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Executive Summary

Purpose

Background

The Federal Aviation Administration (FAA) is responsible for the safe,
orderly, and expeditious flow of civilian and military aircraft. FAA uses
computer, radar, and communications systems to help accomplish this
mission. Numerous reports of near mid-air collisions occur annually,
especially in airspace near airports. The Chairman, Senate Committee on
Appropriations, Subcommittee on Transportation and Related Agencies,
has expressed concern about whether the capacity of FAA computer sys-
tems is sufficient to minimize the possibility of near mid-air collisions.
He therefore asked GAO to evaluate these computer systems and deter-
mine whether they can accommodate planned safety enhancements.

Air traffic controllers at FAA’s Terminal Radar Approach Control
(TRACON) facilities sequence and separate aircraft arriving at or depart-
ing from airports under their control. Controllers maintain safe dis-
tances between controlled aircraft using information processed by
computers and displayed on video screens. Controlled aircraft must fol-
low rules regarding where they may fly, file flight plans, communicate
with controllers, and carry Faa-prescribed electronic equipment.
Required equipment for controlled aircraft includes a Mode C transpon-
der to transmit altitude and identity information. Uncontrolled aircraft
are also required to follow rules regarding their flights, but are not
required to file flight plans, communicate with controllers, or carry
Mode C transponders except in specified airspace.

FAA plans to implement additional safety improvements to reduce near
mid-air collisions. Among these are an expanded Mode C transponder
rule that, beginning July 1, 1989, requires all aircraft to use Mode C
transponders within a 30-mile radius of airports controlled by 23 high-
density TRACONS. FAA expects about 44,000 additional aircraft to equip
with Mode C transponders due to the rule. Effective December 30, 1990,
aircraft at altitudes from 1,200 to 10,000 feet in airspace surrounding
116 additional airports will also be required to use Mode C transpon-
ders. To accommodate expected air traffic growth and to implement
safety enhancements, FaA plans to award a contract by September 30,
1989, to acquire additional computer capacity.

Federal Information Resources Management Regulations require govern-
ment agencies to conduct capacity management activities in planning for
and acquiring computer resources. Such activities are important because
they provide agencies with information about 1) the computer capacity
current operations are using and 2) the additional computer capacity
needed to support increased automation. Capacity management includes
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Executive Summary

activities such as collecting and analyzing detailed performance data on
computer operations.

Existing computer capacity shortfalls at some large, busy TRACONS are
impairing controllers’ ability to maintain safe separation of aircraft.
Many TRACONS reported to GAO that they had experienced instances of
aircraft position and identification information disappearing from con-
trollers’ displays, data flickering on the displays, and computer
responses to controllers’ attempts to update or request data being
delayed.

Additional work load requirements resulting from the expanded Mode C
requirement now threaten to exacerbate the capacity problems expe-
rienced by busy TRACONS. FAA plans to buy additional capacity to address
existing shortfalls and meet future requirements. However, due to its
lack of a computer capacity management program, FAA does not know if
this action will remedy problerms because it has not adequately analyzed
current work loads or determined future requirements.

Principal Findings

Lack of Capacity
Management Led to
Computer Shortfalls

Computer capacity shortfalls at terminal area facilities are widespread.
Faa did not recognize these capacity shortfalls until controllers began
experiencing lost, flickering, or delayed data on their displays. These
shortfalls occurred because FAA lacked a computer capacity and per-
formance management program to monitor TRACON system performance
and determine future requirements. Although GAO reported in 1983 that
FaA should establish such a program, the agency concluded this was
unnecessary because it believed that existing systems would meet
requirements until replaced by an advanced system in the 1990s.

To temporarily alleviate current shortfalls at some locations, FAA has
revised software, added features to reduce work loads, and postponed
some less critical functions, such as training, until peak traffic loads
have subsided. However, an effective computer capacity and perform-
ance management program is needed to identify current capacity prob-
lems and accurately predict future shortfalls.

Page 3 GAOQO /IMTEC-89-63 Computer Capacity Shortfalls May Impair Flight Safety



Executive Summary

Planned Safety
Enhancements May
Exacerbate Capacity
Shortfalls

Current system overloads caused by heavy work loads may be increased
by additional requirements resulting from the expanded Mode C require-
ment. This would further impair controllers’ ability to maintain safe dis-
tances between airplanes. FAA recognizes it needs more capacity at its
busiest TRACONs and therefore, plans to buy additional equipment. This
equipment is scheduled to be delivered beginning in October 1990. How-
ever, because basic capacity management information is not available, it
is unclear whether this additional equipment will meet FAA’s needs.

Recommendations

Views of Agency
Officials

GAO recommends that the Secretary of Transportation direct the FaA
Administrator to take actions to ensure that critical air traffic control
functions are not interrupted by capacity shortfalls. Initially, this
involves gathering and reporting important capacity-related data, iden-
tifying quickly those TRACONs that have the most urgent problems, and,
in concert with TRACON officials, identifying potential solutions to the
problems. Identification of potential solutions should include consider-
ing approaches that have been successfully used at selected TRACONS, as
well as other measures to reduce work loads. Once the optimal solutions
have been determined, the FAa Administrator must take effective action
to implement them.

In addition, GAO recommends that the Secretary direct the FAA Adminis-
trator to implement a computer capacity and performance management
program for TRACON computer systems. This program should include
analyzing trends in data processing work loads to determine when
existing system capabilities will be saturated and conducting compre-
hensive analyses of the utilization, processing capacity, and input/out-
put rates of present and projected work loads. Analyses of future work
loads should include the full impact of the expanded Mode C rule.

GAO also makes other recommendations that are discussed in Chapter 4.

The views of FAA officials were obtained on the key facts, conclusions,
and recommendations contained in this report. These officials generally
concurred with the results of the review. Their views are incorporated
throughout the report as appropriate. As requested, GAO did not obtain
official written comments on a draft of this report.
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Chapter 1

Introduction

Air Traffic Control

Controlled and
Uncontrolled Aircraft

The Federal Aviation Administration (FAA) is responsible for the safe
and efficient use of the nation’s airspace. Although air travel is gener-
ally safe, numerous near mid-air collisions are reported annually, espe-
cially in areas near airports, or terminal airspace. FAA has implemented
features in its air traffic control computer systems at terminal control
facilities to promote safety and reduce the possibility of near mid-air
collisions. Also, the agency plans to add other safety enhancements to
diminish further the likelihood of near mid-air collisions.

FAA’s air traffic control mission is to promote the safe, orderly, and
expeditious flow of civilian and military aircraft. To accomplish this
mission, air traffic controllers communicate weather information,
instructions, and clearances to pilots and other personnel; maintain safe
distance between airplanes; and guide aircraft departures and
approaches. Controllers maintain separation between aircraft using
information processed by computers and displayed on video screens at
their workstations. The information displayed on controllers’ screens
can include airplanes’ identity, position, altitude, speed, and direction.
This information is known as a data block. Additional information such
as a flight’s route, destination, and expected arrival time is provided to
controllers on paper.

Aircraft supervised by controllers are known as controlled aircraft and
operate under instrument flight rules. This means that each flight is fol-
lowed from takeoff to touchdown by air traffic control to ensure that
each flies in its own reserved block of airspace, safely separated from
other traffic. Controlled aircraft must carry FaA-prescribed electronic
equipment, including radios for communicating with controllers and a
Mode C transponder, which provides aircraft altitude and identity to
controllers. These aircraft must also file flight plans that detail the pro-
posed journey, including arrival and departure airports and times, flight
routes, and aircraft type. Commercial airlines are one example of con-
trolled aircraft.

Uncontrolled aircraft are not controlled by the air traffic control system
and generally operate under visual flight rules. This means they main-
tain their distance from other aircraft on a “‘see and avoid’ basis.
Although these aircraft are essentially outside the air traffic control
system, they must follow well-established FaA rules governing where
they can fly. Uncontrolled aircraft are not required to file flight plans
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Chapter 1
Introduction

Near Mid-air Collisions

and, in certain airspace, are not required to communicate with control-
lers, carry radio equipment, or use Mode C transponders.

When two or more aircraft, either controlled or uncontrolled, come close
to one another, pilots or other crew members may file a near mid-air
collision report stating that a collision hazard existed. Because these
reports are voluntary and reflect individual perceptions of the situation,
they do not necessarily involve violations of separation requirements,
air traffic controller errors, or even unsafe conditions. However, rFaa
considers these reports to be an indicator of the safety level of the air
traffic control system.

FAA reviews every near mid-air collision report. These reviews, espe-
cially those involving air carriers, may include an analysis of computer-
generated data if recorded at the controlling FAA facility. This type of
data helps agency personnel assess the danger of the reported
encounter.

Near mid-air collision reports have attracted increasing attention as the
amount of aircraft in the skies has grown. With the deregulation of the
airline industry, the number of commercial flights handled by air traffic
control has grown significantly. For example, since 1982 the number of
commercial flight operations has increased an estimated 48 percent and
is expected to grow an additional 25 percent by the year 2000.

As discussed in our related report,' a total of 2,610 near mid-air colli-
sions were reported to FaA for 1986 through 1988. The total number of
reports in 1987 increased substantially from 1986 and then declined for
1988. The typical near mid-air collision involved one controlled and one
uncontrolled aircraft; transpired between May and October; and hap-
pened most frequently in California, Texas, Florida, and Arizona. The
majority of near mid-air collisions occurred in terminal airspace at alti-
tudes below 5000 feet.

' Air Traffic Control: FAA's Interim Actions to Reduce Near Mid-air Collisions, (GAO/RCED-89-149,
June 30, 1989).
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Terminal Control
Facilities: Automation
and Safety
Enhancements

Future Safety
Enhancements

Chapter 1
Introduction

To maintain a safe distance between aircraft in congested terminal air-
space, FAA has established Terminal Radar Approach Control (TRACON)
facilities.? At the 63 largest TRACONS, controllers sequence and separate
aircraft arriving at or departing from the nation’s busiest airports. Some
of these facilities control traffic for more than one airport. Each of the
63 TRACONS is supported by a computer system known as an Automated
Radar Terminal System (ARTS) II1A.2 These ARTS IIIA systems provide
essential aircraft position and flight plan information to controllers. The
system’s computers receive input from radar, identify and track air-
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and display aircraft identification and position location to controllers.

To improve safety and reduce the incidence of near mid-air collisions,
FAA has instalied severai safety enhancements in its computer systems
at these TRACONS, including:

Conflict alert, which aids controllers by detecting potentially hazardous
situations where two controlled aircraft may come too close to each
other within the next 40 seconds. In these instances, the system alerts
controllers by sounding an alarm and flashing symbols on the display.
Minimum safe altitude warning, which alerts controllers when an air-
craft is flying too low.

Most of the large TRACON computer systems have been recently upgraded
to provide other enhancements, such as displaying ground speed infor-
mation for transponder-equipped uncontrolled aircraft. FAA plans to pro-
vide all ARTs [IIAs with this upgrade by Summer 1989.

FAA plans to implement two additional automation-related enhancements
that are expected to improve safety at TRACONs—Mode C Intruder begin-
ning in 1993 and an expanded Mode C transponder rule, beginning in
July 1989. Mode C Intruder is a warning designed to indicate when the
distance between a controlled and an uncontrolled aircraft will become
hazardous within the next 40 seconds. Mode C Intruder is similar to the
conflict alert function in that it will alert the controller when two air-
craft are dangerously close. Mode C Intruder differs from conflict alert

2FAA also maintains 22 Air Route Traffic Control Centers, which control air traffic that is enroute
between airports, and 122 smaller Terminal Radar Approach Control facilities, which control traffic
at less busy airports. Each of these facilities is supported by an automated system to help controllers
maintain aircraft separation.

3The New York facility, the busiest of the 63 large TRACONS, is supported by a unique ARTS HIA
configuration that has enhanced capabilities beyond those provided by the other ARTS systems.
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Chapter 1
Introduction

Objectives, Scope, and
Methodology

in that it will monitor one controlled and one uncontrolied Mode C-
equipped aircraft, rather than two controlled aircraft.

The expanded Mode C transponder rule, beginning in July 1989,
requires aircraft to carry an operating Mode C transponder when flying
near designated high-volume airports and in other airspace above
10,000 feet. FaA issued the rule in June 1988, due to a congressional
mandate’ and an earlier National Transportation Safety Board recom-
mendation. After investigating the August 1986 mid-air collision in Cer-
ritos, California, between a controlled and an uncontrolled non Mode C-
equipped aircraft, the Board recommended that FAA require all aircraft
in terminal control areas to carry altitude-reporting Mode C transpon-
ders to provide controllers with altitude information.

FAA’s expanded rule will be implemented in two phases. Phase I, effec-
tive July 1, 1989, requires a Mode C transponder for all aircraft operat-
ing at and above 10,000 feet; the transponder is already required at and
above 12,500 feet. Aircraft are also required to carry an operating Mode
C transponder at all altitudes within a 30-mile radius of airports in 23
high-density terminal control areas. Phase II, effective December 30,
1990, will require a Mode C transponder at altitudes from 1,200 to
10,000 feet in the airspace surrounding 116 other designated airports.

To accommodate the expanded Mode C rule and the Mode C Intruder
function, and to provide adequate computer capacity to meet forecasted
traffic increases, FAA will need to enhance TRACON computer systems,
Therefore, FAA plans to award a contract by September 30, 1989, to sus-
tain and enhance the existing systems until they are scheduled to be
replaced by an advanced system in the mid-to-late 1990s.

The Chairman, Senate Committee on Appropriations, Subcommittee on
Transportation and Related Agencies, expressed concern about the
capability of FAA’s computer systems to minimize the possibility of near
mid-air collisions. Therefore, as agreed with his office, our objectives
were to (1) evaluate how FAA currently manages computer capacity in
existing terminal systems, and (2) determine if FAA has assessed capac-
ity limitations in terminal systems that could preclude effective imple-
mentation of planned safety enhancements.

149 US.C.A. App. 1421(fX3) (West Supp. 1989).
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To evaluate how FAA manages computer capacity in existing terminal
systems, we reviewed agency and contractor capacity studies, inter-
viewed FAA and contractor officials to determine capacity management
plans, sent surveys to 62 TRACONs to identify the extent of adverse
effects resulting from site specific capacity shortfalls, and reviewed

it Falla
agency documents describing plans for eliminating capacity shortfalls.

We did not send a survey to the New York TRACON because it has a
unique system configuration that has enhanced capabilities beyond
those provided by the other ARTS systems.

To determine if FAA has adequately assessed computer capacity limita-
tions in terminal area control systems that could preclude effective
implementation of enhancements, we reviewed FAA, National Transpor-
tation Safety Board, and Congressional Research Service documents
describing the expanded Mode C transponder rule. We evaluated Faa
and contractor studies estimating the capacity impact of the expanded
Mode C rule and interviewed agency and contractor officials regarding
existing shortfalls and potential overloads resulting from the rule. We
also reviewed agency documents describing implementation of the Mode
C Intruder enhancement and plans to sustain the terminal area control
computer systems until the mid-to-late 1990s. We discussed FAA's acqui-
sition plans with Department of Transportation and General Services
Administration officials. We met with FAA and contractor officials to
determine how existing systems could be expanded to accommodate the
Mode C Intruder function. We also discussed the planned implementa-
tion of safety enhancements with staff at the FaA Technical Center,
selected TRACONS, and Air Route Traffic Control Centers.

We performed our work at FAA headquarters in Washington, D.C.; the
FAA Technical Center in Pomona, New Jersey; FAA regional offices in
Jamaica, New York and Hawthorne, California; TRACON facilities in Cali-
fornia, Minnesota, New York, Texas, and Washington, D.C.; Air Route
Traffic Control Centers in Palmdale, California, and Ronkonkoma, New
York; the Department of Transportation in Washington, D.C.; the Gen-
eral Services Administration in Washington, D.C.; the National Trans-
portation Safety Board in Washington, D.C.; Martin Marietta
Corporation in Washington, D.C.; UNISYS Corporation in St. Paul, Min-
nesota; and MITRE Corporation in McLean, Virginia.

Our review was performed from June 1988 to June 1989. We conducted

our review in accordance with generally accepted government auditing
standards. The views of FaA officials were obtained on the key facts,
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conclusions, and recommendations contained in this report. These offi-
cials generally concurred with the results of our review. Their views are
incorporated throughout the report as appropriate. As requested, we did
not obtain official written comments on a draft of this report.
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Chapter 2
Existing Computer Capacity Shortfalls at
TRACONSs Are Significant

Processing Shortfalls
Affect Air Traffic

-y
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FAA recently recognized that computer capacity shortfalls existed when
aircraft position and identification information began vanishing from
controller displays, aircraft data flickered on displays, and system
responses to controller changes or updates to flight information were
delayed. These capacity problems occurred primarily because FaA has
not had a capacity planning and management program for its TRACONS
that would have predicted shortfalls before they occurred. Faa has
taken actions at some TRACONS to temporarily alleviate current
shortfalls. However, an effective computer capacity and performance
management program is needed to identify and address fully both cur-
rent and future problems.

The computer system’s most critical air traffic control function is calcu-

lating and displaying the position of aircraft to the controller. For each
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controlled aircraft, alpha-numeric information appears on the control-
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speed, and direction. Similar data blocks for uncontrolled aircraft
appear on the d ulaplaya but may not contain information such as Spﬁﬁu
and destination. Aircraft are detected by radar and processed by the
computer as they appear in a segment of the radar sweep known as a
sector. All data for a sector should be processed before the computer
begins to calculate aircraft positions in the next sector. However, if
many aircraft are in one sector, the computer can eventually become
overloaded resulting in the loss of information, known as sector loss.
Sector loss affects the processing or displaying of aircraft information
such as speed or altitude. According to a controllers’ representative, the
loss of altitude information in a high-density traffic area can be a criti-
cal problem. He added that “... the potential loss of the entire data block
is a dangerous distraction under the best conditions and a disaster in the

making under the worst of circumstances.”

To identify whether TRACONS were experiencing computer overloads, we
requested information from FAA headquarters regarding the frequency

of the adverse effects of capacity shortfalls. However, headquarters
officials were unable to provide this information because FAA does not

reqguire TRACONS to accumulate or report such data. Therefore, in order

ta obhtain come information on whether comnuiter gverloads were accur-
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ring, we surveyed 62 TRACONs; 57 of them responded to our survey.

Twenty-seven of the surveyed TRACONS, or 47 percent, reported that
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shortfalls, resulting in the disappearance of aircraft information from
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Existing Computer Capacity Shortfalls at
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controllers’ displays. A recent example involves a busy TRACON where on
October 7, 1988, during the late Friday afternoon rush hour, aircraft
position and identity information, including altitude, speed, and direc-
tion, disappeared from all controllers’ screens for 16 consecutive min-
utes. According to the TRACON area manager, heavy traffic overloaded
the computer, preventing it from keeping up with traffic demand. This
caused severe concern to everyone on duty. To maintain safety, control-
lers reduced air traffic by holding departures on the ground and keeping
arrivals outside of terminal airspace boundaries. They also maintained
voice contact with aircraft already under their control.

At another very busy TRACON, an agency official said that several
instances of sector loss had recently occurred for 15 to 20 minutes at a
time. During these instances, position and identification information dis-
appeared from controllers’ displays, reappeared, and then disappeared
again. At these times, the official said that other non-critical processing
functions were halted to reduce the computer’s work load, which then
permitted the information to reappear on displays. The official empha-
sized that, even with the loss of data, controllers were able to maintain
safe separation of aircraft through voice contact with pilots.

Twenty-eight TRACONS reported data blocks flickering on controllers’
screens. Displays are designed to update data block information 30
times each second. When the processing load is such that updating infor-
mation occurs less often, data blocks begin to flicker. This flickering can
lead to confusing and obscured information being presented to
controllers.

Another result of insufficient processing capability can be delayed key-
board responses when controllers attempt to input or request informa-
tion. These delays can occur during heavy traffic, when the computer
performs other functions before responding to keyboard entries.

Delayed keyboard responses were reported at 19 of the TRACONS
responding to our survey. For example, TRACON officials reported that
during busy periods, full data blocks often remained on the displays
after controllers attempted to delete or transfer them to another control-
ler. When controllers are busy, repeated attempts to delete or move the
data block can distract them from their primary air traffic control
duties.
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Chapter 2
Existing Computer Capacity Shortfalls at
TRACONS Are Significant

These data losses and other display problems have occurred mainly
because FAA has lacked a capacity and performance management pro-
gram for TRACON computer systems. Such a program is important to
ensure maximum use of existing resources and adequate capacity for
growth. Further, the Federal Information Resources Management Regu-
lation Part 201-30 requires agencies to perform capacity management
activities in planning, acquiring, and using computer resources.

An effective capacity management and performance monitoring pro-
gram needs to address both performance management and capacity
planning. Performance management involves analyzing the performance
of computer systems to determine how resources are currently utilized
and how such utilization can be improved. Capacity planning assists in
forecasting computer resource requirements to ensure that enough
capacity exists when needed.

In 1983,' we reported that FAA should implement a computer perform-
ance management function to measure terminal systems’ efficiency and
effectiveness because the capacities of these systems were not known
and system behavior could not be adequately predicted. We also stated
that delays in replacing existing equipment would require these systems
to operate longer than anticipated and could result in decreased services
due to capacity shortages. Our report recommended that FAA establish a
comprehensive organization that could improve the agency’s ability to
(1) acquire and use computer resources effectively and efficiently, and
(2) provide management with timely computer performance informa-
tion. Although FaA established an Information Resources Management
Office in 1984, this office does not address air traffic control computer
systems, such as the ARTS IIIA systems at large TRACONs. Further, FAA did
not establish a capacity management program for TRACONs because it
believed that the ARTS IIIA systems could meet requirements until
replaced by an advanced system in the 1990s.

IFAA’s Plans to Improve The Air Traffic Control System: A Step In The Right Direction But Improve-
ments And Better Coordination Are Needed, (GAO/AFMD-83-34, Feb. 16, 1983).
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Chapter 2
Existing Computer Capacity Shortfalls at
TRACONS Are Significant

Without a computer capacity and performance management program,
FAA’s assessments of computer capacity at large TRACONs have been lim-
ited. These assessments have focused primarily on measuring computer
storage or track capacity.? While such measurements provide some use-
ful information on available storage capacity, they do not give a com-
plete picture of computer performance, primarily because computer
utilization has not been adequately measured. Without utilization infor-
mation, FAA cannot determine the system’s ability to process data and
display information to controllers in a timely manner.

FAA has begun to recognize the importance of monitoring system per-
formance and computer utilization. For example, FAA recently tasked
UNISYS Corporation to develop software to monitor system perform-
ance for ARTS lIIA systems. This performance monitor is intended to pro-
vide FAA with information on computer utilization at selected TRACONS.
Although initial operational testing of the monitor began at two sites in
June 1989, this testing has now been delayed to fix software problems
with the monitor. As of June 1989, the agency anticipates that the moni-
tor will become operational at all sites about November 1989.

An effective capacity and performance management program requires
planning and testing of enhancements to ensure that they will not over-
load systems. However, FAA has not always tested software enhance-
ments in representative scenarios. The FAA Technical Center has the key
role in testing enhanced software functions to ensure that they operate
effectively and do not overload computer systems. When tests are suc-
cessfully completed at the Center, the enhanced software is distributed
nationally. However, the Center’s system configuration and the simu-
lated traffic loads used in testing software do not always represent the
configuration or the traffic loads at the busiest operational TRACON sites.

Many TRACONS have more displays than the Center’s test configuration
and far more traffic than represented by the test scenario. Therefore,
software that was successfully tested at the Center, when placed in an
operational facility, does not always accommodate the traffic loads or
operate efficiently at all locations. For example, when one TRACON
attempted to use an updated version of software that had been success-
fully tested, controllers regularly experienced sector loss. This occurred

2A track occupies a portion of memory in the air traffic control computer. A track can hold data on
controlled aircraft, uncontrolled aircraft, false target radar reports, aircraft detected by radar but not
yet associated with a flight plan, and flight plans for aircraft not yet detected by radar.

Page 17 GAO/IMTEC-89-63 Computer Capacity Shortfalls May Impair Flight Safety



Chapter 2
Existing Computer Capacity Shortfalls at
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FAA’s Interim
Attempts to Alleviate
Capacity Shortfalls

because this TRACON’s computers had a greater work load than many
other sites. Specifically, the TRACON controlled many airports, had more
displays, and had heavier traffic than many other locations.

To alleviate immediate capacity shortfalls that existed at some TRACONS,
FAA has provided more efficient software and implemented a software
feature that may be used to decrease system work load. Some TRACONS
also postponed less important functions during periods of peak traffic.

FAA addressed capacity problems at one TRACON by improving some soft-
ware features to improve efficiency. Therefore, according to Faa, addi-
tional information could be processed and sector loss has not occurred
recently. However, according to FaA, software improvement, by itself,
will not be enough to guarantee that increasing traffic loads can be han-
dled. Further, these modifications have not been implemented at all
TRACONS with capacity shortfalls.

FAA has also begun implementing a software feature called range/azi-
muth gating, which is currently operational at selected TRACONS and is
scheduled for implementation at the remaining locations in November
1989. Intended to be used only during heavy traffic, this feature limits
the display of aircraft to only that airspace that the TRACON is currently
controlling, thereby reducing the computer work load.

Other procedures have also been used to alleviate capacity shortfalls.
For example, controller training has been postponed at some TRACONS
during periods of heavy traffic. Because site specific controller training
is conducted on the same system at the same time that traffic is being
controlled, system resources are shared between training and air traffic
control. Therefore, eliminating training during busy periods provides
some relief from capacity shortfalls. In addition, during periods of
heavy traffic, some TRACONs delay accepting and storing flight plans
until just before an aircraft enters the facility’s airspace. This helps alle-
viate track storage problems, but does not affect processing capacity
shortfalls.

In June 1989, raa headquarters officials also stated that they plan to

inform appropriate field personnel about potential capacity shortfalls
and advise them about using the range/azimuth gating feature to reduce
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work loads. Officials believe this will help alleviate capacity shortfalls.

un('novnr an offoctivo combputer nonnnif}yr nnﬂ no

LIUVYYT VU1, ailt Si1eCllve Cor LPJULTL Lapa ce anage

rfarman mant
y\fl AUZL ARRCAL B lllmlu&blll\‘llb

program is needed to identify current problems and accurately predict
future requirements.
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Planned Safety Enhancements May Exacerbate
Capacity Shortfalls

FAA Has Not
Adequately
Determined Future
Requirements

Expanded Mode C
Requirement Will
Increase Computer
Work Loads

FAA has not adequately determined the impact of future work load
requirements, such as the expanded Mode C requirement, on its already
overburdened TRACON computer systems. As a result, computer overload
may be exacerbated by the increased work loads resulting from these
additional requirements, which would further impair controllers’ ability
to control airplanes safely. Recognizing this dilemma, FAA plans to buy
more equipment to provide additional capacity, in order to address cur-
rent TRACON shortfalls and meet future work load requirements. How-
ever, the planned expansion may not provide enough capacity at all
TRACONS because FAA does not know the current and future work load
requirements.

Because FAA does not have a capacity management program, there is
insufficient data on current utilization to serve as a baseline for deter-
mining future requirements. Further, FAA’s assessments of the impact of
future safety enhancements, such as Mode C Intruder and the expanded
Mode C rule, have also been inadequate.

In May 1988, rFaa tasked a contractor to analyze future ARTS IIIA
requirements, including the Mode C Intruder function. The contractor
concluded that at least one additional processor was needed at each
location to implement Mode C Intruder. However, the contractor’s analy-
ses were based on two sites that were not among the sites with the heav-
iest work loads. Therefore, the contractor did not estimate the impact of
using Mode C Intruder software at those sites that have experienced
capacity shortfalls.

Effective July 1, 1989, Mode C transponders are required on all aircraft
within a 30-mile radius of 23 terminal control areas, from the surface to
10,000 feet. FAA anticipates that about 44,000 additional general avia-
tion aircraft will equip with Mode C transponders due to the require-
ment. Since ARTS IIIA systems track all transponder-equipped aircraft,
the problem of inadequate computer capacity at these TRACONS may be
exacerbated by this requirement. However, as noted, FaA does not yet
adequately know how this increase will affect TRACONs’ processing capa-
bility. In developing the transponder requirement, FAA concluded that
the resulting work load could be handled by its ARTS IIIA systems. This
conclusion was based on a June 1988 study conducted to address the
Associate Administrator for Air Traffic’s concerns that Mode C require-
ments could adversely affect computer capacity. The June 1988 study
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concluded that expanded Mode C requirements would cause no immedi-
ate impact on system capacity. However, it also indicated that as traffic
increases, the system may incur data loss and display flicker earlier
than previously predicted.

The June 1988 study’s conclusions raised concern among air traffic offi-
cials. In December 1988, these officials issued a memorandum recoms-
mending that FAA delay the mandatory Mode C requirement until
capacity was expanded. The memorandum stated that previous studies
supporting the June 1988 study were based on faulty logic and incom-
plete analysis. For example, the study did not reflect the current situa-
tion, where some sites need more capacity just to meet current work
loads.

Senior FaA officials said that they believe that all general aviation air-
craft flying in terminal airspace affected by the requirement may not
equip with transponders by July 1, 1989. Further, according to FaA offi-
cials, it is possible for pilots to request waivers from the rule, by meet-
ing specific operating or aircraft conditions. FAA expects that these
waivers and pilot delays in responding to the rule will mitigate addi-
tional capacity shortfalls.

Recognizing the potential impact of the rule, FAA has recently initiated
studies of the work loads that could resuit. However, these studies are
still in process and have generated very limited data to date. Neverthe-
less, FAA plans to proceed with implementation of the requirement, irre-
spective of current capacity deficiencies.

Plans for Capacity
Expansion

FAA recognizes that more capacity is needed at TRACONs to address cur-
rent shortfalls and to meet future work load requirements. Therefore, it
plans to award a sole-source contract to UNISYS Corporation by Sep-
tember 30, 1989, at a cost of up to several hundred million dollars. The
contract is expected to include refurbishing computer equipment,
replacing existing memories with high-speed solid state memories, pro-
viding about 140 displays, acquiring up to 300 ARTS computers, and pro-
viding Mode C Intruder software. FAA anticipates that solid state
memories will be delivered beginning in October 1990 and processors
and displays beginning in April 1991.

In deciding to award a sole-source contract to UNISYS, Faa concluded

that developing and acquiring a new system at this time would take too
much time and be too costly, in view of plans for an advanced system to
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replace terminal computer systems in the mid-to-late 1990s. In particu-
lar, FaA concluded that rewriting new software in order to buy proces-
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sors currently marketed would be too time-consuming and costly.
Therefore, FAA is planning, through the UNISYS contract, to expand cur-
rent system configurations to their maximum design limit. This expan-
sion will require FaA to buy older processors similar to the czum,ulg
TRACON processors because the system software can only operate on the
current hardware. To supply the outdated processors, UNISYS will have
to restart a production line because these computers, developed in the

late 1960s, have not been manufactured since the mid-1970s.
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Conclusions

Computer capacity shortfalls at TRACONs have led to aircraft information
vanishing from controllers’ screens, flickering displays, and slow system
responses. Almost 70 percent of the TRACONs responding to our survey
indicated that controllers have experienced one or more of these prob-
lems. The depth of this problem is alarming in view of the critical nature
of air traffic control.

Because it has not developed a computer capacity management pro-
gram, FAA did not recognize these capacity shortfalls until controllers
began experiencing problems. FAA has not been measuring computer util-
ization and as a result, cannot predict when and where capacity
shortfalls will occur. Further, the agency has not tested software
enhancements in scenarios that represent conditions and traffic at
TRACONS with the heaviest work loads. FAA has attempted to alleviate
current capacity shortfalls at some TRACONs by improving software and
postponing functions such as training.

FAA has also not adequately assessed what resources are necessary to
accommodate future traffic growth, the Mode C Intruder function, and
additional Mode C-equipped aircraft. Although some studies were per-
formed to determine future requirements, these do not provide suffi-
cient information to identify future needs because they did not analyze
or project needs for the busiest facilities.

FAA’s expanded Mode C requirement in terminal areas may exacerbate
computer capacity problems at some TRACONS because having more air-
craft equipped with Mode C transponders will place a greater work load
on these systems. Although FAA believes that existing systems can
accommodate the additional work load, current shortfalls suggest that
the busiest TRACONS will experience additional problems. Rather than
fully assessing how the expanded Mode C rule will affect TRACON com-
puter capacity, FAA is expecting uncontrolled aircraft to request exemp-
tions from the rule. This expectation does not provide adequate
assurance that problems will not become more severe after July 1, 1989,
especially at sites with current shortfalls.

FaA now finds itself in a difficult situation. To increase computer capac-
ity, it is committed to a sole-source contract, which includes the pur-
chase of equipment that is no longer manufactured. This procurement is
not an ideal solution. However, under the circumstances, where there is
a critical need to increase capacity, a full analysis of other alternatives
to meet this immediate need and the resulting potential development of
new systems may not be practical. However, to meet the requirements of
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the TRACONS through the 1990s and possibly beyond, an analysis of other
viable alternatives is needed to ensure that future capacity will be ade-
gquate to support anticipated work loads.

Recommendations

Because of the importance of air traffic control, the Secretary of Trans-
portation and the FAA Administrator need to act quickly to remedy com-
puter capacity shortfalls. To address existing shortfalls that currently
threaten the ability of controllers to maintain separation of aircraft, we
recommend that the Secretary direct the FAA Administrator to take nec-
essary actions to ensure that critical air traffic control functions are not
interrupted by capacity shortfalls. Initially, this involves gathering and
reporting important capacity-related data, identifying quickly those
TRACONS that have the most urgent problems, and, in concert with TRACON
officials, identifying potential solutions to the problems. Identification
of potential solutions should include considering those temporary meas-
ures that have been successfully used at selected TRACONS, as well as
other approaches to reduce work loads. Once optimal solutions have
been determined, the Faa Administrator must take effective action to
implement them.

Subsequent to the above immediate actions, we recommend that the Sec-
retary direct the FAA Administrator to implement a computer capacity
and performance management program for TRACON computer systems.
This program should include

analyzing trends in data processing work loads to determine when
existing system capabilities will be saturated, and

conducting comprehensive analyses of the utilization, processing capac-
ity, and input/output rates of present and projected work loads. Analy-
ses of future work loads should include the full impact of the expanded
Mode C rule.

In addition, as part of this program, the rFAA Administrator needs to
ensure that the FaA Technical Center test facility uses configurations
that more accurately replicate the processors, displays, and traffic at
the busiest operational sites to ensure that approved software functions
will work.

After implementing the above program and identifying the work load
requirements for TRACONS, we recommend that the Secretary direct the
FaA Administrator to ensure that all future procurements of hardware
and software are determined by these requirements.
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Because a new advanced system is not scheduled to replace existing
TRACON systems until the mid-to-late 1990s, we also recommend that the
Secretary direct the FaAa Administrator to perform a complete analysis
of all available alternatives for meeting the larger TRACONS’ air traffic
requirements for at least the next 10 years. Recognizing that the
existing ARTS IIIA system design is over 15 years old, this analysis
should seek to identify the most cost-effective solution for meeting FAA’s
requirements.
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