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" | SUMMARY

This report presents the supporting data for a proposed noise cer-
tification rule for supersonic civil aircraft.

The background information presented shows that supersonic trans-
ports are inherently noisier than subsonic jet transports, although the
two current supersonic airplanes {Concorde and TU-144) targeted for
airline service inthe near future are not significantly noisier under the
! flight path than the four-engine narrow-bociied commercial jet trans-
~ poris now in world-wide operation. However, the supersonic aireraft

noise is characterized by greater low-fregquency content than the sub-

sgonic sircraft, which propagates within the audible frequency range to

greater distances, and which causes greater vibration response of
| structures subjected to it. ‘
Ti:e Analysis section considers certain idealized model airporté
,"? ' and establishes the effects, on noise eprsure of the airport neighbor-
hood community, of the introduction of various rates of operation of
¥ s:.lpersonic airplanes into a subsonic airplane fleet, Results indicate
' 3 that injection of afew flights per day of an S5T would have noise effects
ranging from trivial for a typical subsonic airplane fleet to substantial

{obout 5 dB inerease in cumulative noise exposure) for a subsonicfleet

retrofitted for noise control. As one possible expe.dient. one operation
" ofa current DC-8 or B707 could be deleted for each SST operation
introduced, with essentially no change in the neighborhood noise ex-

posure (neglecting sideline effects. )

The Health, Welfare, and Economic Considerations section includes
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an analysis which provides details on poteniial costs and possible ac-
tions to control noise cxposure incident to introduction of SST fights.
A methodology fordetermining noise impact is presented in an appendix
and applied to an idealized model airport. The results illustrate the
strong influence on noise impact that SST operations can have, partic-
ularly for communities that might be benefitting from reduced noise
exposure due to operations of noise controlled aircraft. Various regu-
latory options for controlling the noise impact of S8T aircraft are dis-
cussed in detail,

It is concluded that current designs of 88T aircraft cannot comply
with FAR 36 but that future designs can at least meet those require-
ments, In view of these conclusions as well as the other factors dis-
cussed, five of the various regulatory options are recommended for
further consideration for the development of one or more rules.

The first rule would require that future supersonic airplanes {(all
88Ts after the Concorde and TU-144) meet the same noise standards
requiréd for subsonic airplanes (FAR 36) in effect on the date of type
certificate application.

The second rule is designed to protect the public health and wel-
fare by requiring an airline operator to seek I'AA approval of proposed
SS8T flights. In order to obtain this approval, the operator must submit
n Noise Impact Assessment, showing that, by implementation of vari-
ous options available to him, he will 1imit the increase in noise impact

to that which would occur if an airplane that meets FAR 38 noise level
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requirements were to be used for the proposed operations.

The third rule would prescribe requirements for supersonic civil
aircraft in two categories. Future supersonic airplane tyiaes would be
required to comply with FAR 36 in effect on the date of design applica-
tion, as in the firstl rule. Latér production versions of current
supersonic airplane types, i.e., those produced after Dec. 31, 1984,
would be required to comply with the pi'esent provisions of FAR 36.

The fourth rule to be considered would be similar to the third,
except that it would define later production airplanes of current super-

sonic types in such a way that all those airplanes produced after the

"ones now actually cormmitted for construction would be required to con-

form to FAR 36.

The fifth rule as an alternate to the second, wotld seek to protect
the public health and welfare by restricting landing and takeoff opera-
tions of supersonic airplanes todesignated airports in the United‘ States,
The permission for SSTs to operate at those airports would be sub-
ject to approval bythe airport operator and contingent upon operational
reatrictions, intended to limit the noise impact, agreed upon jointly
by the FAA and the airport operator. Such restrictions might include
the use of specified runways and noise abatement procedures, and re-

stricted hours of operation.

iv

B T T T e



SRl Ly

TABLE OFF CONTENTS

Section

1. Introduction and Perspectives

2. Systems Control of Aircraft Noise
3. Objective

4, Background

A, Previous Regulatory Actions on Noise Related to SST
Alreraft :
B. Comments onthe First Draft of the EPA Project Report
C. Significant Noise Related Design Features of 85T
Aircraft
» D, Concorde Noise Centrol Technology
E. TupolevTU-144 Noise Control Technology
F. United States SST Noise Control Technology
G. Advanced Noise Control Technology
. H. Noise Measurements of Concorde

5. Analysis

A Community Noise Environment

B, Effects of $5T Flights on Noige Exposure

C. Regulatory Considerations for Concorde and T'U-144

D. Limiting Noise Exposure for Concorde and TU-144 by
Operational Constraints

6. Health, Welfare, and Economic Congiderations

A. The Disbenefits of Noisge
B. Methods of Reducing Cumulative Noise Levels
C. Mixed Operations of Supersonic and Subsonic Jet Aircraft
D. Cosats of Compatible Land Use Induced by SST |
Noise
E. Operational Constraints to Eliminate the Impact of
SST Noise
F. Options Considered for Rulemaking to Control
Noige Impact of Current S5Ts
G. Noise Impact Assessment

7. Conclusions
8. Recommendations

‘A, Future SST Aircraft
B. Current SST Aircraft

Poewozl TR . N e e .
Fh ik 0B 1 g e Hatinin s AT e

6-18
6-35



A T

T TR e 1YY e T I LR LA s e A L T KA T T 2 T e T

ST

e

TABLE OF CONTENTS

Section
9. References
10. Figures

11, Tables

AEBendix

A, Day-Night Level (Ldn) and Noise Exposure
Forecast (NEF) Methodologies

N B. Computation of Noise Exposure Effects of SST
e Operations

i C. Noise Impacet Methodology
i
|

R et e,

e e i 2y e R

; y ':1,5;,‘(';3.*4"' b i b el bl i =

Page
9-1
10-1
1-1

C-1



Fan
LIST OF T"IGURES
Figure
1. Subsonic and Supersonic Flow Drag
2. Adircraft Drag Characteristics vs Level Flight
Mach No.
3. Commercial Jet Transports - Sideline Noise
: (4~Engine Airplanes - 1965 Fleet)
: - 4, Commercial Jet Transports - Takeolf Noise
.3 {(4-Engine Airplanes - 1965 Fleet)
5 : ~ b, Commercial Jet Transports - Approach Noise
_E {(4~Engine Airplanes -1965 Fleet)
! ' 6. FAR 36 Noise Certification Measuring Points
7. EPNL and NET Related to Number of Movements
;. : for a Single Airplane
. i
7 8, Predicted Noise Levels for Growth Versions of
i i Concorde 02
? { 9. Relation Between NEF and Area Within NET
E | Contour
)
k
P
o
i i
i g
] i
A
H N
: T
; | vit
1 |
a i
L
& 1

By 0 A Ll i i 4 i et e

Page

10-1
10-2
10-3
10-4

10-5
10-8

10-7
10-8

10-9



T S Cr

PR AT

BRRTCE Wty

I R EETE

1 R T AT e £57 ST

e e e s st

LIST OF TABLES

Table
1. NoiseLevelsfor Subsonic and Supersonic Transports
2, Effect of S5T Operations on Noise Exposure

{2) Hypothetical Airport - Single Runway

(b) JFK Airport - Runway 13R/31L

|
! 3. Takeoff Operations of Subsonic and Supersonic Transports
at Hypothetical Airport

{a} Noise Exposure Areas Due to Subsonic Fleet
(b) Increasc in Noise Exposure Areas Due to SST
{c} PopulationImpacted by Noise Due to Subsonic Fleet

{d} Increase in Population Impacted by Noisc Due to

i 58T
"D {e) Increase in Cost for Noise Compatible Land Use
; : Control Due to SST
. 4, Criteria for Noise Impact Analysis of Sensitive Land
; Areas

5. Increase in Noise Impact at a Hypothetical Airport
: : - Due to the Addition of 8ST Operations

~1 - viti

Saabs el b

PN PONFER TR PREEL

s

T s s e bt b e i pT e s e e e

Page

1-1

-4
11-5
-6



e RERTUR N

it

NOMENCLATURE
Abbreviation Name
AC Advisory Circular (FAA}Y
AGL Above Ground Level., The height above

the official elevation of the airport or air
field (sometimes written AFL),

larger fan and treated nacelle

: ANPRM Advance Notice of Proposed Rule Making
ATC Air Traffic Control
; FAR Federal Aviation Regulations
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engine nacelle)
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1. INTRODUCTION AND PERSPECTIVIES

Public Law 90-411 amended the Federal Aviation Act of 1958 to
require that, in order to afford present and future relief and proteciion

to the public from unnecessary aircrafl noise and sonic boom, the

Federal Aviation Administration (IFAA) shall prescribe and amend such
regulations as the FAA may find necessary to provide for the control
and abatement of aircraft noise and sonic boom. In addition,

PL 90-411 provided detailed specifications that must be considered by

- the FAA In prescribing and amending aircraft noise and sonic boom

regulations,
‘The Noise Control Act of 1972 (Public Law 92-574) supersedes

Pt;blic Law 90-411 and amends the Federal 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 aireraft noise and sonic boom., Specifically, the Noise Control

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

protection to the public health and welfare from aircraft noigze and

sonic boom, the FAA, after consuiltation with EPA, shall prescribe

and amend such regulations as the FAA may {ind necessary to provide
for the control and abatement of aircraft noise and sonic boom,

The Noise Control Aet also requires that EPA shall submit to the
FAA proposed regulations to provide such control and abatement of
aireraft noise and sonic boom (including control and abatement
through the exercise of any of the FAA's regulatory authority over

1-1
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air commerce or iransporiation or over aircralt or airport operations)
as EPA determines is necessary lo protect the public health and
welfare, The regulations proposed by EPA are to be based upon, but
not submitted before completion of, a comprehensive study lo be under-
taken by the EPA and reported to Congress.

The Aireraft/Airport Noise Study, which has been compleied, was
required to investigate the:

{1} adequacy of FFederai Aviation Administration flight

and operational noise controls;

(2) adequacy of noise emission standards on new and

existing aireraft, together with recommendations
on the retrofitting and phaseout of existing alrcraft;

(3) implications of identifying and achieving levels of

cumulative noise exposure around airports; and

{4) additional measures available té airport operators

) and local governments to control aireraft noise,

'i‘he study was implemented by a tagk force composed of gix task
groups whose product consisted of a report to Congress and six
volumes of supporting data (one volume for each task group), The
reports are identified as References 1 through 7.

Concurrent with the Aircraft/Airport Noise Study, the EPA pre-
pared a general document of criteria, Reference 8, in conformance
with Section 5(a}l}) of the Noise Control Act. This 'Criteria
Document' reflects the scientific knowledge mast useful in indicating
the kind and extent of all identifiable effects on the public health and
weliare which may be expected from differing quantities of noise,

1-2
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In addition, as required by Secction 5{a}(2) of the Noise Control Act,
the LPA has prepared a document on the levels of environmental noise,
the attainmeni and maintenance of which in defined areas under various
condilions are requisite to protect the public health and welfare with
an adequate margin of safety. This "Levels Document" is identified

f as Reference 9.

The key findings of the "Levels Document' may be summarized as
follows:

(1) The preferred measure for cumulative noise exposure is Leg, the
energy average A-weighted sound levelintegrated over a 24-hour period,
! or Day-Night Level, Ldn. Ldnis essentially the same as Leq, except
that the sounds occurring during night hours (2200 - 0700) are weighted

} - by an adjustment factor of 10 dB to account for increased annoyance of

—

! noise during night hours.

{(2) An Ldn of 55 dB has heen identified as ihe noise exposure level

which should not be exceeded in order to proiect persons against annoy-
| an'ce, with an adequate margin of safety.
{3) An Leq of 70 dB has been identified as that noise exposure level

which should not be exceeded in order to protect persons againsat perma-

TR T N TR

' nent hearing impairment, with an adequate margin of safety.

Both of the foregoing levels are daily averages over long periods of

i " . time, rather than maximum allowables for single exposures.
Ag a result of the Aircraft/Alrport Noise Study, EPA determined

that an effective program to protect the public health and welfare with

i respect to aircraft noise would require the development and proposal

e 1-3
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to the TFAA of three complementary types of regulations:

)
(2)

! | 3)

3’3— ! " {a)

T R

be placed

community noise exposure:

Noise abatement flight procedures,

Noise source emigsion regulations {type certification)
affecting the design of new aireraft and requiring the
modification or phascoul of certnin portiens of the
existing fleet, and

An airport neise regulation, which would limit the
cumulative exposurc received by noise-sensitive land
areas in communities surrounding airports, Such a
regulation, by acting as a performance standard for
the airport as a complex source, would require
achievement of mutually compatible airport operational

and land use patterns,

: ; The following eight areas have heen identified for aircraft noise
regulations to be proposed by the EPA for promulgation by the FAA

under Scction 611 of the Federal Aviation Aht as amended.

Flight Procedures

{1 Takeoff

Individual airports, or runways of the airports,

range noise sensitive; and far downrange noise sensitive,

of three standard takeoff procedures suitable for safe operation of

L
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each type of civil turbojet airplanes are being considered for use,

as appropriate, to minimize the nolse exposure of the noise sensitive

communities.

1-4
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{2}  Approach and Landing

The following two standardized approach procedures,
suitable for safe operation of each iype of eivil iurbojet airplanes,
shall be proposed for use as appropriate 1o minimize comnunity
noise exposure; reduced flap sctiings; and iwo segment appreoach
{approximately 6°/3°}.

(3) Minimum Altitudes

Minimum salc altitudes, higher than are presently
specified in the I"ederal Aviation Regulations, shall be proposed
for the purpose of noise abatement, aipplicable te civil turbojet
powered airplanes regardless of category.

{h) Type Certification

(4)  Retrofit/Fleet Noise Level

Nearly 1, 800 existing large turbojet airplanes, having

at least 4,000,000 operations per year in the United States are not

covered by any noise rule bhut are the major source of noise impact

in the vicinity of most air-carrier airports. Regulations shall be
proposed to insure that both the existing and future civil airecrait
fleet are controlled to noise levels as low as possible by available

technology.

{(5) Supersonic Civil Aircraft

Regulations shall be proposed which would limit the
noise generated by future types of civil supersonic aireraft to levels

commensurate with the subsonic civil fleet.

BB vt bbb
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(6) Madificatlions to Foderal Aviation Regulations {IFAR 36)

Modifications to FAR 36 shall be proposced for lowering
the noise criteria levels for all new airplane iypes that must
comply. In addition, various amendmentg shall be proposed that
would: require altilude and temperature accouniability; strengthen
test condilions for acoustical change approvals; and, in gconeral,
make the rule clearcr and more eflective.

(7}  Propeller Driven 8Small Airplanes

Noise standards shall be proposed for propeller driven
small airplanes applicable to new type desgigns, newly produced air-
planes of older type designs, and to the prohibition of "acousiical
changes" in the type design of those alrplanes,

(8) Short Haul Aireraflt

Noigse standards shall be proposed for all aircraft
capable of vertical, short, or reduced takeoff or landing operations.

The required lengths of runways for these operations are being

considered as: 1,000 ft, for VTOL; 2,000 ft. for STOL; and

4,000 ft. for RTOL.,

It should be understood that the eight proposed aireraft noise regulations

representa package which, intoto, is expected to bring about a substan-

tial improvement inthe noise environment due to aircraft, While any one

regulation, by itself, willnot solve the community noise problems due to

aircraff, eachone as abuilding block will result in appreciable improve-
ment, anditis anticipated thatall eight together will effectuate a marked

reduction in the number of persons exposed to undesirably high levels of

1-6
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aireraft noise, This effect will be additive to the improvement expectled
over the next decade or so ag the older, noisier aireraflt in the U.S.
aviation flect are relired and replaced with newer, guieter types with
larger passenger capacity.

In prescribing and amending standards and regulations, Section 611
of the Frderal Aviation Act as amended requires that the FAA shall
consider whether any proposed standard or regulation is:

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

commeree or air transportation in the public interest;

(2) economically reasonable;

(3} lechnologically practicable; and

(4) appropriate for the particular type of aircraft, aircraft

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

The above considerations of safety, cconomics, and technology are
constraints on the noise regulatory actions that may conflict with full
achievement of the stringent requirement of protection te the public

health and welfare, To achieve compatibility, the regulations must be

carcfully constructed, comprehensive, andsophistieated instruments for
exploiting the most effective and feasible technology, flight procedures,
and operating controls available,

The regulations proposed by the EPA for promulgation by the FAA
must be practically as complete and comprehensive as the FAA would
prepose on their own initiative, Otherwise, conflicts between the
regulatory constraints of safety, economies, and technology and the
requirement of protection to the public health and welfare could delay

constructive action indefinitely.

‘1-7
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The development of an aireraft noise regulation starts with the
preparation of a project report, which is primarily a technical document
providing as much definitive information as possible on such matters
as background, ohjectives, available technology, cost-effecliveness,
and recommended criteria for levels, measurements, and analyses.
The project report will provide the basie input nccessary for the
preparation of a notice of proposed rulemaking (NPRM), which will
be the format of each regulation to be proposed by the EPA 1o the FAA.

The procedure is to solicit eomments on each project report from

an EPA Working Group and a broad segment of inlerested organizations

~and the public. Numerous repregentatives of Government, the aviation

cofnmunity, environmental groups, andprivate citizens are participating
in the review process and are making valuable contributions, The
project reports, while in the draft stage, do not reflect official EPA
policy or position, They are, however, an effective medium for
informing the interested parties of contemplated actions, furnishing
the'm with pertinent data, and providing a wvehicle or conduit for
receiving information,

The comments are carefully analyzed and used where éppropriate
to prepare a second draft reflecting constructive suggestions and
including valuable supplementary information, It is anticipated that
three drafts at mostare needed to surface all of the controversial issues
and to identify and gain access to all data necessary for the development

of the regulations,
1-8
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.'l‘he EPA has issued a Notice of Public Comment Period (Federal
Repgister, Vol. 3%, No. 24, 19 February 1974) {Relference 10) concerning
aircraft and airporl noise vegulations, This Nolice can be considered
as an ANPRM identifying nine airerafl and one airport noise regulatory
actions that could he effective in controlling aircralt noise. The first
seven actions proposed in the Notice are identical to the first seven
items presented here. Actions 8 and @ of the Nolice, R/STOL and V/STOL
aircrafi, respectively, are included in Item 8, Short Haul Aircraft,
presented here. Action 10 of the Notice refers to the airport noise
regulation.

The purpese of the Nolice Is to invite interested persons to par-
ticipate in EPA's development of the regulations fo be proposed, by
sufnmitting such written data, wviews, or arguments as they may desire.

The Notice is not definitive in regard to any particular proposed
regulation but refers to them in a general way. Information is solicited

relating to the basic requirement that the regulations contribute to the

R I

: promotion of an environment for all Americans Iree from noise that
jeopardizes their health or welfare, or to the four statutory constraints
‘ pertaining to safety, economics, and technology,

Requests for information concerning the Notice should not be
confused with similar requests concerning a project report on any one
of the proposed regulatory actions, The project reports are specialized
detailed | documents containing recommended procedures and much

supporting data, and are circulated for comment and critique.
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2, SYSTEMS CONTROL O AIRCRAFT NOISE

Protection to the public heallth and welfare from aircraft noise is

accomplished most effectively by exercising lour noise control options

taken together as a gystem:

(a)

- {(b)

{c)

@

source control consisting of the application of basic

design principles or special hardware to the engine/
airframe combination which will minimize the
generaﬂon and radiation of noise;

path control consisting of the application of flight
procedures which will minimize the generation and
propagation of noise;

receiver control consisting of the application of

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

land use control 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 the extent that the aireraft would

be acceptable for operations at all airports and enroute. And in prin-

ciple, aircraft noise can be controlled extensively at the source by

1
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massive implementation of available technology, In practice, however,
: ‘ technology capability for complete control without exorbitant penalties

5 is not yet available and may never be, A repgulation requiring full

2-1
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protection to the public health and welfare by source control, therefore,
would have the effect of preventing the development of most new
aircralt and grounding the existing civil fleet.

Path control, {or most cases, can he an effective option for
substantial reduction of aircraft noise. [Furthermore, it has the
advantage that the resulls are additive to those obtained hy source
control. However, specialized flight procedures are limited because
of the need to maintain the highest degree of safety. Therefore, a
regulation requiring full protection to the public health and welfare
by flight procedures is not feasible at this time and probably never will
be. Nevertheless, all aircraft can be flown safely in various modes

that produce a wide range of nolse 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 aireraft neoise in terms of numbers of
people exposed, occurs in the vicinity of airports, This problem could
Be relieved by the application of varioué operating restrictions at the
airport. Extensive use of restrictions, however, is practical only if
a1l feasible source and path control options have been implemented.
Unless this has been done, the airport restrictions may result in un-
necessary damage to the local and national economy.

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

2-2
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takeoff and approach proccdures, landing fees, etc.) to ensure that
the airport neighborhood communities are neise-compatible consistent

with the requirements of health and welfare. It must be clearly under-

stood that the restrictions available to the airport operator will be those
approved by the IPAA, CAB, and BPA. The highest degree of safety
must be maintained and interstate and foreign commerce requirements
musgt be considered. Restrictions inveolving flight safety and air
traffic control would be the sole responsibility of the FAA,

As an example of this concept, determination of runway usage to
minimize community noise impact would be made by the airport
operator after consultations with the municipal authorities of the
airport neighborhood communities, High priority would he given to
maximum implementation of long range land use planning for noise
compatibility, If the FAA agrees with the operator's runway desig-
nations, the FAA would decide which takeoff and approach procedures
must be implemented by aircraft using the designated runways. In
'all‘ cages, pilots would be given discretionary authority over operating
procedures for safety and air traffic reasons,

After all [easible noise control measures have been applied to the
aireraft by design, treatment, or meodification of the source, by flight
and air traffic control procedures, and by proper design, location and
uge of airports, the noise may still be a problem at some locations.
In this event, compatible land use is probably the only remaining
golution, The land use control option is more easily exercised in the
development of new airports than as a remedial measure for existing

2-3
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noise impacted communities, For the latter case, the costs of land
use control are go high that maximum effort must be devoled to
implementing the source, paih, and receiver control optlions taken
together as a system.

The extent to which the conirol options must be regulated is
dependent upon ihe meaning and quantification of public heazith and
welfare. Three important considerations must be emphasized. Iirst,
the FAA noise regulations have ihe requirement of protection to the

public health and wellare. Second, the regulations are constrained

by safety, economics, and technolegy, Third, the requirement and the
constraints may appear 1o be in oppoagition to each other and the conflict
can be resolved only by implementalion of the noise control options
taken together as a gsystem,

‘The foregoing discussion is relevant io the basic fact that aviation
is a needed elementofl the national transpoftation system, If regulalions
intended to protect the public health and welfare imposed such a burden
that the survival of the national aviation system were threatened, this
would not be in the national interest, On the other hand, well-conceived
regulations which optimally exploit the available alternatives, could pro-
tect theé public health and welfare and, by improving the acceptability
of airplanes, engender continuing development of the aviation system,

If it could be established that some particular design change or ret-
rofit hardware for airplanes, or operating rule, could completely satisfy
the requirements for protection (from airplane noise) to the public health
and welfare, then that specific method should be used, It is unlikely,
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however, that any single optlon, within the legislative constraints,
could completely satisly the reguirements for such protection. Con-
sequently, a systems implementation, employing each noise coniroel
option available within iis area ol optimal application, should be
considered as the most feasible method for accomplishing the desired
objectives and equitably sharing the costs of noise control among all
segments of the aviation community and that portion of the public that
benefits from aviation.

The noise control regulations prescribed by the FAA for the
aircraft manufacturers and operators are required to provide protee-

tion to the public health and welfare to tho highest degree possible

in conformance with the systems implementation of the source and path
control options., The regulations shall be expected to reflect the latest
state of the art of safe technology without prohibitive impairment of
aircraft performance (range, payload, field length, ete.). If, however,
it is evident that source and/or paih control are the only or least costly
'oﬁtions, then aircraft pe-rformance loss to any reasonable extent must
be accepted.

Noise regulations that pertain to source emissions or {light
procedures of specific types of alreraft cannot be expecied 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 what noise-compatible land use will be implemented in the vicinity
of these airports. Consequently, source emissions or flight procedures
regulations should be developed with due consideration given to thg total

2-5




system concept. The regulations should be of the "wmbrella" type in
the scense that those aircrafl regulated can all comply by use of
aveilable technology although some may be capable of and are achieving
lower noise levels than others. Various models of aireraft within
specific type classification may not have the same capability for
generating or controlling noise because of such differences as size,
weight, powerplant, ete, The regulations ghould be flexible enough to

consider the effect of these faciors on neise and atfempt to conirol the

~ levels to the maximum practical extent, '"Umbrella" type regulations

do not mean that the worst offenders would be permiited to comply with-
out penalty. On the contrary, a properly constructed set of regulations,
representing components of a system of noise control options, probably
would require ultimately the greatest sacrifice from the worst offender,
The various aijrcraft/cngine types have different weights, thrust, engine
characteristics, and flight performance characteristics, all of which
ini}uence their noise generatlon and reduction capabilities.
Consequently, it is not reasonable to expect that a particular source
or flight procedures regulation should require equal noisé level
compliance from all types, weights, thrust, ete,, of aircraft.

As an example, FAR 36 has several [eatures ihat discriminate,
in the '"umbrella'" sense, among the various classes of airplanes,
Greater weight airplanes are permitted higher compliance levels; four
engine airplanes are permitted greater sideline distances; and four
englne airplanes are not permitted as much percent thrust reduction
at takeoff. = The above discriminating features contained in the same

2-6
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source control regulation permit some airplancs o make more noise
than others. In ihe end, however, the airplancg producing the most
noise will be the primary candidates lor operating restrictions at the

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

implementation of these restrictions is likely to impose the greatest
burden on the noisiest airplancs.
The airport restrictions would provide incentive for the aireraft

operators to conduct thorough investigations and censider maximum

cutilization of the available noise control options, The [act that an

airceraft manufacturer or operator has harely complied with an FAA
"wmbrella’ type regulation would not ensure unlimited acceptance
of a particular airplane at all airports. The airporft restrictions
would, therefore, encourage the aircraft operators and manufacturers
to satisly the FAA regulations by maximum utilization of the source
emissions and flight operations noise control technology within their

capability and not merely to comply with specified limits.

2-7
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3. OBJECTIVE

The nbjective of this project is to promulgate a rule which will
control the noise of civil supersonic airplanes, regardless of category,
to levels as low as is consistent with safe technological capability, and
which:

{a) will be fully responsive to the guidelines of Reference 9 for

protection to the pubiic healih and welfare,

{b) will ﬁot impose unreasonable economic 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 defini-
tive information as possible on such matters as background, available
technology, cost effectiveness, and recommended criteria for levels,
measurements, andanalyses. This preject report will provide the basic
input for the preparation of a notice of proposed rule making (NPRM}
which is the format of the regulation to be proposed by the EPA for
promulgation by 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 at United States airports of
elvil aircraft capable of cruising supersonically and should:

(a) insure that future community noise due to the operation of

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

state of the art;
341
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{bh) provide a regulatory maximum noise limit on supersonic air-
plancs lo form a hasis for meaningful long-range land use
plamning in the vicinity of airports;
{c} provide economic incentives for the development of quicter
airplanes by limiting operations of noisy ones;
.
(d) permit the fullesi practicel range of airplanc design options
. so that cost-elfective noise reduclion can be achieved.
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BACKGROUND

Three regulations have been prescribed which have a significant

influence on aircraft noise and sonic boom. ‘These rules, identified

as References 11, 12, and 13, accomplish the following:

{a)

(b)

T T

R it

Reference 11 { FAR 36 ) prescribes noise siandards for the
issue of type certificates, and changes to those certificates,
for subsonic 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 anthority of Public Law 90-411,

Referencel2is anoperating rule prohibiting supersonicflights
of civil aircraft except under terms of a special authorization
to exceed the speed of sound {Mach 1.0),  Authorization to
operate atairue Machnumber greater than unity over adesig-
nated test area may be obtained for special test purposes,
Authorization for a flight outside of a designated test area at
supersonic 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.
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(¢} Reference 13 requires new production turbojel and
transport category subsonic airplanes to comply with
AR 36, irrespective of Lype cerlification date. This
1ule established the following dates by which new A
production airplanes ol older type designs must comply
with I’AR 36,
s 1 December 1973 for airplanes with maximum
weights greater than 75, 000 pounds, cxcept
- for airplanes that are powered by Prait and
Whitney JT3D scries engines,
¢ 31 December 1974 for airplanes with maximum
. weights greater than 75, 000 pounds which are
m powered by Pratt and Whilney JT 3D series
engines.
* 31 December 1974 for airplanes with maximum

weights of 75, 000 pounds and less,

.
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‘A, Previous Repgulatory Actions on Noise Related to Supersonic Trans-
port {557) Alrcraft

At this date, the only rule applicable lo the sounds of 8ST aircraift
is Reference 12 which should be adequale in protecting the publie health
and welfare from civil aircraft sonie boom. There is no comparable
repulation applicable to the noise generated by SST aircraft during
subsonic flight., That is the status today although the preamble to
FAR 36 (issued approximately 5 yearé ago) stated that additional rule
making concerning the noise type certification of suspersonic airplanes
would be proposed at the earliest possible time,

On May 25, 1970, the Environmental Defense Fund (EDF) petitioned
‘the FAA fo promulgate "at the earliest feasible date standards for
noise type certification of supersocnic aireraft, The FAA responded
to this petition by issuing an Advance Notice of Proposed Rule Making
(ANPRM 70-33) on August 4, 1970 {(Refercnce 14). Interested persons
were Invited 1o participate in the rule making process by submitting data
"and comments by November 30, 1970.

Following is a summary of those comments from the FAA Docket

{t 10494 (Reference 15), which have a bearing on EPA's present proposals,

Need for a rule

There was unanimous agreement among industry and community
interests that an effective rule for civil supersonic aircraft was
necessary to avoid increase in community noise impact.

Form of the rule

Members of the aircraft and engine manufacturing industry indicated

4-3
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that, because of the bhasic differences in operational characteristics of
supersonic aircraft vis-a-vis subsonic airecraft, any noise rule
governing these aircraft should constitute a new Part of the FAR and
not a modification to the curreni FAR Part 36,

Other respondents cxpressed the opinion that all civil supersonic
aireraft should conform to the current FAR Part 36 rule either directly
or with some appropriate modification that would consider the unique
operational characteristics of these aircraft.

Noise Levels

Most of the responses indicated that supersonic aircraft noise levels

should be no higher than those for subsonic aircraft as defined in

“Appendix C of FAR 36.

Representatives of the alrcraft and engine manufacturing industry
suggested two possible positions, viz:

(a) It is premature to establish levels since an inadequate data base
was available;

(b} A noise limit should be established irrespective of gross weight,
and this limit should consider the levels attained by the initial
production version of the Concorde.

Measurement Points

The concept of 3 measurement points, (sideline, takeoff, and

approach), was universally acceptable. However, the location of these

points was a subject of controverasy. Most of the responders suggested .

maintaining the same reference points as those identified for subsonic
aircraft under FAR 36, Others stated that consideration should be
4-4
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given to re-locating the reference measuring points (pariicularly

sideline) to account for the characteristic differences belween super-

sonic and subsonic aircraft,

Trade-OIf

Suggestions were offered that a more liberal trade~cif allowance be
permiited. FAR 36 for subsonic aircraft permits an exceedance of the
noise ].tmits' no greater than 2dB at any one position with a maximum
of 3dB tolal which must be offsct by equal reductions at the remaining
position(s). (For brevity, this is referredto as a 2/3 tradeoff.) Tor

supersonic aircraft a trade-off of 3/5 (instead of 2/3) would permit

.. greaterflexibility indesign and operational use, but would permit higher

noise levels as well,

Each of tliese issues is addressed in the following sections of this

report, along with other considerations of importance from the EPA

viewpoint,

4-5
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B, Comments on the Ifirst Draft of the EPA Projeet Report

This is the pruject report on SST noise prepared by the EPA which
provides the basic inpul neccssary for ihe preparation of a NPRM lo
be proposed by the EPA to the FAA for promulgation. The [irst draft
was distributed for review and comment on 28 November 1973, Of 32
responses received, 2B contained specific comments on key issues. The
majorissues covered are summarized below. These issues are ad-
dressed in the revisions incorporated in the present report.

The five issues basic to all aircraft noise regulation and project

' reporis are the following:
A ~ {a) Health and Welfare - Doces the proposed regulation substantially
.- protect public health and welfare, and does the project report
adequately demonstrate it?
(b} Safety -1Isthe proposed regulation adequately protective of safety

{at least does not degrade safety), and does the project report

substantiate it?
* {c) Technology ~ Is the proposed regulation technologically practic-
able and does the project report adequately address this matter?
: {d) LEconomic Reasonableness -~ Is the proposed regulation econom-
; ically reasonable, and does the project report show that it is?
(e) Appropriateness - Is the proposed regulation appropriate to the
type of aircratft aifected by the regulation?
A sixth and seventh may he added as well;
(f) Necessity - Is the proposed regulation necessary to protect the

public healthand welfare, and does the project report justify it?

\) ‘ 4-'6
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(z) Imergy aspects -~ Does the proposed rcgulation affect energy

usage in a conservative manner - that is, either reduce, or at
least not canse anundesirable increase in, energy usage require-
ments ?

The comments receivedaddressed five of thege issues, as discussed

briefly below. A sixth issue raised was concerned with the role of the
airport operator in conirolling the operations of airplanes from the
airport. This point is covered under ilems (h) below.

(a} Health and Welfare Aspects:

Those who commented on this aspect suggested that the proposed
.““limits were inadequately protective of public health and welfare, and
felt that public health and welfare was not adequately addressed in the
draft report,

The noise certification levels proposed in the first draft are con-
sidered too high to protect health and welfare by most commentators.
-The United Siates aircraft manufacturers, however, consider them
realistic but indicate that achievement of FAR 36 levels is a goal for
the 1980's time period. On the other hand, the Concorde manufacturers
consgider the proposed levels too siringent,

Suggested alternate approaches were as follows:

(1) Require all SST aircraft to comply with FAR 36 levels applic-
able to subsgonic airplanes. This would effectively ban Concorde
and TUJ-144 from operating at U, S, airports, '

(2) Whilst retaining FAR 36 ag the gtandard, allow a deviation, or

variance, for Concorde and T17-144 for a definite - and pref-

47
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erably brie? - period of time. Alternatively, set an interim
standard, less stringent than FAR 36, for a specified period.
(3} Limit 85T operations to identified appropriate alrports,
utilizing specified runways and operational procedures as
necessary to minimize noise intrusion.
: {4) Set no standard at all and thereby avoid legitimizing the high
noise levels associated with SST.
(b) Safety:
; ! ~ No commentators addressed the issue of safety,
{c) Technological Practicability:
As pointedoutunder the issue of Health and Welfare, the aircraft
manufacturers' comments indicated doubts as to the technological
o practicability of achieving the proposed FAR 36 noise levels in an SST

in the near future. U.S. aircraft manufacturers suggested that the

B SRLR

proposed levels could be achieved in the 1980's, but the Concorde manu-

s

facturers suggested that achievement of those levels in the near future

‘ ‘ is not feasible.

i (d) Economic Reasonableness:

; : Commentators on this aspect suggested that it was not within

; ’ . the province of EPA to consider economic viability of an airplane, and

f ‘ that emphasis on this factor was disproportionate to that on Public
Health and Welfare,

ﬁl ' ' {e) Appropriateness:

f! ! The question of appropriateness to the type was not raised as

{ an issue,

: 4-8
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{f) Necessity:

None of the respondenis appeared to doubt the need [or an SST
noise regulation, The only question on this subject, as covered under
the Health and Welfare issue, was whether it was wise to set a standard

at all if the effect was to legitimize the high noise levels now associated
with the S8T.

{g) Energy/ Environmental Factors:

A number of commentators raised environmental questions, with

" particular emphasis on the amount of fuel consumed.

(h) Responasibility of Airport Operators:

The commentators on this point unanimously declared that the

sirport operator has neither the authority nor the expertise to dictate
sirplanc operations, and implied that attempting to control SST noise
by requiring airport operators to control the airplane operations shifted

the burden of noise control from EPA/FAA to the airport operators.
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C. Significant Noise Related Design Features of SST Aircraft

(1) General

In the development of noise regulations for civil supersonic aircraft,
the characteristic differences in configuration and propulsion require~
mentis between subsonic and superseonic aircraft must be recognized and
considered (References 16 and 17)

Many of the differences between the configurations result from the
phenomenon of the drag associated with the formation of shock waves.

This fundamental difference in the mechanisms of air flow at
subsonic and supecrsonic speeds places severe limitations on the choice
of both airframe configuration and powerplant which have conseguent
repercussions on the aircraft noise characteristics,

The air flowing past a body at subsonic speeds produces a drag
force as a result of the friction between the air and the body's surface.
This is shown as the gkin friction drag;; component in Figure 1. In

addition, a further pressure or "form" drag results from the dis-

turbance of the airflow caused b;y the passage of the body. The greater

the thickness relative to the length (or diameterflength ratie} of the
body, the greater this form drag. Hdwever, it is only a small addition
1o the skin friction drag, and only increases sllowly with body thickness
over the range of shapes of practical interest.

At supersonic speeds the situation is very different, The skin
friction drag is similar in magnitude to that for the subsonic case,
but the form drag is now largely shock-wave drag, and its magnitude
increases very rapidly with slenderness ratio, As a result, practical

4-10

ey Penmmaan b SN
—- B N

—-



Sl N P

et

B T B L e R

e O

i A i it 8

Ty fre e

. ;,:)

supersonic shapes have to be more slender than their subsonic counter-
parts if the' drag is to be kept down to a level which does not undermine
the aircraft's economic performance at supersonic specd,

This low slenderness ratio requiremcent is reflected in ihe type of
powerplant that can be efficiently uiilized for supersonic cruise
aircraft.

Fo‘r subsonic aircraft, one of the principal developments in reducing
jet engine noise at the source has beecn the introduction of the iurbofan
engine, in which only & fraction of the air entering the engine intake
goes through the combusion chamgers and turbine, The recent major
reduction in noise in the new generation of engines for subsonic aircraft
has been achieved largely by adopting bypass ratios in the region of
(5 to 6)/ 1. '

It is apparent that a much larger diameter nacclle is required to
house the high bypass ratio turbofan than for the straight jet engine.

At subsonic speeds, the increased drag due to the larger diameter

‘turbofan engine is relatively small and its effect, as well as that of

the increased engine weight, is more than compensated for by the sub-
stantial reduction in specific fuel consumption which is characteristic
of these engines,

At supersonic flight speeds, the performance penalty associated with
the significant increase in wave drag (as indicated in Figure 1), pre-
cludes the use of high bypass fan engines as an efficient and practical
propulsion system for supersonic aircraft,

This sensitivity to drag also influences the design of the ai.rt":raft's

4-11
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lifting surface. As a result, the wing span of supersonic aircraft is

generally smaller than that for comparably sized subsonic aircrafl.

For example, the 707/DCB8 aireraft have a wing span of approximately

145 feet compared with about 85 feet for the Concorde/TU 144, This

wing span reduction decreases the low speed lifi/drag ratio of the

; aireraft, thereby requiring increased engine thrust capabilily al

f takeoff in order to provide adequate Hft, The Concorde and TU-144

have engine thrust/ groass weight ratios (FN/W) of about 0, 39 compared

™ with the thrust-to-weight ratio for the 707 and DC~8 subsonic aircraft
of about 0,22 for equivalent takeoflf distances.

This higher level of installed thrust is also required {0 accelerate

; the aircraft into the supersonic flight regime. Figure 2 shows
f:) graphically the rapid increase in drag in the transonic speed range
‘ i due to high speed compressibility effects.
: 1' | Another, and perhaps more importanf, reason for not using a high
|

bypass ratio turbofan engine supersonically is that its thrust lapse

rate with Mach number ig much greater than that of a comparable

turbojet engine. owing to the lower exhaust velocity of the former.

4-12
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D, Concorde Noise Control Technology

Within the design constraints required for efficient supersonie flight,
progress is being made in reducing the noise gencrated by civil super-
sonic aircraft types. The [lollowing discussion relates this progress
to the technological state of {he art at specific points in time., For
this purpose, the technological capability existing at the time of the
design and development of the Concorde and TU 144 on the one hand,
and the U.S5. 85T on the other, provide two historical benchmark
i periods, Subsequent technology developments will provide the
5 capability for further advancements in controlling the noise of eivil

supersenic airerait of the future.
; The Anglo-French Concorde SST development program was officially
i f“, initiated in November 1962 with the signing of a bi-lateral agreement
between the two countries. A détailed history of the program is given

in References 16 and 17, ‘The agrecmént ecatablished the sharing of

P, S,

design and development responsibilities for the British aireraft and

'ex-lgine manufacturers (BAC and Rolls-Royce) and for their French
counterparts (SNIA and SNECMA).

By 1965, the basic aireraft characteristics had been finalized and

’ prototype production was begun, Soon thereafter, an application for

Type Certificate was submitted to the FAA, four years prior to the

establishment of any official noise certification standard. However,

community neoise considerations were an inherent part of the Concorde

¥
1

ARV

development program. At the 14th ICAQO Assembly held in Rome in
l

- 1962, the following resolution was adopted:

‘J 4-13
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"THIE ASSEMBLY RISOLVES:
{1} To urge all Governments that will be agsociated with the
development of supersonie civil aireraft to ensure that
hefore such aircraft are put into commercial service
their airworthiness and operating characteristics are
such that they will.....
(a2} not create a noisc exceeding the level then
accepied for the operation of subsonic jet
aircraft,...."”
It appears that the noise levels of the subsonic long range jets then
in operation were adopted as a minimum target. " FFigures 3 thru 5
display the projected noisc levels for the Concorde compared with the
4-engine medium-to-long haul subsoconic airerafi in the 1965 operational
fleet. ‘The sideline noise as shown in IFigurcs 3(a) and (h) compares
favorably with the subsonic turbojets and low bypass turbofan when one
considers the significantly higher thrust levels required for supersonic
aireralt, as discusgsed earlier.

With the benefit of hindsight, it can' be scen now that the noise

levels of the subsonic jets of the 1965 {leet did not represent an ap-

'propriate target for an SST planned to become operational in the mid-

1970's. The most reasonable interpretation of the 1962 resolution is
that the noise target for the SST should be the noise level accepted
for operation of subsonic jets at the time the S5T goes into service.
Although the developers of the Concorde and the TU 144 could not be
expected to know what noise levels the FAA would prescribe for the
subgonic jets of the mid-1970's, the growing dissatisfaction with noise
in the early 1960's clearly suggested that the trend of acceptable air-
cralt noise levels would be substantially downward.

4-14
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This in turn would imply that the inrgel for the SST be signifieanily
lower than the noisc levels prevailing for the subsonic jels in 1965,
The Concorde takeoff noise {(measured 3.5 miles from brake
release) is shown in Tigure 4. In Fipure 4(a), noise is plotted as a
function of aircraft gross weight (as is the case for FAR Part 36
certification). The Concorde 1s characteristically consistent with levels
of noise produced by the 1965 jet fleet, with noise levels increasing
as pgross weight inc;reascs. However, in Figure 4(b), an apparcnt
' anomaly exists with respect to noise versus aircraft thrust-to-weight
ratio. The trend for subsonic aircraft shows a signiflicant decrease
in perceived noise as ihe thrust-to-weight ratio inereases. This is
equivalent to providing excess power for climb (over that normally rc-

! quired) in order to gain altitude rapidly, therchy resulting in reduced
, levels of percelved noise under the flighi path. The Concorde,

L J . however, does not follow this trend due to the supersonic aerodynamic
; requirements which lead to the high span loading and low aspect ralio

. that govern takcolf and landing performance. Despite the fact that the
: Concorde's thrust-to-weight ratio is significantly higher than that of

; = the subsonics, the excess thrust available for climb may in fact not

" be enough to allow it to climb as fast as the subsonic aircraft. In
other words, the increased thrust/ weight ratio may not overcome the
decreased lift/ drag\ratio. The combination of lower altitude and higher
engine thrust (or exhaust velocity) would then lead to higher noise levels

than might be expected due to the thrust-to-weight ratio parameter.
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The appreoach noise for turbojet powered aireralt is generally lower
ithan that for unsuppressed turbofans since the high frequency fan noise
at reduced power seiting is not present (FFigure 5). The Concorde
approach noise is consistent with the turbojet trend line which reflects
the increased thrust required as a function of gross weight, It is
also lower than the noise of low bypass fan powered transports of the
1965 era. However, the approach noeise ol these fan powered aircraft
can be significantly reduced by the application of sound absorption
material (SAM) in the engine inlet and the fan exhaust duct. ‘This
procedure effectively attenuates the high frequency fan noise. Similar
treatment applied to the turbojet inlet would he effective for hiph
frequency compressor noige but not for the low frequency exhaust noise
which is not responsive to SAM treatment,

The noise levels of the preproduction Concorde 02, which were
measured by the manufacturer at the IFAR 36 measuring points, are
listed in Table 1 (Reference 1B}, The tabulation provides comparative
data on Lifective Perceived Neise Level (EPNL) in units of EPNAB for
the Anglo~TFrencih Concorde, the Russian TU-144, and typical subsonic
turbojet airplanes (Reference 19), The latter are those in general use
today é.nd which have an anticipated life of at least 15 more years.
Included in the tabulation are levels for subsonic aircraft that have heen
retrofitted with "quiet nacelles'. It is scen thatthe SST noise levels
at sideline are much higher than those for any other aircrafi and at
takeoff and approach are comparable to those for the non-retrofitted
707 and DC~8 aircraft,
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E. Tupolev TU-144 Noise Conirol Technology

The USSR civil supersonic transport development program was also
initiated in the ecarly sixties. The TU-144 has the distinction of heing
the firat civil SST aircraft to have flown and to have exceeded the speed
of sound (Mach 1.0} {Reference 20). First flight ocecurred on the last
day of 1968, approximately two months prior to the Concorde's first
flight. Mach 1.0 was reached in Junc 1869, The Concorde accom-
plished this milestone in October 1969,

The target noise levels established for the TU-144 were similar
to those of the Concorde, i.e., no greater than the noise of the 1965
fleet of long range subsonie civil jets., Istimated noise levels for the
TU-144 are compared in Table 1 with those for the Concorde and typical
- p") subsonic turbojet airplanes. The comuments made previously for the
_ Concorde relative {o the 707 and DC-8 are valid also for the TU'—144..
i In contrast to the turbojet propulsion system of the Concorde, ihe
: ; TU-~144, at least in the early versions, utilizes four low bypass ratic
tu'rboi‘an engines (BPR 1.1) in the 44, 000 pound thrust range as its power
source, In addition to the turbofan concept, several other design

features were incorporated to minimize the noise impact of the

SR e Pt

aircraft.

These include:
* Long intake ducts with sound absorption panels

= Sonic inlets to reduce forward propagation of
compressor and fan noise
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* High 1lift devices lo provide improved takeoll
climb at reduced thrust settings, and reduced
thrusl approaches,

Both the Concorde and TU-144 are expecied o enter airline oper-

ational service by 1975. The USSR has not yet applicd for an I'AA type

certificale,
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I*,  United States S8 Noise Contrel Technolopgy

After many years ol Government and Industry rescarch and com-
ponent development related to supersonic aireraft, the IFAA, in 1963,
issued a licquest for Proposul for a civil supersonic transport degign
compelition. The prior announcements of ihe Concorde and TU-144

" development programs may have provided some of {he stimulus for the
IFAA action. The feasibilily studies and detail design competition
continued through 1966 at which time the Bocing Company and the
General Ifleciric Company were sclected io continue design reflinement
studies, Full scale development was initiated in 1968,

The development program contained noise specifications in terms

of Perceived Noise Level (PNL) in units of PNdB which does not include

were as follows (Referénce 21):

% . * Sideline ~ 116 PNdB at 1500 from runway
i cenierline

. * Takeoff - 105 PNdB at 3.0 statute miles
from brake release

;
5
it

* Approach - 109 PNdR at 1. 0 statute mile
runway threshold

¥

These initial goals were later revised to correspond to the measure-

Tt T L

ment concepts adopted in FAR 36, using effective perceived noise level

(EPNL).

* Sideline - 120 EPNdR at 0. 35 nautical mile
from runway centerline

g ‘ * Takeoff - 108 EPNdE at 3,5 nautical miles
from brake release

4-19
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= Approach - 108 EPNJdD at 1. ¢ naulical mile
from runway threshoeld,

The goal thercfore was {o conlorm to the subsonic AR 36 require-
ments for {akeoff and approach with a signiﬁcsz exceedance at the
gideline measuring peoint, The vast majority of comimunity noise
problems at that time were associated with approach or takeoif flight
operations; sideline noise clfecis ‘werc generally restricted 1o the
airport property.

In carly 1970, indications were that the effective perceived noise
level at the side]iné was expected to he 122 EPNAB without the use of
an exhaust noise suppressor, A Supersonic Transport Community
Noise Advisory Committee was established in July 1870, One of its
objectives was to assess the available technology that migh be applied
- to effectively lower the SST noise. After several months of technieal
and cconomical [feasibility reviews, the Commiitce concluded that
technology ecan be developed to design an economically practical
commercial S8T aircraft/ engine configuration that could meet the FAR
36 requirements for large (600, 000 1bs. gross weight or more) subsonic
aircraft,

Funding for continued development of the American 83T was ter-

minated in April 197].
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G, Advanced Noise Control Technolopy

Subgeguent o the cancellation of further development cliort on the
United States SS° airerafi program, the remaining DOTY FAA [funds
were directed to investigations into supersonic component iechnology
needs (lteference 22)  Under this program, lloeing has demonstrated
in model tesis an 18 dB noise reduction under static thrusi cundilions

for high jet exhaust velocilies. It should be kept in mind that {light
neise reduclion rarely matches the noise reductions obtained under
static test conditions. Also, a specific noise reduction value is really
meaningless unless the relevant exhaust flow and thrust performance
changes are reportedas well, Under this same program (Reference 22),
jet noige suppressions up to 14 dB in perceived noise level (PNL) were
obtained in tests of suppressor designs, at the cost of increased drag,

In addition, NASA has maintained a rescarch effort to develop a
supersonic technology data base for pofential use in future military

or civil supersonic aircraft, if and when the need should arige

(Reference 23).
Some results of studies conducted by Prait & Whitney Aircraft under

contract with NASA Lewis Rescarch Center, reported to the ALIAA/SAE
9th Propulsion Conference (Reference 24) are also relevant. This
reference shows that noise constraints have a major effect on the
selection of the various engine and cycle parameters for supersonic
transports; in addition, it concludes ihat there appear io be several
potential propulsion systems capable of meeting the FAR 36 noise goals:
the nonafterburning turbojet engine with a2 high level of jet suppression,
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the duct-healing turbolan engince with a low level of suppression, and
some variable cycle engines,

Major concerng addressed in all of the 8ST programs are those
of aircrall noise and chemical pollution. One of the lkey objectives
is to reduce the sideline noise generated by supersonic transport air-
craft, As discussed ecarlier, the unigue propulsion requirements of
these aircrafll types iend to have the greatest influence on sideline
noise. Tlyover and approach noige can he alleviated to some extent
by the application of optimized operational procedurcs, sound ab-
sorption materials, and appropriaie inlet design.

Preliminary study results indicate that current technology (1973-
75) propulsion systems may be capable of meeting lhe present I"AR 36
noise levels. These would be applicable to an SST developed to enter
operation in the 1980's, Alrcraflt weight, cosl, and performance are
affected by the choice of propulsion system utilized, but various opiions
are available;

* Non~afterburning turbojet with exhaust suppressor

» Afterburaing turbvjet with exhaust suppressor

* Afterburning turbofan with or without exhaust suppressor
* Duet burning turbofan with or without exhaust suppressor

Utilizing 1980 technology in the form of engine and aircraft weight
reductions plus iniproved suppressor technology, further reductions in
noise levels (approximately FAR 36 levels minus & EPNdAB) may be
attainable for the conventional engines noted above., To achieve FAR 36
levels minus 10 or more will require the development and detmonstration
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of new propulsion concepts such as dual-cycle engines, variable hypass
engines, etec., as well as methods for conlrelling the acrodynamic air-
frame noise. The development of new concepls can be accelerated by
a betier understanding of the bagic principles of jet noise gencration
and suppression. The work in propress under an Alr Force Confract
(Reference 25), supported in part by the Depariment of T'ransporiation,

should he of considerable help toward this objective.
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H., Noise Measurementis of Concorde

The four Concorde airframe and engine developers, British Alveraft
Corporation (BAC), Sociele Nationale Industriclle Aerospatiale (SNIA),
Rolls Royce Lid (IR), and Societe Nuationale d'litude cf de Conslruction
de Moteurs d'Avinlion (SNECMA), have conducled extensive noise
testing and reported the regsulls in References 16 and 17,  Doth of these
references provide greal detail on the Concorde Program; in pariic-
ular, Reference 17 provides the latest predictions on noise and per-
formance and a succinet summary of the developers' position. The
references arc factual and very informative but do not include all of
ihe information that would be useful for the regulaiory decision-making
process.

In order to rcetify the deficiency, both the XEPA and the FAA
condﬁcted their own sets of noise tests on the Concorde 02 during
several demonstration flights in the United States. The results,
reported in References 26 and 27, indicate that certain aspects of the
éoncorde noise -~ related flight opelrations and the resuliant noise
signature characteristics, previously not delineated by the manufac-
turers, are important to the regulatory process and should be identified
and evaluated. The relevant features of these references are presented
in the following discussion.

Reference 26 describes noise meagurements made of the Concorde
02 aircraft during operations at Dallas-Fort Worth and Dulles Inter-
national Airports in. September 1973. Data were acquired at 25 sites
surrounding Dallas-TFort Worth and 15 sites surrounding Dulles. The
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resulis are reportied in terms of various noise evaluation measures (A-
Weiphted Sound Level, 13Teclive 3Perceived Noise Level, and olthers) and
correlated  with respect {o distance and aireraft/ engine operating
parameters,  Included are representative one-third octave band specira
lor takeoff and approach operations al Dulles,

A prediction procedure is deveioped in Refercnce 26 basced upon
data measured ail various distances and extrapolated to larger distances
by convenlional methods,  The results of these semi-empirical pre-
dictions indicate that there is no reason o believe that the noige levels
measured and reporied by the Concorde developers cannot be achieved
provided that certain noise abatement takeolf actions, which can he
made standard operaling procedures lor that airplane, arc fully
utilized, Ilowever, noise abatement takeofll procedures were not used
at Dulles and, ag a congequence, ihe measurcd noise levels exceed the
values claimed by the four Concorde manufacturers,

The test results of Reference 26 clearly indicate that the lakeoff
noise levels reported by the Concorde manufacturers were obtained
under well controlled operating conditions; that is, noise abatement
takeoff procedures were utilized to achieve the takeolf levels listed in
Table 1. When these procedures are not used, the noise levels are
substantially greater. In all fairness, however, it should be pointed
out that this situation is true also for many of the subsonic aircraft,
The nolse levels for the subsonic airplanes reported in Table 1 are the
FAR 36 values which are obtained under well controlled operating
procedures, many with thrust cutback at takeoff, which procedure is

4-25

. A bt b Ve s N .
e Apmrnacs A B U O



A S e Tt P SR

b=

B ]

[ L.

1

BRI A s st

generally not used in service.

In addition, the.tcst resulls of Relference 26 show that the prepon-
derance of the noisce energy of the Concorde is concenirvated in a lower
Irequency range than that of subsenic airplanes like the 707 and DC-8.
This means that as the noise of ihe 70%/1)C-8 and Concorde zirplanes
propagates with distunce, the levels of the subsonic types decrease at
a greater rate than that of ihe Concorde., The reason is that low
frequency sound energy is allemuated to a lesser extent by the aimos-
phere than is high {requency sound encrgy. Thus, if the Concorde
and 707/ DC-8 noise levels are approximately the same near the airport
(say 3.5 nautical miles), the levels for the Concorde will be higher
at greater distances., Also, low frequency sound encrgy is atienuated
less by conventional building construction materials and will execite the
natural vibration modes of most buildings more readily than high
fregquency sound energy. On the other hand, it should be pointed out,
low frequency sound energy is less annoying to humans than high fre-
qliency sound energy, assuming the samé cnergy levels for each.

Reference 27 describes noige and vibration testing pertaining to the
Concorde 02 aircraft during operations at IFairbanks International Air-
port, Fairbanks, Alaska, in February 1974. Measurcments were made
at four sites for indoor and outdoor nocise and indoor vibrations, the
buildings being: (1)a motel, {2) a fire control tower, (3) an I'AA office
building, and (4) an FAA avionics equipment building, Data were
obtained for a total of 24 operations of 737, 707, 720, and Concorde
airplanes during takeoffs and landings. Seven of these operations were
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made by the Concorde and the remainder by the subsonic airplancs.

The resulls l‘L'p(;)l‘tC(:] in Neference 27 indicate that the ouldoor noise
levels en the [ight track of lhe Cencorde were greater thuan those of
the subsonic jets by nearly G dB on landing and nearly 9 d13 on tokeoff,
The measured levels for all aircraft were normalized o 600 feet so
the comparisons are wvalid lor distonce.  llowever, therce is ne infor-
mation regarding the thrust settings for any of the airplanes so the
comparisons are not adequale regarding the operational procedures,
In other words, if the lests werce obtained under well controlled
operating coenditiong (such as ithe JFAR 30 requirements), the noise level
differences probably would not be so large. Conceivably, in some
cases, the subsonic airplunce levels might exceed those of the Concorde
at that distance {600 fect) at maximun thrust settings,

Régarding the differences in noise level indoors, the results re-
ported in Reference 27 indicate that the indoor noise levels on the {light
tracl«. of ithe Concorde were greater than those ol the subsonic jets by
more than 6 dB on landing and more 1han 11 dB on takeoff. The struc-
tures {iltered the noise betler for the subsonic jet aircraft than they
did for the Concorde by about 0.5 dI3 for landing and about 2,5 dB for
takeolf. The reason for the greater indoor noisiness of the Concorde
is the greater transmissibility of low frequency sound through buildings.
The buildings just do not filter the noise as well for low frequency
sound as they do for high [requency sound,

‘Regarding the differences in structural vibration levels, the resulis
reported in Reference 27 indicate that the levels are greater for
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Concorde operations lhan those lor the subgonic airveraflt operntions
by about 16 dI3 on landing and about 9 dB3 on takeolf, The reason for
the greater vibration responseductoihe Concorde is the greater inten-
gity of low frequency noise generated by the Concorde compared o that
generated by the subsonic airverafl,

In sumimary, the Dulles tesis cétablishccl that the noise generated
by a fully loaded Concorde, when measured atihe FAR 36 takeo!f and
landing measuring points, could equal the levels reported by the
manufacturcers.  These levels are comparable to those for 707 and
DC-8 type subsonic aircrcaft and can be achieved only if the Concorde
is implementing noise abatement takeoff procedures, The Dulles and
Fairbanks tests established that the Concorde can produce higher noise
levels than represented by the manufacturers which also is true for
the subsonic airplanes. The Dulles and Fairbanks tests established
that the Concorde noise energy is concentrated in a lower frequency
range than the noise energy for the 707 and DC-8 which leads to the

following comparisons:

* the noige of the Concorde propagates at audible levels to
greater distances;

* the noise of the Concorde penetrates conventional buildings
more easily; and

* the noise of the Concorde excites the natural vibration
modes of most buildings more readily.

A mitigating aspect, however, is that low frequency noise is less
annoying to humans than high {requency noise, for the same energy
levels. This means that an auditor located at 3. 5 nautical miles from
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brake release might consider Concorde noige less obnoxious than 707
noise because of the high Ireguency centribution of the latter.
However, as the auditor moves farther away [rom the alrport, the
high {frequency noise component of the 707 will diminish {o the point
where it is no longer a factor in the auditor's judgement ol the two
noise sources. What remains then is the low frequency noise of hoth
sources and the Cencorde will be judged the louder of the Lwo sources.

'I But when this occurs, the level of the Concorde may he so reduced

that it may not be a problem from an annoyance or any othcr health

and welfare standpoint. Jlowever, thereis an clement of humman res=-

¢
; X )
! ponse which could cause annoyance ail levels below those associated
: with conventional sources of noise. Il arises from ideantification of
:
i - the source per se, and possible resulting hostility towards it,
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5. ANALYSIS

A, Communily Noise Lnvironmani

it is clear from the information presented herein that operntion of
the Concorde or the TU-144 al a U, 8, airport would introduce a new
and additional noise source comparable in level {o ihe noisiest of
the subsonic jets in the air caveicr fleet. It thercfore is instractive
to atliempt to define the exisling noise environmeni prier to introduciion
of the new source as a bagis for assessing ihe potential eifect of the
new source on the community noise exposurc.

In ordertoprovide generality and the ability to introduce variable con-
ditions without excessive complexity or distraction by local detail, much
of the analysis that follows will hu based on a modeled situation -- that
is, a model airport/commumity will be definced with the characteristics
outlined below,

« One runway, assumed to he the one of major concern, will be

considered.

» The composgition of the fleet operating off the runway is assumed
to consist of the following narrow-body airplanes powered by JT3D

and JT8D low bypass turbofan engines:

gr3p JT8D
33 707 72 727
18 DC-8 16 37
34 DC-9
T 122 173 Total
§-1
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* Ilach airplane is assumed {0 Tund and {alie off in the same dircction

on the ronway,

+ Tach airplane is assumed to produce Eifective Perceived Noise
L.evels al the TAR 36 measuring points (see TFipure B8) egual lo
ihe actual or estimaled certilficated noise levels for that airplanc
{(Reference 19); ibis is tanfamount lo assuming takeofl and landing
at maximum certificaled weights, and operation in siriet conformity
to AR 36 conditions.

» The Nuise Exposurc IForecast (NET) and ihe Day Night Level {Ldn)
points will he evaluated, for the haseline condition (unmodified air-
caft) and for several defined retrolit modificalions, All operations
are assumed belween the hours 0700-2200.

’ﬁ * Operations of the Concorde will be evaluaied for three different rates
of activity, and the NEF and I.dn contribuiions of those operations
will be computed. The rates of activity refer to flighis per day
consisting of one landing and one takeoff per flight, The activity
rates to be evaluated are: one, four, and eight flights per day.
+ The latter rate might include the entry of supersonic airplanes by
domestic airlines as well as foreign into their subsonic fleet ac-
tivities,

» The Incremecntal effect on noise exposures will be evaluated, in
terms of incremental NET and Ldn values and incremental areas
exposed to given NEF and Ldn levels. |

Noise Exposure Forecast (NEF) is a methodology for predicting (or

measuring) a single number rating of the cumulative noise intruding into

3
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atrport communities. ‘The resulis of the computalions are useful for
planning purposes when the NIEF levels al individual positions en the
ground are combined info cqual NI2F contours and ploticd on maps of the
airport and its neighborlioods., The methodotogy for NET?, presented in
Appendix A, was used {6 compute the values listed in Table 2. The NET
values perinin to the cumulative neize at o specific localion on the pround
antl, through ils relationship to day-night level (Ldn), can be related to
health and welfare in accordance with Reference 9, The assumption that
Ldn = NEF + 35 is sufficienily aceurate for the relutively simple air-
port model used here where the purpese is to compare the cumnulative
noise effects of airceraft operations with and without the Concorde.

. It should he emphasized here that the preferred measure fop

\ ‘f-\ cumulative noise exposure is Ldn, The NEI® values are used here in

conjunction with Ldn Dbecause much of the currently available data and

the computational procedures concerned with cunmwulative aircraft noise

i
o

are provided in terms of NEI', For practical purposes, when discussing

aircraft noise, the two measures are equivalent, with the adjusiment

T

factor of 35 added to NET to yield Idn, as indicated above,

To clarify the meaning of this measure of noise exposure, Day-
Wight Level, Ldn, is defined as the energy average A-weighted noise
level integrated over a 24-hour period, with the noise levels occurring
during nighttime hours weighted 10 dB higher to account for the greater
annoyance of noise at night, Tﬁe related measure, Leq, is identical to
L.dn except that it does not add a correction factor for nighttime expo-
sure. EPA, in the Levels Document, Reference 8, has identified the
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values ()f Ldn = 65 and Leqg = 70 as noise exposure levels ihat should
not he excecded 1o protect the public health and welfare, with an adeguate
margin of salety, apainsi annoyance and hearing impairracnt, respce-
tively. ‘These levels arce not to be construed however, as slandards,
because they do not tnke inlo acerunt considerations of technology and
economics. They represent the values which ave teo be used to test the
effectiveness of controls, or regulations [rom a health and welfare as-

pect,
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3. LEffects ol 3587 Flichts on Nuise Fupasure

The resulls of the noise exposure computations are smmmuarvized
in Tables 2(n), and 2(h). Review ol the computational results leads to
ithe statemeoents below, vregarding tlio noise intrusion effects on introdue-
tion of S5 Ilights into the hypothesized airport:

{1) Bascline - Unmodified et of 11750/ JT8D Powered Alrplunes

Tror this case, [our SST {lights per day produce o trivial increase
in noise exposure at the approach (0. 2dB)and takeoll (C. GdB}noisc meag-
uring pointls, and a perceptible increase (2, 0d13) on noise cxposure 4t the
sideline noise measuring point. Since, f{or meosi airports, the mein
impaet of sideline noise is within the airport boundaries, the overall offect
ol the 88T flights may Dbe deseribed as slight, The increase in com-
munity area cxposced to Ldn 75 probably is less than 109,

Relative o the above values, three poinis are germane, The first
point is that noigse exposure levels {Ldn) result from esilimates and
generalizations of aircraft categories, mix of aircraft, runway
utilizations, number of operations, flight paths, sinple event noise levels,
and atmospheric conditions. And, considering these assumptions, pre-
dicted noise exposure levels for any given day can be considered (o have
an accﬁracy no better than plus or minus five decibels compared 10 aclual
levels that could be measured for that day. Ldn can he measured con-
veniently with available instrumeniation; measurements over an extended
period are necessary to provide a valid long-ierm average, The second

point ig that the computed (by the method of Appendix B) area exposed
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o a given viluce of Ldn is gubject o an error of probably about 209, the
difference in ares, therelove, is probably subjecl to same perceniage
error (2.g., 20% of 107%)., ‘The third peoint is that such small level or
area incrensges do nol represent o "guantvm jump" in community noisc
exposure., oy cxample, an inceease of 1 dB to an avea {or residence)
previously cxzposed tol.dn of 74,1 412 will »esull in a level of Ldn 75,1 dH.

The residence will experience only @ 1dBE inercase allhough it now would

fall within the Ldn 75 conlour area. Zones of neise exposure separated
: . by noise exposure coniours are usclul for planning purposes, bui it is
erroneous to assume that contonrs represeni sharp divisions between
more or less critical zoncs.

B One might argue,on the other hand, that inerease in noise exposure
r"'} is not the only valid way of assessing noisc intrusion. The injection of

a single event noise level significanily higher than the bulk of the single

events that go 1o make up the noise exposure may be more disturbing
i« . or annoying to the person ¢xposed than the small inerement in cumulative
measure of Ldn might suggest. Avallable scientific data arc insufficient

to provide any quantitative guide to this judgment. In the context of

community noise due to airplanes, the best crileria available for judg-

' ment indicate that cumulative noise exposure is a more trustworthy and
objective measure (Relerences B and 9), unless the individual event is
:: strikingly higher (say 10 dB or more) in noise level than surrounding
i

3 events.

. The point discussed in the previous paragraph is immaterial with re-
:

; spect to the baseline jet fleet, in any case, since the single cvent noise
R 56
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levels for the JT3D-powercd 4-engine jels (DC-8 and 707) {1l into the
same range as the SST levels at the takeoll and approach measurement
peints., It becomes more sipnificant in considering the other cases ana-
lyzed, wherein retrofit of "quict nacelles" lowers lhe takeolT and approach
noige levels of the J'1T3D-~powered airplanes {o 105 EPNAD or less. TFor
fhese cases, the assumed 857 single event levels will exceed the noisiest
of the other cvents by upwards of 10 d13, which will impart a distinct

aundibility to those events.

(2) Modificd Jet Fleel Conforming to FAR I'art 38 Levels

If a retrofit repgulation is promulgated in accordance with the T"AA
NPRM (Reference 28), the 1978 fleet would be oxpected lo conform to
the levels prescribed in AR 36. In the neise environment generated
by this fleet, the introduction of the 557 (4 {lighls per day) would in-
crease Ldn wvalues at ithe sideline and approach measuring points
slightly, i.e., about 1d13, and at the takeoff rncasuring point significantly,
i.g., about 3dB3. The corresponding increase of 64% in the area within
the Ldn 75 contour is substantial, even taking Into account the caveat,
mentioned earlier, that this does not sipnify a step inerease between
more or less critical zones,

The above stalement pertains to the situation where the 1978 fleet
complied exacily with the noise level requirements of FAR 36, However,
in practice, tbe retrofit hardware representing current and available tech-
nology would permit lower levels to be achieved.

(3) Modified Jet I"leet with "Quiet Nacelle' Treatment

In a community noise environment based on exposure to the jet

5-7
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feet with "Quict Nacelles", the introduction of the hypolhesized operalions

of an S87 would increcase ihe noisc exposure at the sideline and

approgch measuring points perceptibly, about 2 dR, and at the 1akeoff

measwring peint  significantly, 3, 8dRB. Basieally, sinee this presumed

o
by

fleet would be slightly quieter than a fleet just conforming to FAR

the effect of the 38T operations would be slighily more percepiible and

annoying.
{4) Modified Jet 1Pleet with Relfanned JTAD and Quicet-Nacelle JT3D

When injected into a community with noise exposnre characteris-

tie of the current jet Meet with refanned JTBD engines and quiet nacelles
for the JT3Ds, ihe SST operations would be significanily apparent. The

dB3 at the sideline and 4,5 d13 at the takeoff

increases in L.dn of &

measuring point would be substaniizl, resulting in doulbling of ihe arca

exposed to Ldn 75, The effect on the noise exposure at the approach

measuring point (+1. 8 d13) would be perceptible, but not necessarily sig-

nificant.

(5) Typical JFK Airport Runway Fleet Mix

The four cases discussed earlier have heen based on a hypothet-

ical airport with operations of a hypathetical fleet, While this may not

represent any one airport realistically, it probably yields a useful gen-
eral picture for U.S, airports as a whole. A slightly more specific per-
spective may be gained by using a more realistic portrait of an actual
airport, Tor this purpose, John I", Kennedy airport has been selected,
The assumed fleet operations and neise contribution have heen determined
utilizing the following statistical data:

Total annual operations at JFK in 1872 for all commereial

5-8
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carrier airplanes, from Refercnce 20,
Relative usage of TP ronmways, from Reference 30,
AR certificaled neise levels for the various aleplanes,
from Refercnce 14,

The noise exposure levels at the WAL 36 measuring points rela-
tive to JI'K runway 1301/31L ca]c:ulz?ted for these conditions are listed in
Table 3(b). The levels are somewhal higher than those computed lor the
hypothetical airport and flecl. Consequently, the injection of SST' noise
into this environmenti resulls in a barely perceptible increase in noise
axposure at the sideline (0,8d13), and trivial inerecascs at the other lwo
measuring points (0.2 and 0,1 dn3).

Indeed, it is pertineni to point out that, as regards takeoff and
approach noise, the 58T is approximately equivaleni to a [ully - loaded
B707 or DC-B. Conscquentily, the effect of introducing an 5ST operation
at an airport such as L F, Kennedy, which has numerous operations by
international airlines of heavily-loaded long-range subsonic jels, is about
equivalent io adding another operation of a subsonic jet. Alternatively,
if an SST operation were to replace a subsonie jet airplane operation,
the noise exposure off the airport {i, e,, neglecting sideline noise effects)
would be practically unchanged.

Effects of other assumed combinations of subsonic and supersonic
operations, including iradeoffs and costs involved to avoid increased

community noise exposure, are discussed in Section 8, Ilealth,

Welfare, and Eeonomic Considerations.

6-9
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C. Regulatory Considerationg for Concorde ond T'0-141

It is well knownithat there has been considerable controversy
ahout a supersoniciransport, One major product of this controversy
was the canccellation of the United States development of a civilk S50,
One of the major reasons for this cancellation of the U. 8, SST was
the sonic boom problem. llowever, one of the other key objectionable
fealures was consldered tobethe excessive community noise developed
by the supersonic transport.

To avold sonic boom oceurrences in the U. S., it hasg been
ruled that no supersenic overflights by civil aireraft will be allowed
in the U. 3. (Reference 12), Neverlheless, twe supersonic transports
are in develepment by other couniries; (1) the Anglo-Irench
Concorde, and (2) the Soviet Union's Tupolev TU-144. A small
number ol Concordes lhave been sold and are cxpecied fo go into
commercinl  operation in the 1976 time period, Becausc of the
relatively high noise levels of the Concorde, considerable opposition
has been expressed to iis entry into service in the U.S8, 'The general
feeling is that the injection of this new and poient noise source into
an environment that is already non-accepiable for noise will signily
a trend toward further degradation at a time when a major effort is
under way to reduce the community noise exposure. One of the main
purposes of this repert is to explore this quesiion and to establish;

{a) the probable effects of the Concorde on the community

noise exposure, and

{b) whetiler, by suitable operation limitations, this effeet can

be resiricted within acceptable bounds.
5-10
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Ideally, ol course, iu the context el the EPRPA-assizned
mission o improve the noigse civivonmoent, it would nppear desirable
to preclude the introduction of 2 major new source of noisc by
excluding it Mrom operation within this country. This is particularly
s0 if, ag is the case with the Concorsde, it would introduce sound
levels higher than those of the curreni fleet which many poople
already considey too high, 1t isa view also reinfureed by high fuel
consumption of the SST and related poliulion effects,  On the other
hand, there are some who have philosophical and, to them, practical
objections lo the exclusion of an airplane such as ihe Concorde,
These objerlions arediscussced briefly in the succeeding paragraphs,

Iixclusion of the Concorde from UL 5. airports may tend to dis-
courage technical development in civil supersonic aireraft technology.
If such development were successful, it could lead to consiructive
exploitation of the advantiapes of civil supersonic {light while mini-
mizing the disadvantages ol noise, fuel consumplion and pollulion.
If this kind of development is discouraged in the United Stales, it
may lead to the less of leadership in 2 potentially important techno-
logical and commercial arca, to the detriment of our compeiitive
position, balance of payments, ete. It is important, of course,
that another kind of balance be considered also - the proper balance
between the ostensible needs of commerce and industry and the need

of the American people, as rellccted in the National Environmental

Protection Act, {o protect the environment against accelerating

degradation,
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Those who oppoze exclusion of the Concorde Dhom operalions in
the United States wlso point ool that such exclusion could have polit-
ical repercussions. There wreintevnationul aviation agreements 1o
wlidch the T8, is a party and which roust be taken inte account,
It is within the rcalm of conjecture thal unilateral oction fuken by
the U, 8. government to exclude the Concorde from the U, 8, could
lead to reciprocal action agiinst U. S, carrier epevation of subsonic
airerafl to other couniries, Carricd to ils logical extreme, this
type of action could creaie havoe in ntcrnational aiv coramerce.

Another gignificant factor that is taken into acecount Ly 88T
proponents is the enormons capital investment by the Iinglish,
French and Russian governments in ihe development of S8T aivcerall,
Several commeniators have cexpressed the seniiment that the U.S.
should feel no responsibility for salvaging an unwise investment,
peinting out that the ICAC statement of 1962 clearly indicated that
the drive toward quicter airplanes would have an elfect on the aceep-
tability of the Concorde at the iime it was scheduled to o into service,
Their view ig that the U, S, should not aceept the introduction of an
airplane whose noise is patenily a hazard to health and welfare, The
proponents of the Concorde contend, on the other hand, ihati where
the vehicle in question is not clearly a health hazard, the U.S.
government might, because of internalional obligations, allow its
introduction at least on a limited basis,

Finally, [rom an economics viewpoint, ihe SST proponents
contend that it is not unreasonable to allow the supersonic transport

G-12
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the epportunity to demonstrate whether, with properly internalized
costs,thesupersonictransportcan compete effectively inthe market-
place. The phrase "properly internalized costs" is meant to indicate
that the cost to 1he passenger should reflect all the actual costs,
including those reguired o make the SS8T acceptable from a public
health and welfare standpoint.

The view of Concorde proponents suggests consideration of
a related matter -~ pogsible growth of the Concorde. In order to
be economically viable, all new aircraft must have a certain and
defined growth potential, The reason for this is that new airframe
and engine combinations are not nearly as efficient in terms of
range, payload, operating costs, etc., as ihey can be after they have
had the opportunity to be tested and evaluated in service, Generally,
the most significant changes are made in the engine in terms of
increased thrust while maintaining an adequate margin of safety.

Increased thrust can be iranslated info increased flight range with

the same payload, increased payload for the same range, Or some

combination of both,

Without growth potential of this sort, guaranteed by the manu-
facturers, new aircraft would have a very limited market at best,
and most likely, no market at all. Figure 8, based upon information
from References 17 and 18, shows the predicted relationship
between sgideline noise and takeoff noise for various values of
Concorde maximum weight and percent thrust., In effect, Figure B
represents an estimate of the effects of growth on sideline and takeoff

5-13
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nolse. The intersection of the lines for 385, 000 1b. maximum weight
and 100 percent thrust (indicated by a circle) represents the prepro-
duction model, Concerde 02, whose measured values are listed in
Table 1,

The Concorde developers estimate at this time that the Concorde
growth will not exceed the values bounded by the curves of IMigure 8.
For example, one extreme would be an increase in maximum weight
to 405, 000 pounds without an increase in thrust, resulting in a trade-
off reduction of about 1.5 EPNdB in sideline noise for an increase
in takeoff noise of 4 EPNdB. Another extreme would be an increase
in thrust 'of 10 percent with no increase in weight, resulting in a
tradeofl reduction of 2 EPNdB in takeoff noise for an increase in
pideline noise of nearly 3 EPNdB. Probably, the growth will not
procecd along either of the extreme boundaries but more in the
direction of no tradeoff where both sideline and takeoff noise
increase at a rate of about one to one.

The majority of the information shown in Figure 8 pertains to the
Concorde 02 preproduction model with the Qlympus 583-602 engine.
The first production model with the Olympus 593 engine at 400, 000
pounds maximum weight is estimated to have about 3 percent more
sea level static thrust, with reheat, than the preproduction model
(38,000 pounds to 37,000 pounds}. Figure 8 shows that the values
for the sideline and takeoff nofse levels estimated by the manufac-
turers (Reference 17) for the production Concorde are lower than,
but within one decibel of, thoge that would be predicted for the

Concorde 02,
5-14
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D. Limiting Noise Exposure for Concorde and TU-144 by Operational
Constraints

Asg a middle ground approach, andconsistent with the suggestions
of many commentators, it appears reasonable to consider allowing
the Concorde and TU-144 io fly into and out of U.S. airports as an
interim measure, providing the community noise exposure levels are
not increased or the increase is negligibhle. A major factor in such
an approach would be the imposition of strict operational constraints
which could be used to limit the noise e:xposure due to the SST air-
plane operations,

It could be clearly indicated that such an arrangement was
temporary, involving a waiver of requirements known to be desirable
in order to allow the reasonable economic evaluation discussed
earliers In this context the waiver, for example, might be allowed
forthe first production lot of Concordes, which is approximately

20 airplanes. Subsequent production models would be required to

meet successively lower levels, glving the manufacturers an

Ve ke o L .

opportunity to do the necessary development between production lots
until cither it has been demonstrated thal ihe Concorde and TU-144
airplanes could meet levels that are required for subsonic transport
airplﬂnés or it turned out that it was not economically feasible to
meet acceptable requirements with the supersonic transporis,

The question of operatioﬁal limitations requires some elabora-
tiorlx. The kind of constraints that may be envisaged includes such
aspects as designating specific airports for SST operations, limiting
the number of operations allowed per day at any one airport,

5-15
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designating the runways to be used for SST aperations to minimize
exposure ofnoise sensitive areas, limiting operations to the daytime,
ete, These are the kind of consiraints that might be included in
an airport noise regulation; however, in the absence of an airport
regulation, this type of limitation could be specifically included as

part of the SST aircraft noise regulation in the form of an operating

rule.
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6. HEALTH, WELFARE, AND ECONCMIC CONSIDERATIONS

Fundamental to EPA's mandate, under the Noise Control Act of
1972, is the objective of attaining and maintaining a noise environ-
ment that is consistent with pﬁblic health and welfare requirements.
In striving for this objective, the agency is cognizant of PFAA's
requirement under Section T of the Act to take into account the
availability of technology and cost of compliance in arriving at the hal-

ance of judgment ag to the degree of quicting required.

7

Accordingly, in the EPA "Report" to Congress (Relerences 1-7)

N on aireraft and airport noise, the costs were estimated of achieving
o several levels of cumulalive noise environments employlng the noise

abatement alternatives of source control, operational procedures,
m and land use options.

Given thesc considerations, itis necessaryto evaluatethe influence
of the introduction of supersonic airplane operations on the efficacy
-of the aviation noise control measure: i.e,, what are the environ-
‘mental impacts and how would thege affect the overall aviation noise

environment and the costs of achieving a specified environment.

| Subsequent discussion will cover the following areas:

+ The disbenefits of noise;

« The environment around an airport and impacts when 35T is
introduced under several sets of fleet source noise level
conditions;

« The incremental costs of achievement of noise environment

objectives with SST introduction;
6-1
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» The operational constraints necessary to ensure that SST
operations do notl adversely aflect the environment;
«Implications for SST fares under operational constraints,
«An assessment of the equivalent noise impact on the populaiion
surrounding an airport.
Other elements of the economic ifnpac‘r ol introducing SST oper-
: ations in the United States, such as the competitive effect on domestie
) airlines, or costs of equipping a fleet with S5Ts, will not be con-
-gidered here as they do not bear directly on the question of cost of
; controlling the noise impact of the supersonic airplanes.

G
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A, The Dishencfits of Noise

In its report to Congress, the EPA recognized that the direct
primary effects ofnoise on public health and welfare are: the potential
for producing a permanent logs in hearing acuity; inlerference with
speech communications; and the generation of annoyance, The Levels
Document (Reference 9) specifically identified two long-term average
levels of cumulative noise exposure as those levels which should not

be exceeded in order to protect the public health and welfare with

“an adequate margin of safety:

«A Day-Night Level {Ldn) no grealer than 55 dB, to protect
against annoyance (including interlerence with speech
communication).

+An Equivalent Noise Level (l.eq) no greater than 70 dB, to
protect against significant adverse effects on hearing.

The potential of indirect effects of noise ig also admitted, but there
does not exist sufficlent evidence to quantify them at this time.

These noise effects influence such factors as an involuntarily ex-
posed person's daily activity schedule and enjoyment. It follows that
if the presence of noise affects these factors, then a person's utility
function is affected adversely. When these adverse effects are ag-
gregated to an impacted public around a noisy airport, it follows that
their activities can be affected not only in the impacted area but also
ot an exposed person's place of employment. Typical results of the
primary adverse effects of noise are:

«The relative attractiveness of real estate is degraded;

6-3
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» The delivery of public services is disturbed, e.g.,
interruptions of educational instruction;

» Interpersonal relationships are aggravated;

= Continual or repetitive annoyance is manifested as
tension and stress;

« On the job performance, i, e., productivity, is diminished.

These results demonstrate the insidious nature of noise in a person's
or community's physioclogical, social, and economic well-being.
Reduction of the noise environment will reduce the magnitude of
thege cited results; however, the relationship between reducing noise
environmenis and the magnitude of noise impact reductions is not
vet well-defined, JFor example, there is no accurate quantification of
the relative reduction in costs that would accrue in removing one per-
son from an Ldn 80 environment vis-a-vis removing iwo persons {rom

an Ldn 70 environment, That is, suificient research to quantify the

cost benefits ofnoise reductionhas not been performed to date. Conse-

quently, as in many environmental situations, not having quantitative
estimates of the benefits of noise reduction precludes analysis of the
amount of noise environment reduction that is justified on a cost-benefit
basis; therefore, the subsequent analyses willuse a cost -~ effectivencss
analytic framework.

A cost-effectiveness analysis -can. however, yleld very persuasive
information on the merits of the noise control options. To begin with,

it is necessaryto consider the reduction in noise levels, the reductions

6-4
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in land areas exposed 1o gpecific noise levels, and the population re-
moved from these noise level zones, In addition, it is possible, by
using the methodology described in Appendix C, to make a Noise Impact
Assessment {NIA) which expresses the change in human response expec-
ted from the pecple exposecd to specific levels of environmental noise.

. When the above are correlated with the costs of the noise control op-

. tions, the resulting cost-effectiveness analysis is very power{ul.

' It should be kept in mind that the intreduction of an SST to major

U.S. airports will not expose persons to a high level of nolse who

have notipreviouslybeen so exposed. Rather the situation is one where

¢ someone exposed to a high noise level, with the introduction of an
S8T, may be exposed to an even higher noise level or a comparable

level that may sound different.
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B. Methods of Reducing Cumulative Noise T.evels

Achievement of any desired Day-Night Level (I.dn) can be realized
by combinations of reducing source noise emissions and protecting
noise-sensitive receivers,

Reduction of current aviation source noise emissions can be
accomplished by retrofilting the commercial aireraft flecet using
source noise abatement technology, implementing noise abatement
takeolf and landing procedures and exercising airport operational

A control such as preferential runways, restriction on flight operations,
etc. Protection of noise-sensitive receivers can be accomplished
through the soundproofing of residential and other sensitive structures
or through the purchase of land and subsequent rclocation of existing
incompatible land uses.

Actions to reduce the noise levels by existing aircrafts' source
abatement and operational options may not totally eliminate noise
impacts at & given location. In such cases, additional actions must

. be taken to either soundproof the structures in the noise sensitive
areas, or relocate the incompatible land uses which remain after the
gource noise impact options have bcen implemented. It should be
recog‘nized, however, that there exists a limit to the effectiveness
of soundproofing technology. For those receivers exposed {o noise
which cannct be effectively reduced to compatible levels by sound-
proofing, the only remaining alternative is relocation. The techno-
logical limitations of soundproofing and the associated costs of same

may be found in Reference 5.
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In this repori, the "cost" of achicving any given Ldn is defined
as being the cost of implementing noise source abatement techneology
and airvport/aircraft operational options, plus the resource require-
ments of soundproofing or relocating those noisc-sensitive receivers
which remain impacled at some noise exposure level after techno-
logical and operational options have been employed. As previously
mentioned, 1l;he economic question addressed here is, "What are the
incremental costs of preventing degradation of the community noise

>~ environment around an airport if an SST type aircraft were allowed

to operate into and out of such an airport?"

By the 1978-80 time period fleel noise levels are expected to be

"~

relatively lower than those of today's fleets because not as many,

bypass ratio fan jet aircraft are expected to be retrofitted, The
- capacity represented by the retired aircraft will have been replaced
‘ by the less noisy high bypass ratic fan jet aircraft. Lower fleet
knoise levels translate into reductions in the areas within Ldn contours

y : around airports which in turn imply smaller impacted populations,

cars

if and only if, land use development arcund airports does not result

AL e LT TP

in increased population densities surrounding the airport. Also, with
the passage of time, the retrofit candidate set of noisy aircraft should
i B : decrease because they are the vintage aircraft in the current fleet,

These general irends are incorporated in the subsequent analysis.

o deE gy

However, one must remember that we are dealing with individual

&

airports and their costa of achieving specified levels of cumulative

e -7

e mae

{{éj& h” I‘R;-"JE-..J e s L A

i
I

F“) if any, straight jet aircraft will be operating in the fleet and the low
i
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noise exposure, This is so becausc lhe S5T can operate eflectively
only at the larger metropolitan airporis. These are the very airports

which are currently the mosi severely impacted,
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C. Mixed Operations of Supersonic and Subsonic Jet Airceaft

Section 5 ulilized & simple model hypotlhesizing a single runway
girport to calculaie noise exposures (Ldn) at the ihrce TAR 36

measuring points for three subsonic flect conligurations, Subsequently,

for each fleet confliguration, the effects of introducing three different
rates of daily operations ofan S57T were determined in terms of incre-
mental incre‘ases in the Ldn wvalues and the percentage increases in
land area corresponding to the inercased noise exposure, These per-
centage increases can be simply converted inte net incremental land

areas beyond the airport boundaries in which populaiions may be ex-

. posed to the identified noise exposures.

These areas were estimated by a simple geometric analysis, using
as a gtarting point the equivalent single-airplane average EPNL at

the 3.5 nautical mile takeoff measuring peoint determined from the

calculated NEF at that point for the baseline fleet, By use of the

data in Reference 31 on EPNL vs slant range, it was possible to

plot a contour from which the enclogsed areas, both on and off the

hypothetical airport, were caleuylated. Trom these values, the

corresponding enclosed gross areas for the Ldn 65, 70 and 75

contours were determined by use of the relationship,

Ldn(1) - Ldn(0) = 15 log (A /A0)

developed in the appendix. The net areas were established by sub-
tracting the estimated on-airport areas from the calculated gross

areas, with one minor exception. TFor the Ldn 65 contour, the on-

airport area subtracted was 1.5 square miles, which was assumed

6-9

et o e e Vb s 1 s B asian s

R o o
L L I S R PP I



to be the relevant area of the airport. Shown in Tables 3 (a) and {b)

are ithe net impact areas for each aircraft noise level situation and

the incremental impact area increases resulting from introducing 1, 4,

. and 8 S87 flights per day. One should note from Table 3 (a) that as
time passes and the source noise options become available, and are
implemented, the net noise exposuvc; impact area decrecases. In addi-

s tion, it should be noted from Table 3 (b) that the SST incremental

impact areas increase as the rest of the fleet becomes quieter,
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D. Costs of Compatible Land Use Induced hy S5T Noise

Introducing 38T eoperations at the hypoilhesized airport increases
the noise impactarea for each fleet noise conirol option., Accordingly,
a larger population around this airport would be exposed to higher
noise levels than those that wou}d exist il the SST flights were
not allowed Lo occur,

This ineremental increase in population exposed is estimated by
assuming the following population densities within Ldn contours:

« Ldn 75 = 2000 people/square mile
2500 people/square mile

+Ldn 70

» Ldn 65 = 5000 people/square mile

These densitics are typical for East Coast metropolitan airports which
are candidates for the 5ST activity, References 32 and 33. The noise
impacted populations for the conditions of baseline and the two retrofit
options relative to the three noise exposure levels are given in Table
3 (c)

It should be noted that these density values are applied {o the areas
within the baseline conlours, As the areas within a given contour

shrink because the flcet becomes less noisy, population densities

- are assumed not to change; consequently ihe density values applied

in the compuiation are those associated with the baseline areas.
Simply multiplying incremental Ldn areas by the respective population
densities is assumed to yield the additional number of people exposed
to an increased noise environment.

These SST noise - induced population impacts will result in
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greater costs of achieving a desired cumulative noise level, Anes-
timate of such induced costs can be developed by recognizing that the
inereasces in noise that this incremental population will he exposed to

are not dramatic, e.g., on the order of a few decibels over their

previous environment in most cases, Referring to the unit cost curve
for compatible land use control of Refercnce 5, a one decibel increase
in the Ldn 75 range will require an additional one thousand dollars

per person for compatible land use conirol techniques. A onc decibel

" i{ncrease in the Ldn 70 range will require an additional 500 dellars

per person, TFor each person exposed to the Ldn 65 range, the in-
duced cost is estimated to be three hundred dollars per dB increase,
Multiplying these unit costs by the incremental populations yields the
increased costs of noise compatible land use. Shown in Tables 3 (d)
and (e)arethe increased population and cost impacts of having the SST
activity at the hypothetical airport, It can be seen thai as the subsonic
commercial fleet becomes less noisy, the population (except for
Ldn 65) and cost impacts increase,

' There is an apparent anomaly in the population increase figures
for the Ldn 65 areas. That is, the increase in impacted population
within the IL.dn 65 area due to the S8T operations becomes smaller
insteed of larger as the subsonic fleet becomes quieter. The reason
for this resides in the assumption, noted earlier, that the baseline
distribution of population remains constant., As the fleet becomes
quieter, the Ldn 65 area shrinks so that it eventually lies within
the area that was previously an Ldn 70 area, with an assumed popu-
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lation density of 2500 insicad of 5000 people per square mile, Con-
sequently, the increase in area due to the SST operations introduced
into the quieted-fleel silualion occurs within area of lower assumed
population densily, which results in a smaller computed increase of
impacted population, when compared {o the bascline fleet situation,
despite the larger increasc in impnctéd area,

In perspective, it merits pointing ouf that the results presented in
Tables 3 {a) thru {(e) are based on theoretical approximate calculations
regarding a hypothetical airport. Consequently, they should be con-
sidercd as generally indicaling the magnitude of the noise problem
presented by the introduction of the SST operations, rather than as
literal estimates of the aciual costs that might be incurred, In this
context, the results reveal that introduction of one flight per day of
the SST at a fairly busy airport with today's subsonic fleet (prior to
retrofit) represents a minor problem in noise intrusion; wherecas in
the same environment eight SST flights per day represent a significant
problem, The reason for the striking difference in effect between
the two levels of SST operation is that the increase in Ldn acts as
a multiplier squared in computing the dollar cost. TFirst, the area
affected (and consequently, the number of people affected) as discusgsed
earlier, is directly related to the change in Ldn in dB; second, the
number of people affected is multiplied by the number of dB change
in Ldn, as well as by the average cost per person, in arriving at
the total cost.

Interestingly enough, the introduction of a single 38T flight per
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day in the quiet fleet situation (QN 31D and R/F 8D) appears to cause

less of a problem in terms of the cost approach than eight S87T [lights

in the baseline [leet situation (aboui $1.1 million vs $5, 81 million for

the three Ldn zones) although il results in a slighily greater increase

in Ldn (1.6 vs 1.2 dBB). The reason [or this is the much larger affecied

area (and number of people) involved in the case of the baseline fleet.
: However, ithe flaw in the use solely of cumulative levels to evaluate
such situations is highlighted, since in fact the S5T may be more
noticeable,

Pinally, it can be seen that the noise intrusion problem, in terms
of equivalent "cost', becomes a major one asg additional flights of
the SST are introduced in the quiet fleet situations.

This confirms the result one would expect intuitively as multiple
operations of a new and louder noise source are injected into an en-
vironment that has been improved by the application of noise control
options such as retrofit to the air-ecarrier fleet, Since an appreciable
pertion of the fleet is expected to be quieter by the time an SST goes
into service in 1976, as cited above, onc may well expeet that 88T
operations on a regular basis would be more noticeable then than they
would be at present,

Economic rules of efficiency and equity require that the creator
of this increaged nolse environment should pay for the efforts reguired
to reduce these induced public health and welfare disbenefits, There-
fore, according to such rules, the airlines wishing to introduce
Uy S8T flights would be required to pay the induced costs of land use con-
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trol, or other correclive action(e. g., neise insulation, compensation,

ete. ). These costs are a negalive inpul info that airline's invesiment

decision.
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L. Operalional Congtraints to lliminate the Impact of 88T Noise

There ig an operafional approach which can eliminate the induced

- cumulative noise compatible land use cosils eatimated in the previous

scction,  This approach is lo climinate other noisy aircraft flights
such that the impact areas do not chanpge. For the haseline case,
only one JT3D flight would have to be climinated for each SST flight
introduced. Substantially higher numbers of flights would have io be

eliminated if the quict nacelle reirofit and the refan retrofit were im-

~ plemented info the fleet.

Again, economic efficiency rules dictate that these eliminated
flights must come from the activities of the airline that is offering
ihe S83T. Tor this case, then, it follows that the lost revenues from
ihe eliminated flights must be reflected in the fare structure for the
S8T, The airport operator should alsc be expected to recover the
landing fee revenues from these curtailed flights by charging an appro-
priate landing fee for the S3T. Issentially, trying to recover the
revenues from three curtailed flights or more will add substantially
and disproportionately to the fares that would have to be charged
per seat on the SST. Cost of such SST service at these higher fare
levels could result in an extreme curtailment of demand.

In summary, introducing SST activity at its present noise emission
levels at an airport will either induce additional noise exposure
for populations surrounding the airport, or require the reduction in
flights of comparably noisy aireraft, Whichever action is taken, the
respective envirenmental correction costs may result in an increased
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fare structure which would he of concern ta the operator, These as-

pects must be laken into consideration as well as thosc relating

io ithe heavy energy (fuel) consumption of the current supersonic air-

plane as compared with subsonie aircraflt,
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F. Options Considered for Rulemaking to Control Noise Impact of

Current S5Ts

In considering a possible regulation to protect the public health and
welfare_from the noise that would be caused by landing and takeoff op-
erations of supersonic airplanes at U.S. airports, several key factors
should be taken into account,

(1} The current 55Ts are inherenﬂy noisy by virtue of their design
features, and there is no known technology naw available that will per-
mit significant reduction of iheir noise without severely compromising
their operational capabilities. | '

(2)‘ As a result of several factors, there is considerable uncer-
tainty as to the ability of the 85T to operate sucessiully on a revenue-
producing basis in competition with subsonic jet aircraft. This leads
to the supposition that cnly a small number of current-design SSTs
actually will be produced and be in service. In turn, this implies that
S8Tg are likely to represent a minor threat to the environment, in
terms of the inc'remental cumulative noise imposed on airport neigh-
boring communities.

(3) Because of fhe large invesiment in both dollars and prestige,
made by the governments supporting development of the SSTs, the
United States government may be reluctant to take overt action that
might be construed as being directly responsible for the failure of the
current SST programs. The apparently modest benefits in environmen-
tal protection that might be gained by imposing onerous restrictions
on the SST easily could be outweighed by the effect of such restrictiops
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on our international relations. This weould be especially {rue if the cur-
rent SST programs became admitted failures and the failures were
attributed to the restrictions imposed by the United States.

{4) Aside from the foregoing considerations,it should be recog-
nized that the most reliable criteria available regarding human
response to environmental neise are those related to cumulative noise
exposure, as outlined in references § and 6. Consequently, in con-
sidering the environmental impact of curreni SS7T operations, the gov-
ernment must turn to cumulative noise as the criterion by which to
judge that impact.

Ide'ally, the best place to control noise is at the source; this prin-
ciple is applied in the noise level requirements of FAR Part 36. It is
also implicit in the Noise Certification requirements for supersonic
airplanes now under consi'deration by the International Civil Aviation
Organization. Since, however, it is not feasible to control the source
noise of current early production S5STs to Part 36 levels, it may be
advisable to adopt regulatory procedures that will control the noise
impact caused by introduction of current S8T operations.

In view of the noise characteristics of current SST aircraft, includ-
ing the impracticability of noise-abating retrofit in the present state of
the art, gelectionofa suitable method for controlling the noise impact is
not a simple matter, Various regulatory options for accomplishing this
control have been considered. They are outlined in the paragraphs that
follow, with pros and cons summarized,

1. Outright ban: Concepiually, the simplest and most effective
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way to contral curreni ST noise is to prohibit their operaticns in the

United States, From the viewpoint of equity, however, the question

arises as to whether this harsh resiriction is warranted in the light of

the possibly modest degree of benefit to be achieved by such restric-

tion.

Pro

gty

s There is no doubt that such a rule would be completely pro-

tective of the environment, in terms of the possible eifects of
the SST.

The rule is simple, with no confusion and ne uncertainty.

If it were promulgaied promptly, the rule would provide early
notice to prospective operators and the manufacturers of the
current SSTs that there would be no market for such SST oper-

ations in the United States.

Con

+ Since the current SSTs are about as noisy as the current 707

and DC-8 subsonic airplanes without retrofit, and since it is
presumed by many that relatively few current S5Ts will be
placed into operation, the restriction seems unduly harsh, and
therefore unfair, when viewed against the degree of environ-
mental hazard posed by the SST.

Promulgation of such 'a rule could have undesirable effects on
the existing reciprocal aeronautical arrangements between the
United States Government and the governments of France,
England, and the Soviet Union, .
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+ The rule might be considered unfair particularly because the
current 85Ts might be able to operaie at certain airports with
negligible noise impact because of the absence of noise-sensi-
tive ar'eas. in ihe general vicinity of takeoff and landing paths.

2. Imposition of PPart 36 Requirements: Reguiring that the S8T

conform to the source noise level requirements of Appendix C of Part
36 is conceptually a logical and sensible rule, since it would require of
S53Ts exactly what Part 36 requires of subsonie airplancs, However,
such a rule for early production of current 58Ts would not be con-
sidered appropriate, as there is no known technology to permit current
SSTs to comply with the noise level requirements of Part 36 in an
economically reasonable manner,
Pro
« The rule is simple in concept, consistent with existing rules
{for subsonic aireraft} and casy to enforce.
+ It would protect the environment against 85T noise to the same
extent that Part 36 does against subsonic ajrplane noise.
Con
« The rule is inappropriate to current S5Ts since as stated above,
there is no known current technology for these airplanes to
enable them to meet Part 36 noise level requirementsa,
» It therefore would be tantamount to aban on current 85Ts, sub-
ject to similar objections as an outright ban,

3. Allow SST Operation at Designated Airports with Restrictions;

This option, which has a number of different possible forms, essen-
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tially would designate ceriain U, 8. airperts at which the current SSTs
would be allowed to operate, subject to cerfain restrictions designed
to minimize its effects on the noise environment. These restrictions
would include one or more of the following:

(a) Limited number of takeoifs and landings.

(b) Takeoffs and landings restricied to designated noise abatement

runways to avoid noise-sensitive areas.

{¢) Restrictions on the time of day in which operations are al-

lowed - e.g., curfews,

(d) Use of special noise abatement procedures for both takeoff and

| landing, including procedures automatically programmed on the
airplane in-flight computer, with pilot takeover occurring only
for reasons of safety.

In view of the limited number of current S5Ts that are expected 1o
be in operation, the following restrictions also may be considered in
order to permit the operation of those airplanes in the United States
without adversely ailecting public health and welfare:;

{a} Restricted number of daily SS5T operations country-wide;

'{b) Restricted number of daily SST operations on an airport-by-
airport basis; |

(¢) Resiricted number of airports approved for SST operations,
The shove restrictions would provide assurance of a limited number
of SST operations approved by the Federal government.

Pro
+ Adoption of a rule based on the fﬁregoing principle would avoid
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an outright ban of the SST, allowing alimited number of opera-
tions.

It would 1limit the number of localities exposed to SST noise.
If properly implemented, it would also limit the noise impact

in the communities neighboring to the designated airports.

Con

The availability of airports suitable for application of this rule
has not been adeguately substaniiated; in particular, the des-
ignated airports not only must have the right arrangement of

non - noise -sensitive areas under the runway flight paths, they

" also must be in locations that provide adequate and convenient

il i g ag e

access to the large metropolilan centers that would serve as
the point of origin or destination for most SS5T passengers.
The selection of airports to be designated for 55T operations
may be considered arbitrary and ﬁnfair by some SST operators.
On the other hand, the residents exposed to the noise impact
{actual or potential} in the vicinity of the designated airporis
may consider the selection discriminatory against them.

In spite of careful selection of designated airports and run-
ways, there probably would he increased noise impact due to
the SS5T operations, since very few airports are free of nelgh-
boring noise-~sensitive areas, For this reason, and because
the benefits of noise abatement procedures for takeoff and

lending are limited in degree, adoption of this type of rule

-might allow inadequately controlled increases of 887 noise im-
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pacts; hence, such a rule might be considered inadequately
protective of the environment.

4. Impose Restrictions on S8T Operator al SST Airporis

This option, although similario ihe previous one in many respects,
differs conceptually from it in that there would be no attempt to des-
ignate the airports at which 55Ts would be allowed to operate. Instead,
it would allow the market forces {o determine the airports at which
SST operations would be introduced. However, once it was established
that S5T operations were ito be conducted at an airport, then a rule

restricting the noise impact would go into effect. In one form of such

" a rule the SST operator would be constrained to take the action neces-

sary {which may include tradeof{ of subsonic airplane operations) to
limit the increase in noise impact caused by the SST operations to
that which would be caused by an airplanc that meels the noise level

+

requirements of Appendix C of IPart 36 of the Federal Aviation Regu-
lations.

Even though the retrofit of current SST airplanes is not practicable
at this time, conirol of the incremental effect of these airplanes on the
cumulativt_e noise exposure can be achieved to some extent by noise
abatement takeoff and landing procedures, and exercising airport
operational conirol such as preferential runways and night curfews.
There is also another method of operational control that might be taken
to permit the introduction of the current Concorde or TU-144 super-
gonic airplanes while at the same time controlling the noise impact for
those airports. Under this method an operator would eliminate one pr
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more flights of his noisier subsonic turbojet engine-powered airplanes
at an airport to compensate for the increase in noise generated by cach
SST flight that he introduces at that airport. For example, in regard
to the current subsonic fleet perhaps only one B707/DC8 flight would
have to be eliminated at most airpo:':'ts by an operator to compensate
for each Concorde flight he iniroduced. The operator would of course
have to eliminate a larger number of B707/DCS8 flights if Quiet Na-

celles, Quiet Engine, or Refan retrofit were installed in his subsonic

fleet operating into the airport at which the SST flights are introduced,

This "tradeofl" method of noise control would be less attractive
at airpérts that have sideline noise problems. Fortunately, the geo-
| metry of most United States airports includes sufficient land areas
ﬁ adjacent to their runways that the higher sideline levels of the Current
S8Ts compared to the subsonic types would not preclude iradeoff, On
i the other hand, if tradeoif were used, suiiable regulatory constraints
; should be applied to avoid abuse. For example, if such a rule were in
v : force, eliminating operations of subsonic airplanes to compensate for
the introduction of SSTs and subsequently restoring those same opera-
tions would be considered as a circumvention of the rule and contrary
g to the tradeoff purpose. Similarly, the introduction of noisy subsonic
x operations in anticipation of the rule and the subsequent removal of
those operations to effect a tradeoff, would also be considered a circum~

vention of the rule and contrary to the tradeoff purpose. Regulatory

v T

E i constraints to prevent such abuses would include the following provi-

[ sions: .
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{1) A requirement that all subsonic airplane operations introduced
after the iniroduction of SST operations must he with airplanes capable
of complionce with the noise level requirements of Appendix C of
Part 36,

{(2) A requirement that all subsonic airplane operations proposed
for tradeoff must have been in service at least six months prior to
introduction of SST operations. ‘

The foregoing constraints, intended to prevent circumvention of the
noise control features of the iradeoff option, might be considered dis-
criminatory against the SST operator, for the following reason. If the
88T should create new traflic demand, or if the withdrawal of the sub-
l ! sonic operation should leave an unsatisfied subsonic traffic demand,
: .-"j the SST operator could reinstatethe subsonic{light only with an airplane -
i that meeis the noise level requirements of Part 36, A non-SST opera~
tor who wished to institute a new operation could do so with an airplane
that does not meet those requirements, if it is an existing airplane.

Qf course, any newly-produced subsconic airplane introduced into op-

eration must meet the FAR 36 noise level requirements.

g While itistrue that the trade-off oplion with constraints as proposed
: . herein would be discriminatory inthe sense described above, such dig-
crimination might be considered apprepriate, as it would be based on
i . the fact that the SST is a newly-produced airplane with noise levels
i substantially above the standards of Part 36, whereas all newly-pro-
E‘ o duced subsonic aircraft are required to meet those standards. Since

the SST noise cannot be conirolled adequately at the source, such,a

o/ o 6-26

e, ..
T S




AT e ww

i
|
i
l
!
!
|
:
P
{

FERRR S AN (O

TN

rule would attempt to control the noise impacei and to permit SST oper-
ations by allowing ihe aliernative actions listed above.

A regulation for current SSTs as outlinedin the {oregoing, well may
be controversial, On the one hand, it may be considered inadequately
protective of the environment. On the other hand, it may be considered
arbitrarily harsh and diseriminatory with respect io the SST manufac-
turers and operators, in that it imposes penalties, in the form of
restrictions, on SST operators, which are incommensurate with the
degree of harm that may be imposed by the projected SST operations.

It becomes clear, however, that although such a rule may limit the
additional noise exposure that may be caused by an S5T operator, it
would provide no control over &;dded noise exposure that may result
from noisy subsonic cperations introduced by a non-58T operator to
accommodate inecreased traffic. As a consequence, such a rule may be
eriticized as olfering no conirol over cumulative noise while still im-
posing restrictive limitations on SST operators,

In response to that criticism, it should be pointed out that such a
rule is designed only to limit the inerease in noise exposure, orimpact,
caused by introduction of current SST operations. Control of additional
noise impact dueto increased traffic represents a completely different
problem, which could be resolved with other suitable aireraft/airport
noise regulatory actions. Inthe absence of the other noise regulations,
however, a warkable SST noise rule could perform its intended function
of controliling the increase in cumulative environmental noise caused
by introduction of current SST operations. .
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The pro and con arguments implicit in the foregoing discussion are
summarized helow.

Pro
* While avoiding a ban on current S8Ts, this iype of rule would
protect the publichealth and welfare by providing a mechanism
to limit the increase in noise impact due to current 88T oper-
ations,
* It would avoid arbitrary restrictions on ihe use of airports for
SST operations, allowing markel forces to establish which air-
ports would be suitable for such operations.
Con
' » This type of rule does not attack the SST noise problem at the
source, instead using an indirect measure (noise impact) as
the criterion for control,
+ The rule may be considered discriminatory against 35T oper=
ators, imposing restrictions on them which are not imposed
on non-3ST operators.

5, Impose Restrictions on All Operators at 35T Airports

A variation of this option which may overcome at least some of its
objectionable features would be a rule, applying only to airports with
SST operations, that would require all new {light operations at such
airports to comply with the foregoing limitation on the neise impact
increase.

Pro

« Adoption of such a rule would avoid a ban of the 55T, yet would

W, 6-28
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control the noige impact thal olherwise would be caused by in-
troduction of S5T operations.

By requiring new flights of all operators (not only 53T opera-
tors) to control the noise impact to that of an airplane meeting
Part 36 noise level limits, it would eliminate the objection that
the rule was discriminatory against the SST operator,

Since the characteristics that make an airport a suitable candi-
date for SST operations are those likely to generate consider-
able subsonic airplanc traffic as well, the SST airports would

tend to have the largest noise-affected areas. Hence, the con-

trol of noise impact increase provided by such a rule would
1

{ake place at the airports most in need of such control.

Because the rule would apply at relatively few airports - those
suitable for SST operations - it probably would not have a sev-
ere economicimpact on any alirline. The noise impact require-
ment in many cases could be met by shifling quiet airplanes
from some other route or airportassignments, rather than re-
quiring retrofit of a noisy one. It will be recalled that Part 36
now requires that new subsonic airplanes, which may have to
be purchased to meet the increased traffic demand, would

have to meet the noise level reguirements of Appendix C of

that Part.

Con

« One objection that may be raised to this iype of rule is that it

evades a direct attack on the '"real" problem, which is S§T
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noise exposure; thercby it penalizes airlines that operate only
subsonic airplanes, as well as 55T operators, Regarding the
first point, it has already been stated that the cumulative noise
exposure is the basis for the best criteria aviaiablc on the ef-
fects of noise. As for the second point, the rule has no effect
on a subsonic operator whose nirplanes mecet Part 36 noise
levels, It may be considered discriminatory against {hose ap-
erators wilth noisy low-bypass, narrow-bodied jets; although
the rule is aimed primarily at S5T noise, the side effect of
controlling noise due to unretrofitted 707 and DC-8 airplanes
'(by no means an imaginary problem) at the airports most in
need of noisc control would appear to be beneficial rather than
otherwise. However, such operators may contend that the rule
was capricious, in that it reguires such an operator to take the
prescribed action based on a circumstance beyond his control,
namely, the introduction of SSToperations by ancther operator,
Another possible objection is that this approach ostensibly
does not take into consideration the greater low-frequency
content of S8T noise as compared to subsonic airplane noise,
As indicated in the earlier discussion, it is not entirely clear
that this characteristic of SST noise will necessarily make it
more annoying. In any event, if scientific information be-
comes available that make it possible to quantify the effects of
such low-frequency noise in terms of noise impact, such cri~
teria may be applied in implementation of the rule.
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4 8. TRscalating Restrictions on SS8T Source Noise: Another oplion

considered would aim at minimizing the noise impact of supersonic
transports without imposing operational restrictions upon their use.
This option would require that the various current SST airplanes man-
ufactured after the initial production meet the lollowing sucecessively
lower noise standards: -
- (a2) First 20 airplanes - Noise limits at currently projected levels,
or best efforts;
(b} Second 20 airplanes - Noise limits 5 dB below first production;
(c) Third 20 airplanes - Noise limits 10 dB below {irst production:
" and
{d) All subsequent airplanes - Mecdt the noise level requirements
of Appendix C of Part 36,
This approach provides one interesiing aspect. If the conservalive
_E views regarding the economic success of the current S5Ts turn out to
be correct and no more than twenty such airplanes are places into
service, an automatic limit is placed on the environmenial degradation
without any restrictions being placed on the SST.

If, on the other hand, the curvent SSTs were to turn out more suc-
cegsful economically, than many now envisage, a series of escalating
restrictions onthe noise output of the SST would help to limit the over-
all environmental impact.

Pro

- This type of rule would avoid an outright ban or other arbitrary

constiraints on the SST. . . .

. )
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£ « It would provide the 55T manufacturers with the incentive, and
to some extent the time, to embark on a inlensive research

and development activity to advance the state of the art and de-

o ey

velop new and improved techniques and hardware for reducing
the noise emissions of current SST aircraft and propulsion
systems.

As implied above, it would provide avtomatic triggoring of new
slandards in an escalating series [or the S37T, reducing the
allowable noise emissions if more than the limited number of

twenty were to be placed into service,

C on

Even introduction of the first 20 S53Ts into operation without
restriction would impose increased noise on the epvironment,
although admittedly the increase would be limited in extent. If
additional 8STs were placed in operation, there would be addi-
tional increases of environmental noise beyond that which would
occur with new subsonic airplanes, which must conform to
Part 36 noise level requirements. Consequenily, unacceptable
increagses in envircnmental noise could oceur,

In the light of present knowledge of supersonic aircraft noise

control, it appears unlikely that significant reduction of {he

F noise emissions of current SSTs could be accomplished without
: extensive, and expensive, redesign, Consequently, this type
i of rule might be considered as effectively imposing a limit of
i twenty on the number of SST's produced. .

1 I
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7. No Regulation: There are a nmumber of commentators, not necc-
essarily advocates of the supersonic transport, whe suggest that no
regulatory action at all should be taken with respect to the noise of
current supersonic airplanes, notwithstanding the noise impact that
may result from their operations.

Pro

+ Aijrline operations of current supersonic transporis may not be
viable, in terms of economics or fuel consumption. Conse-
quently, it is hypothesized, the number operating into U.S.
airports may be so0 small as to be no significant hazard to the

' environment,

« The viabilily of the current supersonic transporlt program is
belicved by some fo be so [ragile that the imposition of any
noise controls might result in its demise., Therefore, restric-
tions for noise control should not be imposed in order to allow
the program to survive, regardless of the possible noige im-
pact. ‘

Con

+ This approach is based on the conjecture that the S5T program
will be of such limited success thal no more than twenty cur-
rent S8Ts ever will be in service, Although this may be the
prevailing opinion, such a conjeciural outcome is by no means
assured. It would appear to be only prudent to recognize the

possibility that many more than twant:} current SSTs will

operate, and to provide suitable regulations to protect the
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environment in the cvent of such a contingency.

+ In any event, even twenty or fewer current SST's landing at and
iaking off from a small number of zirporis, or the same air-
port, can represent a significani noise impact in the cnvirons
of those airports, Therefore, suilable regulalions are required
to protect the public against the encroachment of such noise.

8. Airport Noise Regulation: The last option considered is to delay

the adoption of a current SST regulation until an airport noise regula~
tion has been adopted. Such a regulation would provide the ground
rules an_d procedures for cooperative decisions and actions by loeal
comrmunities, employing land use controls, and airpori management,
with the collaborative support of ihe FAA with its powers of opera-
tional control, to establish mutually acccpiable levels of noise impact
and to conirel numbers, types and operations of the aireraft at each
airport in order to achieve the designated acceptable levels of noise,

If such an airport regulailion were adopted, restriclions similar to
those listed in Option 3 could then be established, appropriate to cach
airport, applying to all aircraft operators, thus obviating any further
need for the regulatory controls on noise impact, applying specifically
to current SST operators, that wonld be incorporated in a regulation
of that type. Pending the development and promulgation of such a

regulation, it appears that some standard is needed for the protection

of the public health and welfare {from the noise of supersonic aircraft,

and that some regulation embodying the concepts discussed herein,
imperfect though it may be, should be adopted.
6-34
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G. Noige lmpact Assessment

Up lo this point, 85T noige wag evaluaiced by assuming a model air-
port and fleet mix and caleulating the noise exposurc (Ldn) resulting
from the introduction of several rales of SST operations, Estima-
tions were made for the noise exposure areas, populalion expcsed, and
costs of protectling the people by compatible land use control.

Another way of evaluating the noise cffects on communitlies due lo
the introduciion of 851 operalions at an airpert is by making a Noise

~ Impact Assessment (NIA) according to the methodology presented in
Appendix C.*
The underlying concept for Noise Impact Assessment 15 to express
the change in hurﬁan response expected from the people exposed to the
‘ﬁ\f ehvironmental noise being considered. Three sieps are involved:
definition of '""before" noise environment,
definition of "after' noeise environment, and
definition of the relationship between the noise environments, and
the degree of its "impact' on the population in terms of expected
human response relative to specified criteria levels.
. Noise criteria levels for various land uses or occupied spaces are
: given in Table 4. It is assumed that these levels, if not exceeded,
would provide entirely accepiable accustical environments (i, e, they
represent zero noise impact). These levels are specified for outdoors

although the use of mogt of these spaces is usually indoors. The noise

#This methodology was developed by Working Group No. 69, Committee
. on Hearing, Bioacoustics, and Biomechanics (CHABA), National Acad-
o emy of Sciences, Nalional Research Council.
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reduction for typical building constructien has been uscd io arrive al
outdoor neise levels which would provide acceptable indoor environ-
ments.

The Noise lmpact Assessment procedure hag been applied to the
datla listed earlier in this Section which quaniified by Ldn methodology
the noise effecis ofintroducing 858 operalions. The tabulation given in
Table 5 shows the values of Iiguivalent Noise Impaci (IENIB and ENTA}
before and after introduction of 8ST operations at the ratesofl 1, 4,
and B takeoff and landing opcrations per day under the three different

assumed subsonic fleet configurations. Also shown are the resulls

".i'or Change in Equivalent Noise Impact { ENI), Relative Change in

Impact (RCI), and Ratio of Impact (RI),

It should be pointed out that the ENI values computed here are those
due to Day-Night Levels (Ldn) of 65 d1 and greater; the data on which
these compuiations werebased included noise exposure values no lower
ihan Ldn 65,

From a reviewof thetabulated results, a number of conclusgions can
be drawn, generally similar to those adduced earlier from the Ldn
analysis.

(1) The powerful effcet of retrofit of the subsonic airplanes on the
pircraft environmental noise impa_ct is readily apparent from these
data, The ENI caused by the subsonic fleet is reduced to about 14%
of the original value by Quiet Nacelles {3D and 8D) and to about 10%
by combined Quiet Nacelles and Refan, .

{2} Introduction of one io eight SST operations per day into the
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bageline [leet produces a significant increase in the Relalive Change
in Impact; from 4.4 to 29, 6 percent, respectively., However, the in-
creasc is much more giriking for the retrofitted fleets, For the Quiet
Nacelle fleet (QN-3D and 8D), one io eight SST operailions per day
increases the RCI from 21,5 1o 185,3 percent., And for the fleet
congisting otj Quiel Nacelles and Refan, the RCI for one to eight SST
operations per day increases {from 31,6 to 255,0 percent. The above
figures illustrate the sirong influence on noise impact that SST opera-
tions can have, particularly for communities that might be henefitiing

from reduced noisc exposure due lo operations of noise conirolled air-

“eraft.
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7. CONCLUSIONS

Whereas the Coneorde and TU-144 aircraft designs, and thereforce
their noise characleristics, were set in the carly 60's, future gener-
ations ol civil supersonic aircralt are nol restricted by the technology
of the 1950's and 60's.  The aircraft and engine manufacturers are
keenly cognizant of the public outcry against alrcraft noise, TFulure
designs will have io conform 1o reduced noise reguirements if they
are 1o be commercially acceptable af existing and future airports.
Noise standards need to be identified now so that the industry is aware
of what is expectued of these advanced aircraft in future years,

As pointed out in Reference 5, there is an approximate 8-10 year
delay between ihe identification of technology availability and the
operational application of {hat technology. Therelore, new aireraft
utilizing current technology wonld not see operational service before
1982-85,

Consequently, the first generation S8Ts {(Concorde and 'TU-144)
will inject new noise sources into the air transport systems that are
approximately equivalent in noisiness to the narrow-bodied 4-engine
subsonic transportg under the flight path and noisier at the sidelines
on takeoff. The Concorde noise is characterized by a greater content
of low-frequency noise energy than itg subsonic counterparts. This
characleristic may make the Concorde noise somewhat more objec~
tionable, as the predominant low frequency noise propagates with
lower attenuation due to atmospheric absorption, thereby maintaining
a higher sound pressure level over longer distances (and larger pop-
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ulation areas) than does the higher-frequency noise of the subsonic

jetg. Furthermore, this low frequency sound excites more structural
vibration of buildings {which in turn may cause objeclionable rattling
noises in building intcriors) than does the high frequency sound, On
the other hand, it is generally recognized that the lower {requency
sounds do not contribute as much to annoyance as do higher frequency
sounds, which may at Least partially halance out the negative aspecls
of long-distance propagation and vibration excitation.

- With the introduction of the Concorde and TU-144 into inter-
national airline service in the 1975 time period, a stimulus may be
provided for growth versions of these alrerafl as well as incentives

_ for new aircraft developments. In order to prevent the possible future

' ] esgcalation of noise from this type of aiveraft, it is appropriate at

: : this time to promulgate a noise repulation which will provide design

= goals for future civil supersonic aircraft. It is emphasized that all

: | operations over the United States land areas are congirained to be at

gubsanic speeds in accordance with FAR Part 61,55 (Reference 12)

T .

e sy

Hence sonic boom is not an issue,
Sideline noise has been identified as the most demanding design

requirement for supersonic aircraft, However, the preamble of FAR

36, for subsonic aircraft, acknowledged the need for consideration of
. aircraft type in the establishment of the sideline measuring point (0, 35
nautical mile for 4~engine aircraft)., Despite this fact, sideline noise

has not been a significant community problem ai most airports since the
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majority of the objectionable noise has been cenfined within the
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airport property, Ag was indicated in Section 4, increascs in the
engine thrust-to-weight ratio for a given type of aircrafl reduce the
noigse impact under the takeoff flight path., However, for a given size
of vehicle the sideline noise is thus inercased due to the additional
thrusli required. ‘l'hig characteristic provides an opportiunity for
trade-off considerations which n.iight cffect some reduction in

communily noise impact, Tigure 8 indicates this relationship for the
Concorde airecraft al various gross welghis and thrust settings. The
data indicates that a 5% increase in installed engine thrust would
decrease lakeoff noise 1 dB while increasing sideline noise by not
greator than 1, 5 dB.

IFrom all of the data available, including that of the cancelled U. 8
supersonic transport program, it appears that future designs of civil
supersonic aircrafi can al least meet the noise provisions of FAR 36
as presently defined for subgonic aircrafl,

Advanced propulsion developments may provide still further
reductions in the gencrated noise but these concepis have yel to be
demonstrated, Furthermore, the contribution of aerodynamic noise
and core engine noige 1o the total aireraft noise sipnature needs to
be understood and evaluated in order to determine the maximum
noise reduction potential available with oplimized engine and airframe
design,

Future SST aircrafi will be subject to other desipn constraints in
addition to noise control before they can be considered as viable

Bystemas, Energy concerns will be reflected by thelr (fuel
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congumption characleristics, and engine emission slandards will
provide additlonal ecological constrainis., WNoise, cmissions and fuel
consumption characteristics are dircetlly interrelaied and therefore
need to be considered concomitantly.

In order io allow an opporiunily for the first generation supersonic
trangports io demonstrate their viabilily, it appears reasonable to
allow at least some of these airplanes to exceed the I'AR 368 subsonic
airplane noise limits provided that the increase in community noise
pact would be insignificant oradeguately controlled. Present technology
does not practlicably allow reducing the source noise emissions from
currenl S58Tg. Other aclions must be considered, primarily operalional
constraints, Among the possible actions that might he laken are the
following:

{1) Use preferred ajrports and runways which help avoid noise-
sensitive areas,

(2} Use noise abatement takeoff and approach procedures to the
maximum exient commensurate with safe operating procedures,

{3} Revise schedules to eliminate one or more night flights of sub-
sonic sirplanes. This could be advantageous if feaszible, because of
the 10 dB weighting of nighttime noise events in the Ldn contour,

(4) Apply retrofit technolegy specifically to (or replace with new
airplanes) one or more of the noisy subsonic aircraft operating at the
airport to be impacted by SST flights, to achieve a balancing reduc-
tion in Ldn.

(5) Trade off flighis of other noilsy subsonic aircraft in order to
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limit the effecl on noise impact. For example, one flight of a DC-8
or 707 is almoast equivalentin Tudn effect o one flight of a current 58T,
if ihere is little or no noise-sensitive avea at the sidelines, and thus

an airline could subsgtitue an 8371 flight for a DC-8 or 707,

1-5




~pemm e Y

ot L e

T P,

’ 8. RECOMMENDATIONS

Among the wide range of regulatory opticns previously considered

for controlling the noise of supersonic civil airplancs, the following

five are recommended for further consideration.

A. Tuture 88T Aireraft

A rule should be considered for promulgation which requires super-

sonic transport airplanes to comply with the same noise standards

applied to subsonic transport aireraft ai the date of type design appli-

cation, The rule should be applicable to all iype design applications

made after § August 1970 {except for those airplane iypes that have

been flown before 31 December 1974). This date represents the publi-

cation of ANPRM 70-33 (Reference 14) serving notice that the FAA is

congidering rule making to establish noisc standards for the type cer-

tification of ecivil supersonic airceraft. This date is early enough to

preclude commitment of sipnificant economic resources to develop-

ment programs for new airplanes which might otherwise be initiated

without adequate consideration for environmental noise effects.
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~~ B. Current SST Aircraft

A rule should be considered for promulgation which requires that
operators of current types of SST aircraflt (Concorde and TU-144) must
include a Noise Impact Assessment {NIA) with {heir application to land
and take off in the United States. The NIA should show thai ihe increase
in noise impact caunsed by the operations of current SSTs will be no
greater tha.r; that which would be caused by the same number of opera-
tions of an airplane that mecets the noise level requiremenis of FAR 36.
Also, ihe EIS should include the following information:

! « The particular airports and runways to be utilized.
+ The noise abatement lakeoll and approach procedures and other

restrictions that will be employed to minimize noige impact.

+ The number of operations (and times) per day at each airport,.
f’% ¢« The number of operations and types of subgonic airplanes
to be replaced by SST operations,

The rule should, in addition to the factors of safety, economic

e m————

reasonableness, and technolegical practicability, be considerate of the
following:
+ The design requirements of supersonie aireraft are unique,

+ The Concorde and TU-144 aircraft exist and substantial

regources were expended by the manufacturers in noise

T ' control research and development.

» The types and locations of airports from which airlines
will choose to operate SST aircraft are limited because
of econemic considerations {payload, range, etc.).

8-2
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In other words, most air-carrier airports are not candidates for SST
operations. Also some airports because of size or proximity to
non-residential arcas (e.g., water} may be able to permit Concorde
and TU-144 operations with negligible or no effect on the population.

It should be noted that, ag the subsonic fleet becomes less noisy
due to replacement of the narrow body four-engine airplane with
quieter wide-body airplanes and/or implementation of retrofit rules
for noise control, the noise impact of the SST may have to he re-

.. evaluated.

3

LTI s

et

RS

i

L

e a2t T LD TS BB RS2

g-3

LR PR

. .
ot LGB 1 g ket o g g,

A a o L R T S S AT T ROl
B R L i s sl S

ettt S o i . et . -
B TR s T e B P I T LSS IPS LS



IR TR L T B - aa s

]

X T B

R T T T P P . v e g

El

C. Tuture 88T Aircraft and Laler Production Versions of

Current S8T Aircraft

A rule should be considered for promulgation which would pertain
to supersonic civil airplanes in iwo categories: future SS5Ts and later
produciion versions of caurrent SSTs,

For [uture supersonic airplanes, that is, airplanes for which the
date of application for a type ceriificate is after Aupgust 6, 1970, (the
date of publication of ANPRM 70-33), except for those airplane types

that have been flown belore December 31, 1974, the regulation should

. require that the airplane conform to the FAR 36 standards in effect on

the date of application.

For later produciion versions of current SST airplaneg which are
now in process of fabrication and production, the regulation should re-
guire that the supersonic airplanes comply with the FAR 36 standards
in effect as of December 1, 1869, i,e., present FAR 36 levels, The
cut-off date in the regulation should be defined in terms of airplanes
that will have had no flight time before December 31, 1984, This date
was selected because it reflecis the existing planned program of the

Concorde developers to have built and delivered 30 Concordes by 19885,
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D. TFuture SST Aircraft and Laler Production Versions of Current

SST Aircralt {Alternate Regulaiory Approach)

A rule should be considered for promulgation, similar to the one
ovilined ahove, which would pertain to supersonic civil airplanes in the
two categories of future SST's and later production versions of current
SSTs.

As recommended above, {uture stUpersonic airplanes would be re-
quired to conform to the FAR 36 standards in eiffect on the date of

application for type cortificate.

Also, as recommended ahove, later production versions of current

" 8ST airplanes would be required to conform to the FAR 36 standards

in effect as of December 1, 1969, However, "ater production versions
of current SST aircraft"” would be defined in such & manner as to in-
clude all aircraft upon which substantive productive effort will not have
commenced by the date on which the regulation is proposed, To pro-
vide a definite frame of reference, "substantive productive effort com-
menced'' can be defined to signify that parts have been fabricated or
delivered or are on order in aggregaie cquivalent in total value to a
specified percentage {e.g., 5 percent or more} of the selling price of
the airplane.

The intent of the regulation would be to ensure that no more super-
sonic airplanes than those now actually committed for ‘production
(rather than those expected to be manufactured by 1985) would be al-
lowed to operate at United States airports with source noise emissions
exceeding those permitted by FAR 36 standards,

8-5
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i, Current SST Aircrafl (Alternate Repulatory Approach)

A rule should be considered for promulgation which allows current
types of 85T aireraft to engage in landing and {akeofl operations enly
at airports designated by the FAA Adminisiralor as being suitable for
85T operations. ‘The rule would require that, in order for an 3ST 10
operate at the airport, the operator of the airpori, at his option, must
agree to its designation as an SST airbort, and the airplane must con-
form to specified restrictions regarding runway use, noise ahatement
prodcedures, hours of operation, ete., mutually determined by the

FAA and the airport operator. The eriteria for designation of an air-

‘ port as being suitable for SST operations would be based on the factors

ouilined below, plus others that may evolve as a result of public re-

view and comment. The major factors to be considered would include,

besides the basic ones of safety, economic reasonableness and prac-

ticability:

+ Appropriate route patterns and traffic, and potential demand for

SST service.

+ Bffectsof SST landing and takeoff operations on the noise impact
In the neighboring communitics, taking into account the noise
characteristics of ihe S3T and the expecied {requency of SST

operations.

The recommendation for such a regulation could he combined with

a propoged regulation for future 3S8Ts, as outlined in Sections 8A and

8C herein.
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J‘A\_ a
AIRPLANE FAR 36 CONFIGURATION NOISE LEVELS
_ NOISE @ FAR 36 MEAS, PTS., EPNdB
WEIGHT MEAS. LEVEL BASLLINE
ENGINE TYPE KLBS POINT REQ'T OR QN - gn QN - 33
EPNAB STANDARD | QN ~ 8D R/F ~ 8D
BOEING S/L 106.3 102.1 99,2 99,2
707 333.6 1/0 103.8 113.0 102.2 102.2
APP 106.3 116.8 102.2 102.2
JT3D DOUGLAS s/L 106,2 103.0 99.0 99,0
ne-8 325.0 T/0 103.6 114.0 103.5 103.5
APP 106,2 117.0 105.0 105.0
S/L 104.4 99,9 99,9 91,7
BOEING 172.5 /0 99,0 100.0 97.5 93,1
727 APP 104.4 108.1 100.0 101.0
S/L. 102.9 101.1 101.1 85.7
JTED ?g?ING 103.5 T/0 95.3 91.7 91.7 82.5
APP 102.9 108.9 101..6 100,8
s/L 103.0 101.1 101.5 92.0
povsLs 108.0 . 1/o 95.6 97.0 94,5 85.0
APP 103.0 108.0 99.0 98.0
3/L 106.7 114.2
ggg?ggg ggnconna 385,0 /0 104.8 115.4 N.A. N.A.
APP 106.7 114.5
OLYMPUS COMNCORDE 5/L 106.8 113.1
593 PRODUCTTION | 400.0 T/0 105.1 117.8 N.A. N.A.
ATD 106.8 114.9
s/L 106.8 114.0
NK 144 TU ~ 144 396.0 /0 105.0 110,0 N.A. N.4A.
APP 106.8 110.0
TABLE 1. NOISE LEVELS FOR SUBSONIC AND SUPERSONIC TRANSPORTS.
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SUBSONIC SST TOTAL LFFECT OF 8ST
SUBSONIC FAR 36 FLEET OPS, | NEF | Ldn BEF Ldn | & NEF & | & AHEA
FLEET MEAS, [ NEF Ldn | PER A Ldn

CONFIGURATION | POINT da dB | DAY 4B db dn ¢B db 0/0
BASELINE §/L 35.5 | 70,5 a7y | 61 | de1 | 711 | 4006 +10
aR 1/0 43,2 | 78,2 29,1 | 64,1 | 434 | 70,4 [ 40,2 + 3
STANDARD AP 47.2 | 822 7.0 | 62,1 | 4n2 | 822 0 0
N - 30 /L 34,6 | 69.§ 27,1 | 62,1 | 5.3 | 70.3 | +0.7 +11
N - 8D /0 33.7 | 8.7 1 29,1 | 64,1 [ 350 [ 0.0 [ 423 +22
e APP 3.5 | 70,5 27.1 | 62,1 | 361 | 7.1 | +0.6 +10
QN - D /L 20,7 | 64,7 27,1 | 62,1 [ 3.6 | 666 | +1.9 +34
R/F- 8D T/0 3.5 | 67.5 29,8 1 641 1 M | 6%l | 416 +28
AbP 3.9 | 70,9 7.1 ] 62,1 | 64 | TL4 | 405 + B

BASELINE S/ 35.5 | 70.5 33,1 | eB.1 | 37,5 | 705 | 42,0 +36
OR T/0 43,2 | 78,2 35,1 | 70,1 | 43,8 | 78.8 | +0.6 +10
STANDARD APP 41.2 | 82,2 33,1 | 6B.1 | 474 | B4 | 40.2 + 3
QN - 3D S/L .6 | 69,8 3.1 | 66,1 | 369 | 7L.e p +2.3 +43
QN - 8D T/0 33,7 | 68,7 4 35,0 | 0.1 ¢ o375 | 75 438 +79
APP 3.5 | 70.5 33.1 | 68,1 | 31,5 | 705 | +2.0 +36

N =30 5/1 29.7 | 64.7 331 | 68.1 | 34,7 { 69,7 1 +45.0 +116
R/F- 8D ™ T/0 32.5 | 67.5 35,0 [ 70.1 [ 37,0 { 750 | 44,5 +100
APP 5,9 | 70.9 3.1 | e8| 37 | TAT | +18 +32

BASELINE 5/1 35,5 | 70.5 36,1 | 71,1 388 | 738 | +3.2 +66
oR T/0 43.2 | 78,2 381 | TR | hh | 794 | 4.2 +20
STANDARD APP 47,2 | 82.2 36,1 | 7.1 | 47,5 | BLE | +40.) +5
QN - 3D S/1, 34.6 | 69.4 36,0 | 711 [ 384 [ 734 | 438 +79
QN - 8D T/0 33,7 | 68.7 8 B | 131 39,5 | 745 | 458 +144
APp 35.5 | 70.5 36,0 F 7L | 388 | 708 | +3.3 +66

Q8 - 38 /L 29.7 | 64,7 36,1 | 711 | 3n0 | 72,0 [ +47.) +207
R/F- D T/0 2.5 | 67.5 38,1 | 731 3.7 | Ta2 ] 487 +180
APP 9 | 70.9 6.1 | 71 | 3. 7.0 | +3.1 +61

TABLE 2, EFFECT OF S5T OPERATIONS ON NOISE EXPOSURE.

(a) HYPOTHETICAL AIRPORT - SINGLE RUNWAY,
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SUBSONIC FAR 36 | SUBSONIC TOTAL EFFECT OF SST
FLEET MEAS. FLEET oOFS :

CONFIGURATION | POINT [ WEF | Ldn | PER Ldn [ NEF  Ldn | A§ER & | 4 AREA
48 | aB | DAY 4B | a8 | aB dB 0/0

s/L | 39.3 | 74.3 27.1 | 62.1 | 39.6 | 74.6 | +0.3 + 5

/o | 49.2 | 84.2 | 1 | 29.1 | 64.1 | 49,2 |84.2] O 0

BASELINE app | 51.3 | 86.3 27.1 | 62.1 | 51.3 |86.3] o 0

S/L | 39.3 | 74.3 33,1 | 68.1 | 40.2 | 75.2 | +0.9 +15

OR T/0 49.2 | 84.2 4 35.1 | 70.1 | 49.4 [ B4.4 | +0.2 + 3

APP | 51,3 | 86.3 33.1 | 68.1 | 51.4 | 86.4 | +0.1 + 2

STANDARD S/L | 39.3 | 74.3 36.1 | 71.1 | 41.0 | 76.0 ] +1.7 +30

/0 | 49.2 {84.2 | 8 | 38.1 | 73.1 | 49.5 [84.5] +0.3 +5

APP | 51.3 | 86.3 36,1 | 71,1 | 51.4 [ 86.4 | +0.1 + 2

EFFECT OF SST OPERATIONS ON FOISE EXPOSURE

TABLE 2,

JFK AIRPORT -~ RUNWAY 13R/31L




NOISE EXFOSURE AREA, SQUARE MILES

SUBSONIC ,
FLEET GROSS NET
CONFIGURATION | NEF 30 | NEF 35 | NEF 40 | NETF 30 | NEF 35 | NEF 40
Ldn 65| Ldn 70 | Ldn 75 | Ldn 65 | Ldn 70 | Ldn 75
s BASELINE
: o0R 10,69 | 4.95 2,30 9.19 4,32 1.38
STANDARD
QN ~ 3D
o - & 2,49 | 1.15 0.54 2.08 1.01 0.32
o QN - 3D
- B/F ~ 8D 2.07| 0.96 0.45 1.74 0. 84 0.27

' TABLE 3. TAKEOFF OPERATIONS OF SUBSONIC AND SUPERSONIC TRANSPORTS
AT HYPOTHETICAL AIRPORT. '
{a) NOISE EXPOSURE AREAS DUE T0 SUBSONIC FLEET.

e vt e e
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SUBSO NOISE EXPOSURE AREA, SQUARE MILES

: FEEEgIC 1 SST FLIGHT PER DAY 4 SST FTLIGHTS PER DAY. 8 $ST FLIGHTS PER DAY
CONFIGURATION |NEF 30 | NEF 35 | NEF 40 | NEF 30 | NEF 35 | NEF 40 | NEF 30 | MEF 35 | NEF 40
i Ldn 65 | Ldn 70 | Ldn 75 | Ldn 65 | Ldn 70 (Ldn 75| Ldn 65| Ldn 70 | Ldn 75
f
{ | BASELINE

OR 0,32 0.13 0,04 1.04 0.42 0.13 2.14 0.86 0.28

STANDARD i

QN-3D

QN-8D 0.48 0.23 0,07 1.67 0.81 0.26 3.01 1.45 0.46
© | qn-3p S
) R/F-8D 0.49 0.24 0.08 1.74 0.84 0.27 3,13 1.51 0.49
: TABLE 3. TAKEOFF OPERATIONS OF SUBSONIC AND SUPERSONIC TRANSPORTS

AT HYPOTHETICAL AIRPORT.
{b) INCREASE IN NOISE EXPOSURE AREAS DUE TO SST.
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POPULATION
SUBSONIC DENSITY,
FLEET PEOPLE PER SQUARE MILE IMPACT, PEOFLE
CONFIGURATION ™ \rn 50" | NEF 35 | NEF 40 | NIF 30 | NEF 35 | NEF 40
Ldn 65 | Ldn 70 | Ldn 75 Ldn 65 Ldn 70 Ldn 75
BASELINE
O0R 5,000 | 2,500 | 2,000 {36,460 | 10,110 | 2,760
STANDARD
QN - 3D
o = o 4,59 | 2,020 640
SEE NOTE
QN - 3D
Ry 3,660 [ 1,680 540

NOTE: POPULATION DENSITY WITHIN GIVEN CONTOUR AREA IS BASED ON BASELINE VALUES.

FOR EXAMPLE, FOR THE Q¥ AND R/F FLEET, THE NET AREA WITHIN Ldn 70 SHRINKS FROM 4.32
TO 0.84 SQUARE MILES WHICH IS TOTALLY WITHIN THE BASELINE Ldn 75 AREA.
THE POPULATION DENSITY IS CONSIDERED T0 BE 2,000 PEOPLE PER SQUARE MILE WHICH IS THE

VALUE ASSOCIATED WITH THE BASELINE Ldn 75 AREA.

TABLE 3, TAKEOFF OPERATIONS OF SUBSONIC AND SUPERSONIC TRANSPORTS
AT BYPOTHETICAL AIRPORT.

(c} POPULATION IMPACTED BY NOISE DUE TO SUBSONIC FLEET.

CONSEQUENTLY,



~ -~
i INCREASE IN POPULATION, PROPLE
Sgﬁgggrc 1 SST FLIGHT PER DAY 4 S8ST FLIGHTS PER DAY 8 55T FLIGHTS PER DAY
CONFIGURATION | NEF 30 | NEF 35 | NEF 40 | NEF 30 | NEF 35 | SOF 40 | NEF 30 | NEF 35 | NEF 40
Ldn 65 | Ldn 70 | Ldn 75 | Ldn 65 | Ldn 70 | Ldn 75 | Ldn 65 | Ldn 70 |Ldn 75
BASELINE
OR 1,600 | 325 80 5,200 [ 1,050 | 260 | 10,700 | 2,150 | 560
STANDARD
gg - gg 960 | 460 140 | 4,175 | 1,620 { 520 8,000 | 2,900 { 920
QN - 3D
F - 8 980 | 480 160 | 3,480 | 1,680 | si0 8,450 | 3,020 | 980
TABLE 3, TAKEOFF OPERATIONS OF SUBSONIC AND SUPERSONIC TRANSPORTS

(d) INCREASE IN POPULATION IMPACTED BY NOISE DUE TO SST.

AT HYPOTHETICAL AIRPORT,
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INCREASE IN €OST, DOLLARS
SUBSONIC
FLEET 1 SST FLIGHT PER DAY 4 88T TLIGHTS PER DAY 8 SST TLIGHTS PER DAY
CONFIGURATION | NEF 30 | NEF 35 | NEF 40 | NEF 30 | NGF 35 | NEF 40 | NEF 30| NEF 35 | NEF 40
Ldn 65 | Ldn 70 | Ldn 75 | Ldn 65 | Ldn 70 | Ldn 75 | Ldn 65| Ldn 70 | Ldn 75
BASELINE
OR 96 33 16 937 315 156 | 3,852] 1,290 672
STANDARD
QN - 3D 374 299 182 4,761 | 3,078 | 1,976 | 15,486 | 8,410 | 5,336
ON - BD ' ’ + s ’ ’
QN - 3D
470 184 256 4,698 | 3,780 | 2,430 | 16,984 [ 20,217 | 6,566
R/F - 8D
UNIT COST,
§ PER PERSON PER dB
: NEF 30 | NEF 35 | NEF 40
Ldn 65§ Ldn 70| Ldn 75
300 | 500 | 1,000
TABLE 3, TAKEOFF OPERATIONS OF SUBSONIC AND SUPERSONIC TRANSPORTS

{e) INCREASE IN COS

DUE TO S§ST.

AT HYPOTHETICAL AIRFORT.
T FOR NOLSE COMPATIBLE LAKWD USE CONTROL



fa) o~
Outdoor/Indoor Noise Level
gbserver Land Use Nolse Reduction Criteria
ategory
Level Windows Ldn Leq
dR*#* dn dB
1 Resgldential 15 Open 55 -
2 Hospltal 15 Open 55 -
3 Motel and Hotel 15 Open 60 -
4 School Buildings and Outdoor
Teaching Areas 13 Open 60
5 Church 25 Closed —— 60
6 Office Buildings 25 Closed — 70
r,‘."‘ 7 Theater 35 Closed - 70
-
8 Playgrounds and Active Sports NA NA - 70
9 Parks NA NA - 60
10 Specilal Purpose Outdoor Areas NA NA - *

* Intruding nolse shall not exceed existing Leq minus 5 dB.

** Yhere knowledge of structure indicates a difference in nolse reduction from these values,

the eriterion level may be altered accordingly.

TABLE 4, CRITERIA FOR NOISE IMPACT ANALYSIS OF SENSITIVE LAND AREAS
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Subsond . of ENTB ENTA
F‘; aonie s;i* 89% (Without (ith AENTI RCI RI
eet > ; " $8T) SST) People % %

Config, Per Day People Teople

Baseline 1 25,100 26,211 +1,111 + & | 104.4
or Std.

QN - 3D

of - & 1 3,580 4,348 + 768 + 21,5 121.5
QN ~ 3D

R/P- D 1 2,511 3,304 + 793 + 31.6 131,6
Baseline 4 25,100 28,710 +3,610 + 14,4 114.4
or Std.

QN - 3D

N = & 4 3,580 6,790 +3,210 + 89,7 189,7
QN - 3D

R/F 3D 4 2,511 5,309 +2,798 +111.4 211.4
Bageline N

o 8 25,100 32,535 +7, 435 + 29.6 129,6
QN - 3D .

o - & 8 3,580 10,213 +6, 633 +185.3 285,3
QN - 3D

R/E 8 8 2,511 8,915 +6, 404 +255,0 355,0

e r————.

TABLE 5.

DUE TO THE ADDITION OF SST OPERATIONS

11-10

INCREASE IN NOISE IMPACT AT A HYPOTHETICAL AIRPORT



ATPPENDIX A

DAY-NIGHT LEVIL {Ldn) and NQOISE EXIPOSURE IFORLECAST (NEI)

METHODOILOGIES

General Formulae

The expressions for noise exposure forecast (NET) for the general
casc of all types of aircraft and rhultiple usage of runways ﬁre as
follows:

NEF(ij) = EPNIL{ij) + 10 log [Nd{ij) + 16, 087Nnlij)] - 88

NEF = 10 log IL ant [NEF (i )/10}

ij
NEI = Noise Exposure Iorecast, dB (NEFdRB).

NPNL = Effective Perceived Noise Level, dB (EPNdB).
Nd = Number of day movements (0700-2200 Hrs. ).
Nn = Number of night movements {2200-0700 Hrs. ),

i = Aircraft type or class. Ant = Antilogarithm
j = Tlight Path Segment.

Day-Night Level (Ldn) is a measure of the cumulative noise ex-
posure for a twenty-four hour period. Itis a derivative of the Liquiv-
alent Noise Level (Leq); being the same measure as Leq except that
the noise levels which occur during the nighttime hours (2200 to 0700)
are increased 10 decibels over the actual noise levels. Leq, and
therefore Ldn, is based upon an integrated meagure {or computation)
of the energy equivalent of the A~weighted sound pressure level. For
a gingle, discrete noise event (e) such as the noise created by an air-
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craft flyover, the Leqg(e) is the A-weighted counterpart of the Effective
Perceived Noise Level EPNL(e)} for that event.

Allowing 14 dB for the numerical difference between EPNL(e) and
Leg(e), and realizing that in ithe measure of Ldn the nighttime noise
levels are increased 10 dB, but in fhe measure of NEF the nighttime

noise cxposure level is increased byIIOdB, 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,

fimrefore, j can be dropped from the equations. Thus,
NEF(i} = EPNL{i) + 10 log[Nd{i) + 16,67Nn(i)] - 88

NEF =10 log I ant [NEF({i)/10]
i .

3. Single Type Aircraft

¥or a single type of aircraft, i can be dropped from the equations,

‘Thus,
NEF = EPNL + 10 log[Nd +16,67Nn] - 88

which can be rearranged as

EPNL - NEF = 88 - 10 logfl + 16, 67(Nn/Nd)] - 10 log(Nd)

and plotted as shown in Figure 7,
A-2
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4, Use of Curve

Figure 7 gives the relationship between EPNL, NEF, and number
of movements for a single airplane operating to or from a single run-
way. However, Figure 7 can be used in a more general manner. If
The EPNL's and number of movements (Nd and Nn) arc known for a

variety of aircraft types referred to a specific location, then the cum-

- lative NEF, at that location, is simply the sum of the individual NEF's

taken from Iipure 8, That is,
NEF =10 log I ant [NEF(i)/10]
i

This procedure would hold regardless of the number of runways in-

volved.
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APPENDIX B
COMPUTATION OF NOISIt EXPOSURE EIFFECTS OF 58T

OPERATIONS

1. REFERENCE FLEET - NOISE EXPOSURE FORECASTS

The reference fleet of airplanes described in Section 5 is defined
based on the information presented in Reference 20, Table 7, adapted
. from Table 6 of that report, shows the composition of the reference

{flect, the DEffective Perceived Noise Levels (EPNL) at the FFAR 36

; A measuring poinis, and the NEF values for the {lcet at those measuring
: points for the various assumed conditions:

F (a) Baseline ~ bascd on current certificated values of

; f“ﬁl Effcctive Perceived Noise Level (EPNL);
F (b) "FAR 36" - based on premise that all airplanes meet
: ’i the EPNL requirements of FAR Part 36;
: ' ’ (c) "QN-3D+8D" - based on premise that the airplanes

%I ; powered by JT3D + JTBD engines are

g ‘ retrofitted with ''quiet nacelles';

e ; (d) "QN-3D, R/F-8D" - bascd on promise that the JT3D-
f . i powered airplanes are retrofitted with

: quiet nacelles and the JT3D-powered

;' ; . airplanes with refanned engines.
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2, COMPUTATION OF INCREMENTAL AREAS WITHIN NEFF 30 AND

NETF 40 CONTOURS,

In sections 5 and 8 of this report, the eflfects of community r;oise

exposure of the introduction of S3T operations are quantified in two
different, but related, measures. The primary measure is computed
as a change in Day-Night Level (Ldn) or Noise Exposure Torecast
(NEF) in decibels. (The NETF/Ldn methodology ig outlined in Appendix
A,) The derived measure is increase in area enclosed within the con-

tours of Ldn 85 (NEF 30) and Ldn 75 (NEF 40), The basis for this

computation is summarized herein,

The basic equation used is the following:
AlLdn = A(NETF) = 15 log A/Ao, (1)

where Ao is the reference area enclosedd within the original Ldn

(NE) contour,

“and A is the area enclosed within the contour meodified by intro-

duction of the additional airplane operations. The line representing
thig equation is plottedin Figure 10, which may be used to estimate
the change in exposed area due to a change in NEF value measured
at a specified point. It will be noted that this relationship applies
to either positive or negative changes inLdn or NEF, For exemple,
an Ldn increase of 4.5 dB will result in an increase in the area
within the Ldn 65 {or 75) contour by a factor of 2 (that is, A/Ao = 2);
correspondingly, a decrease in Ldn of 4.5 dB3 will result in a
decreaseby afactor of 2in the enclosed area (that is, AfAo = 0,5).
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Equation (1) is not an exact equation, based on theoretical con-
siderations. It is a reasonably good approximation, based largely
on results of computation of NEF and EPNL contours, shown in
various sources. TFor example, Reference 22 describes a model for
predicting noise exposures around airporls, Based on considerable

compuiational data, this model may be summarized by the following

equations:
NEF 30 arca = , 86 x 10 [10 1logN + 24 - 30] (2)
NET 30 area = ,98 x 10 [10 logN - 16] {3)

where N is the number of daily operations
and area is in square miles

Lquation (2) may be re-written as
log(NE¥ 30 arca) = 0655 + [10 logN - 6] : (4)
or 15 log(NET 30 area) = C +10 logN . (5)

Since NEF is directly related to 10 logN (as seen in Appendix A)

this is equivalent to
15 log Ao = C + {(NEF)o (6}
and for a change in NEF, ANEF = (NEF) - (NEF)o

one obtaingl15 log A/ Ao = NEF, which is identical to Equation (1).

an analysis was run on a geries of calculations of EPNL contours and

enclosed areasg reported in Reference 26.
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In the referenced report, thecontours of EPNL 100, 95, 90 and 85 dB
were computed and the areas enclogsed within the contours measured,
‘The EPNL contours for ithree different airplancs (707, 72%, and DC-9)
were computed using experimentaly derived curves of EPNL versus
slant range (References 27 - 29),

Based on the data form these rcports, the ratios A/ Ao were com-~
puted for EPNL = § dB, 10 dB, and 15 d3, The resulis are listed
in Table 8, The mean values of A/ Ao obtained for those three values
of ALEPNL, both from the FAA data (Relercnces 26 - 29) and from

Equation (1), were as shown below:

Al Ao Al Ao
EPNI. [eomputed from {based on Equ. (1}]
FAA data]
5 dB 2,33 + 0.4 2,14
10 dB 5.28+1.25 4,64
15 dB. 10.8 + 2,89 10, 0

These resgults indicate that Equation (1) provides an adequate ap-
proximation (within about 10%)to the predicted areas enclosed within

the EPNL contours ranging {rom 85 to 100 dB.
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APPENDIX C
NOISE IMPACT METIHODOLOGY

1. Discussion

The Noise Control Act of 1972 defines environmental noise as "the
intensity, duration, and the characterof soundsfrom all sources'., The
EPA has chosen the cguivalent A-weighted sound pressure level (Leq)
. as its basic measure for environmental noisc {References 1, 4, 8, and
! 9). There aretwo time intervals of interest in the use of Leq for noise
I ) impact asgessment.  The smallest interval of interest is one hour
i usually considered the "design hour" of a day. The primary interval
of interest for residential land uses is a twenty four hour period, with
a weighting applied to nighttime noise levels to account for the in-
'm, creaged sensitivity with the decrease in background noise at night.
i This twenty-four-hour weighted equivalent level is denoted the Day-
Night Level (Ldn). |
The underlying concept for noise impact assessment is to expreas
the change in human response expected from the people exposed to the

environmental noise exposure being considered. Three steps are in~

T o T Yo T T b mar e i v e rme e o L

volved: (a) definition of initial acoustical environment; (b)definition of

e

ram

final acoustical environment; (c) definition of the relationship between
the specifiednoise environment and the degree of its "impact' in terms

of its expected human response.

The first two components of the assessment are entirely site or

environmental noise before and after the action being considered. The
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same approach is used, conceptually, for the examination of a house
near one proposed road, the entire highway system, or the totality
of the nation's airports. The methodology for estimating the noise envi-
ronment will vary widely with the scope and type of problem, but the
concept remains the same,

In contrast to the widely varying methodologies that may be used
for estimating the noise environment {n each case, the relationships to
human response canbe quantified by a single methodology for each gite
or noise producing system consideredin terms of the number of people

in occupied places exposed to noise of a specified magnitude. This

does not mean that individuals exhibit the same susceptibility to noise;

they do not. Even groups of people may vary in response depending on
previous exposure, age, socio-economic status, political cohesiveness
and other social variables. In the aggregate, however, for residential

locations the average response of groups of people is quite stably re-

: lated to cumulative noise exposure as expressed in a measure such as

the average yearly Ldn. The response considered is the general ad-
verse reaction of people to noise which consists of a combination of
such factors as speech interference, sleep interference, desire for a
tranguil environment, and the ability to use telephones, radio, or TV
satisfactorily. The measure of this response is related to the percen-
tage of people in a population that would be expected to indicate a high
annoyance to living in a noise environment of & specified level of ex-
posure,

A pgeneralized expressionfor the percentage of a population expected

c-2
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to be highly annoyed (% HA) when exposed to a specified envirenmental
noise level is:

% HA = 2(Ldn - 50)
The data from which this expression was derived also show that, even
for situations where, for example, 20% of the people would be expected
to be highly annoyed by their noise environment, the majority of the

population is not at all annoyed.

" 2. Criteria for Noise Impact

The above considerations permit the specification of numerical val-
ues for noise levels in spaces devated to various types of uses which,
if not exceeded, would provide entirely acceptable acoustical environ-
ments, Thus, if those values are not exceeded, it could he assumed
that there would be no impact from environmental noise,

Specific noise criteria level values for those land uses or occupied
spaces generally encountered in noise impact assessments are provided

in Table 4. Each of the levels provided in the table is specified as an

outdoor noise level, even though the use of many of the spaces is

usually indoors. The noise reduction for typical building construction
has been used to arrive at an outdoor noise level that would provide
an acceptable indoor environment, since in any general environmental
impact study it {s only an outdoor noise level that can be predicted in
any practical application. Also, it has been assumed in the table that
industrial and commercial applications are zero impacted at any envi-

ronmentsal noige level.
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3, Fractional Impact

Using the criteria levels of Table 4 as definition of zero impact,
a method is needed for defining impaci if these criteria noise levels
are exceeded., In both the cases of annoyance response and speech
interference, the range of noise levels between totally acceptable condi-
tions and totally unacceptable conditions is approximately 20 decibels,
For annoyance this is an Lidn range of 55 to 75; for speech this corres-
ponds to the articulation index range from 1, 0 to slightlyless than 0.4,
The percent of noise impact at a location can thus be defined as
ranging from zero, when the local noise level is at or below the rele-
vant criterion level, to 100% when the local noise level exceeds this
criterion level by 20 decibels.

For any localion, the percent exceedance of the noise level above

the criterion level is defined as the Fractional Impact (FI), expressed

as:
FI=0,05 (L - Lc) for L>Lc

o FI=0 for L<Le

Where L. is the appropriate Leg measure for the local environmental
noise ({. e., either I.dn or Leq} and Lc is the appropriate criterion
level from Table 4 for the land use under consideration., Note that FI
can exceed unity, if L. exceeds Lc by more than 20 dB.

The possibility of hearing losds, however, will start becoming a
factor for aLdn greaterthan approximately 75 dB. ‘The quantification,
therefore, of the impact for levels above 75 dB becomes less obvious.
In spite of this the fractional impactis continued to be calculated accor-

C-4
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ding to the fermula even for levels above 75 dB. Consirainis on the

'interpretation of the total impact and the characterization of adverse

impact aredesigned to give appropriate weight to the hearing loss con-
siderations,
4, Total Impact

In order to introduce the number. of people affected by each level of
environmental noise into the analysis, it is assumed that a trade-off
can be made between the intensity and the extensity of noise impact,
That is, an assumpﬂon that a moderate exceedance of criterion levels
for a large group of people would be expected to be of greater impact
than a large exceedance of criterion levels [or a small number of
people. A way of defining the impact is to determine the number of
persons {Pi} of the total population under consideration (P) who have
various exceedances (Li -~ I.¢) of the criterion levels. This deter-
mination should be performed using (Li - Le¢} increments of 5 decibels
or less. Thus the Equivalent Noise Impact (ENI) of a specifie noise
environment for a population P can be expressed as:

ENI = I (FIi) (P}
i

This descriptor (ENI) might be considered as the "equivalent popu-
lation" 100% impacted by noise, For residential uses, it can he defined
as the equivalent number of persons exposed to & Ldn of 75 dB. It
provides an estimate as to the magnitude of the impact and serves as
the basis of other measures which are useful for comparing impact of

different noise sources and regulations or combinations of these with
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each other, Such comparisons assml'ne the same area or population
base,
| The Change in Equivalent Noise Impact is defined as:
AENI = ENIA - ENIB
j Where ENIB and ENIA are the "before" and "after" population exposed
to some noise condition. This measure is useful for comparing the
i effects of vz.xrious actions with each other. These comparisons are

valid even though the areas or population bases dilfer,

j ~ Another useful measure is the Relative Change in Impact (RCI).
' This characterizes the change in iImpact due to some action by locking

N

&t the "before" and "after" noise conditions. The measure {expressed

. in percent ) is defined as:
3 RCI = 100 ( A ENI / ENIB)

; This measure, fo be meaningful, must be used for the same area or

[ A T U

population base,

: ) Another measure which is useful for regulatory purposes is the
‘Ratio of Impact (RI) expressed in percent as follows:

RI = 100 ( ENIA / ENIB)

SR

To be meaningful, this value should be computed using the same pop-

R il

i ulation, Ideally, the total national population affected by the noise in

question should be used for the population base,

e = e g r
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