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PREFACHE

The Noise Control Act of 1972 (Public Law 92-574) directs the Environmental

Protection Agency (EPA) to study the adequacy of current and planned regulatory action
taken by the Federal Aviation Administration (FAA) in the exercise of FAA authority o
nbate and control afreraft/airport noise. The study is to be conducted in consultation

with appropriate Federal, state and loeal agencies and interested persons. Turther,

this study is to include consideration of additional Federal and state authorities and
measures available to alrports and local governments In controlling nireraft noise.
The resulting report is to be submitted to Congress on or before July 27, 1973.

The governing provision of the 1972 Act states:

"Sec, 7(a). The Administrator, after consultation with appropriate Federal, state,

and loeal ageneies and interested persons, shall conduct a study of the (1) adequacy
of Federal Aviation Administration flight and operational noise controls; (2) ade-
quacy of noise emission standards on new and existing aireraft, together with
recommendations on the retrofitting and phaseout of existing aireraft; (3) implica~
tions of identifying and achieving levels of cumulative nolse exposure arcund
alrports; and (4) additional measures available to airport operators and Jocal
governments to control alreraft noise. He shall report on such study to the Com-
mittee on Interstate and Forelgn Commerce of the House of Representatives and
the Committees on Commerce nnd Public Works of the Senate within nine months
alter the date of the enactment of this act.

Under Section 7(b) of the Act, not earlier than the date of submission of the report

to Congress, the Environmental Profection Agency is to:

YSubmit to the Iederal Aviation Administration proposed regulations to provide
such control and nbatement of aircraft noise and sonic boom (ineluding control and
abatement through the exercise of any of the FAA's regulatory acthority over air
commerce or fransportation or over aircraft or airport operations) as EPA deter-
mines {g 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 tagk force. That task force wans made up of six task

groups. The functions of these six task groups were to:
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1. Consider legal and institutional aspeets of aiveraft and airport noisc and the

apportienment of authority between Federal, state, and local governments,

2, Consider aireraft and airport operations ineluding monitoring, enforcement,

safety, and costs.
3. Consider the characterization of the Impnet of airport community noise and to

develop a cumulative nolse exposure measurae.

4, Identify noise source abatement technology, ineluding rotrofit, and to conduct
eost analyses.

5. Review and analyze present and planned FAA noise regulatory actions and

their consecquences regarding aireraft and airpoert operations.

6. Consider military aircraft and airport noise and opportunities for reduction of

such nofse without inhibition of military missions.

The membership of the tnsk force was enlisted by sending letters of invitation to a
sampling of organizations intended to constitute a representation of the various sectors
of interest. These organizations included other Federal agencies, organizations repre-
senting state and local governments, environmental and consumer action groups, pro-
fessional socleties, pilots, air traffic controllers, airpert proprietors, airlines, users
of general aviation ajrcraft, and aircraft manufacturers. In addition to the invitation
letters, a press release was distributed concerning the study, and additlonal persons
or organizations expressing interest were included into the task force. Written inputs
from others, Including all citizen nolse complaint letters received over the period of
the study, were called to the attention of sppropriate task group lenders and placed in

the public master file for reference.

This report presents the resulis of the Task Group 4 effort devoted to the investi-
gation of the status of current and future noise control technology. It also provides a
technical basis for recommending regulations, as proposed by Public Law 92-574.

The membership of Task Group 1 was made up of representatives of the Federal
Government, airport cperators, airlines, airframe manufacturers, general aviation,
and environmental groups. The task group met six times in Washington, D.C, during
the period February 15, 1973 to June 22, 1973, The membors presented information
pertinent to the problem, presented comments on information supplied by other
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members, generally discussed the problem and possible solutions, and reviewed and
commented on dralt reports. EPA requesied that il data submilted be in writing; all
documents are listed in the References and Bibliography and are available for inspee-

tion in the Aivpart/Aireraft Study files.

Reference Lo n specific itom in the Iisting is made by providing the page number and
the group nequisition number of the item being referenced. For example, "Reference
(1. 1-56)" refers to the document numbered 56 on page 4.1 in the Bibliography. Position
papers of the task group participants arc included in Appendix A and the list of partici-

pants Is provided as Appendix 13.

The conclusions and recommendations of this report are the responsibility of the
Chairman and stafl and are based on the information supplied by task group participants
and on consideration of protection to the public health and welfare, 'The difficult and
controversial subjects of the task group assignment precluded eomplete agreement
among task group members. EPA sincerely appreciates the wholehearted efforts the
task group members have put forth and without which thfs report could not have been

prepared,
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SECTION 1
INTRODUCTION ANID BACKGROUND

This report reviews the technologieal developments that have contributed to
the historical growth of the civil aviation industry and locks to the present and
future technology to nurture its contlnued growth, Future expansion of air trans-
portation is now dependent upon resolving the problem ereated by its Achille's heel--

aireraft generated noisc,

One of the principal avenues availahle for reducing noise impacted arcas
resulting from aireraft eperations is by treating the source of the noise--~the aireraft

and its contributing components.

The remaining portion of Section 1 reviews how we got where we are and pre-
sents forecasts of whore industry is headed In terms of future airerafl types, and
fleet sizes which are demand-oriented. Section 2 addresses the problem of how to
reduce the noise of the existing fleet so that the various elements of the industry,

(c. .+ the airport operator, airline operator and the aireraft and engine manufac~
turers) can meve ahead on plans for accommodating the prejected Inereasing demand
for air service. The various technical options are discussed in terms of their current
atatus and anticipated performance levels. Section 3 looks to the next generation of
aireraft. Current aireraft and engine component development programs will provide
the technology for quieter aireraft in the {uture. The most difficult part of the study
is to predict the cost of doing something as n function of time and benefits to be
obtained. Equally discomforting is the fact that there Is a costtied to doing nothing.
Quantification of the noise reduction options in terms of cost, availability date and
effectiveness are presented in Sectlon 4. While the data presented is not presumed
to be abselute, significont conclusions can be drawn therefrom. Section 5 presents
n concise summary of the key points developed in the preceding four sectiong of
the report. Finally, specific R&D programs are identified in Secection 6 which, if
effected in a contihuing aggressive program of timely implementation, will insure
the continued growth and community acceptance of a prime national asset, the
U. 8. aviation industry.



TECHNOLOGY EVOLUTION & DEVELOPMENT

The present civil aviation system includes a wide vaviety of alrerail sizes and types
desimned to serve the varying needs of cach of the market segments; the commereinl
air earriers, air taxi and commuters and gencral aviation, Over the years, the char-
acteristics of these aireralt have undergone periodic changes, with the implementation
of advaneed technological developments, which have improved the performance and

operational efficiency of these vehicles.

Technologieal advances in the civil fleet have historically been applied to the air
carrier flect initially and then subsequently adopted by other categories of the eivil alr

system.

Most current commercinl aiveraft engines aro civil derivatives of engines developed
under government funding for military applications as Indicated in Figure 1-1. This
technology transfer cyele is still visible in the more recent aireraft and propulsion
developments. The high bypass turbofan engines utilized in the DC-10 transport air-
craft were developed as the direct result of a competitive military engine development
program which was initiated to provide an cificient power plant for a new, large inter-
theatre military transpert {C-5). The development of the JTID high bypass engine (which
powers the B747) was based upon the technolegy developed under an Air Foree-spon~
sored engine demonstrator program, which preccded the C-5 engine development
program. Some of the performance and noise reduction ndvantages of the high bypass
engine technology has also been passed down fo the general aviation fleet., The JT15D
engine powering the Cessna Citation and the Garrett TFE731 planned for the new
Faleon 10 are representative of the use of the high bypass fan technology in this market
arena,

Many cost benefits {o both military and commercial ugers resulted from this evo~
lutionary practice. However, increasing noise and pollution environment constraints
on civil aireraft have introduced a divergent trend in design characteristics which
might make eivil derivatives of futnre milftary enginas less certain or not even
feasible. (See Section 3)

A brief review of the technological progress to date and the resultant effect on
fleet composition and aireraft nolse is appropriate here as a prelude to the discussion

of futura options.
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COMMERCIAL ATR CARRIER TLEET

The initial round of commereial jet aireraft were powerced by engines that had been
originally developed for high performance military aireraft {e.g., the 707, 720, and
DC-8 aireraft utilized a modification of the J57 turbofet engine). This meant that the
engine frontal area (or diameter) was small (for minimum drag), theroby limiting the
quantity of air that could be introduced info the engine, which led to high veloeity ex-
haust conditions required to develop the necossary thrust. These high exhaust velocltics
produced high jet noise characteristies. The initial {(and costly) noise abatement
program consisted of adding nolse suppressors at the rear of the engine. Various
approaches to the problem were pursued, but the most effective suppression method
Involved changes to the jet nozzle, The single nozzle was replaced by a cluster of
small nozzles having the snme total equivalent area as the original, This concept
provides some attenualion of the deep~toned rumble of the unsuppressed jet. This
device, however, added weight and decreased performance, which in turn led to

higher operating costs.

The addition of a fan to the basic engine provided additional air at low velocity.
This fan exhaust air cither surrounded the primary jet exhaust {as in the JT3D engine),
or the two were mixed in a common nozzle (as in the JT8D engine), to reduce overall
exhaust veloeity, Also, more exhaust energy was extracied by the larger turbine,
which was required to drive the fan, thereby reducing the engine core veloeity as well,
This resulted in exhaust nolse reductions which were an order of magnitude better than
hnd been demonstrated with the earlier suppressors, While the addition of the fan added
weight to the Installation, the thrust and speelfic fuel consumption were improved so
that the operating costs of the turbofan powered aircraft were appreeiably lower than
that of the pure turbojet. DBoth the JT3D and JT8D turhofan engines were modifica~
tions of exdsting military turbejets, "The JT3D engine wns developed for installation
on existing DC-8 and 707 aircraft. The maximum fan diameter and hence the bypass
ratio (ratio of the weight flow of air discharged from the fan-cxhaust duct to the
weight flow of air pnssing through the core ongine) on the JT3D were therefore set
by engine-installation considerations as much as the capablilities of the available
technology. The bypass ratio on both the JT3D and JT8D was relatively low, being
approximately 1,4 on the JT3D and 1.0 on the JT8D.
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Whereas the addition of the fan reduced the exhaust rurable at takeoff, the fan
became o significant new noise source, radiating from the inlet and fan exhaust por-
tions of the engine, Tan noise became predominant at all opernting conditions except
takeoff and wns particularly noticeable during londing approach,

The addition of suppressors and [nns to thesc relatively inefficient (by commer-
cial aviation standards) engines represent sincere industry nttompts to attack the
noise problem at the source during the period from 1958-1965, within the limitations
presented by the non-optimum engine cycles and the physical limitations of the installa-
tions, while trying te respond to the exigencics of the times, Recent technolopy
developments indicate that ndditional noise reduction is technically feasible for these
existing systems and these will he discussed in Section 2.

During the same period that the low-bypass fan was being introduced into the
then existing commereial fleet, the engine industry began exploring the characteristics
of high bypass fans aimed at a new generation of jot transports, which would not be
inttially constrained by fan size limitations. The results of these studies, and
component development programs, proved conclusively the benefits in performance,
operating cost and noise from this type of propulsion system when applied to high
subsgonic transport aircraft.

Fortunately, the Air Force had come to the same conclusion and sponsored a
competitive engine demonstrator program between Pratt and Whitney and General
Electric. Based upon the results of this demonstrator program, the Alr Forco Initi-
ated a design competition for a powerplant to meet thelr requirements for an inter-
theatre logistics transport. This competition led to the development of the GE TF39
engine, which was the progenitor of the CF-6 engine now powering the DC-10 com-
mercial transport. After loging the Air Force design competition, Pratt and Whitney
designed and developed a new commercial engine (JT3D} that included all of the noige
reduction technology known at that time, based upon the results of their participation
in the engine demonstrator program, Here was the case once more where the com-
mercial aviation industry was provided with new engines as the result of a military
initiated program.

The characteristics of the newest transport aircraft of Boeing, MeDonnell-
Douglas and Lockheed (B-747, DC-10, L-1011) have demonstrated dramatic
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improvements in noise technology (Flgure 1-2)* as well as efficiency and productivity,
over those of the first generation jet transports. These aireraft will represent a sig-
nifieant portion of the flecet by 1980, The growth and composition change of the U. 8.
Flcet, historically and projected, 1s discussed in a subsequent part of Section 1.

Typical bascline nolse levels for the existing air earriar jet fleet are provided
on Figures 1-3 through 1-5 relative to the FAR 36 standard. (See Task Group V
Report for discussion of the implications of the FAR 36 rule, )

GENERAL AVIATION

General aviation is defined as all clvil flying that does not require a certificate
of publie convenience and necessity issued by the Clivil Aeronnutics Board, As such,
general aviation contains many different use categories 18 well as many different
types of aireraft. It varles from personal flying and transportation of personnel and
cargo by businesa firms in corporate-owned aireraft and by air taxi operators to
special uses of aireraft, such as crop dusting, power and plpeline patrol, and aerial
advertising.

Qver the past 15 years, the growth of the U.S. genernl aviation fleet has closely
paralleled the economic growth of the country as indicated In Figure 1-6. A periodic
surge In the economy has been historically reflected in a surge of new aireraft
procurement in the following year.

As Indicated previously, the technological developments that have been introduced
into the air carrier fleet was subsequently adapted to specific segments of the general
aviation fleet. The most ochvious has been the development and modification of the
turbojet engine to the low-bypasa fan and more recently the introduction of the high-
hypass turbofan concept for application in business airernft,

The fastest growihg segment of the general aviation market is that of the relatively
more sophisticated turbojet/turbofan powered aireraft which ere primarily utilized for
more efficlent business transportation. Accounting for lesa than 1 percent of the
general aviation fleet today, industry forecasts Indicate a growth to approximately
2.5 percent of the fleet by 1985. These percent numbers are deceptively low-~the

*Figure 1-2 cannot be utilized as a predictive tool for future syatems. It
merely represents the time-phased trend in alrcraft noise reduction for different

classes of alreraft.
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absolute guantity of aireraft involved is significant, partieslarly when compared with
the present and projected air carricr jet {Ieet.  (Sce the following discugsion on Air-

craft Fleet Size Forecasts,)

When these aireralt operate out of the major afr earrier airports, their current
contribution to the everall noise impact is minimal due to their relatively low opera-

tional utilization at these airports when compmred with nir earrier fleet operations.

However, many of these airevaft also operate out of smaller suburhan airports
with little or no air carrvier operations. Tere, they represent the dominant aiveraft
noise source and may impact quite significantly on the residential community., In
addition, when the noise generated by the air cavrier fleet is diminished, the business
jets will contribute more significantly, cven al the major aivports, unless noise abate-

ment techniques are applied to these aireraft as well.

Figure 1-7 presents the estimated noise levels for the current fleet of general
aviation jet aircraft. The Cessna Citation and Faleon 20 are the only aircraft in the
business jet fleet that have been certificated to the noise requiremenis of FAR 36,
Appendix C. The Fokker-VFW F 28 at 65000 #GW is currently being marketed as a
short haul transport. It too has been certificnted In compliance with FAR 36, At
least ane of these aireralt has alveady been proeured by a U. 8. industrial {irm for

business use.

It is expected that the future expansion of the husiness jet fleet, (as indicated
earlier), will oceur with (he intreduction of new aireraft powered by turbofan engines
-having significantly reduced noise characteristics. lowever, as in the case of the
commercial carrier fleet, there will still be 1000-1500 of the current type of turbojet
powered business aireraft still operational in the late 1970's and early 1980's.

The current options available for reducing the noise levels of these alrceraft are

discussed in Section 2.

VERTICAL TAKEOFT AND LANDING ATRCRATT (VIOL)
The lifting forces In VTOL aircraft are provided by
1. Rotors, propellers, or fans operating in ¢ horizontal planc.

2, Vertieally directed cxhaust energy developed by turbine engines, wherein the
lift energy (or thrust) generated is in excess of the gross welght of the aireraft,

1-12
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The unique capability provided by VI'OL afrcraft has been fully demonstrated in
military operations and for a variety of miselons, Surveillance, reseue, and trans-
port of men and materfals are typieal military applications with analogous raquirements
in the civil sector, Today, 33 years after tha initinl demonstration of the first practical
VTOL vehicle (the Sikorsky vS8-300), the helicopter romains the only viable VTOL
operational aystem that has been developed to meet these needs.

The utilization of the helicopter in the general aviation sector has grown by an
order of magnitude since 1955 and is forecast to more than double by 1985 (Figure 1-20
on page 1-32), The vast majority of the current fleet consists of the amall (tess than
4000 #GW) piston powered type. However, as in the aothar segments of eivil aviation,
the turbine engine has become the primary power source for these alrcraft (approxi-
mately two-thirds of the currently produced hellcopters are turbine powered).

The princlpal aource of helicopter nolse normally i{s the rotor system rather than
the engine. The high velocity jet nolse gonerally associnted with the turbine engine is
net present in a helicopter installation. Much of the exhaust energy developed in the
engine 1s dissipated by the additlon of a "{ree" turbine stage In the exhaust stream
which absorbs this energy to drive the rotor system. The noise levels of the heli-
copter in hover are in the range of 75 to 105 PNdB @ 500' (Figure 1-8), however, the
unigue charaeteristic rotor "slap" can be a sensitive irritant in a residential commu-
nity. Current efforis to reduce this effect are discussed in Section 3.

The commercial air carrier helicopter fleet has decreased from a peak of 26
vehicles in 1957 to 14 vehicles in 1972, Many abortive attempts were made to develep
and expand the use of the helicopter in commercial passenger service without success.
Stability problems, vibration, and noise have restricted passenger acceptance, and
relatively high direct operating costs (DOC) due to the low specd and payload eapa-
bility of those aireraft that have heen offered hns been the inhibiting factors restrict-
ing their revenuo service potential.

The use of audliary engines [er more efffoient 1ift and propulsion in forwnrd
flight has heen demonstrated. Thelr application would permit higher flight speeds

(250 to 300 mph) and improved operating economics over that of the slower, less
efficlent pura helicopter, This class of vehicle has been termed the "compound

helicopter. ™
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The Army, Air Vorce, NASA and induslry have been pursuing tilt rotor tech~
nology for many years, The tilt rolor concept offers mnother opportunity for extending
the proven performance capability of the helicopier. Conceptually, the tilt rotor
possessos Lthe best characteristies of bolh the helicopter and the fixed-wing aireraft,

A joint NASA/Army tilt rotor development program now underway will result in
{light tests of a research vehicle by 1976, The objectives of the program are to sub-
stantiate the technieal and operational feasibility of this concept for cruise speeds of
350 to 400 mph. If these tests are successful, development of commereial versions
could follow. Lift fans, retracted rotors, stowed votors, ete., are additional VTOI,
coneepts which could yield higher subsonie performance characteristies hut ndditional

development and demonstration testing is regquired.

The potential benefits to eivil aviation due to vertical takeofl and Ianding capability
are reduced noise impact on the girport community, and reduced alrport congestion,
as a result of utilizing small airficlds and other landing sites not available to conven-

tional aircraft.

SHORT TAKEOFTF AND LANDING AIRCRAFT (STOL)

The current, generally neeepted definition of a STOL aireraft 1s one having the
capability for n maximum payload tnkeoff and landing utilizing a 2000-foot (or less)
runway, This capability would provide access to essentially all of the public ailrports
in the U.S. The objeetive is to relieve congestion at the major hub airports by utiliz-
ing additional suburban sites and, in addition, provide improved service to smaller

communitios,

With the restraints being placed on the nir system due to the nolse characteristics
of the exisling fleet, it is apparent that any new air vehicle that is brought into the
system must be compatible with its operating environment. As the runway requirements
and airport size decrease, the noise constraints become more severe since the ajreraft
become more elosely interactive with the community,

At this time, there is no standard or regulation establishing the noise eriteria for
STQOL (or for that matter, VTOL) aircraft, A noise goal for the NASA quict, clean,
STOL, experimental engine (QCSEE) program has been tentatively sugpested as 93
EPNAB ot 500 feet from the source of the nolse, This is a significant technological




O S

challenge, particularly for high performance vehicles, as indicated in Figure 1-9.
Note that the goal lor the QCSEE is approximately 30 EPNdB lower than existing regu-
intions and 2 dB less than was achieved in the NASA Quict Engine experimental fest
program,

In attempts to reduce takeoff distances and landing voll, high lift doviees have
been developed and utilized to supplement the acrodynamic lift provided by the wing
surfaces. Figure 1-10 provides an indication of the improved 1ift eapahility renlized
with the progressive developments in flap design which eflectively modified the wing
geometry in low speed flight regimes. These devices obtain their inereased lift
capability sclely from the free stream nir flow.

An additional and effeclive means for inereasing wing lift is the application of
engine power (or energy) to the lifting surfaces., This {s currently identified as the
tpowered lift" concept. Early development of this theory was applied te propeller
driven air vehicles, wherein the propeller slipstream was dirceted over the wing and
flap devices. This was termed the "deflected slipstrecam' coneept, This technology
was utilized in the Breguet 941 STOL aircraft development program.

Current technolopy efforis are dirceted at employing the deflected slipstream
concept, but utilizing the efflux from turbofan engines, instead of the propellers, as
indicated in Figure 1-11. A more detailed discussion of the status of these potentinl

propulsive lift options is presented in Section 3.

REDUCED TAKEOFF AND LANDING AIRCRAFT (RTOL)

The limiting runway lengths for reduced takeoff and landing aireraft has been
tentatively identified as between 3, 000 and 4, 000 feet. RTOL capability is important
in order to permit expanded utilization ol existing airports, and access to smaller
airports, without incurring the cconomic penalties associated with much more sophis-
ticated 8TOL elass aircraft. The use of high-lift devices as discussed earlier, or
improved braking or landing system, may bo all that is necessary to obtain this
cnpability. The concept of "overpowering'' the aireraft by increasing the engine thrust
or decreasing payload for a given Installation may also provide this capnbility. The
MecDonnell Douglas Corporation has indicated in a submission to the Aviation Advisory
Commission that a certificd RTOL version of the eurrent DC-9 alreraft could be

TGIL go~uhcad.
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AIRCRAYFT FLEET SIZE FORECASTS

U.8. AIR CARRIER FLEET

The number of alreraft in the U. S. air carrier fleet, historieally and as projected
hy the Air Transport Asseciation (ATA) and the Federal Avintion Administration (FAA),
is indieated in Figure 1-12, This fgure illusirates the composition of the fleet by
aireraft types, the phenomenal growth of jots during the mid-1960s, the rceent cessn-
tion of this growth, and the introduction of the wide-hody (747, DC-10 and L10]11)
series of jet aiveraft. As indicated by the ATA projection, the growth is expected
to resume and be based primarily on the introduction of the wide-hody types meeting
the inerease in demand and replacing the older narrow-bady (707 and DC-8) types of
jet powered alrernft. The FAA projection also indicates a resumption of the growth
of jets; however, this projection, when compared with that of the ATA, indicates
that it will start Inter and be more rapid in the Iate seventies. The fleet size and
composition projections have implieations relative to possible nolse retrofit options
and future airport noise cxposure levels; therefore, the historienl and projected num-
bers of the major current types are illustrated in greater detail in Figures 1-13

through 1-17.

The number of aireraft of the DC-8 type, including all series of this iype, are
fllustrated in Figure 1~13, The figure {llusirates the worldwide fleet size as u
funetion of time using three assumptions about the life span of the airoraft. The three

assumptions are:
1. Each aireraft has a fixed structural life of 20 years.
2, Each nlreraft has a fixed competitive life of 15 years.

3. Aireraflt are retired as a result of analysis of route structures in conjunction
with alr service demand forecasts and airline plans and surveys.

The figura alse illustrates the U. 8. air carrier DC-8 fleet size based upon the
third assumption as provided in Reference 3. 4-132 and a projection provided by the
ATA, Reference 13.3-92, The number of DC-8s in the U.S. {leet as of Janunry 1873
as provided by the Pratt and Whitney Alreralt Company in Reference 2. 1-67 is also

shown.
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Figure 1-14 illustrates the same information on the DC-9 aircrail type, includ-
ing all series within this type, as provided by the Douglas Aireraft Company, the
Praflt and Whitncy Aircraft Company and the ATA in the nbove eited references.

Figures 1-15 through 1-17 illustrate similar information on the Boeing 707, 727

and 737 series of aireraft, respectively, as provided in Reference 11, 2-380. +

U.8. GENERAL AVIATION FLEET

The numbers of turbine powered aireraft in the U.S. general aviation fleet as
provided by the FAA aviation forecast doeuments are illustrated in Figure 1-18.
Historical or netual data extracted from the TAA documents are provided through 1971,
An insert in the figure llustrates the actual percentnge of the totnl turbine powered
fleet represented by the turbojet and turbofan powered aireraft. As shown, this per-
centage has averaged at slightly more than forty percent since 1965, The FAA fore-
cast for the 1973~1984 period, as provided in Refercnce 8. 5-348, lists only the total
turbine powered flect numbers. This projection and 10 percent of this projection,
representing the antieipated number of jot powered nireraft based upon the historical

data are also shown in this figure.

The size of the jet powered, general aviation fleet has been estimated and projected
by R. Dixon Speas (Reference 13.3-360), Mitchell Research Associates (Reference
7.1-54) and General Electric (unpublished data). As shown in Figure 1-18, these
projectiona indieate that the business jet portion of the turbine fleet will represent a
much higher percentage in the future than it has in the past. For comparison, seventy
percent of the total turbine powered flect as forecasted by the FAA is also shown in

the figure.

If the trend is truly toward jet powerced aireraft for this class of avintion, and it
appears that it is, and the numbers will he close to those estimated by the above
cited sources, then the number of jet powered, general aviation aircraft ean be
expeeted to exceed the number of jet powered, air earrier type alreraft in the mid {o
Inte 1970s and possibly be twice as many in the mid 1980s8. This comparison is

*Data, subsequently provided by Boeing (3. 8-374) indicates only minor differences.
Additional data provided by Boelng (3. 10-456) indicates significant changes with
respect to the 727 life span.
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{llustrated In Figure 1-19 and is significant to the formulation of alreraft/airport
noigse abatement programs and regulations,

U.S. CIVIL HELICOPTER FLEET

As noted in the previous section, elvil use of the helicopter has been growing
steadily and is expected to grow at lenst as rapidly in the forsecable future. TFigure
1-20 indicates the U, S, civil helicopter flect size (total and turbine powered) as
provided in the FAA forecast for the period 1973 to 1984 (Reference 8.5-348), Another
forecast made by R. Dixon Speas Asscelntes (Reference 13.3-360) is also shown, The
projection developed by Speas in 1970 appears to be an extension of a rate of growth
that was prevalent in the short period between 1966 and 1969,
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SECTION 2

CURRENT TECINOLOGY OQPTIONS

The present stale-of-the-art in airerall technology ean provide several allerna-
tives for modifying the current eivil jet airerafl fleot, in order lo further reduce the
community impact of aireraft-gencrated noise.

The development of improved light-weight, low-cost, eificient sound absorption
materials provides the potential for relatively simple nacelle nnd engine acoustical
treatment.

The demanstrated noise reductions achieved with advanced technology high bypass
fans has led to the possibility of modifying the low bypass fan engines that arc predom-

inant in the air carrier {leet today with a higher bypass capabilily.

Replacement of the engines in current alreraft, or even replacement of the ajr-
craft itself, with available improved technology systems is also being considered.

It is probable that no single alternative ropresents a noisc panacea. An optimum
course of action will undoubtedly be represented by some combination of these optlions.

JET ENGINE NACELLE RETROFIT

JT3D and JT8D ENGINES

In May 1967, NASA contracted with the MeDonnell Douglas Corporation and the
Boeing Company to investigate nacelle noisc control medifications for operational
Douglas and Boeing transports powered by JT3D turbofan engines, The NASA pro-
gram successfully demonstrated by fHght tests in 1969, conceptual feasibility of
nacelle modifications for controlling both approach and takeoff noise of JTSD propelled
aireraft.

In June 1971 the TAA initiated a nacelle noise control project directed to retrofit
of the current fleet of narrow bedy aircraft, This projeet extended the NASA program
to include research and development of takeoff and approach noise contrel for both
JT3D and JT8D propelled aircraft. The purpose of this project is to provide test
data to assist in determining whether certain classes of turbofan propelled airplanes
in the current fleet can be modified for meaningful noise reduction in a feasible
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manner.  Veasibility velates to three key instructions contained in Publie Law 92-574;
that is, the noise abatement methods must be technologieally practicable, cconomically
reasonable, and appropriate for the particular type of alreraft, alrervafl engine, appli~
ance, or certificale to whiel it will apply. The cffort is direeled to providing acousti-
oal treatment, desipned to conform to specificd neise reduction goals, that is flight
worthy, tflight weight, and capable of being certificated.  The ncoustieal treatment

may be any hardware or mechanieal deviee, applied, cither singly or combined, lo

the inlet and primary and sccomlary exhausts that will either nbsorb sound or other-

wise effeet a noise reduction ai the FAR 36 mensurement positions.

The projeet is heing imnlemented by means of three separate contracts with
appropriate airframe manufacturers. The fivst is with Docing Wichita on 707 alrcraft,
the second with Doecing Seattle on 727 and 737 aireraft, and the third with Douglas on
DC-9 aireraft. In addition, all three prime conlractors have subeontracts with Pratt
and Whitney on engine compalibility testing; Boeing Wichita has o subcontraect with
Douglas on 707/NC-38 nacclle generalily studies; and Douglas has a subcontiraet with
Rohr on fabrication and ground testing of DC-9 nacelles. The FAA, therclore, has
mast aspeets of nacelle retrofitl feasibility investigations for J1T30 and JT8D aireraft
covered by the airframe, engine, and nacelle manufacturcrs most involved with the

narrow -hodied civil aiveraft flect,

The FAA has established a lask foree lo diveet and monitor the progress of the
retrofit feasibility contracis. The task force consists of representatives from the
research and development, regulalory, and airworthiness scrvices of the FAA. I is
most important that the latter nrea be theroughly covered to insure that a judgment of
the feasibility of noise abatement retrofit modifications is based upon production hard-
ware and commercial operations that will not compromise safety in any way.

The progress of the FAA nacelle retrofit projeet has been execllent. The first
contract was Initiated in Junc 1971 and the last one is seheduted for completion in
December 1973, a total span of only two and one half years. The work includes
ground tosting of JT3D and JTSD production and modified nacelles and flight testing
of 707, 727, mnd DC-9 aircraft installed with both production and medified naeelles.
It is anticipated that all models of 773D and JTSD propelled alreraft can he analyzed
for modified nacelle noise and propulsion performance and installation cost based
upon the results of the nacelle retrofit project.



The results of the FAA nacelle retrofit projeel will produce noise, performance,
and cost data for one or more nacelle retrofit options for each of the 707, DC-4,
727, 737, and DC-9 type alrexraft. That is, the entlre narrow hodied flect of JT3D
and JTED prepelled aireraft will have ai least one option Lo be considered for retrofit
application. The options with the minimum complexity and least cost avre those that
will enable the aireralt Lo conform lo the speeified noise levels ol FAR Part 36, The
cffects of the minimum nptions will result In o significant reduction in plrport con-

munity noise exposure, particularly for apprench operations,

The nnecelle options with the mpaximum complexity, those denoted in the contric-
tual requirements as the upper goal configurations, have the eapabilily of decreasing
the noise to levels considerably helow the requirements of FAR Part 36, and represent
the maximum state-of-the-art for nacelle retrofil,  The minimum retrofit options
have a negligible effeet on aireraft performanee and, if implemented, wonld insure
that the older narrow hodied commereinl aireraft would comply with the TF'AR Part 36,
Appendix C, noisc eriterin, as do the newer wide hodied afreraft, with ne appreciable
degradation in range, fleld length requirements, and dircet operating cosis. Ilowever,
the maximum retrofit options, in addition to costing move per shipset, would introduce
substantial depradation in performance, but all of these performance losses are not
necessavrily irrevoeable, Uprating the airframe for londing and the engine for thrust
(e.g., JTED-Dto JTED-15) will inevease the range and reduce the required field

length to values approaching those of the baseline production version.

The noise reduction expected to be realized at the FAR 36 measuring points by
nacelle modifleations are shown in Figures 2-1 through 2-3 (8, 2-72 and #. 3-120).*
The nacelle optlons with the minimum complexity contain sound absorption material
{SAM) only, and the options with the muximum complexity contain both S8AM and some
sort of jet nolse reducer (JNR). The nacelle retrolit options for SAM have heen
completed for the 737 and 727 adrcraft and the vialues shown in the Pigures npre FAR 36

certificnted lovels for these airceraft. In addition, the nacelle retrolit option for

*Although additional inpuls have recenlly been vecelved from various sources
{3.6-411, 3.7-412, 3.10-450, and 3.9-408), the data contained theveln indicated
inconslsteneies, thercfore Flgures 2-1 through 2-3 have not been modified, The
values in the figures, however, ave representative of the noise levels of the Indieated
aireraft types, whereas the inconsistencies in the data ean be attributed, al Ieast in
part, to variations in specific aireraft models, engine models, power seltings, flap

settings, ote.
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SAM + JNR hns beenh completed for the 727 afreraft and the levels shown were measured
in accordance with FAR Part 36. The levels shown for the DC-9 are measured values
reported by the mamfacturer and those for the DC-8 and 707 are the manufacturers'
estimates, DBoth the DC-9 and 707 eventually will have SAM + JNR treaiment, but the
eatimates are not sulficiently firm at this time to Include them In the Figures.

It 18 interesting to note that retrofit of the narrow=bodied aireraft with SAM
results in FAR 36 nolse levels comparable to those of the wide-bodied aireraft.
Futhermore, all SAM retrofit slreralt mect or exceed the Appendix € noise~level
requirements of FAR Part 36, except for the DC~8~81 at the takeoff point. The FAA
prototype nacelle on the 707-320B achieved approximately 11 EPNdB noise reduction
as shown in Figure 2-2, An 8 EPNdAB nolse reduction is depicted in Figurc 2-2 for the
SAM treatment on the DC~-8-61 airoraft, To continue investigations of SAM retvofit,
the I"'AA has funded MeDonnell Douglas, through a subcontract with Boeing Wichita, to
study the problems associated with installing the Boeing nacelle on short- and long-duct
veraions of turbofan-powered DC-8 aireraft.

Examples of typieal SAM treatment for JTS8D and JT3D engine aireraft are shown
in Figurs 2-4 and 2-5. For 727 alreraft, the treatment is minimal; the nolse reduc-
tion benefits are negligible for sideline and takeoff but sipnificant on approach, and
the costs and performance losses are so medest that it is unreasonable not to inelude
stuch treatment on all new aircraft. For 707 afreraft, the treatment is much more
extensive; the noise reduction benefits are substantial at all three measuring positions
but especially dominant at approach, the performance losses are very small, and the
costs are significant but not necessarily unreasonable from a cost effectivengss view-

point.

Figure 2-6 illustrates the SAM + JNR treatment for 727 aircraft. It {8 clear Lhu‘f.
this i1s a complex system that enables nacelle retrofit to accomplish substantial noise
reduction for gideline and takeoff with negligible reduction at opproach beyond that
accomplished by S8AM nlene, The performance losses and cosls are large if the
treatment is applied to an ex{sting aircraft type. However, performance recovering
techniques (upgrading the engine and airframe) can overcome much of the loss but at
congiderable increase in cost. The SAM + JNR treatment {3 a noise abalement retrofit
option that results in substantial benefits, is capable of being certificated for air-
worthinesa, but does not appear to be viable because of the large cost and performance
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degradation. Nevertheless, it is available if the need arises and docs represent the
maximum stale of the art of nacclle noise abatement retroflit, Noise rveduction rotrofli
heyond what ean bo achieved by SAM alone, probably can hest be necomplished by

engine modifications; i.c., refan.

Tn summary, the FAA retrofit fensibility project presents a number of nacelle
retrofit options for consideration in reduging the noise level of the narrow bodied eivil
aireraft flest. These optlons must be eavelully considered with respect to installation
cost, operating cost, and cost of alternatives.  The alternalives inelude any possible
future options such as the new front fan, fleet replacement, as well as tho option of
doing nothing and accepting such public initinted loeal airport regulations as night
curfews, aireraft type restrictions (power plant, number of engines, gross weight,
ete.) preferentinl runway usage, and restrictions on the expansion of existing airports

and the development of now airports,

OTHER AIR CARRIER ENGINES

"The JT3D and JT8D engines power two thirds of the current air earrier fleel,
Of the remainder, approximately 20 percent are powered by reciproeating engines and
turboprops which are not being considered for nacelle retrolit.  The pure jet 707,
DC-8 and 88i (approximately 150 airerall) are scheduled lo be retired from the fleet
by the end of the deeade and no consideration is heing given to the development of retro-
[it kits for these aircraft. The BAC 111 and the 7-#7's delivered prior to December
1971 are expecled to remain in the fleet well inlo the 1980's; therefore, potentinl

nacelle retrofit options for these aiveraft ave discussed below,

British Aircralt Corporalion, BAC 111

The BAC 111 is powered by the low bypass Rolls Royee (RR) Spey engine,  As
Indicated in Figures 1-3 through 5, these alveraft currently do not meet the FAR 36
noise standards. A joint program between BAC and RIR has been initiated to develop
retrofit kits for the BAC 111 enabling the aireraft to meel the FAR 36 standard (with
tradeoff), The kit includes a six-chute suppressor nozgle, an acoustically lined 40-ineh
jet pipe extenslon, acoustically lined bypass duct and intake, A development kit will
be flight fested early in 1974 with production lcits.plannccl for early 1876 availability.
The delta weight of the kit is approximately 418 1h, with an estimated performance
penalty of 1 percent loss In T, O, thrust and 3.3 percent increase in SFC,
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Bocing 7-19

Farly models of the 717-100 (delivered prior to Deeember, 1971) were not subject
to the FAR 36 Appendix C noise roquirenients.  Later maodels of the 747 have heen
certilieated to these reguirements (Sce ipures 1-3 through 5). A joint Bocing/P&W
noise reduction program is currently underway to delermine the potential for further
notse reduction for the early 747's as well as [or futurc growth versions. Initial test
resulls indicate additionnl intet noise reduction is possible with the addition of spliticr
rings, Curront rescarch cffort on improved acoustic materials, providing higher
effectiveness at reduced weight, is :1'polcntiul option for fulure engine growth propgrum..

(Ref 3,1-1)

MeDonnell Douglas (DC-10) and Lockhecd (L 1011)

All models of these aireraft have heen eertiflicated well below the requircments ol
FAR 36, However, similar R&D activity, as indieated above, has been initiated for
these aireraft which will also provide the potential for noise reductions for fulure

growth cngine programs,

GENERAT, AVIATION JET ENGINES

Approximately 20 percent of the ajreralt in the general aviation jet fleet {repre-
sented by two aireraft — the Faleon 20 and the Cessna Citation) are powered by mod-
crate hypass turhofan engines and have been certifiented in nccordance with the FAR 34
requirements.  The remaining 80 percent are powerad by turbojel or very low bypass
turbofan engines (with noise characteristics similar {o that of the turbojet).

The Gulfstream 11, the largest aireraft in this class, utilizes a version of the
Spey engine having n bypass ratio of 0. 64, The tukeoff and sideline noise levels are
in excess of the FAR 346 standards (Figure 1-7). Grumman, in concert with Rolls
Royee, has defined o program {o develop a noisc suppression kit for the Gulfstream II
airveraft, utilizing hardware developed by RR for the I 28 and BAC 111 aireraft, which
is expected to mect the FAR 36 requirement, A protolype {light test is scheduled for
the last quarter of 1973 with a certification flight test approximately 1 year later,
Praduction kits could be available by mid-1975. Acoustic linings are not ineluded in
the program at this time but are belng considered as backup, If necessary.



The rest of the airerafl in the fleet are powered by small (3000 {o 3500 b, Lhrust)

turbojet engines that are extremecly compact engines.

Sinee small engines are less tolerant of disturbances Lo the basie eyele, small
size in itself ean be n problem with regards {o the application of sound absorption
materials (SAM) in the engine nacelle, Sinee this type of ncoustie treatment is con-
cerned only with the audible frequencies, and since turbomacehinery, combustion neise,
fan multiple pure tones, ete., fall generally into the same frequency ranges regardless
of enginc size, SAM freatments abricated of resonntor cavily fype materinls witl not
vary substantinlly in thickness from one engine to another, As a vesult, the weight and
costs assoeiated with small engine SAM treatments will undoubtedly represent a larger
share of the lotal propulsion system installation than these for large engines. Further,
a hipher overall penalty to airplane performanece will result, not only due to the exira

weight but also to the increased nacelle drag and engine inlet blockage,

T'or those aireraft that are marginally shy of meeting the FAR 36 standards
(Learjet, for example) a modified exhaust nozzle may he all that is necessary to meet
the current standard, Such a propram is being investigated at this time with the
potential 1o cerlify the Lenarjet to the FAR 36 noige requirement with a redesipned

exhaust nozzle.

A noise suppression kit has been developed for the BH125-600 aireraft, Develop-
meni flight test is scheduled for June 1973, with the objective of meeting the noise
requirements of FAR 36 hy July 1974 for new production aireraft,

For the Jetstar, Sabreliner and Commodore, the performance penalties associ-
ated with the amount of acoustieal nacelle treatment Lthat would be required to enable
these alreraft to meet the FAR 36 nolse standnrds may deteriornte their operational
effectiveness Lo an intolerable level, There are, however, other oplions available to

these nircraft. (See Page 2-27.)

ENGINE REFAN RETROFIT

BACKGROUND AND PROGRAM STATUS

This noise source control option is signilicantly different than those previously
discussed in this chapter Inasmuch as it involves modification and replacement of
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certain engine, ns well as nacclle, components, The most significant, but not the
only, engine eomponent to be replaced is the bypass fan; thus the program is referred
to as "refan”.

The refan program, ns established under NASA sponsorship In August, 1972,
benefits from, and is based upon, hoth engine and noise technology developed since
1968, At that time, when it hecame appurent that efficlent and effective jet nolse
reduction could be achieved best through reduction of the primary jet exit veloceity,
the Pratt and Whitney Aircraft Division (P&WA) began thelr studies on the JT3D engine.
Variations of this basic engineg are used on the Boeing 707 and the MeDonnell Douglas
DC-8 series of aireraft. This engine, as opposed to the JT8D, was investigated first
ag it was the more conservative design and therefore had the greater possibility of
dolng additional work which is fundamental to the refanning concept.

Early parametric studies of potential single-stage and two-stnge fans showed that
the refan requirements could be satisfied by elther two-stage fans of moderately larger
diameter or single-stage fans with a greater increase in diameter. The [nitial engine
studies resulted in the JT3D Configuration III, which was studied by the two aireraft
manufacturers as part of the IIT Research Institute (IITRI) Study in 1869, This con-
figuration had a larger diameter two-stage {an, which inereased the engine length and
installed weight. Although this engine provided a moderate reduction in jet noise,
there was no improvement in performance and it was nol eonsidered an acceptable
configuration at that time. Study of the refanning of the JT3D engine continued with
internal funding on an intermittent basis until 1972, During the peried 1968 to 1972,
PE&WA studied 10 possible confipurntions of this engine. The direet studies nlso bene-
fitted from the P&WA JT9D engine (powerplant for the Boeing 747 nireraft) develop-
ment as well ns an FAA sponsored study of low, medium, and high, fan tip speed noise
characteristics. The ninth confipuration of the JT3D studied by P&WA had an inereased
diameter single-stage fan and no inlet guide vanes. This configuration formed the basis

for the NASA sponsored refan program when proposed.

Prior to initiation of the NASA program, it was determined that, with modification,
the JTED could also be refanned. This englne is used on the various models of the
Boeing 727 and 737 and the MeDennell Douglas DC-9 afreraft. Within the initial scope
and funding of the NASA refan Program (Reference 11.1-186), Phase I contracts
were let for deslgn and analysis of the engine and nacelle modifications with three major
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contractors: Pratt and Whilney Aireraft, a Division of United Aireralt Corporation;
The Boeing Company; and the Douglas Aireraft Company, a Division of MeDonnell
Douglas Corporation. Small contracts were also let with American Airlines and United
Alrlines for cvonsulting work to assure that the modifications being consldered incor-

porated as many requirements of the user airlines as possible.

In Jannary, 1973, program funding curtailment forced Umiting the scope of the
program to only one englne type. The jolnt NASA/DOT/TFAA declsien was to proceed
with the JT8D rather than the JT3D, The basic reason glven for this cholce was that
the JT8D-powered afreraft will have a larger Impact on the alreraft noise exposure
in the 1980's.

As of this writing, the program to develop a refan kit for the JT3D powered
aireraft is not being actively pursued. As far as can be determined, the
technical/engineering approach is sound and of low risk, the economic reasonableness/
unreasenableness has not been developed, and the ground and flight test to demeonstrate
flight worthiness and safety will not be performed, The refanned engine design had
been designated the JT3D-9, The significant differences between this engine and the
JT3D-3B, from which it was derived are shown in Figure 2-7, A similar compar~
1son of the refanned JTED-9, currently designated as the JT8D~109, is shown in
IMigure 2-8,

GENERAL TECHNICAL APPROACH AND OBJECTIVES

Ag briefly mentioned earlier, the concept of refanning requires starting with an
engine that was conservatively designed in order to extract additional work. This is
further explained by P&WA In Reference (2. 1-74), "to lower the primary jet noise by
redueing the primary jet velocity without losing thrust requires that more of the pri-
mary engine's gas stream energy be converted into the low veloeily bypass fan gtream,"
(as shown in Figure 2-9). "This conversion can be accomplished by either incressing
the fan pressure ratio, or the bypass {low or by increasing hoth. Inereasing the bypass
airflow is the more desirable route because it nlso provides incrensed total engine
thrust and reduced fuel consumption. This route iz feasible since both the JT3D and
JT8D low pressure turbines have the capability of doing more work to absorb more
primary gas stream energy. Furthermore, the gains in fan design technology since
the initial design of these engines support the feasibility of new fans that would absorb

ihe additionn] iow turbine work, "
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IT3D-9 RELATIVE TO JT3D-3B

DIAMETER (FLOW PATH)  + 6.4 INCHES
LENGTH + 0.7 INCHES
WEIGHT + 400 POUNDS

Figure 2-7, JT3D-3B/JT3D-0 Comparison (Reference 2. 1-74)
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JT8D-109 RELATIVE TO JT8D-9

DIAMETER + 12 INCHES
LENGTH + 14.17 INCHES
WEIGHT + 562 POUNDS

Tigure 2-8. JT8D-9/109 Comparison (Reference 2. 1-74)
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While refanning is primarily direeted toward redueing the primary jet noise,
redesion detnils, sueh as number of stages, spacing botween the rotating and stationavy
clements, numbers of rofor blades, and stalor vanes, are also sludied in ovder to
minimize the turbomachinery noise portion of the spectrum, Alfler this has been
necomplished, nacelle modification and treatment with sound absorbing material is

added in order to further reduce the tnise levels.

The refan Program, as sponsored by the NASA, takes the above deseribed
multi-faceted appreach to englne and nacelle vetrofitting with the following program
objectives'... through development of retrofit kits (demonstrate) that the noise pro-
duced by narrow-body feel ean be reduced to 5 to 10 EPNAB below FAR-36, while
retaining demonstrated engine relinbility and maintainability, causing no
degrading of airerafl performance or salety and eould he accomplished at an aceeptable

fleet retrolit cost. ™

ESTIMATED RESULTS; NOISE REDUCTION

The NASA and the two aireralt manufacturers, Boeing and Nouglas, have made
estimates of the noisc levels associnted with each of the various aireraft considered
to be possible eandidates for a vefan retrofit. In every case, the estimated noise
levels are those for the FAR Part 36 positions and condliions with the airecraflt
powered by the refanned engine. In some cases, eslimated noise levels for more than
one nacelle treatment or configuration were developed and reported. A eompilution of
the estimates from reports* avatlable to the task group is provided in Tables 2-1 and
2. These estimates and those being used In the DOT alreraft retrefit cost eflective-
ness analysis, (Reference 8.5-355), have been combined to provide a range of csti-
mated noise levels for the five most representative airveraft., The estimates and noise

levels normally associated with the baseline alveraft are shown for comparison in

*Figures 2-10 through 2-12 and Tables 2-1 through 2-4 are bascd on data provided In the
references clted in the tables., More recent information (References 3, 6-411, 3, 7-412,
3.10-456, 2.4-454 and 11. 2-398) indicate small differences in acoustic data from those
listed in the tables and provided in the figures, as well ns some variability of data
between the submitting sources, However, the dnta presented in the figures and tables
are considered representative of the noise trends for the refan program. TFirmer

noise performance figuras will be established s the program progresses Into ground
and flight tests,
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Figures 2-10 through 12 for the approach, sideline and cutbnack takeoffl operations,
respectively. The range of estimates for a "refanned’ airernft includes all levels of

nacelle treatments considered {from all of the avallable sources,

ESTIMATED RESULTS; PERFORMANCE PARAMETERS

In conjunction with the noise levels, NASA and the iwo aireraflt manuincturers have
also made at least a preliminary assessmoent of the performance impact of various
retrofits associated with refanning for the various airerafl. An atlempt 1o collect and
compile date indicative of the effect on various performance parameters has been made
and these data are tabulated in Tables 2-3 and 2- for the JT3D and JFT8D powered

niveraft, respectively.

JET ENGINE REPLACEMENT

AIR CARRIER FLEET

Replacing the low bypass [an engines in the air earrier flect (JT3D, JTBD, Spey
MK 511) with characteristically quieter high bypass engines is nol a viable current
technology option. There are no engines available in the thrust classes required, The
NASA Quiet Engine Program (discussed in Section 3} effcetively domonstrated the
capability for noise reduction in an experimental engine test program at thrust levels
comparable to those of the JT3D and JT8D, bul, the engine hardware that was utilized

was not flightworthy nor was it intended to be,

However, even H a new engine development program were initiated to provide a
quieter high-bypass fan engine, the option of replacing the current engines with a new
engine would be prohibitive in cost particulurly in view of the limited life that would be

remaining in these aircraflt, (Refercnce 7.1-25.) The modifieation program could

not begin until late in the decade after the engine development and ceriifieation

program was completed,

GENERAL AVIATION FLEET

There are currently geveral small turbofan engines thil ean be considered for
possible retrofit in existing turbojet aireraft. One sueh program has alveady been
announced, the replacement of the JT12 turbojet engines currently in the Jetstar with



the maderate bypass Garrett 731 turbofan, It is estimated that not only will the nolse
level of the re-engined Jetstar comply with the FAR 36 requirements but the range/
payload characleristies will be significantly enhanced,

The Learjel has been test [lown with the Garrett 731 engine, providing still ancther
retrofil option possibility., The General Aviation Division, Rockwell Corp, is procced-
ing with the development of a lurbofan~powered Sabreliner with the CF 700 engine
{used on the Faleon 20) which could offer a retrofil possibility for the existing Model G0

and 70 Sahrcliners.

In addiiioh to the Garretl 731 and the GE CF 700 engine, the Lycoming ALF502D
and the UAC-Canada JT15D turbofan engines are available for possible retrofit,

Some of these engines are also being evaluated as possible replacement engines in

turboprop installations.

ATRCRATT REPLACEMENT

In addition to the technical options cited above, :daccelerated retirement of the noiser
aireraft with their equivalent eapacity maintained by accelerated procurement of the
new technology, quicter widebodies has been suggested as an alternate means of reducing

aircraft noise.

However, this too is an extremely costly option. As indicated in Reference
7.1-99, the cost of replacement of the JT3D fleet alone would represent an invest—
ment of 6 to 8 billion dollars, This does not take into account any additional procure-
ment that may he required to meet the foreeasted growing demand for air service
nor does it consider the residual value remaining in both the airerafl and the world
wide stock of spare parts inventory which must be scrapped.

In the case of the business jet owner, alreraft replacement may be a viable option.
The improved range/payload churacteristics of the new turbofan powered aireraft
{due primarily to the major reduction in fuel reguirements) may provide adequate
Ineentive for the individual or corporate owner to upgrade his aireraft equipment,
The aireraft replaced, however, may still require a nacelle modification or engine
replacement program if it {s sold to another U,S, operator, The cost of a used air-
craft with acoustical modifications would still be signifieantly luwer than the cost of
a new aircraft, which could lead to a new market for these aircraft,

2-28



SECTION 1
FUTURE TECHNOLOGY OPTIONS AND RESTRAINTS

Diminution of aircrafi noise will he a continuing objecetive as new, more wlvanced
wehicles nve introduced into the ¢ivil aviation [leet, 1t is antieipated that the standard
ol noise acceptabilily will be steadily reduced as the developing teehnology demenstrates

the feasibility of so doing.

This seetion of the veport addresses the current developments in both aivplane and
engine component technology, as well as advanced engine concepts, which will largely

delermine the potential Tor significant reduction in aireralt noise in the years ahead,

COMPONENT TECHNOLOGY

NASA QUIET ENGINE PROGRAM

The NASA Quiet Engine Program was initiated about 5 years ago with the objective
of developing engine noise reduction lechnology and demonstrating in engine tests the
combined effect that this technology would have on reducing engine neise.  An additional
ohjective was to determine the impaet on airplane economics resulting from the meas-

ures necessary to reduce the noise,

Two "engines" were built and tesied during the program, in which two basically
different fon designs were evaluated, ‘To obMain a major cost suving, both engines used
the CV¥-G engine core, and for this application if 15 oversized; therefore, the engines
were not flight weight., A high-lbypass ratio epgine was chosen to reduce jet velocity
and, consequently, jet noisc. A number of features were incorporated to reduce fan
noise production. A relatively large rotor-stator spacing of two rotor chords was
employed to reduce fan discrete froquency noise. A choice of rotor lip speeds was
awailable for the fan design, Low lip speed fans have been found to produce less noise,
while high tip speed fans ean improve airplane economices by reducing engine weight,
but they require additional noise suppression to achieve equally low noise output. Both
approaches were evaluated in this program. Finally, a noise governed optimum ratio
of number of fan stator to rotor hlides was employed (2. 25 to 1), In addition to design

features aimed at low [an noise production, the fan noise can be veduced further by the



addition of sound absorbing liners to the inlet and outlet duets, This was also investi-

gated on the experimental engines.

A cross seclion of quiet engines A and C with Iull fan acoustic treatment applied is
shown in Figure 3-1. Also shown arc some of the important performanze and design
characteristies of the engines, Hoth engines were designed to produce 22,000 pounds
of thrust, and this puts them in the thrust class of the JT3D engines used in the DC-8
and 707 type aiveraft. Engine C, the high-speed engine, hus o single-stage fan with a
design fan tip speed of 1550 fi/sec, while engine A, the low-specd engine, has a single-

stage fan with a tip speed design poinl of 1160 ft/scc.

This program has been of greal importahce in determining the tradeofls associnted
with performance and neise reduction. The first results of this highly successful pro-
pram were reported in 1972, The program goal of o wise level reduction of 15 to 20
EPNdB below the levels of the 707/DC-8 long range transport airerall was exceeded
(Table 3~1). These resulls clearly indieate that the potentinl for lower neise levels
of future engines, and aireraft, is excellent, 1t has been estimaled that the Lun tech-
nology demonstrated in the Quiet Engine Program would, in a new engine sealed to
the thrust level of the current high bypass engines, yield a 5-to-6-dB reduction in

fan generated noise compared with the eurrent engines.

In relating the performance improvements to be expected with the technology devel -
oped in these advanced fan concepts, nn cconemic analysis was performed for an assumed
new trijet of approximately 200, 600 1b. gross weight. The results of the study, using
{light type engine designs hased upon the experimental data developed for engines A and
C, is provided in Figure 3-2. Changes In direct operating cost (DOC) utilizing un-
suppressed engine "C" technology ns the base, is plotted against aireraft noise level
relative to FAR-36 noise regulations for both the high-speed and low-specd engine
designs, The curves shown for each engine represent various degrees of [an acoustie
treatment starting with an unsuppressed easo at the Tower end of the curves and ending
with wall treatment plus three inlet and two exhaust splitters at the upper end. Fhe
higher speed engine is more economical (-2, 5 percent DOC) In an unsuppressed condi-
tion because the high engine speed allows the number of turbine and compressor stages
to be reduced, thereby reducing engine weight. However, It produces more noise, as
gtated previously. The knee in the curves (where DOC begins to incrense rapidly with
noise reduction) results from increased engine weight and englne pressure losses that
accrue as acoustic splitters are added to the [an inlet and exhaust ducls, As a resull,
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TARLE 3-1
FLYOVER NOISE COMPARISON - FOUR ENGINE AIRCRATFT

TAKEOVF APPROACH
EPNIB

ne-3 116 118
FAR-36 10 106
Baseline Quiet Engine A a7 098

Quict Engine A with
Acouslic Nacelle 90 8l

the low speed engine (A), cven though it is n basically less efficient engine, is more
ecohomicul as lower noise levels are reached. The cost of obtaining a noise level of
FAR-36G minus 10 IXPNdL, using the A-type engine, is seen to be about 4 percent in
DOC for this particular study. These resulis are not neeessarily typical and must be

determined for cach aireraft /engine installation,

It is obvious, however, that to progress beyond the FAR-36 minus 10 EPNdD noise
levels cconomically, a vigorous noise reduction technology program is required. Ad-
vanees in noige source reduction and improved suppression efficiency are areas of major
importance for future technology programs. The an and possibly the turbine as well as
core engine noise are candidates for source noise reduction programs, In addition,
the non-engine acrodynamic noise may preclude {the realization of further beneflits
from engine source noise reduetion, particularly in the alrerafi approach mode. This
neoise contribution must he identified and resolved, Additional discussion relative Lo
the technology progroms nddressing the above limitations are presented in subsecuent
portions of 1his section, Improvements in suppression technology are needed to increase
acoustic treatment effectiveness so that less treatment will be required for a given noise
reduction and also to reduce the weight per unit area of treatment by incorporating new

materials or fabrication concepts or hoth,

SONIC INLETS

The NASA Quiet Engine Program established [an design concepts which indicated
that significant reductions in fan-generated noise was achievable in future engines.

3~
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Treating the nacelle inlet with sound absorplion malervials (SAM) reduces the external
propagation of whatever neise is generated.

An additional noise reduction concepl that may replace or supplement the use of

SAM is the sonic {or choked) inlet which is essentinlly a reflective type of device.

The simplest explanation of its operaiion is that if the steady flow within a duet has
obtained sonie veloeity then a sound wave cannot propagate against this [low, This im-
plies that ihis principle ean be applied only when the sound is propagating against the -
steady flow. In an actual inlet, however, the mechanism is much more eomplieatecd
than that implied previously. There will be continuous reflections of the sound wave
eaused by the varying duel diameter and steady flow Mach number. Radial and rans-
verse velocity gradients also exist which will refract the sound waves away frrom the
axial direction where they ean be swept back from the inlet by the steady [low. Experi-
mental data indicates a steady inerease in suppression as {he average inlet Mach number

approaches one,

A collaborative NASA/General Electric Company parametric study on choked inlets
is underway. The work involves both acoustic and aerodynamic measurements of a
family of 19 different inlet configurations which should provide signifieant inlet quadrant
noise suppression. The tests are being accomplished on a 12-inch dinmeter fan, and
the hardware represcnts clements of variable geometry cowl and center-hody systems.
Particular atlention is beoing given to measurements of inlet flow profiles in ovder to

make direct correlations with both the internal and externul inlet noise fields.

Figure 3-3 shows two of the choked inlet concepts under study in the current
program, The concept is simple but there are difficult praciieal problems to be solved

before adequate technology is available.

The mechanieal complexily, structural integrity, and weight of the inlets must be -

reduced as well as airllow distortions and large losses in lolal pressure,

In FY 1974, some of the more promising sonic inlels will be Lested on a full-seale
two-stage fan rig to measure both acoustie and aerodynamie performance, Full scale
acoustie tests will be performed with two different sonic inlets added to Quiet Engine C,

CORZ ENGINE COMPONENTS
As discussed previously, much progress has been made in commercial jet engine

noise reduction since its inception, approximately 15 years ago.
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All of the noisc contral advaneemenis, from the pure turbejel to the high-bypass-
wtio turbofan engines, were the resull of technology developments for rotaling machin-
ery (fan component) and/or sound absorption maderials, No eomparable advancemaoents
have been experienced for the eore engine noise of {he high-bypass-ratio engines in
current production.  Refating machinery and sound absorption noise control technology
have continued Lo advanee to the point where Turther propress may be inelflfective unless
the core enpine noise is controlled as well.  As visualized now, core engine noisc is
the floor which establishes the limit of effectiveness of the eurrent noise control state
of the art as it pevtains 1o aireraft engines,

The FAA is currently sponsoring a Core Engine Noise Control Program, the pur-
pose ol which is to provide theoretical and experimentil data Lo assist the designers in
developing future technology fiveralt capable of conforming o lower noise levels than
arc now required by FAR Part 36. The effort is directed to ideniifying, evalualing,
and eontrolling the compenent noise sources inherent in the core engine (the gas
generatnr).

Core engine noise is defined as the noise produced by the gas generator portion ol
the gas turbine engine either solely or as influenced or amplified by the fan discharge,
tail pipe, and other portion of the exhaust sysiem. Core engine nolse is assumed Lo
radinte only in the aft engine quadrant, and its sources may be generaled cither upstream
or downsiream of the tail pipe exit plane. Core enpine noise does not include com-
pressor penerated noise radiating from the engine intet por {an generated neise radi-
ating from either the engine inlet or exhaust dueting, It may, however, include com-
pressor generated noise transmitied downstream through the engine flow passages or

fan generated noise enhanced by Interaction with the core engine noise or gas siream.

The factors under investigation that cause ov influcnce Lhe component noisc sources

of the core englne include butl are not limited to:

¢ Jet Exhaust Siream. Historically, the jet noise has been delined hy the quad-

rapole concept leading to the classieal velocity to the cighth power law, with

the absolute level at any given velocity dependent upon various influences
upstream of the engine tail pipe such aus geometry, roughness, turbutence seale,
cte. Are the assumptions valid for subsonic flow? Can the influences upstream

of the tail pipe be quantified?



e Turbine. Dues the turbine gencrate noise in a similar manner as the com-
pressor and fan, and can compressor and fan noise reduction lechniques be
successhully applied to turbines? What are the effects of rotating stall, hot

spots, and other flow irvegularities on noise generation?

¢ Compressor. Can the compressor have any significant contribution or influ-
cnce on the noise transmitted or generated within the core engine?

b e Combustor, What conirithutions do fhe combustion equipment and process make

to the noise field? Are combustion sercech and rumbte significant?

e Discontinuities in the Flow Passages. Is there siguificant dipole or maonhopole

noise generution from such discontinuities as linkages, orifices, constrictions,

and bends in the core engine flow passages ?

® Interaction of the Core Fngine Exhaust and Fan Duct Streams.  Can the eombi-

nation of the two exhaust streams generate a signilieant noise component? Is
noise from cither the fan or core engine amplified hy the other? Is somge

resonant condition set up in the tnil pipe?

s Noise Radintion from the Fngine Casing. Are cngine casings designed to have
adequnte sound transmission loss capability? Can signilicant strueture borne

sound bhe transmiited to and radiated from the casing?

In addition to the FAA program on core noise investigations, NASA and DOD ave
undertaking complementary researeh eflforts relative to their unique requirements,
TFormal and Informal interagency discussions preciude the possibility of vedundancy

among the various programs,

AERODYNAMICS

The principal source noise abatement activity to date has been concentrated on
! attempts to reduce engine generated noise for a given size airerafi. Additional source
: noise control may be possible il the aireraft is treated ns a system where ench etement
: of the system is designed to provide minimum overall alreraft system noise. Some

examples of this concept follow.
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Wing Desipn
Supercritienl Wing
Appliention of supercritieal wing technology to the design of new aireralt could

result in reduced noise, as o secondary effect.

Conventional airfoils are desipned for operational efficiency over a limited per-
jormance range, Al flight speeds beyond the design capability of the airfofl, generally
identified s tie eritieal Night speed, excessive drag and buffeting are experlenced.
The supereritieal wing is cenfigured to operate beyond the normal Mach number limits
that have constrained conventional wings. “T'he polential benelits of the applicalion of

supereritical wing technology to civil airerafll ave:

o Move cfficient eruise performance when operating at high subsonic Mach

numbers, by delaying the onset of transenic drag rise,

e Its use can result in reduced wing structural weight, thereby permitting

increased paylond or inereased fuel capacily for greater range.

For a given range/payload design, the gross weight of the aireraft would be reduced,
requiring smaller engines, which for the same state of technology would result in lower
noise. Design studies of the effects of supereritieal wing technology to the B-1 bomber

program showed an 11 percent veduetion in gross weight for the speeilied mission.

The reeent Advanced Technology Transport studies utilized supereritical wing
technology in developing the efficient performance characteristies of the near sonie
commaereial transport designs. This technology is cqually applicable to the business
jet aircraft currenily operating in the general aviation fleet, Willinm Lear, developer
of the Learjet, is planning te demonstrate a supercritical wing on a Learjet aireraft

in 1973,
Asymmetric Wing

Wind tunnel {ests at the NASA Ames Research Center of an elliptical, asymmetric
(or oblique) wing for efficient low supersonic or high transonic performance has pro-
duced some dramniic initial results, Studies and model testing of this unconventional,
radical design indicated better noise, performance, and struetural characteristies than
for the variable swept wing configuration. Tests to date have been limited to experi-
mental wind tunnel and small radio-controlled flying models. Additional development



effort is required, particularly full seale demonstration testing, belore the preliminary
data can be validated.
Study results also indicated thal the obllque wing configurations incur less cost for

a given level of noise reduction.

Hiph-Lift Devices

As indicated in Section 1, continuing developments in wing flap design have
effected significant improvement In aerodynamic lift capability over the years. Current
activity is directed at the evaluation of varlous "powered-lift" conecepts in an attempt
to meet the requirements of potential future short takeolf and landing alreraft (STOL).

To serve the high~density short haul need, and stiil prove profitahle, these air-
craft must also approximate the productlv'ity, erulse speed and economy, and ride com-
fort of the CTOL transports. The latter considerations dictate relatively high wing
loadings (80 to 110 1bs/sq. ft.). Hence, the desired low-speed performance requires
maximum 1ift values well in excess of those nehievable with the most effective nero-

dynamic high lift systems,

To generate these high-lift values, propulsive energy must be applied to augment
the aerodynamic wing lift,

The powered 1ift effort presently is being concentrated on three principal types
{See Filgure 1~11):

1. The aupmentor wing (AW).

2. The externally blown flap (EBT) with engines located under the wing (UTW).

3. The EBT with engines located over the wing (OTW).

Figure 3-4 provides some indication of the performance characteristics of the
powered lift jet systems ns compared with the typlecal, present day, turboprop STOL

transport aircraft,

The steep ascent and descent flight paths, made possible by these high lifi devices,
is expected to reduce the extent of the noise impael on the community. ilowever, the
effect of the higher engine thrust requirement, combined with the induced noise gener-
ated by the exhaust gas and flap interaction (Figure 3-5), needs to be determined by
full scale testing in an operationally viable system in order te more completely evalu~-

ate the overall system noise.
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As discussed earlier, the development of the high-bypass fan (bypass ratio of
5 or G:1) provided large reductions in noise for the conventional transport aireraft,
In order {o meet the anticipated noise limitations for high performance STOL air-
eraft, much higher hypass engines may be required. The higher the bypass, for n
given thrust, the lower the jet veloeity., This low exhaust velocity will not only reduce

{he engine jet noise bul will also minimizce the flap inleraction noise in ihese high

lift systems,

External Flow
The approach noise of an aiveralt is currvently dominaled by the high frequeney
noise produccd by the engines,

Advances have been made in the technologies of quicter engine design and the
acoustic treatment of engine installations {o attenuate engine-generated noise, Con-
siderable payolf is expected on future aircraft/engine combinations designed from
the beginning for very low noise, This has encournged predictions that noise at the
standard FAR 36 noise measuring points can be reduced 10 d13, or more, per decade
starting Immediately, However, recent studies and flight tests of large commorelal
airplanes stronply indicate that we now faece an airframe noise constraint for at least
the approach condition, with flaps extended, helow which additional neise reduction

would be difficult even if the nirplane had no engines.

Airframe noise is defined as the noise generated by an aircraft in ight from
sources other than the engine, auxiliary power units, wxl machine nccessories.  Air-
[rame noise or aireraft nonpropulsive noise sources, as illustrated in Figure 3-6,
thus include noise generated by alrflow over the fusclage, wings, nacelles, flap

systems, landing gear struts, wheel wells, cle.

Measured and predicted aerodynamic approach nolse dafa are presenied in Figure
3-7. The trend of the points has a slightly greater slope than the FAR 36 minus 10
EPNdB curve, which indicates that the aerodynamic noise effect becomes more criti-
cal as gross weight is Increased,

The most controlling parameters in aerndynamic noise generation ave flap angle
and aireraft velocity. The turbulence and, therefore, aerodynamic noise, varies with
flap angle but depencds to a large extent on the flap design. The landing velocity change
results in a change In EPNdB proportional io velocity to the fourth power. This
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chtracteristic should be considered when appraising the effectivencss of alternalive
approach and landing procedures, For example, in 4 deeclerating approseh the ajr-
crall would notl only have low engine neise hut would be clean, i.e., have Tow drag,
and therefore low aerodynamie noise until its final deceleration elose Lo touchdown,
Just prior Lo {ouchdown the aerodynamic neise would be the same as for a constant
specd approach, Tlowever, during the linal deceleration phase the airerafl would have
a high flap angle and hgher than touchdown velocity and therefore higher than o con-

stani speed approach aevrodynamic noise,

Decreasing engine noise (o levels near or under the nerodynamic noise Tevel would
have essentially no effect on further total aireraft noise reduction, unless the aero-

dynamie neise itself is redueed.

A program to understand and reduce the nonpropulsive noise is underway al NASA.
These studies will provide information relative to the identification and Ineation of ajr-
frame noise sources; the manner in which noise varies as a function of angle of atlack,
local air velocily, turbulenee levels, separated flows, ele.; improved prediclion
methods; and appronches to notse alleviation. A flight test program is planned to
belter understand the relationship between nerodynamic noise and engine noise and the
different types of noise abatement approaches (the steep slope, the iwo-segment ap-
pronch, the curved ground track, and decelerating approach).

Helicopter Rotors

it has been generaily accepted (Ref, 3, G-195) that for the turbine-powered rotary-

wing aireraft, sources of the most annoying sound, arc:

1. Rotor blade slap
2. Tail rotor rotational noise
Main rotor broadband and rotalional noise
4, Turbine engine noise
5. Tranamission noise
Blade slap and rotor rotational noise are unique to the helicopter and will be briefly
discussed in the following paragraphs along with the potentinl menns for reducing their

noise impact.
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Blade Slap

With its characteristic acoustic signature, blnde slap can oceur in many regimes
of flight, In high-speed forward flight, blade slap is usually due to the compressibility
phenomena oceurring on the advaneing blade of the helicopter rotor., Studies indicate
that in this case,the Impulsive noise can be nttributed to the rapid drag rise of the
advancing blade tip, coupled with Doppler effect, "Banging" In hover, and low~speed
regimes of flight, are probably caused hy interaction of the tip or rolled-up vorticies
from the preceding blades with the oncoming blades.

Reduced tip speeds, which lessen the strength of the interacting trailing vortex
and reduce the blade tip Mach number, combined with specinl blade design charncter-
istics (e.g., blade loadinge and tip design), will tend to suppress blade slap. Increne-
ing the number of blades to provide the same lift capability af reduced rotor speeds

can nlso contribute to reduced noise,

Rotatlonal Noilse (main and tafl rotors)

In a physical sense, rotational noisc and blade slap have mueh in common, In
both cases, there is an element of interaction between wake vortices and the blade,
Thus, blade slap (in other than high-speed reghmes of flight) may be considered as a
particular case of strong manifestation of that interaction. For this reason, many of
the means suggested for blade slap suppression, especially through modification of
the vortex structure and wake geometry (e.g., speclal blade tips, increase In the
number of blades) could also be beneficial for the reduction of rotational noise.

Reduction in rotor tip speed is the primary parameter in reducing helicopter noise,
However, in a pure helicopter configuration, n key determinant of the forward flight
speed capabllity of the vehicle is the rofor tip speed. Generally, higher flight speeds
are associated with higher tip speeds. This establishes a tradeoff between noise

reduction and helicopter performance and economies.

However, if the rotor Is not required to provide forward flight capability {(as in a
compound helicopter confipuration), the tip speed for optimum hovering flight tends to

be lower, and therefore more compatible with reduced noise.
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ENGINE TECHNOLOGY

In Section 2, engine source noise was discussed in the context of available near

term options for reducing the nolse of current engines and ajreraft,

The longer range goal is to reduce the FAR 36 noise lUmits by 5 to 10 EPNdB.
This can be most efficiently accomplished by souree noise control In new engines by
dediented attention to thig requirement when the inital designs are laid down.

The basic technology that would permit the development of advanced engines and
aircraft, with noise levels approximately 10 dB below the FAR 36 standard has been
demonstrated, as pointed out earlier in the discussion of the NASA Quiet Engine Pro~
gram. Unfortunately no engine develepment program whicl: could apply the lessons
learned in the NASA program to an operationally viable system has resulted from
this activity. While it may be interesting or comforting, from a purely R&D perspec-—
tive, to have demonstrated the capability for lower noise, unless this technology
results in a practical application, the expenditure of time and money is worthless.

The Alr Force Advanced Turbofan Englne (ATE) development program could be
the catalyst that would utilize the demenstrated {echnology of the NASA Quiet Engine
Program. Such an englne development program would provide, as it has in the past,
the basis for a new, quieter engine for the next generation of commercinl aireraft.

Figures 3-8 and -0 indicate the variations in noise levels for comparable mili-
tary and commercial aireraft utilizing similar technology propulsion systems, It Is
apparent that sipnificant noise reductions can be achieved in the commereial deriva-
tives, where they are not constrained by the tactical performance requirements
associated with a military application. Commercial derivatives of the ATE would

conceivably provide similar nolse reduction potential.

Since the propulsion system development genevally represents the longest lead
time requirement in a new aireraft program, any delay in the development of advanced
propulsion technology will impact on the eventual operational availability of new,
advanced aireraft systems. Tigure 3-10 illustrotes o typical engine development
cycie. If new quiet aireraft are to be operational in the fleet by 1980, an advanced
quict engine development program must be initinted no later than late 1973 or early
1974, On the other hand, n quiel STOL engine technology program is only just being
initiated, The technology (as stated enrlier) is not yet in hand and a 3-year experimental
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(demonstration) program is being pursued by NASA (sce [ollowing Seetion on STOL
engines). It is not likely that an advaneed technology quict STOL turhofun cagine

program can hecome fully operational before 1983,

The following discussion presents some of the new engine options and their eur-

rent status,

ATR CARRIER CTOL ENGINES

Industry and Government projections indicate {hal new, modern technology engine
types are needed to power next generation CTOL (conventionnl takeoff and landing)
long houl and Intermediate range (ransport aircralt by the cnd of this deeade. Previous
testimony by industry and Government at special aeronauties hearings of the Subeom-
mittee on Advanced Regearch and Technology, louse of Representatives committee on
Science and Astronauties, in January 1972 indicated that some kind of government
support and encouragement is needed for the developmeni of one or more new engine
types within the current "thrust gap" between about 10,000 and -0, 800 pound thrust,

particularly around the 25, 000 pound thrust level,

Both General Electric and Pratt and Whitney have indicated that engines in this
class could be available by 1978, The CFM 56 (GE) and the JT10D (P&W) engines
when packaged in optimally designed and treated nacelles, would produce noise signa-
tures computible with the FAR 36 minus 5-10 EI'NdB objective. These designs are
bazed on demonsirated hardware developments., The CFA 56 core gis gencrator
utilizes the technology incorporated in the B-1 engine, which is under development for
the Air Foree. The fan component reflects the resuiis of the NASA Quiet Engine test
progrant and the CF-6 program, The P&W JT10D draws on the technology developed

for the J71'9D engine.

STOL ENGINES

The Quiet, Clean Short-Haul Experimental Engine (QCSEL) Program is a major
element in NASA's quiet powered-~lift propulsive technology program. It is being under
taken to establish the technology base for very quict propulsion sysiems, designed for
installation In powered-lift STOL aircerafl, As discussed earlier, the blown flap, powe
lift concept will probably require a very high bypass ratio power plant in order to mini
mize the flap internction noise, as well as providing adequate flow for Inereased lift.



The. prop-fan, (Figure 3-11) developed by the Hamillon Standard Division of
the United Ajreralt Corporation, provides one method Jor developing this capability.
The prop-fan is basically a very high-hypass, low-tip speed fan that ean be mateched
Lo existing core engines {o provide the propulsive requirements (thrust, bypass ratio,
ete,) of any subsonic aiveralt type, The engine thus conceived will have characteris-
tieally low noisc levels due primarily to the high-hypass ratios possible (BPR of 15-30)

and the Tow fan tip speeds (GO0 Lo .0 fecl per sceond).

Prop-lan engines have been included as part of the initial QCSEE proliminary
design studies, The QCSEL program is not directed towards the development of an
engine for [light and the experimental engine resulting (rom QCSEE will not be flown,
The QCSEE program provides for close cooperation and coordination with the Air
Force in their development of the Advanced ‘Purbofan Engine (ATE) demonstrator.

The possibilily exists for the core gas generator of the ATE to be compatible with both
the milllary requivement as well as for the more stringent potential commercial STOL

applicalion.

VTOL ENGINIES

For nonrotary wing high speed VTOL aiveraft, the propulsion system concepts
vary [rom lilt fans (as demonsirated in the Army XV-5 program), deflected thrust
engines (as in the Muarine Harrier airerait), o direet lift turbojets or turbofans (the
German DO-31),

For commerelal applications, the only serious studies to date have been developed
utilizing lift fan systems. Demonstration flights of the DO-31 yiclded a noise level of
135 EPNdDB at 500 feet. Harrier noise levels are reported as 120 PNdB at 500 feel.

Recent studies by Hockwell International, dMeDonnell, and Boeing indiented that
in the 1980 to 85 time period a 100,000 pound pross weight, 100 passenger VTOL trans-~
port powered by advanced technology engines and lift fans would be able to meet a
95 IIPNdD criterion at 500 feet. Using existing engines and curvent lift fan technology,
a resenrch aireraft could be built by 1978 that would develop a noise level of approxi-

mately 99 TPNdR's at 500 fect.
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GENERAL AVIATION ENGINES

There are several new cngine, as well as new engine concept, programs currently
in development which could find future homes in the high performance business air-

craft or helicopter market,

Turbofan Englnes

& Garrett ATF 3 at 5000 pounds of thrust is in development for the Air Force.
Military qualification Is scheduled for the 1874 time period. Commercial
availability would follow, if there is a market, The nolse levals of this
engine would meet the current FAR 36 standard.

o TURBOMECA Astafan IVis a French developed fan engine of 2250 pounds
thrust with a bypass ratio of approximately 8.0. Initial englne tests took
place in June of 71. Estimated noise levels are well within the FAR 36

requirement.

e TURBOMECA LARZAC at sbout 3000 pounds thrust is a low-bypass, low
pressure ratio fan engine. Studies of the engine in a small (13, 500 pound
gross weight) business jet indicated noise levels well helow the requirements
of FAR 36, U.S. license for the engine Is held by Teledyne CAE,

e Teledyne - CAE participation in the Alr Force ATEGG (Advanced Turbine
Engine Gas Geherator) program has provided a core gas generator that, when
matched with an appropriate fan, could lead to an engine in the 3000-500
pound thrust clasas, A certificated fan engine could be available in the 1578-80

time period.

Rotary Engines

Curtiss Wright has been exploring the potentinl of the Wankel-type rotary engine
for light airvcraft and helicopter applications, The benefits claimed for this engine are
low noise and emissions as well as better maintainahility and reduced weight, particu-
larly when compared with the reciprocating engine., TFlight tests of the engine in both
fixed wing and helicopter installations have been initiated.
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Prop-fan Engines

The characteristics of the prop-fan concepl discusscd earlier are equally appli=-
cable to the light alveraft market where the fan can be matched to the power oulput
of the reciproeating engine. Small turboshaft engines and the rotary-iype engine
discussed above are alsao core engine possibilities for the prop-fan concept,

88T ENGINES

The cancellation of the U.8, development of a commercial supersonic transport

was due to several {factors, only one of which was the high noise levels to be expected.

The basic deslgn parameters of the Concorde 837, which will be entering revenue
service in 1975, were cssentially frozen in the mid-1960's, prior to the need for noise
certification of new airerafit, Fven then, noise control was of signilicant concern to
the manufacturers, The noise levels of the Concorde, al its service entry date, will
be comparable to the contemporary straight jet and low-bypass, long range, subsonic
aircraft, It ig technologically infeasible to reduce the noise levels of the Concorde to
meet the current FAR 36 Appendix C requirement.

A variety of englne cycles can be considered [or possible future supersonic trang-
port aircraft, However, the jet exhaust velocities tend to be considernlﬂy
higher than those for subsonic aireralt, As a consequence, the jet noise for these
engines, being a primary functiont of jet veloeily, is much louder than for those used
in subsonic CTOL alreraft. Although the fan for supersaonic airervalt engines generally
operates at low-bypass ratios and high pressure raties with resultant high noise, the
unsuppressed jet due to its high velocity is the dominant noise source, There is,
therefore, n need to suppress jet noise in order to render supersonic transport air-
craft acceptable to the community. As the jet noise Is suppressed, the fan noise and
core (internal) noise may become dominant. Noise attennation means for these noise

sources are similar to those applied to the current subsonic engines,

The use of variable-cycle engines has been proposed in order to help reduce the
Jet noise., NASA has contracted with the General Electrle Company and Pratt and
Whitney to perform analyses of propulsion systems suitnble for a second-generation
supersonic transport aireraft. A major goal of the work is to examine systems that
can meet severe nolse constraints, not only those of today but the possibly more
stringent ones of the future. The engine contracts are coordinated with more general
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studies of the complele airplane design heing performed by the Boeing, Lockheed, and
Douglas airplane companies under contract Lo Langley Research Center. The Langley
conlraets will sludy the teehnology problems and design tradeolfs for the integraled

airframe/engine combination, ineluding such operational consiraints as engine noise
limits,
'he overall ohjective of the Advanced Supersonic Technolopy program is 1o provide

an expanded supersonie technology hase in the technienl! areas eritienl Llo:
1. Future advanced military supersonic eruise airerafi,
2, Assessment of the impact of present and future forelgn eivil supersonic aircraft.

3, Tuture consideration for an environmentally aceeplable and economically viable

supersonic transport.
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SECTION 1

COST & ECONOMIC ANALYSIS

In reeent years, the public's toleranee 1o aireralt and airport noise has diminished,
giving rise to widespread complaints and in some eases logal action,  Some recent
court decisions possibly have exposed atrpords to Tegnl linbility. 1f the present noise
levels continue, publie opinion and concerted action will continue to limit new ajvport
development, cextension of cxisting Mneilitics, commereinl flight frequeneics, arrival
and depariure time windows, aireralt types, and runway choices.  ‘The effects of such
action may scriously impair the financial stahility ol the airvline and acrospace indus-

tries.

The general ceconomice question addressed is which combinations of noise impact
reduction oplions are the most cconomically cfficiont for achieving various levels of
cumulative toise exposurce? Of corollary intcrest is the determination of the finaneial
implications to the affected institutions it no national airport nolse reduction program

is undertaken.

The set of options of interest in this report are those which reduce source noise;
conscquently, the issue to be resolved is what economically cfficient role can source

noise reduction options play in reducing the noise environment around the nation's
alrports.

The implications and costs associatod with some expeeted legal and administra-
tive actions that might oceur if no cocordinated fedoral nirport noise reduction program
is fortheoming are initially anplysed. Subscquently, the [inaneial consequences of
achleving scveral levels of cumulative noise around airports are then developed,
nssuming ne source reduction options are utilized, Using these data, the cconomlie
implications of utilizing source noise reduction options are then projected, * Finally,
a qualitative sensitivity analysis of the results is undertaken, primarily in recognition

*Thase Investigations are on a cost-effectivencss and not a cost henefits basfs. This
situation is primarily due to the fact that although the benefits of the air transportation
system are known and dollar estimates exist, reliable data on the benefits of noise
reduction to the public are not available.



of the fact that the data used herein will most likely become obsnlete subsequent 1o
the release of this study. Accordingly, the data presented here should be viewed as
only providing a relative measure of the costs and cffectiveness nssocinled with the

options investigated.

Finch of the current Lechnology source {reatment options discussed in provious
sections can he combined to offer a number of basie strategics. Some of the types of
strategic alternatives invesiligated are discussed in the subsequent text,  The first
and perhaps least expensive basic approach, although they are not source options, is
to change aireraft operaling procedures, +* Al the other ead of the expense and schedule
spectrum is replancement of the existing narrow body fleet with new aireraft employing
advanced jet adrernft noisc reduction technology, Adoption of the latter appreach
would provide markedly quicter aireraft beginning in the early 1980's. The foveed
obsolegsecence of the then exlsting narrow bodied (Jeet would produce significant airline
industry writcoffs on the order of billions, cquipment certificate payment default

problems, and additional hillions of dollars in ocutlays for new aireraft.

Modifieation of the engines in existing narrow bodied aireraft with advanced noise
technology engines (refan) could possibly be necomplished earlier. Both the write-
off and the new outlay requirements should be relatively less and performance gains

might further offset some of {he cost.

Another approach is to provide new modified low nojse nacelles, including engine
treatment, for the existing narrow bodied fleet.  This approach provides relatively
early noise reduction opportunities at relatively low write-off and new outlay require-

ments,

THE NULL CASE

The null case condition assumes that no scurce abatement options are utilized.
Several situations and their contribution towards alleviating the airport noise environ-
ment will be examined under this condition. These situations are;

1. The courts adopting a policy of allowing a recovery of noise damages by

any person exposcd to high noiso environments.

+**The costs and cffectiveness of these options nre discussed in Ref. 10, 4-426.
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2, The adoption of a nationnl night-time curfew.
3. Inereasing the use of eapacity limitation sgrecmonis between airlines,
4, Implementing land use and receiver treatment alternatives.

In this sectlon, the viewpoint is ndopted that although airports are an essential
part of the community they serve, and ils economic environment, the benefits to the
community largely represent redistribution of cconomic activity rather than the eren-
tion of new aclivily (8.5-103). As such, regional transfers balance oul at the national
level; consequently, the regional impacts of cach situation will not be examined. This
is not to say that the regional impacts are insignificant, rather the impacts ean be

oxamined on a national level.

The interest group relationships that the subsequent analysis uses as a froame of
reference are such that ultimately, the consumer of transportation services will pay,
either directly or indirectly, lor the cost of resolving the aireralt/alrport/community
noise environment conflict problem. More specifically, the public affected by high
noise levels around airports is the primary interest group whose actions are demand-
ing a selution to the aircraft/airport noise problem. The litigation this group has
initiated, their demands for curfews and quotas and their denial of local funding author-
ity at the voting booths all translate into incrensed costs of delivering the transporta~
tion servieces of the air mode to o community. In the free enterprise prieing system,
one of the intercst groups must pay these increased costs.......how these costs are

passed on will be discussed in the subsequent {ext.

Litigation awards are costs initially incurred by the airport operators. Depending
on the operater's contractual arrangements with the airlines, the operators will
attempt to pass these costs on to its custamers, the airlines, as soon as possible.
Repgardless of these contractunl arrangements, there will be a lag between the time
when the operator must pay out the awards and when the operators can recover the
amount of the awards. It should further be recognized that although awards for dam-
ages are made, this does not preclude the operator instituting curfews, quotas, cte.,
in an attempt to defer future litigation or in response to political pressure, the estab-

lishment of noise exposure standards, ete.
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Not only are litigation cosls ultimately passed on to the airlines, when the lease
arrangement permits, but the airlines also incur costs assoclated with the curfews,
cte. 'The costs of delays, diversions, and cancellations which result from curfows,
quotas and aireraft type restrictions are direetly incurred by the airlines. Off-setting
these costs would be n commensurale increase in passengers carried per trip resuit-
ing from carrying the same volume of customers over a shorter daily operating time
span. In other words, assuming a constant demand level, alrport operatlor initiated
schemes to reduce the airport/community noise problem ean result in increased
profits and produetivity of airline netivity which are, in turn, offset by costs of delays,

diversjons, ctec.

Within this action/reaction loop the CAB is the determining body as to whether,
and when, litigation and these other costs are passced on to the users. Again, there
is n perceived time lag between the incurrance of costs and when such costs can be
recouped. The CAD in allowing tariff ndjustments to pass on the deseribed costs will
have taken an action which can theoretically affect user demand for air transportation
services. That is, by passing along the inerensed costs of operator actions to the
users, the demand for transportation services will be affected, Such a result tends
to have a negative effect on airline profits and productivity.

As superficially discussed, the action/reaction relationships began with the
impaeted public's legal and/or politfcal reactions to high noisc exposures, Such action
in turn stimulates airport operators to take administrative actions which affect air-
Hne economics., Given sueh cffeets the CAB can agree to tariff adjustments which
allow the airlines to defray such increased cost. These tariif adjustments can theo-
retically affect the demand for air travel services, Now, if the public does not percelve
a significant change in the noise environment, they could, in turn initiate ndditional
actions which again irigger the reaction chain. As described, thig reaction chain is
degenerate or self defeating in that only solutions to local airport/community noise
problems may result, i, e. therc is no national solution. Tha net result is the alloca~
tion of resources in an ineffieient manner (e. g., resources io satisfy a partieular
community as opposed to those necessary to effect n national selution,

1t should be expected that the impacted public will inereasingly attempt to take
actions resulting in increasing costs of delivering air transport services, One should
nlso note that the longer the time between tariff adjustments via CAB actions, the



preater will be the pressure on the indusiry's cash flow. It 13 coneeivable that this
pressure will result in further disrupting the delivery of services (e.g., via insuffi-
cient operating funds or curtailmont of credit lines, where sueh u situation can lead
to curtnilment of flights, cancellations, ete., which in turn alleets the competitive
positions of the airlines as a function of route structure). Therclore, {he specd with
which costs arc passed on is secon to be a key [nctor in assessing the feasibility of
implementing nny noisce reduction alternative. In the following seetion, estimates of
the magnitudes of costs of the varlous public and locally legislated nctions arve

developed.

The Cost of a Judieja]l Alternative*

One incentive to lower noisc around airports is the threat of a lawsuit against an
ajrport and an adverse judgment. The policy of allowing a recovery of noise damages
by any person cxposed to high noise amnoyance, if it were to prevail In the courts,
would have an economie impact that would depend on when the poliey prevailed and
what nolse abatement policies were in effect at the time, Actions brought to date
have had only limited success and awards have usually been small lump sums when
awarded. Additlonal damages in such eases are only awarded if noise levels sub-
stantially increase. Thercfore, the same nmount of noise can continue indefinitely
once compensation has been paid. Obviously, there is no incentive to decrease noise

levels after compensation.

Compensation payments, Lhen, will not selve the noise environment prohlem;
furthermore, with the setting of public health and welfare eriteria, additional actions
may have to he taken lo proteet the public, This suggests that litigation costs are
only one clement of a total cost to achicve a cumulative noisc environment. In addi-
tion, dollars for this element are absorbed loeanlly and divert resources from a national
solution.

The measure of domages normally is based upon the difference hotween the

property value before and afier the high noise levels began. Traditionally, the amount
of the damages is ascertained by the use of expert appraisers, with the court often

*In this section only lawsuits against alrports are considered. Condemnation procced-
ings by airports against renl estate holders to create clear zones are not discussed.
The magnitudes of money involved can also run in the hundred of millions,
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splitting the difference or using average values of the evidence introduced. Recenily,
llowever, there have been Instanees of the courts ot least considering technieal dala,
In a recent case the Vederal Court for the District of Connecticut used a1 geomotric

formula derived from an artiele in the Appraisal Journal (10, 4-271),

A California court has gone so far as to consider the Noise Exposure Poreeast
value for the property in question. Although the amount of the award was not based on
tho actual NEF exposure, the Court did use the conecept to identify which picces of
properly were cligible to plend for recovery (10, 4-426), In light of these instances
it is not unreasonable to anticipatc the courts at some future date hasing damagoes on

a formula similar in concept to that used in this lalter case.

Exiending this rationale to past court award history which, incidentally, has only
occurred In exposure contours of 40 NEF and above, the formula used lo calculate

potential damage is $563 per person per unit change in NEF value, +

Using the demographic daia developed by Task Group 3 efforts, Figurc 4-1 was
developed, Shown in this fipure is the estimated national 1972 population within each
NET contour generaled by sireraft/airport aclivily. No attempt will be made to fore-
cast population changes with time for this distribution. Since the award history is
relevant for levels of 40 NEF and above, only those people currently exposcd to such
levels appear to have the best chanee of suceessful suit, Based on the national popula-
tion by noisc exposure level, it is estimated that there are some 1.5 million people
exposed to such levels. If one assumes n perfeet information transfer to this popula-
tion, it ia reasonable to expect that the total population within such conlours will seek
legal relief. Assuming further that each person receives legal velief, then the level
of potential damage awards In 1973 dollars, is calculated to be approximately 300
million dollars. Court costs should also be added to this potentinl damage estimate.

1t should be recognized that this estimate is based on past court proceedings.
Where public health and welfare noisc exposnre standards as established by the EPA,
an entirely new dimension of litigatien approaches could envolve and result in even
more litigntion awards. Since the ineidence of this type of litigation is by airport, it
then follows that those airports with the most severe noise problems face the highest
potential legal costs and socfal and politienl pressures.

*This number was devetoped by dividing the natinnal average of people per household
(3. 8) into the historical average of court awards per unit change in NEF (10.4-271),
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Il an agpressive, natienal pirport environmental noise abatemoent poliey is followed,
there is less ehanee that the courts will liberalize awards, 1 any awards are granted,
they will be relatively small. 1 abatement policies are nol pursued, it is more likely
that the coturts will act, that they will nct seoner, and that there will be correspond-
ingly higher damage awards, This is just one bagis, i.¢., the avoidance of perecived
polential damage costs, on which the relative atlractiveness of other strategy alterna-

tives could be determined.

The Cost of o Notional 10 IM. M, -7 A. M. Curfew

Faced with such magnitudes of potentinl damage awards, it is possible that il a
source noisc reduction program is not adopted on a Federal level, airport operators
will (ake independent action to aveid and/or reduce the amounts of potentinl damuge
awards. One of the most dramatic actions that can be taken is the imposition of a
night-time curfew, As soon as it is apparent that no Federal program will be under-
taken, il is nssumed that the operators will undertake independent actions reswliing
in a national curfew and maintain it until effective neisc reduction alternatives become
available. * The assumption is made that tho curfew will be instiluied in 1974 and
maintained until at least 1980 when quicler aircraft could become available. Because
there is little fnetunl data available on the costs of curfews, the implications of this
poliey olternative requires morye detafled annplysis than the preceding alternmiives to
develop at least a minimum cost impact estimale and a perspective as to whether

public convenience will be adversely alfected.
The impact of a curfew can he broken down into the following arcas:
¢ Tmpact on passenger service
¢ Impact on air cargo service
e Impact on mail and express
¢ Impact on maintenanece and repair setivities

e Impact on inlernational operations

*Underlying this assumption are the further ones that the operators of the sirports are
the owners such that the Burbank ruling is satisfied and alse thal the FAA allows such
actions to occur. TFurther details on the Burhank ruling may be found in Ref, 10.1-425.
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Actually, there are some airports where no curfew would he needed or where
less vesirietive Iimils could be imposed.  The transfer of some mainteninee and
[reight operations to these airports would lessen the econamic loss to an area, if, and
only if, the noise exposure at these nirports does notl inerease as a resull of the aeti-
vity transfors. The detailed-analysis of the costs incurrad by eategory may be [ound

In an annex at the end of this chapter. {Sce Page 4-60)

The Noise Leduetion Effectiveness of n Curiew

Most techniques for measuring the cumulative effeets of aireraft operations over
time place a heavier annoyance weighting on nighttime operations than those during
the day. The Cumulntive Noise Forceeast method considers a {lighl between 10 p.m.
and 7 nam. to be as intrusive as would a higher multiple of daytime {lights. As a
result, the climination of these heavily weighted night operations through the imposi-
tion of a curfew yiclds a dramatic reduction in I‘dn levels with a corresponding de-

creasc in the land area within any given L, contour,

dn
Applying the mathematics of 1. (n Construetion to the assumptions used in deter-
mining curfew costs ({.e., 15 percent of the present total operations oceur duving the
proposed curfew period, 1/3 of the cancelled flights could he shifted to non~curfew
hours and 1/3 could be rescheduled with new aireraft), calculations show that a 10 p.m.
to 7 a. m. curfew would result in a § te G-dB reduction, which in turn would reduce
the land area exposed to any Ldn level by approximately 60 percent. Since the assump-
tion that 15 percent of the present total operations oceur during the curfew period is
based on national statisties, a further verification of this eslimate was made. The
weighted average percentage of night time operntions at twelve of the nation's most
active and noise impacted airports was found to be 11 percent. Using Lan mathemat-
ics, a curfew implementation ot these ajrports would result in an average 3 (B environ-
mental noise reduetion nt each aiyport whieh in turn would reduce the land areas
exposed to any L dn level by approximately 35 percent (10.4-441), Such impacted area
reductlons are significant and it follows that if such o curfew were implemented,
potentinl damage costs would then be reduced proportionally, This reduction would
be in addition to any other noise abatement technique employed and would
be based on the total land area exposed at the time of the curfew's implementation,



Summary of Curfew Costs and Institutional Effects

The curfew Investigation found that a national curfew implementation would affect
maintenanee, mail and express, air cargo and passenper operations. The major
impaets on the national airline systom aroe the costs assoefated with the additionnl
delay times. Alrline operaling cosls ean also be affected through the purchase of
additional airerafl, and the hiving of erews to [y them, so ns to make up the eapacitly
lost by the inability te move or pre-position aiveraft at night. The effcets on eargo,
assuming the shippers can adjust their sehedules, are the relatively small loss of
business., The cifeets on mail and express may be sueh that public convenience would
be affected if the peak velume periods for mail processing cannot be shifted to meot
the departure and delivery requirements of a national curfew. A summary of the
astimated curfew induced costs are shown in Tabie 4-1. Finally, by implementing
a national euriew, the airport operators are able to avoid a significant portion of the
estimated potential damage awards and the costs required to protect publie health and
welfare once such standards are promulgated.

In retrospect, it does not appear that litigation awnvds will provide sulficient
market incentive to trigger a national eurfew. This follows from the very low success
rate to date in such litigation, The real incentive to implement curfoews will stem
from the exccution of the Noise Control Act provisions and the share of land use costs
that ajrport operators must incur If no source abatement Lechnology is transferred to

tha active eivil flect.

Capaelty Limitation Agreoments

In recent years, the CAT has approved several agreements between airlines
compoting on the same route whereby each airline reduces its flight frequency along
the subject route. Under such ngreements the amount of equipment necessary to
service the route and its user volume is less, as are the airlines' costs. Tho finan-
cial results of theso agrecments have been dramatic in that significantly higher profits
have heen realized, by each participating airline, relative to the same user traffic

levels which existed hefore the apreements.

Understandably, the questlon then nrises as to what extent ean the frequency of
flights within the national network be reduced so as to provide some natlonal nolse

d-10



w

LT U PR

TABLE 4-1,

SUMMARY OTF CURIFEW COSTS

MILLIONS OF 1973 DOLLARS

DELAY AIRLINE OPS, A|RLINE LOST AIRLINE USER
TIMES COST INCREASE | CARGO REVS. | DELAY COSTS | DELAY COSTS || TOTAL
YEAR | {B00MINUTES) m (2} (3 (4) {5
1974 5132.8 7.30 3.77 39.06 36.06 86,19
1976 5353.4 7.83 4.13 40.68 37.56 90.20
1976 6867.4 8,40 4.9] 2. 39.06 94.28
1977 6781.2 9.06 4.92 43.83 40.56 98.47
1978 5995.1 9.73 8.37 45.56 42.06 102,72
1979 6208.9 10.54 6.87 47,18 43.56 107,45
1980 6422.7 11.37 6.22 48.81 45,06 111,46
TOTALS 684.23 34.79 307.53 283.92 690.77

SOURCE: REF B.4-182
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relief around ajrports? The answor to this question {s little or none at all! This
follows fram the apparent indusiry viewpoint of o eonservative system in operation. *
Given a national level of eapacity, then If less capaeity 1s eavrying more uscrs in one
portion of the system, the remaining capneily can be re-alloeated among the other
routes. 'Therefore, il the same frequency of [ights lo maintain this capacity cceurs,
then the national noise problem js not changed significanily. What may change are the

levels around some nirports where some might deeline while at others, recefving
greater numbers of flights, the Ievels may inerease,

Where sueh agreemenis may be of utility to tho airlines is in offsetting the 5 per-
eent additional capacity requivement created by the implementation of a nation curfoew.
If this could be offset, then the operating cosis shown in column (1) of Table 4-1 may
be avoided hy the airlines. There would also be some reduction in this induatry's
demand for fuel. To date, there are not sufficient data to analyze this possibility,

Implementation of Land Use and Receiver Treatment Alternatives

Only one of the Iegal and administrative response arens (i.e., a national curiew)
so far investigated will result in a reduction of the general noise environment around
the nation's alrports. ** Given the promulgation and cnforcement of a national noise
exposure standard, and the situation where no source ahatement technology is {rans-
ferred to the exposure clvil aviation [leot, the only completely effective alternatives

to public protection are noise compatible land use coniro] options, ***

The responsibility for exerelsing lind use control opllons are shared by the air-
port operators und the Federtl, State and loenl governments depending upon the size

*This is the essence of competing airline responses in CAD hearings, where the
assertions are mado that oxeass capaeity taken off one reute is dumped on another.

#*Tt ia acknowledged that aireraft operational procedures, when implemented, will
reduce the NET contours and the amount of population exposed to alrerafl activity
generated high nolse envirenments, However, these procedures will not completely
protect the nationally impacted public. 1t is in this sense that the term completely

effective 18 used,

*++In getting the nolse exposure standard, it has been assumed that technological
practicability, safety and economic reasonableness relative to all of the options
available to achieve the deaired levels, have been considered. Thus the discussion
here is in the context that land use and receiver treatment options are feasible under

the conaiderations discussed.
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of the noise impacted areas and the politieal jurisdictions that control its wellare.
Implementation of this type of allernative can require the removal of population from
areas of noise exposure greater than the public health standnrd, the noeise reduction
treatment of private and publie structures in the areas where noise nffeets publie
welfare, and the denial vin zoning vestrietions of any current and future land use

developments that are not compalible with the noise environment,

Noew nirport development shall be assumed to oceur only i noisc compatible land
uses occur concurrcnily. [For airports alrcady in existence, the costs of zoning
restrictions precluding alveady planned development will not be estimated. The esti-
mate to be developed s the cost of proteeting people in arens where the noisc environ-
ment exceeds the public healith and welfare standards. The type of protection employed

must result in an environment that is not in vielation of these standards.

The Unit Cost Curves

The Task Group 3 report (10.4-427) indicntes that persons exposed to exterior
cumulative noise levels (Ldn) of 80 d3 or above arc exposed to a signifieant risk of a
decrease in hearing acuity. Persons exposed to exierior Ldn levels of 75 through 80
dB are subject to extreme annoyance from the intrusion of noise and the effects such
intruzion has on their daily activities. ‘The degree of annoyance deercases with cor-

responding decreases in Ll . An cxterior L. of 60 dB is apparently the threshold

dn dn
where activity interruption is not signifieant enough 1o generate substantial numbers

of complaints.

Using these levels as o guideline, the rule of publie protection employed in the
cost caleulations is that every person exposcd to Ldn =G0 dB or greater must he
protected, Actions taken to reduee a person's environment to this level, or less,

range from recloeation to insulating structures.

For levels of Ldn of 80 dB or greater, no struclures treatment technologies are
feasible {12.2-291), 'The only feasible land usc alternative is the conversion of the
existing Innd uses to those which are noise compatible. In a study for the Aviation
Advisory Commission (Reference 7, 1-99) just such an estimate was developed for the
costs of converting ineompatible land uses within Ll = B0 dB around 11 airports.

dn
The estimate, developed in 1972 dollars, was $16, 000 per person relocated.  The
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cost consisted of nequiring all incompatible 1and uses, relocating tho people at no
cxpense to them, razing the struclures and packaging the land into noise compatible
Land use parccels. Consequently, most of the infrastructure costs of neighborhoods
were eapiured in this effort. There are, however, several shortcomings in using

this estimate. First, the 80 Ldn contours uncder which this estimate was developed
were for the year 1985, The current 80 L dan contours are larger and contain more
people md incompatible Innd uses. Secondly, no allowanee was made in the develap-
ment of this esiimate for the recovery of the conversion investment. This was primar-
ily due to the lack of information on the timing and sales rates that could reasonably

be expeeted.  Assuming that the same infrastructure relationships more or less obtain,
then although larger land arens are curvently involved the conversion costs per person
will remain relatively stable. Making an allowanee for investment recovery, it is
assumed that 50 pereent of the property acquisition costs (1/3 of the total conversion
costs) ¢an be recovered during the time period of interest. These assumptions result
in 1 1973 dollar eslimate of $10, 000 per person reloeated and will bo used in this
analysis,

For levels of Ldn Iess than 80 dB there exist structure treatment technologies
which, il implemented, will insure that noise intrusion will not affeet the daily activi-
ties of the public inside the treated structures (12, 2-291). It should be noted that
implementating structure treatment technologies makes no provisions for the effect of
noeise on the outdoor environment, i.e., it requires the impaeted publie to remain
inside acoustically treated homes to avoid the annoyance eaused by aireraft operations.
Consequently, estimates developed from the structure technologies approach are con-
servative in the welfare sense that all publio activitics should not be affected by noise
intrusion, The average trentment cost utilized has been put on 2 per capita basis to
facilitate computations. In 1973 dollars the levels per person used were $2500 per
person for 13-17 dB reductions, $1400 per person for 8 to 12 dB reductions and $500
per person for 3 to 7 dB reductions.

Using the data presented above, the lower curve shown in Figure 4-2 has been
constructed. T{ represents the minimum land use and receiver treatment costs per
person poer unit (dB) of cumulative noise exposure, Use of this curve does not allow
for public cholce, when it is applicable, of having one's sfructure seundproofed or
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choosing to leave the high noise envirenment at no cost, ' The upper curve has heen
developed to present a more probable outcome of having the public choose its protee-
tion techniques. 1ts construetion assumed that all persons scvercly annoyed in the
population exposed to Lc]n levels of 75-80 dB would choose to reloeate al a cost of
$10, 000, the rest of the exposed population will choose to remain in the area and have

their dwellings soundproofed. Between the 1., range of G-75 dB onily one hall of the

tn

annoyed population will choose to rclocate. Finplly, at ]‘(]n = 30 dB, none of the people
annoyed will choose to reloeale, Included on this figure are the [HHUD aceeptability

categories. A luller explanaiion of these moy be found in Table 4-2,

Baseline Land Use and Reecciver Treatment Costs

Supplied with a set of unit cost curves, the estimated national distribution of pop-
ulation exposed to various levels of noise in 1972, and the percentages of exposed
populations that ave annoyed, ** one can develop o national estimate of the costs to
protect the public from noisc pollution using only land use and veceiver lreatmont
options. DIxercising thase data, the total cost of this option is estimated Lo be in the
range of 21 to 31.5 hillions of 1973 dollars. How these vosts cumulate by cumulative

exposure level are shown in Figure 4-3.

Summary of the Null Findings and Implications

Several possible implications of n strategy of nol implementing source noise
reduction technologies have heen examined. It has been estimated that potentinl 1iti-
gation awards could total $300 million 1973 dollars. However, the realization of such
an award level would require some fundamental changes in the law eurrently utilized
in such litipation, As this likelihood is small, then the expeeted actual awards should
also be small. In addition, the inecidence of such awards first falls on the nirport
operantor who may or may not be able to pass these costs on to the airlines. The

*1t should be noted that not all persons exposed to high neise cnvironments are annoyed.
In general, the higher the noise environment, the greater will be the percentage of
exposed population annoyed. For n complete discussion see the report of Task Group

3 (10, 4-427),

¥*5ee summary table in section 4-G of the Task Group 3 Report. (Ref, 10,4-427)
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TABLE 4-2. HUD ACCEPTABILITY CATEGORIES FOR PROPOSED
HOUSING SITES

Clearly Acceptabin: the naise exposure is such that both the indoar and
outdoor environments are pleasant,

Normally Acceptable: the noise exposure is great enough to be of some
concern but common building construction will
make the indoor environment acceptable, even for
slerping quarters, and the outdoor environment
will be reasonably pleasant for recieation and play,

Normally Unacceptablle: the naise exposure is significantly more severe so
lhat unusual and costly building canstructions mre
necessary to ensure some tranguility indoors, and
barriers must be erected between the site and
prominent noise sources to make the outdoor
environment tolerable,

Clearly Unaceeptable: the noise exposure at the site i so severe that the
construction costs 1o make the indoor environ-
ment acceptlable would be probibitive and the
outdoor enviranment would still be intolerable,
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abilily lo pass through such costs is n function of the lype of lease each airport
operator has with the airlines,

This litigation spectre is only one of the pressures that an airport eperator would
ho under. TPerhaps, just as important ave the loeal, polilienl, and socinl pressures
currenlly being exerted.  Tn addition, the 1972 Noisoe Contirol Aect, as its provisions
are being implemented will establish environmental noise exposure standards which
the aperator will at some point in time e required io comply with. Under such n sot
of pressures and eircumstances, it is reasonable to expect the nirport operator,
knowing thut source reduction teehnology will notl be implemented, to take independent

actions to recduce the extent of the airport/community noise environment problem,

One of the aetions an operator may take is {o institute a night-time curfew. The
Implications of such independent actions when they amount 16 a national 10:00 p. m. to
7:00 a.m. curfew on aireraft flights have also been examined. Although the cost
estimate developed 1s admittedly conscervative, the estimated total six year cost of
such a eurfew is npproximately $700 million. Slightly over half of this cost s initially
incurred by the airlines, the remainder is incurred by the users. This estimate was
developed under the assumption that airline users eould adjust their transportation
requirements to schedules that comply with the curfews. Where this structural res-
ponse {8 not valid, the costs of the curfew are understated.  ilowever, the cifective-
ness of n national curfew is estimated to result in a 35 to GO pereent reduction in the

land areas exposed (o high noise environments.

A cursory examination of whether incrensing approval of capacity limitation
agreements would help alleviate the noise environment problem around airporls
revealed that this {rend would not be very cffeetive for this problem. It cotldd, how-
ever, aid airlines io earn higher profits and reduee the operating fuel requirements

of this industry.

Sinee the airpori operator can also be a paying pariner in the land use options to
allevinte the subject problem, estimates of these oplions were also developed. The
total cost range of a land use and receiver treatment option to achicve o ["dn =60dn
environment has been estimated to be $21 to 31.5 billion. Although the extent of the
operator’s participation in this option has yet to be determined, it should be expected
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that it will be significant and provide the real incentives for the operators lo take

aetions to reduce the noise cnvironments around thejr respective aivports.

Given the magnitude of the costs associnted with some of the possible responses
to a deelsion not to implement source noise reduction technology into the current civil

avintion fleet, n morc rational solution to this conflict problem must he identified.

CURRENT TECINOLOGY QPTIONS

The objective of the following analysis is to investigate whether transferring
current noise reduction technology into the civil fleet of this nation would have more
desirable finaneinl and economic results in achieving various cumulative noise levels,
than those developed in the previous discussion. Initially, commereial and general
avintion fleet modification strategics, resulting in reduced noise impacts around air-
ports, are developed from the available oplions., Estimation of the costs and noisc
impnet effectivencss associated with each strategy are then generated. From these
data the economies of achieving various cumulative noisc levels are developed for

cach fleet morlification strategy. *

The Relationship of the Options to Plect Modificntion Strategles

The four basic technology options available during the time peried of interest
(1973-1985) are tho nacelle retrofit, engine refan retrofit, cﬁg’inc replncément and
aireraft replacement.  These latter two options are not investigated here for the
commereial fleet because of the seareity of effectiveness data and their high program
costs. The remaining options, nacelle and engine refan retrofits, may be used
individunlly or in combination on various tynes of aircraft in the commercial airline
fleet, They may nlso he used in conjunetion with aircraft operational procedures,

Time plays an important role because of the dynamics of change hoth with respect
to fleet mix and numbers of operations, Given the fnet that the new high-bypass ratio
engine aireraft are quieter than existing narrow-body aiveraft, and that presumably
future nireraft will be even quieter, the expected long run trend is for reduction in

*The data and findings of Ref. 8,5-355 arc used extensively in this study.
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airport neise. This trend has not heen reflected in the null ease just discussed us it
was examined fyom (he viewpoint of short torm potential publie reactions in the pre-

vious scection.

Undersiandably, the timing of the commeaereial aviation retrofil programs will
have a signifieant impact on the overnll clfectivencss of the program relative (o the
publie protection requirements. Schedules developed in Ref, 8. 5-1360 for retrofit
implementalion were based upon current and proposed regulatory actions and the
status of the ongoing FAA and NASA rescarch programs. These schedules are real-
istic but do not represcnt a4 commitment on the part of the Government to any specilie

regulatory or program aclion. T[or this analysis the schedules nve:

& Naceclle refrofit on all JT8D engine aireraft starting in cavly 1975 and
JTAD engine airerafl starting in late 1975, all airplanes completed by
July 1, 1978.

e Refanned engine retrofit on all I'T8D engined alreraft starilng near the
end of 1976, complete by December 31, 1979,

e TRtefanned engine retrofit on all JT3D engine airerafi stavling near the
end of 1977, complete by Decomber 31, 1980 (ineluded for comparalive
purposes only. Program support discontinued by the Government (n
January, 1973).

e Opcrational change in 1973, 3000 foot approach altitude until intereept
of 2 3° glide slope.

e  Operational change starting in mid-1974 and completed by the end of
1978, 3000 foot approach altitude until intereept of n 6° glide slopo
to 1, 200 foot transition to a 3° glide slape by 800 foot altitude.
Seven combinutions of the commercial aviation SAM und REFAN retvoflt oplions

were analyzed. ‘They were:

1. SAMAD - = Retrofit all JT8D engined airplanes with
acoustically treated nacelles.
2, SAMAD — Retrofit all JT3D englned airplanes with

ncoustieally treated nacelles.

3. SAM B/3D — Hetrofit all JTID and JTSD engined airplanes
with acoustically ireated nacelles.
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4. RFN 727/ ~ Ttetrofit the B-727 with refanned engines and
SAM rest the other JT3D and JTBD engined airplanes
with acoustically treated ancelles.

5. RFN 8D — Retroflt the JTED engined alrplanes with
refanned engines; Ineluding alreraft produced
with "quiet'" nacelles prior to start of refan

retrofit.
6, RFN 8D/ — Retrofit the JT8D engined airplanes with
SAM 3D refanned engines and the JT3D engined air-
planes with acoustically treated nacelles.
7. RFN 8D/3D — Retrofit all JT3D and JT8D engined airplanes

with refanned engines.

It was further assumed that all alrcraft produced after the start of the retrofit
program would he produced with the nppropriate engine/nacelle configuration to keep
newly produced airplanes at the same level as the retrofit alrplanes. Figure 4-4
depicts the schedule stert and completion times for each option during the time period

of interest.

As discussed in Sections IV-1 and 2 of this report, the jet powered aireraft in the
general avintion fleet are expected to Inerease in number at 2 much more rapid rate
than those in the air coarrier fieet. New alreroft introduced into this fleet will, in
meneral, probably take advantage of the operating economics assoclated with the
turbofan engines and, therefore, alse produce less noise., However, a major portion
of the existing fleet is powered by turhojet or vory low bypass turbofan engines. Noise
suppression kits, ineluding modified exbaust nozzles and sound absorbing materials,
and/or engine replacements for the existing aireraflt are being considered. Speeifie
considerations are detalled In Section IV-2 of this report. For the purposes of this
study, it is assumed that each type of general aviation aireraft will have the appropri-
ate retrofit option implemented by 1978 such that it complies with the current FAR-36

requirements.

Retrofit Effectiveness Meoasure

Retrofit effectiveness ean be measured in a humber of different ways: noise
reduction at a given set of points on the ground; reduction in the size of the nolse
footprint for a single takeofl and landing; reduction in the noise impacted population
around airports using seme criterien measure which incorporates the noise effect
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of all aiveraft operating at that airport, This Intter criterion measure (redue-

tion in impacted population) is used to judge program effecetiveness,

Daty Inpuls

The haseline nireraft noise levels, the FAR 86 limits il the retroliticd alreraft
noise levels used in this analysis are summarized in Pigures -5 through (=7 for the
A1s and TS powerced giveraft under study by ihe PAA ond NASA confractors, The
FAR 26 data are for aiveraft flying ot maximum gross takeofT weights,  The dati for
the FAA nacelles with sound absorption material (8SAM) are based upon {light tesls
(B3=707, B=727, 13-T87, DC-9) or analytical gtudies (MC-8). tecent Hlighl Lest flilu
for the Boeing 707 with necoustieally treated nacelles have not been fully analyzed,
hut give high confidence to ground test estimates. A vange of data has been prescenterd
for the NASA Refan Program since the effort to date is basieally analytieal and has

not progressed fo the point where a Cinnd conliguration (engine and naeelle) can be selected,

The rvelanned JTAD aiveraft (707 & NDC-8) are ineluded, although Governmenl
fundtingr Tor this propram has been terminated, At the present time the maximum rvefan
treatment used in Lhis analysis has heen dropperd by the NASA program and the more
prohable configuration is the minimum refan. The maximum nnd minimum refan

reductions are also depicted in the nbove cited fipures,

Analysis Approach

Given these various sets of nolsc output data, the-important question then is how
noisy will the airport environments be under relatively realistic operating conditlons:
i.e., o mix of takeoff profiles and aircrafl types. Six airports were analyzed In con-
siderable detail with respect to forceasted operations by airerafl type, aireraft flight
procedures and airport runway/flight track utilization. The analysis of the six alrports

assumed maximum acoustienl treatment for refan.

The analysis for each nirport included the establishment of the present alrport
configuration, Ineluding land avesn (and boundaries), the heading, length and Iayout
of usable runways, 8 summary of operational facilities pertinent to the airport's

current and future operations and capacity including NAVAIDS and {axiways.
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The stalistic used to deseribe noise exposure avound an alrport is the Noise
Exposure Forseast (NEF). NEF is determined by the noise levels of the individual
airplancs mnd the totial number of movements into and out of the airport. For this
analysis, the numhbor of aireraft movements reprosentative of an average day based
on an annual estimate have been estublished for each airport. ‘The amnual average

day has becn used heecnuse:

® NETF contours are not ahselute measurements bul are intended for
comparative purposes. Therefore, the operational information
utilized in developing the contours is correetly based on averaged
conditions. Noise measurements made at any one time (say, over
a period of a few days) may be thought of as representing a
"snapshot" of the situation at that time rather than the long-term

average of the NET contours.

s NEFT contours are relatively insensitive to small changes in traffic

volumes.

e Total sirport activity is relatively stable over periods lasting

several months,

Assuming that a major portion of business jets flights are into or out of Isrge
airports, then the noise reduction impacts of these ernft will be masked by commer-
cial nirline activity. However, if no modifications were made to these aireraft
which now exceed the current FAR-36 levels, then regardless of what alternative is
implemented for the commercial fleet, the business jet fleet would contribute more
significantly to the noise impacted environment, Consequenily, maodification of each
element of the clvil avialion [leet not in compliance with the existing TAR~36 levels is
assumed in this analysis since it is not only equitable but the most efficient way to
reduce the noise environments around all classes of airports.

The estimated average daily operations used for the year 1972, 1978 and 1985
by major airplane categories at the six analysis airports (Atlanta, LaGuardia, Kennedy,
San Francisco, Los Angeles and O'Hare) are summarized in Figures 4-8 fhrough 13,

To reiterate, aireraft rvetrofits with either acoustically treated nacelles or refanned
engines are inténded, primavily, to alleviate the prablems associated with noise around
existing airports and not future airports. Future airports are expected to be built with
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noise as one of the design eriteria taking into aecount the noise levels of atreraft
expeeled to he in use when the airport is operational. Onc objective of this study is
{o determineg if sourec nhatement teehnology, il applied, will reduce the totnl cost of
achieving various cumulative noise levels. ‘The major impaet of airceraft noise has
leen on the people residing under or adjucent {o the various flight tracks; therefore,
reduction in the number of people living in nolse fmpacted areas is the major eriterion
for nssessing the cffcctiveness of any noise abatement effort. A major sub-objective
of this analysis effort has been {o estimate the number of people currently residing In
noise impaeted areas, the expected number adversely impaceted in the future if there
ware ho retrofit or ehange In operationnl procecdures, and the change in the number of
people Impacted if a retrofit program and/ov operational ehanges are implemented.
Population estimates are bascd on the 1970 census.  No altempt was made to forecast

population changes for future years.

Analysis Results

Estimates of the population residing within the noise impacted areas for each of
the airports in the analysis have been gencrnted for the two operational alternatives
and the soven retrofit options, These estimates are for 1972 (the baseline year) and
the year the modification option was completed, assuming no change in population

from the 1970 census estimates.

The eurves of Figures 4-14 and 15 show the population effcels of the baseline "do
nothing™ ense, plus the cifects of two retrofit options and modificd landing procedures
on population impacied by noise for the six airports studied. The relative cffectivencss
of the noise reduction altevnatives is highly sensitive to the airport being analyzed.
Some general tendencies, however, can be derived from the figures. When combined
with two-gogment approach, clther the SAM or the Refan 81/SAM3D retrofit will
reduce the population exposged in the L dan = 65 dB and 75 B contours. With the JTSD
refan/SAM3D option, the reduction in population exposed Lo Ldn = 65 dB3 region is
significantly greater than that achieved by SAM. The extent to which this tendency
will be modified by shifting to the minimum refan acoustieal treatiment should be
determined by further analysis. One other factor should he veiterated: the SAM
nacelle is currently in production or has been Might-tested on the B-707, B~727, 13-737,
and DC-9; the JT8D refanned enging and modified nacelle data is based upon engineering
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analyses; and the cxact configuration and degree of acoustical treatment is yet
to le decided; therefore, datn presented arve subject to significant varintion until

further work is accomplished,

The difference in program timing will have an effect as to when the nolse reduc-
tion enn be achieved, As can be seen in the bascline case of Figures 4-14 and 15 there
will be a reduction in the number of people in the Ldn = 65 dB and 75 dB3 contours
betwoen 1972 and 1978 with normal attrition and replacement of the current fleet of
JT3I} alreraft and new production of JTSD engined ajreraft which meet FAR 36 {the
Boeing 727 and 737 airplanes have been certificated in compliance with the FAR 36
noige requirements), The assumption has also been made that the population density
around the afrports will not change between the 1970 census data and 1978. This
Intter nssumption depends upon proper land use planning to prevent continued
encroachment in the vicinity of the airports. Such an influence is eurrently beyond

the control of the alrport operator.

There will be [urther reductions if the two-segment approach is implementod

starting in mid-1974.

COST ANALYSIS OF RETROFIT ALTERNATIVES

The Commercial Airlines

To determine the impacts of these various fleet modification strategies on alrline
industry economies, aeveral assumptions must be made on how the economy is expected
to perform and whether the industry will become more cfficient during the time period
of interest. In general, the DOT studies from which this analysis has been performed
assumed that the economy would continue to grow at a rate of 4 percent real growth
per annum, In addition, an industry average flight load factor of 55 percent was
assumed to he reached by 1978,

From these assumptions, existing FAA, CAB and ATA traffic demand esti-
mates were used as bases for estimating passenger and cargo traffic growth on an
annual or specifie future year basis. Given the productivity of each type of aireraft,
thelr respective numbers in the current fleet and individual nirline eduipment
retirement and acquisition plans, estimates of the fleet mix at points in time are
made, Given these datn, the candidate fleets which would be affected by each
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retrofit alternative are then identified, Note should be taken here that fleet mix
estimates developed as deseribed above will necessarily be different than that which
would obtain if industry economics were such as to preclude early retivement due

to the high cost of capacity replacement or the cost of eapital in the private market.
This situation of delayed retirement of the noisier aireraft in the fleet was not inves-

tigated in this analysis.

Evaluation of the cost of proposed noise reduction programs is based on specilie
data derived from the FAA nnd NASA studies. Because these studies are at different
stoges of completion, the accuracy of the cost estimates will vary between prograums,
TFor this reason the costs discussed heve, parvticwdarly with respect to the Relan
Program, are preliminary and are subjeet to change ns the rescarch programs near
completion. Nevertheless, the relative order-of-magnitude estimates of the retrofit
costs can be used at this peint to compare the cost effectiveness of the various program

alternatives.

Alternativoe programs {or noise reduction have been evaluated in terms of total
cost of the investment required to develop, certificate and install these selected
modifications on all eandidate aireralt, plus the marginal operaling costs associated
with the modification over the time period, and for the varying numboer of candidate

aireraft subject to the program.

Analysis of fulure costs must also take into account all likely losses incurred by
virtue of the retrofitting program. Among these are opportunity costs resulting fro‘m
loss of revenue due to forced idleness of the equipment during installation and main-
tenance of noise reduction kits, and lost productivity from changes in performance,
weight or fuel consumption. The impact of any potential lost productivity of rotrofit
aireraft which could result from changes In performance, weight, or fuel consumption
have been considered by assuming that the available-ton-miles produced in any given
time period will be unchanged elther by incressing the number of airplanes flown per
day or the utilization rate of each airplane for each retrofit alternative. Therefore,
no revenue \adli be "lost;'" however, the cost of providing the fixed level of produc-
tivity may be significantly altered by retrofit. An approximate measure of the cost
impaect of lower productivity has been developed by applying the changes in unit direct
operating costs over the additional {flight hours, additional aircraft miles or ndditional
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trips necessary to praduce the original level of availuble ton miles.  Shown in Table
A=-3 are the vetrolit unit costs per ajveraft,

Table 4-1 summuarizes the rotrofit program costs by elemoent, both in curvent
dollars and present value discounted to 1973 at 1 10 pereent discount vate,  Figures
A-16 and 17 show the total program cost in both current and present value.  Minimum
anrd maximum estimates have been derived based upon o range of refan retrofit cosi
el periormanee changes.  Uncertainty in the estimate of number of airveralt to be
relvofitled and the unit cost per airerafl is bounded by @ plas and minus in these
estimates.  As has boen previously noted, NASA has dropped the maximum refan
treadment from its JTsD velan researeh program.  In addition, funding for the JT31
refan program has been dropped,  To this extent one should expeet Lhe performance

effects estimated here to diminish and/er program costs to inerease.

The Business Joet Portion of the General Aviation Fleel

Since the current business jet fleet will still he aperating during the time period
of interest, those aiveralt which currently canmnot satisly FAR 16 requiremoents are
the eandidate set of aireraft for the nacelle, maodified nozzle or re-cngine alternative.
For those ajverafl yot to he manufactured, the assumption is muwdle that these aireraft
will eonform to the current FAR 36 requirements,  Given this set of conditions, then
the retrofit or re-engine Investment per alreraft type would be as shown in Table -5,
Shown in this Table avre the tetal investment requivements by alrceraft type and lor the
tolal fleet,

It should be noted that 1he totnl business jet {leet investment requirements are
significant. In the ease of the Re-engine option however performance and operational
benefits will he reallized and, under a eeleris paribus activity level nssumption, these

business jet operators will realize o savings.

ECONONICS OF ACHIEVING VARIOUS LEVELS OF CUMULATIVE NOISE EXPOSURE

The ohjective of the following analysis is to utilize the cost and ceffecliveness
resulls of the previous discussion {o determine i o mix ol source noise reduction
techniques and land use alternatives enn result in a more equitable and less costly

program of achieving various levels of cumulative noisc,
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Aireraft

JT3D Engines
B-707's

DC-8's

JT8D Engines
B-727's
B-737's

DC-9's

E 4-3.

UNIT CQOSTS FOR NOISE RETROTIT PROGRANS!

S5.A.M,
Sound Absorption
Material

$ 930,000

$ 770,000

$ 169,000
$ 202,000

$ 175,000

* Installed cost per alreraft, including spares

(1978 dollars).

Source: Reference 8.5-353
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REFAN
New Front Fan
with 8. A M.

% 1,900,000

% 2,300,000

$ 1,400, 000
$ 1, 000, 000

$ 1, 100, 000
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TABLE -d~4.

Minimum Estimare

Gurrent Dollars

RETROFIT PROGRAM COSTS {5M)

Maximum Estimate

Change Lost Totat Change Last Totat
in Cash Lost Praduc-  Retrofit in Cash Lost Produc- Retrafit
Program investment  D.O.C. Time tivity Cast lnvestment  D.O.C, Time tivity Cost
SAM 8D 164.4 25.0 25.4 7.4 222.2 222.5 25.0 25,4 7.4 2803
SAM 3D 240.7 58,0 11.8 859 416.4 303.4 58.0 1.8 559 519.1
SAM 8D/3D 458.1 83.1 3712 3.3 G38.7 6159 3. 37.2 63.3 7995
REFAN 727/

SAM Others 1,Q65.0 249.9 36.6 m.7 1,463.2 1,440.8 4931 36.6 887.7 2,558.2
REFAN 8D 1.121.0 339.0 24.4 189.3 1,673.7 1,616,7 756.7 24.4 1,004.4 3,302.2
REFAN 80/

SAM 3D 1.411.8 397.1 36,2 245.2 2,090.3 1,810.0 814.4 36.2 1,060.3 3,813
REFAN BD/3D | 1,662.7 456.3 333 205.3 23478 2,236.% a46.7 33.3 1,126.7 431.8

Present Value, 51973 {10% Discount Rate)
Minimum Estimate Maximurn Estimate
SAM 8D 112.56 10.9 17.4 3.2 144.0 162,2 10.9 17.4 3.2 183.7
SAM 3D 193.2 5.4 7.9 248 251.3 261.4 25.4 7.9 24.8 319.5
SAaM 8D/30D 305.7 36.3 25,3 280 395.3 413.6 36.3 25.3 28.0 603.2
REFAN 727/

SAM Qthars 673.5 101.4 234 46.9 845.2 911.3 197.2 234 234.3 1,366,2
REFAN BD 687.1 132.5 15.0 735 906.1 928.7 295.9 5.0 3822 1,6328
REFAN 8D/

SAM 30 880.3 1579 229 88,3 1,169.4 1,191.0 3214 22.9 417.0 1,952.3
REFAN 80/3D | 1,015.0 1804 205 80.0 1,295.9 1,373.2 3737 20.5 4431 221058

i S bt Y M e 15 s ' o e APt b ST Y RrIn e e s L meni




£r-¥

-

0

0.5

1.5 2 2.5

35

SAM )
80

SAM

3D

N

SAM
8D/3D

]

REFAN 727
SAM OTHERS

AN

\\\\\\\\\\\\\\\\\\\\\\\\\\

[

REFAN BD
SAM 3D

\\\\\\\\\\\\\\x\\\\\\\\\\\\

I I

REFAN
80/30

i
I
!

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

il i

0

0.5

Figure

1.6 2 25
BILLIONS OF DOLLARS

4-16, Estimated Total Costs [or Seven

{n) Currcnt Dollars

3.

Retrofit Options

4.5




L+

Il

[T

42‘5&%’#5@’TS &\]\\\\\
JEEGEIE N\
SIS \\\\\
IS NN\

BILLIONS OF DOLLARS

Figure 4-17, Estimated Totnl Costs for Seven Retrofit Options
(b) Present Value 1973 (10% Discount Rate)

e



TABLE 4-5. INVESTMENT COSTS FOR NOISE SOURCE
TREATMENT QF DOMESTIC BUSINESS JETS

INVESTMENTS (1873 Doltars x 10%)
Est, Costs/Aiveraft Costs/U.8, Flect
U. 8, | Engine | Install- Re- Re- Re-~ Re-
Ajreraft | Flecl Set ation engine trofit engine | trofit | Fleet
Type Qty Costs | Costs* | Costs Cosls Costs | Costs | Custs
BH125-400 | 4., - - - 9,100 - 4.2 ] 1.2
-300 - - - 0.100 ~
Commodore
iz L+ O
1121 134 =210 . 150 0. 360 - 48,3 18,3
1123 » 210 L1500 0. 360 -
Gates-Lear
24D - - - -
258/C 81 | .210 L 150 0. 360 - 29,2 29,2
26 - - - -
f Grumman | 113 - - - 1500+ - 17.0 | 17.0
11
. Jel Star 124 - - 1.350 - 167.4 - 167.4
~ 1329
' Snbreliner
L 60 | g [_-340 | .150 490 - 30.8 - 10,8
. 70 - Lo - - -
1 TOTALS 275.7 | 31.2 | 306.9

; * Agsumed $75,000/cngine inslallation (Hef. 7. 1-54)
** Cost estimate based upon BAC-111 and F-28 Data (ltef, 3.8~367)
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It has been found that the introductlon of source ahatement technelogy will
reduee the noise impaeted population around alrports due to the shrinkage of NEF
contours. Iowever, the impacted population or noise rvoduetion effeetiveness of
any of the alternatives varies as a funetion of time. This is due to the different time
periods for the start and completion of a speeific program, and the varying effect of
changes in the fleet mix between retrofified nirplanes, unmodified airplanes and new
abeplanes.  As o measure of effectiveness the maximum impacied reduction achieved
by retrofit has heen selected.  Implieil in this selection is the assumption that public
poliey would not permit the nojse problem to grow once noise reduction had been
altained,  Various policy alternatives to atiain Lthis objeetive ave currently being

explored in the DOT,

The results of the six airports analyzed in these effectiveness terms may be
generalized [rom Figures 4-11 and 15, The ™no change" alternative has an eifectlve~
ness ol nhout 20 pereent; i, e., changes in the fleet mix alone will result in an average
20 percent reduction in ihe population within the 30 or 0 NET at no additional cost for
noisc abatement. Implementing the two-sepment approach would incerease the effective-
ness 1o about 25 percent in the 30 NEF area, and to about <0 percent in the 40 NEF
arca, Retrofitting all of the JT3D and JT8D engined airplanes with acoustically
treated nacelles and using 3 two-segment approach will inerease this effectivenass
further to abeut 30 percent in the 30 NEF area and nbout 60 percent In the 40 NET
aren and, as shown in Figure 4-16 and 17, at a current dollar total program cost of
some 3600 Lo 800 million (present value of $400 to 500 million in 1973 dollars).
Similarly, retrofitting all JT8D engined aireralt with refanned engines, and all JT3D
engined aireraft with acoustically treated nacelles and flying a two-segment approach
will have an efficiency of ever 80 percent in the 30 NEF area, and about 75 percent
in the 40 NEI® area, at a eurrent dellar total program cost of $2.1 to 3. 8 billion
{present value of $1. 2 to 2.0 billion in 1973 dollars). These effectiveness levels
indicate that the 31,5 billion dollar maximum estimate to protect the 1972 impacted
publie to I..{l n= 60 dB using land use options only, can be significnntly reduced as
shown subsequently in Figures 4-18 throeugh 22, However, one should recall that the
numbers cited in the Refan cases are optimistic both from a performance and cost
standpoint, and some adjustment may he required as firm figures are developed.
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Transintion of the Six Airport Effectiveness Results

Ta iranslate the general findings to the national impacted population distribution,
the following procedure was followed. By assuming that the six airport effectivencss
results reasonably reflect what can be expected on a national basis and normalizing
the six nirport results to a percentage reduction of the baseline population, one can
develop an annual relationship between effectiveness per option and calendar yeor,
Shown In Figures 4~14 and 15 are the percent population impacted variations by
year, for two of the options, for the Ldn = 656 and 75 dB levels, Rasieally, hecause
of the static population aspect of the baseline case, populnation shrinkage in any
contour {s the result of that contour itself shrinking, Assuming that all other L dn
contours also shrink proportionately as the Ldn = 65 and 75 dB contours vary by
aption, by year, then these results become transferrable to any Impaeted population
distribution.

For this analysis, a static national estimate of the Impacted population distribu-
tion by L In level (see Figure 4-1) has been assumed and this distribution is utilized
to estimate the remaining population impacted in the following manner. The two
data points indicating baseline percentage population reduetions for an option, also
represent two points on the resulting national population distribution curve, To
construet an entire optlon eurve, the assumption was made that the original curve
shape represented the relationship between population impacted and cumulative noise
exposure. Therefore, a symmetric shift of the original curve form was performed
and the population impacted per L dn level wns tabulated. This process was performed

for every option investigated.

Retrofit Influence on Total Achievement Costs

Reenll that the rule employed in the cost ealeulations is that every person
exposed to Ldn = G0 or greater must be protected to that level, On this basis a
land use and structure treatment unit cost curve (Figure 4-2) was applied to the
baseline national impaected population curve to develop the estimate range of 21 to

31,5 billions of 1973 dollars to achleve an Ldn = 60 dB environment in 1973,

Since, with the passago of time and/or the implementation of an operational or
gsource abatement cption, the impneted population decreases, then it also follows that
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the 1973 dollar cost of nehieving this or any other level will diminish. Itowever,

the aperational and/or retrofil progrum costs must he added to the land use and
Lreatment costs to accurately reflect the totn] costs of achieving a desired cumulalive
nolse environment. Shown in Figurcs 1-18 through 22 arc such tolal costs for cach

five unit inerement of 1., or NEF level, The Ltop bar in cach figure portrays the

1073 Tanel use only optioﬂl,1 the reduction of these costs as the haseline situntion occurs,
and the effeels on achievement cosls of also implementing ﬁo/.‘}o approteh procedurcs. *
One should also note that the retrofit program completion dates are included to illus-
trate that there do exist differences in the duration, or waiting peried, before the
impaeled publie could expeet rolief via the transfer of source abatement technology

to the operating civil aviation flect,

One will find, upon inspeetion of thesce fipures, thal the implementation of any
sourec abatement technelogy will exelude the nationnt population around airports from
heing exposed lo 80 [‘Lln levels and above. One will nlso {ind that the implementation
of any source abatement technology will reduce the total Ldn = G0 dD achievement costs
by at [east 13 hillions of 1973 dollars. Again, in reviewing these [igures, onc is
cautioned thal the Refan total prolection costs are subject to revision upwards as more

refinod data on expected performance and unit costs are developed.

On the basis of the rational use of vesources, it is apparent that source abatement

teclmology shonld be implemented into the active eivil aviation fleet.

Sensitivity Analyses

As previously mentioned, the assumptions and bhasic data supporting this analysis
are subject to variations and rovisions. To determine if the conclusions of the analysis
would change if such actions took place, a sensitivity analyses of some of the key

variables must be undertaken,

*Recall that the procedure lor determining population reductions was a symmetric
shift of the population distribution eurve such that the new curve passes through the
Lgn = 66 and 75 B point estimates. However, operalional procedure effectiveness
in high noise environments (L, 280 dB) is non-existent or small, primarily beeause
these procedures only redistribule energy, Conscquently, on Page 4-49, no popu-
lation reduction credit is given to the two-segment approach,
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One of the basie nssumptions made was that noe further population encroachment
occurred in currently noise impacted areas avound the nation’s airports. In reality,
one should expect that such eneroachment will occur until loeal governments actually
come to grips with the noise pollution problem and implement effective land use con-
trola. The effects of such encroachment are Inereases In noise impacted populations
and inereases in the costs of achieving any desirved level of cumulative noisc exposure,
This is one argument for n timely adoption of an integrated environmental nolse
reduction program if the costs of nchievement are to be reasonable.

If the impacted population distribution curve were changed, then the effectiveness
and costs of the varlous options examined would change. If the change were symmetric,
the land use cost component would change accordingly. The reolative results would still
obtain; however, a stopping point may be created. If the change were non-symmetric
then a re-evaluation of each option may be required.

The other key varisbles, which can influence this study’s findings are the
following:

e the number of nirerait to be retrofit;

¢ the availability dates of the retrofit kits;

e the estimated source noise reductions resulting from the retrofit; and
o the cost of the kits.

The number of aireraft to be retrofit has both program cost and effectiveness
implications. Total retrofit program costs would increase If the number of aircraft
to be retrofit were greater than that used in this study, The effectiveness of an
expanded fleet retrofit for either technology would be approximately that estimated
in this study If not greater. ‘This follows from the fact that when the narrow bodied
portion of the commereinl fleet is retrofit with SAM technology, their resulting
noise output levels are reduced to those comparable to the 747, DC-10, and L-1011.
The activity levels at airperts, under a constant capnoity offerell assumption, may
incraase slightly due to the requisite capaeity substitution from wide bodies to narrow
bodies. However, the resulting cumulative noisc levels around airports would rot
change proportionally, but logarithmically. Retrofit of narrow hodies with Refan
technology would malke these retrofit aireraft quicter than the wide bodies, It
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therefore follows thal the Refan retrofit fleet would have relatively quicter aireraft
operating than that used in this slady: conseguently, the effectivencss of this type of
retrofit program would be greater than that employed in this analysis.

The remaining variables of availability, noise reduction performance and costs
of the retrofit kits have little uncertainty assoeiated with them lor the SAM tech-
nology. This situation is primarily due to the fact that this technology 1s flying in
current production aiveraft and flight demonstration tests have been made of a kit
for one type of aircraft not currenly In production. The chance of a slip In the
availability schecule of more than six months, from that used in this study, is felt
to be rather small. If such n slip cccurred, the result would be that there would be
a delay in the achievement of any glven cumulative noise level, * Significant changes
in the levels of noise reduction performance of SAM retrofit kits are not expected
essentially for the same reasons cited previously. The costs of SAM retrofit kits
can change as a result of production decisions. Such cost changes will vary total

retrofit program costs accordingly,

The uncertainty associated with kit availability, noise reduction performance,
and kit costs for the Refan technology are relatively greater than that assoclated
with SAM retrofit, The reason belng that this technology is now in the engineering
design phase where the design has yet to be fixed, fabricated, and flown. If there is
a slip in the availability of Refan kits the general result would agnin he a delay in the
achievement of cumulative noise levels around the nation's airports and the attendant
inflation of achievement costs, If there were to be a reduction in Refan noise redue-
tion performance from that used in this study, there would be an increase in the land
use component of achievement costs, Essentially, in this situation the relative attrac-
tiveness of Refan vis-n-vis SAM would decreaso and the achievement costs of Refan
would tend towards those of SAM. Changes In the Refan kit costs would have the same

genernl cffeet ns those sited for SAM.

+It should be noted here that the longer it takes to achieve reductions in Lg, = 75 dB
and above, the greater could be the frequency of local litigation for damages. As
previously discussed this could resut in a diversion of resources from those
necessary to achieve national airport cumulative noise levels.



Considering the differences in the key program viriahles between the SAM and
telan retrofit allermatives it is apparent that there is w significant risk in a singulur
decision to key un airport noise rerluction progrmn to the Relan program.  The more
prudent approich appears (o be to inllinte such a program with the SAM retrolit and
have Refan relrofits when the kits beeome avallable. Under this mixed streatepgy,
source reduction vellef will occeur at the envlicso passible dides mud the maximum

costs of the program are known.

Summary of the Economies of Achicvement

In terms of the cconomie question of whieh combinutions of oplions are the most
cificiont to achieve a desired cunmulative ouideor noise eivironment level, the follow-
ing findings ean be stated,

a  The costs of Lransferving aireraft source noise abatement teehnology into the

civil avintion fleet are always less than the eosts of uchicving cumulative noise
without. such transfers.

¢ Transferring the aiverafl source noise reduction technology into the civil
avialion fleet nlone cannot climinate the outdeor noise environment problem

around the nation's airports,

e  Source technology cannot be fully implemented into the civil aviation eot
until 1977 at the earlicst, and path techinology by 1978; however, infermod-
inte velief epn oceur before this period hy the effective exercising of fleet
operationad procedures, airvport operator options and local government Tand
use oplions.  Such intermediale velief must oecur, espeeinlly Lthe curtailment
of further encronchment of population avound airports, if the costs of nehieve-

ment are to be kept at a minimum,.

¢  The problem of cquituble treatment of populations reslding near large mili=~
tary nirports although not nddressed here cannot be {gnored and approprinte

remedies and costs will have to be develaped.

The Alternative Impaets on the General Economy

Given the situation that the alternative of not changlng eurrent aiveraft/nirport

aetlvity procedures will ultimately cost the airport oporaters, airlines, and users



billions of dollars, it is then reasonable to assume that an cconomically rational solu-
tion to the ajreralt/uirport noise impnet problem will evolve, This solution will most
likely consist of a mixed strategy of retrofitting, airporl operations optimization, land
use programs and possibly some removal of impucled populations. Necessarily,
retrofitting will create an additionnl demand for capital goods, labor and materials.
Also the costs of retrofitting will ultimately have to be borne by the users of the air
transportation system. Sinee the afr network system is not now reflecting the ecbnomie
and soeial costs of nofse in its tariffs, the resulting rise in tariffs or business cosi
pass through to recover the costs of an integrnted noise reduction program will have
demand effects of the revenue of the airlines and the activity levels of general aviation.
In addition, If fewer people fly beenuse of higher tariffs, then it follows that relatively

less money is spent in the reglonal destination economy.

In essence, the implementation of the rational noise abatement alternatives will
have demand creating and diminution effects. What these effects are on a national
hasis as well as on a reglonal impact basis must be investigated to insure that the
selected program is also one which creates the least undesirable economic impacts.

Finally, the achicvement of cumulative noise levels around the natlon's airports
will require international cooperation duc to the high level of foreign flag air earrier
activity at a number of domestie alrports. Questions as to whether, and how, these
nations ean comply with the domestically developed schedule of achievement, how
requisite investment and operating expenses enter into their cost funetions, and
whether such increased achievement costs will be passed through or used as a compet-
itive ndvantage, must and will be nddressed in the subsequent rulemaking study cffort.

FUTURE TECHNOLOGY OPTIONS

Although the component and engine technologies discussed in Section IIT have high
potential for significant noise reductions, their associnted production costs ave not
really understood ot this time. Consequently, the costs associated with these options
are primarily research and development costs. When more definitive development
plans are provided, order of magnitude estimates of their cost Implications can be

developed.
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ANNEX T0O CHAPTER 4

TITE IMPLICATIONS OF A NATIONAL CURFEW

Introduction

During the course of the task group meetings on which this report is based, one
atrport noise reduction option continually created controversy. This was Lhe imple-
mentation of curfews by airpori operators. The basic question was to what extent the
curtailment of night time {lights would elfeet the operations and users of the national

air transportation system.

Whal is reported here is a basle analysis of all elements of the problem, The key
assumption made, primarily due to the lack of valid data, was that the users of the nir
transportation network coutd re-nrrange their schedule requirements to those offered
afier the curfew implementation at little cost. Necessarily, this assumption is optimis-
tie; consequontly, the results of Lhe analysis as reported here should be viewed as the

minimum which would obtain if a national curfew were implemented,

4-58



The Cosl of 2 National 10 P M. -7 A.M, Curlew

Faced with significant mapnitudes of patential damage awards and/or Tand usa
costs, it is possible that if a source noise reduction program is not wdopted on a Federal
level, airport operators will take independent action to avoeid and/or reduce the amounts
of potential domape awards. One of the most dramatic actions that can be taken is the
imposition of o night-time curfew. As soon as it is apparent that no Federal program
will be undertaken, it Is assumed that the operators will undertake a national curfew
and maintain it until effective noise veduction alternatives beeome ayvailable.  The
assumption is made that the curfew will he instituted in 1974 and mainiained until af
leasc 1980 when quicter aiveraft could become available, Because there is litile
factual data available on the costs of eurfews, the implications of this pelicy alterna-
tive requires more detniled analysis than the preceding alternatives to develop at

least a minimum cost Impact estimate.
The impact of a curfow ean be broken down into the following areas;
¢ Impnet on passenger service
s Impact on air cargo service
o Impaect on mail and express
e Impact on maintenance and repair activities
¢ Impact on international operations

Actually, there are some atirports where no curfew would be neeticd or where less
resirietive limits could be imposed, The transfer of some maintenance and freight
operations to these airporis would lessen the economic loss to an avea, If, and only if,
the neise exposure at these nirports does not increase ns a result of the aetivity

transfers.

Impact on Passenger Service

Using the Official Airline Guide, a survey was made of the arrival patterns of
passenger aireraft at several airports across the country, including Los Angeles
International. Only about 15 perecent of passenger airerall movements occur between
10 P.M, and 7 A. M, and, of that ntmber, about half are within an hour of the curfew
limits i.e. 11 P, M. and 6 A.M, The assumpticn {s made that at least one-third of the
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curfew affected fliphts could he rescheduled to arrive or depart during noncurfow

hours, This rescheduling of flights will Tead to increased congeslion and delays in the
natienal avintion system. The remainder of the fights affected eannot effectively be
reschedulad; therefore, this would represent an overall decrcase in airline industry
flight activity of about 10%. An ase smption is made that balf of Ihis netivity will not

be replaced amd that the passengers will travel on nenenrfew flights, This will vesult

in an increase In the noncurfew flight load factor, Such a situation would tend to inerease
airline profits while ai the same time expose these additional passengers to the additonal
nirport congestion and delays previously mentioned. 7o replace the remaining 5%

of affeeted aireralt movements, the airlines would have 1o bhuy new equipment to
compensate for decreased aireralt utility and scheduling Nexibility, (¢. g, pre~position~
ing for next day flights). The corresponding increase in flee! size would not only add

to airport delay and congestion but also raise airline annual depreciation costs over
presently planned industry expenditures by 5 percent. Since depreciation represcents
about 10 percent of the total industry operating costs, the change in overall industry
operating cost because of the additional aireraft would be 0, 5 percent.

Additional flight crews would be needed to operate these new alreraft, Since crew
costs represent about 13 pereent of the total operating costs, the vequired increase in
erews (corresponding to the 5 percent increase in the number of nireraft) would ralse
the overall operating costs 0.65 percent (13 percent of § pereent), DBased on these
figures, the total inerease In fleet operating costs, due to this compensating activity
caused by a 10 p, m, to 7 a, m. curfew would then be the sum of the 0.5 percent
depreciation increase and the 0. 65 percent erew cost penalty for which there is no
offsetting profit!

To estimate the costs of congestion and delays the viewpoint was taken that
although 45 percent of the original capaeity is mniniained, this eapacity is offered
over a much shorter operational period due to the imposition of a daily 9-hour curfew.
To maintain this capacity over a shorter time peried, a "virturl" 10 percent incrense
In operations per houyr will occur, This increase will result in additional aiveraft,
passenger and cargo delays. Since delays are inherent in the airline system, this
will represent an increase over and above what the system would consider normal,
Shown in Table 4-6 are nirport capacity or operations cstimates for a sample of
airporta for which delay data were available., The historical operations data shown
in column 2 were taken from Reference 7.1-175, The estimated 1985 capacities of the
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TABLE 4-6.

SAMPLE AIRPORT CAPACITY ESTIMATES

PERCENT
PERCENT |OF TOTAL
1971 CAPACITY EST. 1985 CAPACITY | ANNUAL | DELAYS
AIRPORTS (000 OPERATIONS/YEAR) | (000 OPERATIONS/YEAR) | GROWTH | IN 1969
O'HARE 617 700 1.0 13.7
JFK 344 395 1.0 10.6
LAGUARDIA 258 300 1.0 6.9
ATLANTA 385 530 24 5.9
LOS ANGELES 413 471 1.0 3.7
NEWARK 184 237 1.9 3.7
MIAMI 250 323 1.9 a1
SAN FRANCISCO 297 183 1.9 2.8
PHILADELPHIA 186 240 1.9 31
WASHINGTON NAT'L 215 271 1.9 2.9
ST. LOUIS 187 241 19 1.7
TOTAL: 59.1
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sample alrports were either taken directly from Reference 7. 1-9% or estimated by
assuming the same capacity growth rate for those airports in the cited reference
similar to the sample airports, The delay data were taken from Reference 8, 5-103,
From these data, estimates of the curfew induced ineremental delays were developed.
Shown in Table 4-7 are these estimates for the year 1974, The basie approach to
developing these estimates was to estimate the normal capacity of each sample airport
by compounding the annual capacity growth rate from the year of interest (1574), A
"virtual" 10 percent increase in capacity was then applied to develop the curfew in-
duced flight activity level at each airport, Using an annual delay versus annual
airport actlvity figure from Reference 8, 5~103, delay times were estimated for each
airport. Assuming that the relative shares of percentage of total delays remain con-
stant for each airport, the net curfew induced delays were extrapolated to a national
number, Shown in Table 4-8 are the delay estimates for the year 1980, From these
two tables, the delay times assoclated with each intervening year can be estimated
under a uniform growth assumption. Multiplying these delay times by the respective
airline and passenger delay costs from Reference 8, 4-182, yields the airline and user

cost impacts shown {n Table 4~1. (See Page 4-11)

Impact on Air Cargo Service*

Since approximately 50 percent of air cargo moves in passenger aiveraft, the
impact of a curfew on this portion of the business would be included In the pagsenger
service caleulations, The remaining 50 percent moves In all-cargoe alreraft which

fly almost exclusively at night.

It is difficult to estimate the impact on system economics if a curfew required
a rescheduling of these aireraft since the combination earriers themselves (other
than exclusive air eargo carriers) have little feel for the value of carge business.

The traditional service pattern of overnight delivery is such that there is a large
influx of shipments into the freight terminals after the close of business of shipper -
firms, The resulting congestion often exceeds the ability of the Treight facility to
handle the shipments, Additional people must be employed (aL evening rates) for
these peaks and must be paid a full day's wage even if they nre needed only for a few
hours. (This reduces the productivity of employees in the air carge industry to ahout

* The major portion of this discussion has been taken from Reference 10-271,
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TABLE 4-7. ESTIMATES OF CURFEW INDUCED INCREMENTAL DELAYS
(@) 1974

CURFEW
CURFEW INOUCED| NORMAL INDUCED TOTAL| NET CURFEW
1974 CAPACITY | 1974 CAPACITY | DELAY TIME DELAY TIME |INDUCED DELAY
MRPORTS {000 OPS.IYR.) 1000 OPS./YR.) [{DODOMINUTES) | (00O MINUTES) | (000 MINUTES)

O'HARE 636 700 960 1600 640

IFK 355 3n 550 820 270

LAGUARDIA 266 293 410 GOo 1690

ATLANTA 410 451 625 960 335

’; LOS ANGELES 426 ABS 660 1200 540
“ NEWARK 195 216 295 395 100
MIAM] 265 292 410 600 180

SAN FRANCISCO 307 338 470 680 210

PHILADELFHIA 197 217 295 395 100

WASHINGTON NAT'L 228 291 380 520 170

ST. LOUIS 198 218 300 400 100

TOTAL: 2845
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TABLE 4-8,

ESTIMATES QF CURFEW INDUCED INCREMENTAL DELAYS () 1980

CURFEW
. CURFEW INDUCED] NORMAL INDUCED TOTAL| NETCURFEW
1980 CAPACITY | 19B0CAPACITY |DELAY TIME DELAY TIME |INDUCED DELAY

AIRPORTS {000 OPS./YR.) (000QPS,/YR.] | (DOOMINUTES)| (000 MINUTESY | (000 MINUTES)
O'HARE 676 743 1100 1750 650
JFK 376 414 580 910 330
LAGUARDIA 283 an 420 680 260
ATLANTA 474 522 1o 1300 550
LOS ANGELES 452 497 700 1250 560
NEWARK 218 240 330 495 165
MIAMI 296 326 460 690 230
SAN FRANCISCO 352 387 525 810 285
PHILADELPHIA 220 244 330 495 165
WASHINGTON NAT'L| 255 281 330 580 190
ST. LOUIS 222 244 335 500 165
TOTAL: 3580
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1/10th of that In the trucking industry,) After the peak, the facilities stand nearly idle
until the next evening., As a resull of this eyelie peaking, then idle, eapaeity al least
one-nhall of the costs of moving air frelghl are for ground haaudting, Beceause of such

activity eyeles, night-time operations arc at least part of the reason for Lhis loss.

Thus, the earriers themselves would prefer to transfer a large part of Ltheir earpgo
aelivities to day hours to spread the traffic flow and make betler use of manpower and
facilities, With the advent of the widebodied jets with their large eargo compartments,
the airlines are now able fo move more freight during the day on seheduled passenger
flights. In fact, the use of such "belly" eapncily can greatly improve the profitability
of passenger flight and offsel the low-lond faclors oflen experienced on widehodied

aireraft,

For all these reasons, the eliminalion of all-eargo flights al night might actually
improve the financial performance of the air system rather than create additional
costs, lHowever, the airlines contend that all-eprpgo service camnol he evaluated apar
[rom overall system carge service because the exisience of freightors, properly
marketed, generates traffic {or the total fleet. Often more traffic will be delivered
for a freighter flight than can be accommodated so the overflow moves as helly freight
on passenger flights. Also, once & shipper has stopped to make one delivery, he may
use the same airline to ship additional poods to other places rather than go to other
terminals, On the other hand, airlines argue that nighl-time capacity will be required in the
future beeause of the rapid expansion of the air carge business (ns indicated by the 100 per-
cent increase in the overall volume of domestle air freight from 1960 to 1970 and the
even greater growth rate for all-cargo nireraft traffic).

It is impossible to evaluate the importance of these factors or to predict how they
might change if all-[reight nircraft were sLill available but required to fly by day.
Rather than attempt to quantify the cffects of a curlew on shipmenis by exnmining the

carrier's performance, it may he usclul to extmine the needs of the shipper,
Alr cargo shipments can be placed In three distinet categories:

1. routine non perishable planned traffic;

no

. routine perishable traffic that is time-sensitive, but Its movement
planned In advanee; and

3. emergency traffic which is unplanned and highly time-sensitive.



A curlew would have lille cffeet on the first {wo, since day [(reighter service could
he planned as an alternative. Also, since these types of shipments can be anticipated
and eontainetized more easily than unplanned emergency trillie, they reprosent lower
cosl to the alrlines. Thus, o marketing thrust ean be anti¢ipted in the divection of
high-density, high-volume regular movements with a correspending de-emphisls on
emergeney cargn,

The real impaet of a curfew on air ¢argo movements is on the emergency ship-
ments. It is assumed that 50 pereent of all air (reight is emergency trafifc or at
least perecived to require emergency shipment by the shipper. Tt ean further be
assumed thut most of these shipments are not perishable, since o shipper of perish-
able goods would normally anticipate ane plan his shipments in advance. Therclore,
under these nssumptions a few hours' delay in most "emergeney™ traflic will resuly

primarily in inconvenience, not spoilage.

The emergency murket can be divided into two geographic markets—one where
uiternate service by truck cxists, and one where it does not. I truck service is a
viable alternutive, then most emergency shipments probably already mave by truck
becouse the cost is about half that of air service. Assuming an average speed of 50
milaes per hour for {rucking, a pick-up made al 5 p. m. could be delivered anywhere
within 2 750-mile radins by 8 a.m. the next morning. Assuming a 300-mph speed
lor aiveralt, o jet could nlso provide overnight service in this market if it could
depart before 8:30 p.m. (in order to arvive hefore the 140 p,m, curfew is enlorced),
If the plane could not depart until 7 a, m. the next morning, it still would provide
faster service than the (ruck for disiances heyond 830 miles (the distance of an over=
night truck drive plus the additional distance the truck could travel in the two hours
necessary for the plane to overtake it). Over grealer distances, nircrall would have
a clear speed advantage. Therafore, much of the emergeney traffic that moves by air
today would still go by air since there is little alternative. The difference would be

that shipmenis would not arrive as quickly as they do today,

The major problem would be for emergency shipments moving cust since time
zone changes decrease the appareni speed of airerafi, To arrive on the east coasl
before 10 p.m, a fight would have to leave the west coast before 2 p, m, (5-hour
flight plus 3-hour time zone change). This would essentially preelude any shipments
that could not be picked up from the shipper before 10 or 11 a.m, Allernalively, it

would be possibic for 4 plane to depart the wesl coast at 10 p.m,, delay one hour in
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fight and arrive on the cast eoast at 7 a.m, (5=hour flight plus 1-hour in-llight
delay plus 3-hour time zone change). This would increase the cost of sueh a flight
by 20 pereent beeause ol ihe hour delay, bul the eost could be passed along Lo the

shipper il he really desired next-day delivery.

. Failing cither of these two options, the shipper would have to wail for 2 7 a.m.
deparfure the next morning, arriving on the east eonst at 3 p, m. with tittle likelthood

of delivery until the following morning. Wilh these aliernatives in mind, the shipper

would probably become more conscious of which shipments were really emergency

and which were not, paying the premium for overnight service only when it was

justified.
Summarizing these effects:

1, The 50 percent of air cargo that presently moves in passenger
aircraft would not be affected by a2 10 p. m, to 7a.m. curlew,

2,  Assuming 50 peveent of the remaining alr cargoe is percelved as "emer-
geney' traffic then 50 percent of the freighter traffic presently moving
at night {s non-cmergency nnd could be diverted to day flight,

4. The 50 percent gmergency traffic moving at night is 25 pereent
of the (otal alr cargo traffie. In most cases, next day delivery
could still be achieved by cither getting the goods to the aivport
in time for a precurfew departure or by seltling for a mid-day
delivery the next day, based on n post-curfew departure. Since
the shipper has liltle allernative, he would still use air service
for most of these shipments although it would not be as con-
venient as without the curfew,

4, The greatest impact on traffic is on shipmenis moving from the
west coast to the cast const, Assuming that half the Lotal air
eargo moves north-south and hall moves east-west, then only
half of the 25 percent (ar 12.5 percent) of the total traffic
that represents emergency shipments moves in the cross-
country divection. The half of this that moves cast to west is
much less sensitive to eurfew effecis. Of the remaining
traffic moving west to east, perhaps only half is transconti-
nental, The rest is distributed at lesser distances and thero-
fore capable of mid-day delivery on the next day after shipment.
Therelore, only 3.125 percent of the total air cargo traflic
(transcontinental easthound emergeney traffic presently moving
in night freightors) could he severely resiricted by a curfew.
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5, lHowever, Lhis 3,125 pereent of the traffie could still move on an
overnight {reighter by paying a 20 percent premium, Assuming the
-0, 7 clasticily uscd for passenger traflic (which is nol nnreasonable
since "emergency' traffic is relatively insensitive Lo price changes),
14 percent (=0.7 X 20 percent vale premium) of 3. 125 percent would
lhe Jost. Thus the total air earge traffie loss attributable to o curfew
would be 0, 1375 percent,

6, Since domestic air carge shipments provide about &, 5 percent of
total air system revenues, this traffic loss would deerease revenues
by . 028 percent (6.5 pereent x . 004375)., Basced on total sysiem
revenues estimated in Reference 8, 4-214, these lost revenucs are
estimaled ns shown in Table 4-1,

Impacet on Mail and Express

Mail traffic represents about 3.3 percent and express about 0, percent of total
system revenues, approximately hall that of eargo. Following a similar type of
analysls, the impact of a curfew on air system costs and revenues due 1o changes
in the earriage of mail arc very small, * llere, however, public convenience may be

more important.

Most of the country could still receive one-day delivery from other areas if the
postal service were to shift its delivery service to afternoon, allowing most north,
south and westhound {lights to leave at 7 a.m. and arrive in time to distribute the
mail, Inlieu of this, a change in postal pickups could allow earlier sorting and
delivery to planes in time to depart early evening and still arrive in time for night
sorting and next-morning distribution of mail, In short, a great deal of the incon-
venience could be minimized by revised pickup and delivery services,

The worst case, as with cargo, is overnight service {rom the wesl eoast to the
cast const, But again, premium service could be available on departures just prior

Lo the start of the curfew.

Banks would perhaps be hurt most by delayed express deliveries. It hns been
estimated that a curfew would cost New York banks $34.8 million per year in lost
interest because of delays in handling transactions between banks, the Federal
Reserve and the bank clearing houses. It ean be assumed, however, that much

*Note that an implielt assumption has been made that the peak volume periods for
mail processing ean be shifted to coineide with the curfew restrictions,



of this Toss could be regained by carlier processing by using computers or hiring addi-
tional personnel, so thal shipments could be made on carlier fliphts. The cost of
these mensures would he considerahly less than the potential loss of interest and

actundly henefit the regions involved by higher employment.

Impact on Maintenmee and Repuir Activitios

In a recent aivport curfew ease in California, the disiriel court opinion spent sone
liime discussing the potentinl impact of 2 curiew on maintenanee nnd repair aclivities,
conchwding that considerable cost increases would result, * However, it is doubilul
whether this would really occur. About 2 percent of all present {lights are non-revenue
operations connected with mainienance, triaining or mavements o repoesifion equipment.
Most of these are plamned well in wlvance, however, se those influenced by a curfew
could he eliminated by schedule changes. In addilion, beeause of the high reliability of
presenl jel aiveralt, most maintenunce is done on an as-needed basis,  Many airports
are already cguipped to do various minor repairs and backup airveraft ave available if
nmajor repaivs require an empty {light to a repair base. Thus the unnceessary duplicate
facilities [eared by the court cither alveady exist or are really not needed. In eifher
case, the additional ajrerafl purchases required as o result of rescheduling passenger
service would provide enough flexibility to alleviate many ol the scheduling and plan-

ning problems assoclated with maintenance aetivities,

Impacet on International Operations

Many major foreign airporls have instituted nlghitime curlews on aireraft opera-
tions, Typieally, these curfows are in effect during 11 p, m. through 6 a, m., local
time, Due to these eurfews, the departure and arrival windows of [lights to and [rom
these foreign airports, and U. 8. airports, have shrunken to approximately 17 hours a
doy. However, public convenience; i, e., {he abilily of a traveling publie to travel when
it wishes, apparenily has not been diminished signilicantly by the imposition of these

curlews,

What must now be determined are the effects on the aireraft activity windows
and the attendant impaets on public convenicnce of instituting o U.S. curfew hetween

+ 318 F, Supp, 914 (C.D. Cal. 1876}
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10 p,m, and 7 a,m. Flights to and from JIPK and SFO to Paris, Franee and Tokyo,
Japan were analyzed for the curfew effeets en hoth passenger and carga (reighter
operations.

On passenger [ghts from JFK to Paris, the departure window shrinks from
17 hours to approximately 8 hours. Ilowever, on ehecking the flight schedules of (wo
domestic airlines on this ronie, not one daily scheduled passenpger fTight would be
eliminated! The departure window on flights from the Wesl Coast to Paris shrinks
similarly from 17 hours to 8 hours. Again, for these same airlines, no currently
scheduled daily flight would eliminaled.

If a U.S, curfew were implemented, then for flights from Paris (o JIFK, the window
shrinks trom 17 hours to approximately 15 hours. Understandably, not one currently
scheduled passenger fMight would be affeeted by this curfew. For flights from Paris
to the West Coast of the U. 8, the window shrinks to 11 hours, Again, ne currently

scheduled flights would be affected,

TFlights from JTK and the West Const to Tokyo eurrently have 16 and 17 hour
departure windows, respectively. The adoption of a U, S, nighttime curfew will
decrease these departure windows hy no more than two hours, Daily {light schedules
for o domestic and foveign {lag carrier were analyzed to ascertain whother any
currently scheduled daity flights would be eancelled. Again it was found {hat no
currently scheduled flights of these two airlines would be cancelled or re-scheduled
us a result of implementing a U. S, night curfew on airport activity, With the
implementation of a national curfew the windows on {Tights from Tokyo to the West
Coast and JFK will decrease, respectively, to approximately 12 and 10 hours, How-
ever, no flights of the nirlines Investigated would be cancelled,

Assuming that daily flight sehedules reasenably reflect the publie's travel recuire-
ments, it appears that international passenger traffic belween the U, S. and the two
foreign airports considered would not be affected by the implementation of n national
curfew. If one further assumes that these foreigh airports are gateways for a major
portion of Furopean and Far Eastern travel, it would appear that a signilicant share
of the currently scheduled Intornational traffic would not be affected by the implemen-
tation of a U,S. nighttime curfew. With the advent of the tourist season, this finding

may change somewhat,
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The passenger arvival and depariure windows staled above also obtain lor the pure
eargo freighter activily. On reviewing the U, 8, Jreighter departure schedules of the
subject airlines it was found that every flight would be affeeted, Each flight was found
to he In violation of the U.5. curfew hy roughly 2 hours. It would not he unreasonable
to expect that such [lights could be rescheduled to depart earlier, thereby reducing the
impact of the curlew, However, due e the recent devaluations of the dollar, export

carpgo lraffie or volume should be expecled to incrense. *

The increase in this export volume may be such that additional freighter flights
are necessary. Given this situation and the advent of the tourist season, it then
follows that more daily international flights will oceur. Such inereased activity in
turn will result in departure and arrival delays and {light diversions. As no interna-
tional delays and diversion data are availahle and also that the extent of the tourist
and export/import cargn effeets of the devaluation hus yet to he determined, then Lhe
cifects of a national curfew on internationnl traffic ennnot be monetized at this time,
Ilowever, from the currently scheduled {light activities, if they represent travel and/
or shipping desirea, it appears that implementation of a national carfew will not
cause catastrophic structural disloeations in international patterns of air transport

user requirements.

The Noise Reduction Effectiveness of a Curlew

Most techniques for measuring the cumulative effects of aireraft operations over
time plice o heavier annoyance weighting on nighttime operations than those during the
day, The Cumulative Noise Forccast method considers a flight between 10 p, m. and
7 a.m. to be as intrusive as would a higher multiple of daytime {lights, As a result,
the elimination of these heavily weighted niglt operations through the imposition of a cur-
fow ylelds a dramatic reduction in 1L dn levels with o corresponding decrease in the
land aren within any given L an contour.

Applying the mathematies of 1. dn calculationg to the assumptions used in deter-
mining curfew costs (i.e., 15 percent of the present total operations occur during the
proposad curfew period, 1/3 of the cancelled flights could be shifted to non-curfew
hours and 1/3 could be rescheduled with new aireraft), caleulations show that a 10 p. m.

* Conversely, import cargo volume should at least stabillze if not decrease,
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(6 7 1w m., curlew would result ina i to G-db reduction, which in turn wounld redue.e
the land aren exposert lo any I'rln level by approximately o percent. * Polential damage
ensts would then be reduced proportionally.  This reduction would be in nddition to any
olhor noeise abalement technigque employed and would be hased on the total Tand nren

exposcd at the time ol the curfew's implementation. 1L should he mentioned here that

the exposed population distribution (IFig, {=1) upon which the damage award costs were
caleulated shifts dowmwnrd with the passige of time due Lo the natural retivement of the

noisier aireraft and the introduction of relatively quicter ajrveralt into the fleet.

Summary of Curfew Costs

As shown, a national curfew implemeniation would aflect maintenance, mail and
express, air eargo and passchger operations. The major impacts on the national
airline system ure the ensis associated with the additional delay times, Airline
operating costs are ilso affected through the purchase of additional aiveralt, and the
hiring of erows 1o {ly them, to make up the capaeity lost by the inability o move
aiveraft at night, The effeets on cargo are the relatively small loss of business, A
summary of these costs is shown in Pable 1-1. Finally, by implementing a national
curfew, the airport operators arc able lo aveid a significunt portion of the estimated
potential damage awards and the easts required to protect public health and wellare
onee such standards are promulgnied, In retrospect, it does nol appear that litipation
awards will provide sufficient market incentive to trigger a national curfew, This fol-
lows from lhe very lowsuccess rate to date in such litigation. The real incenlive to
implement curfews will stem from the execution of the Nolse Control Act provisions and
the share of land use cests that airport operators must ineur if no sourcce abatement

technology is translerred to the active civil ficet.

*Ref, 10, 4-441 found that for twelve of the nation's most severly nolse impnet ale-
ports, the areas for any L dn level would decrease approximately 35 percent.
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SECTION 5
SUMMARY AND CONCLUSIONS

T'he degree of aireralt source noise reduction is time~dependent and based upon

un clleclive program of technelogicenl development and demonstration,

The current state-of-the-art has progressed to the point where there are tech-
nolozy options available, which can be initiated immediately, to reduce the noise
ugenerated by the elvil jet airveraft {leet, Other development programs indicate the
potential for greater noise benefits at some later date at greater cost,

An optimum solution to the nircraft noise problem is a comprehensive, dedicated
program taking advantage of current techniques and technologies for near term noise
reliel and providing assurance that future generations of transport aireraft will be
less obtrusive to the airport neighbor.

In the context of achieving a goal of a certain level of cumulative noise exposure,
it has been found that the cost of introducing currently available noiso reduction tech-
nology into the civil aviation flect is nlways less than the cost of achicving such levels
not utilizing this technology, Therefore, on a rational use of resource basis, retrofit
of state-of-the~art technology into the civil aviation fleet must be an integral part of

any comprehensive program of cumulative noise reduction around airports.

CURRENT TECHNCLOGY STATUS

The present FAA noise standard, FAR 36, Appendix C, essentizlly put an upper
limit on the generatlion of noise for newly certificated aireraft. However, the major
portion of both the commerecial air carrier fleel and the jet powered segment of the
general aviation fleet exceed those limits. These alreraft are expected to continue
to represent & dominant part of the inventory into the 1980's, thus masking the noise
Improvements being realized by the newer, quieter widebodied jets,

Demonstrated current technology can provide the means to bring all of these
aircraft under the noise "umbrella" of FAR 36. This could be accomplished by the
1977 to '78 time period if an enforced noise abatement program is initinted immediately,
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Meeting the present requirements of FAR 36 should not be interpreled as being

the vltimale in neisg reduction, The noisc levels identified therein were hased upon

the teehnology available al the time of issuance of the rule. Present and future tech-
nologieal developments will permit a lowering ol the allowable source noise level

ce Task Group 5 Report).
(Sce Task Group o Report)

TUTURE TECHNOLOGY STATUS

The NASA Experimental Quiel Engine Program successlully demonstrated the
feasibilily ol vealizing signilicant reduciions In source noise in future engine
developments. The capability now exists wilhin industry to produce advanced-
technology engines and transport airerafl with source noise levels approximately
5 lo 10 EPNdDB helow the eurrent FAR 36 requirement,  With appropriate incentives

and funding, these vehieles could be operational by 1980,

The same degree of noise reduction has not heen demonstrated for the smaller
engines that are compatible with the business jet alreralt requirement, Comparable
research and development in nolse abatement concepts lor this class of engines and

aireralt hus not been aceomplished.

Further reductions in engine-generated nolse may have limited effectiveness,
sinee it nppears that a nolse floor, due to external acrodynamic flow, is present
during the approach and landing pattern, This Is due to the relatively dirty, flaps
down, wheels down, configuration in which the [low over lhese appurtenabees has
been estimated lo gencrate a noise Tevel of approximalely FAR 36 levels minus
51010 RPNdDB,

New propulsion system conecepts, particularly for RT'OL and STOL-type aircraft,
arc In the early stages of development, Vevy high-bypass fans, such as the prop-fan
coneept, are currently being evalunied for future alr earvier and general aviation
type aireraft. Alrcraft component developments, such as Llown flaps, quieter heli-
copter rotor systems, while requiring additional development and demonstration
testing, are all designed to provide a reduced future neoise environment.

A continuing, but accelerated, technology research and demonstiration program
is Imperative to provide early implementation of advanced coneepts in saurce noise

abatement.



SECTION 6
RESEARCII AND DEVELOPMENT RECOMMENDATIONS

The discussions in Sections 2 and 3 illusirate that citensive noise source
rescarch and developmenl work has been and continues to be conducted by Government
and industry, 1t is clear that considerable state~of-the-art technology is available
for immediate application and that signifieant R&D coffort is in progress for near-
future utilization. Most of tho R&D costs to date have been borne by the TFederal
Government, but not all. Industry has recoghized that noise is an inhlbiting factor
to the promotion, encouragement, and development of civil aeronzuties and has con-
tributed substantial in-house funding to noise econtrol, If the curreni and near-future
source noise abatement technology were [ully exploited, the noise exposure would
drastically deerease, and a great denl of the neoise impaeled airport neighborhoeods

would experience welcome retiel.

The R&D conducted to date, however, is hy no means complete. New and more
efficient aviation systems are needed and are under consideration., These systems
may introduce noise characteristics and specinl problems that have not yet been
adequately investigated., More R&D is required if civil aviation is to continne to
grow and at the same time drastically reduce its noise emissions, The costs of the
necessary R&D probably cannol be horne by the aviation communily alone, The
T'ederal Government, in order fo cnsure that civil aviation continues to be a viable
national asset without jeopardizing the public health and welfare, must assume the
R&D leadership, both in funding and technienl direction, to the extent necessary for

industry to continue on ils own,

Research and development recommendations for aireraft noise control are well
documented in a Socicty of Automotive Engineers Aerospace Information Report (SAE
ATR 1079), and those relevant to this report are included in the following paragraphs.

COMPONENT TECHNOLOGY

The following research areas relating to componenis or systems have general

application to a wide variety of aireraft and engine types,
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POWER SOCURCES
Engine and auxillary power unit (APU) noisc is generated hy:

e Rolating compenents such as lnns, compressors, iurbines, propellers,

rotors, and gears,

o Airflow interactions with such internal components as struts, vanes,

surfaces, and burners.
e Accessories
e  Mixing of exhaust jets with the ambient air,

Investigation is required to identi{ly the mechanisms of noise generation in each
case, to relate the noise of the various sources parametrically to operationsl vari-
ables, to establish reliable procedures for determining the relative strengths of the
various sources, and to develop effective and practical methods of noise reduction.

DUCT TREATMENT MATERIALS AND TECHNOLOGY

This technology relates to the application of sound absorbing materinls 1o the
interior passages of the nirflow ducts of all types of jet engines, to reduce the noise
propagating In the ducts and thus minimize the noise radinted [rom the nacelles.

Additional work is needed to optimize the acoustical, mechanical, and aero-
dynamic properties of the sound absorptive materials and the duct lining configura-
tions. Of particular importance is the development of general methods for predicting
the acoustical performance of duct trentment for specific applications and the limit
of effectiveness governed by self noise (nerodynamic flow).

CABIN NOISE

It has become customary to specify the airplane eabin noise environment in terms
of overall sound pressure lavel (OASPL) and o speech interference level (SIL). The
OASPL normally represcnts the low frequency end of the spectrum, and the SIL repre-
sents the medium to high frequency end. The use of OASPL and SIL has, In some
cases, been shown to be an unsatisfactory means for indicating eabin acoustieil accept-
ability., Investigation into more satisfactory forms of passenger cahin and crew com-
partment nofse criterin Is needed to provide a basis for guiding fuselage wall and
interior acoustical design.
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NOISE MEASUREMENT AND ANALYSIS

Contimiing review and improvement of noise measurement and analysis instru-
mentation and procedures is needed to keep paee with regulidory and monitoring
requirements,  Among items that should receive immedinte altention nre analyser
characteristics and procedures for defining tones in airerall noise, Inlegration times
for analyses of [lyby noisc measurements, speeilieation of test siles, and methorl

of correction for ground plane eflects.

ENGINE AND AIRCRAFT TECHNOLOGY

The following research arcas ave pertinent {n partiealar types of aireralt and

their propulsion systems,

SUBSONIC ATRCRAIM)
. Engince compressor and fan noise generation, pradielion, and reduction,
¢ Engine duecl treatment technology.

e DNeveclopment of prediction and reduction techniques for medium (1000 to
2000 ft. /sce.) and Tow velocity (helow 1000 {t. /sece.) jel exhaust noise

including flight (relative velocity) elfcets.
e  APU noise prediction nnd control,
o Ajverafl interior neisc crlteria and evaluation,

»  Subjective responsc te flyby, ramp, aud interior noise.

SUPERSONIC AIRCRAIMT

¢ Development of prediction and reduclion techniques for high velocity (above
2000 ft. /see,) jel exhaust noise including afterburner operations and flight

(relative velocity) effects,
e Sonic boom generation, propagation, and cffects,
e Sonic boom abatement operational technigues.

o  Subjective reaction, paviicularly related te low frequency noise and sonic

. hooms and to asseciated vihrations,

e Cabin nolse prediction and evaluation {or supersonic cruise,

G-3



V/STOL AIRCRAIT

¢ Prodiction of noise characieristics of infegrated lift-propulsion systems.

¢ Prodiction of noise characieristies of variable eamber, including
shroudad, propellers,

¢ Dredietion of noise characeteristies of defllected jetl streams.

s  Subjective reaction, particularly relating to low frequeney noise and long-

time exposures,

@ Cahin noise reduction.

HELICOPTERS
¢ Main-rotor noise generation, predietion, and reduction.

e lolor/rotor and rotor/propeller interaction effects,

s Cabin noise reduction.

GENERAL AVIATION AIRCRAFT
¢ [Engine exhaust muffler technology.
& Noise reduction for slow-turning multiblade propellers.
e Engine mechanieal and intake noise reduction.

® Cabin noise reduction.

AIRCRAFT DESIGN
The development of new structural design concepts to lower alrcraft gross weight
for a given mission, Improve acrodynamic elficiency for better aircraft performance,
and optimize engine placement should be investigated for beneficial effects on noise
exposure.
! In future aircraft designs, consideration should be given, inthe preliminary design
' stage, to those components and design parameters that would permit more extensive

use of preferential runways under high crosswind and gust conditions.
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Airframe noise, defined as the noise generated by an aireraflt in flight from
sources other than the engine, auxiliary power units, and machine accessories,
is the floor that establishes the limit of effectiveness of the current noise control
state~oi-the-art for aireraft during approach operations. Additional research and
development is nceded on noise generated by air{low over fuselage, wings, nacelles,
flap systems, landing gear struts, wheel wells, ete., in order to provide data to
assist designers in developing future technology alveraft capable of conforming to

lower neise levels than are now achievable.

NEW ENGINE DEVELOPMENT

The NASA Quiet Engine Program provided the technology to permit the develop-
ment of quieter engines for the next generation of commerelsl transports., Since the
propulsion syatem is the longest lead time component for a new aireraft system, its
development must be Initiated now if new quieter aireraft are to be introduced into
the fleet by 1980. Direct support of a new commercial engine development program
or, as an alternative, accelerated development of the Air Force ATE program, from
which commercial derlvatives will be developed, is strongly recommended as a tool
for future aircraft noise control,

OPERATIONAL PROCEDURES

Study of the optimization of takeoff and landing cperations for noise minlmization
should continue, with attention given to such items as takeoff cutback procedures,
optimum flap settings, optimum speeds, and approach path alternntives, In parallel,
it is necessary to develop specialized Instrumentation for use on board aircraft or on
the ground to enhance the noise abatement procedures. A detailed discussion of the
noise reduction benefits associated with the use of modlfled operational procedures

is covered in the Task Group 2 report,

GENERAL

The DOT/NASA Joint Office of Noise Abatement (JONA) has begun the development
of an integrated long-range plan for nireraft noise nbatement research and develop-

ment which covers the following subject matter:

1. Community Acceptance



2. Existing C1OL Aireralt

3.,  Advaneced CTOL Alreraft (Ineluding 85T

1. General Aviation Aiverall

5.  Powered Lift Alveraft (STOL, RTOL, and VTOL)
G. TDusie Neise Rescarch

T. Alrveralt Systems Analysis

The plan, while siill in the formative stage, appears to be sufficicntly comprehensive

to cover all impoytant aspeets of afreraft noise eontrol for the fornseraahle future.

Compiementury to tho long range plan, NASA has crented o now Alverafit Noise
Proedietion (ANOTP) Office, initiated an Aiveraft Noise Prediction Program (ANQPDP),
and established a technienl wdvisory group of Government personnel from NDOD, DOT,
EPA, HUD, mul NASA, ‘The purpose of these actions js the dovelopment of nccurate
prodiction teehniques for noise generated by aircrafl.  This is essential in evaluating
community impact of new modificd aiveraft systems as well as for screening aireraft
and engine component and sysiem concepts to guide research cfforts aimed al nolse
reduction.  Predictions will he developed in such forms as peak noise levels and
speelrn, noise time histories, noise "footprint” contours and as various measures of

community impacet.

The most effcctive use of teclhnology Lo achicve maximum noise contrel is in the
desipn and development of new airevaft systems, Conscquently, noise abatement
research and development (both for source control and [light procedures) must continue
to be adequately funded to insure that these new alreraft systems evolve with the cap-
ability for substantially Tess noise impact than exists for current alverafl, The JONA
Taong Range Plon and the NASA ANOP Office, if adeqguately funded and staffed, has the
potential for accomplishing this abjective,
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Counell of the Aeronautical Sciences, Vertol Divialon

of the Boeing Com and the Avmy Adp Hobility Lah.
i 1[3?21'18 pany i 1 Ay I ) ; 1ha,
N, B, Hirsh, H. W, Ferris, "Design Requirements tor

a Quiet Helicopter," Presented at the 28th Annual
National Forum of the American Helicopter Soclety,
Atreraft Plvision of the Hughes Tool Co., May 1972.

"Sunmary: 707-727-737-T47 Nolse-Reducticn Activities,"
Report D6~ 40613-B, The Boeing Commercial Alrplane
Company, March 1973.

N. B, Hirsh, H, W.Ferris, "The Hughes OH-6A Quiet
Helicopter Program," Hughes Helicopter, A Division
of Summa Corp., Undated.

W. H#. Barlow et.al., "CH-6A Phage II Quiet Helicopter
Program, " USAAMRDL Report 72-29, Prepared for Eustis
Directorate of U. 5. Army Air Mobility Research and
Development Laboratory, Hughes Tool Cowpany, Sept. 1972.

E, G. Hinterkeuser, H. Sternfeld Jr., "Subjective
Response to Synthesized Flight Noise Signatures of
Several Types of V/STOL Aireraft,"” Vertol Mvision
of the Boeing Co. NASA CR Report CR-1118, Undated.

"Wiguals in. Support of Presentation on T37/T-U43A Noise
Reduetdon Program,'" The Boeing Company, 30 March 1973.

F. J. Whitehead, "propram on Groand Teat of Modified
Quiet Clean JI3D nud JPRD Engines in Their Respective
theellea: DC-0 Series 2, Bnpine nnd Hacell o/fir iramn
Tntepeantion Defiunition!, Report HDC J57%%A, Douglas
Airoraft Company, 2% My 19735 (Second Submittal).

Ae Do MePiln, Ltr: "Additionnl Comments on Tashk

Group !t Beport of an Bditorial lature, Douglas
Mrevaft Company, 29 June 1977,
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"Nolse Abntement Takeoff Procedure Recommended
for Commodore Jet 1123, Israel CAA Approved

Flight Manual, 26 Nov. 1971.

C. R. Cox, Ltr: (including enclosures), Corrected
Visual of Alr Opeed vo Sideline Noise and "Fly
Helghborly-How to Operate the Medium Helicopter
More Quietly," Bell Helieopter, 12 April 1973.

J. 5. Gibson, "Information Brief - V/STOL Nolse
Technology and Design Considerations," IB 7302,
Lockheed-Georgie Company, 9 Mareh 1973 (Rev.).

J. 5. Giluson, "Information Brief-Non-Engine Aero-
dynemic Nolse Technolegy and Impact,” IB730L,
lockheed-Ceorzin Company, 6 April 1973 {Rev.).

H, \dternfeld, Jr., E. G. Hinterkeuser, "Acceptablility
of VIOL Aircraft Noise Determined by Abaglute Sub-
Jective Testing," NASA CR-2043, Vertol Division of the
Boeing Company, 10 Jan. 1972, :

"An Investigetion of Nolse Generation on a Hovering
Rotor: PartIl," Vertol Diviaion of the Boeing Company,

Nov. 1972.

F, H. Schmitz et.al., "A Comparison of Optimal and
Nolse Abatement Trajectories of a Tilt-Rotor Aircraft,”
Vertol Mvislon of the Baing Company, Jan. 1972.

"FAA 727 Quiet Nacelle Retrofit Feasibility Study -
Contract DOT-FATIWA-2637," Wichita Division of the
Boeing Company, Date unknown.

"Feasibility and Initial Model Studies of a Coanda/
Refraction Type Noise Suppressor System,” HReport
D3-9068, Wichita Division of the Boeing Company,
January 1973,

Ao L. tMcPive, Ltr: "Comments an Draft Report und
Operations of EPA Task Group 4", Douglas Aircraft
Company, 29 June 1973

Ae L» MePike, Ltr: YComments on Draft Report and
Qperations of BPA Task Group 4", Douplas Airecraft
Company, 22 June 1973,
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i, Drell, Ltr: {wvith enclosure}, "Lockheed-Californis
Cozpany/Rolls-loyee Position Related to the Potential
for further Englne Noise Reduction, Lockheed-Calif.
Company, 25 April 1973.

J. Vogel, Ltri{with enclosures), "Sideline Noise
Measurements, " Lockheed-California Campany, 1 May 1973.

SoLedloamenthndy Lty Madeithens) Gomnents on Dt
oveetn™ Boeins Cootivereind aiyplase Compurs, Y e 1R,
"Contract DUT-FATIWA-2628, FAA JT3D-707 Quiet Nacelle
Program Summary,” Boeing-Wichita, 7 May 1973,

R, &, Russell, Ltr. w/attachments, "Data on Operational
Procedures as Requested in EPA Letter of 12 April 1973,"
poeing Commereisl Alrplane Group, 20 April 1973.

"Concorde: Airport Noise and Silencing Programme,"
SNIA, SNECMA, EAC and Rolls Royce Limited, Cct. 1972.

"Concorde: Adrport Nolse and Silencing Programme;
Annex 3, The Economic Aspects of Silencing Concorde,"
GNTA, SNECMA, EAC and Rolls Royce Limited, Oct., 1972,

"Concorde; Alrport Noice and Silencing Programmi;
Annex 2, Mopurcburers Miether Stalies of jloine Ke-
duction," SNIA, SNECMA, FAC and Rolls Royce Limited,
Oct. 1972.

VBAC - 211 lHolse Reuuctlon Pregrams," iritish Alreraft ,
Corp. (USA), 29 May 1973,

M. 4. Wilde, Ltr, with "Recommwemndations of' the Con-
corde Moaninetnrers to the EPA Relnting to the Repulation
of Concorde Noise," BAC, 17 May 1973.

W By e e Hhe e i epd e Trbape-
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mier o Aal Adeplone Compeny, boAnedl 1904,
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401 K. P. Rice, "Propram on Ground Test of Modified,
Quiet, Clean JT3D and JTED Engines in Their
Respective Nacelles; JTADAITED REFAN Preliminary
Economie Study" Report Ne. D6-L0932, Boeinr
Commericial Adrplane Gompany, April 1973,

ho2 K. P, Rice, "Propgeum on Ground Tewnt of Modified,
Quiet, Clean JT3D and JT8D Enrines in Theiv
Respective Hacellen; 707/7T%D-9 REFAN Nncelle,
Enpginecring Summary Report" Report Neo.o D3-0107,
Bowing Commercinl Airplnne Compoany, April 10, 1973.

hos Ke Pu Rice, "Propram on Ground Test of Modified,
Quict, Clonn JT3D nnd JTBD Enpine:s in Their
Respective Nncelles; Phene I, 7357, JTED-4900 REFAN
Nacelle nnd Airplane Intepration Definition”
Report No. D6-32569, Boeing Commercinl Airplane
Company, Jdune 22, 19735,

hoh K. P. Rice, "Propram on Ground Test af Moditied,
Quiet, Clexn JT4D ~nd JTED Engines in Theiv
Respective Macelleny Phace T, Y27, JTED=109 REFAN
Nueelle and Adirplanc Intepration Defdinition®
Report Mo. DG6-H1170, Beeinp Commercinl Adpeplane
Company 1 June 19735,

0S5 Bernard D, Brown, Ltr. “"Conrirming Currency of
Documentation Supplied to the Taslk Group",
British Aireraft Corporation (U.S.A.) Tne., 2 duly '735.

Lo6 Bernard D. Brown, Ltr. "Positien Paper Relnted to
EPA Adrcruft/Adrport Hoise Study Keport", British
i Aireranft Corporation (.3.A.) Inc. ror Concorde
Project Divectar, BAC-CAD on behali of the {enr
' Concorde Manufacturers, 2 July 1973.

i
!
]
;
;
i
i
i
i

408 . V. L. Blumenthal, Ltr. w/Attachments: "Boeing
Commercial Airplane Company Position on Thushk
Group %, Hoise Source Technolopy sand Cout Annlysis
Including Retrofitting®, Boeinp Cammercinl
Airplane Compuny Letter G-7270=1-444, 29, June 1973,

hoo V., L. Blupenthal, Ltr.: "Boeing Commercinl Airplane
Compnny Position on gl Group 5, Heview nnd
Anmnlysis of Present and Plunned FAA loilne Remulotory
Actions and Their Conuequences Reparding Adircraft
and Airport Operations” Hoeing Cempany Letter
Mo, 6-7270-1=455, 29 June 1973,
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Ranald G. Schlegel, "Position on VTOL Noise
Geytifiention", Sikorsly Aircraft, 20 July 1975.

D, L. fliatt, M, B, McKnipg, et,al., "727 toise Rolrofit
Feasibility: Vol. IIT: \lUpper Goal Flight Testing and
Program Summary" FAA-RD-72-40, III, Boeing Commercial
Airplane Co., June 1973.

"Visunl Adds in Support of an Oral Report on Contract
DOT-FA?WA=-2628, FAA JT3D~707 GQuiet Nacelle Program",
Beelny Cammereinl Airplane Company, 25 July 19735,

"Visusl Aids in Support of an Oral Heperi on Contract
DOT-FA7WA=2E37, FAA 727 Quiet Macelle Retrofit
Fensibility Study”, Boeing Commercial Airploane
Company, 25 July 1973.

"Progrum on (round Test of Modified Quiet Clean JTAD
and JTAD Fngines in Their Rospective Nacelles: Visual
Aids in Support cf an Oraul Report on Phase T Heoulta™,
Douplas Alrerart Company, 25 July 1973,

"Wisuxl Adda in Support of Oral Reporl on n Ketrotit
Peusivility Program", lFederal Avistion Administration,
2% Jdnly 1975,

"Visual Aids in Suppert of Oral Report on Leng Range

Hoise Mensurements" Boeing Commerveisl Airplane Company,
25 July 1975,

"igual Aids in Support of Oral Repert on Refun Retrofit

Program Status" Boeing Commercinl Airplance Compuny,
25 July 19735,
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de Te Daviis, Lty "Commenbs on PAA Kules qnd
Praposnl '™ Deltn Alrlioeos, 9 Hoeeh 1999,

Po As Soderlind, Ltv: "Horlhwest Advlines Noise
Abscbement Proceaurve:,' Northwest Adelines, 24
Hovember 1970,

"FLipht Steandard Bulietin No. AP0 Nevisod
Standard BUA Trdoeol )" RHorthwenl Airlines, Tne.,
b Qetoboer 1970,

Ko By L. Curmivioel, Lbrr Jwith enclosive:s)
"Reprmoedingr POA Palicies Tavolving Holse Abobemoent
Puring: Aveivels ond Dopastures,? Pueific Soubhwest
AMrlines, 28 Mqveh 199,

de He Tuclory ™hikeoly Plirht Path studien," Adr
Colivornin, 1 Moarelh 19749,

"henin

PDUA Heiee aliboment Peocedire 0 10 0

Opeentions Menan ], Undted 8 Lines, 29 Fob, 100700,

Jo P Davda, bher "Comments: on Death Repoet,
Tanl Growr Dy L oy 1975, Delta Adre T,

A0 My s,

de o Dvis, "Wicwnds in Support, of Commend;s on
Dt jepork T onp Yy Ry 190 Dol fdy
syl May 107,

No W, Bummed, Lhro with Buclosure Livled "Adelimes anst
* .
Eoe bnerpy Ordednl ) Treans Yorld Adrlinea, 2% May 1077,

R-1.1



5.0

MASTER
FILE

L1,

TIDIVIDUALS

RIBLIOGRAPHIC CITATION

M, P. Kelly; Ltr: "Nosie Problems at Ofa-
Locka Adtrport,” 12 February 1973.

R. Gegauff; Ltr: "Noise Problems at Logan
Adrport," 2 March 1973.

J. C. Bohonis; Ltr: "Suggestions for Aiveratft/
hirport Noige Study Report,'" 17 April 11673.

E. E. Farman; Ltr: "Aircraft Noise" 12 May 1973.
We Ha Rodpers, Jr. Lir with Copy of Chapter from

Author's Boek Titled "Corporate Country",
8 June 1973,
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1» Ldoyd Hinton, "Adreraft Noise as a Comtimdng
Natiocnal Problem," Proceedings of International
Conference on Transportation and the Envirooment,
No Date.
16 J. Tyler, "Source Abatement Technology," Submitted

to EPA Adrcraft/Airport Noise Study Task Group 4,
28 February 1973.

27 J. Hellegers, L. Hinton, N, MeBride, C. Lerza,
J. Conroy, Envirummental Defense Fund Letter to
John Schettino, 23 February 1973.

30 J. Hellegers, Raelynn Janscen, L. Hinton, J. Tyler,
N. MeBride, M. Moore, P. Borrelli, M, Evans, ILtr:
"Docket No. 12534; ANPRM on Civilian Airplane
Fleet Nojse (FNL) Requirements,” EDF, NOISE, ACAF,
CAN, Sierra Club, 2 March 1973.

46 J. Hellegers; Ltr: "Advice on Requesting Info
from the FAA," 26 February 1973.

57 L. Hinton et al; Ltr: "Alrcraft and Adrport In-
strumentation," 13 March 1973.

71 T. Berland, "Response to ANPRM on FNL, Docket
No. 12534, Notice 73-3," Citizens Against Nodse,
14 Mareh 1973.

85 L. Hinton, J. Tyler, "Response to ANFRM 73-3,
Docket No. 12534," N.0.I.8.E.," 2 March 1973.

=1 "Canments Relnted to FAR Part 36: Adrcraft Noise
Certification Procedures,” N,0.I1.S.E., 22 March 1973.

95 "Comments Relsted to Alrport Certificaticn,"
N.0.I.8.E., 22 March 1973.

168 "Control of Aircraft Noise in the Banic Engine
Ajreraft Design," NOLSE, J, Tyler, 3 April 1973.

169 "Airport Design" NOISE, J. Tyler, 3 April 1973.

1i3 L. V. Hinton, J. M. Tyler, Ltr: '"Recommended Re=

gulations," W.0.I.5.E,, 5 April 1973,
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L. Hinton; Litr: "Questions Related to FAA's
Understending of Authority to Regulate Adrport
Noise," Ne0.I.S.E., 4 May 1973.

L, Hinton; Ltr: "To Mr. Fhillip T. Cummings, Asst,
Counsel, Committee on Public Works, United States
Senate, N.0.1.5.E., % May 1973.

d. Tyler, L, Hinton; Presc Release Related to
Alrcraft Noise Reduction Demonstration et Dulles
Alrport on 7 May 1973, N.0.I.S.E., 7 May 1973.

J. Seaffetta; Ltr: "Concern over SST Noise Pollution,
Member of Friends of the Earth, 15 March 1973.

J. M, Tyler, L. Hinton, "Comments on Dreft Reports of
Task Croup # and 5," NOISE, 15 May 1973.

L. Hinton, Ltr:; 'Findings and Recamendations Re-
leted to "Adequacy of FAA Flight and Operational
Noise Controls," NOISE, 27 April 1973.

L. Hinton, J. Tyler, lLtr: "Comments and Recammenda-
tions for Draft No. 1, Chapter 3 of the Report to
the Congress," NOISE, 15 May 1973.

Je By Hellepers, Lbr. YCapneity Limdtntion
Apreements, " Favivonmental Defense Fund, %1 May 1975,

Llayd Hinton nnd Joine Tyler, LEr: YPoaition Daper
Relatad Le Task Group 5 Heport, MH,0,7.5.5,

50 June 1979,

Lloyd lfinten and Jdahn Tyler, Lir: "Position Prper
Related to Task tiroup tt Report, H.O.T.0.H,

20 June 1973,
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"The Loniz Bange Needs of Aviation, "Heport of
the Aviation  Advisory Commnisoion, 1 Junuary 1973,

The Long Ranpe Heeds of Avintion: "Techniend
Annex te the Report of the Avintion Advisory
Commission,” Vol T, January 1973,

The Leonp Range Needs of Avintion: "Technienl
Annex to the Report ol the Avintion Advicory
Commission,' Vol II, January 1973,

"Aireraft Noise Annlysis for the Existing Air
Carrier System," Report No. 2218, Contract No.
CON=AAC-72=12, Bolt, Beranel and Hewmun for

the Avintion Advisory Commission, 1 September 1972

"Impact of Business Jets on Community Noilse
Exposure," Proj. Report Ho. 2372, Belt, Baranck
and Newman for the Avistion Advigory Cowmission
21 August 1972,

"Classiricution of Airport Environs by Alrport/
Community Innd Une Gompntibility,” Back & Sterling,
Inc. for Avintien Advisory Commisusicn, 28 Jan *72.

"Cost Estimutes lor Removal of Residental nnd
Related Land Use Hear Selected Airports,” Back &
Sterling, Inc. Tor Avintion Advisory Cammisaion,
25 Aupustk 1971,

"A Model and Methodolopy for Estimabting tational
Land Use Hemoval Costs," The Decision Tnformatien
Group, Inc., Tor the Aviation Advicory Commiusion,
4 Aupnat 1972,
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29 L. Simpecn, R. C, Knowles, J. B. Feir,
"Afrline Industry Financial Analysis with
Respect to Aireraft Noice Retrofit Programs ,"
R. Dixon Speas Assoclates, N. Y., January 1973.

2l D. C, Cray, "Resulto of Moise Surveys of Seventeen
General Aviation Type Adrcraft,” Federal Aviation
Administration Report No. FAA-EQ-T73-1, Dec '72.

37 "Draft: Environmental Impact Statement for Poliecy
Changes on the Rele of Washington Netionnl Airport
and Dulles International Airport," Prepared by
the Federal Aviation Administration, 31 January

1973.

70 Workine Papor Ho, 10: "Aviation Cont Alluention
Study; Alleoeation  of Adrport nnd Alresy Systen
Costn," Off'ice of Policy keview, Depurtmenlt or
Transportntion, Decomber 1972,

kB8 "Noise Abatement Procedures,"” Federal Aviation
Agency, November 1960,

kg R. L., Paudlin, :The Status of International
Noise Certification Stmadards for Business
: Aircraft," Department of Transportation,
! & April 1973, naan Heeting,

; 50 "Noise Abatement Rules: Amendment 9l-46 to
FAR," Federal Aviation Administration, 4 Dec'6f.

! 68 J. D. Wells et ml, “An Analysis of the Financia) ;
and Tnstitutiond Framework for Urben Transporta-
tion Flanning and Iavestdent," Study 5.355,
Contract No. DAHC15-67-C-0011, Department of
Transportation, June 1970.

69 Working Paper Ne. B: "Avistion Cosot Allocation
Study, Design Hationale for m General Aviation
National Airspace System," O0ffice of Policy
Review, Department of Transportation, July 1972.
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Working Paper No, 18: ‘"Aviatlion Cost Allocation
Study, The Price Elasticity of Demand for Genersl
Aviation," Off'ice of Policy Review, Department

of Transportation, December, 1972.

D, L. Hiatt et. al., "727 Nolse Retrofit Feani.
bility; Vol. IIT: Upper Goal Flight Testing and
Summary, " Report No. FAA-RD-72-40, III., Federal
Aviation Administration, January, 1973.

{ PRELIMINARY).

"Project Report: Noise Certifieation Rule for STOL
Category Aireraft," FAA, 18 January 1971.

"Aviation Cost Allocation Study: Overview of Cost
Allocation Methodologies; Working Paper No. 1,"
Office of Policy Review; Dept. or Transportation,
January 1972.

"Aviation Cest Allocation Study: Working Paper
No. 15; Sceio - Economic Approach to Benefits
of the Alrport and Adirwsy System," Office of
Policy Review, Dept. of Transportation, Dee'72.

W. C. Sperry, "Information Brief on Blbllography
on Areref't Certificated Noise levels," Prelimdnary
Data Compiled by FAASAEQ-20, 21 December 1972.

W. C. Sperry, "Information Briefl on Bibliographby
of FAA Airerart Hoise Reports,” 18 August 1972.

W. C. Sperry "Information Brief on Current and
Estimated Noise lLevels for Major U, 5. Alreraft
Series,” FAA, 2 December 1972.

W. C. Sperry. L. A. Ronk "Information Brief
on Boeing T07-320B Aireratt Noise," FAA, 25
January 1972.

L. A. Ronk, T. N. Cokenais, W. C. Sperry,
"Information Brief of EPNL Contour (Footprint)
Camparison of Noise Abatement Retrofit Options
for 707-320B Aircraft," FAA, 11 January 1973.

L. A. Rank, T. N. Cokenals, W.C. Sperry,
“Information Brief of EPNL Contour (Footprint)
Comparison of Noise Abatement Retrofit Options
Tor 727-200 Areraft," FAA 22 December 1972.
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T. N. Cokenais, "Information Brief on Camputer
Programs for the Evaluation of EPNL Contours
for Approach Operations," FAA, 19 September 1972,

L. A, Ronk, "Information Briet on Computer Programs
f'or the Evaluation of EPNL Contours for Takeeof'f
Operautlons,” FAA, 11 September 1972,

L. A. Bonk, T. N. Cokenais, W. C. Sperry," Infor-
mation Brief on EPHL Contours and Enclased Arens
for 787, DC-9, and 707 Alrcrafi,” FAA, 1 May 1972.

L. A. Ronk, W.C. Sperry, 7. N. Cokennis, "Iufor-
mation Brief on Takeoff and Approach Holse for
Boeinr 727 Adreraft,” FAA, 8 Jonuary 1973.

W. C. Sperry, L. A, Ronk, T. N. Cckenais, "Infor-
mation BFrilef on Prediction of' Airerart Noilse levels
for Filanninz Purposes," FAA, [ September 1971.

"Part 91: General Operating Flight Rules; Civil
Aircraft Sonic Boom," Federal Heglster Vol. 38,
No. 59, 28 March 1973.

W. C, Sperry, "Information brief on Cwrrent and
Estimated Noise Eevels for Major U.5. Alrcrart
Serics,' FAA, 2 December 1972,

¥. C. Sperry, "Ialformation Briet on Federaml Aviation
Administration Noise Abatement Resenrch and Development, "
FAA, 22 December 1u72.

W, C, Sperry, "Intormation Brie1r on FAA Aircraft
Noise Resemrch,” FAA, 6 December 1972.

W. C. Sperry, "Information Eriel on Analysic of
Aircratt Sound Description Syztem (ASIG)," EPA,
2 April 1573,

"A Study of the Magnitude of Transportation Nolse
Generation and Potential Abatement: Vol, I - Summary,"
O5T-CNAC-T1~1, Department of Transportation, Nov'70.

"A Study of the Mognitude o Transportation Hoise
Generation and Potential Abatement: Vel, VII -
Abatement Responsibility," OST-OHA-7l--1, Dept. of
Transportation, November 1970.
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"Adrline BEconomic [mpnet Computer Model: Vols T -
Dotuiled Discussion,” "Aj\-EQ-?E-il, I, Federnl Avintion
Adminictration, Department of Transportation, June
1572, }

"Airline Econcmic Impact Computer Model. Yol II -
Appendix, Detailed Data Tables,” FAA-EQ-72-4,I1I,
Rohr Industries, Inc. and Mitchell Reaearch
Asgociates for the Department of Tranaportatlon,
June 1972.

J. E. Urug, "Adveraft Sound Deseription System —
dackpround rnd dppliention”  Final Report FAAFQ-73-3%,
Offiee of Envircumeswn! Quality, FAL, Hurch 1973,

DRAIT "Noise Standards for Newly Produced Airplanes of
Older Type Desipne' Federal Aviation Adminictration,
Draft Regulation, July 187%.

C. R. Foster, Memo and Epclosure; "Report of the
U. 8. Delegaticn to the ICAQ Committee on Aircraft
Noise, Third Meeting," 5 March 1973.

“"Arrival and Departure Handling of High Ferformance
Adrcraft," DOT/FAA Advisory Circular  No. AC 90e59,

28 February 1972,

Newn Article: "FAA Uncertain of Authority in Regulating
88T Noise," Aviastion Daily, 18 April 1973.

H, Safeer, "Visuals on Alrport Hoise Reduction Forecast,”
Presented to EPAJOIAC Aircraft/Alrport Noise Study

Tesk Group 4, Meeting No. 4, 3 April 1973.

"Praposed FAA Maximum Allowable Nolse levels to be Required
for Cartification of Future Aircraft," Enclosed with Ltr.
by Joseph D, Blatt, 1 Saptember 1966,

H. B, Safeer Ltr: (with enclosures) "Summary of Effects of
Retrofit on Population for Six Airports and Program Ccats,”
30 April 1973.
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233 "Economic Impact of Implementing Accustically
Treated Nacelle and Duct Configurstions Applicable
to Low_By-Pass Turbofan Engines," Report FAA-NO-
70-11, Prepared for Dept. of Trapsportation, Federal
Aviation Administration by Rohr Corporation, July 1970.

234 Claude S. Brinegar, Lir: "Regarding the Assignment of
DOT Personnel to Work with EPA in Meeting EPA Responal-
bilities under Sections 7, 17, and 18 of the Noise
Control Act of 1972," Department of Transportation,

5 April 1973.

asg J. F, Woodall and Advisors, "Alrcraft Development Service
Propopel for FAA Noise Certification Criteria,”l February

1968.

254 I. H. Hoover, "Adrcraft Nolse Certification Alternatives,”
Ltr: Aircraft Industry Manufacturers, Operators,
and Consultants, 3 October 1967.

103 "Aviation Cost Allocation Study: Working Faper No,9;
Benefits," Office of Policy Review, Department of
Transportation, October. 1972.

348 "Aviation Forecasts Fiscal Years 1§73-1984," Dept, of
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Comments on the Dreaft Roport on Review and Analyais
ol Prosent and Pliumeri FAA Noise Regnlatory Acticons
dud Pheir Consernttences Repmding Alvernfi nnd
Alrport Operntion:: for EPA-Tnoic Group B!
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the Conduct of the Ajroraft/Aivport Hoise Study",
avrospice Industries foooeintien of Amerien, Tno.,
2 July 1973,

Clirtan ¥o von Hann, Lir. "Expression of ATA's
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Procedures

Newly Produced Airplanes of HFPEM 72.19
Older Type Designs

Three Point Measurement Con. Information
cept For STOL Noige Certi- Brief
fication

Civil Aircrart Fleet Nolse  Draft MNIRM
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REGULATORY CONSIDERATIORS (CONT'D)

TITLE IDENTIF.

Roise Certification Rule Project
for Quiet Short Haul Report

Part 91: General Operat- Part 91
ing and Flight Rules; Civil
Alrcraft Sonic Boom

Criteria for Implementation Final Draft
of Jet Noise Abatement Take- Advisory

off Profile Circular
Noise Standards: NPRM 69-1
Alrcraft Type Certification
Federal Aviation Act PL B5a726
of 1958

National Environmental PL Gl-1G0

Policy Act of 1969

Noise Pollution and Abate= Title IV
ment Act of 1970 PL 91604

Noise Control Act of 1972 PL 92-574

Code of Federal Regulations,
Aeronautics and Space, Perts
1 to 59, 60 to 199, 200~ ,
Revised

Aeronautical Status and Related
Material, Civil Aercnautics Board,
Reviged

"Adrport and Alrwny Develomment Act of
1970 and Airport and Alrway Revenue Act
of 1970,"

R-14.2

DATE

29 Dec T2

28 Mar T3

20 Mar 68

3 Jan 69

23 Aug 56

1 Jan 70

27 Oct 72

1 Jan 72

1 Jun 70

21 May 70
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Code (Local law 57)," 12 Qctober 1972,

Repolution No. 6598: A Resolution of the

City Council of the City of Inglewood, Californis,
Regarding Civil Airplane Fleet Nolse Requirement,
27 February 1973.

Press Release: Related to Restrictions of Use
at Oaldand Intepnational Airport, 9 March 1973,

Californie Laws Relsting to Aercpautics, Calif.
Department of Aeronautics, Rev, 2 (6a72),

N, C. Yost, Deputy Atioroey General, Ltr: “Adr-
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APPENDIX A

POSITION PAPERS
or

TASK GROUP MEMRERS

Note: Throughout the development of this report, and especially during
the review of the two published drafts, the chairman and staff continually
soliclted two types of information from the task group membership. TFirst,
written comments and eritiques, as well as addilional data, were requested
of 0]l and submitted by most active participants. This informationh has been
helpful in the refinoment of this final report. All of the submissions, com-
ments and critiques are contained in the list of references and bibliography,
and o copy of each is preserved and maintained, available to the publie, in
the task group master file. Second, position papers in which the members,
representing their various interests, would state their position relative to
the issues, independent of the conclusions and recommendations stated in
this report, were solicited, Those position papers are included in this

appendix.
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AEROSPACE INDUSTRIEZS ASGO OIATION GF AMERICA, INC,

VIS DL BALE s GTHET T 1wy YWwaSirc  toN D0 3 200716 1El D67 23th

July 2, 1971

Dr., Alvin F., Meyer

Deputy Assistant Adminlstrator for
Heise Control Program

Environmental Protection Agency,

1921 Jefferson Davis Highway

Reom 1115

Arlington, Virginia 20460

Dear Dr. Meyer:

At the invitation of the Administrater, Enviromuental Protectioen
Agency, several AIA member companies participated in your Aircralt/
Alrport Hoise Study. A study tashk foree, divided into six study
groups, las assisted in developing respective parts of the report
required by the Noise Centroel Act of 1972, PBecause of the pace
of task group activities and broad scope of information and data
being assembled, it was not possible for ALA to develop and submi:
positions as the study propressed,

We are deeply concerncd over the conduct of the study and
desire to provide the following comments on this matter:

a. The total subject of aircraft noise control, including
standards, vetrefit or phasecout of existiug aiverafe,
eamulative nolse exposure, operating procedures and
definition of health and welfare is exceedingly complex
and involved, We are concerned that the five month
period available did not allow sufficient time for EPA
to assemble a team, let contracts, and accomplish the
work necessary to complete the study in a entirely
satisfactory manner. Furthermore, this short time made
it impossible for the task group members to adequately
analyze the findings of the contractovrs or comment
on the work to date in any detail,

b. Because of the diverse backgrounds, expertise and
intercsts of the task group membevrs, little attempt
was made to determine consensus or majority opinions on
the multitude of questions discussed in the mcetings.
Many of the conclusions and recommendations developed
by Task Group Chairmen were in fact not even covered in
the meetings. Consequently, the final reports should
not be represented as the conclusions anpd recommendations
of the task groups. They are, more realistically, the
opinions and irdividuzl wisws of the Task Group Chairmen

A-1



Br. Alvin F, Meyer -

- July 2,

[

which in some impartant instances do net refleet the
arguments and facts prosen d by the members,

The AIA supports efforts tu review the exisring noise
standards for pew aireraft designs and to streapthen
them. The successful introduction of resulting quiete:s
alreraft Inte the fleet {s critically dependent on
Federal action to insure t!at these ajrcraft once
certilicated as complying + (th the applicable standard:s
shall have the right to opoiate at all airports, where
they meet airwverthiness requirements. It is essential
that airport operators be preempted from prescribing
restrictions which would prevent such cercificated
aireraft from operating o¢ theiv airports, The
necessity for federal preewptions does not confliet
with the use of noise abatiment operating procedures,
Howaver, it is essential that the operational
procedures and required aircraft cquipment be FAA
preseribed fov reasons of safety of operation, pilot
training and cquipment interchangeabilicy. Any

other course which permits individual airport
authoritics to specify unique regquirements will

lead Lo chaos and will be counterproductive to

the intent of Public Law 92-574,

In general, we find that the cost analysis approach
taken by EPA was inadequate. For example, the cost
analysis on curfews would suggest that night time
curfews offer a very efficient means of reducing
noise exposure areas on per dollar cost basis,

In fact, the adverse economic impact resulting from
disruption te overscas travel and from aircraft being
other than where nceded for the following day's
flights would be severe and wis not properly considered.
Another cxample is in the case of land use studies
where more factual data is needed in place of
oversimplified extrapolations, We are coavineod

thac the cconomic analyses nust be completely re-
examined before any meaningful coneclusions can be
drawn.

While ATA is not in a position to disapree with the
general approach taken to rate noise cxposure using
the dBA unit, we strongly guestion the selection of
the specific values of 80 for hearing damage and 60
as the ultimate goal for amnoyance or disturbance
eriteria in the Ly, seale. The dats presented does
not adequately substantiate the selection of these
levels, The implication and impact of these limits
is far reaching. Such limlits requive substantiation
prior to their selection.

A-2
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Dr. Alvin 7. Meyer -4- July 2, 1973

f. The FAA noise repulatory actions rocomacnded by the
Tasl Group Chairmen contal 1 numbar of elements with
which ALA is nol in agrecen b, These disagrevments
wil] be discussed at the tige issue of subsequant
repgulatory noticen,

The ALA recognizes the extent «f the noise problem and the
need for progruess in alleviating it impact on the envireument.
We agree that repulations ond proce res relating te operations
sLoin reducing paine

and compatiblc land use dre necesoon g Lo oassi
expasure.  We also agree with the n-cd Tor continued rescarch to
reduce nolsce at Lhe source apml provide operating procedures Lo
reduce noise exposurc for airport noaehbare.  We concur with the
need to provide findancing lor reseasch, oequipment development,
implementation of vuise countrol mearures, and Jand acquisition.

In elasing, we do want to comnoud the EPA Task Gronp Chairmen
for their dilipe efforts under ditricull cirvcumstances. We
urge your consideration of our concerns discussed above,

This letter revises ATA letter of May 25, 1973 1o you.
It {5 submitted jn vequoct to your appudl at tha FPA hearings
on Juune 20, 1973 at the Department of Cowaerce Audiloriom,
Washington, D. C. for all preveeus cuseittals made to BEPA on
the study subject hoe reviewed and rovised not later than
July 2, 1973, As reflected in onr statement at the hesring an
Juune 20, 1973, iv Lo requested thal this statement e inc laded
in the record of all study groups.

Very truly yuours,
AEROSIACE TECHNICAL COUNCTIL
4621 , :\ﬁzi;l ?".ff;;i>’
- et H.'n,'Llu//L

Assoriate Directer
Civil Ajrcraft Teelinical Requirements

GIM:ssf

cc; John Schettino - EPA
EPA Task Group Chairmen (6}

R
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COMMERCIAL AIRPLANE COMPANY
P.Q, Box 3707 Svattle, Washington 98124

June 29, 1973

6-7270-1-444
Mz, W, C, Sperry
Office of Noige Abatement and Control
Environmental Protection Agency
Washington, D. C. 20460
Subject: Boeing Commercial Airplane Company Position on Task Group 4,

"Noige Source Abatement Technology and Cost Analysis
Including Retrofitting'

References: 1) Boeing Letter 6-7270-1-442, V. L, Blumenthal to
R, L. Hurlburt,

2} Boeing Letter 6~7270~1-443, V. L. Blumenthal to
H. E. von Gierke.

3) Boeing Letter 6-7270-1-445, V. L. Blumenthal to
W. C, Sperry.

Dear Bill:

In response to the request made by Mr. John Schettino in his letter of June 25, 1973,
the Boeing Commercial Airplane Company wishes to include only this letter (with
attachments) in the final repoxt of Task Group 4. References 1, 2 and 3 contain our
position letters for Task Groups 2, 3 and 5,

In some of the Task Gxroup draft reports it clearly states that the conclugsions and
recommendations are the responsibility of the chairman. We endorse this position
and agree with it completely as being the only reasonable and fair manner in which
such reports could be written. Because of the vaxiety of opinions espoused in the
Group discussions, and because generally no formal attempt was made to obtain a
consensus, we would sugpast that any inference of unanimity of opinion be

expurgated.

Attachment 1 contains our lettex to you dated April 2, 1973, but revised to include
later information, Note that we have now included our latest estimate of 707 Quiet
Nacelle availahility date, delivery rate, and approximate pricing,

The comments that follow pertain to the 1June 1973 Task Group 4 Report, but are
written in general terms rather than specific comments to that document.

A DIVISION OF THE BOEING COMPANY At

pu e b ek e
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Mx, W, C, Sperxy 6-7270-1-444

L In numerous instances airplane neise values are presented, Flease note
that the 747-100 airplane type is shown at its pre-December 1971 levels.
The correct 747-100 noise levels for airplanes currently being delivered

should be presented as
747-100 (PostDecember 1571)

Takeoff (No Cutback) 107
Approach 107/105
Sideline 99

2,  Attachment 2 is one chart and three graphs to update Boeing airplane
fleet projections from those provided on June 22. These data include
alreraft sold plus firm options only, However, we anticipate continued
sales of all our present product lines into the 1980 to 1985 period,

3. Options for nacelle retrofit are discussed in the Task Group 4 Report.
The repoxt degeribes the FAA Quiet Nacelle contract and states that
two or more nacelle retrofit options have been developed under FAA
contract for each airplane, This is not completely correct, For example,
the 737 quiet nacelle option, developed on Boeing funds, will enable
the 737 to meet FAR 36. We know of no additional quiet nacelle option
for this airplane, Likewise, mention is made of a SAM + JNR treatment
option for the 707 that will eventually be available., We are not aware
of work currently in progress on such a configuration.

4, The general philosophy is expressed that, ultimately, the consumer of
transportation services will pay the total cost of noise reduction, It is
not clear why only the air transport consumer must bear this burden,

It is broadly acknowledged that at least part of the prowth of the noise
problem is due to encroaclunent arcund airports of new residential aveas.
It seems that perhaps consideration should be given to having the interest
groups who will receive the benefits of noise reduction share in its cost,
as well as all the benefactors of air transportation, including the air
travelex.

5.  We encourage the EPA to conduct studies such as is outlined in the Task
Group 4 report under the heading of Cost and Economic Analysis, The
endorsement of this approach stems fxom our belief that themagnitude
of the consequences of a recommendation for a compatible land usage
criterion {e.g,, B0 or 60 L. ) must be thoroughly understood before a
reczopamendation can be ma 2, or adopled, as a national standard,
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Mx. W, C, Sperry 6-7270-1-444

Although we endorse the general approach and methodology used in the
study, we do have extreme concern with the study as reported to date,
As we have stated in our cornments on the Task 3 effort (reference 2),
we do not believe that sufficient data are available to e¢stablish defin~
itive maximum values of community noise exposure, Notwithstanding
this weakness, and assuming that the data used in the study are correct,
the Task 4 repoxt establishes a national noise problem extent of
between 2 and 31 billion dollars, Not only is the magnitude of this
problem specification staggering, but the vaxriation of cost liability
between the selection of L, 80 and 60 {roughly 29 billion dollars) shows
the leverage associated wif']][l! the selection of community criteria, We
believe this magnitude and variability of doHar exposure clearly points
out the need for an accurate and comprehensive study.

The implication of retrofit hardware selection, depending upon the
criterion used, is also worthy of comment, For L. 80, the study
results show JT8D SAM retrofit as the minimum o8t solution, Using
L. 60 as the criterion, refan for hoth ]T3D and JT8D fleets results in
lawwest system cost, More realistically, SAM JT3D and JT8D retrofit
{technology that is currently being developed) still results in an 11 to 18
billion dollar national liability based on the unsupported Task 3 goal of
60L,, . Taslk Group 5 further implies that the residual problem should
be solved by restricting coperations and land purchase, It is our opinion
that moxe study is required to investigate how this is to be accomplished,
and the associated consequences.

In addition, the results of the study present questions that we are
unable to resolve. For example, SAM retrofit of only the JT8D fleet
{in conjunction with two-segment approach) appears as effective as
nacelle xetrofit of the JT3D fleet. The dollar reducticn shown for JTBD
retrofit implies perhaps a 30 to 50 percent reduction in NEF area, Our
studies do not reflect anything like this, From a xecent Boeing study,
for a domestic short haul airport with ne JT3D powered airplanes, SAM
retrofit of all JT8D powered airplanes resulted in a NEF 25 area reduc-
tion of ahout 3 percent, with a NEF 45 area reduction of about 15 percent,
For any airport with JT3D airplanes mixed in, it would seem that even
lass effect would be observed due to nacelle retrofit of only the JTED
powered airplanes,

We are also concernad with the data upon which much of this study is

based, Although we appreciate that every effort was made to obtain the
best data available, within the study time constraints, this need not

A~
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Mr, W, C, Sperxy 6-7270-1-444

imply that the data were valid enough to base decisions of the magnitude
implied in the Task Group 4 report. We believe that noise data are now
becoming available, through the FAA Noise Definition and NASA Contracts,
that will hopefully contain reasonably consistent infermation upon which
to base such a study. Further, the selection of only six airports, several
of which are dominated by surrounding water, may understate the scope

of the problem., It could well be that the extent of the problem is far
greater than 31 billion dollars if the airports selected were more typical
of inland airports, If the information in Task Group 4's report is to be
used as the basis to make major decisions such as retrofit configuration
selection, and to establish community acceptability criterion, we strongly
recommend the following:

* That the details of the study methodology and data used be
complately reviewed so that a thorough understanding and
endorsement of its contents can be obtained,

* If required, 2 re-run of the study should be conducted when a
more consistent and solid data base is available,

Finally, there is the question of who pays. The range of retrofit costs
quoted is from 280 million to over 4 billion dollars, It is probably con-
ceivable that a fare increase could pay part of this cost, thereby passing
part of the expense to the air traveler. There is no way that the air
transportation industry can pay the total system costs ranging to 31
billion dollars or more., We urge that this aspect be thoroughly
considered before final recornmendations are drafted,

It has been our pleasure to participate in the Task Force effort, In thesa meetings
we have attampted to present our knowledge of the present state of the art in the
various facats of aircraft noise reduction, In addition we have attempted to identify
those areas where adequate decision-making knowledge was lacking, We hope that the
EPA will carefully review the various inputs received £rom the Task Force partici~
pants, separate fact from fantasy and desire, and establish its recommendations
for future mule making on technically proven concepts, Only in this manner can

AT



progressive steps be taken to reduce aireraft noise and, at the same time, aveid
costly nistakes which this nation can ill affoerd,

The EPA is to be congratulated for its success in completing a Study of this
magnitude in the short time available.

Very truly yours,

BOEING COMMERCIAL
AIRPLANE COMPANY

b Bl B

V. L. Blumenthal
Director, Noise and Emission
Abatement Programs

Attachments:

Letter 6-7270-1-351 dated April 2, 1973 (Revised
June 29, 1973}

Chart and (3) curves revised June 28, 1973



COMMERCIAL AIRPLANE GROUP
April 2, 1973

6-7270-1-361
Revised 29 June 1973

Mr. W. C. Sperry
Environmental Protection Agency
Washington, D. C. 20460

Dear Bill:

The following are some general comments and recommendations pertaining
to Task Group 4 activities.

As part of the effort to attain a compatible airport/aircraft community
noise environment The Boeing Company has recognized the need to control
atrcraft noise at the source. To this end the Company has developed,
and is praviding, production configurations that fully comply with FAR
3?, ?ppend1x C, noise criteria for all models of the 727, 737 and 747
airplanes,

Information related to the pricing and scheduling of retrofit kits for
these airplanes is shown on Attachment 1. Details on noise reductions
and weight and range penalties associated with the modifications are
presented in the report, D6-60199 “Noise-Reduction Research and Develop-
ment 1972 Prograss,” already provided to the Task Group. That paper
also includes a detailed discussion of our noise reduction activities
and provides the major portion of our comments.

We are currently 1n the final stages of an FAA/Boeing co-funded program
to design, develop, fabricate, and flight test a quiet nacelle for model
707 afrcraft. The flight test program, now complete, was necessary to
substantiate the estimated acoustic and airplane performance of this
installation and to assist in identifying design changes needed to
achjeve an acceptable configuration. Continued coordination with the
airlines to ensure a reliable, maintainable design is a prerequisite to
firm pricing and scheduling of kit availability. We currently estimate
completion of this work in the third quarter of this year, but have
1nc1u?ed current estimates of availabiility and price on an attachment to
this letter,

Attachment 1 to 6-7270-1-444



Attachment 1 to 6-7270-1-444

fr. W. C. Sperry 6-7270-1-361
Page Two

Alternate means of noise reduction, by modifying those engines powering
707, 727 and 737 aircraft, have recently received considerable attention.
Studies started by Boeing, and subsequently sponsored by NASA in August
1972, were aimed at determining the feasibility of noise reduction en
JT3D and JT8D powered airplanes by replacing the two-stage fans with
larger diameter single-stage fans. Work accomplished to date indicates
that these refan concepts are potentially very attractive,

We would recommend that the recently cancelled JT30 program be re-instated
and that adequate funding be provided to both JT3D and JT8D programs to
ensure technical viability.

Source noise reduction must be complemented by other methods of reducing
comnunity noise if a “noise compatible" airport envircnment is to be
achieved, [n order to fully exploit available options for shrinking
noise affected land area in the vicinity of airports, it is recommended
that the government take immediate steps to increase the ILS glide slopes
to the maximum extent practical. In addition, 1t is recommended that the
government, after appropriate and successful review of the two-segment
approach as outlined in the comments submitted for Task Group 2, Initiate
and promulgate plans to install the necessary compatible ground equipment
associated with the two-segment approach concept selected. HNo ground
equipment installation cam be undertaken by industry and the door will
generally remain closed to these two options unless and/or until the
government responsibility is discharged.

It is hoped the information provided in our "Hoise Reduction RED Progress"”
report and the above comments provide constructive and useful assistance
to Task Group 4.

Stncerely,

BOEING COMMERCIAL
AIRPLANE COMPANY

Yaughn L. Blumenthal
Director, Noise and Emission
Abatement Programs

Attachment



Attachmant to
6-7270-~1-341
Revised 29 June 1973

AVAILABILITY AND PRICING OF RETROFIT SHIPSETS {1

AIRCRAFT TYPE

707 727 7% 747
INITIAL DELIVERY DATE
Boeing 1st Qitr, 16 Mo, After 10 Mo, After 9 Mo, After
1975 (2) Go~Ahead (3) Go~Ahead (3) Go-Ahead
N g J
P&W 15 Mo, After
Go~Ahead (4)
AVAILABILITY
Possible Delivery
Rates
Boelng 10/Mo., 33/Mo., 11 14/Mo., 1 5/Mo., 9 Mo.
2nd Qtr, Mo, After Mo, After After Go=Ahead
1976 (2) Go=Ahead (3) GowAhead (3)
“ — )
P&W 130 Engine
Treatments/
Ma,, 21 Mo,

After Go=-Ahead (2)

APPROXIMATE PRICING

Boeing Nacelle, $ 720,000 80,000 135,000 250,000
Spares (5) 43,000 4,800 8,000 -

Pa&W - 65,600 43, 800 -
Spares (5) - 14,800 11,200 -

Installation 40,000 7,200 3,500 1,200

NOTES: (1) All information is per shipset except where atherwise specified.
{2)  Assuming continuous funding, ‘
{3)  Assumes material availabiiity, An additional 9 months flow time moy be
required for material procurement,
{4) Moy be required for DC-9 alsa,
(5)  Boeing estimate of additional spare parts required,

A-11
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NUMBER OF BOEING LBRR FAN JETS (SALES AND OPTIONS 5/9/73)

YEAR 68 59 60 61 62 63 64 65 66 G/ 68 69 70 7Y 72 73 iA_ 15
TOTAL WORLD
(Cumulative)
707 5 31 43 87 127 155 189 248 328 444 551 609 623 629 632 642 GL6  6EE
727 6 99 206 336 490 649 764 819 849 892 978 1020 1052
737 2 107 219 255 285 307 323 340 343
TOTAL U.S.
(Cunuiative)
o7 5 25 N 48 B0 97 125 158 208 287 341 379 381 381 38)
> 727 6 88 184 279 385 526 622 656 662 682 739 755 759
& 737 1 69 43 144 46

Revised June 28, 1973
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General Aviation
Manufacturers Association

Suita 1215

1025 Connocticut Ave,, NW,
Washington, D. C. 20036
{202) 206-3848

GENERAL AVIATION MANUFACTURERS ASSOCIATION

POSITICNS ON THE ISSUES
CONTAINED IN THE REPORT

o

NOISE SQURCE ABATEMENT TECHNOLOGY AND
COST ANALYSIS INCLUDING RETROFITTING

FOR
ENVIRONMENTAL PROTECTICN AGENCY

ATRCRAFT/ATRPORT NOISE REPORT STUDY

TASK GROUP 4

June 20, 1973
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The General Aviation rK--wufactur-rs Asscciation has heen pleased to contribute
to the worik of Task Group 4. Specific cearants on the report are as

follows:

l.

2.

3.

Tre unit Lgn and allowable magnitude to protect public health and welfare
is described by Task Group 3. It is assumed that Task Group 4 should
orient itself to this new measure and rasc its recommendations on the
feasibility of industry to comply. It is not clear to GAMA what rela-
tionship the new measure has to existing regulations (FAR Paxt 36 or
the pending ICRAO/TAA requlations) and, indeed, how the new measure could
be utilized by a requlatory body. Since Lgn ehcompasses all noise
saurces, what preferences will be given in controlling cumalative noise
exposures in the vicinity of an airport? Will the airport be closed

if other noise sources reach or exceed the allowable daily quota? GAMA
respectfully requests a clarification by the EPA on how they intend to
use ILan for requlatien and enforcement.

Effort has heen expended Ly the tosk group on noise abatement technology
and the economic impac of various noise reduction options. This effort
has understardably centered around the transport category aircraft.
Neither techrnology nor t'ie ccoramic impact of noise reduction options is
available for gencral aviation aircrzft, as pointed cut in the task
group's recamendations. GAWA is concerned that lack of this type of
data may impose an unknown burden on the general aviation industry, and
itrequests clarification from the EPA that transport category data will
not be applied directly to the gencral aviation aircraft. A paper,
originally subnittcl to NASA, is presented as an attachment to this
communication with the balief that it ma v bo of assistance to the EPA
in their consideration of the geweral aviation industry's requirements.

A considerable amount of work has been expended by GAA, other industry
agsociations, and U.S8. and foreign governments, to formulate new ICAO/FAA
requlatiens for geaeral aviation aireraft. These pending regulations
Iepresent a sincere challenge in roise reduction and, indeed, taz the
capabilities of the general aviation indusiry. GAMA requests clarifi-
cation from the EPA on the specific relationship between its recom-
mendations and the penling ICAC/ Al regulations.

CAMA endorses the goal to control noise for the benefit of public health
and welfare, and will cooperate fully in establishing responsible recan-
mendations, consistent with the health of the general aviation industry.
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WOISE CORNITHURATIONS IN TiHE DESTGH OF
TURBOEROPULETON BHGINIELE FOR
SENARLL AVINTION

73=210222 May 10, 1973

1.0 INTROLUCTZION

2mall rturhopravalsisn enniacs, such as thosc used in general

aviacion aireraft, typileally produce little nolse that is significantly

different from chat produced by larger envines. Thus, ofven the teeh-
e

nigues used to mitigate or attenuate the souads {rom the large com-
mercial aiveraft engines are thought to bhe applicuble also to small
engines, 'The smaller size of the engines used by husiness and general
aviation aircraft, however, ipposes unigue constrain<s on performance,
weight, and cost that preciude the dirzect applicatien of these methods

and materials without considerable adapeavion, In some instances,

weight or volume limivatious may be so severe that radically new ap-
proaches are recouired if the engines and their installations are to

meet acceptable low-noise emisaion standards,

Thig document discusses cthe significant design and cperational
features of small turbopropulsion alveraft eéngines as they are re-
lated to the agoustical gualivites of these engines, Several specifie
acoustical prechlams unigue to gmall engines and their inscailations
are discuszcd, and [our areas

fied.

requiring further rescarch are identi-

2.0 MECHENICAL ANJ ARROUHLRMODYLAMTC DESIGH

Unguestionably, evary aircrafs englne design represents a com-
promise among the various technical diseipiiaecs iavelved. Aerodynamic
elegance may be sacrificed for producibllity arnd ceost; mechanical
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ruggedness may be derated Lo achreve auceptanle weight; and cach of
these factors, as vwell as usupers, may bBoe eampromised for a lower eagine
nolse level, iowever, anong thase Srawares of areatest concern o
turbopropulsion caging morafochurers are those that digectly influence
perfornance ond iptcgeity clnco these Jactors also influence airceraft

costs and cufecy.

Tha basic perforzanze cooiss Jor tuchopuroz, turboshalt, turbo-

int, and turbofan engincsd an Lhe sase sogavdusss ol engine size, How-

[ R

ever, small civcraft, as o ~lass, eperaldc ove, Lrald ranages ol cruise

L. OSnmall cugine desidgns

1
speeds and alti:zudes, ag sheown 1o Dla
include a corrnsponding hroad range of gycle variaitions Lo mett the

alrcraft flight recuiwvements, Thus, ok

and general awviatinn alrcratu Lvocs, oo

operating cenditions, renuvires that thn shall anging ma

prapared to analyzc and respond to & mueh lavwer rimber of engine/

s Cacturars of

aircraft cyele epiimizaiion problom gstatcments than ma
the larger comrevelal encines. Theretor:. to srovide enginas optimized
for each operaticaal reauiremsit, the s iy onoisre monufacturer nust
be prepared to incrodare a larqer numser of Cnuone eanfrourzation

inte the time-consuning and expensive desligr-sevelenmenc-cortdfication-

production avele.

swasel PPE7IL-2 noine that was désigned

Figure 2 snows che Aldr

for a sea-level thruur of and oompares ir o bto g tynlical

larger turbefan anginc. smali 2urbopropulsion aircraft

chelr smali

engines are gernerally iz:s. G B

woight,

problems that ean ultinat
and cost penalties,

The factors Lhat Influance the Integrity of an engine include

the choice of materials, orodetorninanioan of facluare muedes, redundancy

of funecticns, etco. In Ehis regard, waile wre amalier engines are

@

generally less complex in tholr eperation and instellations than enyine

—pingon
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used on commercial aircraft, they must still meet, for example, the

.8ame regulations regarding bird ingestion as the large engines. A

4~pound hird entering the inlet of a 5000-pound thrust turbofan

engine imposes a relatively much greater potential for damage to

that engine than to a 40,000-pnund-chrust encine, As a result, the
mechanical strength of small engines reguired to pass bird-ingestion
tests muat inevitably exceed the minimum performsnce and life reguire-

mants.

Because small engines are less tolerant ol disturbances to the
cycle, the effects of blade clearances and other leakage paths are
more critical, This fact requires that extra acttention he given to
manufacturing telerances, thermal growth and distortion effects, and

internal air distribution passages.

Compromising designs to accommodate extra structural integrity,
manufacturing with extra precision to minimize the effects of leakages,
designing aerothermodynamic components to achieve higher cycle effi-
clencies, and anticipating and responding to the broad operating
requirements of a multiplicity of aircraft types are extraordinary
requiremants that have been accepted and nert by small engine manufac-
turers while still producing engines of competitive cost and efficiency.
To these regquirements, low noise must now be added. )

3,0 ACOUSTIC IMPLICATIONS OF ENGINE SIZE

From the above discussion, it will be noted that there are both
similarities and dissimilarities between large and small turbofan
engines. However, even the similarities in ongine design and operatien
often lead to diiferences in approach to acoustical suppression. For
instance, most modern turhofan engines for subsonic applications (re-
gardless of size) operate within the same gencral regimes of fan tip
speed and exhaust velocity. Thus, much of the radiated acoustical
power from any size engine falls within the same part of the audible



frequency spectrum. CUnfortunately, this range (1000-4000 Hz) generally
- overlaps both the critical speech interfergonee freguencies and those
associated with maximum annoyance. Thus, the manuTfacturers of small
engines are facaed with eliminating oy attenuating sounds within much
the same frequency randes is the manufacturers of the large engines.
However, much of the technology developed (a great deal of it at govern-
ment expense) for attenuating large turbefan ongine noise amploys mate-
rial constructions whose thickness, weight, and cosc are wavelength
{(and thus frequency) dependent. Figure 3 shows a typical guicted air-
craft propulsion engine vtilizing reosconative attenuation in o concen-
tric splitter ring within the inlet and longitudinal splitters in the
fan exhaust duct, If treatment tuned to 2000 Hertz were applied to
both sides of each splitter, the splitters would ha ahout 3 inches
thick. Therefore, a ring designed for use in a o-foot~diameter turbo-
fan engine inlet might take up only about § percent of the inlet area
(an important consideration in calculacwing the drag and pericormance of
the engine), while the identical splitter construction designed for
the same freguency when employed on a small turbofan would block 23
percent of the area., The weight and cost penalties are also propor—

tionally larger for the same treatment.

There are other acoustic problems in quieting small-sized engines,
Combination~tone {("buzz-saw) noise, for instance, is the result of
the interaction of shock waves from the supersoniec pertion of each
fan blade, This interaction is the result of inlet flow distortions
and nonuniformity of the repetitive hlades, Both are easier to con-
tral in the design and manufacture of the larger engines and components.

Product safety and invegrity also play an important part in limit-
ing the direct application of the larye engine acoustic technelogy.
Anti~icing and foreign-object-damage criteriz become more critical
constraints within small turbopropulsion engines because of the thin-
ner blades and higher rotational speeds employed. The FAA~reguired
4=pound=-bird ingestion test mentioned above would also uniquely

73-210222
Page 4

A-21



influcence the design of splitters and their installation hardware in
small engines, since thore is shysically lesg structure available for
support without assuming a dispropertionate weight wenalty. It is also
nacessary to ensure that forcign objects cannot Lecome lodged in the

smaller passages.

While commernial transpor®t category aircraft certainly make more
neise individually than business and general aviation planes, the
latter fleets are roughly 20 times the size of the transport catedgory.
Further, they are disverscd more widely across the country and aften
employ suburban airfields that do rot have the industcrial and commer-
cial huffer zoncs often possessad by the larger metropolitan fields.
Therefore, the continued uge of small, unquieted oireraft has the
potential to create a rore widespread advarsce community reaction.

It should also ke raocalled that a very large porcentage of the
genaral aviation Zleet coneists of propelier=driven aircraft., In all
likelihood, bharring governnent rosiriction or interventlion, these
classes of ai‘recraft will centinue to grow in sumber and, as the comper-~
cial fleets are guieted, will grew in acoustic importance at an even

faster rate.

What is therefore necessary to solve these and other related
acoustical problems of small aircraft is a definitive program to in-
corporate the applicable portions of previcus {large engine) noise-
reduction studies and to develop new and more appropriate solutiong
to the unique general aviatien problems. In each case, it will be

‘necessary to observe pracrtical limics of weight, space, and cost,
4.0 RESEARCH REQUIREMENTS
According to the Joint DOT/NASA Civil Aviation Research and

Development Policy Study, botwean $20 and $35 million were spent

73-210222
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Some work was perfcrwed on sconi¢ inlets for large quiet-engine
applications, but they did not find general use because of the bulk
required to control such a device on a large engine. However, some
version of the sonic inlet may be practical for small engine installa-

tions,

Attenuating devices that do not depend upon the resonance of air
columns, but rather upon mechanical or electrical resonances, might be
more practical for eliminating low frequencies in small engines.

4.3 Research Is Recguired inte Effecctive Regulatory Practices and

Their Interaction with Cost and Perifcrmance Tradeoifs

Many NASA, DOT, and FAMR studies have been funded for investigating
the effect that various proposed noise rules, units, etc., would have
upon the economics of the commercial airline industry. Some additional
similar efforts are needed to assess the cost and performance impacts
of various rule-making activities. For instance, a small engine that
was designed to make a high blade~passage frequency would benefit from
4 FAR Part-36-type rule where the measuring points are at relatively
large distances from the aircraft during takeoff, since the higher
frequencies attenuate at an exponentially hidgher rate than low frequen-
cies, However, some of the schemes being discussed for bringing the
measuring points c¢loser in would negate that advantage and might force
the manufacturer to adopt some other engineering feature. Obviously,
the goal sheuld be the definition of a falr and consistent rule that
would protect the puklic interest without artificizlly penalizing

anyone,

4.4 Research Is Reguired into Means for Reducing Noise Emissiongs

from Propeller-Driven Adrcraft

NASA has conducted research in this area for several years; how-
aver, more definitive nolse and performance tradeoff studies are

73-210222
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reguired for general aviation~tvpe propelleys and engines. Again, the
type of noise rule that is to be promulgated will affect the types »f

solutions to he reconmmendecd,

Mest current general aviation gropellcrs are mandfactured with use
of the same materials, designs, and processes emgloyed 20 te 50 years
aga. The advent of composites and other space-age technologies cffers
tho premise of coastructicns that are less controlled by material
strengths and yield poincs and more hy aerodynamic and acoustic con=-
siderations. Scallopeé, notched, and slotted hlades that a few years
ago were only laboratery curicsities because of c¢ost and/or strength
limitations arc now more practically within the reach of most gencral
aviation operators. However, specific programs are reguired to clearly
set down the design and performance guidelines, as well as to identify
the potential benefita.

4.5 Research Results Should Be Substantiated in an Engine=-Nacelle
Test Bed

The separate and combined results of the above rescearch afforts

should be adequately demonstrated in a nacelle-engine environment.

A-24
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AIRCRAFT CRUISE SPECTRUM
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TURBOFAN ENGINE NOISE CONSIDERATIONS
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GENERALED ELECTRIC
COMPANY

CINCINRAT, QIO AB52M5

AMCHARY {NOINT GHOUM

22 May 1973

Dr. Alvin Meyer

Environmental Protection Apency
401 M Street, N, W,

Washinpton, 13, C,

Dear Dr. Meyer:

In reference 1o discussions at the meetings of the EPA Aircraft/Airport
MNoise Study Task Furce, the views of the Airoralt Fngine Group of Generad
Electrie on aireraft noise regulations van be Lriefly samimarized as

follows:

. FAR 36 (as issued on 23 November 1969) has been effective in
stimulating noise veductions, For example, new wide-hodicd
aircraft have been certified at or below Appendix G levels,

2, We suppgest the promulgation of the subsonic CTQL Fleet Noise
Rule we proposed in our comments on ANPRM 73-3, sent to the
FAA Rules Docket on 12 March 1973, rather than a series of
separate, incomplete and possibly conflicting regulations, For
example, we favor regulations which would require all newly-
produced ajircraft to comply with FAR 16 at reasonable dates,
depending on the aircraft type, The suggested Fleet Noise Rule
would accomplish this, We do net favor regulations which would
require all of the current fleet of older types of aircraft now in
service to be retrofitted with nacelle acoustic treatment or
refanned engines. The suggested Fleet Noise Rule would promate
some retrofit of some aircraft types, depending on the particular
airline operator's consatraints.

A proper Fleet Noise Rule would allow an airline a decreasing
"noise quota' with time, out into the 1980 period, We believe
that such a methad would offer the airline operators maximum
flexibility to contrel noise through a combinaticn of oif-loading,
operating procedures, retrofit and fleet replacement in the most
economic and practical way for each airline and aircraft type,

It is important to note in this connection that maost airline fleets
use 2 mixture of twg three, and four engine aircraft across a
wide range of different stage lengths and numbers of operations,



Dr., Alvin Meyer
22 May 1973
Page Two

We suppest promulgation of an I"AA regulation of the peneric
type of the Fleet Noise level {FNL} proposed by FAA in ANPRM
73-3, Lbut with important modifications proposed by General
Electric, as follows:

a. The noise measare in such a rule should be weighted to
give consitderahle incentive to airlines (o aequive aireraft
having noise levels sipnificantly helow Appendix C levels,
This wus nat the case with the noise measure proposed in
ANPRM 73-3,

b, Rather then the interim nature of the FNL rule of ANPRM
73-3, which would terminate in 1978, we suppest a rule
with a number of "gates' at specificd times, requiring
aircraft "on-the-averape to get half-way-«down to FAR 36
by some date, down to FAR 36 by o later date, and down to
levels helow FAR 36 by some still later date. The noise
levels shown on the attached figure are suggested as typical
certification tevels for new aircraft in the late 1970's,
hased on our views of pussible noise reduction, available
technology and econoniic reasonableness, over the wide
range of ajrcraft 1ypes covered, The supgested approach
noise levels are for the flap settings used in normal
operating practice, rather than the maximum flap settings
as required currently in FAR 36. The usc of normal flap
settings is a worthwhile noise abatement aperating procedure
in itself.

It should be noted that separate certification rules will be
required for supersonic transpert aircraft and for quiet short-
haul aireraft, due to the different characteristics of these
aircraft types,

It is also suggested that FAR 36 he medified to encourage

the use of two-segment approach procedures, by specification
of an additional special reference point, suchas a 3 1/2nm
approach peint, and maximum allowable noise levels at this
point. If this method were used, the FAR 36 tradeoff pro-
visions should be maintained at the normal three reference
points enly,

3, EPA has proposed airport regulations as such, The cognizant
authority for such regulations should be a Federal agency, in order
to assure that this vital and integral part of the national transportation
system is not adversely compromised by local piece-meal actionsa,
Therefore, such definitive Federal pre-emption of airport noise

A-20




DDr. Alvin Meyer
22 May 1973
Pape Three

regulations should be a part of the propascd action in arder Lo
afford cquitable Lreatment for all airport users, ineluding airlines,
Appropriate FAA noibe source control and aireraft path contro)
repulations should separaely provide final Ydesign requirements'
for manulacturers, as FAR 36 has done in the past,

d. An inereased level of arreraft notse reduction research and
development is needed in the following areas:

a,  Development of noise technolopy for advanced CTOL
engine/aireralt systems which emphasise reduction
of the ceonomic penalties of fower noise, 1Le,, lower
cast, weipht and performance losses,

i, Identification of improved measures of airport community
noise annoyance for aireraft operations making noise
cqual to or less than required hy PAR 360,

C. Determination of aircralt-alone noise levels and
identification of means to controel this noise source.

Cieneral Electric has been active in airceraft noise reduction since the
middle 1950's, in both the civil and military circraft aveas, Substantial
progress has been made, as evinced by the civil fleet introduction of the
new wide-hodied aircrafi, which are much quietcer than their predecessors.
We believe that Federal aircraft noise regulations and additional research
and development of the types sugpesied above will achieve further reductions
in airpori communily nuise exposure,

Very truly yours,

JU feehs

J. N, Krebs

attach.
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vk Environmental Activities Slafi

BN Geneial Molos Corporation
Generfal Motors Technical Center
Warren, Michigan 48090

July 25, 1973

Mr. William Sperry, Chairman
Task Group 4

Aircraft/Airport Noise Study
Environmental Protection Agency
Room 1102F

Crystal Mall Building

1921 Jefferson Davis Highway
Arlington, Virginia 20460

Deor Mr. Sperry:

In a discussion with Mr. Curt Walker we agreed to change page 2 of this
submission to reflect an emphasis on our pesition relative to the issues

rather than to the Task Group Report,

Attached is our revised submission, Thank yon very much for the opportunity
to comment on this important area of environmental noise control.

Sincerely, .
-

3 ? ) ;

\(/(/ / 2 —

E. G Ratering, Darecror
Vehicular Nolse Control

Attachment

ce: Mr. C. L, Walker
Detroit Diesel Allison Division, GMC
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General Motors Statement
Before the

Environmental Protection Agency Task Force
on

The Aircraft/Afrport Noise Study

Submitted By

Edwin G. Ratering
Director, Vehicular Noise Centrol
Environmental Activities Staff
General Motors Corparation

and
Curtis L. Walker
Section Chiaf, Moise Reduction

Detroit Bicsel Allisen Division
General Motors Corporation

Juno 21, 1973
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General Motors Statement

Mr. Cheirman, my name is Curtis L, Walker, Section Chief, Noise Reduction
Reszarch, Detroit Diesel Allison Division, General Motors. We appreciate the cpportunity

to comment upen thie problems we see in the study of aircraft noise reduction.

Detroit Diesel Allison manufactures the commercial aireraft engine, Madel 501
turboprop, for uce in Electras and Convair conversions.  Consequently we are concernad

with the noise reduction obfectives being considered for aircraft engines.

We oppreciate the problem that faces the Task Groups, due to the shart time which
Congress allotted io the Environmental Protection Agency fo carry out the Alrcrafi/Airpert
Neise Study. Therefore, we will submit briaf comments on these arees under Task Group

consideration wherein cur experience and testing has given us competence,

As a preface to our comments, may | establish for the Group two focts:

{1)  Our Madel 501 turboprop engine is o significantly quieter engine
than o contemperary turbofan engine used in an aircroft of the
same gross weight, viz., the Electra compared with the DC?-30.
A noise footprint moking this comparison between the Electra and
DC9-30 is attached as Figure 1. We Believe that the Electra

will meet any reasenckie noise emission requirement.

A=-34
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(2} I, a: o result af the EPA studies, reduetion of general
aviation afreraft noise is required, then there are several
turboshaft cngines which are availoble which cre quicter
than comparable reciprocating engines. One of these
turboshaft engines is the Allison 400-horsepower Model 250,

which is currently in widespread helicopter uze,

During the pest seven years ot Detroit Diesel Allison, we have been doing
reseorch in the aeroacoustics of advanced high-bypass engines.  This effort has mode
it necessary for us to construct a unique test facility which is devoted to fan noise
research. As o result of this effort, we believe that technology does exist for further
noise reduction below thet currently soeeified in FAR 36, Morecver, our studies
of commercial derivatives of our current advanced techuolegy core engines indicate
thak tome noise reduction below current regulatary limits would invelve a relatively
straight forward engineering and develepment effort. We would |ike to caution,
hawever, that reductions in the range of 10 EPNAB or more below those levels
currently spacified in FAR 36 will be difficult to uchieve. Indeed, such reduction
muy require significant technologiecl advancements in order to avoid oppreciable

aircraft performance penalties.

A-35
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The exact degree of improvement which inzy Le availeble without such performance
penalties is impossible to predict at this time. Hewever, the sossibilities 'for noise reduction’
through currently available technology are indicated by the celculated footprint for o
commercial derivative of the Advanced Medium STOL Transport (AMST), which is shown

et two typical bypass ratios in Figure 2 (also atteched),

Finally, Detroit Diesel Allison Division is grectly cencerned that an odequate amount
of lead time be ollowed in developing engine improvements of the type we are discussing

today.

Our experience in the development of aircraft engines leads us to the conclusions
we have depieted on the chert attached as Figure 3. As you can see, it is our judgment the!
aven when the technolegy is at hand to accomplish a swecific nbjective, it is likely to tako
several years of further develepment and gualification before such technolgoy has been
incernorated into the final aircraft so thot it cun enter the market as a preduction
aircraft. In other vords, the phrese "immediately available solutions” In the aireraft
field means that several years of odditional testing are still required before translation

to flying hardviare is likely to he completed,

This concludos my prepored statement. At this time, we will attempt to answer

sotisfactorily any questions Ihat you may wish to ask,

Thonk you,

A-38
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g B 1 P ) DEPARTMENT OF HOUSING AND URBAN DEVELCPMENT
kY “ & WASHINGTON, D. C. 20410

’la.o|\1“
ASSISTANT SECRETAHY FOR )
COMMUNITY PLANNING AND MANAGEMENT AN 29 25 ]

Mr. John C. Schettino

Director, Alreraft/Aivport Woise Study
OFFPina of Noise Abatoment and Contrnld
Environmental Protecticn Agency
Washington, D. C. 20460

Dear Mr, Schettino:

We would like to take this opportunity te express our Tencral satis-
faction with the work of' EPA Task Force vhich was orpanized to provide
recommendations for dealing with the alreraft/airport noise preblems.
Unfortunately, we were uble Lo provide only limited assistance to
three of the Task Groups due to stuff shortages and other pressing
asgignments; however, I am encloaing our generel chservetions and
pesition on many of the preliminary recommendetions of the Task Porce,

We will continue to support the activities of the Environmental
Protection Agency in the aircraft/uirport noise program, and will be
happy to provide whatever ussistance we can to the EPA in this effort,

Sincerely

0lifford W. Grave
Acting Assistant Secretary

Enclesure
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Department of Housing and Urban Development
" Comments on

RECCMMENDATIONS ON THE EPA TASK FORCE ON ATRCRAFT/ATRPORT NOISE PROELEMS

A, HUD's ROLE IN NOISE ABATEMENT

It haa long been HUD's pelicy to encoursge the creatlon and maintenance
of a quiet environment. To further this goal, HUD issued, on August I,
1971, e policy Circular on "Holse Abatewent and Conlreol: Deparbuental
Policy, Implementation Responsibilities and Standards," Thia policy
wag promulgated after szeveral yesrs ol development, in an effort to ful-
Fill the Department's mandate to "provide a decent home and a suitable
living environment for every American family', With the issuance of this
policy, HUD stated its conviction that "nolse is a major source of envi-
ronmental pollutien which represents a threat to the serenity and quality
of Yife in population centers.” The policy formalized and expanded
existing FHA noise regulations which had been in effect for many years,
and drew upon the work of several other agencies and groups and on &
long standing and developing body of knowledge in the area,

The policy establishes nolse exposure policies and standards to be obe
served in ihe approval or disapproval of ull HUD projects; it supersedes
those portions of exlsting program regulaetions and guidance documents
which have less demanding noise exposure requirements. Further, it is
HUD's general policy to foster the ereation of controls and standards
for community noise abatement and control by general purpose agencles of
State and locel govermments, HUD also requires that noise evxposures and
gources of neise be given adequate consideration ns un integral part of
urban environments in connection with all HUD programs which provide
financial support to planning, The policy emphasizes the importance of
compatible land use planning in relation to sirports, other gengral modes
of transportation, and other sources of high noise, und supports the use
of planning funds to explore ways of reducing environmental nolse to
acceptable exposures by use of appropriate methods, Reconnalssance
studies, and, where justifiable, studies in depth for noise ceontrol and
abatement will be considered allowable coats,

Because HUD's noise standards are technically specific in nature, the
Department has published "Noise Assessment Guidelines', o manual to pro-
vide HUD's personnel and the genernl public with a practical methedology
for preliminary evesluation of noise levels at given project sites. An
important facet of the Department's noise control activities 1s & con-
tinuing program of sponsored resesrch into various aspects ol the causc
and ef'fects of environmental noise. Typical of these is a series of
Metropolitan Alrcraft Nolse Abatement Policy Studies, funded jointly by
HUD and the Department of Transportetion. This work was swamarized and
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extended in the form of a guideline munual, to help localitles plan com-
munity growth in the vicinity of airports. The manual discusses the costs,
benefits and limitations of alternative methods of neise alleviation such
ag compatible land use development, zoning, end noise attenuation measures
in building construction. Applicsble to all type of airports, it will be
used to develop procedures for dealing with a variety of local airport
noise situations. It also contains relevant information on Federal and
State programs to nssist in achieving computible wirpurt-community de-
velopment., The manual antitled "Adrcraft Noise Impact: Planning Guide-
lines for Local Agencies,” is ‘now in printing by the Govermment Printing
Office and will be given wide distribution.

. HUb's POSITION ON ISSUES RELATED TO THE WORK OF THE TASK FORCE

1, Cumulative Neoise Exmosure

We believe that there is an urgent need to standardize a measure of noise
gxposure a3 4 prerequisite to promulgeting o natienal set of noise exposure
standards and implementing procedures, We, therefore, strongly support
the activities of Task Group 3. The lack of what might be called a
"perfect” index of measure is no excuse for inmctionr on the growing prob-
lems of neise abatement and contrel. Our major concern is that any pro-
posed alreraft nolse asscssment method be compatible with those now in use
by this Depurtment in implementing the HUD nolse policy, i.e., Composite
Noise Rating (CNR) or Noise Exposure Forecast (NEF).

We are in agrecment with the long term goal of Ldn of GO (NEF 25) recom-
nended in the Task Group repory though we feel that further clarification
is needed, Current HUD policy 1s o discourage residentinl development
beyond 30 HEF (though some discretion is applied in certain cases where
noise exposures lle between NEF 30 and 40), The NEF 30 value corresponds
roughly %o an Ldn of 65. Thus, the current alloweble noise exposure for
HUD assisted new residential construction is marginally higher than the
long term poul recommended by the Task Group., However, we fully hope

and anticipate that the EPA, with the cooperation of other Federal sgen-
cies and industry groups, will be successful in reducing noise through
source and operationnl controls, so thut noise reduction from these active
1tles will bring current residential construction satisfying existing HUD
eriteria well within the long term objective {Ldn of 60). It is important
to emphegine that since new construction represents the long term estab-
lishment of u given land use 1o a particular area, implementation of long
term gouls requires immediate action of the type HUD has been octively
pursuing in the last two years.
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We assume that the immediate poal of Ldn (45 NEF) of BO is to be imple-
mented Lhroupl source and operations controls, bhuilding modifications,
and where necessary, condemnation and relocation, and is to be applicd
to existing residential units,  We lully support such a recommendation
providing adequate reloeation resources ave available at & price the dis-
placees can aiford (pursuant to provisions of tha Uniform Relocation act).

We are concerned, however, that noise levels Pess than Ldn BO may alsoe
constitube risks to health resulting from slecp interforence, unless
airports bave stringent restrictions on night-time operations. The pro-
blem is exacerbated with windews aopen, as they must bo in the seumer
months in many arcas when adequate allernative ventilation e not avall-
able.

Wa support recrmmendation coneerning o standardized computer program {or
caleulating cumulative noise expasure. PFurther, there should be a stand-
ardized delinition of data input requirements and a central data cenver
which ecan pencrate contours of cumulative noise expostrce tor use by Federal,
State and local apencies in making land use decisions.

2, Airpert Noise Hepulalion

We would endorse the recommendationsthat airport operators esercise Lheir
authority to regulate alrcraft operations to reduce nolse in residential
arcas. The requirement that alrport operators predict operations and naise
cxposure to determine compatibilivy of airport operations with the adjacent
land uses ond then take actiens Lo achieve a larger measure of compatibility
through reduction in the noise eifective size of the alrport is an important
element in the total program to veduce airport-compunity conpflicts. Deci-
sions on runway alignment, airvport cxpansion amd volume and type of aircrait
use Are as essential to ameliorating and preventing neise conflicts as are
the control of noise at the souree and Lhe control and guidance of land use
development In the airport environs,

1t is understood that the FAA has thoe avthority for requiring airport cer-
tification under existing legislation, That agency should therefore be
encouraged to take the necessary sction to meet the EPA compliance achadule.

3, Continuing Propram for Noise Abatement

We would concur in the nheed [or a continuing Federal Program to assist in
implementing a comprehensive national alrcraft/airport noise abatement pro-
gram. We would be happy to participate in those aspects of the program which
are of interest and concern to the Department,

OTHER RELATED I1SSUES

There are othar problems that need te addressed to further goals of the air-
craft/airport nolse abatement program; some of these are!
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l. National Airport System Planning

A National Airport System Plan appears to offer a key to the problem of
location and expansion of airports in the Nation, and a meaningful docu-
ment cen lessen the potentially adverse Iimpacts of such development.

The long range plan could identify the projected kinds and volume of oper-
ations at gpecific classes of ailrports so that there would not continue to
be the many surprises which appear to develop fairly regularly following
the creation of an airport or changes in operations at existing airports.
Communitics in the airport environs would then have an explielt idea of
the kinds of airport development expected and could plan accordingly.

The National Aivports System Plan should have a rational national Eocus
and not be only a compilation of airport projects conceived solely by
state and local authorities,

2. Modification of Airport and Afrway Development Act (AADA)

We believe that the AADA can be strengthened to insure a greater measure
of compatibility between alrports and their surrounding aceas, as follows:

a) Aircraft noise is not specifically addressed in the law.
In view of the growing concern with environmental quality
and the impact of the airport development program, noise
merits specific recognition. The law does not now support
the acquisition of land to be exposed to severe levels of
noise;consideration should therefore be given to modifying
the statute to allow the acquisition of such land, by ease-
ment or fee simple, as part of the airport development pro-
ject costs,  Inclusion of such a provision to cover areas
of very severe noise exposure is both desirable and necgssary
to any meaningful solution to the noise problem.

b) The rules promulgated by the FAA for implementing the Planning
Grant Program under the AADA are not consistent with Section 11
of the Act. Alrport systems planning should be an integral
part of multi-modal transportation planning for the metropelitan
area, and should ba bhandled by the appropriate public comprehensive
planning agency. Environmental considerations and alrport loca-
tion should be a significant part of the systems planning process
vrather than a token after-the-fact issue in airpert master planning,

MCE
6/21/73
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LockHEED-CALIFORNIA COMPANY

A DIVIRION OF LOSKHEED AMACAAFT CORPORATION

BURBANK, CALIFORNIA R1SD3

RECEIVED

296 P
April 25, 1973 MAY 31973

Mr, W. C, Sperry

Cheilrman, Task Groups 4 & 5
Alreraft/Airport Nolse Study Task Force
Cffice of Nolse Abatement and Control
Washington, D,C, 20460

Desr Bill:

As part of the Lockheed effort in support of the EPA Alrcmft/Airport
Noilse Task Foree, we same time ago asgked Rolls-Royce to provide thelir
evaluation of the potential for further engine noise reduction., I feel
thaet conslderation of the Rolls~Royece input by EPA is appropriate both
because of the pre-eminence of Rolls-Royce in alrcmft engine nclse
technology and because Rolls-Royce engines power a growing proportion
cof the U,S, alr tmnsport fleet.

The attached statement was prepared by Mike Smith, Manager of the
Rolls-Royce Noise Department, and epproved for submission to EPA by
Mr. E. M. Eltis, Director of Ergineering, RB.211 Programme. I hope

you will find it useful.
Sincerely,
H. Dreil

Flight Sciences Divieion
Commerelal Engineering

KD:JRT: g
Attach.
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16 April 1974

COUSTIRRATICNS RELEVAIN 10 GUIMENTING CF ATRCRAFT HO1GK

TH THE TREEDIATE MR

The nolse envlranment around airports 1s povernoed almost entirely by alrerrt
pavered by engines designel about a deeade npa,  With less than 5% of world
ficets enrrently comprislng the newer more quict Trlieils, the L-1011 and

10,10, this situntion 15 1ikedy Yo prevail wndll ot leaat 107, when the

FAA propose thnt 211 types corply with FAR Part 30 Standards.  Fyven then

the dmproved standard or the hish bypass crnines cver modiried curlier counter-
parts wI1ll cnnure thnt rewer tynen o i ot no the weds ollondees,

Phere would therafore appeay to b 2ittle tidleation Yor demaniing unduly
iwpraved ptamiarl fram ney coneteent, for o the erfeet vgoald nol Le reflected

in the overnll) envirommental picture.

However, some improvement in nolise staninrd f'or new Lypes entering nervice

in the second hialt of thils decade in Jdesirable, to encure that the prablem

is Inrpely solved during the L30's,  Havins anid this, twe important problems
to be nddresced are how mueh the dmprovescot should be snd when newy remulations
should he cnneted. The following purageraphs express rar view and are offered
to the EPA for thelr consideration.

The RB,211 is a prime example of’ the ney bresd of quict eagines, Its medn
reatures were desimed in 1965, develcpmenl comaenced in 1067, and the first
production engines entered dervice In earl, 1072, Any rdlenlly new engine
can be expected toe Dollow approximately Lhe Zmme cycle of events, and there-
Tere It would be unreslistle to apply stringent new reiuleations before the
end of this decade, since the technolomy to meet suell ctandards is not

developed today.

What is avallable today lo the technolopyr to make limlicd, buil nevertheless,
wortiwhlle improvements. The Improveseunis possible cre limited by the new
problens that have been revenlel In the develoraonts of the newer engines,

& prime exnmple being the nolsce rleor created vy the vore engine, Thia el
g already been recotniszed by 1,5, Coveranent Apenzies dn the nesenrch onit
Develepment Contructs ofZored to Inldustay in dthe reeene poest, and cleariy
the answers will not appene without considerable research, involving in acue
enseg new test facllities.

We therefore sce two elearly derlned ctages In improving the nolse enviren-
ment, viz:

n)  limited improvements possible with tolwys teolmologmy, for
implemeutation on englnes enterine serviee in the secont hnlf
of this decwsie,

b) rurther Iryreviomentis wole ponsible by cngredny resoarch, aver

the next the Copenrs, ror
enberlnge cor P oarly
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o) Tmprovements passible using todnys technolomy

On an cngine of the RB, 211 itype there are two important flight conditlens
to be considered in defining the improvement afforded by englneeving action.
These are ihe high power cose for leternl and Take-off nolise, and part power
f'or Approach,

The RB,211 noise source distributicn has been defined as shown in Figure 1,
Without resorting to mnjor chanpes to the rotating machinery improvements
are possible by virtue of better serodynamie standards and lmproved liner
performance, The latter may result from fmproved design of the liner strue-
ture, or the intreoductlon of extra surfaces in the main alr-flow pussages,

Alrendy we are proposing medest lmprovements for developed verslons of the
RB.211, and estimete that sueh sction will improve the standard by about

2 EPNL. Fven these improvements are not, however, without penalty. The
weipht change alone would cost the Tristar the cquivalent of flve passengers
(imless the alrcraft weight can be Incrcased Ly an equivalent amcunt).

On an alrecrmft already belttering Part 30 standards by 10 EPNL nt full power
and 4 EPHL &t appromch 1t is difficult to sce the extra cost being readily
borne by the operator.

Further Iimprovements nre possible, at an incrensed opermting penalty.

e Company entered a pertnerahilp with the U,E. Government nine months

ago to produce a quicet engine demonstrator based on the RB,211L., Thls pro-
gramme is directed at improving Lhe noise stonderd by 5 PHAB, but the modi-
fications are not in any way designed for the productlion powerplunt. Some

of the modifications could eventually be incorporated in & aaleable power-
plant, but others like the full length bypass duct splitiers, would involve
major redesign, performence penalties and mechanlenl ceomplication., For
example the whole thrust reverser system would need replacing, To Ilntegrate
all the improvements in a pewerplznt would cecst around 350 lbs welght per
engine, and the crulse sfe penaliy woeuld probably be of the order of 1/2%,
Furthemore if' significant modirieation were required o the inlel system,
Tor example by the intreoductlon of a splitter ring, the full effect would

be a further incrense of sffc of at least l/’:E;S and &30 1b in welght per engine.
Moreover such devices would requirz careful consideration of the vibration
provlens O Lhe fan assembly und way necessitabe chablpes Lo Uhe Zan dealgn,
We would eatimate thatl a 5 FldR packace would take not less than four years
to develop and apply to a production siundnad engine. Assuming a go-ahead
early in 1974, mieted production engines could be avallable in the late 1970's.

The overall result, taking instelled perfommance into acecunt, would probobly
be & Trijet some 3 - b EPNL better than the standard of the Trisiar todny.

b) Furthor imprevements in newlv desirned envines

Our research progrowmes ara Indleating that basje improvements, other than
the cxtensive use of scund absoriing meterinls, will only ceme frow more
extencive rolasimn,
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Even so the petentilal for such fuarther basle luprovement does not, at the
present time, appear to be more thun sbout 3 PRAB, and 1t is our belief
that the eentrlibutlon of the powerplant nlone cannot be regnrded ns the
ultimate solution to the noise problem, It will bo necessary for the
glri'rame denlpn to be even more «ioscly integrmted with the powerplant
to ensure full benefit from shielding by wing and fuselege structures,
and such constraints muy well dictate the desipgn of future anirplanea,
Another fuctor clearly affecling potentinl nolse reduciion is the nolse
pencrated by the nirframe itself, nnl unless thls can be redueed it is
wnprof'itable to demand an improved stemdar] frem the engines alone,

CONCTLUSTONS
We see two distinct stnges relnting to future noise leglaslution;

1. A reduction in FPart 26 standards during the latter part of this
decade, probably of the order of % - 8 EFNL with ihe provision
that the measuring polnts ave modified to romove ihe current
ineguality between the landing and falc-off messuring distance,
Such reduced levels could be demanded frem all new ailreraft,
including develeped versions of existing typea. fThe relationship
between the two, throe and four engined sirceralft would however
need careful. consideration.

2, A further reduction of the order of 5 EPNL during the early pnrt
of the 1980's, to be applicnble to completely new types only. The
practicality of this reduetion, of course, depends upon the level
to which alrframe neise can be reduced,

Beyord that point it 1s necessary Lo define both the technicnlly feasible
nolse floor and the nolse level beyond which community exposure is not
lenpger & problem., Asswalng that these iwo eriteria are not colneident,
1t will be necessary Lo carcfully balance technical feasibility and
ceonomle Impaet agninst any long term leglslation proposals.
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25 KNOB HILL ROAD, GLASTONBURY, CONNECTICUT 06033
203 - 633-2835

Juns 20, 173
Lr. Willlanm Srepry
Jualrian Task droup b
direraft/ lrport soloe Ot dr Yasu Yeree
L.3. nnvivonmental Vrotectlion Lreney
Lulldin:- I, Troastanl Call
Arllinc-ton, Vireints 20400

Jeny p, onerry,

We have paptlelipatoed 1a tie rmeetinon of Tasi. "rour L, worialn:

", .- o . A " o -
on .olse Source fisterent Dechnelor s and Lozt inanlrsis
- M . -
Tneludine cetrofit¥for tie -nvironrantal Protection nfenen
aiveraft/flrrort olce ienort dtudy and suiinit the follewine

mooon

a5 the poultion of the .ational Jreanization teo Insure 2 Jound

Controlied mvironnent,

Mreraft Toverrslant olse dsaterent

Wwe flnd tuat alreraft rpowerplant nelse gobitenent tecnnolosy has
advaneesd rarldly since the introduetion of the HLi~h Ly rass turwo-
fan en=ine wihich nredueces less nolse in the jet wvalie and slaera2
the internzl nelse czn te abated L acoustlie treatrent of the
inlet and discparce duets, ille continued itih Ls necesaary
for the further nolse avatenent of nowerplants to be used in
future desiong of alrcraft 1t 1s irrortant that the henefiss

of tie present state of the art be wused to provide relief to
afvrport nelrhbors as zoon a8 poeasible.

It sheuld e noted that zircraft nodels are expected tc rexaln
in production Tor 10 years or nore and toat the alrlines orerate
these glreraft for 15 vears or more after delivery, hils Tuet

to~etlier with the faet tnat a few nolsy aireraft in the fleot
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W, Willan Snerry June 30, 1073

i‘nee 2

Leepy the noloe exnosure level hlrh shows thdt the nolse In

areas In the alrport envireas rav reflect tie nolse abatenent
technolory of a rerlod 20 vears or more earller. for this reasen,
durlne rerlods of rapid technolo;leal developrent in nolse
abaterent, two recans lor sirortenins: the perled of sexcessive

noise nust be utilized to the [fullest. Qhey are:

{a) letroflts of noisy nowerrlants with nuleter ones takclng
advanta;e of improvements in pawerplﬁnt performance where
posaivle, |

() Updatinr the powernlant belnc used on the apireraft whilch
is in nroduetion as the state of the art advances or
chanrinZ to a nuleter powernlant durlnp the productlon
perlod,

An analysls of the alreraft in the atrline fleet 1in the future
indlcates that If a retreflt fs nade uhlelh: extends the 1life of
alrcraft into a perlod when the nregently delivered alreraflt
are being retired 1t should he as nulet or quleter than the
presentiy delivercd aireraft otherulse 1t will stand out as a

nolsy an.. therefore undesirable alreraft,

it iy anticipated that airpeort operators will, in the future,

be required to nermit only a speeified nolse exposure in the
environs of cthe alrport. In that case the alreraft which can
provide the maxlmum service per unit of nolse exposure will le
welcome and the nolsy alrcraflt may be barred. lor these reasons

We recommend that:

(a) Any retrofit wnlceh extends the life of an alreraft e
levels

desirned to reduce the noise of the alreralt tog/as low as

A-D1




ir, William Sperry June 30, 1973
Pare 3
or lower then the nolse levels of new airveraflt in

rroduction.
(p) itreraft powerplants in preduction e updated every 3 to

5 years to incorporate advances In the state of tie art

in alreraft nolse abatement,

wolse Abateuwent Uperatinm Procedures

While operating procedures 1s the subJect of the Vasx Group 2
Ctudy, technolozy 1s involved in providing equipment to facllitate
nolse abatement operating procedures. There are two areas where
techneclogy can contribute significantly to alrcraft nolse
abatement. “They are:
1. Alreraft automatic control equipment to facllitate the
use of 2 seprment, decel}%ratinm approaches where engine
thrust 1s kept to a minlnum and flaps are used to brinem
the alrcraft to touchdown speed Just prior to touchdown.
This rives a minimum of Loth engine noilse and flap tur-

bulence prior to reaching the airport boundary.

2. The improvement of alrcraft performance in crosswind and
tailvwind operation on preferential runways. It has teen
found, for exanmple, that an increase in the permissible
erosswind from 12 to 20 or 25 knots will In some cases
permit the use of a preferential runway 507 or more of
the tine as compared with 26 or 307, This may male it
possilble to shrink a nolse sensitive resldential area
exposed to unacceptable nolse to a small fraction of its

nrevious slze.
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ey Villiorn dnerry June 30, 1973
Pare 4

dglse dvatement Sy Inproved idireraft Perflornance

It is vwell known that tswio englne zircraft nave steeper
climbout capabllity tinan three and four enrine alrcraft
becausc of thelr hisner power loading., hls steeper clime

and larger percentnore thrust cutbacic wilell 1s peossltle wlth
nlin power loadinrg alrcraft wralies possiole larpe recuctlons in

the areas enclesed within specifled nolse exnosure contours

on taseorlrl.

In the competition to carry the nost passengers @ per unit

ol neise exrosure on takeoff under the alrport nolse certiflcation
procedure, airlines will want to exploit all nossiuvle pro-

cedures for pmettinr alreraft Into the alr witsh a nindnus
contrioution of noise exposure. Tuls cornpetitlon nay ve tie
incentive for new developrents in the alrcraft/alrport

syatenrr for nolse reductlon,

he cost of alreraft nolse peduction Lecomesn rensonable after
the size of the area of incompatitcle land use has been reduced
Ly the Introduction of qulet alrcraft and nolse avatement
operating procedures. As discussed in detall In our poslition
paner vresented to Yask Group 1, we reccrmmend that the cost

of alreraft nolse reduction and the cost of land use chanre
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Ar. Willlam Cperry
Pame 5

required as a result of excessive alrcraft nolse be
paid for by the users of the alr transport system.

Zincerely yours,

7 .
Co d L. A y
T N W HRS O 1V Py Al fgen
John W, Tvler anﬁViiiyd VY L Indhn, SRfcuLlve LiveCLory

-
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May 15, 1973

Mr. Nilliam C. Sperry

Office of Noisc Abatement and Control
Alrcraft/Airport Task Force
finvironmental Protection Apency
Washinpton, DC 20460

Dear Bill:

liring the meetings of your Environmental Protection Apency Task Group 4,
you requestod position papers from the members commenting on the various
nossible source control optians for reducinp aireraft neise.

The attached comments from Pratt § Whitney Aircraft are divided into

two sections. The first section covers the various eptions for noise
retrofit of the narrow-body commercial transport fleet, We do not believe
that sufficient data is yet available to make a decision on the feasibility
of retrofit, Our comments are hased on the technical information available,
The second section provides comments an the development of new quicter
engines, including a cemparison of the JTOD and NASA OQuict Engine.

These comments alonp with the previously provided report, "Noise Reduction
Programs at Pratt § Whitney Aircraft,” comprise the information we wish
to provide to Task Group 4. We hope this information will be of assistance

to you.

Sincerely,

PRATT & WHITNEY AIRCRAFT

dL/ /%_[/L-( /\

¥, E. Helfrich

Project Engineer - Noise Reduction
WEH:caz
Enclosure
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AN

NOISE RETTROETE 0F “THE RARRW-BODY COMMERCIAL TRANSPORT FLEET

The Tinviromnentnl Protection Agency Task Group 4 is considering the var-
ious possible options for retrofit of the current narrow-body commercial
transport fleet to reduce aiveraft noise, Recause the JT3IN and JT8D
powered aircraft comprise a large part of the current 1.5, fleet, and have
many more years of useful life, a decision on how to hest provide noise
reduction for these airplanes invelves a complex array of economic and

technical factors.

The FAA treated nacelle programs have not yet been completed and the NASA
refan programs are still in the desipn stage. Results of these pregrams
will provide comparative data on ccenomics, performance and noisc reduc-
tion. These results will determine whether a neise retrofit propram is
feasible which mects the requirements of Public Law 90-411, The follow-
ing are Pratt § Whitney Aircraft's comments based on the technical
information available,

General

Noise levels of the current narrow-body airplanes along with various
retrofit schemes are shown in Figures 1, 2 and 3 at approach, takeoff and
sideline conditions. Noisec levels of the wide bady aircraft are shown

for comparison,

Summarics of the various retrofit schemes for a 727-200 and a 707-3204
are given in Boeing reports, reforences 2 and 3, showing the estimated trade-
of fs hetween noise footprint area, airplane range and retrofit cost.

Nacelle Treatment

Treated nacelles which will meet FAR 36 noise levels have been developed
and certified by Boeing for the 727 and 737 and are beinp developed hy
Pouplas for the DC-9. As may be scen in Figures 1, 2 and 3, the -
untreated JTAD powered aircraft are close to FAR 36 noise levels, and
consequently these treated nacelles will only provide small noise
reductions. A typical case for the 727 shown in the reference 2 Bocing
Teport indicates a modest retrofit cost and a small change in airplane
Tange, hut the noise footprint area for a 90 EPNdAR contour is anly
reduced from 29.4 to 26,4 square miles, This comparisen implics that
treated nacelles for JTAD powered aircraft will not provide meaningful
noise reduction to the airport communities in a retrofit program.
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Troated nocelles sre being developed for the 707 in a Nocing/FAA propram.
Flight tests to demonstrate performance and neise levels are currently
in progress.  Predicted flyover noise levels would pravide significant
neise reductien, as shown in Figures 1, 2 apd 3. This would be equiva-
lent to a reduction in neise footprint avea from 54 to 21 square miles.
The estimated retrofit cost is approximately 0.75 million dollars and
the estimaved reduction in ranpe is 2.7% as shown in reference 2.

Naeelle Treatment and Jet Suppressor

A Roeinp/FAA program to develop an ejectar-suppressor and treated nacclle
for the 727 was completed, As shown in reference 2, this confipuration pave
A siginficant reduction in the 90 IPNJR noise footprint area from 29,4

to 6.6 square miles but the ranpe penalties were not considered reason-

altle for airlinc opcration.

fioeing developed a plug nozzle suppressor for the 707, but the final
configuration did not pive any sionificant noise reduction,

tased on the adverse vesults of these extensive programs, it does not
appear that the nacelie treatment and jet suppressor concept i currently
a satisfactory candidate for retrofit.

Refan Enpines and Nacelle Treatment

A detailed description of the JT8D and JT3D refan engines was piven in
reference 1.

The JT8D refan engine is expected to provide a 13% increase in static
takeoff thrust, a 5% increase in max cruise thrust and a 3% reduction in
cruise fuel consumption compared to the present JTRD engine. Primary jet
velocity is reduced by 16%, piving a 9 Jdbf reduction in jet nnise. Pre-
dicted noise levels for JTAD vefan enpines with treated nacelles in 727,
737 and NC-O airplanes ave shown in Pigures 1, 2 and 3 for approach,
takeoff and sideline., These are NASA predicted noisc levels, based on
input from the aircraft companies, and are well below FAR 36 levels, As
shown in reference 2, the 90 EPNUB noise footprint arca for a 727-200
would be reduced from 29,4 to 3.9 square miles with refan engines, which
would place the noise footprint almost within the houndary of many air-
ports. This would provide significant noise reduction to airport
communities,

The JTAN refan engine development propram is"in progress and a demonstra-
tion ground test is scheduled in early 1974,
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The JTID refan eneine is estimated to provide a 17% increase in static
-takeoff thrust, a 7% inerease in max cruise thrust and a 7% decreasc in
cruise fuel consumption compared to the present JT3D engine.  Primary
jet velocity is decreased by 14% resulting in a 7 dFF reduction in jet
neise, NASA predicted noise levels for JTID refan engines with treated
nacelles in the 707 are shown in Figures !, 2 and 3. Where the FAA
treated nacelles for the 707 are predicted at FAR 36 noise levgls for
appreach and takeoff, the refan predictions are 6-7 EPNAB below FAR 36
at appreach and takeoff, and sideline is 12 helow FAR 36. The refan
engines would reduce the 90 EPNdB footprint area from the hascline of 54
te 8 square miles and would provide a small improvement in maximum
range as shown in reference 3.

The JT3D refan engine development has been terminated by NASA due to lack
of funds. This refan program could still he completed in a reasonahle
timo if it were reinstated in the near future, since the engine redesipn
has already heen completed.

Re-enping

Retrofit of the JT3D and JTED powered commercial transport fleets with new
guiet engines is not feasible, There are ne high bypass ratio replace-
ment engines available in the 20,000 )b, thrust elass, and engines of

this type will not he available during the next few years which is the
critical period for retrofit, Even if new engines were available, the
retrofit cost of new engines and new treated nacelles would he consider-
ahly higher than the other retrofit options,

Fleet Roplacement

There are no suitable aireraft available to replace the JT3N and JTAD
nowered fleet. The current large wide-body aircraft with high bypass
ratio enfines would not be efficient replacements for the many short
range and long range airline routes where smaller passenger capacity is
required. It is anticipated that a new 100-200 passenger aircraft with
new technology engines may be introduced in the late 1970's which will
gradually replace the current 707, DC-8 and 727 aircraft during the
followinp decade. .
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PRATT &4 WHITNEY AIRCRANT

DEVELOPFMENT OF WIM GUIEPER EHOTNES

Pratt & UWhitney Adrcraft has been conducting noise reduction research and
development programo for jebt cnpines since the beginning of the jet era.
Programs at PIA in this field currently inelude bhasic noise research,
development of noise reduction hardware for current cneines, and develop-
ment of new guieler engincs. The current P&WA noise rescarch programs
atong with retrofit proprams for current engines were covered in
reference L. Some comments on the development of now quiecter enpgines am:
included here,

JT5D Enoine Noise Reduction Festures

The JI9D hirh bypass rabioc turbafan engine which powers the 747 and DC10-LO
wide-bodied transports was desipgned in 1965, well before Fuderal sircraft
nelse standards were established, Bocause publie concern over airplane
nolse was recognized ab that time, noise suppression was included among
the desipgn objectives for the JI9D cnpine. Sipgnificant reductions in jet
noise were achleved because the hiph bypass eyele chesen for the JT9D
had lower Jet velocities than earlier engines. Discrcte tone ncise

frem the single stage fan of the JTID was minimized by reduction in fan
tip speed, the omission of inlet pulde vanes, providing ample spacing
between the fan rotor blades and exdht guide vanes, and the séleetion of
the optimm nunber of fan blades and exlt vanes. Acoustical treatment
was incorporabed in the fan exhaust cases. The low nolse design feabures
of the JT9D were gelected baged on pricr PEJA fan neoise resecarch work.
In addition to the low nolse features of the englne, acoustical treat-
ment is incorporated in the nacelles of both the Th7 and the DCL0-LO to
provide aireraft noise levels below the requirements of FAR Part 36,

Comparigon of the JISD and NASA Quiet Ongine

The NASA Quict Engine Program has ubilized the core from a current high
bypass ratic enpine as a vehicle to ground test the effects of fan tip
gspeed on noise, One of the demonstrator enpgines, known as "Quiet Enpgine
A", incorperated similar neise reduction features te the JTYD high bypaus
ratlo engine and went ene step further by lowering the bip speed of the
fan. Whereas the fan RPM of the JT9D and the other high bypass ratio
production engines was gelecked to ensure subsonic tip speed at approach
thrust and hence the absence of combination tone neoise from the inlet,
the tip sopeed of the Quivt Enpgine A fan was selected to be subsonie at
bakeoff as well as approach. Because of the lower fan specd, the Quiet
Engine A demonstrator has fan noise about 5 PHAB quieter than an engine
such as the JT9D when both are installed in a nacelle that does not
incorporate acoustical treatment. Comparisons between the takeoff nolse
level of Quict Engine A and the JT9D scaled to the gam2 size are shown
in the foliowing table at ground test conddtions:
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PRATY & WHITNEY AIRCRART

(De-Rated)
Quiet Sealed Scaled

Engine A" JT9D JIoD
Fan Preggure Ratio 1. 1. 1.50
200 Ft, Sldeline
Peak PNAB 121 121..5 128
Fan Tip Speed,
Ft/Sec, 1cLo 1225 L3710

Two columns are shown for the JT9D; one when the fan is operated derated
at the same preossure ratic as the Quiet Engine A, and cne for operation
ab the rated JT9D takeoff condition that reflects the higher design
pressure ratio of the JISD. As shown by the table, the "derated" scaled
JISD produces similar noise to the Quieb Engine A but the scaled engine
is about I PNdB louder because of the higher tip speed and fan preassure
ratio.

Nolse levels of the scaled JT9D and the Quiet Engine A at approach thrust
conditions are compared below:

Quiet Engine A Scaled JT%D
Fan Pressure Ratio 1.18 1.5
Pan Tip Speed, Ft/Sec. €95 850
200 Fuot Sideline, Poak FNJB 107.5 12,5

At this part power condition, the lower fan tip speed of Quiet BEngine 4
provides a noise level aboub 5 PNAB lower than the secaled JT9D with an
untreated configuration.

PEWA/FAA Fan Research Program

The effects of fan btip speed on noise generatlon were also merasured in
an FAA sponsored research program at P&WA, High, medium and low tip
speed fans were tested in a large scale outdoor fan neise rdg. These
results also showed that the lower fan tip speeds could reduce aft arc
fan noise by about 5 PidB. Noise levels from the low tip speed fan were
very close to those measured on NASA Quiet Engine A, when scaled to the
same size, as shown below:

A-GO



Takeoff Approach

Scaled Scialed
Quiet FAA Quiet TFAA
Cngine A Fan Enpine A Fan
Fan Pressure Ratio 1.4 1.4 1.15 1.15
Fan Tip Speed, Ft/Scc. 1040 n1n (s 585
200 Ft. Sideline, Penk 121 118.5 107.5 106.5

M

TFuture fnpine Technology

Both the NASA Quict Fngine Propram and the PARWA/FAA Fan Research Program
denmonstriated that soeurce noise reductions could be achieved by lower
specd fans. lowever, this technolosmy cannot he arbitrarily applied to
all new engine desipgns., The low speed fan gives a hecavier, larper and
more cxpensive engine design with present technolegy because of the
larger low turbine required. This leads to a larper, less cfficient
aircraft for the same mission. Conversely, a high speed fan pives o
lighter, less expensive engine and a more efficieont aircraft. The amount
of acoustic treatment required and the associated performance losses are
significant in determining the optimum engine cyele, An airplanc/engine
system trade study is cssential to determine the hest economics for a
given set of requircements.

Tach airplane/cengine installation presents unique problems and specific
design requirements., The type of enpine installation has a significant
effeet on the aircraft noise level., Choice of the optimum engine desipgn
for a particular instajlatien requires a thorough study of all arproaches
to obtaining a piven noisc objective. As noise research proprams provide
new techniques for reducing engine noise generation, these will he
included in the enpine cycle trade studies.

Reference 1@ “"MNoise Reduction Proprams at Pratt & Whithey Aircraft”,
Presented to the fiPA Adrcraft/Airport Noise Study Task
Force, Task Group 4, Fehruary 28, 1973 hy W, E. ilelfrich.

Peference 2:  Boeing Neport D6-60199, “"Noise Neduction Nesearch and
Nevelopment 1972 Progress', March 1973,

Neforence 3: Boeing Neport NA-4MARZ, ITID/ITAD Refan Preliminary
Feonomic Study, April 1973,
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SikO I"Sky nircraft DIVISION OF UNITED %RAFT CORPORATION

STRATFORP, CONNECTICUT QGGOR

PHOMNE (20Q3) 378.6361

July 20, 1973
SEL-h0gs

Mr, William Sperry
Envireonmental Protectlion Agency
Crystel Mall, Building #2

1921 Jefferson Davis Highway
Arlington, Virginia 20460

Dear Mr. Sperry:

During the last meetings of the Envircnmental Protection Agency Task (roups
on Jupe 21 and 22, 1973, it was indicsted that written positions from concerned
groups would be considered and incorporated into the tesk group reports. The fol-
lowing remarks summarize the position of Slkorsky Afrceraft on VPOL noise certifi-
cation. It is requested that these remarks be incorporated into the Task Group h
and 5 Reports.

In establishing the cutegorles into which to pluce the variouws classes of
aireraft for nolse certification purpcses, it is strongly recommended that VI'OL be
considered gseparately from ST0L and BTOL, Placement of VTOL In & separate category
would free it from the cperaticnal limitations necessary to accommodate the flight
profiles of the other two classes i7 grouped in a combined category. Significent
reductions in nelge footprint by flight tralectory control are available and should
be allowed to be developed In keeping with the intent of the Nolse Control Aet of
1672, to make aireraft inherently quieter and to have them flown as quietly os
possible.

The issuance of 4 nolse 1ule for the VIOL category of aireraft is prema-
ture at this time because of the following resscna:

4) There is insufficient data avajilable on VIOLs in the unlt most likely
to be used in the rule to properly assess the state of the art.
Measurement programs must be carried out to rectify this lack of in-
foermation,

b) Relevent rescarch is due to be completed by NASA within a year on
VI'OL poise to establish the state of the art on the applicability
of nolge reduction technology to current helicopter designs.

THAY Y ARS o
1925197
FIRSIS in EHIGHT
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Page 2 of
SEL-k095

¢} Operaticnnl procedures have not yet been adequately explored to assure
that the noise certificetion concept will take full advantage of the
low noise cepabilities of the helicopter.

d) Current rating schemes do not appear to rate the annoyence of '"blede
slap” noise pceurately. "Blade slap" is the impulsive type of noise
that can be produced by some helicopter rotor systems under certain
operating conditions,

No penalty should be levied against helieopters as a c¢lass for the oceur-
rence cof hlade slap, as It cccurs only on certain types of helicopters under &
limited number of operating conditlons.

An initisl neise rule should allow all current generaticn heliceopters to
become certificated. De=-escalation should not be considered until sufficient in-
formution has been generated o ullow an accurate ussessmenl of ils economie ilm-
pact and requirements for technological advances which may result.

Caution should be observed in attempting to relate the existing hover PNL
data for helicopters tec EPNL. The large variation in noise levels between the
hover and the takeoff, landing, and crulse conditions coupled with the wide aveil-
able operational range for these vehicles makes the conversion highly variable,

Eeconomic considerations dictate flight paths below 3000 feet altitude for
VTOLs in typical operctiong. Enroute noise controls which may force the crulse
altitude to be significantly higher can have a significant impact on the cperating
economics of this type of aireraft, and therefore should rnot be considered uptil
the consequences have been evaluated., A more viable solution to the regulation of
enroute noise by certification appears to be the use of a measure of cumulative
noise exposure impact, such as the Noise Exposure Forecast footprints, to dictate
flight paths and operational procedures. This approach allows control of the en-
vironmental impact on areas of the community located between ports of operetion in
a manner which fully accounts for the environmental protection requirements of the
comnunity while not imposing unnecessary economic penalties on the helicopter
operataor,

Ambient noise should be considered when evaluating the impact of noise on
the cemmunity. In V-port areas where higher than average background noise levels
are likely to exist, the masking effect of these ambients should be factored into
the allowable noise from aircraft.

We hope the preceeding comments have identified in a constructive manner,
some of the potential pitfalls associmted with VIOL noise regulation. It is our
feeling that e workeble VICL nolse certification rule can be developed in a rea-
sonable pericd of time and that the rule can fully satisfy the environmental re-
quirements intended by the Congress while stimulating the growth of this important
facet of alr transport. We hope te work further with you in this endeavor.

Yours truly,
SIKORGKY AIRCRAFT

) , M oA n
Pt LCJ-(ﬁj. NﬁC}[L[f};C/7
onaid G. Schlegél

Superviser - Acousties
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TASK GROUP PARTICIPANTS



Chairman and Staff

William C. Sperry
Peter P, Back
Damon C. Gray
Harvey J. Nozick

Members

Lou Achitoff

Don Ahrens

Betsy Amin-Arsala
larry F. Bedore
Robert S. Bennin
Vaughan L. Blumenthal
Bernard D. Brown
Edward A. Carroll
Jim Conroy
William G, Cornell
Charles R. Cox
Allen W. Dallas
Joseph T. Davis
Harry Drell
Richard Dyer

Barl B. Fish

John D Fredrickson
Roger Flynn
William J. Galloway
John 5. Gibson
Alan G. Gray
William E. Helfrich
Lloyd Hinton

James C. Johnson
Robvert J. King

H. Ray Lahr

A. L. McPike
Charles P. Miller
Robert H. Morse
Noel Peart

William H. Roudebush

Robert W. Schroeder
Paul A. Shahady

R, 5. Stahr

M, C. Steele

Jack Suddreth

Environmental Protection Agency
Consultant
Consultant
Consultant

Port Authority of New York and
New Jersey

Cessna Aircralt Company

George YWashington University

National Business Aviation Association

The City of New York

Boeing Commercial Airplane Company

British Aircraft Corvoration

Trans World Airlines

Envirenmental Action, Inc.

General Electric Company

Bell Helicopter Company

Air Transport Assccilation

Delta Air Lines

Lockheed Aireraft Corporation

National Association of State Aviation
Officials

Douglas Aircraft Company

Boeing Commercial Airplane Company

Air Transport Agsociation

Bolt, Beranek and Newman

Lockheed-Georgin Company

Rolls Royce Limited

Pratt and Whitney Aircraft

National Qrganization to Insure a
Sound Environment

Environmental Protection Agency

Sikorsky Aircraft Company

Air Line Pilots Association

Dougles Aircraft Company

Aircraft Quwners and Pilots Association

Pratt and Whitney Aireraft

Boeing Commercial Airplane Company

National Aeronautics and Space
Administration

Lewis Research Center, NASA

U, 5. Air Force

Eastern Airlines

Airesearch

National Aeronautics and Space
Administration



Members (con't)
Gary Thompcon
James Re Thompoon
John M, Tyler

Geopge Wentphal

Obsenvers
Leslie Carothers
James Canroyf
REussell Dawson
Binne L. Donley
Charles R. Foster
John ellegers
Harvey H. Hubhard
Hugn Kaufman
Arthor Kohlop

James Jo Kramer

John B. Tarpge
Habert B. Meyersbure
Carl Hodipg

Cole Morrow
Hareld R. Mull
James Mullina
Shellie Ostroff
Harvey Sateer
Alice Suter

Re No Tedrick
Brinn 5. Tennant
Margaret Tifft
Frnast Weiss
Frank Wilson
Simone Yaniv

Correspondents
Jnke Applevhite

George Bender
Robhert J. Bresnahan
K. M, Eldred
Gordon Getline
Robert E. Ginther
James Hammond

A. E. P. Jennings
Raelyn Janssen
Rebert J. Kingston
Stephan E. Lawton
Ken Linnceragth

Bert J. Lockwood
Geoffry C. Lowe

Beoch Adreraft Corporation

Lockheed=Coalifornin Company

Mation:il Orpanization to Innure a
Sound Enviroment

Grumman Corporation

Envircnmentnl Frotection Agency

Envirenmental Action, Inc.

Hoise Control Report

Counecil on Envivonmentnl Quality

Dapartment of Transportation

Environmental Defense Fund

Langley Research Center, NASA

Envirnnmentnl Protoction Apency

Praferaiona? Adr Treaffic Controllers

National Aeroniutics and Space
Administreation

Tuetitute o Sonnd and Vibration (Enplsnd)

Consultant to Tagk Group 2

Tnrormatics, Inc.

Fedoral dviation Administration

Bell -nd Associntes, lne.

Federnted Department Stores

Informntiesn, Inec.

Pepartment of Transportation

Envivonmental Protection Agency

Alresearch

Boeing Cempany

Environmentsl Preotection Apency

teorge YWazhington University

Informatics, The.

Envivonmental Protection Afency

Congrensionnl Stuff, California 17th
Dictrict

Boston Lognn International Airport

Oranpge County Airport

Bolt, Bernek and Hewmun

Convair A:rosprce

Senate Committec on Commerce

The Boston Globe

Aeronautical Research Council (England)

Environmental Defence Fund

Department of Environment (Canada)

House Committee on Interstate Commerce

Fairfax County, Va.

Los Angeles International Airport

British Embassy Counseller (Civil
Aviation)



Correapondents {ocon't)

Johin 0, Powers
Henrey L, Martin
James Fo Miller

Barrett J. Riordan
Richard Roon

R. W. Rummel

Louis F, Skoail
Richnrd P. Skully
Norman J. Snoy
Mills M. Spungberys
Willis E. Sullivan
Cedric Sun

Curtis L. Walker
Jumen . Woodnll
Robert W, Younp
Jaeck Ko Zimmermin
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Federnl Aviation Adminictriition

Socicty of Automotive Enginerrs

Department of Housingg and Urban
Develomnent

Council on Envirenmental Quality

Griten Learjet Corporation

Trang World Adrlines, Ine.

Rockwell Internntional Corporation

Federal Aviation Adminiatration

Rohr Corperation

Gnrrebt Corporntien

Grirretl Corpurntion

Airernft Poroun Media, Inc.

General Mobtorsy

Federal Avintion Adminiatration

e S, Mavy

Hydrospace-Challenper, Tne.



