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FOREWORD

At the request of the Air Navigation Commission (ANC),
the ICAO Secretariat prepared a report on simultaneous
operations on parallel or near-parallel instrument runways,
which included proposals regarding minimum distances
between instrument runways. In 1980, the ANC reviewed
the report, recognizing the difficulty in determining acceptable distances between parallel instrument runways and
agreeing on the need for ICAO to study the matter further.
States and selected international organizations were invited
to provide information on current practices and related
questions with respect to minimum distances between
parallel runways for simultaneous use under instrument
flight rules (IFR).

instrument runways was prepared by the ICAO Secretariat,
with the assistance of the study group.
The information contained in this manual reflects the
experience accumulated by several States and is intended to
facilitate implementation of related provisions in Annex 14
— Aerodromes, Volume I — Aerodrome Design and Operations, Chapters 1 and 3; the Procedures for Air Navigation
Services — Air Traffic Management (PANS-ATM,
Doc 4444), Chapter 6; and the Procedures for Air Navigation Services — Aircraft Operations (PANS-OPS,
Doc 8168), Volume I, Part I, Chapter 1, and Volume II,
Part II, Chapter 6.

Four States indicated that they had operational
experience with simultaneous operations on parallel instrument runways and had conducted studies on the subject.
The requirements for the simultaneous use of such runways
were considerable, and there was support for ICAO to
develop specifications and undertake work on this subject.

Following the updating of the ICAO provisions related
to SOIR, applicable on 9 November 1995, the SOIR Study
Group continued to assist in evaluating the use of new
technologies, such as the global navigation satellite system
(GNSS), for the purpose of supporting simultaneous IFR
operations on closely spaced parallel runways, with a view
to updating the relevant provisions and guidance material
as necessary.

The Commission, in light of the views expressed by
selected States and international organizations on minimum
distances between instrument runways used for simultaneous operations, noted the complex nature of the subject
and the fact that it covered many disciplines in the air
navigation field. It also agreed that guidance material was
needed in view of the complexity of the subject. In January
1981, the Commission decided to proceed with the study
and authorized the establishment of an air navigation study
group, designated the Simultaneous Operations on Parallel
or Near-Parallel Instrument Runways (SOIR) Study Group,
to assist the Secretariat in its work.

This manual is intended to be a living document.
Periodic amendments or new editions will be published on
the basis of experience gained and of comments and
suggestions received from users of this manual. Readers are
therefore invited to address their comments, views and
suggestions to:
The Secretary General
999 University Street
Montréal, Quebec H3C 5H7
Canada

Subsequently, at the request of the ANC, this manual
on simultaneous operations on parallel or near-parallel

(iii)
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GLOSSARY OF TERMS AND
ABBREVIATIONS/ACRONYMS

Independent parallel departures. Simultaneous departures
from parallel or near-parallel instrument runways.

Terms that are defined in Standards and Recommended
Practices (SARPs) and Procedures for Air Navigation
Services (PANS) are used in accordance with the meanings
and usages given therein. In this manual, however, there are
a number of other terms describing facilities, services,
procedures, etc., related to aerodrome operations and air
traffic services that are not yet included in Annexes or
PANS documents. These terms and abbreviations, including
definitions contained in Annex 14, the PANS-ATM, and the
PANS-OPS, are given below.

Miss distance. The minimum lateral spacing achieved
when the tracks of both aircraft are parallel after the
threatened aircraft has executed the evading manoeuvre
in the deviation analysis.
Mixed parallel operations. Simultaneous approaches and
departures on parallel or near-parallel instrument
runways.
Near-parallel runways. Non-intersecting runways whose
extended centre lines have an angle of convergence/
divergence of 15 degrees or less.

TERMS
Airborne collision avoidance system (ACAS). An aircraft
system based on secondary surveillance radar (SSR)
transponder signals which operates independently of
ground-based equipment to provide advice to the pilot
on potential conflicting aircraft that are equipped with
SSR transponders.

Normal operating zone (NOZ). Airspace of defined
dimensions extending to either side of an ILS localizer
course and/or MLS final approach track. Only the inner
half of the normal operating zone is taken into account
in independent parallel approaches.

Correction zone. Additional airspace provided for the
purpose of resolving conflicts.

No transgression zone (NTZ). In the context of independent parallel approaches, a corridor of airspace of
defined dimensions located centrally between the two
extended runway centre lines, where a penetration by
an aircraft requires a controller intervention to
manoeuvre any threatened aircraft on the adjacent
approach.

Delay time. The time allowed for an air traffic controller to
react, coordinate and communicate the appropriate
command to the pilot, for the pilot to understand and
react, and for the aircraft to respond.
Dependent parallel approaches. Simultaneous approaches
to parallel or near-parallel instrument runways where
radar separation minima between aircraft on adjacent
extended runway centre lines are prescribed.
Deviation alert. An aural and visual alarm indicating
situations where an aircraft deviates into the no transgression zone (NTZ) established between parallel
runway approaches.

Precision runway monitor (PRM). A specialized
secondary surveillance radar system for monitoring of
aircraft conducting simultaneous independent instrument approaches to parallel runways spaced less than
1 525 m (5 000 ft) but not less than 1 035 m (3 400 ft)
apart. The equipment should have a minimum azimuth
accuracy of 0.06 degrees (one sigma), an update period
of 2.5 seconds or less, and a high resolution display
providing position prediction and deviation alert.

Independent parallel approaches. Simultaneous approaches
to parallel or near-parallel instrument runways where
radar separation minima between aircraft on adjacent
extended runway centre lines are not prescribed.

Segregated parallel operations. Simultaneous operations
on parallel or near-parallel instrument runways in
which one runway is used exclusively for approaches
and the other runway is used exclusively for departures.
(vii)
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Semi-mixed parallel operations. Simultaneous operations
on parallel or near-parallel instrument runways in
which one runway is used exclusively for departures
while the other runway is used for a mixture of
approaches and departures, or one runway is used exclusively for approaches while the other runway is used
for a mixture of approaches and departures.

ABBREVIATIONS/ACRONYMS
ATC
ATIS
ATS

air traffic control
automatic terminal information service
air traffic service

GNSS
IFR
ILS
MLS
mrad
NOZ
NTZ
PGDP
PRM
s
SOIR
SSR
VMC

global navigation satellite system
instrument flight rules
instrument landing system
microwave landing system
milliradian(s)
normal operating zone
no transgression zone
probability-of-good-data point
precision runway monitor
second(s)
simultaneous operations on parallel or
near-parallel instrument runways
secondary surveillance radar
visual meteorological conditions

Chapter 1
OPERATIONAL CONCEPTS AND CONSIDERATIONS

1.1 GENERAL

— Mode 1, independent parallel approaches: simultaneous approaches to parallel or near-parallel
instrument runways where radar separation minima
between aircraft on adjacent extended runway
centre lines are not prescribed; and

1.1.1 The use of parallel or near-parallel runways to
maximize aerodrome capacity is an old concept. In
Annex 14, Volume I, Chapter 3, 3.1.10, it is recommended
that where parallel runways are provided for simultaneous
use under visual meteorological conditions (VMC) only,
the minimum distance between their centre lines should be
210 m (690 ft) when the runways are intended for use by
medium or heavy aeroplanes. Under instrument flight rules
(IFR), however, the safety of parallel runway operations is
affected by several factors such as the accuracy of the surveillance radar monitoring system, the ability of controllers
to intervene when an aircraft deviates from the instrument
landing system (ILS) localizer course or the microwave
landing system (MLS) final approach track, the precision
with which aircraft can navigate to the runway, and the
controller, pilot and aircraft reaction times.

— Mode 2, dependent parallel approaches: simultaneous approaches to parallel or near-parallel
instrument runways where radar separation minima
between aircraft on adjacent extended runway
centre lines are prescribed.

1.2.2

— Mode 3, independent parallel departures: simultaneous departures from parallel or near-parallel
instrument runways.

1.1.2 The impetus for considering simultaneous operations on parallel or near-parallel instrument runways under
IFR is provided by the need to increase capacity at busy
aerodromes. This increase in capacity can be accomplished
either by using existing parallel runways more efficiently or
by building additional runways. The cost of the latter can
be very high; on the other hand, an aerodrome already
having parallel runways, each equipped with ILS and/or
MLS, could increase its capacity if these runways could be
safely operated simultaneously and independently under
IFR. However, other factors, such as surface movement
guidance and control, environmental considerations, and
landside/airside infrastructure, may negate the advantages
to be gained from simultaneous operations.

1.2

1.2.1

Simultaneous parallel departures

Note.— When the spacing between two parallel
runways is less than the specified value dictated by
wake turbulence considerations, the runways are
considered as a single runway with regard to
separation between departing aircraft.

1.2.3

Segregated parallel approaches/departures

— Mode 4, segregated parallel operations: simultaneous operations on parallel or near-parallel
instrument runways in which one runway is used
exclusively for approaches and the other runway is
used exclusively for departures.
1.2.3.1 In the case of segregated parallel approaches
and departures (Mode 4), there may be semi-mixed operations, i.e. one runway is used exclusively for departures,
while the other runway is used for a mixture of approaches
and departures; or, one runway is used exclusively for
approaches while the other is used for a mixture of
approaches and departures. There may also be mixed
operations, i.e. simultaneous parallel approaches with

MODES OF OPERATION

Simultaneous parallel approaches

Two basic modes of operation are possible:
1-1
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departures interspersed on both runways. In all cases, however, semi-mixed or mixed operations may be related to the
four basic modes listed in 1.2.1, 1.2.2 and 1.2.3 as follows:
Mode
a) Semi-mixed parallel operations
1) One runway is used exclusively for
approaches while:
— approaches are being made to
the other runway, or
— departures are in progress on
the other runway.
2) One runway is used exclusively for
departures while:
— approaches are being made to
the other runway, or
— departures are in progress on
the other runway.
b) Mixed parallel operations
All modes of operation are possible.

1 or 2
4

4
3

1, 2, 3, 4

1.3 FACTORS AFFECTING
SIMULTANEOUS OPERATIONS ON
PARALLEL INSTRUMENT RUNWAYS
1.3.1 In the case of simultaneous parallel approaches
to two parallel or near-parallel instrument runways, each
with an associated instrument approach procedure, the
approach minima of each runway are not affected. The
operating minima used are identical to those applied for
single runway operations.
1.3.2 There are some special procedures that have
been promulgated in States using independent parallel
approaches. To make flight crews aware of the importance
of executing precise manoeuvres to intercept and follow
closely the ILS localizer course or MLS final approach
track, flight crews are notified prior to commencing
approach that simultaneous parallel instrument approaches
are in progress. This procedure also alerts flight crews to

the possibility of an immediate evasive manoeuvre (breakout) in case of a deviation by an aircraft on the adjacent
extended centre line.
1.3.3 Theoretical studies indicate that the maximum
arrival capacity may be achieved by operating independent
parallel approaches, followed by dependent parallel approaches. These theoretical gains can, however, often be
significantly lower in practice due to practical difficulties
associated with implementation.
1.3.4 Further reductions in the theoretical capacity
may arise through a lack of pilot familiarity with the
procedures at aerodromes where there is a high proportion
of unscheduled flights. Lack of familiarity can also result in
the selection of incorrect ILS or MLS frequencies, while
language difficulties, in particular lack of proficiency in the
English language, may present communication problems
between controllers and pilots.
1.3.5 When there are aircraft departing during mixed
or semi-mixed operations, gaps have to be created in the
landing stream. The effect of this is a reduction in the
arrival capacity in order to accommodate departures; hence,
it is a critical factor in determining the maximum runway
capacity. Also, when operating departures on the landing
runway, the probability of missed approaches increases
with a corresponding reduction in capacity.
1.3.6 Factors that can affect the maximum capacity or
the desirability of operating parallel runways simultaneously are not limited to runway considerations. Taxiway layout and the position of passenger terminals relative
to the runways can make it necessary for traffic to cross
active runways, a situation which may lead not only to
delays but also to a reduction in the level of safety due to
the possibility of runway incursions. The total surface
movement environment must be carefully assessed when
determining how particular parallel runways are to be used.
1.3.7 The decision to implement simultaneous operations at a particular location must take into consideration
all of the foregoing factors, as well as any other constraints
such as environmental considerations.

Chapter 2
SIMULTANEOUS APPROACHES TO
PARALLEL RUNWAYS (MODES 1 AND 2)

2.1 GENERAL

up for the wrong runway. This situation involves a
correct approach but visual acquisition of the wrong
runway. Such an event might occur too quickly and
too close to the threshold to be reliably detected or
resolved by the controller. If this situation is determined to be a problem, some means of improving
visual runway identification may be required.

2.1.1 Procedures exist for independent and dependent
approaches to parallel runways under IFR. An extension of
these procedures to reduced runway spacings can permit a
broader application. This chapter presents the requirements
for such reductions in spacing for parallel runway ILS
and/or MLS approaches.

2.1.5 As the spacing between parallel runways
decreases, it becomes more difficult for the approach
controller to determine from a conventional radar display
whether an aircraft is correctly aligned. Errors in both
surveillance and navigation contribute to the uncertainty
regarding an aircraft’s intentions. Improvements in both
surveillance and navigation performance may therefore be
required to ensure that the number of false alarms is kept
low.

2.1.2 The concepts, procedures and dimensions applicable to independent and dependent parallel approaches are
based on, and apply to, autopilot or hand-flown ILS or
MLS procedures. The use of other precision approach aids
technology not covered in this manual may necessitate
changes to the separation and spacing requirements of
parallel runway operations.
2.1.3 The primary purpose for permitting simultaneous operations on parallel or near-parallel instrument
runways is to increase runway capacity. The largest
increase in arrival capacity is achieved through the use of
independent approaches (Mode 1) to parallel or nearparallel instrument runways.

2.1.6 In addition to helping with the runway
misidentification problem, an improved surveillance system
may have an effect on the resulting miss distance in the
event of a deviation. Any violation of the required separation would be detected sooner, allowing more time for the
controller to act.

2.1.4 A potential problem associated with closer
runway spacings is the possibility that an aircraft will make
the approach to the wrong runway. There are at least two
ways this situation might occur:

2.2 INDEPENDENT PARALLEL
INSTRUMENT APPROACHES (MODE 1)

a) The pilot may misinterpret the approach clearance
or use the incorrect approach chart and line up on
the wrong ILS localizer or MLS final approach
track. This situation could be avoided if procedures
are instituted which require confirmation of the
runway assignment, i.e. verbal verification of the
ILS localizer or MLS frequency. Such procedures
would reduce, but not eliminate, the risk of an
aircraft approaching the wrong runway.

2.2.1.1 Independent parallel approaches may be conducted to parallel runways provided:

b) The pilot on an instrument approach may, after
reaching visual conditions, visually acquire and line

a) the runway centre lines are spaced by the distance
specified in Annex 14, Volume I, and:

2.2.1

Requirements and procedures

Note.— See the Procedures for Air Navigation Services
— Air Traffic Management (PANS-ATM, Doc 4444),
Chapter 6, 6.7.3.2.
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1) where runway centre lines are spaced by less
than 1 310 m (4 300 ft) but not less than
1 035 m (3 400 ft), suitable SSR equipment,
with a minimum azimuth accuracy of
0.06 degrees (one sigma), an update period of
2.5 seconds or less and a high resolution
display providing position prediction and
deviation alert is available; or

g) a no transgression zone (NTZ) at least 610 m
(2 000 ft) wide is established equidistant between
extended runway centre lines and is depicted on the
radar display;

2) where runway centre lines are spaced by less
than 1 525 m (5 000 ft) but not less than
1 310 m (4 300 ft), SSR equipment with performance specifications other than the foregoing may be applied, provided they are equal
to or better than those stated under 3) below,
and when it is determined that the safety of
aircraft operation would not be adversely
affected; or

1) aircraft do not penetrate the depicted NTZ; and

3) where runway centre lines are spaced by
1 525 m (5 000 ft) or more, suitable surveillance radar with a minimum azimuth accuracy
of 0.3 degrees (one sigma) or better and an
update period of 5 seconds or less is available;
Note.—Background information related to
safety issues and precision runway monitoring
(PRM) systems necessary for the implementation of
independent approaches to closely spaced parallel
instrument runways can be found in Appendix A.
b) ILS and/or MLS approaches are being conducted
on both runways;
Note.— It is preferred that an ILS and/or MLS
serving a runway used for simultaneous parallel
approaches has co-located precision distance
measuring equipment (DME).
c) the missed approach track for one approach
diverges by at least 30 degrees from the missed
approach track of the adjacent approach;
d) an obstacle survey and evaluation is completed, as
appropriate, for the areas adjacent to the final
approach segments;
e) aircraft are advised of the runway identification and
ILS localizer or MLS frequency as early as
possible;
f) radar vectoring is used to intercept the ILS localizer
course or the MLS final approach track;

h) separate radar controllers monitor the approaches to
each runway and ensure that when the 300 m
(1 000 ft) vertical separation is reduced:

2) the applicable minimum longitudinal separation
between aircraft on the same ILS localizer
course or MLS final approach track is maintained; and
i) if no dedicated radio channels are available for the
radar controllers to control the aircraft until landing:
1) transfer of communication of aircraft to the
respective aerodrome controller’s frequency is
effected before the higher of two aircraft on
adjacent final approach tracks intercepts the
ILS glide path or the specified MLS elevation
angle; and
2) the radar controllers monitoring the approaches
to each runway are provided with the capability
to override transmissions of aerodrome control
on the respective radio channels for each arrival
flow.
2.2.1.2 As early as practicable after an aircraft has
established communication with approach control, the aircraft shall be advised that independent parallel approaches
are in force. This information may be provided through the
automatic terminal information service (ATIS) broadcasts.
2.2.1.3 Whenever parallel approaches are carried out,
separate radar controllers should be responsible for the
sequencing and spacing of arriving aircraft to each runway.
2.2.1.4 When an aircraft is being vectored to intercept
the ILS localizer course or MLS final approach track, the
final vector shall enable the aircraft to intercept the ILS
localizer course or MLS final approach track at an angle
not greater than 30 degrees and to provide at least 2 km
(1.0 NM) straight and level flight prior to ILS localizer
course or MLS final approach track intercept. The vectors
shall also enable the aircraft to be established on the ILS
localizer course or MLS final approach track in level flight
for at least 3.7 km (2.0 NM) prior to intercepting the ILS
glide path or specified MLS elevation angle.

Chapter 2.

Simultaneous Approaches to Parallel Runways (Modes 1 and 2)

2.2.1.5 A minimum of 300 m (1 000 ft) vertical
separation or, subject to radar system and radar display
capabilities, a minimum of 5.6 km (3.0 NM) radar
separation shall be provided at least until 19 km (10 NM)
from the threshold and until aircraft are established:
a) inbound on the ILS localizer course and/or MLS
final approach track; and
b) within the normal operating zone (NOZ).
2.2.1.6 Subject to radar system and radar display
capabilities, a minimum of 5.6 km (3.0 NM) radar separation shall be provided between aircraft on the same ILS
localizer course or MLS final approach track unless
increased longitudinal separation is required due to wake
turbulence or for other reasons.
2.2.1.7 Each pair of parallel approaches has a “high
side” and a “low side” for vectoring to provide vertical
separation until aircraft are established inbound on their
respective parallel ILS localizer course and/or MLS final
approach track. The low-side altitude should be such that
the aircraft will be established on the ILS localizer course
or MLS final approach track well before ILS glide path or
specified MLS elevation angle interception. The high-side
altitude should be 300 m (1 000 ft) above the low side at
least until 19 km (10 NM) from the threshold.
2.2.1.8 If an aircraft is observed to deviate from its
course towards the NTZ boundary, the appropriate monitoring controller will instruct the aircraft to return to the
correct ILS localizer course/MLS final approach track
immediately. In the event an aircraft is observed to
penetrate the NTZ, the appropriate monitoring controller
will instruct the aircraft on the adjacent localizer course or
MLS final approach track to immediately climb and turn to
an assigned altitude and heading in order to avoid the
deviating aircraft. Any heading instruction shall not exceed
45 degrees track difference with the ILS localizer course or
MLS final approach track. Where parallel approach
obstacle assessment surfaces (PAOAS) criteria are applied
to the obstacle assessment, the air traffic controller shall not
issue the heading instruction to aircraft below 120 m
(400 ft) above the threshold elevation.
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b) the aircraft has landed or, in case of a missed
approach, is at least 2 km (1.0 NM) beyond the departure end of the runway, and adequate separation
with any other traffic is established.
Note.— There is no requirement to advise the aircraft
that radar monitoring has been terminated.

2.2.2 No transgression zone (NTZ)
2.2.2.1 Since radar separation is not provided
between traffic on adjacent extended runway centre lines in
Mode 1 approaches, there must be an established means of
determining when an aircraft deviates too far from the ILS
localizer course or the MLS final approach track. This is
achieved through the concept of the NTZ (see Figure 2-1).
2.2.2.2 The NTZ is a corridor of airspace established
equidistant between two extended runway centre lines. The
NTZ has a minimum width of 610 m (2 000 ft) and extends
from the nearest threshold out to the point where the 300 m
(1 000 ft) vertical separation is reduced between aircraft on
the adjacent extended runway centre lines. The significance
of the NTZ is that the monitoring radar controllers must
intervene to establish separation between aircraft if any
aircraft is observed to penetrate the NTZ. The width of the
NTZ depends on the following four factors:
a) Detection zone. Some airspace allowance must be
made for limitations of the surveillance system and
for controller observation/reaction time in the
detection of a deviating aircraft. The allowance is
dependent on the update rate and accuracy of the
radar system, and the resolution of the radar display
used.
b) Delay time/reaction time. Some airspace allowance
must be made:
1) for the time during which the controllers react,
determine the appropriate resolution manoeuvre,
and communicate the appropriate instructions to
achieve separation;
2) for the time it takes the pilot to understand the
instructions and react; and

2.2.1.9 Radar monitoring shall not be terminated
until:

3) for the aircraft to respond to the control inputs.

a) visual separation is applied, provided procedures
ensure that both radar controllers are advised whenever visual separation is applied; or

c) Correction zone. An additional airspace allowance
must be made for the completion of the resolution
manoeuvre by the threatened aircraft.
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d) Miss distance. In the deviation analysis, allowance
must be made for adequate track spacing. It must
include lateral spacing and an allowance for the fact
that the threatened aircraft may not be exactly on
the extended runway centre line of the adjacent
runway.
2.2.2.3 The determination of airspace allowances for
the detection zone, delay time/reaction time, correction
zone and miss distance is based on several assumptions.
One of the most complicated and important tasks of the
monitoring radar controller is the determination of the
appropriate manoeuvre for the threatened aircraft following
a failure of the deviating aircraft to return to its appropriate
ILS localizer course or MLS final approach track. Turning
away from the threat may not always provide the optimum
separation. The amount of time allocated to the controller
for determining the proper resolution manoeuvre must
therefore be generous.

2.2.3

Normal operating zone (NOZ)

2.2.3.1 The NOZ is the airspace in which aircraft are
expected to operate while manoeuvring to pick up and fly
the ILS localizer course or the MLS final approach track
(see Figure 2-1).
2.2.3.2 There is one NOZ associated with each
extended runway centre line. The NOZ is centred on the
extended runway centre line, and its total width is twice the
distance from the extended runway centre line to the
nearest edge of the NTZ. Thus, the airspace between two
extended runway centre lines consists of the NTZ and the
two inner halves of the NOZs associated with each
extended runway centre line. Once established on the ILS
localizer course/MLS final approach track, aircraft are
expected to remain within the NOZ without radar controller
interventions.
2.2.3.3 The NOZ extends from the threshold out to
the point where the aircraft joins the extended runway
centre line. The width of the NOZ is determined by taking
into account the guidance systems involved and the
track-keeping accuracy of the aircraft; the more precise the
navigation aids and track-keeping, the narrower the NOZ.
2.2.3.4 The width of the NOZ is such that the
likelihood of any normally operating aircraft straying
outside of the NOZ is very small. This assists in keeping
the controller workload low and gives pilots confidence
that all action taken by the monitoring controller is

absolutely necessary and not the result of a nuisance alarm.
The remainder of the spacing between the approach tracks,
i.e. the NTZ, must then provide for the safe resolution of
potential conflicts.

2.2.4 Combination of normal operating zones
and no transgression zones
The size of NOZs and the NTZ is determined according to
the runway situation. In the case of existing parallel runways, the width of the NTZ is first determined based on the
safety considerations described earlier. The remaining airspace can then be allocated to the two inner halves of the
NOZs associated with each extended runway centre line.
The results then dictate the required level of precision of
the approach guidance system that is necessary. When there
is only one runway and the question is how close to it a
parallel runway can be built, the answer is derived in a
similar fashion: first, the desired width of the NTZ is
determined based on safety considerations; then, the
desired widths of the inner halves of the two NOZs are
determined. The lateral spacing for the new runway would
thus be the sum of the NTZ width and the width of the two
inner halves of the NOZs. Figure 2-2 shows one example
using runway spacing of 1 310 m (4 300 ft).

2.2.5 Spacing requirements of
independent parallel instrument approaches
2.2.5.1 The NTZ must provide for the safe resolution
of potential conflicts. In the deviation scenario, it is
assumed that the deviating aircraft penetrates the NTZ at a
30-degree angle and proceeds on this track toward the
aircraft on the adjacent approach. The threatened aircraft is
vectored away to achieve separation, and the deviation
analysis ends when the threatened aircraft has achieved a
30-degree track change to parallel the intruder’s track.
Other initial deviation scenario assumptions include the
following:
a) aircraft speeds of 278 km/h (150 kt);
b) recovery turn rate of 3 degrees per second;
c) navigation accuracy of 46 m (150 ft) (one sigma) at
19 km (10 NM); and
d) the navigation accuracy of the non-deviating
aircraft is considered to be contained within the
three sigma value of the net position-keeping
accuracy.
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NOZ

The NOZ extends
from the runway
threshold to the
point where aircraft
are established on
the centre line

NTZ

NOZ

The NTZ extends
from the nearer
runway threshold
to the point where
vertical separation
is reduced

The NOZ extends
from the runway
threshold to the
point where aircraft
are established on
the centre line

ILS/MLS #1

ILS/MLS #2

Figure 2-1.

Example of normal operating zones (NOZs)
and no transgression zone (NTZ)
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Figure 2-2.

Example of spacing of NOZs and NTZ

2.2.5.2 The corresponding values used to ascertain
the 1 310 m (4 300 ft) runway spacing are:

1) guidance: a front-course ILS and/or MLS being
flown manually or auto-coupled; and

a) detection zone: 275 m (900 ft) using surveillance
radar with a minimum azimuth accuracy of
0.3 degrees (one sigma) and an update rate of
5 seconds or less;

2) flying precision: an analysis of an assortment of
radar data associated with ILS or MLS
approaches.

b) delay time: 8 seconds which corresponds to 300 m
(1 000 ft) assuming a dedicated radar monitoring
controller with a frequency override broadcast
capability;
c) correction zone: 180 m (600 ft) with an assumed
3-degree-per-second correction rate by the threatened
aircraft;
d) miss distance: 60 m (200 ft) with a 140 m (450 ft)
navigation buffer which means a threatened aircraft
is assumed to be not more than 140 m (450 ft) off
its centre line at the time of the threat as opposed to
being within its own NOZ; and
e) inner half of NOZ: A value of 350 m (1 150 ft)
which is the width of the inner half of the NOZ of
the deviating aircraft. It is based on the following
factors:

2.2.6 Safety-related issues
affecting independent approaches to
closely spaced parallel instrument runways
Note.— Background information related to safety issues
and precision runway monitoring (PRM) systems necessary
for the implementation of independent approaches to
closely spaced parallel instrument runways can be found in
Appendix A.
Independent operations on closely spaced parallel runways
are extremely safety-critical and should be undertaken only
after considerable attention has been devoted to several
safety-related issues. In particular, the issues listed below
need to be addressed before any implementation.
a) Weather limitations. Independent instrument
approaches to parallel runways spaced by less than
1 525 m (5 000 ft) but not less than 1 035 m
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(3 400 ft) between centre lines should, as prescribed
by the appropriate air traffic services (ATS) authority, be suspended under certain adverse weather
conditions (e.g. windshear, turbulence, downdrafts,
crosswind and severe weather such as thunderstorms) which might increase ILS localizer
course/MLS final approach track deviations to the
extent that safety may be impaired and/or an
unacceptable number of deviation alerts would be
generated. ATS authorities should establish criteria
for the suspension of simultaneous operations on
parallel or near-parallel instrument runways under
these conditions and should ensure that independent/dependent parallel approaches are only conducted when aircraft are able to adequately follow
the ILS localizer course/MLS final approach track.
Consideration should be given to the weather
characteristics at each individual aerodrome.
b) ILS or MLS flight technical error. Aircraft using the
ILS localizer course or MLS final approach track
signals are subject to errors from several sources,
including the accuracy of the signal, the accuracy of
the airborne equipment, and the ability of the pilot
or autopilot to follow the navigational guidance
(flight technical error (FTE)). Deviations from the
ILS localizer course or MLS final approach track
may vary with the runway under consideration; it is
therefore essential that the FTE be measured at
each installation and the procedures adapted to
ensure that false deviation alerts are kept to a
minimum.
c) Communications. When there is a large deviation
from the final approach track, communication
between the controllers and pilots involved is
critical. For independent parallel approaches, two
aerodrome controllers are required, one for each
runway, with separate aerodrome control frequencies. The two monitoring radar controllers can
transmit on either of these frequencies, automatically overriding transmissions by the aerodrome
controllers, or can use dedicated radio channels, if
available. It is essential that a check of the override
capability at each monitor position be performed
prior to the monitoring radar controllers assuming
responsibility of the position. ATS authorities
should take steps to ensure that, in the event of a
deviation, the monitoring radar controller will be
able to contact the deviating aircraft and the
endangered aircraft immediately. This will involve
studying the proportion of time during which
communications are blocked.
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d) Obstacle evaluation. Since aircraft may need to be
turned away from the final approach track at any
point during the approach, an obstacle survey and
evaluation must be completed for the area opposite
the other parallel runway in order to safeguard early
turns required to avoid potential intruding aircraft
from the adjacent final approach. This check can be
made using a set of defined parallel approach
obstacle assessment surfaces (PAOAS). Any obstacle that, in the opinion of the appropriate ATS
authority, would adversely affect a break-out during
independent parallel approaches to closely spaced
parallel runways should be depicted on the display
to help the monitoring radar controller.
Note.— An example of a method to assess these
obstacles is included in the PANS-OPS, Volume II,
Part III. Detailed criteria on the obstacle clearance
survey adjacent to the final approach segment are
contained in FAA Order 8260.41.
e) Pilot training. Operators should ensure that flight
crews conducting simultaneous independent
approaches to parallel runways are adequately
trained. Immediate break-out manoeuvres, which
are performed on instruction by air traffic control,
are different from the missed approach procedures
in which pilots are already proficient. The parameters for the manoeuvre, pilot training and
periodic proficiency requirements need to be
defined by States and operators. Deviations may
cause the radar controller to issue instructions to
return to the ILS localizer course or MLS final
approach track by overriding the aerodrome control
frequency. It must be clear to the pilot-in-command
that the word “immediately”, when used by the
monitoring radar controller, indicates an emergency
manoeuvre that must be carried out instantly to
maintain spacing from another aircraft.
f) Controller training. Prior to being assigned
monitoring duties, air traffic controllers must
receive training, including instruction in the
specific duties required of a monitoring radar
controller.
g) Risk analysis. A risk analysis using available data
indicated that the probability of having a miss distance of less than 150 m (500 ft) between aircraft is
expected to be less than 1 per 56 000 000
approaches, i.e. 1.8 × 10–8. This has proved the
concept; however, it has not been demonstrated that
all such operations anywhere in the world would be
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safe. It is therefore essential that, wherever
independent approaches to closely spaced parallel
runways are contemplated, a risk analysis be completed for each location to ensure satisfactory levels
of safety.
h) Airborne collision avoidance system (ACAS).
During operational evaluations of ACAS II, some
unnecessary missed approaches occurred as a result
of “nuisance” resolution advisories (RAs). To remedy this situation, a number of modifications were
made to the collision avoidance logic. These modifications, however, did not completely eliminate
such occurrences. Accordingly, the use of “traffic
advisory (TA) only” mode during parallel approach
operations should be recommended and indicated
on the published approach charts.
i) Transponder failure. SSRs and PRMs are dependent on the aircraft transponder for detection and
display of aircraft to the monitoring radar
controller. If an aircraft without an operating transponder arrives at an aerodrome, air traffic control
(ATC) will create a gap in the arrival flow so that
the aircraft will not require monitoring. If an
aircraft transponder fails during an instrument
approach, the monitoring radar controller will
instruct any adjacent aircraft to break out.
j) Fast/slow aircraft. If a fast aircraft deviates towards
a slower aircraft on the adjacent approach, the
slower aircraft may not be able to escape fast
enough to ensure safe spacing. ATC will create a
gap in the arrival flow to safeguard the approaches
of slower aircraft.
k) Approach chart notation. The charts showing
instrument approach procedures to runways used
for simultaneous parallel instrument operations
should indicate such operations, particularly using
the term “closely spaced parallel runways”. The
terminology should be reflected in the title of the
approach chart including the runway identification.
l) Unnecessary break-outs. An unnecessary break-out
is a situation in which the monitoring radar
controller initiates a break-out and the deviating
aircraft subsequently remains in the NOZ. The
number of alerts, both true and false, should be
monitored as a method of assessing the performance of the system. It may be necessary to amend
the parameters of the alerting mechanism if too
many false alerts are experienced.

m) Autopilots. Older autopilots predominantly in use in
aging aircraft do not provide significant FTE
reduction. Autopilots manufactured today are considerably more advanced and can reduce the FTE if
they are used during simultaneous ILS/MLS
operations.

2.3 DEPENDENT PARALLEL
INSTRUMENT APPROACHES (MODE 2)
2.3.1 General
2.3.1.1 If the spacing between runway centre lines is
not adequate for independent parallel approaches, a dependent approach procedure may be used when the runways
are spaced by 915 m (3 000 ft) or more. In these situations,
controller monitoring requirements are eased and runway
spacing is reduced, compared to the requirements for
independent parallel approaches.
2.3.1.2 For dependent parallel approaches, the radar
separation between aircraft on adjacent approaches gives a
measure of protection which is provided by the NOZ and
NTZ for independent parallel approaches; consequently,
dependent parallel approaches can be conducted at closer
runway spacings than independent parallel approaches.

2.3.2 Requirements and procedures
Note.— See the Procedures for Air Navigation Services
— Air Traffic Management (PANS-ATM, Doc 4444),
Chapter 6, 6.7.3.4.
2.3.2.1 Dependent parallel approaches
conducted to parallel runways provided:

may

be

a) the runway centre lines are spaced by the distance
specified in Annex 14, Volume I;
b) the aircraft are radar-vectored to intercept the final
approach track by separate radar controllers who
are responsible for the sequencing and spacing of
arriving aircraft to each runway;
c) suitable surveillance radar with a minimum azimuth
accuracy of 0.3 degrees (one sigma) and an update
period of 5 seconds or less is available;
d) ILS and/or MLS approaches are being conducted
on both runways;
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Note.— It is preferred that an ILS and/or MLS
serving a runway used for simultaneous parallel
approaches has co-located precision distance
measuring equipment (DME).
e) aircraft are advised that approaches to both runways
are in use (this information may be provided
through the ATIS);
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2.3.2.3 A minimum of 300 m (1 000 ft) vertical
separation or a minimum of 5.6 km (3.0 NM) radar
separation shall be provided between aircraft during turn-on
to parallel ILS localizer courses and/or MLS final approach
tracks.

g) the approach control unit has the capability to
override transmissions of the aerodrome control
unit.

2.3.2.4 Each pair of parallel approaches has a “high
side” and a “low side” for vectoring to provide vertical
separation until aircraft are established inbound on their
respective parallel ILS localizer course and/or MLS final
approach track. The low-side altitude should be such that
the aircraft will be established on the ILS localizer course
or MLS final approach track well before ILS glide path or
specified MLS elevation angle interception. The high-side
altitude should be 300 m (1 000 ft) above the low side at
least until 19 km (10 NM) from the threshold.

2.3.2.2 The minimum radar separation to be provided
between aircraft established on the ILS localizer course
and/or MLS final approach track shall be:

2.3.2.5 No separate monitoring controller is required.
Instead, the radar approach controller monitors the
approaches to prevent violations of required separation.

f) the missed approach track for one approach
diverges by at least 30 degrees from the missed
approach track of the adjacent approach; and

a) 5.6 km (3.0 NM) between aircraft on the same ILS
localizer course or MLS final approach track unless
increased longitudinal separation is required due to
wake turbulence; and

2.3.3 Safety-related issues
affecting dependent approaches to
closely spaced parallel instrument runways

b) 3.7 km (2.0 NM) between successive aircraft on
adjacent ILS localizer courses or MLS final
approach tracks (see Figure 2-3).

2.3.3.1 The minimum spacing between two aircraft in
the event of a deviation is calculated using techniques
similar to those used for independent parallel approaches.

Runway #1

ILS centre line #1

Runway
spacing

3.7 km (2.0 NM)

Runway #2
ILS centre line #2

Longitudinal separation

Figure 2-3.

Dependent parallel approaches
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Current procedures allow dependent parallel approaches to
runways as close as 915 m (3 000 ft) apart. The minimum
distance between aircraft in the event of a deviation at
915 m (3 000 ft) runway spacing is greater than that for a
spacing of 1 310 m (4 300 ft). As the runway spacing
decreases, the minimum distance between aircraft increases
(see Table 2-1). Two factors apply:
a) since radar separation is applied diagonally, less
distance between runways means a greater in-trail
distance between the aircraft; and
b) less distance between runways also means that the
deviating aircraft crosses the adjacent approach
track more quickly.
2.3.3.2 Before the required runway spacing for
dependent parallel approaches can be reduced, however,
other potential problems must be addressed. At present, for
wake turbulence reasons, parallel runways spaced less than
760 m (2 500 ft) apart are considered to be a single runway.
Alternating arrivals would therefore have to be separated
by the single runway separation minima.
Note.— See PANS-ATM, Chapter 8, 8.7.4.4, for wake
turbulence radar separation minima.

2.4 DIFFERENCES BETWEEN INDEPENDENT
AND DEPENDENT PARALLEL APPROACHES
2.4.1 The differences in the concepts and geometries
of independent and dependent parallel approaches have led
to differences in the assumptions, and occasionally the
methodologies, of the analyses of the two modes of
operation. For example, different criteria are used for
deciding that a deviation has occurred; for independent
parallel approaches, an aircraft entering the NTZ between
the two runways constitutes a deviation, while for dependent parallel approaches, a violation of the diagonal separation between aircraft on adjacent approaches constitutes a
deviation. The differences are summarized in Table 2-2.
2.4.2 Several of the inputs to the deviation analyses
differ between the two cases because of the use of the
different triggers. Since the lateral departure from the
centre line is the indication of a deviation in the case of
independent parallel approaches, the lateral (azimuth) error
of the radar and display is an input. For dependent parallel
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approaches, the diagonal separation between the aircraft is
significant; although there is a lateral component to this
separation, it is principally a longitudinal measure. A
combination of the radar range error and longitudinal
display errors is, therefore, input to the dependent parallel
approach analysis.
2.4.3 For independent parallel approaches, the size of
the NOZ is determined. The lateral navigation error and the
acceptable rate of false alerts (for deviations beyond the
inner half of the NOZ) are required for this determination.
The dependent parallel approach calculations do not need
to consider a lateral NOZ since a longitudinal trigger is
used.
2.4.4 Other differences in the inputs reflect the fact
that two monitoring radar controllers are required for
independent (but not dependent) parallel approaches. It is
therefore assumed that any penetration of the NTZ would
be detected immediately. For dependent parallel approaches
without separate monitoring radar controllers, the radar
approach controller’s attention would at times be directed
elsewhere. For this reason, a value of 0.5 was assigned to
the PGDP.
2.4.5 The absence of separate monitoring positions
also leads to a difference in the delay times used in the
calculations. It is assumed that it will take 8 s for the
monitoring controller to react, coordinate with the other
monitoring controller and determine the appropriate resolution manoeuvre, and communicate the instructions to
achieve separation, and for the pilot and aircraft to respond.
For dependent parallel approaches, it is assumed that the
controller would wait for the next update to verify that a
deviation has actually occurred.
2.4.6 Only the lateral component of the track
separation is considered in the case of independent parallel
approaches; however, a longitudinal component may exist
as well, but it is not relevant to the calculation. The initial
longitudinal position of the aircraft is not fixed. Therefore,
an expected value of longitudinal separation could be
calculated, although it would require data on the probable
relative position at the start of the deviation.
2.4.7 The dependent parallel approach analysis is
based on the minimum separation between aircraft in the
event of a deviation since both the initial lateral and
longitudinal positions of the aircraft are known.
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Table 2-1. Minimum distance between aircraft
in the event of a deviation for dependent parallel approaches
Runway spacing

Minimum distance

1 310 m (4 300 ft)
915 m (3 000 ft)

2 135 m (7 000 ft)
2 300 m (7 550 ft)

Note.— Airspeeds = 278 km/h (150 kt).

Table 2-2.

Summary of differences between independent
and dependent parallel approaches

Situation

Independent parallel approaches

Dependent parallel approaches

Deviation

Violation of NTZ (lateral boundary)

Violation of separation (mainly longitudinal)

Inputs to analysis

Azimuth error (radar and display)
Lateral navigation error
False alarm rate
PGDP* = 1.0 (implicit)
2 monitoring controllers
8-second control delay

Combined range and azimuth error (mostly display)
Lateral navigation error not considered
False alarm rate not explicitly considered
PGDP* = 0.5 (input)
No separate monitoring controllers
12-second control delay

Deviation resolution
criteria
*

Miss distance

Minimum separation between aircraft

Probability-of-good-data point (PGDP) — The probability that a good radar return will be displayed and recognized by the controllers.

Chapter 3
INDEPENDENT INSTRUMENT DEPARTURES
FROM PARALLEL RUNWAYS (MODE 3)

3.1 GENERAL

c) suitable surveillance radar capable of identifying
the aircraft within 2 km (1.0 NM) from the end of
the runway is available; and

Parallel runways may be used for independent instrument
departures as follows:

d) ATS operational procedures ensure that the required
track divergence is achieved.

a) both runways are used exclusively for departures
(independent departures);

3.3

b) one runway is used exclusively for departures,
while the other runway is used for a mixture of
arrivals and departures (semi-mixed operation); and

3.3.1 There is no requirement, other than satisfactory
two-way radiocommunications, for any other specialized
form of control or navigation aid facility for the conduct of
independent instrument departures when the spacing
between parallel runways is 1 525 m (5 000 ft) or more and
a course divergence after take-off of 45 degrees or more
can be achieved (see Figure 3-1).

c) both runways are used for mixed arrivals and
departures (mixed operation).

3.2

RUNWAY SPACINGS

REQUIREMENTS AND PROCEDURES

3.3.2 Simultaneous take-off of aircraft departing in
the same direction from parallel runways is authorized
where the runway centre lines are spaced by at least 760 m
(2 500 ft), suitable surveillance radar is available, and
courses diverge by 15 degrees or more immediately after
departure (see Figure 3-2).

Independent IFR departures may be conducted from
parallel runways provided:
a) the runway centre lines are spaced by the distance
specified in Annex 14, Volume I;

Note.— Procedures for independent instrument departures from parallel runways are contained in the
PANS-ATM, Chapter 6, 6.7.

b) the departure tracks diverge by at least 15 degrees
immediately after take-off;
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Spacing
between runways

Course divergence
after take-off

Radar
required

1 525 m (5 000 ft) or more

45°

No

1 525 m (5 000 ft) or more

45°

Figure 3-1. Independent instrument departures when
parallel runway spacing is 1 525 m (5 000 ft) or more

Spacing
between runways

Course divergence
after take-off

Radar
required

Less than 1 525 m (5 000 ft) but
not less than 760 m (2 500 ft)

15° or more

Yes

760 m (2 500 ft) or more

15° or more

Figure 3-2. Independent instrument departures when
parallel runway spacing is less than 1 525 m (5 000 ft)
but not less than 760 m (2 500 ft)

Chapter 4
SEGREGATED OPERATIONS ON
PARALLEL RUNWAYS (MODE 4)

4.1 GENERAL

4.2

4.1.1 Theoretical studies and practical examples
indicate that maximum aerodrome capacities can be
achieved by using parallel runways in a mixed mode of
operation. In many cases, however, other factors (such as
the landside/airside infrastructure, the mix of aircraft types,
and environmental considerations) result in a lower,
achievable capacity.

REQUIREMENTS AND PROCEDURES

4.2.1 Segregated parallel operations may be conducted on parallel runways provided:
a) the runway centre lines are spaced by the distance
specified in Annex 14, Volume I; and
b) the nominal departure track diverges immediately
after take-off by at least 30 degrees from the missed
approach track of the adjacent approach.

4.1.2 Other factors (such as non-availability of
landing aids on one of the parallel runways or restricted
runway lengths) may preclude the conducting of mixed
operations at a particular aerodrome.

4.2.2 The following types of approaches may be
conducted in segregated parallel operations provided that
suitable surveillance radar and the appropriate ground
facilities conform to the standard necessary for the specific
type of approach:

4.1.3 Because of these constraints, maximum runway
capacity may, in some cases, only be achieved by adopting
a fully segregated mode of operation, i.e. one runway is
used exclusively for landings, while the other is used
exclusively for departures.

a) ILS and/or MLS approach;
b) surveillance radar or precision radar approach; and
c) visual approach.

4.1.4 The advantages to be gained from segregated
parallel operations as compared with mixed parallel
operations are:

4.3

a) separate monitoring controllers are not required;

RUNWAY SPACINGS

4.3.1 When parallel runway thresholds are even and
the runway centre lines are at least 760 m (2 500 ft) apart,
simultaneous operations between an aircraft departing on
one runway and an aircraft on final approach to another
parallel runway may be authorized if the departure course
diverges immediately after take-off by at least 30 degrees
from the missed approach track of the adjacent approach
until other separation is applied (see Figure 4-1).

b) no interaction between arriving and departing
aircraft on the same runway and consequential
reduction in the number of potential missed
approaches;
c) an overall less complex ATC environment for both
radar approach controllers and aerodrome controllers; and

4.3.2 The minimum distance between parallel runway
centre lines for segregated parallel operations may be
decreased by 30 m (98 ft) for each 150 m (500 ft) that the
arrival runway is staggered toward the arriving aircraft, to

d) a reduced possibility of pilot error due to selection
of wrong ILS or MLS frequency.
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a minimum of 300 m (984 ft) (see Figure 4-2), and should
be increased by 30 m (98 ft) for each 150 m (500 ft) that
the arrival runway is staggered away from the arriving
aircraft (see Figure 4-3).
Note 1.— In the event of a missed approach by a heavy
aircraft, wake turbulence separation should be applied or,

alternatively, measures taken to ensure that the heavy
aircraft does not overtake an aircraft departing from the
adjacent parallel runway.
Note 2.— Procedures for segregated parallel operations are contained in the PANS-ATM, Chapter 6, 6.7.3.5,
and the PANS-OPS, Volume I, Part VII, Chapter 1.

Missed approach track

Approach
track
Minimum of
760 m

30° or more

Departure track

Figure 4-1.

Segregated parallel operations where thresholds are even

Missed approach track

Approach
track

30° or more
730 m

150 m

Departure
track

Note.— In the event of a missed approach by a heavy jet aircraft, wake turbulence separation
should be applied or, alternatively, measures taken to ensure that the heavy jet aircraft does not
overtake an aircraft departing from the adjacent parallel runway.

Figure 4-2.

Segregated parallel operations where runways are staggered
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Missed approach track

Approach
track
30° or more
150 m

790 m

Departure
track

Figure 4-3.

Segregated parallel operations where runways are staggered

Chapter 5
NEAR-PARALLEL RUNWAYS

5.1 GENERAL

near-parallel runways, independent approaches are not
possible where there are intersecting approach paths. On the
other hand, for independent departure or segregated operations, the diverging direction leads to a natural lateral
separation and is acceptable (see Figure 5-1). An example of
converging/diverging runway operations is at Appendix B.

5.1.1 Near-parallel runways are non-intersecting runways whose extended centre lines have an angle of convergence/divergence of 15 degrees or less.
5.1.2 No special procedures have been developed for
simultaneous operations to near-parallel runways. Each
situation is considered on a case-by-case basis and is
dependent on a number of variable conditions.

5.1.5 The various modes of operation described in the
preceding chapters should also be considered for nearparallel runway operations. A study must be made for each
mode of operation for each specific aerodrome before such
procedures can be implemented.

5.1.3 The most important factor to be considered in
developing procedures for simultaneous operations to nearparallel runways is the point at which the runway centre
lines converge. This point depends on the relative position
of the two runways (even or staggered) and the angle of
convergence.

5.2 GROUND EQUIPMENT

5.1.4 It is also important to consider whether the two
runways are used simultaneously in the converging or
diverging direction. In the diverging direction of two

Ground equipment should conform to the standard
necessary for the type of approaches conducted at the aerodrome. Surveillance radar equipment should be required.

Acceptable independent departures,
segregated or semi-mixed operations

Impossible independent approaches

Figure 5-1.

Operations on near-parallel runways
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Chapter 6
TRAINING OF ATS PERSONNEL

6.1 GENERAL

c) instructions in the monitoring of aircraft on
approaches to ensure containment within the NOZ
and avoidance of the NTZ;

6.1.1 Training of ATS personnel is a prerequisite for
the introduction of operations on parallel instrument
runways. This chapter describes only the additional training
that should be given to aerodrome controllers at units
where they may be assigned a limited responsibility for
separation of IFR flights. In the case of approach controllers, only those additional measures which are specific to
simultaneous parallel operations are described.

d) instructions regarding action to be taken if aircraft
stray from the ILS localizer course and/or MLS
final approach track; and
e) instructions in the procedures to follow in the event
of a missed approach.

6.1.2 When parallel approaches are contemplated, the
training plan should include training in a simulator so that
controllers learn to observe, detect and react to deviating
aircraft situations.

6.3 TRAINING FOR
AERODROME CONTROLLERS
Aerodrome controllers at aerodromes where simultaneous
parallel approaches/departures are to be used may provide
separation, within prescribed limits, between IFR aircraft. It
will therefore be necessary to train them in some or all of
the following areas:

6.1.3 The training should be incorporated into the unit
training plan and the required knowledge and skill levels
should be satisfactorily demonstrated to the competent
authority.
6.1.4 Training should be divided into two categories:
training for approach controllers and training for aerodrome
controllers.

a) basic radar theory;
b) operation, set-up and alignment of radar equipment
in use at the unit;
c) identification of aircraft;

6.2 TRAINING FOR
APPROACH CONTROLLERS

d) radar separation minima and their application;

Since approach controllers are already fully qualified in
both radar and non-radar procedures, the only additional
training required for them would be:

e) provisions regarding terrain clearance;
f) provision of radar vectors and position information,
including:

a) an explanation of additions and changes to the
procedures and agreements between the approach
control unit and the aerodrome control tower;

1) when vectors may or shall be used;
2) methods of vectoring aircraft; and

b) instructions in the application of vertical separation
until the aircraft is at least 19 km (10 NM) from the
threshold and is within the NOZ established on the
ILS localizer course and/or MLS final approach
track;

3) termination of vectoring;
g) action to be taken in the event of radar or communications failure, including:
6-1
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1) air-ground communication failure procedures;
and
2) procedures for communications failure during
radar vectoring;
h) action to be taken and instructions to be issued in
the event of a missed approach; and

i) the terms, procedures and agreements (and their
application) between the approach control unit and
the aerodrome control tower. In particular, they
should know the provisions governing the release
of successive IFR departures (where authorized)
and the release of independent parallel departures
with reference to arriving aircraft (including those
carrying out missed approaches).

Chapter 7
IMPLEMENTATION

7.1 TRIALS

c) the local ATC units are suitably equipped and
personnel are properly trained.

7.1.1 A decision to implement independent or dependent operations on parallel or near-parallel instrument runways should only be taken after a trial and familiarization
period during which it has been satisfactorily proven that
all the elements, such as ground equipment, personnel
qualifications and ATC procedures, are properly integrated
in the overall system.

7.2.2 The procedure should be promulgated by the
AIRAC system, giving a notice of 56 days, and should
contain the following elements:
a) runways involved, with their respective ILS or
MLS characteristics (frequency, identification,
category);

7.1.2 The trials should be monitored by a group
which should include ATS experts, representatives of operators, and aerodrome authorities. The trial period should
cover a sufficient number of approaches in various conditions, so that the monitoring group can evaluate the level
of risk of inadvertent intrusion of the NTZ by an aircraft
and the capability of ATC to react adequately to such a
situation. For example, the trial period should include a
number of operations in adverse wind conditions in order to
assess the ability of the ATC personnel to cope with deviations. The trials should also determine the ability of the
ATC personnel to establish and maintain the required radar
separation while monitoring the operations in various
weather conditions.

b) a general description of runway usage;
c) periods of availability;
d) special status (e.g. on trial, with weather limitations), if any;
e) description of the NOZ and the NTZ (independent
parallel approaches only);
f) airborne equipment requirements; and
g) description of the procedures, including radar monitoring, missed approach procedure, and advisory
and corrective ATC actions vis-à-vis one or both
aircraft when an aircraft is observed leaving the ILS
localizer course and/or the MLS final approach
track, or approaching the edge of the NOZ, or
penetrating the NTZ.

7.1.3 It is advisable during the trial period to specify
weather conditions allowed in the first stage of the trial so
that the “see-and-avoid” principle can be applied by the
pilot. These weather conditions should then be cautiously
and progressively reduced as the trials progress satisfactorily.

7.2

Note.— For independent parallel approaches,
particular emphasis is to be placed on the levels of
the ILS glide path and/or the MLS elevation angle
interception (“high side” and “low side”) and on the
requirement to maintain these levels until the aircraft
is established on both the ILS localizer/glide path
and/or the MLS final approach track/elevation angle.

IMPLEMENTATION

7.2.1 Before implementing operations on parallel
instrument runways, it should be ensured that:
a) the runways concerned are suitably equipped;
b) the procedures appropriate to such operations have
been determined and tested; and

7.2.3 The appropriate ATS authority should provide
information and guidance for pilots relevant to the selected
7-1
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mode(s) of operation associated with the use of parallel and
near-parallel instrument runways. Following the trials,
information on the modes of simultaneous operation
selected should be included in the Aeronautical Information
Publication (AIP).
7.2.4 Instrument approach charts for a runway where
simultaneous independent or dependent parallel approaches
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are permitted should contain a note indicating clearly the
runways involved and whether they are “closely spaced”
parallel runways.
7.2.5 ATIS broadcasts should include the fact that
independent parallel approaches or independent parallel
departures are in progress, specifying the runways
involved.

Appendix A
PRECISION RUNWAY MONITORS AND
SAFETY ISSUES RELATING TO
INDEPENDENT PARALLEL APPROACHES TO
CLOSELY SPACED PARALLEL INSTRUMENT RUNWAYS

1.

PRECISION RUNWAY MONITOR (PRM)

1.1 Theoretical studies indicated that new radar
system and radar display technologies could be successfully applied to simultaneous operations on closely spaced
parallel instrument runways. In order to validate the
practicability of operational implementation, a programme
of demonstrations of new precision runway monitor (PRM)
sensors was initiated. New equipment and procedures were
demonstrated at two international airports which had
parallel runways with 1 035 m (3 400 ft) and 1 065 m
(3 500 ft) spacing between the centre lines, respectively.
The objective of the demonstrations was to determine the
feasibility of, and prerequisites for, implementing independent parallel instrument approaches at airports where the
existing parallel runways were not being utilized efficiently
under IMC due to their close spacings.
1.2 Three major activities were included in the PRM
demonstration programme:
a) a proof-of-concept activity which involved the
development and testing of two engineering
prototype PRM systems to establish their technical
feasibility;
b) operational demonstrations to provide opportunities
for air traffic controllers, airline industry representatives, and pilots to observe the PRM systems in
operation; and
c) a performance evaluation to measure the effectiveness of the system.
1.3 In order to support a reduced parallel runway
spacing, it was concluded that a number of technical

improvements were required, i.e. improved SSR azimuth
accuracy, improved SSR update rate, radar displays with
higher resolution, and automatic deviation alerts. During
the PRM proof-of-concept activity, two candidate SSR
systems were installed and tested. An electronically
scanned, circular-array radar provided an azimuth accuracy
of 0.06 degrees (one sigma) and an update rate of
0.5 seconds or less. A second candidate radar, based on a
Mode S ground interrogator, provided the same azimuth
accuracy. The existing radar had one SSR antenna and an
update period of 4.8 seconds. For the PRM demonstration
programme, a second SSR antenna was added to the back
of the existing antenna, enabling the aircraft position to be
updated every 2.4 seconds.
1.4 A new-technology, high-resolution colour display,
which was used as part of the proof-of-concept activity,
enabled the monitoring radar controllers to detect deviations from the centre line as small as 30 m (98 ft). In
addition, the display system incorporated automatic alerts,
designed to focus a controller’s attention on a possible
deviation before the aircraft entered the NTZ which was
610 m (2 000 ft) wide for a spacing of 1 035 m (3 400 ft)
between runway centre lines. Furthermore, the system
predicted the position of each aircraft for the next ten
seconds. If this prediction indicated that the aircraft would
enter the NTZ within ten seconds, a “caution alert” was
generated, the radar position symbol of the aircraft was
shown in yellow and an audible alert was emitted. If the
aircraft entered the NTZ, a second level alert (warning) was
generated and the radar position symbol was shown in red.
The scale of the axis perpendicular to the runways was
enlarged four times compared with the scale of the axis
along the approach tracks which made lateral deviations
from the centre line more readily apparent to the
monitoring radar controller.
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1.5 The operational demonstrations used live flight
tests and full-motion aircraft simulators flying predefined
deviation scenarios to allow controllers, pilots and airline
industry representatives to see and experience the PRM
system in operation. Radio communications were analysed
to provide communications delay data. Pilot and aircraft
response times were measured using full-motion flight
simulators for aircraft types B 727 and DC 10.
1.6 The system performance evaluation activity used
a statistical collision risk model developed during the PRM
programme. This model used data collected during the
programme and provided estimates of the probability of a
miss distance of less than 150 m (500 ft) occurring due to
an unresolved deviation. The model simulated a large
number (100 000) of “worst case” deviations (30-degree
deviations, assuming that in only one per cent of such
deviations would the pilot be unable to respond to a
controller’s instruction to return to the centre line) and
measured the minimum spacing for each. The model
indicated that about one “worst case” deviation in 250
would result in a minimum spacing of less than 150 m
(500 ft). Combined with a target of one “worst case” deviation per 25 million approaches, one 30-degree deviation in
1 000 or more independent parallel approach pairs could be
tolerated.
1.7 The specifications for precision runway monitors
are shown in Table A-1.

2.

BACKGROUND SAFETYRELATED ISSUES

2.1 ILS or MLS flight technical error. A significant
amount of total navigation system error (TNSE) data (i.e.
aggregate aircraft deviations from the extended runway
centre line) was collected, mainly within 19 km (10 NM)
from the runway threshold. It was concluded that, when
vertical separation is maintained until at least 19 km
(10 NM) from the runway threshold, the number of TNSE
is acceptable for independent parallel approaches. A data
collection of TNSE was conducted during which IFR
flights were tracked as far as 74 km (40 NM) from the
runway threshold. It was found that TNSE increases with
range and that approach controllers may have to intervene
to minimize operational disruptions. The safety and success
of independent approaches on closely spaced parallel

runways are critically dependent on the aircraft’s ability to
closely follow the ILS localizer course or MLS final
approach track. Obviously, major deviations cause a threat
to aircraft on adjacent approaches, but minor deviations
may also cause an unacceptable number of false alerts and
therefore affect the smooth running of the operation. The
measurements of deviations from the ILS localizer course/
MLS final approach track are critical in the development of
operational procedures.
2.2 Communications. The monitoring radar controller
cannot override a transmission from an aircraft. To take this
into account in the collision risk model, aerodrome control
communications were recorded at three major airports
during instrument meteorological conditions. An analysis
indicated that blocked communications situations would
occur in only 4 per cent of the “worst case” deviations and
would therefore not change the overall risk calculations
upon which the operations were based. The likelihood of
communications failure due to stuck microphones on both
frequencies coincident with a 30-degree deviation was
extremely remote. The combination of communication
blockages while having a miss distance of less than 150 m
(500 ft) between aircraft during operations was expected to
be no more than 1 occurrence per 1 400 000 000 simultaneous ILS approaches, i.e. 7 × 10–10.
2.3 MLS and new technologies. The MLS, when used
for straight-in approaches, provides for at least the same
system accuracy as ILS CAT I. Therefore, the results of the
ILS TNSE data assessment are equally applicable to MLS
approaches. With regard to new precision approach aids
technology, including the global navigation satellite system
(GNSS), work is under way to evaluate those systems for
the purpose of supporting simultaneous instrument
operations to closely spaced parallel runways.
2.4 Unnecessary break-outs. An unnecessary breakout is a situation in which the monitoring radar controller
initiates a break-out and the deviating aircraft subsequently
remains in the normal operating zone. This may occur
when an aircraft acts as though it will penetrate the NTZ
and generates a PRM alert, but subsequently completes its
approach without entering the NTZ. If unnecessary breakouts occur frequently, the system is perceived as generating
too many false alerts and the warning may not be believed,
causing safety hazards. In addition, unnecessary break-outs
decrease the efficiency gains obtained by implementing
independent parallel instrument approaches.

Appendix A. Precision runway monitors and safety issues relating
to independent parallel approaches to closely spaced parallel instruments runways
Table A-1.
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Precision runway monitor specifications

Type

Monopulse secondary surveillance radar (MSSR) for civil air traffic control.

Function

Interrogates Mode-A and Mode-C transponders.
Receives and processes replies.
Measures target range, azimuth angle, and reply amplitude.
Displays target information on a high-resolution display.

Frequency

1 030 MHz (transmit), 1 090 MHz (receive)

Operating modes

Mode-A, Mode-C, can be upgraded to Mode-S

Transmitter

Solid-state, 1 100 watts peak, variable

Pulse repetition frequency

450 maximum

Antenna size

Circular 5.2 m (17.1 ft) diameter, 1.6 m (5.1 ft) high

Antenna elements

128 columns, each with 10 dipole radiators

Antenna gain

21 dB ±0.3 dB over 360 degrees of horizontal coverage

Antenna beam shape

Sum (Σ) and difference (∆)

Antenna beamwidth (azimuth)
(elevation)

Normal, 3.2 degrees
11 degrees

Coverage (azimuth)
(elevation)

360 degrees in 4 096 discrete beam positions
Up to 40 degrees

Azimuth accuracy

Within 0.057 degrees (one sigma)

Azimuth resolution

Resolves radar blips with 183 m (600 ft) lateral spacing at 19 km (10 NM).

Range coverage

Greater than 59 km (32 NM), expandable to 370 km (200 NM).

Range accuracy

Better than ±18.3 m (60 ft) excluding transponder bias error.

Range resolution

Less than 185 m (0.1 NM).

Monopulse receiver

Digital (12 bit A/D), self-compensating for phase and amplitude errors between the sum
and difference channels.

Radar blip tracking

More than 25 radar blips at 1.0-second update rate while searching for new blips.

Displays

High-resolution colour monitors.

Built-in test

Full built-in test initiated at power up. In every second, a minimum of 450 ms is
scheduled for built-in testing. A monitor detects failures to the individual antenna
column.

Monitoring

Maintenance display and printer available both in the equipment shelter and at the
operations site.

Appendix B
EXAMPLE OF RUNWAY SPACINGS
AND ATC PROCEDURES USED IN FRANCE

1.

RUNWAY CONFIGURATION

divergence leads to a natural lateral separation (see
Figure B-2).

Simultaneous operations on near-parallel runways are
conducted at Paris/Orly Airport, France. The runways are
oriented 07/25 and 08/26 (see Figure B-1).

2.3 In the westerly direction (25/26), there is some
dependence because the runways are converging. Appropriate separation has to be maintained between the take-off
course on runway 25 and missed approach course on
runway 26 (see Figure B-3). When weather conditions are
favourable, the two runways are operated as independent
runways because in the initial phase of missed approach,
visual contact with aircraft taking off on the other runway
can be maintained. In weather conditions where visibility is
below 2 000 m (6 500 ft) and/or cloud base below 150 m
(500 ft), when an aircraft on final approach is 3.7 km
(2.0 NM) from the threshold, no take-off clearance is issued
until the controller is confident that a missed approach will
not take place.

2. OPERATIONS
2.1 The two runways 07/25 and 08/26 which have a
13-degree angle of convergence are used for segregated
independent operations:
— easterly: 07 for landing, 08 for take-off;
— westerly: 26 for landing, 25 for take-off.
2.2 For departures in the easterly direction (07/08), the
two runways are treated as independent because the
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Note.— The 8-degree divergence in one runway’s heading is for noise abatement and to improve departure separation.

Figure B-2. Departures in easterly direction (independent runways)
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Figure B-3.

Departures in westerly direction (converging runways)
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