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PREFACE

The Noise Control Act of 1972 (Public Law 92-574) directs the Environmental
Protection Agency (EPA) to study the ndequaey of current and planned regulatory action
taken by the Federal Aviation Adminiatration (FFAA) in the exercise of FAA authority to
etbate and control aireraft/airport noise. The study is to be conducted in consultation
with appropriate Federal, state and loenl agencies nnd interested persons. Further,
this study is to include consideration of additional Tederal and state authorities and
mensures available to airports and local governments in controlling aireraft noise, The
resulting report is to be submitted to Congress on or before July 27, 1971,

The governing provision of the 1972 Act states:

"Sec. T(a), The Administrator, after consultation with appropriate Federal, state,
and local agencies and interested persons, shall conduct a study of the (1) adequacy
of Federa! Aviation Administration flight and operational noise controls; (2) adequacy
of noise emission standards on new and existing aireraft, together with recommenda-
tions on the retrofitting and phasecout of existing aireraft; (3) implications of identi~
fying and achieving levels of cumulative noise exposure around alrports; and (4)
additional measures available to ajrport operators and local povernments to control
aircraft noise. He shall report on such study to the Committee on Interatate and
Foreign Commerce of the House of Representatives and the Committees on Cominerce
and Public Works of the Senate within nine months after the date of the enactment of
this act,"

Under Section 7(b) of the Act, not enrlier than the date of submisaion of the report to

Congress, the Environmental Protection Agency is to:

"Submit to the Federal Aviation Admiinistration proposed regulations to provide such
control and abatement of aireraft nolse and sonie hoom (Including control and abate-
ment through the exercise of any of the FAA's regulatory authority over air commerce
or transportation or over atrcraft or airport operations) as EPA determines is ;
necessary to protect the public health and welfare."

The study to develop the Section 7(a) report was carried out through a participatory
and consultive process involving a task force. That task force was made up of six task
groups. The functions of these six task groups were to;
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1. Consider legal and institutional aspects of aircraft and airport noise and the
apportionment of nuthority between Federal, state, and local governments.

2. Consider aircraft and alrport operations Including monitoring, enforcement,
safety, and costs,

3. Consider the characterization of the Impact of airport community noise and to
develop a cumulative noise exposure measure.

4. Identify noise source abatement technology, including retrofit, and to conduct
cost analyses.

§. Review and analyze present and planned FAA noise regulatory actions and their
consequences regarding aireraft and airport operations.

6. Consider militery aircraft and airport noise and opportfunities for reduction of
such noise without inhibition of military missions.

The membership of the task force was enlisted by sending letters of Invitation to a
sampling of organizations intended to constitute a representation of the varjous sectors
of interest, These organizations Included other Federal agencies; organizations repre-
senting state and local governments, environmental and consumer nction groups,
professional societics, pilots, air traffic controllers, airport proprietors, airlines,
users of general avintion aircraft, and ajrcraft manufacturers. In addition to the invita-
tion letters, a press release was distributed concerning the study, and additional persons
or organizations expressing interest wore included into the task foree. Written inputs
from others, including all citizen noise complaint letters received over the period of the
study, were called to the attention of appropriate task group leaders and placed in the
public master file for reference.

This report presents the results of the Task Group 2 cffort devoted to the analysis of
aireraft and airport operations, The membership of Tagk Group 2 was made up of
representatives of the federal government, local government, airport operators, airlines,
pilots, airframe manufacturers, general and business aviation, and environmental groups.
The tpslk group mot slx limes in Washington, D,C., during the period February 15, 1973
to June 22, 1973, The members presented information pertineni to the problem, presented
comments on Information supplied by other members, generally discussed the problem and
posaible solutions, and reviewed and commented on draft reports, EPA requested that all
data submitted be in writing, All documents recetved are listed in the "References" section
and are available for inspection in the Airport/Aircraft Study files, Throughout this report,

iv




ot

.......

numbers in parentheses indicate the number of the reference document as listed under
"References." Excerpts from many of the technieal documents are included In Appendix A.
Specific positions of individual task group members are included in Appendix B.

This report summarizes the information assembled by Task Group 2 so as to inform
the Congress and the public about the existing state-of-the-art in nircralt/airport oper-
ational procedures. At the same time, it provides a basis for proposing regulations as
required by Public Law 92-574,

The conclusions of this report are the conclusions of the task group chairman based
on the Information supplied by task group members and on consideration of the public
health and welfare. The difficult and controversial subjects of the task group assignment
precluded complete agreement among or preparation of a consensus report by the task
group members. The chairman sincerely appreciates the wholehearted offorts that the
task group members have put forth; without their assistance this report could not have

besn prepared in the time available.
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SECTION 1

INTRODUCTION

GENERAL

This report.annlyzes o number of noise abatement flight and operational proced-
ures which are presently in use in one form or another in scaltered parts of the air
tranaportation system. For the most part the use of these procedures is not vequired
by the FAA, The discussion in this report concentrates on the noise reduction potential,
the costs, and other advantages and disadvantages of these noise abatement procedures.
The attractiveness of procedural methods of noise reduction is that they can be accom-
plished in a short time {0 to 5 years) and at low cost (often no cost). This is in con-
trast to aireraft or engine modifications or land use conversion which can provide
more substantial long term benefits (3 to 15 years) but at greater cost,

1t is important to recognize that flight noise controls usually npply to a single air-
eraft, and airport operational noise controls usually apply to n single alrport, But the
single aircraft and the single airport are merely single parta of a total system that,
while providing air transportation to the nation, causes people to be exposed to high
levels of noise. Each individual aircraft engine makes noise; the way in which the
afreraft is flown can increase or reduce the level of noise at a point on the ground;
but it is the totai effect of many different aircraft operating from many different
specific airports in such a manner as to adversely affect people that creates the
aircraft/nirport noise "problem," TFor example, regardless of the procedures used,
a severe noise problem is not likely to result from a single flight over populated
areas or from numercus {lights over unpopulated areas. Furthermore, some proced-
ures may reduce the noise impact at one airport but Increase the noise impact at
another. The implication here is that flight or ajrport procedures alone cannot be
expected to totally solve the nolse problem. At best they must be considered as only
two elements of what must be a more comprehensive plan which also includes controls
on the source of the noise and the locaticn of people exposed to hoige,

in addition, one should keep in mind that flight safety is of paramount importance
in developing flight and operational noise controls, It is the FAA's legal responsibility
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{o ensure that flight and operational regulations nre consistent with the highest degree
of safety, and EPA, therclore, cannot calegorically state that certain flight and
operational noise controls are either adequate or inadecuate from a safoty standpoint,
This repert does, however, identify a number of noise sbhatement MMight procedurcs
which it appears may be consistent with the highest degrec of safety and which there-
{ore merit consideration lor rulemaking or implementation by the FAA,

NOISE TERMINOLOGY

There arc a vast number of seales used for measuring noise. For the purpose of
this report two scales will be used to deseribe single event noise: Effective Perceived
Noise Decibels (EPNdDB) and Decihels, A-Weighted (dBA). Both are logarithmic senles
such that each decrease of 10 EPNdB or 10 dBA represents approximately o halving

of perceived noisiness.

Most of the aircraft noise datn used as background for this report are In units of
EPNdB, therefore this will be the primary seale used; dBA units will be shown as a
secondary (approximate) scale to relate to noise sources of other types and to the
cumulative noise standard recommended in the EPA Aireraft/Airport Noise Study Task
Group 3 Report. The numerical value of EPNdDB is npproximately 13 units higher than
the numerical value of dBA for the same noise level (the relationship actually varies with
frequency spectrum and time duration, seo this relationship is valid enly to + approximately

3 dB),

The impact of noise depends on the cumulative effect of many overflights; so the
public health and welfare is measured by a scale which accumuiates, logarithmically,
the total noise from a series of successive flights, When EPNdB is the basic single
event unit, the cumulative scale is termed Noige Exposure Forecast (NEF), When
dBA is the basic single event unit, the cumulative senle is termed Day/Night Average
Sound Level (Lgy). Both geales include a weighting factor for the increased annoy-
ance of nighttime (10 PM to 7 AM) flights. The numerical vatue of Ly, is approxi-
mately 35 units higher than the numerienl value of NET for the same noise environ-
ment (+ 3dB),

A more complete discussion of the various units of noise measurement is con-
tained in the EPA Aireraft Airport Noise Study Task Group 3 Report (512). That
roport recommends Lgp as the basic measure of cumulative noise exposure. That
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report further recommends that an outdoor Ldn value of 80 (NEF 45) be adopted as

a national standard [or protection of the public from possible henring damage and an
outdoor Ldn value of 60 (NEF 25) be adopted as a long range goal for the full protection
of the public health and welfare from excesslve noise,

This report ls concerned first with the flight procedures conducted by individual
alrplanes. Therefore the effectiveness of any given procedure will be measured in
terms of single ovent noise, and, in partisular, by the porcentage reduction in the
area exposed to 90 EPNAB or above. i'or medium sized nirports (250 operations per 24
hours, 10% at night) this aree often corresponds to the nven exposed to an outdoor I"dn of
65 (NET 30) and higher. Later, when considering the nationwide cffects of various
combinations of procedures, the area exposed to cumulative noise nbove an Ldn of
65 (NET 30) will be the elfectiveness measure, Ly = 65 was chosen rather than Lg, =
60 because most of the avallable data concerns NETF 30 {1.gn = 65} and this may be
a more realistic medium range noise goal. Throughout the report it may be useful
to know the reduction in exposed area that necompanies an average reduction in neise
level (or vice-versa). This may be estimated approximately by reference to Figure

1-1,

REDUCTION IN L (dB)

- O

| 1 | P N |

| I I !
0 20 40 60 80 100

4 & g 10 14 18
!
!

REDUCTION IN EXPOSED AREA (PERCENT)

Figure 1-1. Relationship Between Cumulative
Noise Reduction and Aren Reduction (Reference 503).
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It should be remembered that noise level predictions are not preeise, bul are
subject to errors of approximately 5 dB, Novertheless, comparisons of relative

noige levels are still meaningful,

EXISTING FAA FLIGHT AND OPERATIONAL NOISE CONTROLS

The FAA has adopted iwo Federal Aviation Regulations (FAR's) and two
Adviaory Circulars (AC's) related to flight and operational noiso controls, (Advisory
Circulars inform the avintion public of nonregulatory material of interest. They are

not binding on the publie,)

These are:

FAR 91. 55 prohibits {light at speeds in excess of Mach 1 and thereby prevents
the occurrence of sonio booms unless a speeifie authorization is given,

FAR 91,87 regulates operation at alrports with operating control towers. FAR
81.87(d) and (f) specify that the minimum altitude for turbine pewered or large air-
craft is 1500 {eet above the surface of the airport except when lower altitudes are
necessary for takeoif or landing, FAR 91, 87(d) further requires that such airernft
when approaching to land remain on or above the Instrument Landing System (ILS)
or Visual Approach Slope Indicator (VASI) glide slopes if available until a lower altitude
is necessary for a safe landing (normal bracketing mancuvers above or helow the
glide slope are permitted for the purpose of remaining on the glide slope). In addition
FAR 91. 87 (g) requires pilots of these aireraft to use, whenever possible, the
preferential noise abatement runway assigned by Air Traffic Control (ATC).

AC 90~59 describes the FAA "Keep-Em'High" program wherein controllers
igsue clearances to keep high performance aircralt as high as possible as long as
possible (112), This program was initlally introduced for the purpose of collision
avoldance, but it also provides some noise relief by preventing unnecessary low
altitude flight, There is nothing in the Mocp-Eni~liigh program ibai requires the
use of any specific noise abatement takeoff or appreach procedure.

e e e mmia ey pe by ot w e L L

AC 91-36 encourages pilots operating fixed or rotary wing aircraft under Visual
Flight Rules (VIFR) to fly at not less than 2000 feet above the surface over noise

sensitive areas (27).
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In addition {o the above system~wide controls, there are specifie noise abatement
procedures in cffect at Washinglon National Afrport which is operated by the TAA,
There the alrlines use a thrust reduction during climbout from a point 3 nautical miles
nerthbeund or 4 nautical miles southbound unt{l reaching an altltude of 6, 000 feet or o
distance of 10 nautical miles, whichever occurs first, Aircraft on approach must
follow the Potomac River. A jet curfew is In effeet from 10 p.m, to 7 a.m. Only
certain types of aireraft are permitted to use the alrport (the largest being Boeing
727's), and trip lengths ave limited to 650 miles with exceptions for nonstop flights
to 7 citles within 1,000 miles (153, 154, 155).

A complete analysis of FAA regulatory actions {s contained in the EPA Aircraft/
Airport Noise Stndy Task Group 5§ Report (514).

Subsequent scctions of this report discuss additional procedures which may be
useful in controlling alreraft and airport noise, TFirst, [light and operational noise
controls are discussed, followed by a section on airport noise controls. Then a
nationwide analysis of the noise benefits and the cost of these procedures is made,
Finally, there is a section on conclusions and recommendations, The most iImportant
recommendations are that there be repulntions astablishing:

1, Takeoff Noise Abatement Procedures
2. Approach and Landing Noise Abatement Procedures
3. Higher Minimum Altitudes

4, Airport Noise Certification

1-5
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SECTION 2
FLIGHT AND OPERATIONAL NOISE CONTROLS

Most of the aireraft/airpert noise prohlem results from the operation of jet
alreraft in the vieinity of airports, Therefore the bulk of this section will concentrate
on the procedures available to reduce jet aireraft noise during departure and during

approach and landing, However, atthe end of this section brief consideration is

given to the nolae from propeller driven aircraft and helieopters,

DEPARTURE PROCEDURES (JET AIRCRATFT)

There are two types of departure noise problems: sideline noise and climbout
noise, The sideline noise problem cceurs along the sides of the runway while the
1t is dominated by the noise from the air-
This

aircraft 1s still oh or close to the ground.
craft engines themselves and by shielding of noise by intervening buildings,
noise shielding no lonper exiats after the aireraft has reached an altitude of several
hundred feet. The climbout noise problem occurs as the aireraft passes over or near
noise sensitive areas* aftor departing the immediate vicinity of the runway and the

alrport. This problem is dominated by the engine noise and by the climb performance

of the aireraft, The following sections discuss flight procedures appropriate for
reducing sideline or climbout noisa,

The FAA hns not adopted any regulations or other controls related to noise abate-
ment departure procedures except at the Washington, D.C, (National) Airport, which it
operates, where It requires a power cuthack on climbout.

SIDELINE

Tor runways having sideline noigse as the critical departure probiem, a procedure
of reduced thrust takeoff will create less noise than a full power takeoif. This benefit
is of course a tradeoff for grenter noise along the flight track because the resulting
climbout altitudes will be lower. The actual power reguired for takeoif depends on

*As uged in this report, ''hoise sensitlve area” means a residential area exposed to
alrcraft nolse above the critieal L dn level for a given airport,

2-1
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aireraft type, flap configuration, runway length, wind, allitude, iemperature, and
many other factors, As an illustration, Figure 2-1 shows the thrust required for a
Boeing 707 to take off from a 10,000 foot level runway on a standard day with no wind,
Figure 2-2 shows the 90 EPNdB sideline noise contours for full power and reduced
power tak('abffs, indicating that the noisc exposed area to the side of the runway can be
reduced by 20% through the use of reduced thrust tnkeofis,

Many airlines currently use reduced thrust takeofls for the purpose of reducing
engine maintenance costs. Many ajrerafi {light manuals prescribe procedures to he
used by pilots for making reduced thrust takeoffs. These procedures are approved
by both the aircraft manufacturer and the FAA, TFAA policy generally limits the
amount of thrust reduction to no more than 10 percent.

The Air Line Pilots Assoclation (ALPA) cautions that enre must be exercised in
using reduced thrust takeoffs sinca the procedure does result in a lengthened takeoff
rall (90).

Conclusion; reducdll thrust takeoifs are o technienlly feasible way of reducing
sideline noise when performed in accordance with manufacturers' recommendations
and FAA limitations,

CLIMBOUT

For runways where noise along the flight track is the critieal problem, there are
two procedures most often considered: a full power (maximum angle) climbout or a
power cutback during climbout, The twe {actors of distance and accustic energy tend
to work against each other during climbout, lower power settings being associated
with lower altitudes. The optimum procedure for reducing climbout noise therefore
depends on the location of the noise sensitive aren(s). TFurthermore, with respect to
the power cutback climbout, there are disagreements regarding the amount of thrust
reduction, thepoint at which it should take place, and the appropriate flap configurations
and airspeeds,

Therefora it may be appropriate to briefly discuss a few aspects of alreraft climb
performance before disoussing the noise henefits of various procedures, First, the
effect of airspeed and flap setting on takeoff climh gradient (slope of aireraft climbout

s B2 eyt e P e T
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path) is illustrated in Fipure 2-3. TFor the Beeing 707 aireraft, the maximum climb
gradient can be seen to occur with zero flaps at the airspeed Vx (maximum angle of
climb nirspeed), In the takeoff flap configuration the maximum climb gradient occurs
at or near the speed V2 + 10 knots (V2 is the safety speed in the takeoff configuration),
but this maximum gradient is lower than the maximum gradient In the clean (zero
flap) configuration.

Secondly, the effect of aircrait weight and thrust setting is shown in Figure 2-4,
Higher weights and lower thrust settings can be seen to give lower climb gradients,

Another factor in obtnining maximum initial elimb gradient is aircraft body angle
limitation. Such limitations may make it impossible to achieve the optimum ¢limb
pradient, The only jet transport aircraft with a4 manufacturer’s body angle limitation
is the DC-9 (16° limit),

Various organizations have propoesed different noise abatement climbout proced-
ures. The Alr Transport Association (ATA) recommends a maximum angle climhout
as guoted below (54):

I. First Sepment - Takeoff to 1500 Feet

1. Takeoff power
2, V,+10(4)
3. Takeoff flaps

O. Second Segment - at 1500 Feet to 3000 Feet

1, vy

2. Optimum flap setting speed permitting*

+10 (¥

3. Reduce to not less than climb power
*Retract or retain flnp setting as required

OI. Third Segiment - at 3000 Feet

1. Retract flaps on schedule

2, Normal enroute climb
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The ALPA recommends a power cutback procedure as quoted next (14):

YA normal takeoff with normal rotation is made jdeally to a pre~computed
pitch attitude. The aireraft is climbed at ¥V, + 10 to 20 until at least 400
altitude is reached, The pitch angle ia thenZreduced to begin accelerntion

to reach flaps reduction schedules that will bring the aireraft to approximately
1500' above the airport elevation in a ¢lean configuration and af maneuvering
epeed. Thrust is then reduced to that thrust required to produce the engine
out elimb gradient for that particular aireraft, (This thrust setting is also
precomputed.) This thrust {s maintnined until the nireraft reaches 4000' at
which time enroute climb thrust {s resumed.

It ahould be emphasized that 400' is a minimum altitude for the start of flap
retraction and for most aireraft the flap retraction should be started
appreciably above this altitude, '

. The National Business Alrcraft Association (NBAA) recommends procedures
| similar to the ATA maximum angle climbout (26):

1. Standard Procedure

‘ a4, Maintain maximum power and takeoff flap setting to 1, 500" ATFL (ahbove
{ field level) for o maximum rate-of-climb subject to ilems {n paragraph
b following {immediately below).

b. Maintain V,, +10 (+) knots,

c. TFlight path outbound from takeoff should not require any turn below 300!
AFL, and not more than a 15° bank.

d. At or before 1, 500" ATL, retract flaps {If possible) and set power at
desired climb EPR (englne pressure ratio) or RPM (revolutions per

minute).
e. Above 3,000 AFL normal climb schedule,
2. Close-In Procedure (*)
{*} For communities less than 10,000 from brake release point,
a, Accelerate to v, + 10 (+) knots,

b. After croasing airport boundary and after reaching 300' AFL reduce to
desired climh EPR or RPM,

¢, Flight path outbound trom takeoff shall not require any turn helow 300! AFL
and not more than a 15° bank.
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d. At or before 1, 500' ATL, retract flaps (if possible).
e. Above 3,000' AFL, normal climh schedule.

The ATA climb procedure is presently in use by Pacific Southwest Alrlines
(PSA}, United, American, and possibly other aivrlines, Procedures similar to the
ALPA procedure are {n use by Northwest Airlines and Air Californja., All airlines
at Washington (National) Airport make a power cutback from a point 3 nautical
miles northbound or 4 nautical miles southbound until reaching an altitude of G000
feet or a distanee of 10 nautical miles, whichever cccurs first (153).

The nolse effect of these procedures is depicted in Figures 2-5 and 2-6 (curves
are not shown for the NBAA procedure since it closely resemiles the ATA procedura).
The reference procedure shown is a continuous acceleration to 250 knots and then a
clilmb at 250 knots, typical of a departure unconstrained hy neoise abatement

consgiderations.

Ag can be seen from the figures, the maximum angle climbout (ATA) procedure
reduces noise approximately 1 EPNAB ot distances from 3 to 12 miles from brake
rolease and increases noise approximately 1 dB farther out, The totalarea exposed
to 90 EPNdB or greater is not significantly changed as compared to the reference
procedure, The power cutback climbout (ALPA) procedure reduces noise approximately
2 EPNdB at distances from 4 to 14 milee from brake release and increnses noise
approximately 2 EPNdB farther out, The area exposed to 90 EPNAB or greater is
raduced by approximately 6 percent as compared to the reference procedure. Which
procedure Is hetfer under specific conditions depends on the location of the noiee
sensitive areas, If the noise sensitive area is located under the reduced power seg-
ments, then & power cutback procedure such as ALPA recommends is better, If the
noige sensitive aren is at some distance from the airport then o maximum angle
climbout such as ATA recommends ig hetter.

The effectiveness of a power cutback climbout is dependent on a number of factors.
First, it s dependent on the type of aircraft, belng moat effective for those aircraft
powered by JT8D enginea (727, 737, DC-9) because of their high power to weight ratios
and high levels of exhaust noise relative to fan noise, This effect is shown in Figure
2-7, Figure 2~7 also shows that the noise exposed area is dependent on the altitude
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of eathack: for the 707, the %0 EPNdB arca can be reduced most by making the cut-
hack at approdmately 2500 fect above the surface. 'This altitode, however, must be
weighed against the actnal locztion of noise sensitive areas and the value of reducing
areas exposed to levels of mofse above 90 EPNJB. Figure 2-8 jllustrates the latter
point forther, showing that the Iater the cutback is made, the more it redoces the noise
lewel directly below, but the length of elfectiveness is decreased and the exposure to
noise levels above approximzately 95 EPNAB (for the 727 airerafl) is increased.

In additins, one should note that power catbacks are most effective lor the moder-
sfely high (ot not extremely high) moise levels., Figure 2-9 shows that for the 727
airerafl, the maximam effectivity is for the 50 EPNdB contour. The area exposed to
100 EPNAE oo greater is actually increased slightly as a result of the power carried
during acceleration and flap retraction. This increase in exposure to high noise Ievels
could pertape he overcome by rmaking the thrust reduclion before refracting flaps;
this would reduce the sobsequent cffectiveness of the procedure, however, as indicated
Ty the following quatation from a NASA Report (115).

m, . .the optimumn profiles. . .can be characterized by a period of aceeleration

as sonm @s posaible afler toke—off, followed by a steep climb, which in turn is

followced By tkrust reduction when the noise-sensitive area or a specified altitude
is reached. Before the transition from accelerating to climbing, the optimum
profiles achicved an afrspeed that permitted foll retraction of flaps. This

sceclerniion caused same altitode loss at the beginning of the noise-sensitive
ares, bt the disadvantage of a slightly lower altitude can be outweiphed by the
advanizge of greater thrast reduction that is possible in the clean airplane config-
uratfon,. Thus, in the trade off between airspeed and altitnde, guining airspeed

until ft is permissible to retract flaps can be more imporiant than gaining altitude,
if the objective is to minimize the average perceived noise along the
mise-sensitive pround track. ™

For the larger, noisier 707 type aircrall, the power cutback is effective for
tive 200 EPNAER couiour as well as the 90 EPNAB cantour but may inercase the size
of the 110 EPNdB contour beeanse of the flap retraction distance (refer again to
Figures 2-5 and 2-6). 'The overall cifectiveness of the pewer culback procedare can
e improved by having an automated flap retraction syslem, but this concept is still
im the esxly rescarch stage (311).

Firally, even for a given aireraft type, the fakeolf weight can effect the benefits
to be gained by 2 power cutback. As fllustrated in Figure 2-10, the amount of benefit
and the optimngm cutback altitude for the 1L-1011 aircraft is very weight dependent,
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In general, if the locaiion of the noise sensilive aren is nown, the takeoff profile
can be optimized to reduce poise there. In fact, the noise impact cn people may in
some cases be roduoed even if the area within the 90 EPNAB contour is incroased.
such as in the case of an early cuthad: over residentinl areas followed by an expanded
confour over wafer or other sparsely pepulated arens.

In the extreme, optimiration of the teheofl prefile would mean diferent proced-
ures for every combination of runway, aircrafi type, aircrafl weight, and weather
sonditicns. Less variability oould be achieved by having only the point of power cut~
hack vary depending an the Jocation of ke noise sensitive community with respect fo
the rurway. Even less variahility could be achieved by having (wo or three “standard"
nolse abatement procedures which, while not necessarily optimum for any specific
situation, would provide a selection from which one could choose a profile that would
probably be better than ro noise abatement procedures at all or only one standard
procedure.

Airline pilots, bowever, a:égue for a single standard procedure, asserting that
if a pilot always flies the same way he will react in the usual (and safe) way if an
emergency occurs. The countering argument agserts that no two takeoffs are alike
anyway because of differences in ranway, weather, weight, obstacles, Air Trafiic
Control (ATC) requirecments, ete., therelore use of optimum climb procedures woild
not in fact degrade standardization.

A spinoff advaniage of a power cutback takeoff ig that it consumes less fuel than
a full power (maximum angle) climbout, For a 300,000 1b, Boeing 707, the difference
is appraximately 250 pounds of fuel (167). This is also a cost savings of approxi-
mately $3.75 per takeoff (based on a fuel cost of 1, 5¢ per pound). The reduced power
seltings would probably result in increased air emissiong of carbon monoxide and
hydrocarbons but decreased emissions of nitrogen oxides (128). These air emissien
effocts are cxpocted to be smill, cspecinlly since the aircraft will be at altitudes
of 1500 feet and above when the power cutback takes place.

Conclusions: maximum angle (full power) climbouts and power cuthack climbouts
are two technically feasible noise abatement procedures in current use. The cholece
of which procedure is hetter (or which eutback altitude is best) depends on the location
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of noise sensitive areas with respect to the departure runway, The maximum angle
climbout is most henelicial for far downrango (more than approximately 10 miles from
the airport) noise problems. The power cuthack climbout is most beneficial for nenr
downrange (approximately 4 to 10 miles from brake release) noise problems.

APPROACH AND LANDING PROCEDURES (JET ATRCRAFT

Several procedures have been proposed to reduce approach and landing nofse. The

most important of these are:
1, Use of lower flap settings for approach and landing
2, Raising initial approach altitudes above 1500°"
3. Raising all ILS glide slopes to 3°
4, Ralsing all ILS plide slopes to 3.5°
8. Use of two-segment approaches in VFR conditions
6. Use of two-sepment approaches in ITR conditlons
7. Use of decelerating approaches
8, Limitntions on use of thrust reversers.

Each of these procedures will be discussed individually in the following sections.

REDUCED FLAP SETTINGS

Approaches made with leas than full landing flaps reduce noise as compared to
a full flap approach because the alrframe drag is less and thereby the power required
is lower.

Many aireraft (707, 727, 737, 747, DC-10, L-1011) have more than one
certificated flap setting for landing, Certain airlines, including American, Northwest,
and United use the reduced landing flap when conditions pormit and alse use an even

: lower flap setting during the approach phase, The United Airlines procedure, for
[ example, calls for using one "notch' less than landing flaps for the approach, with
“ landing flaps (which may be one notch less than full flaps) lowered so that the aireraft

2-18
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can be completely stabilized in the landing configuration prior to reaching an altitude of
500 feet above the runway elevation (approximately 200 to 300 fect are required to
stabilize an aireraft following a configuration, airspeed, power, or attitude change).

Figure 2-11 shows that this type of flap management approach can reduce the aren
exposed fo 90 EPNdB or greater by approximately 30 percont,

The ATA endorses such a flap management approach and ALPA endorses it for
VFR flight subject to pilot discretion,

The raduced power settings result in lower rates of fuel consumption and also
reduced costs, The fuel savings is estimated to be approximately 380 pounds per

landing (or $5,70 based on & fuel cost of 1, 5¢ per pound) for a Boeing 727 aircraft
(167).

Conclusion: reduced flap settings provide moaningful noise relief and are
technically feasible. In succeeding sections the flap management approach will be
uased as the reference for comparing other procedures.

INCREASED INITIAL APPROACH ALTITUDES

Inereasing the altitude at which the glide slope is intercepted can reduco
approach noise, The regulatory minimum aititude for turbine powered or large
aircraft is 1500 feet above the runway elevation (FAR 91, 87 (d) (1)). For straight-
in approaches the area exposed to 90 EPNAB or greater can be reduced by 25% if
the glide slope intercept altitude is increased to 30600 feet (Figure 2-12), This noise
reduction is one of the purpeses of the FAA '"keep~-em-high' program described in
AC 90-59 (112},

In some cases it may be argued that on increased intercept altitude increases total
noise exposure by causing the aircraft to fly & longer ground track {(when making a
curved approach), However, at least in VFR conditions, the experlence at San Jose
Airport (see Technical Annex) indicates that in fact, rather than traveling o long
distance to intercept the glide slope from below, most pllaots will actually choose to
make an approach steeper than 3% in order to shorten the distance, In IFR conditions
the requirement for a long stabilized final approach would require glide slope inter-
cept far from the nirport anyway, To the extent that curved approaches might be
lengthened, additional fuel would be consumed (approximately 60 pounds per mile for
a Boelng 727) (167).
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Conclusion: the "keep-em-high' philosophy provides meaningful noise relief
and is technieally feasible. Obviously such procedures must be closely coordinated
with other air traffic control requirements.

IMIGHER CGLIDE SLOPLES

Higher approach angles result in reduced power settings and higher altitudes
which combine to reduce noise. Although the present FAA standard for new ILS plide
slope installations is 3° and a few older ILS glide slopes have been raised to 30, there
still remain 190 installations (out of a total of 293 reported In & tentative FAA list)
with glide slope angles of less than 2, 9° (many as low as 2, 50). (71)

A few air carrier airports have glide slope angles significantly in excess of a®
(see Table 2~1), Some additional (mostly military) airportis with glide slopes in

excess of 37 are reported in reference 75. In all cases these glide slope angles were
inatituted to clear high terrain. The San Diego airport accommodates nearly all
types of afreraft using a 3. 222118 orla 4, 5° VASI even though the runway {s quite
short (7,590 feel available for landing on Tunway 27), The ILS glide slope at Berlin
(Terpelhof) Airport was 4° prior to being lowered to 3.5 in 1968 (143). There is
no evidence to indicate that any of these higher glide slopes are unsafe.

Table 2-1

AIR CARRIER AIRPORTS WITH GLIDE SLOPES ABOVE 3°

" Weather Minimurms
Glide Slope Ceiling {featy/
Airport Angle Visibility {miles)

San Diego, Calif. (Lindbergh, Runway 09) 3,22° 1.8 350/1

San Diego, Calif. (Lindhergh, Runway 27) 4.5° VASI 800/2
Annette Island, Alaska 3.27° IL8 250/ 1/2

Ft Worth, Texns (Meacham) 3,33° ILS 300/1
Berlin, Fr

L | E ge Republic of Germany 3.5° ILS 250/ 8/4
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TAR 81, 87 () (2 and 3) require that all turbine powered or large aireraft
properly equipped remain at or above the glide slope except for normal mancuvering

ahove and helow the glide slope conducted for the purpose of remaining on the glide
slope,

The noise reduction efieet of raising the glide slope angle is approximately 2 to 3
EPNdB per one-half degree incrense in glide slope angle as shown in Figure 2-13.
The considerable scatter in the data Is evident in Figure 2-13 and again it should be
remembered that all noise prediciions in this report are subject to similar uncertainties,
Figure 2-14 shows that a 0, 5 degree Increase in glide slope angle will reduce the area
expesed to 90 EPNAB or ahove by approximaiely 256 percent, This procedure has the
advantage of reducing nolse almost uniformly from the start of approach to touchdown.

Several members of the task group raised a safety Issue regarding 3.5 1LS
glide slopes. Their argument is that increasing the glide slope angle increases the
descent rate, reducing the pilot's decision time while simultaneously causing a more
abrupt flare~out maneuver at the point of touchdown. The descent rate for various
airspeeds and approach angles is shown In Figure 2-15, The position of ALPA, ATA,
NBAA, the Aircraft Owners a.nc'l Pilots Assoclation (AOPA), and others is that
descent rates for angles above 3° are excessive (600 to 800 feet per minute}, On the
other hand, several NASA reports, (9, 10, 116) indicate that descent rates of more than
500 to 1000 feet per minute near the ground are excessive. PSA procedures (85) require

that the copilot make a verbal call to the pilot if the descent rate exceeds 1000 feet
per minute,

Several tagk group members, San Jose Afrport, NASA, Air California and others
indicated that they considered 3, 5° approach angles to be safe and recommended their

adoption if the minimum weather conditions for landing did not have to be rnised (85),
(100).

A monitoring study by the City of Inglewood, Californin (75) showed that when the

clectrontc glide slope was luoperalive, pilois lended to fiy at about a 3,5° angle In
visual weather conditions.
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Figure 2-13. Effect of Approach Angle on Noise
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Current ILS wenther minimums (Category 1, approximate) ave: 200 [oot ceiling

and 0, 5 mile visibility.

with approximate weather minimums: 100 fool celling and 1/4 mile visibility,

Twenty four runways are equipped for Calegory II landings

Table

2~1 suggests that the Category I weather minimums for a 3. 5° LS might have to be

raiged to 250 foot ceiling and 3/4 mile visibility in order io preserve the decision
time avallable to the pilot after making visual contaet with the runway. As shown in
Table 2-2, the weather conditions are likely to be helween 200 [t/ 1/2 mile and 250 {t/

3/4 mile approximately 0.7% of the time.

FREQUENCY DISTRIBUTION OF WEATHER CONDITIONS

Table 2-2

(Reference 120)

Percentage of time ceiling and visibility are

ahove levels indieated

, Airport 200 feet 250 feet 1000 fest 3000 feet

‘ (vears considered) 1/2 mile 3/4 mile 3 miles h miles

Atlanta .

i (1946-1967) 98.3 97.8 88.7 77.5

f Chicago

i 98.9 08.2 86.2 G9.1

}.‘ (1946-1965)

}

! L.os Angeles

(1949-1965) 97,7 96,9 78,9 57.6

! New York .

. (1949-1965) 98.4 ar."7 87.2 73.1
Average 98.3 97.6 85,3 69.3

to be (146):

e Tlight check glide slope: $6,000 per runway
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The costs associated with raising the 11.5 glide slope are estimated by the FAA

Reloente glide slope antenna, middle marker, and outer marker: $5G, 000 per

runway
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I the timing were such that the adjustment coincided with a regular flight check of
the glide slope, only the equipment relocation costs would apply.

If the angle were raised to 3. 5° and it was necessary to raise weather minimums
also, there might he nn additional cost nssociated with the delay or diversion of 0.7
percent of all landings, This {s estimated {o be approximately 20 minutes or $200
per delayed flight plus passenger Inconvenience, Assuming approximately 5 million
air earrier landings annually (there were 4.7 million in 1969 (500)) this amounts to
approximately $7 million annually (plus passenger inconvenience) if all glide slopes
were raised to 3.5° and weather minimums had to be raised also.

Conclusion: glide slope angles of 4° are standard for new installations and result
in leas noise than lower glide slope angles, yot a majority of existing glide slopes are
tower than 3°, Glide slope angles of up to 3. 5° reduce noise even further and are in

use at 2 few locations to provide terrain clearance.

TWO-SEGMENT APPROACHES

Like the higher glide slope angles, two-segment approaches reduce noise through
the combined effect of reduced power settings and higher altitudes, In the two seg-
ment approach the Initial descent is accomplished at a fairly steep angle (nominally
Go) and then a transition is made to a normal glide slope (nominally 30) at an altitude
sulficient to safely reduce the initial high descent rates. Considerable noise reduction
1a posaible beneath the 6° segment, but no nolse benefit oceurs between the point
where transition is complete and the runway.

Filgure 2-16 shows the noise reductions possible for the 707 alrcrall und indicates
that the area exposed to 90 EPNAB or greater is reduced by 756 percent compared to
a flap management approach., This is a very significant reduction, especially since
the 707 i8 one of the noisiest aircraft in the current fleet. Tho noise reduclions pro-
vided by two segment approaches for alrcraft which already include nolse suppression
may not be a8 great, but are still significant, For example, a two segment approach
for a 707 equipped with an acoustically treated nacelle reduces the 90 EPNdAB area by
77 percent (to 9 percent of the untreated 767) (117); a two segment approach for the
L-1011 reduces the 50 EPNdAB area by 62 percent (to 8 percent of an untreated 707) (1).
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From a noise standpoint, the most effective procedure would be u very steep
initial angle with transition oceurring very close to the runway. The initial angle is
limited, however, hy the power and drag characteristies of the aireraflt: under cer-
tnin conditions injtinl angles of more than 6% would not permit speed stabilizaiion or
might allow ice to bulld up in the engines (if icing conditions exist), Furthermore,
high descent rates (1600 feet per minute, instead of 4 normal 800 feet per minute,
see Figure 2-15) coupled with low power and long engine response times (7 seconds
instend of a normal 4 seconds, see Figure 2-17) make low altitude, close In trans-
ition hazardous, NASA tests using transltion altitudes of 250 feet und 400 feet
showed that pilots felt slightly rushed using the 250 [oot transition and therefore pre-
ferred a 400 foot transition {116, 186). ALTPA and ATA have establlshed positions
favoring having the airerafl completely stabilized on the glide slope by 500 foot
altitude; this requires a geometric point of transition at approximately a 700 {oot
altitude (the aireraft actually begins the transition nt a higher altitude and com~
pletes it at a lower altitude, the complete maneuver taking 200 to 300 feel).

Current NASA tests are therefore using approximately a 700 foot transition altitude
(60).

The various tests of two segment approaches which have been complefed or are
in progress are summarized briefly in Appendix A, The National Aeronautics and
Space Administration (NASA) has conducted many tests and has demonstraled the
technical feasibility of this procedure including the use of automatic guidnnee for all
wenther operation, Currently, tests are in progress under a NASA contract to
United Air Lines to demonstrate the feasibility of the two-segment approach in routine
airline operations. In addition, two segment approaches are already being conducted
on a regular basis in visual weather by PSA using 727 and 737 alrcraft at all alrports
it serves and by Natlonal Afrlines using 727 afreraft at Miam{ (75). Furthermore,
Air Colifornia utilizes a VFR procedure which is a combination lwo-segment and
decelerating approach in their 737 aireraft (122), Approaches to the San Diego airport
are regularly flown nt a 5° angle by all airlines gerving that airport (alreraft types as
large as DC-8g) (79). The National Business Alreraft Associatlon recommends the
use of two segment approaches in VFR conditions (26).
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There are numerous ilems of equipment available to provide guidance during
two~segment approaches. The most perlinent items of equipment are listed below

along with estimates of the investment costs (In 1973 dollars).

Distance Measuring Equipment (DME) — All air earricr aircralt have at lenst
one DME receiver. When a DML transmitter is located on an alrport, the
pllot has information in the cockpit repgarding the distance {rom touchdown,
When electronically combined with a glide slope computer, two segment
approaches can be made with full flight director guidance, Currently only

16 airports have DME instialled or on order. PPresent FAA programming calls
for 5 more in Fiscal Year 1975, 20 in FY 7G, 20 in FY 77, and 40 in Y 76-82
(607). This is a significant slowdown from plans of a year ago which indicated
100 new installations by Y 75 (50G). Based on informnation from Collins Radio,
NASA estimates that a dual DME transmitter installation costs npproximately
$26, 400 and delivery of 50 units could take place in 10 months under current
specifications (86). TAA cost estimates range from $45, 000 to $60, 000 per

Installation (507, 146).

Glide Slope Computer ~ One way of providing guidance on the upper segment
of a two segment approach is to install a special glide slope computer in the
aireraft. In conjunction with the DME on the airport, complete flight director
guidance is provided for the approach. Based on estimates from Collins
Radio and United Air Lines, NASA estimates the cost of a dual glide slope
computer installation to be $31,400 per alreraft (60). Deliveries could

begin one year after receipt of order,

Vertical Navigation Equipment (V-Nav) — This is an extension of Area Navl-
gation (I3-Nav) into three dimensions. It is an airborne system which can
compui.e aireraft position in space using the existing network of VORTAC
radic navigation stations. No airport DME or ILS is required (for non-
precision approaches), Cost estimates for such a system range from

$65, 000 to $200, 000 per airecrait if it is not already R-Nav equipped (179),
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NASA estimates o cost of approximately $9,000 for aircraft alrendy R-Nav
equipped, based on data rom Collins Radio, with a delivery time of approx-
imately 1 yvear {G0), Few aircraft have R-Nav equipment at present, hut
their numbhers are expected to increase as tew aircraft enter the fleet and

R-Nav routes are adopted by the FAA,

e Visual Approach Slope Indlcator (VASI) — This is a set of lights near the
runway which provide a visual glide slope. They are generally set for
30, hut at San Diego, for example, they are set at 4 1/2° for terrain
clearance. VASI's provide a convenient visual check on the nireraft's
approach profile. They cost approximately $30, 000 (installed) each and
are available off the shelf {507).

e Visual Approach Monitor (VAM) — This is an electronic visual display in
the cockpit wherein the pilot conirols the alrcraft so ag to keep a command
bar positioned across his view of the runway. This display will guide him
from a low or high altitude through o smooth transition to a normal 3°
glide path. The cost is approximately $16, 000 per aircraft including
Installation and first deliveries could begin within 90 days from date of

order (109).

® Microwave Landing System (MLS) — This is a fufure replacement for the
current JLS, Its neise abatement advantage ias that muliiple flight paths
or glide paths may he selected by the pilot. Present FAA planning ealls
for initial installation of 10 units in FY 77, an additional 407 units in T'Y
78-82, The present cost estimate is approximately $200, 000 each. (507),

According to NASA the time required for airline Ingtallation of guldance equip~
ment coneurrent with scheduled alreraft downtime is 3 to 4 years for a normal
schedule, 2 1/2 to 3 years for a "erash" schedule. More rapid Installation could

: be accomplished but only by using unscheduled aircraft downtime with resultant
« addilional cost or reduced service (86). (An estlmate for the downtime s approx-
‘ imately 4 days per aircraft at an out of service cost of 7,000 per day (156, 516).)

~ The fuel burned on a two-segment approach is not significantly different than
the fuel burned on n flap management appronch. This is, however, substantially
less than the fuel burned on a full flap approach (167). The data from Reference
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167 was based on an initial intercept altitude of 3000 feel, and the two segment fuel
comparison might be even more favorable if a highor intercept altiude were used,

Ailr pollution emissions of carbon monoxide and hydrocarbons may be increased
slightly by the lower power setiings but the emissions of nitrogen oxides should bhe
redueed (128).  All emissions would of course take place at flight altitudes,

An important 1ssue concerns the use of "VFR only'' two-segment appronches
such as lhose employed by PSA, Nalional, Air California, at the San Diego
airport, and recommended by NBAA, The advaniage of such a procedure is that it
can be implemented nlmost immedintely, without waiting for tests and installation
of all-weather guidance equipment {visual contact with the pround provides the
necessary guldance). Although the noise benefit might not be as great as a
preeisely gulded approach, a "VIR only" procedure would still provide signlficant
noise benefits and would be useful most of the time, {Referring apain to Table 2-2,
weather conditions are likely to be "VFR" (1000 foot ceiling and 3 mile visibility)
or better approximately 85 percent of the time and better than 2 3000 foot celling
and 5 mile vigibility approximately 69 percent of thetime. )

The ALPA and ATA hold positions opposing introduction of any "VFR only" pro-
cedures, Thelr arpument {s that standardization is essential for safety and therefore
all approaches should be made in the same manner, whether IFR or VFR. The ALPA
contends that the reasen PSA and Air California ean use VFR procedures is that they
operate into enly a small number of airports and the routes are short; therefore the
pilats are thoroughly familiar with each runway and slso make many more landings
per month than n pilot who flies only transcontinental or international routes. Others
argue oppositely, saying that even under present circumstances VFR procedures are
often much different from 1I'R procedures, so the "standardization'' called for does

not now exist,

TFurthermore, ALPA contends that steep VFR approaches are lli'{ely to result in
landing aceidents because of the high sink rates involved. One analysis of visual
approach accidents available to the task group did not bear this out, however,
Reference 97 ananlyzed 44 air earrier visual approach aceldents by extracting data
from Civil Aeronnutica Board, National Transportation Safety Board, International
Civil Aviation Organization, and individual state reports, Accidents considered visual
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were those with cellings greater than 500 feet nnd visihility sueh that the runway
approach lights or lights in the airport area were visible. Accidents were not consid-
ered where siructural integrily, fire, loss of control, thrust or power, lcing, or

pilot ineapacitation were involved or suspected.

The major common factor appeared to be that the aceidents oecurred at night
(37) or in degraded daytime visual conditions (7). With regard to approach slopes,
low approaches were the most common problem, In general, from distances of &
miles to I mile from touchdown, 23 approaches were more than 100 feel helow a 3®
slope, 11 approaches were more than 100 feet above a 3° slope, and 10 approaches

were within 100 feet of a 3° slope.

The most frequently referenced steep approach accident is the erash of a United
Airlines 727 at Salt Lake City in 1965, The facts, as reported by the National Trang-
portation Safety Board, were that the pilot had a history of poor judgement during
ianding, he was not following any recommended procedure, the final approach angle
was as high as 90, md the landing could have been saved if the pilot had taken any
action prior to an altitude of 148 feet (122). Thereclore this aceident does not appear
to justify non-use of properly developed VFR two-segment approaches,

The AOPA is concerned about possible wake turhulence hazards to light aireraft
landing on the same runway where heavy nirveraft are making two-segment approaches.
Light aireraft have occasionally been forced out of conirol when flying behind and
below heavy aircraft. Since instrumentation for two-segment approaches may be too
expensive for light alreraft operators, a safety problem may exist. The FAA is
conducting experiments to define this problem more accurately. In visual weather
conditions light aireraft can maintain a flight path above the heavy alreraft by visual
reference. InlIFR weather, ilight alreraft nol equipped with two-segment guidance
equipment would probably have to be spaced farther bobhind when following a heavy
aireraft conducting a two-segment approzch, At several major airports gither sepa~
rate runways are provided for light alrevafl or 4 non-interfering runway use plan is
in effect to minimize the problem of wake turbulence,

Conclusicn: Two-segment approaches provide significant noise reductions, are
technically feasible, and are already in use in some segments of the air transportation
gystem during VIR weather conditions. Some type of guidance equipment appears to
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be necessary and is available for VFR conditions (DME, VASI, or VAM). Completion

. and evaluation of the current NASA test program should result in equipment

guitable for IFR two-segment approaches.

DECELERATING APPROACH

In n decelerating approach, the aircraft starts at a high speed and then thrust is
reduced to nearly flight idle. The alrcraft then slows down during the approach becauso
of aercdynamic drag, The approach airspeeds can be controlled by progressivaly
lowering flaps and landing gear aeg necessary., Figure 2-18 shows the resulting noise
levels assuming a 3° decelerating approach,

The ALPA position is that the decelerating approach is never "stabilized, " thero-
fore it adds to the pilot's workload and detracts from his ability to properly judge the
progress of the approach, As pointed out by Lockheed, the decelerating approach is
best suited to aircraft with programmable automatic Tanding systems (1).

The Air Californie VFR procedure (127) is essentially a decelerating, two segment
approach. To the task group's knowledge, however, this is the only routine use of
this procedure and there have been relatively few flight tests of it. Very few aircraft
are properly equipped to conduct IFR automatie decelerating approaches.

Conclusion: the decelerating approach is technically feasible but has not heen
proven adequate for widespread routine use, The decelerating approach does offer
the potential for meaningful noise relief, however, so research and development work
to make it acceptable for routine use should be intengified.

THRUST REVERSE LIMITATIONS

Communities located along the side of operational runways find thrust reverse
noise to be objectionable, especially at night {74). Its sharp application makes it
easily distinguishable from takeoff nolse even though the level may be approxi-
mately 10 EPNdB lower,

Transport Aireraft have a coertifiented runway length in which they can safely
land and stop. This distance is enlculated without the use of thrust reversers and in-
cludes necessary safety factors, Figure 2-19 shows that in many cases these dis-
tances are considerably shorter than the runway lepgth available, Using thrust

reversers shortens these dlstances even further,
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707-1208 6,550 FEET |
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Fipure 2-19, FAA Runway Lenpths for Typical Aircraft Types
(Landing without thrust reversers)
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ALTA and others contend, however, that in order for the pilot to use thrust
reversers properly when required he should use them on cvery landing, Doeing
points out (130) that it has been FAA policy to require that some eflective additional
rotarding devi :: he available before they will allow credit for all the wheel brakes
and spoiles s. Furthermore, some members of the task group argued that in many
eases it is neeessary to use thrust reverse In order to turn off the runway quickly
so that another aireraft may land or depart, On the other hand, the Mnssachusetts
Port Authority points out that rumvay and taxiway construction plans are bhased on
certifieated runway length and eannot be used us an excuse Lo require thrust reversal.
Others have suggested that using o minimum amount of power during thrust reversal

is of value in stopping the aireraft and creates less noise than full power thrust

reversal.

It has also been pointed oul that not using thrust reverse generally increases the

taxi time and resullant noise and air pollution (128).

Two forcign airports (Zurich, Switzerland and Stuttgart, Germany) have estab-

lished nighttime prohibitions against the usc of thrust reverse (77).

There seems to be merit in the ALDPA position that pilots maintain their
proficiency by consistently deploying the thrusi reversers. lIowever, the exiensive
high power use of thrust reversers for landings on long, dry runwnys where there is
a sideline noise problem and no air traffie control urgency appears to be unnecessary
and undesirable. The tradeoff between sideline thrust reverse noise and airerall
taxi induced air pollution is one which can only be made at the loeal level and should

he a consideration included in the alrport certilication proecess (see Scection 3),

PROPELLER DRIVEN ATIRCRATT AND HELICOPTER OPERATIONS i

Inasmuch as the vast majority of the aireraft noise problem oceurs near airports
with jet alreraft operations, almost all of the time in the task group was occupled with
the jet noise problem, Nevertheless, noople frequently report annavanee from
propeller driven aircraft and helicopters. The complaints come most often from the
vieinity of airports or heliports, but alse frequently from instances of low altitude

flight away from the airport (38, GG).
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FAA AC 91-36 deals with this problem by recommending Lhat privis vi tacu apu
rotary wing alrcraft flying VFR maintain al least 2000 feet ahove noise sensitive areas
whepever possible (27).

A comparison of noise from jet alreralt, propeller driven aireraft, and helicopters
is given in Figure 2-20, It can be seen that jet aircrafl are iypically ni least 10 EPNdB
louder than (twice as loud as) the other types of aireralt; therefore it is natural that

they have received the most attention,

In concept, the operational procedures for reduciion of noise from propeller driven
aireraft and helicopters are much the same as for jel nireraft: keep them as high as
possible and at the lowest power settings possible. There are certain different con-
straints, however, as enumornted helow:

1. In many cases the operators of general aviation propeller driven aircraft

and helicopters nre not finaneially able to install special electronic guidance
equipment,

2.  In mast cases the operntors of general aviation alreraft and helicopters do not

have access to computer aided flight planning.

3. The training and proficiency requirements for pilots are not as high in
general aviation operations as in air carrier operations.

For the reasons stated, operators of general avintlon propeller driven aireraft
cannot be expeeted to fly sophisticated two-segment approaches in IFR conditions or
to compute the best clilnbout procedure for minimizing noise over a specified area.
On the other hand, most of their operations are VFR, the ajrerafl are capable of
descending at a steeper angle than jet aircraft, and noise levels are not so great that
power cutbacks on climbout are as essential.,

Helicoptors ara a special case in that a good deal of thelr noise annoyance comes
from the "slap" of the large rotor blades. This generally occurs within a narrow range
of airspeeds and descent rates, as shown in Figure 2-21, Ag indleated, a noise
abatement approach, slightly steeper than a normal approach, can be made without
entering the blade slap regime.
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Bocause of the near vertical nature of helicopter takeoffs, power culbneks are

not practical as o noise abatement measure. Noise reduction is achieved by a steep

climb prefile ns shown in Figure 2~22.

In summary, then:

1.
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Noise from general aviation propeller airernft and helicopters is nol as
extensive ns nolse from jet aireraft.

Departure procedures involving the steepest possible climbout angles provide
the best possible noise relief for general aviation and helicopter takeolfs.

Approach procedures using the steepest possible angle will provide the maxl-
mum noise relief on landing (hellcopters should avold the blade slap regime).
Visual Approach Slope Indicators (VASIs) set for an angle of 4° to 5% could be
helpful for general aviation landing runways.

Enroute altitudes as high as possible will minimize noise away from airports
and heliports,

Further study of this problem may be warranted as noise from air earrier and
business jet operations diminishes,
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SECTION 3

AIRPORT NOISE CONTROLS

As was mentioned in previous sections, the majority of the nireraft nolse problem
1s assoclated with jet airplones. Similarly, most of the concern centers around air-
ports that have jet operations. This study will therefore be most applicable to the 151
Alr Traffic Hubs (176 alrports) identified in Figure 3-1 and Appendix A, These hubs
accommodated approximately 96% of the 160 million passenger enplanements in Fisecal
Year 1971 (169). This does not mean thut noise problems do not oxlst clsewhere: there
are 798 points served by air carriers, 3,240 airports in the National Airport System,
and more than 12, 000 airports on record with the FAA (506), Many of the non-air
carrier airports have business jot operations which ean be very noisy. Nevertheless,
the number of enplaned passengers Is related to the population served by an nirport,
the number of operations, and probably is alse related to the population density near the
airport, Therefore the 175 airports in the "hub" network probably acecount for, if not
96%, atleast a vast majority of the aircraft noise problem,

This section discusses the noise reduction potential of various measures available
at the airport level. The EPA Aireraft/Airport Noise Study — Task Group 1 Report
discusses the legal basis of these measures more fully (511), In general, that report
indieates that the airport proprietor ean legally institute any non-discriminatory and
safe noise abatement controls on the use of his properts}. Turthermore, the Federal
Government (but not the state or local governments) can prescribe noise standards (in
terms of cumulative noise exposure) which must be met or bettered by the alrport
proprietor, Tinally, the optimum combination of procedures for a local airport
siturtion can only be determined by balancing the loeal and national needs for air
transportation with the loeal and national needs for a quiet environment,

The FAA, airlines, and alrport proprictors have instituted some of the controls
listed below, bul except in the case of the 1971 State of California Airport Noise
Standards, there has not been any comprehensive long range noise planning,
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SCHEDULLE LIMITATIONS

Limiting the number of operations ench day is one means of reducing the cumu-
lative noise exposure to communities. The FAA has established hourly quotas on IFR
aperalions al John F, Kennedy, La Guardiz, Newark, O'Hare, and Wnshington National
Airports but these were for the purpose of alloviating congestion, not noise {(501), Tho
only nirport known io he limiting schedules on its own nuthority and for noise abatement
is Orange County, Cnlifornin where the Uimit is 38, 3 averape daily departures (based
on an annual average) (140).

Schedule limitations are obviously capable of reducing the cumulative noise
exposure {from pireraft) to any extent desired (in the extreme ease-closing the
airport), But it is equally chvious that closing airports would not be desirable
from the standpoint of providing air service to the publie. The value of Ldn
for a single flyover is shown in Figure 3-2, and the variation of Ldn with number
of operations is shown in Figurce 3-3. It requires a halving of the number of
flights to reduce I‘d n by 3 dB (or the exposed arca by 37 percent).

AIRCRAFT TYPE LIMITATIONS

Another tool available to airporl proprietors is to restrict airceraft which create
noise nbove a specifiod level from using any particular runway. The Port of New
York Authority, for example, has a noise limit of 112 PNdB as measured at any of
its monitoring stations, The Los Angeles Iniernationzt]l Aivport has a policy which by
December 31, 1974 will permit only aireraft which comply with FAR Part 36 Appendix

C noise levels (51).

The takeoff, sideline, and approach noise levels of varicus airerall types are
shown in Figure 3-4 (see Reference 513 for the basis of these noise level estimates).
Ajroraft type limitations ean achieve single cvent noise reductions of up to 18 EPNIB
{comparing the apprnncl'l noise levels of the 707-320B with the L-1011). The
reduction of cumulative noise exposure (Ldn} depends on the proportions of noisy
and quiet aircraft. Because of its logarithmic nature, the value of Lc]n is dominated
by the noisiest airveraft. As an illustration, Figure 3~5 shows that Ldn can inerease
by 10 dD or more if there ls a wide range of aireraft noise levels, even though the
average noise level remains the same.

The effect of aireraft type limitations at specific airports would be to generate

a competition for the quietest aireralt types, A redistribution of alreraflt types would
most likely occur in the nationwide effort to achieve noise levels consistent with
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SIDELINE  {0.25 nautical miles from runway centerline except 0,35 nautical
miles for aircraft with more than 3 engines}
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Figure 3-4. U, S, Air Carrier Fleet - Sideline Noise Levels
(Sheet 2 of 3)
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APPROACH (1 nautical mile from thresheld)
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Federal standards, Airports with the greatest neigo problems would demand service
by only the quietest types. Airlines ordering new aireraft would certainly include
noise as a criterion, perhaps even pressuring the aireraft manufacturers to do

better than Federal noise emission standards require.

NIGHT CURFEWS

The subject of nighttime curfews is o very controversial one. Obviously, a cur-
few would reduce airline service to the extent that pnssengers and freight could not
arrive or depart during the curfew hours, TFurthermore, even during the noncurfew
hours it would not always be possible to depart at any hour for a non-stop flight to
another airport with a similar curfew. The difficulties of rescheduling flights to
avoid curfew hours, possible resultant less efficient utilization of aireraft, and the
desire for o national system of airports open to nll users at all times are other

reasons put forth in opposition to curfews.

Nevertheless, even if every airport in the world had curfews for 8 hours each
night, there would always be from 8 to 16 hours each day that one could fly nonstop
from any one to any other. A more complete analysis of the costs associated with
a nationwide curfew is contained in the EPA Aireraft/Airport Noise Study Task Group 4
Report (513), The legal authority for the airport proprietor to estnblish a curfew is
discussed in the EPA Aircraft/Airport Noise Study Task Group 1 Report (511),

Figure 3~6 shows the noise reduction effectiveness of a complete curfew
between 10 PM and 7 AM. Tor an airport with {initially) 11 percent nighttime
operations the reduction in Lan Is approximately 3 dB {an area reduction of approxi-
mately 37 percent). (The 12 airports analyzed in Reference 503 had an average of

11% nighttime operations, ranging from 7% to 19%, (189}).)

Two U. 8. alr earrier airports and five foreign air carrier airports are known
to have some form of total or partial nighttime curfews. These are (77):

e  Washington, D.C. (National)
& Orange County, Californin

&  Stuttgart, Germany
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e Paris, Franece (Orly)

e Osaka, Japan

s Tokyo, Japan

¢ London, Engiand (Heathrow)

The Los Angeles International Airport's "over-ocean' preferentinl runwny program
is also a form of night curfew (see page 3-15).

There does not appear to he any widespread desire on the part of major airports
to close at night, so in the absence of a Federal requirement, curfews will probably
not proliferate at a rate too fast for airline schedules to adjust in a gradual way., As
new aireraft noise abatement technology is introduced, the need for extensive curfews
or other restrictions will be reduced, thereby encouraging the introduction of quieter
ajreraft at the earliest possible date,

AIRCRATT WEIGHT OR TRIP LENGTH LIMITATIONS

The purpose of resiricting aireraft to 2 maximum weight or a maximum trip
length would be to reduce noise by allowing only flights which ean climb rapidly (or,
conversely, can cut back power the most), As can be seen from Table 3-1 and
Figure 3-7, limiting 707-320 trip lengths from 4500+ to 2500 miles {or a corres-
ponding weight limitation) would reduce noise by approximately 13 EPNdB at a dis-
tance of 20, 000 feet from brake release.

One argument against such limitations is that more stops or more flights might
be required and this would inerease the cumulative exposure, Bul since doubling the
number of flights inerenses the value of L an by only 3 dB, it can be seen that weight
or trip length limitations may provide a noise benefit in some cases,

It should be pointed out that setting single event noise limits might accomplish
the same purpose as weight or trip length limitations.
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Table 3-1.

TAKEOQOTFF PROFILES FOR VARIOUS TRIP LENGTHS
(Reference 503)

TAKEOFYF PROTFILE*

Trip Length in N, Miles

BT

0- 500- 1000~ 1500~ 2500~ 3500~ 4500+
Aircraft Type Examples 500 1000 1500 2500 3500 4500
Large 4-engine turbojet Boeing 707-120, and 720
transports Douglas DC-8-10,-20,-30,-40 | B B B C D E E
Convair 880
Large 4-engine turbofan Boelng 707-320 B, C
transgports (standard Douglas DC-8~50, -8F, -G0 B B B B c D E
and stretched) series’
Three-engine turbofan Boalng 7T27-100 3 C C D D
transports
(standard)
Throe-engine turbofan Boeing 727-200 B C D D D
transports
{stretched)
Two-engine turbofan Boeing 737 B B B B
transports Douglas DC-9
BAC 111
Large "new goneration" Boeing 747 B B B B C D E
4-engine turbofan
transports
Large "new generation'" Douglas DC-10 B C C D D

3-engine turbofan
transports

Lockheed 1011

*3ee Figure 3-7.
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PREFERENTIAL RUNWAYS

It is presenily common practice for the FAA, affer consultation with airport
proprietors and airlines, to designate preferential runways, Use of these runways
reduces tho number of flights which take place over noise sensitive areas, ilots
are required by FAR 01. 87 (g) to use these runways whenever possible,

At the Los Angeles International Airport, for example, the proprictor has
designated that during the hours of 11 PM to 6 AM all takeolls and landings must
take place on runways which place the airborne operations over water (51), This
rule is effective whenever tailwind conditions arc less than 10 knots, and can only
be complied with by using opposing direction traflic over the Pacilic Ocean, The
program was instifuted after an experimental program showed that during these
hours the air traffic Irequency was low enough to permit the over-ocean approaches
and departures to be conducted salely, When the wind exeeeds 10 knots, only air-
craft which comply with the noise emission levels of AR Part 36 Appendix C may
tako off or land over the populated arens to the east of the airport.

Obviously, the noise henefit of esiablishing preferential rumvays can vary
greatly depending oh the runway configurations and the configuration of noise
sensitive arcas In the vicinity of the airport. If runways can be designated which
route air traffic entirely away from populated areas, the noise reduction can be
almost complete (an Ldn reduction of up to 50 dB). In other cases, the best that
can be done is to choose a runway which is slightly farther from peopulated arcas
ar which affects fewer peaple.

All task group members concurred that preferential runways were a benefieial
noise abatement measure., No generalizations concerning thelr use can be made other
than that deslgnation of preferential runways should take place after a eareful ahalysis
of the local noise {and air polhution) situation,

PREFERENTIAL FLIGHT PATHS

As with preferentinl runways, preferentinl flight paths can minimize noise
impact by routings which avoid noise sensitive areas as much as possible. For
example, at the Washington, D. C. (Natlonal) airport which is operated by the FAA,
pilots making VFR approaches are required to follow the Potomac River to minimize

noise.
3-15
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Ag is the case with preferential runways, the noise benefit of preferentinl flight
paths is greatly depencdent on the loeal alrport and land use configurations, making
generalizations regarding the amount of benefit impossible, It can be said, however,
that once preferential flight paths are designated, their use should be enforced to the

maximum possible extent,

One question that often arises s whether it is preferable to concentrate flights in
one corridor or to spread them out in many directions (98), From an analysis of the
governing equations for Pigures 1-1 and 3-3, it can be shown that as the number of
different flight paths is increased, the total area enclosed within any L dn contour goes
up approximately as nl/ 3 where n is the number of distinet routes. Therefore, the
"least area' procedure is to concentrate the flights in one corridor. This will be the
most beneficial from a noise standpoint {f the population is uniformly distributed.
However, if the population is sufficiently far from the runway, route dispersion may
be advantageous in that it shrinks the length of the contours even though the total area
ig Incrensed, Tipgure 3~8 shows a simplified alrport situation where a single flight
route, even though directed towards the most distant population, still causes noise
exposure that could be eliminated by using multiple flight routes.

ENGINE RUNUP RESTRICTIONS

Restrietions on engine maintenance runups, eapecinlly at night, are in effect at
many airports, They have usually been worked out cooperaiively between the airports
and the airlines. They are a useful tool for reducing noise exposure around airports.

The cumulative effect of engine runup restrictions depends on the type and number
of runups and the type of vestrictions,

NOISE BARRIERS

A wall or earth berm of sufficlent height can reduce sideline noise from aireraft
operating on the ground, On takeoif, the noise barrier has its major effect when the
ajreraft is on the ground and atill not ajrborne when passing a point approximately 45°
beyond a given location. On landing, the beneficial effect of a harrier extends both
forward and backward from the point of thrust reverse application,

3-16
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Areas which potentially could be helped by a noise barrier at Los Angeles
International Airport are shown in Appendix A (Reference 22), The Minneapolis
St. Paul Airporti Authority reports a & to 15 PNdB noise reduction from a "green
barrier' consisting of a 15 foot high enrth berm and 25 foot high trees planted 60
to 100 feet deep. The cost for this mile long green barrier was approximately

$225, 000. (163, 16G).

ECONQOMIC INCENTIVES

Airport use fees based on noise {rather than on aireraft weight as at present)
have been proposed as an incentive measure to encourage use of the airport by
quieter aireraff. A scheme such ag this is being implemented ot the Los Angeles
International Airport {81). The use of economic incentives may be contingent upon

the lease arrangements between the airport and the airlines,

The exact noise benefit of such measures is difficult to predict, Ilowever, it is
likely that if the rate schedules are steep enough for the noisiest aireraft, they can
be made as effective as desired. The greatest eifect would probhably he gained by

having the scheéiules get steeper every year,

MONITORING AND ENFORCEMENT

If a regulation is established for maximum permigsible noise exposure around
airports, there should he an enforcement mechanism developed to insure compliance.
Comrnunities and airports (Orange County, Port of New York Authority, Los Angeles)
are of the opinion that 24 hour monitoring is necessary to apprehend violators, On
the other hand, ALPA contends that pilots are n professional group and will adhera
as closely as possible to any regulations established.

Inasmuch as noise may also come from sources other than aircraft, monitoring
is also necessary to determine accountability for an adverse noise environment, It
would moke nu sense, for example, to ask thul wirport operations he reduced
significantly if the L n values are dominated hy truck nolse,

Two kinds of monitoring were discussed in the Task Group: operations monitor-
ing and noise monitoring, For direct enforcement of operational procedures,
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operations monitoring is most appropriate. This can be done by observation in the
normal course of air traffie control, To actually provide a photograph of a radar
display or other record of a procecural violation would be expensive., The ATA
contends that the best operational nojse monitors are the aflecoted public. Proposals
to paint the aireraft number on the boftom of thowings may merit attention in this
regard (502, 508).

Noise monitoring is not entirely useful for enforcing operational regulations.
This is because variations in weather conditions, alrcraft weight, nnd many other
factors affect noise levels even if a prescribed procedure Is flown exactly, Noise
monitoring is, however, the appropriate tool for enforeing noise level regulations
or for gathering noise data for planning purposes.

Quite a number of foreign airports operate noise monitoring systems, Most
have established single event nolse level standards, some have lower nolse standards
for night operations. Only Frankfurt, Germahy assesses any penalty against vio-
latorg. ‘The airports with monitoring systems are (77):

¢ London, England (Heathrow)

[ Zurich, Switzerland

e  Stuttgart, Free Republic of Germany
&  Paris, France (Orly)

&  Osaka, Japan

o Tokyo, Japan

The State of California requires that airports which have a noise problem
monitor for both single event and cumulative noise, The single event monitors must
be directly under the approach and departure paths and the cumulative monitors (at
least 12} must be located approximately 1. 5 miles apart on the noise impact boundary.
Continuous monitoring 1s requircd where more than 1000 homes f21l within the 70
CNEL {Community Noise Exposure Level, similar to L ) boundary. At least 4 weeks
per year of continuous monitoring is required for other airports (38).

3~19

Bl b it e ek et e s bt o 4 b b St B mat s o e e e e R e e 2 b



i e s e+ =

The costs of alrport noise monitoring and enforcement as indicated by cost
ostimates where monitoring ia baing done are shown in Table 3-2, The large variances
in the operating cost figures are primarily the result of differing philosophies regard-
ing the enforcement staff necessary (i.e. around-the-clock or merely spot check).

The Orange County Airport management {g of the opinion that monitoring has
reduced noise by approximately 20 percent and monitoring any less extensive would

be ineffective (99).

The Los Angeles International Airport management thinks that the monitoring
required by California law is too extensive and too complex. They [eel that fewer
stations and less sophisticated equipment would be adequate (81),

It appears that o monitoring program which consists of one 24 hour monitoring
period with one fixed or portable mensuring station for every 1000 annual operations
might be adequate, Such o measuring station, capable of recording L an and single event
dBA is estimated to cost approximately $10,000, This is $22 per monitoring day assuming
a useful life of 3 years and 150 days per year utilization. Further assuming that
each day of monitoring requires 1 man-day for set up, 1 man-day for data reduction,
one man-day for analysis, and the equivnlent of 1 man-day for maintenance, supplies,
and support services, monitoring costs {1873 dollars) for each 1000 annual operations
would he $422 (based on $100 per man-day), Using a rounded figure of $500 per 1000
annual operations, total annual monitoring and noise planning coats for the alrports
listed in Table 3-2 would be (including equipment nmortization or lease):

'

s Los Angelaes $221, 000
¢ Orange County 11, 500

o Port of New York
and New Jersey 350,000

Individual airports could obviously perform more extensive monitoring if they so

desired.

Based on & million air carrier departuras (10 million operations), the nationwide
annual cost of such monitoring under this logic would be approximately $5 millicn,
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Table 3-2

COSTS OF NOISE MONITORING

' Annual Number of | Equipment | Estimated Annual Oper~
Airport Oparations Stations Costs ating Cost
Los Angeles, Calif, 443,000 15 $220, 000 $100,000
City of Inglewood, Calif, 5 50, 000 60,000
{(adjacent to Los Angeles)
Orange County, Calif. 23,000 5 58, 000 85,000
700,000 10 175,000 750,000

Port of New York and New Jersey
(Kennedy, 1a Guardia, Newark),

R
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Conclusion: Cumulative noise exposure monitoring seems Lo be necessary to
ascertnin whother public health and wellnre siandnrds are being met. Single event
monitoring may be desirable where an airport operator wishes to restrict the type
of airernft by noise level or discriminate between alrport and non-airport noise
gources, However, extensive monitoring systems or around the cloeck enforeement
do not seem negessary. The best way to assure eorrect use of flight procedures is
to have proper pilot training and pilot flight cheeks, FAA should ineclude demon-

stration of noise abatement procedures as a part of pilot flight checks.

AIRPORT CERTITICATION

It is the total effeet of noise from many flights that crentes the airport noise
"problem", Thereforc neither flight procedures nor engine noise reductien can by
themselves assure that the problem will be solved., What is needed s & compre-
hensive plan for controlling all aspects of aireraft and airport noise. No such plans
are known to exist excepl at the Oranpge County (Californin) Airport (19). Nowhere
is there a requirement for such plans except in the state of California (510).

Part 139 of fhe Federal Air Regulations (FARs) requires that all air carrier
airports be certificated by the FAA (502), At present this certification is in regnrd
to aircraft and airport safety only although authority exlsts to inclucle noise control.
The EPA Ajrerait/Airport Noise Study Task Group 1 Report (511) discusses the legal
basis of airport noise certification more fully.

The advantage of airport certification with respect to noise is that it eould provide
the needed orderly planning process to ensure thal noise standards are achieved in the
most effective and safe manner, It also would provide a framework within which the
optimum combination of procedures could he selected to solve the loeal noise problem,
The airport authority would specify in an application for certification and then in an
alrport operating manual the procedures and limlitations which are in effect or planned
and the cumulative noise levels that are expected to result from airport operations.
Publie hearings would assure that local needs are considered. Final FAA approval
would insure that safety and the integrity of the air transportation system are preserved.

Since the health and welfare of alrport neighbors is an important aspect of air
transportation, alrport related noise should be included in the airport certification process.
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SECTION 4
NATIONWIDE BENEFIT-COST ANALYSIS

CUMULATIVE NOISE BENEFITS AND COSTS

The noise abatement benelfita and costs discussed in the previous two sections are
summarized in Table 4-1, The table shows the range of single event nolse reductions
posgible and also the range of reductions in the 90 EPNJB enclosed aren for aingle
fivovers.

Table 4-1 also shows the estimated nationwide reduction in the L cln> 65 and 75
{NEF 30 and 40) areas (the symbol » means "equal to or greater than'), For the airport
related procedures (curfews, schedule limitations, ete.), no attempt has been made to
estimate the nationwlde effect of each one, since it cannot be known in advance which
combinations will be selected as most beneficial at each airport, The combined effect
of these procedures 1s estimated to be an area reduction of 30%, nlthough it could be as
high as 50% (or even higher at specific nirports}, The estimate is based on reducing
the percentage of night flights from 11% to 6% (reduces L dqn b¥ 1 dB}, reducing the total
number of flights by 20% (reduces L dn by 1 dB and could increase lond factors assum-
ing a constant level of demand), and using the other airport éptions to achieve an
acditional 1 dB reduction in L dn® {The total of 3 dB3 reduction in L dn actually correg-
ponda to more than a 35% area reduction; other combinations of airport options could
also have been used.) Tor the flight procedures, the nationwide estimates are based
on a hypothetical "average alrport' having a 2. 759 1LS glide slope and 250 departures
(or landings) per day, At specific airports, the eifectiveness may be greater or
smaller as shown in Fipure 4-1,

The "Area Coei‘ficiel?t" in Figure 4-1 is the fractlen of the L qn BTE3 that remains
after implementation of the specific noise abatement procedure (it is the difference
between 100 percent and the area reduction), The effectiveness of flight procedures
on L gn Teas can be seen to be dependent on the number of operstions, Tor example,
the two segment approach procedure is most effective at the busiest airports hecause
the L an »65 and 75 areas extend well beyond the point of transition from 6° to 3°
approach angle., Power cutback departure procedures become effective for higher
values of L, at the busier airports as these contours extend beyond the power cutback

dn
point,
4-1



Table 4-1

SUMMARY OF NOISE BENEFITS AND COSTS

Entlmatest Estimatad
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It should be pointed out that area reductions through combined procedural tech-
nigues are not additive, In some cases procedures are not independent. TFor example:
inereased inftial approach altitudes are assumed a8 o part of two segment approaches,
reduced flap settings and higher glide glopes are not as effective if two segment
approaches are used, and reduced thrust tnkeoffs are not consistent with power cut-

hack climbouts.

The proper mathod for determining the effectiveneas of combined independent
procedures is to multiply the corresponding area coeflicients together. Takeoff and
landing coefficients cannot be directly combined, however, because the takeoff areas
are about three times as large as the landing arens, At airports where takeoff and
landing directions are variable because of variable wind conditions (the mujority of
airports), takeoif noise dominates the L dn 2Teas, and o 64 percent reduction in land-
ing Ldn »05 area reduces the total Ldn>65 area by only about 13 percent {based on
ecual distribution of takeoffs and landings) (144). This is computed by adding on an
energy basis the "area average' noise levels as determined [rom Figure 1-1.

The noise benefits shown in Table 4-1 are considered to be conservative and to

! underestimate the actual potential nationwide area reductions., This is so for two
primary reagons. Tirst, the effoctiveness of takeoff and landing procedures shown

in Figurs 4~1 is based on Reference 503, which made no attempt to optimize the
procedures for each airport. Secondly, the area reduction estimates are dominated

by the less effective takeoff procedures as discussed in the previous paragraph.

Although this takeoff domination may be theoretically correet, it does not neceasarily
reflect the real world situation. In fact, there appears to be evidence that approach noise
is the greater problem by a ratio of two to one at the largest airports (171).

The conclusions to be drawn from the foregoing analysis are that noise abatement
procedures are more cffective for the Ldn> 65 area than for the I"dn>75 area, The most
important procedures are power cutback climbouts and two segment approaches, which,
: when combined, reducethe L dn; G5 aren by approximately 21 percent and the L dnb 75
area by approximately 9 percent, The 3.5" 1L glide slope Iis the most effective flight
procedure for reducing Ldn>75 areas, but for the most part significant reductions in the
number of people exposed to Ldn> 75 will be dependent upon quicter aircraft and land

use changes.,
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ANALYSIS OF ALTERNATIVES

To asgess the overall Implieations of any of the proposed noise nbatement

solutions discussed above, an annlysls of total costs, both cconomie and social,

must be aceomplished, This analysis must include the effects of a time-phased

implementation plan. Such an analysis is accomplished below for four alternntive

procedural options, The options considered are;

L.\El‘_:_r:,-',‘_‘-.;r-u g

1.

"4,

IR ALIWEL L Lo

Null Case (Do Nothing)

This alternative 1s characterized by normal attrition and replacement of
aireraft, There would be no regulations adopted. Research on operational
procedures and source neise abatement would continue but implementation
would be leff to the discretion of the airlines.

Normal Effort Case

This alternative is similar to alternative number 1 except that there is more
emphasis placed on rapid research, pilot education is emphasized harder,
and regulations are adopted as they become accepted standard operating
practice for most airlines.

Accelerated Effort Cose

This elternative is similar to alternative number 4 helow except that the

time of Implementation is stretched out, Many of the same regulations would
be adopted, but the effective dates would be made later to allow more time
for research, experience, technology, and economics to overcome any
presently unresolved problems.

Maximum Effort Case

This alternative ia characterized by the attitude that money is no object.
Striet regulations would be adopted and made effective immediately or as
soon as production would allow, The regulations would include departure
and stecp approach procedures Inunedialely in VIR conditions, immediate
glide slope increases to 3. 50, rapld installation of equipment to permit IFR
two segment approaches, thrust reverse restrictions, Initial approach
altitude restrictions, and airport certification requiring rapid reduction of
the area exposed to L dn levels above the Faderal standard,

' 4-5
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Figures 4~2 through 5 indicate the schedules that would he associated with

instituting the procedures associnted with each option,

Figure 4~6 shows the expected reduction in the area enclosed within the L an = GH

contour ns a result of each option.

Tor each ol these procedural options, some assessment is required of the costs
of implementation as well as the '"public costs of nolse.' The viewpoint is taken that
with the presence of noise a cost appears in either the utility or production functions
of those oxposed for which they are not recompensed; i, e., costs fall on economic
activities other than those which produce the cost, The presence of aireralt noise
is a cost hecause it either reduces the utility or values of services that individuals
recelve from properties expozed to this noise or it reduces the quality and delivery
of public services, e.g., educntional and medigal services, and other production
functions. In economic terms, aircraft noise is a technological externality. Economic
welfare and efficiency principles suggest that the socinl costs created by such noise
be internalized into the produétion functions Lor alr transportation services, and that
the users of these services will then make rational decisions that translate into new
demands for transportation services based on the full costs of praoviding such services,

At this point in time, there do not oxist sufficient data to estimate the demand
curve for a quiet environment. Consequently, no attempts are made here to equate
the demand for quiet with that amount of quiet which can be supplied by operational
procedures. What is investigated is the amount of public costs of noise that will not
be incurred if various operationnl procedures are implemented,

Several different means of estimaiing the cost of noise are employed in the follow-
ing analyses. In addition, two different techniques of estimating the acoustical bene-
{ita are used: these benefits may be measured by the number of peopla no longer
exposed to L dn> 65 after impiementation of the operational procedures (without regard
to how much their environment has Improved) or by the average nolse reduction felt
by all people within the L an 65 contour.

Tirst, the "avoidancos of publie costs" {or "social benefits") are developed using
hypothetical unit values of the costs of noise to people of $1/person/year, $10/porson/

year, $100/person/year and $1000/person/yenr, Note that no provision Is made for
variable costs with differences in L an levels, TFor this analysis, the avoldance costs

4=~6
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HEARINGS ON EPA PROPOSEDN REGULATIONS
ADJUST ILETO '

ADJUST ILS TO 3%"

INSTALL VASEs AT 4*6°

INSTALL DME

THAUST REVERSE MINIMIZATION

MINIMUM ALTITURES

FLAP MANAGEMENT APPROACH

OPTIMIZED TAKEOFF PROCEDURES

YFA TWD SEGMENT APPROACH

PUBLISH TWO SEGMENT APPROACH CHARTS
INSTALL TWo SEGM‘ENT EQUIPMENT

AIRPORT CERTIFICATION

1013

=100 RUNWAYS ==

ot 50 e 5] it 5 et

LE

a
A
A
I
[

fnmaition 200 RUNWA Y e

2400 UNITS

1874 1p7 1978 1877

1876 1979 1080

Figure 4-4, Accelerated Effort Schedule

i e o et S e

GEND
& ADVISORY CIRCULAR
A EFFECTIVE DATE OF REGULATION

1oa1 1682 1043 1684 1986

T At o i £t ATt b e Y e bt 1Ly et bt M



01-¥

EPA REPORT TO CONGRESS
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are based upon the number of people ho longer oxposed {o envirohments of Ldn.:a 65, *
For the purposes of this investigntion, the Reflerence 512 estimate of 7,5 million
people exposed to alreraft nolse above Ldn =65 dB in 1972 will be used. ¥* In
developing the population protection estimates, a static 1972 population is pssumed
and, further, it is assumed that the number of people no longer exposed to the Ldn
= 65 dB environment {s proportional to the area removed {rom this environment due

to the implementation of operational proeedures.

Tahbles 4-2 through 5 list the basic cost and benefit datn for ench of the four
optifons. In Table 4~5 an additional assumption is made that to accomplish two-segment
equlpment ingtallation in twoc years would increase the costs by $34 million, This
estimate is hased on unscheduled downtime for 1200 aircralt, out of service costs
of $7000 per day, and installation time of 4 duys per aircraft (516, 15G).

A further assumption in Table 4-5 (Maximum Effort) is that a 3, 5° ILS either
(a) does not result In increased weather minimums, or (bj if it does result in
increased weather minimums it is only installed in a few critical locations, in which
case the estimated additional afreraft deluy cost of $7 million per year accounts for
both passenger inconvenience and aircraft operating costs, (All other procedures
are to be Instituted on & "non-interfering” basis so that there are no hidden pagsenger
inconvenience costs In any procedures except possibly the 3. 59 ILS.)

To compare costs and public "benefita" which are incurred and realized at
different times, the technique employed was that of discounting to present values
the future streams of these two elements. A rate of inflation of 3% per annum was
assumed for ench element, Implementation costs were discounted at an 8% per annum
rate and the public benefits discount rate assumed was 10%.

*Recall that this Is the cumulative noise level at which operationnl procedures

have their relatively greatest effect,

. ¥#It is recognized that aireraft mey not always be the dominant soyrce of noise.
A Inter sensitivity analysis will examine this point.

4-12
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Table 4-2

NULL CASE BENETITS AND COSTS
(all figures except lines 1 and 2 are in millions of 1973 dollars)

Toials
Beneflts (% 1972 L, # 65 urea)® 0 0 0 0 0 0 0 0 o 0 0 0 0
Benefits (People no longer exposed to
Ldn 2 65)
Denefits at $1/person/yr
Beneflts ut $10/persanfyr
Benelits at $100/personfyr
Beneflts at $1000/pemon/yr
Inatall DML l l 1 1 1 5
Tatal Costs 1 | 1 1 1 5
1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985

* The symbol 2 means “equal to or greater than”
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Table 4-3

NORMAL EFFORT BENEFITS AND COSTS
(all figures except lines 1 and 2 in millions of 1973 dollars)

L]
Benelitg {% 1972 1, 65 area}® ] a & % % 3% - R 10 (1K1 L% n% 1 E fon
Denefits (People nu funger exposed . .
wly, »>6 [S0.00¢ | 150,000 | 225,000 | 525,000 | 750,000 K25,000 | A25,000 [ K15,000 T 750,000 | 675000 | 5,710,000%*
Benefits at $1/pensop/yr 1 1 3 1 1 [ [
Deacfits at $10/peraon 2 2 3 5 # L] L3 # L] 7 57
- Benclits a1 81 00/personfyr 15 5 23 53 75 L.x] 43 43 75 ] 570
'_ld Benefita at § 1000 persunfyr 150 150 215 525 750 825 825 Hls 150 (Y] 5,700
Hon
Initall DME t | i 1 I H
Flap Managemen Appruach I’RDI!AUIL‘: FUEL SJ VINGS
1FR Two Segment Approach ’ 12 12 13 IN] I‘RDE!{I]LE FUEL SAVINGS 49
Total Costs 1 I 1 13 14 12 | 54
1973 1974 1975 9% n 1978 3 980 1981 1982 1943 1984 1985
+ ‘The symbo}  means “equef 10 or greater than®
** This number may be inderpyeied as "people-years uf nuise reduction”™
' .

. .
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Table 4-4

ACCELERATED EFFORT BENEFITS AND COSTS
(a1l figures except lines 1 and 2 are in millions of 1973 dollars)

* The symbol 2= means “equal to or greater than®
** This number may be Inirepicted a3 “people years of saise reductiun™

Tulals
lienelits (% E972 Ly, 2 65 area)® o o E E3% 14% L] 5% 18% 1% 6% 15% 1¥% 1 5%
Benerfits (Pevple na longer
expasedd fo Ly, 2 65 } 675,000 [ 975,600 1,050,000 1,350,000 1,350,000 } 1,151,000 | 1,350,000 | 1,200,000 | 1,130,000 1,120,000 1,120,000 | 12,710,000+
Henefits at &) /pervon/year 1 1 1 H 2 1 ] [ 1 1 1 [E]
Dierctits a1 $10/persenfyr 7 10 1 14 £ 14 L] 12 §] 1t 1l 127
Benctins ot SE00/penonfyr 68 4 105 135 115 135 135 120 m n e 1,266
Hencfits at $1000/pessoniyr 475 975 1,050 1350 1,350 1350 1350 1,200 1320 1,120 1120 12660
Adjust 1S (6 30 3 3 e
Ipatall DME 2 1 3 k| | 12
Flap Management Apprsach PROBABLE FUEL SAVINGS
Optimized Takeoff Pracedures PROJADLE FUELISAVINGS
VFR Twuo Segment Approach PHOBABLE FUEL SAVINGS
IFR Two Segment Approach 17 16 t6 PROBARLE FUEL SAVINGS 49
Airpuit Cenification & Murlicring 5 5 s j H H H 5 5 5 0
Total Cosi 5 [ 25 H n 5 H ] 5 5 ] 5 nt
1973 1974 1915 1970 1977 1974 L4719 1440 1411 IYH2 1983 1984 1945
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Table 4-5

MAXIMUM EFFORT BENEFITS AND COSTS

(all figures except Unes 1 and 2 are in millions of 1973 dollars)

Tautals
llcneti {% 1972 Ldn » 65 area)® o L2 166 18% 195 19%, 1% 1 (F 17% 1ok 161 ta% B
Benefita (People no longee
exposed to l’dn} &5 ) 675,000 | 1,200,000 [ 1,350,000)3 430,000 [1.430,000 |1 430,000 | 1,430,000 {1,430,000 | 1,260,000 1,200,000 | t, 200000 1200000 | 15255 nnos*
Benelits at $1/personfyr 1 I 1 | 2 2 2 f | | | 1 15
Beneflins al $10/persan/yy 7 1 L] 14 14 4 14 14 1} 12 12 12 153
Henefits st $100/personfye hi 1 133 143 143 143 141 143 12K 120 | #44] 120 1 52
Beneflts at $1000¢pezsontyr H75 1,200 1150 | 4J0 1430 1430 1430 1430 1,240 1,200 Em [ 2H) 13 255
Adjust ILS 1o 3 125 10 12 7 7 7 7 1 7 7 7 7 ? 92
Insiall PME El o 3 12
Flsp Mansgement Appriwch PROBABLE FULL SAVINGS
QFTIMIZED TARLOFF FROCEIURES PROBANLE FUEL SAVINGS
VER Two Sepnent Approach PROBARLE FUEL SAVINGS
IFR Two Segment Approach 42 + 43
Alrpont Certification &
Manlioring § 5 3 5 3 H 5 5 5 5 5 55
Total Costs 13 65 56 12 I 12 12 4 12 34 12 1’ 42
1973 1934 1975 g 977 1978 1979 1960 19H] 1982 1983 1984 1985
*  The symbol & meuns “equal to or greater than”
, ** This nwmber may be interpreted as “people yewrs of nolse reduetion™
i . SN
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Table 4-6 summarizes the present value computation resulls by option, Using
a criterin that an option is feasible for implemeniation if the present value of the
public beneflt equals or exceeds the present value of the implementation costs, the
central question [a: at what unit values per annum of the cost of noise to the public
are each of the options feasible? Caleulations from Table 4-6 indicate that under the
assumptlons described, a unit value of $12/person/yenr justifles implementation of
the normal effort option, n value of $11/person/year would justify the accelerated
effort option, and a unit cost of noise of §19/person/year would justify the maximum
effort ease. (Note that if the unit cost of noise is sufficlent to justify "normal effort,"
it is also sufficient to justify "accelerated effort.")

It can be arpued that after approximately 1980, the numbers of people exposed
to noise are more significantly reduced by the implementation of source noise control
options than by operational options and that, therefore, the public benefits of flight
procedures are overestimated in the abhove analysis. If the time period of this
analysis were shortened to 1974 through 1980, the respective unit values per person
per year would change to $38, $15, and $22 to juatify the normal, accelerated and
maximum effort options respectively.

The nbove results are directly sensitive to the estimated number of people
exposed to noise above L dn = 65, If the estimate of 7. 5 million were to be too high
by a factor of two, then the unit publie cost of noise required to justify any option
would double. In summary, if the public valuated neise costs at preater than
approximately $11 to $30/person/year, a program of at least "aeccelerated
effort'" would be justifiabls.

Another approach to balancing costs nnd benefits is to compare the costs of
alternative means of noise reduction, Recnll that implementation of oparational
procedures is only one set of options that {s part of what must be a more compre-
hensive program to reduce the noise environment io levels that are consistent with
public health and welfare considerations, The EPA Aircrait/Alrport Noise Study-
Task Group 4 Report (Reférence 513) found that the most expensive environmental
noige reduction options are those of land use, e.g., soundproofing of reslidences,
redevelopment, etc, Since operational procedures reduce the number of people
exposed to cumulative noise environments, then by Implementing these procedures,

4-17
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Table 4~6

Present Value Economlic Cost and Social Benefit for Various '"Costs of Noise" Assumptions
' (all figures in millions of dollars, present value)

Relative Cost of Nojse Cost of Nolsa Cost of Nolso Cost of Nolee
Economltc s1/peraon/yr $10/person/yr $100/porson/yr $1000/person/yr
Option Coat Social Bencfit Social Leneflt Soclal Benefit Social Boneflt
Da Nothing V] 1] 0 0 0
Normnl Effort 38 2 a5 349 3,494
Accolornted 88 8 a1 805 #,052
Effort
Muximum Effort 120 10 101 1,02 10,118
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there should result a reduction in land use costs vis a vis the costs if the progedures
were not implemented. This reduction is o "savingg" that can be compared to oper-
ational procedure implementation costs to determine whether implementation of a
particular set of procedures (s justified, *

The reductions in land areas within specific cumulative noise level eontours translate
into reduced noise levels perceived by the receiver, Depending on the operational
procedure options implemented, the reduction in cumulative noise levels can be as
high as 17 dB. However, the conservative estimate of an "average' noise reduction
developed earlier in this section considering both takeoffs and landings ns well as
all sizes of airports and avernged over the entire area withinthe L an = G5 contonr
{including those areas for which operaticnal procedures and not effective) results
in average noise reductions of 0 to 1, 7 dB depending on the optlon chosen., Onthe
average, this is the noise reduction felt by all people within the L an = 65 contour,
Reference 513 estimates that the cost of noise protection by iand use (in this case
soundpraofing) is $100 to $200 per perscn per dB for the environment of L, an = 65
(where flight procedures are most effective). Table 4-7 delineates the land use cost
reductions, based on the lowest land use cost estimate, that can be expected from
the implementation of various operational options.

It can be seen from the table that the reductions In land use costs exceed the
implementation costs of ench option, The absolute magnitude of this savings is
greatest for "maximum effort", Again, i the population estimate is too high by a
factor of two, then the reduction in land use costs would be only half as great.
The absolute magnitude of the "savings" would then be greatest for "accelerated
effort, "

*There 18 2 methodological problem with this notion of "savings" that should be
recognized. Primarily it 1s one of cost incidence or “savings" to whom., This is an
allocation problem and the answer derives from the allocation scheme adopted. Tor
a more detailed discussion the reader is referred to Reference 511,
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Table 4-7

Reductions in Land Use Cost Resulting from Implementation
of Operationnl Procedures

(1

(2

[mplamentation

)

Number of Deople
within 1080 Lgp =
643 contour before
Lmplomentation of

(&)

Avernge Reduction
in Cumulutive Nolag
Lovel due to Opor=
atlonnl Procerdurce

(5}

Minlmum Land
Uap Cost per per-
son por dB ae Ly,
= g5 (1973

(NxH%(5)

Roductlon tn Land
Use Costs due to
operational pro-
cedures {milliona

Proceduro Casta (milllans opurationnl procod-

Option of 1973 dollnrs) uras (milllons) (dny dollars)* of 1977 dollars)
Dn Nothing 0 6,8 a 100 1]
Normnl Effort 19 G4 ] 100 504
Acceleratex 112 [ H 1,5 100 991

Effort
Maximum Effort 237 4.6 1.7 140 12

*Relerence 513
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Based on these findings, it {s concluded that operational procedures result in
reduced noise impacts and, when they satisfy FAA regulatory constraints, are
justified on the basis of reduced costs to achieve a given level of cumulative environ-

mental noise,

So far, in this analysis, no attempt has been made to assign a speciflie numerical
value to the public cost of noise, Dolng so Is fraught with many diffieultios and
uncertainties, especially since individual responses to noise vary widely, However,
this report would fall short iF it did not suggest at least one scheme for making such
a determination. For example, one might attempt to find some form of compensation
that an individual would accept as balancing the adverse effects of the noise. Refer-
ence 517 suggests that perhaps n paid vacation away from the noise might be consid-
ered partial compensation. It hypothesizes a one week vacation each year at a cost
of $100 per person ($300 per family). If this is assumed to be applicable for those
that are exposed to cumulative noise levels 10 dB ahove some critieal level (for
example, above L dan = 65), then it follows that the cost of noise may be valued at
at least $10/person/dB/year. At this rate, "accelerated effort’ noise abatement
light procedures are justified if they are effective for 1.1 years or more (based on
columns 2, 3, and 4 of Table 4~7).

Still another way of looking af the cost-benefit equation is to place costs in the
perspective of how much they would inerease the cost of a passenger ticket, Bnsed
on 160 million passengers per year (Reference 169) and a 10 year amortization of
costs, the required fare increase per passenger would be 3¢ for normal effort,

7. 5¢ for accelerated effort, and 15¢ for maximum effort,

It should be pointed out that all of the above computations have included only
flight procedures, not airport procedures. The reasen for this ig that flight pro-
cedures can be Instituted without changing the level of service to the traveling
public. Afrport related procedures (curfews, schedule restrictions, ete.) may
reduce the level of air service and therefore introduce annther variable "public
cost" which must bo considered, The basic thesis of this report is that the most
advantageous combination of airport procedures should be determined by 2 public
process involving nll affected parties, both local and national. This would occur
in the context of airport noise certification, and it is there that the balancing of
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transportation needs, environmental needs, and economic costs should take place.
Novertheless, an estimate was made carlior in this section that airport procedures
might reasonnbly result in a 3 dB reduction in cumulative noise exposure nationwide.
An estimate of the "public cost' of a national curfew (one way of achieving a 3 dB
noise recuction) was made in Refercnee 513, The estimated nationwide cost averaged
approximately $100 million per year (other combinations of airport procedures may
have a lower public cost). For the yenr 1880, and assuming “'aceelerated effort"
flight procedures, an estimated 5, 250, 000 people would be within the I, dan > G5 contour
near alrporis, Calculations based on these estimates would then Indicate that a
national curfew would be justified if the public cost of noise were preater than $6/
person/dB/year,

All of the above considerations seem to indieate that noise abatement flight
procedures corresponding to at least "accelerated effort” would be desirable, Over
the period 1973 {o 1985, implementation of such a program would result in & reduetion
of 13 million pecple-years of neise exposure at an economic cost of $112 millien or
7.5¢ per passenger. Additional noise reduction may be achieved through implementation
of airport related procedures, with economic and social costs dependent on the com-
bination of procedures selected for each ajrport.

4-22
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SECTION 5

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

A study of aireraft and airport operational neise abatement procedures has been
conducted in partial complinnece with the Noise Control Act of 1072, All of the proced-
ures analyzed are presently in use in one form or another in scattered parts of the air

transportation system.

The data supplied by members of the EPA Alreraft Airport Noise Study Task
Group 2 lead the chalirman to conelude that airport and {light procedures can slgnifi-
cantly reduce aircraft noise impacet on communities in a short time and at relatively
low cost. They need to be appropriately implemented, however, at airports through-
out the air transportation system. Pilota should always be authorized to deviate from
established noise abatement procedures whenever, in their opinion, the safety of
flight requires it,

The chairman's specific recommendations, and the conclusions on which they are

based, follow:

REGULATORY ACTIONS

REGULATIONS SHOULD BE ADOPTED ESTABLISHING STANDARD NOISE ABATE-
MENT TAKEQFI' PROCEDURES

A small set of standard noise abatement takeoff procedures should be developed
from which one could be selected for use as appropriate to any departure nolse gitu-
ation. At least three distinet procedures should be considered:

far Downrange—a maximum angle climbout, such as the one recommended by the
Alr Transport Association (ATA) and in use by Ameriean and United Air Lines (emong
others), is especially beneficial for areas that are far from the airport (more than

approximately 10 miles).

Near Downrange--a power cutback during climbout, such as the procedure
recommended by the Air Line Pilots Association or in use by Northwest Alr Lines,
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Alr Californin, North Central Air Lines, or at the Washingion National Airpori, is
especially beneficial for areas closer 1o the nirport {a noise reduction of 2 to 7 EPNdB,
depending on aireraft type and weight, approximately 4 to 10 miles from the starl of
takeoffy., This procedure results in increased noise levels for approximately one

mile prior to the cutback {while flaps ave being retracted) and again after power is

reapplied.

Sideline—use of reduced thrust from the start of takeoff roll (to the extent por~
miited in the TAA approved airoraft flight matual considering takeoffl weight, runway
length, and other conditions) is especially beneficial for ureas alongside the departure
runway (a noise reduction of up to 2 EPNdB), This procedure should not be used if
near downrange noise is more critical because the reduced thrust takeofl results in
lower climbout altitudes.

REGULATIONS SHOULD BE ADORTED ESTABLISHING STANDARD NOISE ABATE-
MENT APPROACH PROCEDURES

A small set of standard noise abatement appronch procedures should he developed
from which ohe could be selected for use as appropriate to any landing noise situ-
ation. At lenst the following procedures (not necessarily independent) should he
considered:

Two Segment Approach-Initially, visual two segment approaches similar to those
in use by National Airlines, Pucific Sonthwest Alrlines, Alr Cnlifornia, sll airlines
using San Diego International Airport, and recommended by the National Business Alr-
eraft Association appear feasible. Subsequently, with the nse of instrumentation
gimilar to that which has been flight tested over the last 10 years by the Federal
Aviation Administration {FAA), the National Aeronautics and Space Administration
(NASA), and the airline industry, this noise benefit conld be extended to all weather
operations. This instrumentation is currently undergoing flight test in scheduled
airline passenger service by United Afr Lines under contract {v NASA, The nolsa
benefit from two segment approaches is approximately 0'to 17 EPNIB depending on
the distance {rom the runway (from approximately 2 to 10 miles). The fotal afr
carrier fleet coats for airborne instrumentation {required for nll weather operations)
are estimated to be $49 million.



T'lap Management Approach-procedures which use a reduced flap setting (and
consequently less power) during npproach and landing are rccommended by the Alir
Transport Association and are employed by American Airlines, United Airlines,
and Northwest Alrlines, among others. These procedures provide approximately
a 3 to 5 EPNAB noise reduction compared to a full flap approach.

REGULATIONS SHOULD BE ADOPTED RAISING MINIMUM FLIGHT ALTITUDES

Level flisht maneuvering at the present mini.mum altitude of 1500 feet above
the airport for lurbine powered or large airerafi can create approximately 10
EPNdB more noise than maneavering at 3000 feet. A similar noise reduction could
occur if the minimum altitudes for other aireraft were raised from the present
1000 feet to 2000 feet. In developing repgulations, care should be taken to aveid
causing excessive air traffic congestion and to aveid causing excessively long
ground tracks where they would result in inereased noise exposure,

AN AIR PORT NOISE CERTITFICATION REGULATION SHOULD BEE ADOPTED

Inasmuch as neither flight procedures alone nor nolse gource controls alone can
be expected to totally solve the noise problem, airport noise certification seems to
be the most logical way to assure that noise exposure to people is controlled and
reduced, The certification process envisioned would be a public partnership among
the Federal Government, the Airport Operator, the Alrlines, and the affected
communities wherehy all work together to achieve a meaningful, safe, and reason-
able solution to the noise problem, TFederal Avintion Administration (FAA) inputs
would ensure that safety and nntional air transportation system needs are consid-
ered. Environmental Protection Agency (EPA) inputs would assure that national
environmental goals are considered, Alrport and community inputs would assure
that loeal needs are considered. Alrline inputs would assure that industry needs are
considered, Final apProvil awitnsity would rest with the FAA,

The output of the cortification process would be an auer oy binan plan

wherein all the competing goals are addressed and a timetable for nos.. Mentinn is

set forth along with specific plans for meeting this timetable, The noise reduction

should be in accordance with public health and welfare requirements and should be

expressed in terms of cumulative noise exposure, Noise monitoring should be required
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whara subsiantial noise problems exist. Federa) funding assistance should be made
avallable Jor the noise certification process (estimated to cost appreximately %5
million per year).

The FAA approved implementation plan for any airport might include designation
of preferential or restricted runways, preferential flight paths, preferential takeoff
procedures, preferentinl approach procedures, curfew hours or quotas, single event
noise Hmits, aireraft weight or trip length limitations, maintenance runup restric-
tions, or economic incentives for noise abatement, The cumulative noise exposure
benefit of these procedures may total only 1 or 2 dB or may total more than 10 dB,
depending on the extent to which they are implemented.

NON-REGULATORY ACTION

WHEREVER TECHNICALLY FEASIBLE, ALL INSTRUMENT LANDING SYSTEM
(1L.3) GLIDE SLOPES SHOULD BE BAISED TO AT LEAST 3 DEGREES

Approximately 65% of exiating ILS glide slopes are at angles lower than the
standard for new installations (2.5 degrees to 2.9 degrees instead of 3 degrees).
A one~half degree increase in approach angle reduces noise by 2 to 3 EPNdRB from
the start of approach to fouchdown, It should be possible to raise all appropriate
glide slopes within two yenrs. Inaddition, FAA and NASA sholld evalunte the use
of 3.5 degree ILS glide slopes (such as the cne at the Berlin (Tempelhof) airport)
for afrports with eritical approach noise problems and adjust sueh plide slopes to
4.5 degrees as soon as these can be determined to be safe. Theuse of 4 or §
degree Visual Approach Slope Indicators (VASI's) for visual noise abatement guid-
ance at gencral aviation alrports also appears worthy of evaluation,

INSTALLATION OF DISTANCE MEASURING FOUIDRni ok CO-LOCATED WITH

THE GLIDE SLOPE AT AR poRTeorzoty BE EXCEDITED
This.am """ ‘is 2 probable prerequisite for visual and all weather two seg-

el Approaches, It should be possible to commission 200 Installations within 4

yeirs af a cost of approximately $12 million.

H-4
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AN ADVISORY CIRCULAR SHOULD BE ISSUED DISCUSSING THE NOISE EFFECTS
OF THRUST REVERSE

In seme cases use of maximum thrust reversal on landing creates disturbing
notse and may not be necessary in order o stop safely, The appropriate use of
thrust reversers considoving sideline nolse problems, mnway conditions, alr traffic
eontrol urgency, and air pollution could result in reduced noise.

ADDITIONAL RESEARCH ON IMPROVED FLIGHT PROCEDURES SHOULD BE
ACCELERATED

Decelerating approaches, two-segment approaches with lower (ransition
altitudes, and autematie takeoif procedures have potential for further noise reduction
once safety and technical feasibility have been proven by FAA and/or NASA
evaluations,

ALL AIR TRATFIC CONTROLLERS SHOULD BE MADE FAMILIAR WITH NOISE
ABATEMENT REGULATIONS ANDD PURPOSES

Controllers should be instructed to make use of noise abatement proceduras,
flight paths, and altltucdes to the maximum extent posasible,

5-5
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Appendix A
TECHNICAL ANNEX

This technical annex contains excerpts or summaries
of certain research programs or analyses which have been
submitted to the Aireraft/Airport file. It is not a complete
record of these documents but is simply intended to provide
a more in-depth understanding of the background material
submitted to Task Group 2 and considered in the writing of
this report. A complete bibliography is included in the
REFERENCES section of this report nnd a complete file
of documents is maintained by EPA.

; Wherever possible, summaries, conclugions or

summary figures are reprinted verbatim from the original
report. Where this was hot possible summary information
is given based on data in the original report.
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{Excerpts from the following documents)
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NASA, Technique for Calecuiating Optimum Noise Abatement Profiles,
Reference 115,

NASA, Noise Measurement Evaluations of Various Takeoff Climbout Pro-
files of a Jet Transport Airplane, Reference 45,

NASA, Measurgments of Noise Produced by a BAC - 111-400 Series
Turbofan Transport Airplane During Take-off - Climbout Operations,
Reference 46.

NASA, Mensurements of Noise Produced by a Boeing 727 Turbofan
Transport Alrplane During Talke-off - Climbout Operations, Reference 47,

Air Califorhia, Take-off Flight Path Studies, Reference 64.
ALPA, Standard Take-off Profile, Reference 14,

Lockheed - California Company, Submittal to EPA regarding L-1011
noise contours, Reference 82,

Takeoff and Landing

NASA, Noise Measurement Evaluation of Take-off and Approach Profiles
Optimized for Noise Abatement, Reference 9,

NASA, Noise Measurements for a Three~Engine Turbofan Transport
Airplane During Climbout and Landing Approach Operations, Reference 6,
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27, THCHNIGUK FOR CALCULATING QPTIMURM
NOTEL~-ARATLMENT TAKR-QF PROPFILES
By Heinz Wesberger, Homer Q. Lee, 1L Rucdney Decry,
- and Froed J, Twinkwater 11T

NASA Amoes Research Centor
SUMMANRY

An analytienl technigue has Deen develaped for determining tike-off and climbout
profiles of jet aireradt thal minimize the nolse in o noise-gensitive aren nenr an airpurt.
Because (he technique is analylical, it is especindly snited to the sindy of the effect of
such faclors as engine noise charactleristies, location of noise-gsensitive area, and opera-
{ional constraints on the oplimam profile for noise abilement,

Two Important clements of the technigue are the division of the ground track of the
profile Into a section neur the airport having low sensitivity to noise, follewed by one
that is noise sensitive, and the formulatlon of 2 criterion for comparing the noisiness
of different profiles, The criterion used in this study was the averpge perceived noise
along the nolsc-sensilive section of the ground track., Any other criterion could be used
Instead,

The technique was applied to the calculation of aptimum profiles for a typical cur-
rently inservice jet transport, Although the complete specification of the profiles gen-
crally depends on the noise characleristics of the englnes and on other factors, the opti-
mum profiles caleutated herein can be characierized by a peried of aceeleration as soon

as possible aller take-off, followed by n~ sleep elimb, which in turn is followed by thrust
reduction when the noisc-scensilive area or a specified altitude is reached, Before the
; transition from acecelerating to climbing, the optimum profiles achieved an atrspeed that
permitted full retraetion of flaps, This acceleration caused some altitude loss at the

3 ‘
Leginning of Lhe nolse-sensitive aren, but the disadvantage of a slightly lower allitude can
é be outweighed by the advanlage of greater thrust reduction thal is possible in the elean

‘ alrplane confipuration, ‘Thus, in the trade off between airspeed and altitude, gaining niv-

; specd unlil it is permissible to reiract flaps can be more important than gaining altitude,
¥ . A i the objeclive Is lo minimize e avernpe perceived nolse alony the nolse-sensliive
E_;‘i ground lrack.
, A piloted fixed-base simulatlon of take-off profiles demonstraled the reduction In
":’sjw average pereeived noise that is possible with the optimum elimbout profile, No unusual
A& difficulties in flying this profile an the simulator were encountered by the pilot,
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NOISE MEASUREMENT EVALUATIONS OF VARIOUS
TAKE-QOFF-CLIMRBOUT PROFILES OF A

JET TRANSPORT AIRPLANE

By W. L. Copeland, D, A, Hilton, V. Huckel,
A, C. Dibble, Jr., and D, J. Maglieri

SUMMARY

Noise measurement evaluations have been conducted on a Boeing 720
turbojet-powered aircraft for several climhout profiles involving various
climb speeds, flap settings, and cngine pressure raties, and these data
were correlated with airplane operations and position data,

The main resuit of these studies is that power reductions generally
result in reduced noise levels on the ground compared to those associated
with a full-power take-off-climbout. Further, the amount of noise reduction
attained depends upon the amount of power reduction and the noise level
profile on the ground is related directly to the engine power schedule,
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MEASUREMENTS OF NOISE PRODUCED BY A
BAC-111-400 SERIES TURBOFAN TRANSPORT AIRPLANE DURING

TAKE-OFF-CLIMBOUT OPERATIONS

By D. A. Hilton, W. L. Copeland, and A. C. Dibble, Jr.

CONCLUDING REMARKS

Nolse measurement evaluations have been conducted on a BAC~111-400 series
turbofan powered alrplane for three climbout profiles iovolving various engine
power settings and £lep settlngs during two segment climb, and these data
were correlated with alrplane operations and position data.

i The main results of these studles are that power reduction during the second
; gegment of clinb generally result in reduced noise levels on the ground. Further,
! the amount of noise reduction attained depends upon the amount of power reduction,
: and the noise level profile on the ground is releted directly to engine power
schedule. :
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Deseription of Procedure

Full take-off power At V, + 20 kts. with 18° flaps,
After 0O ft. altitude r&tract flaps to 8° and
accelerate to 170 kts. At 1500 £t, altitude reduce
power Trom fwll take-off pewer to 8% rpm with 8°
flaps ond maintain until reaching 3000 ft, sltitude.
Then proceed S0P climb hot to exceed 210 KIAS.

Full take-oif power at V, + 20 kte. with 18° f'laps.,
After LoO £t. pltitude rétroct flaps to B° and
accelerate to 170 kts. At 1500 ft. altitude reduce
power from take-off power to 8T% rpm with B flaps
and maintaln until reaching 3000 f't. altitude. Then
proceed SOP climb not to exceed 210 KIAS,

Full take-oll' power at V., + 20 kts. with 18° tlapa,
After LOO rt. altituie 1et.' et flaps to §° and
uccele;nte to 170 kts. At 1500 1t, altitude reduce
power from take-off power to 81% rpm, retract tla

Laps
to 0° holding 87 rpm wntil 3000 £t. altitude. Then
progeed SOP climb not to exceed 210 KIAS,

Figure 5.~ Schematics and descriptions of varlous tllght profiles used for teke-off-climbout

nolse tests.
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MEASUREMENTS OF NOISE FRODUCED BY A
BOEING 727 TURBOFAN TRANSPORT ATRPLANE DURING

TAKE~OFF-CLIMBOUT CPERATIONS

By D. A, Hilton, A. C. Dibble, Jr., and W. L. Copeland

CONCLUDING REMARKS

Nolse measurement evaluations have been conducted on a Boelng 727 turbofan
powered airplane for three climbout profiles invelving various engline power
settings and flap settinge during two segment climb, and these data were corre-
lated with airplane operatlons and position data.

The main result of these studies is that power reducticns during the second
segment of climb generally result in reduced noise levels on the ground compared
to those mssociated with a full-pover take-off climbout. Further, the amcount
of noise reduction attalned depends upon the amount of power reduction and the

nolse level profile op the ground is related directly to the englne power
schedule,
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Schemetlc Profile

- NDISE
AT MEASURING
WV L STATIONS 1
L \ .

S v N

\—SBP AT Joao
F1. ALT,

2
» PoweER REDUCED
AT iSno FT, ALT.
[y Y VY VU SV Y.
3
ey Aol e -,

Description of Procedure

Full take-off power at V, + {10 or 20 kts) with
159 flops. After 400 Tt, altitude retract flaps
to 5° and add 10 kts to climb speed. At 1500 ft.
altitude reduce power from tahe-off power to
power required for 500 fpm rate of elimb holding
V2 + (10 or 20 kto) and 5° flaps. Malntain :
thege conditions until reaching 3000 ft. altitude
then proceed SOP climb not to exceed 210 KIAS
{Deck angle limitation 15°).

Full teke-off power at Vo + {10 or 20 kts) with
15° filaps. After 400 ft. altitude retract flaps
to 5° and then to 22 prior to reaching 1500 ft,
altitude. At 1500 ft. altitude reduce power
from take=-off power to pover required for 500 fpm
rate of climb holdlng ailrspeed and 2° flaps.

Upon reaching 3000 ft. altitude proceed SOP not
to exceed 210 KIAS (Deck angle limitation 159).

Full take-off power at Vo + 10 kta with 15°
fieps. At 1000 ft. altitude reduce power from
take~off povwer to maximum contlnuous power
holding Vo + 10 kts and 15% flapa, After
reaching 2000 feet altitude retract flaps and
acg\)elerate as per cchedule (Deck angle limitation
15

Figure .- Schematics and descriptlons of varicuy flight profiles used for take-off-¢limbout

nolce tesis.
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Flgure 13.- HNormalized perecelved noise levels along ground track of Boelng 727 alrplane for
Profiles 1, 2, and 3.

i
1
]

B R A R H S B A U i ALt e o4 et

A e b e




PRSI

N a [ /Jf /7"’,' "_//

March 1, 1973

SUBJECT:  Take-off Flight Parh Studics

1.

In acddition o our constant survicllanes af fuel load and moss take-

off weight stwiics, Afr Culitorniz lus been an active Jeader in the
indugrry in the development of inflight techniques ro minimize the

noise dmpact on our airpost neighbors, This s been aceomplishel

by inrvoducing specific procadures duving take-off and approach to
landing at each noise sensitive afrport. Additiona] tests have been
condlected to minimiZe the ground run-up noise on the airport's surface,
by lacation and positioning of aircrall.

Since the beginning of our operations at the Qrange County Adrport in
1966, we have rigidly followed o noisoe abatement departure which has
proven very effective.  Subscquent o the insrallatjion of the "12COLOG™
Noisce Moenitaring stations at this airporr, we have been able ro updrie-
our oxisting procedures s well as [light-tesy new concepts in our goal’
to minimize noiso,

Through the excellent cooperation of the airport noise abarement
staff and the ECOLOG Monitor stations, and valuable assistance
from the Bocing Company Noise and Acrodynamics staff, computor
data indicated we did indeed have a means of further modifying our
departurc profilc and predicting the herefits of such changes,

Figure 3 illustrates the comparisan of the new analysis procedure
with the present procedure.  In order o minimize the noise at the
critical locarion, noise monitor M-1, the airplane must attain the
highest possible alutude and then reduce thrust to the Jowest practical
value prior to overflying M-1. In the new procedures, additional
altitude is gained by NOT USING engine bleed air for cabin air condi-
tioning (this function is assumed by the airborne APU) thus providing
additional take-off and climb thrust from the engines. At 95,000 lbs.
this cxtra performance would result in approximately 50" additional
altitude over M-1, however the noise improvement from this altitude
incremoent alone would be small. By reducing rhiust just before the
airplanc overrlies M-1, significint noise reduction is obtained.
Relative to the present procedurcs, a reduction of 9 db is estimated
at M-1, Becausc thrust was reduced at about 900 ft. altitwde instead
of climbing to 1300 ft., the airplanc overflies M-2/M-3 with 350 ft,
less altitvde,  This altitude loss will increase noise at M-2/M-3 by an
estimated 3 db, :
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ALPA Standard Tuke Off Profile

Exparimentol noise abaioment flight tests, in which ALPA parlicipated, vezre eontuziad
P ' F 3 4

at Wallens lslend, Viginia in 1967 by WASA vsing various airline aireralt. The nofse

was cereflully m::c:surccl at dasignated paints and szvaral different flight prccc‘:‘ures and confic.
aiions were vsed (6 endsaver fo ind the bast fakeolT profile consisiont with salely and which
procfuced the [east emount of evarall noise cxpoiure to @ community. (Seq AHachmanl A-1,
through A-3,)

A Standurd Ir.\cO ff Profile (STOP) was agreed upon by the Alr Transpert Association,
FAA, and ALPA in Noy, 1988, 1t wes to have been put info eparation in !\c supmnar of 3
by {ssvanee of an Advisary Mrrcufc. by iha FAMA, Ilowmf ar, for unlnosm reasons, Inis Advi
Circular wos naver issued, Yinee that fimz, ALPA hos octlively ettempled to hove o stender!
takeall program revived by fhi: FAA and fhe cirlines.

P

-.\r_\
LS
€.

oy
Vi

The ALPA Noisz Abaictnenl Committea therefore proposes that ell pilols use the slenderd
tokeotf profile as outlinad in Altochmznt B, The Cominilice olso preposes that tha pileds of cuzh
airline worl out the proczdures to be followad with their individugl airline oparations o
because there are possible slight vanaiisns in the pro ocedure, depandant on aircrefi lypa and
airline preferenge.
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- Attachment A=Y

SCHEMATIC

FROFILE

DESCRIPTION OF PROCEDURE

ALPA Proposed Standard Takeoff
Profile for Beccing 727

Takeoff power at Vo + 10 knots with 15° flc
Ar 400" eltitude kegin retracting fleps per o
end acgeleraie to 210 knots. Fleps to ke ot
to 1500" eltfiude. Ap 1500 eltitude reduce
to that required to meintain 1.5% positive g

re|

vith one engine ineperative (opnroximaiely

400 13 PR ) “or o
yd rete of climip o 210 knots with ene enging |
/ Maintein ot 210 kno's,
,_“:_-‘ 2 » L} L] L) &
60C0 i,

Tekeoff power ot Va ++ 10 knots vith 15° fle
ADD" eltitude begin reducing to C° flops os

-schacule end ceceloraie to 270 knols, A 1.

cliftude roduen to maximum coniinuous powe

cocaierein o 220 knois, A 6000 altiivde -

smeoth ceenleration fo 250 knots and maintc
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ATIRCRAFT/ATRPORT NOTOE STUDY TASK FORCE Murch 26, 1973
TASK GROUR 2, OPERATICHS ANALYSIS

LOCKHEED-CALIFORNTA COMPANY e e
EURBANK, CAT IFORNIA e

The materizl submitted is a study of the effect of varietions of

welght, flap angle, end other parameters on nolse contour foot-

prints. The numerical data are for the Lockheed L-1011-1 TrisStar
wldebody transport; they are belleved to be generully representsa-

tive of any transport of the same clags powered by high-bypass,

quieted engines. The principnl resulls are that the contour arceas

are much smeller than these of older narrow body alrcraft and that

cutback procedures are much less effective,

i In pummary -

=]

90.5

Iso-nelse eontovr footorints vrovide n more- usefud evaluntlion of an
alrplane's nolse impnet on a community than do the thiee FAR Part 36
conditions,

The 90 FPNAB conbtour exposure aren is used as an eyaluation reference,
The 90 PHAB or 80 dih contours would give similar results.

Use of <Lthe RB,211-228 engine in place of the -220 will reclucc {tukeoll
nolse exposure arca nb::u_. 154 ot and above the PAR Parl 36 rmcnncc
day temperature of 77 W, Telow the -200 flat miing point at 68 l'
arens for the {two engines are approxinately the sane,

Variation of takeoff or landing weight clanges exposed area by ebout
0.015 =g, mi, (10 mcres) por 1000 pounds, or less tlan L of the
total cxposed ares,

Lover flap anpgles for tokeolf cxpose slighilly amnller arcas, particularly
et heavler woights,

Takeoff thrast-cutback at 3.% nomi, 11101-.:-:150:; cxponed aren nbove

390,000 pound TOGY.  Mor maximum TCOW, minimen exposed nren is

anebicved by cutback about % n.mi, from brake relense, Tor lighter
toakeolf weights ut s;1:1311c-r distances, down to 3 n.mil, for 3'10,030

pound TOGH,

Use of DIC inereases noise exposure about 10% at moximen desipn
landine weights. AL Thisg pame weipht, Tap nn,'].r. rodnetion is worth
ahout 0.09 5q. mi. (55 neres) per degrea. For 337 flaps there is a_
23‘ reduction in expesed arven Trom lhe maximum l,2© Tlapg; and if 95
Teps vere Lo be used, there would be a reduction of about 50% from
the 42° aperation,

The combined apprench/iakeol? operation of a 707/DC-8 fype nireraft
exposes ten times the arca that an [-10L1-1 doea, and a 727 type
about five {times the area.

Tt should be remembered that noise footprints should be considered as broad

brush Ylines, HMoilse varies quite slewly with distance and, considering a SC

EPIAB contour, for instunce, there is a significant area 'b tween the 89 5 and
EPHZE lines; yét subjectively the differcnce in nolse would be Insignificant.
The areas within s conlour should not be read with excessive preceision.
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NOISE MEASUREMENT EVALUATION OF TAKEQFF AND APPROACH
PROFILES QPTIMIZED FOR NOISE ABATEMENT
M. Rodney Peery and Teinzg Erzberger

Amwes Research Center

SUMMARY

A tlight investigation to delermine the effective pereeived noise level associated with certain
tukeott and lunding profiles has been conducted using the Ames CV--990 airerall, The tests were
designed to evaluate noise-optimum takeolf profiles, previously obtained in an analytical study, and
to investigate the potential for noise abatement of nonstandard approuch procedures.

During the tukeolT tests, the faps were set af either 27° or 10° and the climb airspeeds varied
from Vy+13 1o V,+30 knots (Vy refers to the takeofT sufety speed ol the aircraft). Power was
reduced to yield either S00 or 750 (t/min rate of cimb when the aireraft reached 1500 £t altitude,
The assumed noise sensitive grownd “trick extended afong the runway centerline from 3.5 to
5.7 nautical miles [vom the start of the takeofT roll.

The average of the noise measurements taken it points song the noise sensitive portion of the
ground track was used to compare the various takeal® profiles The takeolT that produced the least
averpge noise, 90.5 EPNAB, used takeolt [laps of 10° and a olimb airspeed of V,+50 knots to
1500 {1 altitude, at which point power was reduced (o yield o 750 (t/min rate of climb. (Flaps were
retracted soon ofter takeofT while the aircraft was aecelerating to Va+50 knots.) The average noise
of u reference profile was 96.4 or 5.9 EPNAB more than the optimum profile. The reference profile
used 27° of flaps throughout the takeolT-climbout and a climb airspeed of V,+15-knots to 1500 ft
aliitude where the power was reduced to yield 2 500 (t/min raie of climb. These results verify
previously obtained analytical ealeulations.

The landing profiles were Nown along o 3% glide slope al constant Map settings of 50°, 27°,
10%, and 0%, The approach speed for cach profile was 1.3 Vg, +10 knots (Vg refers to stall speed
of the wireraft at the flap setting and gross weight used in the approach), In addition, a decelerating
profile with engines at Night idle and 0° Maps was Nown over a single noise measuring station at an
altitude of 1000 ft. Reducing thie flap setting from 50° to 0° on the approach reduced the noise
from 110.5 to 106.5 EPNdB along the gromnd track between 5 and 1 nautical miles from the
tauchdown, The decelerating overflight with engines at light idle reduced the noise an additional
12.5 EPNR compared to the 0% flap approzeh 1t the sume altitude,
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NOISE MEASUREMENTS FOR A THREE-ENGINE
TURBOTAN TRANSPORT AIRPLANE DURING CLIMBOUT
AND LANDING APPROACH OPERATIONS

By W, Latham Copeland and Lorenzo R. Clark
Langley Rescarch Center

SUMMARY

Noise measurements have been made for a three-engine lurbofan transport airplane
during climbout and landing approach operations in which the airplane operating proce-
dures were carefully controlled, These controlled procedures included an orderly
scheduling of operating variables such as engine power, speed, altitude, and flap settings,
The results of these studies are presented for seven climbout operations invelving various
climb speeds, [lap settings, and enginépower setlings and three for landing approach
operations involving various glide-slope angles. The noise data were correlated with
airplane operating procedures and position,

In general, the results from the climbout studies indicated that lower noise levels
{6 dB to 14 dB) were assoclated with profiles employing lower engine powers during
second-segment climb, Also, for a given climb profile and climb rate,"slightly higher
noise levels are associated with operations employing fixed flaps than with a specified
flap retraction schedule.

The results from the landing approach studies indicated that generally lower noise
levels were assoclated with the steeper glide slopes, For these steeper glide slopes the
noise reductions attained (4 dB to 9 dB} resulted from both the increased altitude and the

lower engine powers.
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TESOF ATRCKAL T OPEICATHIN UN CUMYILNTLY SUEN)

ML Gregaire and 3, M, Strechenlsach
The Beeing Campany

Commercil Airplioe

waup

Seattle, Washington

ABSTRACT

Several mesns of reducing conmunity noise theough
climges in aitplane oapentions are discussed and specitic exane
ples given, The disvussion s divided Gsto two generad sireas aff
respomsibility . regulatory ehosges atTecting raltivc in lhe airport
vicinity and aperational e procedural changes available o the
airlines. The latter catepory is Turther divided into those
provedires currently oplionat te the pilon and airline and those
that can be made available through airplane system nodif
tions, Flight profiles for specific airplaes at specitic aieports are
included, along with the noise reductions available, System Bock
dhimgrams md getaad Tighy data age provided when available, s
concluded tlit significant reductions in community noise cin be
attained through operiting chumges, without alTecting safety, and
at Jow cost, Recommendations are made Tora course of action e
define and implenent Feasible technigues,

INTRODUCTION

Public pressure is anereasing duaily against the airfines, the
airframe and engine mamulacturers, and local airport authorities
te reduce wireral-generated naise i airport communitios, Three
generyl areis of conymanily naoise improvement have heen and
continue to be studicd 1o solve this ever-increasing problen. The
three wreas cin be ssnnmarized s,

1 Reduction of the noise at its source by quicting the
engine installations on the aircrah

2)  Changes in land wtilization in airport commuenities

&) Clanpes in aperdional procedures in the vicinity of
aipports

Fhe first o these arcas has heen the sulject ol extensive
investigation by dndustey wnd goverpmen? agencies for severul
years. Recent spactiment of Federal Air Regulations, Parl 36, by
the Federel Aviation Administrition s established noise eriteria
for ahe design and certifivation of wew aicerafl not previcusly
certiticied, Althougl gt the subject of I|Ii\]1.||!|.‘l";§|lll.:1it|cl‘:lh|t‘
work now being dine inindusiey aod goversaent pragrams is
related 10 examining mvans ol petrofitting the existing lfeet of
contmercial fnjer trnspon areesl? to sipnilivanly seduce theb
conununity noise levels. As woull be espected, the magnitude of
noise reduction attained’is closely rebated 10 qechnicak easibility
anad 1o the eeononies ot airptine modification and eperation,

To sumparize the seeoad area, it will only be stared heee
thut both Federad and locid agencivs are continuing fo sty the
possibilities of community  noise relie through better Lind
utilization. Such studies envompiss the sabjecls ol iimproved
planning Tar new airports, tightened building vedes and goning
restrictions, wnd revisest Bind utilizution wround existing airporls,
Obviuay, as in the vase ot retrolitting the current Teet with
tudeter engine inslallations, geonomics i« an impostan? anld
wnaveidable consideration ia lind atilizuation shudies,

The thind atco, nosc-abatement sperating proceiines, s
dinctised s the i topic ot s paper,

NOISE REDUCTION THROUGH
OFERATIONAL CHANGIES

A potential o significant relicl of Hw corinuniry noise
problem o relatively lowe cost Tres i several areis of aiyplane
opettion in 1he viciity of airports, I T9oé, Osear Bakke of @
FFAA prosented a paper Bt diseussed severalaspeety of wir rallic
contreb amd Theht procedures as related to redutcing community
noise T Same of the peneral arvas discissed by Mr, Bakke are
covered i this paper, with the added Beoetit of severul years’
sty angd actual MTight gesting condueted sinee b paper,
LExamples are presented for specifiv sireradTin an attempd o edd
copliasis t the feasibility of severa) wethods of redacing
COMIMUBLY noise.,

Recommendations o the  Intersational Civil Avistion
Organization (FCAQY relitive to salety considerations in estal-
lishing noise abaterment operating procedures! Dare recopmized as
Ly pical vonstsinds in the discussions that Tollow.

Patential areis o noise reduction thirough operiting pro-
cedures Tabl muplly into two cuegories: CF Federal or local air
repulations und (2) operiating provedures that are or may e made
avdilable to the airbnes,

IR ary Operatianal
e lolding and muneuver o Delayed (Tap and
wtiltdes AT R iension
& Optimized traltic & Two-segment

patterns approaches

e Glide slopwe ®  Flup punition
lur Linding
o  Glile slupe e Takeoll
mtercepl altitudye provedires

Ax will be discossed Lster, auy conssderation of these potentials
Tor noise selied must include teir relationship 10 safery, airplane
rerlformanee canstrainls, aireralt  moditecation reguirensents,
pitor aceeptunce, the peography of the specific airport, and the

voonomie aspects of Hhie change.
Regulaory Changes

ta penerad, any actinn aaken o dncrease the beight o
airerall over @ community will reduce noise in the community.
Many complaists in the past lave been based on adreeaft fGying at
low ahitwde Tor sules over. the conununity during Lainding

approach. The FAA “keep “em high'” order$H) reteased o

September 19, PTUL Din community nodse neduction s one ol

s purposes, Apprcagh and depariure handling of commercial
Jebs ot oy airparts aee aleeady reflecting the benefits of this
order. Specilic quantitative examples of implementation ol such
procedates will e slsown liter in this paper,
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HOIING 300 BENCUYEr ALIAES. | D¢ B0Ing of NEieuer
altittdes over suburban areas e shown in figure 1 1o have 2
sizeable effect on noise under the sirerft, The example shown is
basied on 1 T27-200 aieplane at g landing weight of 150,000 )b,
Besides the noise-reduction benefits of increasing the altitude,
additional Beaefits exist in selection of airplane configusation
fe.g. flaps and kcling pear). As iltustrated, in the zerodlap,
gear-up configuration, a noise rediction of 9 EPNAR* resulls
from inereasing Me altitude from 1500 to 000 1. Avoiding flap
and gear extension until really resquired, combined with 1he
15001 altitade increase, gives toise redugtions of us much as [h
EPNUB,
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Figurs 1. Effect of Holding or Maneuver Allitides on Noise

1t is apparent Trom this that, in any cases where holding or
maneuver altitudes can be raised amd clean configurations
matintained  within constraints established by traffic require-
ments, definite reductions in community noise can be readized i
little or no cost.

Optimized Teaffic Patterns. The noise benefits available
through optimizing traffic patteras are mainly reluted to routing
of arriving and departing aireraft aver nonsensitive areas of the
commununity. This is being done a1 muny aiports pow, in seme
cases at the expense of traffic handling flexibility, Rerouting of
traffic in the JFK International Airport area in New York to
uvoid flying over densely populated areis has severely restricted
the traffic handling flexibility of that airport, but there is no
questioning  the direet benefit of such action 1o the noise-
sensitive public,

*Glide Slape. Standard glide slopes at airports throughout
the world have heen generally established on the basis of safety,
pilot acceptance, and airplane perfonmance capabilities, This
should not preclude a further Jook at glide slope changes as a
potential area for noise abatement, as long as these same factors
are kept in mind. The easiest point of departure for discussing
glide slope clanges starts with the fact that 3° glide slopes are
generally aceepted and are standard at nmany airports teday.
llowever, approximately 307 of present glide slopes at major
Unzited States airports ure as low as 2,5%

Numerous actual test Aights - lave -been. conducted by
Northwest Airlinest®) an 707, 727, and 747 aiecratt at glide
slopes an the order of 1/2° ubove the ILS slope, These fights
ive demonstrided approach noise reductions of 1 to 5 PNdB,
depending on the airplane type and microphone location. The

*The EPNdB noist unit incorporates adjustments for the
subjective cffeets of aircralt noise on bunnns, incliding
corrections for tone and duration, as defined in Federal Air
Regulations, Part 36, dated November 3, 1969,

Wit adid

LS huve been conuacted by visiadly misnslchimg e eters
v airplane symbet aml e flight dircctor comnaimd bars, so
that the airphime followed a path above the 1LS glide slope, These
Hights have densonstrated that raising glide slopes is worthy ol
consitlerstion js 1 noeise-abatement action,

Analyses comducted by Boeing penerally confinm the North-
wesl Adrlines Tight data, Figuee 2 illustrates the wmdes between
plide stope angle aml noise for the 727-200 airpline a1 vitrious
distinvees Trom the runway threshold. Noise reductions on the
orler of § ta 7 EPNAB are shown for a 1% increase in glide slope,
Sinuilar henedits are availible with other ajrerall,
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Figurp 2. Effoce of ILS Glile Stope on Noise

Another way of lsaking at the noise benefits of higher glide
slopes is the change in consnunity ares in square miles subjected
to g given noise fevel, Figure 3, ugain using the 727-200 airplane
as an exiunple, shows the area in the community under the
approach path subjected 10 a neise tevel of 90 EPNAB or bigher
as i function of glide slope angle. Note that o change from 2.5% to
3.5% glidde stope will result in nearly @ 70% reduction in the
connnunity arca subjected 1o the refecence moise level, This can
be related to 70%7 of the population ina residential area.

The Toregoing discussion has related to small changes in
plicke slope that we believe could be implemented at relatively
low cost atall sirports without depeading sufety.** They represent
changes that appear to be well within the region of acceptance by
most aicline pilots fying currentgencration jet transport sirceaft,
Precedence lus been established and demonstrated by the 3,27
ILS glide slope at San Dicgo International and by hundreds of jet
larulings per week For several years on the 3 5° 11,8 olide slope on
renway 271 al Bertin®s Tempelhol Airport, To our knowledge,
o landing accidents fave oceurred at Tempelhiof that could be
attributed 10 the glide slope angle. Pilol acceptance of 3.5% glide
slopes, withoul need Tor changes in approich technigques, has
breen indicated by the Air Line Filots® Association.

“*For Carepory I hndings, FAA Advisory Circular 120-29,
dated September 25, 1970, specifies a 3° maximum glide slope.
Reconsideration of this Jimitation may be justified in the
Tuture in light of community noise benefits of increased plide
slope angles,
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Figine 3. Noise Footprint Comparisans of Various Glidke Stope Angles

Future developient of the curently planned  microwiaye
seamiing-beam guidance system will provide additional noise-
reduction capability v the areas of traffic patierns and glide
stopes. Such o system will provide pilols with prograbmed,
ceervedd, precision Mlighepatly guidance data in both elevation and
azimutly, permitiing steeper descents and aveidance of residential
communities.

Glide Slope Intercept Altitude, The elTect on community
noise of glide slope horizontal inercept aliitude is itlustreted in
figure 4, lere again, using the 727:200 in a simplificd example,
thee airplane is shown approaching the (1.8 glide slope a1 altitudes
of 1500 and 30040 (1. In boah approaches, the sune fap and gear
positiens are used. The 7 EPNUB lower community neise tor the
airplane a1 3000 01 is due only to the altitude diftereace, This
simple case illustrates the type of naise beretits corretly being
attained through implementation of the FAA “keep “em high
arder discussed previously.
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Figure 4. Effect of Ruritontal Intercept Attitude on Community Noise

Now et s take a sitwation in which the noise abatement
principles of the FAA order have been implemented at 4 major
airport. Figure 5 shows two arrival profiles into Love Field,
Dallas, Texas, using renway 3L, The Bridgeport Two artival was
in use prior to August 20, 1970, Since then the Holly One arrival

ol I mambe e o

hits been fnstitnted for noise control, We have consincted the
ilastration usisg o 727-200 gieplane, following our understanding
af typical Love Field approaches by these two arrival rontes,
including vectors ta linal approach course. Although the ground
ks for the twe approaches are difterent, theie respective
altitudes shove the community seeve 10 compare the differences
in poise Jevels wder (e Tightpath attributed to low versus ligh
profiles. Similar nogse benelits can be shown for any jet transport
approaching Love Field on these profiles.
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Figurg 5. Effect of Increased Altitude o Novse in Dallas-Love Figld
Arrival Roures

Anoather example of what higher intercept altitudes will do
for community noise is shown in figure 6. llere o 707-3208
airplane i shown al various indercept altitudes approaching the
2.75% ILS plide slope on JFK runway 22L in New York City,
Again, as in the Dalles iifustration, i is seen that implementition
of higher altitedes over the community pravides significani noise
relief at minintal cost,
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Figisrg 8. Effect of Increased Altitidy oo Noise in New York-JEK
Arriel Routes

Airline Operational Changes

The fosepaing discussion has shown some of the cunnnunity
noise benefity artainable through changes in Federal and local
regulinions relited 1o holding altitudes, trallic giterns, glide
stopes, and glide sope intereept allitusles, Now et us ook at
some of the procedural aption available for at cin prsaihly be
made availabhey too the airlines tor reduving comounity neise,
separate from regalitory changes, Inosome cases, as will be
discusse, equipment moditication may be necessary or desirable
to permil certain provedures withont adverse effects o safely o
pitot aeceplance.

Delayed Flap and Gear Extension, Nuise in the community
cant be reduced by delayiog Linding fap and gear gxtension until
close 1o the rumway thireshold. Figure 7 compares (wo cases foe o
727-200 airplane, Note that, fuz several piiies over the come
munity, the delayed Tagramd gear estension reduces tw aise 0N
the erder of 7 EPNaLL This oplion is available 10 the airfines
withuut girplise modification, The minimnen distaisee from the
threshold at which Leeading Maps and gear are extended s subject
to pilol discretion but can be considerably closer in Al is olien
practived, with no etffect on safety,

Whadever e distnce from the threshohl may be tor the
above technivue, asing careent aicplane systeans, the distaree can
e reduewd even Turther i sufticient systems automation s
provided to avoid increasing piled worklomd or degriding safely.
Tu pain e nasimum naise benelit frony delayed Tagr amd gear
extension, the provedune must be capable of pointaining reducest
Wienst tevels until the airplane is beyond the noise-sensitive areis.
et probably bess than 1 s fram the threshold,

Figure 8 shows that, using the smne proliles as in fyere 7
but delaying extension of toding faps until closwer in and with
the i oF systems auangtion, the neise reduction nader the
Mightpath contimeey 1o within less than ©oomi Trom the rurway
threshiold,
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Fiyurs 2. Naise Redicition by Delayed Flap and Gear Ex tehsian
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Figure 8 Noise Regue ion by Delayed Flap and Gear Extension—
Autormated Apgroach

Figure 9 compares the nobw levels of Figures 7 amd 8 by
s al goise Joolpring contouns. vimtour Toy flying down
The glide slope wath 0% Thaps and pedar dosen has an enclosed
communily an of 5.2 wpmi, Dy delaying extemion of Thips and
pear, this ared Bs seen o redhice by o4 or 7200, deprending on
whether the profiles o Tigares 7 or 8 are wwed,

As previotsly stated, delaying fap and gear exjension 1o as
Late as shown in Higure 8 equires sufficient systenr odifications
to gveid inviening pilor workload or degrading safety, The
Boving Compaesy bas improvised a closed-foup systein that hokls
te these poidelines, A closed-loop system is one that Jis o
programmed sehedule bot faes the inberent logic and feedback to
correyt For deviations From the schedule, The syirem has been
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Figure 9. Naise Foorprint Comparisons of Delayed Flap and Gear Appiroaches

aperated inoa Vlight simulatar ad Qipght tested on e company -
owned 727-X00. The components al the system, shown g e
Mok diagram of fipure 10, cansisg ol

1y Aulothrottles

2y Electrohydraulic flow vaives

3y Flap position transmitters

41 Cuntrol pansl

53 Autofl)p coupler

0y Awlothrottle compuler

7 Visuad landing akd sight asd computer

#Hy Centeal air dabi computer

[o—— Frimany Al cantrols

Wplmd s
ity

Myl
o

v

! J H
A1y irveim

Figure 10. Autafiap Schematic-- Approach Moda

The procedere thut Tes Deen e most suceesstil follivws:

1) e pidar establishes approich conligugation - s 15°,
gt dawn, allitude above 180018, amd aitsjpeed equal
oVt 55 kn,

2 Prior o intereepting e plide stupe, the ataflap
systen s oarmed by seledtang the LAND wade o the
vanirol panel,

B The ap handle s then meved to the desied Singl Map
setting, wid the corresponding Cinal approach speed is

setann the speed indes § bug).

41 Tl ghide stupe s caprared gsd Tinal deseent initiated.

S e i plane passes througi apprasimately 12000 41
aboe e tunway, the systean s tigeeied,

b e e iuntge densands aospeed redugLion Uian is
assompshed By retardimg the throttle.

T e tlaps are contpalled byoaiespeed nud o estemd s

spevil s teduved,

Ny When Haps reach the Tovad desized position wd - (he
arspead s owillime 3 ki ol e Tingl speed set on 1he
b, the thiettes advanee sotonuticatly 1o arvest the
deceleration. AU ihis pomt, the airplane is about 200 1t
alove the tunway. Thie airspeed then stalsiliees and iy
constant il Bding: Flare is initiated,

Throughout the autollap approach, becane ol speed pro-
grannine, e girplane™ by artitnde semains constinl, The
sainple flight prolibe, Tigere T demonstrales the aatomiatic lap
arapement expericneed with the Hocimge fght et adrplane,
This particutar profile was flown without use ol the antopilel hy
nuneually toblowing the instrument cues,
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Figure 11, Autoflop Approsch—727.200 Fligtie Test

Note that the low throst lesel Sor approach Saps is held
during the Map exvtending poriod antil the 3500 altinmle poiat,
Pl sprewak amd altitude are bled o7 stpeathdy as the (Taps estend,
The maximunt thratthe movement during Slap estension was [L3%
ESysteny retinements, sueh as aufamatie imming desiees aml
aulapitnt. are being ivesfigated 10 weduee this amount even
furtler. )t A1 e poiet whivee Dags e Dbl dowinand speed is Yoo
3 ks threast requised 1o Bold the pide stope Giboat 21,000 [6)
is apphivd atopatically, The rensinder of e approache is flown
narnidly.

Tiview of the substantial nodse reduction shown i Tigure S,
this concepl metils farliwer developiment.
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Two-Segment Approsches. Significant geductions in con-
munity noise result from intereepting the final glide slope frony a
stee) deseent, suy 6% a5 compared to Nying the plide slope fram
many miles out. Figure 12 compures the approach profiles and
corresponding communily naise levels of o 727200 airplane
lellowing a normal (1) glide slope, and the same airphine
performing 4 twosegment approach witly steep descent to the
glide slope. Flap and gear configurations are the szme in beily
profites, so the noise bepefits shown are refated anly o
dilferenees in airpline descent angles, Note that the transition is
made a1 1000 1 altigade (about 3 nmi from the theesholdT), This
will give the pilot adequate time to stabilize on the glide stape
withouy revisions to the current airpline systems.
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Figurg 12. Two-Segment Approach

80

By poviding system automation to permit transition from
the steep discent segment to the glide slope closer to the airport,
the noise beefit to the community bmproves, as shown in figuee
13. This ilustration uses (he same airplne configerations as
shown in figure 12, but trunsition from 6% to 3% slopes is initinted
at 250 ft alitude, less than a mile from the threshold, Figure 13
shows noise reductions on the order of § to 13 EPNdAH at
distances of 1 to 6 nmi from the runway threshobd, These are
significant reductions, certaialy of a magnitude readily discern-
able to residents living under the approach ightpath of the
Alrplane,

Figure 14 compares the noise tootprint contours of the
above teo-sepment approsches with a normal 3° glide slope, Nole
the signiffcant noise benefit of a 73% area reduction in the
contour for the ¢lose-in transition of figure 13,

Regarding the feasibility of operating on such a profile, let
s discuss means of accomplishing this steep descent with close-in
transition within limits of safety and pilot acceptance.

Simulator development and flight testing of the Boeing
model 367-80 (707/KC-135 prototype), conducted in 1968
under the NASA/Boeing investigation of noise abatement landing
approaches . demonstrated that two-segment approaches

TBol(. Heranek, and Newman, Inct8Y considered twossegment
approaches in their 1970 stpdy, with transition from 6% to 3°
slopes at 3 nmi (rom the threshold,
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Figure 13. Two-Seguient Approach with Close-In Transition
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Figure 14, Noise Footprint Compurisons of Two-Segment Approaches

with close-in trnsition are feasible. This investigation was flown
at Oakland International Adrport using the existing glide slope of
265% and steep descent of 6 with intercept altitudes of 250 and
400 ft. The research airplane was equipped with improvements
over curfent jef trnsports, including a8 modified Night director,
an autothrottde, and stability augmentation that jmproved
longitudinal and lateral directional handling qualities, The test
profiles were flown by one airine pilot, six FAA pilots, and four
NASA pilots woder simubaied mstrument conditions,

The conclusians reached were that two-segment profiles
could be flown in o modified jet transport with the same
precision @5 4 conventional instrument approsch without u
significant Increase in pilot workload and with a significant
reduction in community noise,

Adoption of such procedures for airline use would require
further development and tests to establish the requirements and
operational  limitatlons  of  (wassegment  approaches in an
environaent more representative of airtine eperations and under
conditions of combined adverse weather and nirplane equipment
or guidance failures,
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community maise reduction is the pilor option of fap position
selection during approach and landing, We hae probaily all
experienced actual ights in which Tanding (faps were drapged for
nuny miles over @ residential ¢ommunity prior to intereepting
the glidepath, Figure 15 compares two approaches {or the
737.200 in the same prolile bur at different Rap positions, It
shows 1hat, at the same altitnde, there js 2 poise dirference of
from 3 to 7.6 EPNAI hetween these Two cises. As 3 comparisol,
a 707-3208 or C landing at 257 flaps is about 3 to 4 EPNJB
audeter at [ nmi from the threshokl than when using the normal
50° flaps. Modification to permit 25° landing flaps on these
airplanes has been determined leasible, The 5-kn higher landing
speedd for 25% flaps would result in about a 3401 increase in
Tenaling field Jength,
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Figure 15, Effect of Flap Seteing on Approach Noise

Il we now combine the above flap options with the effects
of intercept aftitude and moderate change in plide stope discussed
carlier, we have the picture shown in figure 16, showing
significantly greater noise reductions than in ligure 15,

Both of these profiles are within the limits of current
airplane capability and operating procedures amd we believe
would not require any special equipment or techniques,

Now let us include the capabitities available through the
approacht system  auiomation  Jdiscussed in connection  with
delayed Nzp and pgear extension and wil steep, Two-segmend
descents, Modifying the figore 16 profiles o include theos
caputiaties as well as a 3,5% ghide slope, we arrive af Tigure 17,
which represents the total potential noise reduction available
through adoption of approach noise abatement regulations and
procedures and development of appropriste cquipment,

Noise Abaternent Takeoff Procedures, Many takeolf profile
choices can be, and have been, investigated for reduction of
community noise, The most ebvious, involving only the choice
between takeolT powetr all the way versus power cudback at some
acceplable altitude, is recognized as 4 means of reducing noise in
the close-n coaununity.,

Mr. HakkelD) compired several takeoff procedures proposed
by the FAA, by the Air Line Pifots' Association, and standard
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Figure 17, Approach Noite Reduction Potentinl Through Combinaton of
New Fechhiques

operating  practices ol five major airlines, Some ol these
procedures, monitorsd in actual day-to-day operations at IFK
Internutional Airport, demonstrated neise reductions aver thie
community on the order of 4 to 7.5 PNdB, Such reductjons are
to be encouraged. Studies a1 Doving have gencrally confirmed
tleese findings, Noise-abatement  takeofl procedures can be
performed effectively with vietutlly sl present-day jet transport
aireralt without modification of the airerafi, with ne effect on
safery, and with little effect on pilot workload. Beyond this,
technigues Involving some automation and capable ol cven
greiter noise benefits are helivved within casy reach, Discussions
of specific examples of o types of procedures follow.

Again, using the 727-200 airplane as an example, figere 18
compares two takeodT profiles, both employing powcer cutbuck ut
3.5 nmi from brake release but using ditferent Raps. Power
cuthack in both cuses is o the Jevel that would maintain level
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flight with onse enpine inoperative. Borh airplanes lake of T wilh
25% thaps, One wientains ¢his 1ap setting throughoot climbout,
whereas e other, afler aveelerating 1o Vi + 10 ki retracts flaps
10 1585 Nate that the 15 climboat permits a steeper climb
gradient tlower toise at takeotl pawerd and cuthack 10 lower
thrust fene-engine-oul fevel fTipht thrast For 152 instead of 258%),
restlting in lower mobe atter cuthack dae to hath greater altitide
i foseer thrust, In the case ildustrated, the noise reductions are
1 EPNAB and 3 EPNAE before and after cutback, respectivedy,

This procedure is aplional o pilots. peguires no aopune
nurdifications. and iy sindlar to gperations being used a1 the
presen time by vertain airlines, Comparable noise redactions
wuere eavericneed by NASA dinge 19658 noise shatenwnt
takeortsd Y of the Ames CV-290 digplane at Waltom Station.,

ANl hmprovement e the mise picture ol fGpoe 18 is
attwinahle by incorporating .o anfomated flap system, permitiing
spevd-controlivd progisiming of 1ips during elonbont, Figure
I atlustrates suveh o procedure, in which, b ore case, the Thips
arg progrnneed T R arter i 25% aheatloand in the other case,
the flaps are 23%al the way. Figure 20 shows areduction of 5167
i e land are'venclosed by 1he 90 FENJB Taotpring contour far
e stallap profile,

The saddditional noisw heaelil of this procedine seems 1o
Juslity Turther iovestigation of means by owhich it can be aceepled
as rantine, The elosedslirvap systes entioned carlier, ot g
akeolt wode las been simnbator tested ad Right testad by
Bowinge, The <vstesis shown in the block iagnins, Sigare 210 and
catsists of i smplilication o the approach mode,

INSTANCE FROM BRAKE RELEASE {1000 FT}

Figiere 189, Comparison of Two Takeot! Prafiles—Automated Flap Retraction

The takeolt procedure is simple, atilizing the following:

I Pilut setects the takeolt ap puosition,

2 e then erms the antaflap system by selecting the
PARFOFE shode on the cantrol panel.

I The Map hadle i arovesd to the position toeowhicl) the
Mg will e retraeted.

) The dlaps doo oot move until an o eleetrohydranlic
trannsler vadve is oprenad.

510 The traster salve will not open until the follawing
condifions sire satisfied:
ab o ARrpeed must eaeeed Vb 10 ki for the takeolt

[NETAL

I Landing pear ot e up amt doors closed.

61 When the ahane comditions are et the (Taps vetract at
the neppal rate to e position selecled proevioosly,

T When His position is reached, the siephine establishes

Best climb profile,
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The system also has the capability ol sensing hogizontal
distance, This infornution is obtained from the aulothralile
aceelerometer, which uses double integration o compute the
horizontal distance. The computed distanee then s compared to
a reference distince, and, if exceeded, o pht will be tuminated
in the cockpit to alert the pilod o initiate noise-abitenaent thruast
cuthack procedure,

CONCLUSIONS

On the basis of the foregoing discussion and on the resalts
of festing conducted by NASA, the FAA, the aircrall industry,
und the airlines, the following general conclusions are drawn:

1) Significant reductions in community  noise cam be
attained through early adoption of readily available
regulatory and procedural operations cliunges in the
vicinity of airports. Such chinges can be made at little
cast, would require no particular inereise in pilal skill
or pilot workload, and are not considered to have any
eflect on sufety.

2y Farther noise reduction bepefits are available theough
certain - additfonal  operating  pracedures  requiring
development of technigues and equipment ainodificas
lions 1o aveid increasing pilot workfouad.

These conclusions were generally supported in an April
1971 p:|pcr.(') presented by the Air Line Pilots™ Association
the FAA National Aviation System Phinning Review Conference.

RECOMMENDATIONS

Because of the potential conmmunity noise henefies to by
gained through poise ahatement operating procedutes, o8 fwos
phase positive course of action to define and implement Teasibhe
fechnigues is recommended. We suggest that such a prograta be
conducted vimler FAA sponsorship as an industry cooperitive
elfort, with ALA, ATA, and ALPA working logether as i tein.

Phase 1 would entail early implementition of regulatory and
operationd procedures that can be accamplished ar tiltle cost
and with little or no equipment podilication. Typically, they
inchede:

1) Establishing minimein holding pagtern and oxtneover
uititades of 3000 [1 or higher over the terrin

2} Rouiing trafiic ever low population densities 10 the
extent feasible

3)  Raising all glide slopes to o mininum ol 3%, with 3,57
being given serinus consideralion

b Ustabishye ey plidye slogy Yogizontal antercet

altidudes of 3000 7t or hipher over the terrm

31 Delaying extensior of Luding Laps and gear as fong ay
practicat

6 Using redueed Tanding Tap setzings whenever operaling
connlitions peroul tat the expepse of some prerese e
Fanding speeds and Tonding ticld lengilis)

Ty Using segmented takeolT profides adaptable (o cach
airplane type, specifics of such profifes to be warked
oul cooperatively by e airlines, e mmulic tusers,
and the FAA

Phase 1 owoukd include development of additional jise
abaternent provedures, discussed i this paper, requiring aiepline
adfar groend equipnient mediticetion o prechole degrading
safety or increasing pilor workload, The program sheuhd considher
all LS. subsonic tbaje-powered commescial transport aireralt
an candidates. Pagtivipating AlA companics would develop
techmivses and gelaled cquipment modilications Tor their respeee
tive meodeds and Might test the provedores osing campany, FAA,
and airline/ ALPA pilots, 11 wauld e desiralde 10 standardize
provedures, to the extent pepnitled by individaal airpline
characteristics, to simplify adoption by the sirlines,

Ferm technical data wonlE by derived to Toem a0 bises Tor
nxixamum explaitilion of the noiseabatement benefils of regulis
tory and operational changes, inelpding appropriate ground and
airhorne systenes modifications, The progrise shookd am oward
ensuring advaeine safety: attaining worthwhile hoie redaction:
climinating 1hose provedurees deteemined not Feasible or worlle
whiley and gaining FAA aitline, ind pilot acceptimee,

It is further secommenaded thal applicable air repulations,
such s FAR, Parl 3o, be modified suel thar encomragement pud
incendive i pgiven to poise abatement through operating pro-
ceduges, This shoald be s indierent part ol the overll elTort o
Fesfice community smpyance.
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ABSTRACT

The objective of this work was to measure, evaluate, and identify the
noise levels along the {light track generated by 727, KC-135, 707-320B, and
DC-9 aircraft. The aircraft were directed to operate in a wide variety of
takeoff and approach procedures. The effort involved acquisition of acousti-
cal, meteorological, aircraft tracking, and aircralt operational data. Micro-
phones werelocated four feel above the groundin an array parallel tothe flight
track along the extended runway centerline up to 10 nautical miles from the
runway threshold. All tests were conducted at the National Aviation Faecilities
Experimental Center (NAFEC) during a four-week period in April 1971,
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Table II. Takeoff Procedures
’ih;nf Takeoff I ! ' n\ltmull-l [r\llll\ldt' ! I b:l:ll;l‘lTanl
Noo Weighit Parameder s Sepgmenl A1 il Segment §-C 1 he §Sepment €Dy (100041

Mas Spyerd Vo ) 16+ 250K i 2HhoR |
Ti i,‘ ' ¢ Thrust T.(h 100 T.0. \ NA ERCT NA
an Flag T.0. Clean _ | Clean ! .
‘n1.\ T Spesdd oV e "5 ! 260K !
Th 'I'.l:J ';l-‘:".“ﬁl :‘. 8 q00 ’ NA E{ECT X NA
s “p Q. ) ean ]
! Max T Speed ' Vo [l Vot ! Vor : 250K
T ) 'H'm ',l;::ll‘tlhl {“8 1000 Ll“l.u. FPR-1 - NA EE:’II-I ) g]lunh T.
- ap 0. "in : Jean van____|
T mn$u Yowp RG] ! towvpm !
T VO Thrasl T.0. wng EPR-2 i NA EPR-2 ¢ NA
Land Flap T.L. T.0. , , T.0. L
'“” T Spead Toval ' “vg 20 Vo 20 b
T2 V) Thrust T. 0 Laoag  ERit-1 KA EPit-1 NA
Lind Flas T.0. 1.0, SoT.00 ]
Max | Sweed T W2 Vg 20 ' Vo2 |
¢ 28 Tlsrust T. Q. o0 K-t NA EPR-t NA
r.o. Flap T.0, _T.O. , . T | L
'“ T Bpeed Va ) Va 20 ! Vo 20
ryoms Thrust T.O. 1000 EPn-| . NA EPR-1 | NA
Land Flap 5 5 : 5 | ]
.“I\ © tpend ! Vo 10 Vg 10 ! ’ 250K ] i
TH 7V ‘Tlarust . T . e 146 EPrn ! 2000 1L72EMR NA
! ‘l"“"' . Flp I D ; L L | Cleun [ o _]

EPH-1  Theust necessary 1o nivntam steaeht and level faght ot
maxununm bakeol] weaght wilh one engime ol N
EPH-2  An EDPR settig isteemeiate between EPR-T and takeoll selings (ERCT)

NA Nt plicalae e
T.0,  TaKenff seltiy Bl
FRCT  Enroude clitub thrust |
¢ Maxinuim 15-tdegrer pitch angle, - "l" tu
¢ Lern dly speed. . ,:!,,___’I

Table III. Approach to Landing Procedures (Maximum Landing Weight)

NG

3000 FT 2

3.1 SEGMENT-

2.6 SEGMENT
{NORMAL GLIDFE
SLOPE)

F

~+3.6 SEGMENT

=& SEGMENT

1500 FT

NOTE: GEARR UP AND APPROACH 1000 FT —-

CONFIGURATION UNTIL

REACHING B, C. Ot D. . E
" a C}{;nrikmletxlwn o
! Profile r Lirnd-Mux I Land-All ! Approiich
i, Cunventioni] (1500 f1- F-D-E) ‘ All* Al2 Al3
Cunventional (3000 ft-A-1-E} A2l A22 A2
Two Segment {(A-C-G-F) A4l
High Ghde Slope (3000 ft-A-1-12) Adl i
Middle Glide Slupe (3000 {1-A-D-E} AS1 | ‘]

¢ Sepment F-I of profile ALL wili be (lowa el twn different confipurations:
ATLA as identified. ATIR will be Tlown at u desser flap selfing,

** Reoonfipure to landing (ap, max, at 500 feet.
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FAA TPaper on Neisc Abatemont

The FAA's Office of Environmental Quality, established in January
1971, is moving to curb the noise problems created in the past and

impacting citizens and communities today.

The problem of raducing approach noise has been more knotty than
raducing departure noise. With todayfs navigational equipment, oper-
aticnal deviations are difficult and preferential routings cannot be
used for noise abatement. However, with the development of srstems
such as microwave Instrument landing systems such f£lexibility will
be possible,

Concurrently with the devel opment, simulation and test of departure
procedures, we were working on neisc reduction procedures for approach.
Six weeks after the new departure procedures were begun, the airlines
instituted a ﬁew standard approach procedure that provides considerable

telief to people on the ground in the approach area.

In this new procedure the alvcraft operates with a lower landing flap

setting when permissible and a lesser approach [lap setting throughout the
approach, By using a lesser flap sctting, draft is reduced and a lower power
setting is required to maintain a steady descent. This results in lower
sound levels. Figure 4 shows three approaches by a 727 on a standard ko
gli&é‘slﬁpe beginning at 6 miles from runway touchdown, Some pilots have
assumed landing flaps of 40° at this 6 mile point while others have used

30° flaps., In the new standard (bottem part of the figure), 25% spproach
flapas are used until the aircraft is deacended'to 1,000 feet (3 miles) where
it tranaitions to 30% flaps by 2 wiles. This results in up to 7 db less
noise at 6 miles from runway touchdown with a reducticn in noise evident at

3 miles. No improvement is evident closer in except when compared with those
afrcraft using 40° flaps. This procedure is not limited to the 727, and,

in fact, greater ﬁoise reductions can be achieved by some of the noisier

aireraft, A-44
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San Jose Alrport Keep-em~High Procedui‘es

) The FAA, in cooperation with the San Jose Municipal Airport, has established
"keep-em-high" procedures for SJC. This procedure, designed to minimize noise
and reduce confliets between large and small aireraft, requires air carrier aireraft
on appronch to maintain ot least 5000 feet altitude until within the designated “descent
area’ (sce Igure 1). This cffectively confines noise from aireraft to the final ap-
proach corridor.

VIR approaches may mako visual descents from 5000 feet after erossing the
1802 rndial from SJC, shown as tho heavy dotted line in Figure 1. The resuit is that
in VFR conditions many pilots moke approaches at a descent angle of approximately
49 (to shorten the distance travelled) instead of the normal 39, thus reducing noise

considerably.
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AIRCRAFT NOISE REDUCTION TECHNOLOGY

A Report by the National Aeronautics and Space Administration to the

Environmental Protection Agency for the Aircraft/Airport Noise Study

March 30, 1973
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III - OPERATING PROCEDURES FOR AIRCRAFT NOISE REQUCTION

Operational procedures can be used effectively Jor noise control in both landing-
approach and the takeoff-climbout phases of the misaion. The intorrelated faclors of
aireraft altitude, engine throttle asetting, lNap angle setting, and aircrafl speed are
significant,

NASA, in cooperation with FAA and the airlines, has been involved indeveloping and
evaluating operational procedures for nolse reduction for a number of years, both for
takeoif~-climbout and landing-approach situations. The takeoff-climbout studies {refs. 1
ta 4) have heen helpful in evaluating the noise veduction potential for varlous flap angle
and engine throttle schedules for a number of aircraft, These data have also been use-
ful as a guide in defining the optimum procedures for particular operations,

A main finding of these takeoff-climbout studles is that the optimum conditions for
noise alleviation depend on the configuration details {particularly, type of engine) and
operat ing characteristics ol the aircraft and thus will probably be different for each new
aircraft. The landing-approach studies on the other hand have indicated potentially
larger noise reductions, and they are not so conliguration oriented. Three noise reduc-
tion techniques that have been proposed are the two-segment approach, the energy
management or decelerating approach, and the curved ground track approach.

The two-gegment approach concept is illustrated in figure IIT1-1. The upper profile
represents the two-segment approach, and the lower profile is a standard instrument
landing approach. Using the two-gegment approach, the aircraft approaches on a steeper

\,:; TWE - SEGMENT
1,  APPROACH

—— ~.
B
Nor"r.:.u.\\“ \
vhi ‘\ ~
:;PPROACH -L._\\__\\
o A
e iae e
AAET Z———-—
AL RUNWA,

Tiqure [T1-1, - Two-segment approach concepl,
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than normal glide slope and then makes a fransition to the standard approach path in
time to slabilize before landing, By keeping the élircraft higher above the ground and
reducing the engine power because of the steeper angle, the two-segment approach
legsens the community noige near airports.

In the energy management or decelerating approach, the ajrerail initiales the ap-
proach at a relatively high airspeed and then slowly decelerates (o landing speed at
greatly reduced power. Because of the reduced power, the noise under the approach
path i3 reduced. The decelerating approach s attractive because it has the polential
of providing some nolse relief all the way to the threshold. This technique might be
combined with the two-segment approach in order to use the hest feature of each.

The third procedure is based on aveiding noise sensitive areas by approaches on a
curved ground track. This technique is being used under visual conditions today, With
the advent of area navigation and the microwave landing system, this technique can be
extended {o instrument {light conditiona and combined with the {wo-segment approach,

Although these noise abatement flight procedures are well within the performance
capability of current duay jet transports, they impose new requirements on the pilot
duties and workload, on the pilot displays, on the guidance and navigation system, on the
aireraft control system, on Air Traffic Control (ATC) flow of aircraft to high density
runways and on parallel runway operations, and possibly different wake turbulence ef -
fects. A substantial elfort is therefore required to develop suitable avionics [or noise
abatement procedures and to obtain sufficient experience so that they are accepted for
routine operations.

For the purpoge of this report, the NASA program directed towirds developing
operational procedures for nolse abatement is divided into two parts. The first part is
almed at developing operational avionicg and flight procedures that will allow alreralt to
make two-gegment approaches under instrument flighi conditions during routine
scheduled operation. This part of the program is currently under way, and significant
progress has been made. The second part is almed atl determining the feasibility of
other techniques for nolse abatement such as the decelerating approach or curved ground
track approach. The second part of the program also addresgsges the problem of how to
best utilize new navigational aids such as the microwave lunding system. Work related
to the second part of the program has not yet been initiated.

PROGRAM HISTORY

The FAA and NASA have conducted several studles to obtain a preliminary determi-
nation of the feasibility of using modified operating procedures to reduce the noise
perceived by the airport community, Both agencies have determined that significani
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noise reduetion can be achieved by using the lwo-segment approach.
primnrfily concerned with the evaluation of pllot displays that would he reguired to make

noise ahating two-gegment approaches (refs. 5to 8).
cerned with developing the necessary guidance systems (rels. § and 10).

NASA has heen

The FAA has been primarily con-

In these

studies, experimental equipment was evaluated to assess concept feasibility.
NASA and American Airlines recently completed a program to incorporate the

results of the previous studies Inlo operational equipment.

The goal of the program was

to assesgy the operational feasibility of the two-gegment approach as a method of

reducing airport community noise (ref. 11).

For these tests, an area navigation system

was uged to compute the upper segment, and the {nstrument landing system (ILS) glide
slope was used for the lower segment. The localizer was used throughout the approach.
A key feature of the program wilh American Airlines was the provision of a conlinuous

vertical steering command on the flight director.

This was required to insure that

transitions from level flight to the upper segmeni could he made without overshoots and
those from the upper to the lower segment could be made without going below the normal
ILS. The additional power needed to correct for going below the ILS ig particularly
objectionable becauge it ereatesg higher percejved neise on the ground in the region of

the transition.

This effect 18 illustrated ir figure OI-2.

The tests with American Airlines were conducted during a 30-day periad in the
summer of 1871 at the Stockton, California, Metropolitan Airport. Stockton Metropolitan
Airport was gelected for these tests because of the low traffic density and good visibility
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prevalent during the test period. The program demonstrated that (wo-segment ap-
proaches might be cperationally feasible and warranted a much more extensive and
thorough evaluation under uciual operational conditions,

The resuiis of the program with American Airlines were presented to the NASA
Research and Technology Advisory Committee on Aeronautical Operating Systems and to
the Ad Hoc Panel on Noise Abatement by Operational Procedures, These advisory
committees are composed of individuals representing the alrlines, pirframe manufic-
turers, avionics suppliers, the Alr ‘Transport Association {ATA), the Air Line DPilots
Association (ALPA), FAA, and DOT. The committees agreed that the two-segment
approach appeared operationally feasible and warranted additional evaluation, They
recommended that further flight evalualions be conducted under representlative aperi -
tional conditiong in two aircraft types: A Boeing 727 aircrift, becituge these aiverall
account for the largest number of arrivals and departures and are owned by more air
carriers than any other airerafll, and a long-range aireraft such as the DC-8 or Boeing
707 because these alrerait differ significantly from the Boeing 727 and have o larger
nojse footprint. The panel also recommended thit 1he resulls of these twao {light pro-
grams be extrapolated through analysis und situlation 10 determine the applicability
of the two-segment approach to the nther aiveratt in tudiy's Heot,

TWO-SEGMENT APPROACTH

rnrie el L4 oo v A i

The first part of this progran consists of several sieps.  The first two steps are
being conducted with United Air Lines and call for separate flight evaluations using a
Boeing 727-200 and a McDonnell-Douglag DC-8-61, each equipped with different avionics
for providing vertical guidance during the approach. The Boeing 727 will be equipped
with a special purpose glide slope computer, and the DC-E will be equipped with an area
navigation system. Both systems will be designed and bullt by the Collins Radio
Company under contract to NASA. The glide slope computer system is being evaluated
as an inexpensive retrofit for aircraft not equipped with area navigation equipment, The
area navigation system is being evaluated to determine the aperational feasibility of
modifying the existing airborne area navigation equipment to provide the two-segment
capability, If the aireraft has an installed area navigation system, thisg concept appears
to be the least expensive way to add the two-segment approach capability. Another step
in thia part of the program Nvolves (he exiengion ot the tlight results o the other air-
craft in today's fleet.
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STEP A: DEVELOPMENT AND FLIGHT EVALUAIION OF A SPECTAL PURPOSE

GLIDE SLOPE COMPUTER IN A BOEING 727-200 AIRCRAFT

NASA Ames Research Center began work on this program wilh United Alr Lines and
the Colling Radio Company in July 1972, The program objectlves are lo develop an
Inexpensive avionics retrofit kit that will make an aircraft capable of a lwo-gegment
approach and to evaluate the two-gegmenl approach in a Boeing 727-200 aircraft during
regular scheduled service,

The program includes avionics design and fabrication; a simulaflon study aimed al
developing a procedure and profile that is gafe under adverse conditions; an engineering
flight ¢valuation devoled to equipment checkout, certification, and verification of the
approach profile established during the gimulation study; a 1-month series of off-line
flight, evaluations; and a 6-month evaluation in revenue service.

The avionics design and fabrication, the stmulation study, the engineering flight
evaluation, and the off-line pilot evaluation have been completed. The results of these
phases have not been completely reviewed and analyzed, but prelininary indications are
that the avionics and lwo-segment approach are operationally feasible in the Boeing 727
and acceptable to the airline community,

In the simulation study the task was lo make the concept into a practical, operatienal
realily since the bagic concept of the two-sepment approach had been esiablished by
previous studies and regearch projects. In the design of the two-~segment procedures,
the basic profile was divided Into eight parts as illustrated in figure III-3. The cffect of
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Figure 111-3. - Noise ahalement approach protite simulallon variatles.
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each part on the approach was examined. Commenta regarding these elght parts are

contained below:

(1) Upper gsegment intercept altitude - The system must function such tnhat this part
can vary to 6000 feet (ft} altitude flight level (AFL) {and even higher is desirable}. Also,
it must not be fixed but either climbing or descending.

(2) Lower intersect altitude - This part was made to vary from 1500 [t AFL down to
runway threshold height. A practieal eperational range would-be smaller, but it wag
fell that its influence on the approach should be tried over this range.

{3} Upper segment angle - This part was made to vary from 4° to 7°, although 89
and 10° were added to check the validity of previous information about these descent
angles.

(4) Glide slope - This part was expanded from the nominal glide slope range of
2.5°% to 3.0% to 3.5°. The system was designed so as to provide a bias allowing the
pilot to have guidance to hold the additlonal angle increment over the standard ILS glide
slape.

(5) Upper capture point - This part was constdered very important to the pilots
acceptance and passenger comfort. It was so designed to compensate for varying
clogure rates to the upper segment angle.

{6) Lower capture point - This part was also congidered important to safety, pilots
acceptance, and passenger comfort, Il was designed to compensate for varying closure
: rates to the glide slope.

5 {7} Upper transition - This part, important to pasgenger comfort, was designed to
allow wide variations that enable the pllot to get to the upper segment without additional
consiraints or disturbances to the passengers.

(8) Lower transition - This part was considered the key to pilot aceceptance and
was designed so that the pilot could make this transition using o normal instrument
close check and normal flight technique, and not feel that he was performing an unusual
maneuver that would require him to restabilize the aireraft at its completian,

The effects of some of the external variables that the pilots might encounter were
examined in the simulation. A summary of some of these are listed here:

(1) Turbulence - The two-segment approach during simulation was not adversely
affected by turbulence, Any turbulence level flyable on the standard ILS wasg flyable on
the two-segment approach. In the airplane the two-gegment approach required less
effort than the standard ILS when there was significant turbulence.

(2) Teing - With engine and wing anti-icing on and temperatures -7° C or above, the
low pressure turbine rpm is about the minimum of 55 percent. In these conditions a
tail wind of about 15 knots can be offget by using 40° flaps. But if the icing is such that
70 percent N1 Is required for anti-icing, or the tail winds are in excess of 15 knots,
then the approach, as constituted, could not be flown. These conditions exist less than
1 percent of the time.
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(3) Winds - Tail winds in excess of 30 knols present a prygblem of airspeed stabili-
zation and throttle pogition. Less than 30 knots are maneuveyable. Cross wind efiect
is the same as the standard ILS. Wind shear effect is very similar also, except that
the upper segment can be followed eusier than the glide slope wnen roublesome wind
shear is present.

(4) Visibility - No noticeable difference between the two-segment approach and the
standard ILS was delected,

(5) Lighting - The two-segment approach profile permits a better view of Lhe
terminal area under all lighting conditions than does the standard ILS, yet the descent
angle is not so steep as to give the pilot the Impression of his desaending into a hole at
night.

(8) Airports - The relationship of the two-segment approach and the standard ILS is
very similar at Los Angeles, San Francisco, and Stocklon.

(7) Navaid failures - No difference, except that the colocated distance measuring
equipment (DME) adds in one more system that must be 1n operation for the two-segment
computer to function.

The two-segment approach that resulted from the simulation evaluation was used in
the engineering flight evaluation. The upper intersect altitude was cesigned to go as
high as 6000 {1 AFL. The altitude was tested and found successful up to 14 000 fl
{mean sea level). The upper and lower capture points cccurred as designed and were
very satisfactery. ‘The upper segment angle wag selected ta be 5. 2%t0 7.6%  The tower
value was found to have good noise improvement when associated with low-lower inter-
sect altitudes, It also allowed the Boeing 727 lo use (ull anti-ice capability when 40"
flaps were used.

The upper value was determined to be the greatest angle expected al any time duving
any two-segment approach with a Boeing 727, The Supplementa! Type Certificate (STC)
demonstrations were made at this angle. The glide slope angle will be the same thal the
ILS has for the airport concerned, The values 2. 5° (o 3, 5° covers all ILS glide slope
angles that would be of concern,

The system 1s capable of flying high on the glide slope with a {ixed biag, This was
{lown during the engineering fHpht evaluation and was found to have merkt, but it will not
be used durlng the on-line [light evaluation,

The lower intersect altitude range was 400 to 800 fi AFL. The nominal value
determined by flight evaluation was about 700 ft. The ground noise measurements woore
made at the high and low values of this range. The two-segment approach profile,
resulting from the flight evaluation, was used for the off-line pilot's evaluation and is
basically the same as will be used for the on-line pilot's evaluation.

The Stocldon, California, profile is shown in {igure OI-4. The San Francisco and
Los Angeleg profiles are very similar. The angle of the standard ILS is different, and

A-54




(R el oA A e i B

(A) UPPLR STOMINT WL ha] CAPTURT WHEN THE ASRCRATT 15 BLIOW (HE GLIDL 109

(B) DI SENGAGEMINT IF AIRCHAFT WITNINGNE-HALF DOTABOVE GLIOE SLOPL WITH AD
GLIOE SLOPE CAPTURE

@ DISENGAGEMENT IF ATRCRAITWITHIN 2 2 N, M8, DMEWIHTH MO GUIBE SLOPE CAPNIRD

« MAXIMUM APPROACH ALTLIUDE 15000 IT AFY

S “AUNIAMUM APPROACH AITITUDE 3100 FT MSL
-

S UPPER SLOPE, ¢°

UPPER CAPTURE POINT;
b, A DME, HOXNOYS 1AS;
STANDARD DAY CALMWINDS =

@ LOWER CAPTURE POINT; 1050 7T ML, EXIRNOTS IAS
 STARDARD DAY CAIN WIRDS

LSLOPE

SIGCKTON CALIFORNIA TDZ 29T M5

Figure TH1-4. - Two-segmant approach profite used 3t Stocktan, California, resulling Irom fliynl evatuition,

thig results in a ghift of the lower intersect altitude and the lower capture point. The
ghift with the lowest angle plide alope, flown at the lowest airspeed, is about 100 It
lower. The upper segment can be captured and {lown very satisfactory, ss high as
15 000 it AFL. Localizer capture or alignment is not necessary for guidance on the
upper segment.

Safety factors were designed into same areas of the profile ta increase the flight
safety margins for the approach. In the event the baro gset, the DME, or the airport
elevation panel set malfunctions, the upper segment could he presented prematurely. To
prevent a guided approach that would cause a descent below the gtandard glide slope,
the upper segment s prevented from capturing when the airerait ig below the glide slope,
If the aircraft is flying the upper gegment and gets to within ane-half dot deflection above
the glide slope, the auto pilot will disengage and the {light director bars bias out of view,
This prevents the system {rom providing guidance that would take the alreraft below the
glide slope. If the upper segment {9 presented late, it would be pogsible to degcend so
that the glide slope would be reached very low or not at all. In that case the system will
disengapge if the alreraft reaches 2. 2 nautieal miles DME and the glide slope {5 not
capturad,

The upper and lower iransitions were a key to pilot aceeptance, If the pilot can get
into and out of the upper gegment without any gignificant change in his flight technique,
he should accepl the iwo-segment concept as operationally sound.

The upper transition starts at the uppev capture point. I the aireraft is approaching
at a high speed or is climbing, the capture point oceurs early. If the aircraft is at a low
speed or iz descending, the capture occurs late. In either case, the alreraft is pitched
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nosc down slowly and smoothly, such that the upper segment is reached in 500 to 800 ft
below the initial allitude at capture,

The lower transition is a smooth, easy pitch change thal starts at the lower capture
point. The lower capture point will adjust aceording to the specd ut which the afrcraft
iz closing on the glide slope. At high speeds the caplure occurs earlier and provides a
mare gradual pitch change than at low speeds, The resull is that the transition seems
similar to both pilot and passengers. Passcngers do not delect the lower transition.
The point at which the glide slope i3 reache does not shift to any great extent.

The upper segment tracking with its transgitions wus determined to be very satisfac-
tory. It required no additional ptlot skills for routine operation of the Boeing 727-200
airecraft.

The off -linc evaluation consisted of a two-phase program {o thoroughly famillarize
the guest nilor with the two-segment approach, thereby enabling him {o evaluate the
approach in detail. Phase I was the viewing of an audio-visuzl package followed by a
crew briefing and a I-hour and 30-minute simulator flight. The simulitor involved a
syllabus of 11 approaches inlermixing the standard ILS with the two-segment TLS under
varying weather conditions and eperational techniques. Phase I consisted of an alr-
crafl period during which an eight approach syllabus was flown, which again compared
the standard ILS with the two-segment ILS in a real world environment,

The expected 90- and 95-effective perceived noise deceibels (EPNAB) contours for a
Boeing 727-200 aircraft using this two-segment approach procedures are compared in
figures III-5 and I1I-6 with the contours expected as a result of using a standard Instru-
ment landing approach. The 90-EPNdE impacied area is reduced during the two-segmen!
approach by 3, 7 square miles (A7 percent reduction}. The 85-EPNdB impacted area is
reduced by 1.1 square miles (48 percent reduction).

By increasing the upper Intersect altitude, there can be a significanl improvement
in ground noise outside the outer marker. Altilude of up lo 6000 {t AFL can produce
noise improvement over large areas in approaching the alrport. The aircraft safety is
enhanced by staying high in the heavy traffic area, which reducces exposure to many low
flying aircralt. It was noticed that the approach with a 6° upper segment could accom-
modate up to 190 knots (indicated alr speed) at 3000 1t AFL to the point of upper segment
capture. 'rhis speed can be increased ag altitude inereases up to 250 knets at 6000 ft
AFL or higher. The result is lower power setting at higher altitudes and less time at
high powé_r gettings. This could produce a side beneflt of lower fuel consumption of
each approach,

The avionics system being evaluated by Unlted Air Lines retains the coupled flight
directar feature used in the Amerlcan Airlines program and adds the dulepilot coupling
so that the pilot can make a two-segment landing with all the aids available for standard
approaches,
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United's implementation of the iwo-segment system stressed adherence to standard
procedures to such an extent that one-switch operation and an afrport elevation input
are the only features that digtinguish the two-segment procedure from United's standard
ILS procedure.

The special purpose glide slope computer developed by Collins uses a signal from a
DME transmitter colocated with the ILS glide slope and barometric corrected pressure
altitude to position the aircraft on the upper segment and uses the ILS glide slope devia-
tion to position the aircraft on the lower segment. The two-segment computer also
uses altitude rale information froin the Central Air Data Computer {CADC) for vertical
path damping and airspeed from the CADC to drive an aulothrotile,

DME transmitiers, colocated with the ILS glide slope, are not standard equipment
in an instrument landing system. However, the FAA currently plans to add these
facilities at a rate of five in FY 75, 50 in FY 76, 50 in FY 77 and 40 in FY 78, The
necessary colocated facillties are available at the airports being used in the program.

Although it is very difficult to estimate the coat of retrofitting United Alr Lines fleet
of Boeing 727's with this system, it is thought that the cost will he approximately
$31 400, for a dual installation. The $31 400 assumes $26 600 for equipment, $4000
for installation, and $800 for {light check. Oui-of-service and training costs are not
included. It is assumed that ingtallation could occur when the aircraft are out of service
for other reasons and that training could be incorporated into the normal {raining and
review curriculum.

For several reasons, the present program 1s providing a much hroader basgis for
cvaluating the feagibility of the two-segment approach than in previous programs. First,
thé avionics have been designed, built, and environmentally tested to FAA Technical
i Standard Order specifications. The system performs internal selfchecks and, in the
! event of a failure, provides the pilot with a warning similar to warnings provided in the
; event of a failure during an ILS approach. Second, the procedure and system have
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hueen tested both in the gsimulator and in flght under & wide varicty ol operations] condi-
tions,  Approaches have been made under instrument {light conditions) in the prescence
of tull winds, wind shears, and turbulence; at dusk and at night; and at several airports
including Los Angeles and San Francisco., Third, over 80 pilots have participated in
the off-line pilot evaluation: 15 line pilols representing ALPA and APA, 19 management
pllots [rom the different airlines, 11 FAA pllots, five engineering test pilets, and one
USAF pllol. Finully, @ broader gpectrum of line pilot reactions will be oblained us o
result of the in-scheduled service evaluation, which begins in late April 1973 and lasts
through Qclober 1973, This will be the first time a iwo-segment guided approach sys-
{em has been pluced into routine line service, During (his period it is expeeted that
over 96 crews will evaluale the system and that over 500 two-scegment approaches will

be made.

STEDP B: DEVELOPMENT AND FLIGHT EVALUATION OF TWO-SEGMENT AVIONTCS

USING THREE-DIMENSIONAL AREA NAVIGATION FOR GUIDANCE IN A DC-3-fil

United Air Lines and the Collins Radio Company initiawted work, under contract with
NASA, on this program in December 1872, The program objeetives are to determine
the operational [easibility of modifying a three-dimensionu) urca navigation system to
mrovide the two-gegment wpproach eapability and to evaluate the two-gepment approach
in w DC-8-61 aircraft in regular scheduled service.

‘he program contains the same basic phases us thie Boeing 727 evalvation covered
in STEP A. However, the avionlc concept and airerall charucteristics are substuminlly
dillerent,

In this step an existing areu navigation system will be modified 1o inelude the two-
segment capability, An inherent advantage of thig concept is that, if the aireraft is
cquipped with an area navigation system, a modification to the system represents an
inexpensive way of tncorporating the two-segment approach capability. A second
advanlage is that the system can be used to make precision approaches to 1LS equipped
rusways without requiring a colocated DME transmiticr facility. The system van also
be used to make nonprecision noise abating approaches into non-TLS equipped runways.

The Boeing 727 alrcrafi used in STEP A is purlicularly well suited for the two-
segment approach, It has relatjvely high drag in the landing configuration and requires
pogitive thrust component to come down the 69 glide slope at peference velocity. Tt is
ulso eauipped with relatively new and complete avionic systems so that the (wo-segment
ruidance interface with the autoptlot and flight direclur is straighl forward,

On the olher hand, the McDonnell-Douglas DC-§ has relatively liltle drag in the
landing configuration and requires near idle thrust to come down u 6° glide slope at
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reference velocity. In addition to the low drap characteristics, the DC-8 has an auto-
pilot older than the Boeing 727 autopilol. Even though preliminary [light tests indicate
thitt the DC-8 autopilot can follow the two-segmenl guidance command, the Interface
between the two-segment guidance system and the autopilot may require more extensive
modilications than are required on the Boeing 727, For these reasons, il is the opinion
of the alrlines, the FAA, and the pilotg that the two-segment evialuation musi be con-
ducted in the DC-8 in order to establish the envelepe of acceptable twao-segment approach
profiles for the {leel of commereial aircraft.

Although the DC-8 is more difflcult to adapt to the two-segment approach, the
expected noise benefils are significant. ‘The 80- and 95-EPNAB contours for o DC-8-61
airceraft during a 60/30 fwo-gegment approach with a 690-t intercept altifude are com-
pared in figures III-7 and 11[-8 wilth noise contours estimaled for a standard instrument
lancling approach. The 90-EPNdB impacied area is reduced by 6,3 square miles {54
percenl reduction), and the 95-EPNdB impacied area is reduced hy 3. 3 square mileg
(50 percent reduction).

Cost estimates to provide a fleel of afrcrall alpeady equipped with area navigation
with the two-segment capability have not yet been warked oul in detail. However, the
cost will be substantially less than required to retrofit with the special purpose glide
slope computer system. An estimate of this cost is § 9000, which includes equipment
and installation charges. Qut-of-service costs and training costs are not included. It
is assumed that installation eould occur when the ajrcraft are oul of service [or other
reasons and that training could be incorporated into the normal training and review
curriculum, If the two-segment capability is provided as a part of the area navigation
package prier to installation, it appears that the added cost could become quite small.
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STEP C: STUDY TO DETERMINE THE APPLICARILITY OF THE TWO-SEGMENT

APPROACH TO ADDITIONAL JET TRANSPORTS

The preceding steps are atmed at determining the operational feasibilily of the two-
segment approach for only two aircraft types. The purpose of this step is to extrapolate
the results of these flight programs to cover the MeDonnell -Douglas DC-9 and DC-10
and the Boeing 707, 737, and 747 jet tranaports by an analytical and simulation program.

Contracts will be awarded fo Boeing and McDonnell-Douglas Alrcraft companies in
FY 73 to make a preliminary determination of the approach profiles that would achjeve
maximum noise abatement while maintaining adequate safety margin and pilet aceeptance
for their different ajreraft. These feasgibility studles will not inelude flight simulations.

Contracts will then be awarded to an airline contractor {or contraciors) In FY 74 to
conduct a simulation study wherein the operattonal feasibility of making two-gegment
approaches in these aircraft will be examined in detail. These studies will look at the
effect of extreme wind ghear, pilot abuses, and system failures on the safely of the
procedure.

STEP D: STUDY TO DETERMINE THE SUITABILITY OF THREE-DIMENSIONAL

AREA NAVIGATION TO PROVIDE VERTICAL GUIDANCE

An analytical study will be conducted to determine the requirements on the location
of the ground navigational alds used as inpuis to the alrborne navigation equipment in
order to provide sufficient accuracy for two-segment guidance. The study will also
define procedures that can he used to {light check the adequacy of existing ground navi-
gational aids for establishing the upper segmen! guidance at individual-airports.
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It is expected that this study will be conducted by the FAA in conjunrtion with their
existing program aimed at defining arca navigation requirements.

STEP E: STUDY TO DETERMINE THE IMPACT OF THE TWO-SEGMENT APPROACH

ON ATC

Aircraft making two-segment approiaches will have to mix with aireraft making
standard JLS approaches. In addition, il appears that two-segment approaches [or dif-
ferent aircraft Lypes will require different upper segment glide slopes. A study will be
conducted to determine lhe impact on ATC of intermixing different approach profiles in
the terminal area. Il is expected that this study will be conducted by the FAA.

OTHER TECHNIQUES FOR NOISE ABATEMENT

FLIGHT TEST OF NOISE ABATEMENT APPROACHES USING A MICROWAVE

LANDING SYSTEM

By the end of the FY 73 congiderable expertise und understanding will have developed
with regpect to the usefulness of the noise abalement operational procedures when flying
the landing approach patiern using the conventional NAVAIDS, thal is, IL.S, DME, and
VORTAC, It is hoped that the FY 73 program and the anticipited follow-on programs
for FY 74 will provide sulficient momentum to carry noise abatement procedures using
conventional ground NAVAIDS into practice in the airlines. Beyond 1974, however, the
question arises as to the impacl of the microwave lunding system, being developed under
FAA contract, on the noise abatement flight procedures. In this respect, no real prob-
lems are anticipated in flying noise abatement procedures using the microwave landing
system. However, it is almost inevitable, hased on past flipht test experience, that
certain unanticipated problems will surface.

Therefore, a (light test program is planned wherein noise ibatement approaches are
flown using 2 microwave landing system in an attempl! to lake advantage of the full
capahility of this system and to expose problems that could influcnce the microwave
landing system design. Tests conducted in FY 74 should provide resulls soon enough
o influence the preliminary deaign and development of the microwave system,

The basic objectives of this program ure o determine how tu best use the unique
capabilities of the microwave landing system for noise abatement and to determine if
there are any navigation, guidance, control, and operational problems associated with
this type of system,




FLIGHT EVALUATION OF CURVED APPROACHES FOR NOISE ABATEMENT

Area navigation potentially provides the capability of flying the aireraft along curved
approach paths in erder to avoid noise sensitive areas. A simulation and flight program
Is planned, for FY T4 or FY 75, to delermine the operational feasibility of using this
technique in conjunction with the two-segment approach. The program will be largely
conducted in-house and will include analysis, stmulation, and flight test. A bricf des-
cription of the effort planned in these phases follows:

In this phase, the necessary steering signals will e defined and presentation to the
pilot will be evaluated. Pilot workload and abllity to fly these approaches will offer the
greatest obstacle. A principal purpose of the simulation will be lo determine the amount
of aulomation required to keep the workload at a level comparable with that required
during a standard Instrumenti approach. The elfects of winds, wind shears, and pilot
abuses will be evaluated. Flight tests will be conducted using the NASA research
Boeing 737 aircrait in the Terminal Configured Vehicle and Avionies Program at the
NASA Langley Research Center.

NOISE ABATEMENT USING DECELERATING APPROACHES

Two modifications to the standard approach procedure can be proposed for reducing
the noise. One consistg of flying a steeper-than-gtandard approach path (i.e., two-
segment approach), which increases the aircraft's altitude over the noise sensilive area
and reduces the thrust used in the approach. The other is to make a deceleraling
approach on a standard glide slope with the engines at idle power, In this method, the
wircraft beging the approach at relatively high airspeed and then slowly decelerates to
the landing speed, using the kinetic energy as a power source to overcome the drag
forces. A third method is also possible by combining the twa,

If we assume that the approach is lown along the standard ILS glide slope, then, in
prineciple, the decelerating approach can be started at any point on the ILS beam. The
single most important variable in a decelerating approach is the airspeed of the aircraft
at the starting point. This airspeed must be chosen such that the alreraft can fly safely
from the outer marker to a desired point with all engines operating at minimum permis-
sible thrust, with arrival at the specified point with {ull flaps, and with the desired land-
ing speed. Assuming the aircraft arrives at the starting point with the proper alrspeed,
it begins its gliding and decelerating flight along the ILS beam while either the pilot or
an automatic landing system maintains the aircralt's flight along the beam. As the air-
eraft is slowly decelerating, the flaps are extended according to a computed schedule.
The novelty of the proposed technique lies in the use of flap angle modulation rather than
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the more commeonly encountered thrust modulation as a methoed of deceleration cant rol,

1 the proper alrspeed was selecied at the starting point and if the flaps are extended at
the proper rate, the landing speed and the full-flap configuration will be reached close

to the interception of the glide path with the runway or at any other point along the glide
palh designated at the terminal point of the deceleration. Since this precedure allows
thrust to be maintained at the lowest posaible value throughout the approuach, engine
nolse is kept to a minimum. There are safety questions related to thig approach becauge
of the time required to spool up the engines if a go-around is required.

ANALYSIS

In thig phase, the principle objectives areto make a prellminary cevaluation of the
profile to be {lown; that is, whether the decelerating approach should be flown zi.gmg thg
standard ILS glide slope or along a two-segment glide slope; perhaps along a 35 to 4—2-
glide slope and then about a mile from the runway threshold transition to the normal ILS
glide slope. In this phase, the optimum speed profile, flap extension schedule, transi-
tion point, flight director requirements for aided manual guidance, guidance laws and
interfaceg with autopilot and aulothrotile for automatic approach, as well as the naviga-
tion requirements must be determined.

Piloted Simulation

Pilot workload and ability to fly these trajectorles will offer the greatest obstacle.
Considerable automation will be required to keep workload from Increasing beyond that
of standard approaches. A principal purpose of the simulation will be lo determine the
minimum level of automation needed to keep the workload reascnable. The simulation
program will also evaluate cockpit displays, check out flight director guildance laws and
automatic guidance, determine missed approach procedures, study the effect of gusts and
wind shears, and define pilot procedures for the manual approach.

Flight Test

1t is planned that the flight test program will be conducted uging NASA Boeing 737
aireraft in the Terminal-Configured Vehicle and Avionics Program. The main objective
of the flight test phase will be to refine the operation of the '"decelerating approach'’
gystem, further develop the operational procedures, and agsess system performance in
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the actual {light environment. The (inal ochjective of course, is lo reduce this experi-
mental approach technique to practice.

AERODYNAMIC NOISE

Recent computailons and measurements have suggested thal there may be an aero-
dynamic nofsge floor in the approach and landing conliguration of large jets about 10 PNdB
below the FAR Part 36 nolse level. Operatlonal procedures such as the two-gsegment and
curved ground track approiches, which increase the sepiration of {he observer and the
aircraft, are elfective at reducing the impae! of aerodynamic as well as engine noise.
The aerodynamic noise varies as a high power of the flight speed. Therefore, the de-
celerating approach, which approaches at higher speed, would have a higher aerody-
namie noise floor.

In order to obtain betler data on the aerodynamic nolse {loor and understand the re-
lationship between aerodynamic noise and engine noise und the different types of noise
abatement approaches (the steep glide slope, the two-segment approach, the curved
ground track, and decelerating approach) NASA Ames 1s planning a flight test program
with the NASA CV-990, four-engine jet aircraft and possibly other aircraft.
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by Jab A Vadowvelk
SURBIARY

A brioe cnnlyals wos mde o the sound pressure tevel mewsured gt Poar
ground stotions durlng 'jo aprroaches of a four--elne medium-range turbolet
Lransport 1Tor soveral flap deflections, The resulis of We analysis, when
appllod to steeper-tinm-normal approaches, showad uood agreement with suund
pressure levels peasured In steep approuches.  For the aiyplune used in the
analysis, increasing the glide slope from ,ﬁo 1o hn reduced Lhe sound pressure
level 11,5 to 13.5 dB depending on the ground station lociblon, O this

reduction T dB was due to the reduction in thrust snd Lhwe remadnder (4.5 o

6.5 dB) to increase in mltitude.
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Concluding Bemarks

The first phaso of resenrch nimod ot determing the
operational feasibilily of the two-sugment npproach s a
nalse abating techhilque, has been completed. A total
of twenty ~aight pilots ropresenting the alrlines, pro-
fesslonnl pilot nsancimions, NARA, and the FAA par-
ticlpntest, In general, the evaluatlon pilots vansiderod
the procedures to he operationully feasible,  Nowever,
there was cencern expressed over the general tecop-
tance of the procodure until the cruipment con be proven
aufficlently relinble und not prone to inducing pilot
orrors,

Although the program was noel aimed ot pussengoer
evaluatlon of the precedure, the on-board obsorvers
whe partieipatod did not expreas any speelal concern or
discomfort during the two-segment approaches.

The aren novigation systom used for these tosts was
capuble of catablshing an upper glide slope using the
VOHR and DME signals from the Stockton VORTAC, The
effect of other VORTAL locations on the aceuracy with
which the upper glide slope can bo established was not
conslidered as u part of these tests,

The flight direclor and raw dats displays provided
the pilot with adequate information for muking a smooth
two-segment approach. ‘The upper segmend capture wns
conslutently made with less than a 10 ft overshoot,
iaving eaptured the upper glide slope, the pilots were
able to follow it to within a 75 1t verticn! deviation. The
transition to the ILS glide slope wns also smooth and
resultod in 2 maximum undcrshoot of B ft, and, in most
cases, the Lransition wis aceomplished without any
undorshoat,

The procedure resulted in a noise reduction, using
an ILS approach for comparison, of 18 EPNdB at the
outer aite and 8 EPNdD at a sle loeated about 1 n, mi.
from touchdown.

SITE
4

/

CORRECTED EFFECTIVE PERCEIVED
NI SE LEVEL, EPNGR

-3
o
(=]

[} 2 3 4
DISTANCE FROM THRESHOLD,

Fig, 10. Comparisen of nofise measured during
two-segment npproach and standard
[LS appreach,
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FLIGHT AND SIMULATION INVESTIGATION OF METHODS FOR
IMPLEMENTING NOTSE-ABATEMENT LANDING APPROACHES

Hervey C. quigley, C. Thomas Snyder,
Emmett B. Fry, Leo J. Pover,
and Robert C. TInnis

Ames Rescarch Center
and
W, Latham Copeland

Langley Rescarch Center
SUMMARY

A flight and simulator investigation has been conducted to determine
methods for implementing steep two-segment and decelerating landing
approaches. For the research jet transport used in the study a reduction in
noise of approximately 11 PNdB (9EPNdB} at a point 1.1 nautical miles from
the runway threshold was achieved with a two-segment approach with an upper
segment of 6° and a lower seghent of 2.65° which intercepted at an altitude of
250 feet. The two-segment profiles with an intercept at 400 feet reduced
noise about 10 PNdB at a peint 1.5 nautical miles and 13 PNdB (11 EPNdB) at
a point 3.4 nautical miles from the threshold. Decelerating approaches on a
normal approach angle (2.65°) reduced noise only moderately 3 to 4 PNdB, bur
combining decelerating with steeper or two-segment approaches raduced noise
11 PNdB (9 EPNdB} at a point 1.1 nautical miles from the runway threshold,

The noise abatement landing approach profiles evaluared in this program
could be flown in a modified jet transport with the same precision as conven-
tional instrument landing approaches without a significant increase in pilot
workload., The pilets preferred two-segment approach profiles with an inter-
cept altitude of 400 feet. The research airplane had improvements over cur-
rent jet transports including a flight director medified for neise abatement
profiles, an autothrottle, and stability augmentation that improved longitu-
dinal and lateral directional handling qualities, The evaluation flights
were flown under simulated instrument conditions in daylight and in near-
ideal weather. Further research is needed to examine the requirements and
operational limitations of two-scgment approiches in an environment more
representative of airline operations.
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1, NASA FLIGHT TESTS OF STEEP APPROACIES

NASA flight tested steep approaches at ODakland Alrport using a modified
Boeing 367-80 (707 prototype). Noise measurements were made in conjunuiion
with the flight tests. The flights were made in ideal weather but under
simulated instrument conditions (plilot unable to see outside cockpit).

The tests included 6° approaches to touchdown and 6°/2.65° two-segment
approaches with intercept altitudes of 250 and 400 feet {see Figure 1}. The
noise measurements showed that the 6° approach to touchdown reduced noise by
about 18 PndB throughout the approach (Figure 2). The two-segment approaches
reduced noise by approximately 10 PndB just prior to the intercept point and
by approximately 17 PndB at a point four mautical miles from the runway

threshold (Figure 3).

The NASA test pilots found thac under simulated instrument conditions

rates of descent greater than 1000 feet per minute were unsatisfactory at

altitudes less than 200 feet above the ground. This would render a single

segment 6° appreach (with a descent rate of 1600 feet per minute) unsatisfactory
under instrument conditions, llowever, the report indicated that a noise
reducction of 5 PndE or more is possible by an increase in approach angle to

4% without a large Increase in rate of descent.

To avold the problem of high descent rates ncar the ground, the two-
segment approaches were used. The pilots felt slightly rushed on some
approaches with 250 foot intercept altitudes and rherefore praferred the
400 foot intercept altitude.

Under simulated ipnstrument conditions there was a tendency for pilots
to drop below the 2.65° glide slope during transition from the 6% glide slope

if there was no supplementary guidance information provided. When the aircraft
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was modified to include a flight director which provided supplementary
guidance for two-segment approaches as well as an autothrottle and both
longitudinal and directional stability augmentation the twao-segment
approaches could be flown with the same precision as normal approaches
{ncver exceeding 30 fect below the glide slopu) as shown in Figure 4.

With such equipment modifications there was no increase in pilot work-

load.

Reference

Fry, Emmett B,jInnis, Robert C.; and Quigley, Hervey C,"Flight
Investigation of Methods for Implementing Noise-Abatement Landing
Approaches.” Progress of NASA Research Relating to Noise Alleviation

of Large Subsonic Jet Aircraft. NASA Ames Research Center for
Langley Research Center Conference, Cctobcr 8-10, 1968, NASA 5P-189,
PR, 377-394,
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v, NATIONAL ATRLINES TWO-SEGMENT APPRCACH PROCEDURE

National airlines is flying two-segment stecp approaches with
Boecing 727 aiveraft at Miami Internatiomal Airpore. The procedure requires
no equipment other that what is already in the airerafe., The procedure -
is used onty when the cloud celling is at least 3,000 feet and the
vigibiliey at leastc 5 miles,

The procedure is depicted in Figure 8. From an altitude of 2,500
feet at 6 nautical miles from the runway, the aivcraft descends at
approximately a 5.2° angle until intercepting the glide slope at an
altitude of 700 to 1,000 feet and a distance of 3 nautical miles from
the runway. Power Is not applied until approaching an aleitude of 300 to
500 feet because a slightly hipgh airspeed is carried during the steep

segment.,

A noise reduction of at least 7 EPndB is achieved through the use

of this procedure,

Reference

Cunningham, Gerald, Letter to Miami Airline Operaticons Commictee,
"VFR Noise Abatement Approach," Air Transport Association
E November 5, 1971 (Typewritten)
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NATIONAL AIRLINES NOISE ABATEMENT SEGMENTED APPROACH
BOEING 727 AIRCRAFT
WEATHER MINIMUMS - 3,000 foot ceiling and
5 miles visibility
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vI. PSA TWO-SEGMENT APPROACIES

Pacific Southwest Airlines (PSA), a Califormia intrastate carrier,

is flying two-sogment steep approaches with Boeilng 727 and 737 alrcraft .
at the airports they serve. The procedure requires no equipment other than
what is already in the aircrafc, The procedure is only used when weather
allows the pilet to keep the runway in sight throughout the procedure,

The procedure is depicted in Figure 9. From an altitude of 3,000
feet at 6 nautical miles from the runway, the aircraft descends ac

approximately a 5.4° angle to an altitude of 1,000 feet ar 2.5 nautical
miles, then gradually transitions until stabilized on the final 3° glide
slope at 1.5 nautical miles.

The City of Inglewcod has monitored approach altitudes of PSA and of
other carriers under actual operational conditions since the PSA proccdure
was introduced, Considering all 727 and 737 aireraft combined, the following

results were observed;

Distance from PSA All Others PSA Clide All Others Glide
Threshald Altitude Alcitude Path Angle Path Angle
Above Monitor Above Monitor
1.46 nm 565 Fect 502 Feet 3,60 3,18°
2,51 mn 972 Feet 823 Foet 3,82° 3.04°

The differences in altitudes hetween PSA and all others were
statistically significant at the 99% confidence level. Measurements wore
attempted at a distance of 3.57 nautical miles fram the runway (under the R
5.4° segment) but because of dispersion during alrcraft turns, insufficient

data were obtained to draw any conclusions.

A-77 !



During experimental flight tests PSA reported 17 EPndB noise

reduction under the steep segment. Inglewood observed PSA approaches

tc be approximately 3 EPndB quieter on the average at distances of 2.5

nautical miles or less (under the shallow portion of the approach),.
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PSA NOISE ABATEMENT SEGMENTED APPROACH

VISUAL CONTACT WITH AIRPORT MUST BE ESTABLISIIED
PRIOR TO INITIATING APPROACH AND MAINTATINED
THROUGHOUT ENTIRE APPROACIE

B 217 FLAPSJS ' me————— 7] FLAPS15*®
GEAR DOWN GEAR DOwN
140 KNOTS 180 KNG TS

3000 FT MSL

ATC oSPEEDCONFRAOL™

Awhuce inif il aftibudy 150 fea) for
pach saditanal 10 knoly iequued

BII] FLAPS 25 ' ey
(0 KNQTS

B137 FlLapsio*
VREF + 16 XNOTS

i
8737~ Aeduce st allituge 200 1eet for
sach sidibonal 10 ka1 requiesd.

BEGIN TRANSITION TO
FINAL SEGMENT

LANDING FLAPS
AntKipal e shruil (Ud TN

and tranulion 10 FINAL BEG- I E0DME
MENT smourhly I |
STARILIZED DN '
FINAL SEGMENT ’ 4D DME
25 OME

NOTES " Flsp postians shown are
recammanded fos na wind
condiliont. Fot othir condifiony
H vl be nacpsary 10 valy flap
POsAGAL of (s inituatnn Jfiuces.
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VII. AIRPORTS WITH GLIDE SLOPE ANGLES STEEPER THAN 3

There are a number of afirports which have electronically established
glide slopes at an angle of greater than 3%, The FAA's National Aeronautical
Facilities Experimental Center (NAFEC) has concluded that 3-1/2o glide slopes
are better than 2-1/2° glide slopesl.

The airports known to have steeper glide slopes are:

AIRPORT RUNWAY DESIGNATION GLIDE SLOPE ANGLE TYPE OF APPROACH
o
Dobbins AFB, Georgia2 11 3.2 o Radar
San Diego, California 09 3.22o 1L8
Pope AFB, North Carolina 04 3.25O Radar
Whidbey Island NAS,wash%ngton 31 3.Zg Radar
Alamceda NAS, Californiacs 13 3.5o Radar
Alameda NAS, california 25 3.5 Radar
Tempelhof Alrport o
Berlin, Germ;nyq Unknown 3.5o ILS
San Diego, californiasd 27 4.5 VASI
Fullerton, California® 24 6 Microwave YLS
References:

l. NASA Headquarters, Washington, D,C. Minutes of Meeting of NASA
AD HOC Advisory Panel on "Aircraft Noise Abatement by Operational
Flight Procedures." September 23, 1971 (Typewritten).

2, U.S, Air Force. IFR-Supplement United States., Aeronautical Chart
and Information Center, St, Louis, Missouri. DOD Flight Informarion
Publieation (Enroute), 25 May 1972,

3+ Jeppesen & Company,"San Diego, California, International - Lindberg
Approach Chart, ILS Rwy 9," Alrway Manual, Jeppesen & Company, Derver
Colorado. May 19, 1972, p.11-1,

4, Blumenthal, V.L.; Russell, R.E.; and Streckenbach, J.M., Noise Reductiuvn

Regearch and Development Summaty, The' Boeing Company, November 1971,

D6-60146, Second Printing, January, 1972.

5 Jeppesen & Company, "San Diego, California, International-Lindbergh Field
Alrport Diagram' Alrway Manual, Jeppesen & Company, Denver, Colorado.
May 19, 1972, p.ll-1,

6. Hurlbure, Randall L., "Fullerton Microwave ILS," Memorandum to Steen
Approach File, and Fullerton Iile. City of Inglewood, California,
Décember 13, 1972, (Typewritten),

A-80

AP Mk s i s e kA Tt 4 e b g e



N ey

VIII, 5° APPROACHES AT SAN DIEGO AIRPORT

Because of high terrain in the approach path to Runway 27 at San
Diega International Airport, approaches must be made substantially ahove .
a 3° angle. Until recently, no clectronic glide slope was provided,
although this 1s the primary landing runway.

The standard approach precedure is a back course ILS (no glide slope)
with a minimum altitude of 2085 foet specified at a point 4.7 naurical
miles from touchdown, A constant rate of descent from this point to the
runway would result in a 4.17° glide angle. 1In April, 1972 the FAA installed
a VASI (Visual Approach Slope Indicator) for Runway 27 set lor an approach
angle of 4.5°,

The City of Ingleweoed actually monitored aircraft altitude ac a poine
2.6 nautical miles from touchdown at San Diego. The measurements were made
during visual flight conditions prior te the installation of the 4.5° VASI.
The tescs included 2,3, and 4 engine jet transports.

The tests showed the average glide path angle to be 50, compared to an
average of 3.10 at Les Angeles! This approach 1s being made regularly in
splte of the fact that the runway length available for landing at San Diego
ig only 7,590 feet compared to 11,395 feet at Los Angeles,

if a 5° approach angle such as was flown at San Diego were introduced

in Los Angeles, alrcraft nolse would be reduced approximately 12 EPndR, or 56%.

Reference

Boettger, Wolfgang A., A Comparison of Aircraft Approach Angleg
At Les Angeles and San Diegn International Airports, City of
Inglewood, California, May 1972.

A-81



TR L g AL T AT A At 2 ke

IX. ALTITUDES WHEN GLIDE SLOPE TNOPERATIVE AT LAX

The Ciey of Inglewood was monitoring aircrafr altitude on approach
when the ILS glide slope sipgnal failed on August 27, 1971. Thirty-three
(33) aircraft were monitored prior to glide slope failure, 21 after glide
slope failure. The average altitude prior to fallure was 907 feet above
the monitor. The average altitude with glide slope out was 990 feet
above the monitor, These altitudes translate into angles of 3.24° and
3.540, respoctively, The average altitude difference was statiscically
significant at the 90% confidence level.

These resylts show that aircraft fly at higher altitudes without
a glide slope than with a glide slope if the glide slope angle is less

than 3.5°,

Reference

Hurlburt, Randall L,, "Statistical Comparison Study."” Memorandum
dated June 6, 1972 to Jack Miller, City of Inglewood, California.
{Typewritten),
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XI. ALTITUDE DISTRIBUTION AT LOS ANGELES AIRPORT

The City of Inglewood has monitored thousands of overflights approaching
Los Angeles International Airport. 1In actual practice there is a wide range
of approach angles used,

For example, during the month of November, 1970, Inglewood menitored
the altitude of 294 two-engine aircraft, 497 three-engine aivceraft, and
828 four-engine aireraft, The monitoring location was approximately 2,64
nautical miles [rom touchdown on Runway 25L. At this point the glide slope
altitude is approximately 813 fect above the monitoring camera.

Although most aircraft were within * 100 feet of the glide slope
altitude, a substantial number were significantly above it. Ninety {(90)
aircraft were above 900 feet (a glide path angle of 3.30), 9 aircraft wvere
above 1200 feet (a glide path angle of 4.50), and 4 aireraft were above
1450 feet (a glide path angle of 5.3%), The alcitude distribution for four-
engine airecraft was similar to the overall distribucion, indicating that
steeper angles were flown not only by small jets., The highest altitude
measured was a four-engine jet at 1804 feet (a glide path angle of 6.50).

If all aireraft would fly close to or above a 4.5% glide path angle
instead of holding close to a 3° glide path, the noise reduction would be

approximately 9 EPndh,

Reference

liurlburt, Randall L.; Owen, David A., Inglewcod's Woise Monitoring
Program, Report on Phase I. City of Inglewood, California.
September 30, 1971,
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GUIDANCE AVAILALLE FOR STEEP APPROACHES

Stcep appreaches can he conducted with or without electronic guildance,

They can be performed more easily and more precisely if electronic guidance
is available. In approximate order of increasing complexity, the following

guidance could be made available:

ILS., Ar least one ILS (Instrument Landing System) Is usually installed

at most major commercial airports, The glide slope beam is usually

set for a 3° approach angle. Most commercial ajreraft have 118
receivers installed, Although a 3° ILS (s abviously better for noise
abatement than a 2-1:"20 ILS, any ILS set for an angle less than

3-1/2° or 4° actually contributes to excess nolse because most aircrafe
would fly at these higher angles if no glide slope were available,
ILS/DME. Two-segment approaches such as those used by National Air
Lines and PSA require Distance Measuring Equipment (DME) in the
alreraft, Most commercial aiverafr have DME,

3350 ILS. Slightly steeper (332-0) approaches can be achleved during

all weather conditions by simply adjusting the angle of the ILS

glide slope., No new ground or airbornme equipment would be reguired,
4350 VAS], Visual Approach Slope Indicators (VASI's) arc installed

at some but not all commercial airpores. Where installed, the angle

is usually 3° but could easily be adjusted upwards Lo 45%, At other
locations equipment and installation would cost approximately $60,000
but could then be used by all aircraft during visual weather conditions.,
VAMSI, The FAA experimented with a Visual Approach Mulri-Slope
Inl.i:icator (VAMST) at San Diege International Airport.l This

o o
system generated a visual 5 /3.25 two-sepment glide path. lowever,
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the trial was discontinued when the FAA found that aireraft
sometimes followed the 3.25% beam when they should have been on
the 5° heam, thus causing dangerous terraln clearance problems
(S8an Diego has high terrain surrounding the airporet). The concopt

may still have merit for noise abatement purposes at other alrports,

VAM, A Visual Approach Moniter (VAM) has been developed by
Sundstrand Data Control, Inc, and heen tested by Pan American

World Airways.2 This provides a visual display in the cockpit that
automatically can guide a pilot through a two-segment approach
during visual weather conditions, WNo ground equipment is required.

The cost is approximately §16,000,

R-NAV. The most versatile cquipment available for airborne use is
area navigavrion (R-NAV) cquipment capable of operating in three
dimensions, thus providing verrical navigation (V-NAV). Such
afuipment allows the pilet to select any desired combination of
routes, altitudes, glide path angles, or intercept pclnts.‘ The
guidance displays in the cockpit wil! then cause the pilot to fly
the selected approach, Cne such system (the one used for the tests

of Chapter I!) costs approximatcely $20,000,

PAR. Preclsion Approach Radar (PAR} has not been widely used for
noise abatoement although some military i-stallations use glide slope
angles above 3° to provide terrain clearance, In using PAR, the

radar controller constantly cells the pilet what his posicien 15 with



respect to the desired course and glide path. This system has
the capability of being exceptionally versatile if 1t were

developed properly.

R

Ve Referances

!

! 1. Jeppesen & Company, 'San Diego, California, International-Lindberg

1 Approach Chart, VAMST Rwy 27," Airway Manual, Jeppesen & Company,
} i Denver, Colerade, U,S,.A. Page 10-4, December 3, 1971.

1

b 2. Elson, Benjamin M, '"Visual Approach Monitor Being Certified,”

E Aviation Week, April 3, 1972, pp. 36-39,
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Marech 2, 1973

SUEMITTAL TO EPA

AYRCRAFT/AIRPORT NOISE STUDY TASK FORCE -
TASK GROUP 2, OPFERATIONS ANALYSIS

LOCKIEED-CALTFORNIA CCHPANY
BURBANE, CALIFORNIA

The material submitted 13 en nnalysis showlng the large reductlons in
approach nolse levels near eilrports which can be nitained by advanced
operational proecedures. The nolse reductlon potentilals are shown for
the lLockheed L-1011 TriStar Transport; however, they ere in principle
applicable to any airplane.

Tt has long been known that large approzch nolse reductions could be
attained by use of steep, decelerating, and curved approach paths
Such procedurssg have in the past been considered impractical and unsafe

because of pllot worklead and/or guldance system limitations.

Recent advances in automatic control and guidance technology require re-
evaluation of the traditional positicon. For emmple, the Lockheed L-1011
incorporates an advanced Autoland system (FAA certified for Category IIT A)
vwhich, after the pllot selects ILS capture mode, performs a precision
landing and rollout without any further action or control fram the pllot,
Also TAA certified in the L-1011 is the Area HNavigaticn System which, in
conjunction with the antamtile control system, can f1y the alrplane along
any predetemmined three~dimensional path. Integration of the Autolend
and Area Navigation System, which is believed feasidble, would provide the
capabllity for precision, minimum neise approaches, separately tallored
for each alrport, to be flown automatically and safely.

Reallzation of the large potential approach neilse reductions in routine
operations depends upon concluslve demonstration that the procedures
involved do not compromise safety and that they are compatibdle with
the overall alr traffic environment,

A-B7
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1. Two Segment Approach
As shown in Figures 2 gnd 3, the two-segment approach reduces the arca exposed

to 90 EPNdB or greater by over 60%.

2. Decelerating Approach

A decolerating oppronch utilizes the momentum of the airplane to provide part of the

thrust required. The neise reduction 1s ochieved as a result of Lhe lower engine

thrust then required. The reduction in thrust required is directly proportional Lo
the deccleration. For a one-foot/sec/sec deccleration, 35.% knobs/min., the total

thrust reduetion is 11,1C0 pounds, or 37CO pounds per engine, resulting in a noise

reduction (Figure 1) of about 2.5 PHdR.
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NASA TECHNICAL
MEMORANDUM

NASA TM X- 62,187

/N 5
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Feow 384

NASA TM X- 62,187

INITIAL FLIGHT AND SIMULATOR EVALUATION OF A

HEAD UP DISPLAY FOR STANDARD AND
NOISE ABATEMENT VISUAL APPROACHES

Kent Bourquin, Everett Palmer, George Cooper, and Ronald Gerdes

Ames Research Center
Moffett Field, Calif. 94035

February l‘} ' ,
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INITIAL FLIGHT AND SIMULATOR EVALUATION OF A HEAD UP DISPLAY
FOR STANDARD AND NOISE ABATEMENT VISUAL APPROACHES

Kent Bourquin, Everett Palmer, George Cooper, and Ronald Gerdes
ABSTRACT

A preliminary assesswent was made of the adequacy of a simple Head
Up Display (HUD) for providing vertical gquidance for flying noise
abatement and standard visual approaches in a jet transport. The HUD
featured gyro-stabilized approach angle scales which display the angle
of declination to any point on the ground and a horizontal flight path
bar]which alds the pilot in his control of the aircraft fl1ight path
angle,

Thirty-three standard and noise abatement approaches were flown in
a Pan American World Airways Beeing 747 aircraft equipped with a
Sundstrand Head Up Display. The HUD was also simulated at Ames Research
Center in a research simulator, The simulator was used to familiarize
the pilots with the display and to determine the most suitable way to
use the HUD for making high capture noise abatement approaches,

Preliminary flight and simulator data are presented and problem
dreas that require further investigation are identified.
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Hoise measurements were obtained on all the approaches {ref. 8) and
certain ones are summarized in figure 14 where smooth curves haye been
passed through the average data points. The high capture profile noise
data summarized was obtained from those approaches that the radar
tracking confirmed were nominally profiles 5 and 6, At 18,000 feet from
runway thresholid, the average noise during a high capture approach was
13 EPNdB less than the noise measured during a standard 2.5% ILS glide
slope approach. At 18,0600 ft from the runway threshold, a 3° approach

resulted in 5 EPNdB reduction from the -2,5° approach.

CONCLUDING REMARKS

The following observations were made on the normal -3° approaches:

1. Simulation data showed a four-fold increase in precision when
the VAM was used on a visual approach.

2. Flight results showed acceptable capture and tracking of the
3° glide slope for normal, low, and high approaches,

3. Some pilots complained of a tendency to "reverse control® in the
delta-gamma mode. Alternate symbology is being investigated.

The following observations were made on the high capture noise
abatement approaches:

1. Simulation results suggest that the high capture approaches can
be flown with the VAM with considerably mare precision than
non-ILS visual approaches with no VAM,

2. Current HUD hardware symbology is suitable for high capture
noise abatement approaches.

3. The best means or conditions for initiating the approach, VAM
or BME position fix, remains to be determined although either

may be acceptable,

4., The 747 aircraft drag characteristics were low, reguiring idle
power on the -6° flight path angle at 25° flaps. Future work
will be done using 30° flaps and & shallower (~-5°) flight path
angle if necessary,

5. On those approaches in which the aircraft decelerated during the
6% to 3° transition there was a tendency to undershoot the 3°
glide slope. This appears to be related to display errors, not
piloting errors and is being investigated. This, of course, was
not a problem for standard 3° approaches.
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Los Angeles Department of Alrports
Five-Point Neoise Abatement Program

In a move to reduce the noise impact on residents adjacent to Los Angeles
International Alrpert, the Board of Airport Commissioners today (Dec. 20) adopted
a five-phase program based on Federal Alr Regulation (FAR) Part 36, which prescribes
noise standards for certification of transport alrecraft,

Presented to the Board by Department General Manager Clifton A, Moore, the
program also is designed to raduce to mansgeable limits possible liabilities against
the City of Los Angeles in nuisance suits.

Dedicated to encouraging a fleet of quiet aircraft at Los Angeles Inter-
national, such as the new generatlon DC-10, L-1011, the 747-200 and certain models
of the 727-200, the newly adopted program is as follows:

1) A runway preferential use program which would shift all aircraft traffic
between 11 p.m, and 6 a.m. to over-ocean approaches and departures--Proposed to
start on April 29, 1973, this conforms with the date for airline schedule changes.

The over-ocean system has been under evaluation at Los Angeles Inter-
national since September 1972, and the Federal Aviation Administration has promised
installation of an instrument landing system on Runway 6R to be operational by
the program's effective date,

Over-water operations will be possible 90 percent of the time. During the
remaining period when weather and wind conditions do not permit such oparations,
alreraft not complying with FAR 36 will be denied the use of Los Angeles Inter-
Under these conditions, only FAR 36 aircraft will be allowed to land

national,

from or takeoff to the east between the hours of 11 p.m. and & a.m.

{more)
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Instructions will be issued to the FAA designating the north and south inboard
runways as preferential for takeeoffs under this night-time system.

Penalty for repeated violation by any carrier of the preferential runway
useage will result in cancellation of its operating permit and the right to use
Los Angeles International Alrport,

2) A program of economic incentives to accelerate the use of quiet
aircraft--Labeled "dollars for decibels", the program will be implemented on
July 1, 1973,

It will feature a schedule of incentive landing fees, ranging from the lowest
charge for FAR 36 alrcraft to the highest for operators of the noisiest aircraft,
This incentive landing fee program will have a direct tie~-in with phase three.

3) A fleet noise rule to establish a 100 percent FAR 36 aircraft fleet at
Los Angeles International by December 31, 1979--This is a long-range program by
vhich the noisier aircraft are phased out of the airline fleet.

It will be evaluated on the basis of actual operations at Los Angeles Inter-
naticnal and designed to be 40 percent complete by July 1, 1977, and 10O percent
in compliance with FAR 36 by the end of 1979,

This fleet neolse rule will stand at Los Angeles International uniess a more
stringent rule is adopted by the federal pgovernment,

4) Creation of a noise enforcement division within the Department of
Alrports--As a tool to insure compliance, the noise monitoring computer will be
programmed to accurately measure FAR 36 noise parameters.

5} Even though this program is designed to insure quieter aircraft, the
Alrport Commission and staff will continue to urge adoption of appropriate legis-
lation to achieve a stronger method for developing compatible land use in the

various communities around Los Angeles International,

(more)
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The Ailrport Cowmission instructed Department management last August 2 to
prepare alrport regulations and policies which would diminish liability of the
City of Los Angeles in possible nuisance suits, and also provide the minimum noise
impact on residents in vicinity of Los Angeles International.

This action by the Commissioners fcllowed a report by City Attorney Roger
Arnebergh suggesting closure of Los Angeles Internatiomal due to implications of

the case of Nestle vs, the City of Santa Monica, Decision by the California Supreme

Court in this case established, for the first time, that nuisance is a basis for

law suits against governmental apencles,

The Department's new five-phase program was formulated after giving careful
consideration to pending legal actions. namely the Air Transport Association's

recent suit attacking the California Noise Standards and the forthcoming review of

the Burbank curfew decision by the U, 5. Supreme Court.
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JEF /kr

12-20-72

A-~98




hecember 1, 1972

JOINI' POLICY STATEMENT ON ATRPORT NOTSE

Prepared by elected representatives of the communities of:
F1 Segundo. Tnglewood, Lennox, Plava Del Rey, Westchester

Noise from Los Angeles International Airport has reached intolerable propor-
ttons in the communlties of Tl Segundo, Inglewood, Lennox, Playa Del Hey, and
Westehester, Lfforts to reduce noise have so far resuleed in unsacisfactory

impyvovenent.

To arrest and abate the noise problem, the communities around LAY are
convinced that unified action is necessary. They have thercfore met together -
ard heroby submitc the followlng jolnt praposals to the Los Angeles Depavtment of
Afrports, The Department of Airports is inviced te meet with represcutatives of
the surrounding communities on a regular basis to seck implementation of these or
any other measures te reduce noise., The proposals are:

1. Right Curfews: The alrport should be clesed to all jet operaticons
during the sleeping hours from L1 8 to 7 AM,

2, HNoise RBarriers: A wall or earth berm should be constructed along
the north and/or south tunways wherever it would reduce noise.

3. Runup Restrictions: Maintenance runups of jet engines on or off
ajreraft should be prohihited unless conducted in a noise suppressor
which will reduce noise to 65 dBA or less at any resldential property
line,

4. Reduced Takeoff Power: Except where inconsistent with safety,
teduced epgine power should be used for all takeoffs from the
start of takeoff roll,

5. Rollinp Start Takeeffs: To reduce the excessive time duration of
noise near the start of the takeoff roll, all takeoffs should be
begun from a velling, not standinpg, start with gradual additien
of power.

6. FPlat Takeoff Profile: 7To reduce sideline noice, takeoffs should
be planned to lift off as far down the runway as possible and elimb
out initially at as low un alcicude as is consistent with safety
of flight.

7. Takcoff Runwav Restrictions: To reduce sideline noise, takeoffs
should be parmitted only from the inner runways (24L-6R, 25R-7L),

B. Steep Approaches: To reduee noise produced by landings [vom the
cast, the 1LS glide slope angle should be raised from 3 to 3%
degrecs, and 4% degree Visual Approach Slope Indieators (VASI's)
should be installed,
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9. Mo Thrust Prvevseors:  Jxeent where inconsistent with safety,
the use of thrust reversers on landing should be prohibited.

10. Retrvofit: Wo airevaft, including SST's, should be permitted to
land or take «ff from LAY after Januvary 1, 1976 which have not
heen originally manufactured or subsequently retrofitted to meet
the noise level standaras ef FAR Parc 34,

11. Boise Abatement Plan: The alvport should adopt a noise nl:ntc-
ment plan visvich will achieve compatihility between the alrport
and surrounding commmumnitices,

12. HNoise Abatement Committee: Airport officials should meer repulavly

with efficial represcaratives of the surrounding communities to
develap jointly acceptable noise abatement plans,

These proposals are not neeessarily the total answer to the nolse problem at
LAX, nor arc they the only arvens of agreement among the commmities near the airport.
They represent reasonable sbeps which may be taken te reduce noise for all, Data
Lo support these proposals is available on request,

Signed:

(O t[ /,‘_?7 &-rf?i-ﬁ-’ifﬂ—,

B, L. Balwer
Nayogf, City of El Segundo

| \L,w ) |
’ \ Nt.rlc Meys 11 i
aym 1t_y of Inglewood

K«Mfﬁ /é/ %,\ :

Kenneth ltahn ;
Supcrv;sor, County of Los Angeles .

- Pat Russell
Councilman, City of lLos Angeles
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INTRODUCTION

, Inan effort to obtain information regarding the effective perceived noise
levels (EPNL) of various nircraft flybys, a test program at National Aviation
Facilities Experimental Center (NAFEC)was performedas a follow-onto work
reported in Reference 1,

The broad program cobjectives were 1) to determine curves of EPNL ver-
sus slant range at the closest point of approach (CPA) as a function of three
power settings, 2) obtain information as to the effects of changes in EPNL as
a function of the angle of elevation betweenthe ground and the slant range, and
3} acquire data that may be useful in providing further information as to the
magnitude of sound absorption in the atmosphere for the higher frequencies.

This report presents the noise and appropriate tracking data for the 7217,
KC-135, 707-320B, and DC-9 aircraft. Plots of EPNL as a function of slant
range at CPA, power setting, and angle of elevation are included for three
ranges of power settings,

CONCLUSIONS

During the course of the data processing and data evaluation, several
factors have arigen that are noteworthy of comment, First, the considerable
variation and speed of the winds encountered during testing and the resultant
effects on the aircraft performance and acoustics may warrant further

investigation,

Considerable problems were encountered in obtaining useful data from the
7000 -foot microphone. These problems included excessive background noise
from nearby vehicular traific and high ambient wind noise levels, Therefore,
a large portion of this data was disregarded,

Comparisons of the test data with current state-of-the-art noise predic-
tions indicates reasonable agreement (+5 EPNAB) for the 100 percent and
minimum EPR conditions where g > 15°, The test data does indicate that the
reference noise levels are a bit on the high or conversative side. The de-
crease in level due to angle of elevation effects is most noticeable on the 725
and KC-135 data at 100 percent and power cutback EPR,

Comparisonsof level flyby data contained inthis report can be made witt

flyover data from Reference 1 to provide a body of information suitable for
noise predictions.
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GIVIC CLHTER
105 EAST QUEEN STRELT ¢ iHGHEWOOD, CALITORMIA 9itid)

July, 1972

REPORT SUMMARY

A SURVEY OF ATRCRATE NOTSE STANDARDS AND

MONTTORING SYSTEMS AT INTERNATIONAL AIRIPORTS

Iy Wolfgang A, Boettger

In an effort to improve understanding of alrport nodse monitering procedures

worldwide, the City of Inglewood surveyed all airport authorities known to

have monitoring systems. The results show that the United States lags hehiind

other nations In the effort to reduce airport nolise.

This report is primarily based on the answers to written requests for inlor-

mation which were sent out in February, 1971. Those airports known to have

noilse monitoring systems are:

United States

New York (Kennedy) Alrport, New York

New York (La Guardia) Adrport, New York

New York (Wewark) Airport, New Jerscy

Sants Ana (Orange County) Alrport, California
Los Angeles International Alrpert, California

Horldwide

London (lieathrow) Airpore, Fngland
Gatwick Alrport, England

Zurich (Kloten) Aivport, Switzerland
Stuttgart Airport, Germany

Frankfurt {(Rhein=Main) Airport, Cermany
Munich Alrport, Germany

Paris (Orly) Afrport, France

Osaka International Airport, Japan
Tokye International Airport, Japan

Envivonmental Standavds Division
Department of Planning & Development
A-106 Telephone: (213) B74-7111, Ext. 390
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This report briefly describes the nolse monitoring system at each airport.
[t also describes the procodures, standards, and penalties in effect at each

alrpoert.

In general the report shows thar thuere are more alrporvs with monitoring
systems in other parts aof the world than In the United States. Except for
the New York airports, other couptrivs hid nolse monftoring systems 5-10
years carlier than the United States (the monitering system at Los Angeles,
althouph reported, 1s still not operatlonal). All alrports except Tokyo and
Los Angeles reported a noise standard of some kind, Flve of the alrports in
other countries have nighttime curfews or nighttime restcrictions on Tlight
operations; only Santa Ana Alrport in the U,5. has a nighttime curfew, The
only alrport which invokes penalcies for violation of their noise standards

is PFrankfurt Airport, Germany. A more detalled summary Is contalned in the

attached table.

Although the United States has pore advanced technology, builds more air-
craft, and exposes more people to aircraft nolse than any other nation, it

1s last in attacking the nolse problem. The Svate of California is now
atcempting to take the lead by establishing statewlde airport noise standards

to becaome effective December 1, 1972,

RECOMMENDATION

The recommendation of this report is that the United States Government
require that noise stundards be established at all commercial jet airports
based on the most advanced technology available ineluding engine retrofit,
steep approaches and scheduling control. These standards should be enforced

uaing advanced moniltoring systems and penalries for vioclators.
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INTRODUCTION

1

This eetition presents he volnme of seveme (s freieht,
express, ami mail traflic: Jandbed T i Nt centilivaned
poute sir earriers ab sach airpert seryed by theee aivlizes dar-
iy the 12 months embed Wlune 20, 1971, T sbdlitinn, [rresen-
tation of wircrkalt deparinres i.- shown including detaid by
gireraft txpe dor tetal alepactures performed s schedudnl,
ponseleduled, amd ol aervi

Certitirater] ponte nie ear
Il servies, helivopter, iutn
internatinnad aand territiiad, and ofbeer noite o
Certitieates of Public Cizcenioiee il Necesairy
CAT authorizitg e performnee of <chalufind air seaspor
tation nver spavilicd voafes, Pada fur anppleentad, eomnter,
intrasstate, il foreignalig air careivrs aze nof inclidal o
s puddlieatioe,

Hiolnde the doestie tuak,
ALk, intre Hawan. all
3 hulding
ned by the

SOURCE OF DATA
The ddata in rhis publi

tien aze conapiled Frome inforn
reportet aneterly ta e CAT Ly che certiieated pnte
anrriers o Selebide T=an el A Aeticiry Stanisties
of CAIS Form H, Lepovt of Fisaneia) and Qperating Stati-ties
For Certilicatet Nir {Cavriers,

PRESENTATION QF DATA

The dara i thic pubtivation are presented i ceven tables,
The first twn talles contigy anwmisey Gata by o ol opera-
tion and type of seevice for carvier pmns snd individil
aip eareiprd and summary Bguees by aped, e, amd Countey,
Tables 3, b ol 5 elow activisy i eartier svement wpera-
tions at Lorges weedbon, and sl aie et b The last
twa tabilen in the pubdieatmn peeanr detailed s Ty
rammuhity el adrport, B mbditis, the Liee talde las a
presentation of total aiverafr dejartn riugnnesl Ly
sireralt type. Inothis falileg et oL so the folr I‘tiuv
rireralt Bration deantes thal e stati=ties shown el
o all-e e,

In 1:1!.%‘\ Gannl Ty eiele peanmneity s disted nneder the State
in whitl it is loeated wnbons xl','_'mnl o b Jocatien af e
wivport,  Cineinnati, Hlun fur exannple, i =luwn |||n|ur M
although the Gvegrey £ VNP e Beated ag Conang
Kentueky, An eseeption to flus ooy ooeurs in thoee
where o hvplienated et slman inoa Certitiens of Pl
Conremience winl Neco-<ity ia soreod by asingele aivpore aml 4
State ling seprentes e evmniities named. Tn thos e
the data nee Hsted under rhe =tane sn whooh the et :
ing o communines is lovted. Fog esample. Quines, s
”nnml..nl. Mireonrd, 15 a0 hyplenate] [nunl. sive U .|u|-ull
i Ineated i ey, Wi the data for Loth eommuniies
are phown wasler thin ey and Hratee Do this !uslwlir:lliun. e
vanmnity groupings flave beew male indenplanes sl the
Foderal Aviation  Adminisir ion's cencept uf the air nattie
Il stepegsie, Tn s ol wertilfeste] pois or
Iy phemred ponnts that e jo Stagdapd Metogmlitun =tanstival
Arens [RMEA ] are dished ader the S350 peganlles of The
\\lu_\' the 'A% Cotgilieate is written ar of the loeation of the
Alrport, (dee AR CTRAFFIC TITDLS),

To f'ut:llll.llkl the leeazion nf hypheanated and vt puoints,
thiera is 2 list at (e vl of this soelion Ppage i) witkeln epnes-
relerences the ities so cortitleated.

CRITERIA FOR INCLUSION OF DATA
Euda nee inedinded (o ugly twee o line .||||-u||‘ repotted on
Selerdule *T=3 ar whiel aiveraft depagraes wre perferul n

seirdulel wervi [t for airpewts that are ofline for the
repmsting vutrier are vchadid, These eeie wf inelusinn or
exebason ave appliod indevidaasily woewh of toe four quarterly
reqertts coniprsg e sontee of e data,

AIR YRAFFIC HUBS

The aie traffie hub stieture was developed by the T
Aviation Ndwdnistration aml is used 2o measuee the concer
teation of atl eivi] air tra The habr structare s FAMS
vrineipal operatiogs conlral and the fundwmental vonteal for
nust of the FANS ceomornie and opwearions peavarch proees
e, Witho this one e aze enti=adidated e social
il eeopopnie Baetars that uthienee 2 eommnmiey s abiliy e
generate air cargipr or geneeal aviation tratlie,

Air dmihe huba are ot airportsy they ate the eifies amld
Standanl  Meteopalitan Seatistieal dreas requiring aviation
sepviers, A SMSA Baa connty that eonlaing e least one eity
of S0dnn popmdation, of e eitivs with a estilined popsulation
af ut feast eI, plis any eoatizuons enin it are k-
peditany e elearaener and bave similae weopomie amnd social e
Tatiotrhipe. These welropolitan adess eonstitnle 3 preinary
foral puint for tle transpuaiation se-earch progeam of te
FAL anl the anadvees of imdis ilad vities within sty aee e
revated do relationship to the eotire are In those instanees
where tao or mare individaally cemitieated commnnityes ane
loeaterd o SMSA 1) connpmpities are gronped nnder e
IS4 alefinirion i Table 6 and in the air teatlie Tub tables
ch A amd B,

Thdivibia ] comnnmities £l i fone hinie claesitionrions as
determined Ly wael etiinay’s percentage of the tenal ene
plamal pevense passegers byoall seevices and Al aperations
¢ within the Wb States, the

af IS vertifioated ranle e varrie
District of Colimbia, and arher © Arend dlemigenated by the
3 Avintiony Aalmimstiation, Tabde 6 contains the 13w
of bule jor vaciomanmaonery s LT Lz, <M goelinn,
mA sl anl " omhad, Clissidications in this j=sae
are baswl an JRognd L Is? baral rnpluw-l TS G Jasstilim Ty,

The pereentaze and matbwer of eoplined Jassengers jn the
Tinby classieations for diseal sear 1090 e :

Huh Peeont pf forad . Yumber of
rlntebicntion vapbinnd pa e cHpbined uiterngery
Large 41y LU e o 16006182 ur mare
Malwm ¢3M) [N TN 4t ISt 1600400

SO4L tu RRLAT

small 15) D08 1L
L.oss than 0000

Nanlmb {N) lrsy tlian 0K

agraphie locations of the atr teathe b are shown
wt aetivity of the hulw s

The
it map o on page ivoaad the ady
sumnitrized b Tabloal b and A

The Lule tallez show thae for the 12t Jaeriod endel
June Sy T Here were 1AL aie tealic bule Thesy Sahs
repaesented L) il the T4 ceptitleated points o the S
states, e [Hstriet of Colombins and otier 175, areas re-
vepime aie carvier seevive dating e periad, The domisnes
uf the hnbs o the aie tentie patierns is T oot by the fac
that of the tigmasy passenger enplinwowents diving tle
perisd iy pareent | e were recardind an the 131 s,
while the nonhala aecomted for ondy L7 peecent {3877,319).
OF the w225 pesesnt of 1he Pt eenzer e phineinents gdad il
thie Bubey the 28 Terpe b assmmtend S D03 pegcent, the 57
meding e asconnied for 82 pevcent, and the snaall Loaba 107
e,
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