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EXECUTIVE SUMMARY 

INTRODUCfiON 

When an airport experiences low ceiling or visibility conditions the anival capacity of the 
airport is significantly reduced. This is particularly true at airports that use their main 
runway and a crosswind runway in visual meteorological conditions (VMC). For these 
airports the capacity is effectively reduced to that of a single runway operation. The 
consequence of this is an increase in delays. 

In 1986, the Federal Aviation Administration (FAA) issued an order (FAA Order 7110.98) 
that instituted simultaneous converging instrument approaches (SCIAs). That order allows 
airpons with converging runways to conduct operations to both runways under certain 
ceiling and visibility conditions that are less than VMC. However, because the procedure 
provides for the safety of the simultaneous operations with turning missed approaches, the 
minima tend to be quite high because the protection areas cannot overlap. The order also 
limits the operations to a minimum of 700 feet ceiling or 2 mile visibility for intersecting 
runway geometries. To date only four airports (Philadelphia, Dallas-Ft. Worth, Denver, and 
Washington Dulles) have utilized the provision of this order to reduce the minima to which 
they may use their converging or intersecting runways. 

In the late 1980s another concept for conducting approaches to converging runways was 
proposed. In its fmal version, this procedure called for coordinating the approaches to the 
two runways such that a stagger between the aircraft 1 is maintained. This stagger would 
insure that if both aircraft had to miss their approaches, separation between them would be 
guaranteed even at the intersection of their flight paths. This procedure, which is named the 
dependent converging instrument approach (DCIA), is predicated on protecting against 
consecutive straight-out missed approaches, and the minimum required stagger distance is set 
accordingly. 

Experience in the laboratory has shown that setting up and maintaining such a stagger is a 
skill that is difficult for controllers to apply consistently. Therefore an automation aid to 
assist controllers in achieving the required stagger has been proposed. This aid has become 
known as the converging runway display aid (CRDA). The aid can be described with 
reference to figure ES-1. For every aircraft A on approach to one runway (R 1) there is a 

1 A stagger between aiicraft is the difference between the distance of one aircraft to the 
runway centerline intersection point and the distance of the other aircraft to the runway 
centerline intersection point. 
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ghost target GA displayed along the other approach path (P2) for converging runway R2 
such that the distances of the ghost target GA and the real target A from the point of 
intersection of the two runways or their extended centerlines are equal. The position of the 
ghost target is updated every radar scan along with the update of the real target. Aircraft B is 
the trailing ain:raft on the converging approach. The controller is required to establish a 
spacing between the ghost target GA and aircraft B. The vectoring of an aircraft to follow 
another target on a radar scope is a controller skill that is highly developed. 

PURPOSE 

The purpose of this paper is to develop a DCIA procedure applicable to as many runway 
geometries as possible within certain defined constraints. The procedure is defmed and 
modeled to capture its safety-critical aspects. From this analysis recommendations are made 
concerning the stagger values and other factors relevant to applying this procedure safely to a 
wide variety of runway geometries. 

This paper discusses the procedural and safety aspects of the DCIA procedure rather than 
issues pertaining to automating the CRDA. The analysis presented in this paper deals with 
the DCIA procedure as it applies to any runway configuration. Worst-case considerations 
are used as the basis of this general analysis. Finally, some specific examples are provided 
to illustrate the point that even though an airport could benefit from the general DCIA 
procedure a more specific analysis leading to a specific DCIA procedure for that airport 
might provide even greater benefit. 

ATC BASIS OF THE DEPENDENT CONVERGING INSTRUMENT APPROACH 
PROCEDURE 

The basic principle behind DCIAs is to coordinate arrivals on converging approaches such 
that the two aircraft may approach the runways with adequate stagger. In the unlikely event 
that the aircraft on the two approaches should both conduct missed approaches, the stagger 
provided on approach is designed to be such as to guarantee that the ain:raft will be separated 
during their missed approaches without requiring any further intervention by the controller. 
The procedure thus guarantees safe passage even in the event of radio and radar failure. 

DCIAs provide for aircraft separation during missed approach when the minimum stagger is 
achieved as the leading aircraft reaches its runway threshold by: 

1. Utilizing straight-out published missed approaches 
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2. Assuring procedural (i.e., non-radar) separation between aircraft and protection 
from wake turbulence during missed approaches by requiring that there exist a 
minimum stagger between aniving aircraft and 

3. Establishing values for the required stagger on approach to account for aircraft 
speed and performance variations, and the effects of different runway 
geometries and winds 

The DCIA procedure uses provisions already contained in the FAA Air Traffic Control 
Controller's Handbook (FAA Order 7110.65) to develop requirements for the safe conduct of 
DCIA procedures, utilizes radar control procedures to achieve the necessary stagger on 
approach, and assures adequate separation by enforcing non-radar separation standards when 
radar or radio contact is lost during consecutive missed approaches. 

GENERAL DESCRIPTION OF THE DCIA MOJ)EL 

From analyses of converging consecutive missed approach scenarios it was determined that 
the primary determinants of the final separation between aircraft at the runway centerline 
intersection are: 

• Initial stagger 
• Ground speed differential of the two aircraft 
• Ground speed of the leading aircraft 
• Relative accelerations of the aircraft 
• Wind speed and direction and 
• Runway geometry 

·Distances from runway thresholds to the intersection of the runways (or their extended 
centerlines) are modeled directly. The included angle between the converging runway 
approaches and the effects of the wind are modeled indirectly by assuming worst-case 
geometries. 

In the DCIA model, the approach and miss profiles of a given aircraft are considered in four 
phases: 

1. An aircraft is assumed to cross the outer marker at some fiXed nominal 
airspeed. 
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2. Starting at the outer marker the aircraft decelerates at a constant rate; the rate is 
chosen so that fmal approach airspeed is achieved in a specified distance. 

3. The aircraft maintains its final approach speed until it reaches its missed 
approach point 

4. Starting at the missed approach point the aircraft accelerates to a constant 
missed approach speed determined by the aircraft type. 

Aircraft are assumed to fly the heading of the runway until passing the runway centerline 
intersection after executing the miss. 

The DCIA model systematically analyzes combinations of pairs of aircraft making missed 
approaches as described above. The DCIA model is used to determine the conditions under 
which a horizontal separation (in the case of a leading non-heavy aircraft) or a time 
separation for wake vortex avoidance (in the case of a leading heavy aircraft) is required. 
The DCIA model assures adequate separation even for the following combination of 
deleterious events: 

• The leading aircraft misses its approach, 
• The stagger between the aircraft is the minimum allowed, 
• There is no radio contact with either aircraft, 
• The trailing aircraft misses its approach, 
• The weather conditions preclude "see and avoid" techniques by either aircraft, 
• The wind conditions are such that the worst allowable wind is operative at the 

time of the consecutive missed approach event, 
• For some reason the leading aircraft cannot or does not accelerate, while the 

trailing aircraft accelerates to the intersection even though dependent staggered 
approaches are in effect, and 

• The combination of aircraft is such that there is a significant speed differential 
between the two aircraft, and the slower aircraft is the leading aircraft. 

MODEL VALIDATION AND IMPLEMENTATION 

The missed approach was developed to confonn to reasonable expectations of 
knowledgeable individuals (in this case, pilots, operational personnel, and FAA staff). It was 
based on previous analyses and simulations of missed approach dynamics including a 
comparison to staged consecutive missed approaches conducted at St. Louis in July 1991 
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using actual aircraft. That previous work was reviewed by FAA Technical Center staff 
whose written report endorsed the methodology and fmdings of those analyses and 
simulations. 

The DCIA model was also checked for internal consistency over the range of parameters of 
interest. In addition. the model was implemented in two forms with one implementation 
having more detailed acceleration assumptions to check accuracy of the models and 
calculations. The differences between the two implementations of the model were 
negligible. 

The model relates the dynamics of missed approaches, runway geometries, stagger values, 
and winds to the resulting aircraft separations at the intersection of the runways over a range 
of values of the ~nent parameters. The FAA's AirTraffic and Flight Standards 
organizations established the ranges of values listed in table ES-1 as those that provide 
adequate safety and reflect the expected operational and environmental conditions. 

The parameters in table ES-1 are self-explanatory with the exception of "Forms of 
restrictions." It turns out that only a subset of the runway geometries can support all of the 
speed groups of aircraft using a particular stagger rule. In order to include other runway 
geometries, certain aircraft need to be restricted to a particular runway. In some cases 
restricting slower approach speed aircraft to the runway with the shorter threshold-to­
intersection distance is sufficient. In other cases just not pairing certain groups of aircraft is 
sufficient. For a given stagger distance there are some very fast or very slow aircraft that are 
exceptions and cannot be handled. Therefore, the procedure can be run for all aircraft except 
those listed. In actual operations the controllers would let those aircraft land but a larger 
stagger would be necessary. Combinations of these restrictions are also allowed. · 

ANALYSIS PROCEDURES 

For any two runways whose extended centerlines intersect, the DCIA model yields the 
distance and time separations of the aircraft at the intersection. The analysis proceeds by 
assuming combinations of values for the operational parameters listed in table ES-1 (except 
for the ''Forms of restrictions" and "Minimum separation at intersection"). The DCIA model 
finds solutions that provide adequate separation for cases in which the leading aircraft (at the 
start of the scenario) gets to the intersection first. Separation at the intersection is an issue 
only to the extent that the trailing aircraft is faster than the leading aircraft. Under these 
conditions, the longer the runway threshold-to-intersection distances are, the smaller will be 
the separation of the aircraft at the intersection. Therefore, the analysis is performed by 
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Table ES-1. Parameters for tbe Analysis of DC lAs 

Parameter Values 
Minimum separation at intersection 1 nmi for non-heavy leading aircraft 

76 seconds for heavy leading aircraft 
Included angles between the runways 30 de~s minimum 

120 degree maximum 
A h airspeed at Outer Marker 174 kts 
Final approach airspeeds 80 kts minimum 

170 kts maximum 
10 kt increments 

Missed approach accelerations Equivalent to the maximum effective 
acceleration to the intersection for the 
aircraft using St. Louis with a maximum 
speed of 250 kts 

Distance from runway threshold-to- 0 feet minimum 
intersection 27,300 feet maximum 

100 foot increments 
Winds 30 kts maximum 

15 kts maximum crosswind 
5 kts maximum tailwind 

Form of restrictions • Restrict x kt or less aircraft to runway 
with shorter threshold-to-intersection 
distance (80SxS120) 

• Except y kt or greater aircraft (y~160) 
• Except s kt or less aircraft (sS90) 
• Do not pair z kt or less aircraft leading 

with y kt or greater aircraft trailing 
(zSllO, y~160) 

• Restrict and do not pair 
• Restrict and except 
• Except and do not pair 

Decision Heights 250. 500 and 700 feet 
Stagger 2, 2.5 and 3 nmi for non-heavy leading 

aircraft 
5 and 6 nmi for heavy leading aircraft 



determining the maximum threshold-to-intersection distances for which a given set of 
restrictions and operational parameter values suffice to meet the minimum separation-at­
intersection requirements. 

This pair of maximum threshold-to-intersection distances (i.e., the shorter and longer 
distances from threshold to intersection) is called a breakpoint An initial breakpoint is 
detennined for which the two threshold-to-intersection distances 1ft equal. Then, additional 
restrictions and larger stagger distances are imposed to obtain larger long-threshold-to­
intersection distance breakpoints. Any pair of runways whose short and long threshold-to­
intersection distances do not exceed those of a given breakpoint can be safely operated using 
the operational parameters and restrictions that detennined that breakpoint. 

RESULTS 

General Results 

As described above, the analysis methodology was designed to find those ranges of runway 
threshold-to-intersection distances for which a common set of operational conditions would 
allow a safe operation. Each set of operational conditions is a DCIA procedure. An example 
of one subset of these procedures is shown in table ES-2. This table indicates that for a 
airport with runways whose shorter and longer lengths from the runway threshold to the 
runway intersection point are as shown in the left-most two columns, there are five safe 
procedures as indicated in the DCIA Procedure column. As the required stagger (indicated 
in the parentheses) becomes greater, the restrictions become less severe. For example, the 
procedure "None (3,5)" indicates that with a stagger of 3 nmi behind a non-heavy aircraft 
and S nmi behind a heavy aircraft all aircraft can land on either runway without regard to the 
traffic on the other runway except to provide the required stagger (i.e., none of the aircraft 
are restricted). An "Excepted" aircraft is one that cannot be safely accommodated with the· 
given stagger values. The rightmost column indicates the increased stagger that is necessary 
to accommodate the "excepted" aircraft. In all cases, skipping a slot in back of an "excepted" 
slow aircraft or in front of an "excepted" fast aircraft will suffice to maintain a safe 
operation. If the procedure does not involve an "excepted" aircraft, additional stagger is not 
applicable (denoted NA). 

The range of distances from threshold-to-intersection in table ES-2 is only one of many that 
were found with the DCIA model. Consider the continuum of longer and shorter distances 
from threshold-to-intersection as shown in figure ES-2. The range of distances in table ES-2 
is depicted in figure ES-2 as the shaded cell. Each of the other cells in figure ES-2 have 
corresponding DCIA procedures. For longer and shorter threshold-to-intersection distances 
not covered by the cells in figure ES-2 there is no DCIA procedure. 

X 



Table ES-2. Example of a DCIA Procedure for Decision 
Height of 250 Feet 

DCIA Procedure 
Shorter Distance from Longer Distance from Stqger aircraft 10 converging 

threshold to intersection threshold to intersection runways using indiclled stagger 
distance· restrictions noted 

2601 ft to 3400 ft 3401 ft to 4000 ft 0 Restrict 90 kt or less 
aircraft to runway with 
shorter threshold-to-
inlenection dillallce .... 
except 80 kt or less aircraft; 
stager rule is (2,5) 

or 
0 Do not pair 90 kt or less 

aircraft leading with 160 kt 
or greater aircraft trailing 
...t except 80 kt or less 
aircraft: stager rule is 
(2,5) 

or 
0 Restrict 80 kt or less 

aircraft to runway with 
shorter threshold-to-
intersection distance; 
ltager rule is (2.5,5) 

or 
0 Do not pair 80 kt or less 

aircraft leading with 160 kt 
or greater aircraft trailing; 
stagger rule is (2.5,5) 

or 
0 None; staaer nle is {3~ 

xi 

Stagger rule 
for "Excepted 

Aircraft" 

(2.5,5) or skip 
a slot 

(3,5) or skip a 
slot 

NA 

NA 

NA 
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The dots on figure ES-2 present runway configurations among the top 100 airports with a 
potential for using the DCIA procedure. For any airport that wants to detennine a DCIA 
procedure that would be applicable to that airport, the appropriate cell and the corresponding 
DCIA procedures could be identified. 

Since the possible DCIA procedures (i.e., restrictions and stagger rules) vary with decision 
height, figures ES-3 and ES-4 show the cells for decision heights between 250 and 500 feet 
and between 500 and 700 feet, respectively. 

Site-Specific Results 

Runway lengths, the included angle between the converging runways, and the decision 
height(s) were modeled for a generic rather than an actual site. Also, the DCIA analysis was 
carried out with a simplified acceleration model. These simplifying assumptions lead to 
DCIA procedures that may be more conservative at specific sites than is needed. 

As an example, two specific sites are considered: Chicago O'Hare runways 27R and 32L, and 
Philadelphia International runways 9R and 17. The runways at Chicago O'Hare have an 
included angle between the runways of approximately 50 degrees which results in more 
benign winds than do the included angles assumed in the general DCIA model. The 
Philadelphia runways are an example of an asymmetry in distance from the threshold to the 
intersection for which the general model yields very conservative results. 

The general results would require a 3 nmi stagger behind non-heavy aircraft in the Chicago 
example. With site specific modeling and with a knowledge of the type of traffic that 
primarily uses Chicago O'Hare, a 2 nmi stagger behind non-heavy aircraft is possible. For 
the Philadelphia configuration, the general results would require a 2.5 nmi stagger behind 
non-heavy aircraft and a 6 nmi stagger behind heavy aircraft. With site-specific modeling, 
an asymmetric stagger could be used to increase the arrival rate at the airport. 

RECOMMENDATIONS 

Recommendations for Implementation 

The DCIA procedure is capable of supporting the DCIA concept in the current ATC 
environment at a significant number of airports using available technology. The conditions 
under which the procedure can be run have been developed. Although the procedure 
definitions are not unique, they are easy to implement at various facilities. For this reason, 
we recommend that the implementation of the DCIA procedure through an FAA order be 
based on the procedures developed in this report. · 
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Because the general procedures are very conservative, some facilities would benefit from 
site-specific analysis. Therefore, we recommend that for those airports with significant 
traffic levels or with other unique considerations (e.g., the runway with the shorter threshold­
to-intersection distance is really the airpon's main runway) procedures be based on site­
specific analysis rather than the generic analysis. 

Recommendations for Future Work 

The procedure as discussed in this document is designed to be simple for easy operational 
use in the cWTent system. It contains several restrictions that are considered necessary for a 
first step. Many of the constraints make the procedure somewhat conservative and 
enhancements are possible to make it more efficient or applicable to more geometries 
without compromising the safety of its operation. Such enhancements will need further 
research and study, and in some cases will require additional prototyping and simulations to 
determine their viability. We recommend that areas of possible enhancements such as those 
listed below be considered: 

1. DCIAs for non-precision approaches-- develop procedures for other than 
straight-in precision approaches such as Instrument Landing System (ILS) or 
Microwave Landing System (MLS) approaches 

2. Site-specific variable and asymmetric stagger values -- develop procedures that 
do not assume that all stagger distances are the same 

3. Speed difference stagger values -- develop procedures that are based on ground 
speeds rather than airspeeds 

4. Turning missed approaches -- develop procedures which do not constrain the 
DCIA procedure to require published straight-out missed approaches 

S. Goal-based procedure -- develop a procedure that would allow the controller to 
adjust the stagger to account for differences in aircraft speed and winds and still 
meet the safety goals · 

6. Cockpit traffic display -- develop a procedure that would take advantage of 
self-separation provided by the pilot using a cockpit traffic display 

7. Risk analysis-- develop a procedure which is based on the experience ofDCIAs 
to relax the extremely conservative nature of the procedures described in this 
analysis 
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1.1 BACKGROUND 

SECTION 1 

INTRODUCfiON 

When an airpon experiences low ceiling or visibility conditions the arrival capacity of the 
airport is significantly reduced. This is particularly true at airpons that use both their main 
runway and their crosswind runway in Visual Meteorological Conditions (VMC). For these 
airports the capacity is effectively reduced to that of a single runway operation in Instrument 
Meteorological Conditions (IMC). The consequence of this is an increase in air traffic 
delays. 

In 1986 the Federal Aviation Administration (FAA) issued Order 7110.98 (FAA, 1986) that 
instituted Simultaneous Converging Instrument Approaches (SCIA). That Older allows 
airports with converging runways to conduct operations to both runways in IMC provided 
certain constraints are satisfied. The procedure provides for the safety of the simultaneous 
operations with turning missed approaches and requires that missed approach points be 
moved so that they are separated by at least 3 nmi and the associated Terminal Instrument 
Procedures (TERPS) surfaces do not overlap. Because of these requirements, the minima for 
SCIAs tend to be quite high because the protection areas cannot overlap. The order also 
limits the operations to a minimum of 700 feet ceiling and 2 mile visibility for intersecting 
runway geometries. To date only four 8irpons (Philadelphia, Dallas-Ft. Worth, Denver, and 
Washington Dulles) have utilized the provision of this Older to reduce the minima to which 
they may use their converging or intersecting runways. 

In the 1980s another concept for conducting approaches to converging runways was 
proposed (Newman et al, 1981, Mundra, 1987, and Lisker, 1988). In its final version, this 
procedure (Mundra and Danz, 1990) called for coordinating the approaches to the two 
runways such that a stagger between the aircraft I is maintained. This stagger would insure 
that if both aircraft had to miss their approaches, separation between them would be 
guaranteed even at the intersection of their flight paths. This procedure, which is named the 
Dependent Converging Instrument Approach (DCIA), is predicated on protecting against 
straight out missed approaches, and the minimum required stagger distance is set 
accordingly. 

1 A stagger between aircraft is the difference between the distance of one aircraft from the 
runway centerline intersection point and the distance of the other aircraft from the 
runway centerline intersection point. 
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Experience in the laboratory has shown (Mundra et al, 1989) that setting up and maintaining 
such a stagger is a skill that is difficult for controllers to apply consistently. Therefore an 
automation aid to assist controllers in achieving the requiled stagger was proposed (Mundra, 
1988). This aid has become known as the Converging Runway Display Aid (CRDA). The 
aid can be described with reference to figure 1-1. For every Aircraft A on approach to one 
runway (R1) there is a ghost target GA displayed along the other approach path (P2) for 
converging Runway R2. The distances of the ghost target GA and the real target A from the 
point of intersection of the two runways or their extended centerlines are equal. The display 
position of the ghost target is updated every scan along with the update of the real target. 
Aircraft B is the trailing aircraft on the converging approach. The controller is required to 
establish a spacing between the ghost target GA and Aircraft B. Providing such spacing 
between a real aircraft and a ghost target results in assuring the required stagger between the 
real aircraft. The vectoring of an aircraft to follow another target on a radar scope is a 
controller skill that is highly developed. 

The results of laboratory simulations with FAA controllers showed that controllers were able 
to use ghost targets for staggering aircraft on converging approaches (Mundra, 1989). 
Additional simulations with FAA controllers showed that not only was the staggering 
feasible but it could also lead to an Instrument Meteorological Condition (IMC) arrival 
capacity increase of over 20 percent (Barker, 1990). 

In January 1990, the FAA's Terminal ATC Automation (TATCA) Program and the FAA's 
Air Traffic Service started evaluating DCIAs supported by CRDA at St. Louis-Lambert 
International Airport. A special software modification (or "patch") was specified for the 
ARTS IllA computer at St. Louis to display "ghost targets" on the controller displays 
(Feldman, 1990) and· was coded at the FAA Technical Center (FAATC). The evaluation was 
conducted according to an evaluation plan that called for operations, fli'St in VMC, followed 
by operations in IMC (Gilligan, 1991). Prior to the operations in IMC, a computer 
simulation of consecutive missed approaches to St. Louis' runways 24 and 30R was run and 
the results showed that the stagger of 2 nmi behind a non-heavy aircraft and 5 nmi behind a 
heavy aircraft would produce acceptable separations at the intersection (Barker, 1992) as 
long as aircraft approaching slower than 100 kts were restricted to runway 24. This 
simulation was followed by a successful demonstration in July 1991 at StLouis using real 
aircraft. After coordination with the user community, the FAA issued an Air Traffic 
authorization (a "waiver") to St Louis to conduct OCIAs to its runways 30R and 24 in IMC 
(FAA, 1991). This authorization established the minimum stagger values and restrictions 
that St Louis must use in order to conduct DCIAs to its runways 30R and 24. This 
authorization was issued only for runways 30R and 24 at St. Louis and was based on an 
analysis and simulation of that specific geometry. 
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The evaluation at St. Louis was successfully completed in the spring of 1992 (Gilligan, 
1992). Activities are currently underway to implement the CRDA automation nationally 
(Feldman, 1992). At least 20 of the top 100 airpons in the United States have configurations 
and instrumentation that would enable them to take advantage of the DCIA procedure. An 
important element of this implementation process is the development of a DCIA procedure 
applicable to all eligible airports. 

1.2 PURPOSE 

The purpose of this paper is to develop a DCIA procedure applicable to any runway 
geometry. The procedure is defined and modeled to capture its safety-critical aspects. From 
this analysis recormnendations are made concerning the stagger values and other factors 
relevant to applying this procedure safely to any runway geometry. 

1.3 SCOPE 

This paper discusses the procedural and safety aspects of the DCIA procedure rather than 
issues pertaining to automating the CRDA. The analysis presented in this paper deals with 
the DCIA procedure as it applies to any runway configuration in general. Worst case 
considerations are used as the basis of this general analysis. The analysis results in a look-up 
table such that the DCIA procedure for any given runway configuration can be determined 
from its geometry. An example of applying this table to a number of candidate airpons is 
included. Finally, some specific examples are also provided to illustrate the point that a 
more specific analysis for individual airpons can help reduce certain restrictions otherwise 
necessary in the general procedure. 

1.4 AUDIENCE 

It is assumed that the reader of this paper is knowledgeable about A TC in general and 
terminal area operations in particular. The infonnation in this paper is developed for the 
procedure development organization in the FAA Headquarters as well as for use as reference 
material by the planning and procedures staffs at the facilities. · 
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SECTIONl 

ATC BASIS OF THE DEPENDENT CONVERGING INSTRUMENT APPROACH 
PROCEDURE 

2.1 BACKGROUND AND PRINCIPLES 

Newman, et al. (1981), Mundra (1987), and Lisker (1988) describe early studies relevant to the 
DCIA concept. Mundra and Danz (1990) describe the basic form of this procedure used for 
developing the authorization for the DCIA evaluation conducted at St. Louis from 1990 to 1992. 
Minor modifications to the procedure as described by Mundra and Danz (1990) and the 
necessary additional analyses led to the authorization issued to St. Louis for operating DCIAs to 
its runways 30R and 24. A copy of this authorization is included in appendix F. The 
assumptions used to develop this authorization also form the basis for the analysis presented in 
this report, whicb addresses the development of a DCIA procedure applicable to any runway 
geometry. 

The basic principle behind DCIAs is to coordinate arrivals on converging approaches such 
that the two aircraft may approach· the runways with a certain amount of staggei:. In the 
unlikely event that the aircraft on the two approaches should both conduct missed 
approaches, the stagger provided on approach is designed to be such as to guarantee that the 
aircraft will be separated during their missed approach without requiring any further 
intervention by the controller. The procedure thus guarantees safe passage even in the event 
of a radio failure and/or a radar failure. 

The experience with SCIAs has indicated that in order to reduce the potential of pilot 
confusion, it is preferable to require one set of approach plates for a runway regardless of 
whether the runway is used singly or in a converging configuration. The experience with 
SCIAs has also indicated that whenever possible, straight out, rather than turning, missed 
approaches are desirable so that the aircraft will not be in a "belly up" configuration towards 
each other during their missed approaches. Straight out missed approaches also generate less 
workload for pilots, and inherently provide greater protection against late missed 
approaches. Finally, it should be noted that even when the published procedure is a turning 
missed approach, busy Terminal Radar Approach Control facilities (TRACONs) generally 
prefer to issue vectors for straight out missed approaches when the aircraft is in radar 
control. 

DCIAs provide for aircraft separation during missed approach by: 

1. Utilizing straight out published missed approaches 

2-1 



2. Assuring procedural (i.e., non-radar) separation between aircraft and protection 
from wake turbulence during missed approaches by requiring that there exist a 
certain stagger between arriving aircraft, and 

3. Establishing values for the required stagger on approach to account for aircraft 
speed and performance variations, and the effects of different runway geometries 
and winds 

In addition, the procedure addresses the questions of adequate separation on approach. 

Figure 2-1 illustrates the DCIA concept. Thr_A and Thr_B are the runway thresholds for 
runways A and B, respectively. When an aircraft AC1 reaches Thr_A, the next aircraft 
approaching runway B is required to be a cenain stagger distance behind on its approach. 
When an aircraft approaching runway B is the lead aircraft, the next aircraft approaching 
runway A is similarly required to be staggered by a specific amount. Strirlght out missed 
approaches are used. If both aircraft should conduct missed approaches, their flight paths 
would cross at point P where the runway centerlines or their extensions meet. Point P is 
therefore the reference point with respect to which protection must be provided. D 1 and 02 
are distances of AC1 and AC2 from point P. The stagger distance between the two aircraft 
is defmed as (02-01). The DCIA procedure establishes the minimum required values for 
the stagger such that in all cases of runway lengths, included angles between the runways, 
individual aircraft speed differences, aircraft types and winds (1) the two aircraft will be 
adequately separated both on approach and missed approach, and (2) the trailing aircraft will 
be provided adequate wake vortex separation from the preceding aircraft when wake vortex 
is a factor. 

The minimum stagger separation is required to be satisfied when the leading aircraft reaches 
its runway threshold. I 

2.2 ATC BASIS 

The DCIA procedure largely utilizes provisions already contained in the FAA Air Traffic 
Control Order 7110.6.5F (FAA, 1991) to develop requirements for the safe conduct of the 

1 It should be noted that Mundra and Danz (1990) describe the DCIA concept with respect 
to missed approach points, i.e., require that the stagger be established at the missed 
approach point. Most other terminal separation standanis are, however, enforced at the 
threshold. It was therefore determined by the FAA that the stagger for DCIAs be 
required at the threshold rather than at the missed approach point of the leading aircraft. 
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converging approaches envisioned in DCIA. In essence, the DCIA procedure utilizes radar 
control procedures to achieve the necessary stagger on approach and assures adequate 
separation by enforcing non-radar separation standards when radar contact is lost during a 
simultaneous missed approach. 

The following paragraphs of FAA Order 7110.6SF fonn the basis for this procedure: 

Paragraph 3-91 Touch and go or stop and go or low approach 
Paragraphs 3-108 and 3-123 Intersecting Runway separation 
Paragraph 6-10 Minima on diverging courses 
Paragraph 6-64 Interval Minima 

The following paragraphs are also relevant: 

Paragraph 5-114 Depanure and arrival 
Paragraph 3-84 Precision approach critical area 
Paragraph 3-104, 3-127 Anticipating separation 

And the following paragraph is affected 

Paragraph 5-72 

Paragraph 3-91 establishes that arrival aircraft that make a low approach, i.e., missed 
approach, are considered depanures once they have crossed the landing threshold. 
Therefore, the procedures governing depanure aircraft are used in determining the standards 

·forDOA. 

Paragraph 3-108 states that controllers must separate departing aircraft from an aircraft using 
the intersecting runway, or non-intersecting runways when the flight paths intersect, by 
ensuring that a depanure does not begin takeoff roll until the preceding non-heavy aircraft 
has departed and passed the intersection, or for aircraft taking off behind a heavy jet, two 
minutes after the heavy jet begins takeoff roll. 

Figure 2-2 depicts the safety parameters of interest in greater detail. Let SEP be the distance 
between the aircraft when the leading aircraft is at the point of intersection (see figure 2-28). 
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SEP is then the minimum distance achieved between the aircraft in case of 
simultaneous/consecutive straight out missed approaches before they start diverging. 2 

At a point of time somewhat later than this, the trailing aircraft intercepts the path of the 
leading aircraft at the point of intersection of the runways or the extended centerlines. It is 
here that the trailing aircraft may experience the wake of the leading aircraft unless adequate 
separation is provided. The time elapsed since the leading aircraft passed the intersection is 
the parameter by which adequate wake turbulence protection may be measured. 

When wake vortex protection is not an issue, i.e., when the leading aircraft is not heavy, the 
separation at the intersection, SEP, would have to be at least as much as the runway length of 
the aircraft on the trailing runway, as per a strict application of paragraphs 3-91 and 3-108. 
This, however, would lead to an inconsistent separation standard in case of consecutive 
missed approaches depending upon which aircraft were leading. When an aircraft on the 
runway with the longer distance to intersection were leading, a distance shorter than when it 
were trailing would be acceptable. A uniform minimum requirement of 1 nmi was therefore 
established by the FAA for the value of SEP for this analysis. The procedure thus requires a 
stagger distance such that in the event of simultaneous missed approaches when the leading 
aircraft is not heavy, the aircraft will still be separated by at least 1 nmi before they start 
diverging, even when there is a radio or radar failure. 

The 2 minute rule in paragraph 3-108 establishes the point in time that a succeeding aircraft 
may be issued a take-off clearance after a leading heavy aircraft on an intersecting runway 
has begun its depanure roll. The actual time elapsed between two departing aircraft crossing 
the same point, however, depends upon the runway geometry. This is illustrated in 
figure 2-3. ACt, a heavy aircraft, is the first one cleared for take-off. AC2 is cleared to 
take-off 2 minutes after AC1 begins its take-off roll. Suppose that Ttor is the time taken by 
aircraft AC2 to begin its take-off roll after a take-off clearance has been issued to it; and 
suppose that Tr1 and Tr2 are the times taken by AC1 and AC2 to travel from their respective 
runway thresholds where they start their take-off rolls, to the intersection point P. The 
actual time elapsed, DT, between when aircraft AC2 and AC1 cross the intersection point, P, 
is (2 minutes+ Ttor-Tr1 + Tr2). Oearly, if Runway 1 is significantly l~ger than Runway 2, 
then DT may be less than 2 minutes. In other words, the "2 minute rule" of paragraph 3-108 

2 Diverging takes place after the first aircraft passes the intersection in front of the second 
aircraft. The separation between the aircraft can still decrease if the trailing aircraft is 
faster, but the situation is considered to be safe because the aircraft are now on diverging 
courses and the second aircraft will pass in back of the fU'St aircraft. 
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provides safe separation behind heavies in the current system even when the actual time to 
cross the flight path of the leading heavy aircraft is less than 2 minutes. 

An effort was made to determine representative values of actual flight path crossing times 
behind heavy aircraft observed in the system today. Appendix D documents data collected at 
St. Louis for this purpose. It was observed that in implementing the cmrent wake vonex 
separation standards for aircraft in trail, a succeeding aircraft passed a point in space that a 
heavy aircraft had crossed 76 seconds after the heavy aircraft. It is generally believed that 
the wake encountered in crossing encounters is less severe than that encountered in-trail. In 
the interest of conservatism, however, it was established by the FAA for this analysis that a 
minimum of76 seconds elapsed time (DT in figure 2-3) would be required between aircraft 
on converging missed approaches when the leading aircraft is heavy. 

Paragraph 6-10c(2), dealing with the initial separation of successive departing aircraft, 
specifies non-radar separation standards for intersecting runways and states that controllers 
may authorize takeoff of succeeding aircraft when the preceding aircraft has passed the point 
of runway intersection, that the runways diverge by 30 degrees or more, and that the 
departw:e courses diverge by at least 45 degrees. This established the requirement in DCIAs 
for runways to have a minimum included angle of 30 degrees and missed approach 
procedures for the converging approaches have at least 45 degrees course divergence. 

An upper limit of angle between runways of 120 degrees was established. This provided a 
range (90 degrees) of angles between runways for which the DCIA procedure could be used 
without the encounter geometry becoming nearly "head-on". 

Paragraph 3-123 establishes the requirements for separation on intersecting runways. Those 
requirements addres~ runway separation in general, and apply to VFR as well as IFR. 
conditions. Thus, when dependent converging IFR approaches are in use for intersecting 
runways, paragraph 3-123 establishes the requirements that must be satisfied regarding 
runway separation. It establishes such standards as prohibiting an aircraft from crossing the 
threshold on one runway until an aircraft on the intersecting runway has passed the runway 
intersection, or taxied off the runway, or has completed the landing roll and will hold short 
of the intersection. In general, the staggering of aircraft on approach will aid the tower in 
satisfying the requirements of paragraph 3-123. If, however, a particular aircraft pair or a 
runway geometry should require additional stagger than that needed for the DCIA procedure 
in order to assure runway separation requirements of paragraph 3-123, the facility and the 
controller would be expected to implement the necessary adjustments. 
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It should be noted that the FAA is in the process of revising the provisions of paragraph 
3-123, in particular the hold short requirements in IFR conditions. If and when such changes 
are implemented, the revised provisions would apply to the DCIA operation for intersecting 
runways. 

The minimum allowable stagger distance wu set at 2 nmi for this analysis. A 2 nmi stagger 
with respect to the intersection guarantees a minimum of 2 nmi separation-in-space for all 
applicable geometries for when the leading aircraft crosses its threshold. 2 nmi-in-space is 
the separation currently required for aircraft on straight-in precision approaches for parallel 
(dependent) operations. Although it could be argued that the aircraft in the dependent 
parallel operations are established on parallel courses when a 2 nmi in-space separation is 
provided, the exposure to this minimum spacing is over a long distance and time, typically 7 
to 15 nmi on final, depending on the airport. In contrast, the minimum in-space separation 
between aircraft on converging approaches will only be for a short time at the point when the 
leading aircraft reaches its threshold. 

Figure 2-4 shows the dependence of the in-space separation between aircraft on a converging 
runway approaches on the included angle between the runways and the distance from the 
intersection of the leading aircraft. For a 60 degree included angle between the runways and 
the leading aircraft at its runway threshold (where the stagger is enforced) 1.5 nmi from the 
intersection, the in-space separation between the aircraft when they are staggered by 2 ntni is 
more than 3 nmi. In effect, then, the 2 nmi minimum stagger requirement for dependent 
parallel operations establishes that the separation-in-space between airborne aircraft on 
converging approaches never be less than 2 nmi. This requirement which will appear in the 
national DCIA order will effectively modify the radar separation requirements of paragraph 
5-72 for aircraft on precision converging approaches in the same way that paragraph 5-125 
modifies paragraph 5-72 for aircraft conducting dependent parallel operations. 

Figure 2-2c also shows the distance SW between the aircraft when the trailing aircraft 
reaches the intersection. 3 If the airCraft speeds were equal and remained unchanged during 
their missed approaches, the distance SEP and SW would both equal the stagger. Due to 
differences between aircraft approach speeds and speed changes during missed approach, 
however, the separations achieved (SEP and SW) would be somewhat different from the 
stagger provided at the threshold. Both the ground speeds of the individual aircraft during 
the encounter and the distances traveled during the encounter affect the degree to which the 
achieved separation at the intersection is different from the stagger separation provided at the 

3 The distance sw between the aircraft when the trailing aircraft reaches the intersection is 
also another possible parameter by which adequate wake vortex protection may be 
measured. 
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threshold. Therefore, individual aircraft approach and missed approach speeds, winds, and 
distances of the threshold to the intersection are the primary parameters affecting the stagger 
required for adequate separation. 

Paragraph 6-64 in FAA Order 7110.65F describes how controllers are required to make 
spacing adjustments to take into account relative speeds·of aircraft and existing weather 
conditions to satisfy the interval minima for timed approaches. Controllers could similarly 
be expected to adjust the stagger required for DCIA approaches such that the separation at 
the intersection in case of consecutive missed approaches would be 1 nmi when the leading 
aircraft is non-heavy, and 2 minutes when the leading aircraft is heavy. Thus, if the two 
converging aircraft were approaching the airport at compatible final approach speeds and 
winds were calm, then a 2 nmi stagger on approach would be expected to provide about a 2 
nmi separation at the intersection in case of simultaneous/consecutive missed approaches. 
On the other hand, if the two aircraft had approach speeds differing by 60 kts (say the 
leading aircraft was flying at 90 kts and the trailing aircraft at 150 kts, respectively), the 
winds were calm, and the runways were both 1 nmi long to the intersection, then in the event 
of a consecutive missed approach, depending upon the missed approach performance, over 
one-half nmi of the stagger on approach may be lost by the time the lead aircraft reaches the 
intersection, resulting in a little over·1 nmi separation at the intersection. 

Since missed approaches are rare events, it was determined that more explicit guidance be 
made available to controllers about the stagger required on approach such that if satisfied, 
then even in the worst cases of winds and aircraft speed differentials, a simultaneous 
unavailability of either radar or radio, and simultaneous (i.e, consecutive) missed 
approaches, the aircraft would still be safely separated at the intersection. 

This paper documents the analysis and recommendations regarding the stagger values 
required at the threshold to satisfy the separation requirements established above. The 
recommended stagger distances on approach are desired in a form such that, given typical 
aircraft anival streams, the TRACON and tower controllers would be able to determine the 
spacing to be provided. 

The procedure analyzed here assumes straight-in precision approaches (i.e., U.S or MLS) 
with or without an operating glide slope. Additional analysis would be required to extend 
the procedure for other non-precision approaches or to angled approaches. 

23 N.USCELLANEOUS 

It should be noted that paragraph 5-114 establishes rules for radar separation of anivals and 
departures. 
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Paragraph 3-84 restricts an aircraft to be outside the outer marker when another aircraft is in 
an n..s critical area. If a converging configuration creates a geometry such that an aircraft 
on one approach may. upon landing, pass through the as critical area of the other approach, 
the DCIA operation for that configuration would be limited to the appropriate higher minima 
of 800 ft ceiling and/or 2 mi visibility. 

Paragraphs 3-104 and 3-127 (anticipating separation) enable conttollers to issue clearances 
to departing and landing aircraft when reasonable assurance exists that prescribed separation 
will exist when an aircraft start its take off roll or crosses the runway threshold. This enables 
the establishing of stagger in the approach stream and clearing aircraft to land in order that 
required separation will exist either in case of a consecutive miss or when the aircraft land. 
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SECTION3 

MODEL OF THE DEPENDENT CONVERGING INSTRUMENT APPROACH 
. PROCEDURE 

3.1 GENERAL DESCRIPfiON OF THE DCIA MODEL 

The model used to define the DCIA procedure is based on the dual missed approach model 
and simulation developed for St. Louis (Barker, 1992). The DCIA model extracts the 
important features of the St. Louis model and generalizes them for application to other 
geometries. 

3.1.1 Overview of the Model 

It was determined in the St. Louis simulation that the primary factors of the final separation 
of two aircraft executing missed approaches were: (1) the initial stagger, i.e., the differential 
distance to intersection; (2) the ground speed differential of the two aircraft; (3) the speed of 
the leading aircraft I; (4) the relative accelerations of the two aircraft; and (5) the distances 
from runway thresholds to the intersection of the runways (or their extended centerlines). 

Wind is included in the model as a worst case condition. The wind components that produce 
the minimum separation at the intersection, as determined by the allowable range of included 
angles between the runways and the maxi.mum allowable wind speeds, are always used in the 
analysis. 

3.1.2 Aircraft Approach and Missed Approach Profiles 

In the DCIA model the approach and miss profile of a given aircraft is considered in four 
phases: (1) an aircraft is assumed to cross the outer marker at a fixed nominal speed; (2) the 
aircraft begins a constant deceleration phase after crossing the outer marker and is assumed 
to reach its Final Approach Speed (FAS) after flying a given distance; (3) the aircraft 
maintains its FAS until it reaches its Missed Approach Point (MAP); (4) at the MAP the 
aircraft enters a constant acceleration phase, the actual acceleration being dependent on 
aircraft type. The points along the approach path at which these events happen is shown in 

1 The speed of the leading aircraft is distingushed from the speed differential because, as it 
turns out, a very slow leading aircraft allows more time for a given stagger to degrade. In 
other words, on a given geometry, the speed differential is more important for scenarios 
inv~lving slow leading aircraft. 
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figure 3-1. The procedure specifies that the aircraft fly the heading of the runway after 
executing the miss. Altitude is not modeled explictly in the DCIA model although the 
acceleration values have been bounded based on the acceleration profiles discussed below 
which are altitude dependent. The maximum speed in the terminal area of 250 kts was 
observed in the model. 

3.2 PARAMETER RANGES AND PROCEDURE RESTRICTIONS 

The FAA's Air Traffic and Flight Standards organizations have established the parameter 
ranges and procedure restrictions listed in table 3-1 as those that provide adequate safety and 
reflect the expected range of operational and environmental conditions. 

The rationale for these values is as follows: 

Minimum separation at intersection. When the leading aircraft is non-heavy a value 
of 1 nmi will be used. This is a distance that those representing Air Traffic and 
Flight Standards felt comfonable with. It represents a value that is larger than the 
minimum separation criteria being used on parallel runways (because the aircraft are 
being placed on a converging course on purpose) while being smaller than the 2.5 
nmi terminal area minimum separation and the 2 nmi ·parallel approach dependent 
minimum separation. 2 

When the leading aircraft is heavy a value of 7 6 seconds will be used. This value 
was arrived at as a consequence of the current rules in the controller's handbook 
(FAA, 1991). Those rules tate that takeoff clearance to the following aircraft should 
not be issued until 2 minutes after the heavy jet begins takeoff roll (FAA, 1991, 
paragraph 3-106f). The same reference also states that departing aircraft operaing 
directly behiitd, or directly behind and less than 1,000 feet below a heavy aircraft 
may be separated by 5 nmi (FAA, 1991, paragraphs 5-72d and 3-106e). The 
implication of these rules is that the separation following a heavy when both are 
airborne over the same point is not necessarily 2 minutes. In fact, data was taken at 
St Louis where a heavy departure was followed by a non-heavy departure off the 

2 Appendix D discusses this in more detail. 
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Table 3-l. Parameters and Restrictions for the Analysis ofDCIAs 

Parameter Values 
Minimum separation at intersection 1 nmi for non-heavy leading aircraft 

76 seconds for heavy leading aircraft 
Included angles between the runways 30 degrees minimum 

120 degree maximum 
A h ~~~ at Outer Marker 174 kts 
Final approach airspeeds 80 kts minimum 

170 kts maximum 
10 kt increments 

· Missed approach accelerations Equivalent to the maximum effective 
acceleration to the intersection for the 
aircraft using St. Louis with a maximum 
soeed of 2SO kts _(See aooendix B1 

Distance from runway threshold to 0 feet minimum 
intersection 27,300 feet maximum 

100 foot increments 
Winds 30 kts maximum 

15 kts maximum crosswind 
5 kts maximum tailwind 

Forms of restrictions3 • Restrict x kt or less aircraft to runway 
with shorter threshold to intersection 
distance (80SxS120) 

• Except y kt or greater aircraft (yC!:160) 
• Except s kt or less aircraft (sS90) 
• DO not pair z kt m: less aircraft leading 

with y kt or greater aiicraft trailing 
(zS110) 

• Restrict and do not pair 
• Restrict and except 
• Except and do not pair 

Decision Heights 2SO, 500 and 700 feet 
Stagger 2, 2.5 and 3 nmi for non-heavy leading 

aircraft 
S and 6 nmi for heavy leading aircraft 

3 A more complete discussion of these restrictions can be found in section 3.2. 

3-4 ·-



same runway. The minimum airborne separation was slgihtly greater than 5 nmi and 
the time separation between the aircraft over a point where both aircraft were 
airborne was 76 seconds.4 

Included angles between the runways. The 30 degree value corresponds to the missed 
approach course separation (FAA, 1991, paragraph 5-115). The 120 degree value 
was established by the representatives of Air Traffic and Flight Standards. 

Approach airspeed at the outer mtJI'Ur. The range of airspeeds at the outer marker is 
typically about 170 to 180 kts. 17 4 kts was chosen to be in the middle of this range 
and to be such that the jet fighters at the hip end of their speed range would not have 
to slow down to reach their final approach airspeed. Approach airspeeds for general 
aviation aircraft are unnecessary for this analysis because the stagger distance is 
always determined by the faster trailing aircraft. 

Final approach airspeeds. The range of 80 to 170 kts indicated airspeed cover the 
approach speeds of the aircraft at commercial airports. The approach speeds are 
considered in 10 kt increments. This means that aircraft with a nominal final 
approach speed of 80 kts would be those with speeds from 75 kts thiough 84 kts. 
When the aircraft are analyzed in pairs, the leading aircraft are assigned the final 
approach speed value at the low end of the 10 kt range while the trailing aircraft are 
assigned the final approach speed value at the high end of the range. This is another 
feature of the analysis that is consistent with the worst case aspect of this analysis 

Missed approach accelerations. The sample of aircraft used in the investigation to 
support the operations in St. Louis was also used to detennine an envelope of missed 
approach accelerations. These acceleration envelopes are divided into three 
categories: heavy, fighter jets, and other. The general aviation aircraft are pan of the 
"other" category. Appendix B addresses the modeling of the accelerations in more 
detail. 

Distance from runway threshold to intersection. The distance from the runway 
threshold to the intersection of the centerlines of the two runways ranges from 0 feet 
to 27,300 feet. This range covers all of the airports in the top 100 airports in the 
country that have been identified as having DCIA application potential. 

4 The separation at the intersection is not expected to reach this minimum value with a 
signifi~ant probability as discussed in section 3.3.7 .. 
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Windf. The winds in this analysis will be no tnare than 30 lets, regardless of the 
direction. H the conditions are IMC and the wind is greater than 30 kts, there are 
probably instabilities in the atmosph~ and the pilots will be reluctant to land. In 
addition, th~ are crosswind and tailwind conditions beyond which the pilots will not 
land. The rule of thumb is 15 lets and S lets, respectively. 

Forms of restrictions. In older to achieve the safety level (i.e., the proper separation 
at the intersection following a consecutive missed approach) for some runway 
configurations, it is necessary to limit the possibility that all aircraft be allowed to 
land on either runway. There are many ways to limit which aircfaft can land on 
which runway in a safe manner. Of those ways, it wu agreed by Air Traffic that the 
restrictions listed in table 3-1 are operationally feuible. In general, restricting 
aircraft below 120 ~ to a particular runway is feuible because commercial jets tend 
to have final approach airspeeds of 120 lets or greater. The restriction, as stated in 
table 3-1, includes the 120 kt class of aircraft also. 

To "except" an aircraft from this procedure means that when an aircraft with the 
indicated speed is included in an operation there must be a larger stagger. H the 
excepted aircraft is leading and is slower, a larger stagger behind this aircraft is 
required. If the excepted aircraft is trailing and is faster, a larger stagger in front of 
this aircraft is required. The fast aircraft to be excepted are those with fmal approach 
airspeeds of 160 kts or greater. These are usually the jet fighter aircraft and there 
will not be too many of these aircraft at the airports under consideration. The slow 
aircraft to be excepted are those with final approach airspeeds of 90 lets or less. 
These are general aviation aircraft and the impact of this restriction at a particular 
airport will depend on the equippage and population of general aviation aircraft using 
that airpon. The relative abundance of general aviation aircraft is typically reduced 
duringiMC. 

Safety can be maintained for some runway configurations by not allowing aircraft 
with certain final approach airspeeds to be paired. It was agreed by Air Traffic that 
not pairing commuter and general aviation classes of aircraft (110 lets or less) with 
fighter jet aircraft (160 lets or greater) would probably not severely impact the 
operations at the airports under consideration. Even at that, if the faster aircraft were 
leading th~ would be no problem pairing the two aircraft. 

Finally, applying the restrictions in a pairwise fashion (e.g., restrict and do not pair, 
restrict and except, except and do not pair) was also agreeable to Air Traffic. 

Decision heights. The decision height has an impact on the separation at the 
intersection. In tenns of the operation, if the glide slope were to go out, the decision 
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height would be higher. The decision heights at the airpons of interest were 
reviewed and it turned out that they could be grouped into three groups: 250 feet or 
less, between 250 and 500 feet, and between 500 and 700 feet. For decisions greater 
than 700 feet other procedures such as SCIAs could be run and there would be no 
advantage to running a DCIA procedure. · · 

Stagger values. The minimum stagger value of 2 nmi reflects the fact that in worst 
case situations the separation between the ailcraft will degrade as the leading aircraft 
approaches the intersection. In order to insure at least 1 nmi at the intersection in the 
event of consecutive missed approaches, the 2 nmi stagger is reasonable. The 
increment of the stagger was set at 0.5 nmi. Any smaller interval was judged to be 
too small for the controller to perceive reliably with today's automation. The 
maximum stagger was set at 3 nmi. If the stagger were any larger, the capacity 
advantage of using converging approaches over using a single approach would be 
lost. For the heavy leading case, 5 and 6 nmi staggers are analogous to the separation 
rules behind heavies today. 

3.3 DETAILED DESCRIPTION OF THE DCIA MODEL 

The following sections give an overview of the particulars of the DCIA model. A 
mathematical treatment of the equations of motion that comprise the closed-form analytical 
model can be found in appendix A. 

3.3.1 Initial Aircraft Positions 

Without loss of generality, the DCIA model places the leading aircraft initially at its runway 
threshold. The initial placement of the trailing aircraft depends on the value of the stagger 
chosen for the scenario. For a given stagger value, the position of the trailing aircraft on its 
approach is uniquely determined. An example of initial aircraft positions with 2 nmi 
threshold stagger is shown in figure 3-2. 

3.3.2 Duration of Scenario for Non-Heavy Leading Aircraft 

Figure 2-2B depicts the separation of concern for the case of a non-heavy leading aircraft 
where the separation is measured when the leading aircraft reaches the intersection. The 
execution of the consecutive missed approach proceeds by first calculating the time required 
for the leading aircraft to reach the intersection. In the DCIA model the leader is assumed 
not to accelerate during the missed approach. This assumption is made in the spirit of 
conservatism. Therefore, the time for the leading aircraft to reach the intersection is simply 
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With the leading aircraft at threshold the position of the trailing aircraft is 
uniquely determined for a given stagger value. This illustration shows an 
aircraft (TWA131) at the threshold of St. Louis runway 30R, already 
executing a missed approach. The trailing aircraft ( LOF231) is 
approaching runway 24 and is positioned 2 nmi behind the "ghost" of 
TWA131, indicated by the "1". In this case the trailing aircraft is inside of 
the outer marker (indicated by the small square) and not yet at the missed 
approach point for runway 24. The DCIA model carries the scenario 
forward from this point to determine the final separation at the intersection 
of the flight paths. 
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the distance from the threshold of the runway for the leading aircraft to the intersection of 
the flight paths divided by the final approach ground speed of the leading aircraft. 

The trailing aircraft moves toward the intersection during this time interval. The scenario 
ends when the leader is at the intersection. 1be separation of interest is then simply the 
distance of the trailing aircraft from the intersection at the time when the leading aircraft is at 
the intersection. 

3.3.3 Duration of Scenario for Heavy Leading Aircraft 

In the case of a heavy leading aircraft the scenario does not end when the leading aircraft 
gets to the intersection. It is necessary to detennine how long it will take the trailing aircraft 
to reach the intersection after the leading heavy aircraft passes through the intersection to 
determine the wake vOrtex avoidance separation time. See figure 2-2C. Therefore, after the 
leading aircraft reaches the intersection, the DCIA model "moves" the trailing aircraft to the 
intersection as a function of its approach and missed approach profile. The difference in the 
times that the leading and trailing aircraft cross the intersection is the separation of. interest 
when the leading aircraft is a heavy. The dynamics of the trailing aircraft are considered 
below. 

3.3.4 Movement of the Trailing Aircraft 

The DCIA model is implemented as a closed fonn analytic solution. However, it is 
convenient to think of the aircraft as "moving through" its approach and subsequent missed 
approach. The following sections provide a description of the factors that influence the 
movement of the trailing aircraft. 

3.3.4.1 The Initial State of the Trailing Aircraft 

The initial position of the trailing aircraft is uniquely determined from geometrical 
considerations. Based on the intersection to threshold distances of both runways and the 
stagger distance the position of the trailing aircraft can be determined. 

The speed and acceleration of the trailing ain:raft at this point is important to the remainder 
of the scenario. There are four possibilities. Considering figure 3-1, the four possibilities 
depend on whether the initial position of the trailing aircraft is outside the outer tnarker 
(OM), between the deceleration point (DP) and OM, between the missed approach point 
(MAP) and DP, or inside the MAP. If the trailing aircraft is outside OM its speed is the 
approach speed and it is not accelerating. If the trailing aircraft is between OM and DP its 
speed is dependent on its position between DP and OM and it is decelerating at a rate that 
will cause it to reach its final approach speed at DP. Between MAP and DP the trailing 
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aircraft is at its final approach speed and i~ is not accelerating. Inside the MAP the aircraft is 
accelerating. In the DCIA model this acceleration is modeled as an instantaneous speed 
increase. The missed approach acceleration will be discussed further in section 3.2.4.4. 

3.3.4.2 Deceleration of the Trailing Aircraft 

If the initial position of the trailing aircraft is funher from the intersection than the point DP, 
then the deceleration of the trailing aircraft must be considered. The deceleration from its 
approach airspeed to its final approach airspeed is modeled to begin after crossing the outer 
marker. A constant deceleration is assumed that nquiles the aircraft to fly 3 nmi to reach its 
final approach airspeed. Although aircraft decelerate differently, the fact that they are in a 
landing pattern will tend to moderate this variation. Most aircraft will ~ach their final 
approach airspeed about half way down the final approach course according to pilots and 
observations. Knowing the approach speed at the outer marker and the final approach speed 
3 nmi from the outer mark the DCIA model determines the cOJTeCt initial speed for the 
trailing aircraft. 

3.3.4.3 Decision Height for the Trailing Aircraft 

Th~e different decision heights are modeled for the miss of the trailing aircraft. They are 
2.50 feet, SOO feet and 700 feet. The decision height is an important factor to model for the 
following reasons: if the decision height is increased, all other factors being equal, the 
trailing aircraft's missed approach would be initiated at a ~latively higher speed and the 
trailing aircraft would accelerate sooner. All other factors being equal, a scenario in which 
the trailing aircraft executes a missed approach at a higher decision height would result in 
lower separation at the intersection. 

3.3.4.4 Acceleration of the Trailing Aircraft 

The trailing aircraft is modeled to begin a constant aircraft-dependent acceleration at its 
missed approach point. The acceleration is applied through the ~mainder of the scenario 
with a maximum speed of 2.50 kts. 

When an aircraft accelerates on executing a missed approach, the object for the pilot is to 
change the aircraft from a landing configuration to a climb-out configuration. Based on the 
weight of the aircraft and other dynamic attributes of the aircraft, the achieved acceleration 
can vary. This range of accelerations is modeled as a factor increase in speed over the fmal 
approach speed. In other words, the acceleration is modeled as an instantaneous speed 
increase. The aircraft which were investigated in detail for the St. Louis analysis were 
placed in ~categories based on their missed approach accelerations. The fighter jets are 
one category, the heavy jets are the second category and all others fanned the third category. 
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Using a detailed model discussed in appendix B, a characterization of the acceleration as a 
factor increase in speed was developed. The factor increase in speed depends on the distance 
of the threshold to the runway intersection and the altitude at which the missed approach is 
executed. The results of this analysis a~e shown in figures 3-3, 3-4, and 3-5. 

3.3.4.5 The Effect of Winds 

The winds have a significant effect on the outcome of the separation at the intersection 
following consecutive missed approaches. It is noted that the minimum separation at the 
intersection depends on a number of factors such as speed differentials, accelerations, and 
distances to travel to the intersection. All other factors being the same, the minimum 
separation occurs when either there is a maximum differential wiDd condition (i.e., a high 
tail wind component on the trailing aircraft and a high headwind component on the leading 
aircraft) or there is the maximum headwind on the leading aircraft. The feasible conditions 
a~e contingent on the maximum tailwind, crosswind and absolute wind requirements. The 
analysis of the worst case wind conditions can be found in appendix C. 

The results of the worst case wind conditions a~e shown in table 3-2. For any given runway 
configuration, as characterized by the included angle between the runways, there is a wind 
direction and magnitude that will yield the maximum differential wind. There is also a wind 
direction and magnitude that wiU yield the maximum headwind on the leading aircraft. One 
can notice from table 3-2 that the greatest maximum differential wind will occur when the 
included angle between the runways is about 110 degrees. The greatest maximum headwind 
on the leading aircraft will occur when the included angle is 30 degrees, the minimum 
included angle allowed. 

The way in which this infonnation was factored into the analysis to produce the worst case 
situation is as follows. The separation at the intersection following a consecutive missed 
approach was computed twice; once under the condition of a maximum headwind on the 
leading aircraft assuming a 30 degree included angle between the runways and again under 
the condition of a maximum differential wind assumming a 110 degree included angle 
between the runways. Then the minimum separation at the intersection' was chosen as the 
worst case separation. 

The implication of this method of analysis is that the dependence of the result on the 
included angle between the runways has been eliminated. However, it should be noted that 
in reality no given pair of runways can have both an included angle of 30 degrees and 110 
degrees. Therefore, this analysis for airports in general will be conservative in that for a 
given airport with a given set of converging runways the actual separation at the intersection 
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Table 3-2. Maximum Difl'erential and Headwinds 

Induded Ai1aJe Bel- Runwa,. (Dip) 30 40 50 60 70 10 

Maa-Diff...w W"Uid 

W"Uid Sp.d (laa) 15.53 15.11 1S.I1 15.11 1S.I1 15.11 

W"md DiNctiaa (Dip)• 7S.OO 61.43 51.43 41.43 31.43 21.43 

our-in Graund Sp.d (kla) .. 1.04 1G.I1 13.21 15.49 17.39 11.9 

M'aailmB a.dwiad- r...diat Ainnft 

W"Uid s,-1 (laa) 30.00 30.00 30.00 30.00 26.15 23.34 

W"Uid Dinc:cial <Del•>· 0.00 -10.00 -20.00 -30.00 -35.00 -40.00 

Ditf- in OnJwut 5..-1 (kll) .. I 4.021 3.56 2.21 0.00 0.00 0.00 

.. 
• Relative to belrina at runway at '-tina ain:nfl, paallve toWud lhe tiiNahold of lhe adler runway 
.. Trailina aircntt wiD ... ,. be r-

90 100 110 120 

15.11 1S.I1 15.81 1S.81 

18.43 1.43 -1.57 -11.57 

20 20.64~ 20.49 

21.21 

-45.00 R.vllltl to Max DiffWind 
c..e 

0.00 

will be larger given all other conditions are the same. This could be viewed as extra safety, 
or conversely as an opportunity to relax other conditions to gain an operational advantage at 
a given airport. 

3.4 MODELING OF WORST CASE FACTORS 

As the DCIA model was descibed above, several modeling assumptions were made which 
makes this analysis very conservative. This section summarizes and places into perspective 
the conservative nature of this model. In addition, the factors that were not explicited 
modeled are discussed. 

3.4.1 Aircraft Accelerations 

In general aircraft are expected to perfonn a constant speed climb and then an acceleration 
after executing the missed approach (Barker, 1992; Gilligan, 1991b). However, to insure 
safety even in the most extreme situations the leading aircraft never accelerates; and the 
trailing aircraft is attributed a constantS acceleration value. The acceleration is implemented 
in the model as an instantaneous change in speed to a higher constant missed approach speed. 
The missed approach speed is derived separately such that the aircraft arrives at the 

5 Climbs are not explicitly modeled in the DCIA analysis. 
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intersection at the same time as the more detailed modeling of aircraft of its type assuming 
constanct speed climb to 1500 feet and then a constant acceleration. Appendix B discusses 
the details of the acceleration modeling. 

Another point should be made about the conservative modeling of the ttailing aircraft's 
acceleration. In addition to the accelerations being bounded so as to err towards higher 
ttailer accelerations (which lead to smaller predicted separations), the DCIA model 
introduces another conservative feature: this kind of acceleration profile gives the trailing 
aircraft higher speeds in the earlier portion of his miss scenario than would be the case in 
which an actual constant acceleration were applied. In some scenarios, this feature leads to a 
slightly more conservative measure of the pn:dicited separation (i.e., smaller separation). 

3.4.2 Determination of Headwind Components 

The ground speeds of the respective aircraft depend on the headwind (or tailwind) 
components encountered in the scenario. There are two wind conditions that can lead to a 
minimum separation depending on the relative speeds involved and the geometry. One 
condition puts the maximum allowable headwind on the leading aircraft. The other 
condition yields a wind that generates the maximum differential headwind components on 
the two aircraft with the greatest headwind on the leading aircraft. 

The DCIA model examines both wind conditions for a given scenario and always chooses 
the wind conditon that results in the minimium predicted separation. Implicit in. this analysis 
is an inclusion of the worst case geometry (included angle between the runways) for a given 
pair of runway lengths. 

3.4.3 Speed Groups 

The DCIA model divides the final approach speed spectrum into 10 knot increments ranging 
from 80 knots to 170 knots. The DCIA procedure is to be carried out with the use of the 
CRDA. The CRDA ghosts against which the controller sets up the spacing include a speed 
indicator block which is the computer-derived ground speed of an actual aircrafL Computer­
derived speeds are shown rounded to the nearest 10 knots. For example, aircraft with a 
ground speed of 127 knots would show a '13' in the speed data block on the controller's 
display to represent 130 kts. For this reason the DCIA model makes a conservative 
assumption when determining the actual physical speed to use for a given speed class. The 
actual speed used depends on whether the specified aircraft is leading or ttailing. If the 
aircraft is leading, then the DCIA model chooses the lowest speed in the speed range that 
would represent that speed class (e.g., a nominal120 knot leading aircraft will be modeled 
as having a final approach speed of 115 knots). If the aircraft is the trailing aircraft, then the 
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DCIA model chooses the highest speed that would represent that speed class (e.g., a nominal 
150 knot trailing aircraft will be modeled as having a final approach speed of 154 knots). 

Because of the the way speed block rounding is modeled, the DCIA model will show a 
deleterious speed differential of 9 knots for "equal speed aircraft." This fact plus the fact that 
there is always an acceleration differential applied (even for the same type aircraft in a 
scenario) means that it is always possible to find a geometry (albeit extreme) for which a 
given stagger may be degraded to less than the required separation, even for the scenarios 
that pair the same aircraft types at the same fmal approach speed. 

3.4.4 Factors Not Modeled in the DCIA Procedure 

There are several factors not modeled in the DCIA analytic model. These include: aircraft 
drift due to wind, variable winds by altitude, climbs, indicated/true air speed correction; and 
variations on the exact moment of execution of the missed approach (i.e., late/early miss at a 
given decision height). These factors will be discussed in tum with an explanation of the 
reasons for not modeling them. 

Wintb by Altitude. Worst case, constant winds are always used in the DCIA model. 
Variable winds by altitude are not modeled in the DCIA procedure. This is 
consistent with the St. Louis simulation which also used a constant wind field. 
However, the DCIA wind field is more conservative than those specified in the 
St. Louis simulation6 in that the worst case wind is applied to every sceanrio. Wind 
shear is not modeled. 

Indicated Airspeed Co"ection. No explicit correction was made for the conversion 
from indicated airspeed to true airspeed for three reasons: (1) the effect is small over 
the altitude range of final approach (typically under 2000 feet AGL), (2) the error, in 
any case, is in the same direction for both aircraft, and (3) the effect as measured in 
the St. Louis simulation was on the order of 0.05 nmi which is over an order of 
magnitude smaller than the separation criteria being measured. 

Drift. Drift due to wind is not modeled in the DCIA model. Again that effect in the 
St. Louis simulation was shown to be on the order of 0.05 nmi in terms of final 
separation. 

6 Winds in the St. Louis simulation where specified by a Missed Approach Test Plan 
(Gilligan, 1991 b) which, in effect, perfonned a sampling of worst case factors into a 
given scenario, never combining all worst case factors into one scenario. In effect the 
DCIA model combines ill worst case factors into~ scenario. 
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Pilot Deviations. Deviations from the published straight-out missed approach 
procedures are not modeled in the DCIA procedure. 

Climbs and Descents. Explicit altitude changes in either the leading or the trailing 
aircraft are not modeled. In regard to descents, the deceleration zone of the trailing 
aircraft is consistent with the nonnal approach along the 3 degree ILS glide slope. 
As for climbs, the ground speed of the trailing ailcraft is determined consistent with 
the St Louis simulation which did explicitly model aircraft altitudes. Any altitude 
separation achieved only adds to the safety of the encounter. However, no altitude 
separation considerations were used in determining safe operations in this analysis. 

3.4.5 Conservative Nature of the DCIA Model. 

The DCIA model as described in this section was applied to derive geometry-dependent 
procedures that provide at least 1 nmi horizontal separation (in the case of a leading 
non-heavy aircraft) and at least 76 seconds wake vortex avoidance protection. This margin 
of safety is provided for the following unlikely (and additive) combination of deleterious 
events: the leading aircraft misses its approach; the stagger is the minimum allowed; there is 
no radio contact with either aircraft; the trailing aircraft misses its approach; the weather 
conditions preclude "see and avoid" techniques by either aircraft; the wind conditions are 
such that the worst allowable wind is operative at the time of the consecutive missed 
approach event; and that for some reason the leading aircraft cannot or does not accelerate 
while the trailing ailcraft accelerates to the intersection even though dependent staggered 
approaches are in effect. And finally, the combination of aircraft is such that there is a 
significant speed differential between the two aircraft, and that the slower aircraft is the 
leading aircraft. And, as described previously, the aircraft are modeled as flying with final 
approach speeds at the low end of the speed range (for quantization to nearest 10 lets) for the 
leader and at the high end of the speed quantization range for the trailer so that their apparent 
speed differential is maximized. This combination of events is extraordinarily uiili.kely. 
Therefore, the safety of this procedure is based on protection against an event that will 
minimize the separation between the aircraft and that event is very unlikely to happen. Other 
events that are more likely to happen will result in greater separation between the ailcraft. 

3.5 VALIDATION OF THE MODEL 

This section describes some of the verification and validation excercises that were applied to 
the St Louis model on which this analysis is based. The construction of the original 
St. Louis missed approach model followed the suggestions of Law and Kelton (1982). 
Among other things, the model itself was developed with a "high face validity", meaning that 
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the missed approach model confonns to reasonable expectations of knowledgeable 
individuals (in this case pilots, St. Louis operational personnel, and FAA staff). 

The methodoldogy used to develop the St. Louis simulation as an evolving prototype was 
briefed to the FAA several times, including a final critical design review (CDR). The code 
was written in structured and modular fonn, separating logic and data, and was delivered to 
the FAA for review and scrutiny. The St. Louis simulation was designed in such a way that 
an audit trail was automatically generated for each scenario that included all of the input 
parameters and all relevant results on a "scan by scan" basis with one second resolution. The 
FAA's written report (Richards, 1991) endorsed the methodology and findings of the 
St. Louis simulation. The St. Louis simulation in its TRACON playback mode was 
demonstrated to representatives of the FAA. Finally, the simulation was compared to actual 
consecutive missed approach events that were conducted at St. Louis in July 1991 for the 
purpose of demonstrating the safety of the DCIA procedure. 

The DCIA model which was developed from the St. Louis simulation was also· checked for 
intenial consistency over the range of parameters of interest. In addition, the DCIA model 
was implemented with more detailed ~eleration assumptions to check accuracy of the 
models and calculations. Section 4.2 and appendix E discuss the results of these validation 
efforts in more detail. 
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SECTION4 

ANALYSIS 

4.1 ANALYSIS PROCEDURES 

The model described in section 3 was implemented in a spreadsheet in order to yield the 
distance and time separation of the aircraft at the intersection. An example of the output of 
such a spreadsheet is given in table 4-1. 

Table 4-l. DCIA Analysis Spreadsheet Example 

Switch 
Lead T-X Trail T-X FASL FAST SepMin TMin SepMin TMin MinSep MinTme 

250 Mia Altitude 
2600 Lnder Awy T-X 
2600 Trailer Awy T -X 

2 Stagger Distance 
5 Heavy Stagger Oilltanc:e 

10 
2600 2600 75 154 1.21 1.21 1.21 
2600 2600 75 164 1.12 1.12 1.12 
2600 2600 75 174 1.01 1.01 1.01 

10 
2600 2600 as 154 1.43 1.43 1.43 
2600 2600 as 164 1.35 1.35 1.35· 
2600 2600 85 174 1.28 1.28 1.28 

100 
2600 2600 95 154 1.57 1.57 1.57 
2600 2600 95 164 1.51 1.51 1.51 
2600 2600 95 174 us us us 

110 
2600 2600 105 154 1.67 1.67 1.67 
2600 2600 105 164 1.62 1.62 1.62 
2600 2600 105 174 1.57 1.57 1.57 

120 
2600 2600 115 154 1.74 101 1.74 101 1.74 101 
2600 2600 115 164 1.70 95 1.70 95 1.70 95 
2600 2600 115 174 1.88 11 1.86 11 1.86 11 

130 
2600 2600 125 154 1.10 103 1.80 103 1.80 103 
2600 2600 125 164 1.77 18 1.77 18 1.77 16 
2600 2600 125 174 1.73 12 1.73 12 1.73 12 
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This spreadsheet accounts for all of the factors such as wind, decelerations, and accelerations 
but only displays the factors that will be varied. The basic parameters are the altitude at 
which the aircraft will miss, the distances from the runway threshold to intersection of each 
runway and the stagger distances required for heavy and non-heavy leading aircraft. Each 
line of the spreadsheet contains the results for the pairing of different speeds of aircraft. For 
instance, the f1rst row shows an 80 kt aircraft leading I (7S kts is the lower end of the 80 kt 
range) and a ISO kt aircraft trailing2 (1S4 kts is the upper end of the ISO kt range). The 
separation at the intersection3 is I.2I nrni. If the runways were switched and the 80 kt 
aircraft were leading on the other runway, then the separation (Switch SepMin) would still 
be 1.21 nrni because the distances from the threshold to the intersection in this case is 2600 
feet for both runways. The column labeled "MinSep" is the minimum of the two SepMin 
columns. The TMin columns are the time separations for the heavy leading situations. The 
slowest heavy airCraft is modeled with a fmal approach airspeed of 120 kts so the other 
entries slower than this are left blank. 

Since the minimum distance and time separations result from combinations of slow leading 
aircraft with fast trailing aircraft, only the slowest and fastest speed groups need to be 
considered. Because aircraft up to I20 kts can be restricted to the runway with the shorter 
threshold to intersection distance only leading aircraft with speeds up to 130 kts need to be 
considered. The slowest heavy leading aircraft are covered by this speed group range. For 
the fastest trailing aircraft one needs to consider the 1 SO kt through I70 kt speed groups. 
The ISO kt speed group is included here because the I60 let and greater aircraft can be 
"excepted" from the procedure. 

The analysis methodology was designed to fmd those ranges of runway threshold-to­
intersection distances for which a common set of restrictions would apply. For instance, 
from table 4-1 one can see that when the threshold-to-intenection lengths for both runways 
were 2600 feet, the separation at the intersection following a consecutive missed approach 
between the 80 kt leading aircraft and the 170 kt trailing aircraft would be I.OI nrni. (It is 
not exactly 1.00 nrni because the threshold to intersection distances have to be integral 
numbers of 100 feet.) When an 80 kt leading aircraft and a I70 kt trailing aircraft yields at 
least a 1.00 nmi separation, and a 76 second minimum time separation (it is 91 seconds in 

I FASL is "Einal A.pproach ,Speed of the Leader" 

2 FAST is "Emal A.pproach ,Speed of the Irailer" 

3 SepMin is the minimum separation after taking into account the worst case wind 
conditions. 
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the example in table 4-1 ), the operation is unrestricted. In other words any aircraft can be 
paired with any other aircraft on either runway. 

This establishes 2600 feet as a "breakpoint" for the shorter and longer threshold-tO-' 
intersection distances. In other words, any configurations with threshold-tO-' intersection 
distances less than 2600 feet could safely suppon an unrestricted DCIA procedure with 2 
nmi stagger behind a non-heavy aircraft and S nmi stagger behind a heavy aircraft. Being 
safe means that the minimum separation at the intersection would be greater than 1.00 nmi 
behind a non-heavy aircraft and 76 seconds of time separation behind a heavy aircraft. If 
either runway's threshold-tO-' intersection distance were greater than 2600 feet, then an 
unrestricted DCIA procedure with a (2,S) stagger' could result in an intersection separation 
of less than 1.00 nmi behind a non-heavy aircraft or a time separation of less than 76 seconds 
behind a heavy aircraft. 

The analysis then proceeds to find the conditions under which a runway configuration can be 
operated safely with the shorter threshold-tO-'intersection distance being 2600 feet and the 
longer threshold to intersection distance being greater than 2600. Consider the spreadsheet 
in table 4-2. This table shows that a longer threshold-to-intersection distance of 3200 feet 
results in an intersection separation of 1.02.nmi between an 80 kt leading aircraft and a 150 
kt trailing aircraft. However, because a 1.00 nmi separation cannot be assured over the 
entire range of approach speeds (i.e.~ between an 80 kt and a 170 kt aircraft) then there needs 
to be a restriction. One could express such a restriction for this case in two ways. One could 
either say not to pair 80 kt or less leading aircraft with 160 kt or greater trailing aircraft or 
just not let 160 kt or greater aircraft be staggered 2 nmi behind any other aircraft. This last 
restriction is obviously more restrictive than the formerS. The criteria for the leading heavy 
is also covered in this situation with 89 seconds if the "do not pair 80 kt with 160 kt aircraft" 
restriction is obsetved or 100 seconds if the "except 160 kt aircraft" restriction is obsetved. 

The next break:poinris found at 4SOO feet for the longer threshold to intersection distance 
(see table 4-3). There are several ~ays in which this table can be interpreted. Notice that in 
several places the separation is less than 1.00 nmi, sometimes as little as 0.15 nmi. Recall 
that the left-most "SepMin" column gives the separation when the leading and trailing 

4 The nomenclature (x,y) when associated with a stagger means that the minimum required 
stagger behind a non-heavy aircraft is x nmi while the minimum required stagger behind 
a heavy aircraft is y nmi. 

S In this analysis the 160 kt and 170 kt speed groups are always grouped together because 
the entire range represents a limited number of aircraft types and to funher differentiate 
these groups would not make a difference operationally. 
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Table 4-2. Second Breakpoint Spreadsheet 

Switch 
Lead T-X Trail T-X FASL FAST SepMn TMn SepMin TMin Min Sep Min Tme 

250 Mlu AltiUte 
2600 l.elmr Rwy T-X 
3200 Trailer Rwy T -X 

2 Stagger DlstllnCe 
5 

10 
2600 3200 75 1.21 1.02 1.02 
2600 3200 75 1.11 0.88 0.88 
2600 3200 75 0.99 0.74 0.74 

10 
2600 3200 85 1.43 1.30 1.30 
2600 3200 85 1.35 1.20 1.20 
2600 3200 85 1.28 1.11 1.11 

100 
2600 3200 95 1.57 1.47 1.47 
2600 3200 95 1.51 1.40 1.40 
2600 3200 95 1.45 1.33 1.33 

110 
2600 3200 105 1.67 1.59 1.59 
2600 3200 105 1.62 1.53 1.53 
2600 3200 105 1.57 1.47 1.47 

120 
2600 3200 115 1.74 101 1.68 100 1.68 100 
2600 3200 115 1.70 gs 1.63 93 1.63 93 
2600 3200 . 115 1.66 90 1.58 89 1.58 89 

130 
2600 3200 125 1.80 103 1.76 101 1.76 101 
2600 3200 125 1.n 96 1.71 95 1.71 95 
2600 3200 125 1.73 92 1.66 91 1.66 91 

threshold-to-intersection distances are as shown in that row (i.e., the shoner distance 
associated with the leading aircraft). The "Switch SepMin" column reverses the runways 
that the leading and trailing aircraft use. Therefore, in order to avoid separations of less than 
1.00 nmi one could restrict the slower aircraft to the runway with the shoner threshold-to­
intersection distance. Notice in table 4-3 that if this condition were applied tO aircraft with 
approach speeds of 90 kts or less most of the separations would be greater than 1.00 nmi. 
However, when an 80 kt aircraft is leading, the separation resulting from a 170 kt trailing 
aircraft could be only 0.93 nmi. If a restriciton of not pairing a leading 80 kt or less aircraft 
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. Table 4-3. Third Breakpoint Spreadsheet 

Switch 
Lead T·X Trail T-X FASL FAST SepMin TMin SepMin TMin Min Sep Min Time 

250 Mlu Altitude 
2600 Leader Rwy T·X 
4500 Trail• Rwy T -X 

2 Stagg• Distance 
5 H•vy S11igger Olano. ., 

2600 4500 75 1S. 1.18 0.58 0.58 
2600 4500 75 164 1.05 0.35 0.35 
2600 4500 75 174 0.93 0.15 0.15 ., 
2600 4500 85 1S. 1.43 1.01 1.01 
2600 4500 85 164 1.35 0.85 0.85 
2600 4500 85 174 1.25 0.69 0.69 

100 
2600 4500 96 1S. 1.57 1.25 1.25 
2600 4500 96 164 1.51 1.16 1.16 
2600 4500 96 174 1.45 1.05 1.05 

110 
2600 4500 105 1S. 1.67 1.42 1.42 
2600 4500 105 164 1.62 1.34 1.34 
2600 4500 105 174 1.57 1.25 1.25 

1211 
2600 4500 115 1S. 1.74 101 1.55 96 1.55 96 
2600 4500 115 164 1.70 94 1.48 90 1.48 90 
2600 4500 115 174 1.86 89 1.40 86 1.40 86 

130 
2600 4500 125 1S. 1.80 1m 1.66 99 1.66 99 
2600 4500 125 164 1.n 96 1.59 912 1.59 912 
2600 4500 125 174 1.73 90 1.53 88 1.53 88 

with a 160 Jct6 or greater aircraft were imposed, then the separation of0.93 nmi would be 
eliminated. Therefore if both the restriction to the shorter threshold-to-intersection runway 
and the "no pairing" restriction held, then for all other combinations of speed groups the 
required. 1.00 nmi intersection separation would be satisfied. 

6 The aircraft with approach speeds of 160 kts and 170 kts are grouped together for the 
purposes of this analysis for the reasons expl~ned in the previous footnote. 
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This is not the only set of restrictions that could apply here, however. Notice that if the 160 
kt or greater aircraft were "excepted" and the 80 kt or less aircraft were restricted to the 
runway with the shorter threshold-to-intersection distance the same effect could be achieved. 
Furthermore, not pairing the 90 kt or less aircraft leading with the 160 kt or greater aircraft 
and restricting the 80 kt or less aircraft to the runway with the shorter threshold to 
intersection distance could also achieve the same effect. Depending on the traffic mix at the 
airport in question, one or another of these restrictions may be more appropriate. In 
table 4-3 the time separation behind a heavy is not an issue with a minimum time separation 
of 86 seconds. 

The process of finding the next longer threshold-~intersection distance which gives an 
intersection separation of equal to or greater than 1.00 nmi and 76 seconds for various 
approach speed combinations is continued until no restrictions of the types listed in table 3-1 
can be applied. When this limit is reached, the next shorter threshold-to-intersection 
breakpoint is found. This is the threshold-to-intersection distance where the 90 kt and more 
aircraft are unrestricted. This happens at 3400 feet as shown in table 4-4. In this case the 80 
kt or less aircraft have to be excepted. This entire process is continued until absolutely all of 
the restriction possibilities are exhausted . 

. 
All of the foregoing analysis was done assuming that the stagger distances were 2 nmi and 5 
nmi for non-heavy and heavy leading aircraft, respectively. According to the conditions 
agreed to in table 3-1, the stagger distances for non-heavy leaders could also be 2.5 nmi and 
3 nmi and the stagger distance for heavy leaders could also be 6 nmi. With the "breakpoints" 
defined for 2 nmi and 5 nmi stagger, the spreadsheets were run again for the other 
combinations of stagger distances. Each of these spreadsheets with other stagger distances 
were interpreted to derive the restrictions which would insure the proper intersection 
separations. As will be seen in the results in section 5, increasing the stagger distances 
reduces the severity of the restrictions. Of course, the tradeoff is that the capacity will be 
lowered. 

This entire procedure was then repeated for the miss altitudes of 500 and 700 feet. 
\ 

The fmal element of the analysis was to detennine the appropriate stagger distances for the 
aircraft that were "excepted." The basic rule for considering "excepted" aircraft is that if 
there is a runway restriction (e.g., restrict 80 kt or less aircraft to the runway with the shorter 
threshold to intersection distance) for a given runway configuration, then that restriction still 
applies when the "excepted" aircraft is allowed to be part of the procedure. Consider 
table 4-5 as an example of how such a case is analyzed. In this example there is a 110 kt 
restriction (meaning that aircraft which are 110 kts or less must be assigned to the runway 
with the shorter threshold-~ intersection distance). This means that a 120 kt aircraft must be 
separated from a 170 kt aircraft by 1.00 nmi for all situations (i.e., runway assignment and 
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Table 4-4. Next Shorter Threshold to Intersection Breakpoint Spreadsheet 

Switch 
~aad T-X Trail T-X FASL FAST SepMin TMin SepMin TMin Min Sep Min Tine 

250 Miu Altllude 
3400 Leader Rwy T-X 
3400 Trllil• Rwy T-X 

2 Stllgger Oiatllnee 
5 H•w ~ 01-.nc. ., 

3400 3400 75 154 0.04 0.04 0.94 
3400 3400 75 164 o.n o.n o.n 
3400 3400 75 174 0.61 0.61 0.61 ., 
3400 3400 86 154 1.26 1.26 1.26 
3400 3400 86 164 1.15 1.15 1.15 
3400 3400 86 174 1.02 1.02 1.02 

100 
3400 3400 95 154 1.44 1.44 1.44 
3400 3400 95 164 1.37 1.37 1.37 
3400 3400 95 17"' 1.29 1.29 1.29 

110 
3400 3400 106 154 1.56 1.56 1.56 
3400 3400 106 164 1.50 1.50 1.50 
3400 3400 106 174 1.44 1.44 1.44 

120 
3400 3400 115 154 1.66 99 1.66 99 1.66 99 
3400 3400 115 164 1.61 92 1.61 92 1.61 92 
3400 3400 115 174 1.55 • 1.55 • 1.55 88 

130 
3400 3400 125 154 1.74 101 1.74 101 1.74 101 
3400 3400 125 164 1.69 94 1.69 94 1.69 94 
3400 3400 125 174 1.64 90 1.64 90 1.64 90 

leading/trailing status) and all 110 kt or less aircraft must be separated from all other aircraft 
by more than 1.00 nmi when the 110 kt or less aircraft are assigned to the runway with the 
shoner threshold-to-intersection distance. In table 4-5 the non-heavy stagger distance was 
detennined such that the 120 kt leading/170 kt trailing case is separated by exactly 1.00 nmi. 
At the same time the heavy stagger distance was detennined such that the 120 kt leading 
heavy/170 kt trailing case is separated by exactly 76 sec. The 3.3872 nmi non-heavy stagger 
distance was then rounded up to 3.5 nmi and the 6.3228 nmi heavy stagger distance was 
rounded up to 7 nmi in keeping with the half-mile stagger increments for non-heavy leading 
aircraft and the one mile stagger increments for heavy leading aircraft found in table 3-1. 
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Table 4-5. Excepted Aircraft Analysis With Restriction 

Switd'l 
LeadT-X TraiiT-X FASL FAST SepMin TMin SepMin TMin Min Sep Min Time 

250 Ml• Allllude 
3o400 Leeder Rwy T-X 

17800 Trail• RwyT-X 
3.3872 Stagg• DIS111nce 
6.3228 H•w Slllgger Dllmnce 

• 3400 17800 75 154 2.02 -2.79 -2.79 
3o400 17800 75 164 1.61 -3.73 -3.73 
3o400 17800 75 174 .1.43 -4.32 -4.32 ., 
3o400 17800 86 154 2.39 -1.08 -1.08 
3o400 17800 86 164 2.07 -1.73 -1.73 
3o400 17800 86 174 1.92 -2.18 -2.18 

1CIO 
3o400 17800 95 154 2.66 0.07 0.07 
3o400 17800 95 164 2.38 -o.34 -o.34 
3o400 17800 95 174 2.26 -o.70 -o.70 

110 
3o400 17800 105 154 2.81 0.79 0.79 
3o400 17800 105 164 2.62 0.54 0.54 
3o400 17800 105 174 2.51 0.30 0.30 

1210 
3o400 17800 115 154 2.94 119 1.36 87 1.36 87 
3o400 17800 115 164 2.78 104 1.20 81 1.20 81 
3400 17800 115 174 2.70 98 1.00 76 1.00 76 

130 
3400 17800 125 154 3.04 121 1.79 97 1.79 97 
3400 17800 125 164 2.90 106 1.66 90 1.66 90 
3400 17800 125 174 2.83 100 1.51 86 1.51 86 

If the· runway configuration does not requile a resttiction, then including an "excepted" 
aircraft into the operation means that an 80 kt leading aircraft and a 170 kt trailing aircraft 
must be accommodated. An example of the analysis for this situation is shown in table 4-6. 
The non-heavy separation at the intersection between an 80 kt leading aircraft and a 170 kt 
trailing aircraft is 1.00 nmi. The stagger to achieve this is 2.21!H nmi. At the same time the 
required heavy stagger to achieve 76 seconds between a 120 kt leading heavy and a 170 kt 
trailing aircraft is 4.3542 nmi. 
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Table 4-6. Excepted Aircraft Analysis With Restriction 

Switch 
Lead T-X Trail T-X FASL FAST SepMin TMin SepMin TMin Min s.p Min Time 

250 Mlu Altllude 
2600 Leeder Rwy T-X 
3200 Trail• Rwy T-X 

2.2151 Stagger Ola1Mce 
4.3542 H..vy 8lllgger 01--. 

• 2600 3200 75 154 U3 1.24 1.24 
2600 3200 75 164 1.33 1.13 1.13 
2600 3200 75 174 1.24 1.00 1.00 

• 2600 3200 85 154 1.65 1.51 1.51 
2600 3200 85 164 1.57 1.42 1.42 
2600 3200 86 174 UQ 1.32 1.32 

100 
2600 3200 95 154 1.78 1.68 1.68 
2600 3200 95 164 1.73 1.62 1.62 
2600 3200 95 174 1.67 1.54 1.54 

110 
2600 3200 106 154 1.88 1.80 1.80 
2600 3200 106 164 1.83 1.74 1.74 
2600 3200 106 174 1.78 1.68 1.68 

120 
2600 3200 115 154 1.96 • 1.10 86 1.90 86 
2600 3200 115 164 1.91 82 1.84 80 1;84 80 
2600 3200 115 174 1.87 n 1.79 78 1.79 78 

130 
2600 3200 125 154 2.02 89 1.97 • 1.97 88 
2600 3200 125 154 1.98 83 1.93 82 1.93 82 
2600 3200 125 174 UM 79 1.88 78 1.88 78 

4.2 SECOND ORDER MODEL 

A second order model was developed independently of the model described in section 3 and 
was used for three verification and validation functions: 

a. Verification of the model equations and software 
b. Evaluation of the stability of model's numerical calculations 
c. Corroboration of DCIA procedure restrictions 
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Conceptually, the second order model and the original DCIA model described in section 3 
are the same except the second order model models the trailer missed approach maneuver 
(from the missed approach point to the intersection of the runway centerlines) using a 
constant acceleration rather than an instantaneous increase in speed. The constant 
acceleration is chosen so that if there were no wind the trailing aircraft would reach the 
intersection of the runway centerlines at the same time as it would have using the original 
model. Because wind is constant in both models, it follows that the trailer reaches the 
intersection of the runway centerlines at the same time in both models even when wind is 
taken into account. 

Because both models are identical except for the missed approach maneuver of the trailing 
aircraft, the separation computed by both models is the same if the trailing aircraft has not 
yet reached its missed approach point when the leader reaches the intersection of the runway 
centerlines. In the original model, the trailing aircraft takes a time, say T, to travel from its 
missed approach point to the intersection of the runway centerlines. The second order 
model's acceleration causes the trailing aircraft to attain the missed approach speed used in 
the original model at time T/2. Therefore, until time T/2 the second order model's trailing 
aircraft is traveling slower than the orginal model's trailing aircraft. Since the trailing 
aircraft reaches the intersection of the runway centerlines at the same time in both models, it 
follows that during the missed approach maneuver, the second order model's trailing aircraft 
is always behind the the original model's trailing aircnlft. This implies that the separation 
computed by the second order model is always at least as large as that computed by the 
original model described above. Therefore, the second order model is slightly less 
conservative than the original model. Moreover, because the two models are so similar and 

· the acceleration is a second order effect, the separations they compute are comparable. 

The orginal model was implemented as a spreadsheet model on an IBM PC compatible 
computer while the second order model was developed and implemented independently 
using the Mathematica programming language on a Macintosh computer7. Hence, direct 
comparison of equations and model outputs were sufficient to verify the original model's 
equations and software. The results of this comparison can be found in section 5.3. 

7 mM is a registered tradmark of the International Business Machines Corporation, 
Macintosh is a registered trademark of Apple Computer, Incorporated, and Mathematica 
is a registered trademark of Wolfram Research, Inc. 
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5.1 GENERAL DCIA PROCEDURE 

SECTIONS 

RESULTS 

The analysis that was described in section 4 was perfonned and the results are shown in 
tables 5-1, 5-2 and 5-3. These tables are appropriate for decision heights of 250 feet or less, 
decision heights between 251 feet and 500 feet, and decision heights between 501 feet and 
700 feet, respectively. These tables have been set up to allow a facility with a given runway 
configuration to determine which stagger distances and which restrictions apply to their 
operations. The following discussion lists the steps necessary to be taken by a facility to use 
the table. 

1. Identify all the runway configurations for which the facility wishes to use the 
DCIA procedure. For each runway configuration, follow steps 2 through 6 below. 

2. Determine the point of intersection of the two converging runways or their 
extended centerlines. Determine the distances from each runway threshold to the 
intersection point. 

3. Determine the decision heights for each runway and select the larger of the two 
decision heights. 

4. If the decision height determined in step 3 is 250 ft or less, use table 5-1. If the 
decision height determined in step 3 is between 251ft and 500ft, use table 5-2. 
If the decision height determined in step 3 is between 501ft and 700ft, use 
table 5-3. 

5. Within the table chosen in Step 4,· go to the row that covers the runway 
configuration (i.e., the combination of threshold-to-intersection distances 
determined in step 2) to find the DCIA procedure that the facility may use for this 
configuration. The procedure is determined by the stagger value required and 
certain restrictions and/or exceptions. All of the options provide the required 
level of safety. The tradeoff is between the potential throughput and the severity 
of the restrictions. If several options are identified, the facility may select one 
that is most operationally suitable. It is expected that the facility will express the 
restrictions and exceptions in terms of aircraft types (e.g., 80 kt or less aircraft 
could be classified as single engine general aviation aircraft) that are meaningful 
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Table S-1. DCIA Procedure for Decision Heights of 250 ft or Less 

DCIA Procedure 
St.gerrule Shaner distance Longer distance from Stagger airaaft to converging runways for from threshold to threshold to using indicated stagger distances; "Excepccd" 

int.ersection int.ersection reslrictions noted aircraft 

1 Uoto2600 ft Uoto 2600 ft e No reslrictions; staaer rule is (2.5) NA 
2 Upto2600ft 2601 ft to 3200 ft e Do not pair 80 kt or less aircraft NA 

leading with 160 kt or grtater aircraft 
trailing; ....... rule is (2.5) 

or 
e Except 160 kt or greater aircraft; (2.S,S) or 

stager rule is (2,5) skip a slot 
or 
e No reslrictions; stager rule is NA 

(2.5~ 

3 Upto2600 ft 3201 ft to 4SOO ft e Restrict 90 kt or less aircraft to .NA 
runway with shorter threshold to 
intersection distance aad do not pair 
80 kt or less aircraft leading with 160 
kt or greater aircraft trailing; stagger 
rule is (2,5) 

or 
e Restrict 80 kt or less aircraft to (2.S,S) or 

runway with shorter threshold to skip a slot 
intersection distance aad except 160 
kt or greater aircraft; stager rule is 
(2,5) 

or 
e Resuict 80 kt or less aircraft to NA 

runway with shorter threshold to 
intersection distance aDd do not pair 
90 kt or less aircraft leading with 160 
kt or greater aircraft trailing; stagger 
rule is (2,5) 

or 
e Restrict 80 kt or less aircraft to NA 

runway with shorter threshold to 
intersection distance; stager rule is 
(2.5,5) 

or 
e Do not pair 80 kt or less aircraft NA 

leading with 160 kt or greater aircraft 
trailing; staaer rule is (2.5,5) 

or 
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• No restrictions: ... is (3.5) NA 
4 Up to 2600ft 4S01 ft to 5900 ft e Relaict 90 kt or less aircnft to NA 

nmway with sboner threshold to 
iDfenection diJian<:e .... do not pair 
100 Itt or less aircnft leading with 
160 Itt or greller aircnft ttailing; 
.......... il (2,5) 

or 
e Reslrict 90 kt or less aircraft to (2.5,5) or 

nmway with sboner threshold to skip a slot 
inftnection diii8DCe Md except 160 
Itt or pearer aircnft; aaer rule is 
(2,5) 

or 
e Restrict 100 kt or less aircnft to NA 

runway with shorter duahold to 
intenection distance ad do not pair 
80 kt or less aircnft leading with 160 
kt or greater aircnft ttailing; stqger 
rule is (2,5) 

or 
e Restrict 90 kt or less aircraft to NA 

runway with shoner threshold to 
intersection distance; stagger rule is 
(2.5,5) 

or 
e Restrict 80 kt or less aircraft to NA 

nmway with shorter threshold to 
intersection diSiance ..a do not pair 
90 kt or less aircnft leading with 160 
kt or greater aircnft ttailing; stagger 
nle is (2.5,5) 

or 
e Do not pair 80 kt or less aircraft NA 

leading with 160 kt or greater aircraft 
ttailing; stager nle il (3,5) 

or 
e Restrict 80 kt or less aircnft to NA 

runway with shorter threshold to 
intersection distance; stager rule is 
(3,5) 
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s Upto2600ft 5901 ft to 7SOO ft e Reslrkt 100 Itt or less aircJaft to NA 
nmway widl shorter threshold to 
inr.enection disllnce .- do not pair 
110 Itt or less aircJaft leading widl 
160 Itt or grater aircJaft trailing; 
.............. (2,5) 

ar 
e Reslrict 100 Itt or less aircJaft to (2.S.s)or 

nmway with sboner threshold to skip a slot 
infenection disllnce .... except 160 
Itt or greater aircJaft: ......- rule is 
(2,5) 

ar 
e Restrict 110 Itt or less aircraft to NA 

nmway with shorter threshold to 
inta'Seetion distance ad do not pair 
80 Itt or less aircraft leading with 160 
Itt or greater aircraft trailing; stager 
nle is (2,5) 

or 
e Restrict 100 Itt or less aircJaft to NA 

nmway with shorter threshold to 
inta'Seetion distance: staaer rule is 
(2.5,5) 

or 
e Restrict 90 Itt or less aircraft to NA 

nmway with shorter threshold to 
infa'Seetion distance .- do not pair 
100 Itt or less aircraft leading with 
160 Itt or greater aircraft trailing; 
staaer rule is (2.5,5) 

ar 
e Restrict 90 Itt or less aircraft to NA 

nmway with shorter threshold to 
infa'SeCtion disr.mce: staaer rule is 
(3.5) 

6 Upto2600ft 7501 ft to 9700 ft e Restrict 110 Itt or less aircraft to (2.5,6) or 
nmway with shoner threshold to skip a slot 
infa'Seetion disllnce ad except 160 
Itt or greater aircJaft; staaer rule is 

' (2,5) 
or 
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7 Upto2600ft 

e Resaict 100 kt or less aircraft to 
nmway with shorter threshold to 
infenection dislanc:e .- except 160 
kt or greater aircraft; s&aaer rule 8 
(2.5,5) 

or 
e Resaict 90 kt or less aircraft to 

nmway with shorter threshold to 
inaenection dislanc:e .- except 160 
kt or peat« aircraft; -...r rule is 
(3,5) 

or 

e Restrict 110 kt or less aircraft to 
runway with shorter threshold to 
intenection distance ud except 160 
kt or greater aircraft; staaer rule is 
(1,6) 

or 
e Reslrict 110 kt or less aircraft to 

runway with shorter threshold to 
intersection distance; s&aaer rule 8 
(1.5,6) 

or 
e Reslrict 100 kt or less aircraft to 

runway with shorter threshold to 
intersection distance; s&aaer rule 8 
(3.6) 

9701 ft to 10600 ft e Reslrict 120 kt or less aircraft to 
runway with shorter threshold to 
intenection distance aH except 160 
kt or greater aircraft; staaer rule 8 
(l,S) 

or 
e Restrict 100 kt or less aircraft to 

runway with shorter threshold to 
intenection distance ud except 160 
kt or greater aircraft; s&aaer rule is 
(1.5,5) 

or 
e Restrict 90 kt or less aircraft to 

runway with shorter threshold to 
intenection distance aacl except 160 
kt or greater aircraft; sa.aer rule 8 
(3,5) 

or 
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(2.5,6) or 
skip a slot 

{3,6) or 
skip a slot 

(2.5,6) or 
skip a slot 

NA 

NA 

(2.5,6) or 
skip a slot 

(2.5,6) or 
skip a slot 

(3.5,6) or 
skip a slot 



e Restrict 110 kt or less aircraft to NA 
nmway with shorter threshold to 
inftnection distance; .....- rule is 
(15.') 

• e Ralrict 100 kt or less aircraft to NA 
nmway with sbofter duahold to 
iarenection disunce; ........ nle is 
(l.Q 

8 Up to 2600 ft 10601 ft to 12200 ft e Restrict 110 kt or leas aircraft to (3,6) or 
nmway with shoner threshold to skip a slot 
inftnection diSIInce .... except 160 
kt or parer aircraft; ~~~~atr rule is 
(2.5,5) 

or 
e Resttict 110 Itt or less aircraft to NA 

runway with shorter threshold to 
intersection distance; staaer rule is 
(2.5,6) 

or 
e Resttict 100 kt or less aircraft to (3.5,6) or 

runway with shorter threshold to skip a slot 
intersection distance alld except 160 
Itt or greater aircraft; stager rule is 
(3,5) 

or 
e Resttict 120 kt or less aircraft to NA 

runway with sboner threshold to 
intersection distance; stager rule is 
(2.5,6) 

or 
e Resttict 110 Itt or less aircraft to NA 

runway with shorter threshold to 
intersection distance; staaer rule is 
(3.6) 

9 Upto2600ft 12201 ft to 13900 ft e Restrict 110 Itt or less aircraft to (3,6) or 
nmway with shorter threshold to skip a slot 
intersection distance ...a except 160 
Itt or pearer aircraft; stager rule is 
(2.5,6) 

or 
e Resttict 100 kt or less aircraft to NA 

nmway with shorter threshold to 
intersection distance; staaer nle is 
(3,6) 
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10 Up to2600 ft 13901 ft to 17600 ft e Restrict 120 kt or less aircraft to (3,7) or 
nmway with shorter threshold to skip a slot 
intersection distance ud except 160 
kt or greater aircraft; ltager rule is 
(2.5.6) 

11 Upto2600ft 17601 ft to 19700 ft e Restrict 120 kt or less aircraft to (3,7) or 
nmway with shorter threshold to skip a slot 
intenection distance ud except 160 
kt or greater ain:raft; stager rule is 
(3.6) 

12 2601 ft to 3400 ft Up to 3400 ft e Except 80 kt or less aircraft; stager (2.5,5) or 
nle is (2,5) skip a slot 

or 
e No restrictions; stager rule is NA 

(2.5.5) 

13 2601 ft to 3400 ft 3401 ft to 4000 ft e Restrict 90 kt or less aircraft to (2.5,5) or 
nmway with shorter threshold to skip a slot 
intersection distance ad except 80 kt 
or less aircraft; staaer rule is (2,5) 

or 
e Do not pair 90 kt or less ain:raft (3,5) or 

leading with 160 kt or greater ain:raft skip a slot 
trailing and except 80 kt or less 
ain:raft; stager rule is (2,5) 

or 
e Resttict 80 kt or less ain:raft to NA 

nmway with shorter threshold to 
intersection distance; staaer rule is 
(2.5,5) 

or 
e Do not pair 80 kt or less aircraft NA 

leading with 160 kt or greater ain:raft 
trailing; stager rule is (2.5,5) 

or 
e No restrictions; staaer rule is (3,5) NA 

14 2601 ft to 3400 4 4001 ft to 5800 ft e Restrict 90 kt or less aircraft to (2.5,5) or 
nmway with shorter threshold to skip a slot 
intersection distance .- do not pair 
100 kt or less aircraft leading with 
160 kt or greater aircraft trailing and 
except 80 kt or less aircraft; staaer 
nle is (2,5) 

or 
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15 2601 ft to 3400 ft 5801 ft to 7500 ft 

e Reslrict 90 kt or less aircraft to 
nmway with shorW threshold to 
infenection dilllnC:e aBd except 80 kt 
or lea aircraft aBd except 160 kt or 
peal« aircraft; ...... nle is (l,5) 

or 
• Reslrict 90 kt Ql' lcsa aircraft to 

ruaway with sborter dlreshold to 
iafenection dislanc:e; lltager rule is 
(2.5,5) 

or 
e Reslrict 80 kt or less aircraft to 

nmway with sboner tbresbold to 
intersection distance 8IICI do not pair 
90 kt or less aircraft leading with 160 
kt or greater aireraft trailing; stager 
nle is (2.5,5) 

or 
e Restrict 80 kt or less aircraft to 

runway with shorter threshold to 
intersection distance; stager rule is 
(3,5) 

or 
e Do not pair 80 kt or less aircraft 

leading with 160 kt or greater aireraft 
trailing; staaer rule is (3,5) 

e Restrict 100 kt or less aircraft to 
runway with shorter threshold to 
intersection distance alld except 80 kt 
or less aircraft 8Dd except 160 kt or 
greater aircraft; staaer rule is (2,5) 

or 

(2.5,5) or 
skip a slot 

NA 

NA 

NA 

NA 

(2.5,5) or 
skip a slot 

e Restrict 100 kt or less aircraft to NA 
runway with shorter threshold to 
intersection distance; staaer rule is 
(2.5,5) 

or 
e Restrict 90 kt or less aireraft to NA 

nmway with shorter threshold to 
intersection distance alld do not pair 
100 kt or less aircraft leading with 
160 kt or greater aircraft trailing; 
staaer rule is (2.5,5) 

or 
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e Resttict 90 let or less aircraft to NA 
runway with shorter threshold to 
intersection distance; stager rule is 
(3,5) 

or 
e Restrict 80 let or less aircraft to NA 

runway with shorter threshold to 
intersection disl8nc:e ...a do not pair 
90 let or less aircraft leading with 160 
let or greata' aircraft uailing; stager 
nle is (3,5) 

16 2601 ft to 3400 ft 7501 ft to 9700 ft e Restrict 110 let or less aircraft to (3,6) or 
runway with shorter threshold to skip a slot 
intersection distance ...a except 80 let 
or less aircraft lllld except 160 let or 
greater aircraft; stager nle is (2,5) 

or 
e Restrict 100 let or less aircraft to (3,6) or 

runway with shorter threshold to skip a slot 
intersection distance ...a except 160 
kt or greater aircraft; stager rule is 
(2.5,5) 

or 
e Resttict 90 let or less aircraft to (3,6) or 

runway with shorter threshold to skip a slot 
intersection distance ud except 160 
let or greater aircraft; stager rule is 
(3,5) 

or 
e Resttict 110 let or lesss aircraft to NA 

runway with shorter threshold to 
intersection distance lllld do not pair 
80 let or less aircraft leading with 160 
kt or greater aircraft trailing; stagger 
nde il (2.5,6) 

or 
e Restrict 100 let or less aircraft to NA 

runway with shorter threshold to 
intersection distance; stager rule is 
(3-'l 

17 2601 ft to 3400 ft 9701 ft to 12100 ft e Restrict 120 let or less aircraft to (3,6) or 
runway with shorter threshold to skip a slot 
intersection disl8nc:e ...a except 80 let 
or less aircraft .- except 160 let or 
greater aircraft; staaer rule is (2,5) 

or 
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e Reslrict 110 Itt or less aircraft to (3,6) or 
nmway with sborter threshold to skip a slot 
iatalection disllnce ..a except 160 
kt or greater aircraft; ..... r rule is 
(2.5,5) 

or 
e ltalrict 100 Itt or less aircraft to (3,6) or 

nmway wilb sboner daesbold to skip a slot 
inrenection disllnce .- except 160 
kt or greater aircraft; ..... r rule is 
(3,5) 

or 
e ltalrict 120 Itt or less aircraft to NA 

runway with shorter threshold to 
intersection disaance .... do not pair 
80 Itt or less aircraft leading with 160 
Itt or greater aircraft nailing; stagger 
rule is (2.5,6) 

or 
e Restrict 110 Itt or less aircraft to NA 

runway with shorter threshold to 
intersection distance; staaer rule is 
(3.6) 

18 2601 ft to 3400 ft 12101 ft to 13900 ft e Restrict 120 Itt or less aircraft to NA 
runway with shorter threshold to 
intersection disaance ..a do not pair 
90 Itt or less aircraft leading with 160 
Itt or greater aircraft nailing; stagger 
rule is (2.5.6) 

or 
e Restrict 110 Itt or less aircraft to NA 

runway with shorter threshold to 
intersection distance; staaer rule is 
(3.6) 

19 2601 ft to 3400 ft 13901 ft to 17800 ft e Restrict 110 Itt or less aircraft to (3.5,7) or 
runway with shorter threshold to skip a slot 
intersection distance .... except 160 
Itt or greater aircraft; staaer rule is 
(3.6) 

20 3401 ft to 4400 ft Upto4400 ft e Except 80 Itt or less aircraft aDd do (3,5) or 
' not pair 90 Itt or less aircraft leading skip a slot 

with 160 Itt or greater aircraft trailing; 
staaer rule is (2,5) 

or 

5-10 



21 3401 ft to 4400 ft 4401 ft to 5800 ft 

e Except 80 kt or less aireraft and (3,5) or 
except 160 kt or greater aircraft; skip a slot .-.r nde il (.2,5) 

or 
e Do not pair 80 kt or less aireraft NA 

lednc with 160 kt or greater aircraft 
ni1inJ; ........... il (2.5,5) 

or 
e No reslrictions: ...._r rule is (3.5) 

e Jtalrict 110 kt or less aircraft to 
nmway with shoner threshold to 
iatalection diJiance MCI do not pair 
100 b or lea aircraft leading with 
160 kt or greaa.er aircraft ttailing and 
except 90 kt or less aircraft; stagger 
rule is (.2,5) 

or 
e Except 90 kt or less aireraft and do 

not pair 110 kt or less aircraft leading 
with 160 kt or greater aireraft ttailing; 
stager rule is (.2,5) 

or 
e Except 90 kt or less aircraft and 

except 160 kt or greater aircraft; 
stager rule is (l,S) 

or 
e Restrict 90 kt or less aircraft to 

runway with shorter threshold to 
intersection disamce aad do not pair 
80 kt or less aircraft leading with 160 
kt or greater aireraft ttailing; stagger 
rule is (2.5,5) 

or 
e Resttict 80 kt or less aircraft to 

runway with shorter threshold to 
intersection dislaDce aad do not pair 
90 b or less aireraft leading with 160 
kt or greater aireraft ttailing; stagger 
nale il (2.5.5) 

or 
e Resttict 80 kt or less aircraft to 

runway with shorter threshold to 
intersection distance; stager rule is 
(3,5) 

or 
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NA 
(3,5) or 

skip a slot 

(3.5,5) or 
skip a slot 

(3.5,5) or 
skip a slot 

NA 

NA 

NA 



e Do not pair 80 kt or less airaaft NA 
leading with 160 kt or greater aircraft 

!1, ... is (3.5) 

22 3401 ft to 4400 ft 5801 ft to 7400 ft e Ralric:t 100 kt or less aircraft to (3,S) or 
nmway with sbortieF threshold to skip a slot 
intenection disllllCe .ad except 90 kt 
or lea aircraft ...a except 160 kt or 
great« aircraft; .......... is (2,5) 

or 
e Resaict 100 Itt or less aircraft to NA 

nmway with shorta' threshold to 
intenection dislance 8Dd do not pair 
80 Itt or less ain:raft leading with 160 
kt or greater aircraft trailing; stqger 
rule il (2.5,5) 

or 
e Restrict 90 kt or less aircraft to NA 

nmway with shorter threshold to 
intersection dislallce aM do not pair 
100 kt or less ain:raft leading with 
160 kt or greater aircraft trailing; 
stager rule is (2.5.5) 

or 
e Resttict 90 Itt or less aircraft to NA 

runway with shorter threshold to 
intersection distance; stager rule is 
(3,5) 

or 
e Resttict 80 kt or less aircraft to NA 

nmway with shorter threshold to 
intersection dislallce ..a do not pair 
90 kt or less airaaft leading with 160 
kt or greater aircraft trailing; stqger 
rule is (3.5) 

23 3401 ft to 4400 ft 7401 ft to 9600 ft e Resttict 110 kt or less aircraft to (3,6) or 
nmway with shorter threshold to skip a slot 
intersection distance .... except 90 Itt 
or less aircraft aM except 160 Itt or 
greater aircraft; .......... is (2,5) 

or . e Restrict 100 kt or less aircraft to (3,6) or 
nmway with shoner threshold to skip a slot 
intersection dislallce .... except 80 kt 
or less aircraft 8Bd except 160 Itt or 
greater aircraft; ....... nle is 
(2.5.5) 

or 
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24 3401 ft to 4400 ft 9601 ft to 12200 ft 

e Reslrict 90 Itt or less aircraft to 
nmway with sboner threshold to 
infenection di8IIIK:e .- except 160 
Itt or grearer aiJaaft; -..r rule is 
(3,5) 

01' 

e Rellrict 100 tt or lea aircraft to 
raway wilh sboner threshold to 
infenection dillanCe ud except 80 kt 
or lea aircraft.- do not pair 110 kt 
or lea aircrlft leading with 160 kt or 
..._. aircrlft 1railing; ltager rule 
11(2.U) 

or 
e Restrict 90 kt or less aircraft to 

nmway with shorter threshold to 
intersection dislanc:e 8lld do not pair 
100 kt or less aircraft leading with 
160 kt or grearer aircraft trailing; 
staaer rule is (3.6) 

e Resbict 120 kt or less ailcraft to 
nmway with shorter threshold to 
intersection disaance IUid except 90 kt 
or less aircraft and except 160 kt or 

. grearer aircraft; staaer rule is (2,5) 
or 
e Restrict 110 kt or less aircraft to 

nmway with shorter threshold to 
intersection disaance ...t except 80 kt 
or less ailcraft ...t except 160 kt or 
grearer aircraft; stager rule is 
(%.5,5) 

or 
e Restrict 100 kt or less aircraft to 

nmway with shorter threshold to 
intersection disaance ...t except 160 
kt or grearer aircraft; ataaer rule is 
(3,5) 

01' 

e Restrict 120 kt or less aircraft to 
nmway with shorter threshold to 
intersection dislanc:e ..a except 80 kt 
or less aircraft ud do not pair 90 kt 
or lea aircraft leading with 160 Itt or 
grearer aircraft trailing; ltager rule 
is (%.5,6) 

or 
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(3.5,6) or 
skip a slot 

(3,6) or 
skip a slot 

NA 

(3.5,6) or 
skip a slot 

(3.5,6) or 
skip a slot 

(3.5,6) or 
skip a slot 

(3.5,6) or 
skip a slot 



e Reslrict 110 kt or less aircraft to NA 
nmway with shorter threshold to 
intenection dislance ..a do not pair 
80 kt or less aircraft leading with 160 
tt or greater aircraft trailing; stagger 
nle il (3.6) 

25 3401 ft to 4400 ft 12201 ft to 13900 ft e Reslrict 120 tt or less aircraft to (3.5,6) or 
nmway widl*-ter threshold to skip a slot 
iatenection di~~Mce ..a except 80 let 
or lea aircraft ..a except 160 let or 
greater aircraft; lltager rule is 
(2.5,6) 

or 
e Restrict 110 kt or less aircraft to NA 

runway with shorter threshold to 
intenection distance 8Dd do not pair 
80 let or less aircraft leading with 160 
let or grea1er aircraft trailing; stagger 
rule il (3,6) 

or 
e Resttict 100 let or less aircraft to NA 

runway with shorter threshold to 
intersection distance ud do not pair 
110 let or less aircraft leading with 
160 let or greater aircraft trailing; 
11taaer nle il (3,6) 

26 3401 ft to 4400 ft 13901 ft to 17800 ft e Resttict 110 let or less aircraft to (3.5,7) or 
runway with shorter threshold to skip a slot 
intersection dislance ...t except 160 
kt or grea1er aircraft; lltager rule is 
(3,6) 

27 4401 ft to 5700 ft Upto5700 ft e Except 90 Itt or less aircraft and do (3.5,5) or 
not pair 110 kt or less aircraft leading skip a slot 
with 160 kt or grea&er aircraft trailing; 
lltager nle il (2,5) 

or 
e Except 90 tt or less aircraft and (3.5,5) or 

except 160 kt or greater aircraft; skip a slot 
~ta~~er rule il (2,5) 

or 
e Except 80 kt or less aircraft ud do (3.5,5) or 

not pair 90 kt or less aircraft leading skip a slot 
with 160 kt or greater aircraft trailing; 
lltager rule is (2.5,5) 

or 
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e Do not pair 80 kt or less aircraft NA 
leading with 160 kt or grearer aircraft 
trailina: staaer rule il (3.5) 

28 4401 ft to S700 ft S701 ft to 6SOO ft • Except 80 kt or less aircraft IUid do (4,S) or 
not pair 90 kt or less aircraft leading skip a slot 
with 160 kt or greater aircraft tnliling; 
....... rule il (2.5,5) 

or 
e Rcslrict 80 kt or less aircraft to NA 

nmway with shorter threshold to 
intenection disaance aad do not pair 
80 kt or less aircraft leading with 160 
kt or greater aircraft ll'liling; staaer 
rule il (3.5) 

29 4401 ft to S700 ft 6SO 1 ft to 7200 ft e Except 80 kt or less aircraft IUid do (4,S) or 
not pair 100 kt or less aircraft leading skip a slot 
with 160 kt or greater aircraft tnliling; 
staaer rule is (2.5,5) 

or 
e Resttict 80 kt or less aircraft to NA 

runway with shorter threshold to 
intersection disaance aad do not pair 
90 kt or less aircraft leading with 160 
kt or greater aircraft tnliling; staaer 
rule is (3.5) 

30 4401 ft to S700 ft 7201 ft to 12100 ft e Resttict 110 kt or less aircraft to (4,6) or 
runway with shorter threshold to skip a slot 
intenec::tion distance alld except 90 kt 
or less aircraft aad except 160 kt or 
greater aircraft: staaer rule is 
(2.5,5) 

or 
e Restrict 100 kt or less aircraft to (4,6) or 

runway with shorter threshold to skip a slot 
intenec::tion distance 8lld except 160 
kt or greater aircraft: staaer rule is 
(3,5) 

or 
e Restrict 120 kt or less aircraft to (4,6) or 

nmway with shorter threshold to skip a slot 
intersection disaance alld except 80 kt 
or less aircraft _. do not pair 100 kt 
or less aircraft leading with 160 kt or 
greater aircraft tnliling; ...... rule 
il (2.5,6) 

or 
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e Resuict 100 kt or less aircraft to NA 
nmway with shorter threshold to 
intenection distance ... do not pair 
100 Itt or less aircraft with 160 kl or 
Deller . ""• ndeis(3,6) 

31 4401 ft to 5700 ft 12101 ft to 13800 ft e Reslrict 110 kt or less aircraft to (4,6) or 
nmway with shorter threshold to skip a slot 
intenection clisiiJICe ...a except 90 kt 
or less aircraft ...a except 160 kt or 
paler aircraft; .......... is 
(U6) 

or 
e :ae.rict 110 Itt or less aircraft to (4,6) or 

nmway with shorter threshold to skip a slot 
intenection disaance ..t do not pair 
90 Itt or less aircraft leading with 160 
kl or greater aircraft lnliling IUid 
except SO kt or less aircraft; staaer 
nle is (3,6) 

32 4401 ft to 5700 ft 13801 ft to 17800 ft e Restrict 110 kt or less aircraft to (4,7) or 
nmway with shorter threshold to skip a slot 
intenection distance 8Bd except 80 kl 
or less aircraft 8Dd except 160 kl or 
JPater aircraft: s&aaer rule is (3,6) 

33 5701 ft to 6400 ft Upto6400 ft e Except SO kl or less aircraft IUid do (4,5) or 
not pair 90 kl or less aircraft leading skip a slot 
with 160 kt or greater aircraft trailing; 
stager rule is (1.5.5) 

or 
e Except SO kl or less aircraft; staaer (4,5) or 

nle is (3.5) skip a slot 
34 5701 ft to 6400 ft 6401 ft to 6900 ft e Resttict 90 kt or less aircraft to (4,5) or 

nmway with shorter threshold to skip a slot 
intenection distance alld except 80 kt 
or less aircraft ..t do not pair 100 kl 
or less aircraft leading with 160 Itt or 
paler aircraft lnliling; ltllger rule 
is (1.5.5) 

or 
e Restrict 90 kl or less aircraft to (4,5) or 

nmway with shorter threshold to skip a slot 
intenection disaance ..t e.xcept80 kt 
or less aircraft; staaer nde is (3,5) 

or 

5-16 



e Do not pair 90 kt or less aircraft NA 
leading with 160 kt or greater aircraft 
vailing 8lld except80 kt or less 
•i-ft· rule is (3.5) 

35 5701 ft to 6400 ft 6901 ft to 10800 ft e Resaict 100 kt or less aircraft to (4,6) or 
nmway with sboner threshold to skip a slot 
intenection diiWK:e ..a except 90 kt 
or less aircraft Md except 160 kt or 
greater aircraft; stager rule is 
(2.5,5) 

or 
e Ralrict 90 kt or less aircraft to (4,6) or 

runway with sboner tbreshold to skip a slot 
intersection distance and except 80 kt 
or less aircraft ud except 160 kt or 
greater aircraft; stager rule is (3,5) 

or 
e Resttict 100 kt or less aircraft to (4,6) or 

runway with shorter threshold to skip a slot 
intersection distance aad do not pair 
90 kt or less aircraft leading with 160 
kt or greater aircraft ttailing and 
except 80 kt or less aircraft: stagger 
rule is (3.6) 

36 5701 ft to 6400 ft 10801 ft to 12100 ft e Resttict 110 kt or less aircraft to (4,6) or 
runway with shorter threshold to skip a slot 
intersection distance 8lld except 90 kt 
or less aircraft aad except 160 kt or 
greater aircraft; stager rule is 
(2.5,5) 

or 
e Resttict 100 kt or less aircraft to (4,6) or 

runway with shorter threshold to skip a slot 
intersection distance aad except 80 kt 
or less aircraft aad except 160 kt or 
greater aircraft; stager rule is (3,5) 

or 
e Resttict 120 kt or less aircraft to (4,6) or 

runway with shorter threshold to skip a slot 
intersection distance aad do not pair 
100 kt or tess aircraft leading with 
160 kt or greater aircraft ttailing and 
except 90 kt or less aircraft; staaer 
rule is (1.5,6) 

or 
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e Resaict 110 kt or less aircraft to (4,6) or 
runway with sborlier threshold to skip a slot 
iatenection disaance ad do not pair 
90 kt or leu aircraft leading with 160 
kt or greaaer aircraft aailing 8lld 
eKept 80 kt or leu ain::raft; stagger 
ndeil(3.6) 

37 S701 ft to 6400 ft 12101 ft to 13800 ft e Reluict 110 kt or less aircraft to (4,6) or 
runway with shorter threshold to skip a slot 
inrenection disaance ad except 90 kt 
or less aircraft ...a except 160 kt or 
greaaer ain::raft; -...er rule il 
(2.5.') 

or 
e Restrict 110 kt or less aircraft to (4,6) or 

runway with shorter threshold to skip a slot 
inrenection disaance ad do not pair 
90 kt or less aircraft leading with 160 
kt or greater ain::raft aailing aDd 
except 80 kt or less ain::raft; stager 
rule il (3,6) 

38 S70 1 ft to 6400 ft 13801 ft to 17800 ft e Restrict 110 kt or less aircraft to (4.5,7) or 
nmway with shorter threshold to skip a slot 
intersection dislance ...t except 80 kt 
or less ain::raft ...t except 160 kt or 
JZJe8ler Ain!nlf't~ rule is (3,6) 

39 6401 ft to 8300 ft Up to8300 ft e Except 90 kt or less aircraft aDd (4.5,6) or 
except 160 kt or greater aircraft; skip a slot 
....... rule is (2.5,5) 

or 
e Except 80 kt or less aircraft and (4.5,6) or 

except 160 kt or greater ain::raft; skip a slot 
....... rule is (3,5) 

or 
e Do not pair 110 kt or less aircraft (4.5,6) or 

leading with 160 kt or greater aircraft skip a slot 
aailing ...a except 90 kt or less 
ain::raft; ....... nle il (2.5,6) 

or 
e Do not pair 90 kt or less aircraft (4.S,6) or 

leading with 160 kt or greater aircraft skip a slot 
aailing _. except 80 kt or less 
•i..,..,.ft· saaaer nle is (3.6) 
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40 6401 ft to 8300 ft 8301 ft to 8700 ft e Reslrict 100 kt or less aircraft to (4.5,6) or 
runway with shorter threshold to skip a slot 
intenection distance ad except 90 kt 
or less airCraft ...S except 160 kt or 
pea&er aircraft; ....... rule is 
(2.5,5) 

or 
e Resttict 90 kt or less aircraft to (4.5,6) or 

runway with sborter threshold to skip a slot 
intenection distance aad except 80 kt 
or less aircraft ad except 160 kt or 
grearer aircraft; ....... rule is (3,5) 

or 
e Reslrict 100 kt or less aircraft to (4.5,6) or 

runway with shorter threshold to skip a slot 
intersection distance lllld do not pair 
110 kt or less aircraft leading with 
160 kt or greater aircraft trailing and 
except 90 kt or less aircraft: staaer 
rule is (2.5,6) 

or 
e Restrict 90 kt or less aircraft to (4.5,6) or 

runway with shorter threshold to skip a slot 
intersection distance ad do not pair 
100 kt or less aircraft leading with 
160 kt or greater aircraft trailing •d 
except 80 kt or less aircraft; stager 
rule is (3.(;) 

41 6401 ft to 8300 ft 8701 ft to 11100 ft e Do not pair 110 kt or less aircraft (5.5,6) or 
leading with 160 kt or greater aircraft skip a slot 
trailing .- except 90 kt or less 
•i-ft· staaer rule is (3,6) 

42 6401 ft to 8300 ft 11101 ft to 14000 ft e Reslrict 100 kt or less aircraft to (5,7) or 
runway with shorter threshold to skip a slot 
intersection distance Mel except 90 kt 
or less aircraft alld except 160 kt or 
II"CCfCC' • .... staaer nle is (3,6) 

43 6401 ft to 8300 ft 14001 ft to 17700 ft e Resarict 110 kt or less aircraft to (5,7) or 
runway with shorter threshold to skip a slot 
intersection distance alld except 90 kt 
or less aircraft alld except 160 kt or 
Jm*,ei'Ai~ rule is (3,6) 

44 8301 ft to 10800 ft Up to 10800 ft e Except 90 kt or less aircraft lllld (5.5,6) or 
except 160 kt or greaaer aircraft; skip a slot 
....... rule is (3,5) 

or 
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e Do not pair 110 tt or less aircraft 
leading with 160 tt or greater aircraft 
arailing IIIMI except 90 tt or less 
aircraft; ........ nle il (3,6) 
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(.5 . .5,6) or 
skip a slot 



Table 5-2. DCIA Procedure for Decision Heights Between 251 ft and 500 ft 

DCIA Procedure 
Shorter distance Longer distance from Stagger airaaft to converging runways 

. Stagermle 
for 

from threshold to threshold to using indicated saagger distance; "Excepted" 
intersection intersection reslric:lions DOfed ain:nft 

1 Uo to2100 ft Uo to 2100 ft e No lalrictions; nleis~ NA 
2 Up to2100ft 2101 ft to 2800 ft • Do not pair 80 Itt 01' less aircraft NA 

leading with 160 Itt 01' greater aircraft 
trailing; ..... nle is (2,5) 

or 
e Except 80 kt or less aircraft; stagger (2.5,5) or 

rule is (2,5) miss a slot 
or 
e Except 160 Itt or greater aircraft; (2.5,5) or 

staaer rule is (2,5) miss a slot 
or 
e No lalrictions; staaer rule is NA 

(2.5,5) 
3 Upto2100 ft 2801 ft to 3700 ft e Restrict 90 kt or less aircraft to NA 

runway with shorter threshold to 
intersection distance ud do not pair 
80 kt or less aircraft leading with 160 
kt or greater aircraft uailing; stagger 
rule is (2,5) 

or 
e Restrict 90 kt or less aircraft to (2.S,S) or 

runway with shorter threshold to skip a slot 
intersection distance ud exceptl60 
kt or greaaer aircraft; staaer rule is 
(2,5) 

or 
e Restrict 90 kt or less aircraft to (2.S,S) or 

runway with shorter threshold to skip a slot 
intersection dislance .- except80 kt 
or less aircraft; stager rule is (2,5) 

or 
e Restrict 80 kt or less aircraft to NA 

runway with shorter threshold to 
intersection distance; staaer rule is 
(2.5,5) 

or 
e No resttictions; staaer rule is (3,5) NA 
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4 Up to 2100 ft 3701 ft to 4900 ft e Ralrict 100 kl or less aircraft to NA 
runway widl shorter threshold to 
ialenection dilllnCe _. do not pair 
80 kl or lea airaaft leading with 160 
kl or paler airaaft trailing; staaer 
nltil (2,5) 

or 
e Ralrict 90 kl or lea airaaft to (2.5,5) or 

ruaway widllbonerlbresbold to skip a slot 
iarenec1ion diSIIDCe ...a except 160 
kl or paler aircraft; --.r rule is 
(2,5) 

or 
e Restrict 100 kl or less ailcraft to (2.5,5) or 

nmway widl shorter threshold to skip a slot 
intersection distance ...t except 80 kt 
or less aircraft; staaer nle is (2,5) 

or 
e Restrict 90 kl or less aircraft to NA 

nmway widl shorter threshold to 

intersection distance; staaer rule is 
(2.5,5) 

or 
e Do not pair 80 kt or less aircraft NA 

leading with 160 kt or greater aircraft 
trailing; staaer rule is (3,5) 

or 
e Restrict 80 kl or less aircraft to NA 

nmway widl shorter threshold to 
intersection distance; staaer rule is 
(3,5) 

5 Up to2100ft 4901 ft to 5900 ft e Restrict 110 kt or less aircraft to NA 
nmway widl shorter threshold to 
intersection distance IUid do not pair 
80 kt or less aircraft leading with 160 
kt or greater aircraft trailing; stagger 
nit is (2,5) 

or 
e Restrict 110 kt or less aircraft to (2.5,5) or 

nmway with shorter threshold to skip a slot 
intersection distance _. except 80 kt 
or less aircraft; --.r nit is (2,5) 

or 
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6 Up to2100ft 

e Ralrict 110 kt or less airaaft to 
runway with shorter threshold to 
intenection diJianc:e ud except 160 
kt or peale~' airaaft; ataaer rule is 
(2,5) .. 

• Ralrict 90 kt or less airaaft to 
runway with lborter threshold to 
intersection distance; ~tqger rule is 
(2.5,5) .. 

e Reaaict 80 kt or less airaaft to 
runway with .,.._.lbreshold to 
intersection disaance ...t except 160 
kt or peater ailcraft; stager rule is 
(2.5,5) 

or 
e Do not pair 80 kt or less aircraft 

leading with 160 kt or gra~er aircraft 
trailing; stager rule is (3,5) 

or 
e Resttict 80 kt or less aircraft to 

runway with shorter threshold to 
intersection distance; staaer rule is 
(3,5) 

5901 ft to 7000 ft e Restrict 100 kt or less airaaft to 
runway with shorter threshold to 
intersection distance ud except 160 
kt or greater airaaft; staaer rule is 
(2,5) 

or 
e Restrict 90 kt or less airaaft to 

runway with shorter threshold to 
intersection disaance alld except 160 
kt or greater ailcraft; stager rule is 
(2.5,5) 

or 
e Restrict 80 kt or less airaaft to 

runway with shorter threshold to 
intersection disaance aad do not pair 
120 kt or less aircraft with 160 kt or 
greater airaaft; ...... nle is (3,5) 

or 
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(2.5,5) or 
skip a slot 

NA 

(3,5) or 
skip a slot 

NA 

NA 

(2.5,5) or 
skip a slot 

(3,5) or 
skip a slot 

NA 



7 Up to 2100 ft 

e Raaict 80 kt or less aircraft to 
runway with sbona' threshold to 
inleneclion diSIMCe ad except 160 
kt or areater aircaft; -.r rule is 
(3,5) 

or 
e Raaict 100 kt or lea aircraft to 

runway with sboner threshold to 

inleneclion dist.mc:e: -.r rule is 
(~ 

or 
e Raaict 90 kt or less aircraft to 

IWIWay with sboner tlnshold to 
inteneclion distance ..t do not pair 
100 kt or less aircraft leading with 
160 kt or grearer aircraft trailing; 
stager rule is (2.5,6) 

or 
e Restrict 90 kt or less aircraft to 

nmway with shorter threshold to 
inteneclion distance; staaer rule is 
(3,6) 

or 
e Restrict 80 kt or less aircraft to 

nmway with shoner threshold to 
inteneclion distance ..t do not pair 
90 kt or less aircraft leading with 160 
kt or greater aircraft trailing; stagger 
... is (3.6) 

7001 ft to 8900 ft e Reslrict 110 kt or less aircraft to 
nmway with shorter threshold to 
inteneclion distance IUid except 160 
kt or greater aircraft; stqpr rule is 
(2,5) 

or 
e Resttict 100 kt or less aircraft to 

nmway with shorter threshold to 
inteneclion distance .ad except 160 
kt or greater aircraft: staaer rule is 
(2.5,5) 

or 
e Restrict 90 kt or less aircraft to 

nmway with shorter threshold to 
inteneclion distance IUid except 160 
kt or greater aircraft; aaaer rule is 
(3,5) 

or 
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(3.5,5) or 
skip a slot 

NA 

NA 

NA 

NA 

(2.5,6) or 
skip a slot 

(3,6) or 
skip a slot 

(3.5, 6) or 
skip a slot 



8 Upto2100 ft 

e Reslrict 110 kt or less aircraft to NA 
nmway widt shorter threshold to 
iJWnection distance; aaer rule is 
(2.5,6) 

or 
e Reslrict 100 kt or less airaaft to NA 

or 

MIWay widllboner dnlbold to 
ill&eneclion diJiance .... do not pair 
110 kt or less airaaft leading with 
160 kt or parer lircraft trailing; 
........... (2.5,6) 

e Rellrict 100 kt or less airaaft to NA 
nmway widt shorter threshold to 
intenection distace; staaer rule is 
(3,6) 

or 
e Resttict 90 kt or less aircraft to 

nmway widt shorter threshold to 
intenec:tion disi8Dce .... do not pair 
100 kt or less aircraft leading widt 
160 kt or greater aircraft trailing; 
staaer rule is l3.6l 

8901 ft to 11200 ft e Resarict 120 kt or less aircraft to 
runway widt shorter threshold to 
intenection disi8Dce aad except 160 
kt or greater aircraft; staaer rule is 
(2,5) 

or 
e Restrict 110 kt or less aircraft to 

nmway widt shorter threshold to 
intersection disi8Dce .... except 160 
kt or greater aircraft; stager rule is 
(2.5,5) 

or 
e Resuict 100 kl or less aircraft to 

nmway widt shorter dnlbold to 
intenec:tion disi8Dce aad except160 
kt or greater aircraft; stager rule is 
(3,5) 

or 
e Reslrict 110 kt or less lircraft to 

nmway widt shorter threshold to 
intenec:tion distance; staaer rule is 
(3,6) 

or 
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NA 

(2.5,5) or 
skip a slot 

(3,6) or 
skip a slot 

(3.5,6) or 
skip a slot 

NA 



e Reslrict 100 Ia or less aircraft to NA 
runway with shofta' threshold to 
inlenection distance _. do not pair 
110 kt or lea aircraft leading with 
160 kt or parer aircraft trailing; 

nltil(3.6) 
9 Up to 2100 ft 11201 ft to 13100 ft e Rellrict 110 kt or lea aircraft to (3,6) or 

MIW8Y willa .... threshold to skip a slot 
iaflnection dillllnCe _. except 160 
kt or pearer aircraft; ..... r rule is 
(2.5,6) .. 

e a.e.rict 110 kt or lea aircraft to NA 
runway with shofta' threshold to 
intenection distance; staaer rule is 
(3,6) 

or 
e Resaric:t I 00 Ia or less aircraft to NA 

runway with shorter threshold to 
intenection distance ud do not pair 
110 Ia or less aircraft leading with 
160 Ia or greala' aircraft uailing; 

rule is (3.6) 
10 Up to 2100 ft 13101 ft to 17000 ft e Restrict 110 kt or less aircraft to (3.5,7) or 

runway with shorter threshold to skip a slot 
intenection distance ud except 160 
kt or greater aircraft; staaer rule is 
(3.6) 

11 2101 ft to 3800 ft Up to 3800 ft e Except 80 kt or less ud except 160 (3,5) or 
kt or greater aircraft; staaer rule is skip a slot 
(1.5) 

or 
e Except 80 Ia or less aircraft and do (3,5) or 

not pair 100 Ia or less aircraft with skip a slot 
160 Ia or greater aircraft; staaer 
nle il (1.5) 

or 
e Do not pair 80 Ia or less aircraft with NA 

160 Ia or greater aircraft; staaer 
rule il (1.5,5) 

' or 
e No restrictions· stauer rule is (3.5) NA 
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12 2101 ft to 3800 ft 3801 ft to4100 ft e Rellrict 90 b or less aircraft to (3,5) or 
runway with sboner tbresho1d to skip a slot 
iDfeneclion di.-ce .- except 80 kt 
or lea aircraft.- except 160 kt or 
parer aircraft: taer n1e is (l,S) 

ar 
e Rellrict 90 b or less aircraft to NA 

..away widt llloder tbrelhold to 
iDfeneclion dilllnce .... do not pair 
100 b or lea aircraft leading with 
160 b or gre11er aircraft trailing; 
... , nle il (2,5) 

ar 
e Do not pair 80 kt or less aircraft NA 

leading with 160 kt or greater aircraft 
ll'ailing; ...... rule is (1.5,5) 

ar 
e No reslrictions· rule is (3.5) NA 

13 2101 ft to 3800 ft 4101 ft to 6700 ft e Resttict 100 kt or less aircraft to (3,6) or 
runway with shorter threshold to skip a slot 
intersection disllllce IUid except 90 kt 
or less aircraft IUid except 160 kt or 
greater aircraft; ltllger rule is (2,5) 

or 
• Restrict 90 kt or less aircraft to (3,6) or 

runway with shorter threshold to skip a slot 
intersection disllllce aM except 160 
kt or greater aircraft; .aaaer rule is 
(1.5,5) 

or 
e Resuict 80 kt or less aircraft to (3.5,6) or 

runway with shorter threshold to skip a slot 
intersection disllllce aM except 160 
kt or greater aircraft; ltllger rule is 
(3,5) 

ar 
e Resttict 100 kt or less aircraft to NA 

runway with shorter threshold to 
intersection distance IUid do not pair 
90 kt or less aircraft leading wilh 160 
kt or greater aircraft ll'ailing; stager 
nle il (2.5,6) 

or 
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14 2101 ft to 3800 ft 6701 ft to 8600 ft 

e Reslrict 90 Itt or leu aircraft to NA 
runway witb sboder dnshold to 
iDfenectioo diiiiDCe; ltager rule is 
(3.') 

or 
e Reslrict 80 Itt or leu aircraft to NA 

..way wida ..... dlrelhold to 
a..ctioa di.-ce .... do not pair 
90 Itt or Jess aircraft leading with 160 
Itt or peal« aircraft trailing; st.aer 
... il (3.6) 

e Raaict 110 Itt or lea aircraft to 
runway with sbonllr dnsbolcl to 
intenection dislanee ud except 90 kt 
or less aircraft ud except 160 kt or 
arearer aircraft: ......- ru1e is (2,5) 

or 
e Restrict 100 kt or less aircraft to 

nmway with shorter threshold to 
intenection disiiiiCe ...S except 80 kt 
or less aircraft .... except 160 kt or 
arearer airaaft; ....... rule is 
(1.5,5) 

or 
e Restrict 90 kt or less aircraft to 

nmway with shorter threshold to 
intenection disiiiiCe • except 160 
kt or arearer airaaft; staaer rule is 
(3,5) 

or 
e Resaict 110 kt or less aircraft to 

nmway with shorter threshold to 
intenection dislanee 8lld do not pair 
90 kt or less aircraft leading with 160 
kt or greater aircraft aailing • 
except 80 kt or less aircraft; stager 
nleil(~ 

or 
e Reslrict 100 kt or less aircraft to 

nmway with shorter threshold to 
intenection distance; ....... rule is 
(lt') 

or 
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(3,6) or 
skip a slot 

(3,6) or 
skip a slot 

(3.5,6) or 
skip a slot 

{3,6) or 
skip a slot 

NA 



e Rellrict 90 kt or less aircraft to NA 
ruaway widl shorter threshold to 
inlenection dislan<:e _. do not pair 
100 kt or lea aircraft with 160 kt or 
Baler . -. nleis(3.6) 

15 2101 ft to 3800 ft 8601 ft to 11000 ft e Rellrict 120 kt or lea aircraft to (3.5,6) or 
ruaway widl sboner threlbold to skip a 
m.aection diJIInCe _. except 90 kt slot 
or lea aircraft ...a except 160 kt or 
pater aircraft; ..._.r nle is (2,5) 

01' 
e Reslrict 110 kt or less aircraft to (3.5,6) or 

nmway widl sboner dnshold to skip a 
intersection distance .ad except 80 kt slot 
or less aircraft IUid except 160 kt or 
greater aircraft; saaaer nle is 
(1.5,5) 

or 
e Resttict 100 kt or less aircraft to (3.5,6) or 

runway widl shorter threshold to skip a 
intersection distance 8lld exceptl60 slot 
kt or greater aircraft; saaaer rule is 
(3,5) 

or 
e Resuict 110 kt or less aircraft to NA 

runway with shorter threshold to 
intersection distance IUid do not pair 
80 kt or less aircraft leading with 160 
kt or greater aircraft trailing; stager 
rule is (3,6) 

or 
e Resuict 100 kt or less aircraft to NA 

runway widl shorter threshold to 
intersection distance aad do not pair 
110 kt or less aircraft with 160 kt or 
arearer .. i.....-rt·, ltllaer n1e is (3.6) 

16 2101 ft to 3800 ft 11001 ft to 12900 ft e Resttict 110 kt or less aircraft to (3.5,6) or 
runway with shorter threshold to skip a slot 
intersection distance _. except SO kt 
or less aircraft ad except 160 kt or 
greater aircraft; ....... rule is 
(1.5,6) 

or 
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e Reslrict 110 kt or less ain:raft to NA 
runway with shorter threshold to 
intenection discanc:e -.1 do not pair 
80 kt or less aircraft leading with 160 
kt or pearer aircraft 1r8iling; stagger 
nle il (3.6) 

17 2101 ft to 3800 ft 12901 ft to 16900 ft e Ralrict 110 kt or less aircraft to (3.5,7) or 
nmway with shorter threshold to skip a slot 
intenection discanc:e .... except 160 
kt or peaaer liraaft; -..r nile is 
(3.6) 

18 3801 ft to sooo ft Up toSOOOft e Do not pair 110 kt or less aircraft (3.5,5) or 
leading with 160 kt or pearer aircraft skip a slot 
trailing 8lld except90 kt or less 
aircraft; -..r rule is (2,5) 

or 
e Do not pair 90 kt or less ain:raft (3.5,5) or 

leading with 160 kt or greater aircraft skip a slot 
trailing .-except 80 kt or less : 
aircraft; staaer rule is (2.5,5) 

or 
e Do not pair 80 kt or less ain:raft NA 

leading with 160 kt or greater ain:raft 
trailing; rule is (3,5) 

19 3801 ft to 5000 ft 5001 ft to 5900 ft e Except 80 kt or less aircraft and (4,6) or 
except 160 kt or greater aircraft; skip a slot 
staaer rule is (2.5,5) 

or 
e Reslrict 80 kt or less ain:raft to (3.5,6) or 

runway with shorter threshold to skip a slot 
intenection discanc:e 8lld except 160 
kt or greater aircraft; stager rule is 
(3,5) 

or 
e Do not pair 100 kt or less aircraft (4,6) or 

le8ding with 160 kt or pearer aircraft sldpaslot 
trailing ad except 80 kt or less 
aircraft; stager rule il (2.5,6) 

or 
e Reslrict 80 kt or less aircraft to NA 

runway with shorter threshold to 
intenection diSiallc:e .... do not pair 
80 kt or less aircraft leading with 160 
kt or pearer aircraft trailing; stagger 
nleil (3.6) 
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20 3801 ft to 5000 ft 5901 ft to 7900 ft e Reslrict 90 kt or less aircraft to (3.5.6) or 
nmway with shorter threshold to skip a slot 
iaftnection dislanc:e aM except 80 kt 
or lea aircraft aM except 160 kt or 
parer aircraft; ....... nde is 
(2.5,5) .. 

e Ralrict 80 kt or less aircraft to (4.6) or 
nmway widt sboner threshold to skip a slot 
iaftnection disllnc:e aM except 160 
kt or greater aircraft; lalger rule is 
(3,5) .. 

e Restrict 90 kt or less aircraft to (3.5.6) or 
nmway with shorter threshold to skip a slot 
inrenection disllllc:e aM do not pair 
110 kt or less aircraft leading with 
160 kt or greater aircraft trailing IUid 
except 80 kt or less aircraft; stager 
rule il (1.5,6) 

or 
e Restrict 80 kt or less aircraft to NA 

runway with shorter threshold to 
intersection distance IUid do not pair 
100 kt or less aircraft leading with 
160 kt or greater aircraft trailing; 
staaer rule is (3,6) 

21 3801 ft to 5000 ft 7901 ft to 9600 ft e Restrict 100 kt or less aircraft to (4.6) or 
nmway widt shorter threshold to skip a slot 
intersection distance ud except 80 kt 
or less aircraft Md except 160 kt or 
greater aircraft; staaer rule is 
(1.5,5) 

or 
e Restrict 90 kt or less aircraft to (4.6) or 

runway with shorter threshold to skip a slot 
intenection distance 8lld except 160 
kt or greater aircraft; ltaapr rule is 
(3,5) 

or 
e Restrict 90 kt or less aircraft to NA 

runway widt shorter threshold to 
inrenection distance aM do not pair 
100 kt or less aircraft leading widt 
160 kt or greater aircraft trailing; 
ltaaer rule is (3,6) 

5-31 



22 3801 ft to 5000 ft 9601 ft to 10800 ft e Resaict 110 kt or less aircraft to (4,6) or 
nmway with shorter threshold to skip a slot 
intenection disiiUH:e .- except90 kt 
or less aircraft ud except160 kt or 
peater aircraft; ...... rule is 
(2.5,5) 

or 
e Rellrict 100 kt or less aircraft to (4,6) or 

nmway with shorter threshold to skip a slot 
intenection disiBilCe .... except 160 
kt or greater airaaft; ttaaer rule is 
(3,5) 

or 
e Restrict 100 kt or less ain:raft to NA 

nmway with shorter threshold to 
intenection distance ud do not pair 
110 kt or less aircraft leading with 
160 kt or greater aircraft ttailing; 
staaer rule is (3.6) 

23 3801 ft to sooo ft 10801 ft to 12700 ft e Reslrict 110 kt or less ain:raft to (4,7) or 
nmway with shorter threshold to skip a slot 
intenection distance .... except90 kt 
or less ain:raft .- except 160 kt or 
greater ain:raft; ....., rule is 
(2.5,6) 

or 
e Restrict 110 kt or less aircraft to (4,7) or 

nmway with shorter threshold to skip a slot 
intersection disiiUH:e .- do not pair 
90 kt or less aircraft leading with 160 
kt or greater aircraft ttailing ud 
except 80 kt or less airaaft; stagger 
rule is (3,6) 

24 3801 ft to 5000 ft 12701 ftto 16700 ft e Restrict 110 kt or less ain:raft to (4,7) or 
nmway with shorter threshold to skip a slot 
intenection distance .- except80 kt 
or less aircraft ud except 160 kt or 
arearer . . nle is~,6) 

2S SOOt ft to 7400 ft Up to7400ft e Except 90 kt or less aircraft lllld (4.5,6) or 
except 160 kt or pearer aircraft; skip a slot 
...... nle is (2.5,5) 

or 
e Except SO kt or less aircraft ud (4.5,6) or 

except 160 kt or pearer aircraft; skip a slot 
aa.r rule is (3,5) 

or 
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e Do DOt pair 110 Itt or less aircraft (4.5,6) or 
Ieiding with 160 Itt or greater aircraft skip a slot 
ni1iDg Md except 90 Itt or less 
aircaft; ........ nle il (1.5,6) 

ar 
e Do DOt pair 100 Itt or leu aircraft (4.5,6) or 

ledaa wilb 160 Itt or grearer aircraft skip a slot 
niliDa ..a except 80 kt or less 
.~A· nde il (3.6) 

26 5001 ft to 7400 ft 7401 ftto 10200 ft e ~!Kept 90 Itt or less aircraft 8DCI (5.5,6) or 
except 160 Itt or greater aircraft; skip a slot 
.. ...., nle il (3,5) 

ar 
e Do not pair 110 kt or less aircraft (5.5,6) or 

with 160 kt or grearer aircraft 8IICI skip a slot 
except 90 kt or less aircraft; staaer 
nit il (3,6) 

27 5001 ft to 7400 ft 10201 ft to 13000 ft e Resuict 100 kt or less aircraft to (5,7) or 
runway with shorter tlueshold to skip a slot 
inttnection distance .- except 90 kt 
or less aircraft 88d except 160 kt or 
ueater llift!I'Aft~ nle is (3,6) 

28 5001 ft to 7400 ft 13001 ft to 16300 ft e Resuict 110 kt or less aircraft to (5,7) or 
runway with shorter threshold to skip a slot 
inttnection distance 8Dd except 90 kt 
or less aircraft .- except 160 kt or 
arearer •i~ n1e is (3,6) 

29 7401 ft to 9700 ft Upto9700 ft e Except 90 kt or less aircraft aDd (5.5,6) or 
except 160 kt or greater aircraft; skip a slot 
stqpr rule is (3,5) 

or 
e Do not pair 110 kt or less aircraft (5.5,6) or 

leading with 160 kt or greater aircraft skip a slot 
trailing ud except 90 kt or less 
· ·""'· ~tat~aer nalt il (3,6) 
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Table 5-3. DCIA Procedure for Decision Heights Between 501 ft and 700 ft 

DCIA Procedure 
Shorter distance Longer distance from Stagger aircraft to converging nmways 

Stager rule 
for 

from dueshold to threshold to using indicaled stager distance; "EW:epced" 
inttnection intenection reslriclions noced .ua.ft 

1 U~to 1600ft Up to 1600 ft • No resttictions; nde is (2,5) NA 
2 Up to 1600ft 1601 ft to 2100 ft • Do not pair 80 kt 01' less aircraft NA 

leading with 160 kt or greater aircraft 
ll'liling: staaer nde is (2,5) 

ar 
e Restrict 80 let or less aircraft to NA 

nmway with shorter threshold to 
intersection distance; staaer rule is 
(2,5) 

or 
e No restrictions; st.aer rule is NA 

.(%.5,5) 

3 Up to 1600ft 2101 ft to 2800 ft e Restrict 90 let or less aircraft to NA 
nmway with shorter threshold to 
intersection distance; staaer rule is 
(2,5) 

ar 
e Restrict 80 let or less aircraft to NA 

nmway with shorter threshold to 
intersection distance ..a do not pair 
90 let or Jess aircraft leading with 160 
let or greater aircraft ttailing; stager 
r•le is (2,5) 

ar 
e No restrictions; stager rule is NA 

(1.5.5) 

4 Up to 1600ft 2801 ft to 3700 ft e Restrict 100 kt or less aircraft to NA 
nmway with shorter threshold to 
intenection distance; llaaer rule is 
(2,5) 

or 
e Restrict 90 let or less aircraft to NA 

nmway with shorter threshold to 
intenection dislance ... do not pair 
100 kt or less aircraft leading with 
160 kt 01' grearer aircraft ttailing; 
...... rule is (2,5) 

or 
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5 Up to 1600 ft 

e Resuict 80 Itt or less aircraft to NA 
runway with shorter threshold to 
inlenection disc.ce; ..... r rule is 
(2.5,5) .. 

e Do aot pair 80 Itt or less aircraft NA 
leldiD& with 160 Itt or greater aircraft 
lniliq; ........ nle il (2.5,5) .. 

• No resuictions: rule is (3.5) 

3701 ft to 4800 ft e Ralrict 110 Itt or less aircraft to 
naaway with shoder threshold to 
inWieclion dislance ... do not pair 
80 Itt or less aircraft leading with 160 
Itt or greater aircraft ttailing; stager 
nJe is (2,5) 

or 

NA 
NA 

e Restrict 100 Itt or less aircraft to NA 
runway with shorter threshold to 
intersection distance aad do not pair 
110 Itt or less aircraft leading with 
160 kt or greater aircraft ttailing; 
saaaer rule is (2,5) 

or 
e Restrict 90 Itt or less aircraft to NA 

runway with shorter threshold to 
intersection distance; staaer rule is 
(2.5,5) 

or 
e Restrict 80 Itt or less aircraft to NA 

runway with shorter threshold to 
intmection distance and do not pair 
90 Itt or less aircraft leading with 160 
Itt or greater aircraft ttailing; stager 
rille il (2.5,5) 

or 
e Resttict 80 Itt or less aircraft to NA 

runway with shorter threshold to 
intersection distance; staaer rule is 
(3,5) 

or 
e Do not pair 80 Itt or less aircraft NA 

leading with 160 Itt or pater aircraft 
trailing; staaer rule is (3,5) 

or 
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e Rellrict 100 Itt or less aircraft to NA 
nmway with shorter threshold to 
iDtenection discanc:e .... do not pair 
110 b or leu airaaft with 160 Itt or 
parer; ••r nle il (2,6) 

• e Ralrict 80 Itt or leu aircraft to NA 
nmway with sboner dnsbold to 
mrer.ction diiiiUICe .... do not pair 
90 b or less airaaft leading with 160 
Itt or pafa' aircraft trailing; stager 
nit il (2.5,6) 

• e Do not pair 80 Itt or less aircraft NA 
leading with 160 Itt or greater aircraft 
uailinl: nde is (3.6) 

6 Up to 1600ft 4801 ft to 6100 ft e Resuict 100 Itt or less aircraft to (2.5,6) or 
nmway with shorter threshold to skip a slot 
inrenection dislanc:e ..a except 160 
Itt or greater aircraft; -...r rule is 
(1,5) 

or 
e Restrict 90 Itt or less aircraft to (3,6) or 

runway with shorter threshold to skip a slot 
intersection disrance 8Bd except 160 
Itt or greater aircraft; staaer rule is 
(2.5,5) 

or 
e Restrict 80 Itt or less aircraft to (3.5,6) or 

runway with shorter threshold to skip a slot 
inrenection disrance ..a except 160 
Itt or greater aircraft; stager rule is 
(3,5) 

or 
• Restrict 90 Itt or less aircraft to NA 

runway with shorter threshold to 
inrenection distance alld do not pair 
100 Itt or less aircraft leading with 
160 Itt or greater aircraft bailing; 
..... nde is (2.5,6) 

or 
e Resuict 80 Itt or less aircraft to NA 

runway with shorter threshold to 
inrenection disrance ..a do not pair 
90 Itt or less aircraft leading with 160 
Itt or greater aircraft bailing; stager 
nle is (3,6) 
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7 Up to 1600ft 6101 ft to 7900 ft e Raaict 110 kt or less aircraft to (2.5,6) or 
nmway with shoner tbreshold to skip a slot 
intenection dislaace ..a except 160 
kt or grearer ain:aft; 11ager rule is 
(2,5) .. 

e Rellrict 100 kt or lela aircraft to (3,6) or 
nmway with .... dlresbold to skip a slot 
intenection diii8DCe ..a except 160 
kt or p'e8lel' aircraft; ..... r rule is 
(2.5,5) .. 

e Ralrict 90 kt or less aircraft to (3.5,6) or 
nmway with shorta' dueshold to skip a slot 
intenection disaancc .... except 160 
kt or grearer aircraft; •aer rule is 
(3,5) 

or 
e Reslrict 100 kt or less aircraft to NA 

nmway with shorter threshold to 
intenection dislallCC ..a do not pair 
110 kt or less aircraft leading with 
160 kt or greater aircraft ttailing; 
....... rule is (2.5,6) 

or 
e Reslrict 90 kt or less aircraft to NA 

nmway with shorter threshold to 
intenection disaancc aad do not pair 
100 kt or less aircraft leading with 
160 kt or grearer aircraft ttailing; 

nle il(3.6) 

8 Up to 1600ft 7901 ft to 9900 ft e Reslrict 120 kt or less aircraft to (2.5,6) or 
nmway with shorter threshold to skip a slot 
intenection disaancc ..a except 160 
kt or greater aircraft: •aer rule is 
(2,5) 

or 
e Reslrict 110 kt or less aircraft to (3,6) or 

nmway with shorter threshold to skip a slot 
intersection disaancc .... except 160 

' kt or greater aircraft; staaer rule is 
(2.5,5) 

or 
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e Resaict 90 kt or less aircraft to (3.5,6) or 
nmway with shorter threshold to skip a slot 
intenection distance ud except 160 
kt or greater aircraft; ~tat~er rule is 
(3,5) 

or 
e Restrict 90 kt or less aircraft to NA 

nmway with sboner tbreshold to 
intenection distance ud do not pair 
100 kt or less aircraft leading with 
160 kt or grearer aircraft ttailing; 

rule is (3.6) 
9 Up to 1600ft 9901 ft to 12100 ft e Raaict 110 kt or lea aircraft to (3,6) or 

nmway with shorter threshold to skip a slot 
inr.enection disblllce 1M except 160 
kt or greater aircraft; llager rule is 
(1.5,6) 

or 
e Resarict 100 kt or less aircraft to NA 

nmway with shorter threshold to 
intersection distance ud do not pair 
110 kt or less aircraft leading with 
160 kt or grearer aircraft trailing; 
....... rule is (3.6) 

10 Up to 1600 ft 12101 ft to 16000 ft e Resaict 110 kt or less aircraft to (3.5,7) or 
nmway with shorter threshold to skip a slot 
intersection disblllce ud except 160 
kt or greater aircraft; llager rule is 
(3.6) 

11 1601 ft to 3200 ft Up to 3200 ft e Do not pair 100 kt or less aircraft (3,5) or 
leading with 160 kt or greater aircraft skip a slot 
trailing aDd except 80 kt or less 
aircraft; llager rule is (l,S) 

or 
e Do not pair 80 kt or less aircraft NA 

leading with 160 kt or greater aircraft 
trailing; sf8ger rule is (1.5,5) 

or 
• No resarictions; nle is (3,5) NA 

12 1601 ft to 3200 ft 3201 ft to 4300 ft e Except 90 kt or less aircraft ..ct (3.5,6) or 
except 160 kt or greater aircraft; skip a slot 
....... nle il (l,S) 

or 
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e Restrict 80 Itt or less aircraft to (3,6) or 
ruaway with shorter threshold to skip a slot 
iDrenection di8IMCe ..a except 160 
kl or pater ain:laft; ....... rule is 
(2.5,5) 

or 
e Except 160 Itt or greater aircraft; (3.5,6) or 

• ..... nle il (3,5) skip a slot 
or 
e Restrict 80 Itt or less aircraft to NA 

ruaway with shorter threshold to 
iDIInection di8IMCe .... do not pair 
90 kl or lea .aa.ft leldiq with 160 
Jet or greater aircraft trailing; staaer 
rule il (2.5,6) 

or 
e Do not pair 80 Itt or less aircraft NA 

leading with 160 Itt or greater aircraft 
trailintr. ....... nde il (3.6) 

13 1601 ft to 3200 ft 4301 ft to 5700 ft e Restrict 100 Itt or less ain::raft to (3,6) or 
nmway with shorter threshold to skip a slot 
inrersection discance .- except 90 Jet 
or less aircraft ad except 160 Jet or 
greater aircraft; staaer nle is (1,5) 

or 
e Reslrict 90 Jet or less aircraft to (3,6) or 

nmway with shorter threshold to skip a slot 
inrersection distance ad except 160 
Itt or greater ain::raft; staaer rule is 
(2.5,5) 

or 
e Restrict 80 Itt or less aircraft to (3.5,6) or 

nmway with shorter threshold to skip a slot 
inrersection discance ad except 160 
Jet or greater ain::raft; staaer rule is 
(3,5) 

or 
e Resttict 90 Itt or less aircraft to NA 

nmway with shorter threshold to 
inrersection discance .- do not pair 
100 Itt or less aircraft leading with 
160 Itt or greater aircraft trailing; 
......- nle is (2.5,6) 

or 
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e Restrict 80 kt or less aircraft to NA 
nmway widl sboner threshold to 
infeneclion distance ... do not pair 
90 tt or less aircraft leading with 160 
kt or parer aircraft ~railing; -..r 
.... (3.6) 

14 1601 ft to 3200 ft !5701 ft to 7400 ft e Relaict 110 kt or lela aircraft to (3,6) or 
nmway widl sboner dnlbold to skip a slot 
intenection dilllnee 1M except 90 kt 
or lea aircraft ..a except 160 kt or 
grearer lircraft; ~t~~aer nde is (l,S) 

ar 
e Rellrict 100 kt or lela aircraft to (3.6) or 

nmway with shorter threshold to skip a slot 
intenection distance 1M except 160 
kt or greaacr lircraft; .....- rule is 
(2.5,5) 

or 
e Restrict 80 kt or less aircraft to (4,6) or 

nmway with shorter threshold to skip a slot 
intenection distanc:e 1M except 160 
kt or greater ~raft; ~taaer rule is 
(3,5) 

or 
e. Restrict 100 kt or less aircraft to NA 

nmway with shorter threshold to 
intersection dislallc:e 1M do not pair 
110 kt or less aircraft lading with 
160 kt or grea1er aircraft trailing; 
....... rule is (1.5,6) 

or 
e ReSirict 80 kt or less aircraft to NA 

nmway with shorter threshold to 
intenection distanc:e .... do not pair 
100 kt or less aircraft leading with 
160 b or greater aircraft trailing; 

rule is (3.6) 

IS 1601 ft to 3200 ft 7401 ft to 9!500 ft e Restrict 120 kt or less aircraft to (3.!5,6) or 
nmway with shoner threshold to skip a slot 
intersection distanc:e 1M except 90 kt 
or less aircraft ud except 160 kt or 
parer lircraft; ........ nde is (2,5) 

or 
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e Reslrict 110 kt or less aircraft to (3.5,6) or 
nmway with shona' threshold to skip a slot 
iafenection disiiDCe ..a except 160 
kt or pearer aircraft; ......-rule is 
(2.5,5) 

ar 
e Reslrict 90 kt or less aircraft to (3.5,6) or 

runway with sboner threshold to skip a slot 
intersection distance ..a except 160 
kt or greater aircraft; ager rule is 
(3,5) 

ar 
e Reslrict 90 kt or less aircraft to NA 

nmway with shorter threshold to 
intersection distance aad do not pair 
110 kt or less aircraft leading with 
160 kt or greater aircraft trailing; 

rule is (3.6) 

16 1601 ft to 3200 ft 9501 ft to 11800 ft e Reslrict 110 kt or less aircraft to (3.5,7) or 
nmway with shorter threshold to skip a slot 
intersection distance 88d except 80 kt 
or less aircraft aad except 160 kt or 
greater aircraft; staaer rule is 
(2.5.6) 

17 1601 ft to 3200 ft 11801 ft to 15700 ft e Restrict 110 kt or less aircraft to (4,7) or 
nmway with shorter threshold to skip a slot 
intersection distance ..a except 160 
kt or greater aircraft; ltqpr rule is 
(3,6) 

18 3201 ft to 4100 ft Up to4100 ft e Except 90 kt or less aircraft and (3.5,6) or 
except 160 kt or greater aircraft; skip a slot 
lltager rule is (2,5) 

ar 
e Except 80 kt or less aircraft and (3.5,6) or 

except 160 kt or greater aircraft; skip a slot 
saaaer rule is (2.5,5) 

ar 
e Except 160 kt or greater aircraft; (3.5,6) or 

saaaer rule is (3,5) skip a slot 
ar 
e Do not pair 90 kt or less aircraft (3.5,6) or 

leading with 160 kt or grearer aircraft skip a slot 
trailing 88d except 80 kt or less 
aircraft; staaer rule il (2.5,6) 

ar 
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e Do not pair 80 kt or less aircraft NA 
leading with 160 kt or greater aircraft 
...,.ilin•· nde il (3,6) 

19 3201 ft to 4100 ft 4101 ftto4800ft e Reslrict 100 kt or less aircraft to (3.5,6) or 
runway with shorter threshold to skip a slot 
infenection disiiUICe .- except 90 kt 
or lea airalft ad except 160 kt or 
peala' aircraft; llallel' nle il (2,5) 

or 
e Except 80 kt or less aircraft and (3.5,6) or 

except 160 kt or greater aircraft; skip a slot 
........ rule il (l.5,5) 

or 
e Except 160 kt or greater aircraft; (3.5,6) or 

staaer rule il (3,5) skip a slot 
or 
e Do not pair 100 kt or less aircraft (3.5,6) or 

leading with 160 kt or greater aircraft skip a slot 
ttailingaad except 80 kt or less 
aircraft; Slager nde is (2.5,6) 

or 
e Do not pair 80 kt or less aircraft NA 

leading with 160 kt or greater aircraft 
ttailing; staaer rale il (3,6) 

20 3201 ft to 4100 ft 4801 ft to 7000 ft e Restrict 90 kt or less aircraft to (3.5,6) or 
runway with shorter threshold to skip a slot 
intersection distance 8Dd except 80 kt 
or less airalft ... except 160 kt or 
greater aircraft; ltager nle is 
(2.5,5) 

or 
e Restrict 80 kt or less aircraft to (3.5,6) or 

runway with shorter threshold to skip a slot 
intersection distance .- except 160 
kt or greater aircraft; staaer rule is 
(3,5) 

or 
e Restrict 90 kt or less airalft to (3.5,6) or 

runway with sborter threshold to skip a slot 
intersection distance ... do not pair 
110 Itt or less aircraft leading with 
160 kt or gre11er aircraft aailing.-
except 80 Itt or less aircraft; stager 
nde il (2.5,6) 

or 
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e Restrict 80 kt or less aircraft to NA 
runway with shorter threshold to 
inrenection distance .- do not pair 
100 Itt or less aircraft leading with 
160 Itt or grearer aircraft trailing; 

rule is ll.Ail 
21 3201 ft to 4100 ft 7001 ft to 9100 ft e Rellrict 100 Itt or less aircraft to (3.5,6) or 

runway with sboner duahold to skip a slot 
inrenection distance .- except 80 kt 
or less aircraft.- except160 kt or 
greaaer aircraft; ~t~~aer rule is 
(2.5,5) 

ar 
e Restrict 90 kt or less aircraft to (3.5,6) or 

runway with shorter duahold to skip a slot 
inrenection distance aDd except 160 
Itt or greater aircraft; 11aaer rule is 
(3,5) 

or 
e Resttict 90 kt or less aircraft to NA 

runway with shorter threshold to 
inrenection distance .- do not pair 
100 kt or less aircraft leading with 
160 kt or grearer aircraft trailing; 

rule is (3.6) 

22 3201 ft to 4100 ft 9101 ft to 11500 ft e Reslrict 110 kt or less aircraft to (4,7) or 
runway with shorter threshold to skip a slot 
intenection distance ad except 80 kt 
or less aircraft ad except 160 kt or 
greater aircraft; staaer rule is 
(1.5,6) 

or 
e Restrict 100 kt or less aircraft to (5,7) or 

runway with shorter threshold to skip a slot 
inrenection distance .- except 160 
Itt or greaaer aircraft; 11aaer rule is 
(l.Ai) 

23 3201 ft to 4100 ft 11S01 ft to 1SSOO ft e Reslrict 110 kt or less aircraft to (4,7) or 
runway with shorter threshold to skip a slot 
inrenection distance .- except 80 kt 
or less aircraft ..t except 160 Itt or 
Deafer . . .... ... is (3.6) 

24 4101 ft to sooo ft Up to SOOOft • Except 80 kt or less ain:nft .-d (3.5,6) or 
except 160 Itt or greaaer aircraft; skip a slot 
...... rule is (2.5,5) 

or 
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e IW:ept 160 kt or greater aircraft; (3.5,6) or 
...... , rule is (3,5) skip a slot .. 

e Do DOt pair 100 kt or less aircraft (3.5,6) or 
leldial with 160 kt or sreater aircraft skip a slot 
ll'8iliq ud except 80 kt or less 
lirclaft; .... , nle il (2.5,6) .. 

e Do not pair 80 kt or leu aircraft NA 
leldiq with 160 kt or pella' aircraft .. nle il (3,6) 

25 4101 ft to 5000 ft 5001 ft to 6800 ft e IW:ept 90 kt or leu aircraft _. (4.5,6) or 
except 160 kt or..-- ailaaft; skip a slot 
stager rule is (2.5,5) 

or 
e Except 80 kt or less aircraft aDd (4.5,6) or 

except 160 kt or greater aircraft; skip a slot 
staaer rule is (3,5) .. 

e Do not pair 110 kt or less aircraft (4.5,6) or 
leading with 160 kt or sreater aircraft skip a slot 
trailing ..t except 90 kt or less 
ailaaft; staaer rule is (2.5,6) 

or 
e Do not pair 100 kt or less aircraft (4.5,6) or 

leading with 160 kt or sreater aircraft skip a slot 
uai1ing Del except 80 kt or less 
•i..,...ft·. staaer rule is (3,6) 

26 4101 ft to 5000 ft 6801 ft to 8900 ft e Reslrict 100 kt or less aircraft to (4,6) or 
runway with shorter threshold to skip a slot 
intersection distance ud except 90 kt 
or less aircraft ..a except 160 kt or 
greater aircraft; stager rule is 
(2.5,5) 

or 
e Reslrict 90 kt or less aircraft to (4,6) or 

nmway with shorter threshold to skip a slot 
intersection disrance alld except 80 kt 
or less aircraft Del except 160 kt or 
greater aircraft; stager rille is (3,5) 

or 
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e Restrict 90 Itt or less airaaft to (4,6) or 
runway with shorter threshold to skip a slot 
intenection distance .- do not pair 
110 tt or less aircraft Ieiding with 
160 tt or grearer aircraft trailing IIDCI 
except 80 tt or leu aircraft; staaer 
nle il (3.6) 

27 4101 ft to sooo ft 8901 ft to 9100 ft e Rellrict 110 tt or lesl aircraft to (4,6) or 
runway with shorler threshold to skip a slot 
intenection dislance .- except 90 kt 
or less aircraft ad except 160 Itt or 
grearer aircraft; ...... nde is 
(2.5,5) 

or 
e Restrict 90 Itt or less aircraft to (4,6) or 

runway with shorter threshold to skip a slot 
intenection distance ud except 80 Itt 
or less airaaft lllld except 160 Itt or 
greater aircraft; staaer rule is (3,5) 

or 
e Restrict 90 Itt or less aircraft to (4,6) or 

runway with shorter threshold to skip a slot 
intersection dislance IIDCI do not pair 
110 Itt or less aircraft leading with 
160 Itt or greater airaaft trailing IIDCI 
except 80 Itt or less aircraft; stqger 
rule is (3.6) 

28 4101 ft to sooo ft 9101 ft to 11300 ft e Restrict 110 Itt or less aircraft to (4,7) or 
runway with shorter threshold to skip a slot 
intersection dislance _.. except 90 kt 
or less airaaft ud except 160 Itt or 
greater aircraft; staaer nle is 
(2.5,6) 

or 
e Reslrict 100 Itt or less airaaft to (4,7) or 

runway with shorter threshold to skip a slot 
intenection disaanc:e ad except 80 Itt 
or less aircraft ad except 160 Itt or 
tDelder ... _,... ... is (3.6) 

29 4101 ft to sooo ft 11301 ft to 15300 ft e Restrict 110 Itt or less airaaft to (4.5,7) or 
runway with shorter threshold to skip a slot 
intenection distance .- except 80 tt 
or less aircraft .- except 160 kt or 
ueater saii'M'Sift·. staaer rule is (3.6) 
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30 5001 ft to 6400 ft Upto6400ft e Except 90 Itt or less aircraft aDd (4.5,6) or 
except 160 Itt or greater aircraft; skip a slot 
...... nle il (2.5,5) 

01' 

e Except 80 Itt or less aircraft aDd (4.5,6) or 
except 160 kt or greater aircraft; skip a slot 
........ rule il (3,5) 

01' 

e Do not pair 110 kt or less aircraft (4.5,6) or 
Ieiding with 160 Itt or greater aircraft skip a slot 
aailiDa .- except 90 kt or less 
aircraft; •aer n1e il (2.5,6) 

01' 

e Do not pair 100 Itt or less aircraft (4.5,6) or 
leading with 160 Itt or greater aircraft skip a slot 
uailing88d except 80 kt or less 

'·· staaer nle il (3.6) 

31 5001 ft to 6400 ft 6401 ft to 8700 ft e Except 90 Itt or less aircraft IIDd (5,6) or 
except 160 Itt or greater aircraft; skip a slot 
llager rule il (3,5) 

or 
e Do not pair 110 kt or less aircraft (5,6) or 

leading with 160 Itt or greater aircraft skip a slot 
trailing aad except 90 Itt or less 

'·· staaer rule il (3.6) 
32 5001 ft to 6400 ft 8701 ft to 1 5000 ft e Reslrict110 kt or less aircraft to (5,7) or 

runway with shorter threshold to skip a slot 
intenection distanc:e .- except 90 kt 
or less aircraft 8lld except 160 kt or 
arearer . ...... staaer nle il (3,6) 

33 6401 ft to 8100 ft Up to 8100 ft e Except 90 Itt or less aircraft aad (5,6) or 
except 160 kt or greater aircraft; skip a slot 
-..r rule il (3,5) 

01' 

e Do not pair 110 kt or less aircraft (5,6) or 
leading with 160 kt or greafa' aircraft skip a slot 
uailing.- except 90 tt or Jess 
•i-ft· nle il (3,6) 

34 6401 ft to 8100 ft 8101 ft to 10300 ft e Resaict I 00 kt or less aircraft to (5,7) or 
nmway with shorter threshold to skip a slot 
inrenection clistanc:e .- except 90 kt 
or less aircraft 1M except 160 kt or 
arearer aircraft; staaer nle is (3,6) 
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35 8101 ft to 8600 ft Up to8600 ft e Do not pair 110 kt or less aircraft (5.5,6) or 
leldinl with 160 kt or parer aircraft skip a slot 
1lailina 1M except 90 kt or less 
.;-A, nde ~~~ 
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to the controllers. The speeds referenced in this table are indicated fmal approach 
airspeeds. Guidance concerning "restricted" and "excepted" aircraft is given 
below. 

6. Determine the decision heights for each runway when the glide slope is out of 
service. Find the larger of the two values. Repeat steps 4 and 5 to detennine the 
DCIA procedure for this runway configuration when either glide slope is out of 
service. 

5.2 AN EXAMPLE OF THE USE OF THE DCIA TABLES 

As an example of this process and interpretation of tables 5-1 through 5-3, consider the case 
of Boston Logan International Airpon. 

Suppose Boston has three eligible configurations (i.e., there is an ILS or LOC on both 
runways and the missed approach procedures meet the straight-out criteria), 33U4R; 
15R/4R; and 27/22L. The facility then would go through the exercise of determining the 
runway lengths to intersection for each configuration and the decision heights for (1) when 
both ILSs are fully available (called ''Full ILS" here) and (2) when the glide slopes may be 
out of service (i.e., localizer only approaches; called "OS out" here)). Having determined 
these for each configuration, and for each mode (full ILS or OS Out) the facility would then 
go either to table 5-1, 5-2 or 5-3 depending upon the decision heights, and find the applicable 
row, as indicated in table 5-4. 

Table 5-4. Example of DCIAs at Boston 

DHs (ft) 
Threshold-to- (Larger of the two DCIARule 

Runways intersection DHs for the two (Table-Row) 
distance (ft) runways) 

ShortLon2 ILS LOC Full ILS OS Out 
4R/33L 4144 5201 200 463 {5-1}-21 _(5-2)-19 
15R/4R 3998 4144 250 562 _{_5-ll-20 _{_5-~-19 
27/22L 5979 6744 443 484 (5-2)-25 (5-2)-25 
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Consider configuration 4R/33L. The decision heights for the two runways for full n..s 
approaches are both 200ft. The runway to intersection distances are 4144 and 5201 ft 
respectively. The DCIA rule for this configuration is therefore found in Row 21 in table 5-1 
(i.e., (5-1)-21). Row 21 in table 5-1 provides seven options from which to choose. The 
facility might choose option number 3, which allows a (2,5)1 stagger operation with the 
aircraft 90 kts or less and 160 kts or greater "excepted"2. 

If a glide slope on either runway 4R or 33L were to be out of service, the decision heights 
for the two runways would be 422 and 463 ft respectively. The larger decision height is 463 
ft. The applicable procedure would therefore be found in table 5-2. The runway to 
intersection distances are, as before, 4144 and 5201 ft respectively. The applicable 
procedure would therefore be found in row 19 of table 5-2. Row 19 provides 4 options. The 
facility may determine that it would always use the fmt option, which allows a (2.5,5) 
stagger operation and "excepts" aircraft with final approach speeds of 80 kts or less and 160 
kts or greater from the (2.5,5) rule. 

The facility would identify aircraft groups by types that reflect the appropriate indicated final 
approach airspeeds. Suppose, for Boston, aircraft with 90 kts or less final approach speeds 
include all single engine general aviation aircraft, and aircraft with 160 kts or greater final 
approach speeds include all military fighter-type aircraft. The local order at Boston could 
then state that the stagger operation for runways (4R/33L) would be conducted with a (2,5) 
stagger rule, and when either a single engine general aviation aircraft is the leading aircraft, 
or when a fighter-type aircraft is the trailing aircraft, a DCIA slot shall be missed. If the 
glide slope to either runway goes out of service, the DCIA operation would be run with a 
(2.5,5) rule. Again, when either a single engine general aviation aircraft is the leading 
aircraft, or when a fighter-type aircraft is the trailing aircraft, a DCIA slot shall be missed. 
The facility would repeat the process for the other two configurations. 

To place the results shown in tables 5-1 through 5-3 in perspective, consider the airpons 
listed in table 5-5. These airports are a selection of airports in the top 100 U.S. airports that 
have converging runways and sufficient instrumentation on those runways to suppon the 
DCIA procedure. A plot of these airports on charts shown in figures 5-1 through 5-3. These 
charts show the extent of each of the "breakpoints" in tables 5-1 through 5-3, respectively. 
Using the example of Boston again, runway pair 4R/33L has a "shorter distance from 

1 The (2,5) stagger operation requires that aircraft be staggered by 2 nmi when the leading 
aircraft is a non-heavy aircraft and by 5 nmi when the leading aircraft is a heavy aircraft 

2 The simplest way to handle aircraft "excepted" from the DCIA stagger rule is to miss a 
DCIA slot. ''Excepted aircraft" are discussed in section 4.1. 
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Table 5-5. Some Airports with Potential DCIA Applications* 

Airport Runways 'I1uabold-to-inttnection Decision Height 
DilllnCe (ft) (ft) 

Sbort Long n.s LOC 
SAT 3CIJ3 0 2,005 200 600 
DEN 1111R 0 17,499 250 335 
a.E 23L/ll 352 1,159 250 675 
PIT 21R/32 553 10,755 200 537 

DAY 11124R 711 1,470 200 421 
D1W 27/21L 942 1,276 200 468 
MSP 11L/22 996 2,236 250 592 
DAY 61Jll 1,470 11,611 200 421 
MEM 11U1.7 1,750 6,012 200 470 
PHL 27R/l7 1,171 4,715 250 709 
IND 14/23R 2,765 2,719 200 762 
IND 14/1SL 2,765 7,218 200 423 
IND 32J23R 2,719 4,843 200 762 
MSP 11R/4 2,113 3,341 200 430 
HOU 4/lOL 3,050 4,375 250 453 
sn. 3CR/24 3,141 9,339 250 466 
DAY 11124L 3,245 7,455 200 421 
SPO 191.Jl8R 3,296 4,195 200 449 
BDL 6133 3,341 4,137 250 516 
BOS 1SR/4R 3,991 4,144 250 562 
SPO 19L/28L 4,050 4,170 200 450 
BOS 33L/4R 4,144 5,201 200 463 
BWI 21133L 4,271 4,739 200 371 
MSP 29L/22 4,454 6,653 250 592 
CVG 11R/27 4,502 5,213 200 365 
DEN 17L/26L 4,611 20,901 200 467 
sn. 3«1.124 4,641 1,409 250 466 
BWI 1SR/10 4,709 5,231 200 436 
BDL 24133 4,137 6,155 250 350 
IND 32/SL 4,143 7,211 200 311 
MICE 7R/IL 4,161 5,115 200 457 
DEN 17LJIR 5,408 20,920 250 335 
a.T 5/36R 5,611 5,705 200 404 
D1W 27/21R 5,194 7,966 200 461 
PHL 9Ril7 6,125 13,793 250 709 
ORD 14R/22R 6,173 9,479 200 521 
ORD 4MR 7,662 11.016 200 599 
1AH 3'1R/27 7,753 15,397 200 373 
lAD 12/19R 9,272 13,()82 200 469 
ORD 32L/27R 9,116 9,913 200 406 
lAD 12/19L 10,013 16,311 200 469 
IFW 11R/13R 10,275 13,264 200 509 
IFW 3SR/31R 10,955 13,671 200 457 
1AH 32R/l6 11,311 14,267 200 404 
ORD 9R/14L 11,739 15,165 200 411 
ORD 2'1R/27L 12,006 13,413 200 521 
IFW 17L/13R 20,367 26,619 200 509 
IFW 36LJ31R 22494 23405 200 457 

* Ordered by the shorter distance to intersection 
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threshold-to-intersection" of 4144 feet and a "longer distance from threshold-to-intersection" 
of 5201 feet. With a decision height of 200 feet the procedure defined in table 5-1 would be 
appropriate. Therefore, the chart in figure S-1 would have a point at 4144/5201 for Boston 
4R/33L. As one can see from figure S-1, about one half of the runway configurations on the 
list in table S-S are covered by the (2,5) stagger rule, with the appropriate ~strictions 
depending on which "box" the runway configuration falls within. There are a few runway 
configurations that fall outside all of the "boxes". This means that even a (3,6) stagger rule 
will not be sufficient to cover these runway configurations using the conservative analysis 
assumptions. Figures 5-2 and 5-3 show the same type of data for those configurations with 
decision heights of 250 to SOO feet and SOO to 700 feet, ~spectively. 

5.3 RESULT SENSITIVITIES 

The original model uses an instantaneous speed increase to a higher constant missed 
approach speed to model the trailing aircraft's acceleration during its missed approach 
maneuver. The second order model uses a constant acceleration during the missed approach 
maneuver. Upper bounds of maximum possible diffe~nces in separation between the two 
models were used to evaluate model sensitivity to the assumption of an instantaneous speed 
increase. For operations in which neither approach decision height exceeded 250 feet, the 
second order model was used to determine DCIA procedure ~strictions. These results were 
compared with those of the original model. The next two subsections discuss the ~suits of 
an evaluation of the stability of the numerical calculation and the diffe~nce in the DCIA 
procedure restrictions. 

5.3.1 Evaluation of Stability of the Numerical Calculations 

Two aspects of the stability of the original model's numerical calculations were evaluated: 

a. Sensitivity of computations to the computer and the software used to implement the 
model 

b. Sensitivity of the original model to the assumption of constant trailer missed 
approach speed of the trailing aircraft 
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The original model was implemented in Microsoft3 Excel on both an IBM PC and a 
Macintosh and the numeric output of the two implementations was compared. The two 
Excel model implementations were found to be in close agreement. Also, the original model 
implemented on the Macintosh in Excel and the second order model implemented on the 
Macintosh in Mathematica were compared for a variety of cases. The two models' time 
separations consistently differed by less than 0.01 seconds and, in all cases in which the 
trailing aircraft had not reached its missed approach point when the leading aircraft reached 
the intersection, the distance separations differed by much less than 0.001 nmi.4 This 
consistency is expected: in the second order model, the constant acceleration is chosen so 
that aircraft will reach the intersection at the same time in both models; and the two models 
are designed to be the same until the trailing aircraft begins its missed approach maneuver. 

As explained in section 4.2, after the trailing aircraft begins its missed approach maneuver, 
the separation computed by the second order model is larger than that of the original model 
(assuming the trailing aircraft has not passed the lead aircraft). Theoretical bounds on the 
maximum possible differences in separation between the two models were determined as 
described in appendix E. These theoretical bounds are presented in figures E-1 to E-6. For 
eight specific cases in which the trailing aircraft had begun its missed approach maneuver, 
table E-2 provides a detailed comparison of the differences in separation computed by the 
two models versus the theoretical bounds on those differences. This comparison is 
summarized in table S-6. The "Observed Difference" is the difference in separation distances 
measured by the two models when the leading aircraft is at the intersection. The various 
observed differences result from a leading aircraft with nominal 80 kt final approach 
airspeed and three different trailing aircraft with nominal final approach airspeeds of ISO, 
160, and 170 kts, respectively. For each trailing aircraft, cases corresponding to different 
wind conditions and threshold-to-intersection distances are presented. 

3 Microsoft is a registered trademark of the Microsoft Corporation, IBM is a registered 
tradmark of the International Business Machines Corporation, Macintosh is a registered 
trademark of Apple Computer, Incorporated, and Mathematica is a registered trademark 
of Wolfram Research, Inc. 

4 The difference in time for leading and trailing aircraft to reach the intersection of the 
runway centerlines is called time separation. The distance between the two aircraft when 
the leading aircraft is at the intersection is called distance separation, or simply 
separation. 
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Table 5-6. Some Dift'erences in Aircraft Separation Distances for the Original 
and Second Order Models 

Final Approach Airspeed 
of Trailing Aircraft (Ids) 

ISO 
160 

170 

Theoretical Bound on OIMerved Dift'erence (ft) 
Dift'erence (ft) 

180 21 
229 32 
272 150 
316 50 
230 107 
267 22 
269 225 
313 153 

5.3.2 Corroboration of DCIA Procedure Restrictions 

In order to corroborate the procedure restrictions generated using the original model and to 
partially evaluate the sensitivity of DCIA procedures to the assumption of constant missed 
approach speed, the second order model was used to generate DCIA procedure restrictions. 
The set of DCIA operations chosen for the comparative analysis was all operations in which 
neither approach decision height exceeded 2SO feet. 

The following methodology was used. Let 01 and 02 be the shorter and longer threshold­
to-intersection distances of the two approach paths, respectively. The rows of table 5-1 are 
uniquely specified by (Dl, 02) pairs. Each row is called a box because the rows determine 
the rectangles shown in figure 5-1. The second order model was used to try to increase the 
value of 02 for each box in table 5-1. The requirement imposed on the second order model­
generated DCIA procedures was that in each box, restrictions for the minimum stagger 
requilements could be weakened but not strengthened. No requirement was placed on 
restrictions for other staggers in each box. For example, in box 7 of table 5-1, only the 
restriction for the (2,5) stagger rule cannot be strengthened using the second order model. 
The results of this analysis are presented in table G-1 in appendix G. Table G-1 is a 
reproduction of table 5-1 with a column substituted for the right hand column in that table to 
show the results of the second order model analysis. Note, for example, that in box 7 of 
table G-1, the second order model results in the same restriction for the (2,5) stagger, but the 
rules based on the original model for the other staggers do not suffice for the 02 value 
determined using the second order model. 
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The original model was implemented in Microsoft3 Excel on both an IBM PC and a 
Macintosh and the numeric output of the two implementations was compared. The two 
Excel model implementations were found to be in close agreemenL Also, the original model 
implemented on the Macintosh in Excel and the second order model implemented on the 
Macintosh in Mathematica were compared for a variety of cases. The two models' time 
separations consistently differed by less than 0.01 seconds and, in all cases in which the 
trailing aircraft had not reached its missed approach point when the leading aircraft reached 
the intersection, the distance separations differed by much less than 0.001 nmi.4 This 
consistency is expected: in the second order model, the constant acceleration is chosen so 
that aircraft will reach the intersection at the same time in both models; and the two models 
are designed to be the same until the trailing aircraft begins its missed approach maneuver. 

As explained in section 4.2, after the trailing aircraft begins its missed approach maneuver, 
the separation computed by the second order model is larger than that of the original model 
(assuming the trailing aircraft has not passed the lead aircraft). Theoretical bounds on the 
maximum possible differences in separation between the two models were determined as 
described in appendix E. These theoretical bounds are presented in figures E-1 to E-6. For 
eight specific cases in which the trailing aircraft had begun its missed approach maneuver, 
table E-2 provides a detailed comparison of the differences in separation computed by the 
two models versus the theoretical bounds on those differences. This comparison is 
summarized in table S-6. The "Observed Difference" is the difference in separation distances 
measured by the two models when the leading aircraft is at the intersection. The various 
observed differences result from a leading aircraft with nominal 80 kt final approach 
airspeed and three different trailing aircraft with nominal fmal approach airspeeds of 150, 
160, and 170 kts, respectively. For each trailing aircraft, cases corresponding to different 
wind conditions and threshold-to-intersection distances are presented. 

3 Microsoft is a registered trademark of the Microsoft Corporation, IBM is a registered 
tradmark of the International Business Machines Corporation, Macintosh is a registered 
trademark of Apple Computer, Incorporated, and Mathematica is a registered trademark 
of Wolfram. Research, Inc. 

4 The difference in time for leading and trailing aircraft to reach the intersection of the 
runway centerlines is called time separation. The distance between the two aircraft when 
the leading aircraft is at the intersection is called distance separation, or simply 
separation. 
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Table 5-6. Some Difl'erences in Aircraft Separation Distances for the Original 
and Second Order Models 

Final Approach Ainpeed 
of Trallina Aircraft (kts) 

ISO 
160 

170 

Theoretical Bound on Observed Difl'erence (ft) 
Difference (ft) 

180 21 
229 32 
272 150 
316 so 
230 107 
267 22 
269 225 
313 153 

5.3.2 Corroboration of DCIA Procedure Restrictions 

In order to cOITOborate the procedure resttictions generated using the original model and to 
partially evaluate the sensitivity of DCIA procedures to the assumption of constant missed 
approach speed, the second order model was used to generate DCIA procedure resttictions. 
The set of DCIA operations chosen for the comparative analysis was all operations in which 
neither approach decision height exceeded 250 feet. 

The following methodology was used. Let 01 and 02 be the shorter and longer threshold­
to-intersection distances of the two approach paths, respectively. The rows of table 5-1 are 
uniquely specified by (Dl, 02) pairs. Each row is called a box because the rows determine 
the rectangles shown in figure 5-1. The second order model was used to try to increase the 
value of 02 for each box in table 5-1. The requirement imposed on the second order model­
generated DCIA procedures was that in each box, restrictions for the minimum stagger 
requirements could be weakened but not strengthened. No requirement was placed on 
restrictions for other staggers in each box. For example, in box 7 of table 5-1, only the 
resttiction for the (2,5) stagger rule cannot be s~ngthened using the second order model. 
The results of this analysis are presented in table G-1 in appendix G. Table G-1 is a 
reproduction of table 5-1 with a column substituted for the right hand column in that table to 
show the results of the second order model analysis. Note, for example, that in box 7 of 
table G-1, the second order model results in the same resttiction for the (2,5) stagger, but the 
rules based on the original model for the other staggers do not suffice for the 02 value 
determined using the second order model. 
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Based on the theoretical comparison of the original model and the second order model, it is 
clear that for every box in table G-1, 02 for the second order model must be at least as large 
as that for the original model. Examination of table G-1 shows this to be the case. The 
increase in 02 value of the second order model over that of the original model ranges from 0 
to 3900 feet. Table 5-7 shows the largest increases in 02 achieved by the second order 
model. Typical increases ue about 100 to 200 feet. Even where there are no increases in 
02, operational restrictions are often less restrictive using the second order model. In all 
cases, the increase in 02 using the second order model is within the theoretical bounds 
discussed in the previous subsection. 

Table 5-7. Largest Increases in D2 Between the Original and Second Order 
Models for Decision Heights <=250 ft 

Box Number 01 Original 02 Second Order Delta02 
Model02 

7 2600 10600 12SOO 1900 
21 4400 5800 7400 1600 
25 4400 13900 17800 3900 
40 8300 8700 11000 2300 

Figure 5-4 presents the boxes generated using the second order model for decision heights of 
250 feet or less. Comparison with figure 5-1, which presents the boxes generated using the 
original model for decision heights of 250 feet or less, shows that the gains in 02 values 
achieved using the second order model rather than the original model ue usually modest, but 
in some cases (e.g., those configurations identified in table 5-7) the gains are significant. 

5.4 ANALYSIS OF PARTICULAR SITES 

The procedures that are listed in tables 5-2,5-3, and 5-4 can be safely applied to any runway 
configuration that conforms to the requirements in the tables. The analysis from which these 
tables were developed insures that a minimum horizontal and time separation ue maintained 
at the intersection of the converging runways in the event of consecutive missed approaches. 
However, because the procedures are categorized by ranges of values of the parameters, the 
separation between aircraft executing consecutive missed approaches at certain runway 
configurations will be greater than the required minimum separation. In particular, if the 
runway configuration is in the lower left comer of any of the cells in figures 5-1, 5-2, or 5-3 
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Except 90 kt or less aircraft and except 160 kt or greater aircraft; stagger 
rule is (3,5), 
or 
Do not pair 110 kt or less aircraft leading with 160 kt or greater aircraft 
trailing and except 90 kt or less aircraft; stagger rule is (3,5). 

Notably pairings of jets (120/150) do not yield predicted separations greater than 1 nmi at 
stagger values of 2 or 2.5 nmi. Applying the DCIA procedure with a 3 nmi stagger 
requirement may not prove to be a beneficial operation at ORD. 

Using the site specific runway lengths, included angle of SO degrees and decision height of 
200 ft, the pairing of jets at stagger values below 3 nmi is no problem for the non-heavy 
leading case. Using a 2.5 nmi stagger, the predicted separation for the 120/1.50 pairing is 
1.59 nmi for the slow non-heavy aircraft leading. For the case of heavy leading, a 5 nmi 
stagger yields an acceptable separation of 84 seconds. Applying the (2.5,5) rule to all other 
speed pairings leads to a general statement of a site specific procedure: 

Do not pair 110 kt or less aircraft leading with 160 kt or greater aircraft 
trailing and except 100 kt or less aircraft; stagger rule is (2.5,5). 

The important difference between this procedure and the one in table 5-1 is the lower stagger 
values allowed for the pairing of jets. (In this case, the second order model was not required 
to yield the improvement The near optimal included angle and the tailoring of runway 
lengths gives a dramatic improvement). 

An even more dramatic improvement can be realized for jets by stating the procedure as a 
(2,5) rule. It does lead to more significant restrictions, however, on other (slower) aircraft. 
Applying the (2,5) rule to all other speed pairings leads to a general statement of a possible 
site specific procedure: 

Do not pair 120 kt or less aircraft leading with 160 kt or greater aircraft 
trailing and except 110 kt or less aircraft; stagger rule is (2,5). 

If the traffic is predominately comprised of jets this is a very efficient stagger operation. 

5-61 



5.4.2.2 PHL 9R/17 

Philadelphia (Pin..) is chosen to illustrate a case of asymmetric runway lengths. For the 
configuration Pin.. 9R/17 the lengths from threshold to intersection are 13,793 and 6,125 
feet feet, respectively. The applicable rule in table 5-1 is found in row 37. It calls for at 
least 2.5 nmi stagger for the non-heavy leading case with the following restrictions: 

Restrict 110 kt or less aircraft to the runway with the shorter threshold-to­
intersection distance and except 90 kt or less aircraft and except 160 kt or 
greater aircraft; stagger rule is (2.5,6). 
or 
Restrict 110 kt or less aircraft to the runway with the shorter threshold to 
interesection distance and do not pair 90 kt or less aircraft leading with 
160 kt or greater aircraft trailing and except 80 kt or less aircraft; stagger 
rule is (3,6). 

Because of the significant asymmetry, the minimum (single) stagger value must work for the 
worst case of a leading aircraft on the long runway. As indicated above, 2.5 nmi stagger is 
required. Consider the case of pairing jet traffic (as typified by the 120/150 pairing in the 
DCIA model). For this case, when the slow aircraft (120 KIAS) is leading on the long 
runway (9R in Philadelphia) a predicted separation of 1.06 nmi is found. When the slow 
aircraft is leading on the shon runway ( 17) a predicted separation of 1. 7 4 nmi is found when 
using the same 2.5 nmi stagger. This result begs the question of whether a lower stagger 
value could be safely employed when the slow aircraft is leading on the shon runway. A site 
specific analysis shows that a 2.0 nmi stagger is sufficient for that case (the predicted 
separation is 1.15 nmi). An asymmetric stagger may be beneficial. Applying a 
"(2.0&2.5,6)" stagger rule to all other speed pairings leads to a general statement of a 
possible site specific procedure. The site specific decision height is 250 feet Using the site 
specific runway lengths, included angle of 83 degrees and decision height of 250 ft, a site 
specific analysis using asymmetric stagger shows the following result 

Restrict 100 kt or less aircraft to the runway with the shorter threshold-to­
intersection distance and except 90 kt or less aircraft and except 160 kt or 
greater aircraft; stagger rule is (2.0&2.5/6). 
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In this case, the removal of the 110 kt restriction requires the application of the second order 
model. The important point in this example is that a lower effective stagger value can be 
safely used which could result in higher arrival rates. 
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SECTION6 

RECO~NDATIONS 

6.1 RECOMMENDATIONS FOR IMPLEMENTATION 

The DCIA procedure as discussed in this document is capable of supporting the DCIA 
concept in the cunent A TC environment and available technology. The tables in section 5 
define the stagger values and conditions under which the DCIA procedure can be safely 
conducted. Although the categorization found in the tables in section 5 is not unique, it is a 
scheme that is designed for ease of use by the various facilities that wish to implement the 
procedure. For this reason we recommend that the implementation of the DCIA procedure 
through an FAA order be based on these tables. 

Because of the conservative nature of the results in section 5, some of the facilities might 
suffer unneeded restrictions based on the tables. As shown in the examples in section 5.4, an 
airpon may benefit from an analysis of its particular configuration rather than basing the 
procedure on the worst case facility in its group of airports. Therefore, we recommend that 
at those airpons with significant traffic levels or with other unique considerations (e.g., the 
runway with the shorter threshold-to-intersection distance is really the airport's main runway) 
a site specific analysis should be performed and the procedure at that facility be based on the 
results of that analysis. 

6.2 RECOMMENDATIONS FOR FUTURE WORK 

The procedure as discussed in this document is designed to be simple for easy operational 
use in the current system. It contains several restrictions that were considered necessary for 
a first step. Many of the constraints make the procedure conservative, and enhancements are 
possible to make it more efficient or applicable to more geometries without compromising 
the safety of its operation. Such enhancements will need funher research and study, and in 
some cases will require additional prototyping and simulations to detennine their viability. 
This section lists some areas of such possible enhancements. 

a. DCIAs for non-precision approaches 

b. Site specific variable and asymmetric stagger values 

c. Procedure based on speed differences 
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d. Turning missed approaches 

e. Goal-based procedure 

f. Role of cockpit traffic display 

g. Risk analysis 

These are discussed in tum. 

6.2.1 Non-Precision Approaches 

The DCIA procedure discussed in this repon requires straight-in precision (instrument 
landing system (ILS) or microwave landing system (MLS)) approaches or straight-in 
localizer approaches. There are many configurations at top U.S. airports where some 
runways are not equipped with such approaches where the use of DCIAs could facilitate 
capacity benefits. An analysis of DCIAs for very high frequency omnidirectional range 
(VOR) approaches, ILS back course approaches, and flight management system (FMS)/area 
navigation (RNA V) approaches should be conducted to determine the possibility of 
extending the DCIA procedure to non-precision approaches. 

6.2.2 Asymmetric Stagger 

The stagger requirements for a given runway geometry depend strongly on the length of the 
runway to intersection that the slower aircraft must travel. Slow aircraft leading on a 
runway with the longer distance to intersection requires larger stagger values for safe 
separation at intersection than a faster aircraft destined for a runway with a shorter distance 
to intersection. Many runway configurations consist of runways of significantly unequal 
lengths from the runway threshold to the intersection point. Thus, for a stream of aircraft 
with significant difference in approach speeds, the stagger required (to assure a required 
separation at the intersection in the event of consecutive missed approaches) between a slow 
leading ailcraft and a faster following aircraft may be larger than 2 nmi, while the stagger 
required between that faster aircraft and a next slower trailing aircnft may be less than 2 
nmi. Rather than using the larger of the two stagger values at all times as in the DCIA 
procedure described in this document a stagger value based on the speed differences and 
runway lengths may provide a capacity benefit. Operationally, this may be facilitated by 
rules such as placing an aircraft off-center between two ghost targets to provide the required 
unequal stagger values, or possibly by providing "target ghosts". 

An important consideration here is also the minimum acceptable stagger value. The 2 nmi 
minimum in the current procedure assures at least 2 nmi in space separation for airborne 
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aircraft for all converging geometries. However, a 2 nmi stagger value is not always 
necessary to assure 2 nmi in space. For example, when an aircraft on the runway with the 
longer distance from threshold-to-intersection is leading, a stagger less than 2 nmi may 
assure at least 2 nmi in space at all times. Diff~nt stagger values (i.e., asymmetric stagger) 
depending upon which runway has the leading aircraft may facilitate smaller stagger 
requirements and thus provide greater capacity benefits. 

6.2.3 Procedure by Speed Difference 

Speed differences in aircraft landing on the converging runways is a key factor in 
determining what stagger value is necessary to achieve safe separation at the intersection. 
The DCIA procedure analyzed in this document aims at using one stagger value for all 
aircraft pairs. It may be possible to develop a procedure where the required stagger depends 
upon the expected difference between the landing speeds of the converging aircraft. Sites 
with geometries with very long distances to the intersection that have a negligible percentage 
of traffic exhibiting large speed differences may be able to benefit from such a procedure. 
The challenge in the design of such a procedu~ would be to make it simple enough to be 
operationally viable. 

The current procedu~ utilizes expected airspeeds as the basis for the analysis and considers 
worst winds and geometries to determine the effect on the expected separation. Since it is 
the ground speeds that affect the separation achieved, consideration may be given to 
designing a procedure based on ground speeds. A critical factor in the design of such a 
procedure would be its implications on controller workload, since it implies required 
controller monitoring of ground speeds. 

6.2.4 Turning Missed Approaches 

The current procedure utilizes straight-out missed approaches. The design of such a 
procedure is not possible at some sites due to temin, airspace, or environmental 
considerations. Consideration should be given to utilizing vector based turning missed 
approaches in DCIAs. 

Some sites (e.g., DFW and ORD) have a potential of using three runways where two 
runways are parallel and one is converging. Turning missed approaches for the DCIA 
procedure may facilitate the maintenance of the independence of one parallel approach, with 
dependent converging approaches to the other parallel and the converging runway. 
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6.2.5 Goal Based Procedure 

The analysis presented in this paper is aimed at specifying the minimum stagger value that a 
conttoller must provide so that even in the worst cases of winds, aircraft speed differences 
and loss of either radio or radar, the two aircraft will be separated in the event of a 
consecutive missed approach. The procedure is thus very conservative for most cases. 
Paragraph 6-64 of FAA Order 7110.65 establishes how conttollers may adjust separation 
required to account for differences in speeds and winds. It is conceivable that the DCIA 
procedure be formulated in terms of the expected separation at the intersection in the event 
of consecutive missed approaches and that conttollers would adjust the stagger separation 
required at the threshold in order to deliver such a separation. A goal-oriented procedure 
would give conttollers the flexibility to provide ~ efficient spacing when the conditions 
are not extreme, (e.g., when approach speeds of the two converging aircraft do not differ by 
60, 70 or 80 .knots or when winds are not 30 knots). The issues that must be addressed in 
such a formulation is whether conttollers would be able to conduct such an operation when 
the separation event being posited is a ~ event. It would also need to address radar and 
ghost target availability requirements over the runways. 

An analysis of separations achieved for different ground speeds may be provided as guidance 
to conttollers. 

6.2.6 Role of Cockpit Trame Display 

The DCIA procedure aims at separation in the event of consecutive missed approaches. If a 
traffic display such as a TCAS traffic display should prove to be capable of allowing pilots 
to provide self-separation on final approach, then a possibility exists of designing a DCIA 
procedure such that once established on final approach, the trailing aircraft may be cleared 
for a converging approach to maintain a cenain stagger distance from the leading ailcraft. 
The cockpit traffic display may have to be capable of showing appropriate ghost targets for 
such a procedure. 

6.2. 7 Risk Analysis 

As discussed in section 3.3. 7 the sequence of events leading to a worst case consecutive 
missed approach are, when taken together, extemely unlikely. In the future, after additional 
experience has been gained using the DCIA procedure as discussed in this paper, there may 
be some justification for and interest in maxing some of the constraints placed on the model 
that was used to generate tables 5-2, 5-3, and 5-4 in order to create a more efficient 
procedure. A risk analysis of the consecutive missed approach issue can be made which will 
allow decision makers to evaluate the operation with respect to the risks involved. Such a 
study would also, presumably, make the program easier to sell to the users. 
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APPENDIX A 

EQUATIONS OF MOTION 

The following discussion describes the missed approach dynamics that are used in the DCIA 
model. The points along the approach where significant events happen as an aircraft 
executes a missed approach are shown in figure A-1. The aircraft is assumed to fly over the 
outer marker on the approach path to the runway at a given speed. The outer marker is at a 
distance of OM from the intersection. After flying over the outer marker, the aircraft slows 
to its final approach airspeed as it descends on the glide slope. The deceleration is assumed 
to take place over a given distance and the final approach airspeed is reached at a distance 
DP from the intersection. The final approach airspeed is maintained until the missed 
approach point which is at a distance MAP from the intersection. At the missed approach 
point, the aircraft instantaneously increases its speed. The aircraft then flies straight down 
the runway and through the intersection. 

In analyzing the dynamics of a pair of aircraft executing missed approaches on converging 
runways, the starting positions of the aircraft have to be such that the proper stagger distance 
would have been achieved had the leading aircraft actually made it to the runway threshold. 
Since it is assumed for this analysis that the leading aircraft does not accelerate, there is no 
loss of generality in letting the leading aircraft start at its runway threshold at time t=O. 

Since the separation at the intersection is measured as a time separation if the leading aircraft 
is a heavy aircraft and as a distance separation if the leading aireraft is a non-heavy aircraft, 
two sets of equations will be developed. 

A.l HEAVY LEADING CASE 

The object of this analysis is to compute the difference in time between the leading and 
trailing aircraft passing over the runways centerline intersection. 

If the distance from the threshold to the intersection for the leading aircraft's runway is DL 
(nmi) then the minimum distance to the intersection for the trailing aircraft when the leading 
aircraft is at its runway threshold (and hence the worst situation) would be DL +S, where S 
(nmi) is the required stagger distance. See figure A-2. 

Regardless of where the trailing aircraft is, it takes a time Dr.JML for the leading aircraft to 
reach the intersection where ML is the missed approach ground speed of the leading aireraft. 
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MAP= Missed Approach Point (aircraft accelerates) 
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OM = Outer Marker (aircraft at approach speed) 

Figure A-1. Missed Approach Geometry 
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The time it takes the trailing aircraft to reach the intersection depends where on its approach 
the trailing aircraft is when the leading aircraft is at its runway threshold. The trailing 
aircraft can be outside its outer marker (i.e., the aircraft is farther from the intersection of the 
runways than the outer marker is from the intersection), inside its outer marker but still 
decelerating, outside its missed approach point but flying at its final approach speed, or 
inside its missed approach point. For each of these cases, the following expressions have 
been developed for the time separation, t, between the leading and trailing aircraft at the 
intersection. 

If the trailing aircraft is outside its outer marker: 

if(DL +S)~OMy 

t= DL +S-OMy + 2x(OMy-DPy) + DPy-MAPy + MAPy -~ 
Gy Gy +Fy Fy My ML 

(1) 

If the trailing aircraft is inside its outer marker and is still decelerating: 

If the trailing aircraft is outside its missed approach point but is at its final approach speed: 

if MAPy S (DL + S) < DPy 

t= DL +S-MAPy + MAPy -~ 
Fy My ML 

If the trailing aiiCraft is inside its missed approach point: 

if (DL + S) < MAPy 

t=DL+S_~ 
My ML 
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where 
t = 
DL= 
s = 
OMT 
DJT 
MAlT 

= 
DT= 
DH= 
Gr 
FT= 
MT 
ML 

the time separation at the intersection 
the leading aircraft's threshold-to-intersection distance 
the stagger distance 
= the trailing aircraft's outer marker to intersection distance 
= the trailing aircraft's point of decelertion to intersection distance 
= the trailing aircraft's miss approach point to intersection distance 
DT + (DH- 50)/(f:IJ76 X tan(30)) 
the trailing aircraft's threshold-to-intersection distance 
the decision height 
= the trailing aircraft's ground speed outside its outer marker 
the trailing aircraft's final approach ground speed 
= the trailing aircraft's missed approach ground speed 
= the leading aircraft's missed approach ground speed 

Note that in equation (2) FT and Gr must be different or else the evaluation of the equation 
is not possible. In other words, it is assumed that the trailing aircraft decelerates from its 
outer marker speed to its final approach speed. 

A.2 NON-HEAVY LEADING CASE 

The case where the leading aircraft is a non-heavy is more complex because not only does 
the separation at the intersection depend on where the trailing aircraft is when the leading 
aircraft is at its runway threshold, but the separation also depends on where the trailing 
aircraft is when the leading aircraft is at the intersection. The trailing aircraft can be in any 
of the four locations at the start (i.e., outside its outer marker, inside its outer marker but 
decelerating, outside its missed approach point but flying at its final approach speed, or 
inside its missed approach point) and end up at any of those four locations plus any of the 
locations inside of its starting location (i.e., closer to the runway intersection). Therefore 
there are 10 cases which have to be considered. 

If the trailing aircraft stans inside its missed approach point and, obviously, ends up inside 
its missed approach point: 

if (DL + S) S MAPy 

sep=DL +S My xDL 
ML 
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If the trailing aircraft starts outside it missed approach point flying at its final approach speed 
and ends up outside its missed approach point: 

if MAPT < (DL + S) s DPT 

and 

if (DL +S-MAPT )/Fr C!: DL /ML 

scp=DL +S Fr:xDL 
ML 

(6) 

If the trailing aircraft starts outside its missed approach point flying at its final approach 
speed and ends up inside its missed approach point: 

if MAPT < (DL + S) s DPT 

and 

if(DL +S-MAPT)/Fr: <DL/ML 

-"'•"',.. M (EL.. DL +S-MAPT) sep- 1Yuu-T - T X 
ML GT 

(7) 

If the trailing aircraft starts inside its outer marker and is decelerating and ends up inside its 
outer marker and is decelerating: 

ifDPT <(DL +S)SOMT 

and 

if Fr-JGT2 +2xAx(OMT-(DL+S)) C!:EL.. 
A ML 

scp=DL +S-(JGT2 +2xAx(OMT-(DL +S)x DL +Ax( DL )
2

] 
ML 2xML 

(8) 

If the trailing aircraft starts inside its outer marker and is decelerating and ends up outside its 
missed approach point at its final approach speed: 
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ifDPy < (DL +S) S OMy 
and 

. Fy -JGy2 +2xAx(OMy -(DL +S)) D, 
~ <~ 

A ML 
and 

I + ~--
·r(DPT-MAPT Fy -JGT

2
+2xAx(OMT -(DL +S))J DL 

:Fy A ML 

sep=DPr-F,x( ~ _ Fr-JGr'+2xA:(0MdDL +5))) (9) 

If the trailing aircraft starts inside its outer marker and is decelerating and ends up inside its 
missed approach point: 

ifDPy < (DL +S) S OMy 

and 

if Fy-JGy2 +2xAx(OMT-(DL +S)) < ~ 
A ML 

and 

if (DPT -MAPT + Fy -JGT
2 

+2xAx(OMy -(DL +S))J < DL 
FT A ML 

Fy -JGT2 +2xAx(OMT -(DL +S)) 
A (10) 

If the trailing aircraft starts outside its outer marker and ends up outside its outer marker: 
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ifOMT < (DL +S) 
and 

if(DL+S-OMT) ~ ~ 
GT ML 

D 
sep = DL +S-GT X~ 

ML 

(11) 

If the trailing aircraft starts outside its outer marker and ends up inside its outer marker and 
is still decelerating: 

ifOMT < (DL +S) 
and 

if(DL+S-OMT) ~ ~ 
GT ML 

and 

if(DL+S-OMT +lxOMT-DPT) ~ ~ 
GT Fr+GT ML 

sep = OMT-(GTx{~ DL+S-OMT}+~x{~-DL+S-OMT}
2

) 
ML GT 2 ML GT (12) 

If the trailing aircraft starts outside its outer marker and ends up outside its missed approach 
point and is at its final approach speed: 
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ifOM1 < (DL +S) 
and 

if (DL +S-OM1 ) < ~ 
Gr ML 

and 

u(DL+S-OMr+lxOMr-DPr) < ~ 
Gr Fr+Gr ML 

and 

if(DL+S-OM1 +lxOM1 -DP1 +DP1 -MAP1 ) 2! ~ 
Gr Fr +Gr Fr ML 

sep = DPr -F,-x(~ DL +S-OMr 2x OMr -DPr) 
ML Gr Fr+Gr 

(13) 

If the trailing aircraft stans outside its outer marker and ends up inside its missed approach 
point: 

ifOM1 < (DL +S) 
and 

u(DL+S-OMr) < El... 
Gr ML 

and 

u(DL +S-OMr +lx OM1 -DP1 ) < ~ 
Gr Fr+Gr ML 

and 

u(DL+S-0Mr+lx0Mr-DP1 +DP1 -MAP1 ) < ~ 
Gr Fr+Gr Fr ML 

sep == MAPr-Mrx(~- DL +S-OM1 lx OM1 -DP1 DP1 ~MAP1 ) 
ML Gr Fr+Gr 

where sep is the separation of the the two aircraft when the leading aircraft is at the 
intersections. All other variables are the same as those in section A. I. 
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APPENDIXB 

ACCELERATIONS 

One of the significant factors of the missed approach analysis is the acceleration of the 
trailing aircraft. I In the previously developed simulation of missed approaches at St. Louis 
(Barker, 1992) the missed approach of the trailer was modeled as a multistep process. It is 
the purpose of this appendix to develop a simplified model based on a single step effective 
speed increase. 

The multistep process model starts the aircraft at its missed approach point. This is followed 
by an intantaneous acceleration. For most aircraft this instantaneous acceleration is on the 
order of 10 kts and is due to configuration changes of the aircraft's control surfaces and 
attitude. Some aircraft, such as heavies and small general aviation aircraft, were modeled as 
having no instantaneous acceleration. The instantaneous acceleration is followed by a 
constant speed climb to 1SOO feet at an aircraft dependent climb rate. Upon reaching 1500 
feet, the aircraft is subjected to an aircraft dependent acceleration. If at any time during the 
acceleration the aircraft reaches 250 kts (the terminal control area speed limit) the 
acceleration is stopped and the aircraft continues at 250 kts. 

The model that is used for this analysis as developed in appendix A assumes that there is a 
single step acceleration in order to simplify the mathematics. The single step acceleration is 
expressed as a factor increase in the speed of the aircraft at the point of missed approach. 
The objective, then, is to relate a single step acceleration to the multistep process described 
above. This was accomplished by determining the factor increase in speed that would place 
the aircraft at the intersection in the same length of time as it would take an aircraft 
performing the multistep process. This single step acceleration will yield equivalent results 
for the case where there is a heavy leader and the time separation is measured when the 
trailing aircraft crosses the intersection. In the case of the non-heavy leader, the separation is 
measured when the leading aircraft reaches the intersection and therefore prior to the time 
that the trailing aircraft reaches the intersection. Since the acceleration is effectively taken 
earlier during the single step acceleration model, the aircraft will be closer to each other at 
any given time prior to the time that the trailing aircraft crosses the intersection. This is 
consistent with the worst case philosophy of this analysis. 

1 The leading aircraft is assumed to have no acceleration consistent with the goal of a 
worst case scenario. 
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Table B-1 shows an example of accelerating the representative set of aircraft used in the 
St. Louis study from the missed approach point to the intersection which is 1 nmi from the 
runway threshold and computing the effective speed increase factor. For some aircraft types, 
several final approach speeds (FAS) were assumed because those ain:raft might use those 
speeds in various wind conditions. The climb rates were taken from the conttoller's 
handbook (FAA, 1991) and the acceleration values were detennined from various sources 
including the aircraft operating manuals and discussions with airline ~presentatives and 
pilots. This particular example shows the effect of missing at a 2SO foot decision height and 
having a threshold-to-intersection distance of 1.00 nmi.2 

Table 8-1. Example of Effective Speed Increases 

ACType PAS Climb InA. Ace Acc2 'lbnltolnt Miss AIL Ava. Speed Eff. Spl. Inc. 
(Kia) (f-.'min) (las) (laMnin) (Dmi) (fllll) (las) Fac:&or 

A1R.42 100 1800 10 2S 1.00 250.00 110.51 I.IOS 
A1R.42 120 1800 0 2S 1.00 250.00 120.21 1.002 
A1R.42 120 1800 10 2S 1.00 250.00 130.05 1.084 

87'1:1 127 2SOO 10 2S 1.00 250.00 137.77 1.085 
8747 139 2SOO 0 50 1.00 250.00 140.38 1.010 
8747 162 2SOO 0 50 1.00 250.00 162.43 1.003 
8747 168 2SOO 0 so 1.00 250.00 168.28 1.002 

8767 116 2SOO 0 50 1.00 250.00 119.12 1.027 
8767 12S 2SOO 0 50 1.00 250.00 127.33 1.019 
8767 127 3000 0 50 1.00 250.00 130.66 1.029 

Cl72 98 650 0 2S 1.00 250.00 98.00 1.000 
Cl72 100 650 0 2S 1.00 250.00 100.00 1.000 
Cl72 120 650 0 2S 1.00 250.00 120.00 1.000 

F4 160 5000 20 300 1.00 250.00 197.98 1.237 
F4 170 5000 20 300 1.00 250.00 205.77 1.210 

LlOII 131 2SOO 0 50 1.00 250.00 132.88 1.014 
L1011 140 2SOO 0 50 1.00 250.00 14132 1.009 
LIOII 142 2SOO 0 50 1.00 250.00 143.22 1.009 
LIOII 155 2SOO 0 50 1.00 250.()0 ISS.6S 1.004 
LIOII 157 2SOO 0 50 1.00 250.00 157.58 1.004 

MD80 130 4000 0 75 1.00 250.00 138.24 1.063 
MD80 146 4000 10 75 1.00 250.00 16132 1.10S 

SW2 140 2350 0 33 1.00 250.00 140.63 1.005 
SW2 140 2350 IS 33 1.00 250.00 1SS.2S 1.109 

2 It is further assumed that the glide slope has the typical 3 degree elevation. 
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Results such as those shown in table B-1 were detennined for threshold-to-intersection 
distances from 0 to 5 nmi in 0.5 nmi increments. This calculation was then repeated for 
missed approach altitudes of 250, 500, and 700 feeL Then the aircraft with the maximum 
percentage effective speed factor was chosen to represent each of the three groups of aircraft 
types. For instance, the MD80 with a final approach speed of 130 kts yields the maximum 
effective speed factor in the "others" category while the 8767 with a final approach speed of 
116 kts yields the maximum effective speed factor in the "heavies" category. The use of the 
maximum effective speed factor is consistent with the worst case analysis philosophy. 

The results of effective speed factors plotted against the threshold-to-intersection distances 
are shown in figures B-1, B-2, and B-3. Each of these series of points was fitted with a 
cubic equation given in tables B-2, B-3, and B-4, respectively. The effective speed factor 
determined from these cubic equations were then used as the single-step acceleration in the 
model. 
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Figure B-1. Effective Speed Factors for F4s 

Table B-2. Curve Fit for F4 Accelerations 

Decision 
Height 

250 
500 
700 

Curve Fit Equation 
(xis Threshold-to-intersection Distance) 

1.1115+0.1494x-0.020lx2+0.0007x3 
1.2428+0.1387x-0.0326x2+0.0029x3 
1.3509+0.0744x-0.0154x2+0.0013x3 

B-4 

250ft Fit 

4.5 5 



1.50 

1.40 
.... .e 
(.) 
tU u. 1.30 "C 
Q) 
Q) 
Q. en 
Q) 
> 1.20 :;:::: 

~ w 

1.10 

1.00 

0 

I I 
Miss Altitude ..... -4• 

I 
I 

I • 700ft I 
I 

I I • ....-4 . • 500ft I 
,. 

,. . 
. ) .. . 

. .I ... ~- . & 250ft . ,. 
• A •• . . . . ,. ••••• - - - - - - - 700 ft Fit 

I • it •.. ~ i ...... •lr·_,.· ••. I v ....... I -~ , .. -------·- 500ftFit 

. . ...... ; •.... _/ 
I ••••. v~ 250ft Fit 

.... ~~ j j 

0.5 1 1.5 2 2.5 3 3.5 4 

Threshold to Intersection Distance (nmi) 
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Table B-3. Curve Fit for Heavy Accelerations 

Decision 
Height 

250 
500 
700 

Curve Fit Equation 
(x is Threshold-to-intersection Distance) 

0.9958+0.0199x+0.0184x2-0.0021X3 
1.0293+0.0739x-0.0004x2-0.0002x3 
1.0930+0.0785x-0.0030x2+0.0001x3 
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Figure B-3. Effective Speed Factors for Others 

Table B-4. Curve Fit for Other Accelerations 

Decision 
Height 

250 
500 
700 

Cmve Fit Equation 
{x is Threshold-to-intersection Distance) 

1.1047-0.0098x-H>.0256x2-0.0026x3 
1.11 03-H>.0604x-H>.0043x2-0.0006x3 
1.1664-H>.0635x-H>.0051 x2-0.0009x3 
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APPENDIXC 

WORST CASE WINDS 

Since aircraft fly in an air mass which itself may be moving, the wind has a significant effect 
on the ground speed of an aircraft. It is the ground speed which ultimately determines the 
time that an aircraft takes to fly from its missed approach point to the runway centerline 
intersection point. This analysis, therefore, has to consider the winds. 

To judge the effects of the wind, this analysis considers the worst case situation. In this case, 
with two aircraft making consecutive missed approaches, the worst case is where the wind 
either impeds the leading aircraft or assists the trailing aircraft in getting to the intersection 
of the runway centerlines. The slower the leading aircraft flies over the ground and the 
faster the trailing aircraft flies over the ground, the smaller the separation will be between 
the aircraft at the intersection, all other factors being equal (i.e., the initial stagger distances, 
final approach airspeeds, etc.). 

Before determining what these worst case winds are, one has to recognize that the DCIA 
operation will only be conducted in certain wind conditions. Aircraft are designed to land 
into the wind for reasons of approach stability and roll out distance. Therefore, there are 
bounding conditions on the amount of headwind, tailwind and crosswind which will be 
tolerated during a landing. Although each airline and each private pilot have their own 
particular guidelines relating to these tolerances, the limits in table C-1 have been chosen for 
this analysis as being representative of current practices in the system. 

Table C-1. Landing Wind Limits 

Wind Comoonent 
Maximum Crosswind 
Maximum Tailwind 
Maximum Wind Speed 

Limit 
IS kts 
Skts 
30kts 

If one were to plot out these conditions for a given runway pair, the plot would look like that 
shown in figure C-1. This figure is appropriate to a pair of runways with an included angle 
between the runways of7S degrees. (The plot is drawn for a runway 27 and a runway 19.) 
The rings on the figure represent S kt wind speed increments. The azimuthal position around 
the rings indicates the direction from which the wind is blowing. The two dark lines that 
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meet to the left in figure C-1 indicate the crosswind limits while the other two dark lines 
indicate the tailwind limits. Any wind condition (i.e., wind speed and wind direction) within 
the area bounded by the dark lines will satisfy the conditions listed in table C-1. The point 
where the two crosswind limit lines meet is the point at which the maximum headwind to 
both runways would be experienced. The points where the crosswind and tailwind limits 
intersect are where the maximum ground speed differential will be experienced. As 
explained in section 4, these two points are important in the detennination of the minimum 
separation between the aircraft at the intersection. 

Before computing what the worst case winds are for various runway configurations, let us 
consider in more detail the maximum headwind and the maximum differential wind points. 
Referring again to figure C-1, one notices that the region within the crosswind and tailwind 
limits is symmetrical since the same conditions apply to both runways. With a 75 degree 
included angle, the total wind limit of 30 kts does not come into effect. The form of this 
area will be basically the same for any runway pair with an included angle of greater than 60 
degrees and less than or equal to 120 degrees. Figure C-2 shows the acceptable wind region 
for runways with an included angle of less than 60 degrees and greater than or equal to 30 
degrees. For runways within this range of included angles, the total wind limit is evident as 
the arc between the two crosswind limit lines. 

The last case to consider is the set of runway configurations where the included angle is 
between 90 degrees and 120 degrees. An example of the acceptable wind region for such a 
configuration is shown in figure C-3. In this case the wind direction and speed is the same 
for the maximum headwind and for the maximum differential wind. 

To determine the worst case winds, the comers of the acceptable wind regions were 
computed for runway configurations in the range of included angles from 30 degrees to 120 
degrees. The results of these computations is shown in table C-2. The maximum differential 
wind occurs when the included angle between the runways is approximately 110 degrees 
(actually 108.43 degrees). It is at this point that the wind is directly into the runway of the 
leading aircraft while the maximum crosswind and tailwind conditions will be applied to the 
trailing aircraft. The difference in groundspeeds due to the wind in this case would be 20.81 
kts as shown in table C-2. The maximum headwind into the runway with the leading aircraft 
would be when the included angle between the runways is at a minimum of 30 degrees. The 
wind speed is 30 kts directly into the leading runway as shown in the table C-2. Although 
the speed differential in this case would be only 4.02 kts the leader would be slowed by 30 
kts and in some circumstances this minimizes the separation between the aircraft at the 
intersection even though the trailing aircraft is slowed by 26 kts. 
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Table C-2. Maximum Differential and Headwinds 

Included Aqle a.-IWa .. ,. (Dip) 30 40 so 60 70 10 

Maa-DHr.....W W"UIII 

W".t s,-1 (llu) 15.53 15.11 15.11 15.11 15.11 15.11 

W".t~(Dip)• 75.00 61.43 51.43 41.43 31.43 21.43 

Dlff- ill en-d Speed (tt.)M 1.04 10.11 13.21 15.49 17.39 11.9 

MuimmD u-hriad- Le.dial Aircnft 

W".t Speed (llu) 30.00 30.00 30.00 30.00 26.15 23.34 

W"md ~ (Dip)• 0.00 -10.00 -20.00 -30.00 -35.00 -40.00 

~ill en-d Speed (llu)M I 4.021 3.56 2.21 0.00 0.00 

• illllalmlto '-rinl fll nmway olleMiina aircraft, JIOIIUYe -.Idle lluwhold flllhe om. runway 
.. Tailiaa ain:atc wiD .a .. ,. be f-

0.00 

90 

15.11 

11.43 

20 

21.21 

-45.00 

0.00 

100 110 120 

15.11 15.11 15.11 

1.43 -1.57 -11.57 

20.64~ 20.49 

Rev-. to Max DifJWilld 
c.. 

In the analysis described in section 4, both the maximum differential wind conditions of the 
110 degree included angle case and the maximum headwind conditions of the 30 degree 
included angle case were used. 
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APPENDIXD 

OBSERVATIONS OF SEPARATIONS BEHIND HEAVY AIRCRAFI' 

In general there are "two minute" and "five mile" rules which govern the safe separation 
between heavy aircraft and following aircraft. One such rule is: "Takeoff clearance to the 
following aircraft should not be issued until 2 minutes after the heavy jet begins takeoff 
roll." (FAA, 1991, Paragraph 3-108c). Because of the possible asymmetry of the runway 
lengths at a given airport (see section 2.2), the time separation at the intersection might be 
less than two minutes if the heavy aircraft is departing the runway with the longer threshold­
to-intersection distance. The question is how much less can this time separation safely be. 

To answer this question data was collected on the time it takes for aircraft to get to the 
intersection of runways 24 and 30R at St. Louis. Since it is really the time it takes for the 
aircraft to accelerate and cover a specific distance, several of St. Louis' runways could be 
used for these measurements and the appropriate distances marked corresponding to the 
distance along runway 30R from its threshold to the intersection of its runway centerline 
with runway 24 which is about 9500 feet. The reason for doing this was that departures of 
heavies on runway 30R are rare. Runways 30L, 12L, and 12R at St. Louis were used for this 
data collection. The results are shown in table D-1. 

The statistics for the heavy aircraft accelerating 9500 feet is shown in table D-2. 

For the non-heavy aircraft on runway 24, the time to intersection with 30R statistics are 
shown in table D-3. 

The conclusion that one can draw from these data are that if a heavy aircraft were released as 
a departure on runway 30R and then 120 seconds later an aircraft is released as a departure 
on runway 24, then the minimum time separation at the intersection could be as low as 
120-62+12=70 seconds. 

As one can see from table D-1 that there were no heavies departing from runway 30R. 
St. Louis personnel indicated that heavies very rarely, if at all, depart on 30R. Runway 30L 
is preferred for heavy departures because it is a longer runway and, because of the threshold 
stagger, allows an operational advantage in the use of the heavy separation rule. Therefore, 
even though the times to the intersection imply that a 70 second separation could occur at the 
24/30R intersection, in fact, it is an operation that is rarely used unless runway 30L is closed. 

This being the case, further data was collected at St. Louis to establish actual observed time 
separations behind heavy aircraft. St. Louis commonly uses the "5 mile rule" which states 
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Table D-1. Times for Heavies to Accelerate 9500 feet 

Aircraft Type Time (sec) Runway 
LlOll S2 12R 
LlOll 49 30L 
LlOll S2 30L 
LlOll 47 30L 
LlOll 49 30L 
LlOll 46 30L 
LlOll S2 30L 
LlOll 48 30L 
LlOll 48 30L 
LlOll 58 12L 
LlOll S4 12L 
LlOll 62 12L 
B767 48 30L 
B767 S9 30L 
B767 46 30L 
B767 4S 30L 
B747 Sl 30L 
B747 46 30L 
DC8 46 12L 
DC8 40 30L 

Table D-2. Heavy Aircraft Time to Intersection Statistics 

Number of aircraft observed 
Mean time to "intersection" 
Median time to "intersection" 
Greatest time to "intersection" 
Least time to "intersection" 
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20 
49.9 sec 
48sec 
62see 
40sec 



Table D-3. Non-Heavy Aircraft Time to Intersection Statistics 

Aircraft Type Number MeanTime Range 
(sec) (sec) 

GA 3 24 24-2.5 
Mili_taly 2 12 12 

that "the minima in paragraph 5-72d may be applied in lieu of the 2 minute requirement in 
paragraph 3-106f. When paragraph .5-72d minima are applied, ensure that the appropriate 
radar separation exists at or prior to the time an aircraft becomes airborne when taking off 
behind a heavy jet." (FAA, 1991, paragraph 3-106e) Paragraph .5-72d states "separate 
aircraft operating directly behind, or directly behind and less than 1,000 feet below, or 
following an ain:raft conducting an instrument approach by: 1) Heavy behind heavy -- 4 
miles, 2) Smallllarge behind heavy -- .5 miles." Paragraph 3-1 06f states "separate IFR/VFR 
aircraft taking off behind a heavy jet departure by 2 minutes when departing: 1) the same 
runway, 2) a parallel runway separated by less than 2,500 feet." 

When departing heavy aircraft the conttollers will generally release the next non-heavy 
aircraft on the same runway or the parallel runway when the leading heavy aircraft is 2 miles 
past the end of the runway as shown on the D-BRITE, because, by the time the non-heavy 
departure lifts off it will be .5 miles behind the leading heavy aircraft. This will, in general, 
result in a time separation when both aircraft are airborne of less than 2 minutes between the 
aircraft. Therefore, some data was collected to observe the time and distance separations of 
non-heavy aircraft behind heavy aircraft and is summarized in table D-4. 

Table D-4. Time and Distance Separations Behind Heavy Departures 

Observation Time Separation behind heavy 
Number Separation when non-heavy lift off 

(sec) (nmi, as observed on 
D-B RITE) 

1 76 s 
2 93 6 
3 100 7 
4 109 7 
.5 97 7 
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On 25 July 1991, an L1011 was observed to begin its takeoff roll on runway 30L at 9:24:55, 
become airborne and reach the intersection with runway 24 at 9:25:45. When the Ll011 was 
two miles out (as shown on the D-BRITE), the local controller Mleased the next aircraft (a 
commercial non-heavy jet) on runway 30L at 9:26:07. It became airborne and Mached the 
intersection with runway 24 at 9:27:01. The intersection of runway 30L and 24 was taken as 
a convenient measurement point wheM both aircraft would be airborne. The leading heavy 
was 5 miles ahead of the trailing aircraft when the trailing aircraft became airborne as 
observed on the D-BRITE. The time separation behind the heavy aircraft when the 
non-heavy reached the intersection was 76 seconds. 

Four other heavy departuMs weM observed wheM the successive departure was fairly close 
behind. In those cases theM was a 93 second separation with a 6 mile distance separation, a 
100 second time separation with a 7 mile distance separation, a 109 second time separation 
with a 7 mile distance separation, and a 97 second time separation with a 7 mile distance 
separation. 

Thus, in existing air traffic operations conducted in the CUJT'ent system as per (FAA, 1991 ), a 
trialing airborne non-heavy aircraft was observed to pass through airspace previously 
occupied by an airborne heavy aircraft within 76 seconds. This time separation was used in 
the analysis of the safety of the DCIA procedure. 
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APPENDIXE 

THEORETICAL BOUNDS ON THE DIFFERENCE BETWEEN THE ORIGINAL 
MODEL AND THE SECOND ORDER MODEL 

The th~tical bounds on the difference between the original model and the second order 
model were determined as follows. Since the original model and second order model have 
identical models for leaders, to derive an upper bound for the th~tical difference between 
the separations computed by the two models, it suffices to consider only trailers. This is 
because separation is the distance between leader and trailer when the leader is at the runway 
centerline intersection. The following notation, which refers only to the trailer, will be used 
to derive the bound: 

t = time since trailer reached its missed approach point 
T = time for trailer to travel from its missed approach point to the intersection 

(same for both models) 
d = distance from the trailer's missed approach point to the intersection 
xp(t) = distance travelled beyond the missed approach point at timet as computed by 

the original model 
xs(t) = distance travelled beyond the missed approach point at timet as computed by 

the second order model 
v = final approach speed of trailer 
V = missed approach speed of trailer used in original model 
P = V I v = ratio of trailer missed approach speed to its final approach speed in the 

original model 
a = constant trailer acceleration used in missed approach maneuver in the second 

order model 
f(t) = xp(t)- xs(t) =difference in position (and separation) computed by the original 

and second order model 

From elementary physics, 

xp(t) = V t 
xs(t) = v t +a t2f2 

Since the trailer reaches the common point at the same time in both models, 

d = VTand 
d = vT+aT2f2 
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Substituting T = d IV into the last equation yields 

d = v d IV + a (d I V)2 fl which yields 
a = 2 V (V -v) I d. 

Hence, 

f(t) = V t-v t- (V (V-v) I d) t2, whose derivative is 
f '(t) = V- v - 2 (VI d) (V- v) t 

Equating f '(t) to 0 yields the time, tmax, at which the difference in trailer distance travelled 
and, hence, separation computed by the two models is maximum: 

tmax = di(2V)=TI2 

Hence, tmax occurs when the original model's trailer is halfway between its missed approach 
point and the runway centerline intersection, and this is when the orginal model's and second 
order model's trailer speeds are the same. Since the second order model trailer continues to 
accelerate, this is an intuitively appealing result Substituting tmax into the expression for 
f(t) yields the upper bound for the difference in separation between the two models: 

f(tmax) = (V- v) d I (4 V) = (d 14) (1- 11 P) 

So the upper bound on separation difference between the models is 

B = B(d, P) = (d 14) (1 - 1/ P) 

In both models, P is computed as a function of the following arguments: 

a. Trailing aircraft type: heavy; jet fighter; other 
b. Decision height: up to 2SO ft; between 2SO and 500 ft; between 500 and 700 ft 
c. Wind speed: wind that results in either maximum absolute slowing of leader or 

maximum slowing of leader relative to trailer 

Therefore, in principal, the upper bounds for the difference in separation between the two 
models can be represented as a set of 32 2 = 18 functions of d (distance from trailer's missed 
approach point to the intersection) corresponding to the possible values of P. This can be 
represented as a set of 18 curves of B versus d However, heavy trailers are not used to 
determine DCIA procedure restrictions and runway length breakpoints. This is because 
heavy aircraft accelerate less than jet fighters and other aircraft, so that the separations they 
engender are greater than those of the other classes of aircraft. Therefore, only 12 curves are 
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needed to show the theoretical bounds on the difference between the separations generated 
by the two models in the DCIA analysis. 

These 12 curves are presented in figures E-1 through E-6. The graphs are labeled with the 
upper bounds of the three decision height classes (2SO, 500, and 700 feet); aircraft type 
(Other and Fighters); and wind (maximum head wind on the leader and maximum 
differential wind). In using the decision height values, it is assumed that aircraft fly a 3 
degree glideslope. The winds that result in the maximum possible relative (relative to 
trailer) and absolute slowing of the lead aircraft are specified in table E-1. These are the 
winds that were used throughout the DCIA consecutive missed approach analysis. 

Table E-1. Winds Used for DCIA Consecutive Missed Approach Analysis 

Case RWY angle 
(deg) 

Relative (D) 110 
Absolute (H) 30 

Wind Speed 
(kt) 

15.8 
30.0 

Tailwind on 
Leader (kt) 

-15.8 
-30.0 

Tailwind on 
Trailer (kt) 

+5.0 
-26.0 

For 8 specific cases, table E-2 provides a detailed comparison of the differences in 
separation computed by the two models versus the theoretical bounds on those differences. 
The 8 cases are taken from the analysis of the runway pair having threshold-to-intersection 
distances of 2600 and 3200 feet. These cases are all the cases in which the lead aircraft has a 
nominal final approach airspeed of 80 knots and the trail aircraft passed its missed approach 
point before the lead aircraft reached runway centerline intersection. The columns are 
interpreted as follows. The Threshold-to-Intersection columns give the distances from 
runway threshold to intersection for the approach paths of the Lead and Trail aircraft. Final 
Approach Speed is the nominal fmal approach airspeed of the trail aircraft. For Wind Type, 
H denotes maximum headwind and D denotes maximum differential wind (cf. table E-1)1• 

Model Separation is the distance between the modeled lead and trail aircraft when the lead 
aircraft is at the runway centerline intersection; it is given for both the original and second 
order models. Diff. in Model Separation is the Observed difference between the two model 
separations and the corresponding theoretical Bound on the difference. Note that model 

1 In table E-1, His called the Absolute case and Dis called the Relative case. 
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Table E-2. Some Differences in Separation Distances for the Original and Second 
Order Models 

Threshold-t<r Final Wind Model Separation Diff. in Model Observed 
Intersection Approach Type (nmi) Separation (ft) +Bound 

(ft) Speed 

Lead Trail (kt) (HID) Original 2nd Order Observe Bound (%) 
d 

3200 2600 150 H 1.0246 1.0280 21 180 12 

3200 2600 160 H 0.8817 0.9064 150 272 55 
3200 2600 160 D 1.0175 1.0228 32 229 14 

3200 2600 170 H 0.7415 0.7786 225 269 84 

3200 2600 170 D 0.9138 0.9314 107 230 47 

2600 3200 160 H 1.1068 1.1151 so 316 16 

2600 3200 170 H 0.9912 1.0163 153 313 49 

2600 3200 170 D 1.1302 1.1339 22 267 8 

separations are given in nmi, and the differences and corresponding bounds are given in feet. 
Finally, the ratio of the observed difference in model separation to the corresponding 
theoretical bound is expressed in the rightmost column as a percent. 
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APPENDIXF 

ST. LOUIS AUfHORIZATION 

This appendix contains the waiver that allowed St. Louis to conduct stagger operations in 
instrument meteorological conditions during the evaluation. 
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0 Memorandum 
U.S. Department 
of Transportation 

Federal Aviation 
Administration 

~b~ INFORMATION: Request for Waiver to Order 7110.65F, 
Paragraph 5-72, and paragraph 5-114 for 
St. Louis, HO {STL) ATCT 

From: Director, Air Traffic 
Rules and Procedures Service, ATP-1 

To: Manager, Air Traffic Division, ACE-500 

o.te: SEP 3 199~ 

The attached waiver permits the STL ATCT to conduct dependent converging 
instrument approaches in accordance with the prescribed procedures 
contained in Waiver 91-25-120. 

The waiver/authorization is effective September 3, 1991 and is valid for 
2 years. Request for renewal of this waiver should be made at least 
120 days prior to its expiration date of September 2, 1993. 

011161- ~·--·\ ~ 
I"Hcio/lolti u. /14tlli:~ 

L. Lane Speck 

Attachment 
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Waiver 91-25-120 
Date: 9/3/91 

FEDERAL AVIATION ADMINISTRATION 
AIR TRAFFIC DIRECTIVES 

WAIVER/AUTHORIZATION 

ISSUED TQ: 

Manaqer, Air Traffic Division, ACE-500, for St. Louis Airport 
(STL) ATCT. 

AFFECTED DIBECTIVJfSl: 

Order 7110.65, Paraqraph 5-72. 
Order 7110.65, Paraqraph 5-114. 

OPEBATIONS AUTHORIZED: 

This waiver authorizes the STL ATCT: 

1. To conduct dependent converqinq instrument approaches (DCIA) 
durinq instrument fliqht rules conditions, usinq the converqinq 
runway display aid (CRDA), to Runways 24 and 30R. 

2. To utilize a minimum of 2NM lateral separation between 
aircraft established on converqinq localizers. 

3. To utilize less than 2NM separation between a missed approach 
aircraft on either Runway 30R or Runway 24 and an arrival on the 
converqinq runway. 

SPECIAL PROVISIONS, COHQITIONS, LIMitATIOBS: 

The followinq items are required for conductinq DCIA: 

1. 2NM or more intrail spacinq between a leadinq non-heavy 
aircraft and a trailinq aircraft on approach to the converqinq 
runway when the leadinq aircraft is at the landinq threshold. 

2. 5NM or more intrail spacinq between a leadinq heavy· 
aircraft and a trailinq aircraft on approach to the converqinq 
runway when the leadinq aircraft is at the landinq threshold. 

3. Operatinq control tower. 

4. Operating airport surveillance radar (ASR) and CRDA. 

5. Nonintersectinq final approach courses. 
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6. A facility directive specifyinq, as a minimum: 

(a) Each applicable runway confiquration. 

(b) Coordination requirements. 

2 

(c) Weather minima applicable to each confiquration if 
different from published minima. 

7. Direct communications capability between the final approach 
control position for each converqinq runway and the associated 
local control position. 

a. Only straiqht-in approaches will be made. 

9. Naviqational aids and air traffic control frequencies shall 
be operatinq properly. Minimum requirements are a localizer 
operatinq on each runway. 

10. Aircraft shall be informed on initial contact or as soon as 
possible thereafter that dependent converqinq approaches are in 
use. This information may be provided throuqh the automated 
terminal information service (ATIS). 

11. All sinqle enqine or non turbo twin enqine aircraft shall 
utilize Runway 24. 

12. All heavy aircraft shall utilize Runway 30R. 

13. Aircraft with final approach speeds qreater than 150 knots. 
are not authorized to participate in the DCIA procedure. 

BEPORTIHG REOUIBEMIIITS: 

1. Record any occurrence of consecutive missed approaches on the 
Daily Record of Facility Operation, Form 7230.4, and submit a 
brief summary to the Air Traffic Procedures Division, ATP-100, 
throuqh ACE-500, within 72 hours. Include aircraft 
identif~cation, type, weather, reason for each of the missed 
approaches, and any other pertinent data. Consecutive missed 
approaches are defined as two missed approaches by aircraft on 
two converqinq approaches occurrinq within 2 minutes ot each 
other. · 

2. Notify ATP-100 within 24 hours of any operational 
error/deviation, pilot deviation, TCAS resolution advisory, or 
near mid-air collision report involvinq the CRDA. 
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3. Provide ATP-100 with a monthly report on the number of 
aircraft that utilize CRDA under the provisions of this waiver. 

This waiver is effective September 3, 1991 and is valid for 
2 years. A request for renewal of this waiver should be made at 
least 120 days prior to the expiration date. 

L. Lane Speck 
Director, Air Traffic A
o~~ )lc),d-<J-=-

Rules and Procedures Service, ATP-1 
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APPENDIXG 

COMPARISON OF FIRST AND SECOND ORDER MODEL PROCEDURES FOR 
DECISION HEIGHTS OF 250FT OR LESS 

Table G-1 in this appendix presents the operational benefits to table 5-2 that result from 
using the second order model rather than the model described in section 3. The second order 
model is described in section 4.2. As explained in section 5.3.2, table G-1 also serves to 
corroborate table 5-2. Section 5.3.2 includes an explanation of the requirements that were 
imposed when applying the second order model to develop table G from table 5-2. 

All but the rightmost column of table G-1 is the same as that of table 5-2. The rightmost 
column of table G-1 specifies the increases in "Longer distance from threshold to 
intersection" and the weakening in the restrictions in table 5-2 that result from using the 
second order model. 

I 

2 

3 

Table G-1. Comparison of Fint and Second Order Model Procedures 
for Declson Heights of 250 Feet or Less 

Sboner Lonaer 
DCIA Procedure 

Slager airc:nft 10 CODVerainl 
ModifiCIIiona and Comments Bued 

diltmee from diltmee from 
nmwaya •iaa illldie:-.i ..... er 

oa Second Order Analysis 
duaholdiO duaholdiO di.-m; ...uidiana DDiild 
iat.eneclioa intenec:lioa 

Up10 Up10 eN-. ....... rule II (2,5) None 
2600ft 2600ft 
Up10 2601 ft 10 e Do not pm 10 Itt or leu ain:raft None 

2600ft 3200ft Jadin& with 160 Itt or pater ain:nft 
uailiaa; ....... rule II (2,5) .. 
e ihcepll60 kl or pealer aircraft; 
...... rulell(2,5) .. 
eN-..._.. rule 11(2.5.5) 

Up10 3201 ft 10 • ROIIrict 90 b or leu ain:nlt 10 AU ndea coafinned. Rule S c:m be 
2600ft 4S00ft NIIWIIJ willa lbcllterduahold 10 -.kened: 

inlenecliaa clua.ac. _. do not pllir 
10 Itt or laalin:rltlllediaa willa 160 
b or ....-lin:rltlllliliaa: ........ 
ndell(2,5) .. 
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Up10 
2600ft 

4501 ft 10 
5900ft 

e Rllllric:t 10 Irs or leu aiJalft to 
ramray willa ...._ duwholcl to 

ialenecliaa ..._ ... acep 160 
Irs or ...-lin:nft; ...... nle II 
(2,5) .. 
e Rllllric:t 10 Irs or lea aiJalft to 
lllllWIY willa .............. to ........_dill-._. ... peir 

90b or lea .-..a ...... with 160 
bar...-.na.alnilial; ..._. 
ndell(2,5) .. 
e R.aaict 10 b or lea .aa.tt to 
lllllWIY ................ to ......... ~ ......... .. 
(2.5,5) 
or 
e Do DOt peir 10 b or lea lilcnft 
ladina widll60 tt or....- •n:raft 
lnililla; ............. (2.5,5) 
or 

e None;~ n1e II (3.5) 

e Resaric:t 90 Irs or lea ain:nft 10 
IUIIWaY with ..... duabold to 

intenecaion dia.nce 81111 dO DOt pair 
100 tt or lea aircraft 1adina with 160 
Irs or.,..._ aircraft llailina; ...... 
nlell(2,5) .. 
e R.aaict 90 b or lea ain:nft to 
ramray with lhorler thnllholciiO 
iareneclioa ..._ ... uc:epl 160 
Irs or paler ain:raft; ..._..nile II 
(2,5) .. 
e Rllllric:t 100 Irs or less aiJalft 10 

lllllWIY willa ..... duahold to 

ilater-=aion cli-.ce _. • • plir 
10 b or lea ain:nft ...... with 160 
bor ..-.na.alniliq; ...... 
ndell(2,5) .. 
• R.aaict 90 b or leu aiJalft to 
lllllWIY willa ...... lhnllhold to 
... Wiion-...c.; ............ 
(2.5,5) .. 
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e Do DOt pair 80 b or Ius ain:nft 
ludiaa aanmway with taaaer 
tbrelhold 10 intenoclion cliamce with 
160 tt or.--ain:raft trailina aa 
lllllWIY with shorter duabold 10 
iDtenoclion dillallce; 1tager rule II 
(2.5,5) 

None 



e Rellrict 80 b or lea ain:nlft to 
runway with lllloMr duuholcl to 
iallnec:lion di.-ce _. clo nat pmr 
90 Itt or leullinnft ludial widt 160 
b or ...-rllinnft tniJiaa; ........ 
nle II (2.5,5) .. 
e Do nat pmr 10 Itt or leulin:nft 
ludial widt 160bor p.-rlin:nft 
lrlilina: ...... nle II (3,5) 
or 
e Ratrict 80 b or lea ain:nlft to 
ranway with ......_duuholcl to 
ialenec:lioa-..-; ..... nle II 
(3.5) 

5 Up to 5901ftto e Ratrict 100 b or llulilalft to AU lUI• canfinDed. Rule 6 CID be 
2600ft 7500ft runway with llhoner thl'elbold to wakened: 

imeneaion ditaance ad clo nat pmr 
110 Itt or leu ain:nlft leadina widt 160 
b or paaerlin:raft tnilina; ........ 
nlell(2,5) .. 
e Ratrict 100 b or leu ain:nlft to 
ranway with llhoner dtrubolcl to 
imenec:tion clia.ce _. uc:cpt 160 
b or pater ailaaft; ....... rule II 
(2,5) 
or 
e Restrict II 0 b or lea lin:nft to 
ranway with llhoner thnllholcl to 
intenection clia.ce ad clo not pmr 
10 Itt or lela ain:nlft leacliaa widt 160 
b or peaaer ain:nlft tnilina; .......-
nlell(2,5) 
or 
e Rellrict 100 b or leulin:nft to 
ranway with lllloMrduaholcl to 
imeneaion cliiUIKle; ....... rule II 
(2.5,5) 
or 
e Ratrict 90 b or leulin:nft to 
ranway with lhoner duaholcl to 
iatenectioa di.-ce _. clo nat pmr 
100 b or lela ain:raft leadiaa widt 160 
b or peater ain:raft tnililla: ..._... 
nle II (2.5,5) 
or 
e Ratrict 90 b or leu lin:nft 10 e Do nat pmr 90 Itt or le11 ain:raft 
ranway with .... dtnllholcl to leacliaa widt 1601ttor pater lin:raft 
iatenectioa clillance; ....... rule II tnilina _. raaric:t 10 Itt or lea 
(3,5) ain:raft 10 .-way with lboder 

duallold 10 ialenection cliaaDc:e; 
......, nate Is (3.5'1 
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6 Up to 7501 ft to e Rellrict 110 b or leu ain:nft to AU nda caafinned. Rules 3 and S 
2600ft 9700ft ..away willl .... duahold to Clll be wakened: 

....... tlill.a ... UCIIpl160 
bar ..-ainntl: ..... '* 11 
(2,5) .. 
e Rellrict 100 b or leu ain:nft to 
_.,willa .... ~ 10 

...... ~.--.... ......... 60 
bar ..-rainntl: ..... '*II 
(2..5,5) .. 
e Rellrict 90 b or leu ain:nft to e Rellrict 90 b or leu ain:nft to 
naaway wida .... ~10 ..away willllhoder duabold to 
...................... 60 a.aWiiae diltanc:e aad do DOt plir 
bar.--ain:aft: ......... 11 100bor leu aircraft JudiDa with 160 
(3,5) b or purer aircraft tnilina; ltager .. ndell(3,5) 

e Rellrict 110 b or leu aircraft to 
IUIIWaJ with lhoder thtuhold to 
intenec:lion diltanc:e ... e&CIIpl 160 
b or ...... airaaft; ....... rule II 
(2,6) ... 
e Resuic:t 110 b or leu aircraf't to e Rellrict 100 b or less ain:nft to 
nmway with lhofter duahold to ..away with lhofter thlabold to 
inteneclion diltance; ....... rule .. inteneclioD distance aad do DOt plir 
(2.5-'l 110 kt or leu aircraft leadina 011 ... IUilWay with lon1er threshold to 

ialel-=tion clitlanc:e with 160 kt or 
......, ain:nft traili111 on runway 
wills lllorter duaholcl to u.enection 
di-.c.; ..._..rule II (2.5.') 

• Rellrict 100 b or leu ain:nft to 
IUilWaJ with .... tbiUhold to 
illllenecsion di-.c.; ....... rule .. 
(3.6) 

7 Up to 9701 ft to • Rellrict 120 b or leu ailalft to 'The Jonaer thresbold-to-iatenec:Uon 
2600ft 10600ft nmwaY wilh lhoder duahold to dillanl:e alellds to 12500 ft. With 

iatenection clitlanc:e ... UC~~pt160 dais iDcrealed dimnce. nde 1 llill 
bar ..-ain:raft; ......,.,... II bolcla, ... 2 .... 3 fail, llld ndes 4 
(2,5) and s .... be Mplaced: .. 
e Rellrict 100 b or leu ain:nft 10 
nmway with lhad.erlbnllhold to 
iallllnec:lioD clitlanc:e _. acep& 160 
b or.,.... ain:Rft; ....... nle II 
(2..5,5) .. 
• Rellrict 90 b or.._ aircntlto 
nmway willllhoner........Wto 
._leCiioa clitlanc:e _. acep& 160 
bar .,...airaaft; ......... II 
(3,5) ... 
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e Rearic:t 110 kl or lea• aircnft to e Rearic:t 110 kl or le11 aircraft 
nmway with lhoner d11ubold to leadina to nmway with lborter 
intenection dillllllee; ....... rule .. lbrubolcl to inteneclion distance md 
(2.5,6) do DOC pair 120 kl or Ia• aircraft ... ludina oa nmway with loaaer 

lhNibolcl to intenec:Uoa dillallc:e with 
160 b or areater aircnft trailina on 
lllllWIY with lhoner thrubold to 
iafeneclioa dillaace; ....... rule .. 
(2.5,6) 

e Restrict 100 kl or lea• aircnft to e Rearic:t 100 Ia or Ia• aircnft to 
nmway with lhoner duubold to lllllWIY with lhoner tluubold to 
intenec:tion dinanc:e; ltqpr rule II inteneclioa dillllllee aDd do not pair 
(3,6) 110 b or leal aircnft 1eadina on 

nmway with loaaer tluubold to 
-. ..... di.._ with 160 kl or 
peater aircnft lllilina on nmway 
with lborler tbrabolcl to illtenectioo 
cia.aoe: ......., nale .. (3,6} 

8 Up to 10601 ft to e Rearic:t 110 Ia or leu aircnft to Supeneded by reviled box 7 
2600ft 12200ft nmway with lhoner duubold to 

inteneclioa ~ 81111 except 160 
b or pater airc:nft; ....... rule II 
(2.5,5) 
or 
e Rearic:t 110 Ia or lea• aircnft to 
nmway with lhoner thrubold to 
iDtenection dilllllc:e; ....... rule .. 
(2.5,6} 
or 
e Restrict 100 kl or leal aircnft to 
nmway with lhoner thrubold to 
intenection di111111ee ad except 160 
kl or pater airc:nft; ...,... rule II 
(3,5) 
or 
e Rellric:t 120 kl or leal aircnft to 
nm-y with lhoner duubold to 
iDtenec:tion dilllllc:e; ...... rule .. 
(2.5,6} ... 
e Rellric:t 110 b or leu aircnft to 
nmway with lhoner thiUbold to 
iateneclioa di.-c:e; ..... rule .. 
(3.6} 

9 Up to 12201 ft to e Rellric:t 110 b or leu aircnft to N-
2600ft 13900ft nmway with lhoner duubold to 

iatenec:lion di.-c:e _.except 160 
b or peaaer aircraft; ..._...rule II 
(2.5,6) -e Rellric:t 110 kl or leal aift:nlt to 
nmway with lhoner thrabold to 
inteneclioa dilllllee; ....... rule .. 
(3,6) 
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10 Up to 13901 fl to e Rllllric:t 120 Itt or leu ain:nft to Noae 
2ti00ft 17600ft nmway wilb lbaderlhrllllold to 

illlerlecliaa diiiiD&le .. acept 160 
Itt or.,...., ain:raft; ..... nle II 
~. 

11 Up to 17601 fl to e Rllllric:t 120 Itt or leu 8in:nft to No eaa.ion of lhe lonaer tluubold-
2ti00ft 19700fl nmway .................. to ro-illlllnec:lion clillaDCe found. 

inlenec:lic. .._ .. acept 160 
Itt or ar-r.aa.ft: ..... nle II 
t3.'). 

12 2601 ftiO Up to e EaC~~ptiO Itt or t.llinnfl; Noae 
3400ft 3400ft ......... (2,5) .. 

• "fCJDe;- ..... 11(2.5.1} .. 
13 2601fll0 3401flto e Rallrict 90b or._ -...tl to n. ....,_ duuhold-ro-inlenec:cion 

3400ft 4000fl ......, ................... to cli-.m ...... to 4500 with all Nlel 
inlenec:lion dia.c:e _. uCIIpl80 Itt c:anfinnecl. 
or lealiraafc; ...... nde II (2,5) ... 
e Do nat plir 90 Itt or leu ain:nft 
laclina with 160 Itt or ....-•n:ntt 
trailina _. uC~~ptiO Itt or leu 
liraafc; ...... rule .. (2,5) ... 
e Ralrict 80 Itt or les1 ain:nft 10 
nmway wilh lhorler thftllhold 10 
inleneclion clillace; ....... rule .. 
(2.5,5) ... 
e Do nat plir 10 Itt or leu ain:nft 
laclina with 160 Itt or .....,lin:ntt 
a.ilina; ...... nde .. (2.5,5) ... 
e None·- l"'l1e 11(3.5) 

14 2601flto 4001 fl to • Rauict 90 Itt or leu ain:nft to n. Joaaer duelhold-ro-inlenection 
3400ft 5100fl ramny wich lhorler lhrllllold to clia.c:e utendi to 5900 with all rules 

iateneclion du.ce _.do nat plir canfinnecl. 
100 Itt or lesl ain:nft lelldina widt 160 
Itt or ar-aer ain:nft trailina _. 
UCZJliO Itt or lesl aircraft; ....... 
nlell(2,5) ... 
e Ralrict 90 Itt or leu ain:nft to 
ramny willa lbader dtftllhold to 
ialeneclioa diiiiD&le .. UCIIfll 10 Itt 
or leu linDA _. UC~~pt160 Itt or 
....-Uaaft; ...... nde .. (2,5) .. 
e Ralrict 90 Itt or lesl Un:nft to 
......, willa lbonerduahold to 
iafeneclicllla.c.; ............ 
(2.5,5) ... 
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e Raaic:t 80 b or leu aircnft to 
runway wilh ....... llutllbold to 
iDtenecaiaa dill.lac8 _. do aat J*r 
90 In or leu aircnft ludiaa with 160 
b or....-aircnft lniJiDa; ....... 
nale II (2.5,5) .. 
e Rcllricl80 b or leu aircnft to 
runway wilb lharler........Wto 
iafenec:lian-...; ..... ndell 
(3,5) ... 
e Do not J*r 10 In or leu aircnft 
ludiaa with 160 b or....- lin:nft 

.. lrlililll: .._. .... lltU\ 
15 2601ftto 5801ftto e Raaic:t 100 b or llalin:nft to The lonpr threlholcl-to-intenecliOD 

3400ft 7500ft nmway with lholter threlhold to cli~tmee atend• to 7600 with all rules 
inleneclion di~tmee _. acept 80 In canfinned. 
or lea lin:nft _. acept 160 b or 
...... ain:nft; ...... ndlll (2,5) ... 
e Rellric:l100 b or leu aircnft to 
nmway with lhoder thraholcl to 
iniCncclion di~tmCe; ........ rule II 
(2.5,5) ... 
e Rcllricl90 b or leu aircnft to 
nmway with lhOfter thtahold to 
illlenec:dOD dilllllele _.do not J*r 
100 In or leu ain:nft 1udiDa with 160 
b or.,.... aitaaft tnilin~: ..._... 
ndeii(U,5) ... 
e Rcllricl90 b or leu ain:nft to 
nmway wilh lholter threlhold to 
ia1enec:tion di~ ....... rule II 
(3,5) ... 
e Retuict 80 b or lela aircnft to 
runway wilh lhorler threlhold to 
iatenec:lion di.-c:e _.do aat J*r 
90 In or lela aircraft ludiaa with 160 
b or puler aitaaft tnilinl: ....... 
ndell(3.5) 

16 2601ftto 7501 ft to e Raaic:t 110 b or leu aircnft to The lonpr duaboicl-to-intenecliOD 
3400ft 9700ft runway widt ....... threlhold to cliaa- atlllldl to 9800 wi1h all rules 

iDicnec:lioa di.-c:e .. UCipl 80 b caafmned. Rulea 4 IIDII 5 can be 
or leulin:nft _. UCipl160 b or wakened: 
...... ain::nft; ............ (2,5) .. 
e Raaic:t 100 b or 1111 aircnft to 
runway willa llhalterthrelholdto 
inlenecaioa diaa-_. acept 160 
bar .,...ain::nft; ...... ndell 
(2.5,5) ... 
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17 2601 (t to 
:WOOft 

9701 (t to 
12100& 

e Rearia 90 b or leulilalft to 
runway widt lbolterduelhold to 
iDieneclion ~ _. ucept 160 
b or ..-rlin:rlft; ..... n1e 11 
(3,5) .. 
e Ratric:t110 b or.._ ain:nit to 
...way wida .... .......Wto 
........ ._ ... doDCIIplir 
•aorlla ... ......_ wida 160 
b or..-...... tniJiaa; ..._.. 
ndell(2.5.') .. 
e Ratric:t 100 b or leu ain:nfl to 
runway wilh lbolterlhrelhold to 

iafeneclion dillfMCB; ..... '* .. 
(3,6) 

e Ratric:t120 b or leu ain:nit to 
IUIIWaY with ...... duuhold to 
intenec:tioa clilllnCe 8lld Ucepl 80 Itt 
or leu ailallft _. ucept 160 b or 
parer airaaft; ....... ndell(2,5) ... 
e Ratric:t 110 b or leu ain:nft to 
runway wilb .... lhrelhold to 
iatenec:tioa dilllnCe _. except 160 

b or...-airaaft; ...... '* 11 
(2.5,5) .. 
e Ratric:t 100 b or leu ain:nft to 
IUIIWaY wilb ...... duuhold to 
ialeneclion diiiiiiCII ... ucept 160 
bor ...-ain:nft; .......... 11 
(3,5) .. 
e Ratric:t 120 b or leu liaalft to 
IUIIWaY willa .... duallold to 
.......... ~ ... doDIIlplir 
., Itt or leu ainnft leldiDa with 160 
b or..-ainnft ll'lilill&: ..._.. 
ndell(2.5.') .. 
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e Ratric:t100 b or leu airaaft 
....... to runway with lboner 
........,.. to ialenec:lion clil&mcc .... 
do 8IIC plir 110 b or 1 .. ain:nft 
......., on nmway with lonaer 
......... to intenec:tioa dilt.lnCle with 
160 b or parer airaaft trailing on 
...way with lboner dueshold to 
ialeneclioa dilllllell811d do Dill pair •a or 11a ainnft......, with 160 
b or......, ainnft trailin&; ..._... 
ndell(2.5,6) 
e RIIUict 90 b or leu ain:ndi to 
runway with ...... dueshold to 
inlenec:lion dilt.lnCle 8lld do DOt pair 
100 b or leu airaaft leadin& on 
runway with loqer dueshold to 
ialeneclion dillalCe with 160 b or 
....., ain:nft tniJiDa on nmway 
with dtorter tluubolcl to u.enection 
di~~ana~: .._. naJe II l3.6l 

'Die lonpr thruhold-to-intenecliOD 
dia-UleDih to 12600 with rule I 
canfinned. For this utended 
eli--. rula 2111d 3 fail, but rules 4 
aad S can be weKened: 

e Ratric:t 110 b or less ain:ndi to 
runway willa shorter duahold to 
ialeneclion dia-811d do DOt pair 
120 b or leu ain:nft leadiua oa 
nmway with loaaer tbruhold to 
..........., dillalCe wilb 160 b or 
..-rlircnlft traiN Clll runway 
with dtorter threshold to u.enectioa 
di...._ _.do Dill pair 80 b or leu 
ainnft ladiaa with 160 b or parer 
ailallft lnlililla: ..._.. n11e 11 (2.5.'> 



e Resuict II 0 kt or lea ain:nlt to e Resuict 100 kt or las ain:raft to 
IUIIWay with lhoder 1llrelhold to IUIIWaY with lhorter duabold to 
iatenection di.-m; ..... nle II iarenec:lioa diaance ad do not pair 
<3.') 110 kt or le11 ain:nft leadin& 011 

nmway widt Jonaer duabold to 
ialenecaion diaance with 160 kt or 
..-ain:raft lniJiaa OlliUIIWay 
........... dnlholcl to a.necuOil 
·~.._.nile lll3.6l 

18 2i601ftto 12101 ft to e Rellrict 120 kt or lea ain:nlt to 'The Jonaer dtnllhold-to-intenecliOil 
3400ft 13900ft IUIIWay with lhoder 1ilrelhold to diaancewendlto 14100. For dais 

iatenec:lioa dilllnce ... do IMlt plir urended diaance. badt rula can be 
90 kt or lea ain:raft ladiaa widt 160 ...teaed: 
kt or pater ain:raft tniliq: ...... e R8llric:t 120 kt or lea ain:nft to 
nile .. (2.5,6) nmway willa lhaner duabold to 
or W.1 1 ctioa diltiDCe _.. do not pair 

10 kt or lea ain:nft leadin& widt 160 
kt or..-ain:nft traiJia&; ..._... 
nlell(2.5,6) 

e Rellrict 110 kt or las ain:nlt to e R8llric:t 100 kt or leis ain:raft to 
IUIIWaY with lhorter duabold to IUIIWay with lhorter duabold to 
iatenec:lioa di.-m; ..... l'llle .. iatenec:lioa dilllllCe ad do not pair 
<3.') 110 kt or lea ain:nft leadin& 011 

IUIIWay widt lonaer tluahold to 
inlenecUon diaance widt 160 kt or 
.......- ain:nft tnilina onn~~~way 
widt lhoMr dnlhold to inrenecaion 
diltllllee: .._. nde 11(3.6) 

19 2601 ft to 13901 ft to e Rauict 110 kt or las ain:raft to None 
3400ft 11800ft IUIIWay widt lhorter dtiUhold to 

illlcnection dilllllCe .... Ucepl 160 
kt or.-- ain::nft; ..... nle II 
(3.6) 

20 3401 ft to Up to e &c:~p~IO kt or lea aitalft _. do None 
4400ft 4400ft not pair 90 kt or lea ain:raft leldiat 

widt 160 kt or purer aimaft trailia&: 
...... ndell(2,5) 
or 
e &c:~p~IO kt or 11111 aitalft ad 
ucept 160 kt or &ruler ain:nft; 
...... ndell(2,5) 
or 
e Do not pair 10 kt or lea aircnft 
Judina widt 160 kt or IJ'IIIer ain:nft 
trailiaa; ............ (2.5,5) 
or 
e None: .._nile II (3.5) 

21 3401ftto 4401 ft to e Rellrict 110 kt or lea ain:nft to The loqer dtiUhol~to-inteneclion 
4400ft 5100ft IUIIWay with ...... lhmlhold to eli--utendi to 7400. For dtiJ 

iltenec:liOil diltiDCe ... do not plir .......... em.-. IIIIa 11Dd 2-
100 ktor lea ain:nft ......_ widt 160 CIOIIfbwled; rule 3 fails; IDd 1IRIDpr 

kt or..-aircnft trailiB& ... ftl'liOill of ... 4, 5, 6, and 7-
ucept90 kt or lea ain::nft; ..._... needed: 
nlell(2,5) .. 
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3401ftto 
4400ft 

5801 ft 10 
7400ft 

e &Cllpl90 kt or ... lin:nft ... do 
DOC pair 110 kt or laalilaatlladiJtc 
widt 160 kt or ........ lin:nlft IDilina: 
........... (2,5) .. 
e&c:ept 90 kt or ... lin:nft .... 
UQ111!1 160 kt or .....,lin:nfl; 
........... (2,5) .. 
e Ralrict 90 kt or laalilalft to 
runway wid! lhoderduahold to 
illllll ...... di-.- ... do liCit plir 
10 kt or laa 8in:nft ...... with 160 
kt or ...-rlin:nft lllililll: .._.. 
ndlll(2.5.5) .. 
e Ralrict 80 Ill or leu ain:nft to 
nmway with lhoderduahold to 
inleneclion cli-.ce ... do not plir 
90 kt or leu ain:raflJadiaa with 160 
Itt or....,_ ain:rafllllilina: ....... 
rule .. (2.5,5) 
or 

e R8llrict 80 kt or laa ain:nft to 
nmway wid! ..... duubald to 
iatenec:Uoa diJiace; ....... nile .. 
(3,5) 
or 

e Do not pair 10 kt or leu 8in:nft 
...... with 160 kt or ....-liR:IIft 
nilina; ......... 11(3,5) 

• Ralrict 100 a or leu ain:nft 10 
...way willa ............ .., 
illllnecliw eli-.- ... ...,. 90 a 
or leu aiKnft _. ucept160 Itt or 
...... lin:nfl; ....... ndlll(2,5) .. 
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e Rllllric:t 90 Ill or leu aircnlft to 
raaway with &boner duabold to 
............. clilllllee ad do not pair 
10 kt or leu aircraft JudiDc with 160 
tt or .,..... aircraft llailiaa ... do 
DOC pair 100 kt or leu ain:raflludina 
- ...way with Jonaer duahold to 
inleneclion cliiiiDCe with 160 Itt or 
...-ain:rafl aaiJina onnmway 
with ~hotter dnlhold to intenec:lion 
cliltiDCI; ....... nile .. (2.5,5) 
e Ralrict 90 Itt or less ailalft to 
...way with &boner duahold to 
ialenecaion cliiiiDCe ad do not pair 
10 tt or leu ain:nft leaclina with 160 
Ill or....- aircraft trailina aDd do 
DOC pair 100 kt or less airaaft leading 
- 11111way with Jonaer threshold to 
iateneclioa clilllllee with 160 kt or 
...-- ain:rafl aaiJina on nmway 
widt ~boner duubold to intenec:lion 
cliltiDCI; ....... rule II (2.5,5) 
e Ralrict 80 Itt or leu aircnlft to 
...way with lhoderduahold to 
inleneclion cliNnc:e 8lld do not pair 
90 kt or leu airaaft leading on 
IIIIIWilY with tonaer duahold to 
ialenec:lion cliiiiDCe with 160 Itt or 
peller ain:rafl aailina Cllll nmway 
with lhoder duubold to intenec:lion 
diltiDCI; ....... rule II (3,5) 
e R8llrict 80 Itt or leu airaUt to 
...way wid! lbodcr darahold to 
-.. ....... cliNnc:e ad do not pair 
90 kt or leu aircraft leadina Cllll 

...way with Jona- duubald to 
ialall...aion cli.-m with 160 Itt or 
..-r aircraft aailina on nmway 
with llhcnter dnlhold to intenec:lion 
eli-.;- rule .. (3.5) 

Supeneded by uteMion of box 21 
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e Ralrict 90 b or leu ain:nCt to e Ralrict 90 b or le11 ain:nft to 
ftiiiWay willa lhallerlluwlllolcl to ftiiiWay with lhorter duuhold to 

.......... ----do DOl ,-r ..,......di.._ ..... do DOl ,.r 
100 b or leu ain:ntlt.diaa with 160 100 kt or leu ain:nft ladina 011 

bar ..-Un:nlltni .......... ftiiiWay wilh Jonaer duuhold to 
nlell(3.6) iDIIIIal8tlioadi~~acewilh 160bor 

.,_. ailaaft uaililla 011 nmway 

........ duuhold to iarenec:liCIIl 
eli--= ........... llf.Ul 

24 3401ftto 9601ftto e Raaic:t 120 b or lealin:nfl to n..~aq~r duaholcl-to-illlenecliCIIl 
4o400 f't 12200ft nmway with lhaller duahold to diiiiDCe edlnd1 to 12600. For this 

iDienec::lioa ----...... 90 b 
Ullnded di-.ce, rule I is c:oafumecl, 

or lasliraaft _. ...... 160 kt or IUiea 211111 3 fail, rule 4 is confumed, 

...... ain:nft; ..... nlell(2,5) IIIII rule 5 Clll be wubned: .. 
e Ralric:t 110 b or leu .aa.A to 
nmway with lhofter duahold to 
iDtenecaioa diiiiDCe ... Ucepl 80 kt 
or lasliraaft _. UCIIPt 160 b or 
pulerain:nft; ......... 11(2.5,5) -e Ralrict 100 b or leu lilalft to 
ftiiiWay with lhorter duahold to 
inlenection diiiiDCe Mil Ucepl 160 
b or pu~erain:nft; ............. 11 
(3,5) .. 
e Rellric:t 120 b or leu lin:rlft to 
ftiiiWay with llhoder duabold to 
inteneaioa di-.ce Mil ucepc 80 tt 
or leu liraaft Mil do DOl pair 90 b or 
las ain:nft te.diaa with 160 b or 
puaerain:lafttni .......... nde 
11(2.5.6) .. 
e Rellric:t 110 b or laslin:rlft to e Rellric:t 100 b or leulin:rlft to 
runWay with ...... duahold to nmway with llhoder duabold to 

imenec:lioa ----do DOl ,-r iDieneclion dillace ..... do DOl ,-r 
10 kt or leu ain:laft leldiac wilh 160 110 tt or leu ain:rUt ladina 011 

b or puler airaaft tnilina; ........ ftiiiWay wilh toaaer lhrelhold to 
Nllll(3,6) iDIIIIaaectioa di-.ce with 160 b or 

..-ailaaft tnilina on nmway 
wilb lhorler dnlhold to iarenec:liCIIl eli..__. do DOl pair 10 kt or lell 
ain:nf\ te.liDa wilh 160 b or parer 
liraaft ...w..; .._. nde tl t.Ul 

25 3401 ft to 12201 ft to e Ralric:t 120 b or leu ain:nCt to 'l1le laqlr duaholcl-to-illleneclion 
4.woft 13900ft ftiiiWay with ............... to ....... ediDdl to 17100. For lhil 

......... diiiiDCe ... UCIIPt 80 kt eiUiiiCied eli...._ rule I is 
or lasliraaft _. ucepc 160 b or oonfiiiDIII; IIIII rula 2 a 3 aeecl to 
.,_.lin:rlft; ..... Nil II (2.5.6) ................ : .. 
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e Rellric:l II 0 Ill or lea• 8in:nf't 10 e Rellric:liiO Ill or lea• .ua.tt 10 
nmway with lbonerduubolcl10 nmway with lbonerdueabold 10 

inleneclion diiCIDcll_. do ftOl s-ir ialenecdoa diltaace aad do ftOl s-ir 
10 Itt or leu ain:raA ladiaa wid! 160 10 Itt or leu .ua.ft leadina wid! 160 
Ill or puter ain:raft llliliq; ....... Ill or ll'lller .ua.tt aaiJin& aad do 
1'111111(3.1) • pair 120 Itt or leu ain:nft leldina - ca nmway wid! loaaer duabold 10 

a.. 1c:dca dua- with 160 Ill or 
..... ain:raft lniliDa Oil runway 
willa lboder dnlbok110 inrenec:lion 
cli~~~aoe; ....... nale II (3,6) 

• Raaric:l100 Ill or leallin:nft 10 e Relaict 110 Ill or lei• .ua.tt 10 
nmway with lllarter duelhald 10 nmway wilh lhorter duabold 10 

........ ...__.do•plir iallo 1 ~ cliiiiDCe Md do ftOl pair 
IIOIIlorlllllinnA--wilh160 10 Ill or leal ain:nft ludiDa wilh 160 
Ill or ..-linnft tniJi111; ...... Ill• ..... ain:nft lrliliaa ... do 
nalell(3,6) ftOl pair 120 Itt or leu ain:nft leldina 

ca nmwey wid! loaaer dueabold 10 
._IICiion dia.ca with 160 Ill or 
ll'lller ain:raft lniliDa onnmway 
willa lhorter tlaabokl10 inrenec:lion 
cli~nalell~ 

26 3401 ft 10 13901 ft 10 e Raaric:liiO Ill or lea•lin:nft 10 Supeneded by JeYiled box 2S 
4400ft 17800ft runway with lhoder lhtahold 10 

inleneclion dia.ca ... ucept 160 
Ill or paiCr aiiCiaft; ....... nil II 
(3.6) 

rJ 4401 ft 10 Up10 e Except90 Itt or lenlinnft Md do All rula confirmed. Rule I c:a be 
5700ft 5700ft • pair 110 Itt or leu ain:nft ladina wakened: 

wilh 160 Itt or paler ain:nft uailina: e Except90 Itt or Ia• ainnft aad do 
....... nale II (2,5) IIOl pair I 00 Itt or leu ain:raft leldina - wid! 160 Itt or paler ain:nft uailina: 

....... 1'111111(2,5) 
e Except90 Itt or 1 .. linnft _. 
ucept 160 Ill or a..._ ain:raft; 
............... (2,5) -e ExceptiO Itt or leu linnft _.do 
IIDl pair 90 Itt or leu ain:raft ludiDa 
with 160 Itt or paler ain:nft uailina: 
.............. (2.5,5) -e Do aat pair 10 Itt or leal ain:raft 
ludina wid! 160 Itt or p.-r lin:nft 
aailina:- ....... (3.5) 

28 4401 ftiO 5701 ft 10 e ExceptiO Itt or._ lin:lllfk _. do N-
5700ft 6500ft • pair 90 Itt or leal ain:raft ladiaa 

wid! 160 Itt or lftlllilr ain:raft uailina: 
............... (2.5,5) -e Relaict 10 Ill or leal .aa.t10 
......, .............. 10 
ialenecdoa dia.ca _. do aat plir 
10 Itt or .... ain:raft ladiaa widt 160 
Ill or paler ain:raft llliliq; ........ 
nalell(3,5) 
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29 4401ftl0 6501ftl0 e &cept 80 kt or leu lin:nft 8DII do No euenaioa of lhe loa1er thrahold-
5700ft 7200ft DOl pair 100 Itt or leu ain:nft ludina to-inlanec:lion dia.ac:c found. 

wid! 160 Itt or paler ain:nft u.ilin1; 
....... rale II (2.5,5) ... 
e Reaaric:l80 b or leu ain:nft 10 

nmway willa lhoderduahold 10 
ialeneclion ....._ ... do DOl pair 
90 Itt or leu ain:nft Jadiaa willa 160 
b or...,_ ain:nft u.iliq; ...... 
ralell(3.5) 

30 4401 (t 10 7201ftl0 e Reaaric:l110 b or leu ain:nft 10 No ellelllioa of lhe 1oa1er thrahold-
5700ft 12100ft nmway wid! lhoner duahold 10 10-inlanec:lioa dia.ac:c found. 

illr8rlecaioa...._ ... Ucept 90 b 
or leu lin:nft ... Ucept 160 b or 
...,_ ain:nft: ........ nile II (2.5,5) ... 
e Reaaric:l100 b or leu ain:raft 10 

ftiiiWaY with ...... duahold 10 

ialeneclion di.a-... ucept 160 
b or pale1' ain:nft; ........ rale II 
(3,5) ... 
e Reaaric:l120 b or leu ain:nft 10 

nmway wida lhoner duahold 10 

inleneclion di--... Ucept 80 Itt 
or leulin:nft ... do DOl pUr 100 Itt 
or leu ain:nft leadi111 wid! 160 b or 
..... aiRDft u.ilina; ........ nale 
11(2.5,6) ... 
e Reaaric:l100 b or laa ain:nft 10 

nmway wid! lholler duahold 10 

iatenec:tioa eli-.- 111111 do DOl pair 
110 kt or 1 .. ain:nft wida 160 b or 
aeater airaaft: ....... nale II (3.6) 

31 4401ftl0 12101 (t 10 e Reauic:t 110 b or leu ain:nft 10 - No euenaioa of dae loa1er thrahold-
5700ft 13800ft nmway wid! lholler duuhold 10 to-inrenectioa dia.ac:c found. 

inreneclion ...... 8DII Ucepl 90 kt 
or leu aiR:nft 111111 ucept 160 b or 
JI'UIIIr ain:nft; ........ nale II (2.5,6) ... 
e Reaaric:l110 b or leu ain:nft 10 
nmwaywilh ............... 10 

illlanec:liaa ~ ... do DOl pair 
90 b or leu ain:nft leadiat willa 160 
Ill or pale1' ain:nft llailiaa ... 
Ucept 80 b or leu ain:nft; ........ 
ndell0.6l 

32 4401 ftiO 13801 (t 10 e Reaaric:l110 Ill or leu ain:nft 10 1M lonpr duahold-to-inlenec:tioa 
5700ft 17100ft __, ................ 10 di.a-...... 10 11000 wilh nale 

................. Ucept80b CCIIIfinlled. 
or leu liRDft _. Ucept 160 b or - .A~ ....... nile II (3.6) 
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e Rel1rict 100 kt or leu ain:nft to 
runway with lhoderduahold to 
inleneclioa dilllnCIIIM ucept80 kt 
or leu lin:nt\ 1M Ucept160 kt or 
purer ain:nfl; ..... nile II (3,5) .. 
e Rel1rict 120 kt or leu ain:nft to 
-•Y with lhoderduahold 10 
...._.....__.dolllllplir 
100 k1 or leulin:nft ...... with 160 
kt or .,..._lin:nft aaiJia& _. 
Ucept90 kt or leu ailallft; ..... 
ndell(2.5.') .. 
e R&llric:l110 kt or llu ain:nlt 10 

....., widi--....WIO 
intenecdoa diaance • do lllll pmr 
90 kt or leu ain:raft leadina with 160 
kt or ..-r ain:raft aaiJia& 1M 
UceptiO k1 or lea ain:nfl; ........ 
nllelll3-'l 

37 5701 ft to 12101 ft 10 e R8llric:t 110 kt or lea lin:nft 10 The lonpr duabold-to-inr.enec:tion 
6400ft 13800ft runway with ....... threshold 10 clilllnee utendi to 14100 with both 

iar.enec:tion di~~anee • Ucept90 kt rules confirmed. Rule 2 Clll be 
or leu an:nt\ 1M ucept160 kt or weakened: 
purerlircnft; ..... nde II (2.5.') .. 
e Rearict 110 kt or leulin:nft to e Rearict 100 kt or len ain:raft to 
runway with lhoder duahold to runway with lboner threshold to 
intenec:lion dilllnell- do not pllir inlenec:tion cliaanc:e aad do not pllir 
90 kt or leulin:raft leadina with 160 110 k1 or less ain:raft leadina on 
kt or .,..._ ain:raft llailina • nanray with Joaaer duuhold to 
UCiflliO kt or leu ailallft; ........ intenec:lion diiiiiDC:e with 160 kt or 
nllell(3.6) ....- ain:raft 1ni1iDa on runway 

with ~honer threshold to inteneclion 
clilllnee _. do notp.ir 90 kt or leu 
ain:raft ludiaa with 160 k1 or arearer 
an:raft aailin& - uc:ept 80 kt or 
.... ain:nft: ....... nile .. (3-'l 

31 5701 ftto 13801 ft 10 e Rearict 110 kt or lea ain:raft to The lonpr duuhold-to-inr.enec:tion 
6400ft 17800ft ....., wid! llhalterduahold 10 clillallce Ulelldl to 11100. 

iDienec:tioa dilllnCIIIBII ucept80 kt 
or leu ain:nt\ _. ucept160 kt or 
..... ain:raft:- ndeiiO-'l 

39 6401ftto Up10 e Bacept90 k1 or leu ain:raft IBII All rul• caafirmed. 
&300ft &300ft Ucept160 kt or......., ain:raft; 

.......... 11(2.5,5) .. 
• BaceptiO kt or leu ain:nt\ _. 
~~ap&160 kt or......., ain:raft; 
............. (3,5) .. 
e Do DOt pllir 110 kt or leu ain:raft. 
leadiai with 160 bor ,.._. lin:nlt 
aailia& 1M ucept90 k1 or leu 
aila'lft; ............ (2.5.') .. 
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e Do not piir 90 Itt or leu ain:nlt 
ladin& wida 160 Itt or ....-lin:nlt 
lnilina• aaep~IO tt or leu 
lin:nlt: .._.nile II (3.6) 

40 640lft10 1301 ft 10 ellellric:& 100 b or .... ain:nlt 10 n.e Jonaer duabolcl-ro-intenec:lioo 
1300ft 1700ft runway wid! lhon.erlllntlllald 10 clia.nce Ulends 10 11000 wilh rules 

ialenecliaa .............. 90 Itt I, 2, IIICI4 coafinned. Rule 3 needs 10 
or leulinnft _. aaep~l60 b or a.........-: 
..... ain:nft; ..... nile 11(2.5,5) .. 
ellellric:& 90 b or .... ain:nft 10 
nmway willllhon.erllllelllold 10 
intenec:liaa cliluace ... UaepliO Itt 
or leu ain:nft _. ucepl160 Itt or 
..... ain:nft; ..... nile II (3,5) .. 
ellellric:& 100 b or .... ain:nlt 10 e R.ellrict 100 b or Je11 aiR:nft 10 
nmway wilh .... duabold 10 nmway wilh lhoner lhrubold 10 
inleneclioa cliii8IICe ... do not pllir intenec:lion dia.nce aDd do not pair 
110 Itt or leu ain:laft Jeadin& wilh 160 110 Itt or leu ain:nft Jadiaa wilh 160 
b or &ftll&tlr airaaft trailin& • b or pater ain:nft traiJiD& aDd do 
ucepl90 Itt or las ain:nlt: ..._... ao& pair J20 Itt or leu ain:nft leadina 
nde II (2.5,6) oo run-y wilh lonpr tbrelhold 10 ... inlenec:tion diiUIIICe wilh 160 Ia or 

lftlller ain:laft trailin& oa nmway 
willa lholter threshold 10 iD&enec:tioo 
cliiUilce; ...... nde .. (2.5,6) 

e R.ellrict 90 b or leu ain:nlt 10 
nmway wilh lhoner danllhold 10 
iDienec:tion dia.nce ... do not pllir 
100 Itt or la1 ain:nft ladin& wilh 160 
b or pater aircraft trailiq _. 
ucepliO Itt or las ain:lllft; ........ 
nllell(3,6) 

41 640lft10 1701 ft 10 e Do nat pair 110 Itt or J .. lin:nft 'Ihe Jonaer lhnllholcl-ro-intenec:lion 
1300ft IIIOOft lucli~t~ with 160 Itt or lftlllerlin:nlt clia.nce utendi 10 11300. Rule can 

trailin& ... ueept 90 Itt or la1 be weakened~ 
aitaaft; ....... nile .. (3,6) e Do ao& pair 100 Itt or Ja1 aircraft 

luclina wilh 160 Itt or parer aircraft 
lnilin& _. do ao& pair 110 Itt or Je11 
ain:nft leadia& oorun-y wilh Joaaer 
..........,.. 10 intenecliOD cliltmcz wilh 
160 tt or..--ain:nft traililla oo 
runway willa lholterduabold 10 
..._leCiioadia.nce ... ac::ept IOtt 
or ._ ain:nlt: .._. nde II (3,6) 

42 640lft10 II 101ft 10 e R.ellrict 100 b or leu ain:nft 10 'Jhe Jonaer duabolcl-10-intenec:liOD 
1300ft 14000ft ranway willa lholterduelbold 10 dilfmeaaamdiiO 14300. 

ialenec:li• dilllla _. acept90 Itt 
or leulinnft ... ucepll60 Itt or 
...... ailad: .._.nile 11(3,6) 

43 64011&10 14001 "10 e R.ellrict 110 b or llu ailallt 10 'Ihe Jonaer danllholcl-10-iatenec:tiClll 
1300ft 17700ft runway willa ....... daruhold 10 clilfmea utendi to 11100. 

.................. aaep~90tt 
or leu linDA_. aaep~l60 b or 
..-er ain:nlt: .._. nale II (3,6) 

G-17 



44 1301 ft 10 Up10 e&• 90 bor t .. linntt _. Bods dlnllhold-to-inlenec:tion 
10100ft 10100ft Galpl160 b or ....-linnft: ·-euend 10 11100 with Nles 

............ (3,5) cadirmed. .. 
e Do 11111 pair 110 b or t..lin:nlt 
JudiDa with 160 b or..- lin:nlt 
1llilina _. Galpl90 b or lea 
lin:raft:- .... 11(3.6) 
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AGL 
ARTS IDA 
ATC 

CRDA 

D-BRITE 
DCIA 

FAA 
FMS 

ILS 
IMC 

MLS 

RNAV 

SCI A 

TATCA 
TCAS 
TR.ACON 

VMC 
VOR 

GLOSSARY 

Above Ground Level 
Automated Radar Terminal System Model IDA 
Air Traffic Control 

Converging Runway Display Aid 

Digital Bright Radar Indicator Tower (Terminal) Equipment 
Dependent Converging Instrument Approach 

Federal Aviation Administration 
Flight Management System 

Instrument Landing System 
Instrument Meteorological Conditions 

Microwave Landing System 

Area Navigation 

Simultaneous Converging Instrument Approaches 

Terminal ATC Automation 
Traffic Alert and Collision Avoidance System 
Terminal Radar Approach Control Facility 

Visual Meteorological Conditions 
Very High Frequency Omnidirectional Range 
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