

In prescr‘ibing and amending standards and regulations, Section 611
of the FFederal Aviation Act as amended requires that the IFAA shall
consider whether any proposed standard or regulation is:

(1) consistent with the highest degree of safety in air

! commerce or air transportation in the public interest;

(2}  ecconomically reasanable;

{(3) technologically practicable; and

{4) appropriate for the particular type of aireralt, aircrall

engine, appliance, or certificate to which it will apply.

The above considerations ol safety, economies, and technology are

— constraints on the noisc regulatory actions that may conflict with full
~ achievement of the stringent requirement of protection to the public

health and wellare. To achieve compalibility, the regulations must be

carefully constructed, comprehensive, and sophisticated instruments for

exploiting the most effective and feasible technology, flight procedures,

and opcrating controls available.
_ The regulations proposcd by the EPA for promulgation by the FAA
g must be practically as complete and comprehensive as the FAA would
propose on their own initiative, Otherwise, conflicts hetween the
regulatory constrainis of safety, economics, and technology and the
requirement of protection to the public health and welfare could delay
consiructive action indefinilely.
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The development of an aireralt noise regulation starls with the
preparation of a pruject report, which is primarily a fechnical document
providing as m.uc:h definitive information as possgible on such maticrs
as background, objectives, available teclmology, rost-effectiveness,
and recommended criteria for levels, mecasurements, and analyscs.
The project report will provide the hasic input necessary for the
preparation of a notice of proposed rulemaking (NPRM),' which will
be the format of each regulalion to be proposed by the EPA to the FAA.

The procedurc is to solicit comments on each project report from
an EPA Working Group and a broad segment of interested organizations
and the public. Numerous representatives of Government, the aviation
community, environmental groups, andprivate citizens are participating
in the review process and are making valuable coniributions. The
project reports, while in the draft stage, do not reflect official EPA
policy or position., They are, howcver, an effective medium [or
informing the interested parties of contemplaied actions, furnishing
them with pertinent data, and providing a wvehicle or conduit [or
receiving information.

The comments are careflully analyzed and used to prepare a second
draft reflecting constructive suggestions and including valuable supple-
mentary informatien, It is anticipated that three drafts at most are
needed to surface all of the controversial issues and 1o identify and gain
access to all data necessary for the devclopment of the regulations.

The EPA has issued. a Notice of Public Comment (TFederal Register,
Vol. 38, No. 34, 19 lrebruary 1974) (Reference 10) concerning aireralt
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and airport noise regulations.  This Notice can be considered as an
ANPRM identifying nine aireraft and one airport noise regulatory actions
that could be elfective in controlling aireraft noise. The first seven
actions proposed in the NWotice are identical to the [irst seven items
presented her.. Actions 8 and 9 of the Notice, R/STOL and VSTOL
aircraft, respectively, are included in Item 8, Short Haul Aireraft,
presented here,  Action 10 of the Notice relers fo the airpm't noise
regulation.

The purpose of the Notice is to invite inicrested persons to
participate in EPA's development of the regulations to be proposed, by
submiiting such writien data, views, or arguments as they may desire.

The Notice is not deflinitive in regard te any particular proposed
regulation but refers to them in a general way. Information is solleited
relating to the basic requirement that the regulations coniribute to the
promotion of an environment for all Americans free from noisc that
jeopardizes their health or welfare, or to the four statutory constraints
periaining io safety, economics, and iechnology.

Requests for information concerning the Notice should not be
confused with similar requests concerning a projecet report on any one
of the proposed regulatory aclions. The project reports are specialized
detailed documents containing recommended procedures and much
supporting data ard are circulated lor comment and eritique.

1-8
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2. BYSTEMS CONTROL QO AIRCRARPT NOISIE

DProtection te the publie health and wellave [rom aireraflt noise is

accomplished most cllectively by exercising lour noise control options

taken together as a system:

{a}

(b}

{c)

(a)

source control consisting of the application of basic
design principles or special hardware to the engine/
airframe combination which will minimize thé
generation and radialion of noise;

path control consisiing of the application of light
procedures which will minimize the generation and
propagation of noise;

receiver control consgisting of the application of

restrictions on the type and use of aircraft at
the airport which will minimize community noise
ayposure; and

land use contrel consisting of developing or

modifying airport surroundings for maximum {

noise compatible usage.

In general, the primary approach for noise abatement is to attempt

to control the noise at the source to ihe extent that the aircralt would
be acceptable for operations at all airports and enroute, And in prin-
ciple, aircraft noise can e controlled extensively at the source hy
massive implementation of available technology. In practice, however,
technology capability for complete control without exorbitant penalties

is not yet available and moy never he, A regulalion requiring [ull
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protection to the public health and welfare by souree control, therelore,
would have the elfect of preventing the development of most new
aircraft and grounding the existing civil fleet,

Path conirol, for most casecs, can bhe an effective option foz;
substantial reduction of aircraft neise, TFurthermore, it has the
advantage that the results are additive to those obtained by source
cantrol, However, apecialized flight pfocedures are limited becouse
of the need to maintain the highest degree of salety. Therefore, a
regulation requiring full protection to the public health and welfare
by {light procedures is not feasible at this time and probably never will
be., Nevertheless, all aireraft can be flown safely in various modes
that produce a wide range of noise exposure. And, at the least, those
safe modes, which will minimize the generation and propagation of
noise, should be identified and standardized,

The major problem with aircraft neoise in terms of numbers of
people exposed, occurs in the vieinily of airports. This problem could
be relieved by the application of various operating restrictions at the
alrport, Extensive use of resirictions, however, is practical only if
all feasible source and path control options have been implemented,
Unless this has been done, the aivport resirictions may result in un-
necessary damage to the loeal and national economy. |

A concept under consideration at this time is that the airport
authorities in some cases, and the FAA in other cases, would impose
restrictions on the airceralt operalors as needed (curfews, quotas,
weight, and type limitations, preferential runway use, noisc abatement

2-2
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takecolf and approach procedures, landing fees, ecte.) o ensurce that

the airport neighborhood communilics are nolse-compatible consistent

with the requirements of health and wellare. Tt must he clearly under-
stood that the restrictions available to the airport operator will be those
approved by the TAA, CAB, and EPA, The highest degree of safely
must he maintained and interstate and foreign commerce requirements
must he considered. Restriclions involving flight safety and air
traffic control would be the sole responsibility of the FAA,

As an example of this concept, delermination of runway usage to
minimize community noise impact would be madc by tbhe airport
operator after consultations willl the munieipal authorities of the
airport neighborhood communities. High priority would be given fo
maximum implementation of long range land usc planning for noise
compatibility. If the FAA agrees with the operator's runway desig-
nations, the IFAA would decide which takeoll and approuzch procedures
must be implemented by aircralt using the desipnated runways, In
all cases, pilots would be given discretionary authority over operating
procedures lor safety and air tralflic reasons.

After all feasible noise contrel measures have been applied to the
aircraft by design, treatment, or modification of the source, by flight
and air traffic contrel procedures, and by proper design, location and
use of airports, the noisc may still he a problem at some locations.
In this event, compatible land use is probably the only remaining
solution, The land use control option is more casily exercised in the
development of new airports than as a remedial measure for existing
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neisc impacted communities. Tor the latler ease, the costs of land
use control are so high that maximum effort must be devoled to
implemeniing the sourcc, path, and receiver control options taken
together as a system,

The extent te which the control options must be regulated is
dependent upon the meaning and gquantilication of public healih and
welfare. Three important considerations must be emphasized, Tirst,
the TAA noise regulations have the requirement of protection to the

public health and wellare, Sccond, the regulations are constrained

by safety, cconomics, and technology. Third, the requirement and the
constraints may appear to be in opposition to each other and the conllict
can be resolved only by Implementation of the noise control options
taken togehler as a system.

The point is that aviation is a national asset and that ill-conceived

regulations, purportedly designed to protect the pubilic healih and

welfare, might actually have the opposile effect if they would result

in destroying, seriously crippling, or scverely limiting the viability of
the national aviaftion system. On the other heand, well-coneeived reg-

ulations, while proiecting the public health and wellare directly, might

actually accelerate the development of aviation by minimizing public
hostility.

This is a broader interpretation of the meaning of public healfh and
welfare than was indicated by the legislative history of the Noise Control
Act of 1972, For example, Senator Tunney, the floor manager Tor the
Senate hill, emphasized that air commerce was not an overriding
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element (Congressional Record, Vol. 118, page S18644, 18 Oct. 1974):

"The key element in this proposal is ihe protection of

the public health and welfare. The key element is not,

as some may believe, protection of commerce, "

The intent of this discussion, however, is to cmphasize that the
broad and narrow interprefations are not necessarily in conflict.
Properly consiructed regulations, as components of a system of noise
conirol options, colleciively can provide the protection required by the
act without damage to the national aviation system. However, insistence
that one compdnent alone musi provide all of the necessary protection,
may delay constructive action indefinitely.

If ever the requirements for protection to the public health and
welfare from aireraft noise can be identified coneclusively and satisfied
only by a particular method of noise control, then that method

should be used, Health and welfare requirements should override

such detrimental effects as delaying the development of a new aircraft
type, grounding some existing aircraft, or reducing operations at an
airport, Until such identification can be made, however, & systems
implementation of all the noise control options should be considered as
the most feasible method for equitably sharing the costs of nolse control
among all segments of the aviation community and the publie.

The noise control regulations prescribed by the IFAA Tor the alreraft
manufacturers and operators shall be expected to provide prolection to

the public henlth and wellare to the highest degree possible in

conformance wilh the systems implementaiion of the source and path
conirol options, The regulations shall be expected 1o reflect the latest
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state of the art of safe iechnology without prohibitive impaivment of
airerafli performance (range, payload, field length, etc.). If, however,
it is evident that source and/av path control are ihe only or least costly
levels, then aireraft performance loss to any reasonable extent must
be accepted,

Noise regulations that periain to source emissions or flight
procedures of specific types of aircralt cannot be expecterj to take into
consideration such unknowns as the quantity of these aircraft that
eventually will be produced, from what airports they will be operated,
or wliat noise-compatible land use will be implemented in the vicinity
of these airports, Consequenily, source emissions or [light procedures
regulations should be developed with due consideration given to the total
systemn concept. 'The regulations should be of the "umbrella" type in
the sense that those aircraft regulated can all comply by use of
available technology although some may be capable of achieving lower
noise levels than others. Various models of aireralt within specific
iype clagsification may not have the same capability for generating or
controlling noise because of such differences as size, weight, power-
plant, ete. The regulations should be [lexible enough to consider the
effect of these factors onnoise and atiempi to control the levels to the
maximum practical extent.  "Umbrella type regulations do not mean
thai the worst offenders would be permitted to comply withoul penaliy.
On the contrary, a properly constructed set of regulations,
representing components of a system of noisc control options, probably
would require the greatest sacrifice [rom the worst offender. The
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various atreraft/engine iypes have different weighis, thrust, engine
characieristics, and flighi performance characteristies, all of which
influence their noise generation and  reduction  capabililics.
Conscquently, it is not reasonalble {¢ expect that a particular source

or flight procedures regulation should require equal noise level

compliance from all types, weights, thrust, ete,, of aircraft,

Ag an example, FAR 36 hag several features thaf discriminate,
in the 'umbrella" sense, among the various classes of airplanes.
Greater weight ajrplanes arc permitied higher compliance levels; four
engine airplanes are permiited greater sideline distances; and four
engine airplanes are not permitted as much percent thrust reduction
at takeoff, The above discriminating lealures contained in ihe same
source conirol regulation permit some airplanes to make more noise
than others. In the end, Nhowever, the airplanes producing the mosti
noise will be the primary candidates for operating restrictions at the

airports as necessary to proieet the public health and welfare, The

implementation of these restrictions isg likely fo impose the greatest
burden on the noisiest airplanes.

The airport restriclions would provide incentive for the aircraflt
operators to conduct thorough investigations and conslder maximum
utilization of the available noise control options. The fact that an
aircraft manufacturer or operator has barely complied with an FAA
"umbrella" type regulation would not ensure the acceptance of a
particular airplane at all airports. The airport resiriciions would,
therefore, encourage the aireraft operators and manufacturers to

2-7



salisly ithe T'AA regulations by maximum utilization ol the source

emissions and flight operations neise control technology within their

capabilily and not merely {0 comply with specified Ilimits.
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3. OBJECTIVE

The objective of this project is to promulgate a rule which will
control the noise of civil subsonic turbojet engine-powered airplanes,
regardless of category, to levels as low as is consistent with safe
technological capability, and wiﬁch: X

{a) will be {ully responsive to the requirements of Reference 9

for protection of ihe public health and welfare,

(b) will not impose unreasonable economiec burdens on the national

aviation system,

(c) will not degrade the environment in any manner, and

{d)} will not cause a significant increase in fuel consumption.

The intent of this project report is to provide as much definitive
information as possible on such matters asbackground, available tech-
nology, cost effectiveness, and recommended criteria for levels,
measurements, and analyses, This project report will provide the
basic input for the preparation of a notice of proposed rule making
{NPRM) which will be the format of the regunlation to he proposed
by the EPA for promulgationby the FAA in conformance with the Noise
Control Act of 1972, |

The noise rule should have the earliest practical effective date,
should be a requirement for the operation of United States registered
eivil subsonic turbojet engine~-powered airplanes and thereby:

(a) insurethat future community neise due to the operation c_:f these

aircraft has been reduced to the lowest feasible levels and
smallest practical areas commensurate with the current state

of the art;
3-1
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{b) provide a regulatory maximum noise limit on c¢ivil subsonic

turbojet engine-powered airplanes io form a basis for mean-

ingful long~range land use¢ planning in the vicinity of airports;
(c) provide ecconomic incentives for the development of quieter
airplanes by limiting operations of noisy ones;
{d) permit the fullesi practical range of airplane design ard ret-
rofit options &so that cogl-effective noise reduction can be

4 achieved,

v

L e
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4. BACKGROUND

Three regulations to date have becn prescribed which have a
significant influcnce on aircraft noise and sonic hoom. These rules,
identified as References 11, 12, and 13, accomplish the following:

() Reference 11 {FAR 36) prescribes noise standards for the issue

of type certificates, and changes to those certificates, for cub-
sonic transport category airplanes, and for subsonic turbojet
powered airplanes regardless of category. This rule initiated
the noise abatement regulatory program of the FAA under the

statutory authority of Public Law 90-411.

(b) Referencel?2 is an operating rule prohibiting supersonic flights

of civil aircraft except under terms of a special avthorization
to exceed the speed of sound (Mach 1.0)., Authorization to
operate at a true Mach number greater than unity over a desig-
nated test area may he obtained for special test purposes.
Authorization for a flight outside of a designated test area at
gsupersonic speeds may be made if the applicant can show con-
servatively that the flight will not cause a measurable sonic

boom overpressure to reach the surface.

(c) Reference 13 requires new production turbojet and transport

category subsonic airplanes to comply with FAR 36, irrespec-
tive of type certification date. This rule estahlished the
following dates by which new production airplanes of older

type designs must comply with FAR 36.
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\ o 1 December 1973 for airplanes with maximum weights
greater than 75,000 pounds, except [or airplanes that
are powered by Fratt and Whitney JT3D series engines,

0 31 December 1974 for airplanes with maximum weights

: greater than 75, 000 pounds which are powered by Pratt

! and Whitney JT3L series engines,

o 3l December 1974 for airplanes with maximum weights

of 75, 000 pounds and less.
By promulgating (a} and {c¢), above, the FAA has made the ruling,
with no serious objections from the aviation community, that all new
types and new production of clder types of civil subsonic turbojet pro-

pelled airplanes will meet the noise requirements of FAR 36 or he

()

excluded from operations within the national airways system. As these
new, quieter airplancs enter the system, some of the older, noisier
airplanes will retire naturally. But zﬁost. having considerable eco-
nomically useful lives, will remain in the system and be the dominant
gource of noise impacting commaunities in the vicinity of the nation's
jetports. A significant portion of these o|1der noisier airplanes may
be reasonably expected to be used to service routes and airports which
have not previously been exposed to the high level of noise gencrated
by turbojet propelled airplanes, In recognition of these factors, the
TFederal government, and the aviation industry, have sought safe, tech«
nologically practicable, and economically reasonable methods of noise
retrofitting these airplanes, 'Concurrently, gfince 1970, the TTAA has

explored various regulatory means of making the noise retrofit and
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compliance with JPAR 36 mandatory, A discussion of each of the three
TAA proposed rules related to the retrelit of old designs of turbojet

powered airplancs iz provided in ithe following paragraphs,

4-3



I S

A. Straight Retrofit, ANPRM 70-44

This advance nolice, issued by the FAA in November, 1970 (Ref-
erence 14), siated ihat the 1I"AA was considering rule making to
establish noise reduction requirements that would involve modiflication
(retrofit) of currently iype certificated subsonic turbofan engine pow-
ered airplanes, regardless of category, as a condition for further
operation of these airplanes. Two reasons were given for the need for
noise reduction retrofit:

"The first reason is the obvious public need for relief. It

was the noise of ihe current fleet of aireraft that, in large
part, led to the enactment of Public Law 90-411 and with
respect to which the public need for protection is clearly
the most urgent. The near-total noise saluration of hun-
dreds of airport neighborhoods has been well documented
and needs no lurther elaboration other than to restate the
FAA's commitments to using every legal regulatory tech-
nique at its disposal to reduce the necise impact of aircraft
through source noise reduction, "

"The second reason for an aggressive noise reduction
retrofit program is that the noise of the current {leet of
aircraft is a deierrent to the development of new airports,
the extension of existing runways, amnd the continued full
use of the airport system in the United States. The airport
system is a vital national asset and iis health direetly
affects the health of the entire air transportation system.
The FAA, therefore, regards an effective noise reduction
retrafit regulatory program asheing necessary inthe broad
public and national interest not only because of the relief
it will bring to airport neighhors under Public Law 90-411
and the National Environmental Policy Act of 1869, but
also beecause aircraft noise reduction retrofit is directly
related to the further promotion, encouragement, and
development of civil aeronautics, "

The above statements clearly indicate FAA awareness that the
public health and welfare needs protection from noise and, also, that
the growth of aviation will be inhibited unless noise reduction is accom~
plished. Turthermore, the I'"AA stated that current technolegy was
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available for a feasible relrofit program:

"In summary, rescareh and development done to date has
demonstrated that thebasie concepts of noise suppression
of turbofan engines are valid acounstically, and that mator-
ials and fabrication technologics may be developed to
translate these concepts int» hardware that could provide
conomically reasonable and technologically practicable
means of significantly redueing {he noise generated by cer-
tain currently cerlificated tu-bof>n powered airplanes.”

In this announcement the I'AA identified a number of problem areas
in which broad public participation and assistance was invited. One
problem area, the first identified by the IFAA, was the regulatory

method to be used:

P L e

""The means by which operators, including foreign opera-
tors, should be regulated with respect to the meodifieation.
Under one possible alternaiive, a completely acoustical
"fix" or modification would be prescribed, or referred tfo,
ag in an airworthiness direcetive, together with all modifi-
cation details necessary to insurc the safety of the instal-
lation. 'This alternative might provide for some use of
alternate means of compliance by the operator, but would
provide the operator with a clear means of compliance.

Under another possible alternative no precise design
change would be prescribed, Rather, the operator would
be required only to achieve a specified acoustical objec-
tive, either in terms of a prescribed noise reduction or
an absolute noise level. The means of compliance would
be left with the operator and would not be specified. This
alternative, to he successful, would require a general
avrilability of acoustical and malerials knowledge and
technology, This alternative would have the positive value
of permitting the maximum freedom in the development
of means of reducing noise, and might thus be more el-
fective than the alternative mentioned above, "
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3. T'leet Noise L.evel, ANPRM 73-3

After considering the comments received in response to ANPRM
7-44, the FPAA published in 1973 another proposal (ANPRM 73-3) on
"'Civil Airplane IMleet Noise (FNL) Requirements” (Reference 15),

This advance notice stated thal Lthe FAA was considering proposing
the adoption of regulations that would wrevent escalation of fleet noise
levels {I'NL), would require a reduction in FNL on or hefore 1 July
1876, and would require airplanes to comply with FAR Part 36 on or
after 1 July 1978, The proposal would apply to aireraft operated in
interstate commmerce by air carriers, supplemental air carriers, and
commercial and airtaxi operators operating turhojet powered airplanes
with maximum weights of 75, 000 pounds or greater. The proposal
would not apply to airplanes engaped in foreign air commerce and air-
planes operated in overseas air cominerce,

The major clements of the FNL concept are:

(a) Determining the noise levels for each type of airplane in the

operator's fleet,

(b) Determining the total number of operations {takeoffs and land-
ings), for each airplane type for a representative 80-day
period,

(e} Calculating a {lect noise level based on a mean logarithmic
equalion, and

{d) Establishing a precise limit on fleet noige levels,

Beginning on its effactive date, the impact of the rule would be to
immediately "treeze, and prevent any further escalation of, the I'NLs
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' that are now heing generaled and to achieve a posillve FNL reduction
on and after 1 July 1976, This would he done by:

(a) Requiring cach operator to submnit the data informatinn neces-

sary to establish the PHNLs aclually gencrated by the operator
during a representative 90 consecutive days during the 12
months preceding that date of the rule,

(h) The I"AA determination of the initial I'NLs, and

{¢) Requiring that the initial FNL:s not be exceeded.

Beginning on 1 July 1976, the rule would require that ihe FNLs
originally established for each operator be reduced io a level that is
halfway between the original level and the level that would exist if
each airplane covered by this proposal was type certificated under
FAR Part 36,

Beginning on 1 July 1978, the IFNL concept would expire. Inits
place,lthe regulation would require each operator io restrict all of
his operations covered by this propesal to airplanes type certificated
under Part 36, Appendix C,

Although ANPRM 73-3 introduced the I'NL caoncept as a possible
means of regulating aircraft noise, the TFAA explicitly left open the
possibility of further consideration of a straight retrofit rule, such
as ANPRM 70-44,

Where preference was clearly expressed in the responses o the
FNL requirements proposal the responders were, in the main, in
favor of a straight retrofit rule, Those in favor included the Environ-
mental Defense Fund (EDI'), the National Organization to Insure a
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Sound-Comirolled DLnvironment (NOIST), 1he Aviation Consumer
Action Project, the Coalilion Apgainst Noise, the Sierra Club, the
Air Transportation Association {wilh the implied endorsement of its
26 memhers and explicit endorsement hy Seaboard World Airvlines and
United Airlines), the International Air Transport Association on
behalf of its memhbers, ihe Cily of Boston Air Pollution Conirol Com-
mission, and the Commonwealth of Pennsylvania,

Only the Douglas Alrcraft Company and ithe General Electric Air-
craft Engine Group indieated a clear prelerence for a FNL type regul-
ation,

During the course of the preparation of the report to Congress on
Aireralt/Airport Noise, the EPA Task Group 5 studied and evaluated
both of the I"'AA proposals (ANFRIM 70-44 and ANPRM 73-3)., Tho Task
Group & report (Reference G) indicated prefercnce for an F'NL type
regulation as indicaled by the following statement:

""The concept and structure of the FNL proposal appears
adequate to elfectively exploit the current technology (na-
" celle retrofit) and to allow and encourage the near future
technology (refan reirofit) to contribute as it becomes op-
egrable, and 1o encouruge the phascoutl of existing aircraft
by the introduction of new wide-body and other quiet air-
craft. In adilion, the T'NL concept would periodically
provide a great deal of useful information to the Govern-
ment on  air-carrier flecl size, mix, and utilization.
However, there are several features in the proposal that
weaken its effectiveness and should be removed, ‘There
are several features that would add strength il included, "
"In econsideration of the preceding discussion and of the
requirements of PL 92-574, the Task Group 5 report rec-

commendation is that the 'NL proposal (ANPRM 73-3) be
prescribed as a regulation with the following exceptions:



1. Omit excmption for airplanes engapged in foreign
air commerce except supersonic iransports,

—

2, Omif exceplion for aivplanes engaged in overscas
air commerce,

3., Omit expiration date of 1 July 1978, and continue
the FNL concept indefinjtely to permil the imple-
mentation of technological advancements (e. g.,
refan) as they become available,

4. Include airplanes cngaged in Inirastate air com-
merce,

5. IncludeI’NI. requiremenis for sideline noise as well
as takeoll and approach,

A fleetnoiselevel rule would be superior to and obviate
the need for a straight retrofit rule such as considered in
ANRPM 70-44,"

The above recommendations became the olficial BPA position and

were included in the report to Congress (Reference 1),

"~
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C., Fleet Noisec Requirements, NPRM 74-14

After considerating the comments received in response to ANPRM
73~3, the FAA published a notice of proposed rule making (NPRM)
for public review and comment entitled "Civil Aircraft Fleet Noise Re-
gquirements" (Reference 16). This latest action by the FAA proposes
an gperating rule under FAR Part 91 which has the same objectives
during the same time periods as ANPRM 73-3 without some of its
objectionable features. The draft ﬁPRM satisfies a substantial por-
tion of the EPA requirements as identified in Reference 1 and, for that
reasen, is supported. The remainder of the EPA requirements can
be accomplished by separate regulatory action, the rationale for which
will be developed in Section 5 ("Analysis"),

The proposed rule would require that subsonic turbojet engine-
powered airplanes with maximum weights of 75, 000 pounds or more
be retrofitted to comply with FAR 36 or be replaced in certain f{leet
operations. The proposed requirements, when implemented, will bring
significant relief to the public exposed to the noise of subsonic turbojet
engine-~-powered airplanes with maximum weights of 75, 000 pounds or
more. Furthermore, there is no disagreement with the FAA that the
proposed requirements of FAR Pa;‘t 36 represent noise levels that can
be achieved with available technology and at reasonable cost.

The proposed rule is congidered a substantial step in the right
direction and should be promulgated promptly with, however, two mod-
ifications as follows:

(a) The requirement to meet the noise standards of FAR Part 36

| by 30 June 1978 should be extended to include civil turbojet
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propelled airplanecs of 75,000 Ihs, or less, regardless of
calegory,

(b) Paragraph 91, 307 should be modified to require that, munless
airworthiness is jeopardized, at leasl one-halfl of the engines/
naceclles must he installed' on operational aircraft and not
merely be included in the fleet operalor's inventory (c.g.,
warchouse), The Environmental Protection Ageney is cogni-
zant of aireraft {leet engine/nacelle intermix problems and {he
safety aspects relating to unbalanced weight, thrust, and drag.
The EPA also recognizes ihat noise reduction for o single air-
plane is not fully accomplished until all of iis engines /nacelles
are retrofitied. However, progress is assured when the retro-
fit is implemented as sovon as pracilical after the enpgines/
naceclles are available., Withholding retrefit for an airplane
until all of its engine/nacclle combinalions are on hand, would
deny some needed reliel to the aireralt noise lmpacted public,

In summary, the Department of Transportation should act promptly
in promulgating the proposed rule with the proposed modification dis-
cussed above, The iarget dates (30 June 1976 and 30 June 1978) for
implementation are reasonable.

Also, there is no disagreement with the FAA .. .that issuance of
the proposed regulations would not preclude the later issuance of
additional fleet noise requirements,...'. To this end, therefore, the
RPA has developed an additional proposed regulation for the FAA 1o
prescribe that is proposced to take effect on 1 .July 1878,
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5. ANALYSIS

A, Technology Optiong and Applications for Source Noise Conirol

Source noise control, as defined in Section 2, is lhe application
of basic design principles or special hardware to the engine/airframe
combination which will minirni'ze the generation and radiation of noise.
The technology of source noise control is iime-dependent in the sense
that it is based upon the results of past, preseni and future programs
of research, development, and demonstration, which can be clasgsified
as follows:

(1) Current technology includes shelf item hardware and commonly

known (state of the art)} techniques and procedures which have been

used by some manufacturers.

(2) Avajlable Technology represents the results of research and

development which have not been put into common practice but are
available for implementation. Some performance testing may still be
necesgsary but this technology has been certificated for airworthiness
or, by adeguate groﬁnd and/or flight testing, determined to be capa-
ble of being certificated.

{3) Fuiure technology represenls the resulis of rescarch now in

progress which have not been fully tested but the results to date indi-
cate high potential to a reasonable degree of confidence, Included are
present programs which are being conducted with sufficient resources
of manpower, funding, and time to carry the programs to conclusion,
Definitive results are expected in the near future for acoustical and
operational performance, wconomics, and flight safety, The nature
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of the expectations ig positive or, at the least, neutral, because pre-
dictions of non-viable results would have been cause for termination
of the programs.

The application of source I.noise control technology is directed to

either exisiing or new aircralt, Inthe case of existing aircraft, source

controlis epplied by retroactively fitting {retrofitting) acoustical treat-

ment ta the engines /nacelles during a non-operative or shutdown period, #
In the case of new production aircraft, source control is applied during
the manufacturing process to older type design aireraft that have had

no flight time or to new type design aircraft.

The source conirol measures available for existing and for newly
producedaircraft of the same type design will he essentially the same,
Acousgtical treatment that is effective for one will be effective for the
other as well, Also, there is opporiunity for making some, but limited,
changes in the basic engine/airframe design of the older type airecraft,
The extent of these changes will be governed by the amount of their
influence on the function of other parts of the aircraft and on overall
safety, performance, and cost. For example, modifying an aircraft
for a higher thrust to weight ratic would require larger size engines
which might require revisions to the landing pear, pylons, wing and
tail structure, the addition of ballast, ete,

The most effective use of technology to achieve maximum noise

control is in the design and development of new aircraflt types.

*As used here, acoustical treatment means any bardware or me-
chanical device, applied either singly or combined to the inlet and
primary and secondary exhausts, that cither will absorb sound or
otherwise effect a noise reduction at the IFAR 36 measurement positions,
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Aj:plications of basic design principles and acoustical treatment for
the control of noise can be exploited optimally when they can be inte-
grated inlo ihe overall aireraft/engine design. Modifications such as
retrofit hardware are always the less efficient, but often necessary,
use of technology. )

Regulations for the control of aircraft noise should be construcied
to be responsive io the three classifications of fechnology options and
to three types ol applications, listed as follows:

{z) Technology Options

{1} Current
(2} Available
(3) Future
{b) Applications
(1} Existing Aircraft
(2) New Production Aircraft-QOlder Type Design
I (3) New Production Aircraft-New Type Design

The two existing aircraft source noise regulations (discussed in
Section 4 "Background") are stringent only to ihe extent of requiring
state of the art technology. Applications of available or future tech-
nology as it develéps will nat be required unless these regulations are |
ameqded or supplemented by additional ones, Furthermore, the exist-
ing regulations relate to new production aircraft only.

The remainder of this section on "Analysis" will be devoted to
providing technical support for the development of regulations which
will be responsive to all nine combinations encompassed by three appli-
cations of the three technology options.
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B, Nacelle Relrofit Technology

In May 1967, NASA contracted with the McDonnell Douglas Cor-
poration and the Boeing Company to investigate nacelle noise control
modifications for operational Douglas and Boeing transports powercd

by JT3D turbofan engines. The NASA program successfully demon-

‘strated, by flight tests in 1969, coneceptual feasibilily of nacelle

medifications for controlling both approacl and takeoff noise of JT3D

propelled airerafl.

In June 1971, the IFAA initiated 2 nacelle noise conirol project
directed to retrofit of the current fleet of narrow body aircraft. This
project extended the NASA program to include research and develop-
ment of takeoff and approach noise control for both JT3D and JTED
propelled aireraft. The purpose of this project was to provide test data
1o assist in determining whether certain clagses of turbofan propelled
airplanes in the cﬁrrent fleel could be medified for meaningful noige
reduction in a feagible manner, Feagibility, in this case, periained
to compliance with the regulatory constraints of safety, economlices,
and technology, contained originally in PL 90-411 and carried over in
the Noise Control Act (IPL 92-574),

The research and development work was directed to providing
acoustical treatment for engines/nacelles which would permit com-
pliance with specified noise reduction goals and which would be flight
weight, flight worthy, and capable of being certificated. The acous-
tical treatment, as defined previously, is any hardware or mechanical
device applied, singly or combined, tothe inletand primary and secon-
dary exhausts which will absorb sound or otherwise effect a noise
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reduction at the TAR 36 measurement points. Noizse levels measured
at the FAR 36 points will not completely evaluatle the total capability
of zcoustical treatment but they are sufficient to judge relaiive meriis,

The FAA project was implemontcd by means of three separate con-
tracis with appropriate airframe manufacturers, The first with Soeing
Wichita on 707 aircraft, ihe second with Boeing Seattle on 727 and 737
aircraft, and the third with Doupglas on DC-9 aircraft, In arddifion, all
three prime contractors had subcontracts with Pratt and Whitney on
engine compatibility testing; Boeing Wichita had a subconiract with
Douglas on 707/DC-8 nacelle generality studies; and Douglas hada sub-
contract with Rohr on fabrication and ground testing of DC-9 nacelles.
The FAA, therefore, had most aspects of nacelle retrofit feasibility
investigations for JT3D and JT8D aircraft covered by the airframe,
engine, and nacelle manufaciurers most involved with the narrow-
bodied eivil aircraft fleet,

The FAA established a task lorce to direct and monitor the
progress of the retrofit feasibility contracts, The task force con-
sisted of representatives from the research and development, reg-
ulatory, and airworthiness sei‘vices of the PAA. It is most important
that the latter area was thoroughly covered to ingure that a judgment
of the feasibility of noise abatement retrofit meodifications was based
upon production hardware and commercial operations that would not
compromise safety in any way.

The results of the FAA nacelle retrofit project produced flight
performance and cost dala for 707, DC-8, 727, 737, and DC-9 {ype
airplanes equipped with acoustical treatment which would permit
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cclnmpliance with the JFAR 36 noisc levels. The acoustical 1reatment
investigated included sound absorption material (SAM) and a combina-
tion of SAM and some sort of jef noise reducer (JNR), The least
complex system consigting of SAM alone will enable the airplanes to
achieve the FAR 36 noise levels or even slightly lower in somo cases,
The more complex systems consisting of SAM+INR have the canability
of decreasing the nolse to levels appreciably lower than the 1*equir'e-
ments of IFAR 36.

The FAA project on nacelle retrofit yielded noise control tech-
nology for nacelle modifications that represents the maximum state
of the art. There are no obvious ways in which nacelles can be de-
signed that will control noise any better than those developed by the
FAA contractors, [i must be clearly undersiood that the reference
here is io acoustical treatment, as previously deflined, which is added
ontoa _nacelle or to an engine flow passage. A modified nacelle that
permitg compliance with the FAR 36 levels is referred to as n Quiet
Nacelle (QN) and does not include any modifications to engine com-
ponents.,

Quiet Nacelles containing SAM have a negligible effect on aircraft
performance and would insure that the older narrow-bodied commex:-
cial aireraft would comply with FAR 36. There would be ne appre-
ciable degradation in field length requirements and direct operating
costs but possibly a small loss in range. There would be a meaning-
ful reduction in airport community noise exposure: mainly for approach
operations for JTAD propelled aireraft and for both takeoff and ap-
proach operations for JT3D propelled aircraft.
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Quiet Nacelles containing SAM+INR, in addition io costing more
per shipsel, would introduce substantial degradation in performance,
These performancelosses, however, are nof necessarily irreversible,
Upraling the airframe for loading and the engine for i{hrusi (e.g.,
JT8D-9 1o JT8D-15) will incféase the range and reduce ihe required
Tield lengih to values approaching those of the baseline production
versgion,

Figures 1, 2, and 3 illustrate Quiet Nacelles for the Boeing Tamily
of JT3D and JT8D propelled airplancs. Table 1 lists the noise and
performance comparisons of the QN and baseline airplanes. For 727
and 737 airplanes, the treatment is minimal; the noise reduction bene-
fits are negligible for sideline and takeoff but significant on approach,
and the costs and performance losses are so modest that it is unreas-
onable not to include such treatment on zll new aircraft. TFor 707
aircraft, the treatment is much more extensive: the noise reduction
benefits are sub‘stantial at all three measuring positions but especially
dominant at approach; the performance losges are small; and the costs
are significant but not necessarily unreasonable from a cost effect-
iveness viewpnint {(which will be discugsed later in detail), The data
included in the Figures and Table were iaken from Reference 17,

Quiet Nacelles with SAM are also available for the Douglas family
of JT3D and JT8D propelled airplanes. The QN technology is state of
the art and the first nacelles for all candidate airplanes could be ready
for implementation about six months after the effective data of a retro-
fit regulation,
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C. Relan Retrofit Technology

_The Refan source noise control option is significantly different
from nacelle retrofitinasmuch as it involves modification and replace-
ment of certain engine as well as nacelle components, The most
impertant, but not the only, 'crng‘.ne component to be replaced is the
bypass fan; thus the program is rei‘r-;rr'ed 10 as "Refan",

The Refan program, as established under NASA sponsorship in
Aungust 1872, benefits from, and is based upon, both engine and noise
technology developed since 1968, At that ime, when it became appar-
ent that efficient and effective jel noise reduction could e achieved
through reduction of the primary jet exit veloecity, Pratl and Whitney
Aircraflt (P&WA) began their studies on the JT3D engine. Variations
of this basic engine are used on the Boeing 707 and the McDonnell
Douglas DC-8 series of aircraft, This engine, as opposed to the JTED,
was invesligated first as it was the more conservative design and there-
fore had the greater possibility of doing additional work which is
fundamental to the Refan concept.

Early parametric studies ol poteniial single-stage and two-siage
fans ghowed that the Refan requirements could he satisfied by either
two-stage [ans of moderately larger diameter or single-stage fans
with a greater increase in diameter. The initial engine studies re-
sultéd in the JT3D Configuration 1II. This confliguration had a larger
diameter iwo-stage fan, which increased the engine length and installed
weight. Although this engine provided a moderate reduction in jel noise,
there was no improvemeni in performance and it was not considered
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an acceptable figurce at that time. Study of the refaning of the JT3D
engine conlinued with internal funding on an intermiilent basis until
1972, During the period 1968 1o 1972, P&EWA studied 10 possible con-
{igurations of this engine. The dircct studics also henefited from the
P&WA JTO0 engine (powerplant for the Boeing 747 airerafil) devel-
opment' as well ag an IFAA sponsored study of low, medium, and high,
fan tip specci noise characteristics. The ninth conflignration of the
JT3D siudied by P&WA had an increased diameter single-stage fan and
no inlet guide vanes. This configuration formed the basis for the NASA
sponsored Refan program when proposed,

Prior to initiation of the NASA pvrogram, it was determined that,
with modification, the J'T8D could also he refanned. This engine is used
on the various models of the Boeing 727 and 737 and the MeDonnell
Douglas DC-0 aireraft. Within the initial scope and funding of the
NASA Refan Program, Phase I contracts were let for design and
analysis of ithe engine and nacelle modifications with threc major con-
tractors: Pratt and Whitney Aircraft; The Doeing Company; and the
Douglas Aircrafi Company. Small contracts were also let with Amer-
ican Alrlines and United Airlines for consulting work to assure that
the modifications being considered incorporated as many requirements
of the user airlines as possible,

In January 1973, program f{unding curtailment foreced limiting the
scope of ithe program to only one engine type, The joint NASA/DOT/
FAA decision was fo proceed with the JT8D rather than the JT3D. The
basic reason given for this choice was that the JT8D-powered aircraft
will have a larger impact on the aircraft noise exposure in the 1900's,
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The concept of Relan retrofit is to reduce the jel noise Ly mcans
of a transfer of energy Trom 1he jet exhaust stream fo the hypass fon
stream. This requires starting with an engine (such as the JT8D)
that was conscrvatively designed so that additional work can be ex-
tracted from the engine core compoenent (e, g., lurbine).

In orderr to lower the primary jet noisc by reducing the nprimary
jet velocily without losing thrusl requires that more of the primary
engine gas stream cnergy he converted into the low velocily bypass
fan strearn, as shown in Figure 4. This conversion can be accom-
plished by either increasing the fan pressure ratio, or ilhe bypass
flow, orby increasing both. Increasing the bypass airflow is the more
desirable route because it also provides increased teotal engine thrust
and reduced fuel consumption, 'This route is feasihle since the JT8D
low pressure turbine has the capahilily of doing more work to absorb
more primary gas stream energy. TFurthermore, the gains in jet de-
sign technology sinceihe initial design of this engine supportsthe feas-
ibility of a new fan thal would absorb the additional low pressure turbine
work,

‘While refanning is primarily directed toward reducing the primary
jet noise, redesigndetails, such as number of stages, spacing between
the rotating and stationary elements, number of rotor blades, and sta-
tor vancs, are also studied in order to minimize the turbomnachinery
noise portion of the spectrum,  After this has been accomplished,
nacelle modification and ireatment with sound absorbing material
(SAM) is added in order to further reduce the noise levels,
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The noise reduction icchniques utilized for the NASA Refan
Program, when considered singly, arce current or state of the ari tech-
nolegy, Haowever, ihe eflectivencess of these technigues, when combined
as a system, has yet lo be demonsirated. Ience, Refan reirofit at
this time must be classified as necar future iechnology. The potential
appears high for achieving the NASA program objeclives for the nar-
row-hody lleet of JT'81) propelled airplanes., Refercnce 23 siates the
original objectives:

""The program chjectives are to demonsirate through
develepment of relrolit kits that the noise produced
by the narrow-body fleet can be reduced to 5 to 10
EPNdB below FAR-306 while retaining demonstrated
engine reliability and maintainability, causing no

degradation of aircraft performance or safety, and
all at an acceptable fleet retrolit cost.”
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D. Noise Comparisons (JT3ID/JIT8D)

Noise level estimates are given in Table 2 for the {ypical airplane
types (707, DC-8, 727, 737, DC-1) considered as candidates Jor Quict
Nacelle and Refan retfrolit (References 17 through 22), The noise
levels relale to the measuring points and conditions of IPAR 36 and
inelude values for: the IFAR 36 requirements; the baseline (unretin-
fiited)airplaﬁcs; the Quiet Nacelles; and Refan, Figures 5{a), {b), and
{c} show the same information in ihe form of bhar charts 'rom which
direct visual comparisons can be made,

Sideline noise comparisons are shown in Figure 5{(a) where il is
seen that, for all five airplane {ypes, the baseline noise levels are
below the TFAR 36 requirements. Quiet Nacelles would accomplish
very little neise reductions; about three or four decibels for JT3D
airplémes and none for the JT81D {ypes. On the other hand, the esti-
mates for Refan retrofit indieate very subsiantial noise reductions,
varying from 8-decibels for the 727 to 15.5-decibels for the 737,

Takeoll (with thrust cuthack) noise comparisons are shown in Ifig-
ure 5{b} where it is secen that Quiet Nacelles would be very effective
for the JT3D airplanes: about 10 or 11 decibels, Quiet Nacelles would
accomplish very little reduction for the JT8D airplanes, varying {rom
0 io 4 decibels which is sufficient, however, to result in levels below
the TAR 36 roquirements. The esiimates for Refan retrofit indicate
significantly more benefit forthe JT8D airplanes, varying {rom 7 deeci-
bels for the 727 to 12 decibels for the 737.

Approach noise comparisons are shown in Figure 5(c) where it is
seen that this is the measuring peint where Quiet Nacelles would have
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their greatest eflcctiveness.  The reductions are 12 1o 14.5 decibels
for the JT3D airplanes and 7 to 9 decibels for the JTOD airplanes,
Converscely, this is the measuring peint where Refan 18 estimated to
have the least cffectivencss; v."iryin;.{ from 7 decibels {for the 717 to 10
decibels for the DC-9,

In sunmary, the estimated noise reductions that would be acecoin-
plished by Quiet Nacelles and Refan are dependent upon the FAR 36
meaguring point. For the two JT3D propelled aivplanes, Quiet Na-
celles, which are the only relrofit option, accomplish noise reductions
that vary from modest at sideline (3 and 4 dI3), to substantial at both
takeolfl (10 and 11 dB) und. approach (12 and 14,5 d3), Tor the three
JT8D propelled airplanes, refanning is clearly supcrior at sideline
(8 to 15,5 dB) and takeoff {7 to 12 dB). Ilowever, for the approach
measuring point, Quiet Nacelles and Refan are eslimated to accomi-

plish ahout the same noise reductions (7 fo 10 dB).
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E. Cost Comparigsons (JT3D/ITAN)

Cost estimates for Quiet Nocelles and Refan are compared in Table
3. The unit costs, which include twenty pereent for spares, represent
the price per airplane that W(;UIrJ be paid lor insiallations whorever it
was done. No allowance is incl,udled for flight costs io and from the
installations site nor for loss of service revenue,

The number of airplanes lisied in cach category probably is the
maximum that would he available for reirofii; no assumpiion was made
for attrition or phasecut., ‘The unil costs are based upon numbers of
shipsets somewhal lessihanthose shown for "US only'. Conseqguently,
the unit costs would be somcwhal lower if the numbers listed for the
United States wére realized, and substantially lower siill for the world
fieet.

The investment costs shown are probably conservative in the sense
that they pertain to more airplanes than actually would be retrofitted.
Some attrition and phaseout will occur and not all of the world fleet
would be involved. Thesefigures, therefore, represent the upper limit
of costs for each category. On the other hand, it is possible ihat the
"on order' estimates may be low for a numher of reasons not clearly
identifiable at this time, If so, the degrece of conservatism may not be
so high as first expected,

One point that must be kept in mind is that the costs for the "on
aorder" (O0) airplanes would not pertain to a straight retroflit rule
applicahle to Quiet Nacelles, The reason is {hat new production air-
craft are now automatically covered bythe existing regulation on newly
produced airplaneg (Reference 13). Consequently, cornparisons of the
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costs of retrofit beiween Quiel Nacelles and Refan should be on the
basis of on hand (OIl) for the former and total (OI1HOO) for the lat-
ter,

For example, consider retrolil of the United Slales JTAD fleet,
which wonld have an invcstmeng cnst of about 215 million daliarg for
Quict Nacelles as a direct result 01: a straight retrofit rule, Alterna-
iively, relanning would cost about 1,925 billion dollars or 8,95 times
as much i{ all of the airplanes {OIH0Q) were retrofitied. Qbviously,
the large dilference in invesiment cost belween Quiet Nacelles and
Refan demands that very careful consideration be given to demonslraied
benefits of the latter in terms of noisc reduction and performance
gains. Considering the combined fleet of JTED and 373D propelled air-
planes, the cost multiple is not so striking, IPor the United Siates
fleet, retrofit by Quiet Nacelles (OH airplanes) would cost about G648
million dollars and by Refan (OII+00 airplanes) about 2, 36 billion
dollars or 3,64 times as much, Tor the world flecet, the comparable
retrofil costs for Quiet Nacelles and Refan would be nbout 1.14 and
3. 87 billlon dollars, respectively, or 3. 38 times as much,

In regard to the rest of the world fleel, ihe cosls of rebrofil {for
those airplanes involved) would not be horne by any segment of the
United Siates. On the contrary, Uniled States manufacturers furnish-
ing retrolit kits and installation services would be the beneficiaries.
The beneflits could bhe as much as 496 million dollars for Quiet Na-

celles and 1,51 billion dollars for JT3D Quiet Nacelles and JTBD Refan.

(%]
1
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I, Miscellaneous Retrofit Technolugy

The JTID and JTBD enpines power aboul two thirds of the cur-
rent air carrier ileet, Of the remainder, approximately 20 percent
are powercd by reciprocating eﬁgines and turboprops which are not
being considered for nacelle retrofit, The pure jet 707, DC-8 and 880
(approximately 150 aircraft) are acheduled to be retired from the fleet
by the end of the decade and no congideration is belung given to the
development of vetvofil kits for these aireraft, 'The BAC 111 and the
T47's delivered prior to December 1871 ave expected lo remain in ihe
fleet well into the 1980's; ihercfore, potentizal nacelle retrofit options
for these aireraft are discugsed below,

The BAC 111 is powered by the low bypuss Rolls Royce (RR)
Spey engine and these aireraft currently do not mect the FAR 36 noise
standards., A joint program between BAC and 13 has been initiated
to develop retrofit kitg for the BAC 111 enabling the alrerafl to meat
the FAR 36 requirements (with tradeoif), The kit includes a six-
chute suppressor exhaust nozzle, an acoustically lined 40-inch jet pipe
extension, and an acouslically lined engine intake and bypass exhaust
duct, A development kit is planned for testing in 1974 with production
kits planned for 1976 availability, The weight of the kit is approxi-
mately 400 1bs. with an estimated performance penally of 1 percent
loss in takeoff thrust and 3.3 percent increase in sgpecific fuel con-
sumpiion (SIFC).

Farly models of the 747-100 (delivered prior to December 1071)
were not subject to the FAR 38 Appendix C noise requirements, Later
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models of the 747 have becen certificated fo these reguirements, A
jeint Boeing/P&WA noise reduclion program is currently underway to
determineg the poteniial for further noigse reduction Tor the carly 747's
ag well as for fure growth versions, Initial lest resulis indicate
additional inlel noise reduction is posgible with the addition ot splitter
rings. Current research cffort on improved acoustic materials, pro-
viding higher eflfecliveness af xlrcduced weight, is n potential aption [or
Tuture engine growlh programs.

All models of the McDonnell Douplas DC-10 and Lockheed L1011
aireraft have been certificated below the noise level regoirements of
FAR 36. However, similar R&D aclivity, oas indicated above, has
been initiated for these aireraft which also provides the potential for
noise reductions for future growth engine programs,

Approximately 20 percent of the airerafi in the general avialion
jel fleet (represented by two aireraft - the Faleon 20 and the Cessna
Citation) are powered by meoderate bypass turbefan engines and have
been certificated in accordance with the FAR 36 requirements. The
remuining 80 percent are powered by iurbojet or very low bypass
turbofan engines (with noisé characteristics similar to fhat of the
straight turbojet).

The Gulfstream 2, the largest aircraft in this class, ulilizes a
version of the Spey engine having a bypass ration of 0.84., The take-
off and sideline noiselevels are in excess of the PAR 36 requirements.
Grumman, in concert with Rolls Royce, has delined a program to
develop 2 nois¢ suppression kit for the Gulfsirecam 2 aircralt, util-
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izing hardwarce developed by RR Tor the 17-28 and BBAC 111 aircraflt,
which is expected lo meet the IFAR 36 reguirement.  Acoustic linings
are not included in the program at this time bul ave being considerced
as backup, if necessary.

The rest of the aireralt in the General Aviation fleet are powered
by small {3000 Lo 3500 s, 1hrust) turbojel engines that are extremely
compact engines. Since smull enyines are less toleranl of disturhances
to the basic thermodynamie cyele, small size in itself can be a prob-
lem with regards inthe application of sound absorpltion materials (SAM)
in the engine nacelle. This lype ol acoustic treatment is concerned
only with the audible frequencies, and turbomachinery, combusiion
noige, fan muliiple pure tones, ete., gencerally fall inlo the same fre-
quency ranges regardless of engine size. SAM, therclore, labricaied
as a resonalor cavity type sound absorber will nol vary substantizlly
in thickness from one engine io another. As a result, the weight and
costs associated with small engine SAM ireatment will undoubledly
represent a larger share of the iolal propulsion system installation
than those for large engines. IFurther, a higher overall penalty io
airplane performance will resuli, not only due lo the extra weight,
but also to the increased nacelle and engine flow passage drag,

For those aircraft that are marginally shy of meeting the I"AR 36
standards (Learjet, for example) a modified exhaust nozzle moy be all
that is necessary 1o meet the current standard, Such a program is
being conducted with the potential to ceriifly the Liearjet to the IFAR 36
noise requirement with a redesigned exhaust nozzle.
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A noige suppression kit has been developed for the FIS125-600
aircraft. Development fHght testing is planned with the objective of
meeling ihe noise requirements of FAIRX 36 for new production aireraft,
For the Jefstar, Salnre and Wr:‘::.!..'.'ind, the perlormance ponaliles asso-
clated with the amouni of aéousiignl nacelle treatment that would he
required {o cnable these aireraft to meoet the PAR 36 noise levels may
degrade  their aperational  elfecliveness 1o an intolerable level,
There are, however, rcengine oplions available to these aircrafl that
might perrit compliance with FAR 36,

There are currently suvéral amall turhofan cngines thal can be
congidered for pogsible retrofit in exisling turhojel aireratt, One such
program has already been announced, the replacement of the JT12
turbojet cngines cur'rcut]y\in ithe Jetstar with the moderate hypass
Garrett 731 turbofan, I is estlimaied that not only will the noise level
of the reengined Jetstar comply with the I"AR 36 requirements bui the
range/payload characteristics will be significantly enhanced.

The Learjet has DLeen iest flown with the Garrett 731 engine, pro-
viding still another retrofit option pogsibility. The General Aviation
Bivigion, TNockwell Corporation, is procedding with the development
of a turbofan powered Sabreliner with the CI' 700 engine (used on the
Falecon 20} which could offer a relrofit possibility for the existing
Model 60 and 70 Sabreliners.

In addition to the Garrett 731 and the GE CF 700 engine, the
Lycoming ALF¥502D and the UAC-Canada JT15D turbofan engines are

available for possible retrofit,
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G. TFuture Technology

Extensive noise source rescarch and development has been and
conlinues to he conducted by Government and Industiry, The arcas
of this &L can be identificd as foliows,

f1} Component Technology

{n) NASA Quicetl Engine Program

{b) Sonic Inlels

{c) Core Engine Compononis

{d) Acrodynamics

{2) Engine T'echnology

{a) Air Carrier CTOL Engines

{b) STOL: Engines

(e} VTOL Enpines

{(d) General Aviation

{c) SST Engines
Details of this work are included in Reference 5 and the highlights
are given below.

The NASA Experimental Quiet IIngine Trogram, ulilizing technol-
opy developed in part by the engine manufaciurers, has successfully
demonstrated the feasibility of realizing significant reductions in
source noise in future engine developments, The capability now exists
within industry to produce advanced-technology engines with source
noige levels limited only hy the core engine noise component, With
appropriate inceniives and funding, these vehicles ecould be operational

in the 1980's,
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The same degreoe of noise roduction has not beon demaonstrated
for the smaller engines that arc compatible with business jet alreraft.
Comparable research and development in noise abatement concepts
and aeoustical treatment lor this clags of engines and aireraft has nol
baen aceomplished.

Al of the noire conirol udvancements, from the pure imrbojet
to the nigh-bypass-ratio turbolan engines, were the result of technol-
ogy developments for rolating machinery (fan compouent) and for sound
absorption materials, No comparalle advancemenls have been cxper-
ienced for the core engine noise of the high-bypass-ratio engines in
current produciion. Rotaling machinery and sound absorption noise
control technology have continued to advance to the point where lurther
progress may be ineffective unless the core eangine noise is cantrolled
as well, As visualized now, corc engine noise is the floor which estab-
lishes the 1imit of effectiveness of (e current noisc conirol siate of
the art as it pertains lo airecraft ongines.

The FAA is currently sponsoring a Core lingine Noize Conirol
Program, the purpose of is which to provide theorectical and experi-
méntal data to assist the designers in developing future technology
aireralt capable of conforming to lower noise levels than are now
required by FAR Part 36. The effort is directed to identifying, eval-
uating, and conirolling the component noise sources inherent in the
core engine (the gas generator).

Large reductions in engine-generated noise may have limited of-
fectiveness, however, gince it appears that a noise floor, due to
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e:{.tcmal acrodynarnic flow over the airframe, is present during ap-
proach and landing procedwres.  This s due to the relalively dirty
{flapz and wheels down) configiralion in which the flow over these
appurtenances has been eslimoled to penerate noise levels approxi-
mately 5 to 10 EI'NdI3 below the TFAR 46 critervia at the approach
measuring position,

New propulsion system concepts, particularly for reduced and
short takeofl or landing (R/ST'OL} airerafll, are in the early slages of
development, Very high-bypass funs, such as the prop-fan, are being
evaluated for future air earricrs and general aviation., Aireraft com-
poenent developments, such as blown flaps and helicopter rotor systems,
while requiring additional development and demongiration testing, in-

clude design considerations to minimize [ulure noise environments,
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1. Noige and Cost Suminary

Figures 6{n), {b), and {¢) summarize the noise levels of the furbao-
jet {and turhoflan) propelled aivplanes. Inciuded are noise lovels for:
ithe J'T3 propelicd narrow bofdy transports (bascline and quict na-
celles); the JTHD propelicd narrow body transports (baseline, quict
nacelles, and refan); a supersonic narrow body Leansport (Concorde);
the wide body tronsports (747, DC-10, L-1011}); wund vavious general
aviation airplancs (busincss jeots), Table 4 idenlifics hese ajrplanes,
gives their maximum weighis, and lists their bhascline noize levels
whether neagured or estimaled (Reference 24).  Superposed on LMig-
ures G are lines showing the FAR 36 reguirements and lines showing
these requirements minug 10-decibels. The purpose of lhe latier is
to establish the lower bounds of a range representing feasible noisc
level goals for turbojet propelled aircerait.

The noige level range bounded by the lines in Migures § represent
the design goals for new ajreraft identified in the FPA report to Con-
gress {(Reference 1):

"Phe comhined research, design, and development efforts

of the National Aeronaulics and Space Administration, De-

partment of Transporlalion, Depariment of Defense, and

industrinl members of the aviation community have pro-

vided a demonstrated technology base which, if {ull expleited,

can provide a family of new aircralt Tor both the commer-

cial and husiness jet ticcts sitarting in the 1978-1080 time

frame. The noise characteristics of these new airerafl (de-

pending upon aircraft lype and measurement point) could

be 5-10 decibels below ihe present values in Appendix C

of FAR 36 and thus, significantly guieter and more accept-

_able than the current narrow-body jets, "

Incidentally, this range includes the objectives of the NASA Refan
Program as discussed earlier and reported in Heference 23, Although
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this noise level range has heen identified ns pouls {or new airplane
types, il has been mel by the wide body iransports and some of the
business jets. The runge is also & reouanable goal for voteafit of
all turbojel airplanes cxeept tl'ﬂc Concorde,

Sideline noige comparisons m-;ﬂ. shown in Figure 6{u) where it is
seen that ol transport airplanes cecept the BAC-111 and the Concorde
have bhaseline values within or lower than the design goal range. Refan
retrofit is estimated to peermit JT8D propelled aivplanes to achieve
noise levels lower than the deslgn goal range. Quiet Nacelle retrofit
will have no eiffect on the JT8D airplanes and only modest effect on
the JT3D aivplanes. Five of the ten business jets shown have haseline
noise levels above the range, ibree within the range, and iwo helow,

Takeofl noise comparisons oare shown in Tigure 6{b) where ii is
seen thalt bonseline nolsc levels within the design goal range can be
achleved by only one narrow Dbody iranspord, four wide hody {rans-
poris, and lwo business jets, One business jet, ihe Citation, can
achieve a level lower than the range. Quiet Nacelle and/or Relan
retrofit will permit all JTAD qnd JT3D propelled narrow body trans-
ports to achieve noise levels within or lower than the range.

Approach noise comparisons are shown in Pigure 6{c¢) where il
is seen thal baseline noise levles within the design goal range can be
achieved by only four wide body transports and five business jets.
Apain the Citation can achieve a level lower than the range. Quiel
Nacelle and/or Refan retrofit will permit all JT8D and JT3D pro-
pelled narrow body transpoerts to achieve noise levels withip the range,
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There ig no retraofit technology available for the Concorde which
wiil permit if to comply with the FAR 36 noise criteria levels., IHow-
ever, rotrolit technelogy jg available for all other transporls oand some
of the business jets. The remainder of the business jets could comply
with ihe FAR 36 levels or lower Ly implemconiation ol one of the re-
engine options,

Ratimated costs of retrofit for the United Siates et of 113D and
JTED propelled airplanes are given in Tahle 3, Considering the com-~
hined {leet of these airpluncs, Quict Nacelles would cosi about G448
million dollavs, and the combination of Quict Nucelles for JT3D and
Refan for IT8D would be about 2,36 bhillion dollars, or about 3.64
times as much. The former cost is bused upon on hand (OF) air-
planes, and the latter cost includes bolh on hand and on order (OMR+00}
airplanes for the reasons discussed previously.

Estimated costs of modilying the United Stales business jet flect
to comply with AR 36 levels are given in Table 5, The seven air-
planes listed are those exceeding the IFAR 36 eriteria, as shown in
Figure 6. Two of the airplanes (18-125 and Gulfstream 2} can be
made to comply by modifying the exhaust n:::zzles to include noise sup-
presgsion devices. The olher airplanes can comply only by replacing
the existing straight turbojet or low bLypass ration turbolan engines
with high bypass ration turbolan engines which are substantially qui-
eter,

The benefits available from the businegs jet refrofit options are
not specifically identified in Figure 6 but the resulfing levels would
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be somewhere within the design goal range. This would mean anoise
reduction at the TAR 38 measuring points of ns much as 5 to 10 EPNdB
for sume airplancs (e, g., Westwind and Gulistream 2). The estimated
maxinim investment cost for ‘E“AF? 36 compliance [or the G657 airplanes

listed in Table 5 is aboul 307 million daollars,



I. FLEET NOISE LIEVEL CONCIEPT

A stroight relroflit rule would he adequaie for exploiiing state  of
the art technology and inpdeauale for the fvture. The Meel noise (PNI)
cancept originated by the 1"AA can he s very powerlul tool ler contin-
nolaly evsluating aircenlt noise and cootrolling il Lo any desired level,
Therefore, the FNL concepl when nropely siructured as o regelotic:,
could be an cllective "rachet " for lowering noise levels whenever fuiure
technology hecomes current,

A repulation incorporating the NI concept should be proposed.
This propogul should be similario FAA ANPRM 73-3 but should include
modifications designed Lo be responsive to future teehnotogy opportun-
ities, in parviicular Relan relrofit., The key issues of the sample reg-
ulation are presented in the following discussion.

(1) Scopo

The I'NL prdposnl would apply to all sebsonic lurbejet powered
alrplanes of United States registry operaled in air commerce, This
would include airplane fleets operated by air earriers engaged in air
transportation under a certificale of publie convenience and necessity
or olher appropriate cconomic anthority issued by the Civil Aeronautics
Board {(CAT): the above-mentioned air carriers when engaged in char-
ter flights or other special service operaiions; supplemental air care
riérs and commercial operators engaged in the carriage of persons or
property in air commerce for compensation or hive; ecertain air taxi

operators; and all business flects,
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(2} The Fleet Noire Tovel (i'NIL) Methodolopy

The I'NL concept is based on the prineciple that the noiase level of
any given flee! is o funclion of the jel engine noise of exch airplane in
that feet and the total numbm‘r of lakeolls und landings of each airplunc
inthat flect. The mujor o.]uments;lol' ihe PNL concept are:

{1) determining the noise levels for each airpline type i the [leei:
{2} determining the lola) number of operations {talkeoils anad landings)
for each airplane type for a representative 00-doy poriod:

(3) calculaling afleelnoige level bused on a mean logarithmie equation:
(4) establishing & precigse Imit on {lect noise levels.

The first clemeni (deicrmination of the sideline, lakeofl, and ap-
preach noise levels)would be caleulated wider the same sideline, talke-
off and approach noisc measuremenl lerms and conditions ag are used
in Part 36 type certification, Theseterms and conditions have received
wide review and will ensurethat the noiselevels are of the same qualily
and have the same meaning as those that are determined during type
certification. Also, in order (o ensure that the effects ol sideline,
takeoff, and approach noise are discrefely ancounted for, no iradcofl
hetween sideline, takeoff, and landing noise would be permiited. As
in type certification, any weights less than maximum weight or design
landing weight that are used in determining ihe sideline, takeoff, and
approach noise levels of an airplane for the purpose of determinining
FNL would be required tobe established as operating limitations [or the
airplane. The noise level generated by each airplane would be requif-c:d
to be sulymitted within 30 days following the prescribed 00-day period.
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Noise levels typieal of each iype and model may be submitted; it s
not necassary ihat ench airplane he measurcd.

The sceond elemaent of the proposcd regulation (the smmmary of
tolal number of individual {qunl‘fs and laudings for any given 90-day
period) vould be requived Lo be submitied every 90 duys,

The third element (caleulation melhod for detcrmiaing MNert poiae
levels) i proposed as anAppondix ol Part 121, The caleulation Tor PNL
is based upon a logarithmic mean formula fhat ineludes the nomber of
aperations and the noige levels of each airplane.  PNL is caleulated
separately for sideline, takeoll, and approach operations. The lormula
weighta (or emphasizes) noise level more heavily ihan nuynber of aper-
altions as can be secen in Figure 7(e) and as discussed in Appendix D,

The Tourlh element (the Hwiting I°NL value, one each for sideling,
takeofl, and approach) would be imposel? as legal limifations on each
fleet. These limiting I°'NL values are dervived, for cach operator's
fleel, under ihe prescribed logaritlimic mean equalion in Appendix €,

using the 90-day summary of inkeolls and landings ol ench airplane in

‘the fleet, The limiting NI requirements are contained in Section

121,807 and are discussed bhelow,

(3) Rules bepimning on July 1, 1978 (proposed Section 121-807)

The purpose of this section would he 1o immediately "freeze", and
prevent any further escalalion of the fleel noise levels that are gen-
erated at that time and to provide a procedure for achicving a positive
FNL reduction on and after July 1, 1978. This would he done {(a) by
requiring cach operator to submit the dota and information necessary
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ta establish the FNLs actually generated byhim during a represcntative
90 consecutive doys during the 12 months preceding (he elfective dode
of this rule, (b) by the oporaior's delermination of the inilizl PNL's
and {e) by rcquiving that the initial FNL's nol be exceaded {(Afler o veing-
onahle period for challenge).  The chaltenge provisions wonld lfanciion
as tollows:  The FNL data ana informodion, submitied on or before
1July 1078, woulld be publishedinthe Federal Register, Tor operators
for whichno I'NL crnbe establishod because of matiers such as a strilke
or merger, the TAA would publish in the Federnd Register an FNL de-
termined hy the Administrator to be equitable and represeniative of that
operator's experience,  These valoes could be chatlenged by the oper-
ator within the 30 days foliowing IPederal Register publication,  The
values would he amended and republished il the Administrator agreed
that the published FNIs were nol equitable or represeniative,  Tuilial
published ¥NL wvalues would boecome legal limits for each operator
60 days aflter their publication in the 1*ederal Register unless challenged,
in which ease the Administrator's decision on the challenge would become
legally binding 30 days after publication ol that decision,

{4) Fleel Noise Level Example

Table 6 liststhe values of EPNL for thefive narrow hody transport
types thatare candidates for retrofit. The BPNL values are given rel-
atiave to each of the three FAR 36 measuring points (S/1., T/O, and
App.) and for the four noise level options (IFAR 3G, haseline, Quiet
Nacelles only, Refan, and Refan combined with Quicet Nacelles), These
values also are listed in Table 2, A [leet was assurned equal to the
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national Tleet of 1, 722 airplunes, and 1he PNL wus compuled nnd Tisted
in Talile 6 Tor the twoelve cases,

The I"'NILs [or lhe sideline pomt indicate that the bascline value in
3.0 dB below the AR 30 value which rellects the comdition shown in
Fignee G(a) Tor identificition numbersd thrn 5 (a1l biaeline Bl-nvils are
'19553 than the I'AR 30 levels), Tha eplion of Quiet Nacelles 2oos not
have much effect on the sideline point, achioving o reduciion of legs
than one decibel below the haseline, The option of Refan corabined wiih
Quict Nacelles, however, has a significant effect, reducing the level
nearly 6 dB3 elow the bascline which is almost 9.4 di3 below the FAR
36 value,

The I'NLs for the takcoll point indicente {hat the option of Quiect
Nacelles reduces the level more than 2 d713 below the haseline which ig
slightly more than 1 dI3 below the TTATR 506 value. The option of Refan
combined willk Quiet Nacelles is slightly more clicetive (1.2 d13) than
Quiet Nacelles alune.

The I'NLs Jor the appreach point indicate fhat the option of Quiet
Nacelles is superior, effecting o reducfion of 11.5 dB helow the base-
line whichis 3.4 dB belowihe TAR 36 value. The oplion of Refan com-
hined with Quiet Nacelles is sliphtly less effective (0,2 dB) than Quiet

Nacelles alone, whichvreflects the case forthe 727 shown in Figure G{ce),



~ ;

-~ J. Day-Night Level {T.dn)

ray-Night Level (Jadn}is a single number rating of the measuraed or
predicled comulative noize inteading info airport commmnilics,  The
results of the computadions nre mosl useful when the Ldn vidues at
individual positions onthe ground are combined into cqual T.dn contours
and plotied on maps of the airepovct and 15 neighhorhoosds,

$adn pr.'('.'rlii(:f.(:ﬂ contours resull from estimaies and generalizations
of airerafl categories, mix of airercafl, runway utilizatlions, number of
cperationg, Individual aiverofi fHght paths, neoise lovels, and almos-
pheric vonditions, Cousitdering the assumnptions, the contours can be
considered Lo have an pecuracy no better {haw plus or minous five Tdn
units {decibels),

The Ldn prediction methodology is a computaiional procedure for

()

combining the important faclors conlribuling (o noise exposore into o
form suitable for use: |

« By alrport and comnumily planners as an aid in planning land
use and building construction in the vicinity of airports,

+ TFor determining the relative merits of aireraft and engine de-
sign, aireraft operating procedurves, and runway utilization in
reducing aircrafil noise exposure,

. As part of a coordinated program of aircrall noise control and
airport and community planning to limit the total noise ex-
posure to values commensurate with health and welfare require-
ments,

The Ldn contours permit the land areas encloscd within ihem {o be
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evolualed for varions types of use, conpatible with the noise exposure,
Not 1the least imporkant is the information available  {o the building
designer Tor providing appropriato gound insulated stractures, I is
generally acecpted thot landa rons exposad loless than 60 Ladn will not
have major noise problers,  Buidling strucluves in thess nreas used
for nensilive activities suchas gcehools, ehhrches, hospilals, and au-
ditoria, may neod sorme oxiva noize ingsuladion consideration bul the
problems, il they exist, can be handled by slandovd desipn techniques.

It is the inteeprelations associznied with Ladn contours, and not the
methodolegy, thal sometimes rvesull in controversy, pariicuiarly thoac
that are so simplified as to leave {he cvroneous impressions that the
contours represent a sharp division helween more or jess noise ori-
tiical zones. In addition, interpretadions hased upon predicted human
response arc somelimeg accused of being {oo sugpestiive in the sensc
that pecple olten tend to respond in the manner they helicove they are
supposed to respond.

The methodonlogy for Ldn is based upon the melhedology for NEI
presented in Appendix FE, The relationship betweon the fwo is assumed
to be Ldn = NET 435 which is sufficiently accurate to make reasonable
comparisons hetween Ldn/NEI" and F'NL. The procedures of Appendix
E were used to compuicthe values listed in Table 6, The mix of air-
crali was chosen to he one-tenth of the national fleet of narrow hody
iransport airplanes that arce candidates for retrofit. The EIPNL values
therefore, arc those lisled in Table G and are related to the EPNL
valites used to compute the FNL, values, It is important to examine
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the relative differences in I'NL and 14n/WEEF decibels bolweon Lhe
noisce level oplions aroe very close and, consequenily, the conclusions
mide lor I'NIL are equally valid for LJdn/NEF, In sonmmary, the FNT.

and Ldn/NLEI* Tor the agsswned fleet of aireralt arce cqually clfcetive

in judging the relative efieciiveness of various noise level cptions.

Ldn/NIETT. however, pertaing to the emmulative noise o n specilic

locaiion awd can he related to heallh and wellfuore., TNIL, on the oiher

hand, is an abstract level pertaining 1o a fleet of circrall which may
be widely scaticred, Therefere, the abasclute levels of NI cannot e
directly related to health and welfare but they can be equally clfective

as Ldn/NETF as relative value indicators.
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G. ealth, Welfare and IZconomie Congidorations

The regulalion under consideration heve hag hoth invesiment and
operalional cost impnels on thiz sation's commercisl airlines, The
cxlent of {hese impacis must ‘p;c esiimatod under u broader svope than
ihe subsjectof this regulation, EPA overall objective is the attninment
and mmaintenance ofa nolsce environmen! around airportg that is conmig-
fent with yel tobe established Fublic Health and Wellare reguirements,
To achieve such requiremenis, a balance must be siruck amongst the
noi:-"-e reduclion alternatives and their respective effoetiveness and cosis
of achieving acceplable noiselevels ataivports. Three classes ol alter-
natives cxist 1o achieve such noise cenvironments; 1hese are source,
path and receiver options, One series of questions to be addressed is
how much source noise abatement, when, and what Lypes are justilied
under the criteria of minimizing the costs of atlaining and achieving
acceptable noise envirenments around the nation's airports,  Another
aspeet to he examined is how source noise abatement alternatives can
be fininced without disrupting the economic healih of the airlines,

Subscquent discussion will cover the (ollowing areas:

. ilhe disbeneflils of noise,

. 1he cosis of retrofit alternatives,

. resource requirements of achieving and maintaining a noise en-
vironment consistent with Public Health and Wellare require-
meoenis,

. cost ineidence and timing problems associated with (inancing
any of the reirofit alternatives.
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AL Thoe Digheaelits of Noiza

Tn ity vepovt to Congress (Feof, 1) the EPA recognized ihat the
diveet prirnnry offects of noise on Pulblic lcealth and Wellare are, the
peicnginl forprodueingn permane.il loss nhearing acuity, inlerlerence
Wity speech cormnnniertiens, ang e generalion of  annoyance,  The
pos=ibility of fudireel oifeets of noisc is alse ndmilted, but there does
el euist suliicient evidence for thelre citation al this limnec.

These nojse elfects indlnence such lactors as an involuntarily exposed
perso's daily activily  schedule and enjoyment.  1f follows that if the
mreesenee of haiwe aflects these faclors, then a person's utilily lunction
is affected adversely. When these adverse effecis are aggregated o nn
impacted public arcund a noisy airport, il follows thal actlivilies can be
affected not only in the impacted area but also ab an exposed person's
Muee of employment.

Typical results of the primary eflects of noise are:

. the relative atiractiveness of real estate con be affected;

. the delivery of pulic services ig affected, e.g., interraptions
ol' educational insiruciion;

. interpersonal relutionships ean be aggravated;

. conlinual or repetilive annoyance can manifost iiself as tension
and siress;

. on the job performance, i, e., producilvity, can be aflecied.

These results demonstrate the insidious nature of nolse on a per-
son's or community's physiclogical, social and eceonomic well-being.

Reduction of the noise environment will reduce the magnitude of
these cited results. ITowever, the relationship beiween reducing noise
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envirenments and the magnitude of noise impact reductions is not nown.
There exisls o nalional ns{inmltr.r ol 1;1u ]m“-ﬂmr of people exposcd to
varicus cnnuladive aircrall generated levels of nelse as is shown in
IMigure 10, However, thero does not exis! an understanding of what i
meona in terms of benefils of ~cmavipy one peraon from on 80 Lain
environment vis-a-vis removing lwo persons frow o 70 Ldn environment,
The reason [ow this situation is that insuilicienl vescarch to quantify
the henetfils of noise reduction has beon performoed to date.

Not having quaniilative eslimates ol (he henelits of noise reduction
precludes nny analyses of the amount of noise envirdnment reduction
that is justified on a vost-benelits basis, Conscquently, the subsequent

analysces will use a cost-ceffectivencss analytic framework,



B, Costs of Achievine Cumulative Moise Taoevels

Achievement of nny desived doay-pight exposure level e be real-

ized by combinations of redociugz source nose impacts snd peolecling

noise sensilive receivers,  Noise impoacts ore delined as pemlscliion
exposed 1o various dry-night nois:l:.]lt:vr:l.s.

Reduciion of noeisc inpacls caa be aceorplished by rotrofitiing the
commereialaiveralt Mleet with gource notse sbhatemenl technology, im-
plernenting noise abatement takeedt and Tading procedures, and exoe-
cising airport eperational controls such as prefoerentinl vunways, re-
strictions on {light [roquenetes, efe,. Profcoiion of noige senwailive
receivers can be accomplished through the soundprooling of residential
and otlier =sensilive  structure or through the relocation of existing
incompatible land uses. In essence, achievement of 4 dezired cumala-
tive day-night noige exposure level implies separation of incompalible, -
noise senaitive land usies 'com specified levels of noise impact.

Actions to reduce noise levels by exisking airerafl source abate-
ment and operational options may not totailly eliminate noise impaets at
a given cumulative noise level. In such cases, addilional actions must
be taken lo either soundpreo! the struclures in the noise sensitive arcas,
or relocate the incompatible land uses which remain after the source
noise impaet options have been implemented, It should be recognized,
however, thal there exisis a limit to the effectiveness of soundprooling
teclmology., JI'or those receeivers exposed to noise which cannot he ef-
fectively reduced to compatible levels by soundproofing, the only re-
maining alternative is reloeation, The technological lmitations of
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soundproofing and the associnied coslof same may be found in Chapter
4 ol Reforonee .
4

Mhe ot of achieving any given Ldn lovael 1o defined as belog the
const of jmptemonting nolse .':'olurf'r'- aborermoent teclhnology amd nivport/
adrcraft wperaiicnal opdions, plos i.lnr: resatrce reguivemonts ol sound-
proeoling ol rclocatingg those noise sensitive reecivers which remain im-
prcted af gure nolse ecxposure tevel alicr technoloegical and operational
opticns have been emptoyed, A previously inentioned, the coonomic
guestion addressed bhera is what combinations of thesc opiion resull in
the most elficient op cost-elleclive, approach to renlize several values
of Ldn (e, g., 80, 70, 40} around (he nation's airports.

To implement a soure noise reduclion allermative inlo the existing
fleet reguires time fo Iahricate, demonstrate, certify and install the
kits on the alveraft. This time element plays an immportant role in thie
dynamics of noisc level achieverent In thal the total cosis of a retrofit
program, thefleet mix, Ievels of operations and urban growth vary witl
iime. Ag an example, by the 1070-80 time period, {leel noise levels
are expacted io be rolatlively lower than those of today's [leet because
not as many, if any, straight jet aircraft will be eperating in the INeet
and the capaciuly represented by ithese airverali, and all other retired

aireraft, will have been reploce by "quieter' aireraft, Fower fleet

noise levels translate into reductions in the areas of Ldn conlours around

airports which in {urn imply less impacted populations, if and only if,
land use development arcund airports does not resull in increased pop-
ulation densities surrounding the airport. Also, with the passage of
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™ time, the retrofil eandidate sel of neisy ndverall shoold also decreage
because thoy are ihe vintage aiveralt in Lhe currend Tleet. Thasze

are the gencral trends uscd in the subseguent analysis,
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{1} Cosl Antlyses ol Relrofii

o determine the impacts of the proposcd retrofit alternatives on
airline induslyy econamics, severs! assumptions hod Lo be mado on how
the economy is expeuled Lo perforn nrd whether the indastry will become
more cfficiont during the time )‘m‘riod ol itnterest,  The DOT studics
from whieh this analy=ishns been purioemed assumed (hat the econony
would centinucete grow ala rale of four poeveent real growih per awonn,

In addition, on indusitry averadge Might tond Dotor ol B percenl wias
assumed Lo be reached by 19078 (Melorence 20).

Under lhese assumptions, esiimates were developed of passenger
and cargo traffic prowth on an annual or specific fulure year bhasis,
iiven the productivity of cach iype of aircerall, their respeclive numbers
in the current fleel, and individual adrline cquipment relivoment and
acquisition schedules, estimates of the flecl mix al points in lime are
muade. From these daln, candidate fleets which would bhe alfected by cach
retrofit alternative can be identified. Table 7 shows ihe retrofil can-
didate fleet mixes resulting under the above agsumptions (Refervence 26),

The eflleets of the energy supply shortlfall situation on the assumpiions
used and the candidate [leet mix estimates are such that these estimales
might he viewewed as optimistic. The reol growih rate of the cconomy
over the next several years will be significanily below the long {erm
rate of 4 percent per annum that was assumed in the clled studies. The
situation should result in depressing tralfie demand estimates for 1the
time period of interest. In addition, recent flight frequency cuthbacls
and apparent iransporialion modal substitutions have resulted in load

G-7



ally discounted the current dollar values of each cost elanont by the
asasumoed Fuper annum inflotion erale, The resulting 1073 dollar vaiues

of vacheost eleanent were then divided by the nurmbier of ajeevedi pgene-

jated with o reotreolit oplion such that an average eost alement per sireend

resuited.,  Shown in Table 7 ace the weit values vsed in ealoeulating

Ltolal relrvofit costs. Shown in Table 8(0) ave the oieximum cose estinates

ol the tolal retrolil costs of cach allcrnntive Tor the U, 5. lleel. The
costs 10 the rost of the world Heet are olso inctuded here (o retlect
the maxinum finmcial impact of o regolation reguicieg implesontiation
of any ol the retvolit alternatives.t

Shown iix Table € (b) arce the estimaios of toinl refrofit sllernative
costs assuming the retvofil candidate [Teet mixes listed in Table Y. The
estimates are praosented in 1073 dollars and curront dollars, assuuning
a 3 percent rate of inflation, ‘These current dollar caleulalions were
presenied 1o illustrate some problems in estimalion and cost analysis,

One problem is that most of the expenditures for sourvce, path and
reeeiver options will at least be initiated at different periods of time;
conscyuently, to pub these expenditure streams on o comparahle basis
the finaaneial technique of discounting these streams should be used,
But to estimate a current dollar, one needs lo know something about
the rate of inflation expected {0 cceur over a given period of time,

IFor the past several years, aitemptg to control inflation have nof been

T Tnactualily, The entirve Torcign fleet will not require a retrofit 1o
comply with any of the contemplated regulidions., Foreign [lag com-
pliance will havelo be negoliated under existing institutions and con-
ventions,
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suecegslul and will he sipnificontly prender shon Lhe Liziorcieal vale of
inflation. In wddition, there ara indicutions ihal coetual oe distribuiicona!
shartages i malerials will oeccue and furcilies diatort pefecs, With
such faclors ercating aditional wnecretaiody i the fatuee, cgzming A
particular retfe of inilation does nel nppeae peesdent,

Ancther vrobiem inthal tharo o2 curreid s nolinee of Loliove ot
dates established for any  convivraumental oise goul, This sifonidion
presents the coleutation problewm of nob knowing when lard use el
receiver {realments opiion:s must he implonenicd,  Net bnowing fhig,
one canned deiermine the approprisie current dollor {o be used or the
iime period witli which 1o digcouni ihe eapevliture stromn,

Given these types of situalioss, 1973 dollzrs hove been used in
all the estimales developed., Those estimales provide sulficient ovder

of magnitude accuracy Lo enable the objectives of this analysis to be mel.
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As delinealed in Relference B, persons exupnsed 1o exlerior cumu-
lative nolsce levels of Tudn = B0AL are subjeel to o significant rislk of o
decreade inhenring acuity, Persous sobject Lo exterior neise levels of
tess than this amound exhibit bebavior over the range from extreme
urnryanas o ne aclivily interleronee ntall, The degree of annovanee
deereases with corresponding decreases in exterior cumulative noise
levels whoro an oxieriorT.dn = 60dB appears to b the throshold where
activity intervuptions nve of such a nidore thal stanificant dnnoyvance is
not exhibiled,

For this anulysis, lhe assumplion was made that profection 1o fhe

public health and welfare reguires thal apy person cxposed {o Ladn

> 55dB must be protected 1o this leveld or less.  This level is ussumed

here to he the long term environmental noise gopl.  Actions taken Lo

reduce a pcrsonis environment {othese levels range [rom relocation 1o
insulating slructures.

TFar levels of Ldn 2 50dB, no structure treatment {echnelegies are
feagible. Therefove, the only feasible land use alternative is the con-
version of ihe existing land uses to those which are noise¢ compatible.
This would require the purchase, relocation (at no expense to the alfec-
ted people), razing, and redevelopment of real estate that is currently
in residential use.

For Ldn <80d13, there exist sirueture treatment technologies wlich,
if implemented, will Insure thal nolse intrusion will nol alfect the
daily activiaties of the public inside the treated structures. Shown in
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Prupnre cloree fhie o m cnpitie peadeetion costs per unit (dI3)of comulative
nedse e oo W Tovier ety e vonirasg gl S e mindmuen land ase
voceiver o Teownh sy pllewnace Tor public eholee of the protoction
crtion, oo n To, b cureve oy not tltow one the choice helween
Do v e Sben D sawtdtoeoofed o bo Teave the gl noise environ-
yroe e e e vhper e e heors developed [o pellset aomore
pelson e oulecs: o0 bnviine e puinlic ekowsie e proleeiion techniues.,
A Full o Taniios oo s il cosdl cueve <doevelopmaent may be Tound i
Clhispter ol Refioes oo d,
Givern g undt cost eneyye, e estimated national distribution of
populatio: cxposed o vorlous levels of noise in 1072 (Iigure 10}, and
the percevtigesoleroned population [hal arce annoyed, ona can develop
a pnations) estimaie of the costs to proteet the public from noise pol-
Tution using enly Jond use and stroctural (reatment techrologies,  Util-
izing such data, the (otal cousl of using only land vse and receiver
tlreatment optiongio proteet the public as exposed in 18972, is esiimaled
to be in lke range of 21 fo 31.5 bhillioas of 1973 dollars. How these

cogts cumulisle by Ldn increments of 5dB are shown in Figure 12,



C. Cost-Tilecetivencss of Options to Achiove Several Cumualative Noise

Lovels)

As previously siaded, the vedoction in e mimber of people Tivineg in
alrerafl/airportnoise impacied sveas sithe major eriterion for assos-
ing the effectivencss of any neize ahoterwent option. The populidion
ertimaies nsed here e baged on e P00 conses whore no giiemp, was
morte to Torecast popniation chompes e fabines yeuars,

Estimaies of the populaiion residing irahe nelbe impaetedarcas for
six airporis os a function  of cighl diflerent oplions have been maede in
Heference 23, The curves of Figuce 13, compiled from Relecrneas

25 and 26, show the percent veductions in Dmpucted populntion within

&

P

an aireralt noise generaied 75 Ldn contours wilh time, and hy noise
redaction strategy.,  Note thet sdopting a Vdo-nothing" sirategy and
allowing for aireradl relivement will itsell reduce the impacied popula-
tion within the contour. Adoption of o 2-segment approach will reduce
population impacts even further.  Retrolit of source noise uhatomaent
technologics can he secn to be highly effeclive in redocing population
impacts even further, Relrofit of source noise abatement technolopics
can be seento be highly clfective in reducing population impacts.! One
should recognize that the lower the population impacts, the lowar arc
the land use and structural treatment costs to achieve o given cumulalive

noise level,

T Tits recognized that the relative clfectiveeness of the options inves-
tigated is highly sensitive to the alrport being analyzed, However, ihe
six airport sot on which these data ore based represent a reasonable
speeiram of the impacts. Tor this reason the developed impact
variation estimates arc felt to be represcntative.
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This normalived curve of population imprets, along with another for
ldn = 6501, were applicdagainst the stalic deta onthe nallonal estimatc
ol impocied popitalion by (Ldo) level (Figure 10} Lo estimate 1o vo-
maining popnlation impacied, after  the passage of e and exevciniag
each of the noise abatoment opticns, 2 Prorn Ahese doia on popitintion
remaining inoan impacled aren aftor an option has heen exeicined. ong
can develop eatimefes of the lond use snd struclurs] teeatoient oo s
to achicve aiy level of cumutative noise, 1 is in this manner that the
duta for both the conts und effectivencss of the dififerent corabinniions
ol oplions 1o achieve a cumulaiive environmaontal noise level have beon
doeveaelopod.

Shown Inlable 9 are the national estimades of percentage reduclion
of airport noise exposad populniion by implementing six niveraft noise
abatement options and the cost implications of achieving ikree separate
day=night levels (udn). SeeNotedof Table 0(b) for business jet impact.

Before discussing the effectivencss and oenvirominenial noise lovel
achievement cost estimates, a basic shortcomingin the dala must be oul-
lined. Briefly, the sel of airport noise reduction options, which min-
imize the population exposed, is unique at each airport duc to the local
topography, demaography, runway orientation, flight {requencies, ete,
This unigqueness precludes an accurate extrapolation to a national esii-
mate at this iime beecavse sufficient data on the effectiveness of ecach

option for an adequate number ofairporis are not available. The '"best

2 Tor a Tull discussion of this nafional extrapolation sce Chapter 4 of
Iteference b.
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estimate’ of the combined nationns] effeclivenesa of hese alrport aptions
is that as muceh as o 50 percent redaclion o fhe rosiedning Dnogracted
land area can be expected; tha remaining jompueled Jand ares ia That
rosidanl romaining afler adjustmonts for souree ard poath aller nadives
have been made, pdeaending these options will incur addivienal cosis

vhicl av o pot esthmalend Deve, soch W fnerensed operaling aosln re-
suling Drom possible conefews e Hight fregqueney Himimdions,

Some of the doala in this Tolde may e reviced as move opecilic
data becomes availbhale, Lot the relndive rolalionships sbown are expoce-
fed to remain,

Tror the attuation where no sonccee ahalement opiions are implemoented,
there will hie reductions with Lime In the comstant doliae cosis of nehicving
average day-night noige environmentls of 60, 70, and 80 decibels lor
the 1978-1980 time period s camparved {o those for pchioving the sime
resulis in 1872 {Oplien a, ‘'able 9).  The assumed gradoal relive-
ment ol noisy navrow hody jet ajveralt mad their replacernent with new
quicter aircraft regults in a reduction of the 1972 hmpacted arcns to
the extent that {he impacted 1972 populations o {he 60, 70, and 80
levels of day-nightaverage noise are reduced by 10, 17, and 50 percent
respeciively, ™

To implement a national, all weather, two-segment approach (Oplion
b of Tahle 9) the aircralt must be refrofitted with the requisite instru-

mentation and the airports musi also adjust and/or install attendant

#This assumes no change in population disleibution with {ime in the
impacled aveas,
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instrumeniation.  Fhaeie roequiroments nee aotimated to cost some §Y7
millions of 1078 dallars Ao implemoent (shown ag 100 wailtion i Table 9
dic o revnding) (Reference 3), hmplemonting this oplion vill reduen
the nurabar o poople exposed o de Ldn Jeyels of 60, 70, apd 80 dee-
ihelz by 23, 23 cud B0 pereent respoelively in 1978 ne compaaed wilh

072 calimstes, he cosc (o achiove onldoor enviraonmenls of Ldn = 60,

a6
T, et D decibele for thase  prople 5 Smpiaeted are estimaiod 1o he
2200, 1022 ond X Biltion dollavs, respectivety,  Nole the achicvement
coste for & 70 Ladn epvivonmeni have dropped feom 1505 hillions to
13,3 LilHang of 1873 Jdollars, Thus, it 70 T_.c]n'wus ilie level {o bo
achieved, implemealing a fwo-serfment approach syould be desirabie
since the savings in selhiiovernnent costs mmorethon offseis the implemone
tation cosis of the {wo~scgment approach,

Relroililing the entive commaereial floet with Quiet Nacelles {QN)
and iraplermenting the lwo-segmeni approach, allel which can he accom-
plished by 1978, will reduce even furiber the lovels of 1972 impacted
population ond the achievement costs. The combined costs of imple-
menting the reguisite hardware and instrumentalion, plus the resuliing
inerease in operating expenses ad lost p].-'(_lc]m:tiviiym the airlines, ara
estimated to be nearly one billion 1073 Jdollars., IPor these technology
transfer costs, the 19708 impaclted populations at 60, 70, and 80 L.dn
roflect a reduction of 25, 35, and 100 perccnt*, when compared to

1972 eslimates, respectively. Costs of achicving ithe Ldn levels Tor

T Due lo the esitrmating proecedure it is acknowledged thal particular
airport prablems will resuli in residual population remaining, [ov
80 ldn it is estimated thal less than 50, 000 people will he exposed
to such levels where the porcent reduction is stnted as 100,
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i corndinine popithod foa nee cotimnded Lo bhe 2004, 1401, and 0,9 Lillions

o 1078 doiiveg, Aoa iy I shanld e acted it Those wehicvernent costs

1w hee s nniteng ce vt e bmpleaneatalion of aieport,

aporalor o

Helbeoibmy atees 0w veDhmed enings wanld staet atoa Inler
dote s veo be congtoend o entis DoEL Do saidition, thie luvesisan sl
aperatig costs ol Preorechisbogy opiion cee sipeidicantly hivber thias

thoge of the nroevioes cpoonz dhocunsed. Ogelting these costs 38 luoire

mercascn Cleciver 0w in redocing e peeeentage of TO72 popaliadion
evposed, Congeonnsl. . B tolod inpTranemalion costs (ineluding re-
sidual Land wge cosls)  of selideving various oatdoor acise levels de-
crouses., In cevery enze, the soviags in cebievoment cosl exceeds
ihe cest of airceradt odifiestions,  These data mny alse be found in
Table 9,

These decision deta on the offeelivencss and cosl effects of the
vurious noise reduction oplions can be wvsed as ¢ base to design an
effective nivport cavironmenl neise reduction program, Different design
strategics can e developad (aling inte accoant teehnology transfer and
tolal achicvement costs plus variousdegrecnol risk, Pable 8§ indicaies
that there are potentially greater reductions in impacled population with
Refan retrofit than with QN retrolit options. However, the QN 1cch-
nelogy canbe implenentied earlier at lower cost and the resulling noise
reductions are more veliably known, A deeision 1o rely enlirely upon
Refan vetrofit will result in a minlmum theee year detay of reliefl lor
some of the populalion. In addition, i the Relan's perlormance is less
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than peediciod , firen e Fhod T ooasuiatics esniis and coslys ol qehiove-

mwend wils e Tews teeoenhbe b oo, e crnaideraliong for

QRN retrallt e ety roliet ol Serbdey Lechivestuey buai highor
oand nEe costs to conioye a ces e PR e e el Havever, colinnee

only ot QN e s nny e Hha pee s ity oF oomore elfeoiive

and Tnnaci ly eoniton e sal ey atlaeing yor dhe feehnolopienl
potantiot of the Hoela ooy oo, Vheee s indermedinde giralogy
which would aecompraainte o continoan peegcam e teether nolee refjef
via tochnology, R T S R TP FO Patar 0 cetims toorelreld the fieot
with Quicr Nocelles.  Hoile SR Weloa Dreram s demonsieated fo
he successful, hen ot poriron of The 36 o8 wheeh Bics nol aloeawy been
retrofitted with QN conld Lo releofiidon with L HBelfan technology,
Thoe MASA Relon Dreogran shovid be ceceleraied, 5 eealuation of the
potentizl resulls should indiesic thal this witl mmchmize, in a cost ef-

feciive manncr, roduction in airpori noise expasuee, This sheategy

conld be achieved elleclively under an "N, lyvpe regalaiion,

To achieve any vimulalive noide level, the more rapid the {echnology

and aivport options wree implomenied, ihe smaller will be the land use
option [nancial requirements, This facl supgesis thad in ovder 1o min-
imize the coaly of achieving a given level (lidn) of nolzc exposure, the

feasible oplions of a noise reduclion program must be expediled,

I "The vorrentseries of DOT 23 airport studies are using the minimum
Refan eflfectivencss numbers as inputs,  The expected results are
that population reduction Dimpacets will nol e ag droestic ag indicated
in Tahlc 9 which is based o mazinum Refan effectiveness.

2 1t may be econcemically rensonghle, and desirvable. to subsequenily
Refan the enlire 8D portion of the [leet.
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™ In lerms of the coonomic auestion of whieh combinndions of opliong
arve the mestedlicion to achiove andesired camulative ovldoor noise en-
viemnnen! level, ihe fellowing findings can he stated;

o Ul conts afreansferring civeratt scuree nuise shatoment {ech-
nalogy inte the civilaviadon Neet aroe ulways loss than the coats
i aebieving o cumulaiive otse Jovel without sueh iraeoleva,

. Adverafll sourco noise rodaefion fechnology slone eantot elim-

innde e auldoor noise environmes! problem avound the nation's

ad eparrts,

into the eivil avintion fTecl vntil 1090 at the carliest; however,
intermediate relict can vecur hefore this period hy the effective

cxereising of other [leot operationsl procedures, airport oper-

)

alor options, and lecal povernmeoent lard use options.  Such in-
termediate reliel must occur, especially the curtailment of
Turther eneroachment of population around airporvts, if e costs

of achievermnecent are io be kept at o mintmum,
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D. Cost Alluculion and Vinnireing

Now that the calative contribufions of coch option lo achicve a level
of clunuladinve noige ovposure have boen establizhad, fwo inwues wilh
respecl to relrofib must be sildressed: (1) who shonld pay o the cocts
of relrofit, and {2) bow should such ¢ progenn be FTmded e Yinanecdy

There arve o monher of costaDNoenting aliernsves widoh cin he e
tevrmined by various legal/buailutional plans, The Tirst is to ler oo
costs Inllwhere (hey may., Under such a system, the aiveeail opevidoe
along with the pagsengor owd shipper waould abeorly the eost of anise
confrol devicos, A sceond possible allocation plus would shift the cost
ol nuise control abilemoent fo 1he general dnzpoyer hroueh governmen-
ial subsidies to airlines for the implamentation of noise control tech-
nology,  Due to market or instilutlonal imperfections, ihe cost allo-
calion methed selected may never oiist in pure Torm, For exomple,
attempts to shill cost to gmzm-ul taxpoyers or aie transport consumery
may not be wholly successiul, due {o 1he lepal inability in ciilier the

short or long iferm ie  adjust landing lees, iox rates, or government

‘subsidiesg.

Furthermore, the distinction must be made between short {lerm
{inancing problems vs. iheissues ol Jong-{erm cost allocations. To
install noize abatement equipment creates serious short-term capital
finance problems for the airlines.  Selutien of {his problam is & sep-
arate though related matier from the guestion of how such noise abate~

ment cost will ultimalely be allocated. Both issues must be addressed

amd solved.



TN (1) Alloration of Cosis

I eeonomic lerme, airernfmoisoe iz o "echoological exieiaality',
That is, the poblic cosis of noise nve nol inceluded in the price of air

transpocislion scrvices,  Docause of this price system dedect, those

costs therelfore fall on cconeimie acvivilios other thon thoase which prodees

the cost, Dounomie "wellwore” doctoines Lold ATt iC4he benediciovie:
1' of & given lovel of air {ransportalion eould fully compoennste those
i

pergons subject {oihe noixe bmpactg ihercal, wund slill acguirve zome nel

Benelit, then thal lovel of avindtion wlocel produces (he noisge cxiternality

! wauld be ceonemicelly justifiable, 1
L In ovderte proamote the most efficient and rational nae of Gic trans-
E porialion, economic "efficiency” critcria dictaie that air transpord
E ,"\, beneficiaries must pay the full cost of providing alr service, including
L . |
i scceondary cosls such as fthose of abating pollution,  Beonomic prin-
? : ciples sugpgest Lhat where such cosis are Tully internolized, i, e., oare
T inelnded in the price of the service, cansumaors con more rationally
} choose among dillerent modes of transportation (Itel. 27), Only if
all costs, including those engendered by noise, are internalized inta
ihe aviation induslry, will users, bencficiaries and operators of air
' transport he able to adeguately halance all factors in making the most

elficicnt investment and operational decisions., Tlowever, in the case of
aviation, alarge measure of the research and development has already

been accepted 4s proper expenditure on the part of the Federal govern-

I Tara deleiled discussion of welfare criteria, W. Baumol, "Welfarce
Leonomics and the Theory of the State". Havvard Universily Press,
‘ 1962,
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mend, e B thal o elien ol s cust el canleol B heing borne Ly dhe
polsbie o Lo vwr oo pnl L le Boges 0 et e Toikewine, cinee fininneing

G rrjor poojoels oo fon aienoe s Lanpd ovocccclaomact oty o lve Lhe

use of fediiionud s oo ot daoneteg, dhee cae a0 ince el and Bomd
rorieomeni ooy o Bty wree b e et et e dnfersal -
T T SO F B U UL A S ORI NS TS SV WO § PR FF ROURCESUNETE BIOPES I

T te ol il nolet don for thor Ao elspanent and

imploementidion of nodae conteo? el chalenoont shedesios neecessary (o

achiove apcelile nojoc atposoee teocds s b reqondere subetontiod Hneneia
resources, While afow steateoior, sechne new ppevaling procedires,
wetld not incae Tnege copifad investooont o niorersod Gpecaling costs,
o compralonsive souvoes noise Ghuicmend prograan - - inelading research
and developront of cipine noise condeo! fechnedogy, and velrolit -- will
necessitete o major commitmen! of finorciad rescurces and the develop-
ment of linaneing methoda,  Without aodoguete financing meochanizms,
cxpeditious impltementution of o comprchensive program o alleviate
ilie mosgt severs airport noise impact prolioms will be impossible,
hnplementation of sucha retrofit peogram will entail eonmvmitment of
finaneial resourcesin a number of publicand private seclor cxpendilnre
arcas. For these oreoas  of expenditere, financing methods musi be
Tound if the coniemplaied compreliensive nolse reduction program is to
be successful, A variely of mechanis=ms have been suggesied to Mnd
these expendilure areas (Ref, 2).  The hasic slternative is private
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sarhel funding of the program clements, Tovever, depending wpon
the degree of souree neise reduction ceguirements, peivafe hunding
capability is cestimaled Lo be excoeded, L In this case, ofher relrofit
finmuneing alternatives musl he erapleyed, Dixampldes of such allornalives
Aarc:
oA pasgengerhiead fas and freizht oo, ol sel amount {o. g, per
persomt and per poundiimposed on all comunereinl auir fraasport,
cither Vot the gnale", ar as a surcharge on lickets and Creighl
invoices,
. Head and [reight {ax imposed only ab noisc-impneted airporis,
» Bxponded use of the Alrpovt and Alrwny Development Act Trust
rund, for use in graals o aivlines for noise abatement,
. A gurcharge on the aircraft Tuel tox,
. A genersl lave Inereasce, either by o lixed nnount (e.g,, $1 a
ticket) or, on a pereontage basis {e.g., 1 pereent per ticket),
. Grants to airlines financed by generad tax revenues,
. Government-guaraniced loans {o airliness.
Since itis estimated that the aivlines cannot finance the contempla-
led retrofit program, the natural inclinalion is lo revonmimend that {ar-

iffs he allowed {0 inerease such that a reasonable rate of return can be

realized by the industry so aslo attract privale financing for the retrofit

T Ticierence 28 asthinates thal the airline indasiries financial health is
such that private lnancing of retrofit is not feasible, Relerence 29
corroborates these estimates,

2 The heed tax at the gate scheme has just heen prohibited by Congress
in the recent (P, L, 93-44) AADA two-year approprialion act,
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program. i Fact, a6 dhe CAY cilowed o goncsnd e dne s e Toge
thiz reacon, windlnll profils wordd Be ceulliyoad Do anage nicla, i

'

resuils Feovy (he fael Thar o0 pod co 0 reepud s o 0 o8 e By s s Hines
differontintly (T8l 0 Gavcrry ron ghaavebeed Dot w11 st ety
ned resnll juo the desibeed atleecgen af piclend s Dpenrnes Tewenor o e

added debt siroctore will also b dilforontin D cerass b v olines, o

thoge reascns, Hoappoaes Ahal sonni 5ot of 0 plen g meees e s o

collect sind disleibute funds ponccadod from faerensed (uerils fue rotoo-

[l 50 az not be aller 1he carapeiriore ond Joantoiud sobglonehone o fhe
wirline industry. The stiucture ol =ueta P mus! hoe determbeed feom
the answers Lo the Tollowing gqueslions:

. Who hus authority 1o adopt o plan ?

. Iow coald it be desipned and adminisiered?

. Whalt would be the eos{ bicidenee -- that is, i adopled, whe
wonld ultimalely pay for the cost of (he noige shaloment oypon-
ditures so fnanecd?

« Howappropriafe ia the plan for finencing the eopendifures ro-
quired Jor a fleel relrofit?

Answers to these questions have uot vol Lboon doveloped. However,
from the options de]ineéxtcd it appears thal Federal legistalion and/for
administrative action might be required to cstallish the fund, prescribe
the uses, designate lhe agency vesponsible for dishureement, scl the
amount of the charge, identify moethods ol collection, and determineihe

life or time period of {he fund,

As an example of the types of mswers 1o the queslions posed, Iel-
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7. CONCLUSIONS
The capahility for aircralt source noise reduction is time dependeni
and based upon an cffective program of technology research, develop-

menf, and demonsiration. The fact thatl the capability exists does not

_mean, however, that it will be implemented. Some motivation is nec-

essary to insure that {he aviation community will use the itechnology
as it becomes available and to continue to develop new technology for
future use,

Régulaticns are the mostelfective technique for exploifing available
noise control technology and, if properly constructed and implemented,
they can Vprovide the necessary incentive 1o insure conlinuing effort
directed io technological advancements.

State of the art technelogy has progressed to the point where viable
options of Quiet Nacelles are available to retrofit existing JT3D and
JT8D propelled airplanes for compliance with FAR 36. TFurthermore,
the 'AA has published a NFRM which would be adequate {with only
minor changes) to insure that siaie of the art technology was imple-
mented within a reasonable period of time. The time period and tech-
nologj is nalso adequate {o retrofit all other U.S. registry civil
airplanes that are expected {o be engaged in air commerce at the end
of that {ime period,

Near future technology is represented by the NASA Refan program
which is directed to JT8D propelled airplanes, The potential is high
that airplanes with refanned engines can achieve with performance
benclits lower nolse levels than the same airplanes with Quiet Nacelles.
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However, several more years are required for development, test demon-
strations, performance asscessments, airworthiness certifications, and
tooling bheforeihe potentialis verified and Refan becomes available as a
retrofit option. Ii is conceivable that Refan conld be judged viable for
new production airplanes andnot for ihe existing fleet, so that the time
required for completion should not be cause for cancellation of the
program.

Furthermore, it is nol necessarily unreasonable to consider a re-
retrofit (or double retrofit) 'program {for JT8D propelled airplanes
because Quiet Nacelles can he installed at modest cost, If JT8D refan
retrofit should have significant demonsirated capabilities for noise
reduction and performance gains, the health and welfare benefits might
far outweigh the financial loss resulting from scrapping the Quiet
Nacelles that have already been installed.

For example, Table 3 shows that the unit costs ol Quiet Nacelles
would be relatively small compared to refanning; the range is from 10
to about 18 percent, depending upon the airplane (727, 737, and DC-8).
Also from Table 3, the investment cost of quet Nacelles for the United
States JT8D fleet is seen to be only 215 million dollars or about 11
percent risk in investment funds for Quiet Nacelles while retaining the
option of an additional retrofit of refanned engines,

The FAA NPRM would be of no help in exploiting near or far future
technology., Therefore, an additional regulation is necessary to insure
that the results of programs such as Refan, quiet engine, and core

engine can be implemented as soon as they are feasible. A regulatory

concept such as IFleet Noise Level (FNL) appears adeguate for that purpose.
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8. RECOMMENDATIONS

The FAA NPRM given iﬁ Appendix A is a proposed operating rule
(Part 91) whichwould require retrofit or replacement of large subsonic
turbojet engine-powered airplpnes. Such a rule, with slight modifica-
tions, wmld he elicctive in ‘bringing significant relief to the public
exposed fothe noise of these airplanes. It is recommended, therefore,
that the FAA should act promptly in publishing a rule based upon that
NPRM with the modifications incorporated in the NFFRM forwarded with
this project report. .

Paragraph 91,301 of the EPA proposed rule specifies that the reg-
ulation would be applicable to airplanes with maximum weights of
75, 000 pounds or greater. lowever, there are a substantial number of
jet propelled airplanes with lesser maximum weights that do not comply
with the I'AR 306 levels. These airplanes, generally known as business
jets, are capable of compliance with AR 36 by applicalions of various
retrofit or reengine aptions, In fact, all newly produced business jet
airplanes must comply by 1 January 1873, in accordance with the noise
standards identified as Relerence 13. The EPA recommended NPRM
includes requirements for rétrofit of the business jet {leet.

This rule would be adequaie for exploiting state of the art technology
such as Quiet Nacelles for the JT3D and JT8D transports, reengining
for business jets, and applications of SAM or suppressor devices for
miscellancous large and small jets, or, where appropriate, replacement
of noiscy airerafl. Fowever, this rule would not provide incentives for
applying the results of near or far future technology. An addifional

8-1
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regulation is necessaryto insure thal the results of noise rescarch and
develaopment programs such as Refan, guiet engine, and core engine
will be implemented as soon as they are feasible. Therefore, another

NIPRM whichutilizes the regu]zfiory concept of Fleet Noise Level (PNL)

is proposed and is also forwarded with this project report.

The NASA Refan prograi‘n, representing near future technology, is
dirccted to JTED propelled airplanes. The potential is high that Refan
retrofit will be superior to Quiet Nacelles in terms of lower noise
1e\réls and performance benefits. The costs, however, would be much
higher and several mare years are needed belore refan technology would
be demonstrated superior and be feasible retrofit option.

The alternative is to proceed with straight retroflit of the existing
fleet by means of appropriate siate of the art technology. Refan
retrofit, whendemonstrated viable, could be introduced into the retro-
fit implementation cyele. A Tleet Noise Level rule, such as proposed
herein, would be an effective ""ratchet' for lowering noise compliance
levels in conformance with the capabilities of the Refan technology.

' JT8D Refan iechnology might have significant demonsirated capa-

bilities beyond Quiet Nacelles for noise reduction and performance gains.
If 50, thelhealthand welfare benefits would require that careful consid-
eration be given to a re-retrofit (or double retrofit) program for those
JT8D propelled airplanes previously retrofitted with Quiet Nacelles.
The estimated maximum cost of Quiet Nacelles for these airplanes
would be 293 million dollars which would be less than 12 percent of the
maximum Refan cost (see Table D),
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Clearly Acceptable: - The moise oxposure s such that
hotli the indonr and outdeur en~-
virameents are pleasant.

Hormally Acceptable: The noise exposure is great enough
<6 Le of some concern Dut cuanon
buitding constructions will make
the indoor epvironment accentable
even for siceping quarters, and the
outdoor envireament will be resson-
ahTy pleasant for recreation and
play.

Normz 11y Unacceptabla: The noise ecxposure i5 significantly
meie severe so that unustal and
costly building constructions aro
necessary to ensure some tranguility
indoors, and barriers must he erccted
betwaen the site end prominent noise
sources to make the outdoor environ-
ment tolerable.

Clearly Unacceptahble: The noise cxposure at the site is so
severe that the construction costs
to make the indcor environment
acceptable would be prohibitive and
the outdoor envivonment would still be
intolerabie.

FIGURE 17, UNIT COSTS FOR NOISE COMPATIBLE LAND USE CATEGORIES
(b) HUD ACCEPTABILITY CATEGORIES FOR PROPOSED HOUSING SITES.
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LOCT(LRSY 247,090 117 T BRREA
HALELLE CUniia, Flalisl 1 FIGURE 2 FIGURE 3
CONDITIOH
TAEEOQFF : .
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[aetors neaving the 55 pereent long terma goal,  This increuna in ef-

Ticieney, if it can boe maintained, combined with the possihle rednctions
in traflicdemand coutd Lrangslale indo reduced Tlight equipment voquire-

roents, Iteplacemont equiprient denand can also be aliceted due to el

concervetion fuetors, Basically, for fuet eflfcieney voasong there have

een sonte egnipmient sehaliluilms of nucrow bodied aiveran (or wide

hody sivcealt by ihe aivline indusiey.  Ooe result of these actions and

the ever increazing jel fuel prices is ihat the ceomomice lives of lhese

narvow bodicd 2iverell eoculd he increascd; therehy, strelehing out

planned retirement and replacement schaedules of ihe aivlines.

For these reasons, {he Ueel as of the last gquarier of 1973 shall
be uscdas o maxinum case in estimating the total cests of cach refro-
Tit alicrnalive.

Total retrofit aliernative costs are defined 1o e the smm of the
following cost elements:

the investmeonl costs necessary to dovelop, cerlificate and install
these modilicatiens on all candidate nircraft;

. the revenues lost due to the additional down {ime to retrofitl
the aircerali;

. the increascd operaiing costs asscciated with the retrofit over
remaining life of the airerafll;

a lost productivity eharge resulting from changes in performance
and calculated by assuming thal in any time period the available
ton-miles produced muagt be unchanged from that produced if
ithe fleet were not retrofilted; therclore, eilher the number of
aircraft flown per day must increase or the daily airceraft util-
ization rale must increcase accordingly, thereby resulting in
increased costs,

Each cost elemenl for every reirofitaltevrnative has been caleulated
from data provided in Referonce 26, The caleulation procedure basie-
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Costs, availobility dates, and population estimates are based upan
leferences 22 and 23,

A1 costs are stated in billions of 1973 dollars. Technalogy costs
include Lhe Tollowing: dnvestmoub, zaash divoct cporating (D00),
Tust time, and lost pruductivity.  These costs |Lpr)r“v* the
wEaimum case Toir the United Staius aleplanes on hand plas on order,

Tha costs For 2-segnent anproach are estinated to be 67 m1}1:nn dGIhn
ruiiaded ol T to C.1 LilTlion dolia o, This coul s dnciuded 4 17 o0
program apticns.

Estimates of population were wade to the nearest 100,000 peopie,
Zero poputation means Tess thap 50,000 peopte nationally which,
however, may vesult In a significant vesidual population et o few
airports,

The costs for noise compatible lend use include sound fnsalation of
structures, relocetions of people, amd Tand dovelepwent doncnding upon
the noise reduction veguirement., Ser Roefereonce § for detailed discussion.

Operational restrictions imposed on atrcralt al the airporis may reduce
noise impacted residential Tand arcas by as nuch as &0 percent.  Con-
soquently, these costs would be roduced accordingly.

These costs may have to be increased by as wuch as 0.3 billion doltars
far noise reengine oy retrofit of business jels to accomplish the
assumed population redustions.

TABLE 9 TOTAL COSTS OF RETROFIT AND COMPATISLE LAND USE,

{b}. NOTES FOR TABLE 10(a).
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FPPERSTY A

The Fedeval Aviation Adwinistration iy considering omendiny Lhe
Federal Aviation Reguiabions to esfablish additional ¢ivil airvcroft pnoise
requiranenls,  The proposod amontieats wWould veguive thal subsont. tuiboici
enging-powared atrplanas with machoun weights of 76,000 vounds or ware,
having standavd afrworthiness covtificates, and Lhat ace operated undar
Parts 91, 121, 123, and 135 ¢ tie Fedeval Aviation Pogilaticns. cooply

with Part 36--"lnisce Standerds:  fdrcraft Type and Adrsa-bthiness
Certification." The proposed amendments would be accunpiished by odding a
new Subpart € to rend 25 follows:

Subdart f-lnise Requironenls

91.301 Applicability

This subpart prescribes noise requirenonts lor Lhe operabion of
U. S. registered civil subsonic turbojet cngine-powered airplanes with
maximum weights of 75,000 pounds ar more and heving stendard airworthiness
certificates.

91.303 Relation to Part 36

Uniess ctharwice spocif rences in this suhject to the
requirerents of Part 36 refer to Part 36 of this chapter, including

Appendix C of that Part, as effective on December T, 1969,

01.305 Hoise requirements for a1l airplanes
After June 30, 1978, no person may operate any airplane covered

by this subpart unless that airplane meets the requirements of Part 36

of this chapter.

A-1
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for doamestic and Fieg adv carmiers or on the operations spo

91.307 Interim noise vequirmants for ati cayviecs
After Juno 30, 1970, un domestic, 1lag. or supplemental ajr
carrier or cammoreiel oporator holding & certificaie under Part 127

bocorlilicat , any airplant

of this chapter may opevate, under &
coverad by this subpart wnd Visted oo the eiveenft vecord required

i¥icalions

roguired for the syppleental air carrlers ana ¢
is not shovm to meet the requirements of Part 30 of this chapter unlocs
at Teast one-half of the engine/nocelles for the airplases covered by
this subpart and Tisted for the cirtificate hoider are of a type that

has been dansnstrated to poraid those advoratt types to wect the

requirements of Part 36 3F the engine/nacelles wore deployed in a full set.

arcial opceators thal
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APPENDTY I3
SHRPLE RFGULATION FOR STRALSHT RETRGFIT_

The pow Subpart [ opropozed by the FAA s repeated beTow with
additiconal matorial added Lo Pavagreps 91,507, The wupplemontary ve-
guircnonts areintended to claeify misconceptions relating to the use
of bown oid and now engine/nazeelios on ap afvplone,

Atbpart E-foise Riauircments

91,301 Applicobility

This subpart prescribes noise requirenents o e oporation
of U. S, registored civil subsonic lurbojet engine-povered aivplanes
with maxinus weights of 75,000 pounds or more and having standard air-
worthiness certificates.
91.50% Relation to Part 35

Unless otherwise specificd, all references in this subjoct te the
requirements of Part 386 refer Lo Pari 36 of this chapter, including
Appendix C of that Part, as effective on Decembor 1, 1969,

97,305 Noise reguirements for all airplanes

Afier June 30, 1978, no person may operate any airplanc covered by
this subpart unless that airplane meets the requirements of Part 30 of

this chapter,

B-1
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91.207 Interim noise requirements vor iy capricrs

(a) ATftor June 30, 1976, no domostic, flag, or supplemental
air corvier or comrereial operakor holding a certiTicate under
Part 121 of this chapter may operate. under that coviificain, any
airplane covarcd hy this sghpart and Tisted on the aireraft rocord
required for dusestic and lag air carriers or on the operations
spegifications reguired Tor ihe supplemenial air cavviers and
comnercial oporaters that is not shown to mcet the roquivconnis of
Part 36 of this chapter unless ot Teast one-half of the enging/racelley
for the airplancs covered by this subpart and Tisted for the certificute
holder are of a type that has boen dononstraled to permit those aircralt
types to meet the reguirements of Pavt 36 if the engine/naceiles were

deployed in a Tull set,

(b) The engine/naceiles listed for the certificate holdor shall be
installed on operational airplanes at the firsl maintenance shutdown
when the downtime is adequate. The intermixture of existing and new
engine/nacelles shall not prevent such installations unless safety would

he degraded by factors such as unbalanced weigﬁt, thrust, and drag.

p-2
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SALPLE REGULATIO, PO W0y vyag s TEVRL (L)

A onew Euhpavt X ore the Podio cal Avistion Fooprlativne 1o
given balow.,  This subpart Lo sdmilar o FPhat propascd by whn
Pas o AMPRID 73-3 Dbut has booss modificd in accordianes with
the recompoendations of Lhe BES reporit o Congress,

Reference 1.

Subparvi 3 - Plent Hoise l.oove

121,801 Applicability

This subpart governs the oprretion of U.LH, registered
civil subscnic turboict engine powered sirplancs by cporators
when they are engaging in air commereqs. This subpart includes
only thosc Lurbojet engine powvered airplancs {one or more)
that are in the operatoer's operating specifications or
aireraft listing.

121,803 Inspections by Adminisirator

The operator shall permit the Administrator to make
all inspections of recorxds, data, and facilities necessary
to ensure continuing compliance with this subpart, and all
records and data shall be maintained in current status by

the operator for this purpose,

121.805 Relation to Parlk 36 of the Federnl Aviation Regulalions

(a) All data and information submitted under this
subpart for the purpose of determining sideline, takeoff, and

" C-1



appmroach noise levels of individual sdvplane bypes shall
he adoguate to ensure complianss with Seobions 30,3, 36.5,
36,100, 36,103, 36,1501 26 150, SO0, OGN, C36,7, and
C3G.Y9 »F Part 3u of thiz onapter.,  AYL doeloerainubions of

sideline, takeolt, und approsch noioe Joeveln of dndividucl
alrplene types by the Avoandntrecor vnder IRis subpovt will
be made in accordarce with thooe scentions.

(b) tnless ethorwise cpoccified, all reforvaces in
this subpari to provigicus of Parl 36 refer Lo Part 36 as
effective on the date of conslideration,

121,806 Weight limits.

Any woights, less than moasinum weighl or design
larding weight, that arec used in determining the sideline,
takeof £, and approach noise, respectively, for any airplane
under this subpart must be cstablished as operating limita-
tions fof that airplane.

121.807 Recquirvements beainning on July 1, 1978,

{a} On and after July 1, lQ?&,’no person may operate
an airplane covered by this subpart until he submits, and the
Administrator accepts:

i (1) all data and information necessary to

determina the sideline, takeoff, and approacn-noise levels of

each airplane covered by this subpart and operated
by him during a representative 90-day periecd during
the 12 months preceding the effective date of this

rule; and



)

{21 The torsl mmber of Lakeoi s and approzchos
conducted by liin wikth cavh 0f ke specil ron alrpliiees
duriina -that Y0-day peried,

(1.] Using the dota anloinlormatlon sobmitoed
neder ragtagerash (al . the onecraier shall detoomine
ano Submii to the annnsioator:

(1} The sideilne, Laleolid, ard approach
noige lovel ol cach alrplane Lor whilon calba

and informalion are aebmibied; and

(2} Thue sideling, takeod !, and arproach

PRI, compiiled under Appoendix § of this part,

that were geperated by thot opocrator for the

90-day period descrihaed in subparagraph {al (1}

of this scction.

{c} Uhe Administrator will publish in che Pederal
Register the sideline, takeolf, and approach Plil's computed
under paragraph (b){2} of this section for each operalor,
For an operator for which & representative FNL cannot be
established, the Administrator will publish in the Federal
Register, under paragraph (e) of this section, an FHL equal
te the averags of all PNL's computed under paragraph (b} (2}
of this section, or by otheor means delbermined by the
Administrator to be equitable and represcentative cf that
operator's experience, The operater may, within 30 days

following that publication, challenge the published FRL's.



If the Administrator finds that thoe published FML's arc
equitable and reprascentative, he will so notify the operator,
On and citer 60 days folloewing che date of publication oif the
initias FAL's or, il challenged, on o and afler 30 doys af ter
receipt of the Adwministrabtor's disposicion of that choallengz,
NO OpCratoer mAY operate an aivplane covered by this sulapart
that is not type certificaled under Part 36 (including
compliance with Appendix € of that part) if ho excecds his
original (or amended, as the case may be), FEL's in any
consecutive 90-day pericd prescribod in paragraph (d) of this
soection.

{d} No person may operate an airplane covered by
this subxpart unless:

{1) He has submitted by 30 days following

July 1, 1998, all data and infornation necessary

to determine the sideline, takeoff, and approach

noise levels of, and the nunmber of takeoffs and

approaches made by each airplané covered by

this subpart during the 90 days preceding that

date; and

{2) Thereafter, he has submitted by 30 days

following each 90-day period subsecquent to

July 1, 1978, the data and infermation {as

specified in paragraph (1) above) for that

period.
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APPENDIX - (OF PARD 121) PLEET NOISE LEVEL CALCULATLIONS

Sectien 1. Goneral., This Appendix shall be uscd in

determining the sideling, takeovf, and approach Fleel Neisc

Levels (Frlo ol an operator's rleet in compliance with

Subpart X of this Part.

Section 2. Mean Logoarithmice Fguation. The following mean

logarithmic equation shall be used:

ri
E g Gﬁ?:’/(')\»:’ (.f_ _j/,’p)
3 FiL =j0Log , |- >
N
L J=! N
Where: )
PNL = Fleet Noise Level, in units of 4B (FNAE).
Nj = The number of operations for the 90-day period

{Airplane j}.

Lj = The noise level of each airplane, determined as
specified in 121.805, in unlts of dB (EPHAB),
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APPENDIX D

FLEET MOISE LEVEL METHRDOLOGY

1. Discussion

The mathemtical expressions for fleet noise level (FHL) fov
the general case and specific cases of twa, three, and n-aireraft
Follow this discussion, Figures 7{a}, (b}, and {¢) f1Tustrate the
FHL relationships for the two aircrafl case but which can be used
for any number of aircrati hy successively laking two aircraft at a
time. Consequantly, the curves for the two sircralt case can be
used to examine the effects of the various components (noisc lovels
and numbers of operations) on the cumulative FHL,

The influence on FNL of noise Tevels and nunber of operations
can be seen by examining the two aircraft case plotted in Figure 7(c).
For a given level of least noisy aircraft, FHL is dependent upon the
percentage of operations of lcast noisy aircraft (%N} and the difference
in Jevels between the two aircraft (OL). The relative effect on FNL of
these two variables is dependent upon their vatues. To illustrate this,
several examples will be chosen comparing the effects of reducing the
level of the noisiest afreralt and increasing the number of operations
of the least noisy aircraft to achieve a U dB FNL reduction.

Case 1: oL = 20dB and %N = 20%. If the level of the noisier
aircraft (L2) were reduced 5 dB and the level of the least noisy aireraft
{L1) were unchanged, the FNL would be reduced almost 5 dB (actually 4.97 dB).
To effect an equivalent reduction in FHL by increasing the numbeor of

operations of the Teast noisy aircraft (N1}, the percentage of operations

n-1
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wolld hava to increase Fron 209 1o about 72.59, as can be seen in

Figure 7(c), The resultis of this cose and throe sthors are tabulated

rE)

below.
Coa A B
| I
—me—ie ¢ PR
b -
o -
I "/{' rﬂ-’ i :-0
WAy g
' ae l E
.a/'p | co
F,"\‘u : | -1- .2
AL b I
AL X
P ,uf. 2o
L7 A28

The above examples clearly indicate that the addition of less
noisy atroraft to an existing fleet will reduce the I'NL. lowever, <t
is seen that reducing the level of the noisier aircraft is relatively
more effective than increasing the aumher of aircraft (or number of
operations) because of the large percentage increase required. For
example, increases from 20 to B0 percent or frem 60-91 percent are
required to achieve reductions in FNL that can be abtainad by a 5 dB
reduction in the level of the noisier aircrafi. lHence, the Togarithmic
summation process of the FAL methodoloegy weights (or emphasizes) noise
level more heavily than number of aperations,

This feature of the logarithmic sumnation process may seem unfajr

on the basis that there might not ba sufficient incentive for airlines

to acquire quiet aircraft. This objection, however, is not valid because

noise exposure reduction (in terms of NEF or DNL) cannot be accomplishad

by adding numbers of lesser noise saurces. HMerely adding lower noise

-2



Tevel aircraft to an exisLing fleet will increase noise exposure,

not cause a reduction. HNHevertheless, adding such airerofi actuslly

will reduce the FIL to o small oxcent, thus providing some incentive,
The Togarviilmic swmiation process is much more reprasentative

of iho physical end subjective churacter istics of noise than weald be

a Tinowre commalion procedurc.  Koieo contral is wosi effeclively

accomplished by reducing the major noise souwrees First. Then ghe

winor sources heconie significant in tevias of noise level (whether single

event or cunulative exposure) and must be congidercd as the next set

of major sources.
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APPENDIX B

DAY-NIGHT LEVEL (Ldn) and NQISE EXPOSURE FORECAST (NEF)
METHODOLOGIES ‘

1, General Formulae
The expressions for noise exposure forecast (NEF) for the general

case of all types of aircraft and multiple usage of runways are as

follows:
NEF (ij) = EPNL({ij} + 10 log [Nd(ij) + 16.687Nn(ij)] - &8

NEF =10log 3 X  ant [NEF(ij)/10]
LoJ

NEF = Noise Exposure Forecast, dB (NEFdB).
NPNL = Effectlve Perceived Noise Level, dB (EPNdB)}.

Nd = Number of day movements (0700-2200 Hrs., )

Nn = Number of night movements (2200-0700 Hrs. ).
i = Aireraft type or class. Ant = Antilogarithm
j = Flight Path Segment,

Day-Night Level (Ldn) is a measure of the cumulative noise ex~
posure for a twenty-four hour pei*iod. It is a derivative of the Equiv-
alent Noise Level (Leq); being the same measure as Leq except that
the noise levels which occcur during the nighttime hours (2200 to 0700)
are increased 10 decibeles over the actual noise levels. Leq, and
therefore Ldn, is based upon an integrated measure (or computation)
of the energy equivalent of the A-weighted sound pressuré level. For
a single, discrete noise event {e) such as the noise created by an air-

E~1
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craft flyover, the Leqle} is the A-weighted counterpart of the Effective
Perceived Noise Level EPNL(e) [or that event.

Allowing 14 dB for the numerical difference betweei EPNL({e)} and
Leq(e), and realizing that in fhe measure of L.dn the nighttime noise
levels are increased 10 dB, but in the measure of NEF the nighttime

noise exposure level is increased by 10dB.

The approximate numerical equivalence for the same series of

events is:
Ldn =~ NEF + 35

2, One-Way Runway

For a one-way runway, there will be only one flight path segment,

therefore, j can be dropped from the equations, Thus,
NEF(i) = EPNL() + 10 log [Nd(i) + 16.67Nn(i)] - 88 |
NEF = 10log 3 ant [NEF(i)/10]
<

3. Single Type Aircraft

For a single type of aircraft, i can be dropped from the equations.

Thus,
NEF = EPNL + l10lcg[Nd + 16.6"Nn] - B8

which can be rearranged as
EPNL - NEF = 88 -~ 10log(l + 16,67 (Nn/Nd)) - 10 log (nd)
and plotted 235 shown in Figur« .
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