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PART I - GENERAL

CHAPTER 1. INTRODUCTION

This document, "The National Aviation System Plan,' is & step in a major
effort being taken by the Federal Aviation Administration to achieve more
effective long range planning of the National Aviation System.
Its purpose is to provide the public with background material for dis-
cussion at "The First Annual National Aviation System Planning Review
Conference' scheduled by the FAA on April 23-25, 1969, at ¥A4 Lead-
quarters in Washington.
The results of these discussions will assist in future agency planning
efforts. Following the conference, it is anticipated that industry
participants will wish to submit for FAA consideration documented, asub-
stantive contributions which will be helpful in preparing the following
year's plan.
This document is divided into the following subject areas:

. Planning Forecasts

. Alr Traffic Control

« Alr Ravigation

. Communications

« Aviation Weather and Other Supporting Services

. Airports.
These subject greas are treated in two volumes:

. Volume 1 relates to System Requirements and Criteris

« Volume II relatea to the financial plan for each subject
area.

Note: An additional section desling with s proposed study on cost alloca-
tion for the federal airways system i{g included.
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A more detailed explanation of the organization of the document appears on
page I-5.

The National Aviation System in its broadest sense encompasses the manu-
facturers of aircraft airframes, engines and components; the private, busi-
ness and airline operators of aircraft; the regulators of the economic usce

of aircraft; and the providers ¢t the airways, the airports and ground access
facilities and services.

The Federal Aviation Administretion is directly responsible for the safety
regulations applicable to the air rrehicle and the operator of the vehicle.
The FAA is also the provider of airways facilities and services, and has
statutory responsibilities related to airports and other envircnmental and
support services and facilities.

Long range planning for airways and related suppcrt services and facilities
provided by FAA has always been difficult for a number of reasons. The
prircipal one has been the lack of suitable administrative machinery with
industry and public participation for achieving such planning on an orderly
basis. Subsidiary reasons are that: (1) dynamic aviation growth requires
quick "operational" decisions; and {2) Congressional appropriations and
federal budgeting procedures have discouraged long range planning.

The Federal Aviation Administration is therefore now taking the first step
tovard providing the administrative machinery by which better long range
planning can be accomplished -- not only for airways and related matters --
but eventually for the total aviation system.

This i{s being done by the inauguration of an Annual FAA Planning Conference
in consultation with {ndustry and the interested public. By this process

a continuous, systematic statement of FAA plans can be developed on a ten-
year basis. This should provide the aviation industry, the Congress, the
Muinistration and the interested public with a basis on which management
decisions can be made regarding technological development, investments,
finance and goverumental policy.

Limitations of this Confaerence

This first conference relates primarily to those »>rograms which require a
major portion of tha agency's investment resvurces; it does not address
itself to all of the major problems facing the goverament and industry
sepmants of the aviation community. This initisl effort is focused on that
part of the National Aviation System which relstes to the movement of air
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traffic. However, additional subjects such as forecasting air traffic demand
and aircraft development, airport planning, and airport design stan-
dards, as well as cost allocation are included to provide background for the
discussion of air traffic and to provide a basis for more comprehensive
discussions and plauning cfforts envisioned by the new policy of consultation
and planning.

Among the major issues which are not included are:

1. Eovironmental Considerations. Some major environmental consider-
ations which are not discussed in this plan are newly developing
and are not always related to FAA's statutory responsibilities.
Principal among those not discussed are the effects of aircraft
noise on the national aviation system. Similarly, air pollution
is an environmental problem just now being defined which is reserved
for future discussions,

2. Airport Terminal Congestion is not discussed insofar as it relates
to the growing volume of passenger and baggage traffic in terminal
buildings; these matters are primarily localized and require indi-
vidual treatment by airport authorities/airlines/air taxis, etc.

3. Inter-modal Transportation. Airport access is a growing problem
which cannot be totally resolved by FAA and allied aviation inter-
ests; a broader basis must be developed for future resolution.

4, Aeronautical Safety Standards. Other safety programs not directly
related to the flow of traffic are already covered by other agency/
industry planning endeavors and therefore will not be a subject for
review at this time.

5. Air Service Patterns. Although the economic regulation of ajircraft
operators has a significant impact on the planning of airport and
airways facilities, this is a subject involving intra-goveramental
relatione not appropriate to this conference,

Other Limitacions

There are four other l.nitations to the data presented in these documents
which are ot primary importance.

1. Aeronautical Forecasts. Tae forecasts represent the results of
existing forecast methodologies. As in any projection for the
future, man,; &ssumptions are made and some pertinent factors omitted.

o e
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As it is not logical to forecast air transportation growth in
isclation, the forecasts are deiicient to the extent that they
do not consider the possible future trade-offs in a total
transportation environment brought about by shifts in modal
demand. For example, the institution of a puvblicly acceptable
high speed ground transportation system alcng high density,
short-haul corridors within the country could have an impact
upon air growth. However, more experience must be obtained
hefore this impact can be included in aviation forecasts.

Implementation Criteria. Modifications, improvements, addi-

tions and deletions to the air traffic control ard navigation
facilities are normally made upon a set of national criteria
developed and . ~rovea by the Federal government. The plan
represente current thinking about these criteria. In some
cases, the criteria is well established and has not been
reviewed for a considerable span of years. ~n other cases,
criteria » ve not been fully deveicped and are tentative or
proposed only. A4ll criteria are subject to change. These
changes may be btased on furthev anslvsis of benefits and
costs, tachnol- ,ical -hanges, environment.! changes, safety
standards, or other relevant factors. 1In no case are they
considered to be final. Suggestions for development of
methodology, new criterla eud related benefits and costs are
solicited,

Resocurce Allocationz. The levels of funding, based cn the
existing criterisz, geoals, and requirements repreeent a best
estimate cf the resources needed * - meet demand. It {8 to
be clesrly understood that the presentation of the proposed
>lap and the sybsequent meetings do not reflect any cowmit-

ment ou the part of the wxecutive Branch of the Federal
govarnment or the Congress o provide funds a: the levels
indicated or for (he purpoges stated. Neither is it to be

construed as a plan for miti-year financial commitments.

Militery Requirements. 1In adcition, there are alwavs limi-

tations in the use o. terms and language. Wwhite {t is stated
that the plan covers the XNational Avi:tion System, {t should
be recognirad that {t {s primarily dire~ted toward civil,
deoestic, and Federal needa. Littie rention is made oi the
mil ‘tary system and none of military requiramerzs. Except
insvfar s joi. t-use of civil facilities is involved, this
segment of the overall syctem is excluded by intent. It doas
not, however, minimize its {mportance to the gcneral wilare.
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The National Aviation System Plan

This National Aviation System Pian document is a compilation of Federal
Aviation Administration programs that generally comprise the elements of
the National Aviation System under FAA's jurisdiction.

In preparing this plan, FAA has concentratcd on presenting a picture of

requirements, goals, criteria and plans for in-service improvements and

system modernizaticn falling primarily in the Facilities and Equipment
(F&E) and Research and Development (R&D) investment program areas.

The document is divided into two parts as follows:

BOOK 1 - System Requirements and Criteria

This book deals with the policy and criteria of FAA with regard to five
(5) service and facility areas (ATC, Nav Aids, Communications, Weather and
Airports) in terms of the following characteristics:

a, System Reguirement: An identified need which is to be fulfilled
if safety standards are to be maintained and foresaeable aviation
growth accommodated.

b. System Description: A narrative descripticen of the method by
which the agency elects to fulfili the requirement, whether it
be hardware, procedures, regulations, or a combination of these,

e,
.

System Goai. The expected results to be attained within the
period of the plan,

d. Criteria for Implementation. The minimum level of aeronautical
activity or ocher bases which must exist fur specific camponents
toc qualify for implementation.

[t
.

Bibliogranhy. The statutory, regulatory, or administrative
documents which govern the agency's actions and plans.

BOOK 2 - Plans

This book contains the proposed investment plans of the rAA for the ten year
period (1970-1979) for each of the FAA related services and facilities (ATC,
NAV, COM, Weather, Alrports).

These investment plans and system requirements are the ones curreantly approved,
or at present considered desirable, by the Federal Aviation Administration.
They are subject to change based on increased technological knowledge, improved

e
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systems analyses, generel policies of the lepartment of Transportation and
other review authorities and inputs from other segments of the aviation com-
munity. .

All dollar estimates will be subject to ultimate approval by the President
and the Crngress.

For the 1969 NAS Plan, the investments are identified in terms of budget
sppropriations for Facilities and Equipment, and Research and Development.
Operations and Maintenance appropriations are shown for the more important

; but not all progrems. The funding is shown for ten fiscal years as follows:
i (1) 1970 (che budget year); (2) 1971-74; (3) 1975-79.

The 969 National Aviation System Plan and the inaugural Planning Review
| Conference are the first steps in organizing the vast national resources
i available for effective systems planning.

; The FAA believes that these new pianning techniques and new methods of

; participatory democracy can be coupled with the traditional resources and
| ingeruity cf the aviation community in meeting the challenges of the 70's
i and 80's.

We hope you will find i¢ useful, and your contribution is cordially invited.

[ A
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CHAPTER 2. SUMMARY

Planning Forecasts

The increasingly complex amount and mixture of air traffic in the United
States, generated by an expanding ezonomy and improved civil aviation air-
craft, create the need for a larger and more technically sophisticated
National Aviation System over the next ten years. The extent of the nation's
economic and aviation growth expected in this perlod can be indicated by a
number ¢{ selectcd measures.

For instance, population will increase by more than 30 million people, and
gross national product by more than $300 billion by 1980 (in constant 1958
dollars). Families with incomes in excess of $10,000 will double., With
further improvements in unit productivity promised by new jet aircraft, the
airlines of the United Statrs are expected to fly three times more passenger-
miles in 1979 than in 1969, Ton-miles of cargo traffic in 1979 will prob-
ably increase ten iold iu ten years. The air carrier fleet is forecast to
increase 40 percent, and its average payload capacity 60 perceut. The pri-
vate and business aviation fler will increase during the next ten yszars by
ghout 83,000 aircraft from 122,500 to 205,000. Air carrier and general avi-
ation aircraft operations at airports with FAA control towers will triple,
and IFn aircraft t-affic wili double by the end of fiscal year 1979.

These aviation forecasts assume a Naticnal Aviation System which will impose
no significant constraints on the future growth of civil aviation. There
can be no doubt that & scund economic basi» ror a surging growth of civil
aviation will exist, but without substantial system improvement and expan-
sion, the growth will be retarded.

Agency forecasts for the future technological enviromment take the form of
predicting when applications of known technical feasibility can become
operationally and economically viable by {deatifying future aircraft and
equipment under development and determining their scheduled system appesr-
axce., During the next decade greater numbers 2nd new generations of civil
aircrs {¢ will create new demands upon the National Aviation System, Super-
sonic transports will be flying up to 80,000 feet at speeds up to 2,000
mi{les per hour. V/STOL transports will be wa;cuvering at relatively slow
speeds and at low levels within the airspace over the 3zreat metropolitan
centers. Better systems of navigsation and comunicaticns, air traffic con-
trol procedures, meteorological services and alrcraft landing facilities
for both these kinds of sircraft will be needed. Economic penslties arising
from system inadequacies will become considerably greater in the next ten
years, as the economy of the nation becomes more critically dependent upon
air transportation.
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Afr Traffic Ccatrol.

During the past 20 years, the sefe and efficient use of navigable airspace

in the United States has required both expansion and technical improvement
of the air traffic control system, and the imposition of more discipline upon
air traffic. Public demand for greater air safety, in an environment of
intreased treffic volumes and more mixturee of aircraft with widely varying
speeds and pilot qualifications, has required careful and extensive re-
ordering of the structure and use of the airspace. As greater demands are
made upon the capacity and effectiveness of the air traffic control system
in the next ten years, particularly in the major transportation markets,

the need for further structuring of the airspace will evolve.

The future ATC system should provide a balanced, efficient expansion of
systeam capabilities in terms of en route facilities and services, terminal
facilities and services, flight service stations, airspace allocation and
rules, and research and development. In brief, the Lest means to meet
demends placed on the National Aviation System lies in greater technical
sophistication -- such 23 en route and terminal automation of traffic con-
trol, high precision navigation systems of greater flexibility, high speed
commmication systems of greater capacity and relisbility, and improvements
in traffic surveillamce systems,

As sverage passenger loading per aircraft continues to increase, the iotal
of air travelers exposud to the risk of individual mid-air collisions also
increases. With aircraft becoming larger and faster, the need for greater
air traffic control services at many airports becor=s more important for
safety. It is particularly true at the airports from which both air carrier
and privats aircraft operate, where a wide variation occurs in operating

speeds,
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There are three majior programs in tine plan to deal with the problems of
terminal area sufety and congestion. They include the installation of
additional towers and further automation of air traffic control at certain

major terminals, and the provision of radars at other busy terminal
locations.

FAA research and development programs exist to conduct a balanced research,
development, tesat, and evaluation program to modernize the air traffic

control system and develop those automation systems that will apply to the
terminal and enroute programs.

Air Nevigation

The higher maneuvering speed and larger mass of jet aircraft inc. asingly
disceurage any low altitude maneuvering for landing which is based upon
visual reference to the ground, A substartial increase in the number of
Instrument Landing Systems (ILSs) installations is required across the
country. The costs incurred by aircraft diversions and delays due to mete-
orological conditions below prescribed minimums, and the necessity in any
event tc devclop ultimately more highly automated systems of alircraft
approach and landing, call for programs to improve the ILS and its associsted
facilities to increase the capability for low visibility landings. Within
the next decade, the FAA will continue to explore the specific nee’s .nd the
technology for replacement of the ILS., The safe and efficient use of the
airspace, particularly in terminal sreas, will require higher orders of
precision than are curreuntly provided and development of a ''next generation"
system, must be initiated, Distance measuring equipment located at ILS
sites gserves to improve the operational flexibility of traffic control and
navigation, and enhances safety. When helicopter and other steep gradient
aircraft provide scheduled service to new city centers uander instrument corn-
ditions, navigation and ipstrument approach facilities will be required.

Communications

To provide additicnal capacity for aircraft flight in the National Alraspace
System, it has been necessary for the FAA to divide the sirspace into an
incresasing number of control jurisdictions, each of which requires its own

P S
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discrete compunications channels. With the advent of radar and direct pilot-
controller communications, aircraft navigation and aircraft separation have,

along with increased traffic volume, resulted in increased use of radar vec- -
toring and, accordingly, increased communications. The result has been con-

gestion of air-ground communication circuits which in some areas has reached
critical proportions. The safety ot the new and faster aircraft coming into

greater use, and the economic penalties attributable to aircraft delays will

require more rapid air-ground communications and an end to protracted voice
communications with aircraft.

An effective air traffic control system will continue to be dependent upon
the reliability of communications. To provide this reliability during the
next ten years, & flexible, high-speed electronic rather than mechanical
voice switching system will probably be required. As the air traffic control
sutomation program is implemented, digital data transfer of radar information
becomes pcssible with concomitant improvements in redundant coverage and
economy .

Y4 ion Weather and Other Supporti Services

The safety of aircraft in the airspace is dependent in large part on pilots
and traffic controllers being provided with accurate and pertinent aviation
veather information, and seronautical chart and flight information. The
exrected growth of air traffic and the introduction into trsnsport service
of laxger and faster aircraft will require an extension of the present FAA
operating and R&D programs for these traffic support services. More precise
| sssessment is needed of the kinds and amounts of weather information required
r by particuler segments of civil aviation, and by new kinds of aircraft, in
the moi12 automated t: sffic control -ystem and structured airspace of the

next ten years.

It will be necessary to continue research and development in coope. ation ' t
vith industry and the academic community on such problems as clear air '
turdulence and terminal area visibility. Special attention will alr - be

1 required during the next several yesis to meat the growing demands of civil

E _ avistion for additional, precise and timely information on air facility

[ status, topography and flight hazards, anc other navigetional information

important to the safety of visual and instrument flying. -

A major investment is required for FAA aircraft and equipment and RAD
facilities st NAFEC. Capital expenditures will be required for these
important {tems to support the agency's flight inspection and R&D programs.

R e D
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Airports,

e

Alr treffic congestion is a problem which is most critical at the terminal
airport areas, and particularly the large metropolitan areas. Insufficient
airport capacity during peak traffic periods 1s a major cause of aircraft
delays. Passengers are delaved additionally by inadequate terminal facil- :
ities as well as inadequate airport access at many existing airports. The i
safety of aircraft and air travelers at the nation's airports is less !
extensive a problem, but the risk of accidents can be expected to rise if
traffic increases and the airports are inadequate.

PRSI

The airport as a vital element of the National Aviation System is recognized
as one of the controlling factors in the achievement of maximum system
capacity. The interrelationship between the airport and the air traffic
control/navigation subsystems is such that balanced airport development and
electronic equipment implementation is essential.

i
Unlike the air traffic control, navigation, communications, weather and data ?
acquisition subsystems which are the responsibility of the Federal Govern- i
ment to install, operate and maintain, the airport is the responsibility 1
of local authorities. The role of the Federal Government in the airport
picture is, therefore, primarily one of predicting the nation's airport
requirements; integrating planning efforts; encouraging development; providing
technical, and to the extent authorized, financial assistance; establishing
airport standards; and enhancing the safety and the efficiency of air traffic
movement. This is accomplished through airport System Planning; Afrport 3
Standards; and Airport System Implementation. Estimated new and existing ;

airport development and expansion in the ten year span FY 1970-79 is $8.4
bill{ion.

Airways Cost Aljocstion Study.

Since 1926 the Federal Government has provided, maintained and operated, for
uae by all categories of aircraft operators, both civil and military, a
national system of air traffic control, flight advisory services, aod aids

to air navigation, together with a network of communications essential to
the functioning of the system.

The annual expenditures for this system -- customarily called the Federsl
sirvays system -- are substantial, and for the fiscal year 1969 will excesad
$700 million. Larger annual expenditures in the future will bs needed to

improve, expand and operate the system to moet the demands of a rapidly
growing civil avietion. Because the existing fuel and air travel taxes do
rot provide rovenues sufficient to cover the civil users share of the costs

of the airways system, the Administration has proposed new and additional
taxes to be effective with the new fiscal year.
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As civil aviation continues to grow, it is evident not only that the i rways
system costs will continue tc incresse but, also, that the system's use and
services will change in terms of individuel categories of aviation. It is
important, therefore, that cost allocations among the various bensficiaries
be reviewad for their long term equity and applicability.

To secompliish this purpose, the FAA proposes to organize, w’'th the advice
and counsel of the sviation community, a comprehensive s«*udy, to be con-
ducted over a period of approximately 15 months, on the subject of airways
systea cost allocstion. The study will examine the relevant issues, develop
a theoretical and conceptual framework for analysis, and recommend a
msthodology to provide the most equitable, economically eificient, and other-

wiee appropriste in terms of naticnal objectives and .otal naticnal welfare,

cost allocation by the Fedéral Goverument of the aservices and facilities
comprising the Pederal airways system.

Among the tasks to be included in ihe study effort are the following.

1. Examipe in the light of economic principles, other public policy
guidance, and national objectives, the theoretical and conceptual
aspects of defining relevant costs and ellocating cost responsibility
for the services and facilities comprising the Federal airways
syestem.

2. Develop a methodology for sllocating the costs of airways system
facilities and services based on the guidance developed in the
theoretical and conceptusl phase of the study. This methodology
mist be feagidle in terms of reagonable administrative workload and
costs to the FAA annually, and realistic in terms of the existing
institutional environment and Federal Government responsibilities imn
the subject srea of civil aviation as set forth in exlsting
legislation,

3. Survey the traffic statistics snd other available data indicat' ss of
airways system use, and devise s statisticel reporting program .c
obtain any sdditional dats needed to effect the airways system cost
allocation in the msnner called for by the thecreticsl and conceptual
phese of the study.
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CHAPTER 3. DEFINITIONS AND ABBREVIATIONS

National Aviation System: The physical complex of civil airmen, aircra‘t, ' L
airports, airspace, alrways, and facilities, and the services, regulatioas,

plans, standards, procedures, and practices associated with the complex

including system components jointly shared with the military. It encom- 3
pasces the National Airspace System, the National System cf Airports and .
the Federal Aviation Regulation System, as defined below. It does not

include that part of the system operated by the military for military use
only.

National Airspace System: The common network of U,S. airspace, navaids,
communications facilities and equipment, air traffi- control equipment and , °
facilities, aeronautical charts and information weather information, rules,

regulations, procedures, technical information, FAA manpower and material,

and includes system components jointly shared with the military.

Nat:ional System of Airports: The network

of pubiic use airports which
serves civil aeronautics.

Federal Aviation Regulation System: The whole of rules, regulations, stav-
dards, or system characteristics promulgated by the FAA to which adberence

is necessary in the interest of safety, regularity or efficiency of ti .
National Aviation System.

Systean: In {ts largest sense and as used most in this plan, a system is
an aggregate of functions and components comprising a significant operation
such as the airspace system, airport system, etc. Within a system, there

are major subsystems of the whole, such as the communications syetem. Many
subsystems are loosely referred to as systems throughout the plan.

National Aviation System Plan: An action document which contains a descrip-
tion of the goals, requirements and criteria for the National Aviation System

and a ten year resource investment schedule. These items exclude system com-
ponents of pure military application.

System Requirement: An identified need which is to be fulfilled if safery -
standards are to be maintained and foreseeable aviation growth accommodated. -

System Description: A narrative description ~f the method by which the

agency elects to fulfi{ll the requirewment, whether it be hardware, procedures, A
regulatirns, or a combination of these. st
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Syeten Goal: The expected results to be attained within the period of the
plan.

Criteria: The minimum level of aeronautical activity or other bases which
must exist for specific subsystems to qualify for implementation.

Facllity: As normally used it is an aggregate of equipment and services com-
prising an operating entity at a specific location such as an air traffic
control facility. 1In some instances a facility may consist of equipment
without services. As generally used in the plan the term refers to facii-
ities owned and operated by the FAA, but in some cases alsc includes facil-
ities jointly owned and shared with military, state, or local authorities.

location: Geographical .ositiox of a facility.

Equipment: Normally refers to the ectval hardware or device which performs
an aerunautical function. Often used as a synonym for facility.

[ U
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g ‘ ABBREVIATIONS
- : - ACC Air Coordinating Committee A
e ACIC Aeconautical Chart and Information Center 2
| ADC Air Def~nse Command %
AFB Air Force Base :
; AFS Aeronautical Fixed Service 3
A/G Alr/Ground I8
AGL Above ground level Bl
AFTN Aeronautical Fixed Telecommunication %,
Network ‘
AlA Annual instrument approaches
AIM Airmen's Information Manual
AIO Annual itinerant operations
AIRAD Airmen Advisory
AIRMET Airmen's Meteorological Information
ALS Appre light system
AME Aviation Medical Examiner
A/N Alpha Numerics
. ANF Air Navigation Facilities
e | APC Area Positive Control
‘ ARC Appalachian Regicral Comuission
: ARSR Alr route surveillanc radar
R ARTCC  Air Route Traffic Control Center
! : ARTS Advanced radar traffic controi
! : system (terminal)
= E ASDE Airport surtace detection equipment
: : ASR Alrport surveillance radar E
: 3 ATC Air Traffic Control Es
5 : ATCRBS Air traffic control radar beacon system 5
i gk ATCT Alrport Traffic Control Tower
' 3 ATIS Automstic terminal information service
; AWLS All weather landing system
g‘ CAA Civil Aernnautics Administration
§ CAB Civil Aeroug .ti:s Board A
. CARF Central Altitude Reservation Facility 3
CAS Collision avoidance system ;
CAT I, II, II1 Landing Minima Categories
A . C&GS Coast and Geodetic Survey <
- COMLO  Compass locator 4
COMVAN Communications van f
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CONUS
CPA
cse
cs/T

DARTS

DOD
A
ESSA

EVS
FAA

FAAP
FAR
FAAR

F&F

ICAQ

IFR
IFss

ILS
I0C
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Continental United States
Continuous power airport
Civil Servica Commission
Combined station/tower

Controlied visuai flight
Digital azimuth-rarging-
tracking system

Distance measuring equipment
Department of Dafense
Department cf Iransportation
Econcalc Development Act
Expanded radar service
Environmental Science
Servicas Administration
Electronic voice switching
Federa! Aviation Administration

Federal-aid Airport Program
Federal Aviation Regulation
Feccral Aviation administration
R-yuirement

Facilities and Equipment Appropriation
Flight data processing

Flight level

Federa. Personnel Manuval

Flight Service Stati..

Fiscal Year

General Aviation

Gruss N+tional Product
Governvent Prin:zing Jffice
High density terminal airspace
High frequency

Halicopter visual range
Internstionai Civil Aviacion
Orgac{zation

Instrument flight rules
International Flight Service
Starion

Instrumwent landing system
Initial operating capability

f -

oo i
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Iy International Telecommunications
Union

LDIN Lead-in lighting system

LAWRS Limited aviation weather reporiing
service

L/MF Low medium frequency

LORAN Long range navigation

LRR Long range radar

MALS Medium (intensity) approach
light system

MEA Minimm enroute IFR altitude

MOPTAR Multiple object phase tracking
and ranging system

MSL Mean sea level

MTI Moving target indicator

NAFEC National Aviation Facilities
Experimental Center

NAP National Alrport Plan

NAS Stage A National airspace system

enroute automation program

NRASPO  National airspace system progcam
office

NASA National Aeronautics and Space
Administration

NFDC National Flight Data Center

NMSS National Meteorological Service
System

NOA New Obligational Authority

NOSIM  NOTAM summary

NOTAM  Notice to airmen

O6M QOperations and maintenance
appropristion

PICAU Provisional International Civil
Aviation Organization

PONYA  Port of New York Authority

PVOR Precision VOR

PWl Proximity warning indicator

RAIL Runway aligmment indicator lights

RAPCON Radar approach control facility
(civii-military)

I-17
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RATCC

RCAG
REIL
RTR
R&D
RML
RVR
SIGMET

SPANAT
(S)SALS
SEAL
SRV

SST
Stage A
STOL
STRACPS
TA N
TAIR
TRACON

TVOR
TWEB
TVR

UHF
UPs
Usce
VASI
VFR
VHF
VOR
VORTAC
VoT
V/STOL

VIOL
WIP
WMSC
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Radar air traffic control center
(civil military)
Remote control air/ground communications
Runway end identification lights
Remote transmitter receiver
Research and development
Radar microwave link
Runway visual range
Significant meteorological
information
Systems Planning Approach
North Atlantic
(Simplified) short approach
light system
Signal evaluation airborne
laboratory
Slant range visibalaity

Supersonic transport
En Route automation program
Short takeoff and landing
Surface traffic control system
Tactical air navigation
Terminal area instrument range
Terminal radar approach control
facilicy
Terminal VOR
Transcribed weather broadcast
Terminal VOR

Ultrahigh frequency

Uninterruptible power systems

United States Coast Guard

Yisual approach slope indicator
Visual flight rules

Very high frequency

Very high frequency cmnirange station
Co-locsted VOR and TACAN

VOR test signal

Vertical/short takeoff and landing

Vertical takeoff and landing
Work in Progress
Weather Message Switching Center
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PART II - PLANNING FORECASTS
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PART TL. PLANNING FORECASTS
CHAPTER 1. FORECASTS OF AVIATION DEMAND
SECTION A, METHOD AND PRACTICE
1. Introduction.

It is the increasing amounts and more complex mixtures of air traffic
in the United States, generated by an expanding economy . improved civil
aviation aircraft, and a changing technology which creat the need for
further development of the National Aviation System. This -hapter
presents the more significant changes and developments which can be
expected over the next ten years in the national economy, air traffic,
and aviation technology.

Forecasting attempts to present information and data upon which long
range plans can be based. Predicting the future is always a difficult
and risky undertaking. This is particularly true when, as in the
situation today, important changes taking place appear to be due in
part to temporary and unusual circumstances. Separating the long-term
and underlying trends from the short term fluctuations requires special
care.

Guantitative forecasts are needed to guide long-range planning, none-
thelegs. The usual procedure of forecasters in accounting for uncer-
tainty 1s to present the outlook in term of ranges -- high and low
forecasts, for example., However, the demand forecasts presented in

this chapter provide a single estimate for each statistical series to
indicate the likely amount of activity. But this simplificstion of

the presentation should not be taken as an indicat{ion that the forecasts
are precise and not subject to a range of uncertainty. It should be
noted too that the traffic forecasts represant estimates of unconstrained
demand which - sume the availab{lily of an aviation facilities system
and a safety regulatory enviromeent which wi!i permit realization of

the anticipated traffic growth.

The section on the traffic outlook is followed by a discussion of the
aircraf; and aircraft systems technology in the 1970-1979 time period.




I1-2 BOOK 1

2,

1/27/69

FAA Forecast..g Cycle.

As part of its continuing planning process, the FAA annually prepares
foracasts of key indicators of national aviation activity and of FAA
operational workload. These forecasts are summarized and published in
a report entitled "Aviation Forecasts' which is distributed throughout
the agency and upon request to the aviation community.

The forecasts cover a 10-year period. Specific numerical forecasts are
prepared for each of the firat five forecast years to meet the short-
term needs of budget, fiscal, and program planning and to provide fore-
casts required in the preparation of the FAA Five-Year Program. Ten-
year forecasts of each series sre also developed to meet longer-range
planning needs.

The foracasting effort is a continuing program - in the annual cycle
each forecast aeries is reviewed and revised as appropriate in tne light
of developments during the past year and extended onme year further into
the future. In addition, FAA closely monitors certain forecasts which
are of particular concern for short-term budget and operational planuning
by comparing their performance with actual results each month and semi-
annually prepares revised forecasts of these series as appropriate for
the ensuing two years.

FAA also prepares a variety of special forecastz to meet varying planaing
needs of the agency. Thesge include studies of regional and local air-
port activity, peak period traffic forecasts, North Atlantic traffic,
Washington ares airport traffic, and einszen statistics.

SECTION B. METHODOLOGY AND ASSUMPTIONS

Alr Carricr Forecasts.

Variou. methodologies and techniques are utilized by the FAA in devel-
oping its forecasts of aviation activity snd FAA operational workload
for sach segment of aviation. In iarge part the approach is determined
by the currency and cowmpleteness of the available data base. Because
air carrier aviation is well documented, more sophisticated forecasting
techniques can be utilized than are possible in the area of general svi-
ation. The forecasts are shown in a series of tables in Section C of
thia chapter.

[rowen R
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I1-3

The forecasts of air carrier sviation begin with a forecast of total
U.S. domestic revenue passenger-miles (Table II-1). The latter is
derived from a methodology which relates total pasaenger revenue,
including the air travel tax, Gross National Product (GNP), and the
overall revenue yield per passenger-mile. In preparing the forecast,

a long-term annual average GNP growth rate, in constant 1958 dollars,

of 4.25 percent was used. This rate was decided upon after & review

of various GNP forecasts made by non-government organizations and after
discussions with certain Governuent economists. The forecast also
assumes a continued downtrend in passenger-mile revenue in 1958 dollars
of three percent per year; in current dollars the decline in yields is
not expected to exceed one percent per vear. The projection of future
yields was based on judgment which considered the history of the domeetic
fare structure, the future fleet composition, and anticipated changes in
aircraft cost and performance characteristics.

The foreczst of U.S. international revenue passenger-miles (Table II-1)
is related to the forecast of U.S. domestic passenger treffic. His-
torically, there has been a very close relationship between the amounts
of passenger revenue received by the U.S. {nternational carriers and
the U.S., domestic carriers. The forecast assumes this relationship
will continue and international passenger revenue was forecast at 28
percent of the domestic revenue, or about the same level it has been
for the past 15 years. (Because of the pending status of

route awards in the Pacific area, it was not possible to account for
their impact on the forecasts presented herein. The new routes and
additional cervice will certainly increase U.S. international air carrier
traffic, but *y how much has not yet been determined.) The passenger-
miles were determined by dividing the revenu. by a passenger-mile yield.
The latter has been declining in absolute terms snd also in relatiocn to
the domestic yield and was forecast at about 88 percent of the domestic
yield.

Tre forecasts of domestic and U.S. international passenger enplanements
were derived by dividing the forecast passenger-miles by an estimste
of the average passenger trip length.

Tae forecast of the U,S. air carrier fleet (Tsble II-2) was based on

a veview and snalysis of the individual air carrier requirement. The
hase for tae forecsst was the number of aircraft, by type, each carrier
had on hand and or. order. The latter data was complled from proprietary
delivery schedules submitted to the FAA by the aircraft manu.&acturers

as well as from public sannouncements of orders.

—
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A caxrlcov-by-carrier ~eview was made of all the fleet informetiorn and
additionai estimated aircrzcft orders were assigned to certain carriers
if their future fleets, as tallied, were deemed not adequate to handle
normal traffic growth, provide for retirement of some aircraft types,
and to maintain a competitive position with other airlines. Judgment
based on trend values was used to project the individual carrier fleets
by aircraft types beyond the yesrs for which aircraft order information
wvas svailable.

After the preliminary fleet estimates were prepared, a computer program
was used to develop estimates of the fleet's total available seat-mile
productivity to determine its consistency with the forecast of the
revenué passenger-miles. A separate productivity determination was made
for each type of aircraft based on average annual utiiization, average
block sreed, and average passenger seats sboard each type of aircraft
by carrier group. The procedure provided estimates for each year of
total aircraft hours and miles flown and of total available seat-miles.
The seat-mile estimates were then compared to the passenger-mile
estimates previously prepared and tested for reasonableness on the
basis of appropriate load factors. The computer -odel used to develop
the flest's total productivity has not only facilitated the handling of
large quantities of data but has readily permitted sensitivity analyses
of the basic assumptions and variables.

Ganeral Aviation Forecasts.

The limited amount of data available concerning general aviation flying
has precluded the use of a forecasting model. The forecasts of total
hours flown i{n general aviation and the aumber of sactive general aviation
aircra’: represent the sum of separate forecasts made for each of the
major segments of general sviation, i.e., busimess, personal, instruc-
tional and coemercial flying, and for each type of aircoaft. Esach use
category was projected statistically and the results adjusted, as
appropriate, on the basis of other available data, anticipated devel-
opments, discussions with and comments received from the general aviation
community .

IAA Norkload Forecasts.

The forecasts of the various FAA cperationsal series (Tabjes 1I-3 - II-5)
represent the sum of separsate forecasts of air carrier, geners. aviation,
ard military sctivity. Adr carrier aircraft uperations wer¢ forecast by
doubling the sstimated mmber of departures. The aumber of departures

PR
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was determined by dividing the forecast aircraft miles fiown by appro-
priate estimated average stage lengths for each aircraft type in the
air currier fleet. The average stage lengths by aircraft type were
based on an examination of past trends modified to reflect expected
changes in the future use of particular aircraft types. Air carrier
enroute IFR traffic was then forecast based on projections of its
relationshi) to total air carrier aircraft operations.

The estimates for military air traffic sctivity were based on analyses
of past trends plus a review of fleet and flight hour activity provided
by the Department of Defense. General aviation operations were fore-
cast based on a trend analysis of historical data as well as data
developed in a special study on general aviation prepared in 1966. The
operations forecasts also took into account new tower installations
planned for the forecast period.

SECTICN C. AVIATION FORECASTS, FISCAL YEARS 1970-1979

The National Economy.

The nation's Gross National Product (GNP), family incomes, employment,
and business and industrial activity are all firmly established in
long-term upward trends and provide the base for a surging growth in
civil aviation. From 1950 to 1967 GNP rose from $355 billion tc $673
tii1lion, in constant 1958 dollars -- an increase of 90 percent. By

1979 GNP is expected to grow to $1,079 billion (in 1958 dollars), a
furtner increase of 60 percent. Since national income is expected to
increase more rapidly than the size of the population and the work force,
family incomes and the standard of living will rise for a growing number
of persons. From the staandpoint of aviation demand, it {s particularly
significant that families with incowes of $10,000 or more wiil be approx-
imately twice the 1960 level by 1979.

Other changes, having important implications for aviation growth, are
expected in the size, composition, and the geographic distribution of
the population. Between 195C and 1967 the population of the U.S. rose
from 152 mjllion to 199 w.llion. By 1979 the population will total an
estiratey 235 rillion -- an increase of 36 million persons.

Shiits in the geographic distribution of the nation's population will
reflect the trends alressy 1n evidence. Population growth is expected
to be most rapid in the Pscifi. States and in the South Atlantic States
in response to the increasc. in industrialization of these areas.
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By 1979 over half of the populaticn will be living in the 30 largest
standard metropolitan statistics! areas having a nopulation of 1,000,00C

or more each and an additional 25 percent will reside i1n the remaining
SMSA's.

The size of the civilian labor force will increase from about 76 million
in 1967 to 97 million in 1979. From the standpoint of air transportaticn,
expected changes within the work force will have significance. The work
force of the future will consist of a rising proportion of well-educated
and more highly trained managerial, service, and technical personnel

each hsving a high travel propensity and an increasing need for expedited
means of travel,

Alrline Passenger and Cargo.

Continued high growth rates in passenger traffic are forecast for the
naxt ten years for both the United States domestic and international

air carriers. By fiscal 1979, the U.S. airlines are expected to fly

a total of 429 million passengers and 342 billion revenue passenger-miles
in scheduled domestic and international service. These figures compare
with 153 million passengers and nearly 107 billion revenue passenger-
miles in fiscal yesr 1968,

The number of domestic revenue passenger-miles is expected to increase
sharply over current levels. In fiscal year 1968, domestic scheduled
airlines flew 81.6 billion revenue passenger-miles. By 1974 this volume
will incraase by 90 percent, and by 1979 {t will climb to 260 billion
revenue passenger-miles, over three times the 1968 total,

I~ fiscal year 1968, U.S. international airlines carried 15 million
passengers for a total of almost 25 dillion passenger-miles. By 1979,
these volumes are expected to reach totals of 45 million passengers and
82 billion pessenger-miles.

SR RREHETER. <
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Table II-1

U.S. SCHEDULED AIRLINE PASSENGER TRAFFIC

e e e e e e
Revenue Passengers Enplaned Revenue Passenger-miles
(millions (billions)

Fiscal Year Total Domestic Int'l, Total Domestic Int'l,
1962 66.6 59.9 6.7 42.5 33.0 9.5
1968 152.6 137.5 15.1 106.5 81.6 24.9
1974 269.5 241.5 28.0 204.0 155.0 49.0
1979 429,0 "84.0 45.0 342.C 260.0 82.0

Air cargo 1is also expected to grow rapidly. An average annual growth in
air cargo in excess of 20 percent is anticipated. This means that by
1975, U.S. domestic and international air carriers should be flying about

20 billion ton-miles of express, freight and mail compared to 5.0 billion
ton-miles in 1967.

Air Carrier Fleet.

To handle this growth in passenger ani csrgo tra®.:c¢, U.S. air carciers
are forecast to increase their aircraft fleet £ om £,452 ailrcraft at the
beginning of 1968 rto 3,480 aircraft at the start of i979. During this
period, U.S. air carriers will shift to a predoninantly jet aircraft

fleet as the number of juvius incresses sharply from 1,344 in 1968 to almost
3,200 in 1979, Conversely, piston aircraft wi!l be vistually phased out
of service with the pcssible exception of & limited number in domestic

op . rations on shorter-range, low-density youtes, and in non-scheduled
service.

Stretched versions of current four-engine jet transports are expected to
be in increasing demand. The uumber ¢f two and thrre-engine jets will
increase substantially throughout the forecaat peviod -- fr.oa A38 in 1968
to 1,636 in 1974 and to 2,422 in 1979, Included in these numbers sre
“stardard" and "stretched" versgions of today's models s well as sub-
stantial numbers of large capacity "airbus' models., The larger, four-
engine '"jumbo' jet seating up to 380 passengers is scheduled to eater
service in fiscal 1970. 1t will be used initially or high-density long-
haul passenger rcutes and gradually replace the current four-engine types.
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Service with the Concorde by U.S. airlines is expected to begin in
1972/74 and U.S. SSI service is expected to begin in 1977/78.

Through the forecast period, growing inuustry and government attention 4
; will be directed to the V/STOL and STOL aircraft. dowever, they will 355

probably not be in active opera:ion in any signifi.ant number during R
this period.

Table II-2

TOTAL ALIRCRAFT IN STRVICE OF U.S., AIR CARRIERS AS OF JANUARY 1

B AP

"pt‘

Note: Inciudod are all passenger and cargo aircraft owned or leased by,
and in the dom -"tic or international service oi ti» U.S. certificated
route, supplemental, intrastate and commercial air carriers. For 1966
and 1968 reported data are sh:v

General Aviation.

General aviation activity has been expanding rapidly and the outlook
is good for continuation of this growth. At the beginning of 1968,
there vere approximately 114,000 active general eviation aircraft.
This number is exne.ied to increase to 162,000 by 1974 and to 205,000
by 1973,

A sharp increaze in turbine-powered geaeral aviation aircraft is antic-
ipated. By 1974, the number forecast {s 3,8.0 and by 1979 they wi'!l
tctal 7,030. Comparatively, there were 1,281 in the active fleet at
the beginning of 1968.

ProPRe

mmm

¥ Alrcraft Type 19606 1968 1974 { 1979
: Total Aircraft 2,125 2,452 3,050 3,480
. fixed-wing 2,104 2,430 3,027 3,432
N Jet 725 1,344 2,545 3,158
' Turtioprop 312 444 321 234

. Piston 1,067 642 161 ! 40

Y
Heliccopuiers 21 22 23 48

i T
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Business flying will remain the largest type of general aviation flying.
Air taxi, personal, and listructional flying will show sizeable increases
by 1979.

Air Traffic Activity and FAA Workload.

The great expansion anticipated in air carrier and general aviation
activity will result in significant increases in airway and air traffic
workload handled by FAA facilities. The following outlook is projected
for various measures of air traffic activity and workload at FAA terminal
and en route facilities,

Total aircraft operations ot <irports with FAA traffic control service
will rise from 53 miilion in fiscal year 1968 to 94 million in 1974 and
155 million in 197%. Most of this gain will result from increasing air
carrier and general aviation flying at airports already provided with
FAA tower services., Part of the gain, however, will arise from the
installation of new towers at locations where traffic growth meets the
tower establishment criteria.

Itinerant aircraft operations are forecast to alr 2t triple between fiscal
years 1968 and 1979 as the volume climbs from 32 million to 91 million.
General aviation will account for nearly 80 percent of the itinerant
operatiors in 1979 compared with 65 percent ir 1968,

Air carrier operatiocns showed little change between fiscal years 1957
and 1963. The greater seating capacity of the then new large jet air-
craft and the higher density seat configurations associated with the
incrveasingly ‘mportant coach/economy service, made it possible to “andle
more and more passengers without increasing flight schedules. However,
air carrier cperations began to rise in 1964. Further rapid increases
in operations are expected in order t~ meet the needs of expanding
passenger and cargo service., This will be true despite the continuing
introductica {nto ervice cf larger transport aircraft, e.g., stretched
jets, jumbc jets and the supersonic transport (SST).
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Table 1I-3

AIRCRAFT OPERATIONS AT AIRPORTS WITH FAA TRAFFIC CONTROL SERVICE
(in millions)

Flscal Year | Total | . Itinerant . . Local ..
1962 27.4 18.8 8.6
1968 53.0 32.4 20
1974 9.2 55.8 38.4
1979 156.5 90.7 63.8

Instrument operations at airports with FAA traffic control service

(including those at FAA-operated military radar approach control

facilities) toteled '4..6 million in fiscal year 1968. The FAA fcie

cast calls for 28.8 million in fiscal year '974 and 44.5 million in

H ' fiscal year 1979 as an increasing proportion of air carrie. and gen-
eral aviation operations are flown under instrument flight rules (IFR).

Tadle II-4

INSTRUMENT OPERATIONS AT AIRPORTS WITH FAA TRAFFIC CONTROL SERVICE
(in millions)

—Fiacal Year | Tnarviment Operations
1962 7.4
1968 14.6
3 : 1974 28.8
1979 4.5
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The number of LFR aircraft handled, which is used to measure en route
) IFR activity and workload at FAA ailr route traffie control centers, is
forecast to increase from 18 million in fiscal year 1968 to 41 million
in fiscal year 1979. This assumes 20 en route traffic control centers

in the contiguous 'ited States and present-day operating rules and
procedures.

Table II-5

IFR AIRCRAFT HANDLED BY FAA AIR ROUTE TRAFFIC CONTROL CENTERS
(in millions)

General
Fiscal Year Total Air Carrier Aviation Military
1962 10.1 55 0.9 3.7
1968 18.1 10.8 2.8 4.5
1974 29.1 17.6 6.9 4.6
1979 41.4 22.0 14.9 4.5

Note: Detail may not add to total due to indeperndent rounding.

6. Traffic Demand at Maior Air Copmerce A’ crts.

The great expansion in overall U.S., air traffic expected in the next
: ten vears will res:lt in tremendous increases in the demards that

: . will be placed on individual U.S, airports. This is especially true
) : of the principal air carrier airports !~ che large air traffic hubs,

-

Historically, U.f? comnercial air ‘raffic has been highly concentrated.
3 In 1965, the 21 2/ major U.S. m«.ropolitan areas accounted for 66 per-

cent of total airline passenger enplanements and 48 percent of all ailr
carrier operations at U.S, alrpcryes. Morecver, as a group, these large
air traffic hubs have increasad their shsre of the total ailr traffic.
By 1970, it is anticipated that they will a.count for approximately 70
percent of all airline paascngers enplaned 1a the {.S.

LR

}
|

1/ The New York Standard Consolidatad Area was considercd as one
community as was the Washington/Baltimore complex.
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In 1965, only three large air traffic hubs generated more thanm 6,000,000
enplaned passengers -- New Yook, Chicago and Los Angeles. B3y 1980,
twenty of the twenty-ome large huos (all except Cincinnati) are expected
to generate more than 6,000,000 enplaned psssengers annually.

The great expansion expected at these key air carrier airports makes it
clear tha: solutions to the problems of capacity, congestion, and delay
will “:ecome incr. “singly more pressing. The bulk of air carrier delay

is concentrated at & few airports. An FAA study indicates that air
carrier terminal delay during calendar yesr 1966 at 304 terminal areas
served by FAA towers amounted to 173,000 hours ind that the cost of this
delay co domestic air carriers alone was sbou: $57 million. Of these
gystem totals, 35 high-activity airports accounted for 72 percent of the
delay and {tc associated cost.

Significantly the top seven airports, ranked by delay, accounted for

51 percent of the nationwide total. These airports were J.F. xencedy

18 percent, Chicago O'Hare 12 percent, LaGuardia 6 percent, Newark &4
percent, Atlanta 4 percent, Washington National 4 percent, and Los Angeles
3 percent. Thcse same seven airporta accounted for 25 percent of the air
carrier operations handled by FAA towers located in the conterminous
Urited States and 35 percent of the domestic airline enplaned passangers-..
Thus, it is clear that aircraft operations, psssengers, and delay prob-
lems are concentrated in a relstively few airports end it follows that
additions to capacity at these locations will have the most significant
benefit.
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CHAPTER 2. AVIATION TECHNOLOGY FISCAL YEARS 1970-1679
SECTION A. AIRCRAFT AND AIRCRAFT SYSTEMS
1. Summary.

The air carrier fleet during this ten-year period will see the intro-
duction of the jumbo jet, the airbus and the supersonic transport
together with improved VIOL and STOL aircraft. General aviation will
continue its rapid growth in an evolutionary manner with new structural
concepts be!-:ig introduced. This chapter presents some of the salient
technological features of the aircraft and aircraft systems that will
be produced to handle the growth in air travel that is forecast for the
1970-1979 time pericd.

Subsonic Transport Aircraft.

Fresent subsonic jet transports now operational and those being devel-
oped for immediate future service should fulfill msay of the air trans-
portation requirements for the decade 1970-1979. Many of the present
four-engine jet subsonic iransports now being utilized were introduced
into service about 1958. Only minc~ airframe improvements have been
made in thege aircraft with the most significarnt technological advances
achieved in the propuision sy:%ems.

The airbus and jumbo let type transport aircraft scheduled for intro-
duction in the early 1970's will, of course, meet the requirement to
transport large nuhers of people between large metropolitan areas. No
great changes in the air traffic control system, including the airports,
will be necessary to accommodate these aircraft. The only exception to
this will be the terminal building area of the airport which will be
required to handle large nimbers of people at one time.

Considering the already crowded condition of today's larger airports,
major terminal facility improvements are required {if the real economic
potential of jumbo jets are to be fully realired. Adequate ramp space
docking or gate facilities and ground servicing capability must be pro-
vided. The fuel capacity of the B-747 of approximately 372,000 pounds
is double that of the 707-320B. Efficient handling of the maximum
passenger payleoad of irom 366 to 490 passengers with their baggage will
require ~hanges in pasgenger handling facilities and procedures at many
terminala. The freighter configuration, with cargo loads of up to
220,600 pounds, will require increased terminal capability for loading,
unloading and transportation to peripheral storage facilities.

g
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Statistics on the Boeing 747, are as follows:

Maximum Gross Weight 710,000 lbs. .

Maximun Takeoff Thrust/Engine 43,500 1bs.

Length Overall 231 ft.

Wing Span 196 ft.

Cruise Speed (Mach No.) .85

Mean Cruise Altitude 35,000 ft.

Peyload/Range Passenger Freighter
Max. Pass. & Cargo Max. Cargo
143,000 1bs./3450 S.M. 220,000 1bs./2650 S.M.
85/15 Mix of 366 Pass. 110,000 1bs./5506 S.M.

73,000 1bs./5500 S.M.

It does appear, however, that during this period a greater need will
exist for short haul air transportation between sm.’l metropolitan areas
or between small communities and metropolitan centers. The number of
people requiring such transportation will not require the use of the
airbus type transport nor would it be economically feasible. Therefore,
it is quite probable that by 1977 or 1978 there will emerge a subsonic
Jet transport aircraft designed for short stage lengths with performance
capability to operate on short runways with passenger capacity of 40 to
60 persons.

i Technological advances to meet the requirementg of such an aircraft and
to improve the performance of existing transports will be made,

In asrodynamics, progress will be made towards increased 1ift, decreased
drag and improved stability and control. Additional productive research
will result in increased noise compatability of aircraft, as well as
reduced air pollution.

i In the propulsion area advanced structural concepts, for example, com-
presscr materiale that permit higher allowable stress levels, will result
in significant improvement in thrust to weight ratio. Improvement in
compressor blade design, such as the use of slotted airfoils, and in
cooling technoclogy will permit significant increases in propulsion system
thrust.

-
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In this period of time new fuels will likely be produced and utilized.
Experimentation is now taking place with methane and hyd-ogen. This
effort i1s dicrated by the need for more efficient and economical fuels.

Also, this decade may see the experimental application of nuclear power
to air transportation.

Technological advances in airframes such as plastic honeycomb materials
and boron carbon filaments will produce greater strength, efficiency and

dependabllity. New airframe design and structural integrity will enhance

egress of passengers in the post-crash environment.

Hman factors knowledge will play a vital role in air transportation
during this period. Enlightened methods of measuring pilot and crew-
member performance, stress level and potentiality will be utilized.
Results of such technology will be evident in aircrew-aircraft eaviron-
mental compatibility, instrument and control design, etc.

Supersonic Transport Aircraft.

The introduction of the SST into airline service requires the considera-
tion of some new or different performance characteristics and design
features in order to assure operations environment compatibility. Line
maintenance considerations may involve new approaches due to the size

of these aircraft, the size and complexity of the propulsion systems,
the evolution of airberne integrated data systems in support of main-
tenance, and evolution of other items usually assoclated with line main-
tenance. Ground support equipment i8 not expected to pose any, greater
problem than was experienced in providing subsonic jet grouad support,
but larger tow equipment can be projected into tomorrow's jumbo jet
operation as& wei: 18 ior the SST. Passenger terminal facilities and
turn-around servicing will require expansion to serve jumbo jets and,
therefore, relatively slight additional considerations to serve the SST.

Flight dispatch procedures for supersonic aircraft will probably demand
compuver aided planning and flight foliowing capabilitiea for precise
operational control. Considering the projected traffic density ia termi-
nal operating areas for 1976, and the critical nature of fual consumpticn
in SST operations, in order to minimize holding, it will be highly desir-
able to release a flight with reasonable expectation of no aignificant
arrivcl delay. Weather forecastas need be projected omiy two tc three
hours, compasred with four to eight today; however, greater accuracy ls
economically desirable. En route supersonic operating altitudes, in the
foreseeable future, are not expected to be as densely occupied as today's
jet operating altitudes, but projections of high sltitude alrspace
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occupancy must be made on a continuing basis. One addea constraint to
the dispatch of °S1 flights, the extent of which is not yet fully
determired, may be laposed because of soni- .ooms. 1In any event, the
transonic phases (during climbout and after cruise) will demand precise
programming and control.

For terminal departure the jumbo jets and SST may L. towed to a clear
area for eugine start. Taxiing in the largce- SSTs will be aided by

a telzvision system since gear position and movement on taxiways will
be relatively difficult to judge from the flight deck, which is as much
a8 60 feet forward of the nose gear and 175 feet from the main gear,
Some taxiway intersection fillets ma- require enlarging. This also re-
quires develupment of new ground handling units.

The SST ergines are sized for the thrust needs of transonic acceleration
glving a s-stained rate-of-climb capability after takeoff significantly
higher thar experienced in today‘'s subsonic jet operations. Noise re-
strictions a.d high rates of fuel consumption will demand careful atten-
tion to departure operating procedures., Automatic guidance and control
will be available throughout the operating envelope for climb, transonic

"acceleration, cruise, descent, approsch, flare, touchdown, rollout and

perhaps taxi turnoff.

Bolding at supersoni: speeds is not feasible. At subsonic speeds,
holding will be extremely vneconomical, especially at lcw altitudes.
While some provision for holding must be made, it must be heid to the
minimm. Rapid climb and descent give the most economical «peration,
but what will be possible in practice must be held concistent with
operatioas of s dsonic aeroplanes in the same airspace plus the limi-
tations or restrictions imposed by sonir boom and powerplant noise.
Tha supersonic transport will climb ste<ply at a high subsonic speed
to altitudes of 25,000 - 40,000 fee . It will then reduce climb angle,
apply full power, go supersonic #nd continue acceleracing at a lower
rate of climb unt!l reaching initial cruise altitude and speed. Cruise
climb or step climb may be employed with fuel burnout consistent with
efficiency of operation and air traffic control.

Salf-contained inertial navigation equipwent will provide the primary
maans of en route navigation for the SST. En route navigation by means
of the VORTAC system is insdequcte at supersounic speeds, «nd its use

by the SST will be limited generally to subsonic operaticns in the termi-
nal areas. Ground based elettronic facili{ties now inotalled for terminal
ares navigation are suitable for the ©ST. Additional work s necessary
vith regard to terminal facilities required for all weather landing.

Wit s
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At supersonic speeds tha radius of practical turns will be very large.
Sudden changes in course canno* be accomplished; therefure, it wili not
be possible, either, tc avoid collisior by the '"see and be seen" prin-
ciple except, possibly, in an overtakiiug case. Additional dev  pment
of colligsion avoidance systems is necessary.

Because of the high cruising speec of the SST, flight time 1is affected

very little by head or tailwinds  However, t.s effect of wind on fuel

consumption will not be neglig cle. An unacrounted for 50-knot head- :
wind on a 3-hcar flight will be equivalent to extending the stage length .
by 150 "wutical miles &nd approximately 8,500 1ba. of fuel. The SST

will also be more =. asitive to optimum alticude and temperature

variations than subsonic aircraft. The effect of turbuience is still

under investigation.

Neither solar and galactic radiation nor ozone concentration at SST
cruise altitudes is expected to pose any threat or danger to crewmembers
or passengers. in the rare event of a high energy major solar flare,
for which there will be adequate warning, a flight may have to be can-
celled, re:-heduled, or follow a different route. Study of the likely
effects of this phenomenon on SST flight w.ll be c atinued.

The existing world-wide network of radiation monitoring &nd measurement
facilities will have to be linked with operational dispatch facilities -
probably through established Environmcntal Science S:rvices Administration
(ESSA; channels and ARTC facilities.

A step-cruise or cruise-climb phase for most SST flights will account for
a little over half of the total block time. About 50 minutes will be
taken for taxi, takeoff, apnd acceleration to climb speed, departure air
maneuvers, acceleration and supersonic climb. About 30 minutes will be
required for deceleration, descent, destination air maneuvers, landing
and taxiing. Cruise phases depending on stage length and speed (M=2.2

or M=2.7) will run about 1:20 to 1:50.

In the U,S. SSi, and probably to a large extent in the Concorde, .rew
workload during cruise will be different than in subsonic jcts L -ause
of the auto-nav and sutomgtic flight control systems. Due to the heavy
reliance upon these automatic systems in all the phases of flight, crew
tasks «re expected to evolve into more of a meanagement and monitoring
function, as compared to today's operator role.
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Air tr..fic separation procedures must take into account the flight pro-
file, cruise altitude, and maneuvering restrictions inherent to SST
operations. Fortunately, systems autometion, redundancy, and high reli-
ability, combined witl: new end better pilot information systems, will
offczet the impositions of speed, altitude, size and peculiar supersonic
deasign features wh'ch will be new to the airline pilot. His worlkload
then should neither increas. nor decrease in the phy:cical sense but
rather shift toward monitoring tasks. The few added considerations
peculiar to the SST flight envirc-mwent pose no critical impositions or
human perforuance capabilities. None heless, efforts should be made

to improve the air traffic control communication system to minimize the
number of channel and frequency selections and required voice contacts.

"Autopilet' operation over a wider range of flight phases should reduce
flight plan performance variaticns -- a feature which can be put to
advantage in projec:ing accurate area arrival and touchdown timing. As
in the ceses of t.e preceding phases, descent, approach and landing are
expected to be automated, but with the flight crew always in-cthe-loop

t> cope with abnormal or emergency contingencies. Because of the crit-
ical impact of abundant fuel reserves on payload, operat’ 1g procedures
sensitive to any holdi~ r delays will be the major influence on the
economic viability of .° operation. Terminal airspace bcundaries which
were effectively moved outward for subsonic jets may have to be extended
further yet for supersonic operations to accommodate assured runway
acceptance.

STOL and VTOL Aircrait.

At this time, just prior to the 1970-1979 period under consideration, we
find only cne type of VIOL aircraft, the helicopter, and one type of

STOL aircraft, the light, fixed-wing aircraft with high lift devices,

in actual service. These are speclal use vehicles and do little to
represcnt the potential of STOL and VIOL sircrafr that wiil become
available with advances in technology. Applying these advances, however,
to these two classes of aircraft will require commitment of deveicpment
funds by either civil or military sources. The rate at which this us
done wi.:l determine the timing and the degree of impact of STOL and VIOL
vehicles on the air transportation system during the 1970-1979 period.
The potential ecconomic advantages warrant extensive allocation of resources
to such development,
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Although all aircraft derive their 1lift by imparting a change of momen-
tum to an ajr mass, STCL and VIOL aircraft accomplish this in a wide
variety of design schemes, some of which are part of the forward pro-
pulsion system and some of which are separate. The degree to which
this 1ift mechanism departs irom fixed wing derived lift is a measure
of the aircraft's STOL or VIOL capabilities,

STOL performance, with r .uction in landing speed to around 60 knots,

is achieved by increasing the wing maximum lift coefficient by high lift
devices or by maintaining high local airflow vel.city over the wing by
means of the propulsion system or a combination of both. Ixamples of
current alrcraft of this type are the four-engine Breguet 941 with pro-
peller deflected slip stream, the single-engine Helio and the Wren modi-
fied Cessna 182. 1In the transport category such as the Breguet, the
requirements for high-wing loading for suitable cruise speeds and ride
qualities conflict with the desire for low-wing loading in approach for
gust speed margins with maximum lift coefficients around &4 or 5. The
composite design that results can operate out of short fields and have
reasonably attraccive cruise performance for intercity operation. In
multi-engine propeller designs, engine cross-shafting is required to
prevent loss of contrel with one engine out. Other STOL design approacies
being considered with turbofan propulsion include the use of blown flaps
for increased lift or the addition of iift fans to supplement norma. wing
1 e

1 .

The gap between STOL apprvach speeds and VIOL performance will probably
remain through the 70's becausc of economic reaseons., J(losing this gap
to achieve slower STOL approach speeds begins to require the lift and
control techniques of VIOL aircraft which are more scphiscicated and
costly so that the designer might as well go all tiie wav and get VIOL
performance,

Growth of STOL operations in rthe 70's will depend on the development both
of aircraft and of STOL landing facilities at large airports and at local
gencral aviation airports with expanded passenger handling capabilities.
The general aviation airport of today will gradually become the air carrier
airport of the future,

Greater emphasis has been and will be placed in VIVUL development both by
the civil and the military., The helicopter is here and with modification
will continue to be the primary VTOL vehicle in the 70's. This vehicle
will grow from the basic helicopter into the cumpound helicopter with a
wing to unload the rotor in cruise for higher cruise speeds. The next
step will be to stop the rotor in cruise and thern finally to stop and
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retract the rotor in cruise. Control problems caused by the lift
assymetry of the slowly turning rotor before it stops will be severe
a8 will the mechanical problems of stowing the rotor. It is doubtful
that these more sophisticated helicopters will see operational use
before 1979 although the compound helicopter could be in use by 1975
with cruise speeds of 25" knots.

R A+ ARl N 5 st A= m

The appea. and efficiency of tue helicopter's low disc loading is de-
parted from in the other forme of VIOL aircraft such as the tilt wing
and tilt duct propeller aircraft. Current examples are the Ling Temco
Vought XC-142A and the Canadair CL-84 tilt wings together with the Bell
X-22A tilt duct aircraft. Cruise speeds up to 400 knots are available
with this class of aircraft. Although downwash velocities and ground
erosion are reasonadbly low, the control system and engine power .oupling
problems are complex and result in a sophisticsted aircraft requiring
system redundancy since auto-rotation is not possible with power failure.
It 18 doubtful that these aircraft will see use for passenger transpor-
tation in the 1970-1979 time frawne.

Much more development eff-vt must be done on th~ lift fan rvoe of VIO
aircraft before these could become operational. Alsc, the lift jet
engine plus cruise jet engine wircraft have {he cost problem -7 the
extra set of engines that mitigetes agsinst thelr economic commercial
use during the next ten-year period,

5. General Aviation Aircratt.

General asviation aircraft will retain their current outward appearances
throughout the 1973-197% period. The increased use of this transportation
mode for both business and leisure travel aud the resultant growth in

the aircratt population will place increasing demands on airport ground
faciiities and aircraft parking areas.

a. Aircrafr Design and Manufacture.

New f{nnovative structural designs will be introduced utilizing epoxy

! adhesives and fiberg'as materials to produce shapes morc readily
obtained than with metal. These new construction concepts using

ﬁ molded structural parts with their attendant ease in assembly will

be brought to the forefront.

There will continue to be an ever increasing need for low-cost, light-
weight, two to four place aircraft for both primery training and
laisure time flying.
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Light, twin-engine aircraft, parti:ularly tl.ose involved in com- 3
mercial endeavors, will realize the greatest benefit from th¢ new

design and manufacturing methods by the late 1970's. Increased

payload and performance advantayes will reduce operating costs and

provide this segment of the industry with a more favorable compet-

itive position with regard to surface short haul transportation.

Propulsion,

New engine design concepts such as the rotating combustion engine H
will make their appearance in the early 1970's. New, light weight, '
more powerful turbo-prop engines will be introduced taking advantage
of technological breakthroughs in new high strength materials. The
simplicity of operation, construction, and economy of these new
designs will have a marked effect on the aircraft engine industry

by the end of this period.

S SS
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The turbo-jet engine, while increasing in total numbers, will retain
its present relative standing within the total aircraft engine popu-
lation. Engines sized for adequate takeoff thrust and high subscnic
cruise speeds dictate multi-engine sophisticated aircraft designs,
useable primarily by industry for executive transportation,

Aircraft and Engine Systems,

Human factors will receive the greatest attention in the systems
area. By the mid 1970's general aviation aircraft will have a
variety of systems installed as standard equipment rather than
opticnal as is now the case, Examples of this will be low-cost,
light-weight stability augmentation devices to ease pilot workload
and automatic gear retraction and extension systems to prevent
inadvertent wheels-up landings. C(reater emphasis will be placed

upon the compatability of technological adv...~es with human cap-
abilities.

Navigation/Communications iquipment,

The avionics industry will continue .o keep pace with the general
aviation demand for expanded operatiun. Course line computers,
Loran, and other navigaticn concepts will be available throughcut
this time period. However the size of the market demand during

this period will be the main restraint to low cost purchases for
general aviation.
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Alrcraft Syatems.

Today's most accurate barometric altitude indicator can maintain an
altitude level within 250 fect up to the maximum operating al:itude

of the controlled airspace. Controlled airspace includes sea level

to 50,000 feet at the present time. The most accurate barometric
altitude indication is that coming from an air data computer which is
a device utilizing pneumatic and/or electrical pulses of pitot, static
pressure and an electrical input of total air temperature. With these
inputs the computer provides information as to pressure aititude, equi-
valent airspeed, Mach number and maximum operating speed, true airspeed,
total and atatic air temperature. The greatest 1f°__ulty being en-
countered is in the sensor system for static pressure.

Present techniques of obtaining ambient pressure are available that
provide & system accuracy requirement of 1 250 feet for the altimeter
system considered necessary for veducing the vertical separation from
2,000 feet to 1,000 feet above flight level 290 (29,000 feet); however,
many subsonic .ircraft hsve static pressure systems that do not meet
the necessary system accuracy.

The use of compensated pitot-static tubes will provide improved air-
speed and altimeter ambient pressure and impact pressure information.
The use of these tubes will be necessary on high subsonic and super-
sonic aircraft to eliminate large errcors associated with present static
port sensors. For flight above 50,000 feet, use of electronic means of
maintaining flight level may b. necessarv. This may be accomplished by
using navigation satellites or radio altimeters above ocean routes to-
wards the end of the 1970-1979 period. Research efforts to reduce
weather effects on such systems must be expanded.

For supersonic flight above flight level 500 (50,000 feet), separation
standards must be increased due to the inaccuracy cf the altimeter
system at thesc altitudes. Automatic flight contrcl appears to be
necessary along with a coli‘sion avolidance system to asscre safe flight
at the presently assigned vertical aeparation standards (2,000 feet) in
this airspace. All indicators must provide good reliability and easy
readout.

Alrcraft instruwnents will ccontinue to be improved and many multi-engine
aircraft will be equipped with vertical scale and digital resdout in-
struments. The accuracy of these instrumeots would also enable pilots
to fly IFR at reduced separation standards above flight ievel 290. Most
of the general aviation aircraft would be capable of {nstrument flight
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operations. In the subsonic airspace region (below 50,000 feet) the
use of geopotential altitude will be continued wherea: Iin the super-
sonic region {above 50,000 feet) use of height computers will enable
geometric altitudes to be used for vertical separation. The use of
navigation satellites will enabie this means to compute geodetic alti-
tude. This form of altitude measurement would be more accurate tharn
presently available zecpotentlal aneroid sensors.

In the early 1970-1979 period, many general aviation aircraft will be
equipped with low-cost flight directors and horizontal situation dis-
plays. The flight director system provides a graphic presentation of
navigational and attitude information ard presents computed steering
commands. These equipments will provide both accuracy levels and clarity
of presentation necessary for Category II (100 feet ceiling - % mile
horizontal visibility) IFR operations for gencral aviation airciaft., It

is anticipated that both mechanical and video display techniques will be
used,

There will be available several low-cost, area nuvigation computers which
will enable aircraft to fly off airways. These navigation systems pro-
vide airport to airport navigatiorn with resulting timesavings and will
ali in afirway traffic congestion alleviation. These systems will see
increased use in the 1970's in most general aviation aircraft which are
in the $25,000 price range and above,
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PART iIII - AIR TRAFFIC CONTROL

INTRODUCTION

The principal mission ot the air traffic control system is to rr ride for tne
safe and efficient flow of trafric including the establishment and uper 1ici.
within the limits of avallable appropriations made by the Congress of t
necessary air navigation and air treafiic control facilities. In .. cor =t
of this mission the system is called upon not orly to provide alrcraft
clearances and instn :tions to main-ain sale separation between ircrs“t
flying under instrument f£1i; 1t rule s (IFR) but also tc perform & varierv of
other services. Increasing’y, the air traffic ccntrol system is piovidi 3
advisory services for separating R and IFR traffic. disseminaring m-teo. -
ological information, assisti g °  saircraft navigation, and participc ing
in functions not related solely . sircraft separatior.

This part deals with requirements, escriptions,goals, ~n’ criteris of *he
subsystems encompassing alr traffic control and is made up vrincipaily o7 the
following chapters:

1. En route facilities and services.

2. Terminal facilities and services.

3. Flight service stations.

L. Airspasce allocation and rules.

5. Adr traffic control research and development.
The b&sic requirement of the future ATC system is to provide a t.lance:
system capsble of being sufficiently expanded to meet the growth in operations
and demands for services forecast in the next decade. Included in tris basic
requirement is the need to improve system availability and reliability to a
more satisfactory leve. of system performance and operation.
It should be noted that since some items [e.g., #obile Facilities, Radar
Video Recording, Voice Recording, etc.) share common usage in bot. terminal

and en route facilities, they are sometimes treated una=r cne or tie other
chapter ag arpropriate.
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CHAPTER 1. EN ROUTE FACILITIES AND SFRVICES

1. En Route Automation.

a. System Requirement. The continuing growth of air treffic will exceed
the capacity limits of the currert manually managed radar and
commnications system. To meet the capacity requirements cf forecast
traffic, the En Route Traffic Control System must be automated
eliminating to the extent possible the manual requirements of today's
system. When completely implemented, the En Route Jystem will
provide 20 automated Air Route Traffic Control Centers covering the
conterminous United States and interconnected with data transmission
links.

b. System Description, The National Airspace System preliminary design
corcepts have been developed by the FiA in fulfillmenc of the
objectives of the 1961 Project Beacon Report. Many of these designs
and concepts are embodied in the system described here; however,
tihe basic design has been updated progressively to take into account
technical advances and changing aviation needs.

In general the Air Traffic Control System provides for the ctilection
2 data from multiple sources, automsted processing of the data, and
display of meaningful data to operating personnel.

The sutomated Air Traffic Control System is capable of displaying
data blocks of flight information adjacent to aircraft positiors
on FAA ccntrollers' radar scopes. The data blocks, called
"alphanun:ric tags,' contaia coded flight information in the form
of letters (alpha), numerals (numerics), and symbols. The alpha-
numeric tags mAy include aircraft identity, altitude, attitude
{whether climbing, descending, or in level flight}, and othcr dats

A needed in air traffic control. These electronir Lags ouce positioned
ad acent to the ajrcraft target will automstice lly fcllow it across
the radar controller’s scope.

in today's system, by comparison, the controller must elither memorize
the identity of radar aircraft targets or write coded information on
ciear plastic markers depending on the air traffic control function
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he ie performing. He moves the markers, called 'shrimp boats,”
mamally across the horizontal redar display. Keeping the marker
near the moving aircraft target helps the controller remember the
cerrect identity of individual targets. Also, much of the supple-
mentary flight information, such as altitude and time estimates,
currently must be handwritten by “he controller on pap r "flight
prograss strips.” The strips are placed alongside t“¢ radar
controller's display. Thus, the radar controller's attention is
diverted from his display each time he must refer to his flight
progress strips. The automated system, on the other hand, puts
most of the vital flight dats in the alphanumeric tag--on the same
radar display that shows the continuocusly updated progress of the
aircraft.

For aircraft equipped with automatic altitude reporting transponders,
the aiphanumeric tag includes a continucus numerical readout, similar
to an autumobile s viumeler, showing the actual aitiiude of the air-
craft to the neare=t 100 feet. In today's system, controllers view
only the range and vearing of each plane's position. The third
dimension, alti*.de, must be radiced by voice by the pilot on regquest
of the ground-based controller.

The automaied system &1so performs many other vital functions in the
Air Iraffic Control System. They include: semi-automatic coordina-
tion and transfer of flight control between controllers and between
ad jacent contml facilities; autcmetic updating »>f flight dats to
control sectors, error checking of some pilots' and controllers'
actions; asutomatic processing of flight plans; and electronic dis-
play of significant in-flight weather conditious.

Implementation of automation intc the En Route System is being
accomplished in two steps.

The first step wilil be the installation of computer equipment to
rerform flight data proceszing, using the present manual tracking

and display techniques. The flight data processing syster will
provide automatic flignt plan message colle~tion, automatic flight
piogress strip preparation and distribution within centers ard
autceatic message interchange between adlascent centers. Sub_cequently,

the other major suhsystems, digitizers and a computer genersted display,

will dbe implemented. These subsysteme plus the additional computer
capabilities will constitute the full Stage A environment.
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System Goals. The broad goals of the En Route Automation Program
are to continue to enhance safety, increcse traffic handling
capability, and promote better and faster service to the flying
commnity.

The specific goal of this program is to complete Stage A automstion
of the 20 continental U. S. centers and provide the following:

Automatic transfer, processing, and updating of flight
information.

Automation aids f'or establishing and .maintaining radar identi-
fication of aircraft in the system.

Automatic display of altitude or flight level information with
aireraft position.

Conputer processing capabilit.« to serve as the basis for
implementaticon of subsequent automation improvements in air
traffic control.

The goal of post-Stage A automation is to identify additional
sutomation reatures and to imrlement those that are justificd.

Criteria for Implementation., Operational experience has demonstraced
that en route certer traffic volume of abcut one miliion IFR air-
craft handled per year; results in peaks of ac:ivity which overloed
the manval ATC system. En route traffic projections and forecasts
indicate that 15 centers will be above the one million level by

1373 and that all en route centers in the coniviguous United Ctates
will exceed the maximum maAanual ATC systew capac ty level by 1977.
Tierefore, automation is esrential {0 coping with the Increasing
worklioad.

dptirum impiementat ion »f the NAS En Route Stage A System is

Jopenaernt on the following knowledge: the ATC workioad in which
automation is to be directed; the relationship of wor''load to specific
system designs; the meeting ot workload demands for at least 10 to

15 years in the future. Automation {n Stage A (s generally directed
to the processing and displaying of airspare aciivity data and of
related flight plan data. Autosmation workload (s determined from
measures and forecasts of this aita and from the requirement to
perform cther routine AIC functions associated with fucility
speration.
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The duration of NAS operation af*er installstion should be on the
order of 10 to 15 yesars as a system design gocal, and Central
Computer Complex hardwaere purchased initielly is based or the
revised 1975 traffic forecasts. Based on the expected long term
operation of NAS, additionsl functional automation can be both
defined and implemented after appropriate operational analysis and
cost/benefit studies. Hence, computer configuration layouts will
te planned to permit growth beyvond 198C anticipated needs.

The needs of each center are estimated and based on:
Tomputer element requirements.

Data processing load. (display input/output requirements
included)

Storage element requirements.
These estimators are basel on mathematical models which have been

implemented in the form of computer programs to assist in
'etermining future requirements under varying conditions.
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2. long Range Radar (ILRR) . 1

a.

System Requiremeut. The concept of air traffic control employed by - i
the FAA to maintain safe and efficient utilization of the sairspace , g
includes ithe provision of a ground based separation service. This I
ground based service is either (a) procedural in nature or {b)
dynamic, i.e., tased on continuous ground derived aircraft position
information.

There is & requirement for primary and secondary long range radar 1 i
in the en route prortion of the system to provide the controller :
with & visual presentstion of the treffic in the airspece and to
rermit reduced sepsration minima.

There is also a need to improve LRR systems for more adequate .
coverage and more reliable radar presentations to the air traffic .
control. r. Better weather delineation, target identificatlon,

resolution, and o>ther features are required as traffic density
INCrefsco .

System Descrivtion. Loug range radar (LRR; can generally be
described as & system which produces & map-like disriay for the
radar controller of the locatisns of aircraeft within a 200 mile
radius oI the radar antenna site. The display is presented on a
plan positiorn indicator {FPI), at a control sector in the Air .
Route Tratffic Control Center. o

ihe geograyhical area covered by the radar is displayed on tne PFI
itiliring electronic videos mapping technijues and s placed in
such a manrner thuat radsr echoes appear at & point corresponding

to lacations above the earth's surface (map-lire’.

The LRR als. includes secondary survelllance radar as an integral 3
part of the system. Its Tunction is to surriement jrirary radar
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by transmitting beacon luterrugating signals ¢o transponaer equigred
aircraft to trigger a reinitorced response which is then shown on

the controllers display in a discrete fashion. This bteacon
reinforced target faclilitates asircraft identification and other
selective features to facilitate radar identification.

System Goal. One goal is to provide full primary and secondary
radar coverage of the conterminous United States where criteria are
met. Another goal is to integrate available technological progress
and state~of-the-art improvements into the system to provide the
highest capability for safety and efficlency.

Criteria For Implementation. A ground baseu separation ¢ -uirol
service utilizing radar permits mcre efficient utilizati .: of the
airspace than a procedursl ground baesed service., It is recognized
that some gaps in low activity areas may exist. However, since the
ground based system using IRR is considerably more costly, the
agency will plaa the establishment of LRR unly where conditions of
aission and high aircraft activity warrant as follows:

Provide radar coverage of airway ard route segments with ©0
>r more IFR peak-day flights. This capabiiity will permit
the establishment of positive conlrsl airways where
aprropriate. The specific altitudes at which radar
is required will vary with tne horizontal distribut
raffic on “he airways or routes involved and may, in some
instances, be a5 low as the minimum en route altitude.

Provide continuous radar coverage to insure radar handoff
capability between en route and terminal radar facilities with
50,000 or more annual instrument operations.

Provide rsadar coversge where area positive contral is implemented.

Frﬂvide radar cove rgge in areas of significan' air tralfic
density, at 0,000 feet s level {MSL) and above in non

mountainous terrain and at 5,&’3 feet MGL . minimm en route

altitude, whichever Is higher, in mountainous terrain.

Bibliograrhy.
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(1) Federal Avirtiin Agency, AIRWAY PLANN
AR TRAFFIC CNTROL, Washingtorn, D.
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Federal Aviation Aaministratior, L ; GE RADAR STUDY,
Report from Director, Air Traffic ¢ rvice, Washingtor, D. C.,
. February 1968. 27 pp. (Portionr .lassified)
Federal Aviation Agency, 3YSTE LESC RADTION NATIONAL AIRSPACE
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kR Air Route Traffic Control Center Structures.

a. System Requirement. As traffic increases and rnevw systems and
methods of air traffic control are developed and approved for
impleaentation, a requirement exicts to modify the center
structures o accommodate these changes. Modifiecations or
expansions of a major nature are planned to meet not only the
immediate need, but eore planned for a five to ten year life
svan to precluds repetitive time consuming and interruptive
changes.

b. §fyster Description. En route traffic control {s conducted from
ouxld*ngs which house the air traffic controller, uis electronic
gear which include radar and other data displays and communication
equipment. The buildings also house maintenance and other
percennel tunctions und elements for the data processing and
communicevion equipment needed to operate and maintain the en
route traffic control svstam. These center tulldings are being /
xpanded to accommodate additional sectors reguired to meet the
increasel traffic growth and computer space for NAS Stage A
automation through the planning periou.

c. Tystem Goal. The goal is @2 expand center structures to accommodate
NAS Stage A automation equipment and new sectors made necessary by
traffic increeses. Building expansions will provide administrative
and operati mal space f.r the immediate rejuirement us well as
space requirements forecasted for the next decade.

zriementat.on.  The criterion o madify and expand
ings friliows from the curreat and prolected inoresses
wtr and the decislon to provide NAS Stage A

cn.  The specific desigr requirements of tne btulldings are
furnished ty engineering officers responsible for new or expsanded
equipments; ty the ATC and maintenance planning “fficers for
iermf ~f personnel, space and ATC ser~tors; and
cers respliuoidle for developing facility
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L. ARTC Center Sectors.

cr

System Requiremen:. A requirement exists to increase air route
traffic control ¢ ctor -apacities in order to meet the projected
growth in trafi.c¢.  Sectcrs mlong with associated displays rmst be
added, or at a minimum reconfigured to meet the projected increases
in aircraft movements over the next ten years.

In eddition, voice recording of all communications channels used tc
provide air traffic control services is required. This simnlifies
the recoraing of pertinent information and serres to protect the
public interest.

L :ctorization and communication recording are proposed tC keep pace
with the demand for increased air traffic control services.

Sysicm Descriptlion. Alr route trafflic control centers are subdivided
into smaller units called sect-rs. These sectors are divided by
geograchic location .- by altitude stratification. Ouch a division
acre equitably distridbutes workload and improves operatiousl
efficiency. These sectors have discrete communicetions capabilities
and i, most cases have radar displays for the area over which they

cercise their jurisdiction. As treffic volume increases, it
frequently exceeds the capacity of a particular sect~r and further
cubdivision and additions or rearrengements of equipment become
necessary in order to maintain this operationsl efriciency.

‘@x.' G a
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The voice recording -f additicnal communications channels enables
a recreation of cvents as they have transpired comrlete with a
written (fligh. progress strips) and aural documentatico-. This
rrovides a record which suppcrts training activities, can be used
as testimcny in cases of 'itigation, and is usetul in analyzing
certain improvements in air traffic control.

c. System Goal. It is planned to provide enough sectors to satisfy
the needs of all aircraft requiring an air traffic control service.
As requests grow for these services this capability must be
increased ahead of the actual demand in order to assure the
necessary level of system salety and capacity.

d. Criteria For Implementation. Sector and Display Additions or
Rearrangements. Each manuel or radar sector should have a
minimum of 61 aircraft operations for the watch. Based on a cace
by case evaluation a sector area may be divided and a new sector
established when the volume of ectivity for a watch exceeds the
following total:

(1) Manual sector -~ 120 aircraft operations
(2) Radar sector - 180 aircraft operaticns

Voice Recording. All pertinent data transmitted or received via
radio or telephone systems for all positlons of operation in the
ARTCC should be recorded as shown below. The following priority
order wiii be used on an interim basi- when sufficient recorders

O e A
ca e ANV U e vha Al

SN

{1) Rada Controller

{2) Sector Controller

:3Y Radio Controller

{4} Radar Handoff Controller
(&) AMIS Controlier

(b} Coordinator

{7) Assistant Controller
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(B) Mmissior Controller

(3} Flight Date

(10) Watch Supervisor

(11) Flow Control

(12) Data System Coordinator

The lack of recording capability results in some pertinent datas
' transmitted or received via radio or telephone systems to be

manually recorded by the controller. We discourage this type of

operation insofar as possible since it increases the controller
workload.
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Mibile Facilities. L
. a. OSystam Beguirement. A requirement exists that the FAA maintain an 4
adequate number of mobile ATC, .avigation, and cormunication !
facilities. These mobile units are to be used: {1) to meet .
emergency or special evert requirements; (2) to replace facilities
destroyed by natural or man-made disaster; (3) to support scheduled r
maintenance and modernization programs; and {4 to estahlish 1
tempcrary service at locations qualifying for facilities where lack . 4
of e facility would adversely affect flight safety. .
b. System Description. A description of each of the specific elements 4
of the mobile facilities system is as follows:
-~ Mobile Alr Traffic Control Towers - a mobile facillty used E
for the provision of eir treffic control service at an R
airport, '
--  Mobile TVOR - a mobile facility used for the provision of
terminal navigational aid services.
-- Mobile AN/FFPS-8 radar/beacon - a mobile facility used for the .
provision 5f medium range radsar service. :
--  Mobile COMIC - a mobile facility used for the provision
navigatiornal aid services, This facility is generally used
as & middle or outer compass locator marker.
~-  Mobile VHF/UHF air ground COMVAN - s mobile facility used for
the provision of VHF and UHF air ground communica: .ons.
--  Mobiie englne generators - a mobhile facility used for the
provision of electrical power.
~-  Mobile compon digitiver - a mobile faciiity used for the .
provisi of digitized data transmission. ,
-- Mobile Instrumert Landing System - a moblle facility used for
the provision 2 rrecision instrument sapproach information.
--  Mobile Airport Surveillance Radar,/Beacsn - a mobile facility
- used for the provision of teminal radar service.
i
3
i
3
t
,g' 3
{
¥
)
!
o eda




BOOK 1
1/2/69

System Gosl. The goal of the Mobile Facilities System is to have
enougﬁ units to allow tne ageucy to respond to requirements for
temporary air traffic control, na.igational aid and air ground
commnicetions service to the users nf ‘e National Alrspace System.
Present mobile equipment shonid be reconfigured to an approvad
standardized design to pernit easy interchange between regions of FAA.

Criteria For Implementation. The Mobile Fecility Workin~- Committee
determines mobile equipment required to satisfy program requirements.
This determination is tased on hictoricael data ard juagmental
evaluation of various regional requirements.

Biblicgraphy.

(1) Federal Aviation Agency, MOBIT. FACILITIES SYSTEMS, An
interim report on Mobile Faciiities, Systems Maintenance
Service, Washington, D. C., August 17, 19%6.
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Miscel.anecus B Route rjuipment Impr.vements.

System Requiremen

(+) Radar Video Recording.

The Federal Aviation Administraticn has long recognited the
need ror recording air traific control datsa in >rder to

provide a reconstruction of the traftic conditions existing
at tho time Of an accident, incident or & nesar miss report.

Cfommunications recarding hes been satisfactorily achleved and
is ar invmlusble tacl. However, due 10 the volume and
complexities of txay's &ir traeffic systex, ommunicatiosns
recordings are not adequate by themselves to totally
reconstruct alr traffic conditions when required.
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equipment has recently beccwe available which makes radar
recording practical. As an added benefit, radar reccrding
will provide the means for snalyzing air traffic, will
assist in the develorment of Improvements 'n the air tratffic
control/navigatior system to expedite traffic, minimiz
delays, and improve the safe and orderly flow of traffic

med ~ -2
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Long Range Radar % Beacon Monitors.

Monitcring of poimary lo-g range radar and secoudary radar
beacon) are essential elements of providing ssfe,
efficient air traffic coatrol svstem. Innroved mounitoring
13 needed bhecause co .~ present manual monitering
caun allew and beaccun systems due to
deterforation.
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These tapes, ﬁgether vit“ the fliga\ progress strips and ural
recordings are adequate to yprovide 8 comriete reconstruction of
8 glven traffic it on and {ts nandling. They my be used
for investigation 3 e stionadle incidents r t»

- S P
ss-ist in perfui.t

LBR and Beacon Monitars.

The LRR and Beacon monitors will measure the perforuan para-
meters of g '6 raﬂge radar and beacon systems to detect early
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¢. System Goal. The goal i, to provide radar video recording on all
radar inputs to each ARTCC. At terwinal locations tne goal is to
in~tall video recording at high activity lccations where criteria
are met. The 1ong range radar and beacon monitors would be
provided for all LRR sites.

d. C’riteria For Implementation.

(1) Radar Video Recordirg. Install radar video recorders for
terminal and en route radars which serve sll large and medium
air traffic hubs in the conterminous United States ané Honolulu.
If no longer required because of NAS Stage A, ARTCC units will
be placed at smaller air traffic hub terminal radars.

A%
—

LRR and Beacon Moritors. ALl ¥FAA long range cader and beacon
systems wili be equipped for eftectlve utilizati_n provided
the systems they serve are clearly ‘ustified by continued and
essencial use.
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7. ollision Avoldance Systems.

a. System Requiremert. Due to the _ver-increasing performance snd
Jensity of air traffic, the probability of near ~'d-a$x collirtons,
con
ne

both civil and military, (s tinually rising. Along with this
rising trend is the growin, number ~f passengers in auy omne
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aircreft -- particularly ii. the air carrier classification.
Although the Air Traffic Control system (which, along with
see-and-avoid, 1s the primary means of separation) is constantly

being improved, it hes been recognize’ by all segments of aviation

that a back-uj. or supplementary suvsystem 1s needed in order to
reduce the probability of mid-air collisions.

System Description. This Collisinn Aveidance System (CAS) 1ie
cooperative in nature (i.e. protecticn only exists between
properly equipred aircraft and uses a time-ordered technigue +hat
has come to be known as time-frequency or t/f)., Although not
essential in all cases, it is highly desirable that participating
aircraft be properly synchronized. This function is primerily
accomplished via an aircraft to ground station communication link.
As & result of exchanging data and processing it properly, the
CAS will (1) detect &ll aircraft which represent a potential
danger , (2) evaluate the degree of hazard, and (3) when an

evasive maneuver is necessary the CAS will indicate when and what
waneuver should be evecuted.

System Goai. The goal of this program is to develop a system that
will minimize the probsbility »f a mid-air collision and to

install the needed ground stations ak all locations that gqualify
according to criteria.

Criteria for Implementation. Detafled criteria tor implementation
have not bteen finalized. From an sirborne point of view it is
obvious that the greater the number of equipped aircraft the
greater the amount of priotection that will be afforded. With
regard to the ground part of the system FAA is presently analyzing
the number and priority of sites in order to provide an optimum
ground to air synchronization cepability. In the event that
additional investigation shows that the time ordered concept
should be extended tc additional aeronautical functions then it
can be expected thace this will modify the ground station
implementatiocn criteris that would pertain to solely the CAS
funcrion. It is estimated that the airspace serving medium or
larger hub communities should qualif- for CAS ¢ verage before

the end of the planning period. However, the specific criterion
will be developed on the besis of a benefit,/cost an:lysis
conducted prior to field implemer ation.
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CHAPTER 2. TERMINAL FACILITIES AND SERVICES

SECTION A, MAJOR TERMINAL SYSTEMS

1. Airport Traffic Centrol Tower (ATCT).

System Requirement. 1In carrying out its mission of air traffic
control, the FAA coustructs and operates air traffic control towers
for the safe and expeditious operation of aircraft in terminal
environment, The FAA must also modernize or reconstruct existing
towers that have become ineffici~... or do not meet operational needs.

System Description. The function of an ATCT is the control of air
traffic on or near an airport by direct or indirect vision. An
ATCT consists of a control cab, a variable height tower shaft, and
an expandable base buildirg, Visibility ° thke field from the
control cab must be as precise and unimpeded as possible., The
control cab houses the controller and his equipment with the rest
of the structure housing the bulk of the controller's electronic
gear.

System Goal. The goal i the agency is the provision of FAA airport
traffic control service at all public owned airports meeting the
agency tower estahlishment criteria. The FAA will also modernize

or relocate those towers not currently meeting the minimum standards
for efficient ocveration,

Criteria for Implementetion. Criteria for implementation of ATCT's
involve establishment of new facilities, relocation of existiug
facilities and modernization of existing facilities. These criteria
are discussed under the appropriate subheadings below,

Establishment.l/ Under current criteria a publicly owned airport
with 24,000 or more annual itinerant aircraft operations is a
candidate for an FAA airport traffir control tower (Airway Planaing
Standard Number (me). Proposed criteris revige these standards to
a publicly owned "air carrier' airport with 24,000 or more annuasl
itinerant aircraft ovpecrations snd/or a "general aviation' airport
with 50,000 or move annual i{tinerant aircraft operations. The

plan is based on use of these revised criteria.

1! Establishment criteria do not pertain to Combined Station Towers (CS/T's)

as no additions are planned.
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Relocarion., To meet airport traffic control requirements, ATCTs must

be relocated as cthey become critically obsolescent through physical
deterioration of tower structure, inadequate operating and equipment .
space and changes in airport configuration,

: Joprove/Modernize. Existing FAA air traffic contrcl towers frequenthy
h require improvements and/or additional facilities. Such improvements
' sre usually made only when there exists a reasonable relationship
between the operational benefits to be realized and the cost in-
volved in accordance with the following provisions:

-An FAA air traffic control i wer recording 35,000 or more
: annual itinerant operations qualiiies for those improvements
] and/or new facilities that satisfy an operational requirement
and/or facilitate the provision of air traffic control service.
An activity level of 35,000 or more annual itinerant operations
normally assures a cost per .tinerant operacion that is
commengsurate with the benefit derived from the improvement or
edditional facilirey.

-An FAA air traffic control tower recording 24,000 to 34,999
annual itinerant operations is a candidate for improvements
and/or additional facilities. It qualifies for those improve-
ments or additions that satisfy an operational requirement or
facilitate the provision of air trafiic control service pro-
vided that the additional cost does not result in & cost per
itinerant operation that exceeds the benefit derived from the
improvement or additicnal facility.

-An PAA air traffic control tower recording less thav 24,000
apnual {tinerant cperationa {s not s candidate for {mprovements
or additional facilities. At that activity level, the addition-
al cost per {tinerant operstion resuiting from the improvement
or additional facility is not commensurate with the benefit
derived, Any iwprovement to tcewers in this category will be
limited to the correction of a critical situation and shall

be justified by an individual staff study.

e. Bibliography.

(L) Federal Aviation Agency, AIRWAY PLANNING STANDARD NUMBER ONE -
TERMIRAL AIR NAVIGATION PACILITIES AND AIR TRAFFIC CONTROL
SERVICES, Handbook 7031.2, Washington, D.C., Msy 11, 1985,
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2. Alrport Surveilllance Rada. (ASR) and Beacon System.

(2) U.S, Congress, THE FEDERAL AVIATION ACT OF 1958, Public Law

(3) Federal Aviation Agency, POLICY STATEMENT COF TH® FEDERAL
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85-726, Washington, D.C., August 23, 1958 as amended

(49 U.3.C., 1301-1541),

AVIATION AGENCY, Agency Order 1000,1, Washington, D.C.,
May 6, 1965,

&,

System Reguirement, The concept of sir traffic control employed by
the FAA to maintain safe and efficient utilization of tne airspace
includes the provieion of a ground b sed separation service. This
ground based service is either (8) ,:ocedural in nature or (b) dy-
namic, {.e., based on continuous ground derived aircraft position
information,

-There 1s a requirsment for ASR to provide thne controller with
a visual presentation of traffic operating in the general
vicinity of en airport and to permit application of reduced
separation minime as necessary to expedite the safe flow of
termingl area traffic.

-There is also a need to improve radar presentations to the
alr traffic controller. Better weather presentation, target
identification, resolution, and other features are required as {
traffic density increases,

System Description. ASR {8 a radar system specifically designed for

The ASR also includes secondarv surveillance vadar {radar bescon) as
an an integral part cof the system, Its function is to suppleme

ASR by tranemitting and interrcgating siguals to transponder-equipped
aireraft tv fecilitate rader {dentification.

air traffic control of aircraft operating within a 60-mile rad..s

of an airport. Aircraft range and azimuth information detected by
the 4SR is presented on plan position indicators (PPIsz) iocated at a
terminal radar approach control (TRACON) rsoom and/or in a contrel
t>ee. cab.

an electronic video map of the area covered by the ASR {s displayed
on the PPI in such a manner that radar signals received are corre-
lated to locati{ons above the earth's surface.
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System Goal. One goal is to provide full primary end secondary
rzdar coverage at airports in the conterminous United States meeting
criteria. Another goal is to integrate into the system the available
technological progress and state-of-the-art improvements to provide
the highest capability of safety and efficiency.

Criteria for Implementation., Dymamic ground based sepsration contiol
service permits more efficient utilization of the airspace than a
procedural ground based service, However. since the dy.amic ground
esed oystem using ‘SR !5 ronaiderablv more costly, the agency witl
plan the establishment of ASR only vhere conditions oy mission and
high aircraft activity warrant as follows:

_zsoaned Establishmont - Establish ASR at FAA terminal facilitic.
wit or more annual itinerant operations and 10,000 or more

?
annusl eir csyrier operations.

Current Establishment - An FAA approach control tower recording a
total of 20,000 or more annuel instrument opevations and 100,000 or
more annual itinerant operations &t all airpc -ts under its juria-
diction, excezt at those airports too distan+ for the use of radar,
is a candidate for sirport surveills.ce rada  (ASR) end an air
traffic control radar beacon system (ATCRBS)

Improved /Modernized Estabiishment - Existing FAA approach control

towers equipped with ASR/ATCRBS frequently require improvements and
additional facilities, Such improvements are usuallv msde only when
there exists a reasonable relationship between the operational
benefits to be realized and the costs involved,in accordance with
the fcllowing provisions:

(1). An FAA radar tower facility or FAA staffed RAPCON/RATCC
recording 30,000 or more annual {nstrument operations qv- .ifies
for those improvements and/or new facilities that sat.sfy an
cperational requirement and/or faciiitete the provision of
terminal ares vadar service, An activity level of 30,000 or
more annusl instrument operations normslly ascsures a cost per
instrument operation that is commen=s- rate with the benefit
derived from the i{mprovement and/or additional facility,

(2). An PAA radar tower facility or PAA staffed R.TCON/RATCC record-
ing 20,000 to 29,999 annual ipstrument operations ias a candidate
for i{mprovements snd/or additional facilities, It qualifies for
those improvements and/or facilities that satisfy an operational
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requirement or facilitate the provision of terminal ares radar
service provided thet the additional cost does not result in a
cost per instrument opcration that exceeds the benefit derived
from the improvement ard/or additional facility,

(3). An ASR in an FAA radar tower facility recording less than 20,000
annual instrument operations is not a candidate for improvements
or additional facilities. At that activity level, the addition-
al cost per instrument operation resulting from the improvement
or additional facility 1is not commensurate with the benefit
derived. Any improvements to terminal radar service ac¢ alipcrts
in this category will be limited tn the correction of a critical
situation and shall be justified by an individual staff study,
Improvements to FAA staftfed RAPCON/RATCCs in this category will
be considered on an individual basis but the above guidelines
for FAA radar towers shall remain a strong leterminant in
consideration for qualification.

e. gibliégraghz.

(1). Department of Transportation, REMARKS PREPARED FOR ALAN S. BOYD,
SECRETARY OF TRANSPORTATION BEFORF THE SENATE COMMERCE COMMITTEE,
AVIATION SUBCOMMITTEE, Office of the Secretary, Washington, D.C.,
June 18, 1968, 27 pp. + exhibits.

(2). Federal Aviation Agency, POLICY STATEMENT OF THE FEDERAL
AVIATION *GENCY, Agency Order 1000.1, Washington, D.C.,
H‘y 6, 1Jv‘j-

; (3). Federal Aviation Administration, TERMINAL LOCATIONS FOR
§ PLANNING PURPOSES ~ CY-1966, Agency Order 1800.5, Washington,
D.C., 1967, 45 pp.

(4). Federal Aviation Agency, AIRWAY PLANNING STANDARD NUMBER ONE-
TERMINAL AIR NAVIGATION FACILITIES AND AIR TRAFFIC CONTROL

i SERVICES, Agency Order 7031,2, Washington, D.C., May 11, 1965.
3. Terminal Automation.
% a. System Requirement. A requiremen’” exists in the iemediate future to

add substantisl capacity to the terminal radar system in order to
satirfy the forecast traffic growth. This can be done through
automation which will open up new alternatives in communications
efficiency and air traffic procedures,
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The terminal automation program must also be flexible enough to
provide for additional modular expansicn of capacity and functions
so as to enable the efficient and expeditious exploitation of R&D
advances in system design.

System Description.

ARTS II will autometically display a numeric readout associated with
the rader return of transponder equipped aircraft, The numeric
display consists of the beacon code <. the aircraft control symbel
For aircraft equipped with altitude reporting transponders the alti-
tude is also displayed.

ARTS~11] iepIcocio ~he beacon tracking level of the terminal modular
sutomation program, This system wili preseat on the centroller's
display alphanumeric tags associsted with the beacon radar target
return, The alphanumeric display congists of the aircraft identifi-
cation, calculated grourd speed, transponder reported alt{tude, and

& control symbcl, Special features such as handoff indicators and
tebular list data are s.s0 par: of the basic ARTS-III system. These
installations which are readily expandable in both equipm:nt and
programming are expacied to satisfy functional requirements for st
least a 10-year period.

ARTS Improvemsnts - ARTS-II improveie~ts being considered at this
time are the addition cf alphsnumeric identity for 4096 beacon coded
sircraft and a l‘mited dats esxchange with the sdjoining en route
computer Zacility,

ARTS-III {mprovements which are being considered are primary radar
tracking, multiple rsdar processing, digital display :schniques,

and incressed autometion assistance such as flow control, sequencing
snd finel approach spacing. The flexibility of this systes will
pernit the addition of new and evolutionary ideas which wiil resui:
from tle widaspread field usage of automation equipments,

System Gosis. The gosls of the automation program are:
~-To provide every radar terminal with s degree of automation

commensurat: with the traffic opersting in the tarminsl air-
space a5 spacified in accordance with establishe. criteris.

-To implemsnt justified improvements thst sugmant systeas
capacity and efficiency.
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Criteria for Implementation,

ARTS-II. All radar conrrol facilities serving small hub airports
will receive, as a minimum, a gystem capable of providing actual
(corrected) altitude information from properly equipped beaccn
gircraft on the controller's display.

ARTS-I1I. All radar control facilities, serving medium and large
hub airports, shall receive a modular prcgrammable automation
system, As a minimum, the system will include the capability for
displaying alphanumeric identification and calculated ground speeds
on all beacon aircraft, plus actual (corrected) altitude readouts
from aircraft properly equipped with Mode C transponders. It must
minimize controller workload associated with data entries by pro-

vidine st leaat putomstic €liche date cxcuinge with its companion
»t traffic control facilities.

ARTS Improvements. Add-one to the ARTS-III systems which will
contribute to increased effectiveness include radar tracking, digital
radar displays, and final approach sequencing and spacing. Specific
criteria do not exist st this time but will be developed from
operstional analysis and cost/benefit studies.
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SECTION B, MISCELLANEQOUS TERMINAL IMPROVEMENIS

1. Improved Radar Displays,

ran etz AR A+ R

System Requirement. Wide variances in aircraft flight characteris-

tics coupled with increased rader services dictate an update to
modern 16~ or 22-inca solid-state indicator display systems.

Modern jet aircraft introduced intc the air traffic control system
since 1956 operate at speeds and altitudes greater thanthose for
which existing equipments were designed, Furthermore, terminal
approach control areas have been expanded from 15 to more than 40
miles and traffic density aid coutrol procadures have changsd
considerably,

System Description. ASR-2, ASR-3 and CPN-18 display systems,
installed between 1952-1956 are still ir use at many FAA operated
facilities,

Displays which have either a 10- or 1’-inch cathode ray tube (CRT)
are considered marginal for control of high speed traffic in today's
system, Condensing & 4(-mile sres into & 10-inch display indicator
(approximately nine-inch usable viewing ares) presents control
problems. For example, three miles minimum radar separation between
targets is equivalent tc approximately three-eights of an inch,

Modern sclid-srate ASR Jdisplay systems provide increased reliability
and improve controller performance. The plan position indicators
(¢rPIs) are equipped with 22-inch cathode ray tube displays which

are compatible with present plans for displaying alphsnumeric data
on aircreft {dentity and direct altitude readout,

Syvatem Goals, The goals of this program are:

-To replace all obsolete ASR plan position indicators (PPIs)
with modern display systems which are compatible with future
sutomation programs for displaying aircraft identity and direct
altitude readout,

-To provide the controller with the fastest i{mprovements
developed for radar displays.
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d. ggig.iil for implementation. All obsolete ASR plan positicn indica- ) 1
tors (PPIs) are eligible for replacement with modern display systems, . ’:-
&«. Biblivgraphy : -

.‘ (1) Department of Trensportation, REMARKS PREPARED FOR ALAN S, BOYD,
[ SECRETARY OF TRANSPORTATION, BEFORE THE SENATE COMMERCE
’- ; COMMITTEE AVIATION SUBCOMMITTEE, Washington, D,C., June 18, 1968,

(2) Pedera) Aviation Agency, POLICY STATEMENT OF THE FEDERAL AVIATION
! AGENCY, Order 1000,1, Washington, D.C., May 6, 19€%.

: (3) Pederal Aviation Agency, AIRWAY PLANNING STANDARD NUMBER ONE-
;’ TERMIRAL AIR NAVIGATTON FACYLITIES A»D AIR TRAFFIC CONTROL

' SERVICES, Handbook 703..2, Air Traffic Service, Washington, D.C.,
‘ May 15, 1965,

{ 2, Bxpapnded Radar Service (Stage II).

s. System Baquirement. The intermixing of VFR an. IFR arrival traffic
in high activity termina. arear has always been a -orious problem
for the airport comtroller, There is a nez:d to improve traffic flow
in the terninal area and to aid pilots to see and avoid other traffic
by providing radar traffic informstion on possible conflicting
traffic.

b, Systam Dgscriptjon., Expanded radar service consists of issuing
traff:: advisories to arriving and deparcing flights within the
tarminal avaa and saquencing, on & full-time baeis, the VFR sircraft
landing &t the primary sirport., Participation by pilots of VFR air-
craft i3 on a voluntary basis. '

- This carvice is provided through the use of Airport Surveillsnce
Radsr (ASR) which wers {nstelled at mejor sivpor:ts primerily for
tha ccatrol of IFR traffic., Based on severel years of operational
expuriance, it has been concluded ther this equipmant can also be
ussd offectively in providing greatsr service to VPR aircraft,
Jareby f{mproving the efficisp~y and safaty of oporstiony in the
tarainal arsa.

€. Jystem Goal. The goal of this progres is to provide expanded radar
satvice to erhance airport essfety end efficiency at sll locations
justifiad bv individusl site analysis.
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Criteria for Implementation, Although criteria for implementation
is not firm, there would be little, if any need for Stage II in a
radar terminal having less than 150,000 total aircraft operations,
This limit should be regarded as zeneral guidance in the selection
of "staff study" candidates only end progression to Stege II is

dictated by the airport and terminal airspace environment as well es
the voiuwe of traffic.

Bibliography

(1) Department of Transportation, REMARKS PREPARED FOR ALAN S, BOYD,
SECRETAnY OF TRANSPORTATION,BEFORE THE SENATF COMMERCE COMMITTEE,
AVIATION SUBCOMMITTRE, Office of the Secretary, Weshington, D.C.,
June 18, 1968, 27 pp. + exhibits,

(2) Federal Aviation Agency, NATIONAL TERMINAL RADAR PROGRAM,
Agency Order 7110,23, Washington, D.C,, March 25, 1964.

(3) Pederal Av'ation Administration, AIRMAN'S INFORMATION MANUAL -
PART 3 - OPERATIONAL DATA AND NOTICES TO AIRMEN, Washington,
D.C., isaued every 28 days.

3. Alrport Surface Guidance Equipment

System Requirement. A requirement axists to improve the airport
surface guidance and control system for handling the increasing
complexity and volume of aircrsft operating st high activity air-
ports.

System Description,

Present System consists of a conventional radar display system
which gives the controller a pictorial presentation of sircraft on
the eirport surface. The system will be modifled to incraased
effectivensss by the addition of brignt displays.

Follow-on System will use induction loops instelled in the runway/
taxiwvay/ramp surfaces., Detecti{on information is fed to & display
and control pansl, The pilot is provided guidence and control

information by selectively controlled taxiway centerline lights and
stop bhare,

e a8 b e
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S¥_r_§em Goal. Provide for the mcdernization and continued use of
airport surface detection equipment (ASIE) where currently installed
until a replacement system for performing the ground detection and
dieplay functions 1s available. At the same time, allow for the
evolutionary introduction of system improvements through the installa-
tion of components and elements of a complete system for guidance and
contr.l at those locations justified by implementation criteria.

Criteris for Implementation. Presently, there are no established
critertia for ASIE. The criteria development will be based on traffic
quantity, weather category of operation, aircraft type category of
operation, and airport environment (tower perspective, obstructions to
vision). The highest priority airports for the full system will be
the eventual Category III airports.

Bibliography.

(1) Federal Aviation Agency, IEVELOP ALL-WEATHER AIRPORT SURFACE
GUIDANCE AND CONTROL SUBSYSTEM, Register of Requirements FAAR
5355.1, Washington, D.C., September 13, 1966.

(2) Federal Aviation Agency, AIRPORT SURFACE IETECTION EQUIPMENT
(ASIE), Order 6330.1, Washington, D.C., February 15, 1966.

(3) Redio Technical Commission for Aeronautics, AN AIRPORT SURFACE
TRAFFIC CONTROL SYSTEM (STRACS), Paper presented by L. Achitoff
at RICA Meeting, Washington, D.C., September 26, 1968.

Terminal Electrical Systems

Syster Requiremsnt. The agency requires that electrical power
syaters for terminal facilities be of sufficient quality to ensure
the safe and efficient movemsnt of &ir traffic. FAA policy requires
thet all key terminal facilities have either "on-site" ergine
generators or a8 second source of commercial poweir to provide a backup
capability in the event of prime power failure. After the 1965
gessive commerclal power failure in northeastern United States
demonstrated the possitlity of a simultaneous loss of two and three
aources of commercial power, the agency designated certain sirports
as Continuous Power Airports (CPAs) requiring comtinuous power
fuaciiities to ansure the existence of a power system independent of
commercial pover sources in the event of a widespread commercial
power failure.
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System Description. Electrical power systems for terminals must be
cf sufficient quality to ensure the safe and efficient movement of
air traffic.

All kev cermiral facilities must have either "on-site" engine
generators or a second source of commercial power to provide a
backup capabllity in event of prime power failure.

In addition, 50 high density alrports have been designated as
Continuous Power ..irports (CPAs) requiring continuous power facili-
+ies *o ensure the exlstence of an independent power system in the
evert of a widespread commercial power fallure.

System Goal. The goal of the agency 1s to provide terminal electri-
cal power systems of sufficient quality and reliability to ensure ths
gafe and efficlent movement of air traffic. Alsc, to ensure that a
basic alr traffic control system and its support facilities remains
in operationel stat'.s at certaln high density airpcrts in event of an
area-wide or catastrophic commercial power failure.

Criteria for Implementation. The minirmum quality and rejiiability

of electrical power ne- '=d at a ternminal varies with the effect

that an cutage of the specific facllity or system would have on

air safet; and air t-affic control effectiveness. The exact rela-
tionship of an individual fecllity to its operational environment,

of course, is unique btut each type of facility (e.g., Instrument
Landing System, ILS; snd Airport Survelllance Radar, ASR) has been
evailuaied and provided a specific power configumtion classification.
This power classification denotes .he electrical power requirements
for a particular facility as well as its essentiality to the National

Airspace System.

(1) Federsl Av'ation Agency, PROVISION OF ELECTRICAL POWER FOR
NAT: AL ATRSPACE SYSTEM FACILITIES, Agercy urder 6030.20,
washington, ..., March o, 107,

(2 Federsl Aviation Administraticn, POWiR POLICY IMPLEHENTATION AT
NATIONAL AIRSPACE SYSTEM FACTLITIQS, Agency Order £320.2,
washington, T.C., Decemter =3, 130T.
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{3) Federal Aviation Admiristration, MECHANIJAL ELECTRICAL SYSTEMS
DISRUPI'ION HANDBOOK, MEDIUM LxVEL, AIRPORT TRAFFIC CONTROL TOWER,
Handbook 6930.11, Washington, D.C., May 17, 1968,

(4) Federal Aviation Administration, POWER POLICY CONFIGURAIION
WAIVER, Notice ©950.9, Washington, D.C., Felruary 1, 1668,
5. Improve Beacon Systems

a. System Rejuirement. The introduction of terminal sutomation programs
inte the system requires that early model interrogators be modified
or replaced to provide additional capacity for reporting sircraft
altitude and identity. In addition, old type defruiters must be
replaced to permit display of both data. Improved side loue
suppression is needed to reduce false targets. Future development
of a narrow beacon antenna must be accomplishezd to reduce target
sizes and improve acquisition ard display of beacor data.

b. System Description. The ATCRBS is a cooperative secondary redar
system designed to provide reliable i ‘lentity, altitude and position
data for use in the ATC system. The FAA must provide the ground
portion of the system which includes the interrogator and the means
to display identity, altitude and position data on the ATC display.
The airborne transponder which replies to the interrogator is the
responsibility of the aircraft operator to provide and maintain.

The 4096 code ATCRBS, M .de 3A (idemtification) and Mode C (altitude),
is a major building block in the terminal autometion system.

{ Autamatic acquisition, tracking and identificati ~ 1s btased upon a
discrete Mode 3A, The Mode C altitude data is automatically coded
and transmitted to the ground when interrogations are rec=tved in the
aircraft. Additional processing bty the termiral automation system
vill transform these data ir‘o alpha-numeric form on the ATC display.

¢. System Goal. Improve al. present AS" heacon systems,
; These and all new (future) system. will have the capability to satisfy
! the terminal sutcmmtiion requirements. As new ASK faclilities are
! g pbased into the s'stem, these improvements, when available, will be
F. made & part of the total ASR packag..

d. Criteria for Implementation. All terminal eacon systems qualify
for Gemonstmated improvements that add +{o th: integrity and
effectiveness of the system. .

RS b AR ":il
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6. Provide ASR & Beacon Ground Station Monitors.

a. System Requirement. Continuous electronic monitoring of the ASR
and beacon system 1s required to insure optimum system operation
and to provide the operator with assurance that an accurate :
display of radar data is being provided. 3

b. Systen Description. The ASR/beacon monitor provides continuc:s :
monitoring of the current status of the radar system with respect i

to all outputs and signals recelved for display to the controller,
; : It provides & faul! signal when range and szimuth signals shift
beyond s tight tolerance, thereby previding an indication that
false targets are being displayed. In addition, the beacon

: monitor maintains a constant listening watch for the transmission
¢ of ATCRBS teacon codes 2f T707, the ewmergency code,and 7600, the

; radio failure code. When these codes are received, an alert
device is activated to call the controller's attention to the
emergency or radic faillure. Impiementation of the monitor will
erhance the safety of the radar data scquisition systems.

s

m————
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Install ASR and heacon ground station monitors at all
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O
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iteria for Implementation. All ASR facilities qualifly for the
staiiation of ASR and beacon monitor systems. These systems
rovide a margin of safety that cannot be realized by constant
intenance and operator survelllance of the sgystem.
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e. Bibliography,

(1) Federal Aviation Agency, PROVIDE RADAR PERFORMANCE MONITOR,
Register of Requirements FAAR 6310.1, Federal Aviation
Administration, Washington, D. C., September 7, 1966.
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(2) Federal Aviation Agency, PROVIDE IMPROVED MONITORING OF ATCRBS, i
Register of Requirements FAAK 6360.1, Federal Aviation
Administration, Washingtcen, D. C., October 11, 1966.

7. Display Weather Data on Scopes.

a. System Requirement. Severe weather always has an adverse affect on
the ef “icient and expeditious flow of air traffic by reducing the
size of avaeilable safe airspace, especially in the terminal areas.
There is a need, therefore, to display a contour of severe weather
directly on the controllers' radar scope with a capability for
immediate weather information deletion as required by the controller.

b. System Description. Weather data cn controller radar scopes will
show potentially hazardov- weather conditions in the form of equal
weather intensity contours surrounding areas of thunderstorms, live
squalls, hail, turbulence, icing conditions, etc.

c. System Goal. Provide wveathe: displays on all radar scopes where
Justified in accordance with implementation criteria.

d. Criteria for Implementation. Agency criteria are not firmly
established. Weather information will be displayed on all radar
scopes in terminal and en route facilities where studies of
airspace activity and weatner incidence Jjustify the installation
of the equipment. Installation ,—lority willi be based on the
airspace value of each proposed installation.

e. §1blios£52§x.

(1) Federal Aviation Agency, COMPUTER PROGRAM FUNCTIONAL
SPECIFICATION, WEATHER INPUTS AnD OUTPUTS, SPO-MD-125,
Washington, D. C., November 1, 1966.

(2) Department of Commerce, FEDERAL PLAN FOR WEATHER RADARS AND
REMOTE DISPLAYS, (BCM 67-3, Environmental Science Services
Administration, Washington, D. C., May 1967. .
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Digital Weather Displays.

8. Systein Requirement. Digital weather displays are required to provide
the air traffic controller wiil a compact, standardized, digital
weather peckage, designed to al.ow improved reading, to eliminate
interpretation, and to reduce ccncentration, thus increasing
controller accuracy as well as conserving critical space.

b. System Description. The presertation of wind (direction, velocity
and peaks), altimeter setting, runway visibility, runway tempera-
ture ard time in digital form is in a composite package epproximately
Ox11 inches. The information for each element displayed is updated
each minute. The diglt size for each element is a standard size
and compatible to other digital displays provided the controller.

It is eesily readable in both the control tower cab and the
derkened environment of the radar room.

¢. System Goal. The goal is to provide these displays at all airport
traffic control towers and TRACON facilities. These installations
will be made in annuel increments as determined by criteria.

d. Criteria for Implementation. All airport traffic control towers,
TRACONS, RAPCOKS and RATCCS operated by the FAA qualify for
digital weather displeys. Determinations of priority installa-
tion rankings will be based on the annual count of itinerant
operations, i.e., higher activity radar level facilities will be
given prefererce over locstions of lower activity.

e. Bibliogranhx,

{1) Federal Aviation Agency, ALTIMETER SETTING TNDICATORS
SPECIFICATIN - FAA-E-2070, washington, D. C., January 15,
1304,

{(2) Federal Aviation Agency, WIND, SPEED DIGITAL READOUT SYSTEM,
FAA-E-2135, Washingtun, D. C., September 13, 1966.

{3) Federal Aviustion Admiristration, CLOCK, SINGLE LINE, 24-HOUR
AUTO-CORRECTED, FAA-E-2317, Washington, D. C., Vecenber 20,
107,

Federal Aviation Administration, KEMOTE AIR TEMPERATURE SENSOR,

‘A-F-2337, Washington, D. C., - ly 2, 1968,
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(5) Federel Aviation Agenc’, RUNWAY VISUAL RANGE SIGNAL DATA
CONVERTER SYSTEM - FAA-T-2267, Washington, D. C., August 3,
1966.

(6) Federal Aviation Agency, WEATHER DISPL.Y PANEL, FAA-E-227k,
Washington, D. C., Fetruary 2, 1267.

(7) Federal Aviation Admin, FACILITY OPERATIONS, Handbook 7237.14,
Air Traffic Service, Washington, D. C., April 1, 1767.

(8) Federal Aviation “iministration, TERMINAL AIR TRAFFIC CONTROL,
Handbook 7110.8, Washington, D. €., October 1, 1967.

(G) Federal Aviat:ion Agency, REQUEST FOR RESEARCH AND DEVELOPMENT -
COMPOSITE DIGITAL WEATHER PACKAGE, FAA Form 286k, Washington,
D. C., April 17, 1962.

Autcmatic Terminal Information Service (ATIZ).

.

C.

Oystem Requiremert. There is a requirement for an automated r.l1ot
briefing syster to erhance weather dissemination and relieve
controller workload.

System Deseription. ATIS provides recorded wind, altimeter, and
runway-in-use {nformation <o arriving and departing aircraft.
Recorded by the convrol tower, the information is broadceast
continuously on a VOR or a discrete VHF fregquency.

Goal. The goai of this program is to rrovide recorded weather brief-
ings at all terminal facilitie: meeting establishment criteria.

Criteris for Implementation. Alrway Planning Standard No. 1 provides
£for the estaplishment of Autometic Terminal Information Service at
all terminal facilities naving 100,000 or mere annual itinerant
operations.

Pibliography.

(1) Federel Aviation Agenc:, AIRWAY PLANNING STANDARD NUMBER ONE -
TERMINAL AIR RAVIGATI(N FACILITIES AND AIR TRAFFIC COHITROL
SEPVICES, Handbook 7031.2, Washington, D. C., May 11, 1965.
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10. Automatic Weather Sensing and Transmission.

a. System Requirement. Detailed and timely terminal weather information
to tower controllers, FSS, ARTCC, dispatchers, pilc. briefing
rooms, etc., 1s essential to decisions in air traffic control,
flight planning, briefing, alrcraft loeding, etc. A requirement
exlists to replace the costly procedure of manually taking and
reporting weather data at limited airport weather reporting
stalions.,

b. System Description. The automatic weather sensing and transmission
system includes equipment for the sensing, transmission, data
processing and display of ceiling, runway temperature, dew point,
wird speed, wind direction, wind peak, cloud ccndition and
altimeter setting.

Sensing and transmission devices have been developed for all
parameters except cloud cover.

c. System Goal. The goal of the agency 18 to replace the costly
practice of assigning FAA cr USWB personnel to limited airport
weather reporti.g stations (LAWRS) for obtaining the required
weather observations.

d. Criteria for Implementation. The criteria for the installation of
the automatic weather sensing and transmission system have not been
firmly estatlished. However, pending the satisfactory development
~f this system, it is expected that it will replace LAWRS. The
lattor is usually planned at sirports, both air carrier and generel
aviation, which are programmed to install instrument landing systems
with aprroach lights for the first time. This weather system may
eventually suprlant the manusl observations made at the flight
service stations.

e. Bibliograghz.

(1) Federsl Aviation Administration, VISUAL 7 MEASUREMENTS,
Register of Requirements FAAR 5335.1, Washington, D. C.,
Octoter 27, 1.27.

{2) PFederal Aviation Agency, DEVELOP ALI-WEATHER GUIDANRCE CQNTROL
SUBSYSTEM, Reglister of Requirements FA*'R 5355.1, Washington,
D. C., September 13, 1366.
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(3) Federal Aviation Administration, INTERIM SITING CRITERIA FCR
TEMPERATURE SENSORS, Order 6560.k, Washington, D. C.,
August 13, 1968.

(4) Federal Aviation Administration, INTERIM SITING CRITERIA FOR
ATRPORT WIND SENSOR, Order 6560.3, Washington, D. C.,
August 13, 1968.

(5) Federal Aviation Administration, SITING AND INSTALLATION NR
STANDARD RUNWAY VISUAL RANGE EQUIPMENT FOR CATEGORY I AND II
OPERATIONS, FAA-STO0-008, Order 6990.3, Washington, D. C.,
June 29, 1967.

(6) Federal Aviation Administration, ROTATING BEAM CEILOMETER
SYSTEM, DOT-FAA Specification FAA 2326, Washington, D. C.,
June 10, 1968.

(7) Federal Aviation Administration, TEMPERATURE AMBIENT AND DEW
POINT SYSTEM, DOT-FAA Specificetion FAA-E-2342, Washingtor,
D. C., June 14, 1968,

(8) Federal Aviation Administration, A PROGRAM TO PROVIDE APPROACH
AND LANDING AIDS AT SCHEIWLED AIR CARRIER TURBOJET AIRPORTS,
Memorandur Report, Approach and Landing Aids Committee,
Washington, D. .., January 1968.

(9) Federal Aviation Administration, FACILITY OPERATIQN, Handbook

T230.1A, Was=hington, D. C., April 1, 107,
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CHAPTER 3., FLIGHT SERVICE STATIONS

1, FSS and IFSS ;

a, Svstem Requirement, Federal statutes place a general responsibility
upon the Goverument to provide aviators with aviation weather infor-
mation, The Federal Air Regulations require pilots to obtain a pre-
flight weathe. briefing for other than local flights. By interagency
agreement, the $AA 1is made responsible for the coliection of
meteorological data and its distribution to avistion users, The FARs
require IFR and DVFR flights to rfile flight plans and IFR flights to
obtain an ATC clearance for flights within controlled airspace. The
first three system requirements listed below are based upon the above-
mentioned statutory and regulatory provisions and intervagency
agreement; the fourth is in respon.: to the general statutory mission
of the agency,.

(1) There 1s a requirement for FSSs to collect and distribute
meteorological duta and aeronautical information to major avia-
tion users, including Weather Bureau offices, ATC facilities,
airlines, and other private users.

(2) There i{s a requirement to disseminste meteoroclogical data and
aeronautical {nformation to general aviation pilots (and others
as required) before and during flight,

(3) There is a requirement for FSSs to accept (FR/DVFR flight plans
and forward them to ARTC centers (and tc allitery bases when re-
quired); FSSs must also relay ATC approach and departure clear-
ances to aircraft operating &t nontower IFR airports. IFSSs must
also relsy en route ATC messaiges and, in some areas, air carrier
operational messages.

{¢) There is a requirement for FS38 to provide emergency navigational
assistence to lost or disoriented aircraft, FSSs slso operate a
voluntary VFR flight plan system and varicus special reporting
services (lake, ocean, mountain, island, swamp) to ensure speedy
search and rescue of overdue aircrafte.

To satisfy the foregoing funirions, {t {s necessary to maintain s
network of flight service stat..ns of various cuvsbilities,
sufficient to meet the Jemands ::: s~rvice; this includes the
modernization, repair and possivie realignment of functions at
existing stations. A need exists fov & systems study to determine
the most efficien: role of the flight service stations in the XNAS,
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§ This should include a re-ass:ssment ot the above requirements

% in view of the on-going en route and terminal aucomation programs., .

t . : : .

i b, Systen Description. The flight service station 1s an operational

[ . B ;

' facility which performs a variety of functions, most of them relating

% to the acquisition, distrivution, acd dissemication of meteorvlogical
: § and other aeronautical infurmation having a beariug on the safety of

| flight. Each FSS nas a flight intermation area encompassing numerous

airports and navaids, and ma.) square miles ot air space,

The FSS system originates over 100 weather observations; through

s interphone, telewriter, and teletvpewriter circuits it collects

; several hundred other surface and svooptic observations and uistri-
i butes them to processc.s (meteorclogical offices) and direct users.

3 : Processed data, such as forecasts, are in turn relaved to direct and

indirect users. The teletvpewriter svstem also distributes NQOTAMs,

and relays IFR and VIR tlight plans to ARI(C ceunters, military bases,

and other flight service stations.

FSSs provide in-person brierings ard selt-criefing facilities to pi-
lots at the local airport and, through an extensive system of leased
telephone lines, telephene briefing to pilots at more than a thousand
alrporte in nearly as many coma.nities, lhe same system is used to
receive flight plans. 1n heavily populated areas, FSSs also operate
mass wea.her dissemination systems, transmitting tracnscribed brief-
ings by radio and telephone.

FSSs provide inflight weather briefings, warnings, and advisories
through a system of ovver 800 strategically located radio communications
outlets, This communications svstem is dise useu .o teiay dpproach

and departure clearances at nontower airports, to monitor en rocte
ravaids, anu to provide, often is conjunction with direction-ficrding
equipment, emergency s«ssistance to lost or disoriented aircrafe.
Stations equipped with weather radar displavs can provide iaflight
westher avoidance service to VFR aircraft,

c. System Goals., Agency goals include: automated highi-speed weather
data distribution system with request-reply capability; direct entry
of IFR flight plans to ARTUC computers (satisfied L. part by flight
service st trons); direction finder network with nation-wide coverage
at minimue en route altitudes alony major air routes.

. d. Criteria for implementation. Spevific criteris have ot been apprr ed
: for ¥5Ss and IFSSs, Establishmeat, discontinuances, chanves in operating
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hours, and service expansionsg are currently considered on a case by
case basis. 2= a result of the current systems study & rationale will
be developed for these decisions.

e. Bibliography.

(1

(3)

(3

(*)

US Congress, THE FEDERAL AVIATION ACT OF 1958, Public Law 85-726,
Washington, U. C., Augustc 23, 1958 as amended, (49 U,S.C. 1301-
1541)

Federal Aviation Agency, MEMORANDUM OF AGREEMENT BETWEEN THE
FEDERAL AVIATION AGENCY (FAA) AND THE ENVIRONMENTAL SCIENCE
SERVICES ADMINISTRATION (ESSA), For tne establishment of working
arrangements for providing aviation weather service and
meteorological communications, Agency Order 7000.2, Wachington,
D. C., September 2, 1965, 43pp.

Federal Aviation Agency, FEDERAL AVIATION REGULATION, PART 91,
General Operating and Fiight Rules and PART 99, Security Control
of Alr Traffic are amended, Federal Aviation Regulations, Super-
interdent of Documents, Government Printing Office, Washington,
D. C., Part 91, 28pp, Part 99, 9pp.

Federal Aviation Ageuncy, GENERAL OPERATING AND FLIGHT RULES,
Federal Air Regulation, Part 9i, Washingten, D. €. as amended
Code of Federal Regulations, Janaury 1, 1968 edition,

Federal Aviation Agency, SECURITY CONTROL OF AIR TRAFFIC, Federa.
Alr Regulations, Part 99, Washington, D, C., as amended Code of
Federal Regulations, Jauunary 1, 1368 edition.

2, Egquipment Support.

a. System Requirement,.

(1)

(2)

DF Equipment awd Remoting., There 18 & requirement for a direction

finder network capable of providing emergency navigational
assistance to lost aircraft or aircraft in distress. In some
cases, bearing i{ndications must be transmitted by long-line from
remote sites to avold excessive gaps in cuverage,

Recorders. There is a requirement to record air/ground communi-

cations and telephcne brieciings at flight service stations and
i:.ternational fligit service stations. It is more efficient to
use voice recorders {or this purpose.
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Weather Observing Equipment. There 1s a requirement to improve
the accuracy of weather observations and to reduce the time re-
quired to take them through tie use of rotating-beam ceilometers
and direct-reading hygrothermometers,

Weather Radar Displays. Weather radar displays permit FSS$ to
give pillots in flight more accurate and timely advice on adverse
weather than does any other data source, The data obtained from
radar displays is also valuable in preflight briefing.

There is a requirement to equip additional FSSs wi "' weather
radar displays concurrently witn Weather Bureau expansion of its
weather surveillance radar and slow-scan transmission systems.

Voice/Graphiz Communications to Forecaster, There is a require-
ment for & voice-graphic communications system between fore-
casters and flight service stations, which are not collocated
with & Weather Bureau office, This enables briefers to be kept

current on changing weather situations and forecasts, The
system  ill also serve pilots who require the advice of a pro-
fesaional meteorologist.

Mass Weather Dissemination and Automated Prefiight Briefing.
Because of our inability to provide individualized briefings to
all pilots, th- e is a requirement for an improved aural mass
dissemination system which will provide pilots with a substantial
percentage of the weather information they need, and for an audio-
visual mass dissemination system. These requirements and those

for an automated preflight brieting System are peing reviewed as
part of the FSS Systems study.

b. System Description.

(1)

(2)

DF Equipment and Remoting. Doppler VHF/UNF DF equioment presents
the coutrol station with the bearing of auy aircraft within

ratge transmitting on any of the frequencles pre-set {nto tue
equipment, The only airborne equipment required is a trans-
ceiver. DF equipment can be remotely controlled by converting
the bearing indication to digitized data and transmitting it

over voice-quality telephone lines. The equipment can be used to
home an aircraft on the DF site, vector an aircraft to an off-
site airport, or provide an emergency instrument approach.

Kecorders. FSSs sud IFSSs are required to record air/ground
compunications and {nformation furnished pilots in preflight
briefings. Voice recorders are not {n current use. The five-

e G
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(3

(%)

(6)
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channel, solid-state cartridge-loaded recorders, which have been
adopted as the agency standard, can simultaneously record four
positions of operation and a time channel. One recorder will
meet all the needs of 90 percent of the stations in the system.
Each station having a recorder will also need a reproducer.

Weather Observing Equipment. Rotating-beam ceilometers indicate,

every six or twelve geconds, the cioud height over the area cf
the middle marker. The height indication is presented on a
recorder or an oscliloscope. This indication, together with a
rapid visual observation, results in extremely accurate ceiling
and sky cover value., Direct-reading hygrothermometers present

a digital readout of temperature and dcw point at the weather
observer position. They eliminate the need for the FSS special-
ist to leave the station to read the dry and wet bulb thermome-
ters.

Weather Radar Displays, Several types of displays are available
to depict weather surveillance radar data, The PPI repeater
scope connected by cable to the WSR-57, or equivalent, radar-
scope is the most common display now in use at flight service
stations, but the least satisfactory. At locations where the
Weather Bureau has a slow-scan telephone transmission system in
operation the FSS can utilize either a t~levision monitor or a
facsimile printer, The TV monitor {s by far the most useful
presentation for FSS purposes,

Voice/Graphic Communications To Forecaster. This system, which
requires two voice-quality teleohone lines, operates on the same
principle as the telewriter, The meteorologist at a FAWS office
can depict weather information on & map while talking to the
pilot briefers at a distant FS5S, The distant FSS receives the
data on an identical map at its end, which can also be projected.

Mass Weather Dissemination, The Transcribed Weather Broadcsest
(TWEB) 1is a recorded synopsis of current aviation weather and
forecssted outlook broadcast continuously on &~ L/MF nondirec-
tional bescon or a VOR. Pilot Automatic Telephone Weather
Answering Service (PATWAS) enables a pillot to obtain a preflight
weather briefing by dialing & special number from home or air-
port telephone., TWEB and PATWAS generally employ the same
script and, in sume instances, the same recording is used.

There &rv several variations of PATWAS which enable the caller
to select information for a s, ate or areas.

Automated Preflight Briefing Equipment. A tomated preflight
briefing equipment has not yet been developed to provide pilots
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with a computer-derived profile of weather and NOTAMS for his
proposed route of flight in hard-copy form., Such equipment may
become & part of the system only if ccst/benefit studies justify
the expenditure,

System Goal.

(1)

(2)

3)

(4)

DF Equipment and Remoting., The agencyv gosal is to provide VHF-
DF coverage at minimum en route altitudes along heavily-travel-
ed air routes. The extent of the UHF-DF network is contingent
upon military requirements which have not yet been formally
stated,

Recorders, The agency gcal i3 to record all air/ground communi-
cations and telephone briefings at ali FSSs and IFSSs,

Weather Observing Equipment. The goal of the agency is to pro-
vide direct-reading hygrothermometers and rotating-beam ceil-
ometers at all terminal facilities which take weather observa-
tions.

Weather Radar Displays. The goal of the agency is to provide
radar display equipment at certain stations where dictated by
administrative review. This goal will be refined on the basis
of the system study,

Voice/Graphic Communications To Forecaster. The goal will be
established on the basis of the system study.

Mass Weather Disasemination, The goal of the agency 1s to re-
lieve the workload on FSS pilot briefers and terminal controi-
lers, The apecific consequences of this goal in terms of mass
dissemination will be Jdetermined by the curreat sysrem study.

Criteria for lmplementation.

(1}

D¥ Equipment and Remoting. The present criteris (contained in
Afrway Planning Standsrd Number Two) provide, generally, for
the {nstallation of DF equipment at about 150 F8Ss. DF sites
are required at intervals of 80 to 160 nautical miles along
heavily-traveled routes,

Recorders. All flight service stations are eligible for multi-
channa! recorders. The requirement has s lower priority than
that of en route and terminal facilities. The proposed cri-
teriox for installation priority is the rank crder of afrcraft
contacted plus pilot briefs.
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Other Equipment. Specific criteria have not yet been adopted
for weather observing equipment and weather radar displays at
FSS's, voice-graphic communications to forecasters, and mass
dissemination. The plan is based on the following proposed
criteria which may be modified as a -esult of current system
studies,

Weather Observing Equipment. Rotating-beam ceil-

ometers and direct-reading hygrothermometers will
be installed on an incremental basis., First
priority will be terminal facilities which take
weather observations, with second priority given
to full-time FSSs (which take weather observations)
at air carrier e!rports and other airports whic.
meet the activity criteria for the establishment

of a control tower.

Weather Radar Displays. Proposed criteria have
been developed and are included in the draft
Airway Planning Standard Rumber Three (APS #3).
Criteria must be based on activity plus avail-
ability of Weather Bureau or military weather
radars as the FAA does not own or operate weather
radars, On this basis it {s proposed to provide
weather radar displays at full-time FSSs which
are witiiin .00 nautical miles of an S-band (WSR-
57) weather radar or within 50 nautical miles of
a C-band weather radar, provided that the FSS
provides at least 10,000 annual pilot briefs.
Other stations will be provided with displays

if their activity exceeds 15,000 annual pilot
briefs and there is a weather radar available
within the metropolitan ares or they are col-
located with & Weather Bureau station having a
WBTTS-65 receiver.

Voice’'Graphic Communicaticas to Forecaster. It

is proposed that all full-time stations which

are not collocated with a Weather Forecast office,
and a few of the busiest part-time briering sta-
tions, be provided with this equipment.
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Mags Weather Dissemination. It is proposed to pro-
vide PATWAS at all large and medium air traffic hubs.
This corresponds ciosely to the present PATWAS con-
fi_uration. It 1is proposed to provide VHF/TWEB at
all full-time FSSs. The present L/MF TWEB would not
be expanded but would gradually be phased out. The
same recording equipment (ATIS equipment) can be
used for both PATWAS and TWEB at those stations
which provide both services. The scheduled weather
broadcast service would be phased out as VHF/TWEB,
utilizing VOR voice channels, is phased in.

Automated Preflight Briefing. The program is in
the early stages of research and development, and
firm operational criteria have not been developed.
The plan is based on installation of remote input/
output devices at all full-time FSSs during the
period of the plan.

(e) Bibliography.

(1

(2)

(3)

(4)

(%)

(6)

(7)

Federal Aviation Agency, AIRWAY PLANNING STANDARD NUMBER
TWO - AIR ROUTE TRAFFIC CONTROL, Handbook 7031.3, Washington,
D. C., July 2, 1965, 12 pp.

Federal Aviation Administration, REQUIREMENTS FOR MULTI-CHANNEL
RECORDERS IN FLIGHT SERVICE STATIONS, Staff Study, Washington,
D. C., undated, 10 pp.

National Transportation Safety Board, SAFETY RECOMMENDATIONS,
SB 68-29, Washington, D. C., April 3, 1968, 4 pp.

Department of Commerce, FEDERAL PLAN FOR WEATHER RADARS AND
REMOTE DISPLAYS, Washington, D. C., May 1967, 53 pp.

Federal Aviation Agen~y, FLIGHT SERVICE STATION TASK GROUP
REPORT, Report - Notice 7233.2, Federal Avistion Administration,
W*shington, D, C,, February 10, 1967, 15 pp.

Federal Aviation Admiunistration/Aviation Industry, REPORT OF
INDUSTRY/WORKING GROUP ON FLIGHT SERVICE STATIONS, Washington,
D. C,, May 15, 1967, 17 pp.

Federal Aviation Agency, AIRWAY PLANNING STANDARD NUMBER ONE -
TERMINAL AIR NAVIGATION FACILITIES AND AIR TRAFFIC CONTROL
SERVICES, Handbook 7031.2, Washington, D. C., May 11, 1365, 19 pp.
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CHAPTER 4. AIRSPACE ALLOCATION AND RULES

1. Positive Control Airspace.

a.

System Requirement. It has become more and more apparent that a
pilot's ability to see and avoid other traffic is adversely affected
by high aircraft speeds and resultant high closure rates. It is also
apparent that there are limits of congestion beyond which random VFR
operations cannct be tolerated. As advancing technology produces
higher-performance and more sophisticated aircraft, and as the airline
and general aviation fleets continue to expand, reliance on the see-
and-be-seen type of collision avoidance will become less and less
prudent. The greater size and speed of the planes using the airspace,
combined with the increased density of traffic, will create a corre-
spoading increase in the number of flights which must be controlled
by the AIC system.

In order to maintain a high level of safety for air travellers, a much
larger and more technically sophisticated national airspace system
will be needed. Regulation and control must continue to expand, and,
in order to eliminate "unknowns''in highly congested airspace, posi-
tive control airspace must be lowered =-- in some areas down to the
surface.

System Description. Positive control provides the best available
means of assuring separation between aircraft. Positive control air=-
space can be defined as airspace in which reliance on the "see and
avoid" concept of aircraft separation is virtually eliminated. 1In a
positive control enviromment, separation between all aircraft is pro-
vided by the air traffic control system through issuance of clearances
and instructions. While it ic still incumbent on the pilot, when
possible, to avoid any risk of collisicn that he may see, the occa-
sions when the "see and avold" concept of separation would be
applicable gre minimized, The agency considers the risk of midair
collision to be less in 8 peositive control environment than anywhere
else in the system,

System Goal. Positive control airspace must be established wherever
the sgency has the capability to provide the service and where the
volune and tyne of traffic indicate that it is in the public interest
to provide it,

e ety
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Criteria for Implementation. Establishment criteria for positive

control airspace, consider factors of air .raffic density and closure -

speeds, among others. Each step in the lowering of APC will require
rule making action and each of these rule making actions will require
the publication of a notice of proposed rule making affording all
interecicd parties the opportunity to submit their views.

Bibliography.

(1) Federal Aviation Agency, AIKBORNE RADIO NAVIGATION AND COMMUNI-
CATIONS EQU.PMENT FOR GENERAL AVIATION AILRCRAFT, AND RELATED
CONSIDERATIONS, 1965-75, Advance Notice of Proposed Rule Making
(Docket No. 6606; Notice 65-9) April 23, 1965, 3pp.

(2) Federal Aviation Administration, POSITIVE CONTROL AREA, Notice
of Proposed Rule Making (Airspace Docket No. 67-WA-16) May 11,
1967, 2pp.

(3) Federal Aviation Administration, ORIENTATION OF A GOVERNMENT
RGULATORY AND ENFORCEMENT AGENCY FOR THE DECADE 1970-80, Paper
prepared by D. D. Thomas, Deputy Administrator, Federal Avi-
ation for use by Mr, Jerome Lederer, Director Manned Space Flight
Safety, National Aeronautics and Space Administration, June 5.

1968, 5pp.
2. Control Zones for All In nt A ches.

a. System Requirement. A need exists to establish control zones at air-
ports having approved instrument approach proceaures 1n order to
provide an adequate degree of safety betwee: aircraft executing
fostrument approaches and other, uncontrolled, aircraft.

b. System Description., Control zones are established to provide con-

trolled airspace at sirport locations having instrument arproach
proced ‘ves, Within control zones, all instrument flight rule (IFR)
aircraft are provided standard IFR separation. In addition, when
weather conditions are less than basic visual flight rule (VFR)
conditions, aircraft not on IFR flight plans require clearances prior
to entering or departing a control zone. Control zones are designated
in Federal Aviation Regulations, Part 71, and extend upward from the
surface of the earth, A control zone way include one or more airports .
and i{s normally & circular ares with a radius of five statute miles
and any extensions necessary to include instrument approach and
departure paths.
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System Goal. The goal is to establish control zones at all airports
having approved instrument approach procedures.

Criteria for Implementation. Control zones are established at air-
ports having instrument approach procedures if: (a) air/ground
communications exist down to the runway surface with aircrafi which
normally operate at the airport, and (b) weather observations are
taken and reported to air treffic control facilities. The criteria
for the establishment of control zones are contained in FAA Haadbook
7400,2, Procedures for Hendling Airspace Matters, Part 200,

Instrument approach procedures are established whenever a reasonable
need is shown, No minimum number of potential instrument approaches
is required but, in the case of public procedures, it must be “eoter-
mined that the designation would be beneficial to more than a single
user or interest., The criteria are contained in FAA Handbook $260,3,
United States Stendard for Terminal Instrument Procedures (TERPS).

(1) U.S. Congress, THE FEDERAL AVIATION ACT ur 1958, PUBLIC LAW
85-726, Washington, D, C., August 23, 1958, as amended (49 U.S.C.
1201 - 1541) Section 307(c).

(2) Federal Aviaticn Administration, PROCEDURES FOR HANDLING AIRSPACE
MATTERS, An FAA Handbook 7400.2, September 1, 1965, Ch. 1l thru
17, 108pp.

(3) Federal Aviation Administration, UNITED STATES STANDARD FOR
TERMINAL INSTRUMENT PROCEDURES. An FAA Handbook 8260.3, September
1966, 200pp &nd appendices.

3. High Densitv Terminal Area (HDTA) Airspace,

8.

System Requirement., A requirement exists for upgrading the safety of
operaticn in high density locations through the establishmeut of a
more standardized use of terminal airspace,

Today, even in the most congested terminal areas, flight operations

are comprised of a mixture of "FR and VFR (contrclled and uncontrolled)
traffic, In this mixture, some flights are separated by the ATC

system but frequerntly the pilot's ability (o "see &nd avoid” is the
primary tool for collision avoidance, When the speeds of today's
alrcratt and the ever increacing volume of trafiic are considered, it
becomes very apparent that the 'see and avold'" concept of tvaffic
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ssparation is obsolete in high density areas. This is foreefully

brought out in the Near Mid-Air Collision Study covering the first 6

months of 1968, There were 371 terminal area near-miss reports which

were considered as hazardous incidents. Most of these took place in

the airspace at or below 3,500’ AGL within 10 miles of an airport with .
a8 control tower. The majority invnlved aircrati in climb cr descent,

with one operating on an IFR flight plan and the other VFR an. very

good VFR weather existed in 957 of the situaticns. The report also

brings out that the highest frequency of terminal incidents occurs

generally in high density terminal areas.

System Description. 7To minimize reliance on the see and avoid concept
of traffic separation, and to eliminate "unknowns,' we are planning a
reorganization of the airspace structure so that aircraft operating to
and from the major airports are either segregated from all other air-
craft or provided with separation by the air traffic control system.
To accomplish this, we pian to establish special high dersity terminal
airspace ernvironments around major airports,

As envisioned at this time, the HDTA Airspace would be coufigured in
three tiers and have & top of 10,000 feet. The bottom tier generally
would coincide with the airport contrel zone and nave a radius of

five miles., The second tier would have a base of 2,200 feet (dropping
to 1,200 feet alunyg specified approach/departure corridors) and a
radius of 10 to 1> miles. The third, or top, tier would begin at
5,000 teet and extend up to 10,000 feet with a radius of 20 to 30
miies.

The designated airspace noreaily would be used only by aircraft
operating to and from the primary sirport. All terminal iraffic,
both VFR and I[FR, would then be contsined in an environment which is
totally controlled and from wiich unknown traffic would be eliminated
by regulation, All afrcraft entering this eavironment would be
operaied in accordance with sn ATC clearance, regardliecs of weather
cond{tions. Ingress/egress routes for the satellite, urcontrolled
airports in the area would be provides, where feasible, tc permit
aircraft to svold the designated airspace. The varying floors would
permit free movement of uncontroiled trafiic benesth the designated
ares.

Inftially, this high density terminal airspece environment would not
be true positive control afrspace. There would be no requiremenc for
the pilot to be wnstrument rated or for the sircraft to have a func-
tioning trangpouder. FEventuaily, however, fn acceraance with the
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svarall plen for expanding positive contrcl airspsace, this terminal
airspace environment would be designated terminal positive control
airspace. In addition, there would be positive control tubes of
transition airspace extending outward from the perimeter of the
terminal positive control airspace connecting the termingl airspace
with the overlying en route positive control area and positive control
airways.

Initially, the following requirements would be established for oper-
ation wicthir a designated HDTA:

Weather Minima: No VFR operations would be permitted at the
major hub airport unless the reported ceiling was at least 1,500
feet and the ground visibility at least 3 miles.

Aircraft Equipment: All aircraft operating to and from airports
within the HDTA would be equipped with a VOR receiver and have
the capability to communicate on specified control frequencies.
{(Following initi-1 implementation, it is anticipated that sll
aircraft would _so be required to be equipped with an operable
coded radar be.con transponder),.

Pilot Requiremeut: Pilots would need at least a private pilot's
certificate; no student pilots would be permitted at the
designated airports.

System Goal. The yoal is to establish HDTA Airspece at the tollowing
ma jor terminals by 1970:

(1} JFK International
{2) Lavuardia

(3) Newark

(4) Chicago v'Hare

%) Washington National
(6) Atlan.a

{7) Los Angeles

dy 1972, HDTA's should be established at all locations which meet the
criteria.

Criteria for Implementation, The HDTA Plan, as orig.nally developed,
was to allocat: airspace with more strict regimentation in major
terminal areas to provide the preatest protection t: the g..atast
number of peopls, The criteria for designation, therefore, was nased
on a combination of factcrs which considered the volume of people in
the airspace as well as the volume of aircraft. It is expected that

e
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locations would qualify on the criteria of 2.5 million annual enplan-
~d passengers, 100,000 &nnual itirerant operations, and 106,000 annual
instrument operations.

At any other airpor: whicn is classed as a large hub, but which does
not meet the above criteria, the airspace configuration would not
include the 5,000 - 10,000 foot tier.

T N
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CHAPTER 5. RESEARCH AND DEVELOPMEN:

System Requirement, The FAA Act of 1958 states that, ''the
Adninistrator shall develop, modify, test, and evaluate systems,
procedures, facilities, and devices, as well as define the perfor-
mance ciaracteristics taerof, to meet the needs for safe and effi-
clent navigation and traffic control of all civil and military
aviation except for those needs cof military agencies which are
peculiar to air warfare and nrimarily of military concern, and select
such systems, procedures, facilities and devices as will best serve
such needs and will promote maximum coordination of air traffic con-
trol and air defense systems.'

A r quirement exists to couduct & balanced research, development,
test, and evaluation program to modernize the air traffic control
system and develup those system solutions that will best meet the
i{nmediate and long renge needs,

System Descrintion,

(1) The FAA research and development effort is conducted under the

direction of the Associate Administrator for Development.
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FAA ADMINISTRATOR
Deputy Administrator

SSOCTIATE ADMINISTRATOK
FUR DEVELOPMENT

‘Director of program for develop-
ment ~f national airspace system
(NAS), development of aircraft,
procurenent, property management,
& Installation of ATC & AN
facilities,

-

.| ‘ I
TXCEAFT DEVETOERT TOGISTICS SERVICE SYSTEMS RESFARCH AND

SERVICE | DEVELOPMENT SERVICE
*New or improved civil *Programming ATC & bResearch, development &
aircraft & aircraft AN facilities engineering for NAS
equipment development ‘Material & service improvement
procurement pEngineering .riteris,
*Supply system standards & proacedures
management for NAS equipment
*Property-manage~ PRadio frequency -pectrum
ment & transpor- managemen.
tatiopn |

NATIONAL AIRSPACE SYSTEM
PROGRAM OFFICE

« Management of effort to
define & develop, acquire,
test, & inst&ll designated
NAS ATC subsystem program
elements on & timely basis.

&
3




et ]

g

BOOK 1 I1I-55

3 1/27/69

:

[ g

i (2) Test and Evaluation Support for the Research and Development

i effort {8 provided by the National Aviation Facilities Experimen-

14 . tal Center (Atla..tic City, N. J.) and the Aeronautical Center

g (Oklahoma City, Okla.). §

(FAA ADMINISTRATOR 4
| Deputy Administrator i

1 L
AERONAUTICAL CENTER NATIONAL AVIATION FACILITIES

EXPERIMENTAL CENTER

* General training operations

+ Aircraft fleet maintenance * Test and evaluation
& modification supporting research &
+ Aeromedical research & medical development activities :
certificstes * Alrcraft fleet maintenance 5
* FS technical studies & airman
examinations

Aircraft & airman records

| (3) The FAA rerearch and development plan {s (organized under the

. headings) of: (1) air traffic control, (2) navigation, (3)
aviation weather, (4) aircraft safety, and (5) aviation medicine.
It is further divided into three categories, (a) In-Service
Improvements, {(b) System Modernization, (c¢) Long Range Research.

TR

¢ (4) In-Service Improvements, This category of the Air Traffic Con-
: trol activity is oriented toward maintaining the current oper-
ating system at maximum possible efficiency, relieving fomediate
and recurring fileld problems, and facilitating an orderly

! transition from the current system *. & modernized system to
. satisfy increasing demands of ai-ways users. i

{5) System Mcdernization. Witl.". this category, emphasis is placed {
on efforts to expedite development and implementation of an i
automated air traffic cingr¢l syvstem, Modernization of air
traffic control components of the nati nal aviation system will
be accomplished through development of improvements to facilitfies,
equipment, techniques and procedures.
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(6) Long Range R&D. Within this category of the ATC activity, pro- .
grams stress the need for study of advanced procedures,
techniques and concepts applicable to the National Afrspace
System and to analysis of all facets of aviation or of techno-
logical breakthroughs t. assess potential impact on Air Traffic
Control in the post-1975 tiwe period.

c. System Goal. The immediate goal is to achieve modernization of the
National Airspace System through improvements in facilities, equip-
ment, tec.alques, concepts, and procedures.

The establishment of realistic goals, however, must take acccunt of
constraints imposed by current state-of-the-art in technology, funds
made available, and judgment of the Congress and the public. There
mugt be a8 high order of consistency between FAA responsibilities as
prescribed by law and the goals established to meet these responsi-
bilitjes., 'fhe requirement for safety in transit of the airspace leads
to a goal of maintaining spatial segregation Letween controlled and
uncontrolled aircraft. Another goal is to seek the optimum balance
of ground based facilities and airborne equipment. Associated wlith
this goal 18 the related one to provide the required service at
minimum cost. It is important to recognize that these goals as well
as others must be r~flected in the system design and the research,
development and imp.ementation plans to fulfill the design.

d. Criteria for Implementation. The FAA research and development pro-

gigm 19 conducted in resaponse to formal statements of requirements
! submi? ed by all elements of the FAA and oublic or orivate sources
vith an interest {n aviation, The Associate Administracor for
Programs maintains a revisalble Register of Requirements.

Statements of major requirements are prepared in the form cof an FAAR
(Feder:l Aviation Administration Requirement). Minor requirements
are stated on form 9550-1 (Request for Research, Development,
Engineering Eff rt not affecting the NAS Register of Requirementa).

The basic written document, prescribing the work to be performed, is
called a subprogram or Schedule I. The subprogram contains & state-
meat of requirement, description of effort, project responsibility,
manager, and & achedule of time and costs,

Subprograms are reviewed continuously to validate the regquirement and
ensure successful prosecution of the work effort. Support from NAFEC
is obtained by the preparation of a project Schedule II which repre-
sents an agreement between SRDS and NAFEC to provide test and
evaluation sssistance,
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Support is also obtained for the subprograms through contracts with
qualified firms, universities, &a.d oiher government agencies.
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PART IV - AIR NAVIGATION

WA Y

A

INTRODUCTION i

%

1., Reguirement - General. [
The agency has & statutory responsibility to provide (develop, procure, E
install, and operate) within the limits of appropriations by Congress é

e system of grourd based navaids, These facilities will enhance the
safe and efficient utilization of airspace and the effectiveness of
alr traffic control by making available to pilots and controllers an
electronic envirorment of common references for position reporting,
routes of flight, departure and landing guidance under all types of
veather and ground siting conditions. Present agency policles call
for extending these services toc new airspace segments, airports, and
runways as justified by Increasing traffic and for improving safety :
and relisbility of operation. Inherent technical limitztione of
existing ravaids inhibit long term dependence on current technology
to meet future service needs. Long range agency requirements include
the investigation of advances in technology for the purpose of '
selecting alternate or replacement systems in order to improve the 3
quality, effectiveness, and reliability of naveld services to
alrsprace users.

B e O At AR gl
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2. Criteris - General.

MR e O T e

a. Quantitative (traffic density, climatology, etc.) where ¢
: applicable, i

b, Justificstion or rationale - peculiar siting conditions, alrport
configuration, aircraft types (Jets, STOL).

Current sgency planning standards provide & rationsl hasis for
Justifying the sddition of navalds through use of traffic counts
and/or weather conditions. Future changes in implementation
criteria will te required to accommodate new uircraft types and
increasing demands for improved regularity of service at smaller

3 alirports.
. Upgrading of fecility performance, such ss installetion of more
corplex 1LY antenne systems for permitting sale operation under

R
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lower weather minima, will be predicated on traffic counts.

Improvements of enroute navaids are Jjustified as "system require-
ments"” rather than individuel facilities because of external
influences (buildings, power lines, etc.).

Justification for exploration of new technigues required to meet
changing facility environment are determined by net effects on users,
i.e., operational restrictions due to uncontrolled btuilding activities
in the vicinity of navaids.

Development of new systems for meeting new operational needs resulting
from introduction of sircraft with differe-t performance profiles and
for replacement systems is based on ;ost/effectiveness considerations,
ageccy/industry agreements, safety aspects and traffic capacity
deficiencies.

e See
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CHAPTER 1. ENRCUTE NAVIGATION AIDS

1. YVORTAC.

8. System Requirement. All-weather navigation guidance of aircraft
requires a system of reference signals to determine bearing and
distance from fixed points on the ground. Such navaids are re- ¥
quired in number and location to meet operationsl requirements of i
airspace users in order to permit aircraft to execute selected
flight plens and to comply with directions of traffic controllers.

ik v

There is a need to !mprove the performance quality of VORTAC
facilities through the lmplementation of Iin-service improvements
to signal generation, monitoring and radiating components,
replacement of older vacuum tube equipments with solid state
counterparts and other "state of the art" programs. There is

a8 reguirement to continually reassess the distribution of VOR-
TAC facilitles in order to determine needs for relocation to

meet projected traffic loads, eliminstion of redundant facilities
and establishment of new faclilitiles.

ol NS R

b, Systex Description. Principal types of short distance enrcute
aids installed and operated bty FAA are:

(1) VOR. This facility operates in the 108118 MHz band and
provides azimuth Information from a fixed ground point,
Signal coverage > VOR and TACAN =zre limited to line of
sight distance:z and are alsc affected by interference due
to the necessity of repeating use of frequencies., Careful
; selection of sites is required ror proper operation of
! standard VOF equipments. Where suitable sites are not ‘
: available in s locality where a facility is urgently needed, i
speciasl radiating systems such as those vased on Doppler
principles are avallatle, Myst VWOR facilities are also
provided with voice modulation in order to transmit weather
tros 'casts and replies to s&ircraft calls,

R ——
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TACAN. This is a pulsed navigation system which operstes
in the $00-1200 MHz tand and provides both azimuth end dis-
tance Information., TACAN azimuth information with ranke
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£nd accuracy comparable to VOR is utilized mainly by military
services., TACAN distance information is also utilized by civil
aircraft in conjunction with VOR azimuth.

(3) WORTAC. 4 wuigh percent.ge -f VOF nd TACAN facilities are
co-located to provide s coumon reierence for navigation in-
formation, and the combined facility is designated as a
VORTAC.

() YOT. This is a radiated test signal source for verifying
accuracy of airborne VOR equipment,

System Goal. The goal of the agency is to provide a shovt range
navigaticn syctem adequate to meet the operational requirements
of alrspace users, and to meet agency criteria. Current plens in-
clude selective application of in-service improvements to facili-
ties with performance deficiencies. Among these sare modified
VOR antemns systems such as Doppler and vertical stacked arrays
which are less sensitive to uncontrolled construction or vegeta-
tion growth in critical zones. Facilities will be relocated when
necessary due to expirstion of land leases, to provide coverage
of new airway segrents serving newly constructed airports, or to
accommodate new traffic procedures, VOT facilities will be pro-
vided at iirports with significant aviation activities,

Criteria for Implementation. The VOR/VORTAC faciliiles comprise
the primary U, S, system for short ranke navigation, isting
airvays and existing or programmed VOR/VORTAC'es satisfy mrst of
the current and foreseeable coverage requirements. IFR navigation
capabilities 1 *ween existing enroute structures and candidate
terminals will bte provide’ when the termiral has more than 200
anmial instrupent approaches, 1825 or more passenger originations,
or &b active military base which reguires enroute navigation
facilities to accomplish its mise on or to provide safety.

Additione, deletions, or modifications to the existing facility
inventory will bte justified on an individual facility tasis as
follows:

(1) Where radiation patterns are being distorted by uncontrolled
construction subsequent to estublisiment of a facility, and
continuation of service due to strategic site locatior is
egsential for treffic handling procedures, modified antermns
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arrays such as Doppler or vertical stacked elements will
be utilized to nermit coniinuation of service,

(2) where land leases are scheduled to expire and condew.ation
of real property 1s not feasivle or appropriate, facilities
wlll be relccated to suitable alternate sites.

(3) Where VOR facil ties .re utilized entirely for civil traffic,
they will be equipr._d with IME in lieu of TACAN.

VOT criteria: Where airports have 50,000 or more annual
itinerant ope-ations, 1if certified VOR ground checkpoints are
not available or capable of being established,

Bibliography., !

(1) Federal Aviation Agency, AIRWAY PLANNING STANDARD
NUMBER ONE - TERMINAL AIR NAVIGATION FACILITZES AND
AIR TRAFFIC CONTROL SERVICES, FAA Handbook 7031.2,
"ashington, D, C, , May 1965, 19 pp.

(2) Federal Aviation Agency, AIRWAY PLANNING STANDARD
NUMBER TWO - AIR TRAFFIC CONTROL, FAA Handbook
7031.3, Washington, 2, C., July 1965, 9 pp.

(3) rederal Aviation Agency, Systems Research and
Development Service, VORTAC PERFORMANCE IN A SNOW
AND ICE ENVIRONMENT, SRDS Report No. RD-68-3,
February 196, prepared by Scanwell Laboratories,
138 pp.

2. Precision VOR (PVOR).

a,

System Requirement. Due to increased wvolumes of traffic in
congested airspace segments, there are re julrements to desig.ute '
additiornal routes which in turn demand greater accuracy ot
aziputh information than thet presently avsilable from existing
enroute navaids., The standard VOR design sllowe & maximur
course errcr of *+ 2,5 degrees for commissioning, while alrborne
coulpment and pilot preoficiency contribute additional elemeits
21 error vwhich sre governing factors in determining curreut
standards for separation of Jdesignated alrways. Tn order to
acl.ieve substantlal reductions in spacing of airways, ground
facility course errors must te minimized consideratbly, to the
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order of t+ 0,5 degrees, with comparable irprovements .n alrborne
system accuracy

System Description, FAA nas developed & modiried VOE design which
retains competinility with the existing inventor. >f enroute

g facilities as far as reception bty conventionasl airtcrne recelivers
ot is concerned, but in wuddition provides higher sccuracy course

information wher received b, sultabl, designed or modified

2§ sirborre equipment ¥> provide s many-told improverment in course
! accuracy., This is accomplished t.raub. the addition of special
3 : modulation signals snd the use _f rerture transmitting

: antenna array similar to Dopp! r facilities, The resulting

@ ) precision VOX (PVOR) facilit:. is ilur to the Doppler VOR in

being essentinlly lndepe“&ent or urt ing influences from
surrounding refiection surraces w le rrovidl 15 the capability
o : of greater signal wceurace. Thuon Is vossitle with tie conventional
: Doppler Jacility.

g
aig
G2
i

| System Gual, The agency goxl is *. rrovide electronic
) additional trarffi:. routes in ureas of and in
traffic and to enuk*e vilots 1o execute e fl
with 1ittle or no tervention on the rad
trollers. These . »w routes will incre cupaci
. airspace segmen . ..d Loprove oversll monugement of

Criterion for IL'J epentation, 0B facd
K along high densit, route segrments o
-4 nevigation buluanke where traftic demul.as exceed the
. available routes tased or oconvent!

[t [OIY
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facilities or types of facilities will te installed es necessary

to supplement the existing inventorv of VORTAC stations, particularly
to provide adequate traunsition to terminal navaids serving special
landing sreas for such aircraft.

b. System Description. At present there are no specific documented
requirements for V/STOL enroute nevigation which cannot be met
with existing or specially -<ited conventicnal enroute navaids,

c. Goal, The cgency goal is the establishment cf a short range
navigation systex which meets the operational requirements of
airspace users utilizing V/STOL vehicles,

d, Criteria, No criteria have yet been determined for special enroute
navaids to serve the needs cf V/STOL operators.

e, Bivliography.
Tederal Aviation Agency, Systers Research and Develomment Service,

VORTAC ERROR ANALYSIS :OR KELICOPTER NAVIGATION, NYC AIREA, SRDS
Report RD-66-46, July 1366, Atlantic City, N, J., 35 pp.

4, Aree Navigation.

8. Systez Reguirement, There is & rec.iirement to provide grester
flexitility in estebllshment of flight routes, Quality of existing
navaids and airtorne qu‘pmert rust te izrroved to provide pilots
with capabilities for unaseisted ‘area navigation” cver a variety
of routes ard traffic patterns which are not dependent on exact

ocations of ground facilities,

ex escrirtion,

[ (K Y

wosgenc: will contimie to encouruge Eevelo“”ent und
Lol alrborne equiyoest 7or oares navigation,
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Specific greund facllities which do not provide adequate cove: ge
or quality of radiated signals necessary for area navigation will
be 1dentified and corrective programs init.ated as appropriate.

d. ¢Criteris for Implementation, Specific VORTAC facilities will te
upgraded to provide adegquate signal coverage and navigational data
accuracy for area navigation applications. This will include
instellation of special raciating s;stems, facilit, relocation, and
elimination »>f cocurse irregularities,

e. Bibliography.

(1) Federal Aviation Agency, Cvstems Research and Development
Service, AREA COVERAGK DISFLAYS AND COURSE LINE COMPUTFR
EXPERIMENTATION, SRDS Report RD-53-117, Sctober 1965,
Atlantic City, . J., (Adams, Brandewie and Harter), Li pr.

alld

(2) Federal Aviation Agenc:, Systems Research and Developuert

pu
Service, STUDY OF PILCT ABILITY T FLY HOLDING PATTER™:

UTILIZING VARIOUS NAVIGATION TECHNIQUES, SRDS Report ii7 -0k,
February 1902, 4 lantic City, N, J,, (K. oo :isher, et ul7,

55 pp.

o OOMIUTFE, SRDE Report

<

d) Federsl Aviation Adminis*raiion, S.stems Resenrcn and Develop-
’ 5 3
ment Service, ANALYSIC ¢ VECTOS Aot
RD-€7-37, June 1.07, prepared Y Llectro Teohnical Analysis
Corporation, 128 py.

5. Future Concepts, Svoitems,

o

&, Jysiem Reguirement, Afr traffic growti trends require development of

new navigation concepts with greater uccuracy and utility than ~urrent
designs, IDue t:- the existing large capital investments in ground und
airtorne equipments ty the agency uand airspace users, and the lengtin
interrational coordination prucess involved in changeover to & new
navigation system, development of a new system should btegin ifmmedistely.
Future requirements for navigatiorn services bty uall classes of alrspace
users, the influence of navigation capatilities on air traffic control
aystex performalce, and specirum utllizatinn are congiderations which
new systems concepts must ac.ommodate,

b. System Description, Charmcteristics of the succeeding generution of

A

short range navelds sre not known at this time,

AL
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c. System Goal. The agency will identify future requirements for
enroute navald performance and their influerce on air traffic
. control effectiveness, and develop new navigation systems.
Operaticnal performance capebilities and economic aspects
from the standpoint of agency resources as well as airspace
user costs will te analyzed for candidate systems,

d. Criteria, Criteria for implementation of new types of short
distance nuvalds have not been developed,

6. Long Distance Navigation Aids.

8. System Requirement, There is s requirement for a long distance
navigation capability to provide service overwater and other arsas,
wvhere the short distance cepability cannot be provided with
sufficient accuracy and respons’veness to safety, and efficiently
serve the alr traffic control system and the operators of high
speed aircraft in both the domestic and ocverwater routes,

b. System Description, Long distance externally based navigation aids

are utilized to provide service overwater and other areas where

short distance ailds cannot be provided (1) for generasl navigation

service and/or (2) for navigation data for self-contained aids.

The external reference radlo revigatisn svstems may comprise of SO
Loran, Dectra, Consol, Tmegs, iwdio Beacon or Setellites although

the candiuates considered most promising for future international

standardization are Loran, Satellites or Imega redio navigatlon

sysTens,

A complementary relationshiy Is recognized ltetween the externally

tased long distance radioc aids and the self-contained alds such as
F

rrler and inertlal in the s.ster of nav! *ion and treffic control.
Y wever, the self-contal ned Toprler aud inertial navigatlon systems
are capsble of operational performance which indicates thai the
external referenced radic x;d ray le limited to perlodic updeting

-
or surveillsnce functions, Individusel operstors over certsin long
distunce routes may rels on celestia]l otseryntion und air date fo
nEVIZulion, =
. S.esten Gesl.  In Lend the Air CQoordinnting Cormittee, Jdocuments
- ._&.._.—-.-*-1-——
ACT U 10,1R and “’:l estatlisted tle goal of & single ne’lional

ard internst oual standard for ground resed radio aid which would

A gk
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be sultable for all users, including alr, surface and sub-surface,
It reccgnized the complementary relationship between ground-based
short distance, long distance and self-contained aids, and supported
implementetion of interim aids pending a single world-wide solutiom.

Another goal is to continue development and evaluation efforts towards
developing an optimum long distance navigation system.

Criteria, No criteris have been developsd for im ntation of
the long distance navigation systea,

Bibliography.

(1} Air Coordinsting Committee, AN CONF./L AGENT™A ITEM 9, LONG
DISTANCE NAVAIDS, ACC 58/91 ICAO DOC. &oo4.
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CHAPTER 2. TERMINAL NAVIGATION AIDS

1. Instrument Landing System (ILS).

a. System Requirements. There is a requirement to provide vertical
and lateral guidance to aircreft when approaching a runway for
landing under VFR and IFR weather conditions.

There is # need to ‘mprove the performence ard reliadility of ILS
and to incorporste eslectronic state-of-the-art techniques. In-
service imnrovements are required in the ILS localizer and glide
slope antenna systems to minimize site and weather effscts which
nov restrict operations at some locations. There is also a need
to develop fail-safe systems for Categories II and III operations.

b. System Description. The ILS is composed or a Localizer Glide
Slope and Marker Beac.zs. The localizer is an 2lectronic unit
wvhich transmits radio signals along the extended centerline of a
runway and which provides lateral guidence dats *o aircraft equipped
with appropriate airborne receivers. The glide slop” {8 a similar
unit except it transmits a signal which p.ovides vertical z.idance
data to the aircraft. The glide slope dats establishes guidance {or
8 flight peth normally between 2.5° and 3° with the horizcnatal.

Marke. beacons are clectronic units which transmit a vertic-l
signal to an airborne receiver which identilies psssage of the
aircraft over designated pcints along the flight patn. The
outer marker Is norma.ly located at the distance from tne runway
threshold where an aircraflt at the ‘nitisl aprroach altitude
would intercept the glide sicpe flight rath siznal. The middle
marker is located at a distance correspending teo the 200-feot
altitude pcint on the glide slioype.

On Categery IT instalietions, conly, there i5 alsc an inner marker
wocnted at a distance corresponding to the [X-Teot altitule

H B -1 1.3 I S
paint on the ~llde slope.

o light svatem and medium or high
Catesnry 1I cperations, RVR renterli.ne
required, These lignting a:ds are

o3 )
. ~ % =B ~ v et T oaen 3 b L1
lescrited under the section on Visual Alds.
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System Gosl. It is the goal of the agency to provide nonvisual
vertical and latersl guidance equipment for all runways in the
United States which meet asgency criteria.

Criteria for Implementation.

(1) At airports where scheduled air carrier orperations are conducted
on & sustained basis or at any general aviation airport which

oA a

records 700 or more annual instrument approaches, provided that:

(a) A comprehensive evaluation of the runway to be served by
the IIS indicates that the operations to be conducted will
be safe and type(s) of aircraft which will use, or are
forecast to use, the ILS can be accommodatedsafely on the
existing runway.

(v) High intensity runway lights (HIRL), or, if appropriate,
medium intensity runway lights (MIRL) are installed or
programmed. If runway visual range (RVR) equipment will
be used, HIRL must be installed or programmed.

(c) The approach light system installed shall be either thne
MALS /RATL, SSALS/RAIL, or ALS/SFL.

(d) At genersl a-iation airports, installation of the IL3
with approach lights will reduce landing minimums to a
300-foot Decision Height (DH) ana /o mire visibility
(300 DH/3/4) or lover sand & climatology study indicates
that the lower minimums will significantly reduce the
nunber of missed appreaches, diversions, cancellations,
ard delays.

(e} The ILS installed shall normelly have single electror ic
ejquipment unless a special study /justifies installat:ion
of dual electronic equipment. For an 1LS installed at
the primary air commerce airport{s) in & large hub area
on any runway which has 700 or more annual instrument
approaches, dual electronic equipment shall be considered
Justified. Normally, an ILS already cummissioned having
Aual electronic equipment shall ot be reduced to siugle
equimment uniess such reduction is ‘'ustified by & special
stuay.

“(’_ e -
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2. Termminal VHF Omnirange {TVOh).

a. oystom Requiremeot Iie TVOR o used fo provle gu dance o1
sircraft te or f“)m an airport Jurine low approaches to the fleld
aird and TE ther Jdown to QQJ-'oct relling

o oweather miulma Tor TVOR appreaches
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8 & rejuirement or ¢ ognort renge aavigation device to

b :ie tearing cuidance to aircerar™t at airports which are not
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Witk o not have cother suitsble navicat ion aids,
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System Description. The TVOR is an electrcnic transmitter which
provides bearing signals to aircraft equipped with suitable airboime
receivers. It is similar in construction and function to (e
standard VHF VOR except it is lower powered and i: shorter in range
coverage. The TVOR is often used as an enroute aid as well as an
aid for meking approaches to airports.

Systems Goal. It is the goal of tie agency to increase the
utilization of the a.rspace in pcor weather conditions by pr-vildirg
approach and landing guidance to airports wiich meet agenc, c¢riter s
but do not qualify for an IL3.

Criteria for Implementation. A g-neral aviation airport w.th «J0
or more annual in<trument aprroac ies or 1,825 or more schediled
annual passenger originations (e: recorded in validated coun s
acceptable tc th FAA) - a car idate ror tune following terminel
instrument approsch syster (si ;le equipme:nt) when the exis. ng
instrument approach prc-ecure snd sassociated navigationa® aids do
not provide landing minim. s of a hud-foot minimum decision aloitude
(MDA) and one-mile vis.b .t (400 MDA/Z) or be:‘er.

TVOR: A TS5 MHz marxer .e' :on may be ~onsidered at new o
existing TVOR locations p ovided an individual ‘*ustification
indicates that it is nece.sary in order to acunieve 400 MDA/l
minimums. A DME (single equipment) may 1isc be conaiderad

for new or existing TVOR lccations providied tnar an individudl
Justification indicates that it will provide more effic ent
handling of tmffic, or a reduction (. .ic sdverse e’fe 't of
obstructions on landing mind or an othervize tangitle
improvement in the IFR cagp - of the airpecrt. A TVOR

may be installed when:

1. An {nstrument &pproach procedure is uct pescille from
an adjacent VHF navigational aid.

2. The existing instrument apprcach procedure is vased ¢ an
L/MF navigational a‘d.

Lk

The adjacent VHF navigational aids would not jrovid
transition to & locsalizer.

Eibliqgraghx.

() Federal Aviation Agency, AIRWAY PLANNINC ST/ANDARD NUMHER ONE -
TERMINAL /IR WAVIGATION FACILITIES AND - "R TRAFFIC CONTEOL

SERVICES, FAA Handbook 7031.2, Washingtow, T. C., Mey 125, 1 pp.
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(2) Federal Aviation Administration, STAFF STUDY OF COSTS VS. :
BENEFITS OF AIRPORT APPROACH AIDS, Coordination Draft,
Washington, D.C., August 18, 1967, 57 pp.
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(3) Federal Aviation Agency, COMPARATIVE COST ANALYSIS OF
CONVENTIONAL AND MARK I ILS INSTALLED AT TYPICAL MAJOR AIR
TERMINAL AND TYPICAL LOW DENSITY AIRPORT, Memorandum Report,

Project No. 320-101-02R, wWashington, D,C, March 1967, 11 pp.

(4) Department of Transportation, REMARKS PRZPARED FOR ALAN S, RBOYD,
SECRETARY OF TRANSPORTATION, BEFORE TRE SENATE COMMERCE COM-

MITTEE, AVIATION SUBCOMMITTEE, Washington, D,C, June 18, 1968.

3.

Distance Measuring Equipment (DME).

a. System Requirement. In additicn to the DME requirement as an inte-
gral part of VORTAC facilities, there is a need to furnish distance
information to aircraft at airport approach facilities where marker
begcons are impractical, or where continuous distance from a fixed
reference point is required for the safe operation of aircraft,
Ther. 1s a need for DME at selected TVOR facilitles to provide for
& non-precision computed approach capability,

There is also a reguirement for precision DME

at ILS facilities for
Category III operations,

b. System Description. The process of measuring distance is initiated
by the generation of a pulsed signal (an interrogation) in the cor-
rect frequency and pulse spacings, they are accepted by the ground
transponder. It in turn generates the pulsed signal (reply) that is
radiated back te the airborne receiver. Distance is computed by

measuring the total time fer the round trip journey of the inter-
rogation and its reply,

VOR/DME can previde a completely new range of flexibility in approach
procedures for instrument approach capability at low density airports.
The desired glide slope for multiple or single runways can be com-
puted from altimetry and measured to a runway end. A course conmputer
in the aircraft can also be used o provide azimuth infor-ation re-
lated to the runway centerline as derived from a nearby VOR/IME.

L Although the precision aciieved by the VOR/DME is not lixely to be

E as great as a giide slope installation, the flexibility »f the

i arrangement may be sufficient justification to consider .ts use for
low density airports at or neagr an available VORTAC facili:iy,

System Goal. It is the goal of the agency to provide DME service
collocated with 1ILs at selected et airports and at smaller alrports
collocuted with TVOR where computed approach guidance is required for
the safe operation of aircraft.
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d. Criteria for Implementation.

(1) A IME (single equipment) may be installed with an ILS in lieu of
a marker beacon when significant operational benefits will result
from the use of this facility at locatiuns where geographical or
operational environment is such that no final approach fix can
be economically sited or transgition to the ILS cannot be made
using adjacent navigation aids and proccdures and operations
will be simplified.

(2) An ILS airport recording 1,400 or more annual inst-ument
approaches is a candidate for a DME facility when,

(a) Lower laniing minima will be authorized in accordance with
applicable agency instrument approach criteria; and,

(b) A climatology study indicates that the DME will provide a
significant reduction in the uumber of missed approaches,
cancellations or diversions; or,

{c) The DME will significantly expedite the flow of IFR air
traffic arriving and departing the airpert.

(3) 1ILS airports w.th between 70C and 1,399 anpual instrument
approaches may be considered for a E facility when an indi-
vidual location study indicates the DME will resu:t in a
sufficient number of additional completed approaches that is
commensurate with the cost of the facility.

(4) A IME (single equipment) may also be considered for new or
existing TVOR locations provided that an individual justifica-
tion indicutes that it will provide more efficient handling of
traffic, or a reduction of the adverse effect of obstructions on
landing minimums, or an otherwise tangible improvement in the
IFR capability of the airport.
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4, V/STOL Approach and Landing. ‘ :

a. System Requirement. The increased urbanization of the U,S. popula-
tion has created a need for V/STOL air service as part of the expand-
ing transportation system. Large metropolitan areas have the primary
requirement for this service. The continued population growth of
these areas and the accormpany traffic congesticn, together with a
high level of demand for air transportation, places a premiumn on
the provision of more convenient, timesaving, intrg urban-suburban X
ard short haul intercity air transportation,

If intercity V/STOL transportation is to be successful a high degree
of operational reliability is required. Heretofore, helicopters used
navigational facilities designed and sited for fixed-wing aircraft,
which could have a limiting effect in the future applications of heli-
copters for IFR operations, If V/STOL sircraft are to fulfill their
potential for operations into restricted landing sites, precision
approach and landing aids capable of providing IFR guidance into such
sites must be tailored to the unique flight characteristics of these
aircraft,

b. System Description. The V/Si.L apprcach and landing s, stem has not
yet been determined.

c. Systzm Goal. 1t is the goal of the agency te provide an all weather
aprroach system for V/3TOL aircraft to aid .a reducing the traffic
congestion at the larger air terminals and metropolitan centers. § i é

d., Criteria for Implementation., TImplementation criteria have not yet
been dewveloped.

e, Bibliography.

(1)  Department ~f Transportation, REMARKS PREPARED FOR ALAN 5. BOYD,
SECRETARY OF TRANSPORTATION, BEFORE THE SENATE COMMERCE C(M-
MITTEE. AVIATION SUBCOMMITTEE, wash ngton, G.C., June 18, 19563,

(2) Federal Aviaticn Agency, DEVELOPMENT PROJECT PLAN F(.L. V/STOL
APPRUACH AND LANDING SYSTEM, Federal Aviation Administration
System Requirvement 6750.2, March 15, 1967,

5. Area Navigaticn.

a. System Reguirement., Extensive use of radar vectors and close )
supervision by traffic controllers is currently necessary for L
insuring the safe execution of complex traffic patterns 1n high leusit:
ter=minal trattic areas. This tvpe of controller workload needs to
he rininized through rmplementation of area navigati.on by returning
the term:nal navigation capability t- the cockpit and allowing
controller workload to be directed toward radar menitoring and
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System Description. Area navigeticn is a concept oI navigation
baged op use of date from ground facilitles whose locstions do not
1i~ it the development of desired {lignht patterns. Tiis type of
ravigation is {lexible since iiew PL15ﬂt procedures can be designated
cr changes made without requiring cility lccations or modifi-
cations in either ground or a\rtor“e equipments. Area navigation
requires the use of airborne computer/displays for reducing
ngvigation signals from ground facilities nto guidance for the
pilot. Several forms of cnmputar and display eguipment have been
fabricated for this purpose

System Goal. The agency will continue to encourage development and
user implementation of airborne equipment for area navigation.

round facilities determined to need improvement, relocation, or
replacement to provide the guality of radiated signals necessary

for area navigation will be identified and corrective or development
programs initiated as appropriate.

Criteris for Implementation. The criteris for implementation or
improvement of ground facilities for area navigation has not yet
been determined.
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. isual Ailds.

a. System Requirement. There is a requir .ent to provide visusl
guidance of aircraft in lending and taking-off, and for surface
movements. They are needed for night operations, and for reduced
visibilities both day and night. The principal components are
approach lights, runway lights, and taxiway lights. Additional
components, such as touchdown zone and centerline lights, are
required for the much lower visibilities of Category II operations.

b. System Description. The visual aids used for terminal ne-"zation
comprise a unique system of special lights and painted markings
which provide primary guidance for pilots in VFR operations and
supplementary guldance when used in conjunction with non-visual
alds during IFR operaticns. The visual problems encountered by
pilots, and the lighting aids used for their solution include:

—

1) Locstion and identification of the airpert - alrport beacons.
(2) Runway acquis “ion and alignment - approach lights.

(3) Determination of correct glide angle and approach attitude = i
visual approach slope indicator (VASI).

{4) Tocation and identification of runway threshold - by means of
runway end identifier lights (REILS) and/or threshold lights.

(5) Determination of runway confines - runway edge lichts.
(6) Determinaticn of runway touchdown area - touchdown zene lights.

(7) Alignment, rollout, and takeoff guidance - runway centerline
lights.

(8) Taxiing guidance - taxiway turnoff and tax.way centerline lights,

. B B N Yeard steeng,

(9) Painted markings and stripes on runways, taxiwcys, and aprons
for visual guidance when lights are not used, or lights arc
not available.

(10) Provision of approach lighting in displaced threshold areas -
improved flush approach lighting.

e APPSO o ¥ T o e S
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yotem Goal. Generally, [t i thle pogl oD toe
ighting and marking for all 5 e
demands and requirements of salety are estaniisihed and which mcot
agency criteria. GSpecitically, it 18 an agency goal to provide or
cause to be provided by cthers an approach lighting system and

medium or high intensity runway edge lights for each runway that
qualifies for an instrument landing svstem (ILS). It is also an
agency goal to provide additional lighting system components such

as touchdown zone lights, runway centerline lights, and high speed
taxl exit Jlights, at each jet runway for which Categery IT opera. ~as

are planned.

1
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d. Criteria for Implementziicn.

(1) Approach Lights. An approach light system shall be installed
on each ILS equipped runway. The approach light system
installed chall be one of the follo ing:

(a) A Medium Intensity Approach Light System with Runway
Alignment Indicator Lights (MALS/RAIL) if Category D¥ or
larger aircraft are not forecast tc serve the airport
within five years.

(b) A Simplified Short Approech Light System with Runway
Alignment Indicator Lights (SSALS/RAIL) if Category D or
larger aircraft are forecast to serve the airport withi.
not less than three, nor more than five vears.

~—~
(2
(e

A standard Approach Light System with Sequenced Flashing
Lights (ALS/SFL) if the airport is served by Category D
or larger aircreit or such service is forecast within
three years.

{d) When more than one ILS is instclled at an airport, the
second approach light s;stem shall be a MALS/RAIL unless
a special study shows that a more sophisticated system
is required for the intended operation.

(2) Runway End Identification Lights (REIL). (No reduction ot IFR
visibility minimums is authorized solely for new RETL
installations.)

*as specified in the United States Standard for Teiminal Instrvument Procedures
(TERPS).

e
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(a) =stablisument - An airpert Is & cand iate for REIL when
the runway for which it is propcsew« hae lights, has 3,000
or more snnuel landings und & minim 1 sefety rating of
G0 as determined in s case by case anaiysis.

(3) Lighting Aids for Nonprecision Approach.

() A general aviation airport with & nonprecision approech
system installed or progremmed which records 300 cor more
annuel instrument approaches or 2,725 annual pessenger
originations 1s a candidate for a Medium Intensity Approach
Light System (MALS) provided “he installation will reduce
landing vieibility minimums.

(t) Alternatives:

A Simplified Short Approach Light System (SSALS) may
be considered in lieu of MALS when valid foracasts
indicate a reescnable probability that the airport
will qualify for an ILS within two years and scheduled
air carrier service using Category D or larger sir-
craft will be introduced within five yesrs.

It

jro

A Lead-In Lighting System (LDIN) me - be installed in
Jieu of MALS if the non-precision approach aid does
not permit s straight-in approach or operational
conditions require a curved flight path to a specific
runway .

(4) Yisual Approach Slope Indizator (VASI). (Ne reduction of IFR
visibility minimums is authorized for VASI installations.
Fxcept where unusual circumstances generate a requirement,

a runway which has a glide slope installed or programmed
is not eligible for any VASI installation.)

(a) Twelve-Box VAST

Establishment - A major airport at which Category D or

larger aircraft operations are ccnducted is a candidate
for a twelve-box VASI, when operationally required, for
a runway which has 5,000 or more annual landings and

2 minimum safety rating of 90 as determi~~d in a case-

by-case analysis.

4’.-5
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(b) Four-Box VASI

Establishment - An airport et which Catege~v A, B and o
aircraft, including jet operations are conducted, is a
candidate for a four-box VASI when operationally
required for a runway which has 5,000 or more annual
landings and & minimum safety rating of 90 as determined
in & case-by-case analysis.

(c) Tuo-Box uaS

Establisment - An airport at which no jet operations

are counducted is a candidste for a two-oox VASI when
operationally required for a lighted runway which has
5,000 or more annual landings an? o minimum safety rating
of 9C as determined in a case-by-case anaslysic.
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Federal Aviation Agency, AIRWAY PLANNING STANDARD NUMBET. ONE -
TERMINAL AIE NAVIGATION FACILITIES AND ATR TRAFFIC CONTROL
SERVICES, FAA Handbook 7031.2, Washington, D. C., Muy 19F5,
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Federal Aviaticon Administration, STAFF STUDY OF COSTS VS.
BENEFITS OF AIRPORT APPROACH AIDS, Coordination Draft,
Washington, D. C., August 18, 1967, <7 r¢.
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{e) AC 150/5340-15A - Taxiway .ighting System (Ncvember 1, 1967)

(£) aC 150/334u-10A - Medlum Iutensity Runway Lighting System
(December 19, 1967)

(g) AC 170-1 - Operation and Use of Approved Lights (ALS) and
Sequenced Flashing Lights (SFL) Systems (January 14, 1983)

{4) Federal Avistion Agency, AIRPORT LIGHTING, Technical Standard
Order TSO0-N24a. September 11, 19>¢

7. Yisibility Measuring Systems.

a.

System Requirement, Theie is a requirement for range of visibility
along the runway for authorized landing »f{ aivcrafc in poor weather
conditions. Also, slant rsngc visibility syitems ara needed for
Category II and III requirements to¢ provide a more precise measure-
ment of visibility as seen by the pilot while actually making sn
approach snd landing. Additional requirements that are necessary
in other ground maneuvering areas include visibility ecystems for
taxiways, heliports, etc.

System Description. Expressed in hundreds of feet, runway visual
range (RVR) capitalizes on the Increased guidan. which intense
runway lizhts gilve the pilet, It is determliued <idi a trans-
missometer system irstalled along an instrument runway. As the
runway iight setting is changed by tower personnel, the trans-
missometer's computer system, wired directly to the lighting coun-
trol, auvtomatically coaverts the readout to a value based on the new
light setting. Although a particular pilot may be able tc see
slightly more or less thana the indicated runway visual range, this
instrumentaily derived measurement is normally more representative
than an evaluatiov by eye based on visibility targets usually avail-
able,

Visibility measurements at alrporte are wmade visually Ly refereice
to the extent that cobjects on the ground of known distance away are
visibie and by more precise equipment known as RVR {Runway Visua'
Range). RVR readings are ob.ainei from a transmissometer system
which measures the visibility range along the runway taking into
account Lue effect of v’sual alds such as HIRL.
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Helicopter Visual Range (HVR) 1s a visibility value designed to
provide the helicopter pilot with an indication of the height at
which he can recognize specific landing reference points,

System Goal. It is the goal of the agency to provide RVR systems
for .och ILS runway (on ailrports serv d by a conirol tower) where
warrant.>? and to develop and implement visual range systems for
heliports and STOL-ports. It is also an agency goal to provide
instrumentation for determining visual range on taxiways supporting
Category III operations.

Criteria for Implementation

New criteria for RVR has not yet received Agency approval. RVR is
required on all designated or future planned Category II/III rum-
ways. Category I runways do not require RVR equipment unless a
special requirement exists to satisfy an operational need and it

is supported by a special climatology study. At those Category I
locations, where a special study incdicates that RVR is required,

it will b- necessary that a control tower and h.gh intensity runway
edge ligh*s are installed.

Bibliography.

(1) Federal aviation Agency, AN ANALYSIS OF RUNWAY VISUAL RANGE,
Report No. RD-66-100, prepared by Environmental Science Services
Administration, Weather Bureau, Decc.cor 1025, 120 pp.

(2) Federal Aviation Administration, EVALUATION OF MULTI-TRANS-
MISSOMETEK SYSTEMS, Report No. RD-68-49, prepared by Environ-
mental Science Services Administration, Weather Bureau, Augus.
1968, 192 pp.

(3) Federal Aviation Administration, VISUAL RANCI MEASUREMENTS,
Federal Aviation Administration Requirement 5335.1, October 27,

1967.
(4) Federal © . '~ “Irifnistration, HFL.IPORT LTGWTING AND MARKINT™,
Fedesu. me-aVi. ..omaligtration Requiremenc 5340.1, October 27,

1967.
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8. Future Concepts, Svstems.

a. System Requirement. There is a need to develop and implement a
replacement ILS. It is desired that this replacement system meet
the operational requirements regardless ~f eiting and weather con-
ditions. Also it is desired that the system be designed to meet
the total requirement range, from the smaller airport to the most
complex airport, by adding additional features through the 'building-
block" concept éesign.

b, System Description. The future system has not yet been detormined.

c. System Goal. It is the goal of the agency to provide precision
approach and landing guidance and control of aircraft in all weather
environments at those locations the:t qualify under agency criteria.
Alro, it 18 a goal to continually keep abreast of terminal area navi-
gation problems and to develop and implement fixes as required.

e v St st
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PART V - COMMUnICATIONS
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PART V - COMMUNICATIONS

INTRODUCTION

History has repeatelly shovn that the capability of any control system is

only as good as its internal and external communications capability. A con-
trol system by definition performs three basic functions which may be broadly
defined as: 1) the acquisition of information; 2) the organization of this
iuformation for a particular purpose; and 3) the dissemination of instructions
to bring about the desired opjeciive. The acquisition and dissemination of
information requires communications which may be cousidered external to the
heart of the system. In the alr traffic control (ATIC) system, this would
represent communications to aircraft, weather cffices, user offices, air-
ports, flight service stations, and all other lccations which supply infor
mation to or receive Informaticn from the ATC system. The organization of
this irformation to control alr traffic requires communications which may bhe
censidered internal to the system. In the ATC system this would represent
commun.cations between separate control facilities such as air route traifi
control centers (ARICCs) as well as between individuals and/or machines

within a control facilit. suca as an ARTC{, FS5, or confrcl tower,

It must be reccgnized that the more sophisticated and comp! he ov 1 oatd
systenm beccmes, the more sophisticated and complex the supporting compunic
tions system becomes. A fundamental reason for {rcreasing <vstem sophisrtica-
tion is the {ucressing densivy of eircratt in g particuiar volume of afrspace.
Failure ¢f the co trol process can have a serious eifect on both the satety
11

and efftel nev of the svsten. A fal'ure of the communications svetem wi

2 ¢

result in some degree of failure to the controd

trol svstedn failure will o

The degree of con-

course be devendent upeon the nature aad extent of
H 1

compualvations svstems taitlure and the aiternate control procedures. A

tailure of a4 weatter input clrcuit mav have Little imnediate etfect on the
Sotlure of o AYG radie cdreadit could have a severe

ot

- - - 3 i}
control svsten while
i supyorting AT s

1
lopact on the ATO svster, e commuanications svst

is an intepral part ot the Al svstenm, and muast bo destened with the same

deatee OMf regadoiaity

Wiiie the overall pertormance of the communicitions svsten s not o bisita-
tion an the A ' ronautical services at o the present time, there G
several areas in the communications svster s working ot or abese noere
mal o capavity or fw opareingl in terms of reliacilitvrvedundanove Wioth the

] 1 1

continued aviatics crowih and {oplementation of varoate and terminal asto-
matica there are several areas in which the communicaticos vstem would

3 . vl Y 1N oy e s ORI Dyery 4w T U SO B
bocome wrossivoinadeguate o wxosvasten modernization Ds dohiteved.
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The various areas or subsystems of the ATC and aeronautical services systems
such as alr/ground, peint-to-point data, and voice reccrding are analyzed in
che following paragraphs. Where the functions differ significantly because
>f type of facility (d.e., air/ground communications as related tc ATCTs vs. .
ART(CCs) the differonces are identified.

One of the most acute probiems developing in the air/ground subsystem is fre-
quency congestion. At the present time, in the normal case, every ATC func-
tion in every airspace segment requires the assignment of a discrete VEF
frequency and, where apvropriate, a UHF frequency. Thus the additicn of a
new facility such as an apprcach control, or the addition of an airspace seg-
ment such as a new sector, requires the addition of one or more discrete fr
quencies. The availability or channels 1g now acute irn the northeastern and
far western areas of the United States. In such areas it has not normally
veen possible to provide preferred interference protection and, in some cases,
assignmencs can oanly be made by severe dercogation of criteris. It is antici-
pated that this condition will not improve and that 50 kHz, 360 channel air-
craft receivers are only capable of providine partial relief.

]

Another acute problem developing in the air/ground subsystem results from the
changing nature of message content handled by the system. With the continued
expansion and increase of traffic in controlled airspace, the percentage of
routine communications, such as position reports, will continue to decline and
the percentage of control instructions such as open-end vectors can be expected
to increase. Furthermore, decreased lateral separation in the radar environ-
ment increases the urgency to achieve high reliability and im~~dia:cy of commu-
.w.cations access. Air/ground communications are. therefore, becoming
increasingly critical to safety and efficiency in the contrel system which,

in turn, demends higner levels of reliability in the air/ground system than
now exists--particularly in high density areas.

An area of concern in the air/ground subsystem is the communications workload
impcsed on the pilot and the controller. The pilot is more affected because
the number of frequency changes per flight will increase as airspace is
divided or add®ional functions are added to existing airspace segments. The
controller has been less affected because such divisions and additions have
usually been accompanied by an addition of control positicns. However, con-
troller workload is already known to be a limiting factor on channel utiliza-
tion so that controller workload is increasingly becoming a matter of concern.

There are several other problems regarding the air/ground communications sub-
system which are geographically distinctive. These problems involve the pro-
vision of air/ground communicatfons in oceanic and sparsely pepulated land
mass areas. The first is the state of Alaska, where the relative importance
cf air transportation is very high 'e tc the lack of highway and rail net-
works. The same geographic and cli. .tic conditions that inhibit building of
«lequete highway and rail networks make it very difficult and costly to build
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and operate an adeguate air/zround communications network, and increase the
impertance of air/ground communications as a matter of safety. The second
provlem is the provision of communications in internazional airspace typified
by large oceanic areas. Where there is a lack of suitably located land,
elther long-range land-~based ccmmunication techniques or artificial space or
ocean surface platforms must be used to base other techniques. Although the
existing land-based high frequency (HF) system is adequate at the present
time in terms of safety, it is not adequate in terms of the reiiability and
quality required to accommodate traffic gzrowth in international airspace. It
is also recognized that HF radio cannct provide good guality direct pilot to
controller coumunicaticns which are required by the ATIC system. Present
international traffic estimates show that treific movement in some areas will
have to be penalized to maintain safety in about filve to six years. In the
event survelllance, or position fixing capability, were provided to permit
continued reduction in separation standards, such reduction would necessitate
the concurrent or earlier provision of more reliable air/ground communications.

A final problem is the cost of providing and maintaining the air/ground sub-
system. If current techniques are ~ed to expand the capacity of the existing
system and provide the required reliability, the cost of the subsystem will
soar. Fortunately, new techniques such as the use of solid state devices and
an integrated system design can be expected to minimize any cost increases
while significantly improving the system effectiveness.

In the discussion which fcllows, communications is treated as an independent
subsystem, Obviously there is considereble interface between communications
and air traffic control. Therefore, parts of this discussion overlap portions
of the chapters on air traffic contrel.

TR i A
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CHAPTER 1. ATR/GROUND COMMUNICATIONS

1. Discrete Aircraft Frequencv Concept.

a. System Requirement. The increasing volume and speed of aircraft
demand that .2 improved communication system be devised to reduce the
communicaticn burden on both the pilot and the contrcller in order ¢o
maintain the present standards of safety and efficiency.

Izmmediate effort is required to ensure that th= most efficient and
effective communications system will evolve to meet projected require-
ments of the National Airspace System (NAS) and aircraft types and
traffic volumes of the future.

b, System Description. There is no agency approved system that will meet
the total system requirement.

¢. System Goal. The goal is to provide a system which will reduce the
controller communications workload by eliminating the need for fre-
quency change messages and will reduce the air crew workload by elimi-
nating the need to make frequency changes in the aircraft.

d. Criteria for Implementation. Not yet developed.

e. DBibliography.

(1) Federal Aviation Administration, FUTURE VOICE COMMUNICATION
SYSTEM, System Requirement FAAR 7310.3, Washington, D.C.,
October 1, 1968

2. Air/Ground Backup System. s

a. System Requirement. The control of air traffic requires a continuous
communications capability between controller and aircraft. The
assurance of reliable air/ground (A/G) communications require that
provisions be mad~« for continued operation in the event of failure of
the primary communications path. The most feasible provisions for
reliability is a backup system utilizing completely redundant equip-
ment operating over an assuredly redundant and geographically separated
communications path. The early implementation of this backup system
is necessary to remove the hazard potential caused by the loss of por-
tions of the present A/G communications service.

b. System Description. There is no agency approved system to meet the
system requirement.
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System Goal. The system goal is to provide redundent ground based
air/ground channels to back up each RCAG facility should it experi-
ence a total failure,

Criteria for Implementation. A sufficient number of remote trans-
ceivers must be provided within the coverage volume of each RCAG so
that redundant coverage is provided without reducing the capacity for
simultaneous communications that exists at the RCAG facility.

Bibliography.
(1) Federal Aviation Administration, FUTURE VOICE COMMUNICATION

SYSTEMS, System Requirement FAAR 7310.3, Washingtomn, D. C.,
October 1, 1958

Iraific Control Air/Ground Communications In-service Improvements.

System Requirement. To meet the increasing demand for air/ground
commun’ :;ation caused by the increase in air craffic it is necessary

to modify, expand, and rearrvange equipments that make up the in-place
air/ground communication system,

System Descripticn, Air/ground communications are provided by a net-
work of radio transmitters and receivers located in such a way that
line~of~site communications can be maintained with aircraft at speci-
fied altitudes and over specified geogranhical areas.

System Goal. The system goal is to provide communicatlion between
controllers and any aircraft in coantrolled airspace with as near to
1006% reliability as is economicallv feasible.

Criteria for Implementation. Air/ground facilities are established,
changed, or modified on 2 case-by-case basis in a continuing etfort

to provide radio ~overage to meet changes in air traffic flow and to
increase the system reliability.

Bibliography.

(1) Federal Aviation Administration, FACILITY OPERATION, FAA
Handbook 7230.1, April 1, 1967, Washington, D. C.

(2) Federal Aviaiion Administrationm, PROVISION, USE, AND FREQUENCY
ASSIGNMENT OF VHF AND (HF AIR--GROUND COMMUNICATIONS BY AIR
TRAFFIC CONTROL FACILITIES, Agency Order 7031.1, Washington,
b. C.
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(3) PFedersl Aviation Administration, AIRWAYS PLANNING STANDARL NO. 2,
AIR ROUTE TRAFFIC CONTROL, FAA Handbook 7(33.3, Washingten, D. C.,
July 2, 1965, 14 pp.

4, Flight Service Stationm Air/Ground Communication In-service Improvements.

a.

Co

e,

System Requirement. There is a requivement for the exchange of
in-flight reports, advisories, and other communicaiions essential te
the safe and efflclent conduct of ..ight operatioms in sddition to
those requirements for traffic control purposes.

System Description. The air/ground communication system is compcsed
of approximately 1800 radio transmitters and receivers located at 391
flight service stations, and at 5!9 associated remote communication
outlets,

System Goal. The goal of the flight service station air/ground com-
munication system is to provide reliable communications between the
station and aircraft.

Criteria for Implementation. Flight service stations and remote com-
munications outlets are established, changed, or medified on a case~
by-case basis in a continuing effort to provide adequate sarvice £o
the flying public.

Bibliography. None.
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CHAPTER 2. VOICE COMMUNICATIONS

: 1. Electronic Voive Swirching System.

a., Syaten Reguirement. With the forecast increase in air traffic, the
increased communication burden placed upon the air traffic controller
muzt be 42 small as modern technology permits to maintain current
standards of safety. With the continuing implementation of automation
in air traffic control, there 1s a requirement that the communication
gystem provide equivalent flexibility and rel 1bility equivalent
to that provided in the automated air traffic control sysatem.

b. System Description. There is no approved agency system which meets
this total reguirement.

c. System Geal. The system design and organization must minimize rhe §
controller's effort and attention devoted to communication and will be :
degigned for high reliability and operational flexibility.

d. Criteria for Implementation. The EVS system will be implemented in
all ARTCCs and most TRACONs when development is completed,

e. Bibliography.

. (1) TFederal Aviation Administration, OPERATIONAL REQUIREMENTS FOR NAS
; STAGE A ENROUTE, Appendix III, revised February 21, 1966,
Washingtown, D. C.

{2) Federal Aviation Administrat on, PROVIDE A VOICE COMMUNICATIONS
SYSTEM {R&DIC AND INTERPHONE) FOR NAS STAGE A ENROUTE CENTERS,
FAAR 7320. ., Washington, D. €., June 6, 1966

2, FSS Communication Switching Svstem.

a, System Reguirement. Projections of the population of the General
Aviation Fleet including long-range jet business aircraft and air taxi
alrcraft indicate that the presert commun!cation switching system will
have to be expanded. Since the present system is technologically
obsolete, there 1s a requirement to provide a new systes for the
expansion.

o e Rt o, WP £ OMT ek

b, System Description. There 1is no agency approved system that will meet
the system requirement.
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System Goal. The goal of this effort is to increase the operation:il
effectiveness and cost effectiveoness of FSS communications by the
application of modern technology and system engineering.

Criteris for Implementation. Not yet developed.

Bibliography. None,

3. Voice Recorders.

a.

System Requirement. In order to maintaln accurate records for the
purpose of the investigation of accidents and malfunctions of the air
traffic control system, each facility records all air traffic control
voice communications that are transmitted by electrical means. In
the event of a recorder channel failure at a position, operational
procedures require that the controller keep a written log of all ATC
clearances. Each controller must be provided with a discrete
rccorder channel. In view of the fact that the air traffic control
facilities are expanding at a rapid rate and that the present
recorders are technologically obsclete and expensive (Lo wmaintain,
there is a requirement to provide more efficient voice recorders for
ATC facilities,

System Description. Kecorders of two capacities are planned for
implementation during the next 10 years. One is a five-channel cart-
ridge recorder which can record 24 hours without a tape change. This
agency approved recorder 1Is intended for Aivts and ¥S5Ss. The other
is a high capacity iecorder which is intended for use in facilities
regquiring over 20 channels. There is no agency approved system tou
meet the latter requirement.

System Goal, The goal of the present recorder program is to reduce
che overall cost of recording when considering equlpment cost, instal
lation, maintenance, logistics, and tape har 'ling over a l5-year ' .e
period.

Criteria for Implementation. One recorder channel is provided for
2ach ATC position in a facility. One chansnel of each recording tape

i3 reserved to record time, Each facility is p.ovided with a play- .
back unit.
Bibliography. .

(1) Federal Aviation Administration, FACILITY OPERATION, FAA
Handbook 7230.1, tashington, D. C., April 1, 1967
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4. Voice Communications Switching In-service Improvements.

a2, Sysiem Requirement. To meet the increasing demand for voice communi-
catior; switching caused by the increase in air traffic, it 13 neces~
sary to modify, expand, and rearrange equipments that make up the
in-place volce communication switching system,

b. Systew Description. The pgresent system consiats of a radio channel
section subsystem, an RCAG cwuntrol subsystem, a recorder channel mix- 2R Y
ing subsystem, a maintenance communicacion subsystem, an intercom T g
subsystem, and an interphone subsystem. The latter twc subsystems R
are combined and leased from common carriers. SRS

c. System Goal. The gosl of this effort is to continue the current sys-
tem with mincr fimprovement, to maintain or increase its operational
effectivenzss as operaticnal requirements change, and to expand the
system capacity as requirements increase,

d. Criteria for Implementation. Implementation is determined by & case- : SRR
by~case study. o "ﬂ

e, Bibliography. None.
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CHAPTER 3.

DATA COMMUNICATIONS

1. Data Transmission Systems.

a. System Requirement. The basic design of the National Airspace System
is predicated on providing to the aviation community automated air
traffic control services from take-off to landing at all ATC facili-
tiee, terminal and enroute, where automation is warranted. The pres-
ent policy for automation of ATC services requires all such facilities
be interconnected with medium-or-high-speed data transmission links,
Timely development activities are required to provide hardware for
implementation with programs planned for enroute and terminal.

System Deacription. There is no agency approved system that will meet
the total system requirement,

System Goal. Firm operational requirements have rot been defined for
Larviw-band digital data transmission to be implemented between ter-
minal radar (ASR) sites and the associated automated TRACON facilities
located at airports in high activity terminal areas. Preliminary
studies and analysis indicate, however, a data transmission rate of

at least 20,000 BPS will be required. Tests will be conducted to
determine maximum data rate achievable over voice bandwidth channel
with present state-of-the-art modems that will meet ocur reliability
requirements. The same techniques will also be applicable for certain

; enroute facilities which will require a higher data transfer rate at a
later date.

; d. Criteria for Implementation. This system will be utilized where the

required data rate to be transmitted exceeds that provided by current
systems,

vttt QIR w Aot i . 8. A s P

Bibliography.

, : (1) Federal Aviation Agency, PRINCIPLE OF DIGITIZING AND NARROW BAND
j : REMOTING OF RADAT AND RADAR BEACON INFORMATION, Washington, D.C.,
: September 2, 1964

Federal Aviation Administration, SYSTFM DESCRIPTIQON, NAS ENROUTE
STAGE A, Co~munication Subsystem, Section 3.7, Washington, D.C.,
May 30, 1968

i { Federal Aviation Administration S-~cification FAA-TD/S-170-801
| dated December 15, 1967, System Technical Nescription and
Specification for Modularly Expandable ARTS III Beacon Tracking

Level Systems; Data Acquisition Subsystem - Remote Configuration,
Section 3.7.1.2
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(4) System Descriptlon, National Airspac System, En Route Stage A
dated May 30, 1968; Communications Subsystem, :ection 3.7

Cost Broadband Radar Remcting System.

a.

b.

C.

e.

System Requirement. There is a requirement to remote scan-converted
terminal radar data via closed circuit TV to high activity non-radar
equipped control towers and to remote terminal radar data to consoli-
dated TRACON facilities.

System Description. There is no agency approved system that will meet
8 PP
the systex requirement.

System Goal. The system goal {s to provide a 15 GHz microwave system
to remote BRITE I scan converted radar data and solid-state radar
nultiplex equipment for use with foregoing RF equipment for short
haul raw radar remoting (RML) appiications. Studies of alternative
methods have been made and these methous have been rejected in favor
of the microwave system.

Criteria for lmplementation, The criteria established for TV, ASR
remoting to non-radar equipped airport control tower cabs are:
adequate radar coverage from a nearby, 20 mile or less, ASR installa-
tion and a minimum of 35,000 aircraft operations per year.

Bibliography.

(1) Federal Aviation Administration, PROVIDE LOW COST SURVEILLANCE
RADAR REMOTING EQUIFMENT, Washington, D, €., March 31, 1967

Service B Data Interchange Sysrem.

a.

System Requirement. The FAA is required to exchange a varlety of
messages among the various Air Route Traffic Control Centers, Flight
Service Stations ard related administrative offices. These messages
deal with aircraft movement, control and safety on a naticnal and
international basis; support messages for general aviation; rad‘o-
logical hazard notifications; pilot westher reports; law enforcement
messages; broadcast text of aviation forecasts; certain aviation
weather reports; certain national defense messages; mechanical relta-
biiity reports; NASCOM reports; emergency alirworthiness messages and
administrative messages. The FAA aisc has been charged by the
National Communications System to deliver emergency messages origi-
nated by the O0ff{ce of the President. These messages must be handled
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in a timely manner. In some cases, the requirement is that the mes-
sage has to go from the point of origin to the destination in a few
seconds, even in peak traffic jericds.

Syster Description. There is no approved agency system which meets
the total system requirement.

System Goal. The system goal is to replace the present electro-
mechanical, wired logic message distribution system with a program-
mable electronic digital computer message distribution system which
has the capability of meeting the system requirement and which has
the capability of future growth. Because the present system is
already overloaded and rapidly becoming more uracceptable, the goal
is to implement the new system as soon as possible.

friteria for Implcmentation. Only one system is required for the
continental United States,

Bibliography.

(1) ICAD, MANUAL ON PLANNING AND INGINEERING OF AERONAUTICAL FIXED
TELECOMMUNTCATION NETWORK, Duwc.ment 8259-Com/553/3

(2) Federal Aviation Administration, SERVICE B INTERCHANGE SYSTEM,
Order AT P 7330.1, washington, D. C., July 1961

(3) Federal Aviation Administration, AFRONAUTICAL COMMUNICATIONS AND
PILOT SERVICES, handbook 7300.7, Washington, D. C.

(4) Federal Aviation Administration, FOLICY STATEMENT OF THE FEDERAL
AVIATION AGFNCY, Handbook 1000.1, Washington, D. C., May 3, 1965,
p. vii and Artachment !

9. Alaska weather Communications System.

a.,

b.

System Requirement. The FAA provides the aviation {ndustry, the
Weather Bureau and the military aviation services with rapid, high-
volume distributicn of weatner Jdata and Notices to Alrmen in direct
support of th~ safe and efficient muvement of air rraffic. Due to
the highly perishable nature of weather data and Cralvzod weather
products, the very minimum of transmission time should be fnvolved.

System Description. There is no approved agency svstem which meets
the total system requirement.

R
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¢. Svotem Goal. The system goal is to replace the present electro- :

: - wechanical, torn tape massage distribution system with 3 wrogrammadle

' electronic digital computer message distribution sysrem whick has the
capability of meeting the system requirement and which has the csapa-
bility of future growth. Because the present system is alrsedy over-

: loaded and rapidly becoming more unaccep:iable, the geal is to

: implement the new systemr as socon as possible.

d. Criteria for Implementation. Only cne system is required fov Alaska.

f e. Bibliography.

(1) Federal Aviation Administration, MODERNIZED TELZTYPEWRITER
COMMUNICATIONS SYSTEM, Selec fon Ovder 1010.36, Washington,
D. C., May 18, 1366

; 5. Daia Communications In-service Inprovements.

a. System RBequicement. To meet the increasing demands for data comauni-
cations caused by the increase i. velr .2 and spee’ of air traffic, 1t
iy necessary to modify, expand and rearrange cguipments that make up
the in-place system to increase its capacity, eificiency and speed.

b. System Description. The present dats corpunications system consisfs
of: (1) “igital data transmission systems for the transfer of radar
data -0 computers or video displays and the trarsfer of data between
compaters; (2) weathetr message communicauions sysieds; (3) alrcrafi
mevement message communications systems; and (4) rel ted equipments.

c. System Goal. The goal of this effort is to continually update the
current system with minor Improvements to maintaln or increase its
o _erational eifectiveness as operational requirements change, and te
expand the system capacity as requirements increase.

d. Criteris fcr Implementation. Implementation is based on a case-by-
case study of requirements.

e. Bibliograph-.

(1) Federal Aviation Administration, POLICY STATEMENT OF THE FEDERAL
AVIATION AGENCY, Handbook 1000.1, Washington, D, C., May 3, 1985,
Attachment 1

(2) Federal Aviation Agency, MODERNIZED WEATHER TELETYFEWRITER
COMMUNICATIONS SYSTEM, Selection Order 1010.36, Washington,
D. C., May 18, 1966
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CBAPTER 4. FUTURE COMMUNICATIONS

1, Satellite Application.

wp, oy S A RO T TS T VA

a. System Requirement. The Federal Aviation Administrationr, in order
to contribute tc International Civil Aviation Organization (ICAO)
objactives, cooperates in the provision &nd planning of international
air treffic service., Deficiencies in over-ocegu aiv traffic com-
munications ars now recognized nationally and intérmationally to
craste operatio.slly limiting conditiona and to compound tha problems
of providing adequate air *+raffic servicee to the present and
pradicind alr tyaffic.

i TR DR S ¢4 XS AN S i S

b, System pescription. There is no agency-approved system to mset the
syctem rquirement. There is in existence, howsver, & U,.S5. Reguire-
meat and a8 U.S. Nationgl Plan outlining an evolutionary approach to
an aevoneutics]l satellite, starting with an early communication
capability and eventually rsaching & full-cepability aeronautical
satellite, The lstter will be defined in the course of this
evelutionary process,

AT, L A

¢. System Gosl. A pragram to evaluate the uge of artificial earth
satellites that provide comrunications, position determination
(surveilisnce) and possibly navigation is intended to demonstrate
such potent’al ae indicated by recent work in this field, This
program 18 to provide dsvelopment of future air traffic service
coverage in oceanic-international airspace.

[ T

d. Criteria for Implementation. Direct pilot-to-controller commnica-
tions for aircraft operating in the oceanic flight infermation
regions under (nited States jurisdiction, regardless of altitude or
direction with a reliability of at least 99 percent is desired, -
interpnational agreement must be reached regarding timing, frequency { . R
assignment, financing, method of provision, system configuration : :
and operational procedures, ‘

Foe et

e. Pibliography.

. (1) TFederal Ayiation Administration, PROVIDE AIR-GROUND
COMMUNICATIONS FOR TRANSOCEANIC AND SPARSELY POPULATED AREAS,
FAAR 7310.2, washington, D.C., July 31, 1967.

‘ (2) Interagency Group on International Aviation, AERONAUTICAL
TELECOMMUNICATIONS SERVICES VIA SATELLITES -- STATEMENT OF
REQUIREMENTS FOR USE BY U.S. SPOKESMEN AT INTERNATIONAL
MEETINGS, IGIA 77/1.29F. Washington, D.C,, September 4, 1968.
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(3) Iatersgency Group on International Aviation, AERORAUTICAL
TELECOMMUNICATIONS SERVICES VIA SATELLITES -- NATIONAL PLAN
FOR USE BY U.S. SPOKESMEN AT INTERMATIONAL MEETINGS, IGIA
77/1.3ic, Washington, D.C., November 13, 1568.

Automatic Groupd/Air/Ground Communications.

System Requirement, In order to maintain a safe and efficient air
traffic control system there are reguirements to reduce the pilot
and the controller voice communication worklecad, to improve radic
frequency utilization and to provide a wide variety of data in
machine format to the data processing equipment of the automated
NAS and related syatems,

System Description. There is no agency approved system to mee? the
syastem requirement.

System Goal. The system goal is to automate the interchange of all
routine information, and as much non-routine information as is
practical, between aircraft and sutomated ground systems.

Criteria for Implementation. The program has not advanced to a
stage which would permit firw criteria to be established, The
existence of a reasonably well automated ground environment is
egsential; other criteria will be developed during the program.

Bibliography.

(1) Pederzl Avigtion Administration, DESIGN FCR THE NATIONAL
AIRSPACE UTILIZATION SYSTEM, Washington, D.C., June 30, 1969,
450 pp.

{(2) 1International Civil Aviation Crganization, AUTOMATIC DATA
SYSTRMS, U,.S, Position Paper on agenda item No. 1, COM/OPS
Divisiopral Mesting 1966, Montreal, Canada.
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CHAPTER 5. LEASED COMMUNICATIONS

1. Switching Systems

a. System Requirement. Switching systems are required to interconnect
controilers in ARTCCs to controllers in ATCTs and FSSs and others who
supply data tc the air traffic control system,

b. System Description. Currently the Western Electric 300 System is
agency approved for use in ARTCCs and the 301 system is approved for
uae in ATCTs. Other smaller systems are used in ATCTs and FSSs which
are not formally agency approved but have been in service for many
years, Those systems will continue in service until they become
operationally or economically chsoclete.

¢. System Goal. The agency goal is to replace all 300 systems and some
301 systems with an Electronic Voice Switching System, to improve the
system operational capability and reliabilitcy.

d. Criteria for Implementstion. Ea  ATC facility must be equipped with
a volce switching system, The size of the facility determines which
type of svstems 1s provided. I'nless it can be shown that Government
ownership is more economical, these switching systems are leased.

e. Bibliography. None.

2, Circuit Zxpaunsiocn.

a. System Requirement. Virtually all air traffic control facilitlies are
connected together by a network of lease circuits. The size of the
network necessarily must increase as facilities are added and as ihe
communications requirements at the facilitles increase. This network
must be as reliable as economically possible.

b. System Uescription. The goal of the agency is to provide as clouse to
100% reliability in the leased network as is possible by leasing
redundant circuits and by the diverse routing of circuits.

c. Jystem Goal. The system goal is to increase the reliability of leased

circuits as the overall network is expanded to meet additional
requirements.

d. Criteria for Implementation. Circults are estatlished, discontinued
and rearranged «s the result of case-by-case studies.

e. Bibliography. None.
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\\} i PART VI, AVIATION WEATHER AND QI3ER SUFPORTING SERVICES %
| INTRODUCTION :
3; This Part comprises miscellaneous services in support of the FAA mission. @
g in These services sre either covered broadly in some of the preceding Parts
. ¢ or not covered at all. The sarvices describad in the following '
: ; chapters of this Part are: 3
] 1. Aviation Westher
2, Alrcraft end Equipment
i 3. Flight Informetion and Acronautical Charting
1 % L, NAFEC Facilities ]
5 5. Housing and Wtllities at Isclated Locations ]
'; : This Part discusses the system requirement, system description, system goal,
; § criteria for implementation and bibliography associated with each service.
- i
. g 1 3
. i
“ ]
i i
i ! [
| ,
1 3
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1.

2.

CHAPTER 1.  AVIATION WEATHER

System Requirement. There 1is a need for an adequate system to
dlsseminate and present the current and forecast weather inf~rmation
of the National Meteorologlicael Service System tc meet the requirements
of the aviation community, pasrticularl; as related tc information on
operationally adverse weather.

“yatem Description. The essence of the National Airspace System
weather support for aviation 1s the timely availability of operationally
useful weather information to all users., Those benefitting from this
service include all pilots, cperations offices, and the Air Traffic
Control System. Weather informetion is often critical to pilots with
respect to flight safety; however, in the cperation of the NAS a

brosder concept is taken and weather factors are carefully considered
for their effect on the total function of eircraft control. Key

areas of consideration are the effects of weather on both terminal

and enroute operations, flow control; and eirport acceptance rates.

Aviation weather services are both & part of the National Airspace
System and & subsystem of the Naticnal Meteorological Service System
(NM3S), The NMSS 1s the total Federal system (excep. the specialized
military weather services) which furnishes metecrological services to
the public and specialized user groups., The NMSS 1s composed of the
Basic Meteorological System and the specialized weather services of
which the Aviation Weather System 1s one, The Basic Meteorological
System e-compasses all activities required to produce or complete a
description of the atmosphere in time and space and those activities
required to derive the products needed by the whole population in
their normal daily actions and for the protection of life and property.
The Aviation Weather System 1s deperndent upon the Busic Metecrological
System for the main source of its intelligence, but supplements this
primary data with additional observations and snslyses needed for
aviation purposes only. Activities of the system include these supple-
mental observations and their collectlon; terminal and enroute forecasts
and warnings; and the dissemination, disrl:y and presentution of
required weather Information. The Aviation Weather System, then,

is those weather services and facilities which are necessary to serwve
the total aviation community and which are peculiar to the interests
of aviation,

The activities of the Aviation Weather System given above ure tiue
responsibility of the FAA, except for production of the rurecasts.
Qther important weather roles of the FAA are to coordinate planning
of the weather service to meet aviation needs and the establishment
of aviation requirements to which the National Meteorological System
must respond. The FAA and Weother Buresu also act as agents in the
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other's srea of responsibility where advantageous co the Government.
Examples in the operations area are the FAA's taking of basic weather
observations and the Weather Bureau's briefing of pilots on weather
matters. Similarly, examples exist in the R&D area where, for inmstance,
the FAA provides funding and management direction for improving aviation
weather forecasts.

System Goal. The FAA goal for the Aviation Weather System is to:

a. Ensure the availability of required weather information to the
aviation communiiy and to assist in its optimum utilization;

b. Improve the level of pilot educsticn and training with respect to
the understanding and use of weather data;

c. Ensure development and encourage appilcation of operational weather
modification;

d. TFoster understanding of the environment for application in alreraft
design and certification.

Criteria for Implementation. Criteria for establishment and provision
of most aviation weather subsystem elements in support of NAS are em-
bodied in portions of the chapters on alr traffic control, navigation
and communications. The FAA interds to provide planning standards and
system specificatinns in westher modification (R&D) subsequent to
successful development and tests. Alrport wmsanagers and alrspace users
will establish implementation criteria on a Local basis,

Bibliogzaggx.

a. U.S. Congress, TH” FEDERAL AVIATION ACT OF 1958, Public Law 85-726,
85th Congress S 388¢, Washington, D. C., August 23, 1958, Section
101.(8), Section 307.(b), Section 310., and Section 312.(a).

b. Federal Aviation Agency, POLICY STATEMENT OF THE FEDERAL AVIATION
AGENCY, Agency Order 1000.1, Washington, D. C., May 6, 1965,
Chapters 2-5.

¢. Bureau of the Budget, Executive Office of the President, POLICIES
AND PROCEDURFS FOR THE COORDINATION CF FEDERAL METEOROLOGICAL
SERVICES, Circular No. A-62 to the Heads of Executive Departments
end Establishments, Washington, D. C., November 13, 1963, 5 pp.

d. Federal Aviation Agency, MEMORANDIM OF AGREEMENT BETWEEN THE
FEDERAL AVIATION AGENCY (FAA) AND THE ENVIRONMENTAL SCIENCE SERVICES
AIMINISTRATION (ESSA) FOR THF ESTABLISHMENT OF WORKING ARRANGEMENTS
FOR PROVIDING AVIATION WEATHER SERVICE AND METEOROLOGICAT. COMMUNI-
CATIONS, Agency Order 7O0\),2, Washington, D. C., September 2, 1365,
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Federal Aviation Administration, FINAL REPORT OF THE AVIATION
WEATHER REVIEW GROUP (AWRG), FAA, Washington, D. C., July 25, 1967,
43 pp.  ALSO NOTE REFERENCES, pages 41-143,

Department of Commerce, Environmental Sclence Services Administra-
tion, Office of Federal Coordinator for Metecrological Services
and Supporting Research, PLANNING GUIDELINES FOR A FEDERAL AVIATION
METEOROLOGICAL SERVICE, Washington, D. C., August 1968, 57 pp.
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CHAPTER 2,  AIRCRAFT AND EQUIPMENT

. 1. System Requirement. The FAA needs alrcraft and related equipment,
including simulators and tralners, in association with:

a. Programs on flight inspection of air navigation aids.

b. Training .2 air carrier and general operation inspectors.

¢. Programs for aviation research and development.

d. Logistic support plus job performance and proficiency flying.

1 The aircraft fleet and ancillary equipment must be a mix of moder

high-performance aircraift containing avionics with the rasguired
gccuracy for adequate inspection of facilitiles. Our inspectors must
be trained in modern aircraft equipped with new instrumentation
systems to insure a quality of inspection that will assure competent
airman end silrworthy equipment in the National Airspsce System. The
use of simulator: and trainers 1s practical economy in the total
training program. The operating characteristics of the R&D fleet
must be sufficientlv varied to serve as a platform for various FAA
R&D programs. To provide logistic support and meet job performance
and proficiency flying regquirements, ~e need the latest Operational
state-of-the-art equipment.

e System Description.

a. Flight Inspection. Agency alrcraft and ejquipment are utilioed

to perform facility flight {nspection in accordance with estab-
iiched requirements. Choecks of the clectromagmetic space radiation
vattern of a facllity must be conducted to determine jualitatively
the degree of asccuracy of tie Iinformation pres-nted and to assure
continued accurate o“ﬂ”ation of the facility. Thi:z involves work
associated with comissioning and periodic flight Inspections of
navaids o de ermine whelher facllity performance continues to
meat criteria outlined In U S. Standard Flight In° pection Manusal;
such effort | 2yvoted to insure safety and practicability of

. suthoriced filght procedures for sirways, routes ani fixes, instru-
mont arprosch procedures, terminal arrival and devarsture routes,
noo tink patterns and obstruction eva.uations.

The flight inspecuion tieet is a mix of various aircraft utilived

far the broad purpose oI insuring safe and efficlent use of the

alrspace and to  foster civil gercnautics and sir commerce. amn
froraft are used in inspecticns of navaids at lower or basic

altitudes, walle others are used %o collect mass data on the

wsecurac, of the YORTAC structure gt intermediate altitudes (in, N

and to inspect faclilty performance at hlgh altitudes,

Tt e g
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The flight inspectfon fleet is equipped with alrborne receivers,
recorders and other electronic measuring equipment, though certain
tasks are performed manually. As more moder» ground fuciriities are
installed, system luprovements will be made to assure an sccuracy
in the evaluation egquipment comxpatible with <he accuracy of ‘ne nav-
alds. As workload increases, the system will tend towards greater
automation.

On-board avionics and communications equipment will be kept current
as dictated by safety, rellability and cost savings.

Msintenance facilities are provided tor the aircraeft and sirborne
equipment. The program provides for the neco2ssary hangar, line and
shop equipmen* {cr efficient maiuntenance or esach sirc-aft and
associatad avionic systems,

The Signal Evalustion Airbarne Laboratory (SFEAL) Systen is o
precisicn system designed to make comprehensive, fast and accurate
in-flight measurements of the performaénce of alr navigation facili-
tles located in the co"tiguous L& stutes during day/night all-weather
operations. The system will be installed in turboprop aircraft and
will provide analog and digital data for in-rlignt and posi-flight
analysis. Precise gpace-point positioning will permit greater utili-
zation of aircraft as well as incressed accursacy ¢f -easurement.

It wi’’ give the FAA an =ffective tool for flight inspection pur-
roses in the heavily —-neested ailr traffic areas.

Training Adrcraft. agen -ty aircraft ard oeyiomane o ar{iiced for
flight training programs desl.med to keep employees abreast of
technological developments in alreraft, assoclated ejulipment and
systems, This spplies particularly to the tralning of ailr carrler
operations and genersl inspectors on alrcraft and egquipment uti-
lized by the public in those categorics.

The training fleet {s & combination of owned and lrasc? alrcraft,
comprising a8 cross-section of state-of-the art operaticnal sircraft,
Where necessary, out-of-service training is utiiized. This fleet

ts kept current by augrentatiocn of newer aircraft as they become
available. 1In sddition, obsclete aircraft are removed from this
flest,

This progran provides for and variab;c
stebllity traliners wnich s
characteristics, Juch

to provide a capanhllit

R ot N
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The newest instrumentstion, electronic and guidance devices are
utilized in our trainiug programs in order to sssure that the
highest degree of safety is maiatained, as well as to acquaint
our inspectors with the latest avionics.

¢. Research and Development Aircraft. in the interests of msiantain-

ing & safe and highly el®iclent aviaticn environment and in support
of FAA missions 1o insure zafe and efficient utilization of the
national alrspace by military and civil users and to foster civil
aeronsutics and air commerce, the FAA's Systems Research and
Development Service 1s actively engaged in various prolects de-
signed tc support aircraft systems modernization such as "Approach

: and Landing Systems," airbcrme systems Categories II and III opera-
“ions and others in the navigation, Air Trafric Control and
communications areas that necessitate the use of efficient modern
test-beu aircraft for research application. When the aircraft
assigned to R&D do not possess the operatling characteristics
necessary for the projected requlrements, new aircraft are procured
and ejulpped for the tasks.

d. Logistics, Job Performance, Other, This progranm provides the
moGern turboprop and turbine-powered sircraft needed for rproper
logistics, proficiency flying and program support. It also pro-
vides for updating the avionics as significant advances ccour

. System Gosls, ™wo cosls apply to the flight inspection pro pex
: s, In accord with aircraft implementation criteris, —eplace aging
: eircraft with madern high performance types t0 increass rroduc-
tivity and ecficlency and rduce flight {nvrection costs.

h,  Introduce aviconic systems possessing the latest state-o¢-the-srt
improvements with accuracies compatible with ejuirment end
facilities heing introduced.

o goals 8pply o the traeining prograzn

: a. Maintalin s s2aff of inspectors adeqjuately ‘ralned in sircrsft
! " - N 3 - N
i utilized by sviation activities in order to ¢orvy the public ars
: empawered through statute respongiblilsy under eutablisnhed putilc
¢ lews,
;
7 : h, Utilize systens an! ejulpment possessing the latest “tate-of-the-
art {yrovem™nts in order tO Keep sbreast of techneloglcal
Jev. loroents,
T 4w N
L% 4C A

N <Y i e > Yy
itatie gircralft for suprpoert
E

oth implementation
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The FAA has a goal to supply alreraft necessary for logistic support at
remote locaticns and for job performance and proficlency flying in
accord with implementation criteris.

Criteria for Implementaticn. The changes in the aircraft fleet and
asscciated avionies, for each phase of the program, are based on
operating efficiency and/or economy, demonstrated by analysis. Similar
criteria are appiicable to simulstors. To assure reliable operstion
within established standards, changes in aircraft and avioniecs must be
reviewsd for lmpact on hanger, line, and shop egquipment as maintensance
facilities must be compatibie with the fleet and avionic systems.

Biblicoraphy.

a, Federal Aviation Agency, FAA ORGANIZATION HANDBOCK, Agency Crder
OA P 1100.1; Policies and Standerds, Chapter 3, Section 1, Para-
graphs 22s, b, ¢, Washington, D. C., Decembe- 23, 1966.

b. Federal Aviation Agency, POLICY STATEMENT OF THE FRDERAL AVIATION
AGENCY, Agercy Ordexr 1000.1, Chapters 2, 3, 5, Washington, D. C.,
May 6, 1965.

c¢. Department of Transporiation, Federal Aviation Administration,
FLIGHT STANDARDS ORGANIZATION HANDBOX, Chapter 3, Paragraph 19a
(7 and 8) ¢ and 4, Washington, D. C., Tune 4, 1968,

d. Federal Aviation Agency, U. S. STANDARD FLIGHT INSFECTION MANUAIL,
Agency Order Of P 8200.1, Section 10C. Washinston, D. C., May 1963.

@, Federal Aviation Agency, ACQUISITION OF AIRCRAFT FOR AGENCY USE,
Agency Ordsr CA P 4L00.1l, Paragraph 2, Washington, D. C.,
March 19, 19€3.

f. Federal Aviatica Agency, CRITERIA FOR ASSIGNMENT OF AGENCY AIRCRAFT,
Agency Order Gi &0LO.4, Washington, D. C., February 1, 1965.

g. Pederal Aviation Agency, NEW BASIC FLIGHT INSFECTION SYSTEM,
March 1965; Prepared by Airbcrme Instruments Laboratory. 78 pp.
snc. appendices,

h. Federsl Aviation Agency, VOR/LOCALIZER TLIGHT INSPECTION FECEIVER,
January 1967; Prepared by Airborne Inctruments Laboratory. 62 pp.

i. Pederal Aviation Ag=ncy, SEAL CONTHOL, DISPLAY AND RECORDING

CONSOLE, October 1967; Prepared by Airborne Instruments Laboratory.
112 »p.
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July 19€8; Prepared by Westinghouse Defense and Space Center. 96 pp. §
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f * k. TFederal Aviation Agency, ILS FLIGHAT INSPECTION POSITIONING SYSTEM §
‘ TEST AND EVALUATION, September 1968; Prepared by Naticnal Aviation %
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CHAPTER 3. CHARTS AND FLIGHET INFORMATION

System Requirements. The system r~quirem=ats for seronautical charting
and lignt informetion services originate in the sectlons of the

Federal Aviation Act of 195€ thet deal with: Fostering alr commerce
(Se:. 305); National defense and civil needs (Sec. 306); Airspace controi
axd facilitics (See. 307); Collection and dissemination of informaticn
(Sec. 311); Development plenning (Sec. 312). 0f particular signifi-
cance is the specific reference in Section 307(b)(3) which authorizes
the Administrator to arrange for publication of aeronauticael maps and
charts required for the safe and efficient movement of aircraft in air
navigatlon, making use of the facilitles and asgsistance of existing
agencles of the Federsl Government tc the extent practicable.

Syster Descripticn. The concept referred to in Section 307 above 1s
the one presently employed by the FAA to satisfy aeronautical informa-
tion requirements. Information is collected from and distributed
through appropriate agencies of the government in the form of charts,
informaticn manuals and notices as the most effective method of satis-
fying system information requirements. Aeronautical charts and flight
information translate into useful form the rules, regulations, hazards,
aviation facility status, topography, instructions and other operational
factors sffecting visual and instrument flylng. To implement these
charting and informaticn services the FAA hos established iis National
Aeronautical Charting Program, and maintesins an in-house flight Informa-
tion publicstions program. Under the National Aeronautical Charting
Program, the Coast and Geodetic Survey (C&GS) acts as the producer for
most of the required charts. Many of these charts consist of entire
series--low altitude, high altitude, sectional, instrument approach,
ete. The airport obstruction charts, based on a special mepping and
surveying program coperated by FAA and executed by C&GS, are a special

subprcgram.

In addition to the aeronautical charts, flight information publications
also provide a support service to aviation. FAA's flight information
vublication program includes items such as the Alrman's Flight Informa-
tion Manual, Flight Data Digest, unc a series of agency handbooks,
provi*~g the specific operating instructions to air traffic personnel.

As new facllities and procedures sre introduced ... age air traffic
system, and new cartographic or reproduction techniques are developed,
the charcs snd publications require updating. WNew charts and publica-
tions are developed, tested and put into effect. A continuing
reassessment is made to assure that these products provide the flight
informatiocn that is needed for safety in the airspace.

e,
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All Pederal Government charts and publications used by the aviation
public are obtained through purchase from the C&GS or the Goverament
Printing Office (GPO). The FAA funds Tor such special items as control-
ler charts and the airport obsiruction survey program., Additionally,
the FAA reimburses the 23S and the GPO for those charts snd publica-
cetions which the agency mneeds for internsl uses,

When changes occur in facilities, tlight rvles, or proceiures that are
time eritical, they are disseminated quickly tu the areas of prime
concern by the Naticnal Notice to Airmen (NOTAM) System which has been
developed to keep this basic iuformation current.

10TAMs and Airmen Advisories (AIRADs) ave the two kinds of notices
prepared for airmen and disseminated by the Naticonal Notice to Airmen
System. Essentlslly, the difference between these notices is that a
NOTAM requires expeditious dissemination by telecommunicstions
means and an AIRAD normally is given only local disseminasticn during
12 pre-{light or in-flight briefingy or during other contact with
pilots. Both contain essential information on the status of components
of the air traffic system.

NOTAMs are transmitted over a teletypewriter network which also collects
and distributes aviaticn weather. The capacity of this network,
especially the circuit time for NOTAM transmission, places limitations
on the dissemination of NOTAMs. It is important, therefore, that the
data transmitted be only the essential infoimsation which would influence
a8 pilot's decision to 40 or not to so on a planned flight, or to abort
or to change a flight a'ready iu progrecs., In *he operntion of its
Notice to Alrmen System, FAA has been able to autcmate some operations
with encouraging results. By use ot a computer, NOTAMs issued over

the past 24 hours througnout the conterminous U. S. are summarized as

a NOSUM and transmitted to FSS's and other users having need for these
time critical elements of coperational data.

The FAA's central source of operational informatlon on the air trafiic
system {s the National Flight Data Center (NFDC). The NFDC presently
colleerts, valldates, stores, and disseminates & vast amount of opera-
tional data furnished by and used by all elements of the agency. It
provides aeronautical data for use of charting and publiication entities
of FAA, government and industry. It assures that the data provided is
both uniform in content and that it comes fram & single source, thereby
eliminating conflicting and dangerous disparity which existed in the
pasv. The NFIX 1is currently automating its date base, and through its
computer-generated printouts will expedite and centralice the provision
of hard-core operational deta for a broad cross-section of agency users,
as w1l as to other users in goverament and industry. Once the dats
central 1s fully sutomated, management, administrative, legal, and
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similar peripheral data can be ''grafted'" into (but without prejudice
to) the operational flight data base, and thus be capable of serving

broader uses. The Nstional Flight Data Center is currently located  n
the headquarters building in Washington, D.C.

System Goal. The goal is to: ensure the provision of appropriate
aeronautical charting and flight information services required for
safe and efficient navigation in the airspsce; and to establish and
maintain in the FAA a secure facility, utilizing sophisticated elec-
tronic equipment and techniques.

3.

Criteria for Implementation. The FAA Flight Information Program
(Agency Order 1100.86, dated 4/12/65) prescribes the objectives,
responsibilities, procedures, and provides the concepts and direction
for the dissemination of aeronautical and flight information.

Agency Order 7930, Nationel Notice to Airmen System, estesblishes
criteria and regponsibilities for preparing and disseminating NOTAMs.
Instructions to FAA field installations as to what information is
reportab’e by NOTAM or AIRAD is contained in Agency Handbook 7300.7,
Aeronautical Communications and Pilot Services. Information on

{ material for publication in the Airman's Information Manual is con-

R tained in Agency Order 7920.1, Content Criteria for Airman's
' Information Manual,

.:\k
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CHAPTER 4.  NAFEC FACILITIES

1. System Requirement. As part of 1ts R&D cycle, the FAA must conduct
test, experimentation and evaluation efforts aimed at improving the
aviation system. Many of these major efforts are best performed at a
centralized set of facilties at an airport.

2. System Description. The Natlonal Aviation acllities Experimental
Center (NAFEC) was established as the site of an experimentsl resesarch
and development center. The location in southeastern New Jersey was
chosen for a variety of reasons: the site, a former Naval Air Stationm,
rrovides a low-activity alrport with a surrounding complex of bulldings
sufficiently removed from the population centers which could be dis-
turbed by the efforts; yet 1t is sufficiently close to the high density
alr traffic areas of New York, Philadelphia and Washington and seversal
high-activity airways. The original complex of wooden bulldings was
constructed by the Navy in 1942, with a planned life of ten years.

The Netional Aviation Facilities Experimental Center (NAFEC) empicys a
staff of aviation specialists, technicians and engineers responsible
for testing, experimentation and evaluation to improve the air traffic
system. The facilities at the center include: (1) range instruments
such as MSG radar, MOPTAR and TAIR; (2) simulation equipment for air-
craft flight and air traffic control; (3) surveillance radars; (&)
navigation aids; (5) communications subsystems; (6) an air t-affic
control system laborator,; 7) a variety of R&D service facilities;
(8) aircraft safety equipwent such as drop test, air gun and catapult;
(9) FAA sircraft; (10) airport equipment--for example, evperimental
runway lighting; and (11) computation and data processing eguipment.
These facilities are used by the FAA in accomplishing its own mission;
and ere also avallable for the use of other governmental agencies and
industry.

AR Syster Gosal, Trhe obJectives of reccnstruction, maintenance and
improvements to this ceatralized facility are reduced coperating costs
snd incressed efficilency of the test environment consistent with *he
needs for expension of our technological capsbilities., The majlor recon-
struction efforts are to be completed during the early phuses of the
plan in accordance wich the criteris.

i, Criteria for Implementation. The wooden buildings have exceeded their
planned life and require excessive maintenance. Reconstruction and
facility lmprovements should continue in accordance with an FAA plan
approved in April 1663 :o reduce the operating costs and incregse th-
efficiency of the test snvironment. Our facility changes and aid! .ions
are a result of {dividual administrative review.
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CHAPTER 5.  HOUSING AND UTILITIES AT ISOLATED LOCATIONS

i T3

1. System Requirement. Housing and utilities are often substandard or
non-existent in certain remote and isolated locations. This problem
can be a source of employee discontent. The FAA needs programs to
attract and hold employees at such locations, as a reduction in the
turnover of employees leads to greater efficiency and economy.

e Ko g g1 i kit o555

P

2. System Description. This program provides for construction,

! maintenance and replacement of hcusing, utilities and certasin support
facilities at isolated locations where these are unavailable or sub-
staxdard. The facilitles provided differ from location to location,
depending upon local needs. Locations served include Alaska, Pacific

' and Caribbean Islands, plus remote locations in the western United

b States.

B 2y T S

3. System Gosl. The government will provide housing and utilities to
attract and hold employees in remote locations when administrative

! review indicates that adequate housing and utilities are Lot available

i through existing market mechanisms.

§ ; L, Criteria for Implementation. Decisions are based on a& case-by-case
P administrative review.

)|

Biblioggaﬁgi.

a. U. S. Congress, THE FEDERAL AVIATION ACT OF 1958, Dublic Law
85-72, 895th Congress S 3820, Washington, D. C., August 23, 1958,
as amended (49 U.S.C., 1301-1541), Section 312(c).

0. Federal Aviailon Agency, SRDS TECHNICAL FACILITIES AT NAFEC,
Technical Facilitics Manual, Order RD P 6000.2, Altantic City,
New Jersey, December 1965, revised April 1965, 12 volumes.

ATV W T A oo S e

c. Federal Aviation Agency, FACILITIES IMPROVEMENT FROGRAM AT
HATIONAL AVIATION FACILITIES CENTER ATLANTIC CITY, N. J.,
STPTEMEER 1265 (revision and extension to 1963 facility
improvement plan;.

[




el A Rk el

Nt RO B AL AR, Flad e T Sl AR WL LRl VIR A W T

R T e i ]

B e Y - 3 [ e . ' A . ,
. . e e

WP L A

el

PART VII - AIRPORTS

BOOK 1
1/27/49




R e 1 ToL IRt S i ol

P e PR

Cpmeeas | i

A et G T e

L s T

BOOK 1
1/27/69

NOTE

———

The previous parts of this book relate primarily to that
segment of the National Aviation System which is estab-
lished, operated, snd maintained by the Federal Government.
As such, it i3 possible to discuss in detail the require-
menits. systems descriptions, goals, and criteria as the

decizion making function falls exclusively within Federal
domain,

While the airport is an integral part of the system, the
Federal role is significantly different, The following
part has been structured in cimilar fashion but does not
address itself to some of major problems that exist
within the system nor doe: it clearly define the future
courses of action which will result from further delinea-
tion of the Federal role in airport systems planning,
standerds, and development,

Instead, the Chapte. relates the history and current FAA
invoiverment in airport systems development. If new legis-
lation is enacted, or existing authorities extended, a
re-appraisal of the Federal role will be requfred. Such

re-appraisal will be the subject of fu*ure incustry
conferences.

Regardless of the future direction, however, th=2 need
will continue to exist for an integration of afrways sud
airports development. 1lssues of alrpcrt location in
relacionship to airways capacity, the competi{tion of
geographical or pelitical jurisdictions fer the air
passenger, the acceptability of an airport as a neighbor,
etc., will still require the develoupment of a budy of
Federal policies and goais. These will be forthcoming

as better definition of the Federal involvement is
obtained.

VII-1i
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FART VII. AIRPORTS

INTRODUCTION

The airport is a vital element of the National Aviation System and

i3 recognized as one of the contr 1lling factors in the achievement

of maximum system capacity. The interrelationship between the air-
port and the air traffic control/navigation subsystems in terms of
achieving maximum capacity is :ch that balarced airport development
and electronic equipment implementation is essential. Unlike the air
traffic contrcl, navigation, communications, weather, and data
acquisition subsystems which are the responsibility of the Federal
Government to install, operate, and maintain, thez airport is the re-
sponsibility of local authorities, The role of the Federal Government
in the airport picture 1is, therefore, primarily one of determining

the Nation's airport requlrements, encouraging development, estab-
lishing airport standards, and assuring adherence thereto in matters
affecting both the safety and the efficiency of air traffic movement.
This role is carried out within the authority contained in the Federal
Aviation Act and the Federal Airport Act.

Under the Federal Aviatior Act of 1958, the Federal Government is

direc*ed to make long vange plans for and formulate poli-~y with

respect to the orderly development and lco.octicn of landing areas

ar will best meet the needs of civil aeronautics, and which shall

give full cousideration to the requirements of national defense;

and under the Federal Airport Act of 1946, to annually prepare a ;
National Airport Plan (NAP} which specifies the development required :
to provide 3 system of public airports adequate to anticipate and meat

the needs of civil aviation. ‘
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CHAPTER 1, AIRPORT SYSTEM PLANNING

System Description,

Ti » need for a standardized system of civil airports was first recog-
nized in 1939; however, concentrated Federal action to fulfill this need
did not follow until enactment of the Federal Airport Act of 1946, and
subsequently the Federal Aviation Act of 195§, As a result, the Iayouts
of many of our older airfields are outdated and inefficient for handling
today's air traffic., Airport development of the last decade has not :
kept pace with the rapid tachnological advances and growth in civil
aviation,

The present intent of Federal airport system planning is to identify
airport development eligible for Federal aid; to idenmtify facilities
needed to suppoert Federal navigation systems; to identify future finan-
cing needs related to such development; and, to guide development of
airport aircraft operations areas in mutual support of the total civil
aviation system.

The National Airport Plan prepared annually by the FAA lists the airports
and facilities which currently make up the national system, and identi-
fies the commnities where new facilities are needed for an expanded
system, The Plan idertifies the airfield area development required over
the next five years with estimates of associated costs, The development
requirements included in the Plan are limited to items eligible for
Federal assistance under the Federal-aid Airports Program (FAAP),

Criteria for determining the airport locations which qualify for inclu-
sion are presently based on the need for sccess io the national air
transportation system and the national interest in satisfying this need,
Such criteria assume that a national interest in an airport location is
present when a requirement exists for scheduled airline passenger serv-
ice; when there is a substantial degree of non-local aviation activity;
and, when lack of surface transportation access makes air access manda-
tory. The entry criteria are further categorized into those applicable
to locations served by the schcduled airlines and those applicable to
locations limited to general aviation transportation functions,

Airport locations are examined on the basis of present and future aero-
nautical activity, or where an airport is non-existent, on the basis of
forecast air transportation potential., Also, all qualified locations
are examined before development to be certain that the surrounding air-
space will be properly used.
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i The detailed planning guidance and criteria used by the FAA in the devel- .

opment of the national system of alrports, and the technical advisory
servicea available to the public are listed in the Bibliography section
of this chapter,

ot RM b 33K oo S 21 s AR

The curreant planning effort has five identifiable limitations:

a. it observes only a five-year horizon aud, thus, merely serves as a
short range action planm,

b. Its scope is limited to airfield development directly relating to the
operaticn of aircraft. Yt thus fails to identify development n- ~ded
in the airport's terminal and other support subsystems which must
occur gimultaneously with airfield development if a viable airport is
to resuit; and which,if not timely accomplished, can limit the effi-
cient use of airspace. Omission of such development precludes a fuac-
tual assessment of the total development requirements facing the Nation.

c., It fails to identify the rel-iive aeronautical role and system
egsentiality of each included airport. Such knowlcdge is critcical o
guiding orderly development of the airport system,

d, Its scope is limited toc a system of airports adequate to meet the
needs of civil aviation, It thus fails, in part, to meet the .conomic
obiectives of state and local governments,
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! e, Present planning is basically a Federal effort. While the present
National Airpert Plan is extensively coordinated with the industry,
and with state and local governments, positive inputs from and
contributing actions by such bodies are lacking in several respects.

Some of the underlying factors which affect the timely development of an
effective National System of Airports and which necessitate an expanded
planning effort are: ! .

a. With few exceptions, the primary respcnsibility for constructing,
maintaining, and operating public airports rests with the locel or .
state cwnmer rather than with the Federal Government, Such ownership i
covers & wide range of government - state, municipal, county,
singularly or in combination; specifically empowered authorities; and ]
private owners. The Federal Airport Act of 1946 as amended authorizes :
the Federal Government to deal directly with the public agency invol- i
ved. However, in major metropuiitan areas, there is the need to plan

1 and implement a complex of airports embracing a large number of poli- .

: tical jurisdictions. Only in rare instances does a public agency

exist which is empowered to cope with the multiplicity of separate
political entities comprising the whole area. The need is also thwart-
ted by the fact that a multiplicity of separate political entities

:
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posseses independent authority o block development cf an airport .
within their respective jurisdictions. As a result, a critical need !
for additional facilities in most metropolitan areas is not being met.

The FAA has a specjal fund in its sirport program to improve airports
serving general aviation in metropolitan areas which relieve conges-
tion at the major airports in the area. Under this program a number
of new alrports have been built and many existing airports have been
improved. But, no general aviation airport has been built in & major
hub in the last five years by the public agency owning and operating
the major airport, with one exception. It is clear therefore that the
existing political structure at the local level is unsble to deal with
the development of a system of general aviation airports in mecropoli-
tan areas.

b. Related to long-range land use planning is the need for new airports
to be sited initially upon larger land areas than heretofore required,
to ensure their future expansion capability. Also, there is the
growing need for major communities to acquire, or otherwise reserve,
lands for additional airports well in advance of the timing contem-
plated for their construction. When such needs are recognized,
significant economic ber2fits accrue to the public in addition to
the assured meeting of future aviation demands.

R —

c. Recognition of an airport's ground access requirements ~- present and
future -- is also vital. The lack of adequate airport ground access
systems not only constrains the aviation system, but often severely :
disrupts the community's transportation flew. This *- Jemonstrated
today at many major airports and the condition c-. be expected to occur
at most of our large air transportation hubs during the next decade.

N
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.ader existing law there is the requiremant foy the FAA to exercise
leadership and, thus, to serve as the catalyst in plannire for an adequate
national system of ailrports. Within the framework of this broad require-
ment, there is a requirement for the agency to:

a. Promote, coordinate, and supplement the uniform accomplishment by
others (including appropriate segments of the aviation industry) of
long-range airport master planning, metropolitan-icgional airport
system planning, and state ailrport system planning; and integrate
such planning into a short and long range plan guiding systematic
development of an adequate national system of alrports,

b, Take action to attain the continuing availability of an adequate net-
work of airports by defining and continuously identifying the airport
facilities needed to complement and support the safe and efficient use
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cf the Nation's airspace system. sSoth the national and local needs
for airports will be considered in light ~f airspace usage and of
both national and local economic objectives,

¢, Teke action to attain the continuing capacity adequacy of the air-
poxrt's system by promulgating national and regional forecasts of
civil aviation growth for the guidance of all civil airport planning
agencies and by assisting such agencies in the translation of such
forecasts into airport development needs and their impact upon a
community's social and economic comprehensive planning sctions,

d. Take action Lo attain individual airport and system operating safety
and efficienicy by nroviding technical advisory services to all civil
airport plamning agencies for all facets of airport development
planning: including site selection and evaluation, layout and airport
configuration, capacity analyses, airspace analyses, environmental
compatibility analyses, and other similar technical services,

e, Seek to minimize the needs for public investmert in new airport
facilities by encouraging optiuwum civil-military joint use of exist-
ing federally owned facilities and through optimum development of
single facilities to serve multiple geographic areas and the greatest
population,

f. Take action to attain long term availability of all facilities
determined essential to the civil system of airports by encouraging
the public acquisition of those facilities which are privately owned
and subject to diversion to other land uses,

g. Ensure continuing agency and public knowledge of the operational
adequacy of existing civil airports by annually surveying their
physical development, utilization, and operational limitationms.

There is also a requirement for the agency to encourage and promote com-

patible land uses in the vicinity of airports. The airport should

constitute a compatible element within the community served, This can

only be achieved by effactive action at the state and local levels of

government, The agency will encourage intelligent and aggressive land

use planning and zoning by state and local governments to assure that

airports are available for the full range of aircraft operations required '
by an effective air transportction system,

Agency action with respect to airports in the form of regulation should
be kept to a minimum necessary to meet national interests and responsibi-
lities, These interests include assuring the availability of public
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airports and promoting the safety of aircraft movements in and out of

the Nation's airports, The airport is an integral part of an effective

air transportation system, along with the aircraft and the airmen,

Therefore, the location of airports so as tc permit service to more than

one commnity will continue tc be encouraged where desirable in terms of

the entire system. The exercise of leadership by the agency should not,

however, obscure the fact that questions as to where airports are to be »
located, what their capacity and capability should be, what adjacent ;
land uses should be, and what facilities and services should be provided

on the airport must be answered to a major degrec in terms of tie x
desires and needs of the community. i

3. sttem Goals,

National airpert system planning and elemental development require J
timely, full, and reliable operational demand data, current and forecast,
to intelligently plan and develop a responsive airport system, Long
range aircraft development and procurement plans, the desires and needa
cf commnities, as well as future route/service plans of the wirlines,
mist be known and studied with sufficient lead time to plan for the
orderly development of the airport facilities required. The FAA has
established as its airport system planning program objectives;

a, The future existerce at each appronriate level of government
(nat nal, state, and local) of uniformly developed, and continuously
updated, long range development plans for each civil airport and
each geographical subsystem of airports, which reflect optimum com-
patibility with the area's social and econcmic ovjectives as well as
providing the development guidence needed to fulfill the area's long _
term aviation requirements, H

-

b. The formulation and periodic revision of a long range National Air-
port Plan (at least a 10 year period) to guide systemwide airport
development which:

(1) Reflects totally coordinated inputs and contributing sactions
from the aviation industry and throughout all levels of govern-
ment .

(2) Identifies the airport facilities comprising both the existing
and future needed civil airpert system.

(3) Identifies the total scope and timing of development needed at
each existing system airport to ensure their continued safe
utilization and enhance their efficiency and capacity.
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(4) 1Identifies the future facilities additionally needed by the
system; including the timing of their need, their general lcca-
tion, the projected capacity demand, and their requirement for
land reservation,

{5) Identiffes curreut development costs of the needed civil system
of airporrs, and the magnitude and timing of the system's future
developmenc needs,

The accomplishment of comprehensive regional-urban planning which
considers the safety, efficiency, and future capacity requirements
of civil aviation, and which:

(1) Ensures airport expansion capability,
(2) Reserves land areas for future aeronautical needs,

(3) Provides appropriate zoning of lands adjacent to and surrounding
airports to compatible uses,

(4) Ensures adequate community/airport ground access,

The FAA's airport system planning processes and implementation
criteria are currently in a state of transition, Var!~us aspects of
an expanded planning program designed to alleviate exiscing limita-
tions are in the early stages of development or partial implementa-
tion., Primary agency plans for their accomplishment are outlined in
Book IX.
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b. Advisory Circulars Pending Issuance/Completion.
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CHAPTER 2. AIRPORT STANDARDS

1, System Description,

National standards for civil airport development have existed almost
since the Federal Government first had any concern in civil aviatiom,

A few simple design standards were published around 1926 when aviation
matters were centered in the Bureau of Lighthouses under the Department
of Commerce, The succeeding years have seen these standards grow in
number, detail, and scope, As grcwth and evolution have taken place in
aircraft development, airport technical standards have been continually
monitored and changed to provide for the demands of new aircraft,

In the mid 1940's legislation was passed (Federal Airport Act of 1946)

to provide for Federal participation and assistance in the development

of a National System cf Airports. This assistance has had the effect of
catalyzing local interest in securing a suitable airport for the
ccmmunity, as well as securing a system of airports supportive of
national int:rests, The airport standards which have been produced since
the Act's inception are in support of the Federal effort to provide a
"system of public airports adequate to anticipate and meet the needs of
civil aeronautics."

The cycle of developing a new and more demanding aircraft has generally
been shorter than the time it takes to provide for a new airport.
Consequently, many existing airports have been tailored and retailored to
achieve 1 design capable of accormodating aircraft possessing charac-
teristics very different from those for which the original airport was
designed, Increases in voiuw o1 traffic has been the major obsolescing
feature; and, in many areas, the ability to continue the retailoring
process has almost reached its limit. On the whole, however, the airport
built to established standards has had au acceptable longevity.

The lifetime usage of an airport is approximately twenty years plus,
based on deterioraticn more than on technical obsolesceuce, and the large
investment involved must be written off over this span of time, Sipgnifi-
‘ant changes in aircraft design, however, have been on a shorter time
base, Transition from the DC-3 aircraft to DC-7 to B-377 in civil
aviation occurred over a fairly short period (Post World War II - 1957).
The B-707/DC-8 generation of aircraft doubled the weight of the preceeding
B-377 and, over the past decade, have fixed the demand for design of
major airperts throughout the world, The middle-size jets (B-727/DC-9
seneration) have set the pace for medium-range airport design over the
past few vears., Ipauguration of B-747 operations within the next year
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will impose much greater demands due to the increase in size, weight,
and capacity of this ailrcraft over thouse currently being acc~mmodated.
Although general avial!on aircraft had been reletively stable in regard
to their alrport needs .+ =ntry of "business +-ts' has also changed .
this picture.

It haz been agency policy to expand airport design standards to keep pace
with the increasing demands of newly developed aircraft. However, there
has already been some discussion that a2 time may be reached when the con-
figuration and availability of existing airports .ould control the design
of aircraft, much as the highway design has influenced the size of its
using vehicle, Apparently, that point has not yet been reached. Thus

on one hand, the Nation is faced with the problem of building new air-
ports to support the more demanding aircraft; and on the other hand, the
attendant problems of airport development competing for public funds and
land against othier community needs, Alternatively, redesign is attempted
for airports w! .ch were built to svandards for an older and less demanding
generation of aircraft.

i 2. System Requirements.

The requirement to prom:igate and publish standards for airport develop=-
ment stems from the legislative authority centained in Section 9(a) of
the Federal Airport Act which states in paru, "No projact application
shall propose airport deveslopment other than that included in the current
revision of the National Airport Plan formulated by the Administrator,
and all such proposed developmenc shall be in accordance .ith standards ‘
established by the Administrater , . ." The agency prepares standards on i
airport development to provide for a high level of safety for the users B
of the system, a#s well as to promots the development of a system of air-

ports which provides for optimum utilization of all components of the : %
aviation system, : - .
t
Within the framework of this broad requiicment: ' .
.
a, There is & requirement for the FAA to formulate and publish engi- "y %

neering and design, construction, and safety standards that will meet
present needs of civil aviation and adequately anticipate its growth,
The agency will provide guidance to sirport authorities which
establishes uniformity, adequacy, and longevity of airports serving : !
various segments cf the aviation industry, The agency must also i
maintaln an expertise in allied areas to achieve compatibility with
related requirements,

s
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: b. There is &lso a requirement that the agercy, through international

' cooperation and active participation, will encourage the advancement
and adoption of uniform design, construction, and ground safety
standards in the International Civil Aviation Organization. The
agency participates in the development of coordinated United States
positions on the establishment or rev’'-ion of international airport
standards and criteria and on the est-_.lishment of requirements for
airport facilities and services at international airporte in the ICAO
regions.

¢, In imolementing its requ'rement to focter the development of a safe
and efficient national system of airporis, the FAA will provide to
the public the following technical advisory services:

(1) Safety standards and the techniques of their spplication for
increasing safety of ailrcraft operations at civil airports, aud
for other safety features inherent in the design and construc-
tion of civil airports.

(2) Configuration and capacity staandards to obtain a creater
effectiveness of airport capacity in the movement and storage of
aircraft and, concomitantly, to increase the capsacity of sur-
rounding airspace.

(3) Location and siting standards for effective siting of civil 4
airports to ensure that the requirements of aviation safety,
efficient utilization of airspace, load generating dewands, and
the interface with other transportation modes are met,

Terminal faciiities guidance for use in identifying problems in
alrport terminal facility design.

~~
£~
Nt

! (5) Fire, crash, and rescue guidance for the survival of passengers
: and protection of property, and other +spects of safety effected

H by good opera:ional practice.
J. BSystem Goals.
] . The developmenr and improvement of airport safety and design standards

are essential {or the orderly development of the Nation's landing areas.
Future changes in aircraft performance and characteristics will have many
different effec.s on the airport and system capacity. Therefore, {t {s
vital that agency developed airport standards be periodically reviewed
and updated in order to keep pace with the rapidly changing aviation
technology., The F.A has established as its airport standards progranm
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objectives the develcpwent and improvement of airport design and plan- .

ning standards, including criteria on airport configuration and locatiou,
which will:

a. Provide a safe airport gronnd environment for the take~off, landing,
and taxling of aircraft in such terms as adequately designed,
constructed and maint2ined runway and taxiway faciiities, and

N existence of effective grcund safety procedures, including fire,

' crash, and rescue services,

b, Fester the safety of flight in the immed _ate vicinity of airports by
5 ! providing guidance for aircraft approach and departure paths
adequate.y protected from natural or manmade ground chstructions.

§ : c. Develcp increased levels of airport safety through research resulting
in development of special safety devices and techniques such as

arresting gear, overrun and underrun areas, improved pavement hraking
action capabilities and terminal area weathe. control or modification,

d. Acquive the expertise and identify the constraints upoa effective
utilization of the national airspace imposed by terminal building
area congestion. Determi-- .at these constraints mean in terms of
new runways, new airporte :nd off-airport terminal areas including
V/STOL ports,

e, Develop improved guidance on optimum runway taxiway configuration
to reduce runway occupancy time to the minimum practical value.

f. Determine tlLo potential for augmenting airport systen capacity by
use of V/STOL airports.

4, W®ibliography.

a, Published Doc.ments,

(1) U. S. Congress, The Federal Aviation Act of 1958, Public Law
85~726, Washington, D. C., August 23, 1958, as amended (49
U.5.¢. 1301~1541), Sections 311, 103(a), 306 and 307(b).

(2) U. S. Congress, The Federal Airpeort Act of 1946, Public Law .
79-377, Washington, D.C., May 13, 1946, as amended (49 U.S.C.
1101-1120), Sections 9(a) and 9(d)(2).
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(3) The Convention on International Civil Aviation, Chicago, 1944,
Article 28{a)(6l Stat, 1188)

(4)

(5)

Federal Aviation Agency, Objects Affective Navigable Airspace,
Federal Aviation Regulations, FAR Fart 77, Washingten, D.C.,
May 1, 1965, (as amended by Code of Federal Regulations,
January 1, 1968 edition),

Federal Aviation Agency, pertinent Advisory Circulars are
listed below by number, title and date of issuan~e

AC

B

B 8 &8 BBB B BB BERER

8

BB

150/1930-1

15C/4290-1

15G/5200-1
150/5200~2
150/5200-3
150/5700=~4
156/5200-5

150/5200-6A
150/5200-7

150/5200-8
150/5200-9
150/5210~1
150/5210~2
150/5210-3
150/5210-~4
150/5210-5
150/5210~6

150/5210~7
150/5210-8

150/5210-9

Radiological Decontamination of Civil Adrports
(8-19-65)

Assistance in Obtaining Copper Procducts for Air-
port Lighting (10-6-66)

Bird Hazards to Aviation (3-1-65)

Bird Strike/Incident Report Form (11-27-65)

Bird Hazards to Aircraft (10-7-66)

Foaming of Runways (12-21-66)

Consideration for the Improvement of Airport
Safety (2-2-67)

Security of Aircraft at Airports (6-28-68)

Safety on Airport During Msintenance of Kunway
Lighting (1-24-68)

Use of Chemical Controls to Repel Fiocks of Birds
at Airports (5-2~68)

Bird Reactions and Scaring Devices (6-26-68)
Airport Em-rgency Planning (8-15-63)

Airport Emergency Medical Facilities and Services
(9-3-64)

Airport Emergency Cperations-Aircraft Emergency
(7-17=-24)

FAA Aircraft Fire and Rescue Training Film,
"Blanket for Survival" (10-27-65)

Painting, Marking, and Lighting of Vehicles Used
on an Airpert (8~-31-66)

Aircraft Fire and Rescue Facilities and Extin-
guishing Agents (9-7-66)

Aircraft Fire and Rescue Communications (10-28-66)
Aircraft Firefighting and Rescue Perscnnel and
Personnel Clothing (1-13-67)

Airport Fire Department Operating Procedures
During Periods of Low Visibility (10-27-67)
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150/5210-10
150/5220=-1
thru 6
150/5230-1
150/5230=2
150/5240-14A
150/5240-6A
150/ 5300-2
150/5300-3
150/5300-4

150/5310-1
150/5310-3

150/5320~5A
150/5320-6A
150/5325-24A
150/5325~3

150/5325-4

150/5325~5A
150/5325-6
150/5325-7
150/5330-2A

150/5330-3
150/5335=1
150/5335=2
150/5340-~1A
150/5340~4A

150/5340-5
150/ 5340~7A

150/5340-8
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Airport Fire and Rescue Equipwent Building Cuide
(12-7-67)

Guide Specifications for Airport Fire and Rescue
Trucks and Water Supply Systems

Suggestions for Airport Safety Self-Inspection
(3-30-64)

Gulde Specification for Fire Extinguishing System
(Foam) for Heliports (4-14-65)

Airport Disaster Contrel! Guide (10-31-67)
Radiation Safety for Civil Airports (12-27-65)

Airport Design Requirements for Terminal Naviga-
tional Aids (3-30-64)

Adaptation of TSO-N18 Criterion to Clearways and
Stopways (10-18-64)

Utility Airports-Design Criteria and Dimensioual
Standards {5-19-67)

Prepara.ion of Airport Layout Plans {2-9-55)

FAA Order 5310.2, Relocating Thresholds Due to
Obstructions at Existing Runways (5-27-05;
Airport Drainage {(1~28-66)

Airport Paving (5-9-27)

Airport Surface Areas Gradient Standards (5-12-66)
Background Infermation on the Aircraft Performance
Curves {or Large Airplanes (1-26-65)

Runway Length Requirements for Airport Design
(4~5-65)

Aircraft Data (1-12-68)

Effects of Jet Blast (4-15-65)

Is Your Airport Ready for the Boeing 747 (1-23-68)
Runway/Taxiway Widths and Clearances for Airline
Airports (7-26-68)

Wind Effect on Runway Orientation (5~5-66)
Airport Taxiways (1-28-65)

Airport Aprons (1-27«65)

Marking of Serviceable Runways and Taxiways
(6-30-66)

Installation Details for Runway Centerline and
Touchdown Zone Lighting Systems (8-4-66)
Segmented Circle Airport Market System (8-1-63)
Marking and Lighting of Deceptive, Closed, and
Hazardous Areas c- Airports (1-10-68)

Airport 51-foot Tubular Beacon Tower (6-11-064)
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150/5340-13A High Intensity Runway Lighting System (4-14-67)
150/5340-14A Economy Approach Lighting Aids (3~7-67)
150/5340~15A Taxiway Edge Lighting System (11-1-67)
150/5340-16A Medium Intensity Runway Lighting System

150/5340-17

150/5345-14A
150/5345-2
thru 37B
150/5345-38
150/5360~1
150/5360-2
1506/5360~3

13G/3370<1A
150/5370=2

150/5380~-1
150/5380-2A

150/5380~3
150/5390~-1

(12-19-67)

Standby Power for Non-FAA Airport Lighting
Systems (1-25-68)

Approved Airport Lighting Equipment (8-9-66)
Airport Lighting and Electrical System Specifica-
tions

Changes to Airport Lighting Equipment (8-9-66)
Adirport Service Equipment Buildings (4-6-64)
Airport Cargo Facilities (4=6-64)

Pederal Inspection Service Facilities at Inter=-
national Airports (4-1-66)

Standard Specifications for Construction of
Airports (5-28-68)

Safety on Airports During Construction Activity
(4-22-64)

Airport Maintenance (4-14-63)

Snow Removal Techniques Where In-Pavement Light-
ing Systems are Installed (i2-24-64)

Cleaning of Runway Contamination (6-28-68)
Heliport Design Guiae {11=3-H4)

b. Advisory Circulars Pending Issuance/Completion.

BE BB BB BEE

B BEE BB

150/5200-10
150/5300-5
150/5330-2A

150/5340-18
150/5380-4

150/5300~
150/5300-

150/5325-
150/5230~

150/5340-
150/5340-1B

150/5355=
150/5210-
150/5220-

150/5230~

Airport Emergency Operations Planning

Airpcrt Reference Point

Runway/Taxiway Widths and Clearances for Airline
Airports

Taxiway Guidance Sign System

Ramp Operations during Periods of Snow and Ice
Accumulation

Utility Airports

Business Jet and General Transport Airport
Design Standards

Compass Calibration Pad

Runway Surface Condition Measuring, Recording,
and Reporting

Taxiway Centerline Lighting System

Marking of Serviceable Runways and Taxiways
(revision)
Fallout Shelters in Terminal Buildings
Response to Alrcraft Emergencies ]
Alrcraft Arresting Systems for Joint Civil/Mili-
tary Airports
Aircraft Fueling and Grounding
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CHAPTER 3, AIRPORT SYSTEM IMPLEMENTATION

System Description

Neither public nor private airport planning, investment, and development
have kept pace with the needs of current operations. This has already
created a backlog of urgent airport development requirements which,
together with advancing aircraft technology and accelerated public
acceptance of air transportation, makes it imperative that Federal leader-
ship stimulate greater participation in the system’s development.

Because of the limited scope of the current Natjonal Afrport Plan, the
Nation lacks factual assessment of the financing neaded to produce an
adequate airport system for the next decade, Particularly lacking is the
knowledge of the full costs of airport development nccassary to meet the

economic objectives of tiie several states and their political subdivi-
sions,

An airport's development is a strongly motivated and proper responsibili-
ty of the community or region it serves. During the last 20 years, the
Federal Covernment has aided over 2,200 ccomunities in meeting that
responsibility through a program of direct financial grants. By such
action the Government has, except during recent years, induced the
development of the ground segment of the civil aviation system at a

pace comme~surate with the growth of other elements cf the system.
However, recent system growth and the rapid growth antlcipated during the
next few years signals a future demand for investments in airports which
clearly may tax the present system of fulfilliug capital requirements,

To go beyond the levels of furding which have been historically available
is likely to require wodification of financial mcchanisms i growth is to
be sustained.

Nevertheless, there can be no lessening of the national interest in
ensuring adequate develcpment of the national system of civil airports.
A community's development motivation is heavily slanted towards 1its

airport's terminal area because it is a visual extension of the community's

image, as well as being a readily self-supporting entity, In contrast,
the community scimulus is less, and the national interest is <reatest in
ensuring adequate development of the airport's airfield system supportive
to movement of people and goods. There, the national interest is grounded
in operational safety, and in the control and efficient utiiization of

the Nation's airspace., It is further meshed with the air transportacion
needs of interstate commerce, tne Nation's economic growth, and the

ER T TR
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requirements of our postal service and nationai defense. For these . H

reasons, there is positive and continuing need to Fedzrally influence
2dequate airfield area development at all airports comprising the
national system.

The proble.. presented is that of providing the initial source of funding
required in the near term, in order that needed development may proceed
and be responsive in a timely manner. Therefore, the future Federal role
takes shape to provide guidance on mechanisms by which the needed capital
funding is first provided, and then lead to orderly and systematic
develcpment throughout the national airport system,

On behalf of the Secretary of Transportation, the FAA administers or
participates in assistance programs for airport system development as
briefly described below:

a, Federal Financial Assistance Pirograms,

(1) Federal-aid Airport Program (FAAP)-Flanning/Construction Grants.
The Federal Airport Act as amended (49 U.S.C. 1101-1120)
authorizes a grant-in-aid program to assist public agencies such
as states, counties, and municipalities in developing public
airports, Under the provisions of the Program, Federal assis-
tance may be made available on a matching fund basis (usually
50 percent) for the cost of advanced planning, for the acquisi-
tion of the necessary land for the airport and for the
facilities needed for its safe operation, such as runways,
taxiways, and aprons. Unless appropriations are authorized,
grant authority under this program terminates in Fiscal Year
1970,

(2) DHUD 701 - Planning Grants. Authority: Title VII of the
Housing Act of 1954, as amended. (40 U.S.C. 460-462) The program
contributes to the development of a national system of airports
by providing Federal aid for "comprehensive planning' that may
include land use, community facilities, and transportation plans,
The FAA role in the program .s one of encouragement of this type
of plannirg on the part of FAAP sponsors and of coordination
with DHUD to assure conside.ation of air transportation as an
integral part of 70. plans. .

(3) EDA Planning and Construction Grants, Authority: The Public
Works and Economic Development Act of 1965, as amended (43 U.S.C.
3121-3226). The program contributes to de¢.:lopment of a
national system of airports by providing Federal aid for airport
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development by direct grants or grants supplementary tc FAAP
grants, Direct grants may be made for certain development

such as hangars or terminal buildings not eligible under FAAP
as well as for FAAP eligible projects that cannot be financed
due to funding limitations during a specific fiscal year. The
FAA r le 1. the direct grant program is one of coordination with
EDA and advisory service to provide the disciplines to assist
EDA in their own evaluatic . of the sponsor's application and in
carrying out construction. Supplementary grants are for the
purpose of supplying a portion of the sponsor's share of costs
in a FAAP development or advance planning project, After the
EDA transiere funds to the Department for this purpose, the

FAA administe ‘s the project. The only added role is comnected
v .ch fuid transfers and providing information to the EDA,

Appalachian Regional Development Act of 1965 as amended 1967
(40 ¥ S.C, app. 102). Sec., 214, Authorizes supplemental grant
of Appalacnia funds to increase Federal contribution to projects
ibove the maximum contribution allowed under FAAP, This is to
«aable public agencies to take maximum advantage of grant-in-
aid programs ~‘or which they are eligible but for which, because
of their eccnhomic situation, they are unable to supply the
required matching funds,

ARC ti asfers the needed funds to the DOT and they are admini-
stered toge her with FAAP contribution to the project by FAA,

b, Federal Property Assistance Program,

(L

(2)

3

Federal Air»ort Act of 1946, as amended, (49 U.S.C., 1115)
authorizes the Secretary to recommend the conveyance of any
Federzl land tor airport purposes by the owning or controlling
Federal agency under Section 16 of the Act, Ouce conveyed, FAA
assvres that the land is developed and used for airpori purposes.

Surplus Property Act of 1944 as amended, (5C U.S.C. app.
1622(g)) Federal surplus real and related personal property
recommended by FAA for airport aeronautical and revenue producing
purposes. Once couveyed by GSA, FAA assures 1its use by grantees
for airport purposes only.

Foderal Proper.y and Administrative Services Act of 1949, as
amended, (/) U.S,C. 471-420) FAA recommends to “SA the disposel
¢f donable -ersonal property to public agenc.es for direct use

in the development, operation, improvement, or maintenance of
public airports. Once conveyed, FAA assures its countinued uce

by grantec.
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(4) Federal Military Facilities, Under Se.ction 1107 - Federal .
Aviation Act (49 U.S.C. 1500) certain military facilities may
be made available for public use when determined by DOD nvt to
be inconsistent with a military program or which benc{its the
military program. Includes development at joint use cirprt ,
permits, licenses, &nd easements. Use granted generall, wi thou
cost by negotiation. FAA recommendation may be requested by
DOD.

(5) Public Airport Leasing Act of 1903, as amended. (49 U.S.C.
211-214) Act authorizes the Secvetary of the Interior 1o le-se
public lands to oublic agencies and private parties as pudii~
aviation facili:ies. Land ares covering up to 2,560 countigt »us
acres may be le sed. FAA may e requesred to rate type of Aair-
port facility required tc be oveloped,

(6) Department of Interic Afrpc ts. Act of March 138, 1950 (l6 U.S.
C. 7A-7E) authorizes the S« retary of Inte:ior to ac ire,
construct, operate, and mc .tfin public aicports in or in
proximity to national parks, = rnuments, and recreatioa .cras.
Location must be listed in NA , Operation and maia-¢nance must
meet the FAA standards, rules, or regulations of the FAA,

Aeronautical research and development efforts have historicaily bee.
confined both by government and industry to projecticn of market dem-nds
and the development oi three of the four elements ¢! the air tra.sporta-
tion system; j.e,, the vehicle (Aircraft), the way (Naticna! Alr.pace
System), and control (Air Traffic System)., The fourth elemeat - toe
terminal (Airport) - has been merely reactive, adjusted, and rea . ‘usted
to accomodate improvements and changes in other elements of the tuial
system,

a. At the present time, systems to arrest civil aircraft upon lending
sre not technically proven. Additional study and research is .
required. Until such time as the safety and technological prehlems
have been resolved, it does not appear that any system will be
incorporated into civil airport developuent,

b. Other items of airpert safoty which have been under {nvestigstion
but which require further ttention are the u.= of runway paving :
materials and surface grooving to improve airc:aft stopping capabili-
ties, obstruction protection, development of snow rewmoval techniques,
measurement and reporting of adverce runway cond:tions, fog dissipa-
tion, and alleviation of bird problems near airports,
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c. Large capacity jets, for example, although not expected to signifi-
cantly affect runway acceptance rates, will licavily tax the :
existing cargo and passenger handling capabilities, Although the 3
SST is not expected to materially affect runway capacity, planning !
criteria should consider the high cost of their delay which wili be L
much greater than for conventional aircraft, V/STOL aircraft, to
effectively add to and not derogate capacity at congested termin~ls,
must be able to operate independently from conventional aircraft and
under rules that recognize their performance fiexibility,

The need for a fully integrated, long range airport research and
development program has never been more critical than at the present
time, Effective R&D for the 1980 - 90 time period must be initiated _
within the next few vears in order to have an effective and timely !
impact on system development,

Current FAA guidelines and criteria used in national airport system
development and associated technical advisory services available to the
public are listed in the Bibliography section,

System Requirement.

There 13 a requirement for a nationwide system cf public airports adequate
to neet the present and future needs of civil aeronautics. The FAA
provides assistance (including the conveyance of real and personal
roperty) to airport sponsors and planning bodies to actively pursue the
timely development of the national system of civil airports. Agency
action in the form of assistance, however, will be kept to the minimum
necessary to assure the avallability of a system of public use airports

.o support civil aviation as identified within the National Airport Plan,

Ti:re 15 also a need for the agency to promote and undertake airport
re<~arch and development to accompany and be an integral part of aeronau-
tic.:1 research in order that total system costs and benefits can be
analvzed and full consideration be given to trude-offs among principal
elements of the air transportation system,

System CJoals

The FAA 1as established as {ts airport system development program
objectivus:

a, The icentification and determination,on a continuous basis, of the
financia! assistance roles of (a) the Fedeval Government, (b) stace




PR

5 g

W W

A s,

VII-22

BOOK 1
1/27/69

and local governments, and (3) the system users — airlines, genecral
aviation, airport management, nassengers, air freight shippers, etc,

The coordination and facilitation of all available Fedecral programs
which can assist in the development of any airport component or the
provision of necessary supporting services; such as for airport
termiral area facility development, the establishment of rapid
transit access, the assurance of compatibility of arva development,
etc,

Where factors other than financial deter system development, such as
multi-jurisdicticonal disputes regarding airport locations, to assist
in their early resclution.

The determination and undertaking of airport research and deveiopment
in ord~r to anticipate the system planning and standards development
needs of the future.

Bibliogranhy .

a.

Published Dccuments.

(1) U. S. Congress, The rederal Aviation &-t of 1958, Public law
85-726, Washington, D.C., August 23, 1958 as amended (49 U.S.C.
1301-1541) Section 308(a).

{(2) U, S, Congress, The Federal Airport Act of 1946, Public Law
79~377, Washington, D.C., May 13, 1946 as amended (49 U.S.C,
1101-1120) Section- &4(a&b), S(a&), 5(d)(3), 11 and 16(a).

(3) U. S. Congress, The Surplus Property Act of 1944 as amended
(50 U.S.C. app. 1622),

(4) Federal Aviation Agency, FAA Federal-aid Airport Program Hoad-
book, Agency Order 5100.lA, January 10, 1966 and changes @ - 30,

{5) Federal Aviation Agency, Federal Aviation Regulations listed
elow by FAR Part, title, and date (as amended by Coede of Federal
Regulations Januva.y 1, 1968 edition),

FAR Part 151, Federal Aid t~ Afrports (14 CFR Part 151)

FAR Part 153, Acquisition o7 U,S. Land for Public Airports
(14 CFR Part 153)

Far Part 155, Release of Ailrport Property t.om Surplus Property
Disposal Restrictions (14 CFR Part 155}
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FAR Part 157, Notice of Construction, Alteration, Activation,
and Deactivation of Airports (14 CFR Part 157)

(6) Department of Transportatica, Federal Aviation Administration
(prior to April 1967, Federal Aviation Agency) pertinent Advisory
Circulars =~re listed below by number, title, and date.:/

AC 150/5100-3A Federal-aid Airport Program-Procedures Guide for
Sponsors (9-20-68)
AC 150/5100-4  Airport Advance Planning (i-12-68)

AC 150/5150-2  Federal Surplus Personal Property iror Public :
Airport Purposes (6-27-68)

AC 150/5190-1 Minimum Standards fcr Commercial Aeronautical

Activities cn Public Airports (8-18-66) %
AC 150/5190-2 Exclusive Rights at Airports (¥-2-6%) .
AC 150/5190-3 Model Airport Zoning Ordinance (1-16-67) %

1/
A brief description of each Advisory Circular (AC) {s contained {n the
\dvisory Circulat check list published periodically in the Federal Register
(33 FR L4754-1477-1072/68),
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PART VIII. PROPOSED STUDY ON COST ALLOCATION
FOR THF, FEDERAL ATRWAYS SYSTEM

INTRODUCTION

The propeosed study discusged in the following pages is not a
substantive part of the National Aviation System investment
program of the FAA. 1t‘s, however, addressed to the prcblem
of an equitable and economically efficient allocation of the costs
of the Federal airways syetem in the future. As such, it bears
an important relat.onship to the amount of investment funds
which will b. available in thz future for improving and expanding
the Natiunal Aviation Systern. It is included here, thevefore,

as a subject germane to the policies of the FAA,
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PART VIII. PRUPOSED STUIY ON COST ALLOCATION
FOR THE FEDERAL AIRWAYS SYSTEM

Background and Purpose,

Since 1926 the Federal Government has provided, maintained and operated,
for use by all categories of aircraft operators, both civil and military,
2 national system of air traffic control, fliecht advisory services, and
ajds to air navigation, together with a network of commu 1cations ec<cen-
tial to the functioning of the system. Thic complex of fac.lities and
gervices -- customarily called the Federal airways system -- has been
planned and managed by and paid for from appropriations of the Federal
Ayiation Administration and its predecessor agencies,

The annual expenditures for the Federel airwaye system are substantial,
end {or the fiscal year 1369 will exceed $700 million. Larger arnual
expenditures in the future will be needed tc improve, eéxpand aud vperace
the system to meet the demands of a rapidly growing civil aviaticn.

The cost responsibility for the system and pricing of the services
provided are subjects of increased interest and importance to the

Federal Government, the aviation community, and the public. Because the
existing fuel an’ air travel taxes do not provide revenues sufficient to
cover the civil users share of the costs of the airways system, the
Administration has proposed new and additional taxes to be effective with
the new fiscal year, to recover from these users a greater share of the
system's costs,

As the aviation system continues to grow, it is evident not only that the
airways cystem costs will continue to increase but, also, that the
system's use and services will change in terms of individual categories
of aviation. It is important, therefore, that cost allccations among

the various beneficiaries be ivviewed for their long term equity and
applicability.

To accompiish this purpose, the FAA proposes to organize, with the advice
and counsel of the aviation community, a comprehensive study, to be con-
ducted over a period of approximately 15 months, on the subject of air-
ways system cost allocation. The study will examine the relevant issues,
develop a theorctical and conceptual framework for analysis, and recom-
mend a methodology to provide the most equitable, economically efficient,
and ctherwise appropriate in terms of national objectives and total
rational welfare, cost allocation by the Federsl Government of the
services and facilities comprising the Federal alrways system,




2. General T ~ussion.

For the pu-sose of this study, the Federal airways vstem will be

defined, as it has in prior studies, to include o .y facilities and

services for wh.-h the FAA has budget responsibi ty. The system does *
not include, on the other hand, all the progra~ and activities for

wh:h the FAA requests appropriationrs of the Co gress. Specifically

exc.uded trom the airways system are these FAA | ~~grams: (1) operation

cf Washington National and Dulles International airports; (2) grants-in-

aid for airports; (3) the development of the civil supersonic aircraft;

and (6) safety regulatory activitie:z related to aircraft airworthiness L
and certification, and airmen qualifications and proficiency. Funds b
expended directly for and in support of these programs are not considered
airweys expenditures. Tt should be noted that the Federal airways system
does not include the Nation's airport facilities that are owned and
operated by local and state governments, regional authori:ies, and
private enterprises.

in prior vears, the FAA has described the airways system as consisting TN |
of the following facilities and servi-es: (1) air traffic control '
towers; (2) tower approach control facilities; (3) airport surveillance
radars and radar beacons; (4) precision approach radars; (5) airport
surface detection equipment; (6) radar approach control facilities; (7}
instrunent landing systems; (8) airport approach lighting; {°) «ir r.ute
traffic contrecl centers and long-range radars; (10) the VORTAC navigation
system; (11) L/MF facilities; (12) flight service stations, including
weather services; (13) intermediate landing fields; and (14) the research
and development proiects related to above fac.lities and services. All
the expenditures directly for and in support of these facilities and R
services are considered to be airways expenditures, ';77“
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3. The Study Approach,

All the conceptual and emrirical aspects of developing a methodology for L
allocating airways system costs are within the scope of this study o
effort. In FAA studies to dJdate, a methodology has been developed for '”
allocating annual cost responsibility among system users based on: (1) .
user identification in terms of three segments of aviation -- air RN
carrier, ger:ral aviation and military aviativm; (2) system disaggre- i 'i
gation into the fourteen facility and service groups listed in the prior R
section of this statement; (3) system cost estimation for these groups ¢ S
in terms of maintenance and operation, depreciation and amortization of -5 {
the capital and research and development expenditure; and imputed v "A}
interest on the undepreciated and unamortized investment; and (4) air- '
craft traffic statistics indicating annual use of the facilities and
services by air carrier, general aviation and military aviation. This o
new study will review that methodology but will not be limited to

critiquing it.
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The study will he divided into two phases: osne devoted to the
theoretical and conceptual framework; and the «ther consisting of the
analytical work of develioping the methodolcgy for allocating airways
system costs., The second phase need not await the completion of the
first phase, but it appears logical that the substance and scope cf the
second phase work will be guided by the finding. of the first phase.
The study effort will include the work of field surveys to acquire =a
detailed knowledge of the functioning of the airways system frow the
viewpoints of both the FAA and the aviation users.

Basic Tasks of the Study Effort,

a., FExamine in the light of economic principles, other public policy
guidance, and national objectives, the theoretical and conceptual
aspects of defining relevant costs and ellocating cost responsi-
bility for the services and facilities comprising the Federal airways
system.

b. Develop a ratiocnale for defining the scope and substance of the
relevant airways system costs, given the descripition of the system
provided above.

c. Develop a methodology for allocating the costs of airways system
facilities and services based on tbe guidance developed in the
theoretical and conceptual phase of the study. This methodnl gy
must be feasible in terms of reasonable administrative workload and
costs to the FAA annually, and realistic in terms of the existing
institutional environment and Federal Government respounsibiiities
in the subject area of civil aviation as set forth in existing
laciglaticn,

d., Survey the traffic statistics and other available data indicative of
a’rways system use, and devise a statistical reporting proguam to
obtain any additionel data needed to effect the airways system cost
allocation in the manner called for by the theoretical and conceptual
phase of the study.

Illustrative Questions.

The ork of the study team should provide answers to questions such as
the .cllowing:

a. To what extent are there economic or non-economic benefits accruing
to the genernl public from the Federal airways system which justify
allocating some portion of the system's costs to the general public?
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b. what sre the advantages and Jisadvantages .:f marginal c.ost and
average cost sllocation for the Federal airways system!?

¢. By what means can the use of the airways system by iuternatio:al air
traffic, as distinct from domestic treffic, best be measurcua!

Coordination with the Aviation Conununity,

Lue FAA proposes to establish a small advisory group composed of aviation
representatives tc provide advice and counsel to the study teem. This
industry group will meet with the stndy team prior to the begimning of
the study, and thereafter at appropriate times,

The purpose of the meetings wili be: (1) to insure that the viewpoints
of the industry on all the issues relevant to the study are considered
by the study team in preparing its findings, conclusions and recom-
mendations; and (2) to provide a means for the study team to acquire
special industry information and data useful in the study effort.

The study team will be expected to explain its analytical approach and
recommendations at the request of the group where differences arise
but will not be required to achieve consensus. Each of the meetings
with the industry group will be conducted in the FAA Headquarters
building in Washington, D,C,, or at a location chosen by the group, and
are not expected to last longer than one day.

The establistment of the industry group will in no way preclude the
study team from seeking expert counsel, information and data from other

sourcee during the conduct of the study.

Reporting Schedule,

The study team wi:l prepare the following reports:

a. An interim report presenting all the findings, conclusions and
rccommendations applicable te the theoretical and conceptual aspects
of the study within six months of the beginning the study; and

b. A final report presenting in detail, together with & summary, all

the {indings, conclusions, and recommendations of the total study
effort within fifteen months of the beginning of the study. i
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