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SUMMARY

(Check One) () Draft (+/) Final Environmental Statement

Department of Transportation, Federal Aviation Administration

1. FAR Part 36 Compliance Regulation (Check One)
(/) Administrative Action ( ) Legislative Action

2. The action is an amendment of the Federal Aviation Regulations,
FAR Part 36 extending noise standards to civil subsonic
turbojet airplanes with maximum takeoff gross weight of 75,000
pounds or more, operating into United States airports.

3. The regulation will provide substantia] noise relief to persons
throughout the United States 1living near airports accommodating
the aircraft subject to the amended rule. Minor increases: in
fuel consumption and air pollution from aircraft emissions may
result from compliance with the noise standards.

4. The following categories of alternatives were considered:

A. No action and deferred action.
B. Noise reduction solely through operational procedures.
C. Less stringent standards than proposed in NPRM
0 higher noise levels
0 allow tradeoffs and/or compliance with ICAQ Annex 16
0 exempt 1nternationa1.operations
0 modify JT3D aircraft only

D. More stringent standards

o} establish more stringent standards than proposed, implying
refan (or reengine) for all non-Part 36 aircraft



Comments have been requested from:
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Federal Energy Administration
Office of Management and Budget
Civil Aeronautics Board

Department of Commerce
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Department of Housing and Urban Development

Department of the Interior

- Bureau of Outdoor Recreation

- Bureau of Sport Fisheries and Wildlife

- National Park Service

National Aeronautics and Space Administration

Department of State

United States House of Representatives

- Appropriations Committee

- Committee on Science and Astronautics, Subcommittee
on Aeronautics and Space Technology

United States Senate

- Appropriations Committee

- Commerce Committee, Aviation Subcommittee

- Public Committee

State Aviation Agencies

City of Inglewood, California, Office of the Mayor

City of Burbank, California, Office of the Mayor

City of Santa Maria, California, Office of City Administrator

Village of Lawrence
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The final statement was filed with the Council on Environmental Quality

and made available to the public on November 17, 1976. The draft statement
was circulated for comment on December 6, 1974.
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Aircraft noise is a significant annoyance for six to seven million
Americans. The problem is particularly serious at some of the major
airports, such as those in New York, Los Angeles, Boston, Atlanta and
Chicago. It represents, moreover, a significant or potential problem
for residents living near many other airports across the nation, and
as air travel increases, noise will become a serious problem at some
of these other airports as well. Aircraft noise is a problem of national
scope because a significant portion of the American people are affected
by it at many locations throughout the country. For example, the 1973
Annual Housing Survey conducted by the Bureau of the Census for the
Department of Housing and Urban Development, indicated that of those
surveyed, 20.2% experienced noise from airplane activity in the vicinity
of their home. Of those experiencing noise - 34.2% considered the noise
to be disturbing, harmful or dangerous; 6.3% felt airplane noise to be
so objectionable that the household would like to move from the neighborhood.
Airplane noise is also a peculiarly local problem, varying substantially
among airport communities depending on the air service provided,-
the type and frequency of operations, the airport design and geographical
arrangement, the mix of equipment and route patterns, the numbers
of people who live nearby and their reaction to aircraft noise, and

the general compatibility of land use in the surrounding areas.

The aircraft noise issue became increasingly important in the early
1960s as airlines introduced jet aircraft to their fleets. The rapidly
increasing number of commercial jet operations in the latter part of

the decade further increased the importance of this problem. Because
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of its adverse effect on people, noise was soon recognized as a major

constraint on the further development of commercial aviation, and action

was taken to address it. The engine manufacturers and the Federal
Government both engaged in extensive research into quieting jet engines.
In 1968, Congress gave the FAA the responsibility to regulate aircraft
design and equipment for noise reduction purposes, and the FAA then
embarked upon a long-term program of controlling aircraft noise at its
source. FAR 36 set standards for turbojet aircraft of new design

in 1969. A 1973 amendment extended the same standard to all new
aircraft of older design. A third major milestone in the source noise
control program is this one, in which the previously built subsonic
air carrier aircraft must be brought into compliance with the noise
1imits of FAR Part 36 or be retired from service in the U.S. by the

established compliance dates. (See Appendix I for regulation summary.)

Compliance deadlines for each aircraft type have been established
on the basis of what is technologically practicable and economically
reasonable. See Appendix D for the analysis of the cost and benefit

of the regulation.



The United States will work through the International Civil Aviation
Organization (ICAO) to reach agreement with other nations on a program to
abate aircraft noise. If agreement is not reached, actioﬁ will be

taken to require that aircraft flown by carriers of other countries

meet FAR Part 36 noise levels at a future specified date which is expected

to be consistent with the requirements established for U.S. flag carriers.

The current U.S. fleet is comprised of some 2100 large jet aircraft.

Of these, 1600 (about three-fourths) do not comply with FAR Part 36
noise standards. It has been estimated by various sources (2, 3, 4, 5)
that between 1,300 and 1,600 of these noncomplying aircraft woqu
remain in service throughout the 1970s and possibly some 50% would be in
service by 1990 if there was no federal action. Appendix B contains

a detailed listing of the existing fleet and fleet forecasts developed
by the FAA. These data were used in the environmental and inflationary
impact analyses supporting this rule making. While the cost and
benefit analysis (Appendix D) indicates that prolonged retention of

the B-707 and DC-8 fleet would be uneconomical due to increased
maintenance and higher fuel cost differentials, the replacement

policy of individual operators will depend on their capital investment

plans and financial capability.



noise levels so that modifications can readily be made to the
previously produced aircraft. British Aircraft Corporation, in
conjunction with Rolls Royce Limited (1971), has evaluated results
for an acoustic modification for the Rolls Royce SPEY engine powering

the BAC-111 airplane (12).

The FAR Part 36 noise standards are shown graphically in Figures I-1,
I-2, and I-3 (13, 14) along with the corresponding values for jet
airplanes in current use. It can be seen that reductions in noise
level at the FAR Part 36 measuring points ranging up to 14 EPNdB

will be achieved for a number of air carrier transport types through
compliance with FAR Part 36 noise levels. (See Section II for a

description of the measuring point geometry.)
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PROBABLE IMPACT OF THE PROPOSED ACTION ON THE ENVIRONMENT

In this section, an examination is made of the expected environmental
benefits to be achieved from implementation of the final rule
prescribing operating noise limits that apply within the United States
to the landing and takeoff of civil subsonic turbojet-powered airplanes
operating under FAR Parts 91, 121, 123, and 135, and that have max imum
certificated takeoff weights of 75,000 pounds or more. In addition,
possible negative effects on other aspects of the environment are

addressed.

NOISE BENEFITS

Before the FAA issued the NPRM's (1), the technological alternative of
modification was examined thoroughly. The FAA determined that the SAM
nacelle treatment would provide meaningful relief, that is, it would
result in a reduction in airplane noise levels which would significantly

reduce annoyance levels for persons living near airports.

The absolute magnitude of the reduction in effective perceived noise
decibels (EPNdB) for the various effected aircraft is shown in Table II-1.
This shows improvements ranging from some 13 EPNdB for JT3D powered
aircraft, 4-6 EPNdB for JT8D powered aircraft, and 3 EPNdB for JT9D
powered aircraft. Discussions of the effects of reductions of noise

on people are contained in Appendix F.

The FAR Part 36 measuring points are locations from which the noise of a
particular aircraft is measured during certification. They result in

noise level measurements of an aircraft at 1 nautical mile from the
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TABLE II-1
NOISE LEVELS UNDER FAR 36 CERTIFICATION CONDITIONS (EPNdB)

FAR 36 Fully
Aircraft Condition Limit Unmodified Modified
707-3208 Takeoff 103.7 113.0 102.2
Approach 106.3 116.8 104.0
Sideline 106.3 102.1 99.0
DC-8-61 Takeoff 103.5 114.0 103.5
Approach 106.2 115.0 106.0
Sideline 106.2 103.0 99.0
727-200 Takeoff 99.0 101.2 - 97.5
Approach 104.4 108.2 102.6
Sideline 104.4 100.4 99.9
737-200 Takeoff 95.8 92.0 92.0 ‘
Approach 103.1 109.0 102.2
Sideline 103.1 103.0 103.0
DC-9 Takeoff 96. 96. 95.0
Approach 103.2 107.0 99.1
Sideline 103.2 102.0 “101.0
747-100 Takeoff 108.0 115.0 107.0
Approach 108.0 113.6 107.0
Sideline 108.0 101.9 99.0
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runway threshold under the approach path, 3.5 n. mi. from takeoff
roll under the takeoff path, and .35 n. mi. (4-engine) or .25 n. mi.
(2- and 3-engine) to the side of the runway at the point of maximum
noise during takeoff. Although the FAR Part 36 figures do not provide
projections of total noise impact at an airport, they do provide a
standardized method of measuring aircraft noise for certification
purposes and are very useful in indicating the comparative noisé

levels of individual aircraft. (See Appendix E, noise footprints.)

It should be noted that not all aircraft will achieve equal reductions
using the SAM modification packages. Some will benefit more than others,
-due to differing aircraft power curves, installation, and operational
characteristics. Additionally, the sound level reductions at all

three measuring points (fakeoff, sideline, and approach) will not

be equal, as can be seen from the Table. However, it should be

noted that in optimizing the engine modification materials and
installation, many aircraft will be able to achieve levels at some

measurement points which are below the requirements of FAR Part 36.

In a Tetter to the FAA, referencing the above reductions in noise
levels, members of the Committee on Hearing and Bioacoustics of the
National Research Council of the National Academy of Sciences and

the National Academy of Engineering stated:
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"We believe that the above reductions in aircraft noise
level represent significant and beneficial improvements,
which will provide meaningful and perceivable relief to
airport neighbors. Recent research had indicated clearly
that aircraft noise reductions on the order of 6 EPNdB are
quite apparent to residents near airports and result in

substantially less annoyance to those residents."

In its project report (20) dealing with recommended noise standards
for civil subsonic turbojet airplanes, The Environmental Protection
Agency states that nacelles treated with SAM would result in a
meaningful reduction in airport community noise exposure. The
benefits were predominantly attributed to approach operations for
JT8D aircraft and for both takeoff and approach operations for JT3D

aircraft.

A NASA sponsored study conduéted by Professor Paul N. Borsky (15) of
the Columbia University's School of Public Health, College of ?hysicians
and Surgeons, demonstrated that there wés a 50 percent reduction in the
number of test subjects who had expressed highest annoyance of the
standard B-727 aircraft as compared to the SAM acoustically treated
B-727. This reduction was perceived in laboratory tests using test
subjects who 1ive in the Kennedy International Airport environment

and was achieved with a difference of 6 EPNdB between the two aircraft.
An additional psychoacoustic study (16) conducted by NASA using

DC-8 noise characteristics has shown that sleeping test subjects have a
markedly Tower degree of wakefulness when exposed to the noise spectra
which would be produced by an acoustically treated DC-8 as compared

to spectra from an untreated aircraft.
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Noise measuremenfs taken by the Port Authority of New York and New
Jersey during routine airline operations at airports in the New York
City area, showed that B-727-200 aircraff which were produced to meet
FAR Part 36 were, on the average, during approach, 6.5 PNdB lower
than the B-727-200 aircraft which were not produced meeting FAR

Part 36. The value relates to a point about 1 mile before landing.

A joint FAA-Boeing Company project, which culminated in May 1973 flyover
demonstrations for members of Congress and the public at Dulles Inter-
national Airport, proved that takeoff noise reductions of 11 EPNdB

and approach noise reductions of 15 EPNdB were achievable using nacelles
quieted with sound absorbing material on a JT3D powered B-707

aircraft and, that the noise reduction was highly significant and

clearly perceivable.

A final indication of the benefit of the FAR Part 36 limits are
established by the relative improvement resulting from the intro=-
duction of new widebody aircraft which comply with FAR Part 36.
Letters to the docket in response to the NPRM, letters to Congress

and the FAA, and public sessions with airport neighbors have provided
a limited sample of public opinion which shows that the new wide-

body jets are more acceptable than the older jets not only because

the noise levels are lower but the total spectra contenf, particularly

on approach, is not as annoying.
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Table II-1 reflects the noise benefits expected from representative
aircraft based upon noise 1ntensity at specific points. A measured
(or computed) noise level varies with the distance of the aircraft
from the point at which the sound is observed. When the variations
of noise with distance are comb1ned with know]edge of other attenuation
effects, a projection of lines of equal noise level can be prepared
and displayed as "noise footprints." Such noise footprints have
been prepared at various noise levels for aircraft with and without
quiet nacelles. Examples are shown in Appendix_E which indicate
the degree of reduction in areas‘of noise impactvachievable through‘

compliance.

The previous discussion has dealt with the benefits associated with
single evenfs, individual aircraft fakeoffs/departures and landings.
The Department of Transportation completed an extensive study

in which it viewed the noise impact that these events wou]d have at
each of 23 major airports, the 1mpact at the aggregate of these 23
airports, and the impact at a representative a1rport (der1ved from the
23 airports). The data from the 23 Airport Study have been used by the
FAA to mode1 the'effect of compliance and other noise abatement

alternatives on a national basis.

The FAA currently estimates that there are 6 million people residing
on 1500 square miles exposed to cumulative noise levels of NEF 30 or

higher and 1/2 million people residing on 150 square miles exposed to
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NEF 40 or higher. Compliance with the regulation can, by 1985,
shrink the NEF 30 contours away from some 2.5 million people in the
U.S. providing that replacement of JT3D powered aircraft is extensive.
About .25 million people, or half of those presently within NEF 40
contours, will similarly benefit by shrinkage of the NEF 40 contours.
These environmental benefits will being prior to 1985 and continue
for many years thereafter. Figures II-1 and II-2 indicate the FAA
projections of the percentage reduction in the size of noise impacted
population around all U.S. airports as a result the major alternatives
considered in the benefit and cost analysis. These alternatives
cover the range of possible industry response to the regulation.
Discussions of the meaningfulness of NEF values are found in Appendix
F. NEF 30 annoyance response is cited as 38% of the popu]atioh
annoyed and 27% seriously annoyed; for NEF 40, the seriously annoyed

population is 69%.

The NEF procedure has been developed over the last decade for land-use
planning around airports as the number of jet aircraft has increased
and their noise has become more of an annoyance. NEF is a cumulative
noise exposure descriptor which is meaningful in measuring the

overall impact that residents around busy airports might experience
from the mix of equipment and time of day and frequency of flights

serving a particular airport. The Environmental Protection Agency has
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recommended use of a cumulative noise exposure expressed by
a measure called Day/Night Noise Level (Ldn). Equivalent NEF
values can be expressed approximately as:

NEF 30 = Ldn 65; NEFf4O = Ldn 75

A decrease of one NEF unitiis equivalent to a reduction of 2 percent
in the number of people highly annoyed qnd is equal.to a reduction of
about 14 percent in the area exposed: (See Appendix F for a more

detailed discussion of noise effects.)

~ The relationship between NEF reduétion and land area reduction is
logarithmic, so that a 50 percent: reduction in land area is approxi-
mately equivalent to a 4.5 NEF unit reduction, while a 25 percent
reduction in land area is approxiﬁate]y equal to a 2.0 NEF unit
reduction. While small differenceszin single event noise exposure
are sométimes not noticable, frequent rébexitjoh of fhe noise can

result in substantial NEF changes.

There are two basically different groups of aircraft which exceed the
FAR Part 36 noise limits--the four-engine Boeing 707 and McDonnéT]
Douglas DC-8 transports, powered with Pratt and Whitney JT3D engines,
and the two- and three-engine Boeing 727 and 737 and McDonnell
Douglas DC-9 transports, produced before December 1, 1973, powered
with Pratt and Whitney JT8D engines. As of December 31, 1975, the
U.S. fleet contained 508 aircraft in the first group and 1078 in

the latter grﬁup. ‘The regu1atibn affects both groups. However,

for purposes of this study, the JT8D equipped aircraft are assumed to

receive the same degree of modification in all cases analyzed while
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the JT3D aircraft are alternatively viewed as modified, modified
and replaced in combination, and completely replaced. (The baseline
case shown in Figures II-1 and II-2, of course assumes that neither
JT3D eor JT8D aircraft are‘given any acoustic treatment not already

required by FAR Part 36.)

Forecasts of fleet structure show that without this rule more than
60% of the B-707 and DC-8 aircraft would be continued in operation
through 1985 in regular airline service and perhaps indefinitely in

other domestic uses after 1985.

Replacement aircraft available today are the B-727-200, B-747, DC-10

and L-1011. With respect to future needs, aircraft manufacturers

are now considering two types of new "low-noise" aircraft for production.
These include: new technology aircraft such as the Boeing 7X7 and new
technology/derivative aircraft such as the Douglas DC-X-200 designed to
meet the stricter noise standards currently being proposed for modi-
fication to FAR Part 36. Upon receipt of orders, it is estimated

that production could be started on these aircraft within four years.

Insofar as future fleet composition is concerned, a particular replace-
ment program has been forecast, based on air carrier indications of
their plans for updating their fleets, assuming that the government
were to take no action with regard to noise reduction requirements for

aircraft which do not now meet FAR Part 36. In the base case the B-707/DC-8
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aircraft remain in the fleet with normal attrition and without
acoustical modification. The forecast is based on industry data
through 1984, and trend extrapo]ation beyond that time. From a
technical standpoint, the B-707/DC-8 life can be extended as required,
but from an economic standpoint the increased cost that occurs in
conjunction with maintaining older aircraft may be a significant force
for airlines to achieve some faster attrition rate than indicated by a
trend extrapolation. This factor, however, is difficult to define with
any degree of certainty since the attrition rate is also dependent on

capital investment capability to finance the acquisition of new aircraft.

Figures II-1 and II-2 consider actions that represent various possible
airline management decisions to modify and/or replace B-707 and DC-8
aircraft in their fleets. The possib]é alternatives range from 100%
modification to 100% replacement. The JT8D aircraft are assumed to be
modified rather than replaced because they have a longer remaining
useful life. The most likely alternative for the JT3D aircraft -
depends on individual airline management decisions. In order to cover
the likely possibilities, therefore, three alternative modification/
replacement scenarios have been selected as presented in Figures II-1
and I11-2):

Base Case - No regulation

Case 1 - The modification of 100% of the JT3D and JT8D powered
noncomplying aircraft;

Case 2 - A combination of modification and replacement: modify
100 B-707/DC-8 aircraft and replace the remainder
with new technology aircraft; and modify all
noncomplying JT8D aircraft; and

Case 3 - 100% replacement of the B-707/DC-8 fleet with new
technology aircraft, modify all noncomplying JT8D aircraft.
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The analysis on which Figures II-1 and II-2 are based incorporates
a detailed breakdown of projected aircraft modification/replacement
as a function of future years. The schedule for the alternatives

considered is included in Appendix B.

FUEL CONSIDERATIONS

As part of their respective noise suppression programs the manufacturers
have performed extensive engine performance tests including the study of
effects upon SFC (Specific Fuel Consumption). Indications from both
Boeing and McDonnell Douglas are that at most, "negligible" fuel
consumption increases would result from modifications required to meet
FAR Part 36 noise standards (21, 22, 23). Conservative estimates for
the B-707-120B, B-707-320B/C and B-720B aircraft range from 1.4% to

2.5% increase in in-flight fuel consumption due to engine modification.

In the case of the B-727-200, ground and flight test results indicated
a penalty of .48% increased SFC relative to an unmodified B-727-200
(22). However, the expected new technology aircraft (7X7) has been
assumed to provide a 30% savfngs in fuel consumﬁtion in comparison

to the consumption of a B-707-300.
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Using these estimates in conjunction with data on aircraft fuel
usage (1bs/hr) by aircraft type (24), projectians for changes in
overall fuel consumption were determined for each of the alternatives.
The following presents the approximate relative change in total
fuel usage per flight hour per aircraft due to each of the three

cases over the years 1976 to 1995:

Change in Fleet Fuel Consumption

Case : ; from BASE CASE
A1l modify S Increase less than 1%
Replace/Modify JT3D, Modify JT8D Decrease of 3%
Replace JT3D, Modify JT8D » Decrease of 4%

The worst of the three alternatives results in an insignificant
deterimental effect upon aircraft fuel consumption. Two cases show

a probable benefit in terms of fuel consumption.

EMISSION CONSIDERATIONS

Since the modifications to meet noise levels do not invblve changes

to the engine combustion chambers, no fundamentaT changes in the‘
pollutant production process is éxpected. No changes in thrust are
anticipated during idle and taxi, so pollution emissioﬁs from

modified aircraft are expected to be unchanged durihg ground operations,
the phase of activity that is most critical to the airport impact

on air quality. During the in-flight phase of operation, changes

in emissions of modified aircraft are expected to be proportional

to changes in fuel consumption.
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Absent compliance with existing EPA aircraft emission standards
(17), new technology aircraft are expected to have greater oxides
of nitrogen emissions ‘than older aircraft, since their propulsions
systems will operate at higher peak combustor temperatures. Based
on the forecasts presented in Appendix B, however, fleet emission
increases (considering the DC-10, L-1011, B-707, DC-8, B-720, B-727
and new technology aircraft as a group, and summing from 1976-1995)
are only of the order of 1 or 2%. On the other hand, decreases of
the same magnitude would be expected for that group's carbon
monoxide and hydrocarbon emissions, owing to the better combustion

efficiency of the new technology engines.

The above considerations of fuel use and emissions are based on an
assumed "static" regulatory environment. However, currently existing
EPA emission standards (17) are expected to require reduced emissions
for all newly manufactured aircraft engines after 1979. The chan