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EXECUTIVE SUMMARY

A dynamic, real-time simulation was conducted at the Federal
Aviation Administration (FAA) Technical Center, September 25 -
October 5, 1989, to evaluate triple simultaneous parallel
Instrument Landing System (ILS) approach operations for the
Dallas/Fort Worth (D/FW) Airport. The simulation was part of an
ongoing effort to evaluate plans for increasing air traffic
capacity in the D/FW area and to evaluate multiple parallel
approaches in general. An additional parallel runway (16L), with
centerline 5000 ft east of the existing 17L runway, was simulated
in a triple simultaneous ILS operation conducted under Instrument
Meteorological Conditions (IMC).

Both dual and triple simultaneous parallel ILS approaches were
simulated, and controllers monitored air traffic on the localizers.
Blunders were introduced, according to predetermined scenarios, by
having simulated aircraft deviate off the localizer at 10, 20, and
30 degree angles. Some of the blundering aircraft also simulated
loss of radio communication with the controllers. The ability of
the controllers to cope with the blunders under the different
parallel runway conditions was the central issue in the study.
Three questions were to be answered:

a. Are the miss distances, between blundering aircraft and
non-blundering aircraft, in the triple simultaneous parallel ILS
approach operation at least statistically equivalent to the miss
distances achieved in the dual simultaneous parallel ILS approach
operation as indicated by the Aircraft Proximity Index (API) and
Closest Point of Approach (CPA) metrics?

b. Can the controllers intervene in the event of a blunder to
provide a miss distance greater than 500 ft between the affected
aircraft? (A slant range of not less than 500 ft was the test
criterion established by the executive committee of the FAA Multi-
Parallel Simultaneous ILS Approach Program. This committee
‘consists of representatives from Air Traffic, Flight Standards,
Aviation Standards, and Research and Development.)

c. Do the controllers and other participants in the simulation
view the proposed triple simultaneous parallel ILS configuration
as acceptable with regard to achievability, acceptability, and
safety?

The results of the study indicated that controllers were able to
maintain miss distances, between blundering aircraft and
nonblundering aircraft, in the proposed D/FW triple simultaneous
parallel ILS approach operation, that were statistically equivalent
to the miss distances maintained in the approved dual approach
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condition. None of the blunders in the triple or dual approach
conditions resulted in a slant range miss distance of less than
1000 ft. Thirdly, controllers, controller observers, and ATC
management observers concluded that the triple simultaneous ILS
approach operation at D/FW is acceptable, achievable, and safe.



1. INTRODUCTION.

1.1 PURPOSE.

This simulation was conducted to evaluate, using real-time
simulation, triple simultaneous ILS approach operations at the
Dallas/Fort Worth (D/FW) International Airport during Instrument
Meteorological Conditions (IMC). Specifically, the simulation
helped to determine whether triple simultaneous ILS approach
operations are comparable to current dual approach operations.

1.2 BACKGROUND.

1.2.1 Airport Capacity.

Substantial increases in aviation traffic have been projected over
the next two decades. 1In order to meet this anticipated increase,
long-term efforts are under way to increase the capacity of the
National Airspace System (NAS).

As part of this effort, a five phase airport capacity improvement
program is being conducted. The first three phases of the program
evaluate triple and quadruple independent parallel runway approach
configurations and scenarios at D/FW. This is followed by the
development of national separation standards for application to
other airports based on existing and upgraded equipment (Phases IV
and V, respectively). This report covers Phase II.

One means of expanding NAS capacity is to create additional
airports. Although some are planned, new airports are costly,
require a long time to plan and build, and often face political and
social obstacles. Adding runways to existing airports is more
timely and less expensive if space is available, and the required
standards can be maintained for aircraft separation. Making the
most efficient use of existing facilities provides near-term
payoffs at minimal cost.

The number of aircraft that can land at a facility is subject to
special restrictions under IMC. Permitting more than two (the
current limit) simultaneous ILS approaches can increase the number
of landings which may occur under these conditions.

1.2.2 Safety.

At a minimum, triple and quadruple simultaneous ILS approaches, at’
least 4300 ft apart, would be subject to the same limitations as
dual simultaneous ILS approaches. Special requirements for
simultaneous ILS approaches are described below. [1] :



a. Provide a minimum of 1000 ft vertical or a minimum of 3
nautical miles (nmi) radar separation between aircraft during turn-
on to parallel final approach. Provide minimum applicable radar
separation between aircraft on the same final approach course.

b. Separate monitor controllers, each with transmit/receive and
override capability on the local control frequency, shall ensure
aircraft do not penetrate the depicted No Transgression Zone (NTZ).

c. Aircraft established on a final approach course are separated
from aircraft established on an adjacent parallel final approach
course provided neither aircraft penetrates the depicted NTZ.

Numerous studies by the FAA have addressed these requirements and
operations research based models of the system have been employed
to study safety restrictions and capacity limits [2, 3, 4, 5, 6,
7, 8, 9, and 10]. Any change in standard procedures requires
rigorous testing to ensure that safety is not compromised.

1.2.3 Multiple Parallel Runway Studies Previous to the D/FW
Series.

Several studies involving parallel runway approaches and related

issues have already been ‘completed. Some of these have
investigated the effects of reducing separation between aircraft
during parallel approaches. The minimum acceptable separation

depends, in part, on aircraft navigational accuracy.

In 1975, a thorough study was conducted of aircraft navigational
accuracy under normal operating conditions [4]. A simulation
conducted in 1984 was the first to investigate mnavigational
accuracy in the context of parallel instrument approaches. This
investigation considered runways spaced 3000, 3400, and 4300 ft
apart, employing both standard and modified radar displays using
three levels of radar accuracy and update rates [11]. The results
of the 1984 study have been questioned because 1) the navigational
accuracy of the traffic samples may have been poor and 2) some of
the analyses did not conform to the analytical models cited [6, 7].
However, the 1984 study did establish the importance of
navigational accuracy in determining system capacity and showed the
relationships between a number of system parameters and the
controllers' abilities to cope with blunders.

Since the 1984 simulation was carried out, a major navigation
survey was completed at the Chicago O'Hare facility ([12]. This
study and another study conducted at the Memphis International
Airport [13] . have provided additional data for refining the
navigational error model in Phase II and future simulations in the
D/FW series. It is important that the navigational error model
used in ATC simulation of parallel runways operations provide both
an accurate statistical representation of approaches on the
localizer and visually realistic target movement to the
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controllers. Navigational accuracy also affects blunder detection.
If all simulated aircraft were to fly visually perfect TILS
approaches, then blundering aircraft would be easier to detect than
they would be when navigational error is modeled in the simulation.

Additional real-time air traffic control (ATC) simulations have
been conducted at the FAA Technical Center [14, 15] to investigate
parallel runway questions. These studies are an important
complement to the models cited previously since they generate
estimates of the model parameters and, more Iimportantly, allow
direct observation of controller performance and recording of
criterion measures related to safety and capacity. The 1988 D/FW
and Atlanta Tower simulations are of direct interest to this study
since they addressed most of the issues unique to multiple runway
operations and shared some of the methodology of the 1984
simulation.

The Atlanta simulation evaluated two alternative runway
configurations. The first configuration included the addition of
a third parallel runway; the second included a 30 degree converging
runway. The additional parallel runway was situated 3000 ft south
of the existing runway - less than the current required separation
distance for simultaneous approaches (i.e., 4300 ft). Three
technological changes were employed for the purpose of improving
controller performance in monitoring simultaneous approaches: 1)
a l-second update rate, high resolution radar, 2) an automated
alert to permit controller detection of aircraft entering the NTZ,
and 3) an expanded scale on the radar display. Aircraft blunders
of 10, 20, and 30 degrees were executed, some with loss of radio
communication. All approaches were flown with minimal navigational
error.

The results of the Atlanta study projected an increase in capacity
of up to 40 percent with the addition of either the parallel or
converging runway, depending on weather conditions. The extent of
runway separation, degree of blunder, and number of runways
threatened all had significant impacts on safety related criterion
measures.

The Atlanta simulation and the first simulation in the D/FW series
both used a metric called the Aircraft Proximity Index (API) to
measure the severity of a parallel conflict situation between two
aircraft [see Appendix A]. The API, which ranges from 0 to 100,
is a weighted measure of the smallest lateral and vertical
separation distances reached in each conflict, with vertical
separation being given more weight. While not to be considered an
absolute measure of safety or risk, the API does provide a useful
tool in quantifying conflicts. An alternative measure of aircraft
proximity is Closest Point of Approach (CPA), which is the smallest
slant range separation achieved between two aircraft. This measure
also was used in the Atlanta study, as well as in the D/FW series
of simulations.



l1.2.4 D/FW Phase TI.

During the 1990s, traffic in the D/FW terminal area is projected
to increase by as much as 100 percent [16]. To help meet this
anticipated growth, the D/FW Task Force was created. The Task
Force produced the D/FW Metroplex Air Traffic System Plan. Its
purpose was to provide procedures for the D/FW terminal area for
the period 1995 through 2005. The D/FW Phase I simulation was a
two-part study designed to test selected aspects of the plan. The
first part of the simulation evaluated concepts for using
additional routes, navigational aids, runways, and en route and
Terminal Radar Approach Control Facility (TRACON) traffic flows in
the initial implementation of the plan. The second part of the
D/FW Phase I study focused on the proposed use of quadruple
simultaneous approaches.

The D/FW Phase I study simulated two additional arrival runways
with turbojet aircraft on the existing runways and props and
turboprops on the proposed outer runways.

As in the Atlanta study, analysis for the D/FW Phase I study was
based largely on a detailed review of individual conflict
situations. The results of this analysis indicated that blunders
threatening two or more approaches were no more dangerous than
those threatening only one other approach. The evaluation team
concluded that quadruple approaches could be "conducted without
incident even when the system was repeatedly challenged by aircraft
blundering 30 degrees off course without communications."

1.3 SIMULATION OVERVIEW.

Unlike Phase I, the present study focused exclusively on the
multiple simultaneous approach operation. The Phase II D/FW
simulation was designed to examine the safety issues relative to
the addition of a third independent parallel approach to the D/FW
facility.

The controllers manned the approach or departure monitor positions.
Aircraft entered the simulator, already on the ILS, approximately
20 nmi from the threshold. The aircraft flew at 180 knots (+ or -
4 knots) until intercepting the glide slope. The aircraft began
the approach with the standard aircraft separation distance as
determined by aircraft type. Every 1 to 5 minutes an aircraft was
randomly chosen to execute a blunder. A blunder was a deviation
of 10, 20, or 30 degrees from the ILS heading toward the adjacent
ILS. The controllers issued vector changes to aircraft affected
directly or indirectly by the blundering aircraft. The
controllers' task was to maintain adeguate distances between
aircraft at all times. The D/FW Phase II simulation had other
features which distinguished it from previous studies. These are
described in the following sections.
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1.3.1 D/FW Airport Configuration.

The current D/FW airport configuration is shown in figure 1.
Runways 17L and 18R, having centerlines separated by 8800 ft, were
used for the simulation, along with a proposed 8500 ft runway, 16L,
with its centerline located 5000 ft east of the runway 17L
centerline. For the dual runway airport conditions, an east and
a west airport were simulated. The east airport consisted of
runways 17L and 16L, separated by 5000 ft. The west airport
consisted of runways 17L and 18R, separated by 8800 ft. There are
no major geographical or architectural obstructions at D/FW airport
requiring special traffic handling procedures.

1.3.2 Flightpaths.

All aircraft started on the localizers and maintained the altitude
at which they were cleared to the localizer until intercepting the
glide slope. The following table shows the glide slope intercepts
for each runway.

TABLE 1. TURN ON ALTITUDES AND GLIDE SLOPE INTERCEPTS
FOR THE D/FW PHASE II SIMULATION

Runway Turn on Altitude Glide Slope Intercept

16L 5000 ft 15.7 nmi
17L 7000 ft 22.0 nmi
18R 6000 ft 18.8 nmi

1.3.3 Traffic Samples.

Traffic samples consisted of turbojets only and identifiers that
were based on information developed from flight strips and computer
printouts from the D/FW TRACON. Three traffic samples were used
for the triple runway conditions and three for the dual runway
conditions. No longitudinal conflict speed overtakes were
programmed for the Phase II simulation.

1.3.4 Aircraft Turn Rate.

When aircraft had to be turned off the localizer (i.e., in the
- event of an aircraft blunder or a longitudinal conflict), the
aircraft's rate of turn had to look realistic to the controller.
In the Phase II simulation, the turn rate for a 20 degree turn or
less was 1.5 degrees/second.. For a 30 degree turn, the turn rate
was 3.0 degrees/second. Maximum rate turns at 6.0 degrees/second
were available for the first 28 simulation runs when the pilot was
instructed to turn "immediately." Thereafter, the maximum turn
rate was decreased to 3.0 degrees/second.
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1.3.5 Blunder Scenarios.

The test director and his assistant initiated blunders by directing
simulator pilots to turn a particular aircraft away from the
localizer. All blunders were scripted. Ten different scripts were
used for the triple approach condition, and five scripts were used
for each of the dual runway airports. Representative scripts are
shown in Appendix B. The scripts or scenarios specified 1) the
run time at which the blunder was to occur (TIME), 2) the runway
assignment of the blundering aircraft (RW), 3) the blundering
aircraft, by position (e.g., second from the bottom of the radar
scope) (A/C#), 4) the direction (ILR) and degree of turn (AMT), 5)
continuation or loss of radio communication with the controller
(COMM), and 6) the time between the initiation of each successive
blunder (INTERVAL). The scripts were created in accordance with
the following guidelines:

a. The time for the initiation of the blunder was selected from
a random distribution of intervals having an average of 3 minutes,
a minimum of 1, and maximum of 5 minutes.

b. The runway to which the blundering aircraft was assigned was
selected at random so that each of the runways being used had an
equal probability of being selected.

c. The direction of turn was chosen so that aircraft on outside
localizers were always turned inward toward the other localizer(s);
aircraft on the middle localizer were given an equal probability
of blundering either to the right or to the left.

d. The size of the turn away from the assigned localizer was
10, 20, or 30 degrees. Degree of turn was randomly assigned to
each aircraft, with the restriction that 60 percent of the aircraft
would make a 30 degree turn, 20 percent would make a 20 degree
turn, and 20 percent would make a 10 degree turn.

e. Some blundering aircraft were directed on a random basis to
cease communication with the controller after the blunder was
initiated. The probability of a scripted communications failure
following a blunder was 50 percent.

Approximately 2 weeks prior to the simulation, members of the EX-
COM viewed one of the traffic samples with a blunder scenario, in
order to determine the number of blunders which would result in a
slant range of 500 ft or less between aircraft if a controller did
not intervene to rectify the situation. It was the opinion of the
EX-COM that the number observed (3-4) was sufficient and that no
changes would be required in the scenarios prior to the start of
the study.



1.3.6 OQuestions Addressed in This Study.

The simulation addressed three questions for the proposed triple
simultaneous ILS approach configuration:

a. Are the miss distances, between blundering aircraft and non-
blundering aircraft, in the triple simultaneous ILS approach
operation at least statistically equivalent to the miss distances
achieved in the dual simultaneous ILS approach operation as
indicated by the API and CPA metrics.

b. Can the controllers intervene in the event of a blunder to
provide a miss distance (greater than 500 ft) between the affected
aircraft.

c. Do the controllers and other participants in the simulation
view the proposed triple simultaneous ILS configuration as
acceptable with regard to achievability, acceptability, and safety.

2. APPROACH.

The principal goal of this study was to determine whether the
proposed triple approach operations are as safe as the existing

dual approach operation. The minimum requirement for modifying
ATC standard procedures 1is the demonstration of undiminished
safety. Evidence supporting undiminished safety as a result of

proposed system changes can be obtained in a number of ways:

a. Demonstrate, through the <collection and analysis of
operational "~ data, that present standards are unnecessarily
restrictive. ’ : :

b. Conduct flight tests supporting the feasibility and safety
of proposed changes.

c. Conduct operations research, math modeling, or fast-time
simulation and examine the impact of proposed changes on a variety
of operational parameters and contingencies.

d. Conduct real-time ATC simulation studies of the changed
system, introducing errors and failures, and compare the results
with those of present operations.

These methods are neither independent nor mutually exclusive.
Reliable field data are essential for successful modeling and for
simulation. Real-time ATC, flight simulation, and flight testing
are needed to generate estimates of the operational parameters used
for modeling and fast-time simulation. Modeling provides a
framework for collecting and analyzing field data. The D/FW Phase
II study, a real-time ATC simulation, can, therefore, be viewed as



part of an ongoing process of gathering, analyzing, and evaluating
data to investigate the feasibility and acceptability of multlple
simultaneous approach operatlons

Three approaches were used in this study to evaluate the proposed
simultaneous approach operation. One was based on the direct and
indirect comparison of the three~runway operation with the present
standard of two-runway operations. This was called the
"Experimental Approach." The second consisted of an assessment of
system performance against a set of predetermined criteria. This
was called the "Operational Assessment Approach." The third was
based on observations and reports from industry representatives and
participating controllers concerning the conduct and implications
of the simulation. This was termed the "Administrative Approach.”

The focus of this report is the Experimental Approcach. The other
two approaches are summarized in the discussion section and are
used to help explain experimental results, relate them to the
observational data, and draw conclusions about their meaning.
Although this report emphasizes the Experimental Approach, all
three approaches are described in the following sections.

2.1 FEXPERIMENTAL APPROACH.

The Experimental Approach involved the comparison of system
performance when only two runways were involved (today's operation)
with the outcome of comparable events involving three runways. It
-compared two-runway airports with three-runway airports and further
analyzed the three-runway airport data, comparing events that are
typical of two-runway operations with those that are unique to
three-runway operations. Data for these comparisons came from the
introduction of scripted blunders into the simulation runs.

Blunders of 10, 20, and 30 degrees were initiated at various points
during the 51mulatlon runs and the controllers' ability to handle
the blunder situations by maintaining adequate distance between
aircraft was the main criterion measure. This approach focused on
statistical analyses of data on the distance between aircraft
involved in conflict situations as measured by API and CPA.

Results were interpreted in light of the safety related questions
posed in the study.

2.2 OPERATIONATL ASSESSMENT APPROACH.

The Operational Assessment Approach evaluated each incident that
met criteria outlined in figure 2, Operational Assessment Decision
Tree, as if it had occurred in an operational environment. A
determination was made of its seriousness and cause. The
operational assessment approach differed from the Experimental
Approach in two ways. First, only a small subset of data was
considered, specifically, data for those occurrences which would
have major safety implications if they occurred in the operational
environment. Second, each occurrence of this type was considered

9
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individually, and was subjected to a detailed analysis by an
executive committee (EX-COM). The analysis of each event utilized
data from many sources, including controller and technical observer
reports, computer data, and video and audio tape materials.

2.3 ADMINISTRATIVE APPROACH.

The Administrative Approach consisted of observations and reports
from the controllers who participated in the study and from
representatives from industry and the aviation community who
witnessed the simulation. Overview analysis provided in a report
by EX-COM was also part of this approach. The views of partici-
pating controllers concerning the simulation came from two sources:
1) comments provided in the controller questionnaire administered
following each 1run, and 2) a controller report including
evaluations and recommendations, produced after the completion of
the simulation. A questionnaire was also distributed to industry
observers, providing the opportunity to collect their insights into
the simulation as well as related issues of broader scope.

3. METHOD.

3.1 DESCRIPTION OF THE NATIONAL AIRSPACE SYSTEM SIMUIATION SUPPORT
 FACILITY (NSSF).

This study took place at the FAA Technical Center, Atlantic City
International Airport, New Jersey, using the NSSF. The NSSF houses
a general purpose ATC simulator designed to provide a realistic
test bed for developing, testing, and evaluating advanced ATC
concepts, airspace management plans, and procedures. The simulator
consists of three subsystems: 1) the Controller Laboratory, 2) the -
NSSF Simulator Pilot Complex, and 3) the Central Computer Facility.

The Controller Laboratory simulates an en routé or terminal control
room and contains eight digital, random write displays and
associated keyboard entry and communication equipment (see figure
3). The radar displays are similar to standard Automated Radar
Terminal System (ARTS) and en route plan view displays (PVDs).
They provide track history by showing "=" marks at each of the
aircraft's last three target positions, rather than through the use
of phosphor persistence as in ARTS (see figure 4). The laboratory
is realistically configured permitting participating controllers
to function with little or no acclimation. A communications system
provides controller-to-controller, controller-to-pilot (NSSF
simulator operator), and pilot-to-controller communication.

The NSSF Simulator Pilot Complex houses the individuals who "pilot"
the simulation aircraft and the equipment they use to accomplish
this task. NSSF simulator pilots are in voice contact with
controllers and respond to controller instructions by entering
keystrokes onto a specialized keyboard. These actions result in
the simulated aircraft changing course, altitude, or speed. Each

11
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NSSF simulator pilot can control as many as 10 aircraft. Aircraft
responses are programmed to be consistent with the type of aircraft
being simulated.

The NSSF computer in the Central Computer Facility generates the
simulation targets and records data on aircraft position and
status.

3.2 DESCRIPTION OF THE SIMULATION.

3.2.1 Video Map Presentation.

Monltor positions were the only ones represented in the Phase II
simulation. The video map presented to the controllers (see figure
5) displayed the localizer course from a point, 20 nmi from each
runway threshold. Range marks were placed at each l-mile point
along the localizer with each 5-mile point emphasized. Boundaries
of the NTZ were also displayed for each localizer course.

3.2.2 Navigational Error Model.

Navigational error, in this context, is the dlscrepancy between the
aircraft flightpath and the localizer. It is the sum of pilot
error, avionics error, and navigational aid error. It is also
referred to as Flight Technical Error (FTE). The D/FW Phase I
study used a navigational error model that produced a standard
deviation of approximately 200 ft around the localizer beyond 10
nmi of the threshold. This model was based largely on the Resalab
study [4]. The navigational error model used in the D/FW Phase II
simulation incorporated the Chicago data [12] in an effort to
achieve a more accurate representation of navigational error (see
figure 6). '

The navigational error model, as currently implemented, has three
parameters: 1) the probability that an aircraft will be chosen to
deviate from the localizer, 2) the angle of deviation, and 3) the
duration of the deviation (i.e., the amount of time the aircraft
will continue on its diverted course before returning to the
localizer). The simulation program considered each aircraft
currently on the localizer at regular intervals and determined
whether to give it a deviation off the localizer. The decision to
make an aircraft deviate was made on a random basis, with a fixed
probability of 0.10 at each "look." When a deviation occurred,
suited tables of random values were used to determine the angle and
length of time the aircraft stayed on the deviated course before
returning to the localizer. The selection of parameters for the
frequency, size, and duration of deviations from the localizer was
based on the navigation error actually observed in aircraft of the
type used in the traffic sample, as enumerated in the studies cited
previously. The flight of simulated aircraft on the localizer must
not only statistically represent navigation in the real world but
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must also provide controllers with visually realistic target
motion. The D/FW Phase II navigational model was a product of
these two constraints.

As in the Phase I simulation, controllers were permitted to direct
straying aircraft to return to the localizer. If no action was
taken, the aircraft would return to the localizer on its own.

3.2.3 Ouestionnaires and Other Written Materials.

A questionnaire was administered to the controllers after the
completion of each run. The questionnaire assessed the level of
difficulty, realism, and controllability of the task on a scale of
1 to 10. A mental workload rating scale, the Modified Cooper-
Harper Scale, was also attached to the questionnaires. This scale
has been validated and employed in a variety of applications. The
scale consists of a.decision tree which is used by the subject to
rate the level of difficulty and mental workload associated with
a given task. A copy of the questionnaire and the Modified Cooper
Harper Scale (with instructions) are provided as Appendix C. As
part of the Administrative Approach to this study, representatives
from industry were to observe the simulation and provide their
objective views of the test and its implications. Accordingly, a
questionnaire was prepared to solicit the assessments of these
observers (see Appendix D). The questionnaire included two rating-
scale questions concerning the degree of realism in the simulation
and the feasibility of triple simultaneous ILS approaches. A third
question sought additional comments and suggestions.

A log book was used by experimenters as an aid in recording their
observations of controller actions, blunders, and any unusual
events constituting deviations from the Test Plan.. The log book
also served as a checklist for ensuring correct controller-runway
pairings and operating the audio and video equipment. Signs were
prepared for placement at the top of each radar workstation for
each run. The signs indicated the runway number to be monitored
at that workstation, as well as a letter code (A~E) used to
identify the controller assigned to the workstation during the run.

3.2.4 Data Collection.

During the course of each simulation run, data were collected both
manually and automatically. Automated data collection was provided
by the NSSF computer which continuously recorded system variables
such as aircraft position and speed once per second. The computer
also recorded all simulator pilot inputs and the time at which each
occurred.

Controller and simulator pilot voice communications were recorded
using a 20-channel audio recorder. An S-VHS camcorder mounted on
a tripod was used to make continuous video recordings of a radar
display which was dedicated to that purpose. Video recordings were

17



made of all triple approach runs and the east dua}—runway airpqrt
runs. Controllers' voices were recorded on the video tape, using
a pair of microphones above the controllers' displays.

The systematic video and audio recording of the entire simulation
was performed. as a means of augmenting analysis. of individual
blunders. The -video and audio tape recordings of the simulation
also provided a method by which controller response time could be
more precisely estimated. This enabled experimenters to evaluate
the relationship between blunder initiation time and controller
response time, as well as the relationship between controller
response time and the initiation of a change in the instructed
aircraft's performance.

Manual data collection was provided by technical observers from
D/FW who sat behind the controllers and took detailed notes for
each blunder and its associated controller responses. As noted
both industry observers and contractor personnel provided data
through the completion of questionnaires and log books.

3.2.5 Data Reduction.
The data collected by the simulation computer were summari;ed on
the same system at the end of each day and the files cop}ed to
floppy disk for eventual transfer to PCs for data analysis. A
sample of each type of computer file generated is shown in Appendix
E. Information contained in the computer summary files included
the following:

a. number of NTZ transgressions:;

b. number of parallel conflicts;

c. API and CPA values for parallel conflicts;

d. number of longitudinal conflicts;

e. API and CPA values for longitudinal conflicts;

f. response time to blunders (estimated from pilot message
time) ;

g. number of blunder responses to nonblunders (i.e., false
alarms) ; ’

h. number of communications;

i. number of speed changes;

j. number of nonblundering approaches aborted; and
k. number of aircraft landed.

18



Additional data reduction was performed using Lotus 1-2-3, a PC-
based spreadsheet software program.

3.2.6 Data Analysis. S .

Data analysis was performed using the Complete Statistical System
(CSS), release 2.1, a product of STATSOFT, Inc. CSS functions used
in the analysis included Descriptive Statistics, T-tests, Analysis
of Variance (ANOVAs), and Nonparametric Statistics (Mann-Whitney
U).

In addition to the statistical analysis, technical and industry
observer reports, comments from controller questionnaires and
reports, and experimenters' log books were reviewed and summarized.

3.3 FEXPERTMENTAL DESIGN.

3.3.1 Subijects.

The subjects were five air traffic control specialists and/or
supervisors from the D/FW TRACON. The subjects were volunteers and
were selected in accordance with the National Air Traffic
Controllers Association (NATCA) D/FW local and the D/FW TRACON
understanding on Employee Participation Group (EPG) participation.
One of the air traffic control specialists was the NATCA D/FW area
safety representative and the D/FW TRACON local representative for
the project. The subjects had an average of 15.6 years of
experience in ATC, with a minimum of 7 years and a maximum of 30
years. All had at least 4 years of experience working parallel
approaches. '

3.3.2 Design.

A total of 40 simulation runs over 9 working days were planned.
The original simulation schedule, including controller runway
assignments, is shown in Appendix F. Twelve runs were scheduled
with dual approaches, with the dual runs distributed at the
beginning, middle, and end of the 2-week test period. Two dual
approach airports were set up during each of the dual approach
runs, a west airport with runways 18R and 17L, and an east airport
with runways 17L and 16L. Twenty-eight runs utilized triple runway
approaches and were interspersed with the dual approach runs.

Assignments of controllers to runs and runway positions were made
on a random basis with the following restrictions:

a. Controller assignments were balanced between dual and triple
approach runs.
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b. Runway assignments were balanced between left and right
runways in the dual approach runs and the inner and outer runways
in the triple approach runs.

c. Each controller participated in approximately.the same number
of runs on a given day.

Independent variables in this study consisted of the following:
a. the number of funways (2 or 3);

b. the direction of the blunder (to the left or right of the
localizer);

c. the degree of turn of the blundering aircraft (10, 20, or 30
degrees); and :

d. 1loss or maintenance of radio communications Dbetween
blundering aircraft and controllers.

The main dependent variables of interest in this study relate to
safety. The primary dependent measures related to safety were CPA
and API. Other safety measures included the number of NTZ entries,
the numbers of parallel and longitudinal conflicts, and the number
of pilot warning messages.

Dependent measures derived from the controller gquestionnaire were
the ratings of the level of realism, difficulty, and
controllability for each of the runs, and the mental workload
scores from the Modified Cooper-Harper Scale.

3.3.3 Procedure Used to Conduct the Simulation.

3.3.3.1 Orientation.

Prior to the start of the simulation, part1c1pat1ng controllers
were briefed on the procedures to be followed during the
simulation. They were given the schedule of simulation runs and
instructions for completing the questionnaires which were
administered at the conclusion of each run. Each controller was
informed of his assigned letter code (A-E) which was used in
pairing the controllers and runways throughout the simulation.
The controllers were informed that letter codes would be used in
all subsequent data collection, analysis, and reporting in order
to ensure anonymity. Controllers were also asked to complete a
questionnaire providing information about their backgrounds in ATC
and a consent form to confirm their willingness to participate in
the simulation (see Appendix G). The controllers were told that
they could withdraw from the simulation at any time. Following the
briefing, D/FW controllers were given a tour of the FAA Technical
Center and a demonstration of the equipment they were to use. No
simulation runs were conducted on the day of the briefing.
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3.3.3.2 Data Runs.

The following day, the test director and his assistant instructed
the controllers on the use of the PVDs after which the simulation
was initiated. Controllers participated in approximately five
runs per day over the next 8 days (excluding weekends), with a 15-
20 minute rest period between runs. Directly following each run
the controllers completed the gquestionnaire and the Modified
Cooper-Harper Scale.

4. RESUITS.

This section presents the findings of the simulation. Section 4.1
details the deviations from the Test Plan procedure which occurred
in the Phase II simulation. Section 4.2 presents the results of
the statistical analyses of the computer data. Time plots of
selected blunders are described in Section 4.3, and the
navigational model data is presented in Section 4.4. Section 4.5
describes the .results of an ad hoc run (i.e., run 37). The
controller questionnaire data are discussed in Section 4.6.
Finally, Section 4.7 describes the results of the video and audio
tape analysis of controller response time conducted.

4.1 DEVIATIONS FROM THE TEST PLAN.

A number of deviations from the Test Plan occurred during the
simulation. Those deviations which had implications for the data
analysis are enumerated in the following sections.

4.1.1 cChanges of Schedule.

The schedule depicted in Appendix E was not strictly followed
during the simulation runs. There were several reasons for this,
including equipment malfunctions, major changes in the navigational
model- (see Section 4.1.3), and the loss of one controller's
participation following run 26. As a result of these and other
unavoidable events, the total number of valid runs conducted was
33. Of these, only 6 were dual approach runs; 27 were triple
approach runs. Three of the 6 dual runs occurred at the beginning
of the study and were subject to effects of practice and a number
of simulator pilot errors. Analysis of the dual runs indicated no
significant differences between runs even in the presence of the
effects just descrlbed

4.1.2 Variations in Simulation Run Time.

Simulation runs were to be 60 minutes in length. While this
schedule was followed during the first half of the experiment, in
the second half the simulation runs were often halted following the
last blunder (i.e., at approximately 58 minutes into the run).
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4.1.3 Adijustments in the Navigational Model.

Two adjustments were made to the navigational model during the
simulation. The first occurred after the second run, the change
was major, necessitating that the first two runs be eliminated from
the data analysis. The second change, a relatively minor one,
followed run 32 and is explained in Section 4.4. The data analyses
presented in the following sections do not distinguish between the
first 29 and the last 4 valid runs on the basis of navigational
model. However, a discussion of the three models used and the
resulting navigational error data are presented in Section 4.4.

4.2 COMPUTER DATA.

In addition to the descriptive statistics reported (e.g., means,
standard deviations), the analyses of the computer data utilized
a number of inferential statistics, including analysis of variance
and t-tests for independent samples.

With regard to the analysis of variance technique, two types of
effects are considered, main effects and interactions. A main
effect is the effect of a variable considered in isolation. For
example, the main effect of communication condition would consider
the effect of having (or not having) radio communication between
controller and simulator pilot, on a system performance measure,
such as API. Other variables which might influence this effect
(e.g., runway separation, degree of blunder) are ignored.

An interaction, on the other hand, represents the joint effect of
two or more variables, considered together. A significant
interaction occurs when either 1) a variable has disproportionate
effects at different levels of the other variable(s), or 2) a
variable has opposite effects at different levels of the other
variable(s). As an example, if API values increased from the dual
to the triple approach condition for the radio communication
condition, but decreased from the dual to triple approach condition
for the no radio communication condition, an interaction would
exist in the data.

Main effects and interactions in an analysis of wvariance are
denoted by F statistic values. The presentation of these values
is exemplified by F(1,21) = 19.05, MSE = 2.43, p. < .01, where the
numbers in parentheses following the F signify the numerator and
denominator degrees of freedom. MSE stands for mean square error,
the error term used in the F test.

Finally, t-tests are used in this report to compare the means of

two independent samples. the format used to report the "t" is
exemplified by (t(5) = 2.14, p. < .01), where the number in
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parentheses following the "t" signifies the degrees of freedom for
the test. In those cases in which sample sizes differ for the two
independent samples the degrees of freedom value is aproximated. :

4.2.1 Dbual Versus Triple Approach Comparisons.

The data analysis reported in this section compares dual and triple
approaches with regard to airport safety issues.

4.2.1.1 Aircraft Activity Data.

The mean number of aircraft handled per runway was 38.92 (s.d. =
.83, n = 24) in the dual approach condition and 38.54 (s.d. = 1.41,
n = 81) in the triple approach condition. Because scripted
blunders were included in the simulation, fewer aircraft were
landed than were initially handled. The mean number of aircraft
landed per runway was 22.46 (s.d. = 2.50, n = 24) for the dual
approach condition and 23.91 (s.d. = 3.07, n = 81) for the triple
approach condition. On the average, the number of aircraft landed
during each 1l-hour simulation was 45 for each of the dual runway
configurations and 72 for the three-runway configuration.

4.2.1.2 Safety Data.

4.2.1.2.1 API Analysis.

A total of 554 of the 597 blunders generated during the Phase II
simulation resulted in a conflict situation. Of these, 149
occurred under dual approach conditions, and 405 under the triple
approach condition. The average of the API value was 20.18 (s.d.
= 19.35, max = 70) for the dual approach condition and 19.49 (s.d.
= 15.37, max = 86) for the triple approach condition. The
cumulative distributions of APE values for both conditions are
shown in figure 7.

An ANOVA was performed to determine the effects of approach
condition (dual versus triple), degree of blunder turn, and
communication condition (radio contact or no radio contact
following a blunder) on API. There were no significant main
effects of approach condition, or degree of blunder turn on API.

There was a significant effect of communication condition on API
(F(1,542) = 11.20, MSE = 261.24, p. < .005). The average API was
lower in the radio communication condition (X. = 16:62) than in the
no radio communication condition (X, = 21.89).

1 IS, */N, + S
.}(I_li.z_li_ n i_z._z_z).ﬁ -2
1 2

23



CENT

|

RC

—

Pc

—
—
—

ve

UMULRETIV

™
-

“““““

100

RN

............... TRIPLES
——DUALS

30

[ HnItll [ R

L
D llllIlllllllllllllllllllllllll’ll!llllllIllllllllllllllllllll]l

0 0 20 3N 40 S0 60 /0 80

APT RATING

FIGURE 7. CUMULATIVE DISTRIBUTIONS OF API VALUES FOR DUAL
AND TRIPLE APPROACH CONDITIONS




4.2.1.2.2 CPA Analysis.

The average CPA was 8484.22 ft (s.d. = 3878.45 ft, n = 149) for
the dual approach condition and 8502.39 ft (s.d. = 3119.41 ft, n
= 405) for the triple approach condition. The smallest CPA values
achieved were 1103 and 1229 ft for the dual and triple approach
conditions, respectively.

A second ANOVA was performed to investigate the effects of approach
condition, degree of blunder, and communication condition on the
CPA dependent measure. While the mean CPA value was more than one
mile for all conditions, the statistical analysis revealed
significant effects which largely paralleled those observed for the
API measure.

The main effect of communication condition was again significant
(F(1,542) = 24.18, MSE = .10E+08, p. < .0001). The average CPA
value under the condition in which radie communication was
maintained was 9268.09 ft. When communication ceased following a
blunder, the average value dropped to 7542.45 ft.

The main effect of blunder degree was also significant in this
analysis (F(2,542) = 3.82, MSE = .10E+.08, p. < .05). The average
CPA value for 10 degree blunders (X, = 9,257.38 ft, s.d. = 3,455.37
ft, n = 125) was greater than the averages for 20 degree blunders
(X,0 = 8,586.06 ft, s.d. = 3,197.66 ft, n,, = 207) and 30 degree
blunders (X, = 7,987.51 ft, s.d. = 3,322.10 ft, n,, = 222). The
main effect of approach condition was not statistically
significant, paralleling the API results.

The three-way interaction of  approach, blunder degree, and
communication variables was significant (F(1, 542) = 3.03, MSE =
.10E+08, p. < .05). As can be seen in figure 8, the locus of the
interaction appears to be in the differences between dual and
triple approach conditions for 10 degree blunders. This
interaction may be of limited practical importance since the CPA
values for all conditions were within the prescribed limits of safe
separation.

4,2.1.2.3 Other measures.

The number of NTZ entries per runway for the dual approaches was

4.96 (s.d. = 2.36), as compared to 5.30 (s.d. = 1.78) for the
triple approach condition. The difference was not significant by
t-test. The number of parallel conflict entries per runway was

significantly different for the dual and triple approach conditions
(t(=25) = 5.626, p. < .0001). The average for .the dual condition
was 19.83 (s.d. = 5.46) versus 31.88 (s.d. = 6.45) for the triple
condition.
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The average number of warnings per runway was 33.71 (s.d. = 14.65)
in the dual approach condition and 27.28 (s.d. = 7.87) 1in the
triple approach condition. This difference was not significant by
t-test. However, the number of pilot messages per runway did
differ significantly between the dual and triple approaches (t(=16)
= 2.886, p. < .01). The average number of messages was 74.08 (s.d.
= 17.18) in the dual condition and 60.22 (s.d. = 12.16) in the
triple condition.

Neither dual nor triple approach conditions resulted in any
-occurrence producing a slant range distance 500 ft or less between
target centers.

4.2.2 Analysis of Blunders Threatening One Versus Two Runways.

This section describes the analysis of blunders in the triple
approach condition alone. Those which threatened two runways
(i.e., blunders initiated from 16L or 18R) are compared with those
initiated from 17L, which threatened only one runway.

4.2.2.1 APT Analysis.

An ANOVA was performed to determine the effects of number of
runwvays threatened, communication-condition, and degree of blunder
on API for the triple approach data. There was a significant main
effect of the number of runways threatened (F(1,393) = 4.76, MSE

= 227.51, p. < .05). The average API value was dgreater when one
runway was threatened (X; = 21.12, n, = 134) than when two runways
were threatened (X, = 17.61, n, = 271). The effect of the

communication condition was also significant in this analysis
(F(1,393) = 4.86, MSE = 227.51, p. <.05). The average API value
was greater (X, = 20.5, n,. = 198) when communication ceased between
the pilot and controller than when communication was maintained (X,
= 17.12, n, = 207).

4.2.2.2 CPA Analysis.

An analysis of variance was similarly conducted for the closest
point of approach data. The main effect of number of runways
threatened was significant (F(1,393) = 6.43, MSE = .86E+07, p. <
.05). The average CPA value was smaller for blunders threatening
only one runway (X, = 7941.10 ft) than for those threatening two
runways (X, = 8779.93 ft).

The effect of the communication condition was also significant in
this analysis (F(1,393) = 19.64, MSE = .86E+07, p. <.0001). The
average CPA value for the no communication condition (¥X,. = 7856.01,
n,=198) was smaller than the average for the communication
condition (X, = 9,120.666, n, = 207).
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The interaction of the communication and blunder degree condition
was significant (F(2,393) = 4.05, MSE = .86E+07, p. <.05) as shown
in figure 9. The locus of the interaction. appears to be the large
disparity between communication conditions for 10 degree blunders.

Although significant, this interaction may be of limited practical
importance, given the high CPA averages observed for all of the
conditions. ’

Finally, the interaction between the number of runways threatened
and the degree of blunder was significant (F(2,393) = 8.43, MSE =
.86E+07, p. < .0005), as shown in figure 10. An explanation for
this effect is not obvious. While this is a statistically
significant result, it may be of limited practical importance given
that all wvalues shown in the figure far exceed the acceptance
criteria.

4.2.3 Comparison of Comparable Conditions within the Dual and
Triple Approach Runs. ;

This section compares blunder data from each of the dual approach
airports with its analogous data from the triple approach
condition. Therefore, the west dual approach airport data
(blunders from runways 18R and 17L) are compared with data from
17L right turn blunders within the triple approach runs.
Similarly, data from the east dual approach airport (runways 17L
and 16L) are compared with triple approach data from 17L left turn
blunders. These comparisons are depicted in figure 11. The
analysis is performed on east and west airport data separately to
control for differences in runway separation (east airport runway
separation = 5000 ft; west airport runway separation = 8800 ft).

4.2.3.1 West Airport Comparisons.

ANOVAs were conducted to compare west airport dual data and triple

approach data for 17L turning right. Independent variables in
these analyses were degree of blunder, communication condition, and
dual versus triple approach conditions. Dependent measures were

API and CPA.

The degree of blunder was the only significant effect (F(2,114) =
3.67, MSE = 157.01, p. < .05) in the API analysis. Interestingly,
10 degree blunders resulted in the largest average API (16.29 (n
= 21): The 30 and 20 degree blunders resulted in smaller average
API values, 15.69 (n = 52) and 9.77 (n = 53), respectively.

The CPA analysis indicated that degree of blunder had a significant
effect on controller performance (F(2,114) = 5.92, MSE = .95E+07,
P. < .05). The average CPA value for the 30 degree blunders was
the smallest (X;, = 9,128 ft, n,, = 52). The 10 degree Dblunders
resulted in a slightly larger average CPA (X, = 9,556 ft, n,, = 21.
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While 20 degree blunders resulted in a much larger average CPA (X,
= 11,000 ft, n,, = 53).

4.2.3.2 Fast Airport Comparisons.

In the analyses to follow, the east airport dual approaches 17L and
16L are compared with the triple approach data for 17L aircraft
blundering toward the 16L localizer. The ANOVAs in these analyses
had degree of blunder, communication condition and approach
condition as independent variables and API and CPA as dependent
variables.

The API ANOVA for the east airport comparisons indicated no
significant effects of degree of blunder, communication condition,
or approach condition. Conversely, the ANOVA on the CPA data
indicated a significant effect of blunder degree (F(2,145) = 5.28,

MSE = .93E+07, p. < .01) and communication condition (F(1,145) =
©8.23, MSE = .93E+07, p. < .005). The average CPA for the 30 degree
blunder” condition (X;, = 5,906 ft, n,, = 71) was less than the

average CPAs for 20 degree (X,, = 7,038 ft, n, = 47) and 10 degree
(X, = 8,198 ft, n,; = 39) blunder conditions. The average CPA for
the no communication condition (X,, = 5,942 ft, n, = 91) was less
than the average CPA for the communication condition (X, = 8,016
ft, n, = 66).

4.2.4 Comparison of the Dual Runway Airports.

The final analysis performed on the computer data compared the two
dual runway "airports which differed, primarily, in terms of runway
separation. The east airport approaches were separated by 5000 ft
and the west airport approaches were separated.by 8800 ft.

The data for the two dual approach airports differed in a number
of ways. First, the number of aircraft handled was significantly
greater for the east airport (approaches 17L and 16L) than for the
west airport (approaches 18R and 17L) (t(5) = 5.721, p. < .001).
An average of 78.83 aircraft was handled for the east airport
during each run, in comparison to 76.83 aircraft for the west
airport. Second, although more aircraft were handled for the east
airport, significantly more were landed for the west airport (t(5)
= 2.909, p. < .025). An average of 48 aircraft landed at the west
airport during a run, while approximately 42 landed at the east
airport.

A number of measures indicated that the east airport was more
difficult to control than the west airport. For example, the
number of NTZ entries was much higher, on the average, for the east
airport than for the west airport (t(5) = 14.7, p. < .001). There
was an average of 5.5 NTZ entries per run for the west airport, in
contrast to an average of 14.33 NTZ entries for the east airport.
More warnings and more pilot messages were issued per run for the
east airport than for the west airport (t(5) = 2.711, p. < .025 and
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t(5) = 2.966, p. < .025, respectively). The number of pilot
messages averaged 125.67 per run for the west airport, and 170.67
for the east airport. Similarly, the number of warnings for the
west airport averaged 49.17 per run while the east airport average
was 85.67. Finally, API values were much higher, on the average,
for the east airport runs than for the west airport runs (t(5) =
3.701, p. < .005). The average API values were 27.41 (s.d. =
21.01, n = 81) and 11.57 (s.d. = 12.74, n = 68) and for the east
and west airports, respectively.

4.2.5 Concluding Remarks Concerning the Computer Data.

Given the large volume of data collected, it is not surprising that
a number of statistically significant effects were observed.
However, it should be noted that the practical significance of the
observed differences is minimal in many cases.

The 1low API values and high CPA values cited consistently
throughout the result section indicate that all of the conditions
of this study resulted 1in acceptable performance from the
standpoint of the safety measures.

4.3 TIME PIOTS OF SELECTED BLUNDERS.

Graphic plots served as a useful tool in the analysis of some of
the more serious blunders. The graphic plots represent the
aircraft's lateral movement along the localizer. As shown in
figure 12, the localizers are indicated by vertical dashed lines
and the aircraft tracks are solid lines that follow and eventually
deviate from the localizer lines. The horizontal (x) and vertical
(y) axes are marked in nautical miles from an imaginary origin.
Simulation time (recorded along the aircraft tracks) is marked in
10 second increments. The aircraft identification is indicated at
the beginning of each track. Table 2 provides an example of the
digital data associated with a graphic plot. The data include
increment time (from the plot), simulation time (seconds), x
coordinate, y coordinate, altitude, ground speed, . track status
(1000 = Off-Flight-Plan on Vectors, 1060 = Flying ILS Approach,
1061 = Homing to ILS Approach, 1068 = Deviating from ILS Approach),
and the distance the aircraft traveled since the plot was
initiated. The following are descriptions of three blunders with
their associated graphic plots and digital data.

The first example, shown in figure 12, had the smallest CPA value
of all the blunders in which a pilot error was not detected. It
involved AAL555 inbound on 17L and AAL344 inbound on 16L. At 2139
simulation time (between 213 and 214 on the graphic plot), AALSS55
began a 30 degree blunder to the left and ceased communication with
the controller. The controller for 16L vectored AAL344 immediately
left to heading 080 and instructed AAL344 to climb and maintain
4000 ft. This vector change was initiated by AAL344 at
approximately 2159 simulation time (between 215 and 216 on the
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TABLE 2.

DATE CF RUN 10/02/89

AALSSS

INC  TIME
212 2126
213 212%
214 2139
215 2145
216 2155
217 2165
218 2179
219 218%
220 2199
221 2209
AB2L344

INC  TIME
212 2126
213 2129
214 2139
215 2145
216 2159
217 2165
218 217%
219 213
2z29 2199

X
482,254
482.252
482,204
482.532
L¥2.767
433.0G62
483.234
4834470
483.7C5
483,914

X
483.C45
483,048
483.C56
433,063
4830222
483.4951
LE4.198
484,739
485,200

OFWe
RUN = 22 PLOT- 14

Y ALT SPEED0 TRACK
341.973  2334. 177. 1CéC
341.826 2787. 177. 1C6G
141,344 2832. 174. 1CQC
140.914  2477. 176. 1CCC
3404496 2322. 175. 1€uC
340.065  2167. 175. 1CCQ
139,642  2011. 175. 1CaC
339,226 1356. 174. 1CGO
118,799 1701, 174, 1CCC
338.421  1562. 174. 1CGC

Y ALT SPEELC TRACK
142.231  2729. 177. 1C&C
342,084  2690. 177. 1CéC
341.555  2560. 177 1C&C
341.106  2630. 176, 1C&0
140.665  2300. 176, 1CCC
140,571  2640. 1%6. 1£GC
3404660 2937. 197. 1CGC
340.756  3436. 209. 1€G0
3404854 3930. 212. 1CaC
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DIGITAL DATA FOR EXAMPIE 1

CISTANCE

CISTANCE
.00

«15

-1

1.12
161
.11
2463
1.18
1.73



graphic plot). At simulation time 2156 the two aircraft came
within approximately 2795 ft laterally at approximately the same
altitude. The API rating for this blunder was 68. Additional
review of the video tape and the technical observer comments
indicated that there were no unusual delays in controller response
times or any pilot errors. >

The second example shows one of the worst pilot errors that
occurred during the simulation (see figure 13). AALS44 was inbound
on 18R (simulation time 1149) when it began a 20 degree blunder to
the left and the pilot ceased communication with the controller.
As shown 1in the graphic plot, BAAL944 made a left turn of
approximately 200 degrees. The controller for 17L vectored AAL218
to 6000 ft in a maximum rate climb at simulation time 1166.
Fifteen seconds later, the controller vectored AAL218 left to
heading 080. The digital data (see table 3) indicated that at
simulation time 1189 the aircraft were separated by 1460 ft
laterally and 1372 ft vertically. The CPA between these two
aircraft was 1684 ft with an API rating of 1. Two other aircraft,
AAL101 and N756N, were vectored off the localizer as a result of
this blunder, but neither aircraft came closer to AAL944 than
AAL218 did.

A final example (see figure 14) shows one of the most serious
blunders for the dual runway condition. AAL893 was inbound on 16L
at simulation time 2672 when the pilot ceased communications with
the controller and began a 30 degree blunder to the right. The
aircraft inbound on 17L, AAL554, was vectored right to heading 270
descending to 2000 ft approximately 20 seconds after the beginning
of the blunder. The controller on 16L then told controller on 17L
that AAL893 was below 17L's AAL554. Ten seconds after the initial
vectoring, AALS554 was again vectored right to heading 270 but was
told to climb to 4000 ft. Review of the video tape and the digital
data (see table 4) confirmed AAL893 was approximately 300 ft below
AAL554 and 3350 ft away laterally. The CPA these aircraft attained
was 2169 ft. The API rating was 62. Review of the video tape
indicated, AALS554 responded timely to both ATC commands.

These examples serve to illustrate the value of the graphic plots
and video/audio tapes in interpreting blunder data. For the
interested reader, the Technical Observer Report, included as
Appendix H, provides a detailed description of all blunders for
which a slant range of 3000 ft or less was observed.

4.4 NAVIGATIONAL ERROR MODEL PERFORMANCE.

It was noted previously that the navigational error model used in
Phase II underwent two changes during the simulation runs. The
nature of these changes and the resulting navigational accuracy
data are described in this section.
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AAL5 44

INC T1iMs
106 1080
137 1089
10¢& 1C7¢9
135 1C89%
11C 1099
111 1109
112 1119
112 1129
114 1139
115 11479
11¢é 1159
117 1169
11¢€ 1179
115 1189
12C 1199
121 1209
12z 1219
AALZ213

INC TIME
10¢6 1060
107  1Ce69
108 1079
19§ 1C389
11C 1099
11 1109
1M1z 1119
112 1129
114 1139
115 1149
11¢ 1159
117 1169
118 1179
116 1189
12¢ 1199
121 1209
122 1219
123 122°9

TABLE 3.

45C . 80C
43C 306
53C.778
430,783
43C.75¢
48C.777
43C 737
43C.797
43C 791
43C.81%
431.048
4681467
481.946C
482 .39¢
482 .65¢
432,872
432 .503

X
432,242
482,252
482.251
482 4245
4824245
432.24°5
4824245
4324245
432.254
432.231
4824277
482.26¢
432 .384
482.71C
453,245
482.845%

434 o477

ACTUAL FLICGHT:

- wr o - R I R R " T N el

345,335
348,326
348,318
347.81C
347.305
3464739
3464296
345.795
345,357
345.095
345.07¢
345,305
345,725
346.215
34€.679

ACTUAL FLIGHT:

Y

351.514

351.0553
35Ca545
3250.037
345.53C
345.024
348.519
348.01¢
3474313
347.012
2484513
348.014
245,324
345.C42
344,846
34444062
344,533
344,844
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SPEED
185,
124,
184,
184.

183.
1832,
182.
182.
121.
121,
181.
18C.
1581.
1¢1.
303.
21¢€.
224,
cib.

TRACK
1C&C
1C6C
1Cal
1C0¢¢
1Cé¢
1C6C
1C6C
1Cé¢
1C6¢
1068
1C6¢
1Cé1
1Cé1
1CcC
1CcC
1CGC

1CGC .

1CaC

DIGITAL DATA FOR EXAMPLE 2

- G W e -
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57
Tadd
1'98
ceh9
2.CC
2.5C
4.CC
4.5C
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< =<
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5a65S
£.45
TaCe
7456
f.2C
284
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TABLE 4. DIGITAL DATA FOR EXAMPLE 3

TRACK CISTANCE

1AL 893

IXC TINE X Y ALT SPEEC
247 2672 533.056 342.822 23%0. 177.
243 <479 5324585 3424432 2799, 177.
1é3 2689 5324728 %42.055 2568, 177.
219 2499 $32,491 241,633 253d. 176,
M 2706 532.234 341.21C 2407. 174,
272 2715 5324017 240,784 2277. 176,
273 2729 £31.733 3404341 2146, 173,
274 2735 €31.349 119,534 =316, 1753,
273 2748 331.2314 329,512 1385, 17%.
274 I73% - 531.930 139.051 1755, 174,
“277 2789 $30a845 333,649 1926s 174,
73 2. SI0.613 332,249 163, 174,
219 2735 $30,381 337.329 1343, 173,
a1 2309 529517 336.551 1102. 173,
282 2819 $289.485 336,373 972. 172.
283 2825 @ 529.453 38,1358 341, 172,
P31} 2839 £29.224 315,748 711. 172,
223 2349 $€8.593 238,322 641, 171,
iés =33§ 52%«703 314,508 odd. 171,
287 2249 568,336 334,435 483, 171,
2£3 <37% $238a3346 3347 2d3. 171,
1é9 238% £286575 13T.454 483. 171.
P D 2496 3¢7.365 333,234 203, 171,
251 29d8 3874614 232,219 543, 171,
232 2915 337345 232,441 533, 171,
i%3 {338 £237.157 131.534 2G3. 171,
2%9 31839 5264927 321,544 233, 171,
2159 2955 5280448 320,731 4d3. 171,
257 2965 §26.c39 320,314 s03. 171,
¢ 53 29798 $E8.C0% 129.89¢ 293. 171,
i%3 2935 5834730 329,479 3d3. 171,
3C4 é999 363.350 32%.C41 533, 171,
5C1 3909 3334121 133.4404b 383 171,
3C2 3319 $25.T31 323,224 233. 171,
5C3 3p2s 326,362 137.309 ad3. 171,
1ML3354

IXC TIAE X Y ALT 3PBED
X Y4 24472 $32.326 343,156 . 2794, 176
2443 2479 3324234 4243514 2994, 174,
273 289% 532.191 241.35C 2707. 17%.

11791739 11:446:C8 Task = 33000304

271 2735 $37.521 241.4¢64 2374 174
272 2719 $39.475 341,257 2371. 185,
273 272% 5304567 41,244 2907. 197,
274 273% $39.42% 341,244 3532. 209.
27§ 2745 5239840 341,244 3990, 221,
274 2759 59.2246 341,244 4Q00. 228,
217 <799 S28.578 341.244 49Q00Q. 233,
i74 2779 SE7833 241,244 4J00. 249.
<79 2735 537.191 341.244 4000. 2959.
280 2799 S284459 41.244 4000. 245.
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1cec
1CCC
1cag
1cac
1¢ac
1€3C
1C0Q
1C3C
1CCe
1C¢C
1¢CC
1€3C
1€cC
1CaC
1CaC
1Cac
1€0C
1€0¢
1CQC
1Cce
1C3¢
1CGC
1€ac
1€4¢C
1CCcC
1CGC
1CcC
1CQC
1€eC
1¢a¢
1€&C
1¢aC
1CQ¢
1€3C
1€4a€
1€Qa0
1C0¢

.30
34
«323
1.32
1.8
2.30
278
1.27
2.75
4423
4,72
$.29
5.68
€.15
€.63 ]
7.11
7.59
2.068
1,54
$.02
§.49
$.97
1044
10.92
11.49
11.%7
12.35
12.33
13.30
13.73
14426
14,73
1%.21
18469
1€.18
14.54
17.11

"y

TRACK CISTANCE

1528
1C4¢
1Cal

1cce

ALGEC

1€0C .
1680
1€a0
1€a¢
1€04q
1€aQ
1cccC
1Ca¢
1€ac
1¢ac

«09
o34
«33
1.31

GCULD Cls‘a. FER=

1.79
.29
2.30
1.33
1.9
454
5.19
5.86
£.57
7.30



The initial navigational error model was designed to produce an
average deviation from the ILS of zero ft at 20 nmi from the
threshold with a standard deviation of 400 ft. The model
parameters were 1) a probability of .10, that an aircraft would
deviate from the 1localizer during any given second of the
simulation run, 2) a turn angle randomly selected from a
rectangular distribution with a mean equal to zero and a range of
+ 10 degrees, and 3) the number of seconds the aircraft would
deviate from the localizer, which was set equal to the numher of
nmi the aircraft was from the threshold at the initiation of the
deviation, plus 4 seconds. This model produced the level of FTE
exemplified by run 2-2 in figure 15, and was used during the first
two runs of the simulation. However, the controllers and technical
observers indicated that the amount of aircraft deviation .was
unrealistically large in these two runs. This model was modified
to reduce deviation from the localizer.

The second model used the same principal components as the first
model except the duration of the deviation was reduced. The number
of seconds an aircraft would deviate in the second model was set
equal to one half the number of nmi the aircraft was from the
threshold. This adjustment to the model effectively reduced the
FTE to less than 200 ft at the point 20 nmi from the threshold.
This can be seen in figure 15 for runs 29 to 32. The second model
was used for runs 3 through 32.

The navigational error model was further improved in run 33. This
revision included changes to both the deviation angle distribution

and the deviation duration. The deviation duration set in the
original model - the number of nmi from the threshold plus 4
seconds - was again used in this final version. The angle of

deviation was randomly selected from a normal distribution with a
mean of zero degrees and a standard deviation of 3.4 degrees.
Negative angles were designated as left turns off the localizer and
positive angles as right turns. :

The third model produced deviations greater than those found in the
second model but less than the original model, as shown for runs
33 - 36 in figure 15. The third model proved to produce both
visually realistic and the statistically correct flight paths.

4.5 DESCRIPTION OF THE AD HOC RUN (RUN 37).

An ad hoc run (run 37) was introduced te reexamine previous runs
and to create new blunders for examination. To achieve this goal
a typical traffic sample was run in the simulation. Variations in
aircraft speed were introduced to produce overtakes. Additionally,
blunders were created inside the final approach fix. The blunders
were generated by personnel from AFS-400 and AVN-540 to create the
greatest potential for conflict.
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Eighteen blunders were initiated in run 37. Ten of those involved
cessation of communications between controllers and pilots. Twelve
of the blunders originated from 17L, four from 16L, and two from
18R. Thirteen had blunder angles of 30 degrees, three had 10
degree blunder angles, and two had 20 degree angles.

The observed APIs ranged from 6 to 54 with an average of 36.75
(s.d. = 14.65), and the CPAs ranged from 1863 to 9590 ft with an
average of 4662 ft (s.d. = 2409 ft). The results of this run
indicated that controllers were able to adequately control the
traffic under all of the conditions created.

4.6 CONTROLLER QUESTIONNAIRE DATA.

4.6.1 Controller Performance.

The first question in the questionnaire required controllers to
rate their performance during the preceding run. The rating scale
ranged from 1 (poor) to 10 (superior). Controllers rated their
performance as good or superior in both the dual (X, = 8.4, s.d.
= 1.2, n, = 24) and triple (X; = 8.3, s.d. = 1.3., n, = 81) approach
conditions. An ANOVA performed on the data indicated no
significant differences in the ratings attributable to either the
approach condition or the runway assignment of the controller.

An ANOVA was performed to compare the ratings for the dual approach
airports which differed, primarily, in terms of runway separation.
Separation was greater for the west airport than for the east
airport. Controllers rated their performance as better (F(1,22)
= 5.42, MSE = 1.30, p. < .05) for the west airport (X = 8.91) than
for the east airport (X; = 7.83).

4.6.2 Activity Level.

Controllers were asked to rate the level of activity required for
each run. The scale for this question ranged from 1 (minimal) to
10 (intense). The average rating for both the dual and triple
approach conditions was 5.0, indicating a moderate level of
workload throughout the study. However, there was a significant
effect of runway assignment (F(2,99) = 12.9, MSE = 3.62, p. < .05).
Controllers viewed their activity levels as higher when working
runway 16L (X, = 5.70) than when working either 17L (X,; = 4.90) or
18R (X;3 = 4.51).

Ratings also differed between the east and west airports. Activity
levels were viewed as much higher for the east airport (X; = 6.17,
s.d. = 1.11) than for the west airport (Xy = 3.92, s.d. = 1.62).

4.6.3 Stress Level.

Perceived level of stress was rated in the third question on a
scale ranging from 1 (slight) to 10 (extreme). The average rating
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for both dual and triple approach conditions was 4.0, indicating
a low to moderate level of perceived stress throughout the study.
There were no differences attributable to runway assignment.

Controllers perceived a higher level of stress (F(1,22) = 11.14,
MSE = 1.81, p. < .05) when working the east airport (X; = 4.92,
s.d. = 1. 31) than when working the west airport (X; = 3.08, s.d.
= 1.38).

4.6.4 System Workability.

The fourth question addressed the issue of system workability,
using a scale ranging from 1 (strong yes) to 10 (strong no).
Although an ANOVA indicated that the dual approach condition (X,
= 1.8) was viewed as significantly more workable (F(1,99) = 4.62,
MSE = .67, p. < .05) than the triple approach condition (X, 2.3),
both conditions were viewed as highly workable.

Workability ratings differed for the three runways (F(2,99) = 3.86,
MSE = .67, p. < .05), with runway 18R (X,3 = 1.94) viewed as more
workable than 17L or 16L (X,; = 2.22 and X, = 2.27, respectively).
There was a significant interaction of approach condition and

runway assignment (F(2,99) = 5.39, MSE = .67, p. < .05). In
general, the 16L runway in the dual approach condition was seen as
less workable (X,,, = 2.67) than all of the other runway
assignments.

Finally, an ANOVA performed for the dual approach airport data
alone indicated that controllers viewed the west airport as more
workable than the east airport (F(1,22) = 21.56, MSE = .38, p.<
.05). The average ratings for the east and west airports were 2.33
and 1.17, respectively.

4.6.5 Modified Cooper-Harper Scale Ratings.

The Modified Cooper-Harper Scale was used to assess the mental
workload of the controllers during the simulation runs. The rating
‘'scale ranged from 1 (very easy to perform with minimal mental
effort) to 10 (impossible to perform). An ANOVA indicated no
differences in mental workload for the dual and triple approach
conditions, for which the average workload ratings were 2.3 and
2.4, respectively.

Mental workload was perceived as higher (F(1,21) = 11:0?, MSE
.60, p. < .05) for the east airport dual approcach conditlon (X;
2.91) than for the west airport (X; = 1.83).

In summary, mental workload was rated as low in all of the
conditions tested during the simulation.
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4.7 CONTROLILER RESPONSE TIME.

With the addition of systematic video and audio taping in the Phase
II simulation, it was possible to obtain direct measures of
controller response time. Nevertheless, because the video and
audio tape information is not linked directly with data in the
computer files, the analysis of controller response time is a
tedious, time consuming process. The results presented in this
section represent data from the one run which has been analyzed.
A number of relationships can be specified as a result of the
analysis of controller response time, as follows.

a. The amount of time between the onset of a blunder and the
controller's perception of the blunder, and the effect of degree
of blunder on perception time.

b. The amount of time between the controller's verbal
instruction and the related NSSF simulator pilot entry.

c. The amount of time between the controller's instruction and
the first visible indication of an aircraft status change on the
radar display.

Sixteen blunders were initiated in east airport dual approach run
chosen for this analysis. There were seven 30 degree blunders,
seven 20 degree blunders, and two 10 degree blunders. Although the
sample size is small, the following results provide a preliminary
indication of two of the three relationships denoted above.

The time between an aircraft's initiation of a blunder .and
controller response time was measured for all of the blunders.
There appears to be an inverse relationship between degree of
blunder and controller response time. The average response time
to 10 degree blunders was 16 seconds (s.d. = 4.24 s, n,, = 2). For
20 degree blunders the average controller response time was 13.29
seconds (s.d. = 4.42 s, n,, = 7). Finally, the controller response.
time for 30 degree blunders averaged only 9.29 seconds (s.d. = 4.15
S, Ny = 7).

The time between a controller's instruction and  a corresponding
simulator pilot entry was also measured. To do this, controller
instructions were divided into two types: 1) warning messages,
which require only a single keystroke response by the simulator
pilot, and 2) vector/altitude instructions, which require multiple
keystroke responses by the simulator pilot. There were 47 warning
messages and 32 vector/altitude instructions in the sample. The
average time between controller instruction and simulator pilot
response was 6.11 seconds (s.d. = 2.12 s) for warning messages and
10.66 seconds (s.d. = 4.8 s) for vector/altitude instructions.

Finally, the time between the controller's instruction and the
first visible change in aircraft vector or altitude was measured.
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This analysis paralleled the pilot response analysis Jjust

discussed. The average time between controller instruction and
visible display change was 8.22 seconds (s.d. = 2.6 s, n = 9) for
warning messages and 15.22 seconds (s.d. = 4.6 s, n = 23) for

vector/altitude instructions.
5. DISCUSSION.
5.1 SUMMARY OF THE RESULTS.

The results of the Phase II simulation support the conclusion that
triple simultaneous parallel ILS approaches can be conducted safely
at the D/FW facility.

Although statlstlcally significant differences were observed in a
number of the computer data analyses, the degree of observed
differences was generally small. The differences have few, if any,
implications for the operations to be conducted at D/FW.

API values were generally low and none of the blunders resulted in
a slant range of 1less than 1000 ft between two aircraft.
Therefore, no special investigations were necessary in conjunction
with the Operatlonal Assessment Approach (see Section 2.1.2).

A significant difference was detected between dual and triple
approach conditions in . only one of the various analyses performed
on the computer data. A difference in CPA values between approach
conditions was detected in a second order (three way) interaction
between blunder degree, communication condition, and approach
conditions. This finding may be of limited significance since the
CPA values were all within the prescribed limits of safe operation.

Additionally, none of the analyses favored dual over triple
approaches. Overall, the worst performance in this study occurred
in the east airport dual approach condition, for 20 degree blunders
in which radio contact was not maintained with the controller.

The lack of radio communications by the blundering aircraft
produced more severe conflicts than occurred when the blundering
aircraft maintained radio communications, as indicated by the
significant differences in API values and CPAs. Additionally there
was a significant effect of blunder degree on conflict severlty,
as indicated by the CPAs. This difference was not detected in the
API analysis. The 30 degree blunders produced the smallest CPAs
followed by 20 degree and 10 degree blunders. '

The results of the data analysis for blunders threatening one
runway versus two runways indicated that blunders threatening one
runway created more serious conflict situations as indicated by the
larger average API values and the smaller average CPA values.
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An analysis of 50 blunders indicated that there were no significant
differences between the cne and two runway threatened conditions
with respect to the time interval between blunder initiation and
altitude/vector change entry. There was, however, a difference
between conditions in the commands issued to the threatened
aircraft. When one runway was threateried, the controller issued
a vector change to the threatened aircraft. When two runways were
threatened, the controller for runway 17L, the runway adjacent to
the blunderlng aircraft, would immediately issue an altitude change
to the threatened alrcraft Normally, this was a command to climb.
The controller for the outside runway, farthest from the blundering
aircraft's approach, would issue a vector change to any threatened
aircraft. Once the outside runway s aircraft had achieved safe
separation from the middle runway's aircraft, the middle aircraft
would be issued a vector change. This procedure was followed for
almost all of the blunders which threatened two runways.

The procedural differences cited in the previous paragraph may
explain the superior system performance .in the two runways
threatened condition. Because blundering aircraft always
maintained a uniform descent following the blunder, altitude change
instructions to nonblundering, threatened aircraft would cause more

“rapid changes in both CPA and API values than would vector changes.

Vector changes were normally issued in the one runway threatened
condltlon, the API was higher in that condition than in the two
runway's threatened condition, in which altitude change
instructions rapidly decreased the API value. Likewise the CPA
would increase in the two runways threatened condition faster than
it would in the situation in which only one runway was threatened.

The analysis of comparable events in the dual and triple approach
conditions indicated no significant differences between approach
conditions. Differences were found in API and CPA values between
blunder degree conditions. For the east airport comparable events
analysis, the API analysis showed no significant effects, but the
CPA analysis indicated that the 30 degree. blunder condition was
worst followed by 20 and 10 degree blunder conditions. For the
analogous west airport comparlson, the API analysis indicated that
10 degree blunders resulted in the largest average API. The 30
degree blunders resulted in a slightly smaller average API, and the
20 degree blunders resulted in the smallest average API. The CPA
analysis differed in that 30 degree blunders had the smallest CPA
followed closely by 10 degree blunders, and 20 degree blunders
respectively.

The results of the dual approach airport comparlsons indicated that
runway separation did impact the safety measures in the predicted
direction. In general, there were more NTZ entries, higher API
values, and smaller CPA values for the east airport (runway
separation = 5000 ft) than for the west airport (runway separation
= 8800 ft).
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The questionnaires indicated that controllers discriminated

somewhat among the conditions employed in this study. The
controllers, overall, found all of the conditions to be highly
workable. The mental workload was considered to be low, and the

activity and stress levels moderate and 1low, respectlvely
Controller self-ratings of performance were good to superior
throughout the simulation.

Finally, the controller response time measures provided wvaluable
insight concerning both controller and system performance. There
was an inverse relationship between controller response time and
degree of blunder. Additionally, the type of command issued had
an effect on both simulator pilot response times and safety
measures. Longer, more complicated, vector changes produced longer
"delays in simulator operator entry. Secondly, response time
measurement analysis revealed that smaller APIs and larger CPAs
could be produced by initially 1ssu1ng an increase in altitude to
nonblundering aircraft before issuing a vector change.

5.2 NAVIGATIONAL ERROR MODEL PERFO?MANCE.

The navigational error model used at the end of the Phase II
simulation appeared reasonable to the controllers and was
consistent with the Chicago data [11]. However, further
refinements of the model are likely to be made for the Phase III
simulation.

5.3 CRITIQUE OF THE SIMUILATION.

This section describes issues noted by researchers, observers, and
controllers durlng the Phase II simulation. Section 7.1, suggests
improvements in the simulation models and the procedures for
possible implementation in Phase III of the D/FW series.

5.3.1 ILimitations of the Simulation.

5.3.1.1 Navigational Error Model!

The navigational error model underwent 2 changes during the course
of the simulation. The final model, in place for the last eight
runs of Phase II, was accepted by controllers as realistic.
However, there is still need for further refinements to the model
in light of the Chicago data [12].

5.3.1.2 Aircraft Turn Rates.

The maximum aircraft turn rate of 6 degrees per second was
available for most of the runs in Phase II and was viewed as
unrealistic. In response to comments from the industry observers,
the final nine runs of the simulation employed only the 3 degrees
per second turn rate to provide a more realistic depiction of.
aircraft performance.
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5.3.1.3_Speed Overtakes.

There were no longitudinal conflicts created by speed overtakes in
the Phase II simulation except in the ad hoc run. Controllers
commented that one of their most frequent activities 1is the
handling of aircraft speed adjustments, and that speed overtakes
should be included in the simulation.

£.3.1.4 Blunders.

Industry observers felt that the number of blunders that occurred
within 2 nmi of the threshold was insufficient. They also noted
that the continuing descent of blundering aircraft toward the
threshold was not realistic. Controllers and some oObservers
commented that the frequency of blunders (i.e., approximately every
3 minutes) was too high and, that blunders were, thus, too
predictable.

5.3.2 Procedural Issues.
5.3.2.1 Simulation Run Schedule.

Controllers, because of equipment failures and other contingencies,
were occasionally required to serve in more than three simulation
runs in one day. Fatigue, therefore, was a concern expressed in
simulation reports.

5.3.2.2 Practice Effects.

Practice effects were observed in simulator pilot performance.
Most of the NSSF simulator pilot errors occurred in the early runs.
In addition, measures such as the number of pilot messages showed
decreases after the first few runs. Because acclimation does occur
for both controllers and NSSF simulator pilots, predetermined
practice runs should be incorporated into each simulation.

5.3.2.3 Measurement of Controller Response Time. .

Accurate and efficient measurement of controller response time is
important for the understanding of both controller and system
performance. Response time data should be "collected" in the same
manner as the other computer data. This would also ensure data
accuracy.

6. CONCLUSIONS.

The Phase II Dallas/Fort Worth (D/FW) simulation investigated the
potential of triple simultaneous Instrument Landing System (ILS)
approaches. Analysis of the Aircraft Proximity Index (API) and
Closest Point of Approach (CPA) metrics indicated that triple
simultaneous ILS approaches resulted in miss distances
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statistically equivalent to those which occurred in the dual
simultaneous parallel ILS approaches for the given D/FW
configuration.

No blunder in either the dual or triple configuration resulted in
a slant range miss distance of 1000 ft or less.

Finally, controllers, controller observers, and Air Trafﬁic Control
(ATC) management observers concluded that the triple simultaneous
ILS approach operation at D/FW is acceptable, achievable, and safe.

RECOMMENDATIONS.

7.1 RECOMMENDATIONS FOR THE PHASE III STIMULATION.

The Dallas Fort Worth (D/FW) Phase III simulation, to be conducted
in the near future, will investigate quadruple simultaneous
Instrument Landing System (ILS) approaches at the D/FW Airport.
The methodology for Phase III will be similar to that of Phase II.
Given the comments of the participants in the Phase II simulation,
presented in Section 5.3, the following are recommendatlons with
regard to Phase III and future simulations.

7.1.1 Proposed Changes in the Simulation.
7.1.1.1 Navigational Error Model.

While controllers viewed the navigational error model in place at
the end of Phase II as realistic, there should be a continuing
effort to improve the navigational error model so that a complete
and accurate representatlon of flight technical error (FTE) will
be achieved for the critical simulations to be conducted in Phases
IV and V of the National Airport Capacity Enhancement Program. A
number of enhancements have been proposed and should be further
investigated for the Phase III simulation. SomiLLtis -

7.1.1.2 Alrcraft Turn Rate.

Industry observers recommended that data from missed approach
simulation studies conducted at the FAA in Oklahoma City, as well
as data collected at the Chicago O'Hare facility, be used to assess
the aircraft turn rate model before the Phase III simulation.

7.1.1.3 Speed Overtakes.

Since the maintenance of longitudinal spacing is an integral part
of the monitor controller's work, it is recommended that some speed
overtakes (i.e., one or two per run) be included in the Phase III
simulation. o
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7.1.1.4 Blunders.

Because of suggestions by industry observers and other participants
during the Phase II simulation, a number of recommendations are
made with regard to the blunder scenarios for Phase III. More
traffic samples and blunder scenarios should be developed, so that
controllers will be less able to predict blundering aircraft.

7.1.1.5 Altitude Maintenance of Blundering Aircraft.

To achieve a. more accurate representation of blundering aircraft
performance in the simulation, it is recommended that blundering
aircraft not uniformly descend toward the runway following the
blunder. 1In actuality, aircraft would be more likely to maintain
altitude after such an event. Therefore, it is further recommended
that some blundering aircraft maintain altitude and others descend,
to attain a more realistic representation.

7.1.1.6 Proximity of Blunde:inq Aircraft to Threshold.

Finally, it is not infeasible that aircraft might blunder within
2 nautical miles (nmi) of ‘the threshold. Therefore, it is
recommended that one or two of the aircraft in each Phase III run
initiate blunders within 2 nmi of the threshold.

7.1.2 Procedural Changes for Phase ITIT.

7.1.2.1 Simulation Schedule.

It is recommended that controllers not be asked to serve in more
than two consecutive runs or more than three runs per day.
Otherwise, fatigue may become a relevant performance factor.

It is recommended that practice runs, which are not subject to
formal analysis, be incorporated in the Phase III simulation for
the benefit of both controllers and simulator pilots.

7.1.2.2 Controller Performance Measures.

The controller response time measure is a valuable one. It is,
therefore, recommended that a means be found by which to measure
response time "on-line" in upcoming simulations. In particular,
the potential gains of new technologies such as high update radar
and blunder alerting systems may be subject to the perceptual
limitations of the controller. The measurement of controller
response time is one means to assess the controller' benefits
derived from these new technologles.
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THE EVALUATION OF CONFLICTS IN AIR TRAFFIC CONTROL SIHULATIONS
Iee E. Paul, ACD-340
BACXGROUND

ir Traffic Control (ATC) Simulation is an essential research
ool for the improvement of the Natiocnal Airspace Systenm

N¥AS). Simulation can never oiffer all of the cemplexity and
subtlety of the real world, with live radar, actual aircraft,
full communications systems and the rest of the ATC environ-
ment, but it can provide an int ensive exercise of Xey por*lons
of the system -- Wi i+h controllers in thes loop.

roper use of simulation starts with carefully defining the
cuestlons to be answered and then developing a simulation
environment which includes the features that could influence
the process under study. The select ion of a simulation envi-
ronment, the development of scenarios, the choice of data to
be recorded, and-the method of analysis ars part science, part
art.

An important benefit of simulation is that it permits the
exploration of systems, equipment failures, and human errors
+that would be tco dangercus to study with aircraft, or that
occcur so rarely in the system that they cannot be fully under-
stood and evaluated. A current example of this use has to do
with the introduction of plunders® in parallel runway
instrument approaches.

The introduction of large numbers of system errors is 2 usaful
way to study safety, but the analysis of the outcomes of these
incidents is not always simple or clear cut. ‘

SAFETY EVAITATION

1. CONFLICIS

The occurrsnce of a conflict in normal ATC operations is con-
sidered prima facie evidencs of a human oT system error.
Identifying (and counting) cenflicts under a variety of
conditions is one way to expose a system problem.

A comflict is defined as the absence of safa separation between WO
aircraft flying IFR. At its simplest, safe separa ation requires: (&)
The aircraft must be lazerally separatad by 3 nm or 3 mm, depending

2 blunder is defined as an unexpectsd turn towards an adjacent
roach by an aircraft already established on the IIS.

'U o
e
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on distance from the radar, (b) vertical separation by 1,000 or 2,000
feet, depending on altitude or flight level, OR (¢) that both
aireraft are established on ILS localizers.

There are refinements of the above rules that take into consideration
the fact that one aircraft may be crossing behind another, or that an
aircraft has begun to climb or descend from a previous altitude
clearance. There are special "wakes and vortices® restrictions for
aircraft in trail behind heavy aircraft.

Since actual conflicts are rare, every event leading up to
them and all the information available on the onset and
resolution is carefully analyzed. The emphasis is on the
intensive investigation of the particular event.

Tn scientific investigation, the intensive study of a single
individual or a particular event is called the idiographic
approach. This is often contrasted with the nomothetic
approach: the study of a phenomenon or class of events by
looking at large numbers of examples and attempting to draw
general conclusions through the application of statistics.

The idiographic approach is mandatory for accident or incident
investigation where the goal is toc get as much information as

possible about an unigue event in order to prevent future
occurrences.

In a simulation experiment, where the goal is to make a
comparison between two or more systems (2 vs 3 or 4 runways,
4300 vs 3000 foot runway spacing, eté,) and to generalize
beyond the simulation environmeat, the nomothetic approach is
most appropriate. This means generating a large numbers of

events and statistically analyzing the outcomes with respect
to the system differences.

Thers is much to be gained by studying the individual .
conflicts in a simulation as an aid to understanding the kinds
of problems that occur and to generate hypotheses about how a
system might be improved for subsequent testing. But the
evaluation of the systems under test requires the use of all
of the valid data, analyzed in as objective a manner as
possible. Valid data in this context means that it was
collected under the plan and rules of the simulation and was

not an artifact, such as a malfunction of the simulation
computer or distraction by visitors.

2. SLANT RANGE

If it is important to go beyond the counting of conflicts,
measurement of the distance between the conflicting aircraft
pair is required. The most obvious measure is slant range
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separation: the length of an imaginary line stretched between
the centers of each aircraft. Over the course of the incident
that distance will vary, but the shortest distance observed is
one indication of the seriocusness or danger of the conflict.

The problem with slant range is that it ignores the basic
definition of a conflict and is insensitive to the different
standards that are set for horizontal and vertical separation.
A slant range distance of 1100 feet might refer to a 1000 feet )
of vertical separation, which is normally perfectly safe, to
less than 0.2 nm of horizontal miss distance, which would be
considered by most people to be a very seriocus conflict.

Slant range, per se, is too ambiguous a metric to have any
real analytical value.

3. AIRCRAFT PROXIMITY INDEX (API)

The need exists for a single value that reflects the relative
seriousness or danger. The emphasis here is on trelative’,
since with the nomothetic or statistical approach, an absolute
judgment of dangerous or safe is useful, but not sensitive
enough. The requirement is to look at the patterms of the
data for the different experimental conditions and determine
whether one pattern indicates more, less, or the same degree
of safety as another.

Such an index should have to have certain properties.

o It should consider horizontal and vertical distances
separately, since the ATC system gives 18 times the
importance to vertical separation (1,000 ft. vs 3 nm.)

o It should increase in value as danger increases, and go to
zero when thers is no risk, since the danger in the safe
system is essentially indeterminate.

o It should have a maximum value for the worst case
(collision), so that users of the index can grasp its
significance without tables or additicnal calculations.

e It should make the horizontal and vertical risk or danger
independent factors, so that if either is zero, i.e., safe,
their product will be zero.

o It should be a non-linear function, giving additional weight
to sericus violations, since they are of more concern than a
number of minor infractions.

The Aircraft Proximity Index (API) is designed to meet these
criteria. It assigns a weight or value to each conflict,
depending on vertical and lateral separation. API facilitates
the identification of the more serious (potentially dangercus)
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conflictions in a data base where many conflictions are
present. 100 has been chosen, somewhat arbitrarily, for the
maximum value of the API.

APPROACH

During a simulation API can be computed whenever a conflict
exists. For convenience, this is taken to be when two
aircraft have less than 1,000 feet of vertical separation AND
less than 3.0 miles of lateral separation. It is computed

once per second during the conflict. The API of the conflict
is the largest value obtained.

API considers vertical and horizontal distances separately,
then combines the two in a manner than gives them egqual
weight; egqual in the sense that a loss of half the required
3.0 NM horizontal separation has the same effect as the loss
of half the raquired 1000 feet of vertical separation.

COMPUTATION

The API ranges from 100 for a mid-air collision to 0 for the
virtual absence of a technical ceonfliction. A linear decrease
in distance between the aircraft, either vertically or
laterally, increases the API by the power of 2.

Computation is as folliows:

Dy = vertical distance between a/c (in feet)
Dy = horizontal distance (Naut. Miles (6,078'))
API = (1,000-Dy)2#(3-Dy)2/(90,000)

To simplify‘ité use, API is rounded off to the nearest
integer,i.e.,

APT =INT((1,000-Dy)2#(3-Dy)2/(90,000)+.5)

The rounding process zeros API's less than 0.5. This includes
distances closer than 2 nm AND 800 feet. The contour plot in
Figure 1, page 7, demonstrates the cutoff for API = 1.

See Tables 1 and 2 on page 6 for typical values of API at a
variety of distances.

Figure 2, page 8, is a 3-dimensional plot showing the relation-
ship between API and vertical and horizontal separation
graphically. Figure 3, page 9, shows the same information in
a slightly different way. Anything outside the contour at the
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base is '0'. In figure 4, page 10, a contour plot of API for
horizontal and vertical distances from 0 to 500 feet is shown,
with 300-foot and 500-foot slant range distances superimposed.

DI SSI0

The index is not intended as a measure of acceptable risk, but
it meets the need to look at aircraft safety in a more compre-
hensive way than simply counting conflictions or counting the
number of aircraft that came closer than 200 feet, or some
other arbitrary value.

It should be used to compare conflicts in similar
environments. I.e., an API of 70 in enroute airspace with
speeds of 600 kts is not necessarily the same concern as a 70
in highly structured terminal airspace with speeds under 250
kts.

Since the API is computed every second, it may be useful to
examine its dynamics over time as a means of understanding the
control process.
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VERTICAL . -
DISTANCE  HORIZONTAL DISTANCE IN NAUTICAL MILES (1 N = 6076’)(Dy) IN FEZET
(y) 3 2.52.01.51.00.90.80.7 0.6 0.5 0.460.30.20.1.05 .01l -0-
000 000 0 0 0 0 6 0 0 0 6 0 0 0 0 0 0
%00 0 0 ¢ 0 o o 1 1 1 1 1 1 1 1 1 1 1
800 0 0 0 1 2 2 2 2 3 3 3 3 3 & & & &
700 0 6 1 2 4 4 5 5 & § 7 7 8 8 § 9 9.
600 0 0 2 & 7 8§ 9 9 10 11 12 13 1& 15 15 16 15
500 0 1 3 6 11 12 13 15 16 17 19 20 22 23 24 25 25
500 0 1 4 9 16 18 19 21 23 25 27 25 31 34 35 3§ 36
300 0 1 5 12 22 26 26 29 31 34 37 40 43 46 47 43 49
200 0 2 7 16 28 31 34 38 41 44 43 52 56 60 62 64 &4
100 0 2 9 20 36 40 44 48 52 56 &1 66 7L 76 78 80 81
-0- 0 3 11 25 44 49 54 59 64 69 75 81 8&7° 93 97 99 100
TABLE 2., ADDITIONAL VALUES
by By  AFI by By A by Dy A%
3.0 1000 0 1.0 667 S 05 6§67 11
3.0 .0 0 1.0 se0 11 05 500 24
o 1000 0 1.0 333 20 05 333 43
2.0 687 1 1.0 250 25 .05 250 54
2.0 500 3 1.0 100 35 .05 100 78
2.0 333 5 1.0 0 4s 05 0 97
2.0 250 6 5 687 8 . 01 867 11
2.0 100 9 5 500 17 01 500 25
2.0 0o 11 5 250 39 01 333 44
1.5 867 3 .5 100 56 01 250 56
1.5 500 6 5 0 69 01 100 80
1.5 333 11 1 667 10 oL 0 99
1.5 250 14 1 500 23 0 667 11
1.5 100 20 1 250 53 0 500 25
1.5 0 25 1 100 75 0 333 44
1 0 93 0 250 56
0 100 81
0 0 100
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A/C PROXIMITY INDEX (API)
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Lateral Distance In Nautical Milles

Figure 1. CONTOUR PLOT

This is a contour plot of API, showing the values of API for
the horizontal separations of 0 to 3 nm, and vertical
separation of 0 to 1,000 feet. Values less than API = .5
round to zero. This includes a/c separated by as little 1.6
nm horizontally AND 850 feet vertically.
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Figure 2. 3-DIMENSIONAL CONTOUR PLOT

3=-dimensional contour

plot of API, for horizontal separations of

0 to 3 nm, and vertical separations of 0 to 1,000 feet.
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Figure 3. 3-DIMENSIONAL CONTOUR PLOT

Left vertical plane shows API vs horizontal distance with

vertical distance=0. Right vertical plane shows API vs vertical
separation with horizontal distance = 0. .

Plot may be interpreted by considering one a/c at the center of
the base plane, while the height of the figure shows the API for
another a/c anywhere else on the base plane.

The contour on the base plane shows the boundary between API
and API=1l.
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AP! YALUES FOR SLANT RANGES OF 300 AND 500 FEET

o T

400 ngg,”?nuunuuué ................ ? ................ et -

E 0
b as % z N
= : - :
o 300 S \ .............. i
§ —f : s N
2 .0 N : \
Q 200 —m.... I N s T
q _ L) : \\ E
S - \
- 12 \\ ;
a Is \ 5
> 100 -“““:: .................. \eoio
\:
Y — . 42 n o5
0 100 200 300 400 500

Lateral Distance in Feet

Figure 4. CONTOUR PLOT OF API FOR HORIZONTAL AND VERTICAL
DISTANCES OF 0 TO 500 FEET, SHOWING SLANT RANGE
CONTOQURS OF 300 AND 500 FEET

This plot shows the API values (the small numbers, inside the
square running from 25 at the top to 100 at the bottom) for egqual
API contours (the slightly sloping horizontal lines) for hori-
zontal and vertical distances of 0 to 500 feet. API values range
from 25 (500' vertical, 0 horizontal separation) to 100 (0/0).

The 500-foot slant range contour has API values ranging from 25
to 95, depending on amount of vertical component. The 300-foot
slant range contour runs from API = 49 to 97. Using API as a

criterion, 500-foot slant range can be more dangerous than 300-
foot.
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DFwW TRIPS SCENARIO

DFW TRIP
TIME

00:05:03
00:08:26
00:10:28

00:13:30
00:18:23
00:24:12

00:28:37
00:30:43
00:32:04

00:35:31
- 00:39:48
00:43:35

00:47:16
00:53:05
0Q0:54:32

01:00:21
01:02:35
01:03:58
01:07:05
01:09:32

7L
17L
168L

17L
18R
18L

17L
17L
16L

17L
16L
18R

17%L
16L
18R

A/C3# LR AMT

2nd L 30deg YES
2nd L 1l0deg YES
st R 20deg NO
2nd L 1l0deg YES
2nd L 30deg YES
st R 20deg YES
3rd L 10deg NO
lst R 30deg NO
3rd R 1l0deg YES
1st L 20deg YES
3rd R. 30deg YES
i1st L 20deg YES
3rd R 30deg YES
1st R 20deg NO
2nd L 30deg YES

START:00:02:00

COo¥M INTERVAL

00:03:03
00:03:23
00:02:03

00:03:01
00:05:53
00:04:49

00:04:25
00:02:06
00:01:21

00:03:27
00:04:17
00:03:47

00:03:41
00:05:%9
00:01:27

00:05:49
00:02:14
00:01:23
00:03:07
00:02:27

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS

BLUNDERS BEFORE 00:58:00

RUNWAY ' # SEQ
16L 5 18T
17L 7 2ND
18R - 3 3RD

SCENARIOS (TRIPLES)

#

6
5
4

DIR

L
R

1
T
8
7

September

COoMM # AMOUNT
NO 4 10deg
YES 11 20deg
30deg

11, 1989

o U



TIME

00:05:12
00:08:28
00:09:54

18R
171
1lsL
00:11:05

00:13:14
00:17:52

18R
171
16L

00:22:32
00:28:10
00:32:35

1leL
17L
16L

00:35:14
00:38:42
00:44:17

16L
1sL
18R

00:47:27
00:53:18
00:57:42

18R
16L
18R

01:01:14
01:03:58
01:08:54
01:13:44
01:17:37

A/C% IR

1st
2nd
ist

1st
3rd
3rd

3rd
1st
2nd

2nd
ist
2nd

2nd
3xrd
2nd

pWE W WEN WD W

AMT

20deg
30deg
l0deg

30deg
l0deg
2Q0deg

- 20deg

30dag
10deg

30deg
20d4eg
30deg

30deg
30deg
30deg

START

:00:02:0Q0

COMM INTERVAL

NO
YES
NO

YES
NO
NO

NO
NO
NO

NQ
YES
NOQ

NO
NO
NO

00:03:12
00:03:1¢
00:01:28

00:01:11
00:02:09
00:04:38

00:04:40
00:05:38
00:04:25

00:02:39
00:03:28
00:05:35

00:03:10
00:05:51
00:04:24

00:03:32
00:02:45
00:04:55
00:04:50
00:03:53

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS

- BLUNDERS BEFORE 00:58:00

RUNWAY ' # SEQ
16L 7 18T
17L 3 2ND

- 18R ‘5 3RD

SCENARIOS (TRIPLES).

# DIR

L
R

>

#
7

8

COMM #
NO 12
YES 3

September 11, 1989

B-2

AMOUNT
10deg
20deg
30deg



DFW TRIPS SCENARIQ

DFW TRIP 3 START:00:02:00

TINE RW A/C3% LR AMT COMM INTERVAL

100:05:12 18R 2nd
00:06:23 17L S3rd
00:07:3% 17L 2nd

30deg NO 00:03:12
20deg YES 00:01:11
30deg YES 00:01:18

00:11:29 18R lst
00:14:21 18R 2nd
00:18:08 17L 3rd

20deg NO 00:03:50
20deg YES 00:02:52
l0deg YES 00:03:47

00:20:14 17L 1st
00:22:26 18R 3zd
00:24:55 18R 2nd.

30deg YES 00:02:086
10deg YES 00:02:12
20deg YES 00:02:29

00:29:01 1sL 1st
00:30:29 18R 1st
00:32:35 17L 3rd

20deg YES 00:04:08
30deg YES 00:01:28
20deg YES 00:02:086

00:34:42 18R ist
00:36:10 18L 3rd
00:38:50 18R 3rd

10deg YES 00:02:07
10deg NO 00:01:28
30deg YES 00:02:40

00:42:13 17L lst
00:43:15 18R 2nd
00:45:23 18R 3rd

20deg NO 00:03:23
20deg NO 00:01:02
20deg YES 00:02:08

00:47:31 18R 1st

30deg NO 00:02:08
00:48:33 1861 ist

20deg YES 00:01:02

W port oo ot ppxn Ol oo

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS
' BLUNDERS BEFORE 00:58:00

RUNWAY ' 4 SEQ % DIR 4 CCMM  # AMOUNT
16L 3 1sT 8 L 12 NO 6 10deg
17L 6 2ND 5 R 8 YES 14 20deg
18R 11 3RD 7 30deg

SCENARIOS (TRIPLES) September 11, 1989

B-3



DFW TRIPS SCENARIO

DFW TRIP 4 - START:00:02:00
TIME RW A/C# LR AMT COMM INTERVAL
00:05:37 17L 3rd R 20deg YES 00:03:37
00:09:32 18R 2nd L 30d=g YES 00:03:553
00:12:55 16L 3rd R 30deg NO 0Q:03:23 :
"00:16:23 17L 3rd L 20deg NO 00:03:28
00:20:22 18R 2nd L 1lodeg NO 00:03:53
00:25:53 17L i1st L 20deg YES 00:05:31
00:29:04 18R 3rd L 10deg YES 00:03:11
00:33:48 18R 3rd L 30deg YES 00:04:44
00:39:34 16L st R 10deg YES 00:05:4¢6
00:42:38 17L.  3rd L 30deg NO 00:03:04
00:48:35 18L st R 30deg YES 00:05:57
00:51:15 16L 2nd R 30deg YES 00:02:40
00:52:18 18R 3rd L 1lodeg YES 00:01:03
00:55:02 18R 2nd L 1lodeg NO 00:02:44
00:58:18 00:03:14
01:00:42 00:02:258
01:06:41 00:05:83
01:09:15 00:02:34
01:10:35 00:01:20
01:13:27 00:02:52

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS
BLUNDERS BEFORE 00:58:00

RUNWAY ' # SEQ #

DIR # CcCoMM # AMOUNT
16L 8 1sT 6 L 4 NO 8 lodeg
17L 7 2ND 3 R 13 YES 9 20deg
18R 2 3RD 8 30deg

SCENARIOS (TRIPLES)

September 11, 1989

B-4

1=



DFW TRIPS SCENARIO

DFe TRIP 5 START:00:02:00

TIME R¥ A/C# LR BAMT COMM INTERVAL
00:03:08 18R 1st L 20deg NO 00:01:08
00:05:45 1sL 3rd R 20deg NO 00:02:37
00:11:27 1s8L 2nd R 10deg NO 00:05:42
00:186:20 18R 2nd 1L 30deg NO 00:04:53
00:19:38 18R 1st L 20deg NO 00:03:18
00:23:34 17L 1st R 30deg YES 00:03:5¢6
00:25:02 18R 2nd L 20deg NO 00:01:28
00:30:33 17L 2nd L 30deg YES 00:05:31
00:35:04 16L 2nd R 10deg NO 00:04:31
00:38:50 16L 3rd R 1l0deg YES 00:03:458
00:43:46 17L 1st L 30deg YES 00:04:556
00:45:14 17L 1st R 30deg NO 00:01:28
00:49:05 18R 2nd L 20deg NO 00:03:51
00:51:31 16L 3rd R 30deg NO 00:02:26
00:57:06 1sL 3rd R 1l0deg NO 00:05:35

00:04:21
00:04:33
00:01:10
00:04:04

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS
BLUNDERS BEFORE 00:58:00

RUNWAY ' 4 SEQ % DIR # coMM  # AMOUNT
l6L 8 1ST. 6 L 7 NO 12 1l0deg
17L 4 2ND 6 R 10 YES 5 20deg

18R 5 3RD 5 30deg

SCENARIOS (TRIPLES) September 11, 1289

B-5

[§}]



DFW TRIPS SCENARIO
DFW TRIP 6

TIME R A/C3%
00:05:06 17L 2nd
00:09:47 17L 2nd
00:14:40 17L 2nd
00:17:58 18R 3rd
00:20:28 1s8L 1st
00:22:39 18R 3rd
00:27:19 186L 2nd
00:31:19 1s8L 2nd
00:34:08 18R 2nd
00:37:41 18R 2nd
00:40:39 18R 2nd
00:43:14 17L 1lst
00:45:38 16L‘ 3rd
00:51:27 17L 3rd
00:54:10 17L ist
00:56:23 16L 2nd
00:58:47
01l:02:54
01:05:15
01:09:21

W oW WHE PwWW DWE D

IR aMT

- 30deg
30deg
30deg

20deg
30deg
30deg

20deg
30deg
30deg

10deg
30deg
20deg

1l0deg
30deg
20deg

20deg

START:00:02:00

COMM INTERVAL

NO
NO
NO

YES
NO
NO

YES
YES
NOQ

NO
NO
NO

YES
NO
YES

00:03:06
00:04:41
00:04:53

00:03:18
00:02:30
00:202:11

00:04:40
00:04:00
00:02:49

00:03:33
00:02:58
00:02:35

00:02:24
00:05:4¢9
00:02:43

00:02:13
00:02:24
00:04:07

00:02:21
00:04:06

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS

BLUNDERS BEFORE 00:58:00

RUNWAY ' # SEQ
16L 5 1sT
17L € 2ND
18R 5 3RD

SCENARIOS (TRIPLES)

# DIR #
3 L 9
9 R 7
4
September

B-6

COMM #
NO 10
YES 6

11, 1989

AMOUNT
10deg
20deg
30deg



DF¥ TRIPS SCENARIO

DF%

k]

TRIP
TIME

00:05:38
00:11:13
00:12:28

00:17:09%
00:18:20
QC:24:03

00:28:398
00:35:32
00:39:58

00:44:14
00:49:07
00:52:38

00:56:03
00:58:40
01:04:29

01:09:07
0l:12:48
01:16:01
01:20:12
01:22:13

RW

17L
17L
18R

18R
18R
1l8L

17L
17L
17L

18R
18R
17L

1i7L

1st
2nd
ist

3xd
lst
3rd

3xrd
lst
3rd

ist
2nd
2nd

1st

oW o W e g

i
5

20deg
l0deg
20deg

30deg
20deg
l0deg

l0deg
30deg
30deg

3Q0deg
l0deg
20deg

lodeg

START:00:02:0C0

COMM INTERVAL

YES
YES
YES

YES
NQ
NO

NC
NOQ
NO

NO
YES
YES

NQ

00:03:38
00:05:35
00:01:13

00:04:43
00:01:11
00:05:43

00:05:38
00:05:53
00:04:24

00:04:18
00:04:53
00:03:31

00:03:25
00:02:37
00:05:49

00:04:38
00:03:41
00:03:13
Q0:04:11
00:02:01

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS

RUNWAY !

1i6L
17L
18R

BLUNDERS BEFORE 00:58:00

# SEQ
1 1sT
7 2ND
5 3RD

SCENARIOS (TRIPLES)

P
T

6
3
4

DIR

September 11,

B-7

L
R

<
T

10
3

coMM #
NO
YES

1988

AMOUNT
7 1l0deg
6 20deg
30deg

~J

Wb O)



DFW TRIPS SCENARIO

DF¥ TRIP
TIME

00:03:13
00:05:49
00:11:35

00:15:24
00:12:25
00:22:44

00:26:50
Q0:30:15
00:32:25

00:35:0¢
00:39:13
00:44:02

00:47:582
00:52:458
00:55:12

00:58:36
0l:02:11
01:07:48
01:11:87
Gl:16:08

8
R¥

18L
13R
18R

170
17L
leL

18L
18R
17L

18R
17L
18R

18R
17L
174

A/C# LR

lst
2nd
2naé

2nd
3rd
3rd

3rd
2nd
ist

3rd
2nd
ird

lst
ist
lst

WHEH o Wit W oo

AMT

20deg
10deg
20deg

10deg
20deg
20deg

20deg
20deg
20deg

20deg
20deg
30deg

10deg
l0deg
20deg

START:00:02:C0

COMM INTERVAL

YES
YES
NO

NO
YES
¥ES

YES
YES
NO

NO
NO
NO

YES
YES
NO

00:01:213
00:02:38
00:05:4¢6

00:04:459
00:03:01
00:03:19

Q0:04:08
00:03:25
00:02:1¢C

00:02:41
0C:04:07
00:04:49

0C:03:50
00:04:54
00:02:256

Q0:03:24
Q0:03:35
Q0:05:37
00:04:09
00304:11

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS

RUNWAY !

16L
17L
18R

BLUNDERS BEFORE 00:58:00

# SEQ
3 1sT
6 2ND
6 3RD

SCENARIOS (TRIPLES)

<
T

DIR

L
R

1

-
7
0
5

COMM #
NO
YES

September 11, 1989

B-8

AMOUNT
7 1l0deg
8 20deg
30deg



DF¥ TRIPS SCENARIO

DFW TRIP
TIME

00:05:47
00:10:27
C0:14:11

00:19:08
00:22:32
00:27:00

00:30:08
00:36:01
00:40:22

00:45:18
00:48:59
00:54:35

00:55:47
00:59:38
0l:04:11

01:05:34
01:09:11
01l:13:24
01:16:386
01:20:37

R%

18R
16L
18R

18R
18R
18R

18R
16l
18R
18R

17L
17L

18R

A/C%

2nd
3rd
1st

3rd
1lst
2nd

2nd
2nd
3zrd

2nd
1st
2nd

2nd

P Wi et P

ks

START:00:02:00

20deg
10deg
30deg

NO
YES
{ES

20deg
30deg
10éeg

NO
YES
YES

3Qdeg
20deg
30deg

NO
YES
NO

20deg
20deg
30deg

‘NO
NQ
NO

10deg YES

COMM INTERVAL

00:03:47

- 00:04:40

00:03:44

00:04:53
00:03:28
00:04:28

00:03:08
00:05:53
00:04:21

00:04:57
00:03:40
00:05:36

00:01:12
00:03:49
00:04:35

00:01:23
00:03:37
00:04:13
00:03:12
00:04:01

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS
BLUNDERS BEFORE 00:58:00

RUNWAY '

18L
17L
18R

SEQ
isT
2ND
3RD

W NN S

SCENARIOS (TRIPLES)

4
™

3
7
3

DIR 7
L 10
R 3
September

B-9

COMM # AMOUNT
NO 7 10deg
YES 6 20deg
30deg

11, 1s89

oW



DF¥ TRIPS SCENARIO

DFW TRIP 10

TIME

00:05:34
00:08:17
0Q0:09:37

00:11:37
Q0:15:27
Q0:21:0¢

Q0:23:12
00:26:36
00:32:27

00:34:37
00:40:30
00:42:53

00:46:48
Q0:4%5:38
00:52:13

00:56:08
00:58:45
01:02:48

Cl:08:09
0l:11:48

RW

17L
18R
18R

18L
18R
18R

17L
18R
18R

17L
16L
16L

174
13R
18R

18R

a/C3 LR AMT

3rd
3rd
2nd

1st
3rd
2nd

lst
3rd
3rd

2nd
2nd
3rd

3rd
1lst
3rd

1lst

(il V)

B ppw W W X

30deg
30deg
l0deg

30deg
30deg
20deg

20deg
20deg
20d4eg

1l0deg
20deg
30deg

30deg
20deg
30deg

30deg

START:00:02:00

COMM INTERVAL

NO
YES
YES

YES
NO
NO

YES
YES
NO

YES
NO
YES

YES
NO
NO

YES

BLUNDERS BEFORE 00:58:00

RUNWAY !

l€eL
17L
18R

# SEQ
3 1sT
4 2ND
9 3RD

SCENARIOS (TRIPLES)

*
4
4
8

DIR

B-10

L
R

September 11,

~J \O =

00:03:34
00:02:43

00:01:20

00:02:00
00:03:50
00:05:39

00:02:08
Q0:03:24
00:05:51

00:02:10
00:05:53
00:02:23

00:03:55
00:02:50
00:02:35

00:03:558
00:02:37
00:04:03

00:03:21
00:05:39

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS

COMM # AMOUNT
NO 7 1l0deg
YES 13 20deg
30deg

1989

o0 h N



RUNWAY !

DFW DUAL-E 1

TIME

00:05:03
00:08:258
00:10:29

00:13:30
00:18:23
00:22:12

00:26:37
00:28:43
00:30:04

00:33:31
00:37:48
00:4Q:35%

00:43:186
00:48:05
00:49:32

00:54:21
00:56:35
00:57:58

01:01:05
01:03:32

(16L/17L)

RW .A/C: IR

17L l1st
18 1st
17L 2nd
17L 1lst
16L 1ist
171 2nd
16L 3xd
17L 2nd
17L 3rd
17L 2nd
17L 3rd
18L 2nd
16L 3rd
17L 2nd
16L 1lst
16L lst
17L 3rd
17L ist

il e B 0 o e

Hew mpd WP

START:00:02:00

A M
2l

30deg YES
10 deg¥ES
20deg NO

10 deg¥ES
30deg YES
20deg YES

10 degNO
30deg NO
10 d=g¥ES

20deg
30deg
20deg

YES
YES
YES

30deg YES
20deg NO
30deg YES

20deg NO
10 degNO
20deg YES

COMM INTERVAL

00:03:03
00:03:23
00:02:03

00:03:01
00:04:53
00:03:49

00:04:25
00:02:08
00:01:21

00:03:27
00:04:17
00:02:47

00:02:41
00:04:49
00:01:27

00:04:49
00:02:14
00:01:23

00:03:07
00:02:27

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS

# SEQ #

E18

DIR # COMM # AMOUNT
16L 7 18T 7 L 11 NO 6 10deg
17L 11 2ND 6 R 7 YES 12 20deg

3RD 5 30deg
SCENARIOS (DOUBLES) September 11, 1989

B-~11

G~ U



DFW DUAL-E 2 START:00:02:00

(16L/17L)

TIME RW A/C#%# LR aMT COMM INTERVAL
00:05:34 171 3rd L 30deg NO 00:03:34
00:07:17 1sL 3rd R 30deg YES 00:01:43
00:08:37 1sL lst R 10 deg¥ES 00:01:20
00:10:37 171 2nd L 30dsg YES 00:02:00
00:13:27 1sL 3rd R 30deg NO 00:02:58
00:18:08 16L i1st R 20dsg NO 00:04:39
€0:20:12 17L 2nd L 20deg YES 00:02:06
00:23:36 16L 3rd R 20deg YES 00:03:24
00:28:27 18L 3rd R 20deg NO 00:04:51
00:30:37 17L 1st L 10 deg¥ES 00:02:10
00:35:30 17L st L 20deg NO 00:04:53
00:37:53 17L 3rd L 30deg YES 00:02:23
00:40:48 17L 3rd L 30deg YES 00:02:53
00:42:38 16L 2nd R 20deg NO 00:01:50
00:44:13 16L 3rd R 30deg NO 00:01:35
00:47:08 16L 2nd R 30deg YES 00:02:53
00:48:45 16L 2nd R 20deg YES 00:01:37
00:52:48 17L  3rd L 10 degYES 00:04:03
00:56:09 16L 2nd R 20deg NO 00:03:21
01:00:48 : 00:04:39

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS

RUNWAY ' 4 SEQ # DIR # COMM # AMOUNT
16L 11 18T 4 L 8 NO 8 lo0deg
17L 8 2ND 6 R 11 YES 11 20deg

3RD 9 30deg

SCENARIOS (DOUBLES) September 11, 1989

B-12



FREQUENCY DISTRIBUTION OF

RUNWAY
16L
17L

DF¥ DUAL-E 3

TIME

.00:04:23

00:09:09
00:12:31

00:16:15
00:19:08
0C:22:59

G0:25:53
00:28:01
0C:31:18

00:36:01
00:40:39
0C:41:56

00:43:08
00:48:03
003:51:45

00:54:09
00:57:57
01:01:53

01l:06:22
0l:07:52

' # SEQ
4 1ST
13 2ND
3RD

(16L/17L)

RW A/C# LR AMT

17L 3rd
18l 3rd
17L 3rd
18L 2nd
18L 3rd
17L 3zrd
17L 1st
171 2nd
17L 3xrd
17L lst
17L 3rd
1681 3rd
17L 3rd
17 ist
17L 2nd
i7L 3rd
17L 2nd

# DIR
3 L
4 R

10

SCENARIOS (DOUBLES)

e PP M e i o

B-13

START:00:02:00

" 10 degiNO

30deg NO
10 degNO

30deg NO
10 degiNO
30deg YES

20deg YES
30deg NO
20deg NO

20deg YES
30deg NO
30deg NO

20deg NO
20deg YES
2Qdeg NO

30deg YES
30deg NO

# coMM
13 NO
4 YES

COMM INTERVAL

Q0:02:23
Q00:04:4¢
00:03:22

00:03:45
00:02:52
00:03:51

Q0:02:54
00:02:08
00:03:15

00:04:45
00:04:38
00:01:17

00:01:12
00:04:55
00:03:42

00:02:24
00:03:48
00:03:56

00:04:29
00:01:30

BLUNDER PARAMETERS

# AMOUNT
12 10deg
5 20deg

30deg

September 11, 1989

o0 O W



DF¥ DUAL-E 4

TIHE

0Q:07:57
00:12:31
G0:13:582

00:18:31
00:20:58
00:25:82

00:28:55
00:31:28
00:32:34

00:37:18
00:39:03
00:43:22

00:44:57
00:46:04
00:50:33

0G:53:058
00:57:08
01:02:05

0i:06:39
01:08:57

(16L/17L)
R¥ a/C
18L © 1st
181 2nd
171 ist
16L, lst
i7L 2nd
181l lst
16L 2nd
17L .3rd
17L 1st
16L 1st
17L 1st
17L 1st
1s8L 1lst
18l 3rd
17L lst -
17L 3zrd
ist

16L

# LR

W W D ™ W P

START:00:02:00

AMT

30deg NO
30deg NO
20deg NO

30deg NO
10 deg¥ES
10 deglNO

30deg NO
10 deg¥ES
30deg YES

30deg
20deg
30deg

NO
NO
NO

30deg
20deg
30deg

NO
YES
YES

20deg
30deg

NO
NO

COMM INTERVAL

00:05:57
00:04:34
00:01:21

00:02:39
00:04:27

S Q0:04:54

00:03:03
00:02:33
00:01:08

00:04:42
00:01:47
00:0Q04:19

00:01:35
00:01:07
0Q:04:23

00:02:32
00:04:01
00:Q04:58¢%

00:04:34
00:02:18

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS

RUNWAY

l6L
17L

# SEQ #
9 1sT

DIR #

11 L

8 2ND 3 R
3RD 3

SCENARIOS (DOUBLES)

8
9

September 11,

B-14

COMM # AMOUNT
NO 12 10deg
YES 5 20deg

30deg

1989



DFW DUAL-E 5

TIME

00:05:42
00:10:10
00:14:55

00:18:02
00:22:26
00:26:21

00:27:22
00:31:36
00:34:44

00:36:40
00:39:11
00:40:34

00:44:36
00:48:44
00:51:59

00:56:21
01:01:16
01:02:46

01:04:22
01l:08:51

(16L/17L)
RW
1s6L 2nd
16L 2nd
17L 3rd
161 3rd
18L 2nd
18L 2nd
17L ist
17L 2nd
1sL 3rd
17L 3rd
17L 1st
17L 3rd
16L 2nd
17L 1st
16L 3xrd
16L lst

A/C# LR AMT

W o wWpw o o Wxdx oD

START:00:02:00

30deg NO
20deg YES
20deg NO

10 degNO
30deg NO
30deg NO

20deg
20deg
30deg

YES
NO
NO

20deg
20deg
20deg

NO
YES
NO

30deg NO
10 deg¥ES
30deg YES

30deg YES

COMM INTERVAL

00:03:42
00:04:28
00:04:45

00:03:07
00:04:24
00:03:55

00:01:01
00:04:14
00:03:08

00:01:56
00:02:31
00:01:23

00:04:02
00:04:08
00:03:15

00:04:22
00:04:55
Q0:01:30

00:01:36
00:04:29

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS

RUNWAY ' 4 SEQ # DIR - ¥ COMM 4 AMOUNT
18L 9 18T 4 L 7 NO 10 1l0deg
17L 7 2ND 6 R 9 YES 6 20deg

3RD 6 30deg

SCENARIOS (DOURLES) September 11, 1989

B-15
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DFW DUAL-W 1

START:00:02:00

(18R/17L)

TIME  RW A/C$# LR AMT
00:05:59 18R 3rd L 10 degiNO
00:09:43 18R ist I 10 degNO
00:11:12 18R 2nd 1L 30deg YES
00:15:01 18R 3rd L 10 deg¥ES
00:19:47 17L 3rd R 20deg YES
00:23:52 18R 3rd L 20deg YES
00:26:28 18R ist L 10 deglNO
00:29:16 17L 2nd R 20deg NO
00:30:22 18R 3rd L1 30deg NO
00:34:13% 17L 1st R 10 deg¥ES
00:40:08 17L 3rd R 30deg NO
00:42:09 17L 3rd R . 10 deg¥ES
00:45:01 18R 2nd L 20deg YES
00:49:16 17L 3rd R 10 deg¥ES
00:51:42 17L l1st R 30deg NO
00:56:29 17L 3rd R 20deg YES
01:02:14
01:03:15
0l:06:18
01:10:38

INTERVAL

00:03:58
00:03:44
00:01:2¢9

00:03:4¢9
00:04:4¢
00:04:05

00:02:36
00:02:48
00:01:06

00:03:57
Q0:05:49
00:02:01

00:02:52
00:04:15
00:02:26

00:04:47
00:085:45
00:01:01

00:03:01
00:04:22

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS

RUNWAY ' # SEQ # DIR # COMM # AMOUNT
16L 0 1sST 4 L 8 NO 7 l0deg
17L 8 2ND 3 R 8 YES 9 20deg
18R 8 3RD 9 30deg

SCENARIOS (DOUBLES) September 11, 1989
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DF¥ DUAL~W 2

TIME

00:03:29
00:05:50
00:11:42

00:16:28
0C:21:03
00:22:08

00:24:47
00:27:387
00:32:39

00:34:41
00:38:32
00:40:57

00:46:43
00:51:16
00:57:086

C0:58:09
01:03:55
01:08:00
01:11:8¢6
01:17:52

(18R/171L)
R¥
17L 2nd
18R 3rd
17L 2nd
171 3xrd
17L 1st
17L 1st
18R 2nd
18R 2nd
18R 3rd
17L 3rd
18R 3rd
17L lst
17L " 2nd
17L 3rd
17L 2nd

A/C# IR AMT

W Wi

bt

W W

START:00:02:00

NO
NO
YES

30deg
20deg
30deg

30deg
30deg
30dag

YES
YES
YES

YES
YES
YES

20dag
20deag
30deg

10 degiNoO
10 degiNoO
20deg YES

30deg NO
10 deglO
20deg YES

COMM INTERVAL

00:01:29
00:02:21
00:05:52

00:04:44
00:04:37
00:01:03

00:02:41
00:03:10"
00:04:42

00:02:02
00:04:51
00:01:25

00:05:4¢
Q0:04:33
00:05:50

00:02:03
00:04:458 -
00:04:05
00:03:56
00:05:56

' FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS

RUNWAY ' 4 SEQ # DIR # COMM # AMOUNT
16L 0 1ST 3 L 5 NO 6 10deg
17L 10 2ND 6 R 10 YES 9 20deg
18R 5 3RD 6 30deg

SCENARIOS (DOUBLES) September 11, 1989

B-17



DFW DUAL-W 3 _ START:00:02:00

(18R/17L)

TIME R¥ A/C# LR AMT COMM INTERVAL
00:04:13 18R 1st L 20deg YES 00:02:13
00:08:48 18R 2nd L 30deg NO 00:04:33
00:12:04 17L 2nd R 30deg YE 00:03:18
00:13:22 18R 3rd L 20deg YES 00:01:18
00:18:00 18R 2nd L 10 deg¥ES 00:04:38
00:20:32 18R 3rd L 30deg YES 00:02:52
00:21:52 18R 1st L 30deg NO 00:01:00
00:26:36 18R 3rd L 20deg YES 00:04:44
00:32:08 17L 3rd R 30deg NO 00:05:30
00:35:02 17L 3rd R 20deg NO 00:02:586
00:37:02 17L 3rd R 30deg YES 00:02:00
00:38:21 18R 1st L 30deg YES = 00:01:19
00:39:30 17L 2nd R 20deg YES 00:01:09
00:43:01 17L 3rd R 30deg NO 00:03:31
00:486:18 18R Ist L 20deg YES 00:03:17
00:51:48 17L 3zd R 30deg YES 00:05:30
00:56:26 18R 3rd L 20deg YES 00:04:38
01:00:459 . 00:04:23"
0l:04:2¢9 . 00:03:40
Gl:07:39 00:03:10

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS

RUNWAY ' 4 SEQ # DIR # COMM # AMQ?NT
18L 0 1sT 4 L 10 NO 5 1l0deg
17L 7 2ND 4 R 7 YES 12 20deg
18R 10 3RD 9 30deg

SCENARIOS (DOUBLES) September 11, 1989
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DFW DUAL-W 4

TIME

QC:06:56
00:10:38
00:14:10

00:18:5¢
00:21:54
00:28:12

00:30:00
00:34:42
0C:36:57

00:40:10
00:41:12
00:43:49

0Q:46:52
00:50:41
Q0:53:52

00:58:25
0l:04:08
0l:08:09
0l:09:21
01:13:43

(18R/171)
R
17L 2nd
17L ilst
18R 3xd
17L 1st
18R 2nd-
17L 3zxd
171 1st
18R 2nd
18R 3xd
17 1st
18R 3zd
18R 2nd
18R 1st
18R 2nd
171 1st

A/C% LR AMT

W ot Pt Wpd o

START:00:02:00

20deg YES
30deg YES
30deg YES

20deg YES
10 degiNO
30deg YES

10 deg¥ES
20deg NO
30deg XNO

30deg
20deg
20deg

YES
NO
NO

20deg YES
10 deg¥ES
30deg YES

COMM INTERVAL

00:04:556
00:03:40
00:03:34

0Q:021:458
00:04:58
Q0:04:18

00:03:48
00:04:42
00:02:15

00:03:13
00:01:02
00:02:37

00:03:03
00:03:49
00:03:11

C 00:04:33

00:05:43
0Q:04:01
00:01:12
00:04:22

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS

RUNWAY ' 4 SEQ #
16L 0 1ST &
17L 7 28D 5
18R 8 3RD 4

SCENARIOS (DOUBLES)

DIR
L
R

#
8
7

September 11,

B-19

coMM # AMOUNT
NO 5 10deg
YES 10 20deg
30deg

1989



DFwW DUAL-¥ 5

(18R/17L)
TIME R¥ Aa/C
00:07:57 17L 3rd
00:13:54 18R 2nd
0C:18:0¢ 18R lst
00:22:10 18R 1st
00:25:08 17L 3rd
00:28:08 13R ist
00:30:18 17L 2nd
00:33:08 17%L 1lst
00:37:59 18R ist
00:40:32 18R 2nd
00:44:51 18R ist
-00:47:13 18R 3zd
-00:51:51 17L 2nd
00:54:41 18R 1st
00:57:54 17L 2nd
01:00:33
01:05:13
01:09:31
01:11:34
01:14:01

# IR

WHW HoE HWW HWE B

START:100:02:00

AMT

30deg NO
20deg YES
3Cdeg NO

30deg YES
30deg NO
20deg YES

30deg YES
20deg YES
30deg NO

10 deg¥ES
30deg YES
30deg NO

30deg NO
10 deg¥ES
10 deg¥ES

~

COMM INTERVAL

00:05:57
00:05:57
00:04:15

00:04:01
00:202:58
00:Q02:587

cQ:02:13
0C:02:50
0C:04:351

00:02:33
00:04:19
00:02:22

00:04:38
00:02:50
00:03:13

00:02:39%
00:04:46
00:04:12
006:02:03
00:02:27

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS

RUNWAY ' # SEQ
16L 0 1sT
17L 6 2ND
18R 9 3RD

SCENARIOS (DOUBLES)

4
™

DIR

~
5
3

L
R

#.
9
6

CcoMM #

NO 6 l0deg

9 20deg .
30deg

YES

September 11, 1988

B-20
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APPENDIX C

CONTROLLER QUESTIONNAIRE AND MODIFIED COOPER-HARPER SCALE






RATING SCALE INSTRUCTIQNS
Querview

After each of the following sessions, you will give a rating
on a Modified Cooper-Harper Scale £for workload. This rating
scale and important definitions for wusing the scale are given
below. Before you begin, we will review:

1. The definition of the terms used 1in the
scale,
2. The steps you should follow in making your

rating on the scale, and
3. How you should think of the ratings.

If you have any questions, as we review these points, please ask.

Important Definitions

To understand and use the Modified Cooper-Harper Scale
properly, it is important that you wunderstand the terms used on
the scale and how they apply in this simulation.

First, "instructed task" is the ATC control task you will be
doing in this simulation. It includes monitoring the ailrcraft
along the localizer, maintaining the required separation
distances, and doing all the duties associated with this task.

Second, the T"operator" is you. Because the scale can Dhe
used in different situations, the person the rating 1is the
operator. You will be operating the .system and then using the

rating scale to quantify your experience.

Third, the "system" is the complete gréup of equipment you

w?ll be wusing in doing the instructed task. For the present
51mul§tion, the system is- the D/FW runways, localizers, and air
traffic patterns. (Differences between the ATC suite simulator,

its instruments, controls and radar displays, and the ATC suite
in DFV are not a factor in the assessment of the system. Any
difficulties arising due to differences between the simulation
suite and DFW should be noted on the controller questionnaire.)
The systems being compared in this simulation are the two
parallel runway system and the three parallel runway systen.

Fourth, "errors" include any of the following: loss of
separation, near misses, and similar occurrences. In other

words, errors are any appreciable deviation from the desired
"operator/system" performance.

_Finally, "mental workload" is the integrated mental effort
required to perform the instructed task. It includes such

c-1



factors as level of attention, depth of thinking, and lsvel of
concentration reguired by the instructed task.

Rating Scale Steps

On the Modified Cooper-Harper Scale you will notice that
there 1is a series of decisions which follow a predetermined
logical sequence. This logical sequence is designed to help you
make more consistent and acturate ratings. Thus, you should

follow the logic sequence on the scale for each of your ratings
in the simulations.

The steps which you will follow in wusing the rating scale
logic are as follows:

1. First you will decide 1if the instructed task
can be accomplished all of the time. If the
answer 1s no, move to the tright and circle
10.

2. Second, you will decide if adeqguate
performance is attainable. Adequate

performance means that the errors are small
and inconsequential in controlling the air
traffic. If they are not, then there are
major deficiencies in the system and you
should proceed to the right. By reading the
descriptions associated with numbers 7, 8,
and 9, you should be able to select the one
that best describes the situation you have
experienced. You should then circle the most
appropriate number..

(93]
.

If adeguate performance is attainable your
next decision is whether your mental workload
for the instructed task is acceptable. 1If it
is not-acceptable, you should select a rating
of 4, 5, or 6. One of these ratings should
describe the situation you have experienced.

You should circle the most appropriate
number . .

b
.

If mental workload is acceptable, you should
then move to one of the top three
descriptions on the scale. You should read
and carefully select the rating 1, 2, or 3
based on the situation you have experienced.

Remember you are to circle only one number, and you should
follow the 1logic of the scale. You should always begin at the
lower left and follow the logic path to decide on a rating. 1In

c-2



particular,.do not =skip any steps. Qtherwise, your rating may
not be valid and reliable.

How Yowu Should Think of the Rating

Before you begin rating, there are several points that need
to be emphasized. :

First, be sure to try to perform the instructed task as
instructed and make all your evaluations within the context of
the instructed task. Try to maintain adequate performance as
specified for your task.

Second, the rating scale is not a test of your personal
skill. On all of your ratings, you will be evaluating the system
for the general user population, not yourself. You should make
the assumption that problems encountered are not problems you
created. They are problems created by the system and the
instructed task. In other words, don't blame yourself if the
system is deficient, blame the system.

Third, try to avoid the problem of nit picking an especidally
good system, or saying that a system which is difficult to use is
not difficult to wuse at all. Also, try not to overreact to
differences between the simulated system and the actual system.
Thus, to avoid any problems, just always try to "tell it like it
is" in making your ratings.

1f you have any qﬁestions, please ask the supervisor at this
time. A



POST RUN CONTROLLER QUESTIONNAIRE

PARTICIPANT CODE DATE
BARMIER'S CODE(S) TIME

RUN NUMBER RUNWAY

1. RATE YQUR PERFORMANCE CONTROLLING TRAFFIC DURING THE PAST
SESSION. CIRCLE THE NUMBER WHICH BEST DESCRIBES YOUR
PERFORMANCE.

1 2 3 4 5 6 7 8 9 10
PQOR AVERAGE . SUPERIOR
2. RATE THE LEVEL OF ACTIVITY REQUIRED DURING THE PAST SESSION.

1 2 3 4 5 6 7 8 S 10

MINIMAL MODERATE INTENSE

RATE THE LEVEL OF STRESS EXPERIENCED DURING THE PAST
SESSION.

1 2 3 4 5 & 7 8 3 10

SLIGHT MODERATE EXTREME

=4

ARE THE CONDITIONS OF THIS PAST SESSION (traffic volume,
procedures, geography, separation requirements...) WORKABLE
AT YOUR PRESENT FACILITY? CIRCLE YOUR RESPONSE.

1 2 3 4 5 6 7 8 9 10
STRONG YES PQSSIBLY NQ STRONG

YES NO



S, PLEASE DESCRIBE ANY UNUSUAL DCCUHREHCEE FEOM THE LAST HOQUR,

ANY ADDITIONAL COMMENTS CONCERNING THE SESSION OR SIMULATION
WOULD BE VERY WELCOME.

6. DID YOU AND YOUR PARTNER(S5) FOR THIS PAST HOUR ESTABLISH,
SPOKEN OR UNSPOKEN, ANY STRATEGY OR AGREEMENT ABOUT
INDIVIDUAL DUTIES? IF YES, BRIEFLY DESCRIBE THE CSTRATEGY

AGREEMENT?  BE SPECIFIC ABOUT THE ASSIGNMENTS USING LETTER
CQDES. . :



PIFFICULTY LEVEL

OPERATOR DEMAND LEVEL

RATI}

VERY EASY,
HIGHLY DESIRABLE

OPERATOR MENTAL EFFORT IS MINIMAL AND
DESIRED PERFORMANCE IS EASILY ATTAINABLE

EASY

IS MENTAL WORKLOAD
LEVEL ACCEPTABLE?

ARE ERRORS
SMALL AND
INCONSEQUENTIAL

EVENS_
THOUGH ERRORS
MAY BE LARGE "N

OR FREQUENT, CAN

INSTRUCTED TASK

BE ACCOMPLISHED-”

ALL OF THE
NTIME?”

qFERATOR DECISIONS
3

NO

DESIRABLE

OPERATOR MENTAL EFFORT 1S LOW AND
DESIRED PERFORMANCE IS ATTAINABLE

FAIR,
MILD DIFFICULTY

ACCEPTABLE OPERATOR MENTAL EFFORT IS REQUIRED
O ATTRIN ADEQUATE SYSTEM PERFORMANCE

MINOR BUT ANNOYING
DIFFICULTY

MODERATELY HIGH OPERATOR MENTAL EFFORT IS REQUIRED
TO ATTAIN ADEQUATE SYSTEM PERFORMANCE

HIGH AND SHOULD
BE REDUCED

[ 1
MENTAL WORKLOAD 18

MODERATELY OBJECTIONABLE
DIFFICULTY

HIGH OPERATOR MENTAL EFFORT IS REQUIRED
7O ATTAIN ADEQUATE SYSTEM PERFORMANCE

VERY OBJECTIONABLE BUT
TOLERABLE DIFFICULTY

MAXIMUM OPERATOR MENTAL EFFORT IS REQUIRED
TO ATTAIN ADEQUATE SYSTEM PERFORMANCE

MAJOR DIFFICULTY

MAXIMUM OPERATOR MENTAL EFFORT 13 REQUIRED
TO BRING ERRORS TO A MODERATE LEVEL

¥
MAJOR DEFICIENCIES

SYSTEM REDESIGN
IS STRONGLY
RECOMMENDED

MAJOR DIFFICULTY

MAXIMUM OPERATOR MENTAL EFFORT IS REQUIRED
TO AVOID LARGE OR NUMEROUS ERRORS

MAJOR DIFFICULTY

INTENSE OPERATOR MENTAL EFFORT IS REQUIhBD
TO ACCOMPLISH TASK, BUT FREQUENT OR
NUMEROUS ERRORS PERSIST

—

MAJOR DEFICIENCIE

SYSTEM REDESIGN
1S MANDATORY

1
5
IMPOSSIBLE

INSTRUCTED TASK CANNOT BE ACCOMPLISHED
RELIABLY

10




APPENDIX D

INDUSTRY OBSERVER QUESTIONNAIRE






INDUSTRY OBSERVER QUESTIONNAIRE

NAME DATE
ORGANIZATION )
1. On which days did you observe the simulation?

DATES:

TIME:
2. How realistic was the simulation?

1 2 3 4 5 6 7 8 9 10
NOT REALISTIC AVERAGE VERY
AT ALL REALISTIC

3. Based on your observations of this simulation, is the triple
parallel runway operation workable?

1 2 3 4 5 6 7 8 S 10
STRbNG NO POSSIBLY YES STRONG
NO YES
4. Please provide any comments or observations.






APPENDIX E

DATA ANALYSIS COMPUTER FILES






FrIvt LOCATION 3YTz3
AVCLIID(CAARC) BLNICNF 72244 2iuncer Conflicts
SVCOLISO(DALARCIILUNDERS ‘ 20122 dlungders zand Next Massz:
AYCLI50(0A.ARCICPAFILE 87735 Closast=rFoint-2f-4iporez
IYCOLOSD(DALARC)SIMILNDR 4380 Simulianzous 3iurcars
IVOLOSD({DALARLCISNARCEA 1035354 Prad. (P2 z2ftar Z2luncar
AYOLOSD(DAARC) SNAPSHOT 247447 3iuncder znd Surrcunginz
2YCLO30(0aARCISUASILE 14392 Summzry Counts
AYOLDSC(DALARCY TRANFILE 37354 Trangra2ssions into NT.Z
¥ OLI3D0(DAARCIVECTFILE 524 A/JC devizted fropw ILS
AYCLOSD(DAARCY ACTFILSE 1425032 Actions
ACTIONS: )
ALTITUDE CaANC:=L CLZRRED INFCRM LONFZXTIT LCONENTRY
MISSEC NTZZXIT NTINTRY PONFNTRY SBCNFEXIT S5P=ZLid
VZCTOR NARNING :
LCNF = Longitucdinal Ceonflicts (3anm2 ILsS) -
PUNF = Parsllel Conflicts (Adjacent ILS's)
NTZ = No=Transgrassiorn-Ilone
MISSED = Missed Approacnh
INFORM = Information (very fau of thes=m)
CLEARED = Clezrancses
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I v = :

21 4il TI¥ES arz 1r saconcs,
- e

CHAZACTIR*4 S MS4w
CHAXALTEZR=3 ACTICN
CHARACTER*?7 ID1,3102
CHARACTER*S HSZP,VY3EP,HORZ
CHARACTER*4 RUNNS=ER
CHARACTER*3 RUYY1T,RuWYZ
CHARACT=ZR=*2 0DE53
CHARACTER*T OIRRB,COMI,NRWYSE,CID,STAR
INTEZGER*4 TIMZ1,TIMEZ,TINES
INTZIGEZR*T ILSFLG(2)
SLUKDZRS

REACLUTSUNT " (X, AarXr IS sX s A3, K747

XeA3srX 371X/4#)) )
RUNNBR,TIMET,RWYT,I01/,0IR3,02G3,00M3,NRWY5,
TIMZZ,RUWYZ,ID2,M5GH

BLNDCHF

REAC(TSCE , "(Xs A4 XrI5sXsA3,%sA7

2113 7)Y RUNNAIR,TIMZET ,RuUYT,IDT,TIMTEZ L,IAPILTIMES,
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ge
proy
Prd

3=

READC TR " (XrBbsXrIS5sXrASsXraBrXrA7,XsF3als
2UX P340, Xr70.0,X045, X,443)7)

RUNNBR,TIMET,RWY1,ACTICN,TIO1,TOST,

H351,SPDT1,ALT1,HORZAMSGH

rX N X A2, XAV /X AT, X025,

R USES VI VI VEVELYY N RIS N NP O
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+ DIX/:J/X/ GalseXri3))
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+ RUNNAR,TIMET,RuWYT1,101,8X,8Y,0ALT,CLM3DESC,SPL,TRACK
CPAFILE
READCTCPA " (XrAbpXrISsXr B3 ,2{Xs a7 )22 (X,F7.02) 7, 2N0=E0)
+ QU'**RIT-M 1,ACTICONAICTAIDZ 0PI CPAFT
STMsLND
READ(TS3 , " (X 84,X,I1353,X7A3,%X74 1X1311XIA ;X1A1fol1f¥1 S
+ X a3,X 872X 843)7)
+ RUNNBR,TIMZ1,RAY1,I01,0TR3,0253,00M3 /NRWY S,
* TIAEZ2,RWYZ,I02, M35
ACTFILE
REAQ('AE?'I'(XIAQ;X;ASI XrsI15, K:%?/ XI“SIXIFS-212(Xfﬁ5)t
+ 2 X FIad) s X s F0ualrXrsddsXsrdald)  ,380=1300
r RUNNZR,RWYT,TINMET,I01,8CTIONATOSTARSEFR,VIER A5,
+ Sp:;“IdLT‘,l?;\YZIM)ua
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I3HT PLANS

1]
-~

Tha Flight Plzns 2re listsd 1n 2Aronolagicasl crdar,

The dircr2ft siz2 1is gdatarmined oy matching tha Aircrz$t Ty

Tynes listed in Smzil a2nd Heavy Tanles. If a matech i35 not ¥

it is assumad to 5Se 2 Large Alrcratft,

NCe essssceaa Tlight numbar (order, in whichs flight zopezr
traffic sampla)

ACID saaawses aircraft identity {opersztor and numbar)

TIME sassesease start time of f1light

CAT eeasanass 2ircratt category number

ACTYPE/ S aena 3ircratt tyne and e2quiprentt ccas

ACSIZE sesses 5ize of the zircraft (SMALL, LLR5S, HZAVY)

START=POINT « route start point

CNO=PCINT a.we route ard paint

DISTANCE sawwe t0otzi routes cistance (miles)

in



Thne aircratt
.

A Court of 'o;lcws each

NCuo eweess Flight numbar (Traffic Sample ordar)

IDENTITY o aircraft 1gentity {(oparator =nd numdar)

ACTYPEZ eaa 3ircraft type and sgquipment code

SIZZ csxaee 3i2e of the aircraft (S-small, L-lzrce, +H=rkzavy)

ON=ILS eue time aircraft connectad to tha IL3

Q=F=IL3 time A/C left tha ILS (other than Land)

DEY=0UT +a *time aircrzft Deviated awasy tTrem tha ILS

JEV=IN ..« time aircreft reconnactad to the ILS

5-MI-2T .. tiwe zaircraft wss Tiva milaes from thrashhold
(insides the CSutszsr Marker)

MISS-4PR . time aircratt executaa 3 missaed 2ograoach

CANCEL waw time flight was cancelad

LANDEZD <ae time aircraft Lznged

RUMNWAY .. assigned runuway
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fiight 1dentity

avearage daviation from ILS centar line
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3¢ FLIGHT ACTICN 3Y CONTRCLLZER
Tnis Report lists Fliczht Actions tnst occurrea s3fter the 1nmitiz}
LS conneacTtiane
TIMZ saaa timz of z2ction. .
ACTION .. zction cencerning zircraft =s fcllous:
NTINTRY .e entry into NCO-TRANSGRESSICN~ZIONT (NTI)
NTLZEZXIT .« exit from NTZ.
LONFNTRY .. start of longitudinal conflict
LONFZXIT «« and c¢cf longitudinal contlict
PURFNTRY «a s3tart of parzilal runuway conflict
PCNFEXIT o end cf parallel runway conflict
Pileot Keyberd Messzges:
ALTITUSE .. sltituca change
CANCEL ease c2ncel flight
CLEARED ..a clz2rance
MISSZD saes Mmissed zpprozch
INFLCRM L asas pilot information
SPZED asass sSpead change
VICTOR esaas heading chansa
RWYT saee cction runuzy .
IDENTT <o flicht didentity of =2ircraft pertfomirs aciicr
TOSTY a2 2ction A/C distance to tnhnrasholc
40531 aaeae nNeading of =zction zircraztt
SPJ1 essa spDe2ad of 3acticn zircraft
ALTT aaee 2ltitude of scticn zircraft
TRACK/SE?P 4. range and zltitude saperztior cof ceonflict
(cenflict exit = minimum segzrztion Zduring contlict)
ar
A/C Trzcking Ccde for Pilect or NTZ dActions
RAYZ aawe Runuway of second A/C
I2ZNTZ2 . 1idantity of sacond zircraftt in conflictioan
T2S72 aas cistance to threshola of sacong aircrzft
ADG2 aaee Peading cf seconc zircraft in conflict
SPD2 4aea SPp22d 0F s2C0ongd zircraft in conflict
ALT2 waeaas zltitude of sacond aircraft in conflict
JEV sawews G2viaticon from ILS centar Linz {(fea21, L-laft, I-righkt)
MX aawess maAximum deviation auring NT? crassirz (fasid
T237 +ses cdistance flecwn 3long ILS during NTZ crossinc (milas)
DUR eeswes curation of NTZ crossing (sz2congs)
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ot discusszsc 3bove &r2 33 Tolicws:
ees Arrivzl aircraft Langad

SuU « Ccampletea pilot keyboard messzges

22 . pilot keytozrd entry errors (thess &rz not
nacassarily pilot a2rrorss, a ccntrcller may
Azve given an incorrect command)
Zvery 3dackspace i3 gountac anc if & CLR ksy
struck, avaery Ksy 1n that masssga r3s counte
an error.
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D PILST MESS8A5ES

Tra Pilot ¥essages ore axtracted from tha

in Chraonolcsical QOrder.

Keydoarda Key 3and Track Status Code def
Pilct Kayhozrd - K2y Definitions Printec
Alrcratt Track Codes Printec

TIME aaases Time of Messzge

ACTICN «a2a Type of Message

RAYT aesea Runuway

ISENTT «ae Operator ang Flizht Nuaber
TOST1 saass distance to Thnreshol

FUGT aesse Hzzading

SPEST saasa Scead -

QLT'} R Altltuce

TRACK saew Track Status Ccocds

MESSAGE .. Pilot Messsage

(&}
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b

Y

initions
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7. ZVYZINTS
Tha Syants data are extracteg from tne DEIVEILZ.
The P=arailel 2nd Lengitudiral Zvent Raports list enly thgose =cti
which ars mos?_llkely t9 be common witn the Zvenrtd Tne NTIZ Zvenx
Report lists the NTZ Entry/Exit information only,.
Conflicts:
TIME seesee Time ¢f Contlict Event
ACTION aese PCNFNTRY (Parallel Conflict Entry)
. PCNFEXIT (Parzllel Conflict Exit)
MTZNTRY (NTZ Entry)
NTZEXIT (NTZ Exit)
=L TCR {reading Change)
ALTITUOE (Altitude Changa)
ACTION wees LONFENTRY (Longitudinal Conflict Zriry)
LCNFEXIT (Longrtudinzl Conflict Zxit)
SPZEED {(Spead Change?
TOSNT1 ease Orperztor and Flight numbar ¥ &/C-1
TOST] eeses A/C=1 distance %o Thresholc
HDGT1 ecaass Headirng of A/C-1
3991 eaecess True Air Spacsd of A/C-1
ALT? seeese #ltitude of A/C-]
TRACK/SEZ?P o A/C Track Stsztus or Horizontal Separaticn (¥1iles)
3lank or Vertical Sepgaration {(Fazt)
PILOT MESSSAGE or tne follouwing:
XWYZ2 waesas 3lank or Runway 2ssocizteg with a/L-2
IDENT2 swes Oparztor and Flight of 4/C-2
TOST? cesee A/C=2 distance to Threshold
4DG2 asesesa Heading of ASC~2
SPDO2 aaseas TAS of A/C-2
ALT2 eewsnee Artitude of A/C-¢
Note: (1) for Longitudinal Cecnflicts (LCONFNT YrLINFZXITY,
A/C=1 trails A/C-2,
(2) for Conflict Sxits (LCNFEXIT,PCNFIXIT), ASZP z2nd V3ZP
are the range ana &ltitugs separation 2t the closzst
SLANT RANGE curing CONFLICT.
(%) The Asteriks {x=xxxx) in the Parzllel Zvents indiczte zn
intantionally Devizted dircraft,.
(4) A spaca2 is inseri2c¢ Dafore each Intry and- aftar ezchr Ex1

ih
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DG -8 % a8

PD =9 2 as
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im2g ot thae Zvant
NTINTRY (NTZ Entry)
MTZZXIT (NTI Exit)
Funusy ’
Operator ang Flight Mumbar of A/C
Jistancz to Tnresholsd
Heading of A/C
True Air Speed of A/C
Altitude of A/C
A/C Tracking Status Code
Deviation (feet, L=lefrt, R-rigrzd), #X (maximum
deviation in f2e%), TOST {(distance *Tloun tcuzrce
threshold) esna UUR (dursaticn of deviation)



le

Ee CONFLICTS
Conflicts =re listsc in twec groups (1) Parallzli (POSHFLLT) 2
{2) Lengitudinal (LCONFLCT) . .
All Aircraft zre tested f Vertizcal Separsticn 2f 1uld fza2t
Parallel Herizontzl Separation 13 3 milese. The Test 13z cordu
when one ar dcth Alrcraft sr2 off the ILS.
Longitudinzl marizontal 3epsration is determinad oy tra sizs
the two Aircrzft using tne following criteris:
Trail Leszd Sen. Trzil La2sd S2pa. Trzil Lzzc 3
Smzll Sm=ll 3 Larce Smalil 3 Haevy Small
Smzall Large 3 Lerge Larsge 3 mazvy Lzrgs
Swall rHeavy 5 Larc2 Adeavy 5. meEvy Hdaavy
A Longitudinal Cenflict Tast is conducted whap Coth Aircrzft
an tne same ILS.
The Greatast Risk 1is determinec oy =2n Algeorithm devalcped oy
Pauls, aCO=340 for this Project. Thsz Routira returrs ar 2ircr
"Proximity Indax (API) feor Standard Conflicts (3 milas, 1303
Nota: This was later modified by CRM to nsndle 211 S=zgarati:
Stancards. o
TIME casses Time of Conflict Zvent
ACTION saee PTONFLCT, LCCONFLCT opr SCONFLOT
RWYT caswse Runicy assgciazted wlt A/C-1 .
IDEZNT1 ceee. Operator and Flight numbar of 4/C-1
TOSTT! scasa C-1 distanca to 1Hre hold
HE51 saeses Heading of a/C-1
SPD1 sassne 1Tu2 Bir S;'.)‘eed of ;\/C-1
RAY?2 wewews Runuwey 2ssociateg with AC-2
IDENT2 wees Pilotr Masszage or dsasrztor snc Flizht of a&/C
TOST2 aeees A&/C-2 aistance o Thrasnold
252 seenes Heading of A/C-2
3932 -n----'TQ) “T L\/C 2
452P saases Horizontal Separation (Milas)
VSSP eeease Vortical Sepsration (Fzet) v
SLNTRSK eea Slant Range Risk (APD) (1=1l2z23t risks, 150=¢cro
RELATION oo Relztionshin of IL3"s (3-1 side-by=sics, 3= =
hatween, 3=3 Tuo IL3S s netwaen)
Note: For Longitudinzsl Ceonflicts (LCONFLCT), A/C-1 trails a/C-
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T3« INSTANTANZOUS ALRCRAFT LCOUNT

Tha Instaptanzous dircrzft count rz2prassats tra Minlwyg
Maximum numbar ot A/C handled siaultaraocusliy curipg =232
11 PILOT KEZY STRIK:ZS

This razoort ccntains the number of kay strikes sntaraee

Pilots assignsa tc e2ach Conxtroller.

RWY easunss Runuzy Namsz

CONT eaasse Logiczl Controlililar Numbder

PVD aseaeseae Sisplay Number

ALTITUDE . altitude charngs

SPEEO [ ERK] S;Deed Chan;‘

HEADING .ae hzading changse

BTACON seew ba2ccn massaces

CLEARED 2.. clesrance

HCLD eassee hoOid messages

REPCRT waee r2929art maesszges

FREQXFER .4 Treguency trensfars

MISSAPR ... missed approscn

CANCEL aeee cancal flight

PILOT=2R . pilot kaybocard entry errors (tnas2 zrsz
nec2ssarily pilot errorss, & controllaer «
nava givan ap incarrect command)
Zvery 3zckspzce 15 countad znd 1if s Cix
strucks every Key in Th=t messaze 15 cou

an error
TOT=KEYS o« total key strikes oy pilots a2ssignad 1o

2y}
|

18



(48]

1. BLNOCNF

2LNDCNF contains

COLUMN

ACRONYM

- -

2=5 RUNNBR awaea
7=-11 STRTM s anas
15‘15 ".’NY‘] a ® a8
17-23 aCIo P
23=25 FISKTM anena
31-=34 APT weasnasse
Ja=40 ENDTM canses
42=44 WY sesasuas
L44=57 BCINZ scsusnsca
$4=35 ILSFLAG aaws
J0=o0ff IL
O1-off IL
JZ2=off IL
SLNDCHF Jata Sxamnl
QUN STRT RWY &
48 57% 18R Tw
44 958 18L E:
45 953 14L ES=
48 2133 1alL ME

(31lung2rs and Asscciastea contli

Cenflicts associzted uwd

DEZSCRIPTICH

U W
N NN

~J
—
-
[IN]

fun Numbar
Start ¢f Conflict
Aircrafti=1 Runuay
Aircratt-1 Identity
Hignest Risk Taime
Alrcratt Proximity
tnd of Contlict
dircraft=2 Runuay
Alrcratt=2 Identity
ILS Stztus

10=on
11=0on

12=-2n

Landed
did not Land
Canceled

TI¥S RISK  END
1 543

1457
1023
2140

Ce o P
L

Lrd =2 (X5 =

i

£
[t
-~ 0O O O
i
SO
[V SR U V]

T
indeax

2f Alircraft-2

Ry
1£R-
13ER
17L
17L

zZ 1

W

s

Landed

cid not Laznd
Cancaladg
£Ice ILSLFE
SMA 3z
A3 1C
L>23 12
2225 Ul
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—ed A

S SANAPIROT L{irnteantionsl 3lunders)
Unce zn Alrcrztt negs conpactad to tha IL3, z2ny cnznze *hst
1t to discernect is considerad 2 deviztior., Tris Ragort irn
tha Aircraft, on Pzrallael Runuwsyss, Th3t sre within (+/=) 2
2f the Threshsld Cistance cf a2n Int2ntisnzl 3lundzr,.
{(Intantionzl Z%lunder = any Flizn=t on tne ILS thzt iis*s
"ilot Messagas: LZFT 136,13,23,30 or RITZ 10,13,20,32)
CoLuMn  ACRONYM DESCRIPTICN
-3 RUN aaasses RUn Numder
7=11 STIME saaes Time of the 3lundar {(s2ccnds)
14=16 BRWY saeexs 2lundering A/C Runway
15-24 31D ceeasee Blundering 4/C Identity
23 CIR sasesnse Oirection 2f 3lundoar
31=32 AMT wesssse AMount of Hazading Change
38 COM: waasses Blundering &/C Communicaticn Irdicater (Y
41 TART aawsse Silundaraing A/C ILS preximity te Cther A/C
({=) = Lot
L3=4G BXCOCRD .aw 32luncdering &/C X-Coordinzta
31-57 BYCOCRD sea 3lunoering 4/C Y-Coordinzte
S¥=54 BALT eeaeas Slundering A/C Altitude
586579 835P0 waweas Blunderiihg 4/C Spe2d
71=7§ BOALT .seewe Bluncering a/C Climn/(=)Cescand Rate
79-31 CRAY easaee Othar A/C Runway
83-3% OI% esvaana Other A/C Fligznt Idenzity
51=-97 CACOQKY asaewa Gther A/C X=Cooardinata -
$9=-105 CYCOCRD ses Cther A/C Y-Coordinate
C7=112 CALT aaaaes Cther A/C Altituda
14=117 CS5PD caeass Cther A/C Sp2ez
19=124 QDALT seese Othaer A/C Climd/{-)D2scend R:zte
120 IND saasaas (%) = Cther A/C Trailing alundering a/C
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2=5 RUN « s
7=9 RNWY .
11-14 CONT .
17 CID «a
13=24 NHAND
25=30 WNDZV .
1-36& HN3LND
3I7-42 MNTLE .
43-48 NTIX .
43=34 LCNFZ
53=50 MLAPI
£1=08 PCNFE
87~72 MFPAPIL
73-78 SR30J

?73-34 SR3DQ
235-93C SP2 .«
MISS .

$7=-132 CANCL
133=-103 LAND .
1C03-114 PILOT
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SUMFILE
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Run numbar
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Corntrcller IO

r Cortrolizr

T

Number of Aircraft Handled
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Nqumber of 2lungars
Number af NTZ Entries
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COLUMN  ACRONTYM DESCR2IPTICN

=5 RUN esneeee RUN number

7=11 TIMZ aeases INntarpai Sinulation Time (s=2conds)

13=13 RAY swenses RUNnuway

17-24 ACTICON weae NTZ Entry (NTZINTRY) or NTZ Zxit (NTZEXIT)
23=32 IDENT seeww Cperzter end rFlignt numbar ot Llundering
34-373 TOST aaessas Clst2nce to Thnreshold 3t timz of Zx1it
4364 FOG ewseses Hezging of nlundering 2/C

4353=50 SPD sasseas Truz 4ipr Speea of dluncering A/C

52-57 ALT weasees Altitudzs ¢f 3iundering A/C

29=-573 TRACK saesas Track Status of 3lundaring i/C
7752 DEV saesswse Deviztion (feszt) upen Znterirz/Zxiting N

34 DIR swsasss Direction of Deviztion

29=93 MX= casewae Mzximum Devistion

CI=104% TOST= aswses Distznce fiown toward Th a;nclc whils in
13=113 OURT wusexe Duration cf Transgrassio
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o VECTFILE (Daviated Aircrzft)
This File contzains 2ll Adircratt that ware deviztec Trem thra ILS.
CoOLUMN  ACRONYH OcSCRIPTICHN
2_5 RUN s azsnees QL‘ln Numb3r
=11 TIME saeess Vector Time (s2conds)
14=15 RAY aavaesnws RLﬂu’Ey
13-24 ACIO asewnes Alrcratt Iﬂentlty
23"32 X n s 0 secusn e X"Cocr‘diné‘te
34_40 Y a2 ussesanas Y-Cocrdinate
42=47 ALT e esseae Altitude
49=335 CL/DSC wsee Climb/{(~)0escend
57—01 SPD essssas JTrue Air Spe?d
£3=56 TRACK asewe Aircrazfr Tracking Stztus
Zxample =~ VECTFILE File:
RUN TIME RuwY ACID X Y ALY CL/DSC 380 TrRalK
48 579  132R TwS0s 450,79 343,47 3335, =15.%¢ 172+ 1802
5 514 18R NSCMA $7%.84 344,13 27354 =13.3C 123, 180923
48 747  13%R glL102%8 480479 352.78 49%4. -5.0C 123, 1329
&5 791 14R ASc2448 47%9.,22% 353,32 994, =200 T1gu. 1338
48 332 18R MTRE2: 475436 344,82 2547, ~7«0E 149, 1979
48 338  1s5L =:501240 433,04 340,65 2212, =12.954 17234 13249
44 1307 18R NTz2sL 47984 247,15 3535, ~13.1¢ 1742. 1204
&5 1017 132 QoL&E9E L&2.79 343,11 31861 =10.34 151, 1032
44 1025 14L ASE2993 433,05 341,05 2313, =1Z2.%¢& 17%. 1003
45 1138 17L AA199 4352427 335,32 3CC0. 0 2214 130
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ACTFILE contazins Actions teken 95y the Pilct aila T
commancs. Sinc2 Actions inmcluca Pi1lot HMeszszges,
inte tne Ne-Transgression~Zone and Entry/Zxit of
ana Longituzinzl Confliciss LINE i35 usad 1o read
thz s2cond Runuway,., ASZIP con*tains the dircrsft Tra
'far Pilot Messages and NTZ dctions.
COLUMN  ACRONYHM SZSCRIPTICH
2=5 RUN «aeasea Run Numbar
7=3 RuY1 awaa Acticn Runuzy
11-153 TIMZ ...a. Tine of Actic
17=23  IDENTT . Flight Icentity of ddircratt parformin
23=32 ACTION .. acticn concarning aircrsft z2s fcolil
NTZNTRY . Entry 1nto NO-=TRANSGREISSICHN-IONE
NTZEXIT  «a. Exit Trom NTZ
LOCNFNTRY .. Start of Longiztudinal Conflict
LINFEXIT o4 End of Longitudinal Conflict
PCNFNTRY oo Stazrt of Parallel Runway Contli
PONFEXIT .4 Enag of Pzrallal RKuhway Ceoentlict
Pilot Keytord Mossages:
ALTITUDE <. Altitude Change
CANCEL s02e C2ncel Flight
.CLZAREZL ses Clearance
MISSED ..e. Missed Approzcn
INFCRM aeas Filot Infeormation
SPEZC saees Spmzed Chznge
WARMING .ea Controller NTZI Warning
YZCTCOR eans feading Chzangse
34=38 TCST1 eas fcticon A/C Distance. to Thra2sholc
43=44 rASEP/TRACK . Horizontal Sesaratior or Trackin

Conflict £xit = Minimum Saparata

cr ‘

A/C Tracking Coda for Pilect o~ NT
48=50 V35ZP saewsxss Vertical Separation or bdDlank
52=-3%8 A351 aae. neading of Action Aircratt '
33=02 3P31 eaws Sp2ea of 4ction Alrcratt
E4=59  ALTT1 aees Altitudas of Actinn Aircrafz
71=73 RWY2 eaes Runuwsy of szcond A/C or hlark
753=112 LINZ eeee Pilot Messzge or the follouwing:

ICENTZ o» Identity of second Aircraft in Con
TOSTZ ewea Distanca to Threshold cf sscone A1
HOGZ2 eeaa Hozacing of Second dircraft in lonft
SPDZ wews Speed of Seconu dircraft in Corfli
ALT2 aees Altitude of Second Aircraft in Cecn
JEV aeeses Jeviation from ILs uento Lin2 (T2
MX aseess Maximum Daviation during NTZ cross
TOST ewee Cistance Flcwn along ILS during NT
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APPENDIX F

ORIGINAL SIMULATION SCHEDULE






CONTROLLER ASSIGNMENT PLAN

SEPT.

21,1989

Five controllers will be randomly assigned letters A, B, C, D, or
E. The controllers will rotate among the positions after

run, with one or two excused from the run.

each
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CONTROLLER ASSIGNMENT PLAN
SEPT. 21, 1989
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one airport, triple runways

RUN# 18R 17L 16L
12 o E B
13 B c D
14 E A D
15 D E A
16 E o D
DAY 5 FRI SEPT. 29, 1989
one airport, triple runwvays _
RUN# 18R 17L 16L
17 D E - B
18 E B o
two alirports, dual runvays )
RUN# 18R 17L 17L 16L
19 c B A E
20 D E B c
21 B -\ E c
DaY ¢ MON OCT. 2, 1989
two airports, dual runvays
RUN# 18R 17L 17L 16L
22 A Cc D B
one airport, triple runways
RUN# 18R 17L 16L
23 c D B
24 B E A
25 B C E
26 c E A
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CONTROLLER ASSIGNMENT PLAN
SEPT. 21, 1989
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one airport, triple runwvays’

RUN# 18R 17L le6L
27 A c D
28 E A o
29 E B D
30 B C A
31 D B c
DAY 8 WEDS OCT. 4, 1989
one airport, triple runways
RUN# 18R 17L 16L
32 A D E
33 D E o
34 c D A
3 A C E
36 B D E
DAY 9 THURS OCT. 5, 1989
two airports, dual runvays N
RUN& 18R 17L 175 16L
37 D A B E
38 B o E D
39 ot D A B
40 E B o A
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CONTROLLER BIOGRAPHICAL AND INFORMED
CONSENT QUESTIONNAIRE
- . SIMULATION OF TRIPLE PARALLEL RUNWAY APPROACHES

Part 1: Biographical Information

This questionnaire will help us to obtain relevant
information with respect to your background as a
controller, which may help us to better understand your
performance in the simulation experiment. We would
appreciate your taking the time to complete the few _
questions listed below. All information provided on this
form will remain confidential, and the form itself will be
destroyed following the completion of this project.

Date:

1. How many years of experience do you have as an
air traffic controller?

2. How many years of experience have you had at your
current facility? :

3. How many years have you worked parallel
approaches?

Part 2: Informed Consent

.It is important to us that participating controllers
in the simulation experiment 1) are fully informed with
- respect to the goals and procedures to be used in the

experiment, and 2) have freely consented to participate
in the simulation.

Please sign your name to indicate your agreement with
the following statement:

"I have been fully briefed with respect to the goals
of the simulation experiment and my role as a controller
in the experiment. I further submit that I have freely
chosen to participate in this study, and understand
that I may withdraw from participation at any time,
should I find it necessary to do so."
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EXECUTIVE SUHMARY

The goal of the triple, independent instrument landing system (ILS)
simulation was to demonstrate the safety and feasibility of multiple

parallel approaches to independent runways with all types of aircraft.

The D/FW Metroplex Air Traffic System Plan Program Office provided staff
support and acted as observers throughout the simulation. During the
simulation, the Program Office staff recorded the control instructions
issued by the controllers and the estimated minimum slant range distance
between blundering aircraft and the aircraft affected by the blunder. The
records of the observers indicate two types of situations. The first type
of situation was blunders--this includes turns of 30 degrees or less, with
and without radio communications,'which'required gircraft on adjacent ILS
courses be v;ctored to avoid the blundering aircraft. The second type of
situation recorded the "turn left/right and rejoin the ILS" imstructions

issued to resolve the programmed navigation error.

The simulation included 16 dual ILS rums in which the observers recorded
207 blunders and 1,395 turn and join situations. The simulation also

included 28 triple ILS runs in which the observers recorded 294 blunders

and 2,094 turn and join situations.

The Triple Independent ILS Simulation Executive Committee determined that
all situations which resulted in less than 500 feet slaﬁt range would
receive an indepth analysis. The observers decided to anmalyze all

situations in which less than 3,000 feet slant range was computed. In the
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simulation, duals produced 207 blunders of which 12 resulted in less than
3,000 feet slant range distance. In the simulation, triples produced
310 blunders of which 14 resulted in less than 3,000 feet slant range

distance. Annexes 1 and 2 describe these situations.

During the dual simulation, the closest point of approach occurred in

Run 4 - 2 and was estimated to be (0 ft - 0 NM) and computed to be,

1,103 feet slant range. The slow response of the simulation operator pilo;
created this situation. A period of 15 to 20 seconds lapsed between the
initial clearance ;esponse and the time the aircraft began to turn. 1In
Run 4 - 2a, the controller called an aircraft by the wrong call sign. This
may or may not have contributed to the creation of closest point of
approach, estimated to be (200 ft - 1/4 NM), and computed to be 1,712 feet
slant range. The closést point of approach in which the observers could
not detect reaction delay by either pilot or controller occurred in

Run 26 - 1. The miss distance was estimated to be (0 ft - 1 NM) and

computed to be 2,279 feet slant range.

During the triple simulation, the closest point of approach occurred in
Run 31, estimated to be (200 ft - 1 NM), and was computed to be 1,229 feet
slant range. However, this distance occurred between two aircraft being
vectored away from a bluﬂdering aircraft and did not involve a blundering
aircraft. The closest point of approach involving a blundering aircraft
occurred in Run 35, estimated to be (200 ft - 2 NM), and was computed to be
1,684 feet slant range. However, this slant:range distance occu;red after

the pilot made a 90-degree left turn. The pilot continued the turn,
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resulting in a 180-degree left turn. The observers did not detect reaction
delays by the controllers which resulted in less than 3,000 feet slant
range miss distance during_the triple simulation. The closest point of
approach in which the observers did not detect reactiom delays by the pilot

occurred in Run 22, estimated to be (400 ft - 1/8 NM), and was computed to

be 2,084 feet slant range.

The triple simulation had one run in which the blunders were not scripted.
Representatives of Aviation Standards National Field Office (AVN) and
Flight Standards Service (AFS) induced, on a random basis, blundegs of
30-degree turns, with and without radio communications, during a l-hour
run. The intent of the run was to create situations which would result in
a "worse case" condition. This was accomplished by arbitrarily
manipulating an aircraft to a point where an aircraft was then either
parallel or slightly behind on an adjacent ILS and approximately the same
altitude befo;e beginning the blunder. During the run, the observers
recorded 17 blunders and 63 "turn and join" instructions being issued. The

closest point of approach was observed to be (400 ft - 1/8 NM) and computed

to be 1,863 feet slant range.-

The simulation proved most emphatically the feasibility of implementing the

triple ILS procedures at Dallas/Fort Worth International Airport without

any degradation of safety.



INTRODUCTION

Implementation of the D/FW Metroplex Air Traffic System Plan will require
new and innovative procedures to accommodate the increased volume of

traffic projected for Dallas/Fort Worth International Airport.

Dallas/Fort Worth International Airport will comstruct two new parallel
north/south runways on the east and west side of the airport. The east
runway (16L/34R) will be approximately 8,500 feet long and 5,000 feet east
of the center of Runway 17L. The west runway (16R/34L) will be
approximately 8,500 feet long and 5,800 feet west of the centerline of
Runway 18R. 1In order to gain full capacity of the new runways, procedures
must be developed which allow multiple (more than two), simultangous
parallel ILS approaches be conducted during weather minimums of 200-foot

ceiling and visibility of 1/2 NM.

The multiple, simultaneous parallel ILS approach simulations are being
conducted in phases. Phase I was completed in June 1988. Phase II,
triple independent ILS simulation, was conducted at the Federal Aviation
Administration (FAA) Technical Center in Atlantic City, New Jersey, from

September 25 through October 6, 1989.

Phase III, quadruple parallel ILS approach simulation, will be conducted at

the FAA Technical Center January 29 through February 9, 1990.



The Dallas/Fort Worth>TRACON/Tower provided five individuals--one
supervisor, one traffic management specialist, and three controllers--to
participate in the simulation. The D/FW Metroplex Air Traffic System Plan
Program Office provided the staff support and acted as observers

documenting the actions of the controllers throughout the simulation.



ANALYSIS

The simulation consisted of two separate scenarios with the runway layout
upique to Dallas/Fort Worth International Airport. The first scenario
studied dual parallel ILS approaches consisting of two separate’runway
layouts. One set of runways included Runways 18R and 17L with Runways 17L
and 16L as the second set. The second scenario studied the triple,
parallel ILS approaches using Runways 16L, 17L, and 18R. Simulation runms

were made using the dual runways to compare the resulting data with the

triple runway data.

Throughout the simulation, the controllers encountered unexpected
sitpations and conditions to which they responded with excellent success,
which provides further emphasis to our conclusions. The following )
-paragraphs outline some of the general problems and situations. Annex 1

(Duals) and Annex 2 (Triples) explains the instances in which less than

3,000 feet slant range distance resulted between a blundering aircraft and

an aircraft on an adjacent ILS.

BLUNDERS: The simulation included several types of scripted blunders,
which were introduced at various times during a l-hour run, without the
prior knowledge of the controllers or observers. These blunders included
10, 20, and 30-degree turns with and wighout radio communication. Due to
the navigational parameters set in the computer, the controllers and
observers were unable to differentiate between 10 or 20-degree blunders and

a navigational error in which the controller had radio communications with
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the aircraft. Further explanation of this is in the Navigation paragraph.
Those blunders which involved nonradio conditions were detected immediately
and the controllérs issued instructions to turn/climb the aircraft on the

]

adjacent ILS.

A 30-degree blunder in which the controller had radio communications,
however, created a specific problem. When an aircraft on Runway 17L began
a 30-degree left/right turn, the controllers would insfruct the aircraft to
turn right/left and join the ILS. The computer would then turn the
aircraft back towards the ILS. However, the aircraft's angle of approach
back to the ILS was such that the aircraft flew through the ILS course and
then proceeded towards the No Transgression Zone (NTZ) before making
another turn back to the ILS course (see figure 1). In several situatioms,
the controllers would turn an aircraft on the outside ILS to separate it
.from the first 30-degree turn, and then the controller on the opposite,
outside ILS would turﬁ the aircraft in his control to separate it from the.

blundering aircraft when it flew through the ILS course the second time.

NAVIGATION: The navigation parameters programmed in the computer created a
situation which eliminated the 10 and 20-degree blunders with radio
communications. The navigation parameters allowed the aircraft to deviate
either side of the centerline of the ILS along the entire final approach
course. The amount of deviation did reduce as the aircraft came closer to
the end of the runway. The controllers would detect the deviation and
instruct the aircraft to turn left/right and join the ILS. The large

volume of turn and join clearances completely eliminated the 10 and
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20-degree blunders with radio communications, which had been scripted into

the simulation. 1In the vast majority of the 36 rums, these turn and join

clearances were issued more than 25 times for each runway in a l-hour run.

—

PILOTS: Simulation pilots were a major concern because simulation results
could be greatly affected by the ability of the pilots. During the course

of the simulation, pilot error fell into two categories.

2. Human Error - Slow response to aircraft calls and the entry of

control instructions.

b. Computer Problems - Entry problems which were beyond the control of

the pilots.

The controllers and observers were unable to determine the difference, and

all the problems are combined under the general category of "pilot error.”

Initially, the pilots were.unfamiliar with the sigulation scenarios and
their response times reflect this. During the first several runs, the
responses from the pilots improved dramatically. After the initial
improvement, the pilots generally performed at a level of competence which
allowed the simulation to achieve realistic results. Overall, the pilots

performed in an outstanding manner and are to be commended.

EQUIPMENT: During the simulation, we encountered some minor computer

problems and scope failures which were an inconvenience to the simulation.



However, the controllers were able to handle the indicator failures which
occurred in the middle of two rums without anyAdifficulty. The indicator
failures were unplanned hut added realism to the evaluation. The failures

also provided support to the proposed final monitor equipment layout.

RONS: The information contained in Annexes 1 (Dual) and 2 (Triple)
provideé a brief explanation of the occasions in which a blundering
aircraft came within 3,000 feet or less slant range of an aircraft on the
adjacent ILS courses. The following is a brief explanation of the
information. The first sections contain run number, date, start'time,
runways used, and controller assignment. The second section outlines the
blunder. The aircraft call sign that follows the time is the blundering
aircraft. The aircraft call signs which follow are those aircraft which
were affected by this blunder. Under each of these aircraft is the minimum
estimated lateral distance as viewed by the observers. The last section is
a brief overview of what control actions were initiated and the results.
The aircraft proximity index (API), developed by the Technical Center, is a
single value that reflects the relative seriousness or danger of the
situation. The‘API assigns a weight or value to each conflict, depending
on vertical and lateral distance. API facilitates the identification of
the more serious conflicts in a data base where many conflicts are present.
A figure of 100 is the maximum value of the API. Therefore, the higher the
API, the closer the aircraft. It should be noted that, in the dual runms,
Run 4 produced the highést APT of 77, but pilot error heavily influenced

this figure. In the triple runway runs,; Run 22 produced the highest
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API of 68, and it should be noted that these aircraft hac a siant range of
2,795 feet. If further explanation of the API is desired, it can be

obtained from the Technical Center.



COMCLUSION

The D/FW Metroplex Air Traffic System Plan Program Office is thoroughly
convinced that the triple, parallel ILS simulation was a complete success.
The triple, parallel ILS simulation proved without a doubt that, with
existing equiﬁment and the runway layout available at Dallas/Fort Worth
International Airport, these procedures are safe. The failure of the radar
indicators during the simulation only serves to emphasis the controllers’
ability to resolve the problems when they occur and supports the

feasibility of triple parallel ILS approaches.



RECOMMENDATIONS

During the simulation, events occurred which created problems and delayed
some of the runs. These events included both hardware and software
problems with the computer, inexperience of the pilots, and the
unfamiliarity of the participating coutrollers. The major problem was the
result of the computer failures which delayed some of the runs and required
overtime for the controllers to return to the prescribed schedule. The
strain on the controllers created by the importance and visibility of this
simulation was exhausting. The importance of these simulations is such
that a failure due to fatigue should never occur. Therefore the D/FW

Metroplex Air Traffic System Plan Program Office proposes the following

changes in future simulations.

a. Makeup time should be scheduled during any simulation to resolve

computer problems.

b. The maximum number of l-hour runs should be five each day with no

exceptions.

c. Additional controllers should be available.

d. The first full day should be devoted to indoctrination and

familiarization for both the coatrollers and pilots.
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ANNEX 1 (DUALS)

RUN SUMMARY

RUN BLUNDERS TURN/JOIN
1 -1 7 108
1 -2 25 161
2 -1 .16 100
2 -2 ’ 15 117
3 -1 19 66
3 —‘2 6 . 80
4 -1 ; 15 43
4 -2 14 57
5-1 13 71
5-2 15 43
23 -1 8 ’ 32.
23 - 2 - 13 ' 77
24 -1 14 69
24 - 2 7 72
26 -1 14 100
26 - 2 6 17

TOTALS 16 207 1,395

Blunders: less than 3,000 feet slant range distance - 12

less than 500 feet slant range distance - O
NOTE: - 1 refers to Runway 16L and 17L

= 2 refers to Runway 17L and 18R
H-17



DUALS RUR ANALYSIS

RUN1 -2 9/26/89 09:15 LCL
RUN1 -2 9/26/89 09:15 LCL
RUNWAYS 16L . CONTROLLERS: C

17L E

0009:00 DAL263 Rwy 16L Turmed right - No radio
DAL815 Rwy l7L Turned right

(1,000 ft - ? NM)

The target of DAL263 disappeared; therefore, we were unable to give an

estimate.

=

The closest point of approach was computed to be 1,575 feet slant

range with an API of 1.
0054:00 AAL147 Rwy 17L Turned left - No radio
AAL1239 Rwy 16L Turned left and climbed
(500 £t - 1/4 NM)

The pilot of AAL1239 did not respond until the third call.

The closest point of approach was computed to be 2,748 feet slant

range with an API of 2.



RON 3 - 2 9/26/89 ‘ 14:00 LCL

RUNWAYS 16L CONTROLLERS: D

171 A

0023:00 AAL694 Rwy 17L Turned left - No radio
DAL234 Rwy 1l6L Turmed left and climbed

(400 ft - 1/4NM)

The pilot of DAL234 responded after the third call and reaction of the

aircraft was slow.

The closest point of approach was computed to be 2,432 feet slant

range with an API of 33.



0032:00

RUN 4 - 1 9/26/89 15:20 LCL
RUNWALS 17L CONTROLLERS: A

18R , D

DAL124 Rwy 18R Turned right

DAL182 Rwy 17L Turned right and climbed

DAL124 was over the airport at 600 ft MSL when the aircraft turned

right.

The closest point of approach was computed to be 1,771 feet slant

range with an API of 39.



RUN &4 - 2 9/26/88 15:20 LCL
RUNWAYS 16L CONTROLLERS: E
17L B

0008:00 TWA906 Rwy 16L Turned left - No radio
AAL453  Rwy 17L Turned right and climbed

(300 ft - 1/10 NM)
The pilot of AAL453 was slow to climb the aircraft.

The closest point of approach was computed to be 1,858 feet slant
range with an API of 31.
0038:00 AAL690  Rwy 16L Turned right - No radio

DAL375 Rwy 17L Turned right and climbed

(200 fr - 1/2 ¥M)

The pilot of DAL375 read back AAL375 and was slow to respond to the

clearance.

The closest point of approach was computed to be 2,399 feet slant

range with an API of 37.



0045:00 AAL893 Rwy 16L Turned right - No radio
AAL554 Rwy 17L Turned right and climbed
(200 £t - 1/4 NM)
The controller of AALS554 used the wrong call sign, he called AALS24;

however, he corrected the call sign immediately.

The closest point of approach was computed to be 1,712 feet slant

range with an API of 48.

0058:00 AAL356 Rwy 16L Turned right - No radio
DAL937 Rwy 17L Turned right and climbed

(0 ft - 0 NM)

The pilot of DAL937 acknowledge& the turn and climb but did not respond
to the clearance. Between 15 and 20 seconds lapsed between the initial
clearance response and the time the aircraft began to turn. When the
clearance was issued, AAL356 and DAL937 were approximately 300 feat and
3/4 NM apart. When the first action of DAL937 was observed, the

distance had deteriorated to near collision conditions.

The closest point of approach was computed to be 1,103 feet slant

range with an API of 77.



RUN 5 - 2 9/27/89 08:50 LCL
RUNWAYS  16L CONTROLLERS: C

171 E

Wi

-

0036:00 DAL375 Rwy 17L Turned left - No radio
AAL890 Rwy 16L Turned left and climbed

(500 ft - 1/4 NM)

The closest point

e
rh

approach was computed to be 2,947 feet slant

range with an API of 22.

0045:00 AAL893 Rwy 16L Turmed right - No radio
AAL554  Rwy 17L Turmed right and climbed

(100 ft - 1/8 NM)

The pilot of AALS554 did not respond to first call, and the second call

resulted in a slow response.

The closest point of approach was computed to be 2,169 feet slant

range with an API of 62.



RUN 26 - 1 10/2/89 14:30 LCL
RUNWAYS 16L CONTROLLERS: D

17L E

0012:51 AAL621 Rwy 1l6L Turned right - No radio
DAL626 Rwy l7L Turned right and climbed
(0 ft - 1 NM)

AAL527 Rwy l7L In front of DL626; AA621 passed behind.

The closest point of approach between AAL621 and AAL527 was computed to

be 2,279 feet slant range with an API of 41.



RUN 26 - 2 10/2/89 14:30 LCL
RUNWAYS 17L CONTROLLERS: C

18R B

0044:20 AAL276 Rwy l7L Turned right - No radio
AAL570 Rwy 18R Turned right and descended

(200 ft - 1/4/NM)

The closest point of approach was computed to be 2,772 feet slant

range with an API of 50.
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(TRIPLES)
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ANNEX 2 (TRIPLES)

RON SUMMARY

RUN BLUNDERS TURN/JOIN
6 14 98

7 16 87

8 12 . 58

9 11 80

10 14 82

11 5 36

(Clocked stopped at 00:27)

12 11 119
13 9 104
14 10 82
15 ) 9 83
16 9 64
17 13 ' 81
18 9 101
19 6 | | 82
20 14 73
21 ' 14 02
22 7 ' 74
25 8 53
27 10 63
29 o 8 69
30 9 61
31 12 57
32 13 70
H-27



33 8 82

34 11 38
35 10 77
36 10 83
37 17 63
TOTALS 29 310 2,157

Blunders: less than 3,000 feet slant range distance - 14

less than 500 feet slant range distance - 0



TRIPLES RUN ANALYSIS

RUN 9 ' 9/27/89 16:10 LCL
RUNWAYS 16L CONTROLLERS: C

171 B

18R ' . E

0042:55 AAL556 Rwy 17L Turned left - No radio
AAL893 Rwy 16L Turned left and climbed

(400 ft - 1/2 NM)

The closest point of approach was computed to be 2,511 feet slant

range with an API of 27.

0048:51 AALS5S51 Rwy 16L Turned right
DAL1666 Rwy 17L Turned right and climbed
(300 ft - 1/4 W)
UAL311 Rwy 18R Turned right and climbed

(1,000 £t - 3 NM)

The pilot of DAL1666 turned left instead of right.

The closest point of approach between AALS551 and DAL1666 was computed

to be 2,609 feet slant range with an API.of 31.



RUN 22 10/2/89 09:00 LCL

RUNWAYS 16L CONTROLLERS: D
17L C
18R B

0035:48 AAL555 Rwy 7L Turned left - No radio
AAL344  Rwy 16L Turned left and climbed

(0 fr - 1/4 NM)

The closest point of approach was computed to be 2,795 feet slant

range with an API of 68.

0040:14 TWA525 Rwy 17L Turned left - No radio
AAL4A4S Rwy 16L Turned left and descended

(400 ft - 1/8 NM)

The closest point of approach was computed to be 2,084 feet slant

range with an API of 30.



RUN 25 10/2/89 13:20 LCL

RUNWAYS 16L CONTROLLERS: B
7L A
18R c

0039:00 AAL295 Rwy l7L Turned left - No radio
AAL628 Rwy 16L Turned left and climbed

(300 ft - 1/8 NM)

The pilot of AAL628 was slow to respond. AAL628 was given an immediate

left turn and approximately l4 seconds later (3 updates) the aircraft

turned.

The closest point of approach was computed to be 2,355 feet slant

-

range with an API of 50.



RUN 28 10/3/89 10:10 LCL

RUNWAYS 16L CONTROLLERS: C
17L B
18R ) D

0028:55 DAL1916 Rwy 17L Turned left - No radio
BNF52% = Rwy 16L Turned left and climbed

(100 ft - 1/4/NM)

The closest point of approach was computed to be 2,846 feet slant

range with an API 55.

0045:35 AAL1343 Rwy 18R Turned left - No radio
DAL179 Rwy 17L Climbed
(200 ft - 1/4 NM) -
MID231 Rwy 16L Turned left and climbed

(200 ft - 3/4 WM)

The pilot of DAL179 required five calls to respond to the climb

clearance.

The closest point of approach between DAL179 and AAL1343 was computed
to be 2,469 feet slant range with an API of 3; between AAL1343 and

MID231 was 15,268 feet slant range with an API of 1.



RUN 31 10/3/89 15:00 LCL

RUNWAYS 16L CONTROLLERS: B
17L ' C
18R : A

0045:38 DAL179 Rwy 17L Turned left - No radio
AAL424  Rwy 18R Turned left and climbed

(200 fr - 1 NM)

The closest point of approach between DAL179 and AAL424 was computed to

be 13,387 feet slant range with an API of 1.

The pilot of DAL179 continued the right turn and made a complete
90~degree turn. The controllers continued to vector aircraft away from
DAL179; and the closest point of approach Af 1,229 feet slant range was’
realized between AAL281 and AAL1343, which were aircraft being vectored
away from DAL179. The closest point of approach between DAL179 and
AAL1343 was computed to be 8,221 feet slant range with an API of 18.
The closest point of approach between DAL179 and AAL281 was not

computed; therefore, these aircraft never came closer tham 1,000 feet

and 3 NM.



RUN 32 10/4/89 08:05 LCL

RUNWAYS 16L CONTROLLERS: D
17L B
18R c

0051:43 BNF580 Rwy l7L Turned left - No radio
AAT.989 Rwy 16L Turned left and descended

(500 ft - 1/8 NM)

The closest point of approach was computed to be 2,774 feet slant

range with an API of 25.



3

RUN 35

RUNWAYS

0019:00 AALS44

AAL218

AAT101

10/4/89 11:30

16L CONTROLLERS: B
17L . A
18R D

Rwy 18R Turned left - No radio
Rwy 17L Climbed

(200 ft - 2 NM)

Rwy 16L Turned left and climbed

(200 fr - 1 NM)

LCL

The pilot of AAL944 turned the aircraft 90 degrees to the left and then

continued the turn to a heading of 360.

The closest point of approach between AAL944 and AAL218 was computed to

be 1,684 feet slant range with an API of 1.

The closest point of

approach between AAL944 and AAL10Ol was computed to be 11,877 feet slant

range with an API of 1.

When AAL944 turned left to a heading of 360, N756N 16L was turned left

and climbed. The closest point of approach between AAL944 and N756N

was computed to be 14,520 feet with an API of 1.



0054:20 NWA40l Rwy 18R Turned left - No radio

This aircraft was 1/4 NM north of the approach end of the runway and
approximately 200 feet above the ground. The aircraft continued to
descend and made contact with the ground prior to entering the No

Transgression Zone and no other aircraft were involved.

0054:45 AAL1237 Rwy 17L Turned left - No radio
AAL147 Rwy 16L Turned left and climbed

(100 ft - 1/4 NM)

The closest point of approach was computed to be 2,546 feet slant

range with an API of 55.



RUN 37 10/5/89 08:24 LCL

RUNWAYS 16L CONTROLLERS: A
17L D
18R B .

0028:36 AAL949 Rwy 18R Turmed left - No radio
DAL796 Rwy 17L Climbed
(100 ft - 1 1/2 NM)
DAL881 Rwy 16L Turned left and climbed

(300 ft - 1/2 NM)

The closest point of approach between DAL796 and AAL949 was computed to
be 7,828 feet slant range with an API of 23. Between DAL796 and DALS881

there was 2,583 feet slant range with an API of 1.

0045:37 AAL1406 Rwy 17L Turned left - No radio
DAL193 Rwy 16L Turned left and climbed

(400 ft - 1/8 ™M)

The closest point of approach was computed to be 1,863 feet slant

range with an API of 24.

o
1
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EXECUTIVE SUMMARY

Qur task was to evaluate the feasibility of running triple independent
instrument landing system (ILS) approaches to runways 18R, 17L, and 16L
at Dallas/Fort Worth (D/FW) Airport. The test simulated jets on approach to
all three runways. There were two questions we had to answer.

1. Is the proposed triple runway operation as safe as the dual runway
operations?

2. How do the controllers view the triple runway operation with respect to
safety, ease of operation, and capacity.

Our answer 1o the first question is a unified and emphatic, yes. As tothe
second question, it is believed that safety can be maintained with proper
monitoring equipment and manning. Operations can be conducted without
any degradation of safety while, at the same time, increase the capacity of
the airport under instrument conditions approximately 33 percent. We
found this phase to be completely successful in answering the assigned tasks.



wi

INTRGDUCTION

On September 25, 1989, a staff from DFW Terminal Radar Approach Controi
(TRACON) consisting of three air traffic controllers, one traffic management
specialist and an area supervisor met at the Federal Aviation .
Administration’s (FAA) Technical Center at Atlantic City International
Airport, New Jersey. The purpose was to conduct the simulation of triple
simultaneous approaches at D/FW Airport.

ANALYSIS

The principle concern of the controller test team was the frequency and
number of blunders and wanderers did not realistically reflect simultaneous
operations. There were numerous simulator pilot errors and software and
hardware failures that created additional problems. One of the most
challenging was the position indicators that failed during two separate
scenarios. Although these problems were distracting, we were still able to
ensure adequate spacing at all times. As the evaluation continued some of
these problems were resolved; however, others still existed.

Our operating guidelines were not to concern ourselves with airspace
constraints. Our only objective was ic maintain an acceptable margin of
safety at all times between the center of targets. The lowest altitude we
could use was 2000 feet. For each runway we developed our own pullout
procedures to maximize safety of flight and decrease controller reaction
times. We believe it was more stressful in this respect to perform the
monitor function for runways 16L and 17L than runways 18R and 17L.
The proximity of runway's 16L and 17L (5000 foot centerline separation)
required quicker reaction times than that of runways (7L and 18R (8800
foot centerline separation). Staggered aircraft on the finals were easier to
react to than a side by side operation.

The hardware and software problems necessitated the team to work 2 hours
of overtime for 2 consecutive days to maintain the simulation schedule. On |
of the 2 days six and one-half scenarios were completed with minimum turn
around times. The half completed scenario was the result of a computer
failure. T-4



CONCLUSIONS

After spending 9 days monitoring triple independent parallel approaches, we
were able to overcome the obstacles of the pilot errors, software problems,
indicator failures, and controller anxieties. In spite of all of these
circumstances, we were able to ensure flight safety at all times.

We believe that the complexity and workload of triple instrument landing
system (ILS) approaches will be as manageable as the dual ILS approaches
are today with the proper manpower, equipment, and procedures. We
believe that the Phase 11 simulation study on triple mdependent ILS
approaches has been a total success.



RECOMMENDATIONS

FEDERAL AVIATION ADMINISTRATION TECHNICAL CENTER

1. In future tests more emphasis should be placed on overtake situations
than on wandering and blundering aircraft. We believe this would more
closely resemble real life situations.

2. The simulator pilots should modify or change the way they enter data.
The present methods and equipment configurations make simulator pilot
reaction times slow.

3. The fatigue factor is an important variable in the accomplishment of these
tests. We recommend no more than five 1 hour scenarios a day. If
practical, enough controllers should be provided to avoid having to work
more than two consecutive problems.

DALLAS/FORT WORTH TERMINAL RADAR APPROACH CONTROL

1. To properly monitor the finals, the leader lines at DFW need to be
available on all eight cardinal positions. Flight data information was often
overlapped and unreadable without this option. The flight data information
was obscured using only the four key cardinal points.

2. We recommend that future Enhanced Target Generator (ETG) controller
training at DFW include the final monitor positions with these type scenarios.

3. We believe a task group should be formed at DFW to established local
operating procedures and review any possible Automated Radar Tracking
System (ARTS) changes that may be required to enhance safety.

I-6
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DFW TRIPS SCENARIO

DFW TRIP
TIME

00:05:12
00:08:28
00:09:54

00:11:05
00:13:14
00:17:52

00:22:32
00:28:10
00:32:35

00:35:14
00:38:42
00:44:17

00:47:27
00:53:18
00:57:42

01:01:14
01:03:59
01:08:54
01:13:44
01:17:37

2

RW A/C# LR AMT

18R
17L
16L

18R
17L
16L

16L
17L
16L

16L
16L
18R

18R
16L
18R

1st
2nd
ist

1st
T 3rd
3rd

Brd
ist
2nd

2nd
1st
2nd

2nd
3rd
2nd

o tmxd Wt WP A

20deg
30deg
10deg

30deg
l0deg
20deg

20deg
30deg
1l0deg

30deg
20deg
30deg

30deg
30deg
30deg

START:00:02:00

COMM INTERVAL

NO
YES
NO

YES
NO
NO

NO
NO
NO

NO
YES
NO

NO
NO
NO

00:03:12
00:03:16
00:01:26

00:01:11
00:02:09
00:04:38

00:04:40
00:05:38
00:04:25

00:02:39
00:03:28
00:05:35

00:03:10
00:05:51
00:04:24

00:03:32
00:02:45
00:04:55
00:04:50
00:03:53

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS
. BLUNDERS BEFORE 00:58:00

RUNWAY
16L
17L

- 18R

SCENARIOS (TRIPLES).

# SEQ _#
7 18T
3 2ND

'S 3RD

&

DIR
L
R

#
7

8

coMM
NO
YES

September 11, 1989

" B-2

# AMOUNT
12 1l0deg
3 20deg

30deg





DFW TRIPS SCENARIO

DFW TRIP
TIME

1 00:05:12
00:06:23
00:07:39

00:11:29
00:14:21
00:18:08

00:20:14
00:22:26
00:24:55

00:29:01
00:30:29
00:32:35

00:34:42
00:36:10
00:38:50

00:42:123
00:43:15
00:45:23

00:47:31
00:48:33

3

RW A/C# LR AMT

18R
17L
17L

18R
18R
17L

17L
18R
18R
16L
18R
17L

18R
16L
18R

17L
18R
18R

18R
16L

2nd
3rd
2nd

1st

2nd

3rd

lst
3rd

2nd

1st
ist
3rd

lst
3rd
3rd

lst
2nd
3rd

lst
ist

opP e X WM B WP W

30deg
20deg
30deg

20deg
20deg
10deg

30deg
l0deg
20deg

20deg
30deg
20deg

10deg
10deg
30deg

20deg
20deg
20deg

30deg
20deg

START:00:02:00

COMM INTERVAL

NO
YES
YES

NO
YES
YES

YES
YES
YES

YES
YES
YES

YES
NO
YES

NO
NO
YES

NO
YES

00:03:12
00:01:11
00:01:16

00:03:50
00:02:52
00:03:47

00:02:06
00:02:12
00:02:29

00:04:06
00:01:28
00:02:06

00:02:07
00:01:28
00:02:40

00:03:23
00:01:02
00:02:08

00:02:08
00:01:02

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS
' BLUNDERS BEFORE 00:58:00

RUNWAY
1l6L
17L
18R

SCENARIOS (TRIPLES)

# SEQ
3 18T
6 2ND
11 3RD

B-3

#
12
8

COMM
NO
YES

September 11, 1989

# AMOUNT
6 1l0deg

14 20deg
30deg





' DFW TRIPS SCENARTIO

DFW TRIP
TIME

00:05:37
00:09:32
00:12:55

"00:16:23
00:20:22
00:25:53

00:29:04
00:33:48
00:39:34

00:42:38
00:48:35
00:51:15

00:52:18
00:55:02
00:58:16

01:00:42
01:06:41
01:09:15
01:10:35
01:13:27

4
RW

17L 3rd
18R 2nd
16L 3rd
17L 3rd
18R 2nd
17L list
18R  3rd
18R 3rd
16L 1st
17L 3rd
16L ist
16L 2nd
18R 3rd
18R 2nd

He W W oo dWbw

A/C# LR AMT

20deg
30deg
30deg

20deg
l0deg
20deg

10deg
30deg
1l0deg

30deg
30deg
30deg

l0deg
1l0deg

-START:00:02:00

COMM INTERVAL

YES
YES
NO

NO
NO
YES

YES
YES
YES

NO
YES
YES

YES
NO

00:03:37
00:03:585
00:03:23

00:03:28
00:03:5¢9
00:05:31

00:03:11
00:04:44
00:05:46

00:03:04
00:05:57
00:02:40

00:01:03
00:02:44
00:03:14

00:02:26
00:05:59
00:02:34
00:01:20
00:02:52

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS
BLUNDERS BEFORE 00:58:00

RUNWAY
1l6L
17L
18R

SCENARIOS (TRIPLES)

# SEQ
8 18T
7 2ND
2 3RD

3
6
3
8

DIR
L
R

#
4

13

COMM
NO
YES

September 11, 1989

B-4

4
T

AMOUNT
8 1l0deg
9 20deg
30deg





DFW TRIPS SCENARIO

DFW TRIP S START:00:02:00

TIME RW A/C# LR AaMT COMM INTERVAL

00:03:08 18R lst L 20deg NO 00:01:08
00:05:45 16L 3rd R 20deg NO 00:02:37
00:11:27 16L 2nd R 10deg NO 00:05:42
00:16:20 18R 2nd L 30deg NO 00:04:53
00:19:38 18R lst L 20deg NO 00:03:18
00:23:34 17L  1st R 30deg YES 00:03:56
00:25:02 18R 2nd L 20deg NO 00:01:28
00:30:33 17L  2nd L 30deg YES 00:05:31
00:35:04 16L 2nd R 10deg NO 00:04:31
00:38:50 16L 3rd R 10deg YES 00:03:46
00:43:46 17L lst L 30deg YES 00:04:56
00:45:14 17L l1st R 30deg NO 00:01:28
00:49:05 18R 2nd L 20deg NO 00:03:51
00:51:31 16L 3rd R 30deg NO 00:02:26
00:57:06 16L 3rd R 10deg NO 00:05:35

00:04:21

00:04:33

00:01:10

00:04:04

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS
BLUNDERS BEFORE 00:58:00

RUNWAY ' 4 SEQ # DIR 4 COMM # AMOUNT

A 16L 8 1ST. 6 L 7 NO °12 lodeg
17L 4 2ND 6 R 10 YES 5 20deg

18R 5 3RD 5 30deg

SCENARIOS (TRIPLES) September 11, 1989 5

B-5





DFW TRIPS SCENARIO

DFW TRIP 6 ‘ START:00:02:00

TIME RW A/C# LR AMT COMM INTERVAL
00:05:06 17L 2nd L - 30deg NO 00:03:06
00:09:47 17L 2nd L 30deg NO 00:04:41
00:14:40 17L 2nd L 30deg NO 00:04:53
00:17:58 18R 3rd L 20deg YES 00:03:18
00:20:28 16L lst R 30deg NO 00:02:30
00:22:39 18R 3rd L 30deg NO 00:02:11
00:27:19 16L 2nd R 20deg YES 00:04:40
00:31:19 16L 2nd R 30deg YES 00:04:00
00:34:08 18R 2nd L 30deg NO 00:02:49
00:37:41 18R 2nd L 10deg NO 00:03:33
00:40:39 18R 2nd L 30deg NO 00:02:58
00:43:14 17L st R 20deg NO 00:02:35
00:45:38 16L 3rd R 10deg YES 00:02:24
00:51:27 17L 3rd L 30deg NO 00:05:49
00:54:10 17L lst R 20deg YES 00:02:43
00:56:23 16L 2nd R 20deg YES 00:02:13
00:58:47 _ 00:02:24
01:02:54 00:04:07
01:05:15 00:02:21
0l:09:21 00:04:06

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS
BLUNDERS BEFORE 00:58:00

RUNWAY ' # SEQ # DIR # COMM # AMOUNT
16L 5 1sT 3 L 9 NO 10 1l0deg
17L 6 2ND 9 R 7 YES 6 20deg
18R 5 3RD 4 30deg

SCENARIOS (TRIPLES) September 11, 1989 6
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DFW TRIPS SCENARIO

DFW TRIP 7 START:00:02:00

TIME RW A/C# LR AMT COMM INTERVAL
00:05:38 17L 1st R 20deg YES 00:03:38
00:11:13 17L 2nd L 10deg YES 00:05:35
00:12:26 18R st L 20deg YES 00:01:13
00:17:09 18R 3rd L 30deg YES 00:04:43
00:18:20 18R 1st L 20deg NO 00:01:11
00:24:03 16L 3rd R 10deg NO 00:05:43
00:29:39 17L 3rd L 10deg NO 00:05:36
00:35:32 17L 1st L 30deg NO 00:05:53
00:39:56 17L 3rd L 30deg NO 00:04:24
00:44:14 18R st L 30deg NO 00:04:18
00:49:07 18R 2nd L 10deg YES 00:04:53
00:52:38 17L 2nd R 20deg YES 00:03:31
00:56:03 17L . 1st L 10deg NO 00:03:25
00:58:40 00:02:37
01:04:29 00:05:49
01:09:07 00:04:38
01:12:48 00:03:41
0l:16:01 00:03:13
01:20:12 00:04:11
01:22:13 00:02:01

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS
BLUNDERS BEFORE 00:58:00

RUNWAY

# SEQ # DIR # COMM AMOUNT
1l6L 1 1sT 6 L 10 NO 7 l1l0deg
17L 7 2ND 3 R 3 YES 6 20deg
18R 5 3RD 4 30deg

SCENARIOS (TRIPLES) September 11, 1989
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DFW TRIPS SCENARIO

DFW TRIP
TIME

00:03:13
00:05:49
00:11:35

00:16:24
00:19:25
00:22:44

00:26:50
00:30:15
00:32:25

00:35:06
00:39:13
00:44:02

00:47:582
00:52:46
00:55:12

00:58:36
01l:02:11
01:07:48
01:11:57
0l:16:08

8

RW

16L
18R
18R

17T
17L
16L

16L
18R
17L

18R
17L
18R

18R
17L
17L

A/C# LR AMT

lst
2nd
2nd

2nd
3rd
3rd

3rd
2nd
1st

3rd
2nd
3rd

lst
1st
1st

WPy e wWpx wope

20deg
10deg
20deg

1l0deg
20deg
20deg

20deg
20deg
20deg

20deg
20deg
30deg

1l0deg
1l0deg
20deg

START:00:02:00

COMM INTERVAL

YES
YES
NO

NO
YES
YES

YES
YES
NO

NO
NO
NO

YES
YES
NO

00:01:13
00:02:36
00:05:4¢

00:04:49
00:03:01
00:03:19

00:04:06
00:03:25
00:02:10

00:02:41
00:04:07
00:04:49

00:03:50
00:04:54
00:02:26

00:03:24
00:03:35
00:05:37
00:04:009
00:04:11

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS
BLUNDERS BEFORE 00:58:00

RUNWAY
i6L
17L
18R

SCENARIOS (TRIPLES)

# SEQ
3 1sT
6 2ND
6 3RD

#
5
5
5

DIR
L
R

#
10
5

COMM
NO
YES

September 11, 1989

B-8

4
T

AMOUNT

7 10deg
8 20deg
30deg

&
T

4
10
1





DFW TRIPS SCENARIO

DFW TRIP ¢ START:00:02:00
TIME RW A/C# LR AMT COMM INTERVAL
00:05:47 18R 2nd L 20deg NO 00:03:47
00:10:27 16L 3rd R 10deg YES 00:04:40
00:14:11 18R 1st L 30deg YES 00:03:44
00:19:06 18R 3rd L 20deg NO 00:04:55
00:22:32 18R 1st L 30deg YES 00:03:26
00:27:00 18R 2nd L 10deg YES 00:04:28
00:30:08 18R 2nd L 30deg NO 00:03:08
00:36:01 1s8L 2nd R 20deg YES 00:05:53
00:40:22 18R 3rd L 30deg NO 00:04:21
00:45:19 18R 2nd L 20deg NO 00:04:57
00:48:59 17L 1st R 20deg NO 00:03:40
00:54:35 17L 2nd L 30deg NO 00:05:36
00:55:47 18R 2nd L 1l0deg YES 00:01:12
00:59:36 00:03:459
01:04:11 00:04:35
01:05:34 00:01:23
01l:09:11 00:03:37
01:13:24 00:04:13
0l:16:36 00:03:12
01:20:37 00:04:01

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS
BLUNDERS BEFORE 00:58:00

RUNWAY !

# SEQ # DIR # coMM # AMOUNT
l6L 2 1sT 3 L 10 NO 7 10deg
17L 2 2ND 7 R 3 YES 6 20deg
18R 9 3RD 3 30deg

SCENARIOS (TRIPLES) September 11, 1989 S
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DFW TRIPS SCENARIO

DFW TRIP
TIME

00:05:34
00:08:17
00:09:37

00:11:37
00:15:27
00:21:06

00:23:12
00:26:36
00:32:27

00:34:37
00:40:30
00:42:53

00:46:48
00:49:38
00:52:13

00:56:08
00:58:45
01:02:48

01:06:09
01:11:48

10
RW

17L 3rd
18R 3rd
18R 2nd
161, 1st
18R 3rd
18R 2nd
17L 1ist
18R 3rd
18R 3rd
17L 2nd
l6L 2nd
16L 3rd
17L 3rd
18R ist
18R 3rd
18R 1st

t W wxnxn XA P

A/C# LR AMT

30deg
30deg
10deg

30deg
30deg
20deg

20deg
20deg
20deg

1l0deg
20deg
30deg

30deg
20deg
30deg

30deg

START:00:02:00

COMM INTERVAL

NO
YES
YES

YES
NO
NO

YES
YES
NO

YES
NO
YES

YES
NO
NO

YES

00:03:34
00:02:43

00:01:20

00:02:00
00:03:50
00:05:39

00:02:06
00:03:24
00:05:51

00:02:10
00:05:53
00:02:23

00:03:55
00:02:50
00:02:35

00:03:55
00:02:37
00:04:03

00:03:21
00:05:39

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS
BLUNDERS BEFORE 00:58:00

RUNWAY
1l6L
17L
18R

SCENARIOS (TRIPLES)

# SEQ
3 1sT
4 2ND

9 3RD

B

10

#
9
7

COMM
NO
YES

September 11, 1989

# AMOUNT
7 1l0deg
13 20deg

30deg

10





DFW DUAL-E 1

START:00:02:00
(16L/17L)

TIME RW A/C# LR AMT COMM INTERVAL
00:05:03 17L i1st L 30deg YES 00:03:03
00:08:26 16L  1st R 10 degYES 00:03:23
00:10:29 17L 2nd L 20deg NO 00:02:03
00:13:30 17L st L 10 deg¥YES 00:03:01
00:18:23 1sL lst R 30deg YES 00:04:53
00:22:12 17L. 2nd L 20deg YES 00:03:49
00:26:37 16L 3rd R 10 degNO 00:04:25
00:28:43 17L 2nd L 30deg NO 00:02:06
00:30:04 17L 3rd L 10 deg¥ES 00:01:21
00:33:31 17L 2néd L 20deg YES 00:03:27
00:37:48 17L 3rd L 30deg YES 00:04:17
00:40:35 16L 2nd R 20deg YES 00:02:47
00:43:16 18L 3rd R 30deg YES 00:02:41
00:48:05 17L 2nd L 20deg NO 00:04:49
00:49:32 16L ist R 30deg YES 00:01:27
00:54:21 1s8L 1st R 20deg NO 00:04:49
00:56:35 17L 3rd L 10 degNO 00:02:14
00:57:58 17L ist L 20deg YES 00:01:23
01:01:05 00:03:07
01:03:32 00:02:27

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS

RUNWAY

' % sEq

# DIR # COMM # AMOUNT
16L 7 18T 7 L 11 NO 6 10deg
17L 11 2ND 6 R 7 YES 12 20deg

3RD 5 30deg
SCENARIOS (DOUBLES) September 11, 1989 ) 1
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DFW DUAL-E 2

TIME

00:05:34
00:07:17
00:08:37

00:10:37
00:13:27
00:18:06

00:20:12
00:23:36
00:28:27

00:30:37
00:35:30
00:37:53

00:40:48
00:42:38
00:44:13

00:47:08
00:48:45
00:52:48

00:56:09
01:00:48

(16L/171L)
RW

17L 3rd
16L 3rd
16L ist
17L 2nd
16L 3rd
16L 1st
17L 2nd
16L 3rd
16L 3rd
17L 1lst
17L lst
17L 3rd
17L 3rd
16L 2nd
16L 3rxrd
16l 2nd
168L 2nd
17L 3rd
161

2nd

A/C# LR AMT

A pxHdxn W o o W W

START:00:02:00

30deg NO
30deg YES
10 deg¥YES

30deg
30deg
20deg

YES
NO
NO

20deg
20deg
20deg

YES
YES
NO

10 degYES
20deg NO
30deg YES

30deg
20deg
30deg

YES
NO
NO

30deg YES
20deg YES
10 deg¥ES

20deg NO

COMM INTERVAL

00:03:34
00:01:43
00:01:20

00:02:00
00:02:50
00:04:39

00:02:06
00:03:24
00:04:51

00:02:10
00:04:53
00:02:23

00:02:55
00:01:50
00:01:358

00:02:55
00:01:37
00:04:03

00:03:21
00:04:39

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS

RUNWAY
16L
17L

' # SEQ
11 1sT
8 2ND
3RD

SCENARIOS (DOUBLES)

#
4
6
9

DIR
L
R

#
8
11

COMM
NO
YES

September 11, 1989

B-12

# AMOUNT
8 1l0deg
11 20deg

30deg

o 0





DFW DUAL-E 3

TIME

.00:04:23
00:09:09
00:12:31

00:16:16
00:19:08
00:22:59

00:25:53
00:28:01
00:31:1s6

00:36:01
00:40:39
00:41:56

00:43:08
00:48:03
00:51:45

00:54:09
00:57:57
01:01:53

0l:06:22
01:07:52

(16L/17L)
RW
17L 3rd
16L 3rd
17L 3rd
16L 2nd
16L 3rd
17L 3rd
17L ist
17L 2nd
17L 3rd
17L ist
17L 3rd
16L 3rd
17L 3rd
17L 1st
17L 2nd
17L 3rd
17L 2nd

A/C# LR AMT

o P Db P Wi Hwp

START:00:02:00

10 degNo

30deg NO
10 degNoO

30deg NO
10 degNoO
30deg YES

20deg
30deg
20deg

YES
NO
NO

20deg
30deg
30deg

YES
NO
NO

20deg
20deg
2Qdeg

NO
YES
NO

YES
NO

30deg
30deg

COMM INTERVAL

00:02:23
00:04:46
00:03:22

00:03:45
00:02:52
00:03:51

00:02:54
00:02:08
00:03:15

00:04:45
00:04:38
00:01:17

00:01:12
00:04:55
00:03:42

00:02:24
00:03:48
00:03:56

00:04:29
00:01:30

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS

RUNWAY
16L
17L

' # SEQ
4 1ST
13 2ND
3RD

SCENARIOS (DOUBLES)

#
3
4

10

B-13

DIR
L
R

#
13
4

COMM
NO
YES

September 11, 1989

# AMOUNT
12 l0deg
5 20deg

30deg





DFW DUAL-E 4

TIME

00:07:57
00:12:31
00:13:52

00:16:31
00:20:58
00:25:52

00:28:55
00:31:28
00:32:34

00:37:16
00:39:03
00:43:22

00:44:57
00:46:04
00:50:33

00:53:05
00:57:06
01:02:05

01:06:39
01:08:57

(16L/17L)
RW
16L  1st
16L 2nd
17L ist
16L 1st
17L 2nd
16L 1st
16L 2nd
17L 3rd
17L 1st
16L 1st
17L ist
17L 1st
16L ist
1l6L 3rd
17L 1st
17L 3rd
1st

16L

A/C# LR AMT

A O pewW PE%N WHYW HwWw

START:00:02:00

30deg NO
30deg NO
20deg NO

30deg NO
10 degY¥YEsS
10 degNoO

30deg NO
10 deg¥YEs
30deg YES

30deg
20deg
30deg

NO
NO
NO

30deg
20deg
30deg

NO
YES
YES

20deg
30deg

NO
NO

COMM INTERVAL

00:05:57
00:04:34
00:01:21

00:02:39
00:04:27
00:04:54

00:03:03
00:02:33
00:01:06

00:04:42
00:01:47
00:04:19

00:01:35
00:01:07
00:04:29

00:02:32
00:04:01
00:04:59

00:04:34
00:02:18

FREQUENCY DISTRIBUTION OF BLUNDER PARAMETERS

RUNWAY
16L
17L

' # SEQ
9 18T
8 2ND

3RD

SCENARIOS (DOUBLES)

#

11
3
3

DIR
L
R

#
8
9

coMM
NO
YES

September 11, 1989
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# AMOUNT
12 l0deg
5 20deg

30deg







