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PART I- GENERAL

CHAPTER 1. INTRODUCTION

This document, "The National Aviation System Plan," is a 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 1A.A head-
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, sub-
stantive contributions which will be helpful in preparing the following
year's plan.

This document is divided into the following subject areas:

* Planning Forecasts

• Air Traffic Control

* Air Navigation

SCommunications

* Aviation Weather and Other Supporting Services

. Airports.

These subject areas are treated in two volumes:

. Volume I relates to System Requirements and Criteria

* Volume II relates to the financial plan for each subject
area.

Note: An additional section dealing with a proposed study on cost alloca-
tion for the federal airways system is 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 uce
of aircraft; and the providers c, the airways, the airports and ground access
facilities and services.

The Federal Aviation Administration is directly responsible for the safety
regulations applicable to the air "ehicle 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 environmental and
support services and facilities.

Long range planning for airways and related support 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
toward 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 is being done by the inauguration of an Annual FAA Planning Conference
in consultation with industry and the interested public. By this process
a continuous, systematic statement of FAA plans can be developed on a ten-
year basis. This shiuld provide the aviation industry, the Congress, the
Aministration and the interested public with a basis on which management
decisions can be made regarding technological development, investments,
finance and goverudental policy.

Limitations of this Conference

This first conference relates primarily to those ?rograms which require a
major portion of the agency's investment resuurces; it does not address
Itself to all of the major problems facing the goverament and industry
setpouts of the aviation coamunity. This initial effort is focused on that
part of the National Aviation System which relates 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 desien qtan-
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 planning nfforts envisioned by the new policy of consultation
and planning.

Among the major issues which are not included are:

1. Environmental 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 treatmen 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 aircraft
operators has a significant impact on the planning of airport and
airways facilities, this is a subject involving intra-governmental
relatione not appropriate to this conference.

Other Limitations

There are four other Iitations to the data presented in these documents
which arc or primary importance.

1. Aeronautical Forecasts. The forecasts represent the results of
existing forecast methodologies. As in any projection for the
future, man) assumptions are made and some pertinent factors omitted.
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As it i not logical to forecast air transportation growth in
isolation, the forecasts are de.'icient 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 pt'blicly acceptable

high speed ground transportation system along high density,
short-haul corridors within the country could have an impact
upon air growth. However, more experience must be obtained
before this impact can be included in aviation forecasts.

2. Imvlementation Criteria. Modifications, improvements, addi-
tions and deletions to the air traffic control and navigation
facilities are normally made upon a set of national criteria
developed and -. rovea by the Federal government. The plan
represents current thinking about these criteria. In qome
cases, the criteria is well established and has not been
reviewed for a considerable span of years. -i other cases,
criteria ' ve not been fully deveioped and are tentative or
proposed only. A1 criteria are subject to change. These
changes may be based on furthe" anIlvsis of benefits and
costs, technol. ,ical -hanges, environment-.A changes, safety
standards, or other relevant factors. In no case are they
considered to be final. Suggestions for development of

methodology, new criteria aud related benefits and costs are
solicited.

3. Resource Allocations. The levels of funding, based on the
existing criteria, goals, and requirements represent a best
estimate of the resources needed - meet demand. It is to
be clearly understood that the presentation of thePropoed
Plan and the scbseguont msetings do not reflect any coarmit-
mnt ou the part of the "eckitive Branch of the Federal
iovarr1n..1t or the cosress to prvide funds at the levela
indicated or for dhe pur *es stated. Neither is it to be
construed as a ?lan for miiti-year financial commitments.

4. M1liry R*QgJre-e*ns. In addition, there are alwa,s Limi-
tations in the up o. terms and language. Whiie it i 6teted
that the plan covers the National Avi-tion Systema, it mho-,,ld
be recognised that it is primarily dire'ted toward civil,
dcnestic, and Federal needs. Little tAntlon is made ai the
ril'tary system and none of military requir.erts. Except
iAmofar as JoL.,t-use of civil facilities is involved, this
*epwnt of the overall 9yetem is excluded by intent. it doos
not, however, minimize its importance to the general velfare.
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The National Aviation System Plan

This National Aviation System Plan 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 modernizaLicn 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 I - System Requirements and Criteria

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

a. System Requirement: An identified need whic- is to be fulfilled
if safety stands-ds are to be maintained and foreseeable aviation
growth accommodated.

b. System Description: A narrative description of the method by
which the agency elects to fulfill the requi.eiment, whether it
be hardware, procedures, regulations, or a combination of these.

C. System Goal. Te expected results to be attained within the
p~riod of the plan.

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

e. Bibliography. 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 FAA for the ten year
period (1970-1979) for each of the FAA related services and facilities (ATC,
NAV, COM, Weather, Airports).

These investment plans and system requirements are the ones currently approved,
or at present considered desirable, by the Federal Aviation Administration.
They are subject to change based on increased technological knowledge, improved
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system analyses, general policies of the Department of Transportation and
other review authorities and inputs from other segments of the aviation com-
*unity.

All dollar estimates will be subject to ultimate approval by the President
and the %C'gress.

For the 1969 NAS Plan, the investments are identified in terms of budget
appropriations for Facilities and Equipment, and Aesearh and Development.
Operations and Maintenance appropriations are shown for the more important
but not all programs. The funding is shown for ten fiscal years asq follows:
(1) 1970 (the 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
available for effective systems planning.

The FAA believes that these neu planning techniques and new methods of
participatory democracy can be coupled with the traditional resources and
ingei ity of the aviation comunity in meeting the challenges of the 70's
and 80's.

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

ti
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CHAPTER 2. SUM4ARY

Planning Forecasts

The increasingly complex amount and mixture of air traffic in the United
States, generated by an expanding economy 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 period can be indicated by a
number c_ 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 doubl2. With
further improvements in unit productivity promised by new jet aircraft, the
airlines of the Unitcd Stat.s 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 iui en years. The air carrier fleet is forecast to
increase 40 percent, and its average payload capacity 60 percaut. The pri-
vate and business aviation fle, will increase during the next ten years by
s'out 83,000 aircraft from i22,.00 to 205,000. Air carrier and general avi-
ation aircraft operations at airports with FAA control towers will triple,
and IFi aircraft t-affic will double by the end of fiscal year 1979.

These aviation forecasts assume a National Aviation System which will impose
no significant constraints on the future growth of civil aviation. lh're
can be no doubt that a sound economic basib tar 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 environment take the form of
predicting when applications of known technical feasibility can become
operationally and economhcally viable by identifying future aircraft and
equipment under development and determining their scheduled system appear-
ance. During the next decade greater numbers and new generations of civil
aircr, Cc 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
mile* per hour. V/STOL transports will be wa;tuvering at relatively slow
speeds and at low levels within the airspace over the great metropolitan
centers. Better systems of navigation and cvYunications, air traffic con-
trol procedures, meteorological services and aircraft landing facilities
for both these kinds of aircraft will be needed. Econamic penalties 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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Air Traffic Cantrol.

During the past 20 years, the safe 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
increased traffic volumes and more mixtures 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
system 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 test means to meet
demands placed on the National Aviation System lies in greater technical
sophistication -- such as en route and terminal automation of traffic con-
trol, high precision navigation systems of greater flexibility, high speed
comiunication systems of greater capacity and reliability, and irmpravements
in traffic surveillance systems.

As average passenger loading per aircraft continues to increase, the zotal
of air travelers exposed 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-a more important for
safety. It i% particularly true at the airports from which both air carrier
and private aircraft operate, where a wide variation occurs in operating
speeds.

I
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There are three major programs in the plan to deal with the problems of
terminal area stfety 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, test, and evaluation program to modernize the air traffic

control system and develop those automation systems that will apply to the

terminal and enroute programb.

Air Navigation

The higher maneuvering speed and larger mass of jet aircraft incL:asingly
discourage any low altitude maneuvering for landing which is based upon
visual reference to the ground. A substantial 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 to dev.lop ultimately more highly automated systems of airczaft
approach and landing, call for programs to improve the ILS and its associated
facilities to increase the capability for low visibility landings. Within
the next decade, the FAA will continue to explore the specific net2s .,nd the
technology for replacement of the ILS. The safe and efficient use of tOe
airspace, particularly in terminal areas, will require higher orders of
precision than are currently provided and development of a "next generation"
system, must be initiated, Distanct measuring equipment located at ILS
sites serves 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 under instrument con-
ditions, navigation and instrument approach facilities will be required.

Communications

To provide additional capacity for aircraft flight in the National Airspace
System, it has been necessary for the FAA to divide the airspace into an
increasing number of control jurisdictions, each of which requires its own

I!
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discrete communications channels. With the advent of radar and direct pilot-
controller communications, aircraft navigation and aircraft separation have,
along with increased traffic volum% resulted in increased use of radar vec-
toring and, accordingly, increased conmunications. The result has been con-
gestion of air-ground comunication 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 comuznications and an end to protracted voice
camunications 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, a flexible, high-speed electronic rather than mechanical
voice switching system will probably be required. As the air traffic control
automation program is implemented, digital data transfer of radar information
becomes pvssible with concomitant improvements in redundant coverage and
economy.

Aiation Weather and Other SupportinA 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
weather information, and aeronautical chart and flight information. The
exected growth of air traffic and the introduction into transport service
of laijer and faster aircraft will require an extension of the present FAA
operating and 10 programs for these traffic support services. More precise
assessment is needed of the kinds and amnts of weather information required
by particular segments of civil aviation, and by new kinds of aircraft, in
the mota automated t:affic control ,'ystem and structured airspace of the
nxt ten years.

It will be necessary to continue research and development in coope/ation

with industry and the academic community on such problems as clear air
turbulence and terminal area visibility. Special attention will air, be
required during the next several yesis to meet the growing demands of civil
aviation for additional, precise and timely information on air facility
status, topography and flight hazards, and other navigational information
important to the safety of visual and instrument flying.

A major investment is required for FAA aircraft and equipment and R&D
facilities at NAFEC. Capital expenditures will be required for these
important item to support the agoncy'. flight inspection and 10 programs.
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Airports,

Air traffic 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 is a major cause of aircraft
delays. Passengers are delayed additionally by inadequate terminal facil-
ities as well as inadequate airport access at many existing airports. The
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.

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.

Unlike the air traffic control, navigation, communications, weather and data
acquisition subsystems which are the responsibility of the Federal Govern-
ment to install, operate and maintain, the airport is the responsibility
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; Airport
Standards; and Airport System Implementation. Estimated new and existing
airport development and expansion in the ten year span FY 1970-79 is $8.4
billion.

Airways Cost Allocation 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, and aide
to air navigation, together with a network of comnunication# essential to
the functioning of the system.

The annual expenditures for this system -- customarily called the Federal
airways system -- are substantial, and for the fiscal year 1969 Vill exceed
$700 million. Larger annual expenditures in the future will be needed to
improve, expand and operate the system to most Cho demands of a rapidly
growing civil aviction. Because the existing fuel and air travel tax. do
not provide revenues sufficiemt 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 L rways
system 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 allocations among the various beneficiaries
be reviewed for their long term equity and applicability.

To oecomplish this purpose, the FAA proposes to organize, w'th the advice
and counsel of the aviation community, a comprehensive 4udy, to be con-
ducted over a period of approximately 15 months, on the subject of airways
system cost allocation. The study will examine the relevant issues, develop
a theoretical and conceptual framework for analysis, and recommend a
methodology to provide the most equitable, economically efficient, and other-

w4 we appropriate in terms of national objectives and Lotal national welfare,
cost allocation by the Federal Gover-ament of the 3ervices and facilities
comprising the Federal airways system.

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

1. Examine in the light of economic principles, other public policy
guidance, and national objectives, the theoretical and conceptual
aspects of defining relevant costs and allocating cost responsibility

for the services and facilities comprising the Federal airways
system.

2. Develop a methodology for allocating the costs of airways system
facilities and services based on the guidance developed in the
theoretical and conceptual phase of the study. This mthodology
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 Govern ent responsibilities in
the subject orea of civil aviation as set forth in ex:sting

legislation.

3. Survey the traffic statistics and other available date indicat, - of
airways system use, and devise a statistical reporting program 6o
obtain any additional data needed to effect the airways system cost

allocation in the manner called for by the theoretical and conceptual
phase of tl.e study.

I
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CHAPTER 3. DEFINITIONS AND ABBREVIATIONS

National Aviation System: The physical complex of civil airmen, aircralt,
airports, airspace, airways, and facilities, and the services, regulations,
plans, standards, procedures, and practices associated with the complex
including system components jointly shared with the military. It encom-
passes the National Airspace System, the National System of 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 traffic 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.

National System of Airports: The network of public use airports which
series civil aeronautics.

Federal Aviation Regulacion System: The whole of rules, regulations, sta'-
dards, or system characteristics promulgated by the FAA to which adherence
is necessary in the interest of safety, regularity or efficiency of ti.
National Aviation System.

System: In its largest sense and as uses most in this flan, a system is
an aggregare 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 comnunications system. 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 safety
standards are to be maintained and foreseeable aviation growth accommodated.

System Description: A narrative description -f the method by which the
agency elects to fulfill the requirement, whether it be hardware, procedures,
regLliti;-ns, or a ombination of these.



1-14 BOOK 1-

1/27/69

ftsta joal: The expected results to be attained within the period of the
plan.

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

Flity: 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. In some, instances a facility may consist of equipment
without services. As generally used in the plan the term refers to facil-
ities owned and operated by the FAA, but in some cases also includes facil-
ities Jointly owned and shared with military, state, or local authorities.

octio: Geographical ositioi of a facility.

.h1ignnt: Normally refers to the actual hardware or device which performs
an asernautical functioa. Often used as a synonym for facility.
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ABBREVIATIONS

ACC Air Coordinating Committee
ACIC Aeconautical Chart and Information Center
ADC Air Def --nse Comand
AFB Air Force Base
AFS Aeronautical Fixed Service
A/G Air/Ground
AGL Above ground level
AFTN Aeronautical Fixed Telecommunication

Network
AL Annual instrument approaches
AIM Airmen's Information Manual

AIO Annual itinerant operations
AIRAD Airmen Advisory
AIRMET Airmen's Meteorological Information

ALS Apprc light system
aE Aviation Medical Examiner
A/N Alpha Numerics
ANF Air Navigation Facilities
APC Area Positive Control
ARC Appalachian Rcglcnal Com.ission
ARSR Air route sur;-eillanc radar

ARTCC Air Route Traffic Control Center
ARTS Advanced radar traffic control

system (tlerminal)
ASDE Airport surtace detection equipment
ASR Airport surveillance radar
ATC Air Traffic Control
ATCRBS Air traffic control radar beacon system
ATCT Airport Traffic Control Tower
ATIS Automatic terminal information service

AWLS All weather landing systrm
CAA Civil Aeronautics Adminiatration

CAB Civil Aeroni ti.s Board
CARF Central Altilude Reservation Facility
CAS Collision avoidance system
CAT I, II, III Landing Minima Categories
C&GS Coast and Geodetic Survey
COMLO Compass locator
COVAN Comuunications van
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CONUS Continental United States
CPA Continuous power airport
CSC Civil Service Cmmission
CS/T Coined station/tower

CVF Controlled visual flight
MUMTS Digital azimth-rar41ing-

tracking system
IM Distance measuring equip.gtnt
DOD Department of Defense
DOT Department of Transportatlon
=,A Econcmic Developient Act
ERS Expanded; radar service
ESSA Environmental Science

Services Administration
EVS Electronic voice switching
FAA Federal Aviation Administration

FAAP Federal-aid Airport Program
FAR Federal Aviation Regulation
FAAR Fec:Zal Aviation Admini6tration

F -uirement
F&r Facilities and Equipmnt Appropriatiun
FDP Flight data processing
FL Flight level
FPM Federsi Personnel Mantial
FSS Flight Service Stati .
F! Fiscal Year
GA General Aviation

GNP Grosn Nitional Product
GPO Goverramnt Prinzins Oifice
1HMA RIh density terminai airspace

HP digh frequency
1tVk Balicopter visual range
ICAO International Civil JI'iion

Organisation
IFR Instrument flight ruleb
IFSS International Flxght Service

Station
ILS Instrument landing system
IOC Initial operating capability

~i
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ITU International Telecoummunications
Union

LDIN Lead-in lighting system
LAWRS Limited aviation weather reporLing

service
L/MF Low medium frequency
LORAN Long range navigation
LRR Long range radar
MALS Medium (intensity) approach

light system
MEA Minimum enroute IFR altitude

MOPTAR Multiple object phase trackinr
and ranging system

MSL Mean sea level
MTI Moving target indicator
NAFEC National Aviation Facilities

Experimental Center

NAP National Airport Plan
NAS Stage A National airspace system

enroute automation program
NASPO National airspace system program

office
NASA NaLional 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
SO&M Operations and maintenance

appropriation

PICAO Provisional International Civil
Aviation Organization

PONYA Port of New York Authority
PVOR Precision VOR
?WI Proximity warning indicator
RAIL Runway aligrnent indicator lights
RAPCON Radar approach control facility

(civil -mil itary

ii
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RATCC Radar air traffic control center
(civil military)

RCAG Remote control air/ground comounications
REIL Runway end identification lights
RTR Remote transmitter receiver
R&D Research and development
M Radar microwave link

RVR Runway visual range
SI(ET Significant meteorological

information

SPANAT Systems Planning Approach
North Atlantic

(S)SALS (Simplified) short approach
light system

SEAL Signal evaluation airborne
laboratory

SRV Slant range visibility

SST Supersonic transport
Stage A En Route automation program

STOL Short takeoff and landing
STRACPS Surface traffic control system

TA \N Tactical air navigation
TAIR Terminal area instrument range
TRACON Terminal radar approach control

facility
TYOR Terminal VOR
TWM Transcribed weather broadcast
TVR Terminal VOR

UHF Ultrahigh frequency
UPS Uninterruptible power system,
USCG United States Coast Guard
VASI VIisual approach slope indicator
VFR Visual flight rules
VEF Very high frequency
VOR Very high frequency omnirange station
VORTAC Co-located VOR and TACAN
VOT VOR test signal
V/STOL Vertical/short takeoff and landing

VTOL Vertical takeoff and landing
WIP Work in Progress
WMSC Weather Message 9witching Center
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PART II. PLANNING FORECASTS

CHAPTER 1. FORECASTS OF AVIATION D MAND

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.

Quantitative forecasts are needed to guide long-range planning, none-
theless. The usual procedure of forecasters in accounting for uncer-
tainty is 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 simplification of
the presentation should not be taken as an indication that the forecasts
are precise and not subject to a range of uncertainty. It should be
noted too that the traffic forecasts represent estimates of unconstrained
demand which suma the availability of an aviation facilities system
and a safety regulatory envirorent whfch w4_'i ptrmit realization of
the anticipated traffic growth.

The section on the traffic outlook is followed by a discussion of the
aircrsf and aircraft systems technology in the 1970-1979 time period.
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2. FAA Forecast.jz Cycle.

As part of its continuing planning process, the FAA annually prepares
forecasts of key indicators of national aviation activity and of FAA
operational workload. These forecasts are suuarized 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 first 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 forecasti of each series are also developed to meet longer-range
planning needs.

The foiecasting effort is a continuing program - in the annual cycle
each forecast series is reviewed and revised as appropriace in tne light
of developments during the past year and extended one year further into

the future. In addition, FAA closely monitors certain forecasts which
are of particular concern for short-term budget and operational planning
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 forecasts to meet varying planning
needs of the agency. These include studies of regional and local air-
port activity, peak period traffic forecasts, North Atlantic traffic,
Washington are airport traffic, and sinnen statistics.

SECTI( B. MTHODOLOGY AND ASSIIPTIONS

1. Air Cs-rricr Forecasts.

Variou. methodologies and techniques are utilized by the FAA in devel-
oping its forecasts of aviation activity and FAA operational workload
for each segment of aviation. In Large part the approach is determined
by the currency and completeness 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 avi-
ation. The forecasts are shown in a series of tables in Section C of
this chapter.

I
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The forecasts of air carrier aviation begin with a forecast of total
U.S. domestic revenue passenger-miles (Table II-1A. The latter is
derived from a methodology which relates total passenger 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 a revie9
of various GNP forecasts made by non-government organizations and after
discussions with certain Governaent economists. The forecast also
assumes a continued downtrend in passenger-mile revenue in 1958 dollars
of three percent pzr year; in ctrrent dollars the decline in yields is

not expected to exceed one percent per year. The projection of future
yields was based on judgment which considered the history of the domestic
fare structure, the future fleet composition, and anticipated changes in
aircraft cost and performance characteristics.

The forer-.t of U.S. international revenue passenger-miles (Table II-I)
is related to the forecast of U.S. domestic passenger traffic. His-
torically, there has been a very close relationship between the amounts
of passenger revenue received by the U.S. international 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 Fervice will certainly increase U.S. international air carrier
traffic, but Iy 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 and also in relation to
the domestic yield and was forecast at about 88 percent of the domestic
yield.

Te forecasts of domestic and U.S. international passenger enplanements

were derived by dividing the forecast passenger-miles by an estir-ate
of the average passenger trip length.

The forecast of the U.S. air carrier fleet (Table 11-2) was based on
a review and analysis of the individual air carrier requirement. The
base xor tae forecast was the number of aircraft, by type, each carrier
had on h3ad and o order. The latter data was compiled from proprietary
delivery schedules submitted to the FAA by the aircraft manuacturers
as well as fron public announceents of orders.
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A carzii--by-carrier -eview was made of all the fleet informatior and
additional estimated aircrcft 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 years for which aircraft order information
was available.

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
revenue passenger-miles. A separate productivity determination was made
for each type of aircraft based on average annual utilization, average
block speed, and average passenger seats aboard each type of aircraft
by carrier group. Te procedure provided estimates for each year of
total aircraft hours and miles flown and of total avaflable seat-miles.
7he seat-mile estimates were then compareJ 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 fleet'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.

2. gneral Aiation 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 in general aviation and the aumber of acttve general aviation
aircra;z represent the sum of separate forecasts made for each of the
major segnts of general aviation, i.e., business, personal, instruc-
tional and commercial flying, and for each type of airczaft. E&ch use
category wet projected statistically and the results adjusted, as
appropriate, on the basis of other available data, anticipated devel-
opments, discussions with and conwents received from the general avi&tion
comulnity.

3. IA kIrkload Forecass.

The forecasts of the various FAA operational series (Tables !I-3 - II-S)
represent the sum of separate forecasts of air carrier, general aviation,
and military activity. Air carrier aircraft ,iperations waer forecast by
doublina the estimated mober of departures. 7he number of departures

.4I
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was determined by dividing the forecast aircraft miles flown by appro-
priate estimated average stage lengths for each aircraft type in the
air c~rrier 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
relationsbi? to total air carrier aircraft operations.

The estimates for military air traffic activity 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.

SECTION C. AVIATION FORECASTS, FISCAL YEARS 1970-1979

1. 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 to $673
biilion, in constant 1958 dollars -- an increase of 90 percent. By
1979 GNP is expected to grow to $1,079 billion (in 1958 dollars), a
further increase of 60 percent. Since national iicome 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 3 growing number
of persons. From the standpoint of aviation demand, it is particularly
significant that families with incotes of $10,000 or more will 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 1950 and 1967 the population of the U.S. rose
from 152 million to 199 wllion. By 1979 the poulation will total an
estiateo 235 rillion -- in increase of 36 million persons.

Shifts in the geographic distribution of the nation's population will
reflect the trends alreaa.' in evidence. Population growth is expected
to be most rapid in the Pocific States and in the South Atlantic States
in response to the increastz. .n induatrialization of these areas.

I
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By 1979 over half of the populatirn will be living in the 30 largest
standard metropolitan statistic&L areas having a population of 1,000,OOC
or more each and an additional 25 percent will resile in the remaining
AIM's.

The size of the civilian labor force will increase from about 76 million
in 1967 to 97 million in 1q79. From the standpoint of air transportaticn,
expected changes within the work force will have significance. The work
force oZ the future will consist of a rising proportion of well-educated
and more highly trained managerial, service, and technical personnel
each having a high travel propensity and an increasing need for expedited
means of travel.

2. A&irline Passenger and Carso.

Continued high growth rates in passenger traffic are forecast for the
next ten years for both the United States domestic aad 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
i scheduled domestic and international service. These figures compare
with 153 million passengers and nearly 107 billion revenue passenger-
miles in fiscal year 1968.

The numer of domestic revenub 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 increase by 90 percent, and by 1979 it 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 billion passenger-miles. By 1979,
these volums are expected to reach totals of 45 million passengers and
82 billiou pessenSer-miles.

!
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Table II-I

U.S. SCHEDULED AIRLINE PASSENGER TRAFFIC

T Revenue Passengers Enplaned Revenue Passenger-miles
millions, (billionsi

Fiscal Year Total Domestic Int'l. Total Domestic Int'l.
9b
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 1.55.0 49.0

1979 429.0 '84.0 45.0 342.C 260.0 82.0

Air cargo is 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.C billion

ton-miles in 1967.

3. Air Carrier Fleet.

To handle this growth in passenger anJ cargo tra . x, U.S. air cariers
are forecpst to increase their aircrhft fleet f :m L,452 aircraft at the
beginning of 1968 to 3,480 aircraft at the start of i979. During this
period, U.S. air carriers will shift to a predominantly jet aircraft
fleet as the nurber of JULs increases sharply from 1,344 in 1968 to almost
3,200 in 1979. Conversely, piston aircraft will be viztually phased out
of service with the pcssible exception of a liraited number in domestic
op rations on snorter-range, low-density routes, and in non-scheduled
service.

Stretched versions of current four-engine jet transports are expected to
be in increasing demand. The aumber of two and thr'ee-engine jets will
increase substantially throughout the forecast peliod -- fr_-1 638 in 196-5
to 1,636 in 1974 and to 2,422 in 1979. Included in these numbers are
"sta-dard" and "stretched" versions uf today's models as ,,ll as sub-
stantial numbers of large capacity "airbus" models. The larger, four-
engine "jumbo" jet seating up to 380 passengers is scheduled to enter
sorvice in fiscal i970. It will be used initially on hig'-density long-
haul passenger r'.jtes 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. SS' service is expected to begin in 1977/78.

Through the forecast period, growing inoustry and government attention
will be directed to che V/STOL and STOL aircraft. However, they will

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

Table 11-2

TOTAL AIRCRAFT IN S'1VICE OF U.S. AIR CARRIERS AS OF JANUARY 1

Aircraft Type 1966 1968 1974 1979

Total Aircraft 2,125 o_2 305 __10

fixed-wing 104 2.430 _3.
Jet 725 1,344 2,545 3,158
Turboprop 312 444 321 234
Piston 1,067 642 161 40

Helicop ers 21 22 2_3 48

Note: Included are all passenger and cargo aircraft owned or leaved by,
and in the do=--tic oa. international service oi ti-- U.S. certificated
route, supplemental, intrastate and comerial air carriers. For 1966
and 1968 reported data are skw*-c

4. General Aviation.

General aviacion activity has been expanding rapidly and the outlook
is good for continuation of this growth. At thL beginning of 1968,
there were approximately 114,000 active general aviation aircraft.
This number is expeLed to increase to 162,000 by 1974 and to 205,000
by 1979.

A sharp increase in turbine-powered geaeral sviation aircraft is antic-
ipated. By 1974, the number forecast is 3,8j0 and by 1979 they vwi'
total 7,000. Co.paratively, there were 1,281 in the active fleet at
tie beginning of 1968.
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Business flying will remain the largest type of general aviation flying.
Air taxi, personal, and i~atructional flying will show sizeable increases
by 1979.

5. 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 zt 4irports with FAA traffic control service
will rise from 53 million in fiscal year 1968 to 94 million in 1974 and
155 million in 1979. 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 it triple between fiscal
years 1963 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 in 1968.

Air carrier operations 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
inc.easingly important coach/economy service, made it possible to -qndle
more and more passengers without increasing flight schedules. However,
air carrier operations began to rise in 1.964. Further rapid increases
in operation3 are expected In order t- meet the needs of expanding
passenger and cargo service. This will be true despite the continuing
introductica into ervice of larger transport aircraft, e.g., stretched
jets, j unbc jets and the supersonic transport (SST).

I



II-10 BOOK 1
1/27/69

Table 11-3

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

Fiscal Year Total Itinerant Local

1962 27.4 18.8 8.6

1968 53.0 32.4 20 5

1974 94.2 55.8 38.4

1979 154.5 90.7 63.8

Instrument operations at airports with FAA traffic control service
(including those at FAA-operated military radar approach control
facilities) tot&1ed 1/,.6 million in fiscal year 1968. The FAA f ..
cast calls for 28.8 million in fiscal year 1974 and 44.5 million in
fiscal year 1979 as an increasing pro-ortion of air carrie, and gen-
cral aviation operations are flown under instrument flight rules (IFR).

Table 11-4

INSTRUKEDT OPERATIONS AT AIRPORTS WITH FAA TRAFFIC COFTROL SERVICE
(in millions)

i Ara1 YarU i T riri M i (~arntjimiw

1962 7.4

1968 14.6

1974 28.8

1979 44.5

iJ
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The number of IFR aircraft handled, which is used to measure en route
IFR activity and workload at FAA air 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 United States and prescnt-day operating rules and
procedures.

Table 11-5

IFR AIRCRAFT HANDLED BY F'AA AIR ROUTE TRAFFIC CONTROL CENTERS
(in millions)

General

Fiscal Year Total Air Carrier Aviation Military

1962 10.1 5 5 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 independent rounding.

6. Traffic Demand at Major Air Commerce A' crts.

The great expansion in overall U.S. air traffic expected in the next
ten veirrs will res-It in tremendous increases in the de"o--ds that
will be placed on individual U.S. airports. This is especially true
of the principal air carrier airports J,: the large air traffic hubs.

i

Historically, U. co~mercial air tr'affic has been highly concentrated.
* V In 1965, the 21 " major U.S. m.-ropolitan areas accouted for 66 per-
*cent of total airline passenger enplanements and 48 percent of all air

carrier operations at U.S. 4irpoe'.c . Moreover, as a group, these large
air traffic hubs have incr25s:t.d fi.eir shart of the total air traffic.
By 1970, it is anticipated that they will a-count for approximately 70
percent f all airline passengers enplaned iii: the U.S.

1/ The New York Standard Consolidated Area was considered as one
comrunity as was the Washington/Baltimore complex.
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In 1965, only three large air traffic hubs generated more than 6,000,000
enplned passengers -- New Yiuzk, Chicago and Los Angeles. By 1980,
twenty of the twenty-.ne large huas (all except Cincinnati) are expected
to generate more than 6,000,000 enplaned passengers annually.

The great expansion expected at these key air carrier airports makes it
clear that solutions to the problem of capacity, congestion, and delay

wrill ecome incr,-singly more pressing. The bulk of air carrier delay
is concentrated at a few airports. An FAA study indicates that air
carrier terminal delay during calendar year 1966 at 304 terminal areas
served by FAA towers amounted to 173,000 hours and that the cost of this

delay co domestic air carriers alone was about $57 million. Of these
system totsls, 35 high-activity airports accounted for 72 percent of the
delay and its associated cost.

Significantly the top seven airports, ranked by delay, accounted for
51 percent of the nationwide total. These airports were J.F. ienedy
18 percent, Chicago O'are 12 percent, LaGuardia 6 percent, Newark 4
percent, Atlanta 4 percent, Washington National 4 percent, and Los Angeles
3 percent. Thcse same seven airports accounted for 25 percent of the sir
carrier operations handled by FAA towers located in the conterminous
Urited States and 35 percent of the domestic airline enplaned passenger-.,
Thus, it is clear that aircraft operations, passengers, and delay prob-
lem are concentrated in a relatively few airports and it follows that
additions to capacity at these locations. will have the moot significant
benefit.
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CHAPTER 2. AVIATION TECHNOLOGY FISCAL YEARS 1970-1979

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 VTOL and STOL aircraft. General aviation wil"
continue its rapid growth in an evolutionary manner with new structural
concepts be!-±g 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-!979 time period.

2. Subsonic Transport Aircraft.

Present subsonic jet transports now operational and those being devel-
oped for immediate future service should fulfill maay of the air trans-
portation requirements for the decade 1970-1979. Maay of the present
four-engine jet subsonic transports now being utilized were introduced
into service about 1958. Only mine- airframe improvements have been
made in these aircraft with the most significant technological advances
achieved in the propulsion sy.tems.

The airbus and jumbo Jet type transport aircraft scheduled for intro-
duction in the early 1970's will, of course, meet the requirement to
transport large ntu.'bers 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 nLumbers 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 realized. 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 p:vunds
is double that of the 707-320B. Efficient handling of the maximum
passenger payload of irom 366 to 490 passengers with their baggage will
require rhanges in pasqenger handling facilities and procedures at many
terminals. The freighter configuration, with cargo loads of up to
220,000 pounds, will require increased terminal capability for loading,

unloading and transportation to peripheral storage facilities.
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Statistics on the Boeing 747, are as follows:

Haximu Gross Weight 710,000 lbs.
Maximum Takeoff Thrust/Engine 43,500 lbs.
Length Overall 231 ft.
Wing Span 196 ft.
Cruise Speed (Mach No.) .85
Mean Cruise Altitude 35,000 ft.
Payload/Range Passenger Freighter

Max. Pass. & Cargo Max. Cargo
143,000 lbs./3450 S.M. 220,000 lbs./2650 S.M.

85/15 Mix of 366 Pass. 110,000 lbs./5500 S.M.
73,000 lbs./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 comaunities 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.

Technological advances to meet the requirements of such an aircraft and
to improve the performance of existing transports will be made.

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

In the propulsion area advanced structural concepts, for example, com-
pressor mattrials that permit higher allowable stress levels, will result
in signifiLant improvement in thrust to weight ratio. Improvement in

compressor blade design, such as the use of slotted airfoils, and in
cooling technology 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 hyd7ogen. This
effort is dictated 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 j
dependability. New airframe design and structural integrity will enhance
egress of passengers in the post-crash environment. j
Human 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 ill be evident in aircrew-aircraft environ-
mental compatibility, instrument and control design, etc.

3. Supersonic Transport Aircraft.

The initroduction 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 airborne integrated data systems in support of main-
tenance, and evolution of other items usually associated with line main-
tenance. Ground support equipment is not expected to pose any Rreatar
problem than was expe-ienced in providing subsonic jet ground support,
but larger tow equipment can be projected into tomorrow's jumbo jet
operation as wei i s 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 wiJl probably demand
compucer aided planning and flight following capabilities for precise
operational control. Considering the projected traffic density in terni-
nal operating areas for 1976, and the critical nature of fual consumption
in SST operations, in order to minimize holding, it will be highly desir-
able to release a flight with reasonable expectation of no mignificant
arrivzl delay. Weather forecasts need be projected only two to three
hours, compared with four to eight today; however, greater accuracy is
economically desirable. En route supersonic operating alcitudes, in the
foreseeable future, are not expected to be as densely occupied as today's
jet operating altitudes, but projections of high altitude airspace
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occupancy must be made on a continuing basis. One 'addea constraint to
thu dispatch of 7%1 flihts, the extent of which is not yet fully
determined, may be Znposed because of soni looms. In any event, the
transonic phases (during climbout and after cruise) will demand precise
programing and control.

For terminal departure the jumbo jets and SST may L. towed to a clear
area for e"gine start. Taxiing in the large- SSTs will be aided by
a telaviaion system since gear position and movement on taxiways will
be relatively difficult to judge from the flight deck, which is as much
as 60 feet forward of the nose gear and 175 feet from the main gear.
Some taxiway Intersection fillets ma.r require enlarging. This also re-
quires develupment of new ground handling units.

The SST e-gines are sized for the thrust needs of transonic acceleration
giving a a-.stained rate-of-climb capability after takeoff significantly
higher than experienced in today's subsonic jet operations. Noise re-
strictions ai.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, approach, flare, touchdown, rollout and
perhaps taxi turnoff.

Holding at supersoni. speeds is not feasible. At subsonic speeds,
holding will be extremely uneconomical, especially at icw altitudes.
While some provision for holding m"st be made, it must be held to the
minima. Rapid climb and descent give the most economical cperation,
but what will be possible in practice must be held concistent with
operations of s bsonic aeroplanes in the sae airspace plus the limi-
tations or restrictions imposed by sonls boom and powerplant noi3e.
The supersonic transport will climb ste,, ply at a high vubsonic speed
to altitudes of 25,000 - 40,300 fee . It will then reduce climb angle,
apply full power, go supersonic end continue accelerating at a lower
rate of climb until reaching initial cruise altitude and speed. Cruise
climb or step climb may be employed with fuel burnout consiatent with
efficiency of operation and air traffic control.

Self-contained inertial navigation equipment will provide the primary
means of an route navigation for the SST. En route navigation by means
of the IORTAC system is inedequcte at supersonic speeds, ind its use
by the SST will be limited generally to subsonic operations in the termi-
nal ares. Ground based elettronic facilities now inotalled for terminal
area -Avigation are suitable for the T. Additional work is necessary
with regead to terminal facilities required for all weather landing.

1I
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At supersonic speeds th2 radius of practical turns will be very large.
Sudden changes in course .annot be accomplished; therefure, it wili not
be possible, either, tc avoid collliior by the "see and be seen" prin-
ciple except, possibly, in an overtakii,g case. Additional dev pment
of collision avoidance systems is necessary.

Because of the high cruising speeo of the SST, flight time is affected
very little by head or tailwindF However, til,1 effect of wind on fuel
consumption will not be neglig -le. An unacrounted for 50-knot 'iead-
wind on a 3-hctr flight will be equivalent to extending the stage length
by 150 , mi!e3 nd approximately 8,500 lbs. of fuel. The SST
will also be more A *sitive to optimum altitude and temperature
variations than subsonic aircraft. ile effect of turbuence 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'.l be c ntinued.

The existing world-wide network of radiation monitoring and measurement
facilities will have to be linked with operational dispatch facilities -

probably through established Environmental Science S ervices 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, and 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 lRrge extent in the Concord", -rew
workload during cruise will be different than in subsonic jcts L 'use
of the auto-nay and Rutomatic 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 management 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 automation, redundancy, and high reli-
ability, combined wiL. new -nd better pilot information systems, will
offset the impositions of speed, altitude, size and peculiar supersonic
design features wbch will be new to the airline pilot. His workload
then should neither increas nor decrease in the physical sense but
rather shift toward monitoring tasks. The few added considerations

peculiar to the SST flight envirc-ment pose no critical impositions or
human perforwance 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.

"Autopilot" operation over a wider range of flight phases should reduce

flight plan performance variations -- a feature whi-h can be put to
advantage in projecting accurate area arrival and touchdown timing. As
in the cases of t*.e preceding phases, des.ent, approach and landing are
e)pected to be automated, but with tbe flight crew always in-the-loop
t) cope with abnormal or emergency contingencies. Because of the crit-
ical impact of abundant fuel reserves on payload, operat -,g procedures
sensitive to any noldi r delays will be the major influence on the
economic viability of operation. Terminal airspace boundaries which
were effectively moved outward for subsonic jets may have to be extended
further yet for supersonic operations to accemmodate assured runway
acceptance.

4. STOL and VTOL Aircrait.

At this time, just prior to the 1970-1979 period under consiueration, we
find only one type of VTOL aircraft, the helicopter, and one type oI
STOL aircraft, the light, fixed-wing aircraft with high lift devict!,
in actual service. These are special use vehicles and do little to

represent L',e potential of aTOL and VTOL aircraft that will become
available wIth advances in technology. Applying these advances, however,
to these two classes of aircraft will require comitment of deveiopmeut
funds by either civil or military sources. The rate at which this is
done wi I detcrmine the timing and the degree of impact of STOL and VIOL

vehicles on the air transportation system during the 1970-1979 period.
The potential economic advantages warrant extensive allocation of resourceb
to such development,
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Although all aircraft derive their lift by imparting a change of momen-
tum to an air mass, STOL and VTOL 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 lift mechanism departs from fixed wing derived lift is a measure
of the aircraft's STOL or VTOL capabilities.

STOL performance, with i .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 veicity over the wing by
means of the propulsion system or a combination of both. Lxamples of
current aircraft 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. In 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 opcrate out of short fields and have
reasonably attractive cruise performance for intercity operation. In
multi-engine propeller designs, engine cross-shafting is required to
prevent loss of control with one engine out. Other STOL design approaches
being considered with turbofan propulsion include the use of blown flaps
for increased lift or the addition of lift fans to supplement normal wicig

The gap between STOL approach speeds and VTOL performance will probably
remain through the 70's becaus, of economic reasons. Closing this gap
to achieve slower STOL approach speeds begins to require the lift and
control tLhniques of VTOL aircraft which are more sop'iislicated and
costly so that the designer -ight as well go all tih way and get VTOL
performance.

Growth of STOL operations in the 70's will depend on the developmv-.t both
of aircraft and of STOL landing facilities at large airports and at local
general aviation airports with expanded passenger handling capabilities.
Thu general aviation airport of today will gradually bc.ome the air carrier
airport of the future.

Greater =phasis has been and will be placed in VTOL, development both by
the civil LM.." the militarv. The helicopter is horv and with modification
will continue to be the primary V'OL vehicle in the 70's. This v!hiclc
will grow from the basic helicopter into the cumpound heliiopter 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 then 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
as will the mechanical problems of stowing the rotor. It is doubtful
that these more 3ophisticated helicopters will see operational use
before 1979 although the compound helicopter could be in use by 1975
with cruise speeds of 25" knots.

The appea and efficiency of thie helicopter's low disc loading is de-
parted from in the other forms of VTOL aircraft such as the tilt wing

j and tilt duct propeller aircraft. Current examples are the Ling Temco
Vought Xr-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 reasonably low, the control system and engine power .oupling
problems are complex and result in a sophisticated aircraft requiring
system redundancy since auto-rotation is not possible with power failure.
It is doubtful that these aircraft will see use for passenger transpor-
tation in the 1970-1979 time frame.

Much more development eff-rt must be done on tho lift fan u--t of V70T
aircraft before these could become operational. AlEc, -:he lift jet
engine plus cruise jet engine uircraft have ;.e cost probleir. tne
extra set of engines that mitigates agkinst their economic commercial
use during the next ten-year period.

5. General Aviation Aircvalt.

General aviation aircraft will retain their current outward appearances
throughout the 197-1979 period. The increased use of this transportation
mode for both businesf and leisure travel and the resultant growth in
the aircraft population will place increasing demands on airport ground
facilities and aircraft parking areas.

a. Aircraft Design and Manufacture.

New innovative structural designs will be introduced utilizing epoxy
adhesives and fiberg.as materials to produce shapes more readily
obtained than with metal. These new construction concepts using
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 primary training and
leisure time flying.
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Light, twin-engine aircraft, partLularly ti..se involved in com-
mercial endeavors, will realize the greatest benefit from thn
design and manufacturing methods by the late 1970's. Increased
payload and performance advantages will reduce operating costs and
provide this segment of the industry with a more favorable compet-
itive position with regard to surface ahort haul transportation.

b. Propulsion,

New engine design concepts such as the rotating combustion engine
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
simplicitv 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.

Me 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 subsonic
cruise speeds dictate multi-engine sophisticated aircraft designs,
useable primarily by industry for executive transportation.

c. Aircraft and Engine Systems.

Human factors will receive the 8reatest 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
optional 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. Greater emphasis will be placed
upon the compatability of technological ad%.2-es with human cap-
abilities.

d. Navigation/Cormunications Equlpment.

The avionics industry will continue o keep pace with the general
aviation deand f'r expanded operaticn. Course line computers,
Loran, and other navigation concept. will be available throughout
this time period. However the size of the market demand during
this period will be the main restraint Lo low cost purchaseb for
general aviation.
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6. Urcraft §X-tem.

Today's most accurate barometric altitude indicator can maintain an
altitude level within 250 feet up to the maxiam= operating altitude
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 aad/or electrical pulses of pitot, statiL

pressure and an electrical input of total air temperature. With these
inputs the computer provides information as to pressure altitude, equi-
valent airspeed, Mach number and maximum operating speed, true airspeed,
total and static air temperature. The greatest 4if_.ulty being en-
countered is in the sensor system for static pressure.

Present techniques of obtaining ambient pressure are available that

provide a system accuracy requirement of t 250 feet for the altimeter
system considered necessary for reducing the vertical separation from
2,000 feet to 1,000 feet above flight level 290 (29,000 feet); however,

many subsonic Atrcraft h&ve static pIessure systems that do not meet
the necessary system accuracy.

The use of compensated pitot-3tatic 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 errors associated with present static
port sensors. For flight above 50,000 feet, use of electronic means of

maintaining flight level may b, necessary. 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 of the altimeter
system at these altitudes. Automatic flight control appears to be
necessary along with a collision avoidance system to assure safe Ylight
at the presently assigned vertical separation standards (2,000 feet) in

this airspace. All indicators must provide good reliability and easy

readout.

Aircraft instruments will continue to be improved and miny multi-engine

aircraft will be equipped with vertical scale and digital readout in-
struments. The accuracy of these instrumpots would also enable pilots
to fly IF1 at reduced separation standards above flisht level 290. Most
of the general aviation aircraft would be capable of instrment flight

I
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operations. In the subsonic airspace region (below 50,000 feet) the
k use of geopotential altitude will be continued whereac in the super-

sonic region (above 50,0O0 feet) use of height computers will enable
geometric altitudes to be used for vertical separation. The use of
navigation satellites will enable this means to compute geodetic alti-
tude. This form of altitude measurement would be more accurate than
presently available geopotential 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 and prese'ts computed steering
commands. These equipments will provide both accuracy levels and clarity
of presentation necessary for Category II (100 feet ceiling - k mile
horizontal visibility) IFR operations for gencCal aviation airclaft. It
is anticipated that both mechanical and video display techniques will be
used.

There will be available several low-cost, area n. vigation computers which
will enable aircraft to fly off airways. These navigation systems pro-
vioe airport to airport navigatio. with resulting timesavings and will
aiu in airway 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 III -AIR TRAFFIC CONTROL
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PART 1iI - AIR TRAFFIC CCKTROL

INTRODUCTION

The principal mission ot the air traffic control system is to L fde for tne
safe and efficient flow of traffic including the establishment and iper ic-.
within the limits of available appropriations made by the Congress of t
necessary air navigation and air traffic control facilities. In .. cor t
of this mission the system is called upon not only to provide airraft
clearances and instrl tions -o main ain safe separation between ircm 't
flying under instrument flijit rul(3 (IFR) but also to perform a variei v of
other services. Increasing-y, tht air traffic control system is D wvidi.
advisory services for separating 5? n nd IFR traffic. disseminating n -teo. -
ological information, assisti j ' aircraft navigation, and particip, ing
in functions not related solely ) ircraft separatior.

This part deals with requirements, escriptionsgoals, -n7 criteria of ie
subsystems encompassing air traffic control and is made up orincipaily o the
following chapters:

1. En route facilities and services.

2. Terminal facilities and services.

3. Flight service stations.

4. Airspace allocation and rules.

5. Air traffic control research and development.

The basic requirement of the future ATC system is to provide a Lblance.:
system capable of being sufficiently expanded to meet the grnwth in opcrations
and demands for services forecnst in the next decade. Includ- in tti6 basic
requirement is the need to improve system availability and reliability Io a
more satisfactory leveL of system performance nrA operation.

It should be noted that sin e some items (e.g., .4obile Facilities, Radar
Video Recording, Voice Recording, etc.) share common uiage in bot.h terminal
and en route facilities, they are sometimes treate unncr one or t;:e other
chapter as appropriate.

Ii
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CHAPTER 1. EN ROUTE FACILITIES AND SERVICES

i. En Route Automation.

a. System Requirement. The continuing growth of air traffic will exceed
the capacity limits of the current manually managed radar and
conminications system. To meet the capacity requirements of 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 System will
provide 20 automated Air Route Traffic Control Centers covering the
conterminous United Statt~s and interconnected with data transmission
links.

b. System Description. The National Airspace System preliminary design
concepts have been devt oped by the F4A in fulfiJlmenu of the
objectives of the 1061 Project Beacon Report. Many of these designs
and concepts are embodied in the system described here; however,
tiie 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 ccilection
of data from miltiple sources, automated processing of the data, and
display of meaningful data to operating personnel.

The automated Air Traffic Control System is capable of displaying
dat- blocks :f flight information adjacent to aircraft positions
on FAA controllers' radar scopes. The data blocks, called
"alpha numric tags," contain coded flight information in the form
of ietteri (alpha), numerals (numerics), and symbols. lhe alpha-
numeric tags may include aircraft identity, altitude, attitude
lwhether climbing, descending, or in level flight), and othc<r data
needed in air traffic control. These electronit tags o&ce posItroned
adjacent to ,he aircraft target will automatictily fcllow it across
the radar contriller's scope.

:n today's system, by comparison, the controller must either memor'ize
the identity of radar aircraft targets or write code- information on
clear plastic markers uepending on the air traffic conlrol function

I:
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he is performing. He moves the markers, called "shrimp boats,"
mausily across the horizontal radar display. Keeping the marker
near the moving aircraft target helps the controller remember the
correct identity of individual targets. Also, much of the supple-
mentary flight information, such as altitude and time estimates,
currently must be haendwrittpn by I-he controller on pap c "flight
progress 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 data in the alphanumeric tag--on the same
radar display that shows the continuously updated progress of the

aircraft.

For aircraft equipped with automatic altitude rerprtirg transponders,
the alphanumeric tag includes a continuous numerical readout, similar
to an auLumobile'b udometer, showing the act-u fliLude of the air-
craft to the neaxeqt i00 feet. In today's system, controllers view
only the range and bearing of each plane's position. The third
dimension, altitude, must be rdikd by vo. ce by the nilot on request
of the ground-based controller.

The automa.ed system also performs many other vital functions in the
Air I'affic Control System. They include: semi-automatic coordifna-
tion and transfer of flight control between controllers and between
adjacent control facilities; automatic updating )f flight data to
control sectors; error checking of some pilots' and controllers'
actions; autormtic processing of flight plans; and electronic dis-
play of significant in-flight weather conditioun.

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

The first step will be the installation of computer equipment t-,
perform flight data processing, using the present manual tracking
and display techniques. ITe flight data processing syste- will
provide automatic flignt plan message collec-tlon, automatic flight
piogr s.s strip preparation and distrIbution within centers atrrl
automatic message interc-Ange between adjacent centers. ')uPquently,
the other major sabsystems, digitizers and a computer generated display,
will be implemented. These subsystems p2us the additi'onal computer
capabilities will conatitute the full Stage A environment.
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c. System Goals. The broad goals of the Route Automat ion Program
are to continue to enhance safety, increose traffiLc handling
capability, and promote better and faster service to the flying
commulnity.

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

Automatic transfer, processing, and updating of flight
information.

Automation aids for establishing and zaintaining radar identi-
fication of aircraft in the system.

Automatic display -of altitude or flight level informtion vri~h
aircraft position.

Computer processing capabi lit;. to serve as the basis for
implementatior of subsequent automatlon improvements in air
craffic control.

Thio goal )f pojst-Stage A automation is to identify additional
auto)mation featitres arid to implement tho se that are Justifit-d.

d. Crltei ia for Ilementation. Operational experience has demorstraced
that en route center traffic volume of about one million TSR air-
craft handled per year, results in peaks of ac-.ivity which overload
the mani'al AWI1 system. F . route traffic pro Jectionzi and fo~recasts
indicate that 15 ,-enters will be above the one iion 'Level by
1)Y73 arid that aill en route centers in th~e 'ontiguous United State6
will exceed The mraximum manual A2XT system. capa,_ ty levrel by 1)' 77.
T ie'efor e, automation is essential ti- coping with the increasing
workI b1ad.

V)ti-Tum irIPL'einentat, Ion )f t - MAS Rr, Rcute Stage A System Is
depeniue!t onthe following knowledge: the ATC workload in which
automat1in is to be directed; the relationship of wot'lIoad to specific
sys-tem deciigns; the meeting ot workload demands for at least 10 to
_15 year:s in the future. Automation In Stage A -'s generally directed
t the processing and displaying of airspat'e activlty data and of
related fLight ilan data. Aut-omti-'n wo:rkload i's determined from
measureii arid forecasts o)f thi's Gci'ta anid fr~m the requirement t
perform uther routine AWr fiinctions ass )cisted wit;:. :>iciljty
operat _io:n.
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The duration of NAS operati;on af'er installation should be on the
order of 10 to 15 years as a system design goal. and Central
Computer Complex hardware rurchased initially is based or the
revised 1975 traffic forecasts. Based on the expected long term
operation of NAS, additionhl functional automation can be both
defined and implemented after appropriate orerational analysis and
cost/benefit studies. Hence, computer configuration layouts will
be planned to permit growth beyond 1980 anticipated needs.

The needs of each center are estimated and based on:

Computer element requirements.

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

Storage element requirements.

These estimators are based on mathematical models which 'ave been
implemented in the form of' computer programs to assist in
letermining future requirements under varying conditions.
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2. jong Range Radar (1tHE)

a. System Requirement. The concept of air traffic control employed by
the FAA to maintain safe and efficient utilization of the airspace
includes The provision of a ground based separation service. This
ground based service is either (a) procedural in nature or (b)
dynamic, i.e., based on continuous ground derivd aircraft position
information.

There is a requirement for primary and secondary long range radar
in the en route portion of the system to provide the controller
with a visual presentation of the traffic in the airspace and to
rermit reduced separation 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 identification,
resolution, and other features are required as traffic density
:ncreae,,.

b. System Descrl!ptlon. Lko:;; range radar L RB) ca:, generally be
described as a system which produces a ma-like lis-lay for the
radar controller of the locations of aircraft wlthin a 2(Y) mile
radfus of the radar antenna site. The display Is presented on a
plan positlion indicator PPI), at a control sector i:s the Air
Route Traffic Co:trol Center.

The geographIcai area covered by the radar is displayed on the PFI
utilli-ng electronic vide ma'r.g tecul'.iues and is r-aced in
such a ,wnner th,'t radar echoes appear at a point correspondIng
t !}cations above the earth's surface ( - e

The tHER ais.. includes secondary surveillan-cc radar as an integral
part of the system. its functIon Is t ulement rir'. ar radar

F



by transm-itzir beacon iinterrugating signals to transponaer equiqjed
aircraft to trigger a reiniorced response which is then shown on
thp controllers display in a discrete fashion. This bcacon
reinforced target facilitates aircraft identification and other
selective features to facilitate radar identification.

c. System Goal. One goal is to provide full primary and secondary
radar coverage of the conterminous United States where criteria are
wet. 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 efficiency.

d. Criteria For im-uementation. A ground base- separation c "ntro1
service utilizing radar permits mcre efficient utilizati .) of the
airspace than a procedural ground based service. it is recognized
that some gaps in low activity areas may exist. However, since the
ground based system using I.R is considert.bly more costly, the
agency will plai the establishment of LRR ,nly where conditions of
missJo. and high aircraft activity warrant as follows:

Provide radar coverage of airway ard route segments with 60
or more F'BR teak-day flights. This capability will permit
the establishment of rosltive control aays where
appropriate. The specific altitudes at wlich radar coverage
is required will vary with toe horizontal distribution of
traffic on 'e airways or routes involved and may, in some
instances, be as low as the minimum en route altitude.

Provide continuous radar coverage T insure radar handoff
capabillty between en route a.d terminal radar facilt:ies with
50,X0 -or more annual instument operat ions.

Provide radar coverage where area plositive contro: is Imlemented.

Provide radar coverske, in areas of stifican air traffic
density, at o.2>00feet mear sea leve' t ,nd above in non
mountain-us terrain and at o,&Q@ feet ?.{L r mini,-urm en route
altitude, whichever is higher, in mountainous -rra-1.

e. Bibliogra .hy

Federal A'iatL n Ager:cy, AIEhWAY PikNNTD:3 7TANDAlKD N UMBR ' -

A IR TA.-FiC CVTR OL, W ashington, D. C., July 2, 1<$. 14

IL
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Federal AviatJn Ainstratior, L7 RANGE RADAR SrJDY,
Report from Director, Air Traffic r .rvic%, Washingtor, D. C.,

February 1968. 27 pp. (Portiont Jlassified)

Federal Aviation Agen-cy, SY= C!2CRPTICV, NATIONAL AIRS:PACE
SYSTM - T R(73-5' STAGE A. FAA z chnical Report Project 9240,
Washington, D. C., December 1, i<7

3. Air Route Traffic Control Center Structures.

a. System Requirement. As traffic increases and new systems and
methods of air traffic control are developed and approved for
impl1e-entetion, n requirement exists to modify the center
structures to accommodate these changes. Modifications or
expansions of a major nature are planned to meet. not only the
immediate need, but re planned for a five to ten year lifo
suan to preclude repetitive time consuming and interrurtive
changes.

b. S&ste- Description. D route traffic control is conducted from
buildings which house the air traffic controller, his electronic
gear which include radar and other data displays and communication
equipment. The buildings also house maintenance a-d other
perconnel functions and elements for the data processing ard
cormarnice ion euipment needed to o.crate and maintain the en
route traffic control systfm. These center buildings are being
expan.ded to accom.odate additional sectors required t: meet the
increasel traffic growth and ,,=,uter space fo': NAS Stage A
automation through the planning perio,.

c. 7Y stem 1al, e gai is to expand center structures t.- accomx-date
NA5 Stage A auto~ti.n equipment and new secto.rs madc necessary by
traffic increases. uiidlng expansions will provide administrative
and oseratinai sace f',, the immediate requirement as well as
space requirements forecasted for the next decade.

d. Criteria Fori ementat .. The criterio)n : modify and expand
center buildir.gs fo..aws from the curr.t -gA.d projected in.reases
in traffl- growt.t and the decision to provide NA, tage A
automatlon. The specific design requirements of b .ildings are
furnished ty eng[neering officers responsible fir new or exrazded
eut'ipments; 1-y the AX 1Lnd maintenance planning 'fficers for
o'era "ing needs 1. term sf personnel., space and AT se-tors; and
by erikn.eerlng ifficers res1 .ble for developIng facility
su~rort plans.
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4. ARTC Center Sectors.

- System Requiremer. . A requirement exists to increase air route
traffic control ctor 2apacities in order to meet the projected
growth in trafi-c Sectors along with associated displays must be
added, or at a mininmum reconfigured to meet the projected increases
in aircraft movements over the next ten years.

In addition, voice recording of all cor-runications ciLarels used to
provide a~r traffic control services is required. This simr-ifles
the recoraing of pertinent information and se -es to protect the
public interest.

L-.ctorization aaid co=nunication recording are proposed tc keep ,Ace
with the demand for Increased air traffic control services.

b. Sysbm Description. A-ir L'-ute traffic control centers are suldivided
into smller units called sect'rs. These sectors are divided by
geographic location - by altitude stratification. Such a divisior
.jore eqxitably distributes workload and improves operationad
efficiency. These sectors have discrete commz-.ications capabilities
and 1; mos cases have radar displays for the area ovcr which they

-ercise their jurisdiction. As traffic volume increases, it
frequently exceeds the capacity of a particular sect- and further
Fubdivision and additions or rearrangements of equipment become
necessaary in order to maintain this operational efficiency.



7,e voice recordir. -f additio nal communications channeis enables
a recreation cf 2uents as they have transpired comrlete with a
written (fligh. progress strips) and aural documentati--. This
provides a record which supports training activities. can bp used
as testimony in cases of litigation, and is useul! 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 safety and capacity.

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

(1) Manual sector - 120 aircraft operations

(2) Radar sector - 180 aircraft operations

Voice Recording. All pertinent data transmitted or received via
radio or telephone systems for all positions of operation in the
ART7C should be recorded as shown below. Te following priority
order wiiL be used on an interim basi- when sufficient recorders

() ada Controller

\2) Sector Controller

*3) Hadio Controller

(4 Radar andoff Controller

(,, AMIS Controller

UN Coordinator

) Ass Istant Controller

I=



(8) Mission Controller

9§, Flight Data

(10) Watch Ruroer s!sor

(11) Flow Control

(12) Data System Coordirator

The lack of recording capability results in some pertinent data
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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r.~ 14bile Facilities.

a. ystm -uirement. A requirement exists tbat the FAA mintain Un
adequate number of mobile ATC, livigation, and cor"unication
facilities. These mobile units are to be used: (I) to meet
emergency or special evei.t requirements; (2) to replace facilities
destroyed by natural or ma/n-made disaster; (3) to support, scheduled
maintenance and modernization programs; and (4) to establish
temporary service at locations qualifying for facilities where lack
of e. facility would adversely affect flight safety.

b. System Description. A description of each of the specific elements
of the mobile facilities system is as follows:

Mobile Air Traffic Control Towers - a mobile facility used
for the provision of air traffic control service at an
airport.

Mobile TVOR - a mobile facility used for tile proviolon of
terminai navigational aid services.

Mobile AN/FPS - radar//beacon - a mobile facility used for the
provision Df medium range radar service.

Mobile COCO - a mobile facility used for the provision
navigatiorl id services, This facility is generally used
as P middle ,r outer .ompass locator marker.

Mobile V[FiUHF air ground CC]VA-N - a mobile facility used for
'he provis!In of VIF and UrHF air ground co.unlca- :ons.

Mobil- engIne gen.prators - a mob4P facility used for the

Provision of ele-,trical Tvower.

Mobile oom)n digiti:er - a mbile facility used f.r :.he
provision of digitized data transmission.

~bile !nstrume:.t Landing System - a mobile facility us-d for
the p. ovsIon --f -recision Instrument approach inforzation.

Mobile Airport Surveillance Radar/Beacon - a mobile facility
used for the provision of termlr.a radar service.
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c. System Gli. The goal of the Mobile Facilities System is to have
enough units to allow the agecy to resprnd to requirements for
temporary air traffic control, na.igatlonal aid and air ground
co=.inicetions service to the users of tie National AirEpace System.
Present mobile equipment shold be reconfigured to an approved
standardized deaign to perrAit easy interchange between regions of FAA.

d. Criteria For Implementation. The Mobile Facility Workir- Committee
determines mobile equipment required to satisfy program requirements.
This determination is based on hictorical data ard juagmental
evaluation of various regioaal requirements.

e. Ribliograph.

(1) Federal Aviation Agency, MOBILS FACiLITI SYST21, An
interim report on Mobile FaciLities, Systems Maintenance
Service, Washington, D. C., August 1,, 1)66.

(2) Federal Aviation Adzinistration, MOBILE AIH TR=AFIC CC1TROL,
NAVIGATI(IAL AID, COMT1NIT'ATION AND PRWM SYSTEM, Handbook
6030.18A, Washington, D. C., January 2, iK&".

(3) Federal Aviation Administration, MOBILE AIR TRAFFIC CONIROL,
C)U4NI'CATIu akNT) PJA SYSTEM, ,rd-,r 603.27, wa-'g-.

D. C., March 3i, 196.

6. Kiscei-aneous a. Route i4uipment impr-vements.

a. _s6tem 1-quirement

) Radar Vileo Recording.

fle Federal Aviation Ad&.inistration has ion rcc nizcJ Khe
need for reco-lin.g air traffic control data in .rdt. t
provide a reconstruction of teh traftic conditions exist; ,rg
at th2 time of an accident, incident or a ;ear miss refort

Powuications recording heas been satisfactorily ach;ieved and
is an i,.&lubie tool. Hovever, due to the volume and
complexities of t.6..-'s air trc-fic system, =nlcai i ns

recordings are nlt adequate by themselves to tatily
reconstruct air traffic conditions when required.
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LquipmentL has recently become available which makes radar
recording practical. As an added benefit, radar recording
will provide the means for ana1i--ng air traffic. ,ri ll
assist in the develorment of improvement-;. the air traffic
control/naviga 4i or. system t'- ex~edite t.raffic, t.nimize
delays, and improve the safe and Drderly flw f traffic.

L'J Long Rangje Radar - BeaiconMoirs

Mont l_*..I-, J :_aylo',rn~ radar and, seco)ndary radar
beaco n> are essentiaI ejement3 of rol~2a safe,
efficient air traffic control sYstem. Lcrvdmoitoring
13 needed because co. mustioni of prese, t manual monitoring
caki allow -erogat ion of tne radar and beacun s ystems due to
failure to d~etect al petzformancr- deteriorationi.

V. ystec2n lXesryt Ion.

I IEdar Video OR'c ndi .

;, en -ri:2v~ieo- fr equirztrrt 'v .. 'C 'I'L.......

aViIV'i liaved tr rk .''r >' 'yay

ablec lor *eptIr. to''" c a vlisual present ;:xon ox 'itsi att IC
ksi t Uat 13 r, A Ia peared zo the coJnt r-ler a: an.y Piv e: W. tr
noese apc ,).getber wIth', the flight progress strips :xnd aural
rMc~rdintb are adeq,"'te'f.- ,-myvide a c-vAerece sr-t no
a give'. #rar11C ."n'oc and Its hedig Thy m y 1ce used
fo )r 1 I ' as " ga e cc i d Pnt f*8r u e s Ionable inrtde nt sr
asc-ist in pe 4'o..ig a traiing fiu-c: io.

i2) LM? and Beac on MonI tors

7T;e LRRand iL-ADeac:-:; 7:-.i* ors wi Imeasure t -e :serf ~ra epara-
met: Of e 0 .'. >In range rad'ar and beacon sys temrs to de tec ear',
csign;s of system deterlora.,t Io.n . Th Is earliy arial1yt ic d et e .t in
willI enable -saIntenance pecrso-nne4 to- rerfoam equ1pent remeal
actio-ns befo re dtroainreach-es a lev'- where it =ust be
r-emo)ved from service or at lest prevent lengthy equipnent
sh,-t 1 own s.
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c. System Goal. The goal i, to provide radar video recording on all
radar inputs to each ARTCC. At terulnai locations tne goal is to
io-tall video recording at high activity locations where criteria
are met. The 2-'ng range radar and beacon monitors would be
provided for all LFR sites.

d. 2riteria For Imlementation.

(i) Radar Video Recording. Install radar video recorders 1-r
terminal and en route radars which serve all large and medium
air traffic hubs in the conterminous United States and Honolulu.
if no longer required because of NAS Stage A, ARTCC units will
be placed at saller air traffic hub terminal radars.

(2) LRR and Beacon Monitors. kil FAA long range radar and beacon
systems will be equipped for effective uti!izatirn provided
the systems they serve are clearly justified by continued and
essential use.
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7. ollision Avoidance Systems.

a. System Reguirement. Due to the ver-increasing perfor-Au'-ce 4nd
density of air trvffic, the probability of near mid-air coli'4.ins,
both civil and military, is continually rising. Along with this
rising trend is the growin, number passengers in wu.y )re

A,%
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aircraft -- particularly ii. the air carrier classification.
Although the Air Traffic Control system (which, along with
see-and-avoid, is the primary means of separation) is constantly
being improved, it has been recognize. by all segments of aviation
that a bacx-uj. or supplementary suosystem is needed in order to
reduce the probability of mid-air collisions.

b. System Description. This Collision Avoidance System (CAE) is
cooperative in nature (i.e. protection only exists between
properly equipped aircraft and uses a time-ordered technique ,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 primarily
accomplished via an aircraft to ground station communication link.
As a result of exchanging data and processing it properly, the
CAS will (1) detect all aircraft which represent a potential
danger , (2) evaluate the degree of hazard, and (3) when an
eva3sive maneuver is necessary the CAS will indicate when and what
maneuver should be --ecuted.

c. System Goal. The goal of this program is to develop a system that
will minimize the probability of a mid-air collision and to
install the needed ground stations at all locations that quaLify
according to criteria.

d. Criteria for Im .ementation. Detailed criteria for implementation
have not been finalized. From an airborne point of view it is
obvious that the greater the number of equipped aircraft the
greater the anmount of urriection 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 optimm
ground to air snchronizatlon cspability. In the event that
additional investigation shows that the time ordered concept
sn-ould be extended to additional aeronautical functions then it
can be expected thaL this will modify the F-ound station
impiementaticn criteria that wvold pertain to solely the CAS

LL"'unCtion. it ig estimated that the airspace serving medium or
larger hub communities should qualif ° for CAS c wverage before
the end of the planning period. However, the speLific crlterion
will! be developed on the basis of a benefit/ost an ilysis
conducted Frior to field impleme- ation.

II
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CHAPTER 2. TERMINAL FACILITIES AND SERVICES

SECTION A. MAJOR TERMINAL SYSTEMS

1. Airport Traffic Control Tower (ATCT).

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

b. 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 builirg. Visibility - th,! 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.

c. System Goal. The goal ,-2 the agency is the provision of FAA airport
traffic control service at all public owned airports meeting the
agency tower establishnment criteria. The FAA will also modernize
or relocate those towers not currently meeting the minimum standards
for efficient ooeratior,.

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

Establishment.!/ Under current criteria a publicly owned airport
with 24,000 or more annual itinerant aircraft operations is a
candidate for an FAA airport troff9i control tower (Airway Planaiing
Standard Number One). Proposed criteria revise these standard, to
a publicly owned "air carrier" airport with 24,000 or more annual
itinerant aircraft ope-ations and/or a "general aviation" airport
with 50,000 or ore annual itinerant aircraft operations. The

plan is based on use of these revised criteria.

I, Establishment criteria do not pertain to Combined Station Towers (CS/T's)
as no adlitlon* are planned.

I
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Relocarion. To meet airport traffic control requirements, ATCTs must
be relocated as they become critically obsolescent through physical
deterioration of tower structure, inadequate operating and equipment
space and changes in airport configuration.

Iaprove/Modernize. Existing FAA air traffic control towers frequently

require improvements and/or additional facilities. Such improverents
are 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 t wer recording 35,000 or more
annual itinerant operations qualifies for those improvements
and/or new facilities that satisfy an operational req'ivrement
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 operaion that is
commensurate with the benefit derived from the improvement or
additional facility.

-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-
meits or additions that satisfy an operational requirement or

facilitate the provision of air traffic control service pro-
vided that the additional cost does not result in a cost per
itinerant operation that exceeds the benefit derived from the
improvement or additional facility.

-An FAA air traffic control tower recording less thaiv 24,000
annual itinerant operations is not a candidate for improvements
or additional facilities. At that activity level, the addition-
al cost per itinerant operation resulting from the improvement
or additional facility is not coemensurate with the beoefit
derived. Any improvement to tcwrs in this category will be
limited to the correction of a critical situation and shall
be justified by an individual staff study.

e. biblioiraphy.

(1) Federal Aviatio& Agency, AIRWAY PLANNING STANDARD NUMBER ONE
TZRMINAL AIR NAVIGATION FACILITIES AND AIR TRAFFIC CONTROL
SERVICIS, Handbook 7031.2, Washington, D.C. May 1i, 1965.

i



BOOK 1 111-21
1/27/69

(2) U.S. Congress, THE FEDERAL AVIATION ACT OF 1958, Public Law
85-726, Washington, D.C., August 23, 1958 as amended
(49 U.3.C. 1301-1541).

(3) Federal Aviation Agency, POLICY STATEMENT OF THF FEDERAL
AVIATION AGENCY, Agency Order 1000.1, Washington, D.C.,
May 6, 1965.

2. Airport Surveillance Rada. (ASR) and Beacon System.

a. Sytem Requirement. The concept of air traffic control employed by
the FAA to maintain safe and efficient utilization of tne airspace
includes the provision of a ground b sed separation service. This
ground based service is either (a) jocedural in nature or (b) dy-
namic, i.e., based on continuous ground derived aircraft position
information.

-1here is a requirement for ASR to provide the controller with
a visual presentation of traffic operating in the general
vicinity of en airport and to permit application of reduced
separation minima as necessary to expedite the safe flow of
terminal area traffic.

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

b. System Description. ASR is a radar system specifically designed for
air traffic control of aircraft operating within a 60-mile rad.,;s
of an airport. Aircraft range and azimuth information detected by
the ASR is presented on plan position indicators (PPIC) located at a
ternminal radar approach control (TRACON) room and/or in a control
t 'we, cab.

An electronic video map of the area covered by the AMR is displayed
on the PPI in such a manner that radar signals received are corre-
lated to locations above the earth's surface.

ihe ASR also includes secondary surveillance radar (radar beacon) as
an an integral part of the system. Its function is to suppleme
ASR by trAnsmitting and interrogating signals to transponder-equipped
aircraft t-. facilitate radar identification.
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System Goal. One goal is to provide full primary and secondary
radar coverage at airports in the conterminous United Statps meeting
criteria. Another goal is to integrate into the system thL available
technological progress and state-of-the-art improvements to provide
the highest capabiliLy of safety and efficiency.

d, Criteria for Implementation. Dynamic ground based separation control
service permits more efficient utilization of the airspace than a
procedural ground based service. However. since the d)..a;ic ground
:,.sed ystem iining '"R is -nnaidprahly more costly, the agency wiLl
plan the establishment of ASR only vhere conditions oi. mission and
high aircraft activity warrant as follows:

Proposed Establishnnt - Establish ASR at FAA terminal facilitit._
with 50,000 or more annual itinerant operations and 10,000 or more
an-,i_ Or c- rier operations.

Current Establishment - An FAA approach control tower recording a
total of 20,000 or more annual instrument operations and 100,000 or
more annual itinerant operations at all airpc-rs under its juria-
diction, except at those airports too distant for the use of radar,
is a candidate for airport surveilla.,ce rada (ASR) end an air
traffic control radar beacon system (ATCRBS)

laroved/Modlrnized Establishment - Existing FAA approach control
towers equipped with ASR/ATCRBS frequently require improvements and
additional facilities. Such improvements are usually made only when
there exists a reasonable relationship between the operational
benefits to be realized and the coats involved,in accordance with
the following provisions:

(1). An FAA radar tower facility or FAA staffed RA?CON/RATCC
recording 30,000 or more annual instrument operations qt- ifies
for those improvements and/or netw facilities that satsfy an
-peratiorAl requirement and/or facilitate the provision of
terminal area radar service. An activity level of 30,000 or
more annual instrument operations normally abaures a cost per
instrument operation that is commn'rate with the benefit
derivod from the improvement and/or additional facility.

(2). An FAA radar towr facility or FAA staffed L.CON/RATCC record-
ing 20,000 to 29,999 annual instrument operations is a candidate
for improvements and/or additional facilities. It qualifies for
those improvements and/or facilities that satisfy an operational

I
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requirement or facilitate the provision of terminal area radar
service provided that the additional cost does not result in a
cost per instrument operation that exceeds the benefit derived
from the improvement arid/or additional facility.

(3). An ASR in an FAA radar tower facility tecording 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 rebulting from the improvement
or additional facility is not commensurate with the benefit
derived. Any improvements to terminal radar service aL airpcrts
in this category will be limited to the correction of a critical
situation and shall be justified by an individual staff study.
Improvements to FAA staffed RAPCON/RATCCs in this category will
be considered on art individual basis but the above guidelines
for FAA radar towers shall remain a strong 3eterminant in

consideration for qualification.

e. Bibliography.

(I). Department of Transportation, REMARKS PREPARED FOR ALAN S. BOYD,
SECRETARY OF TRANSPORTATION BEFORF THE SENATE CO**ERCE CO1!?TTE,
AVIATION SUBCOMITTEE, Office of the Secretary, Washington, D.C.,
June i8, 1968, 27 pp. + exhibits.

(2). Federal Aviation Agency, POLICY STATEMENT OF THE FEDERAL
AVIATION 4AENCY, Agency Order 1000.1, Washington, D.C.,
May 6, 1I.

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

(4). Federal Aviation Agency, AIRWAY ?IIM STANDARD NUMBER ONE-
TERMINAL AIR NAVIGATION FACILITIES AND AIR TRAFFIC CONTROL
SERVICES, Agency Order 7031.2, Washington, D.C., May 11, 1965.

3. Terminal Automation.

a. System Requirement. A requiremnt exists in the imoediate future to
add substantial capacity to the terminal radar system in order to
satiofy the forecast traffic growth. This can b% 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 expansion of capacity and functions
so as to enable the efficient and expeiitious exploitation of R&D
advances in system design.

b. System Description.

ARTS II will automatically display a numeric readout associated with
the radar return of transponder equipped aircraft. The numeric
display consists of the beacon code ' the aircraft control faitb&.
For aircraft equipped with altitude reporting transponders the alti-
tude is also displayed.

ARTS-Ill iepreotL,,.b the beacon tracking level of the terminal modular
automation program. This system wili presser on -hc cntrol r's
display alphanumeric tags associated with the beacon radar target
return. The alphanumeric display consists of the airraft identifi-
cation, calculated grour. speed, transponder reported altitude, and
a control symbol. Special features such as handoff indicators and
tabular list data are atso par' of the basic ARTS-Ill syitem. These
installations which are readily expandable in both equipa.nt and
programming are expected to satisfy functional requirements for at
least a 10-year period.

ARTS Iwrovements - ARTS-Il improveLe-ts being considered at this
time are the addition cf alphanumeric identity for 4096 beacon coded
*ircraft and a l1amited data exchange with the adjoining -n route
computer facility.

ARTS-Ill improvements which are being considered are primary radar
tracking, mu ltiple radar processing, digital display L>chniques,
and increased automation assistance such as flow control, sequencing
and final approach spat'ug. The flexibility of this systew will
permit the addition of new and evolutionary ideas which will result
from tld widespread field usage of autoustion equipments.

c. Systea Goals. The goals of the automation program are.

-To provide every radar terminal with a degree of automation
commnsurarc with the traffic operating in the torain aI air-
space as specified in accordance with establish,.- criteria.

-To impleimint justified improvements that augwiant systems
capacity and efficiency.
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d. Criteria for Implementation,

ARTS-Il. All radai control facilities serving small hub airports
will receive, as a minimum, a pyatem capable of providing actual
(corrected) altitude information from properly equipped beacon
aircraft on the controller's display.

ARTS-Ill. All radar control facilities, aerving medium and large
hub airports, shall receive a modular programmable 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-

!,'44""a I*o, auomatic fll ht data cxLuinge with its companion
-' traffic control facilities.

ARTS Improvements. Add-ons to the ARTS-Ill systems which will
contribute to increased effectiveness include radar tracking, digital
radar displays, and final approach sequencing and spacing. Specific
¢rrteria do no exist at this tim but will be developed from
operational analysis and cost/benefit studies.

e. Bibliography.

(1) Federal Aviation Agency, PROJECT BEACON - A STUDY OF THE SAFE
AND EFFICIENT UTILIZATION OF AIRSPACE, Report of the Task Force
on Air Traffic Control to the President of the United States,
-1shington, D.C., October, 1961.

(2) Federal Aviaticn Agency, PROV DE FOR THE PRESENTATIDN OF
ALPHANUMERICS ON TERMINAL ATC DISPLAYS, Register of Require-
ments FAAR 6410.3, Washington, DJO., Dcember 29, 19f

(3) Federal Aviation Administration, DIEFINITION OF THE TERMINAL
AUTOMATION PROGRAM, Agency Order 6000.10, Washington, D.C.,
April 8, 1968.

(4) Federal Aviation Agency, COST EFFECTIVENSS ANALYSIS OF THE

AUTOMATION OF AIR TRAFFIC CONTrROL FUNCTIONS AT RADAR TEN4INAIS,

Washington, D.C., March, 1967.

(5) Federal Aviation Administration, TECHNICAL [ESCRIPTION A
SPECIFICATION FOR A MODULARLY EXPANDABLE ARTS-III BEACON
TRACKING IZVEL SYSTEM, Washington, D.C., December 15, 1967.
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(6) Federal Aviation Administration, t"OMATED RADAR TERMINAL
SYSTEM (ARTS III) SYSTEM DESCRIPTIuN, Washington, D.C.,
December 18, 1967.

(7) Federal Aviation Agency, FAA/DOD PROJECT - DIRECT ALTITUDE/
IM IrY READOUT (DAIR) EQUIPMENT, (Specifications,
CP-07877499LID, DOD-AIMl-65-620 Interrogator Set AN/TPX-42
FOR AIMS-SPO 499L), Washington, D.C., Dec-eber 18, 1965.

(8) Federal Aviation Agency, POLTCY STATEMENT OF THE FEDERAL
AVIATION AGENCY, Order 1000.1, Washington, D.C., May 6, 1965.

II
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SECTION B. MISCELLANEOUS TERMINAL IMPROVEMENTS

1. Improved Radir Displays.

a. System Requirement. Wide variances in aircraft flight characteris-
tics coupled wih increased radar services dictate an update to
modern 16- or 22-inca solid-state indicator display systems.

Modern jet aircraft introduced into the air traffic control system
since 1956 operate at speeds and altitudes greater than those for
which existing equipmenrts were designed. Furthermore, terminal
approach control areas have been expanded from 15 to more than 40
miles and traffic density ai.d control procedures have changed
considerably.

b. System Description. ASR-2, ASR-3 and CPN-18 display systems,
installed between 1952-1956 are still in 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 a 4(;-mile area into a 10-inch display indicator
(approximately nine-inch usable viewing area) presents control
problems. For example, three miles minimum raiar separation between
targets is equivalent tc approximately three-eights of an inch.

Modern solid-atate ASR display systems provide increased reliability
and improve controller performance. The plan position indicators
(?PIs) are equipped with 22-inch cathode ray tube displays which
are compatible with present plans for displaying alphanumeric data
on aircraft identity and direct altitude readout.

c. System 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
automation programs for displaying aircraft identity and direct
altitude readout.

-To provide the cnntroller with the fastest improvements
developed for radar displays.
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J_ griteia for leutation. All obsolete ASR plan position indica-

tors (PPIs) are eligible for replacemnt with modern display systems.

a. Bibliography

(1) ipartmsnt of Transportation, RENAS PREPARED FOR ALAN S. BOYD,
SEEARY OF TRANSPORTATION, BEFORE THE SENATE CON _RE -
COMMITTEE AVIATION SU3COMIMTEE, Washington, D.C., June 18, 1968.

(2) Federa) Aviation Agency, POLICY STATEMENT OF THE FEDERAL AVIATION
AGENCY, Order 1000.1, Warhington, D.C., May 6, 196,.

(3) Federal Aviation Ajency, AIRWAY PLANNING STANDARD NUMBER ONE-
TERMINAL AIR NAVIGI2'ON FAC!LITIES AN'D AIR TRAFFIC CONTROL
SERVICES, Handbook 70),.2, Air Traffic Service, Washington, D.C.,
May 11, 1965.

2) &Eaaded ,adAr Service (Stage II).

a. StIM Requireusnt. The intermixing of VFR an,. IF arrival traffic
in high activity trmina. &ret has always been a -erious problem
for the airport controller. There is a nad to improve traffic flow
in the tarmldl area and to aid pilots to see and avoid other traffic
by providing radar traffic informetion on possible conflicting
traffic.

b. $.Svst J1cript~on. Uxpended radar service consists of issuing
1raffA.. advisories to arriving and deparcing flights within the
termal ara and sequencing, on a full-time basis, the VFR aircraft
Landing at the primary airport. Participatin by pilots of VFR air-
craft L on a voluntary basis.

This iervide is provided through the use of Airport Surveillance
Radar (ASI) which were installed at major airports primarily for
the rcurol of Ill traff ' =. Based on several years of operational
experienre, it has hbon concludtd that. this equipment can also be
used effectively in providing greater service to V aircraft,
,:!raby improving the sfficisvry and safety of opcration-3 in the
Cersiaa 1 are&.

c, Stg& qS* . The goal of this program is to provide expanded radar
sarica to ea*ence airport safety and efficiency at all locations
Juatlfiad by individual site analysis.
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d. 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 lebs than 150,000 total aircraft operations.
This limit should be regarded as Seneral guidance in the selection
of "staff study" candidates only and progression to Stage II is
dictated by the airport and terminal airspace environment as well as
the voLunie of traffic.

e. Bibliography

(1) Department of Transportation, REMARKS PREPARED FOR ALAN S. BOYD,
SECRETAY OF TRANSPORTATION, BEFORE THE SENATF COMvE COM-N'EE,
AVIATION SUBCOMMr-I.E, Office of the Secretary, Washington, 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) Federal Aviation Administration, AIRMAN'S INFORMATION MANUAL -

PART 3 - OPERATIONAL DATA AND NOTICES TO AIRMEN, Washington,
D.C., iss-jed every 28 days.

3. Airport Surface Guidance Equipent

a. System Requirement. A requirement exicts to improve che airport
surface guidance and control system for handling the increasing
complexity and volume of aircraft operating at high activity air-
ports.

b. System Description,

Present System consists jf a conventional radar display system
which gives the controller a pictorial presentation of aircraft on
the eirport surface. The system will be modified to increased
effectiveness by the addition of bright displays.

Follow-on System will use induction loops installed in the runvay/
tsxiwey/amp surfazes. Detection irformation is fed to a display
and control panel. Tnhe pilot is provided guidance and control
infomtion by selectively controlled taxiway centerline lights and
stop bars.
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c. Goal. Provide for the modernization and continued use of
airport surface detection equipment (ASIE) where currently installed
until a replacement system for performing the ground detection and
display functions is 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
contrl at those locations justified by implementation criteria.

d. Critaria for Implementation. Presently, there are no established
criter!a for ASIE. The criteria development will be based an 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.

e. Bibliograkpy.

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

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

(3) Radio Technical Commission for Aeronautics, AN AIRPOC SURFACE
TRAFFIC CONTROL SYSTEM (STRACS), Paper presented by L. Achitoff
at RrCA M- eting, Washington, D.C., September 26, 1968.

4. Terminal Electrical Systems

a. Sys Requirent. The agency requires that electrical power
aster e for termilal facilities be of sufficient quality to ensure
the safe and efficient movement of air traffic. FAA policy requires
that all key terminal facilities have either "on-site" e?-Sine

generatoia or a second source of commercial power to provide a backup

capability in the event of prime power failure. After the 1965
massive cc rcial power failure in northeastern United States

demonstrated the possblity of a simultaneous loss of two and three
sources of ccercial pover, the agency designated certsin airports

as Continuous Power Airports (CPAs) requiring continuous power
facilities to ensure the existence of a power system independent of
cmmercial power sources in the event of a widespread cc rcial

pofer failure.
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b. System Description. Electrical power systems for terminals must be
of sufficient quality to ensure the safe and efficient movement of
air traffic.

All key Germiral facilities must have either "on-site" engine
generators ox a second source of commercial power to provide a
backup capability in event of prime power failure.

In addition, 50 high density airports have been designated as
Continuous Power Airports (CPAs) requiring continuous power facili-
4ies to ensure the existence of an independent power system in the
event of a widespread commeriial power failure.

c System Goal. The goal of the agency is to provide terminal electri-
cal power systems of sufficient quality and reliability to ensure the
safe and efficient movement of air traffic. Also, to ensure that a
basic air traffic control system and its support facilities remins
in operational statl.s at certain high density airports in event of an
area-wide or catastrophic commercial power failure.

d. Criteria for Implementation. The minimum quality and reliability
of electrical power ne, d at a terminal varies with the effect
that an outage of the specific facility or system would have on
air safet. and air t-ffic control effectiveness. The exact rela-
tionship of an indixidual facility to its operational environment,
of course, is unique 'cut each type of facility (e.g., Instrument
Landing System, LiS; and Airport Surveillance Radar, ASR) has been
evaluated and provided a specific power configuration clabsification.
This power classification denotes '.he electrical power requirements
'or a particular facility as well as its essentialty to the National
Airspace System.

e. Pidllo6raphy

(1) Federal -Wvation Agency, PIOVISION OF ELECTR~ICAL POWER FOR
NATI',AL .'JRPAC, SYSTEM FACILITIES, Agercy order 6030.20,
Washington, M.a.. Mrch 6, !.6'7.

, ) F edral Avlation Administratizn, PtW'E-_ POLICY IMPZ NTTION AT
NATNAL U10PiCi SYS1TEM FACT-.TTIES, Agency Order 6'OC.2,
Wa:,hilngto, .. , Deceteer 2), iP67.

a
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(3) Federal Aviation Administration, MECHANICAL ELECTRICAL SYSTEM
DISRUJTION HANDBOOK, MEDIUM LEL, AIRPOfU TRAFFIC CONTROL TOWER,
Handbook 6930.11, Washington, D.C., May 17, 1958.

(4) Federal Aviation Administration, POWER POLICY CONFIGURATION
WAIVER, Notice 0950.9, Washington, D.C., Fefruary 1, 1968.

5. Improve Beacon Systems

a. System Re juirement. The introduction of terminal automation programs
intc the system requires that early model interrogators be modified
or replaced to provide additional capacity; for rerorting aircraft
altitude and identity. In addition, old type defruitors must be
replaced to permit display of both data. Improved side lobe
suppression is needed to reduce false targets. Future development
of a narrow beacon antenra must be accomplished to reduce target
sizes and improve acquisition and display of beacor data.

b. System Description. The ATVRBS is a cooperative secondary radar
system designed to provide reliable i entity, altitude and position

data for use in the ATC system. The FAA mu.t provide the ground
portion of the system which includes the interrogator and the mans
to display identity, altitude and position data on the ATC (isplay.
The airborne transponder which replies to the i!.terrogator is the
responsibility of the aircraft operator to provide and maintain.
The 4o96 code ATCRBS, M de 3A (identification) and Mod.e c (altitude),

is a major building block in the terminal automation system.
Automatic acquisition, tracking and identificatl n is based upon a
discrete Mode 3A. The Mode C altitude data is automatically coded
and transmitted to the ground when interrogations arc re1ved in the
aircraft. Additional processing by the terminal automation syste-
will transform these data ir 4 o alpha-numeric form on the ATC display.

c. Sytem Goal. Improve al present A beacon systems.
These and all new (future) system- wdUl have the capability to satisfy
the termninal autruation requirementa. As new ASR facilities are
phased into the s-stem, these improvements, when a\ailable, will be
mwde a pert of the total ASH packag.

d. Criteria for Implewcntation. All terminal systems kalify
for emonstrated improvements that add to the !--tegrity and
effectiveness of the system.

.1,

........ ... .. ....... , . ,-kIMr
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e. B ibliograph.

(1) Federal Aviation Agency, PROVIDE IMPROVED TERMINAL RADW AND
BEACCN C, Register of Requirements FAAR 6310.2, Washington,
D. C., October 14, 1966.

(2) Federal Aviation Administration, PROVIDE IMPROVED ATCRBS
INTERROGATORS FOR JOINT-USE RAPCCU/RATCC FACILITIES,
Register of Requirements FAAR 6360.2, Federal Aviation
Administration, Washington, D. C., July 6, 1967.

(3) Federal Aviation Agency, PROVIDE FOR THE PRESTATICK CF
ALPHANUMWJCS CK TE.7VL9 L ATC DISPLAYS, Register of
Requirements FAAR 6410.3, Federal Aviation Administration,
Washington, D. C., December 29, 1966.

6. Provide ASR & Beacon Ground Station Monitors.

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

b. System Description. The ASR/beacon monitor provides continuc .s
monitoring of the current status of the radar system with respect
to all outputs and signals received for display to the controller.
It provides a fault signal when range and azimuth signals shift
beyond a tight tolerance, thereby providing an indication that
false targets are being displayed. In addition, the beacon
monitor maintains a constant listening watch for the transmission
of ATCRBS beacon codes of 77 -, the eiergency codeand 7600, the
radio failure coe. When these codes are received, an alert
-device is activated to call the controller's attention to the
emergency or radio failure. Implementation of the monitor will
enhance the safety of the radar data acquisition systems.

c. System Goal.. install ASR and beacon ground station monitors at all
AS R f ac i Ii tic
o.Cteria for Implementation. All .SB fac iities qual"fy for the

..nstallation, of ASR and beacon monitor systems. Thnese systems
provide a margin of safety t""t cannot be realized by constant
maintenance and -erator surveillance of the system.
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e. Bibliography.

(1) Federal Aviation Agency, PROVIDE RADAR PERFORMARCE M(ITOR,
Register of Requirements FAAR 6310.1, Federal Aviation
Administration, Washington, D. C., September 7, 1966.

(2) Federal Aviation Agency, PROVIDE lMPROVED MONITORING OF ATICPRS,
Register of Requirements FAAh 6360.1, Federal Aviation
Administration, Washington, 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 available 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 a; required by the controller.

b. System Description. Weather data cn controller radar scopes will
show potentially hazardo- 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 weathei displays on all radar scopes where
justified in accordance with implementation criteria.

d. Criteria for Ixlementation. 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 weather incidence justify the installation

of tLe equipment. Installation -"iority will be based on the
airspace value of each proposed installation.

e. Biblo .

(1) Federal Aviation Agency, CMPUTER PROGRAM -UNCTICAL
SPECIFICATION, WEATHE INPUTFI Atv OUTPUTS, SPO-MD-i25,
Washington, D. C., November 1, 1966.

(2) Department of Comerce, FEDERAL PLAN FOR WEAThMR RAJAR AND
Rtn DISPLAYS, Ca-M 67-3, Environmental Science Services
Administration, Washington, D. C., May 1967.

!__



BOOK 1 1-35

1/0/69

8. Digital Weather Displays.

a. Systemn Requirement. Digital weather displays are required to provide
the air traffic controller vit: a compact, standardized, digital
weather package, 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 ar, time in digital form is in a composite package approximately
9xll inches. The information for each element displayed is updated
each minute. The digit size for each element is a standard size
and compatible to other digital displays provided the controller.
It is easily readable in both the control tower cab and the
darkened environment of the radar room.

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

d. Criteria for imp!1 emei.tation. All airport traffic control towers,
TRCONS, RAPCOS and RATCCS operated by the FAA qualify for

digital weather displays. Determinations of priority Installa-
tion rankings will be based on the annual count of itinerant
operations, ie., higher activity radar level facilities will be
given preferer.ce ever locstions of lower activity.

ia

e. Bibl iography.

(1) Federa Aviation Agency, ALTIN'TR SETMG TNT]ICAT-MS
SPE C.IFiCAI - FAA-E-2Ci7, Washington, D. C., January 15,
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1966.

(6) Federal Aviation Agency, WEATHER DISPLUY PANEL, FAA-E-2274,
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D. C., April 17, 1962.

9. Automatic Terminal Information Service (ATi2.

A. System Requirement. There is a requirement for an autormated
briefing system +o enhance weather disse.nat..n a:.-d relieve
controller workload.

b. System Description. ATIS provides recorded wind, ultimeter, and
runway-in-use information :, arriving and departing aircraft.
Recorded by th"L 2ont.rol tower, the infonr .io is broadcast
continuously on a VOR or a discrete VIC, frequency.

c. Goal. The goal of this .rogram is to ir.vide recirded weather brief-
ings at all terminal faciiitle meeting establishm!nt criteria.

d. Criteria for mplementation. Airway Piazning Standard No. I provide-
for the estaolistment of Automatic Terminal Inforrmaiun Service at
all terminal facilities naving 1itXQO<)0 or more ar.nual itinerant
ope rations.

(1) Federal Aviation Agenc, AIRWAY PLANNNYG STANDARD NUMBER E -

TMfiAL AIR NAVIGATIIX FACI'ITIF ANT, AIR TRAFFIC C,.TRO.
SV. VIC, Haodbook 7031.2, Washingt r . C. May 11, !965.
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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., is essential to decisions in air traffic control,
flight planning, briefing, aircraft loading, etc. A requirement
exists to replace the costly procedure of manually taking and
reporting weather data at limited airport weather reporting
st4 ons.

b. System Description. The automatic weather sensing and transmission
c.system includes equipment for the sensing, transmission, data

processing and display of ceiling, runway temperature, dew point,
weat speed, wind direction, wind peak, cloud cndition and
altimeter setting.

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

c. System Goal. The gowete agency is to replace the costly
pract-'7e of assigning FAA or USWB personnel to limited airport
weather report'i.L stations (LA:WRS) 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 established. However, pending the satisfactory development

'f this system, it is expected that it will replace LAWRS. 'he
lattor is usually planned at airports, both air carrier and general
aviation, which are progrmmed to install instrument linding systems
with approach lights for the first time. This weather system may
eventually sup--lant the manual obsernftions made at the flight
service stations.
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Washington, D. t., January 1968.
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7230.1A, Waeington, D. C., April 1,
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CHAPTER 3. FLIGHT SERVICE STATIONS

1. FSS and IFSS

a. System Requirement. Federal statutes place a general responsibility

upon the Government 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 ZAA is made responsible for the collection of
meteorological data and its distribution to aviation users. The FAR&
require IFR and DVFR flights to file 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 interagency
agreement; the fourth is in respon.: to the general statutory mission
of the agency.

kl) There is a requirement for FSSs to collect and distribute
meteorological d.ta and aeronautical information to major avia-
tion users, including Weather Bureau offices, ATC facilities,

airlines, and other priate users.

(2) There is a requirement to didaeminate meteorological data and
aeronautical information to general aviation pilots (and others
as required) before and during flight.

(3) There is a requirement for FSSs to' accept LFR/DVFR flight plans
and forward them to ARTC centers (and tc ailitery bases when re-
quired); FSSs must also relay ATC approach and departure clear-
ances to airciaft operating at nontower IFR airports. IFSSs must
also relay en route AXC mvss.iges and, in some areas, air carrier
operational messages.

(4) There is a requirement for FSSs to provide emergency navigational
assistance to lost or disoriented aircraft. FSSs also operate a
volun tarv VFR flight plan system and varicus special reporting
services (lake, ocean, mountain, island, swamp) to ensure speedy
seach and rescue of overdue aircraft.

Tlo satisfy the foregoing fun, I '-ns, it is necessary to maintain a
network of flight service stat ,_ns of variou3 canabilities,

sufficient to meet the Jemands -2-z s-rvice; this includes the
modernization, repair and possioie realignment of fun'ctions at

existing itations. A need exists fo a systems stud to determeine
the most efficer'_ role of the flight service stations in the \A$T.
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This should include ~a re-a~z!..ssmenL o't the~ above requirem~ents
in view of the on-going en route anij termnal A ULI)Lon programs.

b. Syste. Description. The flight service station, is an operational
* fecility which performs a variety of functionis, most of them relating

to the acquisition, distrioutioi, and dissei-nicar iOn of Me teorological
and other aeronautical information having a bearinig on the safety of
flight. Each FSS nas a flight iitormation area encompassing numerous
airports and navaids, and ma-c square miles )t air space.

Th, FSS system originates over 200 weather observation.s; througlh
interphone, telewriter, and telittvpuwriter cir _uits it collects
several hundred other surface and svnoptic observations and oistri-
butes them to procesb-.> (meteorological otticos) ano direct users.
Processed data, such as forecasts, are ini turni relayed to direct and
indirect users. The teletypewriter system also distributes NOTA~ls,
and relays IFR anJd VER fl-,ght plan,, to ARIC centers, military bases,
and other flight service stati in.

FSSs provide in-person brief~ngs ard selt-.riefinig facilities to pi-
lots at the local airpo3rt and, through anl extensive system of lease(-
telephone lines, telephone briefing '.o pilots at more than a thousand
airportv in. nearly as maniy cou-1-nities. ihe same system is used to
receive flight plans. In heavily oopulated areas, FSSs also operate
mass wealher disseminatiot. svyitcms, transmitting transcribed brief-
iniss by radio and t' lephone.

FSSs provide inflight Wear"cer brief ings, warnings, and advisories
through a system of over 800 strategically locited radio conxnun icat ions
outlets. This conwniicat ions system IS d~ 11, ic. , L y App, aCh
and departure clearancas at nontower airports, to monitor en route
ravaids, an, to provide, often. ini con unic t ion -with direct ion- finding
equipmenr , emergency assistanice to lost or disoriented aircraft.
Stations equipped with weather radar displays can provide iniflight
weat'er avoidance service to VFR aircraft.

c. System Goals. Agency goals iniclnlde: automted higL--speed weather
data distribution sv,,tem with request-reply capability; direct entry
of IFR flight plans to ART< computers (satisfiedl ii. part by ilight.
service st 005)s; direct i_3n finder network with nation-wide coverage
at minimum en, toute altitudes alsong major air routes.

d. Criteria for !my emntatjor. SpecIfic criteria have -ot been appr-' td
for FISS and IFSSs. Establ ishmt , 4iscoantlInuan,_es, %!anicez in opera.ing
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houis, and service expansions are currently considered on a case by
case basis. A, a result of the current systems stady a rationale will
be developed for these decisions.

e. Bibliography.
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of Air Traffic are amended, Federal Aviation Regulations, Super-
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2. Eqjuipment Support.

a. System Requirement.

(1) DF Equipmcnt a:J Remoting. There is a requiremivent for a direction
finder network capable of providins emrgency navigational
assistance to lost aircraft or aircraft in distress. In some
cases, bearing iodications must be transmitted by long-line from
remote sit-s to avoid excessive gaps in coverage.

(2) Recorders. -Tere is a requirement to record air/ground corsnuni-
cations and telephne briefings at flight service stations and
i;,ternational fligi.t service stations. It is more efficient to
use voice recorders Zor this purpose.



[I!-42 BOOK i
1/27/69

(3) Weather Observing Equipment. There is a requirement to improve
the accuracy of weather observations and to reduce the time re-
quired to take them through tne use of rotating-beam ceilometers
and direct-reading hygrothermometers.

(4) Weather Radar Displays. Weather radar displays permit FSSA to
give pilots ii flight more accurate and timely advice in adverse
weather than does any other data source. The data obtained from
radar displays is also valuable in preflight briefing.

There is a reqairement to equip additional FSSs wi i weather
radar displays concurrently witri Weather Bureau expansion of its
weather surveillance radar and slow-scan transmission systems.

(5) Voice/GraphL Comnunications to Forecaster. There is a require-
ment for a voice-graphic cormmunications system between fore-
casters and flight service stations, which are not collocated
with a 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-
fessional meteorologiat.

(6) Mass Weather Dissemination and Automated PrefLight Briefing.

Because of our inability to provide individualized briefings to
all pilots, tL 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 briering system are oeing reviewed as
part of the FSS Systems study.

b. System Descriptim.

(1) DF Equipnt and Remoting. Doppler VhF/UtiF DF equ! )mLnt presents
the control station with the bearing of any aircraft within
rat.e transmitting on any of ta,: frequencies pre-set into tiie
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 iistrument approach.

(2) Recorders. FSSa and IFSSs are required to record air/ground
communications and informatioi; ftrnished pilots in preflight
briefings. Voice recorders are not in current use. The five-

'A



BOOK 1 111-43

1/27/69

channpl, solid-state cartridge-loaded recorders, which have been
adopted as the agency standard, can simultaneouuly 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.

(3) Weather Observing Equipment. Rotating-beam ceilometers indicate,
every six or twelva seconds, the cloud height over the area of
the middle marker. The height indication is presented on a
recorder or an osciiloscope. This indication, together with a
rapid visual observati)n, results in extremely accurate ceiling
and sky cover value. Direct-reading hygrothermometers present
a digital readGut of temperature and d:w 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.

4
(4) 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-evision monitor or a
facsimile printer. The TV monitor is by far the most useful
presentation for FSS purposes.

(5) 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 a map while talking to the
pilot briefers at a distant FSS. The distant FSS receives the
data on an identical map at its end, which can also be projected.

(6) Mass Weather Dissemination. The Transcribed Weather Broadcast
(TWEB) is a recorded synopsis of c2urent aviation weather and
forecasted outlook broadcast continuously on a,- L/MF nondirec-
tional beacon or a VOR. Pilot Autcmatic Telephone Weather
Answering Service (PATWAS) enables a pilot to obtain a preflight
weather briefing by dialing a special number from home or air-
port telephone. -IEB and PATWAS generally employ the same
script and, in sine instances, the same recording is used.
There arc several variations of FATIWAS which enable the caller

A to select information for a s ote or area.

(7) Automated Preflight briefing Eguipment. A tAraaed preflight
briefing equipment has not yet been developed to provide pilots

I
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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 a part of the system only if cost/benefit studies justify
the expenditure.

c. System Goal.

(1) DF Equipment and Remoting. The agency goal 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.

(2) Recorders. The agency goal is to record all air/ground communi-
cations and telephone briefings at all FSSs and IFSSs.

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

tions.

(4) 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.

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

(6) Mass Weather Dissemination. The goal of the agency is to re-
lieve the workload on FSS pilot briefers and terminal control-

!er. The specific consequences of this goal in terms of mass

dissemination will be determined by the current system study.

d. Criteria for Implementation.

() DF Equi ent and emoting. The present criteria (contained in

Airway Planning Standard Number Two) provide, generally, for
the installation of DF equipment at aboit 150 Ss. DF sites
are required at intervals of 80 to 160 nsutical miles along

heavily-traveled routes.

(2) Recorders. All flight service stations are eligible for multi-

channel recorders. The reqsirement has a lower priority than

that of en route and terminal facilities. The proposed cri-
terion for installation priority is the rank order of aircraft

contacted plus pilot briefs. *
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(3) Other Equipment. Specific criteria have not yet been adopted j
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 p-oposed
crite.ria which may be modified as a result of current system
studies.

Weather Observinag Euipment. 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 airports 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 Number 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 is proposed to provide
weather radar displays at full-time FSSs which
are within iO0 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 area or they are col-
located with a Weather Bureau station having a
WBTTS-65 receiver.

Voice'Graphic Communicaticis 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 brietng sta-
tions, be provided with this equipment.
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Mass 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-
figuration. It is 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. Tne 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.
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ZHAPTER 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 cannot 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-
sponding increase in the number of flights which must be controlled
by the ATC 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.

b. 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. In a
positive control environment, separation between all aircraft is pro-
vided by the air traffic control system through issuance of clearances
and instructions. While it ir still incumbent on the pilot, when

possible, to avoid any risk of collision that he may see, the occa-
sions when the "see and avoid" concept of separation would be
applicable are minimized. The agency considers the risk of midair

- collision to be less in a positive control environment than anywhere
else in the system.

c. System Goal. Positive control airspace must be established wherever
the agency has the capability to provide the service and where the
-olue and type of traffic indicate that it is in the public interest
to P roviee it.

I9
.... ..I. m
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d. Criteria for Implementation. Establishment criteria for positive

control airspace, consider factors of air Lraffic 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

intere.2zl parties the opportunity to submit their views.
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2. ContrQl Zones for All Instrument Approac es.

a. System Requirement. A need exists to establish control zones at air-

ports having approved instrument approach proceaures in order to

provide an adequate degree of safety betwee, aircraft executing

instrument approaches and other, uncontrolled, aircraft.

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

trolled airspace at airport locations having instrument arproach

proce6-'es. Within control zones, all instrument fligt t rule (IFR)

aircraft are provided standard IFR separation. In addition, when

wvather 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 -may include one or more airports

and is normally a circular area with A radius of five statute miles

and any extensions necessary to include instrument approach and

departure paths.

I
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c. System Goal. The goal is to establish control zones at all airports
having approved instrument approach procedures,

d, Criteria for Implementation. Control zones are established at air-
ports having instrument approach procedures if: (a) air/ground
communications exist down to the runway suriace with aircrafL which
normally operate at the airport, and (b) weather observations are
take n and reported to air tr&ffic control facilities. The criteria
for the establishment of control zones are contained in FAA Hahdbook
7400.2, Procedures for Handling 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 leter-
mined that the designation would be beneficial to more than a sLngle
user or interest. The criteria are contained in FAA Handbook b260.3,
United States Stendard for Terminal Instrument Procedures (TERPS).
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MATTERS, An FAA Handbook 7400.2, September 1, 1965, Ch. I thru
17, 108pp.

(3) Federal Aviation Administration, UNITED STATES STANDARD FOR
TERMINAL INSTRU IMNT PROCEDURES, An FAA Handbook 8260.3, September
1966, 200pp and appendices.

3. High! Density Terminal Area (HDTA) Air pace,

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

Today, even in the most congested terminal areas, flight operations
are comprised of a mixture of "PR and VFR (controlled and uncontrolled)
traffic. In this mixture, some flights are separated by the ATC
system but frequently the pilot's ability Lo "see and avoid" is the
primary tool for collision avoidance. When the speeds or today's
aircraft and the ever incre.: ng volume of traffic are considered, it
becomes very apparent that the "see and avoid" concept of traffic
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separation 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

a control tower. The majority in,"lYed aircrafL in climb or descent,

with one operating on an IFR flight plan and the other VFR 4n: 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.

b. System Description. To 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 p'an to establish special high dersity terminal

airspace ernvironments atound major airports.

As envision.d at this time, the HDTA Airspace would be configured in

three tiers and have a top oi 10,000 feet. The bottom tier generally
would coincide with the airp,.urt control zone and nave a radius of

five miles. The second tier would have a base of 2,200 feet (dropping
to 1,20 feet alung specified approach/departure corridors) and a

razius of 10 to 15 miles. Thv third, or top, tier wou.d begin at
5,000 feet and extend up to 10,000 feet wit, ) a radius of 20 to 30
miles.

Ilie designated airspace norcailz would be used o'ly by aircraft
operating to and from thle pimary airport. All terminal Lraffic,
both VFR and TFR, would then be contained in an efvironment wbih i!3
totally controlled and from which unknown traffic would be eliminated

by regulation. All aircraft entering this environment would be
operated in accordance with ,)n ATC clearanc-, regardlek:s of weather

conditions. Ingress/egress routes for the satellite, upcontrolled
airports in the area would be providie , where feasible, to permit

air-raft to avoid the designat.d airspace, The varying floors would
permit free movement of uncontrolled traffic beneath the designated

area.

Initially, this high density terminal dirspece environment would not
be true poaitivc control airspace. Tihere would be no requirement for

the pilot to be Lnstrument rated or for the aircraft to have a func-

tioning transpotder. Eventually, however, 4n accordance: with the

i

.. ....... .. .. .....,..I, , ..,. : , ....,: :: ..:, !:q ! g
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:overall plan for expanding positive control aitspace, 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 airspuce connecting the terminal airspace
with the overlying en route positive control area and positive control
airways.

Initially, the following requirements would be estAblished for oper-
ation w!chir 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 thL HDTA would be equipped with a VOR receiver and ,ave
the capability to communicate on specified control frequencies.
(Following initi i implementation, it is anticipated that all
aircraft would -,o be required to be equipped with an operable
coded radar becon transponder).

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

c. System Goal. The goal is to establish HDTA Airspace at the following
major terminals by 1970:

(1) JFK International
(2) Lauardia
(3) Newark
(4) Chicago O'Hare
K) Washington National
(6) Atlanta
(7) Los Angeles

i v 1972, HDTA's should be established at all locations which neet the
criteria.

d. Criteria for Implementation. The HDTA Plan, as originally developed,
was to allocate airspace with more strict regimentation in major
terminal areas to provide the greatest protectioi, t2 the gauatst
number of people. The criteria for designation, therefore, was ba.sef
on a combination of factors which considered the volume of people in
the airspace as well as the volume of aircraft, it is expected that
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locations would qualify on the criteria of 2.5 million annual enpiAn-
d passengers, 100,000 annual itinerant operation.s, and 100,000 annual
instrument operations.

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

e. Bibliography.
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CHAPTER 5. RESEARCH AND DEVELOPMENI

a. System Requirement. The FAA Act of 1958 states.that, "the
Administrator shall develop, modify, test, and evaluate systems,
procedures, facilities, and devices, as well as define the perfor-
mance characteristics tnerof, to meet the needs for safe and effi-
cient navigation and traffic control of all civil and military
aviation except for those needs of military agencies which are
peculiar to air warfare and primarily 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 q~irement exists to coLduct a balanced research, development,
test, and evaluation program to modernize the air traffic control
system and develop those system solutions that will best meet the
iaciediate and long rsnge needs.

b. System Description.

(I) The FAA research and development effort is conducted under the
direction of the Associate Administrator for Development.

I
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) AAAMINISTRATOR

DeuyAdm nistrator

ASSOCIATE ADMIN ISTRATOR
FUR DEVELOPMENT

-Director of program for develop-
ment -f national airspace system
(NAS), development of aircraft,
procurement, property management,
& installation of ATC & AN
facilities.

IRCRAF DEVELCPMEil LOGISTICS SERVICE SYSTEMS RESFRCH AND
SERVICE DEVELOPMENT SERVICE

• Nev or improved civil -Programming ATC & -Research, development &
aircraft & aircraft AN facilities engineering for NAS
equipment development *Material & service improvement

procurement Engineering riteria,
-Supply system standards & procedures
management for NAS equipment
•Property-manage, Radio fr-quency rpcctrum
ment & transpor- managemen,

NATIOL AIRSPACE SYSTEM
PROGkRM OFFICE

Management of effort to
define & develop, acquire,
test, & install designate;

NAS ATC subsystem prograz
elements on a timely basis.



BOOK 1 111-55
1/27/69

(2) Test and Evaluation Support for the Research and Development
effort is provided by the National Aviation Facilities Experimen-

* tal Center (Atla..tic City, N. J.) and the Aeronautical Center
(Oklahoma City, Okla.).

FAADMINISTRATOR |

AERONAUTICAL CENTER NATIONAL AVIATION FACILITIES
.General training operations EXPERIMENTAL CENTER

Aircraft fleet maintenance • Test and evaluation I
& modification supporting research &

* Aeromedical research & medical development activities
certificates Aircraft fleet maintenance
FS technical studies & airman
examinations
Aircraft & airman records

(3) The FAA repearch and development plan is (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.

(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 immdiate
and recurring field problems, and facilitating an orderly
transition from the current system t.. a modernized system to
satisfy increasing demands of afiways users.

(5) System Modernization. Witi,. this category, emphasis is placed
on efforts to expedite development and implementation of an
automated air traffic c.nr!. system. Modernization of air
traffic control componcnt; ;f the nati nal aviation system will
be accomplished through developiuent of improvements to facilities,
equipment, techniques and procedures.

... --Ii l
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(6) Long Range R&D. Within this category of the AIC activity, pro-
grams stress the need for study of advanced procedures,
techniques and concepts applicable to the National Airspace
System and to analysis of all facets of aviation or of techno-
logical breakthroughs tQ 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, te.:aiquea, concepts, and procedures.

The establishment of realistic goals, however, must take account of
constraints imposed by current state-of-the-art in technology, funds
made available, and judgment of the Congress and the public. There
must be a high order of consistency between FAA responsibilities as
prescribed by law and the goals established to meet these responsi-
bilities. The requirement for safety in transit of the airspace leads
to a goal of maintaining spatial segregation between controlled and
uncontrolled aircraft. Another goal is to seek the optimum balance
of ground based facilities and airborne equipment. Associated °m.th
this goal is 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 re-flected in the system design and the research,
development and impiementation plans to fulfill the design.

d. Criteria for Implementation. The FAA research and development ?r:-
gam ii conducted in response to formal statements of requirements
submit ed by all elements of the FAA and nublic or private sources
with an interest in aviatiou. The Associate Administrator for
Progrm.. maintains a revisable Register of Requirements.

Statements of major requirements are prepared in the form of an FAAR
(FederiJ Aviation Administration Requirement). Minor requirements
are stated on form 9550-I (Request for Research, Development,
Engineering Effort not affecting the NAS Register of Requirements).

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

Subprograms are reviewed continuously to validate the requirement and
ensure successful prosecution of the work effort. Support from NAFEC
is obtained by the preparation of a project Schedule II which repre-
"nts an agreemenc between SRDS and NAFEC to provide test and
evaluation assistance.
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Support is also obtained for the subprograms through contracts with
qualified firms, universities, ajid o~.her government agencies.
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PART IV -AIR NAVIGATION
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PART IV - AIR NAVIGATION

ITMDUCTION

1. Requirememt- General.

The agency has a statutory responsibility to provide (develop, procure,
install, and operate) within the limits of appropriations by Congress 4

a system of grour.d based navaids. These facilities will en2ance the
safe and efficient utilization of airspace and the effectiveness off
air traffic control by making available to pilots and controllers an
electronic environment of common references for position reporting,
routes of flight, departure and landing guidance under all types of
weather and ground siting conditions. Present agency policies call
for extending these services to new airspace segments, airports, and
runways as justified by increasing traffic and for improving safety
and reliability of operation. Inherent technical limitationE of
existing navaids 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
quality, effectiveness, and reliability of navaid services to
airspace users.

2. Criteria- General.

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

b. Justification or rationale - Teculiar siting conditions, airport
configuration, aircraft types kjets, S"I)L).

Current agency planning standards provide a rational basis for
Justifying the addItion of navaids through use of traffic counts
and/or weather conditions. ?:ture changes in implementation
criteria will be required to acc".-mmodate rew aircraft types and
increasing derjnuis for irproved regularity of service at smaller
air-ports.

"'pgradng Df facility performance, such as installation of more
cox-..ex ILLa anterna systems for permittin6 safe operation under
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lower weather minima, will be predicated on traffic counts,
Improvements of enroute navaids are justified as "system require-
Ments" rather than individual facilities because of external

influences (buildings, power lines, etc.).

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

Development of new systems for meeting new operational needs resulting
from introduction of aircraft with different performance profiles and
for replacement systems is based on .ost/effectiveness considerations,
agezcy/industry agreements, safety aspects and traffic capacity
deficiencies.
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CHAPTER 1. EN'RC7TE NAVIGATION AIDS

ij

1. VORTAC.

a. 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 operational requirements of
airspace users in order to permit aircraft to execute selected
flight plans and to comply with directions of traffic controllers.

There is a need to Improve the performance quality of VORTAC
facilities through the implementation of in-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
a requirement to continually reassess the distribution of VOR-
TAC facilities in order to determine needs for relocation to
meet projected traffic loads, elimination of redundant facilities
and establishment of new facilities.

b, System Description. Principal ty-pes of short distance enroute
aids installed and operated by FAA are:

l) VOR. This facility operates in the 1O8-l-8 M}{z band and
provides azimuth 'nformtion from a fixed ground point.
Signal coverage V>" DR and TACAN are limited to line of
sight distanct: and are also affected by interferen.e due
o tL.e .ecessitl of rereating -use of frequencies. Careful

seIection of sites is required for proper operation of
standard VDF equipments. Where suitable sites are not
available in a localit- where a facility is urgently needed,
special radiating systems such as those based on Doppler
pro.ciples are available. MKst VWR facilities are also
provided with voice modulation in order to transmit weather
Lroa casts and replies to aircraft calls.

(2) TACAtN. This is a pulsed navigation system which operates

in the ;4O0-1200 M47. band and provides both azinuth and dis-
tance information. TACAN azimuth irformatlon with range



IV-4 BOK 11/27/69

cnd 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) URTAC. A ii6h percent-ge 'f VOP nd TACAN facilities are

co-located to provide a cormon re~erence for navigation in-

formation, and the combined facility is designated as a
VORTAC.

(4) LT. This is a radiated test signal source for verifying

accuracy of airborne VOR equilment.

c. stem Goal. The goal of the agency is to provide a short range

navigation system adeqyuate to meet the operational requirements

of airspace users, and to meet agency criteria. Current plans in-

clude selective application of in-service improvements to facili-

ties with performance deficiencies. Among these are modified

WR antenna 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 expiration of land leases, to provide coverage

of new airway aeg-ents serving newly constructed airports. or to

accommodate new traffic procedures. OT facilities will be pro-

vided at iirports wit h sijTificant aviation activities.

d. Witeria for Implementation. The W_?1/VORTAC facilities comprise

the pri-mary- U. S. system for short range navigation. Existing

airaW~s and existing or programmed V)/WRTMAC'S .3atisfy m-st of

the current and foreseeable .verage requirement s. IF. na;igation

capabilities 1 tvween existing enroute structures and candidate
teruinals will be provide" when the terminal has more than 20)

a%ml instrxment approaches, 1825 or more passenger originations,

or an active military base which re4uires enroute navIgntion

facilItien to accomplish its m~scLon or to provide safety.

Additional deletions, or modifications to the existing facility

inventori will be iustified on an individual facility basis as
follovs :

(1) Where radiation patterns are being distorted by uncontrolled

construction subsequent to estiblishment of a facility, and

continuation of service due to strategic site locatior is

essentitl for traffic handling procedures, modified antenna

i
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arrays such as Doppler or vertical stacked elements will.
be utilized to nermit continuation of service.

(2) Where land leases are scheduled to expire and conde.ation
of real property is not feasiole or appropriate, facilities
will be relocated to suitable alternate sites.

(3) Where V0R facilities ,re utilized entirely for civil traffic,
they will be equip _d with TWE in lieu of TACN.

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

e. Bibliography.

(1) Federal Aviation Agency, AIRWAY PIANNING STANThRD
INM ONE - TEMIAL AIR NAVIGTION FACILITIES AND
AIR TRAFFIC CONTROL SERVICES, FAA Handbook 7031.2,
"ashington, D. C. , May 1965, 19 pp.

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

(3) Federal Aviation Agency, Systems Research and
Development Service, VORTAC PERFORMANCE IN A SNOW
AND ICE ENVIRONMENT, SRDS Report No. RD-68-3,
February 196l8&, prepared by Scanwell Laboratories,
138 pp.

2. Precision VOR (PAOR).

a. System Requirement. Due to Increased volues of traffic in
congested airspace se6=ents, there are rc .uirements to desigdrite
additionaI routes which in turn demand greater accuracy of
azinuth infornation thar. thut nreserntly available from existilg
enroute navaids. 'De standard VOR design allows a maxinu:
course errvr of + 2.5 degrees for coznissionng, while airborne

oc>uipnent and pilot profic ienc,, contribute additional elem:its
error whici. are governing factors in determining curre, t

standards fL)r separation of designated airways. .n order to
acLieve substintial reductions in spacing of airways, ground
fac'llt, course errors must be -inimized considerably, to the
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order of t 0.5, degrees, with comparable inp--rovements ..n airborne
system accuracy.

t. System Description. FAA lias developed ta zo-dified TIE desi gi-, which,
retains compatibility with the existix ~. invent or2;. -)f enro-utle
facilities as far as reception by cvr' niairb'orne receivers
is concerned, but in .dditior. provider, 1 nr ccuracy! COLurSe
information when rectived Iy suitabi, lc es;.ged or modified
airborne equipment +o provide a many-r-)1d -Inp-vement in, Course
accuracy. This is accompli'shed thro i~.~o dditijn of special
modulation signals and the- -se uid .erture transmitting
antenna arra>, similar to up!r VD ac1Ei~ The resulting
precision WR (PF'DR) facilit. is s-1 t.-- DI Ipler WEP .4r
being essential;:11 independent ofdi strl influences froim
surrounding ref2.Lection 3urfao,-s wih le :r ~ id':g the c-apatility.
of greater signal Icr 'S Ie wih 7Lhe conven't4I~a
D)oppler ic ilit..

c.System. Coal. The z~n' ol.! Is . .eject:-or.ic ! zizdarce for
additional tra ff i, routes in atreas -iIr~ea ., =cnd Increasi-ng air
traf f ic and to, en, bi e 1, -,t exec .' e : rec Se 1 gt sinever
wit, little o-r n' )n tehe tirt -1 -;a -~' traffi cto
trol'Lers. P,,ise r 'utes wi,'Ll irncrease a it .e enrou'te
airspace s e F-e Y .. -r-ove overi!I )f air traffic.

d. Criterion- for "cilnnai. 1if'~:i- ije ou
along hie-,h densit. ro-ute sepen- .wi~eS>;Pu
navigation Fuidance ;wIhere trfi T~oeceI tcc~'citx~
a va ila 1le raou t eS I bas ed o .rnt ioa cvi~

t. B! iio graph..

F-'ederal Aviat -',n A imiri srut ion%, Sste.:s heoearc !- and veomn
Servic;-e, FRECISIDN V, O -J~ 1, aM-PYFU- P-11;T ,' I-TPTKF'
Report RD6-iAgut1 t *, --repart-, 1'. A~.irl,-reIn ext
Laboi1,tory., 4.C pp.

3. VSXL -%iroute NaVjgat~jr..

a. Sste- R.equirei7entz. There 's areQ- ircnccnt totc;e ernro
nav.~nionserv 'c i . saesg-n r. 1 te~ij ~~t

for ise L'. t-hese tie )f -eils ~u Se --41 l e 7mle-
enroute -av-aidz- povedorfxi :crtadSpecii

4
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facilities or types of facilities will le installed as necessary
to supplement the existing inventory of VORTAC stations, particularly
to provide adequate transition to terminal navaids serving special
landing areas for such aircraft.

b. System Description. At present there are no specific documented
requirements for V/STOL enroute navigation which cannot be met
with existing or specially ited conventiona)l enroute navaids.

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

a. Criteria. No criteria have yet been determined for special enroute

navaids to serve the needD of V/STOL operators.

e. Bibliograohy.

Federal Aviation Agency, Systems Research and Developmept Service,
VORTAC ERROR ANALYSIS OR HELICOPTER NAVIGATION, NYC REA, SRDS
Report RD-66-.'6, July 1966, Atlantic City, N. J., 39 PP.

i2. Area Navigation.

a. System Requirement. There Is a rer ,irement to provide grster
flexi"Clity in establishment of flight routes. Quality of existing
navaids and airborne equipment must be iproved to provide pilots
with catabilities for unassisted 'area navigation" oer a vriety
Of routes and ,raff . patterns which are not dependent on exact
lcoations of gr-ound facilities.

1 Sse. Descr -ior; Are ,avi- J. , s crocept of nnvigat.ion
1is,* or 7ise '- sib .I 2 'c un, cilities whose Iocatio,- are

.... f ees;t r ie ereJ, '.light rattens. This t-pc
,.. ,ne wlx- s -. :,ew flight L'rocedt.... cann le
s ,. d ............ ;..cedref- . . recuirin fac iit-

i' reic .- >n ,,>zx*'c:ios :,: et.h'er -,' -, zr ir,.rne equI.rts

Are " n- - ':n .. e.. . "se -.. zter ")r rocess-' ix

-- , -~.e r sil . 2 d : . e e -  s. V!r - I:e r' .t an
"7 -"e .... v :I sp a ", e ',u n
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Specific ground facilities which &o not pro-vide adequate covei ge
or quality of radiated signals necessary for area navigation will
be identified and corrective programs init~ated as appropriate.

d. Criteria for Implementation. Specific VORTAC facilities will Ile
upgraded To provide adequate siamal coverage and navigational data
accuracy for area navigation applications. This will include
instpllation of special radiating s'stens, facilit, relocation, 4.1i
elimination )f course irreguilarities.

e. Bibliogaphy.

(1) Federa"l Aviation Agency , ':.-,,ter's Hesearch and Levelopnment
Service, 1AREA C&)VEEAGE DISPLAYS AND 0>URSE LIEE COYMT=JTV
EXPEIMTATION, SRDS Report FJD-o5 1-117, 3ctober 19)65,
Atlantic Cit, 'i. J. J1 3ad::s Braindew&ie and H:.-ter), jpi

(2) Federal Aviation Agenc. Sy.stems Research and DevelopL'.ert
Se rvi ce, STUDY O)F PILOT AiBILITY T2) FLI7 HOLDING PAI'
UILIZING VARIOUS XNAViCG.TION TECHIQTJES SFDE'~
February, lkx,, I lantic City,1 N.* Jy (R.e et -I"

(d) Federal AviatinAn, i .~n S~se 1R-ese-- p,2 and~e p
ment Service, ANALYE7.Z - ET" F 1 -"R: ec S R t

R--67- tJn c. r~~iY1 ro ic a' Anti1,;s's
Corpo'rat1 ,I'

5. Future Cuni.cepts,__ t-ki3a.

a. Syste.equiremnent. Air traffic growth tr ends require de-velopment o
new narigation co-ncepts with greater ucc-,rac., and utilit-,- than, -Irrent
designb. D)ze t,- the existing large capital investments in groundI .nd
airborne eyi4ente bythe agency and airspace user!., bnd the length-
Lnt:-rrational Coordinati."on. process invulved in cnevrto _- new
nav~igation system, develo~mnt of' a new s'ystem should begin i=-.ediately.
Futuire requirements for navigation services by all -lasses of allrspace
users, the influence of navigation capailities on air traffic control
system performiiace, aind spec Lr=m utilizatlon are considerations which-
new systems concepts must ac ornodate.

b System Deacrlption. Chaacrsts ofte1 cedng.nrtr
short ri-age navaidB are not konat thIS tire.
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c. System Goal. The agency will identify future requirements for
enroute navaid performance and their influe-ce on air traffic
control effectiveness, and develop new navigation systems.
Operational performance capabilities and economic aspects
from the standpoint of agency resources as well as airspace
user costs will be analyzed for candidate systems.

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

6. long Distance Navigtion Aids.

a. System PeQuirement. There is a requirement for a long distance
navigation capability to provide service overwater and other aras,
where the short distance capability cannot be provided with
s, ,fficient accuracy and respons'veness to safety, and efficiently
senve the air traffic control system and the operators of high
speed aircraft in both the domestic and overvater routes.

b. System Description. Long distance externally based navigation aids
are utilized to provide service overwater and other areas where
short distance aids cannot be provided (1) for general navigation
service and/or (2) for navigation data for self-contained aids.
The external reference radio r,,v1gatlon systems ma, comprise of
Loa--n, Dectra, Consoi, .)mega, ildio Beacon or Satellites although
the candiuates considered most promising for future international
standardization are Loran, Satellites or ,mega radio navigation
systems.

A corplementar. rea'.onss is recognized Letween the externally
based long distance radio aids and the se-f-contained aids b-ch a6
£xzpler and iinertial in the s;ter -f nnv" ion and traffic control.
}7-wever, the self-c-intain ed oiler :ind inertial navigation systems
are o al'ahle of o-erat'ornal erformance ihich indicates thal the
exter .ai refe-er; ed rai dids mav ,e I -Ited to periodic ipdting
or .eln ; id. i.,ividuel -uerators over certain long
dist:ce r e tes r, rel on celest".l oser-vtlon ,,d air dat, for

.e a L.tt doc uments
ACC . .i K /11 estabilsle the .oal of a sirglc xitonal
ant international standard for ground based radio aid "1hich vz-uld
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be suitable for all users, including air, surface and sub-surface.
It recognized the complementary relationship between ground-based
short distance, long distance and self-contained aids, and supported
implementation of interim aids pending a single world-wide solution.
Another goal is to continue development and evaluation efforts towards
developing an optimum long distance navigation system.

d. Criteria. No criteria have been deflopdfor implementation of
the long distance navigation system.

e. BiloMh.

(1) Air Coordinating Conmittee, AN CONF.j' AGENT ITEM ,ONG
DISTANCE NAVAIDS, ACC 58/91 ICAO DOC. L9 o

5
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CHAPTER 2. TERINAL NAVIGATION AIDS

2. Instrument Lanir S~stem (ILS).

a. System Requiremenits. There is a requirement to provide vertical
and lateral guidAnce to aircraft when approaching a runway for
landing trncer VFR and IFR weather conditions.

There is r need to improve the perfomance and reliability of ILS4
and to incorporate electronic state-of-the-art tec=.nques. In-
service imnrovements are required in the fl, localizer and gj.ide
slope antenna systems to minimize site and weather effects which3
now restrict operations at some locations. Thcre is also a need
to develop fail-safe systems for Catego,:ries II and III operations.

b. System Desc:ription. TIhe 115 is composed c, a Localizer, Glide
Slope and Marker Beac_..:. The localizer Isa an electronic unit
which transmits radio signals along the extended centerline of a
runway and which provides l.ateral guidance data to aircraft equipped
with appropriate airborne receiver3. The glide slop?, is a sim.ilar
unit except it transmits a signal which p'.ovldes vertical -,.Ldance
data to th~e aircraf't. The glide slope data estabiishes guidance for
a flight path normally between 2.5 0 and 3 0 w--'t-h the horizontal.

Marke- beacons are clectronIc Lnlits which- transmit a vertic1I
signal to an airborne receiver which iden t.'e. psag f h

aircraft over designaoted pints along the flight path. The
outer marker Is nornna-:1v located at the distance from the runway
threshold where an a~rcraf't at t-e Indtia1 approach altitude

woud Itexetile Iide sle flght rath s~' 1
.Temdl

* mrarker Is locate-d at a dj'stanc, cresr ~ tr- the 20K-fc'ot)4
* at.'tude poi!nt crn thie 4zide slope.

Or Categor-,1 II is tai_Ia. t-n, oaly th-ere -s also an Innuer r-arker
*'nted at ai distanczt crrresjx-ndin to the IX~otatt.J

j o~cln..& ''e

T',--e ILO3 ;l.Is, ~ a roa_.tee. and med'un or
en 'nCie~r .Atin.RF eer

gi 1. - Cn d w s re fqi; rd.T-esf- a~;~n~sds ar,

Iescrz~ed "inder e en Vist.al
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c. System Goal. It is the goal of the agency to provide nonvisual
vertical and lateral guidance equipment for all runways in the
United States which meet agency criteria.

d. Criteria for Implementation.

(1) At airports where scheduled air carrier operations are conducted
on a sustained basis or at any general aviation airport which
records 70 or more annual1 instrument approaches, provided that:

(a) A comprehensive evaluation of the runway to be served by
the ILS 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 accommodatedafely on the
existing ranway.

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

(c) The approach light system installed shall be either the
MAiS/RAIL, SSALS/RAIL, or .LS,/SFL.

(d) At general aviation airports, installation of the IfL
with approach lights will reduce landing minimums to a
300-foot Decision Height (DH) ana )/4 mi.e visibility
(300 DH/3/4) or lower and a climatology study indicates
that the lower minimuws will significantly reduce the
number of missed apprr'aches, diversions, cancellations,
and delays.

(e) The 11S ITstalled sihall normally have single electro! c
equipment unless a special study ustifies installation
of dual electronic equipment, For an 110 installed at
the primary air ccnerce airport(s) in a large hub area
on any runway which has 7X0 cr more a.,ual -strument
approaches, dual electronic equipment shall be cons Ldered
Juztified. Normally, an 1.3 already ccrwnissioned having
dual electronic equ:jvent shall :,ot be reduced to si:iele
equirment ,iess such 'eductio. s ..stified by a s-pecial
stuay.
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1

I



IV-14 BOOK 1

-/2/ ' (169

b. System Description. The TVOR is an electronic transmitter which
provides bearing signals to aircraft equipped with suitable airborne
receivers. It is similar In construction and function tu Lne
standard VHF VOR except it is lower powered and i shorter in -ange
coverage. The TVOR is often used as an enroute aid as well as an
aid for making approaches to airports.

c. Systems Goal. It is the goal of t1.e agency to increase tht-
utilization of the e-rspace in poor weather conditi-ns b pi'. r1
approach and landing guidance to airports wti!ch meet agenct. <.";ter a
but do not qualify for an 11,3.

@. Criteria for Iapl mentation. A r< neral arva-ton airport with fOO
or more annual in-trument ap-roa. ies or 1,825 or more schec'.iled
annual passenger originations (E- recorded ;n validated cour, I
acceptable to th FAA) a car .- date "or t:.e fo]_!ow ng termnuil
instrument approch sysrer (si gle equipment) when the exis. ng
instrument approach prc-ec.ire ind is .ociated nrvigatona1 aids do

not provide landing miim ::s f a 4),)-fcot n.n~imfl- decision al.'tud&
(MDA) and one-mile vis.b t (4uo MIA/) or better.

TVR: A 75 Miz marker 'e, _.on may be :ons'dered at ntw "
existing TVOR locations r ovi.ded an idiv 'duD1 'ustif--atio i
indicates that it is neceosar- in order to nc±.iece 400 MDAI
minimums. A DME (single equi nent) may -irso bc c.ncder
for new or existing TVnR locations provr ed tda* a>. inlividiL
Justification indicates that it will provide morc cffi.'ent
handling of traffic, or a :'educto . -Z: Z :'be :'1*e-t o:
obstructions on landin, m'!1mums, or an othei-rwi.-,e tpngibie
improvement in the IFR caibiiity of' t:e airpocrt. A TVOR
may be Installed when:

1. An instruaent approach procedure is nct pea lie from
an adjacent VHF navigational aid.

2. The existing instrument approach procedure Is based c: a-
LiG navigational aid.

3. The adJacent VHF navigational aids would not -cvide

transition to a localizer.

e. Bibllography.

() Federal Aviation Agency, AIRWAY PLAM-NNT STjNDMARD NubkE.-i ON' -
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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,
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3. Distance Measuring Equipment (lME).

a. Sstem Requirement. In addition 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
beacons are impractical, or where continuous distance from a fixed
reference point is required for the safe operation of aircraft.
Ther is a need for DfE at selected TVOR facilities to provide for
a non-precision computed approach capability.

There is also a requirement 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 to the airborne receiver. Distance is computed by
measuring the total time for the round trip journey of the inter-
rogation and its reply.

VR/DH can provide a completely new range .,f flexibility in approach
procedures for instrument approach capability at low density airport!.
The desired glide slipe for multiple or single runways can be com-
puted from altimetry and measured t1- a runway end. A course computer
in the aircraft can also be used to provide azimuth infor-nation re-
lated to the runway centerline as derived from a nearby VOR/ME.
Although the precision achie-d by the VOR/DME is not likely to be
as great as a glide slope installation, the flexibility )f the
arrangement may be sufficient justification to consider ;ts use for
low density airports at or near an available V(ORTAC facili. v.

c. _astem oal. It is the goal of the agency to provide DME se. ,'ce
So~teit wit; I S At sele. ted iet airports and at sma1ller airports

cAo.atr! ,ith T'OK\ Where CoMputedi approach guidance is reuitred for
the safe operation of aircraft.
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d. Criteria for Implementation.

(1) A DM (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 locations where geographical or
operational environment is such that no final approach fix can
be economically sited or transition to the ILS cannot be made
using adjacent navigation aids and procedures and operations
will be simplified.

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

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

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

(c) The DHE will significantly expedite the flow of IFR air
traffic arriving and departing the airport.

(3) ILS airports w~th between 700 and 1,399 annual instrument
approaches ma\ be considered for a £ .E facility when an indi-
vidual location study indicates the DME will result in a
sufficient number ,f additional completed approaches that is
commensurate with the cost of the facility.

(4) A W (single equipment) may also be considered for new or
existing TVOR locations provided that an individual justifica-
tion indic.-tes Chat it will provide more efficient handling if
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 ace~npany traffic congestion, together with a
high level of demand for air transportation, places a premiuml on
the provision of more convenient, timesaving, intra urban-suburban
ard short haul intercity air transportation.

If intercity V/STOL transportati~on 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 aircraft 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/SLuL approach and landing s: stem has not
yet been determined.

c. Syste m Goal. it is the goal of the agency to provide an all weather
aprnroach sySteni for VWSTOL aircraft to aid -i reducing the traffic
congestion at the larger air terminals and metropolitan centers.

d. Criteria for T1.erentation. T mpl _rnentat ion criteria hiave not yet
been developed.

e. Bibliography,

(1) Department ,f Transportation, RE2AiKS PREPARED FOR ALAN S. BOYD,
SECR!FTARY OF TRANSPO)RTATION, BEFORE n1E SENATE CkHMERCE CIM-
MVFF7EE. AV'IATlION SUBCCVVI1TTEE, Wash. ngton, D.C., June 18, 1968.

(2) Federal Av-Iat ion Agency, DFVED IMEN' PROJECT PLAN F(.' V.'SToL
APPROACIi *NDT lANDING SYSTVEM,, Federal Aviation Admiinistration
;ystern Requireme,*nt 67150.2, March 15, 1q67.

5.Area viajn

a. Syste~i, Tequ ircment. Extensive use :of radar vectors and close
s upe r-vs -,.n bytraffic controllers is current ly necessary for
insuring the safe execution of complex traffic patterns in hi,,'.9 st
ter:-inai traff~c areas. Th is t,,'pe of controller wr odneeds t,,
be -nil 7,zei through irmplenentat ion of area navigat i on bV returning
the ter7inai navigation capabi lity t ,the cockpit and allowng
controller wyorkload to be d irected toward radar no oin nd
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ur e x I3 t r~g ,-av a s exe:t zeI

of rout e str-- - tu er.

b Sytem Descrip . Area navgat on is ccn,'- oept : av:vat.on
based op use of data from iground fac ic w~iose locations do not
li' "t the development of desired fli*ent patterns. Ti,'is t -pe of
naviation is flexible since new flight prc s can be cesignated
or changes made without requiring facilty locations or modifi-

cations in either grouiad or airborne equ pmets. Area navigatio ±
:requires the use of airborne computer 'd.sriars for reducing
navigation signals from ground facilities into guidance for the
pilot. Several forms of computer and display e4Ipment have been
fabricated for this purpose.

c. System Goal. The agency will continue to encourage development and
user implementation of airborne equipment for area navigation.
Ground facilities dete=,ined to need improvement, relocation, or
replacement to provide the quality of radiated signals necessary
for area navigation will be identified and corrective or development
programs initiated as appropriate.

d. Criteria for Implementation. The criteria for implementation or
improvement of ground facilities for area navigation has not yet
been determined.
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6. Visual Aids.

a. System Requirement. There is a requir .ent to provide visual
guidance of aircraft in landing 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 nr- ation
comprise a unique system of special lights and painted markings
which provide primary guidance for pilots in VFR operations and
supplementary guidance when used in conjunction with non-visual
aids during IFR operations. The visual problems encountered by
pilots, and the lighting aids used for their solution include:

(1) Location and identification nf the airport - airport. beanons.

(2) Runway acquis -ion and alignment - approach lights.

(3) Determinat~on of correct glide angle and approach attitude -

visual approach slope indicator (VASI).

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

(5) Determination of runway confines - runway edge ligtts.

(6) De+rminaticn of runway touchdown area - touchdown zone lights.

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

(8) Taxiing guidance - taxiway turnoff and taxlway centerline lights,

(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.



c. st a. er3 t-e ",oal e agency to proi:e
Lighting and markin" for oIkl U.J. acr;7 rt wverc the opfrtinrl
demands and requirements of safety are estac?/shed aud whi-h cot
agency criteria. Specifically, it is an agency goal to provide or
cause to be provided by others an approach lightirg system and
medium or high intensity runway edge lights for each runway that

qualifies for an instrument landing system (ILS). It is also an
agency goal to provide additional lighting system components such
as touchdown zone lights, runway centerline lights, and high speed
taxi exit lights, at each jet runway for which Category II opera,.',-,ns
are planned.

d. Criteria for lmplementation.

(i) Approach Lights. An approach light system shall be installed

on each TL equipped runway. The approach light system
installed shall 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 to serve the airport
within five years.

(b) A Simplified Shoit Approach Light System with Runway
Alignment Indicator Lights (SSALS/RAIL) if Category D or
larger aircraft are forecast to serve the airport with.-.

not less than three, nor more thnn five ypars.

(c) A standard Approach Light System with Sequenced Flashing
Lights (ALS,'SFL) if the airport is served by Category D

or larger aircrft or such service is forecast within

three years.

(d) When more than one ILS is installed at an airport, the
second approach light s 3tem shall be a MALS/RATL unless
a special study shows that a more sophisticated system

is required for the intended operation.

(2) Runway End Identification Lights (dE IL). (No reduction of IFR
visibility minimums is authorized solely for new REML
installe i ions.)

*As specified. in the United States Standard for Terminal Instrument Procedures

(TERPs).

4I
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(a) -stablis:-ment - An airport Is a can6 sate for RE!L wren
the runway for which it is propcseu hae lights, has 3,000
or more annual landings and a miniml - safety rating of
90 as determined in a case by case analysis.

(3) Lighting Aids for Nonprecision Approach

(a) A general aviation airport witn a nonprncision approach
system installed or programmed which records 300 or more
annual instrument approaches or 2,725 annual passenger
originations is a candidate for a Medium Intensity Approach
Light System (MALS) provided the installation will reduce
landing visibility minimums.

(b) Alternatives:

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

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

(4) Visual Approach Slope Indicator (VASI). (No reduction of IFR
visibility minimums is authorized for VASI installations.
Fcept where unusual circumstances generate a requirement,
a runway which has a glide slope installed or programmed
is not eligible for any VASI installation.)

(a) Tweve-Box VASI

Establisment - A major airport at which Category D or
larger aircraft operations are conducted is a candidate
for a twelve-box VASI, when operationally required, for
a runway which has 5,000 or more annual landings and
q minimum safety rating of 90 as deteriri--d in a case-
by-case analysis.
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(b) Four-Box VASI

Establishment - Anr airport at which Categcv A, B and u
aircraft, including jet operations are conducted, is a
candidate for a four-box VASI when operationally
required for a ranway which has 5,000 or more arnual
landings and a min-Ium safety rating of 90 as determined
in a case-by-case analysis.

Establisment -. An airport at which no jet operations
are conducted is a candidate for a two-box VA3I when

operationally required for a lighted rul-.ay which has
5,030 or more annual landing4s a-,' minimum safety iating
of 90 as determined in a case-by-case analysic.
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(f) -C i3i' u-iLoA - Medium Ittensity Runway Lighting System
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7. Visibility Measuring Systems.

a. §steM eruirement. Theie 1s a requirement for range of visibility
along the runway for authorized landing of aircraft in poor weather
conditions. Also, slant rrngc visibility syatems are needed for
Category II and III requirements to provide a more precise measure-
ment of visibility as seen by the pilot while actually making an
approach 6nd landing. Additioinal requirements that are necessary
in other ground maneuvering areas include visibility cystems for
taxiways, heliports, etc.

b. System Description. Expressed in hundreds of feet, runway visual
range (RVR) capitalizes on the Increased guidan, which intense
runway lights givc the pilot, It is dec.....ad a Lrans-
missometer system iritalled along an instrument runway. As the
runway light setting is changed by tower personnel, the trans-
missometer'S Lomputer system, wired directly to the lighting Lun-
trol, autm-wtically converts the readout to a value based on the new
light setting. Although a particular pilot may be able to see
slightly more or less than the indicated runway visual range, this
instrumentaiiy derivJd measurement is normally more representative
than an evaluation by eye baseJ on visibility targets usually avail-
able.

Visibility measurements at airnorfm are mde visually Ly refer i6,
to the extent that objecto on the ground of known distance away are
visible and by more preLise equipment known as RVR (Runway Visua
Range). RVR readings are ob~ainei from a transmissometer systen
which mezsttre,; the visibilit range along the runway taking into
account Lthe effect of v'sual aids such as HIRL.
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Helicopter Visual Range (HVR) is a visibilitv value designed to
provide the helicopter p'lut with an indication of the height at
which he can recognize specific landing reference points.

c. System Goal. It is the goal of the agency to provide RVR systems
for .:.ch ILS runway (on airports serv d by a control tower) where
warrant:A' 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.

d. Criteria for Implementation

New criteria for RVR has not yet received Agency approval. RVR is
required on all designated or future planned Category II/IIl run-
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 in(*icates that RVR is required,
it will b.' necessary that a control tower and h.gh intensity runway
edge lighs are installed.

e. Bibliography.

(1) Federal Aviation Agency, AN ANALYSIS OF RUNWAY VISUAL RANGE,
Report No. RD-66-100, prepared by Environmental Science Services
Administration, Weather Bureau, De.,c,.Lr !h l20 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 RANCL MEASURUI2ENTS,
Federal Aviation Administration Requirement 5335.1, October 27,
1967.

(4) Federal __ 2-inistratio-, HELIPORT LTG1WING VND MARKIIW.",
Fede... ... o ......nistration Requiremen 5340.1, October 27,
1967.

iI
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8. Future Cuncupts, Systems.

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 nf siting 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 design.

b. System Description. The future system has not yet been determined.

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 that qualify under agency criteria,
Also, it is a goal to continually keep abreast of terminal area navi-
gation problems and to develop and implement fixes as required.

~= $
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PARI' V - CO 21UN ICAT iONS

INTRODUCTION

History has repeate. ly sho-n that the capability of any control svstem is

only as good as its internal and external communications capability. A con-

trol system by definition performs three basic functions which -ay be broadly

defined as: i) the acquisition of information; 2) the organization of this

in.fcrmation fo- a particular purpose; and 3) the dissemination of instructions

to bring about the desired ooiet'.ve. The acquisition and dissemination of
information requires comiunications whicl may be considered external to the

heart of the system. In the air traffic control (ATC) system, this would

represent communications to aircraft, ,weather offices, user offices, air-

ports, flight service stations, and all other locations whichi supply infor
mation to or receive information from t'e ATC system. The organization of

this irformation to control air traffIc requires ccmriunicaticns which may re
considered inttrnal to the system. In the ATC system t'his would represent
commun.cations between separate control facilities such as air route traffic

control centers (ARTCCs) as well as betweeh individuals and/or machines

within a control facilit. sucl as an ARTCC, FSS, or control tower.

it must be recognized that the more sophisticated and complex the overall .

system becomes, t - more sopi'-sti-jated and complex the SU u1o0r , I i'g . 0'7=o1nica-
tions systeM, becomes. A fundamental reason :1-r increasing vscem sophistica-

on is the incr"i sing densit; of aircra:t in i pa rt ilar vol"' o o rspce.
Failurc o the :c tro] process can have a serious et ffect on both s_- e-:
ani t ffici n , the cv'ston:t . A ,, r ' o: the co'nintions s' will

result i t t
'
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The various areas or subsystems of the ATC and. aeronautical services systems

such as air/ground, point-to-point data, and voice recording are iinalyzed in
Lhe following paragraphs. Where tin functions differ significantly because
Df type of facility (i.e., air/ground communications as related tc ATCTs vs.
ARTCCs) the differ-nces are identified.

One of the most acute problems developing in the air/ground subsystem is fre-

quency congestion. At the present time, in the normnal case, tvery ATC func-
tion in every airspace segment requires the assignment of a discrete VhF

frequency and, where appropriate, a UhF frequency. Thus the addition of a
new facility such as an approach control, or the addition of an airspace seg-

ment such as a new sector, requires Lhe addition of one or more discrete fre-
quencies. The availability ot channels is now acute in the northeastern and

far western areas of th e United States. In such areas it has nct normally
een possible to provide preferred interference protection and, in some cases,
assignments can only be made by severe derogation of criteria. It is antici-

pated that this condition will not improve and that 50 kHz, 360 channel air-
craft receivers are only capable of providing rartial relief.

inother acute problem developing in the air/ground subsystem results from the
changing nature C' 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 inciease. Furthermore, decreased lateral separation in the radar environ-
ment increases the urgency to achieve high reliability and im- diary of commu-

-, cations access. Air/ground communications are, therefore, becoming
increasingly critical to safety acid efficiency in tne control system which,
in turn, demands 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

imposed 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 add4 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 positions. 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 communicat4 ons in oceanic and sparsely populated land

mass areas. The firs- is tLe state of Alaska, where the relative importance
* cF air transportaLion is very high ',e tc the lack of highway and rail net-

,.orks. The same geographic and cl.L tic conditions that inhibit building of

idequ~te highway and rail networks make it very difficult and costly to build

A.
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and operate an adequate air!.round communications network, and increase the
importance of air/ground communications as a matter of safety. The second
proulem is the provision of communications in international airspace typified
by large oceanic areas. Where there is a lack of suitably located land,
either long-range land-based comunication 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 reliability and
quality required to accommodate traffic growth in international airspace. It
is also recognized that HF radio cannot provide good quality direct pilot to
controller coLmunicaticns which are required by the ATC system. Present
international traffic estimates show that ttaffic movement in some areas will
have to be penalized to maintain safety in about five to six years. In the
event surveillance, 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 commaunications.

A final problem is the cost of providing and maintaining the air/ground sub-
system. If current tecnniques 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 follows, communications is treated as an independent
subsystem. Obviously there is considerable interface between communications
and air traffic control. Therefore, parts of this discussion overlap portions
of the chapters on air traffic control.
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CHAPTER 1. AT P/GROUND CO MUNICATIONS

1. Discrete Aircraft Frequency Concept.

a. System Requirement. The increasing volume and speed of aircraft
demand that _ improved communication system be devised to reduce the
communication burden on both the pilot and the controller in order to
maintain the present standards of safety and efficiency.

Immediate effort is required to ensure that tlc 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.

c. 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. Bibliography.

(i) Federal Aviation Administration, FUTURE VOICE COMMUNICATION
SYSTEM, System Requirement FAAR 7310.3, Washington, D.C.,
October 1, 1968

2. Air/Ground Backup System.

a. System Requirement. The control of air traffic requires a continuous
communications capability between controller and aircraft. fhe
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 comFletely 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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, ,steni Goal. The system goal is to provide redundant ground based
air/ground channels to back up each RCAG facility should it experi-
ence a total failure.

d. 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.

e. Bibliography.

(i) Federal Aviation Administration, FUTURE VOICE COMMUNICATION
SYSTEMS, System Requirement FAAR 7310.3, Washington, D. C.,
October 1, 1968

3. Air Traffic Control Air/Ground Communications In-service Improvements.

a. System Requirement. To meet the increasing demand for air/ground
communi .:ation caused by the increase in air traffic it is necessary
L- :.2ify, expand, and rearrange equ.-pments that make up the in-place
air/ground communication system.

b. §ystem Descripticn. Air/ground communications are provided by a net-
work of radio transmitters and receivers located in such a way that
line-of-sitc communications can be maintained with aircraft at speci-
fied altitudes and over specified geogranhical areas

c. S=t'em Goal. The system goal is to provide communicat.'on between
controllers and any aircraft in controlled airspace with as near to
100% reliability as is economically feasible.

d. Criteria for Implementation. Air/ground facilities are established,
changed, or modified on a case-by-case basis in d continuing etfort
to provide radio -overage to meet changes in air traffic flow and to
increase the system reliabilit.

e. Bibliography.

(1) Federal Aviation Administration, FACILITY OPERATION, FAA
Handbook 7230.1, April 1, 1967, Washington, D. C.

(2) Federal Aviation Administratiou, PROVISION, USE, AND FREQUENCY
ASSIGNM;INT OF VHF AND UHF AIR-GROUND COMUNICATIONS BY AIR
TRAFFIC CONTROL FACILITIES, Agency Order 7031.1, Washington,
D. C.
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(3) Federal Aviation Administration, AIRWAYS PLANNING STANDARD NO. 2,
AIR ROUTE TRAFFIC CONTROL, FAA Handbook 7031.3, Washingtcn, Do C.,
July 2, 1965, 14 pp.

4. Fliaht Service Station Air/Ground Communication In-service Improvements.

a. System Requisement. There is a requirement far the exchange of
in-flight reports, advisories, and other communications essential to
the safe and efficient conduct of .iight operations in addition to
those requirements for traffic control purposes.

b. System Description. The air/ground communication system is comiposed
of approximately 1800 radio transmitters and receivers located at 391
flight service stations, and at 5:9 associated remote communication
outlets.

c. Systeim Goal. The goal of the flight service station air/ground com-
munication system is to provide reliable communications between the
station and aircraft,

d. Criteria for Implementation. Flight service stations and remote com-
munications outlets are established, changed, or modified on a case-
by-case basis in a continuing effort to provide adequate service to
the flying public.

e. Bibliogra2hy. None.

iI

!*
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CHAPTER 2. VOICE COMMUNICATIONS

1. Electronic Voice Switching System.

a. Systec Requirement. With the forecast increase in air traffic, the
increased communcation burden placed upon the air traffic controller
must be as small as modern technology permits to maintain current
standards of safety. With the continuing implementation of automation
in air traffic control, there is a requirement that the comunication
system provide equivalent flexibility and rel 'ibility equivalent
to that provided in the automated air traffic control system.

b. System Desrtion. There is no approved agency system which meets

I this total requirement.

c. System Goal. The system design and organization must minimize the
controller s effort and attention devoted to communication and will be
designed 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.Bi i ra .

(1) Federal Aviation Administration, OPERATIONAL REQUIREMENTS FOR NAS
STAGE A ENROUTE, Appendix III, revised February 21, 1966,
Washington, D. C.

(2) Federal Aviation Admiistrat on, PROVIDE A VOICE COMMUNICATIONS
SYSTEM (RADIO AND INTERPHONE) FOR NAS STAGF A ENROUTE CENTERS,
FAAR 7320.., Washington, D. C., June 6, 1966

2. FSS Comnunication Swltchin Svstem,

a. Syste ReLn irement. Projections of the population of the General
Aviation Fleet including long-range jet business aircraft and air taxi
aircraft indicate that the present communcation switching systerm will
have to be expanded. Since the present system Is technologicilly
obsolete, there is a requirement to provide a new systew for the
expansion.

b. System Description. There is no agency approed systen that will meet

the system requirement.
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c. emGoal. The goal of this effort s to increase the operation.l
effectiveness and cost effectiv~ness of FSS communications by the
application of modern technology and system engineering.

d. Criteria for Implementation. Not yet developed.

e. Biblo.ra2_ . None.

3. Voice Recorders.

a. System Requirement. In order to maintain 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 prcvided ith 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 obsolete and expensive to maintain,
there is a requirement to provide more efficient voice recorders for
ATC facilities,

b. System Description. Recorders 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 is intended for ALIAs and FSSs. The other
is a high capacity Lecorder which is intended for use in facilities
requ i ring over 20 channels. There is no agency approved system to
meet the latter requirement.

c. System Goal. The goal of the present recorder program is to reduce
'he overall cost of recording when considering equipment cost, instal
lation, maintenance, logi~tics, and tape hat 'ling over a 15-year I .e
period.

d. Criteria for Implementation. One recorder channel is provided for
each ATC position in a facility. One channel of each recording tape
i reserved to record time. Each facility is p..vided with a play-
back unit.

e. Bib lio_ 4Rh_ .

(1) Federal Aviation Administration, FACILITY OPERATION, FAA
Handbook 7230.1, 1.ashington, D. C., April 1, 1967
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4, Voice Communications Switching In-service Improvements.

a. Sys.em Requirement. To meet the increasing demand for voice communi-
catior. switching caused by the increase in air traffic, it ia neces-
sary to modify, expand, and rearrange equipments that make up the

in-place voice communication switching system.

b. Systew Description. The present system consiats of a radio channel
section subsystem, an RCAG control subsystem, a recorder channel mix-
ing subsystem, a maintenance communicacion subsystem, an iotercom
subsystem, and an interphone -ubsystem. The latter two subsystems
are combined and leased from common carriers.

c. System Goal. The goal of this effort is to continue the current sys-
tem with minor improvement, to maintain or increase its operational
effectiveness as operational requirements change, and to expand the
system capacity as requirements increase.

d. Criteria for Implementation. implementation is determined by a case-
by-case study.

e. Bibl . 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-
ties, 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.

b. System Description. There is no agency approved system that will meet
the total system requirement.

c. System Goal. Firm operational requirements have not been defined for
n.r-w-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 aad 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 our 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 thp
required data rate to be transmitted exceeds that provided by current
systems.

e. bibliography.

(1) Federal Aviation Agency, PRINCIPLE OF DIGITIZING AND NARROW BAND
RLOTING OF RADA' AND RADAR BEACON INFORMATION, Washington, D.C.,

September 2, 1964

(2) Federal Aviation Administration, SYSTEM DESCRIPTION, NAS ENROUTE

STAGE A, Co-=unication Subsystem, Section 3.7, Washington, D.C.,
May 30, 1968

(3) Federal Aviation Administration S--cification FAA-TD/S-!'9-801
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 Description, National Airspac System, En Route Stage A
dated May 30, 1968; Cornunications Suosystem, Pction 3.7

2. Low Cost Broadband Radar Remoting System.

a. 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.

b. _stem Description. There is no agency approved system that will meet
the system requirement.

c. System Goal. The system goal is to provide a 15 GHz microwave system
to remote BRITE I scan converted radar data and solid-state radar
multiplex equipment for use with foregoing RF equipment for short
haul raw radar remoting (RML) applications. Studies of alternative
methods have been made and these methc have been rejected in favor
of the microwave s\3tem.

d. Criteria for Implementation. The criterla 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 operatlons per year.

e. Bibliography.

(I) Federal Aviation Administration, PROVIDE LOW COST SURVEILLANCE

RADAR REMOTING EQUIFMENT, Washington, 1). C., March 31, 1967

3. Service B Data Interchange Sysrem.

a. System Requirement. The FAA is required to exchange a variety of
messages among the various Air Route Traffic Control Centers, Flight

Service Stations arA related administrative offices. These messages

deal with aircraft movement, control and safety on a national and
international basis; support messages for general aviation; ra' o-
logical hazard notifications; pilot westher reports; law enforcement

messages; broadcast text of aviation forecasts; certain aviation

weather reports; certain national defense messages; mechanical relia-
bijity reports; NASCOK reports; emergency airworthiness messages and

administrative messages. The FAA also has been charged by the
National Comiunications System to deliver emergency messages origi-

nated by the Office of the President. These messages must be handled

i
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in a timely manner. In some cases, the reqvirement is that the mes-
sage has to go from the point of origin to the destination in a few
seconds, even in peak traffic jeriods.

b. Syster Description. There is no approved agency system which meets
the total system requirement.

c. _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.

d. Criteria for ImpiLmentation. Only one system is required for the
continental United States.

e. Bibliography.

(i) ICAO, MANUAL ON PLANNING ANT) CNGINEERING OF' AERONAUTICAL FIXED
TELFCOtUNICATION NETWORK, Doc.. :nent 8259-Com/553/3

(2) Federal Aviation Administration, SERVICE B INTERCHANGE SYS'FIM,
Order AT P 7330.1, W;ashington, 1. C., July 1961

(3) Federal Aviation Administration, AERONAUTICAL CO)M',NICATIONS AND
PILOT SERVICES, handbook 7300.7, Washington, D. C.

(4) Federal Aviation Administration, POLICY STATFMENT OF THE FEDERAL
AVIATION AG.FNCY, Handbook 1000.1, Washington, D. C., Mav 3, 1965,
p. vii arid Attachment

Alaska Weather Communications 5vstem.

a. System Requirement. 1'he FAA provides the aviation industry, thie
Weather Bureau and the militarv aviation services with rapid, high-
volume distribution of weattier data and Notices to Airmen in direct
support of tl." safe and efficient mvement of air traffic. Due to
the highly perishable nature of weather data and .:ilvz.d weather
products, trie very minimum of transmission time should be involved.

b. System DescrLption. There is no approved agency system which meets
the total system requirement.
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c. S,.-tem Goal. The sysrtem goal is to replace the prersert '!1e,'tro-
echanical, torn tape message distribution system with a ;irogvancable

electron~ic digital computer message distribution syv5ret whicl. hv; the
capabiliily of meeting the systemn requirement and which hnas the ca:a-
bility of future growth. Because the present system is air ,,&a over-
loaded and rapidly becoming more unacceptable, the goal is to
implement the new system as soon as pos~ible.

d. Criteria for In'plmientation. Only one systemn io requi.red fox, Alaska,

e. Bibliography.

(1) Federal Aviation Addin-istr-ation, MODERNIZED TELACFTEWRITER
CO124LNICATIONS SYST041, S; le, lor. Order 1010.36, Washington,
D. C., May 18, 1966

5. DataCommunications ln-serviceIroveiunts-.

a. tystem kuizement. To iseet the increasiag demands foli data communi-
cations caused by the increase 1. vol-_2 and spee& of air traffic, it
ij necessary to modify, expand and rearraitge coulpm,,ints tha- make up
the in-place syatem to increase Its :apacity, efficiency and speed.

b. System Dei~ in The present data c'-unzi i.ations system ccnsists
of: (1) ~igital data transmission system; for the transfer of radar
data .o computers or video di~plays arnd the trarsfer of data between
compaters; (2) weather message coiw iniL, ' Z Y6 ,nL; (3) aircraft
mcvement message comuunicationo systems; and (4) re' ted equipments.

c. System Goal. The goal. of this effort is to continually update the
current system with minor Imprcuvemenrs to maintain or increase its
o~ erational eifectivener's as operational requirements change, and to
expand the system capacity as requirements increase.

d. Ctiteri3 fcr Im2lementation. Implementation isbased en a case-by-
case study of requirements.

e.Bbiore

(1) Foderal. Aviation Administration, POLICY STATEMENT OF THE FEDERAL
AVIATION AGENCY, Handbook 1000.1, Washington, D. C., May 3, 1965,
Attachment 1

(2) Federal Aviation Agency, MODERNIZED WEATHER TELETYPEWRITER
COMUNIUTV Nt SYSTEM, Selection Order 1010.36, Washin?'-on,
D. C., May 18, 1966
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CHAPTER 4. FUTURE CO-MNCATIONS

1. Satellite Application.

a. System Requirement. The Federal Aviation Administration, in order
to contribute tc International Civil Aviation Organization (ICAO)
oblactivts, cooperates in the provision and planning of international
air traffic service. Deficiencies in over-ocean ai: traffic com-
mnications are now recognized nationally and internationally to
create operatio..illy limiting conditions and to compound the problems
of providing adeqnate air traffic services to the present and j
pred1,c )d air traffic.

b. §Xtem Description. There is no agency-approved system to meet the
system requirement. There is in existtnce, however, a U.S. Require-
menr and a U.S. NAtional Plan outlining an evolutionary approach to
an asronautical satellite, starting with an early communication
capability and eventually reachirig a full-capability aeronautical
satellite, The latter will be defined in the course of this
evc litionary process.'

C. stem Gogl. A program to evaluate the use of artificial earth
satellites that provide comwunications, position determination
(surveillnnce) and possibly navigation is intended to demonstrate
such potentfal aq indicated by recent work in this field. This
program is to provide dsvelopment of future air traffic service
voverage in oceanic-international airspace.

d. Criteria for implementation. Direct pilot-to-controller communica-
tions for aircraft operating in the oceanic flight information
regions under United States jurisdiction, regardless of altitude or
direction with a reliability of at least 99 percent is desired.
International agreement must be reached regarding timing, frequency
assignment, financing, method of provision, system configuration
and operational procedures.

e. Fibliography.

(1) Federal Aviation Administration, PROVIDE AIR-GROUND
COIUNICATICtS FOR TRANSOCEANIC AND SPARSELY POPULATED AREAS,
FAAR 7310.2, Washington, D.C., July 3t, 1967.

(2) Interagency Group on International Aviation, AERONAUTICAL
TELECOMMUNICATIONS SERVICES VIA SATELLITES -- STATEMENT OF
REQUIREENTS FOR USE BY U.S. SPOKESMEN AT INTERNATIONAL
MEETINGS, IGIA 77/1.29F. Washington, D.C., September 4, 1968.
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(3) Interagency Group on International Aviation, AERONAUTICAL
TELECHMNICATIONS SERVICES VIA SATELLITES -- NATIONAL PLAN
FOR USE BY U.S. SPOKESMEN AT INTERNATIONAL MEETINGS, IGIA
77/1.31C, Washington, D.C., November 13, 1968.

2. Automatic Gro d/Air/Ground Communications.

a. SystemlReguirenmnt. In order to maintain a safe and efficient air
traffic control system there are requirements to reduce the pilot
and the controller voice communication workload, to improve radio
frequency utilization and to provide a wide variety of data in
machine format to the data processing equipment of the iutomated
HAS and related systems.

b. System Description. There is no agency approved system to mee' the
system requirement.

c. 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 automated ground systems.

d. Criteria for Implementation. The program has not advanced to a
stage which would permit firm criteria to be established. The
existence of a reasonably well automated ground environment is
essential; other criteria will be developed during the program.

e. Bibliography.

(1) Federal Aviation Administration, DESIGN FOR THE NATIONAL
AIRSPACE UTILIZATION SYSTEM, Washington, D.C., June 30, 1969,
450 pp.

(2) international Civil Aviation Organization, AUTOMATIC DATA
SYSTNS, 10.. Position Paper on agenda item No. 1, COM/OPS
Divisioval Meeting 1966, Montreal, Canada,
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CHAPTER 5. LEASED COMMUNICATIONS

1. Switching Systems

a. System Requirement. Switching systems are required to interconnect
controllers in ARTCCs to controllers in ATCTs and FSSs and others who
supply data to the air traffic control system.

b. System Description. Currently the Western Electric 300 Syater is
agency approved for use in ARTCCs and the 301 system Is approved for
use in ATCTs. Other smaller systems are used in ATCTs and FSSs which
are not formally agency approved but have been in service for many

Syears. Those systems will continue in service until they become

operationally or economically cbsolete.

c. System Goal. The agency goal is to replace all 300 systems aud some
301 systems with an Electronic Voice Switching System, to improve the
system operational capability and reliability.

d. Criteria for Implementation. Ea ATC facility must be equipped with
a voice switching system. The size of the facility determines which
type of systems is provided. Vnless it can be shown that Government
ownership is more economical, these switching systems are leased.

e. Bibliography. None.

2. Circuit Expansion.

a. System Requirement. Virtually all air traffic control facilltips are
connected together by a network of lease circuits. The size of the
network necessarily must increase as facilities are added and as Lhe
communications requirements at the facilities increase. This network
must be as reliable as economically possible.

b. System Description. The goal of the agency is to provide as close to
100% reliability in the leased network ab is possible by leasing
redundant circuits and by the diverse routing of circuits.

c. System 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. Circuits are established, discontinued
and rearranged j the result of case-by-case studies.

e. Bibliography. None.

|
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- PART VI. AVIATION WIEATHER AND OIER SUTPORING SERVICES

This Part comprises miscellaneous services in support of the FAA mission.
These services are either covered broadly in some of the preceding Parts

II; or not covered at all. The services describei in the following
chapters of this Part are:

1. Aviation Weather
2. Aircraft and Equipment

3. Flight Informuation and A.-ronautical Charting

4. XAFEC Facilities
5. Housing and tilities at Isolated Locations

This Part discusses the system requirement, system description, system goal,
criteria for implementation and bibliography associated with each service.

IrI

i

tt
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CHAPR 1. AVIATION WEATHER

1. System Requirement. There is a need for an adequate system to
disseminate and present the current and forecast weather inf-mation
of the National Meteorological Service System to meet the requirements
of the aviation community, particularl" as related to information on
operationally adverse weather.

2. lystem Description. The essence of the National Airspace System
weather support for aviation is the timely availability of operationally
useful weather information to all users. Those benefitting from this
service include all pilots, operations offices, and the Air Traffic
Control System. Weather information is often critical to pilots with
respect to flight safety; however, in the operation of the NAS a
broader concept is taken and weather factors are carefully considered
for their effect on the total function of aircraft control. Key
areas of consideration are che effects of weather on both terminal
and esroute operations, flow control, and airport acceptance rates.

Aviation weather services are both a part of the National Airspace
System and a subsystem of the National Meteorological Service System
(NSBS). The ItSS is the total Federal system (except the specialized
military weather services) vhicb furnishes meteorological services to
the public and specialized user groups. The NMSS is composed of the
Basic Meteorological System and the specialized weather services of
which the Aviation Weather System is one. The Basic Meteorological
System encompasses 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 is depeLdent upon the Basic Meteorological
System for the main source of its intelligence, but supplements this
primary data with additional observations and analyses needed for
aviation purposes only. Activities of the system include these supple-
mental observations and their collection; terminal and enroute forecasts
and warnings; and the dissemination, disl, y and presentution of
required weather information. The Aviation Weather System, then,
is those weather services and facilities which are necessary to serve
the total aviation community and which are peculiar to the interests
of aviation.

The activities of the Aviation Weather System given above .re tne
responsibility of the FAA, except for production of the furecasts.
Other 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 We-ther Bureau also act as agents in the
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other's area of responsibility where advantageous ko 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 instance,
the FAA provides funding and management direction f)r 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 communily and to assist in its optimum utilization;

b. Improve the level of pilot education and training with respect to
the understanding and use of weather data;

c. Ensure development and encourage application of operational weather

modification;

d. Foster understanding of the environment for application in aircraft

design and certification.

4. 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 air traffic control, navigation
and communications. The FAA intends to provide planning standards and
system specifications in weather modification (R&D) subsequent to
successful development and te&sts. Airport managers and airspace users
will establish implementation criteria on a ±oca± oasis.

5. Bibliography.

a. U.S. Congress, TRW FEDERAL AVIATION ACT OF 1958, Public Law 85-726,
85th Congress S 38& , Washington, D. C., August 23, 1958, Section
11l.(8, Section 307.(b), Section 310., and Section 312.(a).01l. (8,Scto 0

b. Federal Aviation Agency, POLICY STAEENT OF THE FEDERAL AVIATION
AGENCY, Agency Order 10M.1, Washington, D. C., May 6, 1965,
Chapters 2-5.

c. Bureau of the Budget, Executive Office of the President, POLICIES
AND PPOCEDURFS FOR THE COORDINATION OF FEDERAL METEOROLOGICAL
SERVICES, Circular No. A-62 to the Heads of Executive Departments
and Establishments, Washington, D. 1., November 13, 1963, 5 Pp.

d. Federal Aviation Agency, MEMORANDUM OF AGREIFeNT BETWEEN THE
FEDERAL AVIATION AGENCY (FAA) Arm THE ENVIONMENTAL SCIENCE SERVICES
ADMINISTRATION (ESSA) FOR THF ESTABLISHMENT OF WORK(IM ARRAMEfNTS
FOR PROVIDIV AVIATION WEATHER SERVICE AND METEOROLOGICAT. CCtJNI-
CATIONS, Agency Order 70 .. 2, Washington, D. C., September 2, 1965,

Spp.
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e. Federal Aviation Administration, FINAL REPORT OF THE AVIATION
WEATHER REVIEW GROUP (AWRG), FAA, Washington, D. C., July 25, l967,
43 pp. .4LSO NOT REFERENCES, pages 41-43.

f. Department of Co~nerce, Environmental Science Services Administra-
tion, Office of Federal Coordinator for Meteorological S °rvices
and Supporting Research, PLANNING GUIDELINES FOR A FEIERAL AVIATION
METEOiOLOGICAL SERVICE, Washington, D. C., August 1968, 57 PP.
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CHAPTER 2. AIRCRAFT AND EQUIMNT

I. System Requirement. The FAA needs aircraft and related equipment,
including simulators and trainers, in association with:

a. Programs on flight inspection of air navigation aids.

b. Training .f air carrier and general operation inspectors.

c. Programs for aviation research and development.

d. Logistic support plus job performance and proficiency flying.

The aircraft fleet and ancillary equipment must be a mix of modern
high-performance aircraft containing avionics with the required
accuracy far adequate inspection of facilities. Our inspectors must
be trained in modern aircraft equipped with new instrumentation
systems to insure a quality of inspection that will assure competent
airman and airvworthy equipment in the National Airspace System. '11'e
use of simulatoi7 and trainers is practical economy in the total
training program. The operating characteristics of the R&D fleet
must be sufficiently varied to serve as a platform for various FiAA
R&D programs. To provide logistic support and meet Job p erformance
and proficiency flying requirements, we need the latest operational)
state -of -the -art euret

.. System Descriition.

a. Flight inspection. Agency aircraft and equipmnent are il.e
to per-formn facility flizht ins-ection in Rccordiance -with estab-
li~hed requirerments. Che-,cks of the 11ctcaeicsace radiatio-n
,vattern of a facilit,, must be condxucted to determine ::uslitat'velhv

thedegeeof sccurac., of teInfor-nat-ion pres-inted arJ to assulrt,
continued accurate overation of thle facility. 7Th_,* Involves wor~k
associated with1 cooissioning and periodic flgtInspections o f
navaids to deemr'whefth'er facility p-erfor-nance continues to
meet crIterIa outlin3d in U. 5. Standard FIieht. Inspection Mna
such ef.fort, is devotled to) insure safet,' and practicability of
aut0or I*e d Ifl 4 _.,t prcedures for airways, routes and fixes, instru-

m~'t.app..ch rodursteiInal arri,;al and de.a-ueroluteos,
hncg. patt-rns and ob-struction evauations.

Th7e flig'I in'q'ecuion 1:ifet is a mix of various atlroraft u~I"
for the broad purl-ose of Insuring saf- and effIc~en- ,.,so of e
aIr-szace and 13foster cIvi'. aeronautics Find air cal-me-ce. ome,
a~rornft ar-, us~d 'In Insp-ctIons of navaids at lower or basic
ai:Itude.s, eothers are ,;sed to co)llect- mass dIata on th-e

accrac the ' W' RTAC structur- at I'm iae 'ttus ,
an:- to) ins7 _ 'acillty perfo-mance, a, hlighal udw



VI- 6 BOOK i
1'/ 27 /60(

The flight inspect.on fleet is equipped with airborne receivers,
recorders and other electronic measuring equipment, though certain
tasks are performed manually. As more moder- ground f~c±..ities are
installed, system improvements will be made to assure an Eccuracy

in the evaluation equipm,.ot compatible with *'.e accuracy of hinv-

aids. As workload increases, the syste- will tend towarnis greater
automation.

On-board avionics and communications equimnent will be kept current

as dictated by safety, reliability and cost savings.

Maintenance facilities are rrovided fcr the aircraft aid airborne

equipment. The program provides for tht- neessary hangar, line and
shop equipment for efficient maintenance of each ,,irL-aft and
associated avi.-c systems.

The Signal EvaluatIon Arbcm-nt Laboratory (SiL) Systen is
precisien system designed to mak-, comprehensive, fast and accurate
in-flight measurements of the performance of air navigation facili-

ties located in the co-tig"jous 48 ,t"tes during day/night all-weather
operations. The system wi'l be installed in turboprop aircraft and
will provide analog and digital data for in-flight and post-flight
analysis. Precise space-pcint positioning will permit greater utili-
zation of aircraft as we~l1 as increased accuracy of -easurement.

It wi " give the FAA an effective tool for flight insiecton pur-
poses in the heav!ly ,ngested air traffic aruas.

b. Training Aircraft. *en ,' .rcraft"' ".. , ,,. i:i.-.
flight training programs desined to keep emplovees abreast of
technological develorments in alrcraft, associated e ,uipment and
systems. Tis applies particuilarly to tht- training of aIr carrier

operations and general 1nspectors on aircraft and eqimrment utI-
lized by the public in those categorits.

The training fleet Is a combination of owned and aircraft,
coprisine n cross-section of state-of-the art oF rational aircraft.
Where necessary, 1t-ocf-service training is ,t lited. This fleet

is kept curre-nt by au ntation of newer aircraft as they become
available. In addition, obsolete tircraft are removed from this
fleet.

This pr !ran provldes for trainlng by .ight sem o and variab'e
stability tra'ners w-ich simulate mo dern Jet aircraft i"(rformance

characteristics. Such e u I:.:nt wI>:1 be m jerr.sed, when re iuir" ,

to provide m capabii3" similar to that u'f-d by the iJo:" eirllnes.
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The newest instriamnt~tion, electronic and guidance devices are
utilized in our trainL.ig p'-ograms in order to assure that the
highest degree of safety, is maiatained, as well as to acquaint
our inspectors with the latest avionics.

c. Research and Development Aircraft. in -the interests of maiatain-
ing a safe and hig-Ly efficient aviation environment and in support
of FAA missions 11: insure 37afe and efficient utilization of the
national airspace by militar y and civil users and to foster civil
aeronautics and air commerce, the FAA's Systems Research and
Development Service is actively engaged in various projects de-
signed tc support aircraft systems modernization such as 'Approach
and Landing Systems," airborne systems Categories II and !II opera-
tions and others in the navigation, Air Traftic Control and
communic:ations areas that necessitate the use of efficient modern
test-be,. ai-craft for research application. 'When the aircraft
assigned to R&D do not possess t-he operating characteristics
necessary for the projected requirements, new aircraft are procured
and equipped for the tasks.

d. Logistics, Job Performance, Other. This program provides the
moiern turboprop and turbine-powered aircraft needed for proper
logistics, proficiency flying and program support. it also p)ro-
vide:- for updating -he avionics as significant advances occur

S',ste Goals o oals apply to t!he fli~lh: insrectionLr. &:a:~z

a. In accor. with aircraft imrlementation cr~iiterin, '-epace aging
aircraft with mcklern high -rerfo,=mance ttsto incrteaoe rroduc -
t I- I,i an-d ellfciencv and redIuce flight In. :,ectIon o:s

b.Introuce avioflic sys.tems possessing the latest st*1a te otf -the- a t
imrrovemnt .: w th- accurac les coct->witih e~quipment an2
acilities b'eing introduced.

Nogoals solyt te trainr. r~ n

a. Ma8 .nta aE i6staff o4 Inspecr.- ad ute'talned in aircraft
tli~e b N, sviat Ic:n activities in order to hDu~i

ittte yep~.sbit under ~tb ~dp~

b. e syste= and e;uipment poss'.essIngF the l -te~ tate-of-the-
a.-~"in order to keep sbrl~ast of echno Io ;Ica!

I:: th ag enc, to provide SUi*lv alrCraift f'or :ujr'
rf-e .c' acnn
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The FAA has a goal to supply aircraft necessary for logistic support at
remote locations and for job performance and proficiency flying in
accord with implementation criter t.

4. Criteria for Implementation. The changes in the aircraft fleet and

associated avionics, for each phase of the program, are based on
operating efficiency and/or economy, demonstrated by analysis. Similar
criteria are applicable to simulators. To assure reliable operation
within established standards, changes in aircraft and avionics must be

revievc, for impact on hangar, line, and shop equipment as maintenance
fac.lities must be compatible with the fleet and avionic systems.

5. Biblioc"aphy.

a. Federal Aviation -Agency, FAA ORGANIZATION HANDBOOK., Agency Order
OA P 1100.1, Policies and Standards, Chapter 3, Section 1, Para-
graphs 22s, b, c, Washington, D. C., Decembe- 23, 1966.

b. Federal Aviation Agency, POLICY STAM4MNT OF THE FEDERAL AVIATION
AGENCY; Agency Ordei 1000.1, Chapters 2, 3, 5, Washington, D. C.,

May 6, 1965.

c. Department of Tranportation, Federal Aviation Administration,
FLIGHT STANDAkRDS ORNIANIZATION HANDPOC(, Chapter 3, Paragraph 19a
(7 and 8) c and d, Wash'ngton, D. C., Tune 4, 1968.

d. Federal Aviation Agency, U. S. STANDARD FLIGHT INSPECTION MANUAL,
Agency Order 0/ P 8200 .1, Section 10; Washington. D. C., May 1963.

e. Federal Aviation Agency, ACQUISITION OF AIRCRAFT FOR AGENCY USE,
Agency Order OA P 440., Paragraph 2, Washington, D. C.,
March 19, 1963.

f. Federal Aviaticna Agency, CRITERIA FOR ASSIGMNT OF AGENCY AIRCRAFT,
Agency Lrder Gi. 4104.4, Washington, D. C., February 1, 1965.

g. Federal Aviation Agency, NEW BASIC YLI-GT INSPECTION SYSTEM4:
March 1965; Prepared by Airborne Instruments Laboratory. 78 pp.
am appendices.

h. Federal Aviation Agency, VOR/LOCATIJIR FCTGT ThS CTION ?ECVEI-R,
January 1967; Prepared by Airborne .ntrments Laboratory. 62 pp.

i. Federal Aviation Agency, SEAL CONTROL, DISPLAY AND RECORDING
CONSOLE, October 1967; Prepared by Airborne Instruments Laboratory.
1l2 pp
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J. Federal Aviation Agency, I9 FLIGHT INSPECTION POSITIONING SYSTEM,
July 1968; Prepared by Westinghouse Defense and Space Center. 96 pp.

k. Federal Aviation Agency, ILS FLIGHT INSPECTION POSITIONING SYSTEM
TEST AND EVALUATION, September 1968; Prepared by National Aviation
Facilities Experimental Center. 33 pp. and appendices,

J

'ii



BOOK 1 VI- 11

1/27/69

CHAPTER 3. CHARTS AND FLIGHT INFORMATION

1. System Requirements. The system r'quiremints for aeronautical charting
and lignt information services originate in the sections of the
Federal Aviation Act of 1958 that deal with: Fostering air commerce
(Sc-_. 30c); National defense and civil needs (Sec. 306) Airspace control
and facilitL. (Sec. 307); Collection and dissemination of information
(Sec. 311); Development planning (Sec. 312). Of particular signifi-
cance is the secific reference in Section 307(b)(3) which authorizes
the Administrator to arrange for publication of aeronautical maps and
charts required for the safe and efficient movement of aircraft in air I
navigation, making use of the facilities and assistance of existing
agencies of the Federal Government to the extent practicable.

2. Syster. Description. The concept referred to in Section 307 above is
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,
information 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 affecting visual and instrument flying. To implement these
charting and iii1ormation services the FAA has established its National
Aeronautical Charting Program, and maintains an in-house flight informa-
tion publications 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,
etc. The airport obstruction charts, based on a special mapping and
surveying program opernted by FAA and executed by C&GS, are a special
subprgr im.

In addition to the aeronautical charts, flight information publications
also provide a support service to aviation. FAA's flight information
publication program includes items such as the Airman's Flight Informa-
tion Manual, Flight Data Digest, and a series of agency handbooks,
prov -g the specific operating instructions to air traffic personnel.

As new facilities and procedures are introduced ± a ne air traffic
system, and new cartographic or reproduction techniques are developed,
the charts and publications require updating. New charts and publica-
tions are developed, tested and put into effect. A continuing
reassessment is made to assure that these products provide the flight
information that is needed for safety in the airspace.
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All Federal Government charts and publications used by the aviation
public are obtained through purchase from the C&GS or the Government
Printing Office (GPO). The FAA funds for such special items as control-
ler charts and the airport obstruction survey program. Additionally,
the FAA reimburses the C&CS and the GPO for those charts and publica-
cations which the agency needs for internal uses.

When Zhanges occur in facilities, flight rules, or rrocedures that are
time critical, they are disseminated quickly t, the area3 of prime
concern by the National Notice to Airmen (NOZA) System which has been
developed to keep this basic information current.

1.Y"AMs and Airmen Advisories (ALRAWs) are the two kinds of notices
prepared for airmen and disseminated by the National Notice to Airmnen

System. Essentially, the difference between these notices is that a
NOTAM requires expeditious dissemination by telecommunications
means and an ALRAD normally is given only local dissemination during
,2 pre-flight or in-flight br:.'firL, or duiing other contact with

pilots, Both contain essential information on the status of componentsof the air traffic system.

NOTPMs are transmitted over a teletypewriter network which also collects
and dis+ributes aviation weather. The capacity of this network,
especially the circuit time for NOUAM transmission, places limitations
on the dissemination of NOTAMs. it is Lmportant, therefore, that the
data transmitted be only the essential information which would influence
a pilot's decision to go or not to ,o on a planned flight, or to abort
or to change a flight alruady in pr..ess. Ioof its
Notice to Airmen System, FAA has been able to automate some operations
with encouraging res'ilts. By oso- ouf a computer, NOTAWs issued over
the past 24 hours throughout 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 operational, data.

The FAA's central source of operational information on the air traffic
system Is the National Flight Data Center (NFDC). The NFDC presently
colleets, va]ldat-, -,tores, and dtsseminates a 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 publication entities
of FAA, government and industry. It assures that the date provided is
both uniform in content and that it comes frn a single source, thereby
eliminating conflicting and dangerous disparit which existed in the
past. The NFDC is currently automating it: data base, and through its
computer-generated printouts will expedite and centralize the provision
of hard-core c.erational data for a broad cross-section of atency users,

as w,ll as to other users In govvrnmenr and industry. Once the data
central is fully automated, 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 Nolional Flight Data Center is currently located in
the headquarters building in Washington, D.C.

3. System Goal. The goal is to: ensure the provision of appropriate
aeronautic&l charting and flight information services required for
safe and efficient navigation in the airspace; and to establish and
maintain in the FAA a secure facility, utilizing sophisticated elec-
tronic equipment and techniques.

4. 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, National Notice to Airmen System, establishes
criteria and responsibilities for preparing and disseminating NOTAMs.
Instructions to FAA field installations as to what information is
reportabe 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-
tained in Agency Order 7920.1, Content Criteria for Airman's
Information Manual.

5. Bibliography.

a. U.S. Congress, THE FEDERAL AVTATION ACT OF 1958, Public Law
85-726, Washington, D.C., August 23, 1958, as amended (49 U.S.C.
1301-1541).

b. Federal Aviation Agency, AGENCY FLIGHT INFORMATION PROGRAM, Agency
Order OA 1100.86, Washington, D.C., April 12, 1965.
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c. Federal Aviation ,gency, ESTABLISHMENT OF FAA CARTOGRAPHIC REQUIRE-
MEWTS GROUP, Agency Order AD 1110.2, Washington, D. C., December 3,
1963.

d. Federal Aviation Agency, NATIONAL NOTICE TO AIRMEN SYSTEM, Agency

Order OA 7930.1, Washington, D. C., December 8, 1964.

e. Federal Aviation Agency, POLICY STATEENT OF THE FEDERAL AVIATION
AGENCY, Washington, D. C., April 1965, xiv and 87 pp. and charts,
p. xiii, item 43.

f. Federal Aviation Agency, AERONAUTICAL COMMUNICATIONS AND PILOT
SERVICES, Agency Order OA 7300.7, Washington, D. C., March 1966.

g. Federal Aviation Agency, CONTENT CRIT.ERIA FOR AIRMAN'S INFORMATION
MANUAL, Agency Order OA 7920.1, Washington, D. C., November 1., 1965,
5 pp.
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CHAPTER 4. nFEC FACILITIES

1. System Requirement. As part of its 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 National Aviation Facilities Experimental
Center (NAFEC) was established as the site of an experimental research
and development center. The location in southeastern New Jersey was
chosen for a variety of reasons: the site, a former Naval Air Station,
provides a low-activity airport with a surrounding complex of buildings
sufficiently removed from the population centers which could be dis-
turbed by the efforts; yet it is sufficiently close to the high density
air traffic areas of New York, Philadelphia and Washington and several
high-activity airwayo. The original complex of wooden buildings was
constructed by the Navy in 1942, with a planned life of ten years.

The National Aviation Facilities Experimental Center (NAFEC) employs 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 MSQ radar, MOPTAR and TAIR; (2) simulation equipment for air-
craft flight and air traffic control; (3) surveillance radars; (4)
navigation aids; (5) communications subsystems; (6) an air t-affic
control system laborato-: (7) a variety of R&D service facilities;
(3) aircraft safety equipmient such as drop test, air gun and catapult;
(9) FAA aircraft; (10) airport equipment--for example, e-perimental
runway lighting; and (11) computation and data processing equipment.
These facilities are used by the FAA in accomplishing its own mission;
and are also available for the use of other governmental agencies and
industry.

.vs, e %Gal. The obje':tives of reccnstructlon, maintenance and
improvements to thIs ce-Itralized facility are reduced operating costs
and increa sed efficiency of the test anvironment consistent with *he
needs for eyoxanslon of our technological capabilities. The majlor recon-
struction efforts wre to be completed during the early phases of the
plan in accDrdanc wich the criteria.

Cr:fteria for Implementation. The wooden buildings have exceeded the r
planned life and requre excessive maintenance. Reconstruction and
facility improvemeots should continue in accordance with an FAA plan
approved1 In April ,co reduce tho operating costs and increase t'
efficienc:, of the ,est. .nvironnnt. Our facility changes and aid.i ionsare a r0.sul- of i'dlviioai admini "-rat ve review.



5!

VI-16 BOOK I
1/27/69

5. Bbliogah.

a. Sectic: 32(c) FA ACT OF 1958.

b. FAA Handbook, SRDS ECHNICAL FACILITIES AT NAFEC, June 1963
(revised April 1965).

c. FACILITIES IMPRGUMENT PROGRAM AT NATIONAL AVIATION FACILITIES
EXPERIMENTAL CENTIER, Atlantic City, New Jersey, September 1965
(embodies 1963 facility improvement plan).

II
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CHAPTR 5. HOUSING AND UTILITIES AT ISOLATED LOCATIONS

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.

2. System Description. This program provides for construction,
maintenance and replacement of housing, utilities and certain support
facilities at isolated locations where these are unavailable or sub-
standard. The facilities 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
States.

3. System Goal. The government will provide housing and utY !ities to
attract and hold employees in remote locations when administrative
review indicates that adequate housing and utilities are -ot available
through existing market nmechanisms.

4. Criteria for Implementation. Decisions are based on a case-by-case
administrative review.

Bibliograj*.

a. U. S. Congress, TI FEDERAL AVIATION ACT OF 1958, Publio Law
5-7 , 85th Congress S ,820, Washington, D. C., August 2,. !5 ,

as amended (49 U.S.C. 1301-1541), Section 312(c).

b. Federal Avla-ion Agency, SRDS TEC1fICAL FACILITIES AT NAFEC,
IXTcnical Facilities Manual, Order RD P 600.2, Altantic City,
New Jersey, December 1963, revised April 1965, 12 volumes.

c. Federal Aviation Agency, FACILITIES L-PROVUNT PROGRAM. AT
NATIONAL AVIATION FACILITIES CENIER ATLANTIC CITY, N. J.,
S=I fIE4R i#5 (revision and extension to J6 facility
im-,Jrovement pl1an>

]
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4f
NOTE

The previous parts of this book relate primarily to that
segment of the National Aviation System which is estab-
lished, operated, and maintained by the Federal Government.
As such, it is possible to discuss in detail the require-
ments. systems descriptions, goals, and criteria as the
deciz-ion making function falls exclusively within Federal
domin.

While the airport is an integral part of the system, the
Federal role is significantly different. The following
part has been structured in Pimilar fashion but does not
address itself to some of major problems that exist
within the system nor doet it clearly define the future
courses of action which will result from further delinea-
tion of the Federal role in airport systems planning,
standards, and develop-lent.

Instead, the Chapte. relates the history and current FAA
involvement in airport systems development. If new legis-
lation is enacted, or existing authorities extended, a
re-appraisal of the Federal role will be required. Such
re-appraisal will be the subject of fu''ire incustry
conferences.

Regardless of the future direction, however, the need
will continue, to exist for an integration of airways ind
airports development. Issues of airpcrt location in
relacionship to airways capacity, the competition of
geographical or political jurisdictions for the air
pafsengfr, the acceptability of an airport as a neighbor,
etc., will still require the developnent of a body of
Federal policies and goals. These will be forthcoming

as better definition of the Federal involvement is
obtained.
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PART VII. AIRPORTS

INTRODUCTION

The airport is a vital element of the National Aviation System and
is recognized as one of thL contr lling factors in the achievement
of maximum system capacity. The interrelationship between the air-
pnrt and the air traffic control/navigation subsystems in terms of

achieving maximum capacity is ,ch thst balarced airport development
and electronic equipment implementation is essential. Unlike the air
traffic control, navigation, communications, weather, and data
acquisition subsystems which are the responsibility of the Federal
Government to install, operate, and maintain, tha airport is the re-

slr sibility of local authorities. The role of the Federal Government
in the airport picture is, therefore, primarily one of determining
the Nation's airport requirements, encouraging development, estab-
lishing airport standards, and assuring adherence thereto in matterN
affecting both the safety and the efficiency of air traffic movement.
This role is carried out within the authority contained in the Federal

-kvqtion Act and the Federal Airport Act.

Under the Federal Aviatio. Act of 1958, the Federal Government is
direct-ed to make long zange plans for and formulate pol4.v with

respect to the orderly development and l-: ti lauidii. areas
ar will best meet the needs of civil aeronautics, and which shall
give full cousideration to the requirewents of national defense;
and under the Federal Airport Act of 1946, to annually prepare a
Nationai Airport Plan (NAP) which specifies the development required

to provide a system of public airports adequate to anticipate and mept
the needs of civil aviation.

I
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CHAPTER 1. AIRPORT SYSTEM PLANNING

1. 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 1958, As a result, the layouts
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 technological advances and growth in civil
aviation.

The present intent of Federal airport system planning is to identify
airport development eligible for Federal aid; to identify facilities
needed to support 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 communities where new facilities are needed for an expanded
system. The Plan identifies 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 access La 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 schLduled airlines and those applicable to
locations limited to 6eneral aviation transportation functions.

Airpor 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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The detailed planning guidance and criteria used by the FAA in the devel-
opment of the national system of airports, and the technical advisory
services available to the public are listed in the Bibliography section
of this chapter.

The current planning effort has five identifiable limitations:

a. it observes only a five-year horizon aid, thus, merely serves as a
short range action plan.

b. Its scope is limited to airfield development directly relating to the
operation of aircraft. It thus fails to identify development n -ded
in the airport's terminal and other support subsystems which must
occur simultaneously with airfield development if a viable airport is
to result; and which,if not timely accomplished, can limit the effi-
cient use of airspace. Omission of such development precludes a fac-
tual assessment of the total development requirements facing the Nation.

c. It fails to identify th. rel-zive aeronautical role and system
essentiality of each included airport. Such knowl. Ige is czii ai u

guiding orderly development of the airport system.

d. Its scope is limited to a system of airports adequate to meet the
needs of civil aviation. It thus fails, in part, to meet the .conomic
objectives of state and local governments.

e, Present planning is basically a Federal effort. While the present
National Airport 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 responsibility for constructing,
maintaining, and operating public airports rests with the local or
state owmer rather than with the Federal Government. Such ownership
covers a 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-
ved. However, in major metropuiftan areas, there is the need to plan
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

F
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posseses independent authority Lo block development of 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 special fund in its airport 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 airports have been built and many existing airports have been
improved. But, no general aviation airport has been built in a 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 unable to deal with

the development of a system of general aviation airports in me ropoli-
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 reservet
lands for additional airports well in advance of the timing contem-
plated for their construction. When such needs are recognized,
significant economic benefits accrue to the public in addition to
the assured meeting of future aviatton demands.

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 flow. This 4: Jemonstrated
today at many major airports and the condition ca.,L be expected to occur
at most of our large air transportation hubs euring the next decade.

. S 9tem Requirements.

aider existing law there is the requireant for the FAA to exercise
leadership and, thus, to serve as the catalyst in plannirg for an adequate
national system of airports. Within the framework of thib 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, metropolitau-Lcgional airport
system planning, and state airport system planning; and integrate
such planning into a short and long range plan guiding systematic
development of an adequate national system of airports.

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



VII-4 BOOY 1
1/27/69

of the Nation's airspace system. ioth the national and local neede
for airports will be considered in light if airspace usage and of
both national and local economic objectives.

c. Take action to attain the continuing capacity adequacy of the air-
port'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 actions.

d. Take action to attain individual airport and system operating safety
and efficiency by providing technical advisory services to all civil
airport planning 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 optimum 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
.dequacy of existing civil airports by annually surveying their
physical development, utilization, and operational limitations.

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 effective 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 transportation 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 to permit service to more than
one community will continue to 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 degree in terms of te
desires and needs of the community.

3. System Goals.

National airport system planning and elemental development require
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 needs
of communities, as well as future route/service plans of the 4LrLines,
must 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 objectivest

a. The future existence at each appropriate 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 economic objectives as well as
providing the development guidance needed to fulfill the area's long
term aviation requirements.

b. The formulation and periodic revision of a long range National Air-
port Plan (at least a 10 year period) to guidc systemwide airport

development which:

(1) Reflects totally coordinated inputs and contributing actions
from the aviation industry and throughout all levels of govern-
ment.

(2) Identifies the airport facilities comprising both the existing
and future needed civil airport 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) Identifies the future facilities additionally needed by the
system; including the timing of their need, their general loca-
tion, the projected capacity demand, and their requirement for
land reservation.

'5) Identifles current development costs of the needed civil system
of airporv-s, and the magnitude and timing of the system's future
development needs.

c. T ie 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 coumnity/airport ground access.

The FAA's airport system planning processes and implementation
rc teria are currently in a state of transition. Varh'us aspects of

an expanded planning program designed to alleviate existing limita-
tions are in the early stages of development or partial implementa-
tion. Primary agency plans for their accomplishment are outlined in
Bo,3k II.

* 4. Bibliography,

a. Published Documents.

(t1 U. S. Congress, The Federal Aviation Act of 1958, Public Law
85-726, Washington, D. C., August 23, 1958, as amended (49 U.S.C.
1301-1541) Sections 305, 312(a), 306, 308(b).

(2) U. S. Congress, The Federal Airport Act of 1946, Piblic Law
79-377, Washington, D. C., May 13, 1946 as amended (49 U.S.C
1101-1120) Sections 3(a,b&c) and 9(d)(1).

(3) Federal Avfation Agency, FAA Airports Planning Handbook, Agency
Order 5090.1, Washington, D. C., November 27, 1965 and changes
1-12.
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(4) Department of Transportation, Federai Aviation Administration
(prior to 1968, Federal Aviation Agency) National Airport Plan,
annual issue.

(5) Federal Aviation Administration (prior to April 1967, Federal
Aviation Agency), pertinent Advisory Circulars are listed below
by number, title, and date. i/

AC 150/5050-1 Airport Planning as a Part of Comprehensive
Stc:e Planning Programs (4-25-66)

AC 150/5050-2 Compatible Land Use Planning in the Vicinity of
Airports (4-13-67)

AC 150/5060-lA Airports Capacity Criteria Used in Preparing the
National Airport Plan (7-8-68)

AC 150/5060-2 Airport Site Selection (7-19-67)
AC 150/5070-1 Rapid Transit Service for Metropolitan Airports

(8-26-65)
AC 150/5070-2 Planning the Mettopolitan Airport (9-17-65)
AC 150/5070-3 Planning the Airport Industrial Park (9-30-65)
AC 150/5070-4 Planning for Rapid Urbanization Around Major

Metropolitan Airports (3-31-66)
AC 150/5090-1 Regional Air Carrier Airport Planning (2-2-67)

b. Advisory Circulars Pending Issuance/Completion.

AC 150/5060-3 Airport Capacity Criteria Used in Long Range
Planning

AC 150/5310-2 Airport Planning and Airport Layout Plans (9-19-68)

A brief description of each Advisory Circular (AC) is contained in the
Advisory Circular checklist published periodically in the Federal Register
93 FR 14754-1477-10/2/66).

I
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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 aviation.
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 interested. The airport standards which have been produced since
the Act's inception are in support of tht 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 dema;,ding 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 a design capabJe of accoi'iodating aircraft possessing charac-
teristics very different from those for which the original airport was
designed. Increases -n voiuu ' , 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 an acceptable longevity.

The lifetime usage of an airport is approximately twenty years plus,
based on deterioration more than on technical obsolescence, and the large
investment involved must be written off over this span of time. Signifi-
-ant changes in aircraft design, however, have been on a shorter time
base. Transition from the DY'-3 aircraft to DC-7 to B-377 in civil
aviation occirred 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 airports throughout the world. The middle-size jets (B-727/DC-9
generation) have set the pace for medium-range airport design over the
pest few years. Inauguration 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 aircraft over those currently being acc-'=nodated.
Although general avia....n aircraft had been relatively stable iLT regard
to their airport need-, L:" entry of "business ts" has also changed
this picture.

It has 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 a 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 other community needs. Alternatively, redesign is attempted
for airports W- ch were built to scandards for an older and less demanding
generation of aircraft.

2. System Requirements.

The requirement to promulgate and publish standards for airport develop-
ment stems from the legislative authority contained in Section 9(a) of
the Federal Airport Act which states in part, "No project application
shall propose airport development other than that included in the current
revision of the National Airport Plan formulated by the Administrator,
and all such proposed development shall be in accordance ith 5tandards
established by the Administrator ." The agency prepares standards on
airport development to provide for a high level of safety for the users
of the system, as well as to promotp the development of a system of air-
ports which provides for optimum utilization of all components of the
aviation system.

Within the framework of this broad requiximent:

a. There is a requirement for the FAA to formulate and publish engi-
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 airport authorities which
establishes uniformity, adequacy, and longevity of airports serving
various segments of the aviation industry. The agency must also
maintain an expertise in allied areas to achieve compatibility with
relaRted requirements.

i
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b. There is also 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 nternational airports in the ICAO
regions.

C. In implementing its requ 'rement Lo fo.ter the development of a safe
and efficient national system of airporLS, the FAA will provide to
the public the following technical advisory services:

(1) Safety standards and the techniques of their application for
increasing safety of aircraft operations at civil airports, and
for other safety features inherent in the design and construc-
tion of civil airports.

(2) Configuration and capacity standards to obtain a 7reater
effectiveness of airport capacity in the movement and storage of
aircraft anU, concomitantly, to increase the capacity of sur-
rounding airspace.

(3) Location and siting standards for effective siting of civil
airports to ensure thaL the requirements of aviation safety,
efficient utilization of airspace, load generating demands, and
the interface with other transportation modes are met.

(4) Terminal faciiities guidance for use in identifying problems in
airport terminal facility design.

(5) Fir#, crash, and rescue guidance for the survival of passengers
and protection of property, and other -spects of safety effected
by good operational practice.

3. System Goals.

The development and im~zovement of airport safety and design standards
are essential "or the orderly development of the Nation's landing area .
Future changes in aircraft performance and characteristics will have many
different effects on the airport and system capacity. Thtrefore, it is
vital that agenct developed airport standards be periodically reviewed
and updated in orcder to keep pace with the rapidly changing aviation
technolog . The E'AA has established as its airport standards program

i
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objectives the development and improvement of airport design and plan-

ning standardb, including criteria on airport configuration and locatiou,
Itwhich will:

A a. P-covide a safe airport 6foind environment for th, Lake-off, landing,
and taxiing of aircraft in such terms as adequately designed,
constructed and maintained runway and taxiway facilities, and
existence of effective grcund safety procedures, including fire,
crash, and rescue services.

b. Fester the safety of flight in the immei.ate vicinity of airports by
providing guidance for aircraft approach and departure paths
adequately protected from natural or manmade ground obstructions.

c. Develop increased ieveis of airport safety through research resulting

in development of special safety devices and techniques such as
arresting gear, overrun and underrun areas, improved pavement braking
action capabilities and terminal area weathe controi or modification.

d. Acqtire the expertise and identify the constraints upon effective
utilization of the national airspace imposed by terminal building
area congestion. Determi-- . at these constraints mean in terms of

new runways, new airports 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. Determ'rie t'.- potential for augmenting airport system capacity by
use of V/STOL airports.

4. Bibliography.

a. Published Doc-'ients.

(i) U. S. Congress, The Federal Aviation Act of 1958, Public Law
85-726, Washington, D. C., August 23, 1958, as amended (49
U.S.(,. 1301-1541), Sections 311, 103(a), 306 and 307(b).

(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), Sections 9(a) and 9(d)(2).
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(3) The Convention on International Civil Aviation, Chicago, 1944,
Article 28(a)(61 Stat. 1188)

(4) Federal Aviation Agency, Objects Affective Navigable Airspace,
Federal Aviation Regulations, FAR Part 77, Washington, D.C.,
May 1, 1965, (as amended by Code of Federal Regulations,
January 1, 1968 edition),

(5) Federal Aviation Agency, pertinent Advisory Circulars are
listed below by number, title and date of issuar'ce

AC 150/1930-1 Radiological Dezontamination of Civil Airports
(8-19-66)

AC 150/4290-1 Assistance in Obtaining Copper Products for Air-
port Lighting (10-6-66)

AC 150/5200-1 Bird Hazards to Aviation (3-1-65)
AC 150/5200-2 Bird Strike/Incident Report Form (11-27-65)
AC 150/5200-3 Bird Hazards to Aircraft (10-7-66)
AC 150/5200-4 Foaming of Runways (12-21-66)

AC 150/5200-5 Consideration for the Improvement of Airport
Safety (2-2-67)

AC 150/5200-6A Security of Aircraft at Airports (6-28-68)
AC 150/5200-7 Safety on Airport During Maintenance of Runway

Lighting (1-24-68)
AC 150/5200-8 Use of Chemical Controls to Repel Flocks of Birds

at Airports (5-2-68)

AC 150/5200-9 Bird Reactions and Scaring Devices (6-26-68)
AC 150/5210-1 Airport Em-rgency Planning (8-15-63)
AC 150/5210-2 Airport Emergency Medical Facilities and Services

(9-3-64)
AC 150/5210-3 Airport Emergency Operations-Aircraft Emergency

(7-17-1-4)
AC 150/5210-4 FAA Aircraft Fire and Rescue Training Film,

"Blaiket for Survival" (10-27-65)
AC 150/5210-5 Painting, Marking, and Lighting of Vehicles Used

on an Airport (8-31-66)
AC 150/5210-6 Aircraft Fire and Rescue Facilities and Extia-

guishing Agents (9-7-66)
AC 150/5210-7 Aircraft Fire and Rescue Communications (10-28-66)
AC 1,50/5210-8 Aircraft Firefighting and Rescue Personnel and

Personnel Clothing (1-13-67)
AC 150/5210-9 Airport Fire Department Operating Procedures

During Periods of Low Visibility (10-27-67)
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AC 150/5210-10 Airport Fire and Rescue Equipment Building Guide

(12-7-67)
AC 150/5220-1 Guide Specifications for Airport Fire and Rescue

thru 6 Trucks and Watet Supply Systems

AC 150/5230-1 Suggestions for Airport Safety Self-Inspection

(3-30-64)
AC 150/5230-2 Guide Specification for Fire Extinguishing System

(Foam) for Heliports (4-14-65)

AC 150/5240-IA Airport Disaster Control Guide (10-31-67)

AC 150/5240-6A Radiation Safety for Civil Airports (12-27-65)

AC 150/5300-2 Airport Design Requirements for Terminal Naviga-
tional Aids (3-30-64)

AC 150/5300-3 Adaptation of TSO-N18 Criterion to Clearways and

Stopways (10-18-64)
AC 150/5300-4 Utility Airports-Design Criteria and Dimensiolai

Standards (5-19-67)

AC 150/5310-1 Prepara..ion of Airport Layout Plans (Q-9-65)

AC 150/5310-3 FAA Order 531.0.2, Relocating Thresholds Due to

Obstructions at Existing Runways (5-27-6")

AC 150/5320-5A Airport Drainage (i-28-66)
AC 150/5320-6A Airport Paving (5-9-27)

AC 150/5325-2A Airport Surface Areas Gradient Standards (5-12-66)
AC 150/5325-3 Background Information on the Aircraft Performance

Curves for Large Airplanes (1-26-65)

AC 150/5325-4 Runway Length Requirements for Airport Design

(4-5-65)
AC 150/5325-5A Aircraft Data (1-12-68)
AC 150/5325-6 Effects of Jet Blast (4-15-65)

AC 150/5325-7 I! Your Airport Ready for the Boeing 747 (1-23-68)
AC 150/5330-2A Runway/Taxiway Widths and Clearances for Airline

Airports (7-26-68)
A-1 150/5330-3 Wind Effect on Runway Orientation (5-5-66)

AC 150/5335-1 Airport Taxiways (1-28-65)

AC 150/5335-2 Airport Aprons (1-27-65)

AC 150/5340-lA Marking of Serviceable Runways and Taxiways

(6-30-66)
AC 150/5340-4A Installation Details for Runway Centerline and

Touchdown Zone Lighting Systems (8-4-66)
AC 150/5340-5 Segmented Circle Airport Market System (8-1-63)

AC 150/5340-7A Marking and Lighting of Deceptive, Closed, and
Hazardous Areas (-" Airports (1-10-68)

AC 150/5340-8 Airport 51-foot Tubular Beacon Tower (6-11-64)
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AC 150/5340-13A High Intensity Runway Lighting System (4-14-67)
AC 150/5340-14A Economy Approach Lighting Aids (3-7-67)
AC 150/5340-15A Taxiway Edge Lighting System (11-1-67)
AC 150/5340-16A Medium Intensity Runway Lighting System

(12-19-67)
AC 150/5340-17 Standby Power for Non-FAA Airport Lighting

Systems (1-25-68)
AC 150/5345-lA Approved Airport Lighting Equipment (8-9-66)
AC 150/5345-2 Airport Lighting and Electrical System Specifica-

thru 37B tions
AC 150/5345-38 Changes to Airport Lighting Equipment (8-9-66)
AC 150/5360-1 Airport Service Equipment Buildings (4-6-64)
AC 150/5360-2 Airport Cargo Facilities (4-6-64)
AC 150/5360-3 Federal Inspection Service Facilities at Inter-

national Airports (4-1-66)
AC 1-52/5370-1A Standard Specifications for Construction of

Airports (5-28-68)
AC 150/5370-2 Safety on Airports During Construction Activity

(4-22-64)
AC 150/5380-1 Airport Maintenance (4-14-63)
AC 150/5380-2A Snow Removal Techniques Where In-Pavement Light-

ing Systems are Installed (12-24-64)
AC 150/5380-3 Cleaning of Runway Contamination (6-28-68)
AC 150/5390-1 Heliport Design Guilv (11=3-64)

b. Advisory Circulars Pending Issuance/Completion.

AC 150/5200-10 Airport Emergency Operations Planning
AC 150/5300-5 Airpcrt Reference Point
AC 150/5330-2A Runway/Taxiway Widths and Clearances for Airline

Airports
AC 150/5340-18 Taxiway Guidance Sign System
AC 150/5380-4 Ramp Operations during Periods of Snow and Ice

Accumulation

AC 150/5300- Utility Airports
AC 150/5300- Business Jet and General Transport Airport

Design Standards
AC 150/5325- Compass Calibration Pad
AC 150/5230- Runway Surface Condition Measuring, Recording,

and Reporting

AC 150/5340- Taxiway Centerline Lighting System
AC 150/5340-lB Marking of Serviceable Runways and Taxiways

(revision)
AC 150/5355- Fallout She!ters in Terminal Buildings
AC 150/5210- Response to Aircraft Emergencies
AC 150/5220- .drcraft Arresting Systems for Joint Civil/Mili-

tary Airports
AC 150/5230- Aircraft Fueling and Grounding
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CHAPTER 3. AIRPORT SYSTEM IMPLEMENTATION

1. 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 National Afrport Plan, the
Nation lacks factual assessment of the financing ntnded to produce an
adequate airport system for the next decade. Particularly lacking is the

knowledge of the full costs of airport development necassary to meet the
economic objectives of tue 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 cc.znunities in meeting that
responsibflity 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 commxesurate with the growth of other elements of the system.
However, recent system growth and the rapid growth anticipated during the
next few years signals a future demand for investments in airports which
clearly may tax the present system of fulfillii,g capital requirements.
To go beyond the levels of fo, ding which have been historically available
is likely to require modification of financial njchanisms iL 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 conunity's development motivation is heavily slanted towards its
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 stimulus is less, and the national interest is greatest 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 utilization of
the Nation's airspace. It is further meshed with the air transportation
needs of interstate conerce, tWe Nation's economic growth, and the
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requirements of our postal service and national defense. For these
reasons, there is positive and continuing need to Federally influence

e4equate 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
development 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 Pivgrams.

(1) Federal-aid Airport Piogram (FAAP)-Planning/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 a6 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 .onsid&.ation of air transportation as an

integral part of 70i 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 dc,.lopment of a
national system of airports by providing Federal aid for airport

I



BOOK 1 VII-19

1/27/69

development by direct grants or grants supplementacy to 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 a. 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 translers funds to the Department for this purpose, the
FAA adminise 's the project. The only added role is connected
.th f'.-d transfers and providing information to the EDA.

(4) 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
*,bove the maximum contribution allowed under FAAP. This is to
taable public agencies to take maximum advantage of grant-in-
aid programs -or which they are eligible but for which, because
of their eccomic Qituation, they are unable to supply the
required matching funds.

ARC ti asfers the needed funds to the DOT and they are admini-
stered toge. ier with FAAP contribution to the project by FAA.

b. Federal Property Assistance Program.

(i) Federal Air ort Act of 1Q4 6, as amended. (49 U.S.C. 1115)
authorizes the Secretary to recommend the conveyance of any

Federal land tor airport purposes by the owning or controlling
Federal agency under Section 16 of the Act. Once conveyed, FAA
assures that the land is developed and used for airporL purposes.

(2) Surplus Property Act of 1944 as mnended. (50 U.S.C. app.
162 2 (g)) Federal surplus real and related personal property
r-conywnded by FAA for airpott aeronautical and revenue producing
purposes. OncL couveyed by GSA, FAi assures its use by grantees
for airport purposes only.

\3) Fderal Pt . an.y d Administrative Services Act of 1949, as
amended. (Z ) U.S.C. 471-42.) FAA recommends to ;SA the disposal
cf donable ersonal property to public agencies for direct use
I*n Lhe developm:nt, operation, improvement, or maintenance of

public airports. Once conveyed, FAA assures its cuntinued u~e

by grantee.
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(4) Federal Military Facilities. Under Se-Eion 1107 -Federal

Aviation Act (49 U.S.C. i500) certain military facilities may

be made available for public use when determined by DOD ntot to

be inconsistent with a military program or which ben 'its thc

military program. Ir4 Jludes development at joint usc:ife r

permits, licenses, Lnd easements. Use granted generall ' w~thuki,

cost by negotiation. FAA reconmmendation maay be requested by

DOD.

(5) Public Airport Lejasing At of l1923, aamnded. (49 tJ.S.t'.

211-214) Act authorizes the Sec :etary of the Interior LO le

public lands to Dublic agencies and private parties as pubii-

aviation facili'ies. Land area covering up to 2,560 conti.gLIus,

acres may be le sed. FAA may Ce requested to rate Lype of qir-

port facility required to be zveloped.

(6) Department of Interio- A ~t~Ato ac 8 ~50 (lb U.S.

C. 7A-7E) authorizes tht S retary of lnte.-ior to aL iire,
construct, operate, and w- ti-n public ai pocts in )r in

proximity to national parks, )numents, arid recreation ir~'as.

Location must be listed in NA .Operation and maka-onance ivlbt

meet the FAA standards, rules, or regulations of tl'- FAA.

Aeronautical research and development efforts have historicaily bee!

confined both by government and industry to projection of marku- t den nds

and the development of three of the four elements c' the air tia..sporta-

tion system; i..e., the vehicle (Aircraft), the way (National Air-pace

System), and control (Air Traffic System). The fourth elemieit - 'e

terminal (Airport) - has been merely reactive, adjusted. and -ea u'-tcd

to accornodate improvements and changes in other elements of the tc~al

sys tern.

a. At the present time, systems to arrest civil aircraft upon l.nding

are not technically proven. Additional study and research is

required. Until such time as the safety and technological prcldemrvs

have been resolved, it does not appear that any system will be

incorporated into civil air;-rt developument.

b. Other items of airport saf,-ty which have been under investigation

but which require further :ttention are the u,- of runway paving

materials and surface grooving to improve airciaft stopping capabili-

ties, obstruction protection, development of snow remnoval techn~ques,

measurement and reporting of adverne runway conujtion3-, fog diss~pa-

tion, and alleviation of bird problems near airports.

I-
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c. iLarge capacity jets, for example, although not expected to signifi-
cantly affect runway acceptance rates, will havily tax the I
existing cargo and passenger handling capabilities. Although the
SST is not expected to materially affect runway capacity, planning
criteria should consider the high cost of their delay which will be
much greater than for conventional aircraft. V/STOL aircraft, to
effectively add to and not derogate capacity at congested terminils,
must be able to operate independently from conventional aircraft ad
under rules that recognize their performance flexibility.

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 years 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.

2. System Requirement.

There i3 a requirement for a natiottwide system of public airports adequate
to -ieet the present and future needs of civil aeronautics. The FAA
prov ides 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 availability of a system of public use airports
. support civil aviation as identified within the National Airport Plan.

T..:re is also a need for the agency to promote and mndertake 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
analyzed and full consideration be given to trade-offs among principal
elenwnts of the air transportation system.

3. System Coals

The FAA as established as its airport system developmenL program
objectivw.s:

a. The iLentification and determinatioon a continuous basis, of the
financia! assistance roles of (a) the Federal Government, (b) state
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and local governments, and (3) the system users - airlines, general
aviation, airport management, nassengers, air freight shippers, etc.

b. The coordination and facilitation of all available Fed ral programs
which can assist in the development of any airport component or the
provision of necessary supporting services; such as for airport

transit access, the assurance of compatibility of area development,
etc.i

c. Where factors other than financial deter system development, such as
multi-jurisdictional disputes regarding airport locations, to assist
in their early resolution.

d. The determination and undertaking of airport research and deveiopm.ent
in order to anticipate the system planning and standards development
needs of the future.

4. Bibliography.i

a. Published Documents.

(I) U. S. Congress, The :-ederal Aviation .zt of 1958. Public T,aw
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), 5(a&b), 5(d)(3), 11 and 16(a).

(3) U. S. Congress, The Surplus Property A-t of 1944 as amended
(50 U.S.C. app. 1622),

(4) Federal Aviation Agencv, FAA Federal-aid Airport Program H>-..d-
book, Agency Order 5100.IA, January 10, 1966 and changes I - 30.

(5) Federal Aviation Agency, Federal Aviation Regulations listed
elow by FAR Part, title, and date (as amended 1,y Code of Federal
Regulations Janua,.y 1, 1968 edition).

FAR Part 151, Federal Aid tK, Airports (14 CFR Part 151)
FAR Part 153, Acquisition o _ U.S. Land for Public Airports

(14 CFR Part 153)
F,;R Part 155, Release of Aitport Property f )m 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 Transportati ., Federal Aviation Administration
(prior to April 1967, Federal Aviation Agency) pertinent Advisory
Circulars qre 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 (1-12-68)

AC 150/5150-2 Federal Surplus Personal Property ior Public
Airport Purposes (6-27-68)

AC 150/5190-i Minimum Standards tLr Commercial Aeronauticai

AMtivities en Public Airports (8-18-66)
AC 150/5190-2 Exclusive Rights at Airports (9-2-66)
AC 150/5190-3 Model Airport Zoning Ordinance (1-16-67) I

A brief dz'scription of each i!viorN Circular (AC) is contained in the
\dvisorN Circuiai check list published periodically in the Federal Register
(3' R i475477
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PART VIII. PROP OSED STUDY ON COST ALLOCATION
FOR THF' FEDFRAL AIRWAYS SYSTEM

INTiR ODUCT 10N

T.he proposed study discu,.-sed in '.he following pages is not a
substantilfe part of the IN~tional Aviation System investment
program.- of the FAA. !,, -', however, addressed to the proble-m
of an equitable ard e conomnic ally efficient allocation of the costs
of the Federal airways systern in the future. As such, it bears
an important relat-orship to the amount of investment funds
which will b- available in. thi future for improving and expanding
the Nanta--r 3 Aviati3rl System. It is included here, therefore,
as a subject germane to the policies of the FAA.
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PART VIII. PROPOSED STULm ON COST ALLOCATION

FOR THE FEDERAL AIRWAYS SYSTEM

I. Background and Purpose.

Since 1926 the Federal Government has prcvided, maintained and operated,
for use by all categories of aircraft operators, both civil and military,
a national system of air traffic control, flipht advisory services, and
aJds to air navigation, together with a network of commi ications eQ en-
tial to the functioning of the system. Thi. complex of fa&ilities and
services -- customarily called the Federal airways system -- has been

planned and managed by and paid for from appropriations of the Federal
A7iation Administration and its predecessor agencies.

The annual expenditures for the Federal airways system are substantial.
and 'or the fiscal year 1969 will exceed $700 million. Larger annual
expenditures in the future will be needed to improve, expand oiid operate
the system to meet the demands of a rapidly growing civil aviation.

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 continaes to grow, it is evident not only that the
airways zystem 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 allocations among
the various beneficiaries be itviewed for their long term equity and
applicability.

To accomplish 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 otherwise appropriate in terms of national objectives and total
rational welfare, cost 8llocation by the Federal Government of the
services and facilities comprising the Federal airways system.
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For the p -pose of this study, the Federal airways vstem will be
defined, as it has in prior studies, to include .y facilities and
seryices f ir wh jh r1 e FAA has budget respnsibi ty. The system does
not include, on the other hand, all the progra,- and activities for
wh;2-h the FAA requests appropriatiors of the Co gress. Specifically

excluded trom the airways system are these FAA p crams: (I) operation

of Washington National and Dulles International airports; (2) grants-in-
aid for airports; (3) the development of the civil supersonic aircraft;

and (4) safety regulatory activities related to aircraft airworthiness
and certification, and airmen qualifications and proficiency. Funds
expended directly for and in support of these progiams are not considered

airwrys expenditures. It should be noted that the Federal airways system
does not include, the Nation's airport facilities that are owned and
operated bv local and state governments, regional authori-ies, and

private enterprises.

in prior years, the FAA has described the airways system as consisting

of the foIlowing facilities and serv-es: (1) air traffic control
towers; (2) tower approach control fatilities; (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; (9) -Ir r."te
traffic control centers and long-range radars; (10) the VORTAC navigation

system; (11) L/F facilities; (12) flight service stations, including
weather services; (13) intermediate landing fields; and (14) the research
and development projects related to above facilities and services. All
the expenditures directly for and in support of these facilities and

services are considered to be airways expenditures.

3. The Study Approach.

All the conceptual and emirical aspects of developing a methodology for
allocating airways system costs are within the scope of this study
effort. In FAA studies to( date, 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

carrier, gen-sral aviation and military aviation; (2) system disaggre-
gation into the fourteen facility and service groups listed in the prior

stction of this statecnt; (3) system cost estimation for these groups
:n terms of maintenance and operation, depreciation and amortization of

the capital and research and development expenditure; and imputed
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

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: Dne devoted to Lhe
theoretical and conceptual framework; and the rt-her consisting of the
analytical work of aeveloping the methodology 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 findinig- of the first phase.
The study effort will include the work of field surveys to acquire
detailed knowledge of the functioning of the airways system from the
viewpoints of both the FAA and the aviation users.

4. Basic Tasks of the Study Effort.

a. Examine in the light of economic principles, other public policy
guidance, and national objectives, the theoretical and conceptual
aspects of defining relevant costs and allocating cost responsi-
bility for the services and facilities comprising the Federal airways
system.

b. Develop a rationale for defining the scope and substance of the
relevant airways sy~tem costs, given the description 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 methodni 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 responsibilities
in the subject area of civil aviation as set forth in existing

d. Survey the traffic statistics and other available data indicative of
airways system use, and devise a statistical reporting program to
obtain any additional data needed to effect the airways system cost
allocation in the manner called for by the theoretical and conceptual
phase of the study.

5. Illustrative Questions.

* The ,ork of the study team should provide answers to questions such as
the ollowing:

a. To what extent are there economic or non-economic benefits accruing
to the gener-l public from the Federal airways system which justify
allocating some portion of the system's costs to the general public?



b. w41at are the advantages and Jksadvantages !f narginal c , t az,'

average cost !r location fcor the Federal airways system?

c. By what means can the use of the airways system by internati;,:;al air
traffic, as distinct from domestic traffic, best be measuruu?

6. Coordination with the Aviation Coiinunity.

'i:e FAA proposes to establish a small advisory group composed of aviation
representatives to provide advice and counsel to the study team. This
industry group will meet with the study team prior to the beginning of
the study, and thereafter at appropriate times.

The purpose of the meetings will 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 tea. to acquire
special industry information and data useful in the study effort.

The study team will be expecled to explain its analytical approach and
recommendtions 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 establishment of the industry group will in no way preclude the
study team from seeking expert counsel, information and data from other
sources during the conduct of the study.

I. Reporting Schedule.

The study team w 1, prepare the following reports:

a. An interim report presenting all the findings, conclusions and
recommendations applicable to 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 a summary, all
the findings, conclusions, and recommendations of the total study
effort within fifteen months of the beginning of the study.


