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PREFACE

The Uceanic Area System Improvement Study (OASIS) was conducted ir
coordination §#ith the "Committee to Review the Applications of Satellite
and Other Techniques to Civil Aviation." This study examined the opera-
tional, technological, and economic aspects of the turrent and proposed
future oceanic air traffic systems in the North Atlantic (NAT), Caribbean
(CAR), and Central East Pacific (CEP) regions and assessed the relative
merits of improvement options. A key requirement of this study was to
develop a detailed description of the present air traffic system. In
support of this requirement, and in cooperation with working groups of
the Committee, questionnaires were distributed to the providers and users
of the oceanic air traffic systems. Responses to these questionnaires,
special reports prepared by system provider organizations, other publica-
tions, and field observations made by the QASIS staff were the basis for
the systems descriptions presented in this report. The descriptions also
were based on information obtained during Working Group A and B meetings
and workshops sponsored by Working Group A. The information given in
this report documents the state of the oceanic air traffic system in mid
1979.

In the course of the work valuable contributions, advice, data, and
opinions were received from a number of sources both in the United States
and outside it. Valuable inf~rmation and guidance were received and
utilized from the Internationai Civil Aviaiton Organization (ICAO), North
Atlantic Systems Planning Group (NAT/SPG), the North Atlantic Traffic
Forecast Group (NAT/TFG), several administrations, the International Air
Transport Association (IATA), the airlines, the International Federation
of Airline Pilots Association (IFALPA), other aviation associated organi-
zations, and especially from the Committee to Review the Applications of
Satellites and Other Techniques to Civil Aviatiom.

It is understood of course, and should be noted, that participation
in this work or contribution to it does not imply either endorsement or
agreement to the findings by any contributors or policy agreement by any
administration which graciously chose to contribute.
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EXECUTIVE SUMMARY

Air traffic services (ATS) provided to aircraft flying in desig-
nated areas of the North Atlantic (NAT) oceanic region include: (1) air
traffic control (ATC), (2) flight information and (3) alerting services.
The designated areas include control areas (CTAs), where all three
services are provided, and flight information regions (FIRs), where only
flight information and alerting services are provided. The ATS units
providing services in strictly oceanic CTAs are oceanic area control
centers (OACCs), while units serving oceanic and domestic CTAs are area
control centers (ACCs). Flight information centers (FICs) provide the
non~-ATC services in FIRs unless the responsibility of providing such
services is assigned to ATS units. The designated areas and ATS unit
are established by international agreement under the auspices of the
International Civil Aviation Authority (ICAO). .

This report is a description of the present ATS system in the N/
and emphasizes the services provided by the following ATS units: the
Gander ACC, Shanwick OACC, New York ACC, Santa Maria ACC, Reykjavik A. ,
San Juan ACC (excluding Caribbean airspace), and Miami ACC (exc¢luding
Caribbean airspace).

Radar surveillance of NAT airspace is not conducted due to the lack
of ground sites for antennae, and ATS personnel use pilot position
reports to monitor oceanic flights. These voice reports are transmitted
at least once per heur. Direct air-ground communications between
oceanic aircraft and ATS personnel are generally not available. Instead,
the ATS units are supperted by communication (COM) stations which
operate very high frequency (VHF) and long-range, high frequency (HF)
radio facilities. These COM stations relay messages between pilots and
ATS unit personnel. The stations, usually located separately from the
ATS units, include the Gander, Shannon, New York, Santa Maria, Gufunes,
and San Juan COM stations. The ATS units and COM stations, as well as
airline, military, meteorological, and other aviation facilities, are
connected by the aeronautical fixed telecommunications network (AFTN),
which provides teletype service, and ATS direct speech circuits.

NAT flights are cenducted on the organized track system (OTS),
random tracks, or ATS reutes. The OTS is a set of approximately
parallel tracks roughly between Newfoundland and the British Isles, and
largely located in the Shanwick and Gander CTA/FIRs. Random and OTS
tracks are navigated by aircraft typically equipped with inertial
navigation system (INS) or Omega and doppler devices. The ATS routes
are based on land-based nondirectional beacon (NDB) or very high
frequency omnidirectional range (VOR) and distance measuring equipment
(DME) radionavigation aids.
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Based on an analysis of data describing high altitude subsonic
turbojet traffic on a representative peak day in July, 1979, approxi-
mately 350 flights use the OTS, 175 flights use the ATS routes, and 245
flights use random tracks. The ATS route and random track flights are
distributed among a2 variety of trans-Atlantic patterns, while the OTS
traffic is highly concentrated and occurs in two distinct flows: a
daytime westbound surge and a nighttime eastbound surge.

The placement of the OTS is determined by the geographic location
of flight origins and destinations and upper air circulation forecasts.
The upper air, which includes the jet stream, moves from west to east in
complex patterns. Eastbound aircraft prefer to be in the region of the
most significant wind velocity in order to take advantage of the high
intensity tail wind component. Westbound aircraft prefer to fly either
north or south of the most significant winds (or in some cases, perpen-—
dicular to them) in order to avoid the severe head wind component. The
OTS is constructed twice daily to accommodate separately the flight path
preferences of the eastbound and westbound traffic surges which occur at
different times. The OTS structure is not fixed but changes from day to
day because the upper air circulation pattern varies. On those infre-
quent days when there are not significant wind patterns, the OTS struc-
ture follows a great circle patn between the major North American and
European airports.

By international agreement, each aircraft flying in the oceanic
CTAs files a flight plan which is forwarded to each ATS unit along the
route of flight, and is provided with separation service by each unit.
The flight is based on an analysis of meteorological conditions and
aircraft performance characteristics and describes the desired flight
tracks, altitudes and speeds of the aircraft. If there a e no potential
violations of separation minima with other aircraft or vio'ations of
airspace reservations, the oceanic ATS unit issues a clearance to the
aircraft for its desired flight path. In the event of a potential
conflict, the ATS unit identifie¢s and issues an ocearic flight path
clearance that conforms to the aircraft separation requirements. An
oceanic clearance is issued by the ATS unit while the aircraft is in
direct voice radio contact with the unit (or an adjacent domestic ATS
unit) and before the aircraft enters the oceanic airspace. After
oceanic entry, the COM station relays pilot position reports, requests
for altitude change (if any) and other messages, as well as responses
from the ATS unit. The ATS unit follows the progress of each flight by
manually recording each reported position on paper flight strips.

Each flight on an OTS track is issued a conflict free clearance at.
a fixed flight level for the full length of the track to landfall. This
procedure of issuing a fixed flight level clearance along a .rack is
applied on random tracks as well as on OTS tracks by the Gander ACC and
Shanwick OACC, and also might be applied by the Santa Maria and
Reykjavik ACCs. An alternative procedure permits the inclusion of
altitude or time restrictions in the oceanic clearance to resolve a

xii
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potential downstream conflict situation. This alternative clearance
strategy is practiced at the Naw York, San Juan and Miami ACCs and is
applied only to ATS route and random track traffic. The New York and
Santa Maria ACCs apply fixed flight level clearances to aircraft
entering OTS tracks on those occasions when such tracks are in their
CTA/FIRs.

A pilot may request an altitude change while in oceanic airspace
when the aircraft burns off sufficient fuel to attain a more economical
higher flight level. A step climb approval is granted by the ATS unit
subject to the satisfaction of the separation minima.

Coordination between ATS units routinely is conducted by means of
the ATS direct speech and AFTN circuits. The transfer of flight data
for most aircraft moving between the Gander ACC and the Shanwick OACC
normally is performed by a special data link, and voice or teletype
coordination usually is not required between these two units. Other ATS
units must coordinate with each other to pass flight data for aircraft 1
crossing their boundaries.

x111 (& xiv)
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1.0 INTRODUCTION

1.1 General

Various natiens, as centracting States to the International Civil

. Aviation Organizatien (ICA®), provide air traffic services (ATS) within
designated areas of internatienal oceanic airspace. The areas are
determined by regional air navigation agreements that are approved by

. the Council of ICAO, normally en the advice of Regional Air Navigation
Meetings. Each contracting State designates the authority responsible,
typically a government agency, for establishing and providing ATS in
accordance with the ICAO standards and recemmended practices. These
services are provided and supported by a complex structure of inter-
related operational and technical components. Generally, the operational
components--operating rules, procedures, requirements and associated
facilities--are considered to be part of the ATS system. {The techmical -
components—--communication, navigation, surveillance, and meteorological
factors, etc.--are eften censidered as separate systems. ‘'Hdwever,
because operating rules and procedures are dependent on the technological
perfermance of the equipment in use, any description of an ATS system
also should address its technical components.

1.2 Scope and Objective

This report presents a description of the operational and technical

L components of the present international ATS system in the North Atlantic

iy (NAT) oceanic region. The purpose of this description is twofold: (1)

- to provide further understanding of the requirements and capabilities of
the present ATS system, and (2) to provide an information base for
subsequent evaluations of the system. The subsequent evaluations will

f examine the efficiency of current operations, the potential capability

1 of the ATS system to meet future requirements, and potential system
improvements.

1.3 Contents of This Report

The information and data presented are based on observations made
during on-site visits to various ATS facilities, censultations with ATS
operations and support personnel, and reports and data obtained from ATS
. provider organizations including Transport Canada; the Civil Aviatien

; : Authority (CAA) of the United Kingdom (UK); the Directorate of Civil
- Aviatien, Dermark; the Directorate of Civil Aviation, Iceland; the
: Director General of Civil Aviation and the Airports and Air Navigation

< Public Enterprise, Portugal; and the Federal Aviation Administration
(FAA) in the United States. Reports provided by Transport Canada and
3 the CAA, UK, were especially useful sources of information concerning

¥ NAT operations.




This report consists of eight sections, as well as a number of
appendices that provide supplemental descriptive data. Section 2.0 is a
general overview of the ATS system in the NAT, including air tratfic
flow patterns, airspace organization and ATS facilities, technical
systems, oceanic route structures, and ATS operating procedures.
Sections 3.0, 4.0, 5.0 and 6.0 provide more detailed descriptions of the
ATS system. These sections respectively address: technical aspects of . {
the commnicatien, navigation, and surveillance systems; separation
minima; the erganized track system used in the NAT; and ATS operatiomal
procedures. Section 7.0 summarizes preliminary estimates of the costs
required to provide ATS in the NAT.

In order to understand the operating framework in which ATS are
provided, a familiarity with the institutional basis for the ATS system
is useful. Therefore, the remainder of this section presents an
overview of the ATS requirements and practices as defined by ICAD.
Those readers who are familiar with ICAO procedures and terminology
should proceed to Section 2 of this report.

1.4 ATS Requirements |

International ATS responsibilities, operating practices and
procedural rules are established in accordance with special provisions
contained in ICAO publications, including the annexes to the Convention
on International Civil Aviation. Annex 11 (ref. 1) pertains to the
establishment of airspace units and services necessary to promote a
safe, orderly and expeditious flow of air traffic. Annex 2 (ref. 2)
defines the general rules relating to flight and maneuver of aircraft.
ICAO Document 4444, Procedures for Air Navigation Services—-Rules of the
Air and Air Traffic Services (PANS-RAC) (ref. 3), is complementary to
Annex 2 and 11. The purpose of Document 4444 is to specify in detail
the actual procedures to be applied by ATS units in providing various
services to aircraft. ICAO Document 7030, Regional Supplementary
Procedures (ref. 4), complements Document 4444 by describing those rules
developed to meet the needs of specific areas which are not covered in
the worlduide provisions.

In addition to the documents describing ATS requirements, ICAO air
navigation plans (ANP) specify the physical and operational facilities
that are internationally required or planned in each region. The ANPs
(ref. 5,6,7,8 and 9) list the pertinent regional air navigation facili-
ties and services including the meteorological, search and rescue, and
aseronautical information systems. Document 7030 is the procedural
counterpart of the regional ANPs.

The following paragraphs summarize the ATS reo .rements and
practices pertinent to the NAT as specified by the ICAO provisions and
as agreed to by the provider and user authorities. Further details
concerning formal rules and practices are provided in subsequent
sections to this report.
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1.4.1 ATS Responsibilities

The Anmex 11 provisiens define ATS as codniotins of three functions,
as follows:

(1) Oceanic air traffic control (ATC) service, whose
objectives are te previde separation between aircraft and
to expedite and maintain an orderly flow of air traffic.
ATC service in eceanic airspace is restricted to area
control service (i.e., excludes approach control service
and aseredrome control service).

(2) Flight information service, whose objective is to
provide advice and information useful for the safe
and efficient cenduct of flight.

(3) Alerting service, whose objective is to identify an
emergency event and then notify appropriate organizations
regarding aircraft in potential need of search and rescue
aid and assist such organizations as needed.

The services are provided by designated ATS units that are responsible
for operations in each oceanic area. The NAT ATS uynits are described in
Appendicies A through H.

1.4.2 Designation of ATS Areas

Annex 11 does not state that all three ATS functions—~-ATC, flight
information, and alerting~-must be provided simultaneously in an area
receiving ATS service, but specifies that an airspace area should be
designated in relation to the particular services that are to be
provided. Two airspace designators relevant to oceanic areas are:

(1) Flight information region (FIR), where flight information
and alerting service are provided.

(2) Control area (CTA), where ATC service is provided.

An FIR is delineated to cover the entire air route structure to be
served by the region, and includes all airspace from the surface upward
within its lateral limits, except as limited by an upper flight
information region (VIR).

A CTA is delineated so as to contain the flight paths of those
instrument flight rule (IFR) flights that are to receive ATC service,
taking into account the capabilities of the navigation aids normally
used in the vicinity. Although Annex 11 specifies that the lower limit
of a CTA should be established at a height above the surface of not less
than 70 feet ( ft), the lower limit of oceanic CTAs in the NAT are




higher, such as at {light level (FL) % (i.e., at an atmospheric
pressure altitude of 5500 ft). An upper limit is established if ATC
service is not provided above this limit, or if the CTA is situated
below an upper control area (UTA).

1.4.3 Designation of ATS Units
Annex 11 identifies two general types of ATS units:
(1) ATC units

(2) Flight information center (FIC).
]

ATC units are established o provide full ATS--ATC service, flight
information service, and alerting service--in designated airspace
areas. Where a unit provides both flight information and ATIC services,
the provision of ATC service has precedence over the provision of flight
information service. The units providing services in strictly oceanic
CTAs are oceanic area control centers (0ACCs), while units serving
oceanic and domestic CTAs are area control centers (ACCs). Although
control centers generally have responsibility for total ATS service, in
practice they may delegate elements of the flight information service to
other units, including non-ATS units. For example, the responsibility
for transmitting meteorological data to aircraft in an oceanic area may
be assigned to an aeronautical communications (COM) station supporting
an ATC unit.

An FIC provides flight information and alerting service within
FIRs, unless the responsibility of providing such services is assigned
to an ATC unit. An FIC, as in the case of the OACC example above, may

delegate certain elements of the flight information service to other
units.

l.4.4 Aircraft Separation

ATC units provide separation services between aircraft in CTAs
except where aircraft are required to provide their own separation as in
the case of operations in airspace reservation areas. Separation service
provided in the NAT oceanic CTAs is based on the application of nonradar
procedures and requires at least one of the following forms of separa-
tion as defined by ICAO Annex 11:

Vertical separation, obtained by assigning different
levels of flight satisfying minimum vertical spacing
specification.

Horizontal separation, obtained by providing longitudinal
or lateral intervals (time or distance) between aircraft
satisfying minimum horizontal spacing specifications.
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Composite separation, consisting of a combination of
vertical and lateral separation forms using minima for
esch which may be lower than, but not less than half of,
those used for each of the combined elements when
applied individually.

The vertical, horizontal, and composite separation minima and
§ methods of application are specified for the NAT airspace area in
i . Document 4444, PANS-RAC (ref. 3) and Document 7030, Regional Supple-
. mentary Procedures (ref. 4), parts of which are presented in Appendix I.

1.4.5 Additional ATS Requirements

Annex 11 stipulates requirements for providing communications
services (i.e., aeronautical mobile and fixed) and information services
(i.e., metedrological and navigational aids operating status data).
These services are addressed in subsequent sections and in the
appendices.

1.5 ATS Operating Practices

Annex ? describes the required and recommended practices that are
! routinely carried out to fulfill the ATS responsibilities as performed
by ATS providers and users. This annex requires users of ATS to file
flight plans with ATS units and to update and terminate flight plans,
and requires ATS units to check flight plans and provide users receiving
ATC service with clearances (i.e., instructions and approvals) for the
i) conduct of a flight. The flight plans describe the aircraft identities,
" equipment and planned speeds, routes, altitudes and times of flight, and
- related data. Annex 2 also identifies the practices for transmitting
H flight information--including position reports and air.reports
t (AIREPs)~--by pilots and the dissemination of pertinent aeronautical
¥ information by ATS units, including broadcasts of significant

meteorological data (SIGMETs).

i

5 (46)
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2.0 ATS OVERVIEW--NAT OPERATING ENVIRONMENT

2.1 Background

The devalepment of the prefent ATS system began after Werld War II
(ref. 10). It was designed to meet the air traffic needs of the air-
craft in operation at that time subject to the constraints imposed by
the navigation and communicatiens technology available. Propeller and
turboprop aircraft flying at altitudes up to FL270 and airspeeds up to
350 nautical miles (nmi)/hour (hr) were the prime users of the system.
Navigation was performed by means of celestial, doppler, dead reckoning,
radio direction finding, and, more extensively, Long Range Navigation
(LORAN) facilities. LORAN is a method of navigation that depends on
pulsed radio signals transmitted from ground stations. Communications
systems consisted of telegraphy and high frequency (HF) air-ground
radiotelephony.

Advancements in aircraft technology have significantly affected the
system. Subsenic turbojet a:ircraft, introduced in the late 1950s, are
now the primary users of the NAT ATS system. The subsonic jets cruise
at higher altitudes, FL270 to FL450, and at higher speeds, abeut 500
nmi/hr, than the predecessor aircraft. Supersonic transports (SSTs),
introduced in the 1970s, cruise at yet higher altitudes, FL450 to FL600,
but are not major users of the NAT services.

Advancements in long-range navigation technology have introduced
airborne navigation equipment that operate with more precision than the
predecessor navigation methods. The modern sophisticated avionics
equipment-~Inertial Navigation System (INS) and a low-frequency radio
navigation system with worldwide coverage and referred to as "Omega'--is
now predominantly in use on jet aircraft in trans—Atlantic service and
has allowed the phasing out of the LORAN A system.

Advancements in cemsunications have been largely of an evolutionary
refinement nature. These developments mainly invelve improvements and
modifications in existing equipment rather than major advancements in
basic technology. Therefere, today's system continues to he based on HF
voice communications.

2.2 Air Traffic Flow Patterns

The NAT air traffic is composed mostly of scheduled and charter air
carriers but aleso includes military and high performance general avia-
tion aircraft. Figure 1 shows the general origin and destination flow
patterns of turbojet, high altitude air traffic through the NAT for a
selected day in July 1979 (i.e., a representative busy day). The
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aumbers indicated in Figure 1 are the daily total eastbound and west-
bound airline, general aviation and military flights for each geographic
flow pattern, and are based on the published airline schedules end on
records of actual flights flown on that day as obtaided from all the ATS
units serving the NAT.

Of the total of 728 daily flights shown, 48 percent (i.e., 349
flights) are concentrated in a major traffic flow between airperts in
the North America (east and midwest) region and the Europe (excluding
Scandinavia and the Iberian Peninsula) and Middle East region. A
secondary concentration involves 23 percent of the NAT ctraffic (166
flights) and is acceunted fer by flights betweeh North America and loca-
tions in the Caribbean, Seuth America and Bermuda. The other flows are
of considerably less intensity (none of which individually invelve more
than 6 percent of the tetal traffic) and are accounted for by flights
with origins or destinations in North America (west), Scandinavia, the
Iberian Peninsula, North Africa, the Azores, Greenland and Iceland in
addition to the above mentioned regions.

The major traffic flow, because of passenger preference, time-zone
differences and restrictions on nighttime jet.airport operations, con-
sists of twe distinct traffic surges: one westbound leaving Europe in
the merning and early afternoon and the other eastbound leaving North
America in the evening. The route and altitudes desired by each flight
is defined by the aircraft operator, usually an airline. A prime con-
sideration of the route preference is the upper air circulation patterns,
which determine the most efficient flight paths. The major trans-
Atlantic traffic flow generally runs between Newfoundland and the
British Isles.

The major traffic flow is roughly paralleled by lesser traffic
flows between North America and Scandinavia and between Nerth America
and the Iberian Peninsula. However, depending on meteorological
conditions, these flows may cross or merge with the majer traffic flow.

The traffic flow between North America and the Caribbean-South
America-Bermuda area is more disperse than the major traffic flow and is
not confined to any single, clearly defined fiow corridor. The traffic
is generally north-south in orientation, but with individual flight
routes often ¢rossing each other because of the location eof the origin
and destination airports. These flights normally invelve sherter ranges
than the other NAT traffic.

Many of the lesser traffic flows, as indicated in Figure 1, cross
each other depending on upper air circulation patterns and the location
of origins aud destinations. These flows could alse cross the major
traffic flow. For example, flights from the Caribbean te the British
Isles can cross the eastern part of the major traffic flow as do flights
from the West Coast of North America.

" —




Trans—-Atlantic propeller traffic is confined to low altitude air-
space and does not interact with the high level turbojet traffic. There
are far fewer propeller aircraft than turbojet airceatt Elying in the
NAT; therefore, they do not generate a relatively significant demand for
traffic service. Because of the dominance of subsonic turbojet traffic,
the remainder of this ATS system description will focus on the traffic
services provided in high level NAT airspace. Supersonic turbojet
flights, which occur infrequently, fly at highk+r oceanic altitudes than
subsonic aircraft.

2.3 Airspace Organization and ATS Facilities

The NAT airspace jurisdictional structure is shown in Figure 2,
which identifies the CTAs and FIRs established by international agree-
ment and described by the ICAO Air Navigation Plan for the NAT (ref. 5).
Table 1 lists the NAT designated oceanic areas; ATS operating units; unit
responsibilities; unit locations; and provider authorities and contract-
ing states.

The NAT's major traffic flow between North America and Europe runs
through the Gander CTA/FIR and Shanwick CTA/FIR. Therefore, air traffic
in the NAT is handled primarily by the Gander ACC, Newfoundland, Canada,
and the Shanwick OACC, Prestwick, Scotland. The remaining NAT traffic
is handled by the Santa Maria (Azores), Reykjavik (Iceland), Sondrestrom
(Greenland), Bodo (Norway), and New York, San Juan and Miami (United
States) ATS units.

As shown in Figure 2, the Gander ACC is responsible for high and low
oceanic airspace west of 30 degrees West longitude and domestic high and
low airspace over Newfoundland. The Gander ACC's jurisdiction also
includes high level airspace--above FL195-~over southern Greenland. The
Shanwick OACC is responsible for the high and low oceanic airspace east
of the 30 degree West longitude, which is the boundary between the Gander
and Shanwick CTA/FIRs. The New York, San Juan, Miami and Santa Maria
ACCs share responsibility in the oceanic high and low. airspace areas to
the south, with the Santa Maria ACC responsible for the area east of 40
degrees West longitude. The Reykjavik ACC is responsible for high and
low airspace to the east of Greenland and for the high airspace over
northern Greenland. The Reykjavik CTA/FIR extends from Canada to north
of Scotland. The low level airspace--below FL195--over Greenland is
under the jurisdiction of the Sondrestrom FIC which provides flight
information service but does not provide ATC service in its FIR. Simi-
larly, the Bodo FIC does not provide ATC service in its FIR, which is a ]
wedge of oceanic high and low airspace west of Scandinavia. The terminal
control areas (TMAs) and their associated domestic CTAs shown in Figure 4
Z are not part of international oceanic airspace.

. s A AN M N il 1

Because the Sondrestrom and Bodo FICs cover limited areas of air-
space, and do not provide full ATS services nor handle a significant
amount of turbojet air traffic, these centers will not be described in
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1
detail. The San Jusn and Miami CTA/FIRs are included in ICAO's {
Caribbean/Seuth American ANP (ref. 6), but, because the traffic handled
in these areas is an integral >art of the NAT operation, the San Juan
and Miami oceanic CTA/FIRs are addressed in this description (exclusive
of the San Juan and Miami ACCs responsibilities in the Caribbean Ocean
and Gulf of Mexico). Therefore, the remainder of this ATS system
description emphasizes the services provided in the following areas:

(1) Gander Oceanic CTA/FIR
(2) Shaawick Oceanic CTA/FIR

(3) New Yerk Oceanic CTA/FIR

(4) Santa Maria Oceanic CTA/FIR
(5) Reykjavik Oceanic CTA/FIR
(6) San Juan CTA/FIR (NAT only)

(7) Miami CTA/FIR (NAT only).

ATS in domestic airspace areas will be covered enly in respect to
their relation to oceanic operations.

2.4 Technical Systems Overview

Many of the ATS technical systems routinely used in domestic
airspace are different from the technical systems used in oceanic
operations, particularly in regard to the communication and navigatiom
systems. For the most part, limitations on the service range of the
domestic systems and the lack of land sites in the oceanic areas have
precluded the extensive use of the domestic systems in the NAT.

For example, most domestic air-ground voice communications between
pilots and ATS units are conducted by means of very high frequency (VHF)
systems which, although quite adequate for domestic ATS purposes, cannot
satisfy long-range transmission requirements. Although VHF communica-
tions is available in some parts of the NAT, an HF radiotelephony system
is used more often. COM stations, rather than ATS units, conduct the
VHF and the longer-range HF communications with over-ocean aircraft.
Radio operators in the COM stations carry out these communications.

Aircraft navigation in domestic airspace normally uses ground-based
systems of VHF omnidirectional range (VOR) and distance measuring
equipment (VOR/DME) radionavigation aids or nondirectional beacon (NDB)
aids and automatic direction finding (NDB/ADF) equipwent. While NDB/ADF
and VOR/DME systems are used to navigate some of the shorter routes in
the NAT airspace, neither the VOR/DME nor the NDB/ADF systems can weet
the long-range navigation requirements of many trans-Atlantic flights.
INS and Omega systems are commonly used.

€
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The radar systems used [or domestic aircralt surveillance are not
capable of long-range surveillance. No alternative technology currently
is employed in the NAT for surveillance purposes, although, as will be
noted, indirect flight monitoring is provided by pilot radio reports of
aircraft positions.

2.5 Oceanic Route Structures .

The flight operation environment: in the various parts of the NAT
airspace vary according to differences in traffic density, navigational
services and associated procedures. Because of the differences in
operating conditions, a variety of oceanic route structures are in use.
These route structures are categorized as follows for the purposes of
this study:

(1) Charted tracks, including ATS routes and SST tracks
(2) Random tracks
(3) Organized track system (OTS).

The three types of oceanic routes and their applications in the NAT are
briefly reviewed in the following paragraphs.

2.5.1 Charted Tracks

The VOR/DME and NDB/ADF navigation techniques require aircraft to
fly directly to or from a ground based radionavigation aid or an
intersection based on a system of aids. A VOR/DME or NDB/ADF track
often is formally designated between two fixes for the purpose of
organizing traffic flow. This track is geographically stationary and is
identified as a fixed route in aeronautical charts. A charted track is
a single route between two fixes and normally is not part of a set of
offset parallel tracks. However, offset parallel tracks may be flown by
aircraft equipped with special avionics systems such as area navigation
(RNAV) systems including INS.

In certain cases, the charted tracks not only are published but
also are physically maintained by ATS provider authorities who routinely
flight—check the radionavigation aids. Such ATS routes often employ
smaller lateral separation minima than those generally used on non-ATS
tracks. Oceanic ATS routes based on NDB/ADF and VOR/DME radionavigation
aids, upon which reduced lateral separation standards are applied, are
established in the western part of the New York CTA/FIR, as shown in
Figure 3.

The ATS routes in the New York CTA/FIR are used by subsonic jet
aircraft. Other tracks published in aeronautical charts and used by
subsonic aircraft include the charted tracks that connect radionaviga-
tion aids located in Northern Europe, Iceland, Greenland and Northern
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FIGURE 3 ATS TRACKS, NEW YORK CTA/FIR




Canada, and connect radionavigation aids located on the Iberian
Peninsula and the Azeres. The navigation accuracy of the NDBs in the
northerly NAT airspace in the Greenland vicinity is often degraded
because of erratic propagation patterns caused by frequent static
disturbances (ref. 11).
t

Tvo published fixed tracks between Northern Europe and North
America are used strictly by SSTs; the SST tracks are shown in Figure
4. The SSTs cruise well above the altitudes flown by subsonic aircrafe,
and do net interfere with the oceanic subsonic traffic. The ends of the
SST tracks join the domestic route networks of Europe and North America,
and oceanic flights along these tracks require long-range navigation
techniques such as INS.

2.5.2 Random Tracks

Aircraft are not required to fly the charted tracks but often do so
when constrained by navigational capabilities and ATC procedural
restrictions, or to take advantage of the reduced aircraft separation
requirements on the ATS routes. Aircraft fly on random tracks when
conditions warrant flying off charted tracks (i.e., to minimize time and
fuel burn), or when flying between points where no formal tracks are
defined (such as between Europe and the Caribbean). A random track is
selected by an aircraft operator based on available navigation services
and upper air conditions, and is designated for an individual flight.
Random tracks in the NAT normally are flown by INS or Omega equipped

' - aircraft, although less sophisticated navigation techniques may be used
\ where permitted.
! 2.5.3 Organized Track System (QTS)

i While no charted fixed tracks serve the major traffic flow, an OTS
{ is constructed twice daily based on aircraft route preferences. The OTS
: consists of a set of roughly parallel tracks with eastbound and west-~

bound altitude assignments as exemplified in Figure 5. The track

§ locations and altitude assignments are made such that the lateral and
! | vertical separation minima are satisfied at all points along each
I track. The OTS is constructed once a day by the Gander ACC for the

- eastbound traffic surge and once a day by the Shanwick OACC for the
westbound surge.

In both cases, the OTS track locations and altitude assignments are T
v based on forecasts of the upper air circulation system. These winds
] move from west to east in complex geographic patterns with variations in

velocity. The upper air system contains regions of significant wind
velocit.es, including the jet stream. This stream is a relatively
narrow core of winds, usually of very significant velocity, is almost
alvays present, and often follows a wandering course. Eastbound

p sircraft prefer to be in the region of the most significant wind
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velecity in erder to use the tail wind component te increase flight
efficiency. Westbound aircraft, in order to aveid a severe head wind
component, fly either North or South of the most significant winde (or,
in some cases, perpendicular to them) depending en their locatien.

The OTS is placed coincidentally with the ferecasted sigmificant
winds te accemmodate the eastbound surge, and is lecated away frem the
significant winds to accommodate the westbound surge. Because the
lecatien of the significant winds is nearly always changing, the OTS
structures for the eastbound and westbound flows are net idemtical from
day to day. On those infrequent occasions when the wind velecities are
very low or there are no significant wind patterns at all, the OTS
structure consists of a grest circle-like path between the airports
serving the major traffic flow.

Each end of an OTS track is designated by a "coast-in" or "ceast-
out" fix defined by a navigation fix (i.e., an actual radionavigation
aid site, an intersection of radials off navigation aids, er an
intersection of latitude and longitude). The coast-in and ceast-~out
fixes are also part of the domestic routing system and therefore are the
points of actual connection between the oceanic and domestic reutes.
Segments of the domestic route system are formally designated as the
preferred routes for approaching and departing each coast-in and
coast-out fix from selected points in the domestic network, including
major airports.

Various airlines routinely submit preliminary preferred track
descriptions to the Gander ACC and Shanwick OACC. These units use these
tracks and their own analysis of the meteorological ferecasts to design
the OTS. Then, descriptions of each domestic transition reute, oceanic
track, direction of oceanic flight by altitude, and the effective time
of the OTS are published separately by the Gander ACC and Shanwick OACC
in the OTS teletype "track messages" (or '"signals"). The track message
is distributed prior to OTS establishment and is forwarded to airline
and military flight planning offices and ATS units that use the 0TS
information to plan daily operations.

2.6 ATS Operating Procedures

Most airline operators plan their flight tracks and altitudes te
minimize fuel consumption. A flight plan filed by an airline results
from a computerized analysis of aircraft weight, speed, distance,
weather and related flight conditions, as well as the fuel requirements
associated with alternative flight paths; it identifies the track and
altitude profile preferred by that airline. Flight plans filed by
military and general aviation operators also are the results ef struc-
tured flight planning procedures, although the primary consideratien may
be minimizing flight times rather than minimizing fuel burn. The filed
flight plans are distributed to the domestic and eceanic ATS units along
the flight routes.
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2.6.1 Demestic Airspace Operations

A demestic ATS unit provides an aircraft with an abbreviated clear-
ance to the destination airpert, including a full clearance for the
local domestic route system. The domestic (and oceanic) airspace areas
are divided into sectors in which ATS are under the respensibility of
sector centrollers. The domestic sector centrollers, who generally are
supported by radar, VHF communications and VOR/DME navigation facilities,
provide separation services based on considerably closer spacings than
are currently required by oceanic procedures. Therefore, a transition
from domestic te oceanic separations must be accomplished before air-
craft enter the oceanic CTA/FIR. The transition process involves the
issuance of a detailed oceanic clearance which includes the approved
oceanic track and flight level needed to establish aircraft spacings
that conform to the oceanic separation minima. This oceanic clearance
may be a confirmation of the initial abbreviated clearance or a revision
to it.

2.6.2 Oceanic Entry Operatioms

Various methods are employed at the NAT ATS units to d¢termine and
deliver oceanic clearances to aircraft entering the oceanic area. One
method involves planners who manage traffic movement at the Gander ACC
and Shanwick OACC. (Note: the New York ACC implemented a planner posi-
tion in February 1980; this position is not addressed in this report
which describes the state of the ATS gystem in mid-1979.) The planners
determine the oceanic clearance for each aircraft prior to oceanic entry
and also are responsible for the daily construction of the OTS. Each
planner maintains a flight progress board that holds paper flight strips
describing an aircraft's route, altitude, speed, equipment, and current
and projected times of crossing selected position fixes. At the Shan-
wick OACC and Gander ACC, as well as at the New York, San Juan and Miami
ACCs, the time estimates are generated by computer calculations which
account for aircraft speed and forecast winds aloft. At the other NAT
oceanic ATS units, the flight strips are prepared manually.

The planner uses the flight strip data to assess projected separa-
tions and to develop oceanic clearance strategies. The Gander ACC has a
computerized conflict prediction function that automatically checks each
planner's clearance decisions for eastbound flights as the clearances
are entered into the computer data processing system.

The planner positions at Gander and Shanwick are not equipped with
VHF radiotelephony capabilities and cannot directly contact aircraft
approaching the oceanic airspace. Therefore, each clearance is passed
to a clearance delivery position or to a domestic controller for voice
transmission to the sircraft. The clearance delivery position reads the
clearances over published VHF frequencies in response to pilet regquests.
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The eceanic entry clearances at the New York, Santa Maria, Reykja-
vik, San Juan and Miami ACCs are determined by an eceanic en route
secter controller whe also is respensible for previding ATS to aircraft
in eceanic airspace. Similarly to the planners at Shanwick and Gander,
the oceanic sector contreller uses flight strip data to determine eceanic i
clearances that must be relayed te a demestic secter controller fer VHF
veice relay te an aircraft befere eceanic entry.

Oceanic entry operations take into account beth OTS entry clearance
and nen-OTS entry clearance. These two operations are discussed in the
following paragraphs.

The clearance determinatien process may vary within an ATS unit
depending en the type of traffic routing. An aircraft entering an OTS
track for example is given an eceanic clearance that provides a
conflict~free flight path (i.e., satisfies separation minima) frem
coast-out fix to coast-in fix. The OTS clearance assigns a single track
and flight path for the entire oceanic airspace. This "landfall-to-
landfall” oceanic clearance is issued by the ATS unit that has jurisdic-
tion ever the OTS entry airspace even though the clearance extends into
the airspace of an adjacent uait.

The QTS clearance determination process is facilitated by the
structure of OTS which automatically provides required lateral and
vertical separations between aircraft assigned to a single track and
altitude. Therefore, before clearing an aircraft for entry to a track
and flight level, the planner or oceanic sector controller checks the
flight strip data to verify that the longitudinal separation minimum
will not be violated at each fix along the projected flight path
including the coast-out fix. If ne conflict existas, the flight path
requested by the entering aircraft is approved. If a potential viela-
tion exists, the aircraft will be assigned to an alternative track er
flight level, delayed or both. The flight path adjustments will be
carried out before oceanic entry, usually under the supervisien ef a
domestic radar controller.

If necessary, the pilet may negotiate the final clearance at the
time of the VHF clearance delivery. Note that oceanic clearances issued
before entry to OTS tracks do not include altitude changes in mid-ecesn;
such altitude changes, if desired, must be requested by pilets befere
the desired time of climb and appreved or denied by eceanic secter
controllers.

For aircraft about to enter the non-OTS tracks, the eoceanic clear-
ances also are determined by the planners at Gander and Shanwick and the
oceanic sector controllers at the ether NAT ATS units. Unlike the OTS
tracks, non-OTS tracks are net sutomatically previded with required
lateral and vertical separations between each other. Therefore, each
non=0TS track must be searched for potential violatiens of lateral and
vertical as well as longitudinal separation minima. For exsmple, the




search fer potential crossing or overtaking contlicts on the ATS routes

in the New Yerk CTA/FIR involves reviewing the flight strip data showing
the estimated times of crossing of published fixes in this airspace. In
the case of a random track, the proposed flight path through the CTA/FIR
is projected and compared against other tracks in this area in order to
determine potential conflicts. The ATS units are equipped with pletting
maps that may be used when necessary to manually draw the random tracks.
As in the case of the OTS tracks, potential conflicts are resolved by
diverting or delaying aircraft, or both.

The planners and oceanic sector controllers nermally do net have
extensive information describing all non-OTS aircraft flight plans in
areas outside their jurisdiction and often cannot develop landfall-to-
landfall clearances for non-OTS aircraft. Therefore, oceanic entry
clearances for non-0TS flights normally provide conflict-free flight
paths only for that portion of each flight within the immediate area of
jurisdiction and adjacent airspace. However, Gander and Shanwick have
established special flight data exchange facilities (including a
computer link) and use these facilities to provide complete conflict~
free clearanctes for non-OTS oceanic flights within their CTA/FIRs.

2.6.3 Oceanic Airspace Operations

Once aircraft enter any of the NAT oceanic CTA/FIRs, they are
monitored by an oceanic en route sector controller in order to assure
that the required minimum sedarations are maintained. Pilot position
reports are transmitted by HF or VHF voice communications directly to
radio operators in COM statisns who relay the reports to ATS units,
normally by teletype. The monitoring process is conducted by copying
position reports onto flight strips and then comparing the relative
positions of the aicraft agninst the separation minima. Current ICAQ
procedures call for the aircraft to report at least once an hour if
possible. Reporting fixes are located at the intersection of flight
tracks and ten degree longitude lines or five degree latitude lines
depending on east-west or north-south direction. The information
transmitted in each position report includes the aircraft identity
(e.g., airline and flight number), the identity or position of the
reporting fix (i.e., latitude and longitude) and the time of crossing,
the flight level, the next fix identity or position, and the estimated
time for crossing the next fix. In the event of a potential violatien
to the separation minima, the oceanic controller may relay a clearance
through the radio operator to the aircraft to change route, altitude, or
speed. Similarly, requests for altitude change or other flight plan
changes are relayed through COM station radio operators, as are the
oceanic sector controllers' responses to such requests.

The COM station operators also relay messages to and from pilots

that do not directly involve the ATS units. Such messages include
company and meteorological data transmissions.
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2.6.4 Oceanic Exit Operations

Aircraft flying through NAT airspace may pass through more than one
oceanic CTA/FIR jurisdiction before reentering domestic airspace. The
domestic reentry process may be less restrictive than oceanic entry
because the reduced domestic separations relieve the spscing constraints
imposed by oceanic separation winima, and radar coveage noimally is
available to facilitate control maneuvers.
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3.0 ATS TECHNICAL STRUCTURE
‘ 3.1 Intreduction
The NAT communications systems, navigation systems, and

surveillance systems are reviewed in this section. Meteorological
systems are described in Appendix J.

3.2 Cemmunications Systems

ATS data transmission functions are provided by aeronautical mobile
and aeronautical fixed communications systems. The mobile systems
provide air-ground voice communications between aircraft and ground
stations, whereas the fixed systems provide voice and teletype and other
data link communications between various ground facilities. The ground
facilities include the ATS units, aeronautical COM stations, flight
eperations offices, meteorological centers, search and rescue centers,
and associated facilities that participate in or support the ATS
operation. The ATS communications system is reviewed in the following
paragraphs.

3.2.1 Aeronautical Mobile Communications

Air-ground voice communications in domestic and oceanic airspace
are conducted by short-range VHF and ultra-high frequency (UHF) facili-
ties and by long-range HF facilities. UHF is used by some military
operators. The relatively short range of VHF and UHF systems is due to
the line-of-sight nature of the transmissions and the power applied.
Most VHF ground transmitters are omnidirectional with a range of about
200 nmi at FL300. Extended range VHF, which is accomplished by concen-
trating the transmissions in a particular direction and increasing the
transmitter power, can achieve a coverage distance of 400 nmi at FL300.

Because of the universal application of VHF systems in domestic
airspace, -1l aircraft carry VHF equipment. Although the VHF system is
used mostly for voice communications, some commercial aircraft under
U.S. registry carry special purpose VHF data link equipment--ARINC
Communications Addressing and Reporting System (ACARS)--to automatically
transmit operational data to airline ground units.

Each domestic ATS communications system includes a network of
transmitter and receiver ground sites which are connected to ATS opera-
ting units and are strategically located to pr~ ide continuous domestic
airspace radio coverage. Similar aeronautical .~ -unications networks
are established and operated by airlines for con. ' use. The AIS trans-
mitter and receiver stations are located only on ground sites, and none
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are located in oceanic areas on platforms or stutionary vessels. Such
facilities are not used due to the technical and economic difficulties
in placement, stabilization, operations and maintenance, communications
relay to ground stations, and electric power supply. Furthermore, the
present capability to economicaily cover a broad vceanic region devoid
of numerous land sites with surface transmitters and receivers is ques~
tionable when considering that each such station could cover an area of
only 200 to 400 nmi in radius. (These difficulties likely also have
precluded the use of oceanic platforms and vessels for navigation and
surveillance purposes.)

Coastal VHF transmitter and receiver ground sites located along the
NAT region and operated by ATS units provide shortrange radiotelephony
service between controllers and aircraft transitioning between domestic
airspace and oceanic CTA/FIRs. The extended range VHF facilities are
operated by COM stations and prouvide voice contact between pilots and
radio operators.

Figure 6 shows the approximate VHF coverage provided in the NAT
region. Nearly continuous VHF radiotelephony service is provided by
standard and extended range VHF ground sites located across the corridor
of airspace extending from North America to Europe over Greenland and
Iceland. This VHF airspace normally does not coincide with the location
of the major traffic flow between North America and Europe. Radio-
telephony in the heavily traveled corridor and the vast expanse of the
NAT region is provided only by HF communications systems.

HF transmission characteristics enable over-the-horizon voice trans-
missions between aircraft and HF ground stations. HF transmitters and
receiver ground sites are lo:tated along the coast of North America,
Europe, and the Azores and provide long-range radiotelephony coverage of
the NAT airspace. The COM stations that operate the HF gsystems generally
are separately located from ATS units that they support. The major COM
stations (exclusive of military facilities) are listed in Table 2.

The HF transmissions are subject to interference by atmospheric
disturbances that degrade voice quality and restrict range. However,
the availability of multiple frequencies and the recent introduction of
single side band (SSB) HF modulation have been useful in partially
overcoming the HF signal propagation problems. SSB also affords the
capability to increase the number of HF channels available for future
use.

3.2.2 Aeronautical Fixed Communications

ATS units, COM stations, aircraft operations offices and other
ground units communicate with each other by means of specially provided
communications networks. The networks include landlines and marine
cables, satellite relay, HF point-to-point channels, and switching
mechanisms for routing messages through facilities. The links may be
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dedicated te veice er data transmissien or shared by each and, for the
mest part, are leased from cemmercial services such as pest, telegraph
and telephone (PTT) services.

The fixed communications system includes the aeronautical fixed
telecommunications network (AFTN), ATS direct speech circuits and
miscellaneous circuits used as cicumstances warrant fer interfacility
computer data exchange, meteorelogical data distributien and the like.

The AFTN distributes teletype messages te interconnected oceanic
and domestic facilities. The NAT facilities are linked largely by a
system of leased PTT landlines and marine cables, but HF SSB and leased
satellite communications channels are used fer links te the Santa Maria
0ACC. The AFTN messages are sent from and received at teletype
terminals located in each facility.

The ATS direct speech interphone circuits provide fer voice com-
munications between the ATS, COM and other ground units. ATS units are
linked to each other, normally by leased landlines er marine cables; HF
SSB and satellite channels algso provide service to the Santa Maria OACC
from other NAT units. In some cases, ATS direct speech requires a relay
through an intermediary. For example, voice conversations cenducted
between the Gander ACC and the Santa Maria OACC are relayed threugh the
New Yerk OACC which provides circuit switching.

In addition to the AFTN and ATS direct speech circuits, a computer-
to-computer data link between the Gander ACC and the Shanwick OACC
transmits digital information on a regular basis. The data link is by
landlines and undersea cables. A

The aeronautical fixed communications systems are not censtrained by
ground site requirements as is the VHF mobile cemmunications system.
The number of circuits in use may be increased, within the limits of
economic and technical feasibility, by buying or leasing additional
landlines, marine cables, or satellite circuits. Expansien of the fixed
communications system could involve the application of currently avail-
able advanced technology in addition to the increased use of current
methods. For example, the ICAO Automated Data Interchange System (ADIS)
Panel has developed procedures for using a high-speed packet switching
network that is planned to replace the current AFTN equipment serving
the NAT region in Europe and North America (ref. 12).

3.3 Navigation Systems

The great lengths of the over-ocean routes typically flewn im the
NAT normally require a long-range navigation capability. Hewever, leng-
range navigation is not the only means for flying in the NAT. Where
suitably lecated ground sites sre available, shert-range radienavigation
aids are installed to support sir traffic movement. The fellewing
paragraphs previde a brief perspective on navigatien in the RAT.
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3.3.1 Leng~Range Navigation

Aircraft flying threough the upper airspace of the Gander and Shan-
wick CTA/FIRs and major parts of the other NAT CTA/FIRs are required by
ATS procedures to satisfy a stipulated navigational precision standard
known as the minimum navigation performance specificatien (MNPS).
Presently, INS and Omega navigation systems satisfy the specification,
and most aircraft use these techniques. Elsewhere, aircraft may use the
long-range navigation technique of their selection including Leran C,
doppler and celestial navigation.

3.3.2 Short-Range Navigation

Short-range navigation service is provided by the VOR/DME radio-
navigation aids which typically have an effective range of approximately
200 nmi at FL300 based on VHF line~of-sight and transmission power
limitations. Because the aids are the basis for the domestic systems of
jetways and airways, virtually all aircraft flying oceanic routes are
equipped with VOR/DME avionics umits.

VOR/DME navigation aids located along the coasts of North America
and Europe and in Iceland and the Azores provide position information to
aircraft transitioning between oceanic and domestic airspace. This net-
work of VOR/DME aids is used to establish precise navigational reference
points for the start and end of oceanic flight routes. The range of
each of the VOR/DMEs in the NAT is such that extended and continuous
oceanic navigation along a series of navigation aids is not possible.
The lack of land sites precludes the general expansion of the VOR/DME
network in the NAT into a fully connected oceanic navigation system.

Ground-reference navigation service of comparable or longer range
but less precision than the VOR/DME aids is provided by the NDB aids.
The effective navigational range of an NDB aid is determined by the
power sizing designed for the individual site, and this range varies
among the individual units in the NAT. NDB radionavigation aids are
stationed along the eastern and western coasts of the NAT and in such
locations as Greenland, Iceland, Bermuda and the Azores.

3.4 Surveillance Systems

Radar is available only in domestic airspace where suitable land
sites exist for antenna location. The systems typically used for ATC
surveillance include primary radar-~which tracks aircraft skin reflec-
tions ("skin paint") of the radar signals— and secondary surveillance
radar (SSR)~-which tracks aircraft beacon responses to radar interroga-
tion. Th ground antenna transmits and receives signals which are
limited by line-of-sight and transmission power constraints. Therefore,
the effective coverage area normally extends only 200 ami at FL300 beyond
the land-based sites, as indicated in Figure 7 for the NAT region.
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FIGURE 7 APPROXIMATE RADAR COVERAGE AT FL300--NAT (INCOMPLETE)
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4.0 SEPARATION MINIMA

4.1 Separatien Minima Petermination

The separation minima applied in the NAT are established by agree-

. ments of the ICAO contracting States of the region. The agreements are
made under the auspices of ICAO and involve specially designated coordi-
nation organizations such as the North Atlantic Systems Planning Group
(NAT/SPG) whose members include representatives of ATS providers and
users. These groups conduct and review analyses of operating practices
and identify and recommend procedural changes and appropriate revisions
to existing separation minima.

The separation minima for the basic dimensions--vertical, laterel,
and longitudinal-—are based on the concept of defining protected volumes
of airspace around individual aircraft by taking into account the per-

: formance capabilities of navigation, communication, and surveillance
systems, and the ability of the ATC system to apply separation services.
In regard to separation procedures, ATC operations and rules are based
en the premise that navigation responsibility is vested with the air-

| craft and that controllers normally do not assume responsibility for

‘ navigating aircraft except in certain circumstances (e.g., radar sur-
veillance) where the ATC system has better quality position data than
does the aircraft (ref. 3).

k In the NAT oceanic agirspace environment where radar surveillance and
5' ' direct pilot-controller communications are not available, the capabili-
’ ties of the navigation equipment and position reporting and monitoring

é procedures have particular importance in regard to methods for defining
’ the rules of keeping aircraft separated. The accepted guidelines for
defining horizontal separation minima are stated by ICAO (ref. 3,

At tachment A) as quoted below:

The determination of the longitudinal separation minima
is based on the quality of information available to the
- responsible air traffic control organization.

The determination of lateral separation should be based
primarily on the accuracy with which pilots can adhere

to an assigned track. In many cases lateral separation
minima are stated in terms of the width of the airspace
to be protected along any given route or airway.

The current longitudinal separations used in the NAT are based on
conflict-free flight path clearances, and are not dependent on position
reports and controller monitoring of aircraft in oceanic airspace.
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Hence, the relative capabilities of aircraft navigation systems, the
communicatien system, and the ability of controllers to prevent
separatien vielations are reflected in the longitudinal separation
minimum that have been defined by mutual agreement.

The lateral separation minimum is based on analysis and sssessment
of the navigational accuracy of aircraft flying in the NAT. A specif-
ically developed collision risk model is used to evaluate the effects of
lateral deviatiens relative to a target level of safety. Current agree-
ment requires a target level of safety value of 0.2 fatal accidents per
10 million flying hours as the basis for assessing lateral spacing
requirements (ref. 13).

The vertical separation minimum applied in high level airspace
reflects the assumptions concerning height measuring accuracy of the
altimetry equipment currently available.

4.2 NAT Separation Standards Documentation

The NAT region's separation minima as applied in mid-1979 and as
stipulated in the ICAO Document 7030 (ref. 4) are presented in Appendix
I and thus will not be detailed in this section. Instead, the basic
characteristics of the separation minima and their application in the
NAT are summarized in the following paragraphs. Some additional details
describing lotal variations in the separation minima and their appli-
cations are included in Appendix B, which addresses the Shanwick OACC.

4.3 Vertical Separation

Subsonic jet aircraft routinely cruise above FL290 where the
vertical separation minimum is 2,000 ft. Below FL290, the vertical
separation minima is 1,000 ft. Above FL450, 4,000 ft is required
between SST aircraft and any other aircraft. In standard noncomposite
practice, subsonic IFR aircraft in cruise are assigned altitudes of odd
or even flight levels (i.e, FL180, 190, 200...280) below FL290 and odd
flight levels (i.e., FL290, FL310, 350, 370) above FL290; aircraft may
step climb between such flight levels when cleared to do so. ATS
procedures permit cruise climb operations (i.e., constant ascent rather
than step climb) on the higher altitude (i.e., FL450 to FL600) SST
tracks where low traffic density allows this technique.

4.4 Lateral Separation

Except for the NDB/ADF-based ATS tracks in the New York CTA/FIR,
the minirm.m lateral separvation between subsonic aircraft flying ac the
same flignt level is 120 nmi. Consultations with New York ACC - :rsennel
found that the 90 nmi lateral spacing is applied between aircraft on
adjacent ATS routes and between an aircraft on an ATS route and one on a
random track.




Note that the basic 120 nmi minimum that currently is practiced in
most parts of the NAT airspace is greater than the formal 90 nmi rule
specified in the ICAO Regional Supplementary Precedures (ref. 4) for
turbojet aircraft operating seuth of the 70 degree North latitude. The
90 nmi rule was objected to in the past by the pilets' union.

A lateral separation of 60 mmi is required between 38T aircraft
operating at or above FL450.

4.5 Longitudinal Separatien

A 15 min longitudinal separation is required between subsenic
turbojet aircraft eperating at the same flight level previded that:

(1) The "Mach number technique" is applied, and

(2) The aircraft concerned have reported over the same entry point
into the oceanic airspace and are on the same track or contin-
uously diverging tracks (ref. 4).

The Mach number technique requires aircraft te adhere to an AIC
cleared Mach number (ref. 3). The 15 min minimum alse applies to
aircraft not vreporting over the same entry point but that are estab-
lished with propér time intervals on oceanic courses under radar
coverage (ref. 4).

The 15 min separation applied under the Mach number technique and
track requirements stated above may be reduced to the following separa-
tions as stipulated in the ICAO Regional Supplementary Procedures (ref.
4): -

10 minutes at the entry peint into oceanic controlled airspace if
the preceding aircraft is maintaining a speed of at least Mach 0.03
greater than that of the following aircraft.

5 minutes at the entry point into oceanic controlled airspace if
the preceding aircraft is maintaining a speed of at least Mach 0.06
greater than that of the following aircraft.

In general, the 15 min longitudinal separation and Mach number
technique are applied to aircraft entering OTS tracks and ATS routes and
to aircraft cenducting altitude changes on the OTS tracks enly. The 5
and 10 min reduced separations are not applied to aircraft cenducting
altitude changes. The New York ACC personnel repert that a 20 minute
longitudinal separation is applied between all aircraft entering the
Santa Maria CTA/FIR except between those aircraft en OTS tracks.

A 20 min longitudinal separation is required between all subsenic

turbejet aircraft not covered by the 15, 10, and 5 min separatien rules
addressed abeve (ref. 4). The 20 min separation applies te aircraft not
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adhering te the Mach number technique requirements, to aircraft changing
tracks er etherwise crossing, joining or leaving a track, and te the
special circumstances neted in the preceding paragraph.

A 30 min longitudinal separation minimum is required between all
nonturbo jet aircraft except those operating on the ATIS tracks in the New
York CTA/FIR where a 20 min minimum is applied (ref. 4).

The lengitudinal separation minima using the Mach number technique
reportedly is increased to 20 min on the OTS in special circumstances
during which technical services are degraded; such conditions include
ionospherical disturbances causing HF radio blackouts (ref. 14).

[

To summarize, the separation minima results in a situation in which
subsonic turbojet aircraft entering an OTS or ATS route and using the
Mach number technique are subject to a 15 min longitudinal minimum
applied at any point along the track including the exit point with
allowances for reductions to 5 or 10 min at the entry point only. The
only addition to the above in the application of the Mach number tech-
nique is the retention on the OTS only of 15 min separation between
aircraft changing or having changed altitude. Otherwise the longitu-
dinal minimum in all other circumstances for turbojet aircraft is 20
min. Nonturbojet aircraft are subject to a 20 min minimum on the ATS
routes in the New York CTA/FIR and a 30 min minimum elsewhere.

In regard to supersonic flight, a 10 min longitudinal separation is
applied to aircraft on the NAT SST tracks provided that:

...both aircraft are in level flight at the same Mach number
or the aircraft are of the same type and are both operating
in cruise climb; and the aircraft concerned have reported
over the same entry point into the oceanic controlled air-
space with a time interval of at least 12 minutes confirmed
by radar observation and follow the same or continuously
diverging tracks until another form of separation is
established. (ref. 4).

The 10 min rule also applies to SST aircraft not reporting over the
same entry point but that are established on oceanic courses under radar
coverage with a proper time interval. Clearance to begin a deceleration/
descent phase of flight may be issued to an SST while the 10 min
separation minimum is in effect (ref. 4).

4.6 Composite Separation

Composite separation rules in the NAT are described by the following
explanation (ref. 14):

A composite separation consists of a vertical minimum of 1000 ft
combined with a lateral minimum of 60 miles, and may be used
provided that:




It is used solely within the OTS.
It is applied only te aircraft at or above FL290.

Existing vertical separation minimum (i.e., 2,000 ft) is applied
between aircraft on the same track.

Existing lateral separatibn minimum (i.e., 120 miles) is applied
between aircraft at the same level on different tracks.

Composite separatien may be applied between aircraft flying in the
same or opposite directions. Flight levels representing even levels
(e.g., FL320, 340, 360) are used on intermediate tracks inserted between
the standard tracks which employ the standard odd levels (e.g., FL310,
330, 350, and 370) as shewn in Figure 8. Composite separation was
introduced in 1970 (ref. 10).

Longitudinal separations applied to aircraft on the composite tracks
are the same as those minima described in the preceding paragraphs for
the standard tracks including the application of 5 and 10 min reduced
separations at track entry and strict 15 min separatiens fer aircraft
changing altitude on any single composite track.

4.7 Minimum Navigation Performance Specifications

In December 1977, ICAO introduced an MNPS for certain flights over
the North Atlantic in the oceanic airspace between 27 degrees North and
67 degrees North latitudes east of 60 degrees West longitude and between
FL275 and FL400 as shown in Figure 9. The specifications, which are
described in Appendix I, require aircraft in the MNPS airspace to
satisfy a level of navigation performance capability.

The MNPS has justified reductions in the separation minima based ca
the everall improvement in navigation precision. Studies conducted under
the ceerdination. of NAT/SPG have supported a recent NAT/SPG agreement to
reduce the lateral and longitudinal separation minima to 60 nmi and 10
min, respectively, in MNPS airspace. The lateral separation reduction
will achieve a system of uniform flight levels on each track rather than
one similar to the current staggered arrangement of flight levels on
adjacent tracks. The studies, which are continuing, address the inci-
dence, detected by radar observation, of aircraft deviations from
assigned tracks as flights transition from oceanic to demestic airspace.
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5.C ORGANLZED TRACK SYSTEM
5.1 Histerical Perspective

Prier to the mid-1950s, the propeller and turboprop aircraft traffic
in the NAT girspace was relatively light and did not require flow regu-
lation by advance planning. Flights in both directions were handled
strictly en an ad hoc, first-come, first-served basis. However, subse-
quent increases in aircraft activity complicated the management of air
traffic to the degree that a more formal airspace structure was required.
In 1956, the Gander ACC and Prestwick OACC agreed to introduce the
"datum line"” strategy to handle the major traffic flow between Canada

and Northern Europe (ref. 10).

The datum line was a boundary running from Europe to North America
separating eastbound from westbound traffic and was negotiated by the
two centers twice each day. The eastbound traffic generally was limited
to the airspace at least 60 nmi to one side of the line, with the
westbounds constrained similarly to the other side of the line. When
necessary, two datum lines would be established with traffic in one
direction flying between the two lines and the opposite direction
traffic flying on either side (refl. 10).

The introduction of turbojet aircraft and the accompanying increase
in traffic activity intensifi