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Independent approaches to converging runways are an accepted
procedure in Vigsual Meteorological Conditions (VMC) at many
airports, including Chicago O'Hare (ORD), Denver Stapleton (DEN),
Miami (MIA), and Washington National (DCA), among others. A
fundamental condition for these approaches i1s that the pilots or
the controller be able to provide visual separation between the
aircraft in the event of a missed approach.

In Instrument Meteorological Conditions (IMC), such visual
separation generally cannot be applied, and therefore instrument
approaches to converging runways are not currently approved.
Visual separation has been deemed necessary for the safe separa-
tion of the aircraft in the unlikely event of a simultaneous
missed approach, since the flight paths would intersect if the

aircraft did not turn.

However, converging approaches in instrument conditions offer the
potential for significant capacity increases at certain air-
ports. For example, of the top 30 air carrier airports, 25 have
at least one set of converging approaches. If the airport does
not also have independent parallel approaches, independent
approaches to converging runways would increase arrival capacity
in IMC by 36-100 percent over the best currently available
configuration.

Because of this potential for capacity improvement, a study has
been performed of instrument approaches to converging runwaye,
with particular emphasis on the nissed approach problem. As a
result of this analysis, it appears that missed approach pro-
cedures can be defined which provide for adequate separation
between aircraft, even in the worst case of simultaneous missed

approaches. ‘

TYPES OF CONVERGING APPROACHES

Given a pair of non-parallel runways, there are three types of
converging approaches possible. The point where the extended
runway centerlines intersect may lie:

e On the final approach to one or both runways (the final
approaches intersect) -- It would be difficult or impos-
sible to operate such approaches safsly.
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e On the runways proper (the runways intersect) —- Such
approaches may be feasible, depending on the distance
from the threshold to the intersection.

e Beyond the runways -— Approaches to such runways would be
feasible 1f turning missed approaches are specified which
would be well separated.

This report primarily discusses the last case, where there is no
physical intersection of the runways.

However, converging approaches may be feasible when the runways
intersect 1f there is adequate distance between the runway thres-—
hold and the intersection, and adequate surveillance of the
runways to detect a failure to hold short of the intersection.

It does not appear that blunders on final approach present any
significant concerns for converging instrument approaches. The
approach paths are far apart in the area of greatest concern,
shortly after the turn on to the localizer. Closer to the runway
where the approach paths are less widely separated, surveillance
accuracy is greater, making early detection of a blunder more
likely. Also, the pilot will have visual contact with the
runway, making the blunder itself less likely.

MISSED APPROACH ANALYSIS

The analysis of converging instrument approaches has, therefore,
emphasized the question of missed approaches, which have been
perceived to be the principal obstacle to such operations. Con-
verging approaches would require missed approaches that turn and
diverge, in order to avoid any possible conflict. This is unlike
the case of parallel approaches; although turning missed appro-
aches are also specified, a straight missed approach would not
lead directly to a conflict.

Missed approach procedures for converging approaches need to
consider normal deviation about the flight path, poor adherence
to the specified flight track, and human error. Even if simul-~
taneous missed approaches should occur, and both aircraft
exhibited the maximum expected deviation from their nominal
flight paths, the specified procedures should provide adequate
separation between the aircraft.
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Several methodologies were considered for assuring that adequate
separation would be provided. One methodology involved a direct
calculation of the probability that a conflict would occur. This
was ruled out because the available data on missed approaches was
inadequate to support such a calculation, and obtaining suf-
ficlent additional data was beyond the scope of this project.
Very few observations have been recorded more than three standard
deviations (3 sigma) from the centerline of the missed approach
path, making it impossible to completely describe the underlying
statistical distribution of the deviations. 1In other words, the
data does not allow us to describe the behavior of aircraft which
deviate widely from the expected path.

Additionally, this data, which came from simulations, flight
tests, and actual missed approaches, dealt only with straight
missed approaches from single runways, not the turning simul-
taneous missed approaches required for independent converging
paths.

Another methodology which was considered involved using the
Obstacle Clearance Surfaces defined in the U.S. Standard for
Terminal Instrument Procedures (TERPS) to describe ailrspace
reserved for missed approaches from each runway that would not be
allowed to overlap. However, such an overlap is not significant
because the "TERPS Surfaces"” were not designed to separate air-
craft from other aircraft, but rather to protect aircraft from
stationary obstacles. As such, factors are included which are
not relevant to air-to~air separations; application of the TERPS
Surfaces would be unnecessarily conservative. Furthermore, such
an interpretation of the TERPS Obstacle Clearance Surfaces would
be contradicted by other authorized procedures. For example, the
TERPS Surfaces for parallel approaches to runways 4300 ft apart
overlap by 1776 ft, but this has never been considered an
impediment to such approaches.

Although the derivation of the TERPS Surfaces may make their use
inappropriate for our purposes, the original philosophy behind
the Surfaces 1s still valid. This philosophy is understood to be
that aircraft would be protected if they deviated by no more than
3 sigma from their assigned path. Such a criterion protects more
than 99 percent of all operations.

"WORST CASE" MISSED APPROACH PATH

This 3-sigma philosophy is the foundation for the methodology
which was finally chosen for assuring adequate separation between
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missed approaches. Such 3-sigma deviations have in the past been
taken as the maximum deviations which were reasonable to protect
against. “"Worst-case" paths have been constructed using 3-sigma
values from the data, when available, or else values from the
TERPS procedures; a minimum separation was then provided between
these worst-case paths.

The parameters of the worst-case path have been defined as
follows (Figure A):

e The lateral displacement at the Missed Approach Point
(MAP) - {s taken to be 211 ft towards the other approach,
according to available data. This is the 3-sigma value
at a 200 ft Decision Height (DH); it increases 50 ft for
each 100 ft increase in Decision Height.

e The angular deviation from centerline - is 3.5%, again
toward the other runway. This is derived from the
increase in the 3-sigma displacement beyond the MAP;
available data does not include the angular deviation for
individual aircraft.

e The straight-line distance flown before the turn begins -
is assumed to be 1.5 nmi, regardless of aircraft type or
DH. Since no data exists on this parameter, the TERPS
value was used. The pilot must establish a positive rate
of climb, and be at least 400 ft above ground level
(AGL), before the turn can begin. When the missed
approach starts above 400 ft AGL, considerably less than
1.5 nmi would probably be needed.

o The radius of the turn - is assumed to be 1.75 nmi.
Again, this value is taken from TERPS because no other
data exists. This is the nominal turn radius in TERPS
for heavy aircraft; other aircraft have smaller radii
specified. A turn of this radius is equivalent to a
half-standard rate turn (1.5°/s8) at 165 kn, or
2.25%/3 at 250 kn.

These values were chosen to be individually conservative; the
combination is even more conservative, since it is quite unlikely
that a single aircraft would perform poorly in all the ways
assumed .

SEPARATION OF WORST CASE BOUNDARIES

This worst case path has, therefore, been used as a boundary
which aircraft executing a missed approach are not expected to

vi

o Bl ot APV > =

PR

W B Wt 2 -l ¥ <y B




1'
% .« Tl
1 |
; 4
]
-t
“\\\G\ { ’
: 1|
h
,4 .
~ ¥
. . 1
i .
ol LEGEND
% A - 3 o deviation
LE‘ ell' at MAP
s B - 3 o deviation
: at turning point
/ C - center of arc with
1.75 nmi radius
! FIGURE A
3 CONSTRUCTION OF WORST CASE BOUNDARY
) FOR TURNING MISSED APPROACHES
’ viti
|
I
L L SacEy: T AL
- i - S :

——b




P S

penetrate. Providing a minimum separation between these Worst
Case Boundaries will then ensure an adequate separation between
actual missed approach paths. The following procedure is used to
determine whether the minimum separation between Worst Case
Boundaries exists.

e First, turning Worst Case Boundaries are constructed for

both runways. These paths, as described above, protect
against random lateral deviation about the expected
missed approach course, as well as any extended turn.

o Second, straight Worst Case Boundaries are constructed
for both runways. These boundaries protect against
possible pilot error, such as continuing straight ahead
instead of turning as required on the missed approach.
They also protect against a balked landing (i.e., when
the missed approach starts at the runway threshold or
beyond rather than at the MAP). The straight Worst Case
Boundary is similar to the turning boundary, except that
the length of the straight segment is 15 nmi rather than
1.5 nmi.

It was assumed that missed approaches would then be safely
separated 1f the minimum distance between the turning boundary
for either runway and the straight boundary for the other runway

was 500 ft or more (Figure B)., This 500 ft provides additional
protection against rare and unexpected events.

Al though the separation requirement is described with reference
to the straight and turning Worst Case Boundaries, the publisghed
nissed approach procedures would call for both aircraft to turn.
When the above separation requirement of 500 ft is satisfied, the
separation between the two turning Worst Case Boundaries, at the
airports studied, has been greater than 1000 ft. Separation
between actual missed approach paths would be greater still.

APPLICATION STRATEGIES

In the most desirable case, simultaneous approaches to converging
runways would be authorized to Category I minima; the above
worst—-case separation requirement would then be satisfied at a
200 ft DH on both runways. Unfortunately, this ideal case exists
at few airports. At airports where the runway layout does not
allow the most desirable situation to occur, converging
approaches can still be operated through the application of one
or more of the following techniques:

viii
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e Raising the Decision Height - This moves the Missed
Approach Point away from the runway threshold, increasing
the separation between aircraft at the start of the
missed approach and consequently between the Worst Case
Boundaries. Of course, since the procedure is
unavailable when the ceiling is less than the Decision
Height, raising the DH for the procedure reduces the
percentage of the year during which the procedure could
be used.

e Segregating Traffic - Aircraft with slower approach
speeds could also be expected to go-around at a slower
speed. Their turn radius would also be less. 1f one
approach is reserved solely for such aircraft, the radius
of the turning Worst Case Boundary for this approach
would be reduced, in some cases increasing the minimum
separation between the Worst Case Boundaries. Table A
shows the expected turn radii for different aircraft
classes as found in TERPS.

e Applying MLS Guidance - MLS offers the potential to
reduce the lateral course deviation during missed
approach for suitably equipped aircraft. There might
also be positive guidance during the initial section of
the turn.

e Operating Dependent Approaches ~ If none of the above
techniques is adequate to allow independent converging
approaches, the approaches could be operated depend-
ently. One form of dependence which might be applied
would require that the arrival be a minimum distance from
the runway threshold when the previous arrival is at the
threshold to the other runway. These minimum distances
would be calculated to provide some minimum time separa-
tion at the intersection of two straight missed approach
paths, should both aircraft go around.

Of these techniques, raising the Decision Height seems to offer
the greatest potential. Twenty-five out of the top 30 U.S. Air
Carrier airports have converging runway configurations; inde-
pendent converging approaches are possible at sixteen of these by
raising the DH appropriately. Dependent converging approaches
are possible at all twenty-five airports, but capacity would not
be as high.
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TABLE A

TURNING MISSED APPROACH RADII (MILES) I
(TERPS PARA. 212) L

(TERPS PARA. 275) S

|

|

APPROACH OBSTACLE CLEARANCE FLIGKT PATH
CATEGORY* RADIUS (R) RADIUS

A 2.6 1.30

B 2.8 1.40

c 3.0 1.50

D 3.5 1.75

£ 5.0 2.50

PP VIS

*APPROACH CATEGORIES

| A - SPEED LESS THAN 91 kn; WEIGHT LESS THAN 30,000 1bs

| B - SPEED 91 kn OR MORE, BUT LESS THAN 121 kn; WEIGHT 30,001 1bs
OR MNRE, BUT LESS THAN 150,000 1bs

(@]
]

SPEED 121 kn OR MORE, BUT LESS THAN 141 kn; WEIGHT 60,000
1bs NR MORE, BUT LESS THAN 150,000 1bs

D - SPEED 141 kn OR MORE, BUT LESS THAN 166 kn, WEIGHT 150,000
1bs OR MORE

F - SPEED 166 kn OR MORE; ANY WEIGHT

NOTE: SPEEDS ARE BASED ON 1.3 TIMES THE STALL SPEED IN THE
LANDING CONFIGURATION AT MAXIMUM GROSS LANDING WEIGHT,
WEIGHTS ARE MAXIMUM AUTHORIZED GROSS LANDING WEIGHTS. AN
ATRCRAFT SHALL FIT IN ONLY ONE CATEGORY, AND THAT CATEGORY
SHALL BE THE HIGHEST CATEGORY IN WHICH IT MEETS EITHER OF
THE SPECTFICATIONS.

xi
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PTILOT ACCEPTANCE

As with any new procedure, the opinions and analysis of the
people involved - the pilots - are essential to proper design
and general acceptance. The testing and demonstration of
converging approaches should be carried out with extensive
opportunities for pilot involvement from the early stages.

Although no discussions have yet been held with the general
pilot community, it is felt that the proposed requirements for
converging approaches address the most likely pilot concerns.
These concerns reflect the possibility that “the other pilot”
may not turn (as required) during simultaneous missed approach.
The safety analysis supporting the requirements allow for such
outright error by either one of the two pilots.

Pilot acceptance can also be aided by a gradual implementation
of converging approaches. Approaches could initially be con-
ducted with a high Decisfon Height; the DH could be lowered over
several years in accordance with a fixed schedule, as experience
with the procedure was accumulated.

CONCLUS TONS

Based on the analysis performed to date, it appears that inde-
pendent converging approaches with a Decision Height as low as
200 ft (Category T minima) are feasible at certain airports with
the proper runway geometry. This feasibility is dependent
primarily upon the safe separation of the aircraft 1f
simultaneous missed approaches should occur.

The recommended procedure for determining whether this safe
separation exists involves providing a minimum separation
between two Worst Case Boundaries, one turning and one straight,
which represent the maximum expected deviation from the nominal
missed approach path. A conflict would then be extremely un-
likely, since all the following conditions would need to occur:

° Two missed approaches must occur simultaneously.
. One alrcraft must go straight rather than turn as

required, and one or both aircraft must deviate beyond
the Worst Case Boundary by more than 500 ft.

xii

— g




> o

I IR

N

Application of this concept to particular airports may involve
some modification of the basic procedures as described herein.
The most effective modification iInvolves raising the Decision
Height for the converging approaches. This acts to increase the
separation between the missed approach paths. Other options
involve segregating traffic by speed category, utilizing MLS
guidance, or operating the converging approaches dependently.

The implementation of converging instrument approaches would be
beneficial to twenty-five of the top thirty U.S. air carrier
airports. All twenty-five converging runway layouts could be
operated dependently down to a 200 ft Decision Height; sixteen
would be suitable for independent converging approaches, with
Decision Heights from 325 ft to 900 ft.

RECOMMENDED PROCEDURES

Based on this analysis, independent instrument approaches to
Category I minima can be conducted safely and efficiently if
these procedures are employed:

e The following present requirements are
satisfied:

-- 3 nmi/1000 ft. separation between aircraft
at localizer intercept, and

— functioning ILS or MLS, airport surveillance
radar and air/ground communications.

e Final approach paths do not intersect.

e Misged approach procedures for both runways consist of
a climb to 400 ft AGL and a diverging turn at the

standard rate of 3°/s. The turns should diverge by
at least 459.

¢ With these procedures in effect, independent con-
verging approaches can be authorized if for each
runway, the turning Worst Case Boundary is separated
by at least 500 ft from the straight Worst Case
Boundary for the other runway. This accounts for the
possibility that either missed approach may blunder
and proceed straight ahead.
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e If runway geometry does not permit Category I minima
(DH = 200 feet), one of the following techniques is
used to ensure safe separation between missed
approaches:

—-=- raising the DH until lateral separation between
Worst Case Boundaries 18 greater than 500 feet.

—~ operating dependent approaches by insuring a minimum
time separation between missed approaches at the
point where extended approach center 1lines

intersect.
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1. INTRODUCTION

1.1 Background

Current congestior levels at major airports require an
increasingly efficient utilization of existing airspace and
airport real ertate. Several innovative techniques and Air
Traffic Contr«:? (ATC) prucedures can be considered to increase
capacity, particulariy in Instrument Meteorological Conditioms
(IMC).

Recent studies have identified those techniques and procedures
necessary to ws2 multiple instrument approach streams in par-
ticular applfcations. Specifically, requirements for their use

in dual and triple parallel runways (References 3 and 5) have
been specified.

| This report addresses the potential for increasing capacity

! through the use of independent or dependent approaches to
converging runways during Instrument Flight Rule (IFR) con-
ditions. At the present time, IFR arrival operations may be
conducted to single runways, to independent parallel runways

; spaced at least 4300 ft apart, and to dependent parallel runways

| at least 3000 ft apart (with 2.0 nmi diagonal aircraft separ-

4 ation). For runways spaced from 2500 ft to 2999 ft, a 3 nmi

diagonal separation is required. IFR approaches to converging

runways are not presently allowed.

The expected benefits of multiple approaches on airport arrival
capacity are significant (Table 1-1 from Reference 1). Many
airports have converging runways which cannot be used in IFR
conditions under current ATC rules. Their arrival capacity is
that of a single runway. Arrival capacity for independent
converging runways 1s potentially twice that of a single runway.
The capacity increase to be expected for a dependent converging
configuration would vary from 40 to 75 percent depending on the
specific geometry.

! 1.2 Objective

The gain in arrival capacity shown in Table 1-1 will only be a

tential increase unless the concept is accepted and used. As
the first step in demonstrating that converging approaches used
under IFR conditions could increase airport capacity, this report
presents a preliminary analysis of such operations and an initial
set of requirements.
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TABLE 1-1

IFR ARRIVAL RUNWAY CAPACITY

ER_OF ARRIVALS PER HOUR

10 PERCENT

UNWAY(S HEAVY TRAFFIC
Single 28
Dependent Parallels 39
Independent Parallels 55
Independent Converging 55

Triple Parallel (Independent/Dependent) 67

25
38
51
51
64

40 PERCEN
HEAVY TRAFFIC
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1.3 Organization

All runway layouts can be described as composed of single,
parallel, or converging runways. Section 2 of this report
discusses the various types of converging runways and compares
converging approaches with parallel operations.

The requirements analysis (Section 3) identifies the major issues
in operating converging runways independently. These issues are
evaluated with particular attention to simultaneous missed

approaches. Procedures are proposed which would allow safe
operation of a limited set of converging runways down to Category

I minima (200 ft Decision Height).

Many other configurations of converging runway geometries cannot
be operated independently under the proposed procedures. Four
strateglies are proposed in Section 4 to allow operations under
certain specific conditions. The runway geometries to which
these strategies may be applied are identified.

One of the most important issues of converging approaches is the
agsessment from the pilots who will be required to operate them.

The issues which are likely to affect pilot acceptance are
discussed in Section 5. A summary and complete statement of
requirements is enumerated in the final section.
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DESCRIPTION AND PERSPECTIVE

The potential for increases in arrival capacity due to
application of multiple approach concepts was i1llustrated in
Table 1-1. Parallel runways are easily categorized into
independent and dependent arrivals primarily on the basis of
distance between runways. Under current rules, for example, if
runway spacing is less than 4300 ft, arrival operation must be
dependent. Converging runways, however, cannot be categorized so
easily and the specification of independent and dependent is more
complex. Therefore, a methodology to define and characterize
converging approaches 18 presented in this chapter.

2.1 Definition

If two runways are not parallel, they will converge and
approaches to the runways from one direction will also converge.
To avoid dealing with runways that converge by so little that,
for practical purposes, they are parallel, runways that converge
by no more than 15° are considered to be parallel as specified
in the Air Traffic Control Handbook (Reference 8). A further
limitation of 100° has been applied to the maximum angle of
convergence (Figure 2-1). This was done for two reasons:

1. For those runways with angles of convergence >100°,
it is more likely that converging approaches would be
made to the runway ends defined by the complementary
angle < 80°.

2. It is unlikely that wind conditions would allow the use
of approach combinations that converge at an angle
between 100° and 180°.

2.2 Types of Converging Runways

To identify the converging geometries that will provide the most
capacity gain during IFR conditions, three types of converging

runways were examined.

° The final approach to one converging runway may
intersect the final approach or the extended centerline
of the other runway.

° The two runways may physically intersect.

° The extended centerline may intersect.
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2.2.1 1Intersecting Approach Streams

Converging runways in which the approach streams must intersect
(Figure 2-2a) will be most difficult to operate safely during any
condition. There 1s no precedent for this operatfon during VFR

conditions and no effort was expended to design requirements for
this type.

2.2.2 1Intersecting Runways

Independent operation of converging runways that intersect will
pose two kinds of problems (Figure 2-2b):

° The possibility of collision between two aircraft on
that portion of each runway in which the pavement is
shared

' The possibility of collision during simultaneous missed
approach

A combination of these two problems will make some intersecting
runway geometries virtually impossible to operate
simultaneously. If the distance between touchdown and
intersection is long enough for aircraft to land and hold short,
however, there are ATC procedures (designed for VFR conditions)
that may be applied. For geometries in which hold-short

procedures can be used, there remains the problem of simultaneous
misged approach.

2.2.3 Converging Runway (Extended) Centerlines

Those runways in which the extended centerlines intersect, or a
variation in which the extended centerline of one runway
intersects the other, present only simultaneous missed approach
problems (Figure 2-2c). Because this type 1s the least complex
and there is extensive precedence in VMC, the likelihood of
creating relatively non-restrictive requirements is good.
Consequently, the majority of the analysis focuses on this

converging approach type and the resolution of the simultaneous
missed approach issue.

2.3 Characterization

Because of the wide variety of runway geometries described as
converging, some additional characterization 18 necessary to aid
in understanding the implications of this variation. There are
two major parameters that vary within the converging geometries:
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FIGURE 2-2

TYPES OF CONVERGING APPROACHES INTERSECTING APPROACHES

2-4

e

RS SR Y ¥ 1+ 7 TRUT TS IXIFEU




)

2 GV L TR N

1. %%gle of convergence - This can vary from 15° to
O and acts to increase or decrease separation
between expected missed approach paths depending on the
value of the other parameter (See Figure 2-3).

2. Distance from point-of-intersection to threshold - This
distance can vary greatly depending on the position of
runways and runway length. As the distance increases,
the lateral separation between expected missed approach
paths also increases (Figure 2-3).

e

Throughout this report, the nominal missed approach path is used
as defined by TERPS (Reference 2) for an ILS approach (Category
I*) to a single runway by an air carrier aircraft. It specifies
that an aircraft will descend to a decision height (DH) of 200 ft
at the missed approach point (MAP). This is approximately at the
middle marker. A 1.5 nmi straight section of the missed approach
area begins at the MAP and ends at a point where the missed
approach flight path begi- 3 a constant radius turn. An example
of a turning missed approach flight path has been superimposed
over both converging approaches in Figure 2-4. The assumption
that both aircraft will need to turn to avoid collision was made
to insure the greatest degree of safety. The missed approach
paths are shown diverging by 45° as required for parallel
simultaneous ILS approaches by TERPS (para 997).

Other aspects of converging approaches will, of course, differ
from parallel independent approaches. For example:

1. Many converging runways actually intersect, thus,
presenting a ground collision hazard not found in
parallel approaches.

2. For converging runways, the most likely missed approach
maneuver would require both aircraft to turm, unlike
the parallel missed approach in which one of the
aircraft may not be required to turm.

W1 oa s ead fer ateidoal R
S R IR s e

*Category 1 approaches are the standard for the evaluation of this
concept. This category requires the DH to be no less than 200 ft
above ground level (AGL).
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FIGURE 23

ILLUSTRATION OF PARAMETERS AFFECTING MISSED APPROACH
PATHS FOR CONVERGING RUNWAYS
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FIGURE 24
RUNWAYS PLAN FOR HOUSTON (IAH) ILLUSTRATING TYPICAL
(NOT OFFICIAL) TURNING MISSED APPROACH PATHS
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2.4 Conclusion

Operating converging runways during IFR conditions presents
several airborne and safety concerns, some of which relate to
runway geometry category. Since the intersecting final approach
geometry will not be considered, this concern will not arise.
The consideration of intersecting runways, however, raises the
problem of ground collision on the runway. This should be
analyzed on a case-by-case basis to determine the feasibility of
hold-short measures.

The principal problem identified for the two remaining converging
geometry types (intersecting runways and converging runway
(extended) centerlines) is the hazard of simultaneous missed
approaches. Regardless of geometry variation within each of
these types, the distinguishing characteristic of converging
approaches 1s that simultaneous straight missed approaches
intersect. Requirements to ensure separation of missed
approaches will be addressed in the next section.
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3.

REQUIREMENTS ANALYSIS

As noted earlier, the largest gain in capacity for converging
runways will result from implementation of independent arrival
streams. This section examines the categories of converging
runways appropriate to the application of independent approach
streams and the conditions under which independent operations can
safely be applied. The result is a set of requirements for
independent arrival streams to converging runways.

3.1 General Considerations

During the independent operation of closely spaced parallel
runways, the major issue has always been, "What will provide
adequate separation during simultaneous approaches?” This issue
is also relevant to the operation of converging runways.

Simultaneity implies that longitudinal spacing between parallel
arrivals is zero. Also, vertical spacing between aircraft
approaching adjacent runways will be very close to zero.
Therefore, if simultaneous approaches are authorized, one must
specify approach courses that depend primarily on lateral
separation to insure safety.

Adequate lateral separation can be achieved if all aircraft

follow the specified course; but errors in navigation, avionics
and judgment can effectively decrease lateral separation. There
are two general categories of errors that have been examined
during past analysis of deviation from independent parallel
courses —— blunders and random lateral deviation. The Normal
Operating Zone (NOZ) provides space for random lateral deviation;
only blunderers deviate outside the NOZ and penetrate the No
Transgression Zone (NTZ) (Figure 3-1).

For converging approaches, the potential errors are the same and
the following conditions were examined:

1. Blunders during final approach and missed approach

2. Random lateral dispersion about the flight path during
missed approach (the distance between courses during
final approach to converging runways is generally large
enough to insure adequate safety from random lateral
deviation)

3. Variation in the turn that could result from the pilot
executing a late turn, wide turn, or even no turn.
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FIGURE 3-1
PLAN VIEW OF INDEPENDENT PARALLEL APPROACHES
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4. Potential for collision while landing or taxiing on the
pavement shared by intersecting runways

It is assumed that these procedures could be applied by respon-
sible controllers in IFR conditions. Essential to that
assumption is the understanding that the controller must judge
whether the conditions (e.g., weather, surveillance of the
intersection) allow the application of these procedures.

3.1.1 Final Approach Blunders

In previous analyses of parallel approaches (Reference 3), a
blunder has been defined as a sudden deviation of an aircraft
towards the other approach course, requiring other aircraft to
turn away to avoid a conflict. Such blunders are not expected to
influence the analysis of converging approaches.

In the analysis of parallel approach blunders, the region shortly
after the aircraft turns onto the localizer is of greatest
interest. Here, furthest away from the radar antenna, the
surveillance error is greatest. Navigation error is also the
greatest, because of the distance from the localizer antenna.

For converging arrivals, however, the distance between approaches
is also the greatest at this point. If a blunder should occur,
immediate recognition and resolution is not as critical because
of this extra separation. Dedicated purpose monitor controllers,
as required for simultaneous parallel approaches, would probably
not be needed.

Closer to the runway threshold, the distance between the
approaches decreases, more closely approximating the spacing
between parallel runways. For several reasons, blunders are not
likely to be a significant problem in this region either. Im~
proved surveillance accuracy closer to the airport reduces the
time required to detect a blunder; also, the other aircraft is
likely to be on the ground before a conflict could occur. The
chance of a blunder becomes even more remote as the aircraft
acquires visual contact with the runway. In addition, the
requirements that will be proposed for independent converging
approaches, dealing with minfmum separation between missed
approach paths, makes it unlikely that such operations would be
conducted to runways with thresholds as close as 4300 ft.
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3.1.2 Missed Approach Blunders

Review of Procedures

For the purpose of discussion in this report, only Category I
approaches are assumed. Accordingly, the Decision Height (DH) at
the Missed Approach Point (MAP) is assumed to be at least 200 ft
above ground level (AGL) and the vigibility at least one half
mile.

ILS approaches to converging runways are not addressed by TERPS
procedures and there is no approved missed approach course or
procedure. However, for Category I approaches, TERPS has
established procedures that define the obstacle clearance area
and the flight path for both straight and turning missed
approaches for 15 nmi beyond the MAP. Turning missed approaches
are defined to begin turning at 1.5 nmi from the MAP (at which
point the aircraft is expected to be at least 400 ft AGL), and
the radius of the turn is determined by the aircraft category
(Figure 3-2). See Table B-1, Appendix B, for aircraft categories
and appropriate turn radii.

Since aircraft flying simultaneous approaches to counverging
runways risk collision during straight missed approach, it was
assumed that any missed approach procedure would require turning
missed approaches for both runways. It was further assumed that
any procedures would call for both aircraft to turn as soon as
possible so as to diverge by at least 45° (as required by

TERPS, paragraph 997 for simultaneous parallel ILS approaches).

Type of Blunder

The type of blunder assumed by past blunder analysis (for
parallel approaches) was a hypothetical change of heading by an
aircraft for no apparent reason. The blunder that must be con-
sidered during missed approach is the execution of a straight
missed approach instead of the turning missed approach. This is
called a "heading blunder”. The execution of this blunder during
a simultaneous missed approach could result in a midair collision.

It is tempting to compare the simultaneous converging ILS
approach with the simultaneous parallel ILS approach for which
TERPS has written procedures. The singular difference between
the two situations 1s that, if a pilot does nothing during a
missed approach to alter the aircraft heading, the parallel
nature of the approach will insure lateral separation of the two
aircrafe.
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If both pilots default to a straight missed approach course
during the approach to converging runways, however, lateral
intersection would be the likely result.

3.1.3 Random Lateral Deviation During Missed Approach

When a pilot is making a missed approach, the priority of
activities during the first moments is:

o Increase thrust
. Establish positive climb rate
. Maintain correct heading

The activity of interest in this study is the maintenance of the
missed approach course; and since that activity ranks third ia
priority during at least the early stages of missed approach,
there 1s likely to be some random lateral dispersion about the
nominal flight path.

It has been shown that this dispersion about the nominal flight
path is relatively small at the MAP when the aircraft 1is
receiving positive guidance but, when that guidance can no longer
be followed (at or near the MAP) lateral dispersion increases
monotonically. See Figure A-1l, Appendix A for a graph of the
standard deviation of lateral dispersion about the nominal flight
path from 300 meters before threshold to 2700 meters beyond.

The implication of this deviation about the flight path is that
one can expect aircraft to err in following their prescribed
missed approach course exactly. This degree of error can be
expressed as the probability of aircraft A to be at or past
lateral location X at any given time. If this kind of
information were accurate and available, one could calculate the
probability of a collision as a result of lateral course
variation of two aircraft simultaneously pursuing missed approach
courses for converging runways. Section 3.2.4.2 will discuss the
availability of this kind of data.

3.1.4 Crossing Runway Intersection While Landing

An obvious hazard to landing on intersecting runways is the
failure of one aircraft to hold short of the runway intersection,
then colliding with the aircraft landing on the other runway. If
intersecting runways were operated independently, the controller
would have to advise every aircraft to hold short after touchdown.
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There are problems with this situation. Landing the aircraft is
probably the most technically demanding part of a pilot's job and
the pilot values the condition where the whole runway is dedi-
cated to that one landing -- at least for a minute or so. It may
be technically difficult for the pilot to plan on holding short.
It also means that the pilot has no safety margin if the aircraft
overshoots the runway slightly. Every landing will need to be
executed more precisely.

Weather and visibility present larger problems. 1If IFR
conditions are minimum but legal (200 ft ceiling, 0.5 mile
visibility), it is quite possible that the intersection cannot
even be seen. The conditions under which this concept is to be
applied exist during weather conditions that are marginal for
operating aircraft. If the ceiling is low, the runway surface
may be wet and/or slippery. The two conditions co—exist natur-
a2lly. The result of these conditions is poor visibility and poor
braking -- two strong factors mitigating against the poesibility
of holding short of the runway intersection.

However, there are procedures for holding short on intersecting
runways (Reference 8, Section 12, #1121b) during VFR conditions:

° Runways must be dry

° Controller must instruct aircraft to hold short of
intersection. Instruction must be acknowledged.

. The distance from landing threshold for the aircraft
being instructed to hold short must be in accordance
with facility directives and diagrams.

Providing that the controller has adequate surveillance of the
runways and intersection, there appears to be no ruason why the
above provisions could not be applied to instrument approaches.
During conditions of low visibility or wet runways, instrument
approaches would be no more appropriate than would VFR approaches.

3.1.5 Summary of Safety Issues

In summary, there are four safety issues inat must be explored to
determine the requirements for converging instrument approaches:

1. Blunders during final approach

2. Blunders during missed approach
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3. Random lateral deviation from the nominal flight path
4. Violating a runway intersection while landing

3.2 Requirements

The requirements for instrument approaches to converging runways
derive from analysis of the four safety issues identified above.
The object of the following discussion is to determine
requirements that resolve these issues.

3.2.1 Final Approach

Blunders during final approach are not expected to present a
problem for most converging approaches. Due to the geometry of
the configuration, the aircraft will, in most cases, be further
than one mile away from each other at the missed approach
points. Closer than the MAPs, the pilots will have the runways
in sight visually, and blunders will be much less likely.

There does not appear at this time a need for any special
requirements to protect against final approach blunders.

3.2.2 Intersecting Runways

The danger potential for crossing an intersecting runway was
outlined earlier and derives from three basic causes:

® Weather at time of landing

o Pilot's ability to plan and execute a correct landing
under demanding conditions

® Incidence of mechanical failure (or any other kind of
aircraft failure) that would require more than the
nominal runway length

The weather cannot be altered and will often be marginal during
IFR conditions. The runway length needed for safety margin is an
arguable point although 8,000 ft would seem to be an adequate
length for a heavy aircraft to land under dry runway conditions.
The conclusion of this study is to judge intersecting runways on
a case-by-case basis, applying existing procedures (Section
3.1.4) where feasible. Since there 18 no evidence that inter-
gecting runways are so hazardous that no procedure could
compensate, there should be no blanket restriction against
independent approaches to intersecting runways.
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3.2.3 Blunders During Missed Approach

The blunder that is most likely to occur during missed approach
was earlier identified as the "heading”™ blunder. Instead of
making a turning missed approach, the pilot simply continues
straight ahead while climbing to a relatively high altitude.

This blunder could possibly be identified by the controller who
could advise the blundering aircraft to turn. However, airport
radar is not very reliable at low altitudes because of clutter
and the difficulty in detecting moving targets at slow speed.
The controller must be able to immediately assess the situation
at just the time when another approach requires attention.

Another way to solve this problem is to insure that standard
missed approach procedures accomodate this possibility, 1.e., a
default option for each missed approach would allow one straight
missed approach while ensuring the safety of both aircraft. This
concept is illustrated in Figure 3-3 and has been specified as a
requirement and described further in Section 3.3.2. The concept
is rather conservative, however.

Constructing two different missed approach avenues for each
runway and requiring that either missed approach could be
straight ahead will utilize more lateral space than a requirement

for two turning missed approaches. The result of this option is
to raise the weather/visibility minima for ILS operations at all

airport s.

3.2.4 Random Lateral Deviation During Missed Approach

There are two indicators of expected lateral dispersion which
were thoroughly reviewed during the course of this study. They
are:

° Migsed approach obstacle clearance surfaces described
by TERPS and ICAO

° Data used in:

1. The Collision Risk Model (CRM) (Reference 7) to
model lateral variation in final approach and
missed approach and

2. The RESALAB study (Reference 4) on lateral
variation about the final approach path
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FIGURE 3-3
STRAIGHT MISSED APPROACH ON CONVERGING RUNWAYS
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3.2.4.1 Obstacle Clearance Surfaces

The TERPS procedures for missed approaches call for the

construction of obstacle clearance surfaces to coincide with the

: prescribed missed approach area (described in Appendix B).

0 Figure B-2 illustrates the turning missed approach area. The

: primary motivation for constructing the area and the obstacle
clearance surfaces was to protect the aircraft during missed

:! approach from colliding with stationary objects (buildings,

¥ trees, towers, etc.). For that purpose, the obstacle clearance

surfaces were constructed such that an aircraft located as much

as 30 from an assigned path would be protected.

The width of the surface at the MAP is determined by the width of
the final approach area at that point (the width at the MAP is
1800 ft in Figure B-2). This width increases to 1 nmi at 1.5 nmi
from the MAP. At 1.5 nmi from the MAP, the primary surfaces
increase to 8 nmi in width and the secondary surfaces add another
4 nmi to the final width.

EAT U

-

b Examination of the data (next section) reveals these widths to be
extraordinarily large in respect to expected lateral deviation.
Clearly, the current lateral deviation is much less than that on
which the obstacle clearance surfaces were originally designed.
If these surfaces were used as boundaries, the resulting lateral
separation would vary from 1 nmi to 12 nmi.

If concern for consistency is of value, these surfaces should not
be used rigidly as boundaries. The TERPS procedures for simul-
taneous ILS (parallel) approaches call for course separation of

ﬁ 4300 ft, resulting in an overlap of the primary obstacle

| clearance surfaces of 1776 ft at distance of 1.5 nmi from the

MAP. This is a 30% overlap of surfaces.

There is no strong theoretical argument for using the obstacle

. clearance surfaces as collision avoidance boundaries. The

: : surfaces were created to guard against aircraft colliding with a
: stationary object, not another aircraft--a moving object.
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The probability of a stationary object being in a given location
is either 1 or 0. If it is 1, the probability of the aircraft
colliding with it is equal to the probability of the aircraft

| being in that location (P;) multiplied by 1 = P;. If the

; object were another aircraft and the probability of that aircraft
' being in a given location = Py, the probability of both

aircraft being in the same location is P; x Pp<P;.

3-11

. AR [P 7Y Ry e -

|

[ ——
¥




Essentially, this argument maintains that a boundary designed to
protect against stationary objects would have to be wider than
one designed to protect against moving objects, because these
objects would be present only a small proportion of the time.
This fact compounds the problems of using a procedure for
purposes that were not originally intended.

The obstacle clearance surfaces are obviously a conservative
estimator of lateral deviation. A long term consequence of using
e these surfaces as boundaries is the inability to discontinue

' using them if they are proven to be overly conservative.
Incorporating what might be a disproportionately large safety
factor initially may make further application of capacity-
increasing concepts difficult.

r 3.2.4.2 Missed Approach Data
]

Missed approaches on a single runway are an unusual event. The
chance of one occurring during instrument conditions is about
once every 53 approaches.* If operations were truly independent,
the chance of two missed approaches occurring simultaneously is

q once every 2800 events. Because of the relative rarity of this
event, there is no data on simultaneous missed approaches to
parallel runways—--the only situation for which procedures
presently exist that resembles independent converging instrument
approaches.

Data Identification

Aside from the RESALAB data (Reference 4) on final approach
(which contains over 500 observations of Category I lateral
flight location at the MAP), the bulk of the data on missed
approaches exists at ICAO. During the mid-1970's, a major effort
was made by ICAO to gather all available, relevant material on
lateral and vertical dispersion from the nominal flight path
during approach and missed approach. The Obstacle Clearance Data
Collection Program was created to aid in the construction of a

*Unpublished FAA Memo (dated 12 July 1974) to E. E. Calloway from
D. E. Vernelson, Subject: Missed Approach Information (contains
results of a three-month survey of IFR operations to determine
percent missed approaches. There were 376,187 IFR operations
reported. Data included both precision (ILS) and non-precision
(VOR, NDB, etc.) approaches.
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Collision Risk Model (Reference 6). The manual for this model
provides evaluation of the missed approach data that was
collected from two countries and ten runways.

In spite of the intensive ‘data gathering effort, only 483 missed
approaches were observed. The resulting data is plotted in
Figure A-1, showing lateral dispersion about the nominal flight
path. The trend of this dispersion is unmistakable -- mono-
tonically increasing from 300 m before the threshold to 2700 m
beyond the threshold.

Analysis

An analysis of the data was done to determine the usefulness to
the project and the limits of that usefulness. All of the data
comprised samples of 120 or fewer observations (Reference 7) at
each point along the missed approach course. A sample of this
data was examined to determine the lateral range of its
validity. One would expect that the sample of 100+ observations
would adequately represent no more than 3 standard deviations
(the probability of encountering observations beyond 3 standard

deviations is less than 1/200). Figure 3-4 illustrates the range
of observations.

Note that both distributions (normal and Johnson S,) fit the
data reasonably well, but the Johnson S, has the best fit.

This was borne out by applying a Chi Square test for Goodness of
Fit by Pate (Reference 7).

However, the data consistently contains few observations beyond 3
standard deviations. The implications of this are twofold:

1. The distributions that model the data on lateral
dispersion could be used to make inferences about
events that are likely to happen at least once in every
200 times. That probability of occurrence is
inadequate to make inferences about the probability of
collision. If one were to assume that the event were
the collision of two aircraft, a contingent probability
(P) would apply requiring the multiplica- "on of two
individual probabilities -- P = (1/200 X ./200) =
1/40,000 -~ still inadequate for our purposes for which
much smaller probabilities would apply.

2. If we were to determine the distance between each

nominal flight path required to assure that no
collision would occur with a suitably small probability,
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it would require making inferences at the 7¢ to 100
level, depending upon which distribution was used
(Appendix A, Table A-2). There is no way of knowing
which distribution, 1if any, represent the true popula-
tion at 7¢ from the mean (at least 3¢ from the most
widely dispersed observations in the sample).

There are reasons to use this data for other purposes, however.
Basically, they derive from the recognition that there is a job
to be done (collision risk assessment for location of obstacle
clearance surfaces) and this is the only data that exists. This
data can be represented by an unusually thick-tailed distribution

thus giving a conservative bias to inferences made far out in the
tails.

This last rationale does not equally balance the inherent
problems due to the small sample size. Aside from the problem
with sample size there are three others, the sum of which present
a strong argument for not using the data in this study.

] The data is only applicable directly to Category II
conditions. Because of the broad mix of pilot skills
and less sensitive avionics, the lateral deviation of
aircraft flying Category I approaches (and related
missed approaches) can be expected to be generally
greater. (Where microwave landing systems are used,
however, the improved back course guidance may act to
compensate for this lateral deviation.)

At some point during the missed approach, one would
expect afrcraft pilots to stop concentrating on the
immediate problems of the missed approach --
stabilizing the aircraft, gaining altitude ~- and start
to navigate a tighter course. The data does not appear
to have been recorded far enough into the missed

approach to capture the expected converging tendency of
the lateral dispersion.

All data is for straight missed approaches.

No turning
missed approach data exists.

3.3 Worst Case Method For Defining The Major Requirement
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As first discussed, both TERPS Obstacle Clearance Surfaces and
ICAO missed approach data were reviewed as potential indicators
of lateral dispersion during missed approach. Neither candidate
was deemed suitable because of various technical, operational or
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policy flaws. The review of thegse methods, however, gave
insight as to what the requirements cannot be and led to the
development of the concept described below.

The concept assumes that one must guard against some worst case
scenario so that the requirements for independent converging
approaches will accommodate the asking of various "what 1f...?"
questions. (e.g., What 1f a heavy ailr carrier and a general
aviation aircraft happen to simultaneously go around?) Therefore,
the following concept of a collision avoidance boundary was
developed, such that no aircraft could reasonably be expected to
cross it through random lateral variation from the nominal missed
approach course.

Because the concept requires the construction of a collision
avoidance boundary, the concept description is presented in a
series of statements detailing the steps required for con-
struction. Following each step are supporting arguments, logic
or precedence.

3.3.1 Construction of Boundary for Turning Missed Approach

Step One--Construct an expected missed approach path that

requires the aircraft to execute a straight climbing missed
approach to 400 ft AGL. At this time each aircraft shall follow
a climbing, turning course (away from convergence) at the
standard rate of turn (3°/sec)* until the paths of simul-
taneously converging aircraft diverge by at least 45°.

° TERPS requires aircraft to:
1. Reach an altitude of 400' AGL before turning;

2. Diverge by 45° under simultaneous ILS operation.

' The turn rate of 39/sec is standard for both GA
(Reference 11) and air carrier aircraft (References 10
and 12).

. The radius of the expected flight path is determined by
the likely speed of the fastest air carrier aircraft

* At 160 kn, turn radius = 1 nmi
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executing the maneuver. This proposed radius is 1 nmi,
tracing the route of an aircraft making a standard turnm
at 190 knots.

Step Two--Assume that an aircraft, at worst, will deviate later-
ally from the nominal flight by three standard deviations in a
direction toward the other converging approach. A plot of the
route followed by this hypothetical aircraft is called the Worst
Case Boundary (WCB).

° Three standard deviations are applied during
blunder analysis as the position keeping accuracy of
non-blundering aircraft (Reference 3). The analysis
assumes a normal distribution which implies that there
is only one chance in 740 that an aircraft would be
found outside the 3¢ range.

® Three standard deviations are also the standard
understood to be used in constructing the obstacle
clearance surfaces described in TERPS.

° The CRM data for random lateral dispersion in the first
1200 m beyond the threshold uses data to which a
data-matched distribution, hereinafter called the CRM
distribution, is applied. This data was discussed
earlier and the sample size was identified as large
enough to inspire confidence in inferences made to 3o.
This data, however, is represented by the CRM dis-
tribution which, at 30, infers that there is one chance
in 222 of an aircraft deviating beyond the 30 boundary.

° For the identification of the 3¢ point at the MAP,
RESALAB also contributes data although no distribution
is fitted. The value of the standard deviation, how-
ever, 1s almost exactly the same as the CRM data
derived value (Figure A-3).

Step Three--The boundary of the straight section of the missed
approach will be identified by an angular measurement. This
angle is a deflection from the straight flight path obtained by
locating two points, each a distance 3¢ from the expected
straight flight path. The first 3o point 1is located at the MAP
(211 ft from the expected flight path) and the second is located
at the last data point, 11,924 fc from the MAP (943 ft from the
expected flight path). These points and the straight flight path
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define the deflection angle calculated below and pictured in
Figure A-3.

Tan~! [(943-211) / (11,924)] = 3.50°

With this angular value, all straight section WCB's can be
calculated by identifying point A and applying the sine of the
deflection angle to the length of the straight nominal missed
approach section to locate point B.

Step Four--The length of the straight missed approach section
will be 1.5 nomi. From the point on the WCB at the end of the
straight section B, (Figure 3-5), construct a 90° angle with the
WCB such that a point on that line could represent the center of
a circle 1.75 nmi in radius. Draw an arc with radius equal to
1.75 nmi beginning at B.

e The present missed approach obstacle clearance surfaces
for a CAT 1 approach specify a 1.5 nmi straight missed
approach section. The derivation is approximated by
assuming a 40:1 slope from the final approach obstacle
clearance surface at the MAP (DH=200') to the turning
point at 400' AGL, as above.

e The straight section must be long enough to allow
sufficlent time to stabilize the aircraft and arrest the
descent. The calculation of this distance is aircraft
and situation dependent. Calculations using 160 kn+
horizontal air speed and 14 ft/s rate of descent show
that a distance of 0.5 miles is needed to stabilize the
alrcraft. This implies that, for a DH of 450 ft, the
aircraft could conceivably turn after 0.5 miles of
straight flight.

However, because of uncertainties about several
assumptions which deal with omni-directional winds,
engine weight and type of aircraft, {t was decided to
require the congervative 1.5 nmi length of straight
section for missed approaches at all decision heights.

The radius of the arc reflects the maximum turning radius
expected for heavy aircraft (class D aircraft, TERPS,
Reference 2).

As a point of reference, a turn radius of 1.75 nmi 1is
equivalent to an aircraft executing a half-rate, 1.5°
per second turn at 165 knots.
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A - 3 o deviation
at MAP

B - 3 o deviation
at turning point

C - center of arc with
1.75 nmi radius

FIGURE 3-5

CONSTRUCTION OF WORST CASE BOUNDARY
FOR TURNING MISSED APPROACHES
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3.3.2 Construction of Boundary for Straight Missed Approach

The concept of using a Worst Case Boundary to avoid collision due
to random variation about the nominal flight path has been
applied to the expected turning missed approach. As discussed in
3.2.3, the prospect of a wrong heading blunder during missed
approach needs to be addressed as well. The conclusion of that
analysis was to provide for the eventuality of both a turning and
a straight missed approach at each runway so that a straight
missed approach could accidentally be executed on either runway
without causing an unacceptable decrease in the safety of a
simultaneous missed approach.

This provision requires the construction of a WCB around a
straight missed approach expected path at each runway. Step Five
decribes this construction and Figure 3-6 illustrates it.

Step Five--Establish a straight missed approach Worst Case
Boundary by plotting a 30 line starting at point A and extending
for 15 mmi. Use the deflection angle (3.50°) calculated in

Step Three to locate the WCB (Figure 3-7).

. The logic and data used to support Step Two is equally
valid for this step.

° The length of the straight WCB (15 nmi) corresponds
with Obstacle Clearance Surface length.

3.3.3 Application of Worst Case Boundary Requirements

The Worst Case Boundary concept provides a protected ailrspace
between missed approaches to converging runways. The 39 boundary
is intended to protect that space occupied by the overwhelming
majority of aircraft during missed approach. Because of concern
over the "heading blunder”, a requirement that extra space be
reserved for accidental execution of straight (instead of
turning) missed approaches 1s also provided.

The application of these requirements may still not prctect
against other uncertainties that are nearly impossible to predict
--unreliable equipage or extraordinarily poor pilotage. There-
fore, a separation between WCB's of 500 ft is proposed to reserve
space for these unpredictable events. The application of the
to;al concept 18 described in Step Six and {llustrated in Figure
3-7.

3-20

- b e o 4o w——— -

rame o

= —p——




]4

» Sa AR

T T unia

R A TR < e

LEGEND

A - 3 o deviation
at MAP

B - 3 o deviation
at turning point

C - center of arc with
1.75 nmi radius

FIGURE 3-8

CONSTRUCTION OF WORST CASE BOUNDARY FOR
TURNING AND STRAIGHT MISSED APPROACHES
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Step Six—Construct a WCB for turning and straight nominal missed
approaches at each runway. Select that combination of one
straight and one turning WCB that provides a minimum of 500'
between boundaries. Insuring this requirement provides the
necessary airspace protection for random lateral variationm,
heading blunders and rare events during simultaneous missed
approaches to converging runways (Figure 3-7).
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RESOLUTION STRATEGIES

In Section 3, three general considerations for the application of

simultaneous ILS approaches to converging runways were identi-
fied:

1. Blunders during final approach
2. Blunders during missed approach
3. Random lateral deviation from the nominal flight path

In hopes of quantifying these potential problems, the approach

data collected by ICAO's Obstacle Clearance Data Collection
Program was reviewed. The conclusions were:

o There is no data describing blunders duriﬁg the final
approach or missed approach.

e The data describing lateral deviation from the nominal
missed approach flight path was inadequate to model the
situation so that sufficiently small probabilities of
collision could be examined.

During the review of potentlal requirements, it became clear that
TERPS contains no precedent for converging ILS approach pro-
cedures although some ideas for lateral separation are contained
in procedures for simultaneous ILS approaches to parallel run-
ways. Subsequently, a new concept for procedures and require-
ments 1s being proposed (Section 3.3) that would allow inde-
pendent approaches to some converging runways. This concept
requires non-overlapping Worst Case Boundaries (WCB) to be
constructed between converging, non-intersecting runways in order
for Category 1, ILS approaches to be allowed. The WCB would be

applied to comply with a Category I, Decision Height (DH) at 200
ft.

In conjunction with another study of airport capacity (Reference
15) the apvlication of these requirements to 19 out of the thirty
largest airports revealed that none of the airports qualified for
independent operation. If it were unnecessary to apply the
straight missed approach to one of the runways, three airports

could operate independent converging approaches:

e Denver, 17L and 8R
e Dallas/Ft. Worth, 31R and 35R
e Houston Intercontinental, 26 and 32
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Because there are so many potential applications of coanverging
approaches, an attempt was made to identify strategies for
application. The strategies described in this section are
intended to be used as alternates or modifications to the 4
fundamental requirements. No reduction in safety is anticipated
to result from the use of any of the strategies.

4.1 Strategy #l1: Increase Minima

For those airports at which the WCB's cannot be separated by 500
ft (at a DH of 200 ft), an obvious strategy 1s to increase the DH
and move the boundaries (which are firmly connected to the Missed
Approach Point (MAP)) in a diverging direction. Of course, if
the minima is raised, the weather restrictions for landing are
more demanding and converging arrivals will occur a smaller
percentage of the time. Presently, the ceiling limitation is
1000 ft for independent converging approaches in VFR. With
visibility lower than 1000 ft, converging runways must be
operated similarly to a single runway. There is still much to be
gained, however, if minima were increased somewhat from the
Category I standard of 200 ft.

Assuming a glide slope angle of 3%, for every 100 ft increase

in DH, the MAP would be displaced 1908 ft. This displacement has
two effects on lateral separation.

1. Because the WCB is predicated on a 30 distance from
the approach path, the WCB moves further from the
approach path as the distance from the threshold
increases. This movement is approximated by a 1.5°
angular measurement. (For every vertical DH movement
of 100 ft, the WCB moves away from the expected
approach path about 50 ft.)

2. Because of the converging nature of th