Doc 9184-AN/902
Part 2

AIRPORT PLANNING
MANUAL

PART 2

LAND USE
AND ENVIRONMENTAL CONTROL

SECOND EDITION — 1985

Approved by the Secretary General
and published under his autherity 75~

INTERNATIONAL CIVIL AVIATION ORGANIZATION



Published in separate English, French, Russian and Spanish editions by the Imemarianq!
Civll Aviation Organization. Al correspondence, except orders and subscriptions, should be
addressed to the Secremary General,

Orders for this publication should be sent to ane of the following addresses, together with the
appropriste remittance (hy bank draft or post office money order) in U.S. dollars or the
currency of the country in which the order is placed,

Dacument Sales Unit

Internationa! Civil Avistion Organization
1000 Sherbrooke Street West, Suite 400
Monireal, Quebec

Canada HIA 2R2

Argenting. El Alenco, Pedro Garcia 5.A.L.E. ¢ I., Dpto, Compras — Importacion,
Patagones 2463, 12R2 Buenos Aires.
Egypr. ICAO Representative, Middle East and Eastern African Office,
14 Hassan Sabri, Zamalek, Cairo.
France. Représentam de I'OACI, Bureau Europe, 3is, villa Emile-Bergeral,
92522 Neuilly-sur-Seine, Cedex. :
fndia, Oxford Book and Stationery Co., Scindia House, New Delhi
or 17 Park Stireet, Calcunta,
Japan. Japan Civil Avirtion Promotion Foundation, 15-12, 1-chome, Toranomon,
Minato-Ku, Tokyao,
Kenya, ICAO Representative, Eastern African Office, United Nations
Accommadation, P.O, Box 46 294 Nairobi.
Mexico. Representanie de la OQACI, Oficina Norteumérica y Caribe,
Apartado postal §-377, México 5, D.F.
Perut. Representante de ln OACI, Oficing Sudumérica, Apartado 4127, Lima 100.
Senegal, Représentant de 'OAC!, Bureau Afrique, Boite postale 2356, Dakar.
Spain. Librerin de Aerondutlea y Astroniutica Sumuns, Desengado, 12-3%3, Madrid 13,
Thafiand. ICAQ Representative, Asia and Pacific Otfice, P.O. Box 614, Bangkok.
United Kingdom. Civil Aviation Authority, Printing and Publications Services,
Greville House, 37 Gratton Road, Chelienham, Glos., GLS0 2BN.

Do you receive
the IC_AO BULLETIN?

The ICAQ Bulletin contains a concisa account of the activities of the
Organization as well as articles of interest to the aeronautical world.

The Bullatin will also keep you up to date on the Iatest ICAO publica-
tions, their contents, amendments, supplemants, corrigenda, and prices.

Availobla in three separate edilions: English, French and Spanish,
Annual subscription: U.S. $15.00 {surfaca maill; U.S. $20.00 lair mail).




i

TR e e 7 S B S ¢ e R T e ST S e T

Airport Planning
Manual

(Doc 9184-AN/902)

Part 2

Land Use
and Environmental Control

Scecond Edition — 1985




AMENDMENTS

The issue of amendments is announced in the JCAO Bulletin and In the monthly
supplements to the Cetalogue of ICAC Publications, which holders of this
publication should consult. These amendmenis are available free upon request,

No, Date Entered by No, Date Entered by

i)



e b et e et o ar ity o .

FOREWORD

The purpose of this puart of the manual is to provide guldance material oa land use ur
planniag 1a the vielaity of alfrports and an enviroumental aspects, A8 no Standards or
Recommended Practices on this subject exist In any Annex. Tt ts bhased fn part an
conclusions of the Spectal Meeting on Alrecaft Noise In the Vielinity of Aerodromes held
$n 1969, and on tha current practices of several States and locorporates guldance
mater{al on alrport environmental aspects as recommended by the Elghth Alr Navigatioen

Conference held 1in 1974,

It 1s intended cthat the manual be kept up to date, Future editions will be improved on
the basis of the results of the work of FCAO and of comments and suggestions trecelved
from the users of this manual. Therefure, readers are invited to give thelr views,
comments and suggestions on thils editicn. These should be directed to the Secretary

General of ICAO.
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CHAPTER 1 - GENERAL .

1.1 = The Airport and Its Envivons

1.1.1 The compatibility of an airport with its environs 1s an ideal which can be
pursued by proper planning of the airport, control of pollution-generating sources and
land-use planning of the area surrounding the airport, The alm is to provide the best
possible conditions Eor the neads of the airport, the community in the surrounding area l

and the aecology of tha enviconment.

lale2 Alrport plannlong must be recognized as an integral part of am area-wide
conprehensive planuing programme. The location, size and configuration of the airport
need to be co-ordinated with patterns of residential, industrial, commercial,
agricultural and other land uses of the area, taking into account the effects of the
airport on people, flora, fauna, the atmosphere, water courses and other facets of the

environment.

l.l.3 Within the comprehensive planning framewsrk, alirport development and
operations should be co-ordinated with the planning, poliecies and programmes for the
area in which the alrport is located. The soclal and economic Iimpact, together with the
environmental effects of the alrport can then he ovaluated. This will ensure that the
airport environs are compatible with the aivport and, canversely, that the physical
development and use of the alrport 1s compatible with the existing and proposed patterns ‘
of land use., To the extent that technical considerations permit a choice, deeisions on :
runway aligument and other airport development should take account of their effect for
ameliorating and preventing envicvonmental conflicts. "Land-use control” is a term which
describes only & portion of the total planning process and even highly innovative
contrals can have little {mpact unless they are imposed within the context of sound
policies and careful planning. "Planning for compatible land-use airport relationships”
more adequately describes the process directed towards achleving an optimum relationship
betwean an alrport and 1its enwirons.

1.2 = The Need for Environmental Control

1.2.1 Needleas to say, nirports have generated pollution since their inception,
but the problem has been highlighted with the general growth in air traffic volume and
particularly since the wide-spread introduction of commercial turbo-jet alrcrafe
oparations, Furcthermore, in recent years there has been increased public concern
generally regarding enviroament protectfon and public opluion and protescation have
emphasized the need to apply effective measures ro ahate alrport, urban and industrial
poilution. Since pollution may be generated within an airpore as well ag within the
area surrounding it, environmental controls should be generally applicable to the
airport and its environs,

1.2.2 $ince pollution may be hazardous to public health and detrimental to the
ecology of the environment, coutrols are frequently necessary to either curb pollution
at [t8 source or to reduce Its effect. Controls take different forms such as alrcraft
engine noise limirs, f£lighr and ground operating procedures, alreraft and ground vehicle
engine emissions standards and water purity staondards, ete. Through the application of
fuch measures and in conjuctlon with land-use planning, alrports may be located and
oparated so that they £ir harmoniously {nto their local community.

LI
1
-
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1.2.3 Not only may an alrport be a disrupting Influence through poellutlon hut the
vaat slze of some alrports and the development assoclated with the airport may have

negatlve aspects that need to be taken lnto account. For example, dralnage patterns may
be altered ns a result of extensive earth works or surface water tun-off as a result of

paved areas.

l.3 — The Need for Land-use Flanning

1.3.1 The need for some publle contrel of land In the vieclnlty of an alrport was

recognized In the early hlstory of clvil aviatlon. In general, these carly actlons were
usually cencerned with helght control of posslhle hazards or obstacles to €light Lnte or
out of alrporte. The need for a certaln type of control for non-conforming purposas was

experlenced, such ns:

a) uses which would cause electrical Lnterference with radio communlcatlons
and navigational atds;

b) lights which might confuse pllots ILn the clear Interpretatlion of
aeronautleal llghtsa; and

c} smoke which reduces vlsibillty.

The compatlbillty of land use with nolse exposure In the vicinlty of alrporta did not
hecome a major conslderation untll the carly 1960s, a few vears after the wide-spread
Introductlon of commerclal turbo-let alrcraft operatlons, although litigatlion regarding
alreraft nolse was not infrequent before that time. Today alrcraft nolse is probably
the most signifleant Lnfluence on land-use plannilng Lln the vieclnlty of airports.

1.3.2 The requirement for land~use planning Ln the vielnlty of an alrport is
twofold;

a) to provide for alrport needs, e.g, obstacle limltation areas, future
alrport develapment, ete.; and

b) to ensure minimal lnterference to the environment and the publle, e.g.
by locating resldentlal areas away from zonea asubject to excesslve nolse
or other pollutlon, by preserving parklands, etc.

o



CHAPTER 2 = ECOLOGICAL CONSIDERATIONS

2.1 - The Atmosphere

2.1.1 Some degree of atmospheric contamination associated with an alrport is
unavoidable, Emissions from aircraft and ground vehicle engines, incinerators, terminal
buildings and other sources coantribute to air pollution in the vicinity of an airport.
Pollution generated by aircraft engines is the most obvious type of atmospheric
pollution associated with airports and it is probably for chis reason that much public
interest is shown In this aspect of alrport pollution.

2.1.2 The undesirable by-products of combustion generated by alreraft engines are
carhon monoxide, unburant hydrocarbons, the oxides of nitrogen and minute solid
particles, 1t is mainly the mipute solid particles suspended in the alr which create
the viasible evidence of air pollution in the form of a smoke plume which, while visually
unpleasant and operationally undesirahle, is considered less harmful to public health
than the other engine emissions, The englne efflux from modern turbo-jet alrcraft is
generally accepted as being leas harmful to health than that from reciprocating evglnes
such as those used in ground vehicles, certain light aireraft and early cammerclal

ajecraft,

2.1.3 Studiea of the air gquality at certain large alrports and in nesrby areas
have generally indlcated that atmospheric pollution in these areas {s primarily
attributable to automohiles, alrport ground vehicles and other urban pollution sources.

2.2 - Flora and Fauna .

2.2.1 Utilization of land for alrport purposes inevitably creates disturbances to
flora and feuna., Airport development work frequently entajls clearing and cutting back
of trees and other vegetation,'changes te the topography of the land and interference
with watershed patterns., Thus airports may destroy the natural habitat and feeding
grounds of wildiife and may eradicate or deplete certain flora important to the
ecotogical halance of the area,

2.2,2 An impottant consideration related to airport operational safety is the
prevalence and habits of birds in the area and the associated risk of alrcraft bird
strikes, Bird hazards st proposed new alirports can be minimized by careful selection of
the site to aveld establighed bird migration routes and areas naturally attractive to
birds, and by using the land surrounding the airport for purposes which wili nor attract
concentrations of birds to the area. The asubject of bird strike reduction is covered in
detail in the Airport Serviees Manual (Doc 9137), Part 3 - Bird Coutrol and Reduetion.
In an appendix to this manual land uses compatible and incompatible with mipimum bird
hazards to alrerafr are set out, At existing alrports the bird problem may he
tontrolled by scariug techniques and by making the airport and ics envirenment
unattractive to birds.

2,3 = S0il Erosion

2.3,1 Ay 4 consequence of vegetatfon clearing and Jonterfercnce with watershed
patterns, laud on an afrport, or within its vicinity, may be vulnerable to soil erosion
by the natural 2lements and, to a limited degtee, by afrerafe jet Hlast. This problem
ean mostly be prevented by re-planting; however, in arid areas It may be necessary to
take artificial erosion proteccion measures such as faclng of escarpments, paving of

taxiway Elanks and lining of drains.
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2.4 = Streams, Lakes aml rhe Sca

2441 1f not properly countrolled, contami uints may enter streams ur walwrways

from ajrpore dralnage systems and eventually vun {ato lakes or the sea. These
contaminants could originate fram ground vehiclea and afrecralt washing, rerminal
gservices, alreralt servicing, pavement cleaniag and afrport maiarenaice and congtructlon
work, Typical contaminants fnclude petroleum products, Eriagneats of rubber and metal,
g0i] sediments, detergeats und other chemicals, human waste aoad food producrts. As
discusged in 3.4, water poltution controls genarally precluda {ndiscriminate
contamination of streams and warercourses.

2.4.2 Particular congideration should be given to pessible water pollurion during
copnstruction phasas of alrports. Construetion activities likely to cause sCream
pollution include clearlng and grubbing and pest control, The clearing of vegetation
genarally resules Ia an facrease {a the amount of soll carried iatn streams. Pest
control, partiecularly the use of sprays, introduces long-iife roxic chemfcals into the
water, Fuel spillages from equipment and chemfcals employed fn buildlug and pavement
conatruction work ean also contribute to upset the hydrolegical balance of waterways in
the area, Changes to the natural Jdralinage patterns of an area due to the construction
of an airport can overtax certain atreams and give rise te floading. In other cases,
due to diversion of flow, streams may be dried up.

2,4.3 Soma airperts, as a consequance of thelr siring, Interfere with the shore
linen of rivers, lakes and the ses. In planniag such airports, careful consideration
needs to be given to possible environmantal problems assoclated with water currents,
silt deposits, macine or fresh water life and marine or scream erosion.

2.5 - Nolge

2.5.1 By far the most signifleant factor Io rhe generatfon of airpert nolse Is the
airceaft englae, The forensity and nature of ajrcrafc engine nofse is quite variable,
depending on the engine typs aund the nature of the operation baing undertaken, Noige
nuisance assoclated with an airport {s also closely related to frequency of ajrcraft
operationa and their diarnal distribucion, {.s, nolse ac nfght {s more a nuisance rhan
ia the daytime.

5.2 High luvels of alrport woise are most undesirable. Nolse is a particular

‘J.
health hazard co employees who, because of thelr duties, are suhjecred ro long durarions
of Intense alreraft peise. Consequently strlet precautlonary measures are necessary Eor
these peaple, such as the mandatory usage of acoustical protective devices. The
reparcussions of excessive airport noisa ia residencial areas are primarily of a soclal
and behavioural nature, Assesament of noise in relatlen to land-use planaiag Is

dlecussed briefly ar 5,2.

2.6 — Enyirtonmental Impact Studies

2.6.1 betalled grudy of the impact of alrport developmant on the eovitoument Is an
essentinl part of rhe assessment for any major project. Soclal and ceologfeal fmpacts
should be investigated fully befure work ls anderraken or, §1 rhe case of a new aieporr,

when 1rs site is beiay selected,
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2.0.2 Eaviroumental impact studies, depending on rhe nature nf the proleet, take
intn aceount the following considerations:

a)

h)

c)

compatibility with community Lncluding health, rransport and soclal
implications;

Ilnfluence on ecology fncludipg effects of pallution, preservation of
flora and fauna; and

meang of overcoming any prohlems.




CHAPTER 3 - ENVIRONMENTAL CONTROL MEASURES

3,1 ~ Gieperal

J3.1.1 Pallution abatement measures appllcable to an alrpert and lts environs are
necassary In the Interests of both alrport operations amd the protection of the
environment around the alrport. These measures are, Ln some Instances, legislative
controls and Ip other cases they are physical Ipn nature, Some measures limit pollutlon
at lts source whercas others redure the effect of 1t on the community and ecology.
While envlironmental control measures should be applied generally throughout communitles,
discussion ln this Chapter Is limited to controls speclfically applicahle to pnllutlon
assoclated with alrportes.

3.2 = Nolse Abatement

3.2.1 Nefore an alrcraft Ls permltted to operate, nolse certiflcation must he

granted by the State of Reglstry. Alrcraft nolse certification provisions are detalled

in Annex 16 to the Convention, In addltion to the noise limitatlons imposed by aircraft

certlficatlon, States and loral authorltlies frequently apply loral restrictlons :
appllcable to specific alrports, alreraft types and/or operatlons. Such loeal /
restrictlons have heen responslhle For the Introdurtlon of nlght curfews at many :
alrports and, at some alrports, the bhannlng altogether of ecertaln alrecraft types due to :
nalse conslderatlons. Such limitatlons are jgenerally undeslrable as they create

Insuffleient utllizatlion of alrpurt facllltles and Impose undeslrable restrictlions on !
alr transport developments. et
3.2.2 To meet the demand for quleter alrcraft englnes, manufacturers have

undertaken research whlich, although costly to the avlation laodustry, has led to a
conslderable lessenlng of alreraft engine nolse output. For example, modern wilde=hodled
tranaport alreraft such as the B?747, DCIO, LIOIL and A300B types are much quleter than
earller generation alreraft such as the B707, DCB and VCIO types.

3.2.3 Nolse restrictlons have necessltated the Introductlon of eperatlonal

procedures fo reduce the noise level In nearby areas. For example, the selectlon of ;
speclfled approach and take=-off paths and the adoptlon of maximum englne thrust scttlngs

for certaln operational phases are cammonly employed alreraft nolse abatement

procedures., Controls may also be Lmposed on the nolse generated by alreraft engine

testlng aperatlons, ground movement of alrcraft and cercaln alrport construction works,

e.g., hlasting.

3.2.4 In addltion to the measures mentloned above whleh atcack nolse at Its source
by operational means and by schedullng, it lg possible to reduce the effecrts of nolse
by:

a} land-use plannlng (whleh ls dealt wlth In Chapter 5); and
b) acoustical barrlers,
3,2.5 Acoustleal barrlers can loclude such wlde-ranglng measures as the use of

protertive ear coverings for people subjected to hlgh Intenslty nolse to soundproofing
of bulldings (which Ls discussed at #.7) and methods fur screening sound.
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3.2.6 Trees may be planted to screeon ecectajn arcas from some alrport notlse. A
study fn Japan of the sound-fnsulatlog characteristics of wooded areas iadicated that
good protection against ground ruu-up nokse might be expected From judiciously planted
teees. Varlous conflgurations of insulating forest were considered but afrer study the
configuration shown in Figure 3-1 was recommended. The sloped embankmen: makes planting
ansler and 4 cousiderable sound=-iusulatlng effeer can bz expected even during the carly ;
gtage when the trees are not fully grown as the embaukmear Leself has a signifleant
sound-ingulating effect. Figure 3-2 shows the sound sbsorption effecr of dlLEferent rrea

apecies. The sound actenuatlon through 100 m of evergreen trees will be 25 ro 30 dB.

3.2.7 When selecting trees to be used for rthe development of a sound-~losulating
forast, conslderation should be given to selecting specles which:

a) are sultable to the climatic conditlons of the airport sice; ;

b) have effecrive sound-insulation properties (e.g. do not shed thelr
leaves or needles in winter, grow rapidly and densely, etc.);

¢} do not generate a bird hazard; and ;

d) are casy to care for {e.g. uormally healthy aud not readily atfected by i
blight or noxious lusects, etc.).

1.2.8 Bulldings may be soundproofed to protect the occupauts against excessive
uoise levels. Chapter 5 deals with soundprooflng in relaclon to bullding eodes.

3.3 - Alr Pollution Coatrol

3.3.1 As with alrcraft notse, technology has heen developed and continues to be
developed to lessen the emissfon of pollutants by alreraft. Jet engine combustors are
now avallable which eliminare smoke emissiouns and on many alreraft the venting of fuel
directly to the atmosphere durfing normal operatlens s avelded. Much effort by
designers s uow golng luto the reductlon of gaseous emissions. Operational procedures
which reduce emissliona are also possihle, Chief among these are measures to reduce time
spent with engines 1dling, such as delaying start~up of engiaes until |t s known that a
direct taxi to take~off I3 posslble. Early shut down of one or more englned afraer
Llanding is also possible, although it must be remembered that such techalquas can
facrease nofse by requicing higher power or thrust fron the remaining englinesa.

71.3.2 In regard to englne emlssion from ground vehicles, the engines may be
modiEled te burn propane gas ot alternatively, pollution control devices - similar to
those required to he used on automobiles Ln some countries ~ could be incorpurated.
Emiaslons pgenerated by accesd traffic can be reduced by decreasing traffle congestion
and by providlng alternative means of transport.

3.3.3 Afr pollution originating from alreraft engline testing and malatenance

facllitlea may be controlled through the use of test cells equipped with afterburners i
and catalyrlic converters. Measures should also be taken to reduce emissions from :
{aucloerators, heating and alr-conditloning plants, and certaln construction or

malotenance works, e.g. smoke from asphalt paving plaut, refuse burning, ete.
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3.4 = Water Pollution Coutrol

3.4 Legislation exists in many States regarding water quallity coutrol. local
regulations generally cover the allowahle polnts of discharge awd the quantity of waste
water which may be discharged. Waste water may he either treated on the alrporc or
connected to a nearby municipal treatment system. Treatment of alrport waste water nuat
meef the stipulations of the legislation and {f airport waste water {s connected to a
munieipal system, pretreatment of the waste may be necessary fo ensure compatihility
with the treatmeut works.

3.4.2 Soanitary and fndustrial waste water, such as may originate from terminal and
ajrveraft servielng arens, should be directed to recelve sewage treatment, Impervious
area run-off and other drainage may be discharged separately and may he required to pass
through o separation hasln or other device in order to remove scdiment or other
undesirable pollutants,

3.4.3 When chemicals are employed on the airport they should be selected and used
in a manmer to minimi{ze water pollution. Chemieals are frequently used for ruuway
rubber removal, runway fce removal and alrcraft de-ielfng, At Montreal/Mirabel airport a
gspecial central alrcraft de-iciog facllity was constructed to countrol run-off of the

de=icing chemicals.,

J.4.4 liecause of the amount of aircraft fuel required, a significant amount is
stored at a large alrport. Storage and haadling of such large quantities of ailrerafr
fuel products may create a potential for water pollutioun. The following ocutlines the
elements of a water pollution coentrol programme which has been made part of on-goling
alrport operationd at maintenance areas, aprons and fuel farms at a large alrport.
Maintenance areas in hangars, as well as automotive and equipment service areas are
provided with oll-water separators which are connected to sanitary sewers leading to the
municlpal waste treatment plant sacrving the alrport. All existing oll-water separaturs
are checked and upgraded when necessary by alrport personnel to meet the requirements of
the municipal sewerage treatment plants. All oll-water separafoers are lnspected by
airpaert persannel on a monthly basis and deficlencies found are promptly corrected.

3.4.5 The primary pollutant originating on aprons ia oll resulting from spills and
accumulations. Grease and suspended solids from various sources such as alrcraft,
service vehicles and minor alrcraft malutenance may also occur. The eirport pollution
cantrol effort has focused an:

a) strict enforcement of good housekeeping regulations to coutrol pollution
at its source and minimize aceldental spills; aud

b) removal of accidentally spilled oft and fuel by contafoment and spill
recovery.

J.boh The followinyg procedure has been put iufo practice:

a) no alrcraft malntenance work, other than emergency repairs, is allowed
on the apron. ALl regular maintenance activities are done In hangars
protected by oil-water sepdrators;

b) mno washing of equipment i{s allowed In apron areas; and

¢} all spills of fuel or oll are immediately picked up using absorbents
whleh are subsequently removed from the afrport by licensed disposers.
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3.4,7 The airport personnel also respond to spfll reports, check all relevant
manholes, moniter the romoval of any fuel or ofl found therein, and analyze spill
reports for common causes in order to prevent future spills. Whenever fuelling
operationg are done by truck fuelling, the trucks are Inaspected every six months and
hydrant pits used for transferring fuel from rhe undergyround piplag systems are checked
on a routine baals for any accumulation of fuel,

3.4.8 Another problem {8 the presence of underground ofl=saturated sofls at fuel
farma., There are several potential sources of ofl concributing to the oll-saturated
soil beneath a fuel farm:

a) leakage in underground fuel distribution liues;

b) 1leakage from mechanical equipment which penetrates cracks and jolats in
the slabs beneath the equipment; and

¢) leakage through the jolnts in the storm water drainage pipe used to
coavey condensate from the fuel storage tanks to the ofl-water separator

system,

3.4.9 A number of steps have also been taken to solve the problem of underground
oil-saturated soils., When required, wellpoints at preselected locatfons are installed
to determine the presence of and depth of oil., Plpes are Inserted fate the ground to a
depth that ensures a penetration helow the ground water elevation. A continuous slocred
pipe assures that any oll floating on the surface of the underground water {s free to
enter the pipe at {rs natural elevation and also assures that any fluctruations in the
underground liquid surface are accurately reflected within the pipe.

34,00 A device - developed to measure the depth of water thar colleets heneath
fuel oil in storage tanks -~ Is utilized to measure the pressure and depth of ofl. An
alarm sounds when the probe makes contact with the warer, The probe is rhen withdrawn
and {tw dry length and total length are measured from the mark. The elevation of the
oll or water surface 1s calculaced by subtracting the measured length from the
pre-established elevation at the top of the wellpeint, Upon rhe detection of
underground odl at any wellpoint, supplementary wellpsints are {nstalled to define the
horizontal limits and thickoess of the oil=saturated seils encountered. Placement of
the supplementary wellpoints may be performed in stages. Upon finding ofl in a
wellpoint, additiounal wellpoints may be {nstalled areund the first to establish the
limits of the oill-saturated soils. If ofl {s found in the supplementary wellpaint,
additjonal wellpoints are inatalled. This procedure may be repeated through several
atages until the outer perimeter of wellpolots indiecates the abseuce of oll,

3.5 = Protection of Flora and Fauna

3.5.1 Legislative controls exist in many States which protect certaln species of
flora and fauna. Such controls muat be taken fato accouunr {n plauning alcport
development and in managing the day-to-day operation of an afrport., Apart from
mandatocy requirements, {t is important that every consideration be given to the Impaet
of ajrport development on flora and fauna and rhat measures bhe taken to minimize
undesirable fnrerference to this aspect of the envirommant.

3.9.2 The requirement tu protect certain flora and fauna may eliminate alrport
asiting proposals or make furture expansion of an airport jmpossible., Suech controls can
also jeopardize the control of vegetation In approach and take-olf areas and make the
control of certain animals, partfcularly birds, on the airport extremely difficult,
Where practicable, siting an alrport with such limitarlons should be avoided,

e
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3.5.3 When alrports create interfersuce with Elora and fauna, every effort should
be made to miplmize thig fnterference. It 1s generally the case thar sultable
alternative areas are avallable for the habitarion of wildlife. If this is not the
case, it gpay be possible to develop other areas as sultahle habitac, perhaps by such
measures as replanting partleular types of vegetation or the provision of artifieial

lakes.




CHAPTER 4 - LAND USE

4.1 = Natural

4.1.1 Every airport {s different, as are the areds surrounding them, Natural
areas, such as forests, open land, rivers, swamps, bays = with and withour wildlife =
are found in varying degrees In the vicinity of alrports. Iun many cases, the presence
of natural areas Influences the selection of the alrport site. In other cases, the
gelection 18 based on different factors, hut the existence of natural areas provides
additional benefira,

4.1.2 The presence of natural features io the approach and climb-our areas has
done much to mitigate the alreraft noilse problem. An example is a new alcport which has
been situated Iin the hend of a river to take advantage of the close-in water approsches
under both ends of the runway. Runways located on filled land on the edge of bays also
afford unobstructed approaches over water.

4.1.3 Natural features have been, and can be, used to advantage nor ouly In
protecting the airport against oolse complaints but {n adding natural beauty and
foterest to the alrport. MNevertheless, where rivers, lakes, hays or swamps are found in
the alrport area, a bird problem may exist. This has been gerious at some afrports to
the polut of causing accidents., Comparible and incompatible land uses around airports
for minimizing bird problems are f{dentified in the Appendix.

4.2 = Agricultural

4.2.1 While it may not alwaya be possible te use land for agriculiural purposes in
metropolitan areas, many airports can do so, ar the same time Increasing revenusa for
the airporets, Privately-owned land avound afrports can also be used for farming.

442,2 The agricultural use of land contefbures several {imporrant factors to an
alrport programme:

a} 1t produces iocame from wher might otherwise he waste or idle landg
b) 1t provides erop cover and prevents soil erosfon; aud

¢) 1t eliminates rhe expense to tha afrport of mowing or taking care of the
land.

4,2,3 Fucthermore, land that has been turned over to agriculture is srill
available for industrial ar commercial development, recreational facilities, or public
utilities at a later period. Crop cultivation may, however, have an adverse effect on
aireraft operations due to the prescnce of blrds which are attracted by the sceds. The
effect of crop cultivation on bird occurrence at airpuorts is discussed In the Alrporr

Services Manual, Part 3 - Hird Control and Reduction.

.24 All agrlecultural uses have proven compatible with airerafr nolse, with the
exception of poultry and mink farms. lLocation of these farms within approximately 5 km
of an alrport is not recommended because of the adverse reaction of rhe mink and fowl to
high levels of alrceraft nofse., It should also be noted that birds may be attracted to
some plg farms where garbage 1s used as fodder.

2-12
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ko = Wghways

4.7.1 In view of the vast network of highways today awl Fhe constant bul ldiag,
realigmnent and cebuildisg rhat will take plare lo the future, [T Is ouly seosible thar
highway plannimg be co=ordinatwed wieh anlse abatemeat plans of alrports. 1o planiing a ;
hilahway system aear an aleporer, or [o planntayg one whleh foeluded au secess roul to the
aleport, co~arddnarlon with the afeporr offlelaly ean often resulr In placiog rhe
hishway beneath the approach sunl ellmb-ont parhs of the afrecrafrs The hipghway
constructi{on can take the place of housing adversely atfected by uolse, and ad jaceat
areas can be more easlly adapted to commereial, industeial, and recreational uses aod
parks. HNot only can resldential arcas be removed but they can asctually be prevented
Erom developlag fa eeitical unlse areas by Locarlny the highway there, !

4.4 ~ Recreational

Gohal Every communiry nceds recreatlonat facilicrtes £or {ts populatfon, and there
are a4 aumber of outdoar recrearlional nses that are eompatible with alrport uperaltions.
Whea such Facklities must seeve large popularion arcas, |t is apparent that a
consllorable anosnr of land (8 lavelved, Maay alrpores bave sufflefent undeveloped
adjarent lant which, theough proper planning, can be developed fnfe complete

recrent lanal complaxas,

b2 The sucvey of recreatlonal land uses o alrporr areas revealed [nter- ;
relatbonships among activiries which aphstantiate the idea of a comrunity coereation

conplex in the vicinlty of the alrport. Golf courses are Jucreaslug {o popularicy, .
parks take letle development and are [deal For hikfog aod clding trafls, and ourdoor ;
Living facillcles, gwimnlng pools, teanis courts, playgrounds, and athletie fields k
(non=-apectator) may be grouped with a clubhouse-restanrant €aciligy exeept umder the
appraviich areas, Botranleal gardens can be duclmled with most be these activitles and
ponds £1t into packs and golf coardes. ALl add larerest, beauaty and activiey to the
al cporet aurconnd bapgs. On o omore reducwd) seale, recreatfonal facilities coubined with
Tndustrtal areas ace complemeatary aml sapportlng ro an alrport and serve the workers
LivEuy near by,

Adh 3 A review of rhe experfences with the many types of recrearional factlltlos
ladleates that, from o atamdpoint of nalde and publie hazard, playgrounda and achlerie
fleldn are consbderced mirginal. Falrgrouws ail race tracks, outdoor thestres, ol
amphitheatras are cansldared poor udes.  Teools courts amd golf courses, [f under
approach areis to a busy alepart, shonld be ar least 3 km trom the al rport haundary.
Other recreatiosal uses reported as compatlble withlo approximately 9 km of the alrport
fnctude archery ranges, golf driving ranges, go-cact tracks, dog tracks, skatlug rlnks,
and bowllag alleys.

4.9 = Munleipal Uritfties

4.9.1 The sitiog of munielpal atilitles at an alrporr I8 not ouly compatihle bat
lagleal.  The (ndustcelal, resident{al, and eommercial growth of the alrport community
croates Tocreising denamis For water, sewipe digposal, aond power utilitles, and rthe
conventearlon of rhese municlpal requirements ino the afrport area has proved o be
ceannmleal as well aw wise. However, while all manfcipal utility uses are compatlhblae in
the senae rthat thera is no nolse problen, electrical plants and power lines are
considerad o hazard by many airpoct plauners,  Trash domps and locfaeratoes may create o
smuke problem,  Also warer storage may attraet bicds.
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4.6 = Commarcial

4a641 Commereial activity Is similar te resfdential acrivity fa that people are
golng foto aud out of buildings and the area; however, the hulk of commercial operations
is carrcied on during daylight hours, and fs not affecred by the problem of noise duriog
rhe night or slecping hours as restdearfal areas are, o addfrion, persans pursufag the
normal business activitles found In commereial arcas are nol gewrally so disiurbed by
alreraft nolse as are peaple 1o residenrfal areas.

4.6,2 Commetvcial activities astahlished on or around rhe airports reporredly range
from shoppiag centres to per cemaferies,

4.3 Alrthough such operations ecap be situated {n aress subject to higher nolse
levels than residenntial developments, they genercally canont be ecdarvied on 10 rhe same
areas as fndustrfal operations which are performed primavily doside and have a higher
associated nolse level, Sound conditfoning and afr conditioning ahould he Jacerporated
in the construction of commercial strucrures to rhe extent necessary to reduce exterior
noeise to the acceptable level for the conduet of business Taside the budldiag.

4.7 = Industrial

4.7.1 The location of industvial sites at rhe alrporr has geoerally heen found to
be compatible with afreraft nolse because of the relatively higher ambient natse level,
both jaternal and external, associared with fndustrial acrivity., This Factor, combined
with the ever growlug need for fadustrial lawd around alrports, has conreibured o the
development of fndustrial parks on aund around eommercfal and general aviation alrperts.
Business has learned to take advanrage of the anique benafits air transporctation ran
offer, and many major commarcial enterprises, ton, are located ar aicportsy.

4.7.2 Important bhenefits can he gained Crom encouraging Iadustrial development in
airport areas, First, the normal fndustrial netlse tends tao make fahabitanrs more
anenable te sirerafc noise. Second, as a result of this foration, trhese Induscries will
usually becone supporters of the afrport and futerested {n aireport operarfons. In
addition, afrport owners and operators can derjve a substantial fnrome by selling or
leasing the undeveloped laund, or by developing the land and subsequently leasing or
pelling it to Industrial firms.

4.7,3 It must be noted, however, that prospective sites fur Industrial development
must still satisfy the following baslic requirements:

a) desirable geographical location, consfdering the community 1n quedtion;

b) availability of laud of sufficient size to accomnodate the planned
industrial develapment;

¢) access to cummercial transportation facllivies, in addition ta air
tranaportation, if neocessary;

d) present and/or future availability of aneded atilitfios;

@) access to nearby residential arcas {or fhe Tudastrial employees, with
reasonable commuting time; aod

£) cempatribility of proposed {ndustrial development with other area land
uses.
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L] Realdential and fosvitutlonal, recreatlonal, menfelpal wrllities, highways
aml rallways and eommerclal land uses support the above requirements. It should be
aotad, teo, that those lwlostries that emic cEfensive nolses, odours, and smoke, or that
create eleetronic loterference wlth airport operations, must be given special
consideration hefore they are sited at the afrport.

4.7.9 In caonstructing industrial developments, consideration should be given to
reduciog alrceraft nolse throwgh the use of sound and alr conditlontng,

4.8 - Resldential aud Iustitutiounal

4.8.1 Residential, In this case, fncludes gingle-famlly dwellings, multi-family
dwellings, and escaotes. Institutionmal refers to community facilities such as schools,
hospitals and churches.

4.8.2 Sound conditloning aod air conditioning can do a great deal towards making
all types of dwellings acceptable durfng hours when the interior of the bullding ls in

use; this I3 particularly important during the olght-time hours. Hence, the amount of
sound reductfon must be balanced agalnst the external souw level to achieve an

acceptable nolse level for the occupants of the dwellfng., Iustallation of sound
condizioning can he relatively simple {f Incorporated {nitially in new construction hut
mace complex 1E incorporated as a modification of old counstruction.

4.8.3 In single-family dwellings in temperate and warm climates families Live
outslde during many of the daylight hours, especially in the summer months. This {s
also true of eatates and, to a lesser extent, of multi-family dwellings, partfeularly
where & community swlmming pool exists. It {s this outdoor activity that creates the
real noise compatibility problem for residential property In the vieinity of the
alrport.

4.8.4 Institutional dwellings may require a greater degree of sound conditioniung
than residential struetures because a lower sound level is necessary for futernal usa.
The requirements of patients in hospitals and of the speech level in schools and
churches demand special evaluation in the vicinity of the afrport.




CHAPTER 5 - LAND-USE PLANNIRG

9.1 = General

Sel.1 The problem of nofse fo rhe victanity of airparts can he solved only by
pursuing all possible means for its alleviarion, aud the heoneficts which can be dorived
from proper land-usc plannfng can contribute marerlatly to the solution., Alrhough in
many Instanres the henefits to be derived from land=use plauniag moay recessarily be long
range, auy solution to the problem i1s alse likely to be lony range. Efforts to correct
situations detrimeuntal to proper land use arcuud afrports should not be Ignored herause
af the time required for surh measures to be effective, This is particularly
appropriate to applications of land-use planaing to existiuy alrports where it is
recognized that the abiliry to make immediare fwmprovements §s limited. On the other
hand, there are subatantial benefirs to be galoed from the correet application of land-
uge planaing techniques to the development of uew alrports.  The value to be derived
fErom proper land-use planning should wot be overstated bur, on the other hand, it is
believed more attention should be paid to ¢his useful toal,

9,2 - Assessing Hoise for Land-use Planning

5.2.1 The intrusiveness of alvcrafr noise {uto airport communities {s depewdent
upon many factors including the following: souud pressure level; breadbaud frequency
distribution; special {rregularities; noise duration; flighe path fucluding take-off aond
landing profiles; number of operatious; operating procedures (such as engine power
settipngs); mix of aircraft; runway utilizarion; and rime of day and year including
meteorological conditions, All of rtliese factors contribute to Che retal alreraft nolse
exposure of the communities,

5.2.2 The response of the communitfes to aireraft noise exposure is dependent upon
such factors s#a:; land use; building use; type of building construction; disrance from
atrport; amblent noise {n the abseuce of afreraft; diffraction, refraction, and
reflection of sound due to buildings and topographical and wereorological condirions;
and factors of sociclogieal narure. ALl of rhese factors concribure to the sensirivicy
of the communitiea ro the ajrport environmenr.

5.2,3 Methods of forecastiug aiccraft noisae exposure and predicting rommunity
response have been developed:

a} for derermining the relative merits of differenl afreraflt operatiug
procedures, and rupway ufilizatiou In reducing alreraft nolse exposure;
and

b) to serve ajrport and community planners as a gulde jn placning land use
and bhuildipg constructiaon in the viclnity of alrpores.

Descriptions of rhese methods is given i{n Cireular 1A, Nolse Assessment for Land-use

Planning.
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5.2.4 Nolse exposure forerasts are necessiry to develop programmes to limlt the
total gxposure to alreraft nolse experlenced by communitles and to make airport
operatlons and the communlty 1life mutually compatlble. These programmes must
co~ordlrate varlous measures guch as the monltorlng of nolse caused by alreraft
movements and the planning and control of land use, Effective programmes can be
estahllahed enly Lf the basle prinelple ls applled, namely that aircraft nolse around an
alrport should he described, measured and, Lf necessary, monitored hy metheds that make
due allowance for the effect such nolse has upon people.

5.3 - Nolse Zones and Assoclated Maxlimum Noilse Indlices

5.3.1 A review of current practlces used by States shows that there are two baslc
approaches te the establlishment of nolse zones around alrperts. The first of these
conslders that only a broad approach, as typifled by two or three zones, ls requlred,
This la based In part on the accuracy of the nolse exposure measurlng and forecastlng
technlques used, which are thought by some not to possess an accuracy freater than 5 dB.
Also, It Ils felt that the use of only a few zones permits greater flexihllity In
appliration. On the other hand, States which favoured flve diatinet noise zones
congldered that the Flper gradatlon permlts the hest uctlllzatlon of land area around the
alrportd and when applylng the zones to exlstlng alrports enabled planners to speclfy
the most effactlve remedlal treatments. Thls approach ls particularly effective for
short-term planning and in plannling Industrlal areas., Although the haslc accuracy of
the nolse exposure Indices ls perhaps coarse, planning authoritles find a need for such
a flne dlstinctlon between zoned, There ls unanimous agreement that the structure of
nolse zones must be Inherently related to the particular environment in whlch they are
applied.

5.3.2 As a minlmum, three zones should he established for the purpose of land-use
planning with rvegard to alreraft nolse In the vicinity of alrports. These might broadly
be descrlbed as:

Zone A; where developments and land uses need not he restricted by nolse exphsure
consideratlons,

Zone B: where moderate nolse exposure levels may be encountered and there may be some
nead to restrict land uses and developments.

%one C: where high nolse exposure levels may be encountered and as a consequence, most
land uses may need to he restrleted, and most developments not permltted.

5.3.3 The values of the nolse exposure Indlees rorresponding to the noise zones
adopterd for land-use plannlng should form a logiral pregresslon. Nevertheless, it is
feasible at present to make n comparlson between the values of the dlfferent methods
uaed hy Statesl. 1In fact, the material submitted by the Unlted States (NEF mathod), the
Untted Klngdom and Swltzeriand (NNI method), France (JW method), and Federal Republlie of
Germany (Q method) indlrates that the corralation bhetween the 1CAQ unlt and the units
used by States ls:

a) atrletly limited te the particular sttuntlon - for example, the standard
referance situaclon; and

b) only an approximatlon and affecced by the accuracy of the method used to
convert one unlt of percelved nolse level tn another = for example, the
dB{A) and the PNdB when consldering the NNI method;

I For a deserlptlon of thase methods see Clrecular 116,
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¢) lmpossible to estahlish when the measured physleal propertles of sound
are hasleally different {as Ln the rase of the comparlson between LCAO

and NNI methoda).

Consequently Table 5=, which ls based on the

atandard reference situatlon, allows only for a rough comparison to he
made and cannot he used as a converslon tahle,

LCAQ
N

WECPNL {2) WECPNL {3) NEF (day) Q
72 24
72 25
75
7 29
77 77, 86 30 84 62
80 82 34
82 82, 86 35 89 67
BS
87 39
87 40
89 96
90 90, 86 75

Notes

1. Boxed values relate to nolse zone contours adopted or intended to he
used for land-use planpning purposes,

2, The relatlonshlp bhetween WECENL (2) and WECPRL (3) values, as shown in
the table, results from a mathematical study submitted by the Unlted
Staces and le valld only for the hypothetleal situatlon under

discussion,

Table 5-1.

Approximate relationshlp between nalse lIndices

(as related to the standard reference sltuation)

5.4 = Land Uses Within Nolse Zanes

Summary of che Speclal Meeting on Alrcraft Nolse In the Vielnity of Acrodromes

5.4.1 The types of development to be permitted In the three supggested zones Is
This table may be uscd as a guide to States contemplating or
operating land-use planning schemes, although lt Is emphasized that the examples of
dlfferent development and land uses given Ln the table as [llustratlons should be taken
only as a broad lndleatlon of the relative semsltlvicy to aireraft nolse exposure of the
Other plannlng ronslderatlons, such as the nead to proavide
community servlces {(e.g. schoels or hospltals) lacking In communltles already
establlshed ln nolse-exposed areas, may requlre developments to be allowed with adequate

typlfled by Table 5-2.

actlvitles mentloned.

goundproofling, ete., to malntalen the viability of the community.

Wherever possihle,

however, and in particular when planning for the provision of new alrports, the
placement of the alrport should be considered as a part of the total planning
environment, so that long=term communlty needs and the consequences of the airport's
operatlon ln nolse exposure terms are not In conflict.

#

.

o
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ZONE
A B c
Unrestrlcted Some reatrletlions Most land uses
Examples of compatible land land uses and on land uses and and developments
uses or developments developments developments not permitted

Agrleultural
- Crop farming

Industrlal
- Machlne shop

Commercial
= Warehouse and shipplng
- Office and hanking

Residential
=~ low denslty housing

Public Faclllities
= Schools

Notes
_—

L.

The length of the bar Endleates where the uses mlght he permltted without
restrleclon In relatlon to alreraft nolse exposure only and excludlng other planping
consideratlons. With respect to certaln uses, e.g. houslng, commaerclal, a
development might be allowed In a zone of a higher restrletlon when other plannlng
conglderations lndleate a need, and where sultable bullding techniques, sound
Lasulatlon, etc,, can reduce the alrcraft nolse exposure te an acceptable level.

In the sperlal rases of activities dependent on speech communleatlon, e.g. schools,
or requirlng more strlngent standards, e.g. certaln hospital actlvitles, addlrlonal
vestrictions may he required to take account of absolute nolse levels as well as
total nolse cxposure, unless adequate noise reducrtion can be ensured in the hullding

construction,

The zones will requlre to be defined against a nolse exposure scale and In thelr
applientlon will need to take nccount of local and natlonal neecds.

Tahle 5=2, Some typlcal examples of compatible land uses around alrports

5642 The following ls a condensation of rompatible land-use ctahles belng
consldered or used by flve States. The land uses are ranked In categories according to
their compatlbillty wlth level of exposure to alrcraft nolse, Thls summary ls Intended
as [nformatlon regarding the varlous approaches to compatlble land use and to
demonstrate ditfferences that may occur because of varlatlons Lm bullding construction
technlques, climatle conditions and communlty actitude to alpcraft nolse in varlous

RLtates.
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S5.4.3 Two States relate Land uses to five cateporles an follows:

Flrst Stcate

Category 1@ Slogle famlly residenece, =% famlly roestdence, moblle homes,
cultural actlvities, medlcal,

Category 2: Multi=family resldenece, group residence, hotels, translent
residence, educatlon, churches, outdeor untectalnment,

Category 3: Manufacture of professional and selentifle Ensitruments,
communicatlon, merchandlsing retall, food and drink recall, finanece, Insurance, real
estate, hbusiness serviees, lodoor recreatlon, government servieces, playgrounds.

Category 4:  Food manufacturers, merchandislog wholesale, suto retall,
constructlon, storage, cemeteries, parks (large), nature cxhihits, spectator sports,
golf courses, water recreatlon, camping, agriculture (livestock),

Category 5¢ Manufacture of textlles, lumber, paper, printing, chemlcals,
rubber, plastles, stone, clay, glass, prlmary wmetals, reflniog petroleum, fahricating
metals, transport lndustries, auto parking, utilltles, bullding materlals retall, farms
(not livestoeck), forestry, flshery, minlng, undeveloped land, water areas.

Sacond State

Category ly Churehes, schools, hospltals, community centres, Individual
dwelllngs, town houses, camplng, nutdoor theatres.
.

Category 2: Auditorlums, bhapnks, hotels, motels, offlces, restanrants,
stadlums, apartments.

Category 3: Bakery, shopplng plaza, aute lot retail, mobile home lot
retall, stores retall, laboratories, athletic flelds, racetrarks {horse).

Catetory 4: Bus and alrline terminals, factorles, machlne shops,
falrgrounds, parks, pleale arens, playgrounds, tennls.

Category 5: Crop farms, market gardens, plant nursery, tree farms,
livestack pasture, enclosed poultry farms, alreraft sales, schools, vepalr, cemectery,
automohile aervice statlons, garbage dlsposal, parklng lots, train and trueck termlnals,
warehouses, coal yards, rall yards, cement plants, quarrles, reflperles, Llumber yard,
saw mlll, shlp yards, power llnes, golf courses, marlnas, beaches and swimming pools,
racetracks (autos), highway and rallways, electrle generating plants, gas and oll
4torage, garbage treatment, vwater Atorage, Water treatment.

5.4..4 A further two States relate land uses to four categorles as follows:
Third Scate
Category 1: Developments not restricted an alreraft nolse grounds,

Categary 2: Schoola with sound Lnsulation, hespitals, churches, hotels,
Infilling houses.
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Catagory 3 Offices, hotels with some sound insulatlon, {nfilling houses
with Lnsulatlion,

Category 4! Factorles, warchouses, cete,, Insulated where necessary, hotels
with romplete Insulation,

Faurth State

Category 1t Developments not restricted on aiecraft nolse gromds.

Category 2: Density limicatlons to he applled to populatlon; soundproofing
of hulldings recommended; publle bulldings (1l.e. schools, hospitals, etc.) to be
soundproofed; new resldentlal developments to be avelded.

Category 3: Denslty limltatlons to he applied to populatlen; resldentlal
bulldings to be soundproofed; develapment of exlatlng communlties to he restricted to
areas located withln the amallest posalhle perimeters; crectlon of pubhlie heildings
(i.c., schools, hospltals, ete,) and multi-Camlly residentlial bhulldings to le avolded.
Should such bulldings be essentlial, soundprooflag should be studled with partleular

attention,
Category 4: ALl bulldlogs prohiblted exeept those whlch are assorlated with

the actlvity of the alrport and are provlded with soundproofing provislons whlch make
living conditions at least equal te what they would he LE the bulldlngs were erected In

Category 2.

5.4.5 The Eifth State relates land uses to three rategorles as follows:
Category l: Low—denalty uses - hospltals, schools, ete.
Category 2: Dwelllngs wlith sound insulatlon.

Category 3: Alrport buildlngs - industrial.

Detatled Guldance Submitted by States

5.4 .0 A method for relating land waes to thiree categories In connexion wlth the
uge of the NEF method! ls given ln Table 5-3.

5.4.7 The followlng guidance macterial Is related to the use of the NNI methodZ.
5.4.7.1 Three noise zones for housing may be distingulshed:

Zopne A: Thias is a zone where nulsance due to the nolse of airerafe is
alight, From the soclo~psychologiral viewpolnt, thls type of nulsance Is not, or ls
harely perceptlble, since 85-390 per cent of the persons questioned de not feel dlscturbed
hy the alreraft nolse. Thls zone requirea no speclal measures,

Zong B: 1In thls area, the nolse of alreraft Is of medlum lotenslty, From
the sueclo-psychologleal polnt of view, nulsance Is clearly proved, hecause the
proportion of persons dlsturbed by the nolse lacreases. For the populatlon as a whole,
disturbiance may be consldered to be maderate. The queatlon of whether and wlere the
Uimit of tolerance for different Indlvidualas In thia zone should he set [s a matter of
Judgement, Medium nulsanres should be regarded as undeslirahble.

1 Submitted by the United Statea of Amerlca.
Submltted by Swltzerland,
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Nolse exposure forecast (NEF) areas

Under Over
Land-use compatlhility 30 30 - 40 40
Residential yos (B) no
Commerecial yoy yos (C)
Hotel, Motel yes (<) no
0ffilces, Publle Bulldings yes (c) no
Schoola, Hospltals, Churches (c) ne no
Theatres, Audltoriums (A) (C) no no
Outdoor Amphitheatres, Theatres {A) ne no
Outdoor Recreatlonal
(Nen~Spectatot) yes yes yos
Industrlal yos yes {C)

Notes, (A) -~ A detalled nolse analysis should be undertaken by qualified
personnel for all Indoor or outdoor music auditorlums and
all outdoor theatres.

(B) ~ Case hlatory experlence Indlcates that Individuals In
private resldences may complaln, perhaps vigorously.
Concarted group actlon ls possible. New single-dwellling
constructlon should generally hte avolded, For apartment
construction, Note (C) applles.

(€) = An analysls of huilding nelse reductlon requlrements should
be made, and the necessary nolse control features should he
Included in the hulldling deslgn,

Table 5-3. Land-use compatlblliey chart for alreraft nolse

Zone C: In thls zone, the nulasance is cronslderable. From the
soclo~psychologleal polnt of view, the nulsance sheuld he regarded as excessive, since,
Judging by the main criterla used, a dlstlnet majority of the populatlon ls dlsturbed by
the noise of alrcraft beyond this limlt.

5.4.7,2 It ls quite clear from the deflnlelon of excessive nolse and the
above-~mentlaned dlvlislon of nulsance zones, that the limlt for housing heyond which the
disturbance caused by nolse 1ls excesslve ls sltuated at the polnt of transition from
“one B to Zone C.

5.4.7.3 Acceptable maxlmum (and oot deslrable values) associated with other land
uses, Which have heen found sultable are shown In Table 5-4.

Svh. 7.4 In certaln cases, rare but extrpordinarily violent rauses of nolse result in
relatively low NNI values. It Ls thus deslrable that an absolure upper polse level
Limit he set expressed ln toerms of nolse level and not as an NN| wvalue, [Tt (s
ronaiderad that no noise should exreed the lavel of 130 PNdW in normal eperation

(=117 dR(A)).
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S5ehi 8 Table 5=5 materiall ahows the use of three zones associated with gpecified
rauges of noise exposure expressed in terms of the NNI method.

S.4.9 The fallowing material? {s velated to the use of rhe J(,iudex.

Type of conatruction

Low noise Traditional Reinforced for
Use protection (2) condtruccion (3) nolse pratection {(4)
NN NNL NNL

Hoaspitals 30 35 45
Schools 15 40 45 or 50
Housing 45 30 39
Commercial bufldings 45 50 55
Industry and handicrafts 50 55 60
Warehouses and temporarily

occupled buildings 60 60 60
Agricultural amd military 60 & over

Notes

l. Values are Eor 0600-2200 hours, i.e. day-cime values., Night-time values are 15-20
unics lesa.

2. Low noise protection: Light condition not complyiug with traditional censtruction
methods,

3. Traditional construction methods: outside walls 350 kg/mz; heavy concrete covering
l?—lﬁdcm; normal double-panéd windows with a soundproofing potential of 25 dB when
closed,

4. Reinforced construction for protection against noise: outside walls 500 kg/mz;
roofing with heavy conpcrete slabs 30 cm; s&pecial windows with double panes
(reduction of noise through closed window 35 dB).

Table 5-4, Maximum NNI value related to land use (1)

5.4.9.1 The definition of land utilizarion in the neighbourhooed of airports 1s hased
on the detarmination of 3 nefse areas, namely A, B and C. These areas are delineated by
1sopanphie curves, which are hased on the PNdB, with the followiug indices:

N1 = 96 N2 = w9 M3 = 84

The values of M, N2 and N3 were decermined Ln agreement with the Public
Health Aurherity.

1. Submitted by the United Kingdom.
2. Submitted by France.
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5.4.9.2 Land use Lo nolse areas

Houa Lng

In nolse areas A and B, bullding for houslng purposes Is striccly
prohlblted.

Only hauslng necessary for clvil and military aeronautical activitles will
be permltted exceptionally, providing it is soundproofed.

In nelse area C, only lsolated lodlvidual houscs may he permltted
exceptlionally, provided that: .

the appllcable town planning regulatlons are respected;

— they are situated in a resldentlal environment;
= they are served by exisclng publle facllitles;
~ they arc soundproofed.

Puhlic guperdtructure equipment

In nolse arcas A, B and C the superstrurture equlpment necessary for civil
and military acronautical actlvity and the publie superstructure cquipment essentlal to
the exlsting populatlons will bhe permitted, provided that:

= they cannot be sltuated elsewhere;

~ they are scundproofed.

Other buildings

Other bulldlngs, partleularly for Industrial, commerclal or offlce use, may
be permitced Ln any nolae zones In so far as they are conslstent with ratlonal use of
land and Infrastructure situated around the airport and do not lead to the settlement of
a permanent population or the establlishment of publiec superstructure equlpment (echools,
soclal facillties, ete.). These bulldings muat be soundproofed.

5.4.9.3 Land usae nutside nolse zones

Although there are no restrictions added to the applicahle Lown plannlng regulatlons, it
ILs nevertheless desirable that a speclal study be made when there are plans to build
hlghrise huildings so0 as to determine whether these bulldings should he soundproofed.

5.4.10 The following materlal Is given In connexlon with the use of the § Index!.

S.4.10,1 The hill entitled "Law fur Protectlon agalnst Alrerafe Nolse in the Vielnlty
of Acrodromes”, spacifies the nolse exposure lndex values adopted for delineating nolse

protectlve zones as follows:

a) The nolse protectlve zone comprises Lhe area outslde the aerodrome where
the equivalent permanent nolse cxposure Index, caused by the alreraft
nolse, exceeds 67 dB(A).

————————

1 Submltted by Federal Republic of Germany.
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S~
b) Aecording to bthe respectlve wolse stress the nolse protective zowe [s
suhdlvided into twe prorectlve zones. Protectlve zona I cowmprlses the
aren where the equlvalent permanent nolae exposure lndex exceeds
73 dB(A) and protective zane IT the remalnlng area of the nolse
protective zZone.

5.4.10,2 The hill further specifles restriccions an huildlngs as follows:

a) Hospltals, old people's homes, recreactlon homes, schools and slmilar
facllitleas with equal protectlve requirements shall not he created
withln the nolse protectlive zones. Uxceptions may be authurlzed by the
rompetent state authorlty If this [s urgently requlired for the provislon
of publie facllitles to the populatlon vr For other reasons of publle
Interest,

b} Tllouslng faeilitles shall not be created withln protertive Zone L.

5.4,10.3 Buildings as exceptlons In the nolse protective zones and dwelllngs in
protective zone IT must meet certualn sound protective requirements. The federal
government Is authorized to establish - by way of legal prescriptlen, and subject to
davelopments In the fleld of sound protection technlques in hulldIng construction -
sound protective requirements which must he satlsfled by the bulldlIngs with regard to
the protectlon of thelr reskidents agalnst alreraft nolse.
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CHAPTER 6 - LAND USE ADMINISTRATION

el = General

helol The teehinleal Factors whieh form the hasls of all methods For the avaluatlon
of total alrepaft nolse exposure are not the anly ones te be taken Into account for the
purpose of land~use control In the vielnity of adrports. Tt is recognlzed that veonomle
faprtors are Involved when determining compatihle land uses. The anthorlties, local or
eentral, have an important part to ploy in ensuring that alreraft naoise exposure ls
tnken Into account a= one of the Factors to be consldared when plannlng land use in the
vielnity of afrports and that the plans drawn ap ire eamnpliced with,

hala2 There are many tuechniques [or repgulating develapnent or hringing about
ropverslon or mad] fleation of exlating land uses to achieve greatar compatihl ity
between the alrport and [ts envirens, Seae of Lhese may be contrals, suel as Zoning or
hutlding and hauslng codes; ather methads [af luence development throgth acquisitlen or
the taxlng power. Experlence has shown that attempts to control land use through
easements amnd purchases s extremely expensive and cannot be considered as a solution to
the entlre alreraft nalse problems A wmore practleal approach I8 throagh proper land-use
plannlng and zoning. Zoning, however, [s limired in lts abllity to aeffert changes
around exlstlng airparts located In develuped areas. Better possihilitles lor effeective
vancrol of land wse through zoning exlst In its applicatinn to new airports and exiating
alrports loecated In as yet undeveloped arens.

Gal.3 Neelsiong regardlng tand develapment Invalving land=-use contrals are
characterized by the fact that they can be made at the loeal level and are lodlvidual In
chapacter. Loral actlons are often made on the basis of narrow conslderatlons which may
lgnore many impertant area—wlde or metropolltan goals, The most rommoeny local is8gues are
the return that the owner or developer wants to ohtaln on his proparty, the local
government's Interest iIn Increasing the tax base, and the Interest of the resldents In
malntainlng or Improving the value of thelr homes., fGenerally, those decfslous reflect
the deslre to malaocaln the community In [ts predent physical form and to avoid radiral
changes and risk-taking In fosterlng now kinds of development, For the alrport
environs, as well as for the rotal metropolitan develnpment pattarn, the cumulatlve
total of suech loral decisions can serlously degrade a sound comprehensive plannlog
approach and Jdevelopment polley,

6,2 - Zonlng

6.2.1 Zoning for land use serves a two-fold porpose: the protectlon of the
alrport and the protection of the residents, Land-use zanlng should take inte aceount
antlelpated Enture alrport development so that when alrport developments take plare
interference to the vielnity wliil be minimal.  The legislatien enabling land-use zonlng
is 1p some cases provided by State or Provinelal law and In other rases It ls provided
hy Natinnal or Federal law. The power to Implement land=use zonlng is pencral ly endowed
upon loral government or reglonal planslog authoritles,

f.2.2 The noise contours extending outward from the alrport dellneate arcas
affecrted by different ranges of pelse exposure. No use should be permltted in an area
subjected to levels of nolse higher than ransldered acceptabhle far that use, One
"anthorlty" shaald have over-all responsibllity for doveloplag land-use erlteria and
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utfdelines for wse and develapment of an "pirpore development area®™ around e aleport
sites, Loecal zoalng and land wse should be conststent «with these eritecia and
sufdetines, and the authoriry shoalid be empowered to make anmisdments o ensare

conglsteacy,

h.2.3 Sach an approdelt may overcmne the problen of anltd=jocladietional Taterests
Ia rhe aleport envirous which has sonot fmes prevested et teet fve conl . This, af
course, luvolves the transfoer of soalng powers to some Bigher goveramestal level soch as
an aega-wide planniag ageney or the Stare, with the designated publble agencey execels D
rie nuthority to easuce compatibibity hotween alrports und thelr neighbors,  Loeal
Jurisdietions with zonlay power {eitles, towss or larger whnindstrarive walts) have
rarely taken effective zoalng action needed ro alleviare this problem, because a glven
alrporet ofren affects several furtsdicelons, amd the co-ordiaation of zonloy Is
difEfcult. Moreover, zoaiug has proven extremely valonerable to development pressdares
and lacal polities, Another problem is that the loterests of the affected communlties
are nut alwvays conslsteat with the needs and lurerests of che airport operator, as well
as with each other, Withiln each commusity there Is uvaually a desire for a larger tax
base, populatfon growth, and rising land values, aml these goals are often ia confllet
with the need to preserve the alrport environs for "non-sens{tlve” activiries,

h.2.h The need for zoaing based on the noise sensitivity of varlous Land uses nad
actlvicles {3 Frequantly gelf-evident In clase prosjwlly Lo the aicport, although such
zoalng facther away might require rhe developmeat of more sophisticared gafdellnes on
this subject than are at present avallabla. A complicatiou 1s rhe vaat dIfferance
hetween actfvitias whiech Fall (nto the same zoafuy category and the varyloyg nalse
aensitlvity rhat would result, not from the activity Irself, bur Erom the constraction
characterlstics of the bullding rhar houses It.

H.2.5 Zoalng Iy not retroactive and does nor atfeer pre-existlng uses that Wikl he
adversely affected by alrport operations. Through the zoniag process, son-~coafoeming
uses may be ranoved; however, thls requlres a lony time durlng whlch rhe nses are
amortlzed, awl 1e Is unlikely that such zonfy provisions would have asweh Impaet on
development patterns on a large scale, For thls reason zonlag {s most effectlve ar
alrports that have not yet felr the fwpact of buildings. Alsa, uses proponed for vecant
land normally have some ralatlon to the marcker demand for suech actlvitles and zoning for
compatfble usea, such pg commerce or Iudustey, may be considered an Impermfssible
exproprintion [f there I8 no escablished need Eor these funcrfons:  hawever, expuerlence
Indicates thar most aleports ereate exactly that type of dewmand,

H.3 - Land-use Control

6,31 Varlous means are aval lable for coutrallling rhe nse of Lami dround adeports.
The affectiveness of these means for horh existlog and new alrpocts should he conaddered
for each particulae sitwation, The mosr comano means ared

le Planafng = the crearion of a planaing edy to stwdy, plan and advise oa

land use,

2

Zoalug = rthe legal meians whereby planatay ohjectives aee caarted,

3. Easemeut — the purchade of partlal clghts ra land by rhe alrport or
othar publie authorlty.

4, Purchase = the purchase of full ownershdp of tand by the alrpurt or

ather publle authority.

\--“
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6.3.2 Any consideration of land-use plasniag and control to reduce the total
exposure to alreraft nolae cxperienced by commuuirfes must take foto aceount:

a) the need tv overcome noise problems that may have arisen {n axisting
rommaniries; and

b)Y rhe need o preveat the development of communities in areas gubjecl to
high nolse exposure.

.3,3 On the one hand, the possihilivy of planning the use of land in built-up
areas near existiog alrports differs appreciahly frum the possthilities 1a areas net yet
developed. 0On the other band, the planning of a uew alrport must necessardly luvolve a
distfuction between the planning for buille-up and underdevelaped areas In the regioun in
whieh the afrport s to be sited. Efforts, therefore, should always he directed to
developing both prevent{ve and remedial programmes ro achieve land use comparibilicy.

f.4 = Public Awareness

G4 Local goverament andfor planning aurhorities should make avallable for
publie perusal a plan showing nofse contours and land-uge zoning in the viefaity of an
alrport, Large notice boards located within uolse affecred areas and/or ot che airport
houndary may alse be employed to explaln the extenr to which lauwd in the area 1s
subjeered to alrpurt noise. For example, alrport boundary netice boards {u one State
measure 6 m x 3 moand bear a plan of the airpore aml vicinity on which nofse contours
and zoning darails are shown,

64,2 To ensure that persond buying land affected by alrport noise are aware of
the noise probvlem, ticle documents for such land may bear & sratement to the effect that
the land {s in a uwolsy area and cthat the local govermment authority should he consulted
regarding noise levels,

6.5 - Negoriated Acquisition, Emipent Domain, and Redevelopment

6491 I1f 2oning 18 not feasible for elther legal, practical or political reasens,
then the afrport authorfty (or some other jurisdiction such as an arca~#ide plamning
ageuncy or alcpory commission) may have to rely on the purchase of noise~affected
properties to a much greater extent. As in the case of zouing, arquisition of land
prior to {ts development ig ubviously preferable to postponing action until a remedial
sftuation exists. Moat alrport authoriries already have eminenr domalua powers and the
practlce of purchasiog easements Is well esrablished.

fra5.2 The use of the endnent daomain power to acquire development rights over land
within nulse-exposed areas around an afeport would be enormously coscly and would be
heyond the [1scal resources of practieally all alrport operators, as well as most loeal
goveramants,  1f, however, alrport auwthoriries or other designated public agencles were
sulffelantly funded, they eould use eminent domaia pewer to acquire development rights
aver land within the noise-eiposed areas arvund the aieport. The purchase of easements
may ofran prove Lo he a satisfactory nofse abarement strategy and would be less
expensive than ontright ecquisition. Where extensive re-use of land is required, an
extunsion of the arban renewal programme avthority apd funds for this purpese would be
worth explotiog. This technique ralses many questions, however. Substanrial additianal
funding would b required, aod problemsg of reloecation and neighbourhood disruption would
have to be hawddled ia rerms of benefirs to rhe whole area.
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.
f.h -~ Compensation

Gah.l It Is the practiece {n some Status ro pay compensation ro owoers of land
whlch has become suhjected to a certala lavel of alrport nolse. Methods of dereemind g
etfgibilicy aml the amount of payment are varled.
B.ha2 There are many problems assoclated wirh the paymewt of rompensation
particularly in regatd cte who pays, the hasis of paynear and eligibility Lo reccive
compensation, dOther problem guestions fnelude:

-~ 1g compensation refunded in the evenr of reduced airporr noise {due to

quieter alreraft, changing operating patterns or closure of the alrport)?
= Should compensation be paid to a land owner 1f the land was purchased
after adequate steps had heen raken ro publicize the nolse problen? and
= Should only the first owner recelve compensation?
6.7 - Bullding Codes and Soundproofing

Ba7a1 It is technically possible te bulld near airports and provide satisfactory
interior noise levels, Determining factors {n decidiag on such eonstruction are whether
the value of the location equals or exceeds the Insutation costs, or whether other
suitable building sites in the general aran <o not exist or are extremely scarce or
expensive, Among the types of structures which may he feasible to locate near airports
are commerclal of Efces and {ndustrial huildings and hotels. Criteria for permlasible .
iaterior noise expnsure need to be developed and transltated inte speeifle performaunce f

standards for the amount of acoustlcal Insulation whleh will he required Ia different
noise zones for varlous categories of bulldings, Incorporation of sueh standards into ]
building codes, awd the knowledge thar they will he enforced, would offer (mportant i
protection to the public and glve developers a hasis For estimatiug the cost i
differentials of bullding at various distances and dlrections from aleport vperations.
As with zoning, practical application of soundproofing standards in bullding codes would
presuppose the existence of rellable nolse contours and assurauce rhat the noise will
not exceed the levels assumed in establishing soundproofing requirements.

647.2 A summary of soundpreofing recommendations submitted by France is given ac
Tahle 6-!, This tabulation glves the maximum [nternal acoustle levels permitted {n that
State for bulldlngs locared within the nolse exposure zones defined In 5.4.9.1.

6,743 Subsequent Insulation of homes adversely affected by alrcraft and other
forms of noise fs slmply not sufficlient protection for the average clrlzen. Too many
individuals and families can usknowingly buy aud rent in noise-exposed aveas awl only
later learn of the expense they must undergy to take amelierative action. It s much
more desirable to control from the outrser insulation raquirements for such buildings, {f
they muat [ndeed be constructed i such areas. While there will he «difficulties in
gattiug msound insulation requirements incerporated fn bulldling codes Fur new
constructlon, these are slight compared with the prublems of effacrive soundpronfing lor
existing hulldings, pacticularly housing. Dwellings In these areas are ofren of Light
construction which would be very expeusive to soundproof. Researeh amd controlled
prototype soundproofing are not far enough advanced to give a hasis for confldent
predietion hut even {f houses {n high nolse areas are of masonry construction,
ingulatlon and alr conditioning may cost more than the value of the additlonal rents or
sales prices which could be obtrained.
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[ APPENDIX
LAND-USE TABLE*

Bird llazard Considerations Only

The tand uses rabulated helow should nor he considered as an exhauative
listing, but merely as examples of how various land uses may be graded in two areas,
Area A and B surcaunding an afrport. These Aceas are arrived at by describing lwe
enncent £fe eireles {radii 3 and A km ruspectively) around an airport, centred on the

o i T e T F LTS T R T Yo At R e e e,
vy s . .

Atrport Reference Point (see Figure 1).

LAND-USE GUIDELINES FOR THE AVOIDANCE OF RIRD HAZARDS

LAND-USE GUIDELINES

LAND USE Arca A Area B
Agriculture

— Landscape nurseries (Note) YES YIS

— tree farming (Note) YES YES
stock farming {Note) YES YES
dafry farming (Note) YES YES
sod farming NO YES
plggeries NG YES
fruit tree farming NO YES
Wildlife Sanctuaries
bird sanctuaties NO NO
game reserves NO NO
Recreational
golf ecourses (Note) YES YES
parks (Note) YES YES
playgrounds {(Hote) YES YES
athletic fields (Note) Yoy ¥YES
riding tralls (dore) YES YES
tennia, lawn bowling (Note) YES YES
plonfe amd eamp grounds YES YES
ridiay academies NO YIS
racetracks NO ¥ES
Cair growuls NO YES
vubdoor rheatres NO YES

2-33

* Conadian Adr Transportation Administration, Land Use in the Vicinity of Alrports.
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LAND=USE GULDELINES FOR THE AVOIDANCE OF BIRD HAZARDS

LAND-USE GUIDELINES

LAND USE Area A Area B

Commercial (Note)

offleas YES
retall sales YES
hotels and motels YiES
restanrants YES
parklng lots YES
Indoor theatres YES
warchouses YES
shapping centres YES
gervice statlons YIS
remeterles TES
drive=ln restaurants NG
food processlng plants NG

Municipal Utillcles (Note)

water treatment YES
non—-food garbage landfill YES
fond garbage disposal NO

Note.= These are general guldellnes For planning and land-use zonlng only.
avoldance of blrd hazards durkng alrport aperatlons [s another sublect that ecan involve

speclal controls to keep land free from faod amd shelter for blrds,

YIS
YES
YES
TS
Y5
YES
YES
YES
YES
YES
YES
YES

YES
YES
Ni)

The
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AREA A

AIRPOAT
+ REFERENCE
POINT

AREA A CONSISTS OF ALL LAND INSIDE THE 3 KM CIRCLE
AREA B CONSISTS OF ALL LAND LYING BETWEEN THE 3 KM AND THE B KM CIRCLE

Figure 1.- Bird hazard areas

- END -



1ICAO TECHNICAL PUBLICATIONS

Tie foliowing summary gives the status, and also
describes in general terms the contents of the various

..~ sertes of technical publications ssued by the Inter-

national Civil Aviation Organization. It does not
inclide speciglized publications that do not fall
specifically within one of the series, such as the
Aeranutical Chart Catalogue or the Metcorological
Tables for International Air Navigation,

International Standards and Recommended Prac.
tices are adopted by the Council in accordance with
Articles 54, 37 and 90 of the Convention on
International Civil Aviation and are designated, for
convenience, as Annexes to the Convention., The
uniform applicstion by Contracting States of the
specifications contalned in the International Stan-
dards is recognized as necessary for the safety or
regularity of intemational alr navigation while the
uniform application of the specifications in the
Recommended Practices is regarded as desirable in
the interest of safety, regularity or efficioncy of
International air navigation, Knowledge of any differ-
encus between the national regulations of practices of
a State and those established by an Internationsl
Standard is essentinl to the safety or regularity of
international alr navigation, In the event of non-
compliznce with an International Standard, a State
has, in fuct, an obligation, under Article 38 of the
Convention, to notify the Council of any differences,
Knowledge of differences from Recommended Prac-
tices may also be important for the safety of air
navigation and, although the Convention does not
impose any obligation with regard thereto, the
Councll has invited Contracting States to notify sich
diffarences in addition to those relating to Intetna.
tional Standards,

Procedures for Air Navigation Services (PANS) are
approved by the Councll for world-wide application,
They contain, for the most part, operating procedures

regarded as not yet having attained o suffictent degree
of maturity for adoption as International Standards
and Recommended Practices, as wel] as materin] of a
more permanent character which is considered too
detailed for Incorporation in an Annex, or is suscep-
tible ta frequent amendment, for which the processes
of the Convention would be too cumbersome,

Regional Supplementzry Procedures (SUPPS) have
a status similar to that of PANS in that they are
approved by the Council, but only for application in
the respective regions. They are prepared In conseli-
dated form, since certain of the procedures apply to
ovetlapping regions or are common to two or more
reglons,

The following publications are prepared by author-
ity of the Secretary General in accordance with the
principles and policies approved by the Council.

Technical Manuals provide guldanee and informa-

tien in amplification of the International Standards,

Recommended Practices and PANS, the implementa-
tion of which they are dosigned to facilitate.

Air Navigation Pluns detail requitements for [acili-
ties and services for international air navigation in the
respective ICAO Air Navigation Reglons. They are
prepared on the authority of the Secretary General
cn the basis of recommendations of regional air
navigation meetings and of the Council action there-
on, The plans are amended periqdically to reflect
changes in requirements and in the status of imple-
mentation of the recommended facilities and services.

ICAO Circulars make available specialized Informa-
tion of interest to Contracting States. This Includes
studies on technical subjects,




