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16. Abstraet
Thisg study was part of an on-going effort to evaluate plans for increasing air traffic

capacity and to evaluate the feasibility of using multiple simultaneous; parallel,
Instrument Landing System (ILS) approaches. The objective of this study was to
evaluate the ability of experienced controllers to handle approach traffic during
Instrument Meteorological Conditions  (IMC) to a proposed parallel runway airport
configuration, using a real-time, interactive, air traffic control (ATC) simulation.
This simulation utilized a current radar system, Ailrport Surveillance Radar (ASR~9},
and -a ‘current display system, Automated Radar Terminal System (ARTSYy IIIA. The
proposed configuration consisted of parallel runways (i.e., 18R, 18C and 18L), 10,000
feet (ft}) long, spaced 5000 ft apart with even thresholds.

Triple simultaneous parallel ILS approaches were simulated with controllers monitoring

traffic on  the approach localizers. To challenge the . system, blunders were
introduced, ‘according to predetermined s:cenarios, by having some of the simulated
aircraft deviate from the localizer by either 10, 20, or 30 degrees. Furthermore,

half of ‘the blundering aircraft also simulated a total loss of radio communication
(NORDO) with the controllers.

The results indicated that controllers wers able to resolve 99 percent of the blunders
initiated in the simulation. Of the 484 blunders simulated, only 3 blunders resulted
in aircraft violating the criterion miss digtance of 500 ft. The Multiple Parallel
Technical Work Group {TWG), based on their .observations during the simulation and
their understanding of ‘the contingencies that must ‘be accounted for in such an
operation, determined that triple simultaneous parallel ILS approach operations spaced
at 5000 ft are acceptable using the ASR~9 radar and the ARTS IIIA displays.
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EXECUTIVE SUMMARY

This study is part of an on-goirg effort to evaluate plans for
increasing air traffic capacity and to evaluate multiple parallel
approaches. The objective of this study was to evaluate the
ability of controllers to handle traffic during Instrument
Meteorological Conditions (IMC) for the proposed triple parallel
ailrport configuration, using a real-time air traffic control (ATC)
simulation. The proposed runway configuration consisted of three
parallel runways 10,000 feet (ft) long and spaced 5000 ft apart
with even thresholds. All aircraft were assigned speesds of
approximately 170 knots. , :

Triple sinultaneous parallel Instrument Landing System (ILS)
approaches were simulated with controllers monitoring traffic on

the approach localizers. Blunders were introduced, according to
predetermined scenarios, by having simulated aircraft deviate off
the localizer at 10, 20, or 30 degree angles. Some of the

blundering aircraft also s1mulated a loss of radio communication
with the controllers.

The central issue in the study was the ability of the controllers
to maintain distance between the blundering aircraft and aircraft
on adjacent approaches. With this in mind, two questions were to
be answered:

1. Can the controllers maintain the test criterion miss distance
of 500 ft or greater between aircraft in response to blunders for
the propesed triple approach conf1gurat10n°

2. Do fllght standards, av1at10n standards, and air traffic
representaflves agree that the operatlan of the proposed triple
simultaneous parallel ILS approaches is acceptable achlevable and
safe?

Analysis of the data from the simulation indicated that controllers
were able to maintain aircraft miss distances of 500 ft or greater
in approximately 99 percent of the blunders. The controllers
concluded that triple simultaneous ILS approaches with runway
centerlines spaced 5000 ft apart would be a "safe and viable
operation®” using current technology radar systems and procedures.
The Multiple Parallel Technical Work Group (TWG), composed of
individuals from the Office of System Capacity and Requirements,
Bir Traffic Control, Flight Stardards, Aviation Standards and
Cperations personnel, participated in the simulation and evaluated
the simulation findings. Based upon their understanding of daily
operations, the knowledge and skills of controllers, and the
contingencies which must be accounted for in such an operation, the
WG determined that the triple simultaneous parallel ILS approach
operation spaced at 5000 ft is acceptable using the Airport
Surveillance Radar (ASR)-9 and the Automated Radar Terminal System
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(ARTS) IIIA displays. 1In addition, the TWG made the following
recommendations: ' ‘

1. There shall be one monitor controller for each runway.
Personnel and equ1pment shall be prov1ded to support the procedure,

2. All monltcr p051t10ns shall be located together and near their
respective arrival pos1t10ns.

3. The Implementatlon  Strategy used prior to any airport
conducting triple approaches with runways spaced 5000 ft apart
shall consist of a graduated, sliding scale weather minimums
criteria. This strategy will facilitate a smooth transition period
to permit adequate training and to develop requisite competency.
The recommended required meteorological conditions to be satisfied
are categorized as follows:

a. Ba51c VFR - Ceiling greater than 3000 ft and visibility
greater than 5 miles.

b. MVFR (Marginal VFR) = Ceiling 1000 to 3000 ft and
visibility 3 to 5 mlles inclusive.

C. IFR = Celllng 500 to less than 1000 ft and v151b111ty 1 to
less than 3 miles.

d. LIFR (Low IFR) = Ceiling less than 500 ft and visibility
less than 1 mile down to the 1owest minimums authorlzed for the
approach ,

In additicn, facilities must develop experience levels of 1000
approaches or 60 days, whichever occurs first, in cOnductlng
operations in each weather category. Once the requlred experience
level has been acquired, they w1ll be authorized to conduct
approaches during conditions in the next, more restrictive weather
minimums.
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1. OBJECT}VEQ

The Federal Av1at10n.Adm1nlstrat10n (FAA) and the Multlple Parallel
Technical Work Group (TWG) are evaluating the capability of
multiple parallel runways to increase airport capacity in a safe
and acceptable manner. The goal is to develop national standards
for using multiple simultaneous parallel Instrument Landing System
(ILS) approaches with existing and/or new technology equipment.
The objective of this study was to evaluate the ability of
controllers to handle traffic on triple simultanecus parallel ILS
approaches with runways spaced 5000 feet (ft) apart, during
Instrument Meteorological Conditions (IMC). Current technology
radar systems were examined through a real-time air traffic control
(ATC) simulation. The results of this study will enable the
establishment of national standards for triple simultaneous
parallel 115 approaches. '

2.  BACKGROUND.

The ability of the National Airspace System (NAS) to meet future
air traffic demands is a serious concern at the national level.
Programs to improve NAS capacity have been underway since the early
1980's, both to reduce air traffic delays and to accommodate the
increased demand. Included in these programs are efforts to
redesign the existing airways structure, to modernize air traffic
flow management, and to incorporate state-of-the- art aut@matlan
technmlaqy thrmuqheut the system.

Contrlbutlng to the capac1ty problem are the llmltatlans imposed hy
current airport runway configurations and the associated air
traffic separation criteria, particularly as related to aircraft
executing ILS approaches under 1IMC. To alleviate these
constraints, the FAA is investigating the use of triple, quadruple,
and closely spaced dual parallel runway configurations as a means
to increase airport capacity while maintaining the hlgh level of
safety evident today

2.1 AIRPORT LIMITATIONS.

The number of aircraft that can land at an airport during IMC is a
major factor influencing system ceépacity. The use of independent
simultaneous ILS approaches during IMC would significantly increase
airport capacity and potentlally improve traffic flow throughout
the NAS.

At present, during Visual Meteorological Conditions (VMC}
simultaneous approaches to parallel runways may be operated with
runways spaced 2500 ft apart and greater. However, due to

limitations in current radar and clisplays, independent approaches
are restricted to runways spaced greater than 4300 ft apart during
IMC. Under these circumstances, ATC must use dependently sequemced
approaches. (McLauthln, 1960)



The procedures required for dual simultaneous ILS approaches at the
time of 'thlsy,slmulatlon are described by Federal Av;atlon
Administration, Air Traffic Control (September 1989), FAA HDBK
7110.65F, Paragraph 5.126, as follows: , , '

'ao Parallel runways that are at least 4300 ft apart.
. Stralght in landlnqs Wlll be made,

C. PrOV1de a minimum of 1000 ft vertlcal or a minimum dlstance
of 3 nautical miles (nmi) between alrcraft during turn-on to
parallel final approaches ~

d. Pr0v1de the minimum appllcable radar separatlon between
aircraft on the same final approach course.

e. Alrcraft established on final approach course are
considered eparated from aircraft established on an adjacent
parallel flnal approach,course provided nelther aircraft penetrates
the deplcted No Transgress1on Zone (NTZ). ~

f. Separate monitor cantrollers, each,with transmit/receive
and override capability on the local control frequency, shall
ensure aircraft do not penetrate the deplcted NTZ.

As of November 14 1991 FAA HDBK 7110 65 was modified to
incorporate runways spaced 3400 to 4300 ft apart with the caveat
that Precision Runway Monitors (PRMs) and a radar update rate of
2.4 seconds (s) or less be used. The modification to the
requlrement was the result of research conducted at Raleigh/Durham
and Memphis (Resalab Inc., 1975; Haines, A.L. and Swedish, W.J.,
1981; Buckanln, D., et al. 1984, Precision Runway Monltor Program
Offlce, 1991) which 1nd1cated that through 1mprovements in radar
sensors and displays, the minimum runway spacing requlrement could
be reduced while malntalnlng the current level of safety. Reducing
the minimum runway spacing requlrement permlts current airports to
be modified rather than new airports being built. ' '

These requirements have been studied by the FAA for a number of
years. Operatlons research based models of the system have been
used to study various safety restrictions and capacity limitations.

(McLauthln F., 1960; Resalab Inc., 1975; ICAO, 1980; Haines, A.L.

and Swedish, W. J,y 1981 Shimi, T.N., et al. 1981' Romei, J.,
1981; and Stelnberg, H.) Analyses have con51dered controller and
pilot response times, navigational accuracy on the localizers,
radar accuracy, and update rates, et cetera. (Altschuler, S., and
Elsayed, E., 1989) '

2.2 PREVIOUS MULTIPLE PARALLEL RUNWAY'STUDIES.

Early studies of multiple runways concentrated on reducing the
separatlon between aircraft during simultaneous parallel



approaches. (McLaughlin, F., 1960; Haines, A.L., 1973; Resalab
Inc., 1975; 1ICAO, 1980' Hainesy A.L. and Swedish, W.J., 1981;
Shimi, T.N. et al., 1981; Romei, J., 1981) The amount of
separation reductlon that can be safely achieved is highly
dependent upon aircraft navigatioral accuracy.

A simulation conducted in 1984 considered runways spaced 3000,
3400, and 4300 ft apart, employing both standard and modified radar
dlsplays, using three levels of radar accuracy and radar update
rates. (Altschuler, S. and Elsayed, E., 1989) The study
established the importance of navigational accuracy in determining
system capacity, and it showed the relationships between a number
of system parameters and the controllers'! abilities to cope with
blunders. o

Since the 1984 simulation was completed, additional data have been
collected at the Memphis International Airport, and a major
navigation survey has been completed at the Chicago O'Hare
facility. (Buckanin, D., et al., 1984; Buckanin D. and Biedrzycki,
R., 1987) The data from these surveys, which directly considered
simultaneous parallel approaches under IMC, were used in the
development of the navigational error model for the present
simulation. '

Additional real-time ATC simulations have been conducted at the FAA
Technical Center to investigate parallel runway proposals.
(Timoteo, B. and Thomas, J., 1989; Hitchcock, L., et al., 1989, Art
1) These studies are an important complement to the models cited
above since they generated estimates of the model parameters; more
importantly, they allowed direct observation and recording of
_criterion measures related to safety and capacity.

The 1988 and 1989 Dallas/Fort Worth (DFW) simulations and the 1988
Atlanta Tower simulation are of direct interest to the ongoing
effort since they addressed most of the issues unique to multlple
runway operations.

2.3 ATC STANDARDS MODIFICATION REQUIREMENTS.

The absolute reguirement for modifying ATC standard procedures is
the demonstration of undiminished safety. Evidence supporting
safety as a result of proposed system changes can be cbtained in a
number of ways:

a. Demonstrate, through the collection and analysis of
operational data, that new or improved standards can be developed.

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



c. Conduct operatlons research, math modeling, or fast-time
simulation and examine the impact of proposed changes on a varlety
of operational parameters and contlngenc1es ,

d. . Conduct real-time ATC simulation studles of the changed
system, introducing errors and fallures, to assess system
performance ' o :

These approa'hes are neither 1ndependent nor mutually exclus1ve

Ultimately, it falls to experlenced system users (e.g.,
controllers, pilots, and operatlons personnel) to weigh the
evidence and to decide upon the proposed change based upon their
understanding of daily operations, the knowledge and skills of the
controllers, and the cont1ngenc1es to which th@ system must
respond.

2.4 MULTIPLE SIMULTANEOUS ILS APPROACH PROGRAMD

The Multiple Slmultaneous ILS Approach Program was initiated to
develop procedures for the safe executlon of simultaneous ILS
approaches to triple and quadruple runway conflguratlonss This
program consists of six phases described in sections 2.4.1 through
2.4.6. and is shown as figure 1.

2.4.1 Phase T.

The DFW Phase I 51mu1atlom was conducted at the FAA Technlcal
Center from May 16 to June 10, 1988. This was a two~part study
designed to test selected aspects of the quadruple approach
operation. The first part of the simulation evaluated concepts for
using additional routes, navigational aids, runways, and En Route
and Terminal Radar Approach Control (TRACON) facilities trafflc
flows 1n the implementation of quadruple approache“'

The second part of the sxmulatlon focused on the quadruple parallel
ILS approach operation. The runway conflguratlon consisted of the
two existing 11,388-ft runways (17L and 18R), which have a
centerline separatlon of 8800 ft, and two new 6000-ft runways. The
first runway, 16R, was 5800 ft west of the 18R centerline, and the
second'runWay, 16L, was 5000 ft east of the 17L centerline.

The analyses indicated that blunders which threatened two or three
approaches were no more danqerous than blunders whlch threatened
only one approach, Addltlonally, the controllers agreed that the
new configuration maximized the en route airspace. (Hitchcock, L.
et al., 1989, Art 2) Based upon this simulation, trlple
simultaneous parallel ILS approaches were approved for DFW, wrth
only turboprop aircraft landing on 16L.



e o

_ 4th otr

1988 1989

PHASE i - DIFW
QUADRUPLES

TEST PLAN
| ‘smabLATION
TEST REPORT

/18

PHASE - DIFW
TRIPLES @ 5,000

TeST PLAN
SIMULATION

TEST REPORT

PHASE Il - DIFW
QUADRUPLES @
15,000 & 5,800
TESTPLAN
SULATION

TEST REPORT

P PHASEV.a
TRIPLES @ 4,300

TESTPLAN
SIMULATION
TESTREPORT

DRA

BLICATION
s O

PHASE V.0
TRIPLES @ 5,000

TESTPLAN

SIMULATION

TESTREPORT

FIGURE 1. MULTIPLE SIMULTANEOUS PARALLEL ILS APPROACH SIMtJLATION SCHEDULE

(SHEET 1 OF 2)




PHASE ¥.b.1
?gAL @3,000 w/

TEST PLAR
SIMULATIOR

QPUBL!?:AT{ON ! :

SIMULATION
TESTREPORT

ENALDD

PUBLICATION

PHASEV.c

TRIPLES @ 3,400

w24 ‘
TESTPLAN
SIBULATION
TESTREPORT

EINAL 10/21

PUBLICATION

PHASE Va1
DUALS/TRIPLES
@4,300 w48
TESTRLAN
SIMULATION

TESTREPCRT

FINAL 10/21

[PHASEVa2

TRIPLES @4,000°

was
TEST PLAN
SIMULATION

TESTREPORT

PHASE Vb3
DUALS @3,000
w10 i
TEST PLAN
- SIMULATION -

TEST REPORT

FIGURE 1.
{SHEERT 2 OF 2)

MULTIPLE SIMULTANEOUS PARALLEL ILS APPROACH SIMULATION SCHEDULE




2:4.2 fPhase I1.

This simulation was conducted at the FAA Technical Center from
September 25 to October 5, 1989. The simulation assessed triple
simultaneous ILS approaches at DFW. The airport configuration used
a new 8500-ft runway, 16L, located 5000 ft east of the runway 17L
centerline. . ' '

Analyses indicated that controllers were able to successfully
intervene in the event of a blunder. They provided distances
between conflicting aircraft in the triple approach condition that
were comparable to the distances achieved in the dual approach
condition. No blunders, in either the dual or triple approach
condition, resulted in a slant range miss distance of 1100 ft or
less. Additionally, the controllers, controller observers (e.g.,
ATC supervisors), and ATC management observers concluded that the
proposed triple approach operatimn at DEW  was acceptable,
achieveable, and safe.  (CTA Inc. 1990)  Results from this
simulation supported the approval of turbogets operating on three
parallel runways at DFW.

2.4.3 Phase III.

The Phase III simulation reconsidered the DFW guadruple
simultaneous ILS approach and departure operations assessed in

Phase I, with changes in runway lengths and traffic samples. In
this simulation, runway 16L was 8500 ft long and 16R was 9900 ft
long. The traffic samples included props, turboprops, and

turbojets on the outer runways, and only turbojets on the inside
runways.

The simulation found that air traffic controllers were able to
maintain miss distances between aircraft in excess of the 500-ft
criterion. There were no operational differences between the dual

and guadruple approach conditions. Controllers, controller
observers, and ATC management concluded that the guadruple approach
operatlon was a "safe, acceptable and achievable procedure.” (CTA

Inc., 1990)

2.4.4 Phasge IV.

The purpose of the Phase IV simulations was to develop national
standards for triple simultaneous ILS approach operations using a
current radar system, Airport Surveillance Radar (ASR)-92, and a
current display system, Automated Radar Terminal System (ARTS)
IIIA. Phase IV was conducted in two simulations:

a. Phase IV.a assessed triple simultaneous ILS approaches to
runways spaced 4300 ft apart with even thresholds. This simulation
included the integration of a Phase II B-727 flight simulator and
a General Aviation Trainer (GAT) flight simulator. This simulation
was conducted at the FAA Technical Center from April 24 to May 3,

7



1990. The results of this simulation indicated that trlple
simultaneous ILS approaches with runways spaced 4300 ft apart,
conjunction with ARTS IIIA displays and ASR-9 radar with 4. 8 8
update rate, are not satlsfactory for a safe airport operatlon

b. Phase IV b assessed triple 51multaneous ILS approaches to
runways spaced 5000 ft apart with even thresholds This simulation
included the integration of two Phase II CAT-121 B-727 flight
simulators and one GAT flight simulator. This simulation was
conducted at the FAA Technical Center from September 17 to 28,
1990. The results of this 51mu1at10n are addressed in this rep@rt@

2;4,5 Phase V.

The Phase V 51mulat10ns lncorporated the use of hlgh reswlutlan, 20
X 20 inch color displays with enhanced graphics capabllltles and
audio conflict alert algorithms. Phase V was assessed in five
subphases as described below:

a. Subphase V.b.l. Assessed dual simultaneous parallel ILS
approach operations to runways spaced 3000 ft apart using radar
with an update rate of 1.0 s. This subphase was conducted March 18
to 27, 1991, and the report is in the final stages of development.

b. Subphase V.b.2. Assessed triple simultaneous parallel ILS
approach operations to runways spaced 3000 ft apart using radar
with an update rate of 1.0 s. This subphase was conducted March 28
to April 5, 19%91. The report fOr this 51mulat10n is also in the
final staqes of development. o ,

C. Subphase V.c.  Assessed triple simultaneous parallel ILS
approach operations to runways spaced 3400 ft apart using radar
with an update rate of 2.4 s. This subphase was conducted May 6 to
14, 1991. The report for this simulation is currently being
composed. ' '

d. Subphase V.a.l. Assessed dual and trlple 51multaneous
parallel 1LS approach Operatlans to runways spaced 4300 ft apart
using radar with an update of 4.8 s. This simulation was conducted
from May 15 to 24, 1991. The report for this simulation has been
composed and is currently belng revised.

e. Subphase V.b.3. Assessed,the effects of flight technical
error (FTE) on dual simultaneous independent offset ILS approach
operations to runways spaced 3000 ft apart with a localizer offset
of 1 degree and radar with an update rate of 1.0 s. This subphase
was conducted September 16 to 23, 1991. The results of this
simulation are currently being analyzed. ,

f. Subphase V.a.2. Assessed triple 81multaneOUS parallel 118
approach operatlons to runways spaced 4000 ft apart using radar
with an update rate of 4.8 s. This subphase was conducted

8



September 24 to October 4, 1991, and the results are also currently
being analyzed. '

2.4.6 Phase VI.

Phase VI will address quadruple simultaneous parallel ILS
approaches using technology varying from present day systems to
advanced technology. Final criteria will be determined at a future
date based largely on the results of Phases IV and V.

3. PHASE IV.b EVALUATION OF TRIPLE SIMULTANEOUS PARALLEL ILS
APPROACHES SPACED 5000 FT APART.

This section describes the simulation perfcrmed September 17-28,
1990. An overview of the simulation, a description of the
controllers, simulation facilities, data collection, simulation
procedures, and various approaches used in the analysis are
presented in sections 3.1 through 3.6.

3.1  SIMULATION OVERVIEW.

The Phase IV.b simulation evaluated triple simultaneous parallel
ILS approaches to runways spaced 5000 ft 'apart with even
thresholds. The simulation was designed to examine operational
issues relative to developing national standards to implement
triple s1multaneous parallel ILS approaches.

The participating controllers manned the approach positions to
monitor traffic movement in accordance with established procedures.
Approach aircraft were scripted toc execute blunders of 10, 20, or
30 degrees toward aircraft on adjacent approaches. The controllers
issued instructions, via voice communications, to the pilots in
order to maintain adequate distances between aircraft at all times.
The simulation addressed two questions:

a. Can the controllers mairtain the test criterion miss
distance of 500 ft or greater between aircraft in response to
blunders for the proposed triple approach configuration?

b. Do flightystandards, aviation standards, and air traffic
representatives agree that the operation of the proposed triple
simultaneous parallel ILS approaches is acceptable, achievable, and
safe? '

3.1.1 Controller Activities.

Monitor controllers, each with transmit/receive capability on the
local control frequency, monitored the final approach courses to

ensure that aircraft did not penetrate the NTZ. When aircraft
penetrated the NTZ, controllers issued the necessary instructions
to achieve longitudinal, lateral, and/or vertical separaticn

between aircraft. A facility directive delineated responsibility

9



for providing the minimum applicable longitudinal separation
between aircraft on the same final approach course. Coordination
among the controllers also ensured effective responses to the
potential conflict situation.

3.1.2 Blunders.

Blunders occurred when an alrcraft establlshed on the localizer
deviated from its intended course. These dev;atlens usually
resulted in aircraft coming into conflict with each other.

Dependlng on the degree of blunder from the localizer, controllers
either instructed the blundering aircraft to rejoin the localizer,
or they instructed the blundering aircraft and the aircraft on
adjacent runways to make changes in heading and/or altitude. Thus,
aircraft were vectored away from the blundering aircraft to ensure
adequate miss distances between the aircraft. Aircraft that
blundered or were vectored off their ILS as a result of a blunder
were removed from the traffic flow.

3.1.3 Alrport Configuration.

The airport layout, runways, and arrival frequencies emulated a
generic airport with even thresholds and glide slopes of 3 degrees.

The runway lengths were 10,000 ft to accommodate all aircraft
types. The airport conflguratlon had three parallel runways with
an arrival heading of 180 (18R, 18C, and 18L) as shown in figure 2.
The distance between the runway centerllnes was 5000 ft. Only the
monitor controller poSitions were manned during the'simulatiene

Aircraft started on the lucallzers and maintained the altitude at
which they were cleared until gllde slope intercept. The startlng
altitude and glide slope intercept for each runway is shown in
table 1. After glide slope 1ntercept the aircraft commenced at a
nornal descent rate appropriate to its aircraft type.

3.1.4 Traffic Sampies.

Traffic samples, for the simulation, were based on actual traffic
from a combination of several large hub airports around the country
(e.g., Atlanta, Chicago, Dallas/Fort Worth, Denver, Los Angeles,
and ether'TRACONs) These sanples cons 1sted of a representative
population of prepeller driven, turboprop, and turbojet aircraft
including carrier type such as DC 9/MD-80, B-727, B-737, B-747, and
B~767. From this data, seven traffic samples were developed for
the simulation. ' -

The trafflc ‘emples develeped resulted in all aircraft flylng wing
tip-to-wing tip at the initiation of the run. This was done to
produce freguent worse case situations. Addltl@nally, the Phase
IV.b simulation included two to three speed overtakes durlnq each

10



T

1 8 R (05 S R e e e R e A

] ——
10,000 ft

/ S‘OOO ﬁ: — 1 SC
4,000 ft (3,400 18L

3.000 ft (24009 5gn

Field Elev. 600 ft

OM = outermarker at 5 nmi
GS! = glide slope intercept

FIGURE 2. AIRPORT CONFIGURATION



run and introduced a headwind component for flight simulators. The
headwind component was used to adjust flight simulator speeds after
turn-on teo final.

TABLE 1. ILS RUNWAY TURN-ON ALTITUDES
Runway Turn-on Altitude Glide Slope Intercept
18R , 3000 ft 7.5 nmi
18¢C 5000 £t o 13:8 nmi
18L 4000 £t 10.7 nmi

3,155 Navigational Error Model.

A review of the Chicago O'Hare Radar data by the FAAR ATC Technology
Branch, ACD-340, showed that many aircraft gradually home in on the
locallzer (i.e., follow paths that are asymptotic to the
localizer), rather than oscillating around the localizer with
reductions 1in oscillation amplitude as they proceed to the
threshold. ‘

To accurately model the actual motion of aircraft, a concept of
pseudoroutes was employed. A pseudoroute was defined as a route
starting at one of several fixes offset from the extended ILS
centerline and joining the ILS at the threshold, as shown in
figure 3. Each aircraft was assigned to fly the localizer or one
of four pseudoroutes, These pseudoroutes were opffset from the
localizer by 0.2 degrees and 0.35 degrees. Forty percent of the
aircraft flew on the localizer; 20 percent flew each inside
pseudoroute, and 10 percent flew the outside pseudoroutes.

The navigational error model generated FTE on the ILS localizer by
creating an occasional "wandering"! aircraft. The computer program
considered each aircraft currently on the localizer at regular
intervals and then randomly determined whether to give it a
deviation off the localizer. This decisicon was made with a fixed
probability at each interval. If there was to be a deviation, the
deviation angle and the duration of the wander were randomly

assigned. The combination of frequency of deviation, size of
deviation, and duration of deviation determined the accuracy of the
sample. Only aircraft traveling on the ILS were subject to

"wandering."

! B "wanderer" is an aircraft whose navigational performance
is so poor that it may deviate into the NTZ unless a controller
takes corrective action. If no action is taken, the aircraft will
return on its own to the localizer. Controller intervention is
permitted to correct FTE or "wandering."®
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The selection of parameters for these variables, mean and standard
deviation, or range, were based on two criteria:

a. The flightpaths of individual aircraft looked reasonable to
the controllers (i.e., deviations from the localizer centerline
should be typical of "wandering® aircraft).

b. The aggregate errors reflected the accuracy typical of
aircraft in the traffic sample (i.e., the Chicagoydata).

3.2  CONTROLLERS.

There were six ATC specialists from separate control towers, or
TRACONs (Atlanta, Dallas/Fort Worth, Denver,  Minneapolis,
Plttsburqh and Sacramento). All controllers were volunteers
selected in agreement with the Natlonal Air Traffic Ccntrellers
Association (NATCA) offices.

Controller assignments to runs and runway positions are shown in
table 2. The controller assignments were determined by the
following restrictions:

a. No controller participated in more than two consecutlve
runs per day, and a total @f no more than three runs in 1 day

b. Each controller's assignments were equally divided with
respect to inner and outer runways.

3.3 SIMULATION FACILITIES.

The simulation was conducted in the ARTS IIIA Laboratory at the FAA
Technical Center. Sections 3.3.1 through 3.3.4 describe the ARTS
IIIA Laboratory, the simulation pilots, the flight simulator
facilities, the computer facility, and the software used in the
simulation.

3.3.1 ARTS ITIA Laboratory.

The ARTS IIIA Laboratory is located at the FAA Technical Center,
Atlantic city International Alrport NJ. A schematic diagram of
the simulation hardware is shown in figure 4. The ARTS TIIA
Laboratory houses 10 Data Entry and Display Subsystems (DEDS) . The
DEDS have digital random write displays to present primary targets
and aircraft identification tags, and associated key board entry
and communication equipment. The DEDS provided a background detail
of the airport through phosphor persistence of the radar sweep.

The laboratory was realistically configured permitting controllers
to function with little or no acclimation. A communication system
provided controller-to-pilot and pilot-to- ~controller communication.

The proximity of the controller stations to each other during the
simulation accommodated intercontroller communication.

14



TABLE 2. CONTROLLER ASSIGNMENTS
Date Run 18R 18C 18L Traffic Samples
9/17 1 A B & 601
2 D E F 602
9/18 5 F A B 605
6 C D E 606
7 E F A 607
9/19 Day used to correct computer malfunctions
9/20 15 D E F 602
16 A B C 601
17 C D E 604
18 E A B 603
19 F c D 607
9/21 20 c D E 606
21 F A B 605
22 B c D 604
23 D F A 603
24 E B c 602
10 E F A 601
g/24 25 B c D 601
26 8 ) F A 607
27 A B C 605
28 C E F 606
29 D A B 604
12 D E F 605
9/25 30 A B c 603
31 D E F 602
32 F A B 601
33 B D E 607
34 C F A 605
4 E c D 604
9/26 35 F A B 604
MITRE 36 C D E 606
Engineering 37 E F A 607
Runs 38 A c D 602
39 B E F 601
11 B D c 603
9/27 40 E F A 605
41 B C D 604
42 D E F 603
43 F B C 607

3
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3.3.2 Simulation Pilots.

The National Airspace System Simulation Support Facility (NSSF)
Pilot Complex housed the personnel who "operated” the simulated
~aircraft and the equipment used to accomplish this task. NSSF
simulator pilots were in voice contact with the controllers, and
they responded to controller instructions by entering aircraft
heading and altitude changes using a specialized keyboard. These
actions resulted in the simulated aircraft changing course,
altitude, or speed. NSSF simulated aircraft responses were
programmed to be consistent with the aircraft being simulated.
Each NSSF simulator pilot had the ability to control as many as 10
aircraft, but normally controlled only 3 or less in this
simulation. :

3.3.3.3 Flight Simulator Facilities.

Flight simulators located at NASA-Ames, Moffett Field, CA, Mike
Monroney Aeronautical Center, Oklahoma City, OK, and the FAA
Technical Center, Atlantic City International Airport, NJ, were
integrated into the Phase 1V.b simulation to provide an assessment
of the airport configuration. The flight simulators were flown by
airline management and airline and instructor pilots. The flight
simulators assumed the configuration of aircraft flying the
localizer on approach.

The flight simulator pilots were in voice communication with the
controllers. Additionally, the flight simulator site coordinator
_assisted the pilots prior to and following each flight. Each
flight simulator performed approximately five to six flights per
simulation run.

3.3.4 Computer Facilitv.

The FAA Technical Center Computer Facility simulated the aircraft
and the functions of the ATC ground facility. The simulation
programs dynamically updated each aircraft's position based upon
its last position and its current status, i.e., turning, climbing,
or accelerating. An aircraft's status was constantly monitored to
reflect changes caused by predetermined flight plans, maneuvers,
and/or simulator pilot inputs. In providing the functions of an
ATC grouncd facility, the central computer simulated the radar-
beacon, target detection system, and maintained and updated
information on the controller displays. :

3.3.5 Software.

The NSSF Target Generation Programs (TGPS) performed the basic
aircraft simulation functions which included target initialization,
target update, navigation, holding, approach simulation, simulator
pilot processing, radar processing, and data collection.
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3.4 DATA COLLECTION.

The system performance data were collected via several methods
These methods included computer generated data bases, audio and
video tape recordlngs, and questlonnalre data as described in
sections 3 4,1 through 3.4.4. '

3.4.1 Comnuter Generated Databases.

Data reductlon and ana1y51s routines prov1ded.a means of extractlng
data and analy21ng the data related to the concept under study.
The routines provided data,such as: lists of all violations of ATC
separation standards, including the position and motion
characteristics of each aircraft at the start and end of the
violation; the duration of the violation; the horizontal and
vertical separation of the aircraft’s closest point of approach
(CPA): and a categorization of the instructions (e.g. speed
commands and  vectors) 1ssued to each aircraft.

3.4.2 Voice Communications.

Controller, NSSF, and flight simulator pilot voice communications
were recorded using a 20-channel audio recorder at the FAA
Technical Center. Controller and flight simulator pilot verbal
response times to blunders were extracted and statistically
analyzed. Synchronization of the audio, video, and computer data
was accomplished through the insertion of a "time hack,”
correspondlng to the sxmulator run time, onto the video and audio
recordings. ' '

3.4.3 Video Recording.

Continuous video recordlngs, with sound and time synchronization,
were made to assist in the interpretation of events and the
analysis of computer recorded data. One radar dlsplay, show1ng the
three monitor positions, was dedicated to video recording using a
S-VHS format video recorder. Two microphones were used to record
controllers' voices during each run. This permitted the analysis
of interaction between controllers.

3.4.4 COntrOller and Pilot Questionnaires.

Following each run, a questlonnalre and a workload rating scale
were admlnlstered.to the controllers. The controller questionnaire
assessed controller opinions concerning run realism, dlfflculty,
controllablllty, and their recommendations for operational use.
The workload rating scale was derived from the Modified Cooper-
Harper Scale. Also following each run, a dquestionnaire was
administered to the flight simulator pilots.  The pilot
guestionnaire assessed pilot opinions concerning pilot performance,
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activity 1level, stress level, and passenger comfort. Pilot
comments concerning the simulation were elicited from the
questionnaires.

3.5 SIMULATION PROCEDURES.

During the simulation, 36 runs were conducted for the proposed
three—rumway operatlon. All runs were approximately 60 minutes in
length. ' '

The first morning of the simulation was used to famlllarlze
controllers with the ARTS IIIA Laboratory and the eguipment.
Practice runs were conducted to familiarize the controllers with
the strategies involved in the control of aircraft for the triple
runway configuration. The practice runs were abbreviated in
length, and the data from these runs were not subjected to formal
analysis.

3.5.1 Blunder Scripts.

The test dlrector and his assistant used scripts to create
blunders. Turns were 10, 20, or 30 degrees, always toward at least
one other localizer. Fifty percent of the blundering aircraft
executed 30 degree turns,; 35 and 15 percent executed 20 and
10 degree turns, respectlvely

For the approach runs, 50 percent of the blunders on the center
approach (18C) turned to the left and 50 percent turned to the
right. Blundering aircraft on the outside approaches (18R and 18L)
turned toward the inboard locallzef.

Blunder scripting established an average interval of 3 minutes
between blunders, with maximum and minimum blunder intervals of
5 minutes and 1 minute, respectively. The blunders were random and
uniformly distributed. This scripting scheme yielded an average of
17 blunders per hour.

Blunders commenced 10 nmi or less from the threshold. They were
scripted sco that aircraft randomly maintained altitude or they
randomly continued descent following the blunder. Each scenario
included one or two blunders which occurred within 2 nmi of the
threshold. Fifty percent of the blunders occurred before the
blundering aircraft crossed the outer marker.

During the simulation, 50 percent of the blundering aircraft
experienced a loss of communication (NORDO). This was done by
instructing the NSSF simulator pilot not to respond to the
controller's issuance of vector changes.
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3.6 ASSESSMENT METHODOLOGY .

The ability of controllers to resolve blunders was assessed by
statistically analyzing factors that may have affected controller
performance. Analyses were conducted to determine the influence of
blunder degree, loss of communlcatlon, and the number of runways
threatened by a blunder on conflict severity.

Blunders that resulted in a slant- ~range miss distance CPA of less
than 500 ft were assessed individually to determine the factors
that contrlbuted to the conflict. A comprehen51ve rev1ew of the
blundersi which included plots of aircraft p051t10n, cantrollerw
pilot communications, and computer data was conducted. A review of
the factors uontrlbutlng to conflict severity was then conducted to
determine their operational impact.

The TWG evaluated the results from the simulation tc make
recommendations concerning approval of the proposed operation. To
make their recammendatlansi the TWG drew upon their understanding
of the nature of daily air traffic operations, the knowledge and
skills of controllers, and the full range of traffic contlngen01es
which must be taken into account

4. PHASE IV.b SIMULATION RESULTS»

This section describes the findings of the Phase IV.b Slmulatlon
‘Section 4.1 gives an overview of the analyses that were conducted.
Section 4.2 describes the results of the controller performance
analyses (CPA data).  Questionnaire analyses, response time
analyses, and pilot/flight 51mulat0r performance analyses are
described in sections 4.3 through 4.5.

4.1 OVERVIEW OF ANALYSES@

Generally, a blunder in the triple parallel approach condition will

result in two or more conflicts. Usually only the conflicts
involving the blunderlng aircraft and the aircraft on the adjacent
approach are of a serious nature. Therefore, the analyses

conducted on ailrcraft miss distances considered only the worst
conflict caused by each blunder. If all conflicts were considered,
the triple approach condition data wmuld contain a d]sproportlonate
number of n@nserlmus conflicts. ,

In addition to the descriptive statistics reported (e.g., means and
standard deviations), the analyses of the aircraft miss distance
data utilized a number of inferential statistics, including
Analysis of Variance (ANOVA) and t- tests for independent samples.

With regard to the ANOVA technique, two types of effects are
considered: main effects and interactions. A main effect is the
influence of a 51nqle variable on the systenm performance measures
when considered in isolation. For example, the main effect of the
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communication condition would consider the effect of having (oxr not
having) radio communication between controller and simulator pilot,
on a systen performance measure, such as CPA. Other variables
which might influence the results (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) .

Main effects and interactions in an ANOVA are denoted by F
statistic values. The presentation of these values is exemplified
by F (1,21) = 19.05, p. < 0.01, where the numbers in parentheses
following the F signify the numerator and denoninator degrees of
freedom. The probability of falsely detecting differences between
levels of the variable being tested are indicated by a "p.% It
should be noted that these tests are used to assess statistical
differences between samples. The differences found between samples
should then be evaluated to determine if the statistical difference
would have an operational effect on the procedure.

4.2 CONTROLLER PERFORMANCE ANALYSES.

The following analyses examined the influence of blunder degree,
controller-to-pilot communication, and the number of runways
threatened, on the controller'’s ability to maintain distance
between aircraft as indicated by CPA.

4.2.1 CPA Analysis.

Of the 484 scripted blunders in Phase IV.b, 95 percent resulted in
a conflict. The average CPA was 3542 ft (s.d. = 2055 ft) and the
smallest CPA was 267 ft. The distribution of CPA values is shown
in figure 5.

An ANOVA was performed to assess the effects of the number of
runways threatened, the degree of blunder, and the radio/no radio
communication condition on controlier performance as indicated by
the CPA. ©None of these factors had a significant effect on the
controllers' abilities to maintain distance between conflicting
aircraft.

4,2.2 Longitudinal Separation Analvses.

Longitudinal separation between aircraft was the distance between
two aircraft along two adjacent ILS's. As shown in figure 6, the
less longitudinal separation between aircraft, the lower the CPA.
However, the effect diminished when the longitudinal separation was
within 500 ft.
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There were six occasions when aircraft were "wing tip-to-wing tip,”
or zero longitudinal separation. bDuring these conditions, the
average CPA was 3951 ft, with a standard deviation of 2808 ft. 1In
five out of the six ccnfllcts with zero longltudlnal separation,
the blundering aircraft turned 30 degrees and had no communication
with the controller '

Relative position between the blundering aircraft and the evading
aircraft significantly affected the CPA (F (1, 443) = 13.53, p <
0.0005). More serious conflicts occurred when the along track
position of the blundering aircraft was leading the evading
aircraft (mean CPA = 2923 ft; n = 255) compared to when the evading
aircraft was leadlng the blunderlng aircraft (mean CPA = 4314 ft;
n = 201). There was not a significant interaction between the
distance of the longitudinal separation and the relative position
of the two aircraft.

4.2.3 Review of Conflicts with a CPA < 500 Ft.

A comprehensive review of the blunders that resulted in a CPA of
less than 500 ft was performed. Video tapes, controller message
times, pilot response times, technical observer logs, controller
incident reports, and aircraft position plots were all reviewed.
The review was conducted tc identify the factors that contributed
to the conflict severity.

There were 10 conflicts (out of 462) which resulted in miss
distances of less than 500 ft. Based upon the review, seven
blunders were excluded from the statistical analyses descrlbed
above.

An example of one of the conflicts that was excluded from the
analysis is shown in figure 7. The blunder was initiated with a
right turn by MSE 615 (NSSF target) on 18L into TWA 406 (NASA
flight simulator) on 18C. The controller instructed MSE 615 to
"turn left and join localizer.”" MSE 615 did not respond (scripted
no communication blunder). The controller instructed TWA 406 to
"turn right to heading 270 immediately.” TWA 406 acknowledged and
started the evasive maneuver. The controller instructed AAL 238,
on 18R, to "turn right immediately heading 270." However, the NSSF
simulator pilot turned left intc TWA 406, creating a closest point
of approach of 224 ft. :

Because the NSSF simulator pilot mistakenly turned left instead of
right as he was instructed, the TWG determined that it was not
representatlve of an actual pilot action and, therefore, excluded
it from the data analys1s Two other blunders were excluded from
the analysis due to improper NSSF simulator pllOt input.

Two blunders were excluded from the data due to SIOW’resp@nse times
(in excess of 25 s) from the NSSF simulator pilots to controller
instructions. In addition, two blunders with a CPA < 500 ft were
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excluded from the data because of lack of information to completely
assess the SLtuatlana

Of the three remaining blunders that resulted in a CPA < 500 ft,
the smallest CPA was 267 ft. The aircraft tracks for this blunder
are shown in figure 8. 1In this blunder UAL 457, on 18R, initiated
a 30-degree blunder to the left, with no communlcatlon Twenty-
eight seconds later, the cmntroller issued a corrective action to
UAL 457. At the same time, a corrective action of "..left heading
080, climb to 4,000" was issued to USA 451 on 18C Twenty-two
seconds later, the pllat initiated the turn. The TWG determined
that the delayed responses of both the NSSF simulator pilot and the
controller contributed to the severity of this conflict. The
blunder remained in the data sample because it was determlned to be
representat:ve of an actual operational occurrenceo '

Two other blunders with CPAS less than 500 ft were not excluded
from the data sample. No individual factors could be identified as
contributing significantly to the conflict severity.

4.3 OQUESTIONNAIRE ANALYSES.

This section details the findings of the controller and the pilot
questlonnalxe analyses@

4.3.1 Controller Questionnaire Analysis.

The controller questionnaire asked the controller to rate the ease
of traffic handling, activity level, stress 1level, system
workablllty, and mental workload throuqhaut the 51mu1at10n. This
questlonnalre is included as appendix A.

4.3.1,1 Ease of Trafflc Handling.

The first guestion asked the controllers to rate the ease of
traffic handling for each run. The rating scale ranged from 1
(difficult) to 10 (effortless) The average rating was 5.5,
indicating an average amount of effurt was necessary to handle the
trafflce

An ANOVA was performed to investigate whether runway position (18R,
18C, or 18L) affected the ease of traffic handling. Ease of
traffic handling did not significantly vary as a function of runway
a551gnment

4.3.1.2 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). Controllers rated their activity level as moderate
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(5.8). As in the previous gquestion, no significant differences
were found in controller ratings that were attributable to runway
assignment.

4.3.1.3 Stress Level

Percelved lpvel of stress was rated in the thlrd question on a
scale ranging from 1 (slight) to 10 (extreme) The average rating
was 5.7. This rating indicated that controllers experienced a
moderate amount of stress while controlling traffic in the
simulation. An ANOVA performed on the data indicated that no
significant differences in controller ratings were attributable to
runway assignment.

4.3.1.4 Svstem Workability.

The fourth guestion addressed the issue of system workability on a
scale ranging from 1 (strong yes) to 10 (strong no). The average
rating was 4.1. Controllers perceived the system as "probably
workable"” at their present facility. Again, an ANOVA performed on
the data indicated that no significant differences in controller
ratings were attributable to runway assignment.

4.3.1.5 Mental Workload.

The last guestion asked the contreollers to provide an overall
rating of the workload they experienced. This scale ranged from 1
(minimal effort and traffic handling easily performed) to 10

(blundering aircraft could not be controlled). Controllers
reported that a moderate to high level of mental effort (mean =
4.9) was required to maintain "satisfactory traffic handling.® An

ANOVA performed on the data indicated that no significant
differences 1in controller ratings were attributable to runway
assignment.

4.3.2 Pilot OQuestionnaire Data.

The,pilmt guestionnaire assessed activity levelyyeaSe of cmmpliance
with controller instructions, and the necessity of additional
training. This questionnaire is included as appendix C.

4.3.2.1 Activityv lLevel.

Pilots were asked to rate the level of activity required for each
approach. The scale for thls question ranged from 1 (minimal) to
10 (intense). The average rating throughout the simulation was
3.0, indicating a minimal to moderate 1level of activity was
required throughout the simulation.
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4.3.2.2 Controller Instruction.

The second question asked pilots if they were able to follow
controller instructions, and if not, to provide an explanation.
Pilots reported that they were able to follow controller requests;
however, they expressed concerns with the types of maneuvers that
they were asked to perform. The pilots reported that their ability
to hear ATC instructions was "poor to unacceptable,” and the amount
of communication pilots had with controllers was not representative
of that occurring in an operational setting. Pilots also reported
that nonstandard phraseology was used by the controllers when
vectoring an aircraft. The pilots were not receptive to receiving
changes in heading without receiving instructions concerning
altitude. The pilots also indicated that controller commands to
descend to an altitude below the glide slope were contrary to
standard procedures. Generally, pilots were concerned about the
differences between commands given by controllers during the
simulation versus those given in the operational environment.

4.3.2.3 Addltlonal Tralnlnq

The final question asked pllots 1f they felt any additional fllght
training would be necessary in order to operate aircraft in the
proposed aircraft configuration. The majority of pilot responses
indicated that no additional training would be necessary.

4.4 RESPONSE TIME ANALYSES.

An analysis was performed to exanmire the effects of blunder degree
on the controllers® ability to detect blunders as indicated by
blunder response times. Blunder response times were measured from
blunder initiation until the controller keyed the microphone to
issue a command to the blundering aircraft. The ANOVA indicated

that blunder degree (F(2,454) = 1840.13, p. < .014) had a
significant effect on the controllers' ablllty to detect blunders.

Controllers detected 30- degree blunders {(mean = 17.7 s) quicker
than 20-degree (mean = 24.5 s) and 10-degree (mean = 21.8 s)
blunders. '

Response times were measured to assess the effect of meséage
complexity on NSSF simulator pilot performance. Message complexity
was measured by the number of keystrokes reguired to enter a

command.  The range of keystrokes executed was 7-13. A message
with 7-10 Kkeystrokes indicated mcderate complexity while 11-13
keystrokes indicated a message of high complex1ty' An ANOVA

indicated that there were significant differences in NSSF simulator
pilot performance as a function of message complexity (F(1,305) =
17.69, p. < 0.00014). The message that had 7-10 (mean = 27.10 s)
keystrokes, on average, took the shortest length of time to enter.
This could have been a change in heading. The message that had 11~
13 (mean = 32.38 s) keystrokes, on average, took the longest length
of time to enter. This could have been a change in heading
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accompanied by a change in altitude. vTheymOst frequent message
consisted of 9 keystrokes. BAn example of this would be "turn left
heading 270. f o ﬁ f -

4.5 _PILOT/FLIGHT SIMULATOR ANALYSES.

An analysis was conducted to examine differences in performance
between flight simulators and NSSF computer generated aircraft as
indicated by controller response time. The analysis indicated that
controllers responded significantly qulcker to deviations by flight
simulators than 'to the NSSF aircraft (F(1,455) = 5.0, p. < .02).
The means for the flight simulators and NSSF aircraft are 16.21 and
20.94, respectlvely

5. DISCUSSION.

The simulation was designed to test the procedures for triple
simultaneous parallel 1ILS approaches spaced 5000 ft apart under

extreme conditions. Controllers were asked to resolve conflicts
that rarely occur in the operational environment. The conflicts
were the result of aircraft randomly blundering (106, 20, or 30
degrees) toward an adjacent approach. Often the blundering

aircraft simulated a loss of communication.

Analysis of the data indicated that controllers were able to
maintain aircraft miss distances of 500 ft or greater in
approximately 99 percent of the blunders. The controllers were
able to detect 30-degree blunders significantly guicker than 20 and
10-degree blunders. Additionally, they resolved 99 percent of all
30-degree no communication blunders.

A review of the blunders that résulted in miss distances of less
than 500 ft revealed several factors which appeared to contribute
to the conflict. Slow pilot and controller responses and NSSF
simulator pilot error were the factors whlch contributed to
conflict severlty

In a triple appr@ach condition, a blunder can threaten one or two
other approaches. BAnalyses were conducted to determine whether the
number of approaches threatened was related to the conflict
severity. The analyses indicated that controllers were able to
resolve blunders that threatened two approaches as well as bilunders
that threatened only one approach. :

The average response time for NSSF simulatmr pilots was determined.
NSSF simulator pilot response times consisted of the following
sequence of actions: from the time a blunder was initiated, the
controller identified the deviating aircraft and lnstructed the
NSSFE 51mu1afor pilot to take corrective action. The NSSF
simulator pilot acknowledged the instruction, input the
instruction, and pressed the enter key. The responses were
analyzed according to the message complexity. The average response
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time by NSSF simulator pilots was from 27.10 s for moderate length
nessages and 32.38 s for complex messages.

Overall, the controllers indicated that the operations in this
simulation may be workable. The controllers rated ease of traffic
handling, stress, and activity levels as being moderate.
Controllers also reported that a moderate to high level of mental
effort was necessary to maintain "satisfactory traffic handling."

The Controller Report, appendix B, documented the findings of the
controllers that participated in the simulation. The controllers
indicated that they were effective in resolving blunders in the
proposed triple approach configuration. Secondly, the controllers
concluded, based upon their knowledge of blunder occurrence, that
triple simultaneous parallel ILS approaches were “achievable,
acceptable, and safe.” ' ‘

The pilots rated their activity level as minimal to moderate
throughout the approaches. The pilots involved in the simulation
at NASA-Emes and Oklahoma City commented on the simulation and on
simultaneous triple approach procedures. They concluded that with
some procedure changes and additional controller training, a triple
simultaneous parallel ILS runway configuration would be possible.

6.  CONCLUSIONS.

This study was part of an on-going effort to evaluate plans for
increasing air traffic capacity and to evaluate the feasibility of
using multiple simultaneous parallel Instrument Landing System
(ILS) approaches. The objective of this study was to evaluate the
ability of experienced controllers to handle approach traffic
during Instrument Meteorological Conditions (IMC) to a proposed
parallel runway airport configuration, wusing a real-tinme,
interactive, air traffic control (ATC) simulation. This simulation
utilized a current radar system, Airport Surveillance Radar (ASR-9,
and a current display system, Automated Radar Terminal System

(ARTS) IIIA. The proposed conficuration consisted of parallel
runways (i.e., 18R, 18C, and 18L), 10,000 feet (ft) long, spaced
5000 ft apart with even thresholds. All aircraft were assigned

speeds of approximately 170 knots.

Triple simultaneous parallel ILS approaches were simulated with
controllers monitoring traffic on the approach localizers. To
challenge the system, blunders were introduced, according to
predetermined scenarios, by having some of the simulated aircraft
deviate from the localizer by either 10, 20, or 30 degrees.
Furthermore, half of the blundering aircraft also simulated a total
loss of radio communication (NORDO) with the controllers.

The test director and his assistant used scripts to create
blunders. Turns were 10, 20, or 30 degrees, always toward at least
one other localizer. Fifty percent of the blundering aircraft
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executed 30 degree turns, 35 and 15 percent executed 20 and
10 degree blunders, respectively.

For the approach runs, 50 percent of the blunders on the center
appreach (18C) turned toc the left and 50 percent turned to the
right. Blunderlng alrcraft on the outSLde apprmaches (18R and 18L)
turned toward the inboard l@callzer. ,

The central issue in the study was the ablllty of the controllers
to maintain distance between a blundering aircraft and aircraft on
adjacent parallel approaches., Two questlwns were to be answered:

a. Would the controllers, be able to maintain the test
criterion miss distance, established at 500 ft between aircraft, in
response to blunders occurring in the pr@posed triple approach
configuration?

Ib. Do the controllers, technical observers, the Multiple
Parallel Technical Work Group (TWG) , and other Federal Aviation
Administration (FAA) management observers agree that the operatlon
of the proposed triple simultaneous parallel ILS approaches is
acceptable, achlevabley and Safe?'

The results indicated that controllers were able to resolve 99
percent of the blunders initiated in the 51mu1at1mn Of the 484
blunders simulated, Only three blunders resulted in alrcraft
v101at1ng the crlterlcn mlss distance of 500 ft.

The controllers that part1c1pated in the simulation stated that in
a terminal env1ronment it is unlikely that there would be a
continuous flow of three aircraft traveling on the final as
simulated in this study. Even under these extreme c1rcumstances,
controllers were able to maintain the test criterion miss distance
of 500 ft or greater between aircraft the ma)orlty of the time.
The controllers concluded that the triple simultaneous parallel ILS
approaches with runway centerlines spaced 5000 ft apart would be a
"safe and viable operation,® using current technology radar systems
and pracedurese

The TWG, composed of individuals from the Offlce of System Capacity
and Requlrements Bir Traffic Control, Flight Standards, Aviation
Standards and Operations personnel, partlclpated in the simulation
and evaluated the simulation findings.  Based upon their
understanding of daily air traffic operations, the knowledge and
skills of controllers and the contingencies which mnmust be

accounted for in such an operation, the TWG determined that the

triple simultaneous parallel ILS approach operation spaced at 5000
ft is acceptable using the ASR-9 radar and the ARTS TITA dlsplavs
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 GLOSSARY

Airport Surveillance Radar (ASR) - Approach control radar used to
detect and display an aircraft's position in the terminal area.
ASR provides range and azimuth information but does not provide
elevation data. Coverage of the ASR can extend up to 60 miles.

Analysis of Variance (ANOVA) - A statistical analysis 1nvolv1nq the
comparison of deviations between groups and within groups
reflecting different sources of variability.

Butomated Radar Terminal System (ARTS) - The Radar Tracking and
Beacon Tracking Level (RT&BTL) of the modular, programmable
automated radar terminal system. ARTS IIIA detects, tracks, and
predicts primary as well as secondary radar-derived aircraft
targets. This more sophisticated computer driven system upgrades
the existing ARTS III system by providing improved tracklng,
continuous data recordlng, and failsoft capabilities.

Blunder - An unexpected turn by an aircraft already established on
the localizer into another aircraft.

Closest Point of Approach (CPA) - The smallest slant range distance
between two aircraft in conflict.

Dependently Sequenced Approaches - When used in conjunction with
parallel runways, ILS approaches conducted at many facilities in
the United States where at least 2 nmi separation must be
maintained between aircraft on the parallel approaches in addition
to the standard radar separation reguired between aircraft on the
same approach.

Flight Technical Error (FTE) - The accuracy with which the pilot
controls the aircraft as measured by the indicated aircraft
position with respect to the indicated command or desired position.
It does not include procedural blunders.

Glide Slope Intercept - The minimum altitude to intercept the glide
slope during a precision approach. The intersection of the
published intercept altitude with the glideslope, designated on
Government charts by the lightning bolt symbol, is the precision
Final Approach Fix (FAF); however, when ATC directs a lower
altitude, the resultant lower intercept position is then the FAF.

Instrument Flight Rules (IFR) - An aircraft conductlnq fllght in
accordance with instrument flight rules.

Instrument Landing System (ILS) - A precision instrument approach
system which normally consists of the following electronic
components and visual aids; localizer, glide slope, outer marker,
middle marker, and approach lights.
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Instrument Meteorological Conditions (IMC) - Any weather condition
which causes a pilot to navigate an aircraft solely'via cockpit
instrumentatien; Meteorological conditions expressed in terms of
visibility, distance from cloud, and ceiling less than minima
spec1f1ed for visual meteorologlcal conditions. Conditions which
reguire a pllot to fly prlmarlly w1th reference to the alrcraft”
1nstruments

Missed Approach - A maneuver conducted by a pilot when an
instrument approach cannot be ccmpleted to a landing. The route of
flight and altitude are shown on instrument approach procedure
charts., A pllot executing a missed approach prior to the Missed
Approach Point (MAP) must continue along the final approach to the
MAP. The pilot may climb 1mmed1ately to the altltmde spe01f1ed in
the missed approach procedure ,

National Airspace System (NAS) - The National Alrspace System is
the United States' air traffic environment. The system is
comprised of procedures equipment, and the airway structure within
the bcundarLes of the geographical United States.

National Alrspace System Simulation Support Fac111tv (NSSF) - The
facility located at the FAA Technical Center, which houses the
individuals who operate the simulation alrcraft and the equlpment
used to accomplish this task.

NORDO - An aircraft simulating a loss of radio communication.

No Transgression Zone (NTZ) - The NTZ is an area in space 2000 ft

wide in which aircraft are prohibited to enter. It is established
equidistant between runway centerlines.

Outer Marker (OM) = A marker beacon at or near the glide slope
intercept altitude of an ILS approach. It is keyed to transmit two
dashes per second on a 400 Hz tone, which is received aurally and
visually by compatlble airborne equipment. The OM is normally
located 4 to 7 miles from the runway threshold on the extended
centerline of the runway.

Parallel ILS Approaches - Approaches to paraliel runways by
aircraft flying under Instrument Flight Rules (IFR) which, when
established inbound toward the airport on the adjacent final
approach courses, are radar- separated by at least 2 miles.

RDO - An aircraft with radio COmmunicatione

§imu1taneous I11L.S Approaches = An approach system permlttlng
simultaneous ILS approaches to airports having parallel runways
separated by at least 4300 ft between centerllnes.

S-VHS - High resolution video tape format used to record controller
dlsplays during the 51mulat10n, '
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t~test - A statistical test used to compare two small sample data
sets.

Technical Observer - An individual who monitors each control
position visually and aurally during each simulation run. Their
duties include: documenting discrepancies between issued control
instructions and actual aircraft responses; assist in alerting
responsible parties to correct any problems which may occur during
the test (e.g., computer failure, stuck microphone); assist
controllers  in preparation of reports, and assist in final
evaluation of data in order to prepare a Technical Observer report
at the end of the simulation.

Teest Criterion Violation (TCV) - A conflict resulting in a slant
range miss distance (CPA) of less than 500 ft. The test criterion
for simultaneous independent ILS approaches is 500 ft.

Visual Meteorological Conditions (VMC) -~ When weather conditions
are above the minimums prescribed for IMC, pilots may fly with
vigual reference to the ground without referring to radio
navigational aids.

Wanderer - A wanderer is an aircraft whose navigation performance
is so poor that it may deviate into the NTZ unless a controller
takes corrective action. If no action is taken, the dircraft will
return on its own to the localizer.

Worst Case Blunders (WCB) - A worst case blunder is defined as to
be a 30 degree blunder, without communication.
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POST RUN CONTROLLER QUESTIONNAIRE

PARTICIPANT CODE : : DATE
PARTNER'S CODE(S) : TIME
RUN NUMBER ‘ RUNWAY

1. CIRCLE THE NUMBER WHICH BEST DESCRIBES THE EASE OF TRAFFIC
HANDLING DURING THE PAST SESSION.

12 3 4 5 6 7 g g 10

DIFFICULT AVERAGE EFFORTLESS

2. RATE THE LEVEL OF ACTIVITY REQUIRED DURING THE PAST SESSION.
12 3 4 5 6 7 8 9 10

MINIMAL MODERATE INTENSE

3. RATE THE LEVEL OF STRESS EXPERIENCED DURING THE PAST SESSION.
12 3 4 5 6 7: 8 9 10

SLIGHT MODERATE EXTREME

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

1 2 3 4 5 6 7 8 9 10
STRONG YES POSSIBLY NO STRONG
YES NO




PLEASE DESCRIBE ANY UNUSUAL OCCURRENCES FROM THE LAST HOUR.
PLEASE NOTE ANY UNUSUALLY LONG DELAYS OR INCORRECT PILOT
RESPONSES. ANY ADDITIONAL COMMENTS CONCERNING ‘I‘HE SESSION
SIMULATION WOULD BE WELCOME HERE.

BRIEFLY DESCRIBE THE STRATEGY USED BY YOU AND YOUR PARTNER(S) TO
REDUCE THE RISK CAUSED BY THE BLUNDERING AIRCRA.FT FOR THE PAST
SESSION.  INCLUDE PROCEDURES FOR PULLING AIRCRAFT OFF THE
LOCALIZER AS WELL AS OBSERVATIONAL STRATEGIES. :




7.

PLEASE RATE THE SESSION YOU HAVE JUST COMPLETED. CHOOSE THE ONE
RESPONSE - THAT BEST DESCRIBES THE WORKLOAD LEVEL BASED  UPON
MENTAL EFFORT AND THE EASE OF TRAFFIC HANDLING.

9.

10.

MINIMAL MENTAL EFFORT IS REQUIRED AND TRAFFIC HANDLING TASKS
ARE EASILY PERFORMED.

LOW MENTAL EFFORT. IS REQUIRED AWND SATISFACTORY TRAFFIC
HANDLING IS5 ATTAINABLE.

ACCEPTABLE MENTAL EFFORT IS5 REQUIRED TO MAINTAIN SATISFACTORY
TRAFFIC HANDLING.

MODERATELY  HIGH <~ MENTAL FEFFORT IS REQUIRED TO . MAINTAIN
SATISFACTORY TRAFFIC HANDLING.

HIGH MENTAL EFFORT IS REQUIRED TO MAINTAIN SATISFACTORY
TRAFFIC HANDLING. :

MAXIMUM MENTAL EFFORT IS REQUIRED TO MAINTAIN SATISFACTORY
TRAFFIC HANDLING.

MAXIMUM MENTAL EFFORT IS REQUIRED TO LESSEN THE THREAT OF
BLUNDERING AIRCRAFT.

MAXIMUM MENTAL EFFORT: IS REQUIRED TO MODERATE THE THREAT OF
BLUNDERING ATRCRAFT.

INTENSE MENTAL EFFORT IS REQUIRED LIMIT THE THREAT OF
BLUNDERING AIRCRAFT.

THE THREAT OF BLUNDERING AIRCRAFT CANNOT BE CONTROLLED.
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INTRODUCTION

On September 17,1990 a team of six controllers from facilities around the
nation, met at the Federal Aviation Administration’'s Technical Center
(FAATC), at Atlantic City International Airport, New Jersey.

The team was briefed by Ralph Dority of ASC-200 on their purpose to
evaluate 5,000 fmt runway centerline separation for independent
simultaneous Instrument Landing System (ILS) approaches for three

runways.



OBJECTIVE

The objective for this simulation was to evaluate the traffic handling
capabilities of triple simultaneous parallel ILS approaches with evenly
spaced runway thresholds and five thousand foot runway centerline spacing.
The controller team had to use current technology equipment and

procedures.



ANALYSIS

The controller team using present day Airport Surveillance Radar (ASR) and
the Automated Terminal System (ARTS), with a 4.8 second update rate, had
to implement control instructions that would provide miss distances between
blundering and non-blundering aircraft. These aircraﬁ were making triple
independent simultaneous approaches to an airport.aligned north to south
with evéﬁly spacéd thresholds with 5,000 feet between runway centerlines
The contrél instruction had to result in & f ivé hundred foot or more miss

distance between aircraft in a blundering event.

Blunders consisted of targets that turned ten, twenty, or thirty degrees off
the localizer. Some of the blunders were no radio (NORDO). We believe the
probability of a thirty degree blunder with or without radio is highly

unlikely.

In a terminal environment, we believe il is unlikely that there would be a
continuous flow of three aircraft abreast on the final, as conducted during

the test.



The simulation used the FAATC 's '(GAT) general aviation simulator,
pseudo- pilot lab and two flight simulators. For the most part all the pilot
simulators performed well. The radio communication with the flight

simulators was poor.

Several times during the f ifst weék of the simulation ihe; ASR sweep visibly
slowed on the radar screen; This caused the targets to coast for three |
sweebs. After the tags repOSitibﬁcd. \altitudie inf ormatian was’ not available
for two more sweeps. This sweep sl’oWdOWn caused an‘ adverse effect on the
control action initiated by a controller when it happened during a blunder.
The controller had to rely on intuitive skillwh,en the radar update was not
consistent , and evaluate whether a blunder was occurring and if his control

instruction had a positive effect on the outcome.



CONCLUSION

Based on current technology radar systems and procedures, we believe that

triple simultaneous ILS approaches with runway centerlines spaced 5,000
feet o ' o

apart is a safe and viable operation.



RECOMMENDATIONS

We believe paraliel runWay mommr equipmem now being evaluatéd by the
FAATC would increase safety, airport capacity and commil?er’

effectiveness. Since controller response time is a factor in the detection of a
blunder, we believé the same team of controllers should be assembled to

provide a more accurate comparison of the effectiveness of each system.
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Date Time

Simulation of Triple Simultaneous Approaches

Pilot Questionnaire

Pilot Letter Total B-727 Flight Time hrs.
Total Flight Time Total Instrument Time
Company you fly for Captain F/0

Type rated and/or current in B-727

1. RATE THE LEVEL OF ACTIVITY REQUIRED DURING THE PAST RUN.
12 3 4 5 6 7 8 9 10

MINIMAL MODERATE INTENSE

2. When the controller issued a vector change, were you able to
follow the instructions immediately? Yes No .

If No, Please explain.

3. Please describe any unusual occurrences during the past blunder.
Pleas include aircraft ID's and approximate time if possible.

4, Given the current simulation, do you feel additicnal flight
training would be beneficial? Yes No

If yes, Please explain.
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PILOT SURVEY

Follow1ng the completlon of their participation in the simulation,
pilots completed an alrcrew opinion survey. This survey assessed
pilots' opinions regarding the conduct of closely spaced parallel

simultaneous approaches. Questions 1-4 required pilots to rate
their opinions on a scale from 1 (strongly dlsagree) to 5 (strongly
agree) . The averages of the pilots' ratings are given below. 2Also

responses to guestions 5 and 6 are summarized below.

1.1 In the event an aircraft overshoots the Ilocalizer, pilots
overall agreed (4.1) that current parallel runway procedures
requiring 1000 feet (ft) of vertical separation at the localizer
turn-on provides an acceptable safety margin provided aircraft
maintain their assigned altitude until established on the localizer
course.

1.2 Pilots’ responses were not conclusive (3.3) whether all
closely spaced parallel approaches should be conducted with a
coupled autopilot.

1.3 Pilots are adamant (4.4) that if an aircraft penetrates the
NTZ while another aircraft is conducting a simultaneous parallel
approach, the monitor controller will immediately direct the
threatened aircraft off it's approach course to a heading/altitude
that will prevent a collision. 1In addition, special phraseology
should be used for the break out maneuver.

1.4 It was not indicated (3.2) that additional pilot
training/currency reguirements (e.g. Category 2 and 3 ILS
reguirements) is mandatory to gqualify pilots for simultaneous
independent approaches to parallel runways separated by 5000 ft.

The following summarizes the pilots' suggestions for the safe and
effective operation of multiple simultaneous parallel ILS
approaches:

Approaches should only be made with an autopilot and/or the flight
director. CAT II standards for ground and airborne equipment would
be necessary for the safe operation of parallel approaches.
Additionally, a traffic display with audio warnings (e.g., TCAS II)
would enhance situational awareness and put the pilot into the
collision avoidance loop.

If more than two approaches are being conducted, the additional
approach should be staggered to facilitate break out maneuvers.
"In the event an aircraft strays from his altitude/course, only one
aircraft should be in immediate conflict.®

Special training (conflict resolution) is needed for approach
controllers during the conduct of multiple parallel approaches.

D=1



For example, when a climbing or descending turn instruction is
given for the breakout maneuver, when possible the climb
instruction should be given flrst then the turn 1nstructlon, or
the turn instruction should be given first, then the descent
instruction. The pllots reported that this is more effective in
handling the inertia of the aircraft.

Descending an aircraft below the glide slope is contrary to pilot
flight training. Therefore, the pilot will be slower to respond
to these type of controller instructions.

"A descent close to the ground combined with the distraction of
departing aircraft and readjusting NAV-AIDS (e.g., flight director)
provides ample opportunity to drive on into the ground. Adding
expedite just speeds up the process "

The pilots had three major over-riding concerns with the

simulation. First, more frequent ATC communication is needed to
accurately simulate the real world. Also, the volume of radio
communications was eXtremely 1low, "marginal to unacceptable "

Pilots found the headset apparatus that was used to be very
cumbersome; they felt that it made the barely audible controller
transmissions even more difficult to understand. They would have
preferred to use the headset that is used in normal day~to—day
operations.

Secondly, the pilots reported that controllers did not use standard
phraseclogy. Controller avoidance instructions were not complete;
e.g., "immediate left turn to 090." An altitude a551gnment or an
1nstruct10n to maintain present altitude should be given and the
transmission should be in one command. A heading change given
without an altitude, or vice versa, leaves the pilot uncertain as
to how to reconfigure the airplane. :

Flnally, recurrent ATC commands to "turn and join the locallzer,”
when the pilots' instruments indicated that the aircraft was on the
localizer, was very disconcerting. Pilots wondered if the
controllers knew where the aircraft was located.
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Phase IV B of the National standards for Triple/Quadruple
Parallel ILS Approach EBimulation using 5,000 feet centerline
saparation was conducted at the PAA Techniecal Center in

Atlantie City, New Jersey Septewmber 17 - 28, 1990.

During the simulation the Technical Cbservers recerded the
control instructions of the controllers involved in sach run.
The simulation scheduled & total of 43 runs, hovever, due to
software and hardware problems encountered during the simulation

Runs 3, 8, 9, 13, and 14 were not conducted.

During the 38 runs accounplished the Technical Cbservers racorded
48€ blundere including 790 turn and dein instruectione and 111

speed adjustments. The 486 dblunders resulted in 9 situatiens in
which the minimum acceptable miss distance of less than 500 feet,
slant range, was leost. The following is a brief outline of those
situations listing the run number, time, and possible cause when

obvioua:

Run 10 0C23:26

8

Regquires reviaew.

0028:07 Pilot error - turned wrong direction.

Run- 18 00323152

Pilot error = turned wrong direction.

0059:40 Pilot/Coneroller contributed



Run

RKun

Run
Run

Run

19

22

25

34

43

0044530

0031:03

0025:00

0056212

Requires raviaev.

Run ended due to video mapper fallure

'priar to the blundar.

pPilot error = buxn@d wrong diraation@
Raquirau raview.

Requires raview.



TRIPLE ILS BINULATION

5,000 FPEET CENTELLINE BEPARATION

RUN BLUNDERA SPEED PURN/TOIN
1 13 12 10
2 11 - 9
4 - - .
4 11 7 26
5 » 16 12 49
6 11 4 18
7 8 - 8
8 g - -
g - - -

10 11 3 20

11 13 1 17

12 13 5 9

13 - - -

14 - - -

18 14 7 18

16 14 4 33

17 1% 5 19

18 15 1 12

19 | 12 - 36

20 13 3 i3

21 10 2 35

23 (00:17) 3 - 7

(Video Mapper failed)

23 13 ~ - 32

5=3



RUM BLUNDER _BPEED TURY/TCIN

24 ' s z 16
25 - 13 4 27
26 11 | é 12
27 14 - 27
28 12 3 7
29 18 2 26
30 | 14 8 20
31 14 - 9
3z i8 5 33
a3 13 2 i¢
24 14 - 22
35 14 1 39
36 13 6 25
a7 | 16 ‘ - 36
38 11 - 24
39 14 3 i8
40 ' 15 6 18
41 ’ i1 3 iz
42 : 13 - 14
43 13 1 25



HUN 10 8/31/80 11:05 PM LCL

RUNWAY CONTROLLER
18L A
18C r
LEBR )
0023216 MIDS13 Rwy 18¢ Turned right = NORDO

NWAG84 Rwy 18R Turned right and descended
to 2,000 feet.
(200 FT = 1/10 NM)

The controller on Runway 1BR turned NWA6E4 right and descended
thae alrcraft to 2,000 feet. The pllot of NWAB8s reduired two
calls to respend. It took 16 seconds for the pilot to desscend
300 feet and halfway through the turn the plleot asgked what
heading he should turn to.

The cleosest point of approach was estimated to be 200 feet and
1740 NM and wvas computed fo ba 413 feet slant range (386 faet
vertical ~ 1853 feet lateral) with sn API of €%.

The slow pilot response is believed to have been a contributing
factor in this situation.
0028:07 COM3329 Rwy 18L  Turned right = NORDO

NWA201 RWYy 18C Turned right and climbed
, {100 feet - 1/2 NM)

MTRI59 RWY 18R Turned rignht and climbed

The controller on Runway 18R turned MTR$E29 right and climbed the
aircraft. The pilot of HWTR959 made B left turn passing within
778 feet slant range of NWA201 with an API of 12 and @73 faat
slant ranga of COM3329 with an AFI of 75,

Pllot error was the contributing facter in this situatien.
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 RUN 15 9/20/90 04115 PM LCL

RUNWAY CONTROLLER
18L F
18¢C E
18R D

0032:82  UALL74  Rwy 18C Turned left = NORDO

UALB30  Rwy 18L  Turned left
(6 PT - 0 NM)

The controller on Runway 181L turned UALS30 letk. The pilot of
UAL830 made a right turn passing within 280 faet slant range
(155 feat vertical - 226 feet lateral) with an API of 59.

Filot error was the contributing factor in this'aituatighe

0059:40  UALS18  Rwy 18R Turmed left - NORDO

AAL677  Rwy 18C  Turned laft and climbaed
(¢ FT - 0 NM)

UAL3320 Rwy 18L  Turned left

The controller on Runvay 18C turned AAL699 left and climbed the
aircrafet. The pilot of AALE77 turned very slowly and continusd
to descend. At ig point the controller of AALE77 instructed
the alrcraft to ,u; left and descend. Bawavar, when this
instruction was issued the aircraft had begun a c¢limb resulting
in the aircraft climbing into UALS18. AALE77 passad within 418
feet slant range of UALS518 (417 feet vertical - 24 feet lateral)
with an API of 91.

The slow response of UALS18 ccnttihutmd to thn controller's

actions. Therefore, both pilet and ccntrnllar contributed to
this eituation.



RUN 19 . 9/30/90 10338 PM ICQL

RUNWAY CONTROLLER
18L D
18€ | ¢

18R ¥

0044530 Usaeso Rwy 18R Turned left = HORDO

AALE0OB Rwy 18¢  Turned laeft

The controller on Runway 16¢ turnsd AALS0S left. The pilet of
AALGO8 responded very slowly. '

UBAEE0 pagsed within 356 feet slant range of AALGOB (480 feet
vertical =220 feet lateral) with mn API of 59.

The pilot of AAL60E may have contributed to this situation.



RUN 22 8/31/90 06:00 PM LCL

RUNWAY CONTROLLER
18L D
i8¢ o
18R B

This run snded at appreoximately 0017:00 minutes., The vidac
mapper bacame inoperative and caused the map to rotate
approximately ninsty degrees sach antenna swesp, The Technical
observers do not have 8 record of DAL2270 and AAL70%. Therefore,
it is believed that this blunder occurrad imediately atter the
video mapper becane incparative. :



RUN 28 . 9/24/90 04:38 DM LOL

RUNWAY CONEROLLER
i8%L D
isc c
18R : f B

0031:03 HSE613  Rwy 18L  Turned right - NORDO

TWA4OE  Rwy 18C Turned right snd slimbed
(100 PP = 1/2 WNM)

ARL238 Rwy 18R  Turned right and climbed

The controller on Runway 18C turned TWA40E right and ¢limbed the
alreraft. The controller en Runway 18R turned AAL238 right and
climbed. The pilot of AAL238 regponded very mlowly to the
instructions and made a left turn into both TWA406 and MSE613.
AALEZ3E paused within 224 faet elant ranhge of TWAL0E6 (208 faest
vaertlcal - 82 feet lateral) with an API of 83,

Pilet error was the contributing factor in this situation.
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MULTIPLE PARALLEL APPROACH TECHNICAL WORK GROUP
ADMINISTRATIVE ASSESSMENT

The triple, simultaneous approach simulation was conducted at the
Federal Aviation Administration (FAA) Technical Center, Atlantic
City International Airport, New Jersey, from September 17, 1990
through September 28, 1990. The goals were to demonstrate the
safety and feasibility of conducting triple simultaneous ILS
operations to triple parallel runways.

The simulation included 43 triple ILS runs in which 1 percent of
the blunders resulted in less than a 500=foot (ft) slant range
distance. This required detailed evaluation of those situations
which resulted in 500 ft or less slant range distance. The closest
point of approach was computed to have a 267-ft slant range
distance.

Based on the established test criteria, the controllers in this
simulation met all objectives. The arrival monitor positions in
the simulation proved to be operationally effective and feasible.

The test controllers participated in the simulation as though they
were controlling live traffic. Their attention and dedication was
critical to the success of the simulation.

Because of the small percentage of blunders that resulted in less
than a 500-ft slant range miss distance, the TWG believes that
triple ILS approaches spaced 5000 ft apart with current technology
radar (ASR-9) and displays (ARTS IIIA) is acceptable, achievable,
and safe.

RECOMMENDATIONS
The Multiple Parallel Technical Work Group (TWG) recommends:

1. There shall be one monitor controller for each runwvay.
Personnel and equipment shall be provided to support the procedure.

2. All monitor positions should be located together and near their
respective arrival and departure positions.

3. The Implementation Strategy used prior to any airport
conducting triple approaches with runways spaced 5000 ft apart
shall consist of a graduated, sliding scale weather minimums
criteria. This strategy will facilitate a smooth transition period
to permit adequate training and to develop requisite competency.
The recommended required meteorological conditions to be satisfied
are categorized as follows:



a. Basic VFR -~ Ceiling greater than 3000 ft and v151b111ty
greater than 5 mllesh '

b. MVFR (Marginal VFR) Ceiling 1000 to 3000 ft and
v151b111ty 3 to 5 mlles 1nc1u51ve.f

c. IFR - Celllng 500 to less than 1000 ft and V151b111ty 1
to less than 3 miles.

d. LIFR (Low IFR) - Ceiling less than 500 ft and visibility
less than 1 mile down to the lowest minimums authorized for the
approach. ,

In addition, facilities must develop experience levels of 1000
approaches or 60 days, whichever occurs first, in conducting
operations in each weather category. Once the requlred experience
level has been acquired, they will be authorized to conduct
approaches during conditions in the next, more restrictive weather
minimums.
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