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With deaf'ning clamour in the slippery clouds
That with the hurly death itself awakes?

W Shakespere
King Henry 1V, Part II, 1II.

INTRODUCTION

Most readers will be familiar with charts listing ‘typical’
noise levels associated with common activities. After attributing the
lowest level to some innocuous source - perhaps 'rustling of leaves' -
this kind of list will climb through a succession of items such as
'normal conversation', ‘'home appliances' and ‘'automobile horns'. And
the chief villain topping the list? Almost certainly the jet airplane.
As chief regulator of this putative chief villain, the Civil Aeronautics
Branch of the Ministry of Transport is the government agency most directly
concerned with aircraft noise control and bears the brunt of the public's
often vociferous complaints.

Despite stiff competition disputing the jet's community noise
championship - notably from road traffic - there seems little doubt that
airplanes generate the loudest levels involuntarily experienced by many
people. At any rate, many of our larger airport's neighbours are disturbed
deeply enough to devote considerable time to lobby against this unfortunate
adjunct of the jet age. Accordingly, and quite properly, noise control is
becoming increasingly predominant in airport planning and operations. This
article examines - informally, from a working level perspective in a federal
regulatory agency - some aspects of airport noise: in particular, it
reviews the MOT's current practices and future hopes.

SCOPE OF THE PROBLEM

it is true that light aircraft sometimes cause considerable
nuisance in the vicinity of smaller aerodromes. It is also true that noise
from seaplanes or helicopters is not always restricted to the neighborhood
of any airport. However, aircraft noise poses a major social problem,
by and large, only near the major airports. (In Canada these are all owned

** The opinions expressed in this article are solely the author's - not
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and operated by the MOT.) Mainly, but not exclusively, affected are
those residential communities repeatedly overflown during take-off

and landing operations. Engine run-ups for maintenance and other ground
noise sources can also contribute but are more readily controlled by
standard measures.

The Anglo-French supersonic transport, Concorde, is expected
to enter regular commercial service in 1975. During supersonic cruise its
Shockwave system will seranade the population below with the notorious
sonic boom. Several federal government agencies are currently sponsoring
sonic-boom research, particularly as relevant to distinctly Canadian
problems (effects on native wild-life and boom propagation over ice and
snow are examples). However, in the absence of generally accepted limits
a recent MOT Air Navigation Order has made it clear that commercial
supersonic flights will not be permitted to boom Canadians. Thus,
Concorde, should it ever operate in Canada, will be required to fly
subsonicallv and will influence the airport noise environment similarly
to other large jets.

Authorities charged with control of community noise face a host
of complex multi-faceted problems: the basic issues, involving technology's
impact on society and the quality of life, are deeply profound and far-ranging.
Indeed, questions concerning imposition of noise on unwilling listeners may
be framed in terms of fundamental human rights. Hence, it is not surprising
that, in common with other environmental problems, airport noise control
cannot be readily slotted into historically drawn bureaucratic boundaries.

In the federal government aloné, besides the MOT, the Departments
of Environment, Health and Welfare, Wildlife, Regional Economic Expansion,
Industry Trade and Commerce as well as the Central Mortgage and Housing
Corporation and the Canadian Transportation Commission all share concern
for some aspect of airport noise. Even within a single agency conflicting
requirements (between, for example, noise control and safety margins) can
lead to highly charged confrontations among civil servants primarily
dedicated to championing different sets of public interests.

In the absence of formal criteria balancing social costs of
airport noise against benefits of air travel, regulatory authorities have
traditionally assumed, more or less as an article of faith, that the public's
utilization of air travel, air mail and air cargo amply demonstrates its
requirement and endorsement of such services. In 1973 approximately thirteen
million Canadians, through their purchase of tickets on scheduled carriers,
helped provide the statistics to shore up such beliefs. The widespread
opprobrium heaped upon Maiton Airport's now notorious Terminal Il also serves
witness to the public's interest in and emotional involvement with aviation
facilities. Thus, the regulatory approach has been aimed (and, for some time
to come, will probably continue to be aimed) at providing general conditions
allowing air service to expand while fighting a rearguard action to minimize
the ensuring noise nuisance.



Formal analysis of technologies in order to weight social
consequences of alternate strategies - technology assessment - is yet
in its infancy. No doubt the current ‘energy crisis' will bring into
sharper focus our urgent need for such analysis and help develop ways
to assess quantitatively the noise control options. In the meanwhile
we struggle along with ad-hoc criteria on an agency-by~agency basis.

The Civil Aeronautics Branch has recently taken some hopeful
first steps toward establishing the administrative machinery for the
formulation and enforcement of coherent airport noise policies. A
newly formed committee with representatives from all concerned divisions -
Flight Standards and Regulations, Aviation Safety, Airworthiness
Requirements and so on - is charged with re-examining, rationalizing and
expanding all noise related activities.

NOISE CERTIFICATION

Over the past decade the Aviation Industry has, on a world-
wide basis, undertaken a remarkably intense noise reduction program,
recognizing that compatibility with airport neighbors is essential in
its own long-term self-interest. After all, we need only consider the
example of the railroads which, a generation ago, committed economic
hara-kiri through blatant disregard of public opinion. Anyone with
normal hearing may verify the improvement (and the desirability for yet
more measures 1) by spending some time under an approach path to a major
airport and noting the difference in noise levels generated by one of
the new wide-body tri-jets (L-1011 or DC-10) and other large aircraft.

These newer jets demonstrate the most straight forward path

to control of airport noise: reduction of source strength. Many varied
and ingenious technical approaches are extensively documented. | comment
here only on the importance of bearing in mind the distinction between
sound power and noisiness. Aircraft noisiness can be reduced without a
corresponding reduction in sound power: for example by redistribution

of acoustic energy to benign ranges of the spectrum or by cunning use of
engine/airframe geometry to change directivity. Since the loudest source
always dominates an acoustically heterogeneous environment, replacement
of the noisiest current airplanes by newer models producing about 10dB
less noise will be heartily welcomed.

American agencies have taken the regulatory lead through
introduction of noise requirements as a precondition to the granting of
airworthiness certificates. In 1969 standards were adopted limiting noise
generated by subsonic jets. These were recently extended to cover newly
manufactured examples of airplanes whose type certificate was granted prior
to 1969 and to smaller "general aviation" aircraft. The Americans are
currently formulating rules to force "retrofit" of older airplanes.



Canada's lack of similar standards is no big copout: the
major contributors to our airport noise being of American manufacture.
(Over 85% of Canada's total commercial fleet is American made. The
largest non-American aircraft: Quebecair's three 65 passenger BAC-III's.)
Our immediate, concern is to ensure that Canadian carriers operate only
the latest and quietest airplanes and will not, for example purchase
noisy secondhand equipment outlawed by the Americans.

The MOT is exploring a rather different approach to noise
certification - more appropriate to a country that is not a major
manufacturer of commercial aircraft. Noise standards applied directly
to airports would focus countermeasures on the quantity of ultimate
interest - community noise. Such an airport noise certification scheme
would tailor approach and departure routes to both aircraft type and
population distribution. Specified runways may be restricted to certain
types or to certain hours of operation. Though now only at the discussion
stage, extension and rationalization of our present noise abatement flight
procedures could eventually pave the way to a comprehensive set of regulations
curtailing growth of or change in the noise dosage delivered to the airport
neighbor.

NOISE ABATEVENT PROCEDURES

The procedures adopted by the cockpit crew and air traffic control
can drastically affect the pattern of noise reaching the ground during a
take-off or landing. As a very obvious example, a climbing turn immediately
after lift-off can shift maximum noise exposure from areas in line with
runways to the right or to the left. In Canada a variety of noise abatement
procedures are specified for larger airports (Montreal, Ottawa, Toronto,
Hamilton, Winnipeg, Edmonton, Vancouver).

These procedures are published in *‘Canada Air Pilotl - the Minister
of Transport's official instructions, to aircrews using Canadian airports.
Unfortunately, the procedures are often circumvented: the legality of certain
ones has been challenged and so far there has been no definitive court test.
The MOT is currently educating air traffic controllers, pilots and inspectors
on the importance of noise abatement and is studying amendment of the
regulations to make it clear that compliance is mandatory and to enable
effective enforcement.

In so far as practicable current procedures are tailored to local
conditions. At Montreal's Dorval Airport, for example, a noise abatement
curfew restricts airport use between midnight and 7:00 AM. Air traffic
controllers assign runways so as to avoid concentration of traffic over any
one section of the city. Other measures include requiring pilots to turn
20 degrees right immediately after taking off to the north-west. Should
wind conditions dictate south westerly take-offs (runways 24L and 24R) thrust
must be reduced as soon as practicable to offer a degree of relief to residents
in a development abutting the airport fence.



I will presently discuss the noise abatement thrust cut-back
in some detail. But first it should be emphasized that, in general,
a host of conflicting factors influence the prescription of noise
abatement procedures. Use of preferential runways can, for example,
be precluded by wind conditions and influenced by fuel conservation
requirements. Even as seemingly straight-forward a measure as a late

night curfew can be complicated. It may have to be waived if, for
instance, strong head winds or en-route mechanical problems delay an
incoming flight. In practice the airport manager will accede to requests

for after curfew operations under extenuating circumstances (taking into
consideration the basic noisiness of the aircraft type). Exceptions may
also be made to allow scheduling of extra flights to meet the Christmas
season's heavy demand.

THRUST CUT-BACK

By way of illustrating the many conflicting aspects of noise
abatement procedures, consider thrust reduction after take-off - a
procedure not generally recommended by the MOT. Cutting back a jet
engine's thrust reduces the velocity of the air exhausted from the tail
pipe: for a pure jet the associated decrease in mean square sound pressure
radiated to the farfield can be estimated (from Lighthillls celebrated U
Law) as being proportional to the fourth power of the ratio of the final
to initial thrusts. This implies, for instance, approximately 4dB noise
reduction corresponding to a 20% thrust out-back. For fan jets the noise
reduction is even less because the dominant noise, generated by engine
blading, is a weaker function of exhaust velocity. In practice the
permissible degree of throttling back is such that the aircraft continues
climbing fast enough to clear any obstacles - even in the event of an
engine failure.

Due to the reduction in climb angle (approximately equal to the
change in thrust divided by gross weight) the aircraft's altitude subsequent
to cut-back will be less than it would have been under full-power. The
opposing effects of reduced source noise and decreased distance separating
source and observer just balance at some point along the ground track. For
points further out the noise reaching the ground is actually greater than
without thrust reduction. By way of illustration, for a Boeing 707-320B
a standard cut-back will decrease noise levels only at points between 3 and
4 miles from brake-release and by less than 2 EPNdB:. subsequent points
receive up to 5 EPNdB more noise than without "noise abatement”. Accordingly,
this practice often results in marginal relief for a few people at the
expense of a larger increase for a much greater number.

To further complicate matters, meteorological conditions strongly
influence both sound propagation and aircraft performance. This influence"
tends to be so complicated as to preclude formulation of readily applied
rules of thumb (for, say, the effect of outside temperature on the
desirability of thrust cut-back). Economic factors such as time between
engine overhauls and - of increasing current concern - fuel consumption
as well as the crew's work load are also strongly affected by the take-off/
climb-out thrust schedule,



In a happy, if infrequent, confluence of effects changes in
source strength and separation act in harmony to alleviate noise when
thrust is reduced during landing approach. Thus raising Instrument
Landing System beams from 2} to 3 degrees is good for more than the
modest 14 dB attenuation indicated by th$ inverse square law. According
to a recently implemented MOT policy 3 dégree glide slopes are to be
standard in all new installations: older 2i degree Instrument Landing
Systems are to be raised to 3 degrees as soon as possible - priority
being based on traffic density.

MONITORING

Even a cursory acquaintance with the principles of control
theory indicates the need for direct sensing of the variable to be
ultimately controlled. The feedback signal so obtained opens the way
to the many advantages of closed-loop control: not the least of these
being the possibility of positive control in face of time dependent or
imprecisely defined system parameters. Thus, oh-site measurement of
community noise levels is fundamental to evaluating the efficacy of or
the compliance with existing noise abatement procedures and determining
the desirability of modifications or additions.

The MOT currently operates mobile noise monitoring vans in the
Montreal and Toronto areas to check out complaints and to alert airport
management of potential problems. In other areass inspectors take
isolated readings with portable meters. Extensive but short term
monitoring programs aimed at determining the extent of airport noise
impact have been carried out through MOT sponsored programs at Montreal,
Toronto and Vancouver.

These limited programs may ultimately become the antecedents
for permanent noise monitoring installations manned by full-time acoustically
trained staff. An MO group is currently studying the possibility of
installing a complete monitoring system., including permanently installed
microphones with a full complement of recording and computing equipments
at a single large airport. This pilot project would establish procedures;
standards, cost and manpower requirements for possible general application.

LAND USE GONTROL

Notwithstanding the foreseeable countermeasures, some areas close
to busy airports are bound to continue being too noisy for residential
development. Obstacles to setting certification standards or flight
procedures - measures under sole purview of the MOT - can seem modest in
light of the morass of conflicting interests confounding compatible land
use.

Though responsible for construction of new airports and expansion
of existing ones, the federal government may control land not actually owned
only through limiting obstruction heights. Municipalities - always under
heavy pressure to develop - are responsible (subject to provincial controls)
for zoning and for financing many airport related services.



To head off possible introduction of new airports under the
'fly now, pay later' plan, the federal government can, and does,
purchase more land than needed for the actual airport. For example,
at the St. Scholastique site of the New Montreal International Airport
88,000 acres were expropriated: less than 20% is needed for actual
facilities. Both federal and provincial governments are committed to
positive action promoting compatible development of the excess.

With regard to existing sites, it's easy to postulate a sure-
fire formula for trouble: take a busy airport, surround it by dense
urban development. For smaller airports, not so surrounded, the job
is to anticipate and head off incompatible land use. Except for outright
purchase, MOT countermeasures against unsuitable development are restricted
to the provision of advice and moral support to other authorities. The
advice is often based on contour maps of equal noise exposure. These
are used, for example, by the Central Mortgage and Housing Corporation
to deny loans for residential construction in very noisy areas.

THE "NEF" METHOD

The 'Noise Exposure Forecast' (or NEF) is a method adopted by
(among others) the MOT to produce contours of equal noise exposure from
airport operations. It is the single item in our noise control arsenal
drawing the severest technical criticism. Very briefly: based on
forecasts of future traffic the method attempts to sum aircraft generated
'noise energy' (in some reasonable sense analogous to sound energy) incident
on a particular location during a given time interval. This U.S. developed
method has been challenged both as to fundamental approach and on detailed
execution - as well as on a variety of less logically motivated grounds.

Undoubtedly aspects of the method are wide open to criticism.
Certainly the NEF contours cannot be the sole end result of acoustic analysis.
But, some generally applicable means of injecting aircraft noise considerations
into land use planning is undoubtedly essential. It is the general consensus -
pretty well throughout the world - that land use guide lines are best based
on an index of cumulative exposure: the NEF seems to be the most soundly
based of a number of reasonably well correlated indices.

In the absence of a clearly superior method the MOT must continue
to rely on the NEF to provide national standards. Comparison of current
with historical data being of such transcendental importance to planning,
we should not lightly discard an established yardstick! Forecast data and
aircraft and operational parameters are naturally subject to continual
updating and refinement. In addition we periodically review fundamental
principles and reconsider the merits of alternate practices.

CONCLUDING REVARKS

The reader may have concluded (correctly!) that the administrative
aspects of airport noise control pose extremely complex and challenging
problems - perhaps even eclipsing technological issues. Hopefully, we are
making progress. W now recognize that noise control requires an ongoing
effort; that preventative measures are preferable to the curative: that

regulation is called for, not public relations.



Almost a hundred years ago Henry David Thoreau wrote, “Thank
God, man cannot as yet fly, and lay waste the sky as well as the earth!"
A great deal more coordination and concentrated effort will be required
to prove Thoreau's fears unjustified. You, the acoustic fraternity,
can help out through your constructive interest in regulations; by
providing quantitative feedback and suggestions for improvement; by
educating the public, both formally in course of jobs and informally
through family and neighbours.

Through our combined efforts we may yet continue to enjoy the
many benefits of aviation while alleviating its noise. Who knows, the
airplane may yet become (to crib a line from Milton) the "Sweet bird than
shunn'st the noise of folly".

THE UNIVERSITY OF CALGARY ACOUSTICS GROWP

H. Jones
Department of Physics, University of Calgary
Calgary 44, Alberta

Work in acoustics at the University of Calgary is spread widely
through the University and is actively pursued in two faculties, Engineering
and Arts and Science, with an interest being taken in the subject by two
others, Medicine and Environmental Design. The interest and activity in
the area appears to be increasing and the number of co-operative projects
between the different individuals involved is also increasing. There is
sufficient interest in active liaison between the different individuals
for the suggestion of the creation of a University of Calgary Acoustics
Group to be considered seriously. Recognition of a common bond would be
implied by the title and the existence of the Group should further the
provision of more joint courses in basic topics in the subject at approximately
graduate level.

The present and immediately projected work in acoustics is listed
(in abstract form) below:

Dr. A.G. Doige, Head, Mechanical Engineering Department is engaged
in research concerned with the dynamic characteristics of acoustic and
mechanical systems by transient testing. 1

This research is aimed at the prediction and control of pressure
pulsations in natural gas pumping stations. [Excessive pressure variation
adjacent to reciprocating compressors often produces dangerous mechanical
vibration in the piping system and reduces compressor efficiency. The
approach taken is to obtain the acoustic impedance of the line near the
compressor from field pressure measurements. Acoustic characteristics of
components such as mufflers (attenuators or snubbers) are obtained similarly
from field pressure data. Laboratory analysis of the recorded data allows
the calculation of the pressure distribution throughout the original system



