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Executive Summary

On June 1, 1999, at 2350:44 central daylight time, American Airlines flight 1420,
a McDonnell Douglas DC-9-82 (MD-82), N215AA, crashed after it overran the end of
runway 4R during landing at Little Rock National Airport in Little Rock, Arkansas. Flight
1420 departed from Dallas/Fort Worth International Airport, Texas, about 2240 with 2
flight crewmembers, 4 flight attendants, and 139 passengers aboard and touched down in
Little Rock at 2350:20. After departing the end of the runway, the airplane struck several
tubes extending outward from the left edge of the instrument landing system localizer
array, located 411 feet beyond the end of the runway; passed through a chain link security
fence and over a rock embankment to a flood plain, located approximately 15 feet below
the runway elevation; and collided with the structure supporting the runway 22L approach
lighting system. The captain and 10 passengers were killed; the first officer, the flight
attendants, and 105 passengers received serious or minor injuries; and 24 passengers were
not injured. The airplane was destroyed by impact forces and a postcrash fire. Flight 1420
was operating under the provisions of 14 Code of Federal Regulations Part 121 on an
instrument flight rules flight plan.

The National Transportation Safety Board determines that the probable causes of
this accident were the flight crew’s failure to discontinue the approach when severe
thunderstorms and their associated hazards to flight operations had moved into the airport
area and the crew’s failure to ensure that the spoilers had extended after touchdown.
Contributing to the accident were the flight crew’s (1) impaired performance resulting
from fatigue and the situational stress associated with the intent to land under the
circumstances, (2) continuation of the approach to a landing when the company’s
maximum crosswind component was exceeded, and (3) use of reverse thrust greater than
1.3 engine pressure ratio after landing.

The safety issues in this report focus on flight crew performance, flight crew
decision-making regarding operations in adverse weather, pilot fatigue, weather
information dissemination, emergency response, frangibility of airport structures, and
Federal Aviation Administration (FAA) oversight. Safety recommendations concerning
these issues are addressed to the FAA and the National Weather Service.
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1. Factual Information

1.1 History of Flight

On June 1, 1999, at 2350:44 central daylight time,* American Airlines flight 1420,
a McDonnell Douglas DC-9-82 (MD-82), N215AA, crashed after it overran the end of
runway 4R during landing at Little Rock National Airport in Little Rock, Arkansas.
Flight 1420 departed from Dallas/Fort Worth International Airport, Texas, about 2240
with 2 flight crewmembers, 4 flight attendants, and 139 passengers aboard and touched
down in Little Rock at 2350:20. After departing the end of the runway, the airplane struck
several tubes extending outward from the left edge of the instrument landing system (ILS)
localizer array, located 411 feet beyond the end of the runway; passed through a chain link
security fence and over arock embankment to aflood plain, located approximately 15 feet
below the runway elevation; and collided with the structure supporting the runway 22L
approach lighting system. The captain and 10 passengers were killed; the first officer, the
flight attendants, and 105 passengers received serious or minor injuries; and 24 passengers
were not injured.? The airplane was destroyed by impact forces and a postcrash fire.
Flight 1420 was operating under the provisions of 14 Code of Federal Regulations (CFR)
Part 121 on an instrument flight rules (IFR) flight plan.

Flight 1420 was the third and final leg of the first day of a 3-day sequence for the
flight crew. The flight sequence began at O’ Hare International Airport, Chicago, Illinois.
According to American Airlines company records, the captain checked in for the flight
about 1038, and the first officer checked in about 1018. Flight 1226, from Chicago to Salt
Lake City International Airport, Utah, departed about 1143 and arrived about 1458 (1358
mountain daylight time). Flight 2080, from Salt Lake City to Dallas/Fort Worth, departed
about 1647 (1547 mountain daylight time) and arrived about 2010, 39 minutes later than
scheduled because of an airborne hold during the approach resulting from adverse
weather in the airport area. The captain was the flying pilot for flight 1226, and the first
officer was the flying pilot for flight 2080.

Flight 1420, from Dallas/Fort Worth to Little Rock, was scheduled to depart
about 2028 and arrive about 2141. However, before its arrival at Dallas/Fort Worth, the
flight crew recelved an aircraft communication addressing and reporting system
(ACARS)® message indicating a delayed departure time of 2100 for flight 1420. After
deplaning from flight 2080, the flight crew proceeded to the departure gate for flight
1420. The flight crew then received trip paperwork for the flight, which included an
American Airlines weather advisory for a widely scattered area of thunderstorms along

tUnless otherwise indicated, all timesin this report are central daylight time, based on a 24-hour clock.
2 See section 1.2 for an injury chart.

3 ACARS is a data link system that, among other things, enables airline dispatchers and flight
crews to communicate via text messages while an airplane is in flight.
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the planned route and two National Weather Service (NWS) in-flight weather advisories
for an area of severe thunderstorms* along the planned route.®

The airplane originally intended to be used for the flight was delayed in its arrival
to Dallag/Fort Worth because of the adverse weather in the area. After 2100, the first
officer notified gate agents that flight 1420 would need to depart by 2316 because of
American’s company duty time limitation.® The first officer then telephoned the flight
dispatcher to suggest that he get another airplane for the flight or cancel it.” Afterward, the
accident airplane, N215AA, was substituted for flight 1420. The flight's 2240 departure
time was 2 hours 12 minutes later than the scheduled departure time. The captain was the
flying pilot, and the first officer was the nonflying pilot.

About 2254, the flight dispatcher sent the flight crew an ACARS message
indicating that the weather around Little Rock might be a factor during the arrival. The
dispatcher suggested that the flight crew expedite the arrival to beat the thunderstorms if
possible, and the flight crew acknowledged this message. The first officer indicated, in a
postaccident interview, that “there was no discussion of delaying or diverting the
landing” because of the weather. According to the predeparture trip paperwork, two
aternate airports—Nashville International Airport, Tennessee, and Dallas/Fort Worth—
were specified as options in case a diversion was needed.

Beginning about 2258, flight 1420 was handled by controllers from the Fort
Worth Air Route Traffic Control Center (ARTCC). About 2304, the Fort Worth center
broadcast NWS Convective SIGMET [significant meteorological information] weather
advisory 15C for an area of severe thunderstorms that included the Little Rock airport
area. The cockpit voice recorder (CVR) indicated that the flight crew had discussed the
weather and the need to expedite the approach. At 2325:47, the captain stated, “we got to
get over there quick.” About 5 seconds later, the first officer said, “I don't like
that...that’s lightning,” to which the captain replied, “sure is.” The CVR aso indicated
that the flight crew had the city of Little Rock and the airport areain sight by at 2326:59.

About 2327, the Fort Worth center cleared the flight to descend to 10,000 feet
mean sea level (mgl) and provided an altimeter setting of 29.86 inches of mercury (Hg).
The flight was transferred about 2328 to the Memphis ARTCC, which provided the same
altimeter setting.®

4 A severe thunderstorm has winds measuring 50 knots (58 mph) or greater, 3/4-inch or larger
hail, or tornadoes and can produce torrential rain and frequent lightning.

5 See section 1.7 for specific details on weather advisories discussed in this section.

& American Airlines maximum pilot duty time (by contractual agreement with the Allied Pilots
Association) is 14 hours from the scheduled time of check-in for the first flight leg to the time
that the last flight leg is scheduled to land.

" The flight dispatcher stated that he received the first officer’s call between 2150 and 2200.

8 The Center Wesather Service Unit (CWSU) of the Memphis center was staffed for 16-hour
operation and had closed about 2130.
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According to the CVR, the flight crew contacted the Little Rock Air Traffic
Control Tower (ATCT) at 2334:05. The controller advised the flight crew that a
thunderstorm located northwest of the airport was moving through the area and that the
wind was 280° at 28 knots gusting to 44 knots. The first officer told the controller that he
and the captain could see the lightning. The controller told the flight crew to expect an
ILS approach to runway 22L.° The first officer indicated in a postaccident interview that,
during the descent into the terminal area, the weather appeared to be about 15 miles away
from the airport and that he and the captain thought that there was “some time” to make
the approach.

The CVR indicated that, between at 2336:04 and at 2336:13, the captain and first
officer discussed American Airlines crosswind limitation for landing. The captain
indicated that 30 knots was the crosswind limitation but realized that he had provided the
limitation for a dry runway. The captain then stated that the wet runway crosswind
limitation was 20 knots, but the first officer stated that the limitation was 25 knots. In
testimony at the National Transporation Safety Board's public hearing on this accident,°
the first officer stated that neither he nor the captain checked the actual crosswind
limitation in American’s flight manual. The first officer testified that he had taken the
manual out but that the captain had signaled him to put the manual away because the
captain was confident that the crosswind limitation was 20 knots.*

At 2339:00, the controller cleared the flight to descend to an altitude of 3,000 feet
mgl. The controller then asked the flight crew about the weather conditions along the
runway 22L final approach course, stating his belief that the airplane’s weather radar was
“alot better” than the weather radar depiction available in the tower. At 2339:12, the first
officer stated, “okay, we can...see the airport from here. We can barely make it out but
we should be able to make [runway] two two...that storm is moving this way like your
radar says it is but a little bit farther off than you thought.” The controller then offered
flight 1420 a visual approach to the runway, but the first officer indicated, “at this point,
wereally can't make it out. We' re gonna have to stay with you as long as possible.”

At 2339:45, the controller notified flight 1420 of awindshear alert,*? reporting that
the centerfield wind was 340° at 10 knots, the north boundary wind was 330° at 25 knots,

® The ILS is a precision approach system consisting of a localizer and a glideslope, which provide
lateral and vertical guidance, respectively, to a runway. The system uses ground-based radio transmitters
that provide both the localizer and the glideslope signals.

10 The Safety Board held a public hearing on this accident from January 26 to 28, 2000, in
Little Rock (see appendix A). The Board may hold a public hearing as part of its investigation
into an accident to supplement the factual record of the investigation. The Board calls technical
experts and material witnesses to testify, and Board investigative staff and designated representatives
from the parties to the investigation ask questions to obtain additional factual information. The hearing
is not intended to analyze factual information for cause.

1 The captain correctly indicated that 20 knots was the crosswind limitation for landing on a
wet runway. See section 1.17.4.1 for additional information on American’s crosswind limitations.

12 Windshear is generally defined as a change in wind direction and/or speed over a short distance.
Windshear aerts for Little Rock airport are issued by a Low Level Windshear Alert System (LLWAS),
which is explained in section 1.7.1.
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and the northwest boundary wind was 010° at 15 knots. The flight crew then requested
runway 4R so that there would be a headwind, rather than a tailwind, during landing. At
2340:20, the controller instructed the flight crew to fly a heading of 250° for vectors to the
runway 4R ILS final approach course. After reaching the assigned heading, the airplane
was turned away from the airport and clear of the thunderstorm that had previously been
reported by the controller. The CVR indicated that, between 2340:46 and 2341:31, the first
officer stated the localizer frequency and course, the decision atitude, the minimum safe
altitude, and a portion of the missed approach procedure for runway 4R.

Between 2342:19 and 2342:24, the CVR indicated that the captain asked the first
officer, “do you have the airport? Is that it right there? | don’'t see arunway.” At 2342:27,
the controller told the flight crew that the second part of the thunderstorm was apparently
moving through the area and that the winds were 340° at 16 knots gusting to 34 knots. At
2342:40, the first officer asked the captain whether he wanted to accept “a short
approach” and “keep it in tight.” The captain answered, “yeah, if you see the runway.
‘cause | don’'t quite see it.” The first officer stated, “yeah, it's right here, see it?" The
captain replied, “you just point me in the right direction and I'll start slowing down here.”
At 2342:55, the first officer said, “it’s going right over the...field.” At 2342:59, the first
officer told the controller, “well we got the airport. We're going between clouds. | think
it's right off my, uh, three o’clock low, about four miles.” The controller then offered a
visual approach for runway 4R, and the first officer accepted. At 2343:11, the controller
cleared flight 1420 for a visual approach to runway 4R and indicated “if you lose it, need
some help, let me know please.”

At 2343:35, the first officer stated, “you’re comin’ in. There's the airport.” Three
seconds later, the captain stated, “uh, | lost it,” to which the first officer replied, “seeit’'s
right there.” The captain then stated, “I still don’t see it...just vector me. | don’t know.”
At 2343:59, the controller cleared flight 1420 to land and indicated that the winds were
330° at 21 knots. At 2344:19, the captain stated, “see we're losing it. | don’t think we can
maintain visual.” At 2344:30, the first officer informed the controller that visual contact
with the airport had been lost because of a cloud between the airplane and the airport. The
controller then cleared the airplane to fly a heading of 220° for radar vectors for the ILS
approach to runway 4R and directed the flight to descend to and maintain 2,300 feet mdl.
At 2345:47, the first officer told the controller “we're getting pretty close to this storm.
we'll keep it tight if we have to.” The controller indicated to the flight crew that, “when
you join the final, you're going to be right at just a little bit outside the marker if that’'s
gonna be okay for ya.” The captain stated, “that’s great,” and the first officer told the
controller, “that’s great with us.” At 2346:39, the controller advised the flight crew that
the airplane was 3 miles from the outer marker.*3

13 The outer marker is located 5.9 miles from the airport. In a postaccident interview, the first
officer stated that, at this point, there was urgency to land because the weather was “up against” the airport.
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At 2346:52, the captain stated, “aw, we're goin’ right into this.” At the same time,
the controller reported that there was heavy rain at the airport, the automatic terminal
information service (ATIS) information in effect at the time was no longer current,** the
visibility was less than 1 mile, and the runway visual range (RVR)® for runway 4R was
3,000 feet. The first officer acknowledged this information. At 2347:08, the controller
again cleared flight 1420 to land and indicated that the wind was 350° at 30 knots gusting
to 45 knots. The first officer then read back the wind information as 030° at 45 knots. At
234722, the captain stated, “three thousand RVR. We can’t land on that.” Four seconds
later, the first officer indicated that the RVR for runway 4R was 2,400 feet, and the
captain then said, “ okay, fine.” 16

At 2347:44, the captain stated, “landing gear down,” and the CVR recorded a
sound consistent with the landing gear being operated. About 5 seconds later, the captain
stated, “and lights please.” At 2347:53, the controller issued a second windshear aert for
the airport, reporting that the centerfield wind was 350° at 32 knots gusting to 45 knots,
the north boundary wind was 310° at 29 knots, and the northeast boundary wind was 320°
at 32 knots. This transmission was not acknowledged by the flight crew. At 2348:10, the
captain stated, “add twenty [knots],” to which the first officer replied, “right.”

At 2348:12, the controller reported that the runway 4R RVR was now 1,600 feet.
About 2348:18, the captain indicated that the flight was established on final approach;*’
6 seconds later, the first officer informed the controller that the flight was established on
the inbound portion of the ILS. The controller repeated the clearance to land; stated that
the wind was 340° at 31 knots, the north boundary wind was 300° at 26 knots, and the
northeast boundary wind was 320° at 25 knots; and repeated the RVR. At 2348:41, the
first officer acknowledged this information. The controller did not receive any further
transmissions from flight 1420. At 2349:02, the first officer asked the captain, “want
forty flaps?’ The captain indicated that he thought he had already called for the landing
flaps, after which the first officer stated, “forty now.” At 2349:10, the controller informed
the flight crew that the wind was 330° at 28 knots. Two seconds later, the captain stated,
“thisis acan of worms.”

According to the CVR, the first officer stated, “there’s the runway off to your
right, got it?’ at 2349:24. The captain replied, “no,” to which the first officer stated, “I

14 ATIS information Romeo, which was issued about 2326, was based on a 2322 special weather
observation indicating (among other things) a thunderstorm with frequent in-cloud and cloud-to-cloud
lightning located west through northwest and moving northeast, winds from 190° at 14 knots, a
visibility of 7 miles, and an altimeter setting of 29.88 inches of Hg.

® RVR is a measurement of the visibility near a runway’s surface. This measurement represents
the horizontal distance that a pilot should be able to see down a runway from the approach end.

16 According to the Jeppesen Sanderson approach plate for the ILS approach to runway 4R (dated
February 20, 1998), the lowest authorized RVR for that runway was 2,400 feet.

|t the weather is reported to be below published minimums, American Airlines and the Federal
Aviation Regulations (14 CFR 121.651) alow airplanes that are established on the final approach
segment to continue the approach to the appropriate decision height (DH) or minimum descent altitude
(MDA) and land in accordance with the conditions for the type of approach being conducted. For
this Category | ILS approach, the DH was 200 fest.



Factual Information 6 Aircraft Accident Report

got the runway in sight. You're right on course. Stay where you're at.” The captain then
stated, “I got it. | got it.” At 2349:32, the controller reported the wind to be 330° at
25 knots. At 2349:37, an unidentified voice in the cockpit stated, “wipers,” and the CVR
then recorded a sound consistent with windshield wiper motion. (This sound continued
throughout the rest of the flight.) At 2349:53, the controller reported the wind to be 320°
at 23 knots.

The CVR indicated that, at 2349:57, an unidentified voice in the cockpit stated,
“aw...we're off course” and that, 1 second later, an unintelligible comment was made by
an unidentified voice in the cockpit. In a postaccident interview, the first officer stated
that he thought the approach was stabilized until about 400 feet above field level (afl), at
which point the airplane drifted to the right. The first officer also stated that he said “go
around” about that time but not in a very strong voice. The first officer indicated that he
had looked at the captain to see if he had heard him but that the captain was intent on
flying and was doing “agood job.”

The CVR indicated that, at 2350:00, the first officer said, “we're way off.” Flight
data recorder (FDR) information indicated that the localizer deviation value was about
one dot to the right at that point.® About 1 second later, the captain stated, “1 can’t seeit.”
About 3 seconds afterward, the first officer asked, “got it?’ to which the captain replied,
“yeah | got it.” At 2350:13 and :14, the CVR recorded the sound of the ground proximity
warning system (GPWS) radio dtitude callout “sink rate.”*® Calculations based on FDR
data indicated that the airplane was descending through an atitude of about 70 feet afl at
the time of the first sink rate warning and about 50 feet afl at the time of the second
warning. Figure 1 shows flight 1420's flightpath to Little Rock and runway 4R along with
key CVR comments and the airplane’s |ocation when the comments were made.

FDR and CVR data indicated that the airplane touched down on the runway about
2350:20. About 2350:22, the first officer stated “we're down;” about 2 seconds later, he
stated, “we're diding.” FDR data also indicated that, over a 7-second period after
touchdown, both thrust reversers were deployed and the left and right engines engine
pressure ratios (EPR) reached settings of 1.89 and 1.67, respectively.®® The thrust
reversers were subsequently moved to the unlocked status (neither deployed nor stowed).

18 Cockpit instrumentation shows the airplane’s location relative to the glideslope and localizer
signals. Displacement is shown in terms of the airplane’s angular deviation above or below the
glideslope and left or right of the localizer. Pilots can judge the amount of displacement by needle
deflections that reference “dots’ on the face of the instruments. Because the dots represent an angular
measurement of an airplane's deviation from an ILS component, the amount of feet of displacement
depends on the airplane's distance from the ILS antennas.

¥ The sink rate alert indicates a rate of descent that exceeds predetermined thresholds.

2 Thrust reversers redirect engine exhaust to help slow an airplane. EPR is a measurement of
engine power as a ratio of gases in the exhaust pipe compared with air entering the inlet.
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According to the FDR, the flight spoilers did not deploy symmetrically at touchdown,?
but a momentary 8° deflection of the left outboard flight spoiler concurrent with a left
aileron deflection was recorded.?
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Figure 1. Flight 1420’s Approach Path to the Airport and Key CVR Comments

2L A spoiler is a device located on an airplane wing's upper surface that, when activated, provides
increased drag and decreased lift by disrupting the flow of air over the wing. After touchdown,
the spoilers increase the load on the landing gear tires, which is essential for maximizing braking
and obtaining the shortest stopping distance.

2 FDR data also showed that the flight spoilers extended symmetrically for 55 seconds, beginning
at 2336:42, during the descent into Little Rock.



Factual Information 8 Aircraft Accident Report

FDR data indicated that the right and left brake pedals began to move at 2350:25
and :30, respectively, and both pedals reached full travel at 2350:31. About the time that
the brakes were applied, the thrust reversers were deployed again. At 2350:32, the CVR
recorded an unidentified voice in the cockpit stating “on the brakes.”* The left engine
reached a maximum setting of 1.98 reverse EPR, and the right engine reached a setting of
1.64 reverse EPR. The left brake pedal was relaxed at 2350:34 before returning to its full
position 2 seconds later. About the time that the left brake peda was relaxed, the
reversers were returned to the unlocked status. As the right thrust reverser was being
moved to the unlocked status, the right engine reached a maximum setting of 1.74 reverse
EPR.

At 2350:36, FDR data indicated a full 60° deployment of the right inboard flight
spoiler, concurrent with a full aileron deflection.?* At 2350:40, the left thrust reverser was
moved back to the deployed position, but the right reverser moved briefly to the deployed
position and then moved to the stowed position. According to FDR data, the left thrust
reverser remained deployed, and the right thrust reverser remained stowed, for the
remainder of the flight. About 1 second later, the CVR recorded expletives stated by an
unidentified voice in the cockpit, which were followed by the sounds of initial impact at
2350:44 and several additional impacts beginning at 2350:47. The CVR stopped
recording at 2350:48. The airplane came to rest about 800 feet from the departure end of
runway 4R, 34° 44.18 minutes north latitude and 92° 11.97 minutes west longitude. The
accident occurred during the hours of darkness.

1.2 Injuries to Persons

Table 1. Injury chart

Injuries Flight Crew Cabin Crew Passengers Other Total
Fatal 1 0 10 0 11
Serious 1 3 41 0 45
Minor 0 1 64 0 65
None 0 0 24 0 24
Total 2 4 139 0 145

Note: Title 14 CFR 830.2 defines a serious injury as any injury that (1) requires hospitalization for more than 48 hours,
starting within 7 days from the date that the injury was received; (2) results in a fracture of any bone, except simple fractures
of fingers, toes, or the nose; (3) causes severe hemorrhages or nerve, muscle, or tendon damage; (4) involves any internal
organ; or (5) involves second- or third-degree burns or any burns affecting more than 5 percent of the body surface. A minor
injury is any injury that does not qualify as a fatal or serious injury.

% In a postaccident interview, the first officer indicated that he did not help with the flight
controls until the captain said “brakes’ as the airplane was nearing the end of the runway, at which
time the first officer helped with the brakes.

2 The FDR recorded only the left aileron position, which indicated a full trailing edge-down
deflection at the time.
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1.3 Damage to Airplane

According to American Airlines, the damage to the airplane was estimated at
$10.7 million.

1.4 Other Damage

The airplane destroyed several tubes extending outward from the left edge of the
runway 4R ILS locaizer array, part of a chain link security fence, and approximately
250 feet of the runway 22L approach lighting system support structure and walkway. The
damage was estimated at $325,000.

1.5 Personnel Information

1.5.1 The Captain

The captain, age 48, was hired by American Airlines in July 1979. He held an
Airline Transport Pilot certificate and a Federal Aviation Administration (FAA) First
Class medical certificate dated February 9, 1999, with no restrictions. The captain was
type rated on the Boeing 727 (727) and the MD-80. He qualified as a 727 flight engineer
on August 24, 1979; first officer on March 15, 1985; and captain on September 21, 1988.
He qualified as an MD-80 captain on July 31, 1991. The captain was also a lieutenant
colonel inthe U.S. Air Force Reserves.

The captain began his aviation career with the U.S. Air Force in 1972. He flew
T-33 and EB-57 airplanes and was a command flight examiner and instructor pilot for the
B-57 airplane. He left active military service in 1979 at the rank of captain and began
working for American Airlines afterward. The captain was furloughed after 1 year with
American but was recalled by the company 3 1/2 years later.®

In July 1998, the captain was promoted to check airman on the MD-80. In a
postaccident interview, the MD-80 Fleet Manager stated that the captain was
recommended for this position by the Chicago-O’Hare base manager and another check
airman because of his technical competence, performance as a line pilot, and ability and
desire to instruct. In January 1999, the captain was promoted to chief pilot at the
Chicago-O’ Hare base.?® The base manager indicated that the captain wanted to be a chief
pilot because he had been flying the MD-80 for a long time and wanted a change. The
base manager aso indicated that the captain was selected for a chief pilot position
because of his flying background, company achievements, and leadership skills.

% During his furlough from American Airlines, the captain worked as a nuclear engineer on
submarine propulsion plants.

% American Airlines policy requires chief pilots to fly 1 month per year as line pilots. The
Chicago-O’'Hare base manager encouraged chief pilots to fly once a week as line pilots.
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The Chicago-O’'Hare base manager, who flew with the captain twice in May
1999, said that he was “extremely comfortable flying with the captain” and that the
captain had “a great deal of common sense.” A first officer who had flown with the
captain from Chicago to Dallas/Fort Worth indicated that he was “a knowledgeable pilot
who was not intimidating.”

American Airlines records indicated that the captain had accumulated
10,234 hours total flying time, including 7,384 hours as a company pilot-in-command
(5,518 of which were on the MD-80). His last recurrent ground training and proficiency
check occurred on July 19, 1998, and his last line check occurred July 26, 1998. He had
flown approximately 54, 46, 14, and 12 hours in the 90, 60, 30, and 7 days, respectively,
preceding the accident. FAA records indicated no accident, incident, or enforcement
action.

The captain’s wife described his activities in the 3 days before the accident as
routine, adding that the captain had no scheduled events during that time. She stated that
the captain went to sleep about 2200 the night before the accident and slept until between
0700 and 0730. She further stated that, on nonflying days, the captain would typically go
to sleep between 2130 and 2200, wake up about 0515, and leave for work about 0600.
The captain’s wife indicated that he slept later than usual on the morning of the accident
because the timing of the first day of the trip did not necessitate an early rising.

The captain’s wife indicated that his health was good, he was a nonsmoker, and
he consumed a minimal amount of alcohol. At the time of the accident flight, the captain
was not taking any prescription drugs. No significant life events occurred in the weeks
before the accident, and his finances and personal situation were reported to be stable.
Records at the National Driver Register showed no indication of driver’s license
revocation or suspension for the captain.

The captain and first officer had not flown together before the day of the accident.
According to two flight attendants who were working aboard the two legs before the
accident flight (flights 1226 and 2080), the captain and first officer seemed to have a
good working relationship with each other. The first officer for flight 1420 stated, in a
postaccident interview, that the captain had made him feel comfortable in the cockpit.
Also, the first officer testified at the public hearing on this accident that his interaction
with the captain was not affected by the fact that he was a chief pilot.

1.5.2 The First Officer

The first officer, age 35, was hired by American Airlinesin January 1999. He held
an Airline Transport Pilot certificate and an FAA First Class medical certificate dated
November 12, 1998, with no restrictions. He qualified as afirst officer on the MD-80 on
February 22, 1999. He was serving a 1-year probation period required of new company
hires. The first officer was type rated on the Learjet and the Boeing 737.
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Thefirst officer received his private pilot’s license in 1983. He began his career in
1988 with the U.S. Navy and completed primary flight training. The first officer had been
selected for advanced jet training but was given an honorable discharge in 1991 because
of a reduction in force. Before he was hired by American Airlines, the first officer
worked as a corporate pilot, flying C-210, Learjet 35, and King Air E-90 airplanes. He
was aso the director of operations and the chief pilot for an air charter company and a
flight instructor.

A captain who flew with the first officer in May 1999 stated that he was an “ above
average new hire who was very competent and knowledgeable.” Another captain who
flew with the first officer in May 1999 stated that he was an “experienced pilot with good
cockpit discipline.”

According to American Airlines records, the first officer had accumulated
4,292 hours of flying time, 182 of which were as a company MD-80 pilot. He had flown
approximately 176, 112, 65, and 7 1/2 hours in the 90, 60, 30, and 7 days, respectively,
preceding the accident. His proficiency check occurred on February 22, 1999, and his
line check occurred on March 10, 1999. FAA records indicated no accident, incident, or
enforcement action.

On May 30, 1999, the first officer traveled from his home outside Los Angeles,
California, to Chicago. The first officer indicated that he had been commuting from his
home to the Chicago-O’'Hare base for about 3 months and that, as a result, he was
adjusted to the central time zone. The first officer indicated that he was involved in
routine activities while in the Chicago area. He went to bed between 2000 and 2200 the
night before the accident and woke up about 0730.

The first officer indicated that he was a nonsmoker and that he was not taking any
prescription medications at the time of the accident flight. Records at the National Driver
Register showed no indication of driver’s license revocation or suspension for the first
officer.

1.5.3 The Flight Attendants

Flight 1420 was staffed with four flight attendants hired by American Airlines
between June 1987 and August 1992. All of the flight attendants were qualified on
MD-80 series airplanes. The flight attendants completed the company’s initial training,
which included instruction in emergency procedures and evacuation drills, and their most
recent company recurrent emergency procedures training was completed in either 1998
or 1999.

On the day before the accident flight, three of the flight attendants began the same
3-day trip sequence. On the day of the accident flight, they had worked three trip
segments before flight 1420. The fourth flight attendant began a 2-day trip sequence on
the day of the accident flight. She had worked two trip segments before flight 1420.



Factual Information 12 Aircraft Accident Report

Flights 1226 and 2080 (the two legs before the accident flight) were not among the trip
segments worked by any of the flight attendants.

1.6 Airplane Information

The MD-80 airplane is a derivative model of the DC-9 airplane. As aresult, much
of the MD-80's structure and many of its systems, components, and installations are
similar to the earlier DC-9 model. According to Boeing,?’ the Douglas DC-9 airplane
entered service in December 1965; the final DC-9 was delivered in October 1982. The
MD-80 airplane’s first flight occurred in October 1979. The FAA certified the MD-80
series airplane in August 1980, and the airplane entered service in November 1980. The
MD-80 mode airplanes—the MD-81, -82, -83, -87, and -88—were in production through
1999. The DC-9 family of airplanes aso includes the MD-90 and the Boeing 717.

The accident airplane, N215AA, seria number 49163, was delivered new to
American Airlines on August 1, 1983. At the time of the accident, the airplane had
accumulated 49,136 flight hours and 27,103 cycles.?® A review of American Airlines Air
Carrier Certificate, which included the standards, terms, conditions, and limitations
contained in the FAA-approved Operations Specifications, revealed no discrepancies.
The FAA's Type Certificate Data Sheet, which prescribes the conditions and limitations
under which airplanes meet airworthiness requirements, noted no discrepancies for DC-9
or MD-80 series airplanes. The FAA's Program Tracking and Reporting System (PTRS)®
indicated no discrepancies for the accident airplane from January 1998 to May 1999.

N215AA was equipped with two Pratt & Whitney JT8D-217C turbofan engines.
The No. 1 (left) engine, serial number 718427, was installed on N215AA on September
7, 1997; the No. 2 (right) engine, serial number 725712, wasinstalled on July 30, 1998.

American Airlines records indicated that, for engine No. 1, the time since new
was 29,734 hours (15,711 cycles),®® the time since overhaul was 11,216 hours
(5,189 cycles), and the time since installation was 5,256 hours (2,447 cycles). The
records also indicated that, for engine No. 2, the time since new was 25,131 hours

2" The Boeing Company and McDonnell Douglas Corporation merged in August 1997. Douglas
Aircraft Company and McDonnell Aircraft Company merged in April 1967.

2 An airplane cycle is one complete takeoff and landing sequence.

2 The PTRS is an FAA computer tracking system that includes information on inspection and
surveillance activities by FAA inspectors. In 1997, the FAA began developing the Air Transportation
Oversight System (ATOS) as the FAA's new oversight system and the eventual replacement for
PTRS. The Manager of the Flight Standard Division for the FAA's Western Pacific Region, who
testified at the Safety Board's public hearing on this accident, stated that ATOS was intended to
replace PTRS because that data repository system had reached a plateau and there was no way
to make further safety gains with PTRS. Only surveillance data for 10 major U.S. air carriers (including
American Airlines) are currently recorded under ATOS; certification activities and data for the 10
carriers are still recorded under PTRS.

% An engine cycle is one complete startup and shutdown sequence.
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(13,216 cycles), the time since overhaul was 11,658 hours (5,421 cycles), and the time
since installation was 2,618 hours (1,229 cycles).

The accident airplane was equipped with two AlliedSignal VOR®YILS receivers
and an AlliedSignal GPWS computer. The accident airplane was also equipped with a
forward-looking X-band airborne weather radar unit that depicted three levels of
reflectivity in green, yellow, and red (according to intensity from lightest to heaviest).
X-band airborne weather radar systems are subject to attenuation, that is, the scattering or
absorption of electromagnetic energy with heavy precipitation. The accident airplane’s
airborne weather radar did not have attenuation alerts to warn the flight crew of any
masking of weather resulting from heavy precipitation, and the radar was not able to
detect lightning strikes.

The airborne weather radar had a power output of approximately 125 watts and
was integrated with a 30-inch antenna that provided a 3.4° beam width. The radar had a
stabilization feature that helped to keep the radar beam steady during turns and pitch
changes. The radar had range selections of 10, 20, 40, 80, 160, and 320 miles, a 180°
horizontal azimuth display, and a vertical tilt control of +15°. In a postaccident interview,
the first officer stated that the airborne weather radar was being operated in the 10-, 20-,
and 40-nautical mile (nm) ranges and that the tilt was set at the maximum up (+15°)
setting. In public hearing testimony, the first officer indicated that he saw only green
radar returns depicted on the weather radar unit.

1.6.1 Maintenance Records

American’s engineering specification maintenance intervals for MD-82 airplanes
include “Periodic Service”; “A,” “B,” and “C” checks; and “HC” [heavy C] checks.
Periodic Service checks are to be accomplished a maximum of 2 flying days from the last
periodic service or higher check. A and B checks are to be accomplished every 65 and
470 flight hours, respectively. The first C check is to be accomplished within 5,000 flight
hours, and all subsequent C checks are to be accomplished within 4,200 flight hours of
the last C check. The first HC check is to be accomplished within 14,000 flight hours, the
second one within 12,000 flight hours since the previous HC check or a total time of
24,000 flight hours, and the third and subsequent HC checks within 12,000-flight hour
intervals.

The accident airplane’s last Periodic Service and A checks were performed on
May 31, 1999. All tires and wheels were checked for airworthiness. Tire inflation and
brake wear were aso checked. No maintenance items were deferred. The last B check
was performed on April 21, 1999. All tires and wheels were checked for airworthiness.
Tire pressure, flight and ground spoilers, and hydraulic subsystems were also checked. In
addition, the requirements of FAA Airworthiness Directive (AD) 98-11-10 were
performed. This AD mandated an inspection of the spoiler handle latching lever pin and
actions to prevent it from jamming. (According to the AD, a jammed spoiler handle pin

31 VOR stands for very high frequency omnidirectional radio range.
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can result in retraction of the spoilers and full advancement of the left throttle during a
go-around.) The last C check was performed on January 6, 1999, and the last HC check
was performed on January 22, 1994.

The No. 1 (left) and No. 2 (right) nose gear tire and wheel assemblies were last
replaced on May 27 and February 4, 1999, respectively. The No. 1 (outboard) and
2 (inboard) left main landing gear tire and wheel assemblies were last replaced on May 7,
1999. The No. 3 (inboard) and 4 (outboard) right main landing gear tire and wheel
assemblies were last replaced on May 15 and April 7, 1999, respectively. The No. 1 and 2
left main landing gear brakes were last replaced on April 3 and April 2, 1999,
respectively. The No. 3 and No. 4 right main landing gear brakes were last replaced on
December 29, 1998, and April 3, 1999, respectively. No discrepancies were noted after
these replacements. All but one of the replacements were nonroutine discrepancies
generated from Periodic Service inspections; the No. 1 left nose gear tire and wheel
assembly replacement resulted from a pilot report of excessive nose wheel vibration at
liftoff.

Discrepancies recorded in American Airlines airplane maintenance logbooks are
entered into the company’s Field Maintenance Reliability System. Entries from May 15,
1998, to June 1, 1999, in the accident airplane’s maintenance logbook were reviewed for
discrepancies that referenced flight controls/spoilers, antiskid control, wheels, brakes,
rain protection, engine controls, and engine reversing. Also, Field Maintenance
Reliability reports, which include descriptions of any mechanical discrepancy, any
corrective maintenance actions, and any minimum equipment list (MEL) deferrals, were
generated for the accident airplane from June 1, 1998, to May 31, 1999. Selected
discrepancies involving autothrottle/speed control, landing, spoilers/drag devices,
windows/windshields, brakes, fuselage, engine fuel and control, engine controls, and
thrust reversers were reviewed for corrective maintenance actions. No discrepancies were
noted.

FAA service difficulty reports (SDR) were reviewed from all DC-9-82 airplane
operators regarding the airplane’s flight controls/spoilers. Between January 1984 and
August 1999, 49 SDRs were submitted regarding flight controls/spoilers; no maintenance
trends or discrepancies were found. Also, SDRs for all systems on the accident airplane
were reviewed. Between September 1985 and August 1999, 14 SDRs were submitted, but
none were relevant to the circumstances of the flight 1420 accident.

In addition, SDRs were reviewed from all DC-9 type-certificated airplanes
regarding the airplane’'s drag control system and drag control actuator. Between
January 1995 and October 23, 2001, there were 62 reports regarding the drag control
system and 21 reports regarding the drag control actuator, including 13 reports submitted
after the flight 1420 accident. Most of the reports were inspection related, false
indications, or adjustment or chaffing problems. No maintenance trends or discrepancies
were noted; however, one report, which involved a DC-9-32, was noted as being relevant
to the circumstances of this accident. Specificaly, the discrepancy report stated the
following: “Discrepancy: unable to arm ground spoilers on approach, and spoilers did not
deploy manually on landing. Corrective Action: Replace spoiler control actuator and



Factual Information 15 Aircraft Accident Report

spoiler control box. Spoilers adjusted and checked serviceable. Note: the report does not
state if the autospoiler ‘do not use’ light was illuminated.”

1.6.2 Spoiler System Information

The MD-80 series airplane has one ground spoiler, one inboard flight spoiler, and
one outboard flight spoiler on each wing. Each of the flight spoilers is extended and
retracted by its own hydraulic actuator. The left hydraulic system, through the left spoiler
bypass valve and a 1,500-pounds per square inch (psi) pressure reducer valve, supplies
hydraulic power for the two inboard flight spoiler actuators. The right hydraulic system,
through the right spoiler bypass valve and a 1,500-psi pressure reducer valve, supplies
hydraulic power for the two outboard flight spoiler actuators.® Both hydraulic systems
supply hydraulic power, through the two ground spoiler control valves, to the two ground
spoiler actuators, which are at full system pressure (3,000 psi) and do not have pressure
reducer valves. Two position sensors—one mounted on the right inboard flight spoiler
panel and the other on the left outboard flight spoiler panel—provide information to the
FDR on the position of those spoilers. The FDR records each spoiler position alternately
at a sampling rate of two times per second.

The flight spoilers are manually operated through the aileron control system by
either the control wheel or the spoiler handle in the cockpit. A control wheel input can
supplement lateral control (provided by the ailerons) by extending the flight spoilers on
the downward-moving wing to a maximum of 60°. An input from the spoiler handle
extends the flight spoilers symmetrically on both wings to a maximum of 35° in flight
(referred to as the speed brake function) and a maximum of 60° on the ground. A
spring-loaded torsion bar mechanically holds the flight spoilers in the retract position
when they are not extended.*

The ground spoilers are manually operated by an input from the spoiler handle on
the cockpit center pedestal and electrical signals from the proximity system electronic
unit via several spoiler control relays. The ground spoilers are extended to 60° only
during landing or a rejected takeoff. The ground spoilers are locked down by hydraulic
power and a mechanical overcenter link during all other phases of flight.

The ground and flight spoilers can be automatically operated by the autospoiler
system.® This system consists of two ground spoiler control valves, the autospoiler
switching unit, four wheel spin-up transducers (by way of a ground spoiler control box),
and two ground control nose oleo switches. To use the autospoiler system for landing, a

32 1f one of the hydraulic pumps were to fail or was rendered inoperable for maintenance reasons,
a power transfer unit would alow the remaining hydraulic system to supply power to the inoperative
system. The MD-82 is also equipped with an auxiliary hydraulic pump to power the right hydraulic
system on the ground.

3 The MD-80 can be configured with a spoiler lockout mechanism to prevent in-flight spoiler
deployment when the flaps are extended. None of American’s MD-80s are configured with the mechanism.

34 MD-80 airplanes can be dispatched with the autospoiler system inoperative. Under that circumstance,
the pilot would be required to manually deploy the spoilers upon touchdown.
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pilot raises the spoiler handle up to the ARM position (before touchdown), which reveals
ared ARM indicator stripe and positions the roller on the spoiler handle in front of an
autospoiler crank arm. (The red indicator stripe provides a visua cue to the flight crew
that the autospoiler system is armed.) When the autospoiler switching unit commands the
autospoiler actuator to move the crank arm from the retract to the extend positions, the
crank arm pushes the spoiler handle fully aft and extends all of the flight and ground
spoilers. After touchdown, the autospoiler switching unit commands the autospoiler
actuator to move the crank arm, which in turn moves the spoiler handle fully aft when
either the wheel spin-up transducers signal main wheel spin-up or the ground control
nose oleo switches signal nose gear touchdown (in case of a failure of the spin-up
transducers). The autospoiler system activates the autospoiler actuator on each landing
regardless of whether the handle isin the ARM position.

The MD-80 is configured with a spoiler autoretract mechanism that retracts the
ground and flight spoilers if the left throttle is advanced above idle (about 1 3/4 to
2 inches). The left throttle arm has a crank that “knocks down,” or dislodges, the spoiler
handle from the latching mechanism so that the handle return spring can return the
spoilers to the stowed position. (The spoiler handle can also be manually dislodged.) The
right throttle does not have a crank to knock down the spoiler handle.

An amber AUTO SPOILER DO NOT USE light illuminates on the overhead
annunciator panel in the cockpit if the autospoiler system detects certain failures.
Specifically, the light will illuminate if (1) the ground spoiler actuator fails to change
positions within 10 seconds after being so commanded, (2) the spoiler control relay
circuit or the ground spoiler control box circuit has an internal short to ground, (3) only
one takeoff or land relay channel is energized, or (4) the two weight-on-wheel sensors
(proximity sensors on the main landing gear that indicate when the struts are compressed)
and the landing gear handle are inconsistent. If this light appears for one of the first three
causes, the flight crew must manually deploy the ground spoilers upon landing. If the
light appears for the last cause, the autospoiler actuator will operate as intended as long as
it receives normal inputs.

Figures 2 through 6 show the MD-80 spoiler system. Figure 2 shows the spoiler
control system, including the locations of the flight and ground spoilers. Figure 3 shows
the spoiler hydraulic system. Figures 4 and 5 are photographs showing the location of the
spoiler handle in the unarmed and armed positions, respectively. Figure 6 shows the
position of the crank arm and roller with the spoiler handle in unarmed and armed
positions.
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1.6.2.1 Testimony on Spoiler System Operation

According to the Boeing Company’s Engineering Manager for Landing Gear,
Brake, and Hydraulic Systems, who testified at the Safety Board’s public hearing on this
accident, the autospoiler system provides “quick, timely, and full 60° deployment™ of all
spoiler panels with “minimal flight crew input” during a rejected takeoff or after a landing
touchdown. The Engineering Manager stated that the only human factor involved in the
system’s operation is the arming of the spoilers to ensure that the autospoiler system can
successfully engage and actuate the spoiler system. The Engineering Manager also
testified that the spoiler system is very reliable. For example, if the spoilers were armed
and tire spin-up did not occur upon touchdown, the spoilers would still automatically
deploy because the system was designed to use nose gear compression as the backup
signal for spoiler deployment.

The Engineering Manager indicated that the two spoiler parameters on the
accident airplane’s FDR appeared to be functioning normally. He explained that a full turn
of the steering yoke in the cockpit (that is, a full aileron deflection) would have caused the
right inboard flight spoiler to fully deflect momentarily, as indicated by FDR data. The
Engineering Manager testified that the right flight spoilers reduced lift on that wing for
only about 2 seconds, which would not have made much difference in the airplane’s
braking.
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The Engineering Manager said that there are no design features in the autospoiler
system to warn pilots that the spoiler handle has not been armed. He added that some
changes have been made to the system since it was designed in the 1960s, but most of
these changes have been to ensure that the ground spoilers do not inadvertently deploy
during flight. According to the Engineering Manager’s testimony, the electrical signa
required to deploy the ground spoilers requires al of the following: the landing gear
handle switch is in the down position, the left or right main landing gear
weight-on-wheels signal is received from the proximity system electronic unit, and the
left throttle switch isin the idle position.

The Engineering Manager further testified that there are no aural or visual
warnings in the cockpit to indicate that the spoilers did not deploy. However, there are
some aural and visual cues to indicate to the flight crew that the spoilers have been
deployed, including the extensive motion of the spoiler handle as it is moving into the
extend position and the associated “ clanking” sound.

An aerodynamics engineer from Boeing presented information on the effect of the
spoilers on the weight on the wheels for a 127,000-pound MD-80 series airplane at
1 second after touchdown (the point during the landing roll when the airplane is at its
highest speed and is developing the highest lift). The weight distribution of the airplane
was estimated according to the percent of total landing weight supported by the wings,
the main landing gear, and the nose gear.

With the spoilers deployed, about 20 percent of the airplane’s total landing weight
is supported by the wings, about 77 percent of the total weight is supported by the main
gear, and about 3 percent of the total weight is supported by the nose gear. Without
spoilers, about 70 percent of the arplane’s total landing weight is supported by the
wings, about 27 percent of the total weight is supported by the main gear, and about
3 percent of the total weight is supported by the nose gear.® Without spoilers and with an
additional 20 knots of speed, about 90 percent of the airplane's total landing weight is
supported by the wings, about 7 percent of the total weight is supported by the main gear,
and about 3 percent of the total weight is supported by the nose gear. According to the
Boeing engineer, this finding is important because, when less weight is applied on the
main gear, it has less braking force and produces less cornering force in a skid.

1.6.2.2 Other Spoiler Events

During the public hearing on this accident, the Safety Board requested that
Boeing determine whether it had received any reports of armed autospoilers not
deploying on MD-80 or DC-9 aircraft. Boeing sent two letters, dated April 20 and
October 24, 2000, to the Safety Board that indicated that the company was able to find
nine records of such reports. Most of these events could be explained by either

% The estimated weight distribution for landings without spoilers assumed a 10° nose-down elevator.
The Boeing engineer stated that applying nose-down elevator reduces the weight on the main gear
by transferring it to the nose gear. He also stated that, because the nose gear does not have any
brakes, the braking force is reduced and the distance to stop is increased.
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component or procedural failures. For example, Boeing stated that an autospoiler actuator
on a DC-9 was removed and replaced because the spoiler handle did not come al of the
way back and latch. In another example, Boeing indicated that the autospoilers on a DC-9
did not deploy on landing but that an inspection revealed that the autospoiler circuit
breaker was open. For the remaining events, the data were insufficient to verify the
details of the event or determine the cause.

American Airlines reported two instances in which the spoiler handle aboard an
MD-80 series airplane extended and then retracted after main landing gear touchdown.
The events occurred at Dallas/Fort Worth on June 15, 2000, aboard flight 497 and on
September 17, 2000, aboard flight 787. The FDR from the flight 497 airplane only
recorded the right outboard spoiler position at a sampling rate of once per second, and the
FDR indicated that the spoiler deployed at touchdown and then retracted about 1 second
later. The FDR from the flight 787 airplane showed that both the left outboard and right
inboard flight spoilers deployed at touchdown and then retracted about 1 second later.
According to American, both flight crews could feel the spoilers retract, after which the
crews manually deployed the spoilers and safely decelerated the airplanes. American also
indicated that the flight crews believed the throttles were idle at touchdown.

1.6.3 Braking System Information

The MD-80 series airplane braking system can be operated manualy or
automatically. The automatic braking (autobrake) system on the MD-80 is optional; the
accident airplane was equipped with the system. According to Boeing's Engineering
Manager for Landing Gear, Brake, and Hydraulic Systems, the MD-80 autobrake system
provides “rapid and full application of the brakes’ in the event of a rejected takeoff and
“timely and consistent brake application” during landing. The first officer stated in a
postaccident interview that the captain elected to use only manual brakes for landing.*®

The autobrake system control panel is on the aft right portion of the center
pedestal. To arm the system before landing, a pilot selects one of three deceleration
levels—minimum, medium, and maximum—and moves the arm switch to the ARM
position. After landing, the spoiler handle is moved aft either manually or automatically
by the autospoiler system, and the autobrake switches then initiate the automatic
application of the brakes. (The autobrakes will operate only if the spoiler handle is in the
extended position.) With the minimum and medium levels, brake application begins
about 3 seconds after landing; with the maximum level, brake application begins about
1 second after landing.

The autobrake system can be unarmed so that the braking function is returned to
the pilots. The system is unarmed by manually depressing any brake pedal more than
25 percent of its maximum travel, advancing any throttle out of the near-idle range,

% The CVR indicated that, at 2331:22, the first officer stated, “manual brakes?’ to which the
captain replied, “uh, manua’s fine.”
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moving the arm switch to the DISARM position, or returning the spoiler handle to the
stowed position.

MD-80 series airplanes are equipped with an antiskid braking system. This
system adapts braking pressure (applied manually or automatically) to runway conditions
by sensing an impending skid condition and adjusting the brake pressure on each
individual wheel to allow for maximum braking performance. The inboard brakes have
touchdown protection to prevent them from being applied before or at touchdown. The
outboard brakes do not have touchdown protection.

1.6.4 Weight and Balance

According to the trip paperwork, the takeoff center of gravity for N215AA was
16.7 percent of mean aerodynamic chord, which was within the approved limits of the
airplane. The trip paperwork aso included the following information for the airplane:
basic operating weight, 83,123 pounds;, passenger weight, 25,020 pounds; baggage
weight, 3,475 pounds; zero fuel weight, 111,618 pounds; fuel, 24,500 pounds; ramp
weight, 136,118 pounds; taxi fuel burn, 2,080 pounds; takeoff weight, 134,038 pounds;
estimated fuel burn, 6,289 pounds;*” and estimated landing weight, 127,749 pounds. The
zero fuel, ramp, takeoff, and landing weight maximums were 122,000; 150,500; 136,300;
and 130,000, respectively.

1.6.5 N215AA’s Previous Flights on the Day of the Accident

On the day of the accident, N215AA flew from Dallas/Fort Worth to Denver and
back to Dallas/Fort Worth. The captain of those flights indicated, in a postaccident
interview, that the spoilers were armed and deployed normally for each landing. He also
indicated that the weather radar worked well during deviations around weather in the
Denver area. The first officer of those flights stated, in a postaccident interview, that the
spoilers, thrust reversers, and manual brakes worked normally. He also stated that the
airplane’ s weather radar operated normally in the 20-, 40- 80- and 160-mile ranges.

FDR data for the accident airplane’s previous landing at Dallas/Fort Worth
showed that the flight spoilers deployed symmetrically immediately after touchdown to
their full 60° position and remained that way for about 33 seconds until they returned to
their stowed position. Boeing's Engineering Manager for Landing Gear, Brake, and
Hydraulic Systems indicated that the FDR data for the airplane’s previous landing
“definitely” showed normal spoiler deployment. FDR data also showed that both thrust
reversers deployed after the airplane touched down at Dallas/Fort Worth.*®

37 The flight dispatcher sent the flight crew an ACARS message about 2311, which revised the
fuel burn amount to allow for en route weather deviations. The message also included a reminder
to the flight crew that Nashville and Dallas/Fort Worth airports were the flight’s two alternate airports.

% According to FDR data, both thrust reversers also deployed when the airplane powered back
from the gate during its departure from Dallag/Fort Worth to Little Rock.
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1.6.6 MD-80 Demonstrated Landing Distance

As part of an airplane’s certification, a manufacturer must demonstrate the
distance to land from a 50-foot height to a complete stop (14 CFR 25.125). The
aerodynamics engineer from Boeing, in public hearing testimony, stated that the MD-80
“demonstrated landing distance” was measured in two parts—the air distance, from
50 feet to touchdown, and the ground distance, from touchdown to stop—and on a dry,
hard-surfaced runway. According to the aerodynamics engineer, the operating
requirements in Part 121 provide for additional safety margins beyond the demonstrated
landing distance, specificaly, variations in the speed, touchdown point, runway surface
condition, tire condition, temperature, and runway slope. The Part 121 minimum dry
runway length is the demonstrated landing distance plus 67 percent. The Part 121
minimum wet runway length is the minimum dry runway length plus 15 percent.

The Boeing engineer testified that the MD-80's landing performance was
demonstrated to the FAA using the following test conditions: forward center of gravity,
V.« (1.3 times the stalling speed) at 50 feet, 40° flaps, autospoilers, pilot-actuated
(manual) antiskid braking, no reverse thrust, and a weight range of 109,200 to
149,500 pounds. The engineer presented information regarding the required landing
distances for an MD-80 with a landing weight of 127,000 pounds. The actua
demonstrated landing distance was 2,830 feet, so the Part 121 minimum dry and wet
runway lengths were 4,715 and 5,425 feet, respectively. Runway 4R/22L at Little Rock
National Airport is 7,200 feet in length, so there is about an 1,800-foot margin between
the required minimum wet runway length and the end of the runway.

1.7 Meteorological Information

1.7.1 Airport Weather Information

Weather observations at Little Rock National Airport are made by an Automated
Surface Observing System (ASOS), which is maintained by the NWS. The ASOS records
continuous information on wind speed and direction, cloud cover, temperature,
precipitation, and visibility. The ASOS wind anemometer is installed 32 feet afl. The
ASOS transmits an official meteorological aerodrome report (known as a METAR) at
53 minutes past each hour and a special weather observation (known as a SPECI) as
conditions warrant; such conditions include a wind shift, change in visibility, and change
in ceiling (cloud cover or height). The system is prevented from issuing any reports
between 47:20 and 53:20 after the hour (known as the lockout period) so that the hourly
observation can be prepared, edited, and transmitted.

ASOS observations at the Little Rock airport are augmented by certified weather
observers under contract with the FAA. The augmentation station is located in the
airport’s terminal building, and the ASOS unit is located near the approach end of
runway 4L. The NWS inspected the ASOS unit on May 21, 1999, and found it to be
working properly.
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The ASOS special weather observation for 2323 was as follows:*

Special weather observation for Little Rock at 04237, winds from 180° at
09 knots, visihbility 7 miles with thunderstorms, a few clouds at 7,000 feet in
cumulonimbus clouds, ceiling broken at 10,000 feet, temperature 25° C, dew
point temperature 23° C, altimeter 29.86 inches of Hg. Remarks: ASOS
observation, thunderstorm began at 23 minutes past the hour, frequent lightning
in-cloud and cloud-to-cloud located from the west through the northwest,[*]
thunderstorm west through northwest, moving northeast.

The ASOS edit log indicated that, at 2347:22, a special observation was canceled
because it occurred during the lockout period. The ASOS edit log also indicated that the
following observation was recorded about the time of the accident but was not
disseminated because of the lockout period:

Little Rock weather observation at 0450:31Z, winds from 290° at 16 knots
gusting to 28 knots, visibility 1 1/2 miles in thunderstorm and heavy rain[*] and
mist, afew clouds at 3,700 feet, ceiling overcast 5,000 feet, temperature 18.9° C,
dew point 16.7° C, atimeter 29.94 inches of Hg. Remarks: ASOS observation,
peak wind from 290° at 35 knots at 0433Z, wind shift at 0431Z, thunderstorm
began at 0423Z, rain began at 04247, sea level pressure 1014.0 mb [millibars],
frequent lightning in-cloud, and cloud-to-cloud, west through northwest,
occasiona lightning in-cloud, cloud-to-cloud, and cloud-to-ground east,
thunderstorm west through northwest, thunderstorm east moving east,
precipitation since last hourly observation 0.37 inches.

The hourly observation about 2353 indicated that the wind was from 280° at
18 knots gusting to 26 knots and that visibility was 1 mile in thunderstorms and heavy
rain and mist. A special observation was issued about 2355, indicating that the wind was
from 290° at 13 knots gusting to 26 knots and that visibility was 3/4 mile in
thunderstorms and heavy rain and mist. Another special observation, issued about 2358,
indicated that the wind was from 290° at 10 knots gusting to 76 knots; the winds were
varying from 210 to 030°; the visibility was 1/2 mile in thunderstorms, small hail, heavy
rain, and mist; and a peak wind from 320° at 76 knots was measured about 2356.

ASOS aso provides precipitation measurements in 1- and 15-minute increments.
Between 2331 and 2345, the ASOS measured 0.14 inch of rain, with the first measurable
rain greater than trace amounts (less than 0.01 inch) about 2336. About 2350
(immediately before the time of the accident), the system measured a total of 0.37 inch of
rain. The 15-minute measurement for 2346 to 0000 indicated that 1.09 inches of rain had

39 Weather observations are transmitted in coordinated universal time (UTC). The “Z” designation
that follows the time in the weather observation stands for Zulu, which indicates UTC time. Central
daylight time is 5 hours behind UTC time.

“0 The Federal Meteorological Handbook number 1 defines frequent lightning as one to six flashes
per minute.

4 The NWS defines heavy rain as 0.03 inch of rain within 6 minutes or more than 0.30 inch
of rain per hour.
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fallen. Appendix C shows detailed ASOS wind information and precipitation amounts
surrounding the time of the accident.

ATIS information is based on ASOS observations provided to the tower by the
official airport weather observer.”? ATIS information Romeo, which was current
beginning about 2326, stated:

Good evening Little Rock Adams Field[**] information Romeo zero four two two
Zulu special observation, wind one niner zero at one four, visibility seven,
thunderstorm, few clouds at seven thousand, cumulonimbus, ceiling one zero
thousand broken, temperature two five, dew point two three, altimeter two niner
eight eight, frequent lightning in-cloud, cloud-to-cloud, west through northwest,
moving northeast. ILS runway two two left approach in use. Notices to Airmen,
runway two two right, four left ILS out of service. Attention all aircraft,
hazardous weather information for the Little Rock area available on HIWAS
[Hazardous In-flight Weather Advisory Service], flight watch, or flight
service...advise on initia contact you have Romeo.

In addition to ASOS, Little Rock National Airport is equipped with an FAA Type
FA-10240 Low Level Windshear Alert System (LLWAYS), which was operational at the
time of the accident. The LLWAS uses six wind sensors at remote stations located around
the airport to collect wind speed, direction, and gust data.** One of the six sensors is the
centerfield wind sensor, which isinstalled 70 feet afl. Readings from this sensor are used
by tower controllers as the source of real-time wind data for pilots. LLWAS alerts are
displayed in the ATCT so that controllers can warn flight crews of potentially hazardous
windshear conditions. (As discussed in section 1.1, the controller transmitted windshear
aerts to the 1420 flight crew about 2339 and 2347.) The FAA performed a sensor
performance evaluation after the accident, which determined that al of the LLWAS
sensors were working properly at the time of the accident.

The Safety Board requested that the Massachusetts Institute of Technology’s
Lincoln Laboratory review the LLWAS data. According to public hearing testimony by
Lincoln Laboratory’s Source Scientist for the LLWAS and TDWR® agorithms, the

“2FAA Order 7110.65, section 2-9-2, states that towers are required to make a new ATIS recording
whenever the following situations occur: any new official weather is received (even if there has
not been a change in values), runway braking action reports indicate that runway braking is worse
than the description included in the current ATIS broadcast, and any other pertinent information
has changed (for example, the runway or the instrument approach in use and new or canceled notices
to airmen, pilot reports, or HIWAS updates).

“Little Rock National Airport is also known as Adams Field.

4 According to the FAA's Program Manager for LLWAS, the FAA plans to upgrade the current
system in May 2002 to an LLWAS-RS, which will involve adding and relocating sensors and upgrading
software. Other airports will have their LLWAS systems upgraded to either the LLWAS-RS or
LLWAS-NE version, which will involve a network expansion. LLWAS-NE versions will be integrated
with Terminal Doppler Weather Radar (TDWR) systems or the Weather Systems Processor (WSP,
see section 1.18.5.1).

“ TDWR is a C-band radar installed at 41 major U.S. airports. TDWR provides timely and
accurate detection of hazardous windshear in and near airport terminal approach and departure areas.
It also provides microburst, gust front, wind shift, and precipitation intensity information.
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LLWAS alerts issued on the night of the accident “were very credible and gave a good
interpretation of what was going on.” This witness also testified that, after the airplane
landed on the runway, the LLWAS centerfield sensor surged to 41 knots and that a
microburst had begun to impact the airport by 2352.% (An LLWAS alert related to this
event was recorded at 2352:10.)

The Safety Board reviewed the tapes made by the airport’s surveillance cameras
for additional information on the weather conditions before the time of the accident. The
surveillance cameras recorded heavy rain, strong gusting winds, lightning, and
deteriorating visibility.

1.7.2 National Weather Service Information

The NWS prepared several weather products describing the conditions
surrounding the time of the accident. A termina aerodrome forecast (TAF), prepared by
the North Little Rock Forecast Office, was issued about 1830 and was amended about
2258.*7 The amended TAF, which was valid starting about 2300, stated, in part, the
following:*®

Beginning at 0400Z, winds forecasted from 200° at 12 knots gusting to 20 knots,
visibility greater than 6 miles, scattered clouds at 2,500 feet, ceiling overcast at
6,000 feet. Temporary condition between 0400Z and 0600Z, winds variable at
25 knots gusting to 40 knots, visibility 1 mile in thunderstorm, heavy rain and
mist, ceiling overcast at 1,500 feet in cumulonimbus clouds.

NWS in-flight weather advisories notify pilots en route of the possibility of
encountering hazardous flying conditions that may not have been forecast at the time of
their preflight briefing. Two of the five NWS in-flight weather advisory categories—
Convective SSIGMET and Severe Weather Forecast Alert—were in effect at the time of
the accident.*

Convective SIGMET® No. 15C, prepared by the NWS Aviation Weather Center in
Kansas City, Missouri, was issued about 2255 and was valid until 0555 on June 2, 1999.
The advisory was broadcast in its entirety to the flight crew about 2304 and stated the
following:

% A microburst is a severe localized wind blasting down from a thunderstorm. A microburst
usually covers an area of less than 2 1/2 miles in diameter and lasts less than 20 minutes.

4 TAFs are normally issued every 6 hours with amendments issued as conditions warrant.

“8 The NWS Aviation Forecaster in North Little Rock indicated that he amended the 1830 TAF
because, by 2250, he realized that the line of thunderstorms and heavy rain would be impacting
the airport within the next hour. The 1830 TAF was included in the preflight weather package
to the flight crew (see section 1.7.3).

“9 The other three NWS in-flight weather advisory categories are SIGMETS, center weather advisories,
and airman’s meteorological information (better known as AIRMETS).

%A Convective SIGMET implies severe or greater turbulence and microburst/windshear activity.
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Attention all aircraft, Convective SIGMET 15 Central valid until 0555 Zulu for
Arkansas and Oklahoma...area of severe thunderstorms moving from 300 at
20 knots, tops above flight level 450, hail to two inches, and wind gusts to seven
zero knots possible. Additional hazardous weather information for Arkansas and
Oklahoma available from flight service, flight watch, or HIWAS frequencies.

Severe Weather Forecast Alert No. 357, prepared by the NWS Storm Prediction
Center in Norman, Oklahoma, was issued about 2123 and was valid until 0300 on June 2,
1999. The advisory, which encompassed portions of northern Texas, northwest
Louisiana, Arkansas (including Little Rock), and southeast Oklahoma, warned of a few
severe thunderstorms with hail to 2 inches, extreme turbulence, and surface wind gusts to
70 knots; a few cumulonimbus clouds with maximum tops to 50,000 feet; and a mean
storm motion from 280° at 20 knots.

A Weather Surveillance Radar 1988 Doppler (WSR-88D) system located in North
Little Rock (6 miles north-northwest of the airport) provides a three-dimensional volume
scan of the atmosphere at varying degrees of elevation and within a range of 240 miles.
The five lowest elevation angles for this WSR-88D are 0.4, 1.5, 2.4, 3.3, and 4.3°>! The
volume scan process takes 6 minutes.

The WSR-88D’s composite reflectivity image of all elevation scans from 2345
depicted a northeast-to-southwest-oriented band of weather, with severa large areas
indicating reflectivities of level 6 (extreme) activity,® encompassing the Little Rock
airport area. Reflectivities over the airport ranged from 50 to 64 decibels (dBz), or level 5
(intense) to 6 (extreme) activity. The 2351 composite reflectivity image continued to
depict the large weather band surrounding the airport and the 50- to 64-dBz reflectivity
range over the airport.

The WSR-88D’s base reflectivity images provided the radar reflectivities at the
individual elevation scans. The images documented the line of thunderstorms moving
across the Little Rock airport area during flight 1420’s approach. The WSR-88D 0.4°
elevation scan of base reflectivity that was completed at 2334:27 depicted reflectivities
of 50 dBz, or NWS level 5 (intense) activity over the northwest section of the airport. By
2340:28, the 0.4° base reflectivity image depicted a large area of activity over the airport
with reflectivities of 45 dBz, or level 4 (very strong) activity, and greater. The two
strongest areas of activity were located approximately 5 miles west-northwest and
northeast at this time. Another area of activity located approximately 3 miles southwest
of Little Rock was beginning to move toward the east-southeast with reflectivities
reaching 54 dBz, or level 6 (extreme) activity. Figures 7 and 8 show the base reflectivity
products for 2334:27 and 2340:28, respectively.

1 The 0.4° elevation scan covered conditions near the surface of the airport. The 1.5° elevation
scan covered conditions encountered in the area approaching the airport.

52 The NWS categorizes reflectivity according to a six-level intensity scale; level 6 is the highest,
measuring greater than 54 decibels. The other levels are 1, very light; 2, light to moderate; 3, strong;
4, very strong; and 5, intense.
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Figure 8. 0.4° Base Reflectivity Scan at 2340:28
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The WSR-88D’s 0.4° elevation scan of base reflectivity that was completed at
2345:57 indicated that the area over the airport and the approach end of runway 4R
reached reflectivities of 54 dBz, or level 5 (intense) activity, and that the area
approximately 5 miles west of runway 4R reached maximum reflectivities of 61.5 dBz, or
level 6 (extreme) activity. Figure 9 shows the base reflectivity product for this time
period.

Figure 9. 0.4° Base Reflectivity Scan at 2345:57

At 2351:59, the 0.4° base reflectivity image depicted a maximum of 52 dBz, or
level 5 (intense) activity, along the flight track, with maximum reflectivities of 60 dBz, or
level 6 (extreme) activity, located 1 1/2 miles to the northwest. Figure 10 shows the base
reflectivity product for this time period. Also, the 1.5° elevation scan at 2353:03 indicated
returns of 58 dBz, or level 6 activity, with maximum reflectivities of 62.5 dBz 1/2 mile
from the approach end of runway 4R.

The WSR-88D’s radia velocity image (showing components of the wind speed
that are coming directly toward or away from the radar) for 2346:29 indicated that winds
from the northwest at 15 meters per second (30 knots) were over runway 4R. Figure 11
shows the radial velocity image for this time period with the airplane's flight track. At
2352:30, the radial velocity image depicted winds from the northwest at 18 meters per
second (36 knots) over the runway with winds reaching 30 meters per second (60 knots)
within /2 mile of the approach end of the runway.
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Figure 11. Radial Velocity Image Surrounding the Time of the Accident
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The 1900 upper air sounding (that is, an evaluation of the conditions supporting
the development of severe storms) from the NWS Forecast Office in North Little Rock
was valid beginning about 2000. The upper air sounding included several stability
indexes, which indicated that the atmosphere was unstable with a high potential for
severe thunderstorms.

In addition, the NWS issued two public weather warnings for severe
thunderstorms in the Little Rock area. The first warning was issued about 2156 and was
valid until 2245, and the second warning was issued about 2317 and was valid until 0020
on June 2, 1999. Both warnings indicated the threat of strong winds and the potential for
hail, and the genera public was warned to stay indoors until the storms passed. These
weather warnings were made available to the local Little Rock area, and the tower
received these warnings through its direct line with the NWS. The FAA does not require
controllers to provide pilots with public weather warnings because they are not
considered aviation products and contain no aviation references. The local controller did
advise a pilot of a light multiengine airplane, which departed the airport about 2328, of
the second public weather warning because that airplane was traveling northbound
toward the counties covered by the warning. Flight 1420 was approaching the airport
from the south and was not on the tower’s frequency at the time.

1.7.3 American Airlines Weather Information

At Dallag/Fort Worth, the flight crew viewed a graphical display of the weather
radar and received a preflight weather package that contained weather information issued
about 2205. The information included reports, forecasts, and notices to airmen for the
departure, destination, and alternate airports and the current in-flight weather advisories
for the routes. A thunderstorm SIGMEC [significant meteorological condition] stated the
following: *3

En route thunderstorm SIGMEC. Valid from 0255Z through 0800Z on June 2,
1999. Over Texas, Louisiana, Arkansas, and Oklahoma. Coverage widely
scattered area of thunderstorms located from 10 miles northeast of Fayetteville,
AR, to Little Rock, AR, to Texarkana, AR, to Paris, TX, to Fayetteville, AR, then
back to 10 miles northeast of Fayetteville. Thunderstorms moving to the east at
20 knots. Maximum tops at and above 50,000 feet. Outlook, thunderstorms
increasing through 0600Z and then decreasing.

Other in-flight weather advisories included in the preflight weather package were
a brief of NWS Severe Weather Forecast Alert No. 357 and NWS Convective SIGMET
No. 11C, which indicated an area of severe thunderstorms moving from 300° at 20 knots
with cloud tops above 45,000 feet and the possibility of hail to 2 inches and wind guststo
70 knots. The SIGMET was valid over portions of Arkansas (including Little Rock),
Oklahoma, and Texas until 2355, but Convective SIGMET 15C replaced it about 2255.
The preflight weather information also included the 2153 ASOS observation, the TAF

%8 A SIGMEC is an American Airlines-issued weather advisory about conditions that may influence
the safety of flight operations.
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issued at 1830,>* and airport field conditions for Little Rock (all runways were open and
wet, with 0 inch of water and no reports of braking action problems).

The American Airlines flight dispatcher was using a high-resolution Weather
Services International radar mosaic product to track the weather in relation to an
airplane's flightpath. The radar mosaics eliminate false echoes and ground clutter, but the
product is delayed by several minutes.> The flight dispatcher indicated, during public
hearing testimony, that he received updates on the weather every 15 minutes but that the
radar data were 5 to 15 minutes old by that time. The dispatcher also indicated that he did
not have access to rea-time WSR-88D single-site weather data or TDWR.*

The flight dispatcher’'s 2254 ACARS message to the flight crew stated the
following:

Right now on radar there is alarge slot to Little Rock. Thunderstorms are on the
left and right, and Little Rock is in the clear. Sort of like a bowling alley
approach.[>’] Thunderstorms are moving east-northeastward toward Little Rock
and they may be afactor for our arrival. | suggest expediting our arrival in order
to beat the thunderstorms to Little Rock if possible.

About 2257, the flight crew sent an ACARS message, requesting weather
information for Little Rock airport. The flight crew received the 2153 ASOS observation,
which was aready included in the preflight weather package. The 2253 ASOS
observation was not available to the flight crew until after 2300.

The flight dispatcher stated that he did not see the 2258 amended TAF (which
changed the wind direction and was more specific regarding the impact period of the
thunderstorm). The dispatcher did not receive the amended TAF because it was issued
when American’s primary weather circuit from the FAA was preparing to receive hourly
weather observation information.

% This TAF, which was valid beginning about 1900, indicated that the visibility beginning about
2300 would be greater than 6 miles and that the probability of a thunderstorm between 2300 and
0300 on June 2 was greater than 50 percent.

%5 To eliminate ground clutter, a computer program compares the images with previous observations
and local ground clutter patterns and then overlays the images with the other data to correct for
beam height and distance errors.

%6 The flight dispatcher indicated that the Internet has sites that use Doppler weather radar technology
to depict weather information but that he did not have access to such information.

5" In public hearing testimony, the flight dispatcher indicated that the “bowling alley” message
was meant to be as brief and concise as possible but give the pilots an image of what to expect
because the airborne weather radar was not able to show a full area of coverage. According to
the CVR, the captain stated at 2326:52, “this is the bowling aley right here,” and at 2332:31,
“down the bowling alley.”
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1.7.4 Additional Weather Information

1.7.4.1 Lightning Data

American Airlines provided the Safety Board with a display from the National
Lightning Detection Network® depicting 1,177 lightning strikes over the state of
Arkansas between 2345 and 2400. The Board used lightning verification reports from
this network to determine that, between 2346 and 2351, 903 cloud-to-ground lightning
strikes were detected within 20 miles of the center of the airport and 46 cloud-to-ground
lightning strikes were detected within 5 miles of the center of the airport.

1.7.4.2 Witness Statements

The Safety Board interviewed two witnesses to the weather conditions
surrounding the time of the accident. One witness, a cross-country truck driver in the
vicinity of the airport, indicated that “torrential rain” was occurring when he saw the
accident airplane “coming in cocked with the wings tilted to the right.” He also stated that
“strong gusty winds,” “intermittent golf ball size hail,”> and “amost continuous’
lightning were occurring after he saw the airplane. The other witness was waiting in the
airport terminal for his wife. He indicated that hail had started just before the airplane
landed and that the hail was “really hard” when the airplane touched down. He stated that
thunder and lightning were occurring simultaneously. He further stated that the thunder
vibration “felt like it would break the glass [on the windows in the terminal]” and that the
hail had cracked the glass.

1.7.4.3 Windshear Hazard Study

A research scientist with the National Aeronautics and Space Administration’s
(NASA) Langley Research Center in Hampton, Virginia, examined available weather
data and conducted modeling simulations to determine the turbulence, windshear, and
crosswind hazards surrounding the time of the accident. The draft report on this research
indicated that a strong “bow echo” squall line system approached the airport during the
time of the accident and produced hazardous crosswinds.®® According to the report, a bow
echo refers to aradar echo that appears to undergo a forward acceleration at its midpoint,
thus forming a bulge in the radar signature, and is known to harbor severe weather.%! The
report also indicated that the accident airplane might not have encountered hazardous
levels of windshear.

The report suggested that crosswind and windshear hazards were not synonymous
because each affected airplane control differently. The report indicated that the hazards

8 Global Atmospherics, Inc., in Tucson, Arizona, operates the National Lightning Detection Network.

% The leading edges of the airplane’s wings showed no damage that would be consistent with
a heavy hail encounter.

% Proctor, Fred H. 1999. Investigation of the Storm Associated Wth the 1 June 1999 Aircraft
Accident at Little Rock, Arkansas. NASA Langley Research Center.

1 The report added that a bow echo could be detected with conventional and Doppler radar.
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associated with a crosswind threat were “collision with obstacles, lack of control
authority on touchdown resulting in damage to aircraft and injury to passengers, [and]
impaired directional control on the runway.” The report further indicated that the hazard
associated with a windshear threat was “flight into terrain.” In addition, the report stated
that hazardous crosswinds and windshear could affect airplanes at low altitudes during
the approach and departure phases of flight but that crosswind could only affect airplanes
during the takeoff and landing flight phases. The report concluded that advisories and
alerts for hazardous crosswinds could be developed and implemented into existing
LLWAS systems.

1.8 Aids to Navigation

The Little Rock VOR is on the 113.9 megahertz (mHz) radio frequency and has
distance measuring equipment associated with it. The runway 4R/22L ILS is on the
111.3 mHz radio frequency. No problems with these navigational aids were reported.

1.9 Communications

No communications problems were reported between the flight crew and any of
the air traffic control (ATC) facilities that handled flight 1420.

1.10 Airport Information

Little Rock National Airport is located immediately south of the Arkansas River
and approximately 2 miles east of metropolitan Little Rock at an elevation of 260 feet
mdl. The airport is owned by the city of Little Rock and is operated by the Little Rock
Municipa Airport Commission.

Little Rock National Airport has three concrete transverse grooved runways.
4L /22R, 4R/22L, and 18/36. Runway 4R/22L is 7,200 feet long and 150 feet wide and is
equipped with high-intensity runway edge lights® and centerline lights. (Runway 4L/22R
is 8,273 feet long and 150 wide; runway 18/36 is 5,124 feet long and 150 feet wide.)
Runway 4R is equipped with a medium-intensity approach lighting system with runway
alignment indicator lights. Runway 221 has a medium-intensity approach lighting system
with sequenced flashing lights and a precision approach path indicator.

There are published ILS approaches for runways 4L, 4R, 221, and 22R. At the
time of the accident, the ILS equipment for runway 4L/22R was out of service because of

%2 The RVR system log, which records runway edge light settings once per hour indicated that,
about 2344, the runway 4R edge lights were set at step 3. (Step 1 is the lowest edge light setting;
step 5 is the highest.) The RVR log is the only available recorded information on the light setting
before the accident. In a postaccident interview, the controller could not recall whether he changed
the light setting after 2344 in response to the decreasing visihility.
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the installation of upgrades. (Although the upgrade work had been completed, this ILS
equipment remained unusable because it had not yet been flight checked.) Equipment
monitor logs showed that the ILS equipment for runway 4R was operating normally. A
postaccident flight check could not be conducted because the ILS localizer antenna was
damaged during the accident sequence.

The FAA's Lead Systems Engineer for Navigation and Landing, in testimony at
the Safety Board's public hearing on this accident, stated that a new-generation RVR
system was installed for runway 4R/22L in August 1996. The new-generation system
consists of an infrared transmitter source and an infrared transmitter receiver, which can
detect rain, mist, or snow, and a runway sensor light, which computes the RVR.%® The
digital readout is transmitted to the tower, and local controllers use this information to
indicate to pilots upward, downward, or steady trends. The display can be updated every
2 seconds based on the average for the preceding minute.

The RVR sensors are mounted about 18 feet above the ground and are located at
both ends of the runway, near the ILS glideslope antennas and the painted touchdown
zone markers, to detect the touchdown and rollout RVRsS.** The system has a quarterly
maintenance period involving calibration and certification. The system’'s last
maintenance before the accident was on May 17, 1999. According to the Lead Systems
Engineer, there were no indications of problems with the RVR system on the night of the
accident. Also, an inspection was done on June 2, 1999, during which the system was
recertified.

An archiving function within the RVR data processor unit can retain 12 hours of
RVR data (the previous 2 hours and the following 10 hours). The unit must be set to start
an event log within 2 hours of an occurrence, or the data will be lost. The 1-minute RVR
data surrounding the time of this accident were not retained because an event log was not
started within 2 hours.

RVR data at Little Rock are not reported directly to the airport’'s ASOS unit; the
contract weather observer must obtain the 10-minute average visibility reading from the
tower for inclusion in an observation.® The manager for the contract weather observers at
Little Rock stated in a postaccident interview that the observers would not delay the
transmission of an ASOS observation for an RVR reading.

8 The earlier system used transmissometers—light sources that transmitted beams to receivers
mounted on stanchions—to determine the RVR. The new system has been installed at about 150
U.S. airports.

% Runway 4R/22L was not equipped with sensors to detect the midpoint RVR.

% Annex 3 to the Convention on International Civil Aviation (Chicago Convention), Chapter 4
(dated May 11, 1998), includes recommended practices for Contracting States regarding meteorological
observations and reports. Paragraph 4.1.8 states that “[weather] observation systems should include
automated equipment for measuring or evaluating, as appropriate, and for monitoring and remote
indicating of surface wind, runway visual range, cloud height, and...other meteorological parameters
affecting landing and take-off operations.” The United States is 1 of 185 countries that are signatories
to the Chicago Convention.
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Little Rock National Airport is certified by the FAA as an aircraft rescue and fire
fighting (ARFF) index C facility.?® At the time of the accident, the FAA's most recent
annual airport certification inspection was from July 29 to 31, 1998. The last full-scale
airport disaster drill was held in October 1996.

According to the Airport Manager, Little Rock’s Airport Certification Manual
was approved by the FAA on May 10, 1999. Title 14 CFR 139.205 states that the manual
must include “a grid map or other means of identifying locations and terrain features on
and around the airport which are significant to emergency operations.” The Manager of
the Airport Safety and Certification Branch, FAA Office of Airport Safety and Standards,
indicated that the airport’'s Emergency Access Plan (a diagram that shows emergency
vehicle access points) was considered by the FAA to be a satisfactory alternative means
of identifying locations and terrain features. The access plan was part of the airport’'s
FAA-approved Airport Emergency Plan and was included in the Airport Certification
Manual.

1.10.1 Runway 4R/22L Safety Areas

Runway 4R/22L was opened for aircraft operations in September 1991.
According to an FAA November 23, 1999, memorandum, runway 4R/22L was built to
abate noise over the communities located southeast of the airport. Runway 4R (oriented
southwest to northeast) was intended to be used primarily for takeoffs, and runway 22L
(oriented northeast to southwest) was intended to be used primarily for landings.

The memorandum detailed the site constraints on the design and construction of
the runway, including a flood plain of a creek and rising terrain to the southwest and the
flood plain of the Arkansas River to the northeast. The total length available for the
runway and its associated safety areas was 8,650 feet. A runway length of 7,200 feet was
needed,®’ so 1,450 feet was available for the safety aress. The runway was designed so
that a 1,000-foot safety area extended from the southwest (runway 22L) and a 450-foot
safety area extended from the northeast (runway 4R).%®

The specifications for runway safety areas are contained in 14 CFR 139.309,
“Safety Areas,” which became effective on January 1, 1988. The specifications state the
following:

(a) To the extent practicable, each certificate holder shall provide and maintain
for each runway and taxiway which is available for air carrier use—

% According to 14 CFR 139.315 and 139.317, an ARFF index C facility is to have two or
three firefighting vehicles with a total of at least 3,000 gallons of water and aqueous film forming
foam. The Little Rock airport has three ARFF vehicles, each with the capacity to carry 1,500 gallons
of water and 200 galons of agueous film forming foam.

57 The FAA's memorandum did not specify how the 7,200-foot length requirement was established.

% The FAA’s memorandum stated that accident data indicated that runway overruns during landing
are twice as likely to occur than underruns, which explains the decision to placed 1,000-foot runway
safety area at the southwest end of the runway.
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(1) If the runway or taxiway had a safety area on December 31, 1987, and
if no reconstruction or significant expansion of the runway or taxiway
was begun on or after January 1, 1988, a safety area of at least the
dimensions that existed on December 31, 1987; or

(2) construction, reconstruction, or significant expansion of the runway or
taxiway began on or after January 1, 1988, a safety area which
conforms to the dimensions acceptable to the Administrator at the time
construction, reconstruction, or expansion began.

Paragraph (c) of this section states that “FAA Advisory Circularsin the 150 series
contain standards and procedures for the configuration and maintenance of safety areas
acceptable to the Administrator.” Table 3-3 in FAA Advisory Circular
(AC) 150/5300-13, “Airport Design,” dated June 5, 1991, indicates that the runway
safety area length should be 1,000 feet.

The FAA's memorandum stated that the Little Rock airport operator was required
to comply with Section 139.309(a)(1) because, according to FAA records, five grants for
the construction of runway 4R/22L were issued before January 1, 1988 (with the first one
in 1982). The memorandum also stated that the runway safety areas for runway 4R/22L
met the regulatory requirements.

In July 2001, the Little Rock Airport Manager indicated that the airport was
working with the Army Corps of Engineers, the Federal Emergency Management
Agency, Pulaski County, and the cities of Little Rock and North Little Rock to extend the
runway safety area at the departure end of runway 4R to 1,000 feet. The airport manager
aso indicated that, if al hydraulic studies and permits are approved, the runway safety
area extension could be completed by July 2002.

1.10.2 Runway 22L Approach Lighting System Support Structure

The runway 221 approach lighting system support structure, which islocated in a
flood plain area of the Arkansas River, is not considered frangible. (The top portion of the
structure—its walkway—is considered frangible.) According to AC 150/5300-13, a
frangible navigational aid “retains the structural integrity and stiffness up to a designated
maximum load, but on impact from a greater load, breaks, distorts, or yields in such a
manner as to present the minimum hazard to aircraft.”®® The FAA's Lead Systems
Engineer for Navigation and Landing stated that a structure mounted in a flood plain,
such as the runway 22L approach lighting system structure, cannot be frangible because
of the possibility of moving water, ice, and floating debris.

The Lead Systems Engineer stated that there are benefits to placing or
establishing frangible structures in runway safety areas, citing the November 12, 1995,
American Airlines flight 1572 accident in East Granby, Connecticut, as an example. In

8 AC 150/5300-13 indicates that frangible navigational aids include electrical and visual air
navigational aids, lights, signs, and associated supporting equipment.
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that accident, aMcDonnell Douglas MD-83 was on final approach, at night and in strong,
gusty wind conditions, to runway 15 at Bradley International Airport in Windsor Locks,
Connecticut, when it collided with trees. The airplane landed short of the runway and
then struck an ILS localizer array (afrangible structure), which properly broke into pieces
and thus minimized further damage to the airplane.”® The Lead Systems Engineer also
indicated that the FAA's effort to replace nonfrangible structures with frangible ones
(where appropriate) has been a relatively slow process but that work at about
three-fourths of the 450 sites with such structures has been accomplished.”

1.10.3 Runway 4R Assessments

1.10.3.1 Tire Marks

Tire marks™ consistent with those from the left main landing gear began 5,228 feet
before the departure end of runway 4R, about 1 foot to the right of the runway’s centerline,
and continued for 149 feet (5,079 feet before the departure end). Tire marks were not
present on the runway’s next 207 feet but began again 4,872 feet from the departure end of
the runway, about 13 feet to the right of the centerline, and continued until the edge of a
gravel downsope located 459 feet beyond the end of the runway. The tire marks were
approximately 98 feet to the left of the centerline at the end of the runway surface. Also,
the grass to the left of the runway showed tire marks consistent with those from the left
main landing gear beginning about 710 feet before the departure end of the runway.

Tire marks consistent with those from the right main landing gear began
4,303 feet before the departure end of runway 4R, about 47 feet to the right of the
runway’s centerline, and continued until the edge of the gravel downslope located
459 feet beyond the end of the runway. The tire marks were approximately 82 feet to the
left of the centerline at the end of the runway surface. In addition, the grass to the left of

0 For more information, see National Transportation Safety Board. 1996. Collision Wth Trees
on Final Approach, American Airlines Flight 1572, McDonnell Douglas MD-83, N566AA, East Granby,
Connecticut, November 12, 1995. Aircraft Accident Report NTSB/AAR-96/05. Washington, DC.

L One airport with nonfrangible structures that need to be replaced is Chattanooga Metropolitan
Airport, Tennessee. The Safety Board received a copy of a June 3, 1999, letter from the President
of the Chattanooga Metropolitan Airport Authority to the FAA Administrator. The letter expressed
concern about nonfrangible poles in the airport’s runway safety area and cited a 1973 accident involving
a DC-9 airplane that struck approach lights mounted on such poles while landing during a thunderstorm.
No one was killed in that accident, but the airport authority recognized that the nonfrangible poles
were a hazard. The letter further indicated that the approach lighting system was scheduled for replacement
but that the date continued to be postponed. The Lead Systems Engineer stated that the replacement
lighting system has been delivered by the manufacturer and is in storage but has not yet been installed
because of a lack of funding.

2 The tire marks were more whitish in color than the surrounding off-white concrete surface.
At those points where the tire marks crossed white runway paint markings, the white paint was
cleaner and whiter than the surrounding paint. At those points where the tire marks crossed black
runway paint markings, the black paint was cleaner and darker than the surrounding paint, and there
were no white marks. For information on the relationship between the tire marks and runway friction,
see section 1.18.1.
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the runway showed tire marks consistent with those from the right main landing gear
beginning about 465 feet before the departure end of the runway.

Tire marks consistent with those from the nose gear began 5,079 feet before the
departure end of runway 4R, about 6 feet to the right of the runway’s centerline, and
continued for 207 feet (4,872 feet before the departure end). Tire marks were not present
on the runway’s next 119 feet but began again 4,753 feet before the departure end of the
runway, about 18 feet to the right of the centerline, and continued with occasiona
interruption until the left edge of the ILS localizer array located 411 feet beyond the end
of the runway. The tire marks were approximately 67 feet to the left of the centerline at
the end of the runway surface.

Section 1.12.1 contains a photograph showing the tire marks off the end of the
runway.

1.10.3.2 Runway Surface Information

The following assessments of runway 4R were made starting the day after the
accident:

» A visual inspection revealed several small holes (about 4 inches in diameter)
in the pavement on the approach end of runway 4R. Some of the holes had
been filled with epoxy. There was evidence of light and medium rubber
deposits on the runway surface. No evidence of structural pavement failure
was present.

» Friction survey tests, using an Airport Surface Friction Tester, were conducted
at 40 to 60 mph in both runway directions. AC 150/5320-12C, “Measurement,
Construction, and Maintenance of Skid-Resistant Airport Pavement Surfaces’
(dated March 18, 1997), states that the maintenance planning friction levels at
40 and 60 mph are 0.60 and 0.47, respectively. The average friction readings
for runway 4R were 0.69 at 40 mph and 0.55 at 60 mph.

* The groove specifications for runway 4R were 1/4-inch deep by 1/4-inch wide
and spaced 2 inches apart (center to center). An inspection of selected grooves
found that all met the 1/4-inch width and 2-inch spacing specifications.
Thirteen panels (19 feet in length) along the full length of runway 4R,
including severa located by the marks left by the main landing gear tires,
were selected for an inspection of groove depth. The average depth was
1/4 inch.

* Feld measurements for the runway’s transverse slope (from crown to
shoulder) averaged 1.42 percent. The construction drawings indicated a
transverse slope of 1.5 percent.
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» The average surface texture depth measurements for runway 4R were
0.055inch (clean grooved concrete) and 0.015 inch (clean ungrooved
concrete).” The average surface texture depth for the rubber-coated, grooved
touchdown area of runway 4R was 0.050 inch. (The average surface texture
depth for the rubber-coated, grooved touchdown area of runway 22L was
0.055 inch.) AC 150/5320-12C states that, when the average texture depth
measurement falls below 0.045 inch (the recommended average texture depth
for newly constructed pavements), the airport operator should conduct texture
depth measurements each time a runway friction survey is conducted. The AC
indicates that corrective actions need to be taken when the average texture
depth is below 0.030 inch.

In addition, the transverse water flow characteristics of runway 4R were measured
by water drainage tests performed on November 16, 1999. The tests involved the release
of water from a tanker truck hose onto the centerline of the runway at 100- and 500-feet
increments, starting at 5,608 feet before the departure end of the runway (just before the
initial left main landing gear tire marks). Dry and wet runway drainage tests were
performed, and the winds were calm at the time of the tests.

The test data indicated that the average flow rates from the left to right shoulder
edges when the surface was wet were about 10 percent higher than the rates when the
surface was dry. Also, a senior research engineer from NASA’'s Langley Research Center
(who was a member of the Airplane Performance Group) determined that, with no winds
and the cross (or transverse) slope and surface texture depth values measured after the
accident, runway 4R was capable of handling rainfal rates up to 1.4 inches per hour
before surface flooding (that is, water depths reaching 0.1 inch and greater) would occur
at 15 feet from the centerline. Crosswinds from the left side of the runway, which existed
at the time of the accident, would result in deeper water and more flooding on the left side
of the runway and shallower water and less flooding on the right side of the runway. The
NASA Langley engineer testified that the measurements taken in November 1999 of
runway 4R indicated that the cross lope was “very uniform” and provided good drainage
of the water from the centerline to the shoulder.

1.10.4 Air Traffic Control Tower Information

The Little Rock ATCT islocated on the terminal building and includes a terminal
radar approach control (TRACON). The tower cab has positions for cab coordinator,
local control-1 and -2, ground control, and flight data. The local control-1 and ground
control positions have panels showing readings for the LLWAS system sensors. The
local control-1 position aso has a Digital Bright Radar Indicator Tower Equipment
(D-BRITE) radar display. A System Atlanta Information Display System—4 monitor,
located to the right of the flight data position, contains airport-related information and
displays hourly and special ASOS observations.

3 The transverse grooves end about 13 feet from the runway’s left and right shoulder edges.
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ATC radar data are provided by an Airport Surveillance Radar (ASR)-8 sensor
located on the airport between runways 4L and 4R. Radar data processing is performed
by an Automated Radar Terminal System IIE system that is linked with the TRACON
and D-BRITE radar display.

At the time of the accident, the ATCT was operating with midnight shift
staffing—one local controller and one controller-in-charge. All approach and tower
control positions were combined at the local control-1 position.

The loca controller who was handling flight 1420 at the time of the accident was
initially certified as a control tower operator in December 1986. The controller served as
an air traffic controller for Mather Air Force Base in California for 3 years before
beginning work with the FAA. According to his training records, the controller started at
the Midway ATCT in Chicago in October 1988 and became a certified professional
controller there in June 1990. He transferred to the Little Rock ATCT in November 1992
and has been a certified professional controller there since September 1993. His last
medical certification was in October 1997.

On the day of the accident, the local controller had worked the 0600 to 1400 shift.
Afterward, he went home, dept for about 4 hours, and returned to the ATCT about 2250
for the 2300 to 0700 shift. He received a position relief briefing from the evening shift
controller and then called the TRACON to combine the radar positions in the tower cab.
The controller-in-charge was in the TRACON performing administrative duties.

Flight 1420 was the first air carrier operation of the local controller’s shift. The
controller stated that he first saw the airplane when it was about 1 mile out during final
approach and that the landing appeared “normal” and “within the touchdown zone.”
Because of the reduced vishbility, the controller lost sight of the airplane during its
rollout. The ATCT transcript indicated that, at 2350:54, the controller requested that
flight 1420 report clear of the runway. The controller attempted to contact flight 1420
five more times, between at 2351:16 and 2353:22, and called the ARFF units on the crash
phone at 2352:00.” Section 1.15.3 provides information on the emergency response.

The local controller also called the controller-in-charge, asking for his assistance.
When the controller-in-charge arrived in the tower cab, the local controller informed him
about the possibility of an accident. The ATCT transcript indicated that, about 0003:16,
the ARFF units reported that they had located the airplane off the end of the runway. The
controller-in-charge then began administrative notification activities. About 0015, the
controller-in-charge relieved the local controller, a which time the local controller
continued the notification process.

™ In a postaccident interview, ARFF personnel indicated that the call on the crash phone was
received about 2355—3 minutes later than the controller reported initiating the call. Because the
ATC and CVR times could be fairly well correlated, the ARFF response times in this report are
based on ATC times.
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1.11 Flight Recorders

1.11.1 Cockpit Voice Recorder

The accident airplane was equipped with a Fairchild model A-100A CVR, serid
number 53282. The exterior of the CVR showed no evidence of structural damage but
was coated with soot. The interior of the CVR and the tape sustained no apparent heat or
impact damage.

The CVR was sent to the Safety Board’s audio laboratory in Washington D.C., for
readout and evaluation. The CVR data started at 2319:44 and continued uninterrupted
until 2350:48.1 when electrical power to the CVR ceased. The recording consisted of
four channels of “good quality” audio information.” The four channels contained the
cockpit area microphone, the captain’s audio panel, the first officer’s audio panel, and the
interphone and public address system. A transcript was prepared of the entire 31-minute
4-second recording (see appendix B).

No sounds that were consistent with the arming or the deployment of the spoilers
could be detected on the CVR tape. Two flight tests were conducted on August 27, 1999,
to determine whether such sounds could be detected on a CVR recording. Both flight
tests were conducted on an American Airlines revenue passenger flight, and both
airplanes were MD-82 models equipped with a Fairchild model A100A CVR that was
similar to the one installed on the accident airplane. As part of the flight tests, the
nonflying pilot verbally confirmed when the spoilers were armed and deployed.

The first flight test was conducted on American flight 1829 from Ronald Reagan
Washington National Airport to Chicago-O’'Hare. The second flight test was conducted
on American flight 154 from Chicago to Washington, D.C. Both tests revealed that the
spoiler arming and automatic deployment could be clearly heard on the CVR recordings.
In fact, the captain on the second test flight attempted to arm the spoiler handle very
slowly to make minimum noise, but a definite “click” sound was recorded on the CVR as
the spoiler handle was lifted.

1.11.2 Flight Data Recorder

The accident airplane was equipped with an L3 model FA2100 FDR, seria
number 00718. The FDR used solid-state flash memory technology as the recording
medium and was configured to digitally record a minimum of 25 hours of operational
data before the oldest data were overwritten.

> The Safety Board ranks the quality of CVR recordings in five categories: excellent, good,
fair, poor, and unusable. For a recording to be considered good quality, most of the crew conversations
need to be accurately and easily understood. The transcript developed from the recording might indicate
several words or phrases that were not intelligible; such losses are attributed to minor technical
deficiencies or momentary dropouts in the recording system or simultaneous cockpit/radio transmissions
that obscure one another.
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The FDR was sent to the Safety Board's FDR laboratory in Washington, D.C., for
readout and evaluation.” The exterior of the FDR showed evidence of fire and smoke
damage. The interior of the FDR showed no signs of damage, and the recording was
retrieved from the crash-survivable storage unit. The FDR contained more than 62 hours
of data, and American Airlines provided conversion formulas for the data. Examination
of the recovered data indicated that the FDR operated normally. Data transcribed
included flight 1420's pushback from the gate at Dallag/Fort Worth and the accident
airplane’s previous landing at Dallas/Fort Worth.

1.12 Wreckage and Impact Information

1.12.1 General Wreckage Description

The Safety Board performed a complete survey of the accident site and airplane
structure. The airplane was found approximately 800 feet beyond the departure end of
runway 4R. Wreckage was found throughout the flood plain located approximately
15 feet below the runway elevation and down a rock embankment. Wreckage was aso
found up to 150 feet laterally from the runway 22L approach lighting system and
approximately 500 to 850 feet from the end of runway 4R. No fluid markings or airplane
components were found on the runway surface.

The fuselage had separated into three main sections (forward, center, and aft). The
forward and center fuselage sections were oriented on a magnetic heading of
approximately 115° the rear fuselage section and the empennage were oriented on a
magnetic heading of approximately 205°. No evidence of fire damage was found in the
forward and center sections of the fuselage, but a postcrash fire had completely
consumed the passenger cabin in the rear fuselage section. The left wing was fractured
and was completely severed near its root and wing tip. The right wing was found attached
to the fuselage. Both engines were attached to their pylons, which were attached to the
fuselage. The nose gear and right main landing gear were sheared from their attachments,
and the left main landing gear had folded into its main gear wheel well.

The airplan€e’s collision with the approach lighting system crushed the nose of the
airplane rearward and destroyed the left side of the fuselage from the airplane’s nose to
the cockpit’s rear bulkhead and from the beginning of the first-class section aft to the
second row of the coach section. Large sections of the approach lighting system were
intermingled with fuselage structure that had been peeled away from the airplane. The
collision with the approach lighting system also created a hole in the |eft side of the cabin
that extended from the overhead stowage bins to the cabin floor in the first-class and
coach sections.

" For a listing of the parameters recorded by the FDR, see the FDR Group Chairman’'s Factual
Report in the public docket for this accident. Data from the accident flight and the airplane’s previous
landings indicated that two parameters—brake pressure left and brake pressure right—were inactive
on N215AA.
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Figures 12 through 14 are photographs of the airplane wreckage. Figure 12 shows
the airplane wreckage, the tire tracks off the end of runway 4R, and the damage to the
runway 22L approach lighting system.”” Figure 13 shows the airplane wreckage and the
runway 22L approach lighting system. Figure 14 shows a closer view of the airplane and
the runway 221 approach lighting system. Additional details about the airplane wreckage
are presented in sections 1.12.2 through 1.12.4.

Figure 12. Aerial Photograph of Runway 4R/22L, Airplane Wreckage, and Runway 22L
Approach Lighting System

" The runway 22L approach lighting system is supported by steel columns or platform assemblies
that include steel columns. Five steel columns and two platform assemblies were struck by the accident
airplane during its overrun. Each of these seven support structures was spaced 50 feet apart along
a line that coincided with the centerline of runway 4R/22L. The first support structure was located
about 530 feet from the end of the runway, and the seventh was located 830 feet from the end
of the runway.
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Figure 13. Airplane Wreckage and Runway 22L Approach Lighting System

Figure 14. View of Left Side of Airplane Wreckage and Runway 22L Approach
Lighting System
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1.12.2 Spoiler System

The left flight spoilers and left ground spoiler were found in the retracted position.
No damage was noted on either of the flight spoilers. The left ground spoiler panel was
fractured inboard of the actuator hinge attachment. The inboard half of the left ground
spoiler was heavily sooted on its entire upper surface; no soot was found on the outboard
half. The ground spoiler actuator exhibited heat and fire damage and moved freely. The
right flight spoilers and right ground spoiler were found in the retracted position. No
damage was noted on either of the flight spoilers. The right ground spoiler panel was
fractured outboard of the actuator hinge. The mechanical overcenter link was latched.

The cockpit center pedestal had considerable displacement and deformation in the
left downward direction. The spoiler handle was found fully aft. About one-haf of the
autospoiler system ARM red indicator stripe was visible, and the handle guide was
resting on the pedestal surface.

Tests performed on the accident airplane’s spoiler system are discussed in
section 1.16.1.

1.12.3 Engines

Both engines showed no evidence of any uncontainments, case ruptures, or
precrash fires. The engines low pressure rotors rotated freely, and the fan blades had
minor impact damage on the leading edges of the airfoils. The left engine thrust reverser
was partially deployed, and the right engine’s thrust reverser was completely stowed. The
left engine's fuel control was in the reverse thrust range, and the right engine’'s fuel
control was in the forward thrust range.

On June 8, 1999, the two engines, thrust reversers, and EPR transmitters were
examined and tested at American Airlines Maintenance and Engineering Center. The
engines were able to produce normal-rated takeoff thrust without exceeding operating
limitations. The thrust reversers were able to cycle from the stowed-to-deployed and
deployed-to-stowed positions. The EPR transmitters were found to function normally.

1.12.4 Landing Gear and Brake Assemblies

The left main landing gear was lodged into its wheel well, and the wheel assembly
was oriented 90° clockwise from its normal position. The outboard (No. 1) and inboard
(No. 2) tires were found deflated and exhibited deformation. Both tires had large cuts and
lacerations on the tread surface and sidewalls. The tread depths for the No. 1 and 2 tires
ranged from 0.156 to 0.250 inch. No flat spots were present on either of the tires.”

8 According to Michelin Aircraft Tire Corporation (the manufacturer of the accident airplane’s
tires), flat spots result from skidding without tire rotation, for example, during brake lockup.
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The right main landing gear and its rear spar attachment fitting was found
separated from the rear spar and aft of the right inboard wing. The inboard tire (No. 3)
was found deflated, and the outboard tire (No. 4) was found pressurized at about 195 psi
(unloaded). The tires had large cuts and lacerations on both the tread surfaces and
sidewalls. The tread depths for the No. 3 and 4 tires ranged from 0.094 to 0.313 inch. No
flat spots were present on either of thetires.

The nose gear strut and wheel assembly were found protruding from beneath the
right side of the fuselage belly. Both tires were found deflated, and both inboard wheel
halves were cracked. The tread depths for the left and right tires ranged from 0.125 to
0.188 inch. The nose-wheel steering cylinders were found in the debris field with both
thelir pistons extended amost equal amounts.

The left main landing gear brake assemblies showed no evidence of overheat
damage but showed evidence of impact damage. The No. 1 brake had approximately
1 inch of wear pin remaining, and the No. 2 brake had 11/16 inch of wear pin remaining.
The right main landing gear brake assemblies showed no evidence of impact or overheat
damage. The No. 3 brake had approximately 3/4 inch of wear pin remaining, and the
No. 4 brake had about 1 inch of wear pin remaining.

The antiskid control box was tested at Crane Hydro-Aire (the manufacturer),
Burbank, California, on August 3, 1999. The control box passed all functional tests
described in the manufacturer’'s TP42-807 test procedure. Tests performed on the
accident airplane’s main landing gear tires are discussed in section 1.16.2.

1.13 Medical and Pathological Information

According to the Pulaski County Coroner, the captain and the passengers in seats
3A, 8A, 17B, 18A, and 18B died as a result of traumatic injuries, and the passengers in
seats 19A, 19B, 19D, 27E, and 28D died from smoke and soot inhalation and/or thermal
injuries. Two of the passengers (seats 8A and 28D), died on June 10 and June 16, 1999,
respectively.”

Tissue and fluid specimens from the captain were transported to the FAA's Civil
Aerospace Medica Institute (CAMI) in Oklahoma City, Oklahoma, for toxicological
anaysis. The CAMI laboratory performed its routine analysis for major drugs of abuse
and prescription and over-the-counter medications, and the results were negative. The
analysis detected no ethanol in the captain’s blood and tissue specimens.

American Airlines Area Medical Director indicated in a September 1, 1999,
letter to the Safety Board that postaccident drug testing was not performed on the first
officer because of his medical condition after the accident and his inability (because of
sedation) to comprehend the documentation requiring knowledge and consent. The letter

" According to 14 CFR 830.2, fatalities that occur within 30 days after an accident are to be
included in the total number of fata injuries.
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also stated that a representative of the FAA's Office of Drug Testing agreed with the
decision not to test the first officer.

1.14 Fire

A fuel-fed fire erupted between the center and aft fuselage sections after the
impact sequence. The fire spread and eventually consumed the interior of the aft fuselage
section. The ARFF trucks arrived at the accident scene about 0008. The firefighters
applied water and aqueous film forming foam to the fire and extinguished the exterior fire
within 60 seconds. Firefighters then suppressed smaller fires, including one under the left
wing, by applying aqueous film forming foam for another hour. The Safety Board's
investigation revealed no evidence of an in-flight fire.

1.15 Survival Aspects

1.15.1 General

The accident airplan€e’s interior was original equipment installed in 1983. The
airplane was configured with 139 passenger seats, 14 in first class and 125 in coach class.
The cockpit contained two flight crew seats and one observer seat. An aft-facing,
double-occupancy flight attendant jumpseat was located by the 1L exit door; an
aft-facing, single-occupancy flight attendant jumpseat was located by the 2L exit door;
and a forward-facing, double-occupancy flight attendant jumpseat was mounted on the
tailcone exit door. Figure 15 shows the interior airplane configuration and the injuries
sustained by the passengers and crewmembers according to seat location.

The airplane was equipped with an overhead emergency lighting system and a
floor proximity escape path lighting system. The wiring and lamps on both systems
forward of row 17 were tested after the accident using an aternate electrical power
source. All undamaged lamps in both systems operated normally.®° The remaining battery
packs and control units from both systems were tested at American Airlines facilities in
Dallas according to the manufacturers’ test procedures. All of the batteries and control
units performed as designed.

8 Some ARFF and Metropolitan Emergency Medical Service (MEMS) personnel reported that
they found the cabin floor lights illuminated.


plah
Highlight


Factual Information 49

Aircraft Accident Report

Fonward
Entry Door

. OE
L
Fuselage
e | —P2 L
Destroyed { i
{ [Catine]
7l
! [ =n
! [nen
u &0
Fus:al;;:I ORI 1 E
Separation 12 [:D .
L Euly =
Complele Fuselage
Separation -y
[Floor Destroyed)
19
bl
Dverwing 21
Exits 22
2'3.l
n
b
6
Aft Galley

Bulkhead Doar
to Tailcone Exit

1= s

Forward
aliey Door

Passenger Seat Positions

B ratl

@ Serious
(] Miner
0O none

Qverwing
Exits

Legend

G=Galey

L= Lavatory
Fid= Fight Attendar Jumpsaat

Figure 15. Interior Airplane Configuration and Occupant Injuries



Factual Information 50 Aircraft Accident Report

1.15.2 Evacuation of Passengers and Crewmembers

The first officer could not evacuate the airplane on his own because his left femur
had been fractured during the accident sequence. He was removed from the airplane
wreckage by rescue workers, who had to cut through metal and step on the center
pedestal to extricate him.8! The on-scene commander indicated that rescue workers also
had to remove some surviving passengers from the first-class section. The flight
attendants seated on the forward jumpseat were seriously injured in the crash and could
not assist with passenger evacuations. The flight attendants in the aft cabin were able to
assist with passenger evacuations.

Passengers that were forward of the fuselage separation at row 18 escaped
through a large hole on the left side of the first-class section and through a separation in
the fuselage at row 12. The forward entrance (1L) and forward galley (1R) doors could
not be used because of structural deformation of the fuselage. Six passengers seated on
the left side of the first class section (seats 3A and B, 4A and B, and 5A and B) were
gjected in their seats through the large hole. (Five of these six passengers survived.) The
flight attendant seated on the inboard forward jumpseat was carried out of the airplane by
a passenger through the large hole in first class. The flight attendant seated on the
outboard forward jumpseat also left the airplane through the large hole in the first-class
section.

Seven passengers (seated in 17A and B, 18A and B, and 18D through F) were
giected in their seats into the area between the fuselage sections—aft of row 16 on the
left, aft of row 17 on the right, and forward of row 19. (Four of these seven passengers
survived.) One passenger reportedly exited the airplane at the fuselage break aft of
row 17 on the right side. Two passengers exited the airplane through the fuselage
separation directly forward of row 19.

All four overwing emergency exits were opened by passengers from inside the
cabin. Several passengers who were seated aft of row 19 and forward of row 29 used
three of the four overwing emergency exits to escape. The passengers seated next to the
left and right forward overwing exits reported that they had trouble opening the
respective doors but that someone else was able to open these doors. A fire was outside of
the left forward overwing exit, and no passengers reported or were observed escaping the
airplane through that exit. Four passengers used the right forward overwing exit to
escape. The passenger seated next to the left aft overwing exit was able to open the hatch,
reporting that the door “seemed to pop out easily and quickly.” The passenger seated next
to the right aft overwing exit initially had trouble opening the hatch but was able to get it
open. Four passengers used the left aft overwing exit to escape, and at least 26 passengers
used the right aft overwing exit.

81 Because emergency personnel had to step on the center pedestal to extricate the first officer
from the wreckage, the documented positions of cockpit instruments after the accident might not
indicate their positions at the time of the accident. In addition, the emergency personnel indicated
that they had turned switches off when they went through the airplane.
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The aft galley (2L) door could not be used because of impact damage from the
runway 22L approach lighting system. The flight attendant seated in the aft galley
jumpseat and four passengers used the gap between the fuselage and the top of the door to
escape.

The flight attendant seated in the aft cabin jumpseat opened the aft bulkhead door
(leading to the tail cone exit) with the assistance of passengers. The flight attendant and
several passengers entered the tail cone area, but the tail cone did not fall away from the
airplane after the flight attendant and at |east one passenger pulled the release handle. The
flight attendant and passengers then kicked and jumped on the tail cone and created a gap
between the fuselage and the tail cone that 12 people used to escape from the airplane.

1.15.3 Emergency Response

As discussed in section 1.10.4, the local controller indicated that he called the
ARFF units on the crash phone about 2352. According to ARFF personnel, the controller
stated that an American Airlines airplane was down on runway 4R but did not specify the
approach or departure end of the runway. The ARFF station responded with all available
assets—four firefighters (including afire captain) and three fire trucks.2? The driver of fire
truck No. 2 indicated that the fire trucks had departed the station within 1 minute of the
local controller’s call. The driver of fire truck No. 3 reported that he drove into “blinding
rain and wind.”

All three fire trucks proceeded toward the approach end of runway 4R. (The Little
Rock Fire Department District Chief testified at the Safety Board's public hearing that all
three units went in the same direction because they were trained to work as a team.)
ARFF personnel indicated that the trucks proceeded slowly (estimated at 15 to 20 mph)
because of the restricted visibility (estimated to be about 100 feet) and unknown location
of the airplane. The fire captain notified Little Rock Central Communications about 2355
that ARFF vehicles were responding to the report of an American Airlines airplane down
on runway 4R.

The ATCT transcript indicated that, at 0000:11, fire truck No. 2 indicated that the
airplane was not at the approach end of runway 4R and asked the controller whether the
fire trucks should “sweep the runway.” Five seconds later, the controller stated that the
airplane was at the departure end of the runway and cleared the fire trucks to proceed in

8 Title 14 CFR 139.319(j) requires that “sufficient rescue and firefighting personnel are available
during all air carrier operations to operate the vehicles, meet the response times, and meet the minimum
agent discharge rates required by this part.”
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the other direction.®® The ATCT transcript also indicated that, at 0001:08, the controller
informed fire truck no. 2 that “1 saw him [the airplane] as he went past midfield.”

In postaccident interviews, the firefighters indicated that visibility improved once
past the midfield point on their way to the departure end of runway 4R. Fire truck no. 2
indicated that it experienced diding on the pavement and noted airplane tire tracks
leaving the runway surface and a missing runway light. When the trucks arrived at the
“22L" painted on the runway, ARFF personnel saw a glow and blowing smoke. The
ATCT transcript indicated that, at 0003:16, fire truck No. 1 reported that the airplane was
off the end of the runway and on fire and stated “this is an aert three” twice.®* The fire
captain informed Little Rock Central Communications of the alert 3 status and indicated
that the airplane was off the northern end of runway 4R outside of the airport. The fire
captain requested a “full response” from Central Communications.

The fire trucks were unable to proceed directly to the airplane because of the
slope at the end of the runway. As a result, the trucks had to travel in the opposite
direction to an access road and then turn onto a perimeter road back in the direction of the
accident site. The fire captain and another firefighter indicated that they had to stop to
open alocked perimeter security gate, which took about 20 seconds, before continuing on
the perimeter road to the accident site. The three ARFF vehicles reached the accident
scene about 0008, and firefighters began extinguishing the fireimmediately upon arrival .2

The Little Rock Fire Department District Chief was monitoring his radios at
Central Communications when he overheard a report from fire truck No. 2 that the tower
had lost communication with an American Airlines airplane. The district chief advised
Central Communications that he would report to the accident scene as the on-scene
commander. The chief arrived on scene and assumed command from the fire captain,
who had set up a command post by that time. The chief reported that most of the fire had
been put out by the time he arrived on scene. The district chief testified that the rain
helped to extinguish the fire and keep it abated. The chief aso testified off-airport help
began arriving on scene about 2 to 3 minutes after the ARFF units had arrived.

Metropolitan Emergency Medical Services (MEMS) records indicated that
dispatch received notification of the alert 3 status about 0005 from an off-duty dispatcher
who overheard ARFF radio transmissions on his scanner.® MEM S dispatch confirmed the

8 The Little Rock Fire Department Chief testified at the public hearing on this accident that
the standard phraseology between the fire department and the control tower regarding the location
of an airplane normally involves runway and taxiway numbers. He indicated that, when the controller
stated that an airplane was down on runway 4R, the firefighters assumed that the airplane was
located at the approach end. The chief further indicated that, if the controller had known that the
airplane was at the departure end of runway 4R, he would have “more than likely” told the rescue
personnel to go to runway 22L.

8 «Alert 3" is defined in the Airport Emergency Plan as an aircraft accident that has occurred
on or in the vicinity of the airport. It is the most serious of the airport’s three alert categories.

8 The district chief stated that ARFF personnel’s first priority is fire control so that an escape
path can be provided. The chief aso stated that, once the fire is controlled, ARFF personnel can
assume rescue responsibilities and begin treating victims.
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alert 3 status with Little Rock Central Communications about 0006, and dispatch
contacted the MEM S supervisor about 0008. Central communications informed MEMS
about 0011 that an American Airlines airplane was down and that “a big response’ was
needed. The MEMS supervisor departed for the accident site about 0012. The supervisor
arrived in the accident area about 0017 but could not report on scene because he
encountered a locked gate adjacent to the airport’s United Parcel Service facility. He
contacted the on-scene commander by radio and was directed to an open gate.

The MEMS supervisor reported on scene about 0022 and set up a triage area. A
MEMS unit (comprising two emergency medical technicians and a paramedic) arrived
2 minutes later and began triage activities. Another MEMS unit arrived on scene
afterward and continued triage activities. Some ambulatory survivors were transported on
abusto afire station before MEMS personnel could assess them, so a separate triage area
was established at the fire station.

The Little Rock Fire Department District Chief indicated that, to check for
passengers and crewmembers after the accident, firefighters went inside the airplane and
did “line abreast searches’ about 50 to 100 feet on each side of the airplane and from the
airplane to the Arkansas River. The district chief also indicated that, to be sure that
everyone was accounted for, the firefighters repeated this process once daybreak
occurred.

The Little Rock Fire Department reported that 13 engine companies, one ladder
company, 1 heavy rescue unit, 1 hazardous materials unit, and 9 staff vehicles were
involved during the peak of the emergency response. MEMS estimated that
19 ambulances and a number of other medical support or supply vehicles participated in
the emergency response. Also, a medical helicopter made two flights to local hospitals,
transporting four people. Survivors of the crash were taken to Arkansas Children’s
Hospital, Arkansas Heart Hospital, Baptist Medical Center, Baptist Memorial Medical
Center, Southwest Regional Medical Center, St. Vincent Hospital, and the University of
Arkansas Medical Center.

The Little Rock Fire Department Chief testified that, since the accident, six more
ARFF personnel were hired and that the number of personnel for each shift increased to
six. He aso indicated that the fire department has looked into getting a Driver's
Enhanced Vision System (DEVS). (See section 1.18.4 for information about this system.)

At the time of the public hearing on this accident, Little Rock National Airport
had not conducted a formal debriefing with al of the parties involved in the emergency
response on the night of the accident. In July 2001, the Little Rock Airport Manager
stated that the airport conducted individual critiques in February and March 2000 with
the Little Rock Fire Department, the Little Rock ATCT, the Little Rock Office of

% The Little Rock Fire Department indicated that its recorded times were ahead of MEMS times
by 2 minutes 46 seconds. Because the fire department’s times appeared to correlate with the original
ARFF times, which were adjusted back by about 3 minutes to correlate with ATC times, no time
adjustments were necessary for MEMS times.
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Emergency Services, airlines that fly into the airport, MEMS, and the Little Rock Police
Department. According to the airport manager, the purpose of these critiques was to
review the airport’s emergency plan. The airport manager also indicated that the airport
conducted a group critique on March 15, 2000. All of the emergency response agencies
were invited to attend and provide comments. Present at the group critique were
representatives from the airport, the Little Rock ATCT, FAA Flight Standards District
Office, six airlines, and three local hospitals. The agenda for the group critique indicated
various issues to be discussed, including communications, access to an accident site,
triage and treatment areas, grid map parameters, and water rescue capabilities. The
Deputy Airport Manager sent a memorandum, dated March 16, 2000, to the emergency
response agencies and group critique participants. The memorandum documented the
recommendations, observations, and concerns that the hospital representatives expressed
during the group critique.

1.15.4 Passenger Statements

The Safety Board interviewed 56 surviving passengers in person or by telephone
after the accident. Also, the Board sent questionnaires to all 129 surviving passengers,
and 110 questionnaires were returned.

Passengers reported that the flight was bumpy and that a pilot had announced over
the public address system the possibility of some rough weather. Passengers also stated
that they saw lightning outside the airplane during the final descent and that a pilot had
indicated over the public address system that there was a “light show” outside the
airplane. Passengers reported that the rain became harder, and some passengers described
turbulence and hail, as the final descent continued.

Passengers reported that the touchdown was very hard and that the airplane did
not slow down. One passenger indicated that the wheels were “shuddering.” Another
passenger stated that he heard a sound similar to car brakes and that the airplane
“fishtailed.” Other passengers indicated that they heard the thrust reversers come on and
off. Passengers also reported that the flight attendants yelled “brace” to prepare for the
impending impact.

Passengers indicated that most people evacuated the airplane in an orderly
manner (although there were a few reports of passengers pushing or jJumping over others)
and that some passengers helped others get out of the airplane and away from the
wreckage. Passengers also indicated that the fire did not enter the aft fuselage interior
until after the passengers had evacuated from that part of the cabin but that smoke entered
the aft cabin immediately after the fire began. Passengers further indicated that, once
outside the airplane, they encountered heavy rain, strong winds, and hail. Some
passengers reported huddling in groups, and others reported sheltering themselves from
the weather with bales of hay in afield, until emergency workers arrived.

Two passengers reported information regarding the passenger in seat 27E (a
21-year-old male), who was killed in the accident. The passenger in seat 21D indicated in
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a postaccident interview that, when the back of the airplane had apparently cleared of
passengers, he stuck his head inside the cabin, through the right aft overwing exit, and
yelled, “is anybody else in there?’ three times, to which someone answered, “that’s
everyone—that's all.” The passenger in seat 21D identified the voice inside the airplane
as that of the passenger in seat 27E. (The passenger in seat 21D was the director of a
church choir group, and the passenger in seat 27E was a member of the group.) In
addition, the passenger in seat 27D stated in a postaccident interview that he saw the
passenger in seat 27E “scoot” toward the aisle and stand up after the crash. The body of
the passenger from seat 27E was found in the area by rows 32 and 33.

1.16 Tests and Research

1.16.1 Spoiler System Ground Tests

To better understand MD-80 spoiler system operation, the Safety Board, while on
scenein Little Rock, requested that American conduct ground tests on an MD-82 airplane
similar to the accident airplane. These tests, which were conducted at American Airlines
Maintenance and Engineering Center in Tulsa, Oklahoma, included verification of the
maximum spoiler deflection with a full right roll input and the response of the system to
the spoiler autoretract mechanism. These tests were intended to assist the Board in
gathering on-scene evidence; as a result, the tests were not witnessed by the Board, and
the test data were not recorded by American. After a subsequent incident at Palm Springs,
California, involving an American Airlines MD-80 series airplane that did not experience
autospoiler extension at touchdown, the tests were repeated and additional tests were
conducted so that spoiler panel positions could be recorded and CVR and FDR data could
be obtained. These tests and the Pam Springs incident are discussed further in
section 1.16.1.1.

Other tests conducted on the accident airplane’s spoiler system were as follows:

» The autospoiler switching unit and ground spoiler control box were tested at
American Airlines Maintenance and Engineering Center on July 1, 1999.
Both passed functional tests. The tests were done in accordance with
American Airlines Engineering Specification Order 80503 functional test
procedures chapter 10 and American’s Engineering Specification Order
80340 functional test procedure chapter 8.

* The two ground control nose oleo switches were tested at the Safety Board's
laboratory in Washington, D.C., on July 10, 1999. Both switches operated
smoothly, and electrical continuity was verified in the air (open) and ground
(closed) switch positions.

* The center pedestal was examined at the Safety Board's laboratory on July 15,
1999. No significant marks were found on the spoiler control handle or handle
slot that would indicate the handle's position at impact. The autospoiler crank
arm was found in the extended position and above the roller on the handle.
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The left throttle autoretract crank was measured to be 1 3/4 inches from the
idle stop. No evidence of preexisting failures was found on any center
pedestal switch or control.

 The autospoiler actuator was examined at Telair Internationa (the
manufacturer of the actuator), Oxnard, California, on August 6, 1999, and at
the Safety Board's laboratory. The actuator had sustained impact damage.
Members of the Systems Group who participated in the teardown agreed that
the actuator was most likely capable of functioning within its operational
parameters.®” During the disassembly, the wire to the direct current brake was
found broken, and the brake plate was found to have excessive wear.®

1.16.1.1 Testing Conducted After the Palm Springs Incident

On February 16, 2000, about 0708 Pacific standard time, American Airlines
flight 9503, an MD-83, N597AA, departed the left edge of runway 13R while landing at
Palm Springs International Airport, Palm Springs, California. The airplane was on a
positioning flight from Los Angeles International Airport to Palm Springs. The captain
and first officer were not injured, and the airplane received minor damage.® Tests on the
Pam Springs incident airplane were initially conducted at American Airlines
Maintenance and Engineering Facility on August 24, 2000, but were repeated on
October 12, 2000, because of a problem with data recording. The tests and their results
are asfollows:

» Spoiler knockdown: The spoilers were extended, and the left throttle was
advanced until the spoiler handle automatically retracted. The spoiler handle
was observed to slowly depress until the point at which it was knocked down
and automatically retracted. The throttle was measured to be 1 3/4 inches
aboveidle.

» Touchdown retract: The crank arm on the left throttle knocked down the
spoiler handle when the throttle was advanced about 1 3/8 inch above idle
(about 1.16 EPR) before the handle was extended. Six of these “handle
knockdown” operations were conducted; for each operation, the FDR
recorded an input for both spoiler positions. The recorded left outboard flight
spoiler positions ranged from 1.0° and 9.8°, and the recorded right inboard
flight spoiler positions ranged from 1.3° and 10.5°. (The recorded positions
depended on when the sample was taken in relation to spoiler extension.) The
right spoiler panels were observed during some of the operations. The
Systems Group estimated that the right flight spoilers extended to about 8° to

87 The actuator passed all functional tests except one. The actuator failed to operate when it
was positioned at mid-stroke, a weight was attached to the arm, and a reduced voltage was applied.
This failure was not significant to the overall outcome of the testing.

8 Because of the successful brake test and the characteristics of the damage to the wire, the
Systems Group determined that the damage to the wire occurred most likely during the accident
sequence and that the wire was completely separated during the disassembly.

8 The description for this incident, DCAOOIA027, can be found on the Safety Board's Web site
at <http://www.ntsh.gov>.



Factual Information 57 Aircraft Accident Report

10° before immediately retracting. The time interval for the spoiler panels to
extend and then immediately retract was about 1/2 second. The ground
spoilers did not move.

» Autospoiler extension with roll inputs: Normal autospoiler extensions were
conducted with full left and right roll inputs.

» Engine response: The throttles were quickly advanced from idle to between
1 3/8 and 1 3/4 inches and then immediately retracted. When the engines were
at ground idle, no movement of any engine parameters could be seen in the
cockpit. When the engines were at flight idle, a momentary movement of the
EPR and N1 indicators was seen in the cockpit.

The CVR was running continuously throughout the tests, and the cockpit door
was closed during portions of the tests to better replicate in-flight sounds. Recordings
were made of the autospoiler actuator operating with the spoiler handle in the armed
position, the left throttle at 1 3/4 inches above idle and at idle, and the spoiler handle in
the unarmed position. The CVR also recorded the sounds associated with arming and
unarming of the spoiler handle.

1.16.2 Main Landing Gear Tire Examination

All four main landing gear tires from the Little Rock accident airplane were
inspected at the Michelin Aircraft Tire Corporation, Greenville, South Carolina, on
October 10, 2000. The entire tread surface (internal and external) of each tire was
inspected, and al four tires exhibited typical wear characteristics for bias-ply tires and
were estimated to be about 50 percent worn. None of the tires showed any evidence of
external reverted rubber or internal ply separation. Superficial scrub marks were found
laterally on the tread surface. Thetires inner liners showed no evidence of underinflation
or excessive load.

To determine whether the tires had been heated because of reverted rubber
hydroplaning,® Shore hardness tests were performed using a device, known as a
durometer, to measure the hardness of the rubber in the tires. (Reverted rubber
hydroplaning tends to soften the rubber on the tires.) Durometer measurements were
taken every 90° on the tread surface, and all readings were within the tires expected
operating range. Michelin engineers believed that storage length and conditions would

% An article, titled “Landing on Slippery Runways,” in Boeing's October to December 1992
Airliner magazine, explained reverted rubber hydroplaning as follows. “when a tire locks up on a
smooth, wet, or icy surface, the friction heat generates steam. The steam pressure then lifts the
tire off the runway, and the steam heat reverts the rubber to a black gummy deposit.”
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have had only minor effects on the hardness readings and would not have affected
reverted rubber if it were present. %

At the request of investigators, Michelin conducted a more extensive
measurement of tire tread hardness by taking measurements every 10° on all four tireribs.
These measurements confirmed that the hardness of each tire was within operational
standards.®? Further tests (holographic imaging and sectional, rubber, and microscopic
analyses) were considered but not performed because they would not provide any
additional data on whether reverted rubber hydroplaning occurred during the accident
sequence.

Michelin engineers presented information on reverted rubber hydroplaning and
the conditions that cause internal reverted rubber. The engineers stated that reverted
rubber hydroplaning, which occurs on the molecular level on the surface of the tire tread,
happens very quickly and does not cause internal heating of the rubber because of its very
low thermal conductivity. The engineers indicated that evidence of reverted rubber
hydroplaning could be worn away fairly quickly. The engineers further indicated that, for
internal heating of the tires to occur, the tires must have a significant load and be rolling
for a substantial distance and that damage from internal heating could accumulate over
time.

1.16.3 Cockpit Voice Recorder Sound Spectrum Study

To determine whether the autospoiler actuator operated at touchdown, the Safety
Board conducted a CVR sound spectrum study at its headquarters in Washington, D.C.
The sound spectrums from the CVRs aboard the Little Rock accident airplane, Pam
Springs incident airplane, flight test airplanes, and ground test airplane were examined on
a spectrum analyzer, which gives a visual presentation of the frequency contents of
signals, and a computer signal analyzer, which presents the specific frequency content of
the signals and detailed timing and waveform information. Charts were prepared for all of
the airplanes to document the sounds heard on the cockpit area microphone.

The sound spectrum study indicated that most of the noise made by the
autospoiler actuator was at a frequency centered around 1200 hertz (Hz). For the Little
Rock accident airplane, the sound associated with the autospoiler actuator lasted about
0.08 second. A “clunk” sound was heard about 0.32 second after the initial actuator
sound. For the Palm Springs incident airplane, the sound associated with the autospoiler
actuator lasted 0.06 second, and the “clunk” sound was heard 0.30 second after the initial
actuator sound.

The sound spectrums were compared with those from the flight and ground tests.
As stated in section 1.11.1, the flight tests were conducted in August 1999 aboard two

1 The tires had been in storage for more than 1 year in a hangar that was not environmentally
controlled.

9 Two of the tires had localized soft spots, which were associated with tread contamination
or rib damage as a result of the impact sequence.
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American Airlines flights. The flight crews armed the autospoiler handle during approach
and conducted a normal touchdown, upon which the wheel spin-up sensors triggered the
motor to automatically deploy the spoiler handle. For the first flight test airplane, the
sound associated with the autospoiler actuator lasted 0.18 second, and the “clunk” sound
was heard 0.30 second after the initial actuator sound. For the second flight test airplane,
the sound associated with the autospoiler actuator lasted 0.19 second, and the “clunk”
sound was heard 0.32 second after the initial actuator sound.

As stated in section 1.16.1.1, the ground tests were conducted in August and
October 2000 aboard the Palm Springs incident airplane. The CVR was run continuously
during the tests, and several autospoiler actuator sequences were analyzed. For the test
that triggered the autospoiler system with the spoiler handle in the unarmed position, the
sound associated with the autospoiler actuator lasted about 0.06 second, and the “clunk”
sound was heard 0.18 second after theinitial actuator sound. For the test that involved the
autospoiler system with an armed spoiler handle, two actuator sequences were analyzed.
For both sequences, the sounds associated with the autospoiler actuator lasted
0.16 second, and the “clunk” sounds were heard 0.30 second after the initia actuator
sounds.

1.16.4 Airplane Performance Study

An Airplane Performance Study was conducted to determine the motion of
American Airlines flight 1420 and the physical forces that produced that motion. The
study considered data from the following sources. wreckage location, runway scars and
markings, radar data, FDR and CVR data, weather information, and ground deceleration
computer program results. The radar, CVR, and FDR data times were synchronized to a
single reference time.

The airplane performance parameters that were of primary interest in this accident
were those that defined the motion of the airplane on the runway, including the airplane’'s
position; ground speed; heading, track, and drift angles; and deceleration. The approach
parameters of primary interest included the airplane's position relative to the ILS
localizer and glideslope beams; airspeed; heading, bank, pitch, drift, and flightpath
angles; and the rate of climb or descent. The control inputs, power settings, and winds
that affected the airplane were also important considerations during the approach and
landing segments.

The FDR and radar data were used together, along with weather information,
runway tire markings, and wreckage location, to calculate the airplane’s flightpath. The
position of the airplane was determined in two different segments: the “in air” trajectory,
which incorporated data from 440 to 20 feet afl, and the “on ground” trajectory, which
incorporated data from 20 feet afl to about 600 feet beyond the end of runway 4R (at
which point the FDR ceased to record data). The calculated ground trajectory is discussed
further in section 1.16.4.1.
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The altimeter setting reported by air traffic controllers during flight 1420’'s
approach to the airport was 29.86 inches of Hg. The Airplane Performance Study
indicated that, because the atmospheric pressure was rising rapidly during the descent
and landing, an altimeter setting of 29.92 inches of Hg would have been more accurate
for the final approach segment of the flight.*® An altimeter setting of 29.86 inches of Hg
would have resulted in an indicated altitude that was about 55 feet lower than the altitude
with an altimeter setting of 29.92 inches of Hg. (After the accident, the altimeter setting
for the airport was recorded as 29.98 inches of Hg.)

1.16.4.1 Calculated Ground Trajectory

On final approach, the accident airplane’s airspeed averaged 156 knots, which
was about 25 knots faster than the V4, and jumped erratically within a band of +5 knots,
which was consistent with the gusty and turbulent winds on approach.** The wind was
blowing mostly along the airplane’s lateral axis, from the left to the right sides of the
airplane. The airplane touched down 2,000 feet from the runway threshold at a ground
speed of 160 knots, drifting about 5° to the right,%® and a tailwind component of about
5 knots was present. A ground speed of 160 knots was about 20 knots faster than the
zero-wind touchdown ground speed that would result from an approach at the reference
airspeed plus 10 knots.

Flight 1420 continued to drift while on the runway by as much as 16° both to the
right and the left of the direction of travel. Just before the FDR data ended, the airplane’s
heading was 20° to the right of the direction of travel. The airplane was returning to the
extended centerline of the runway when it impacted the runway 22L approach lighting
system support structure.

From 3,000 to 5,800 feet beyond the runway 4R approach end threshold, the
airplane’s rudder was consistently in the trailing edge right direction (nose right), but the
airplane's heading was continuously decreasing (nose left) at 1° to 3° per second. The
heading stopped decreasing between 4,000 and 4,600 feet, coinciding with FDR data
indicating a brief stowing of the thrust reversers. About 5,200 feet beyond the runway
threshold, as full right rudder was being applied, the heading decreased about 1.5° per
second until 5,800 feet, when FDR data indicated that the thrust reversers were stowed
again. At this point, the yaw rate reversed, and the heading started to increase up to 7° per
second. About 6,600 feet beyond the runway threshold, the left reverser was deployed,
but the right reverser remained stowed; with the engine EPRs at an idle power level, the
airplane continued to yaw nose right about 4° per second. The ground trgjectory and FDR
data showed that, between 2,800 and 5,000 feet beyond the threshold, both the right and
left elevator surfaces were deflected full nose down (15°).

% The FDR records pressure altitude, that is, altitude data based on an atimeter setting of 29.92
inches of Hg (the standard pressure at sea level).

9 Gusty winds involve a fluctuation in wind speed of 10 knots between lulls and peaks. Turbulent
winds imply vertica motion and rolling.

% The drift angle is the difference between the airplane’s heading and the direction of the velocity
vector of the center of gravity.
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The left engine EPR was greater than 1.3 aimost continuously between 3,200 and
5,800 feet beyond the runway 4R approach end threshold while the thrust reverser was
deployed. The right engine EPR also reached levels above 1.3 severa times while the
thrust reverser was deployed. The left brake pedal was relaxed briefly about 5,500 feet
beyond the runway threshold, coinciding with a stowing of the thrust reversers and a loss
of deceleration. The calculated ground trajectory indicated that the flight 1420 airplane
departed runway 4R at about 97 knots and impacted the runway 22L approach lighting
system support structure at about 83 knots.

1.16.4.2 Ground Deceleration Study

The effects of various deceleration devices on flight 1420's stopping distance was
evaluated using The Boeing Company’s MD-80 Operational Landing Program. The
conditions tested in the program were as follows:

» airplane weight, 127,000 pounds,

» center of gravity position, 16.7 percent of mean aerodynamic chord;
» temperature, 25° C (77°F);

» rolling friction coefficient, 0.02;

 wet runway braking friction coefficient, ranging from 0.21 to 0.28 at
flight 1420's speeds from touchdown to the end of the runway;

» touchdown speed, 152 and 162 knots,
* reversethrust, none and constant symmetric reverse at 1.3 EPR;

» braking, none, flight 1420's braking profile (initial braking at 5 seconds after
touchdown and full braking 6 seconds later), and a braking profile in which
initial braking occurred 1/4 second after touchdown and full braking
1 1/4 seconds later; and

» gpoilers, deployed and not deployed.

Computer runs were made to test arplane deceleration with different
combinations of spoiler deployment, reverse thrust, and braking scenarios.

Selected computer runs showing ground speed versus distance from the runway
4R threshold were compared with flight 1420's calculated ground speed profile. All of
the selected computer runs were based on an initial ground speed of 162 knots, which
was close to the 160-knot touchdown ground speed determined from the ground
trajectory calculation, and an initial position on the runway of 2,000 feet from the
threshold, which was about the point where flight 1420's tire markings began. Constant,
symmetrical reverse thrust at 1.3 EPR was maintained until the ground speed was zero,
and all of the braking was based on flight 1420’s braking profile.

With no braking, spoilers, or reverse thrust, the airplane would depart the runway
with a ground speed of about 142 knots, which is 45 knots faster than the flight 1420
airplane. With no spoilers or brakes but with a constant, symmetrical reverse thrust at
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1.3 EPR, the airplane would leave the runway at 117 knots, which is 20 knots faster than
the flight 1420 airplane. With no spoilers but with 1.3 EPR reverse thrust and the flight
1420 braking profile, the airplane would have departed the runway at 95 knots. This
computer run matched the flight 1420 data best and indicated that the accident airplane
experienced a braking coefficient of at least 0.21 to 0.23 at speeds between 160 and
140 knots, respectively.® Figure 16 shows the results of the computer runs compared with
the flight 1420 profile.
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Figure 16. Effects of Spoilers, Brakes, and Reverse Thrust on Stopping Distance

Two additional computer runs demonstrated that proper spoiler deployment is
critical to deceleration and stopping distance. Without reverse thrust and with the spoilers
deployed and the flight 1420 braking profile, the airplane would depart the runway at
20 knots, which is 75 knots less than the airplane with no spoilers but with reverse thrust
and braking. With constant reverse thrust, deployed spoilers, and the flight 1420 braking
profile, the airplane could have stopped about 700 feet before the end of the runway.

Computer runs were also performed to determine the effect of the touchdown
ground speed on stopping distance. One computer run indicated that an airplane with no

% Typical braking coefficients for a hydroplaning airplane range from 0.02 to 0.04.
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spoiler deployment but with reverse thrust and a 10-knot reduction in the touchdown
ground speed would have departed the runway at 60 knots and would have impacted the
runway 22L approach lighting system support structure at a speed of 20 knots, which isa
94-percent reduction in the kinetic energy compared with the calculated 83-knot impact
speed in the flight 1420 profile. Another run that allowed for a loss in braking
performance after the airplane departed the hard surface of the runway indicated that the
impact speed would have been 45 knots, which is a 72-percent reduction in the kinetic
energy compared with the calculated 83-knot impact speed. In addition, without reverse
thrust but with spoilers deployed and a 10-knot reduction in the ground speed, an airplane
would have been able to stop about 400 feet before the end of the runway.

Finally, computer runs were conducted to determine the effect on stopping
distance of abraking profile in which initial braking occurred 1/4 second after touchdown
and full braking 1 1/4 seconds later. (Because of a limitation in Boeing's Operational
Landing Program, this comparison could only be done using a touchdown ground speed
of 152 knots.) The computer runs indicated that, without spoiler deployment but with
reverse thrust, the normal braking profile would stop an airplane 200 feet sooner that the
flight 1420 braking profile. With spoiler deployment and no reverse thrust, the normal
braking profile would stop an airplane 800 feet sooner that the flight 1420 braking
profile.

1.16.5 Engineered Materials Arresting System Computer Model

The Safety Board requested that Engineered Arresting Systems Corporation of
Lester, Pennsylvania, survey the accident area and provide information on any safety
benefit that a soft-ground aircraft arresting system would have provided for flight 1420 if
such a system had been installed at the departure end of runway 4R.°” At the Board's
public hearing on this accident, a consultant for Engineered Arresting Systems discussed
the company’s Engineered Materials Arresting System (EMAS). The consultant
described the EMAS as a passive system that decelerates an airplane when its wheels roll
through a soft foamy material.*® He added that the system was designed to be compatible
with all of the airplanes with which it would come in contact.

The computer program that was used for the analysis assumed the following
conditions based on data from the accident sequence:

* runway departure speed, 98 knots;
e grossweight, 128,000 pounds,

% On April 14, 1999, the FAA, the Little Rock Municipa Airport Commission, and the airport’s
tenants met at a joint planning conference to identify airport development needs for the next 5 years.
According to the conference report, an arresting system for runway 4R/22L was identified as a
recommended project for 2000. In the fall of 2000, an EMAS measuring 304 feet long and 200
feet wide was installed at the departure end of runway 4R.

% The consultant stated that the material has an average strength in compression of 80 psi and
that the material would retain its properties over a wide temperature range.



Factual Information 64 Aircraft Accident Report

center of gravity, 16.7 percent mean aerodynamic chord;
* yaw angle, 20

» yaw rate, 0.069 radians per second;

» lateral velocity, 8 knots;

* roll angle, 2° right wing down; and

» distance offset from runway, 7 feet.

The analysis also included an EMAS that was designed to reflect the conditions
that existed at the departure end of runway 4R. The total length of this EMAS was
402 feet.

In a December 7, 1999, report to the Safety Board, Engineered Arresting Systems
concluded that the benefit of an EMAS in this accident would have been limited by the
airplane traveling partly outside the runway edges; thus, the airplane would not have been
able to use the full length of the EMAS. The report also concluded that an EMAS would
have reduced the speed of the airplane by 15 knots but would not have enabled the
airplane to stop within runway 4R’s runway safety area. In addition, the report concluded
that, in this accident, an EMAS could have led to two landing gear failures because the
loads exceeded the ultimate values determined by the airplane manufacturer.*®

1.17 Organizational and Management Information

American Airways was incorporated in 1930, and its name changed to American
Airlines, Inc., in 1934. American is owned by the AMR Corporation and is headquartered
in Dallas, Texas. American provides passenger and cargo service throughout North
America, the Caribbean, Latin America, Europe, and the Pacific. AMR Corporation also
owns and operates American Eagle, aregional airline that provides service at American’s
hubs and other cities throughout the United States, Canada, the Bahamas, and the
Caribbean.® In February 1999, American acquired Reno Air, which was fully integrated

% The Safety Board notes that, although the Engineered Arresting Systems report indicated that
an EMAS would not have stopped the flight 1420 accident airplane, the system’'s safety benefit
was demonstrated in the May 8, 1999, accident involving American Eagle flight 4925, which overran
the approach end of runway 4R at John F. Kennedy International Airport, Jamaica, New York, during
landing. The airplane crossed the runway threshold at a speed of about 180 knots and touched down
7,000 feet beyond the end of the runway at a speed of about 157 knots. The flight crew applied
reverse thrust and maximum braking, but the airplane departed the 8,400-foot runway at a speed
of about 75 knots. Approximately 300 feet of skid marks were observed before the end of the
runway. The airplane then traveled over a 6-inch deflector and approximately 248 feet across a
400-foot long EMAS. The landing gear sank approximately 30 inches into the EMAS, and the airplane
came to a stop. Of the 30 people aboard the airplane, 1 person was seriously injured, and the rest
were not injured. The airplane received substantial damage. See section 1.18.6 for additional details
on this accident.

1At the public hearing, the AMR Corporation’s Vice Chairman stated that, even though American
Eagle operates under its own certificate, the airline is considered to be a “sister company” to American
Airlines, and both airlines are increasingly sharing human and other resources.
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into American’s operations at the end of August 1999. In April 2001, American acquired
Trans World Airlines.

According to the AMR Vice Chairman, American Airlines experienced a period
of substantial growth during the 1980s, both in the number of aircraft and the number of
employees. American’'s Web site indicated that, as of March 2000, the airline had
649 transport-category airplanes in its fleet with an average age of 8 years. The fleet
consisted of Airbus A300; Boeing 727, 737, 757, 767, and 777, Fokker F.100; and
McDonnell Douglas DC-10, MD-11, and MD-80 airplanes.’*

At the time of the accident, American Airlines employed 9,661 pilots, 2,812 of
whom were qualified on the MD-80 (1,440 captains and 1,372 first officers). The
company had 279 MD-80 series airplanes in its fleet and 10 MD-80 bases throughout the
United States. The company had a total of 498 check airmen, 108 of whom were MD-80
check airmen.

American Airlines underwent an executive reorganization on January 5, 2000.
According to the AMR Corporation’s Vice Chairman, changes to the company’s
organization were proposed before the Little Rock accident but had not been
implemented because of alack of consensus that “any particular change was appropriate
or meaningful.” The AMR Vice Chairman indicated that the new organizational setup
was a “highly integrated but extensive attempt to provide more safety emphasis at the
company.”

At the time of the accident, the Managing Director of Flight Safety reported to the
Vice President of Flight/Chief Pilot, who was responsible for hiring pilots, training them,
and managing flight operations. The Vice President of Flight/Chief Pilot reported to the
Executive Vice President of Operations,'® who reported to the Chairman of American
Airlines and AMR Corporation.

Under the reorganization, the Executive Vice President of Operations was
elevated to the Office of the Chairman as the AMR Corporation Vice Chairman, and he
retained the primary responsibility for operations. Eight organizational units report to the
Office of the Chairman, including a new unit, Safety, Security, and Environmental.!*
These three functions existed separately under the former organization but are now

11 The AMR Vice Chairman indicated that American was planning to retire its older fleets—
the 727 and DC-10.

102 The Executive Vice President of Operations (now the AMR Corporation Vice Chairman) was
responsible for eight other organizational units. Maintenance and Engineering, Operations Planning
and Performance, Cargo, Reno Air Integration, Corporate Real Estate, Purchasing, Security, and Safety.
In public hearing testimony, the AMR Vice Chairman indicated that the areas that received most
of his attention as Executive Vice President of Operations were maintenance and flight.

103 The seven other organizational units that report to the Office of the Chairman are Human
Resources, General Counsel, Operations, Customer Services, Marketing and Planning, Finance, and
Government Affairs.
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placed under a single vice president-level leadership.® The Managing Director of Safety
reports to the Vice President of Safety, Security, and Environmental and coordinates with
the Vice President of Flight/Chief Pilot, who is responsible for the Flight Department.®

Four main organizational units exist within the Flight Department, one of which is
Flight Training and Standards. Ground school and simulator training are separate
organizational units within Flight Training and Standards rather than a combined unit
within the training organization. The AMR Vice Chairman indicated that the training and
standards (that is, checking) functions were separated to provide improved objectivity
and standardization.

1.17.1 Aviation Safety Action Program

The American Airlines Safety Action Program (ASAP) was implemented in 1994
after 2 years of development and coordination with the FAA and the Allied Pilots
Association.’® ASAP is a voluntary, confidential pilot reporting program designed to
collect and disseminate information on safety issues and incidents to prevent their
recurrence. The program receives about 3,600 reports each year.’®” No disciplinary actions
are taken against pilots as aresult of an ASAP report submission. The Managing Director
of Flight Safety administered the program at the time of the accident. At the Safety
Board's public hearing, the Vice Chairman of AMR Corporation testified the following:

[ASAP] is a true accident prevention program. It operates on the basis of the
following principle, and that is that the best safety information is the information
that we don’'t know, and, so, any way that we can create to bring information that
otherwise would not be known to those who can effect change, to bring that
information to the surface is very, very valuable, and that's what ASAP's
principle concept is al about.

ASAP requires that pilots submit a report of an event within 24 hours of its
occurrence (or within 24 hours of the time at which the pilot became aware that an event
occurred). ASAP reports are sent to the ASAP Event Review Team, which consists of a
representative from American, the FAA's Certificate Management Office for American,
and the Allied Pilots Association.’® The team meets weekly to review submitted reports,

1% Two new functions were also added to the Safety, Security, and Environmental organizational
unit: Operational Audits and Compliance. The AMR Vice Chairman testified that, “in these areas,
we intend to substantially pick up...our auditing processes by third parties who are not responsible
for...particular operational functions throughout the company.”

1% The Vice President of Flight/Chief Pilot reports to the Managing Director of Operations, who
reports to the Managing Director of Safety.

19 The program is consistent with the guidance in AC 120-66, “Aviation Safety Action Programs.”

107" ASAP reports do not include deliberate or criminal acts or events that are already known
within the FAA.

108 Confidential reports are also sent to the manager of the ASAP program, the appropriate manager
within American’'s Flight Safety Department, and NASA for inclusion in its Aviation Safety Reporting
System. In addition, the FAA has immediate access to ASAP reports.
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decide which ones represent a significant safety concern or deviation from procedure, and
determine who should investigate the events and recommend corrective actions.

According to American’s pilot magazine, Flight Safety,'® ASAP reports identify,
in order of frequency, atitude deviations; heading deviations; other flight irregularities,
communication problems with ATC, or clearance deviations during flight; deviations
from regulations or operational procedures, including the MEL; general irregularities or
communication problems with ATC on the ground; runway or taxiway incursions, and
other categories, including aircraft damage, turbulence encounters, and mechanical
problems. The Managing Director of Safety stated that ASAP does not currently collect
information about the relationship between an event and the flight crew’s flight and duty
time.*1°

Selected information from deidentified ASAP reports is distributed to company
pilots via bulletins every 6 weeks. Information from ASAP reports can aso be
communicated quarterly through the company’s pilot magazine. In addition, ASAP
reports are entered into an American Airlines database, which provides the company with
trend information on particular subjects and areas of focus for training and surveillance.

1.17.2 Flight Crew Training

American’s flight crew training academy is located in Dallas/Fort Worth. All
first-time pilots at American Airlines attend a basic indoctrination course, where they are
taught general information on the way the company operates. According to the MD-80
Fleet Manager at the time of the accident," basic indoctrination training includes an
alertness strategies course, which focuses on fatigue countermeasures more than fatigue
recognition.

Pilots then attend initial and/or transition ground school and simulator flight
training. According to the American Airlines DC-9 Initial and Transition Training
Syllabus (dated December 15, 1998), the typical initial and transition training consists of
10 days of ground school, 10 days of ssimulator flight training, and 25 hours of initial
operating experience (IOE).

Ground school training is presented using self-paced computer-based training
with graphics and audio, videotapes, and a performance workbook with printed practice
problems. Days 1 through 5 of simulator training are conducted by an American Airlines
simulator instructor, and days 6 through 10 are conducted by an American Airlines check
airman. For their IOE, new and upgrade pilots fly with a check airman, who references a
worksheet that details the airplane maneuvers, procedures, or functions that are required

109 Chidester, T. “ASAP Turns Five and a Half.” Flight Safety. American Airlines, Vol. 1, No. 2,
First Quarter (2000): pp. 11-16.

19 Although the reports contain time-of-day information, the Managing Director of Flight Safety
stated that the information is used only to correlate reports with ATC records.

1 American Airlines MD-80 Fleet Manager at the time of the accident became the company’s
Managing Director of Flight Crew Relations in December 1999.
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to be covered. In addition, al pilots are required to attend recurrent training (a 2-hour
line-oriented flight training [LOFT] session) and perform a 2-hour proficiency check ride
every year.!? The recurrent training and the proficiency check ride are conducted by
company check airmen.

The former MD-80 Fleet Manager indicated that, in al phases of training and
IOE, American attempts to put the pilot in a situation in which he or sheis required to
make the best decision for the particular circumstances. The former fleet manager also
indicated that first officers are trained to provide feedback to captains; specifically, first
officer trainees are presented with various situations and are critiqued on their actions and
the consequences of those actions.

1.17.2.1 Simulator Flight Training

Day 1 of the 10-day initial and transition simulator flight training course includes
a briefing on American’s checklist philosophy for flying and nonflying pilots. The
simulator profile during that day emphasizes how each checklist is accomplished and
which items require a response.

Day 6 of the course is dedicated to takeoff and landing exercises. According to the
former MD-80 Fleet Manager, the day begins with a 2-hour briefing that covers the key
points regarding the airplane’s handling characteristics and the windshear escape and
recovery maneuvers. The former Fleet Manager indicated that the simulator session starts
out with little or no crosswind and a dry runway and that the crosswind component is
gradually increased until the MD-80's demonstrated maximum crosswind component is
attained. Afterward, the runway surface friction component is reduced. This process is
repeated until the pilots have experienced the control difficulties that they need to learn to
correct.'®* The former MD-80 Fleet Manager stated that the simulator can replicate rudder
blanking (that is, the decrease in rudder effectiveness resulting from an increase in reverse
power) and that this feature alows the company to train pilots to reduce the amount of
reverse thrust until they have regained directional control.

The training syllabus indicates that windshear profiles, dippery runways,
crosswind landings,** and nighttime landings are discussed during day 6. The syllabus did

12 American’s recurrent training syllabus changes on February 1 of each year. According to the
former MD-80 Fleet Manager, the recurrent training course beginning on February 1, 2000, was expected
to include a briefing on manua spoiler operation and the spoilers effect on braking and stopping.
Each pilot would then have a chance to manually operate the spoilers in the simulator. The recurrent
training was also expected to include a review of the stabilized approach concept, wet and dippery
runway reversing, and automatic braking.

13 American’s Instructor/Check Airman Guide, MD-80 Supplement, did not contain any guidance
for instructing landings with crosswinds or on wet runways. According to American, its instructor
guides refer the instructor to the appropriate flight and operating manuals for this information.

14 The former MD-80 Fleet Manager stated that crosswind training is aso taught in ground
school during a day in which the contents of the performance manual are discussed. The manual
contains a chart depicting the headwind, tailwind, and crosswind components in relation to wind
speed and the angle between the wind and the runway direction.
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not contain any description of the specific scenarios taught during those sessions but did
contain areference to the company’s DC-9 Operating Manual.

Day 8 of the training includes the captain’s rating ride preparation and the first
officer’s check ride. The captain’s rating ride occurs on Day 9 of the training and is
administered entirely in the DC-9 flight ssimulator. The rating ride consists of about
15 basic profiles, and the training manual indicates that the rating ride is conducted “in
real time and in asrealistic an ATC environment as possible.”

LOFT is conducted on Day 10 of flight training. The LOFT session consists of
two legs of areal-time flight in the ssimulator. According to the syllabus, the first leg is
usually routine and flown by the first officer, and the second leg is an abnormal situation
that is flown by the captain. The manual stated that the check airman provides redlistic
flight plans, a weather briefing, and takeoff performance system data for each leg of the
flight and that communications with ATC and the company are provided.

1.17.2.2 Observations of Simulator Sessions

In July 1999, two members of the Operations Group observed separate sessions of
day 6 (takeoffs and landings) of American’'s MD-80 simulator training. The sessions
were conducted by two different instructors.

One of the simulator sessions (referred to in this report as session A) did not
include any “failed spoiler” events during the landing portion of the training. The other
simulator session (referred to in this report as session B) included seven failed spoiler
events. The students in session B noticed two of the seven events; in both instances, the
first officer student manually extended the spoilers. However, American’s procedures
stated that the captain was to manually extend the spoilers if they did not automatically
extend during landing (see section 1.17.4.2). The effects of the spoilers not extending
during landing were discussed.'*

In session A, the instructor recommended that heavy manual braking be used on
contaminated runways and stated that he did not like the autobrakes for landing. In
session B, the instructor stated that medium autobrakes should be used when landing on
slippery runways. However, American’'s procedures at the time of the accident stated that
aggressive manual brakes or maximum autobrakes should be used with wet runway
conditions (see section 1.17.4.3). No discussion occurred in either session regarding what
constitutes a slippery runway and what distinguishes it from awet runway.

During session A, the training focused on using the 1.6 EPR reverse thrust setting
(the normal setting used by American for landing on dry runways). There was no
discussion or training on company procedures to limit reverse thrust to 1.3 EPR during

15 The two Operations Group members passed along their spoiler training observations to the
former MD-80 Fleet Manager who, in turn, met with the simulator instructors to inform them of
the observations and implement actions to improve the training. The former fleet manager indicated,
during the public hearing, that training on recognizing no-spoiler extensions and performing the
appropriate response had been added to day 6.
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landing on a dlippery runway (see section 1.17.4.4). Rudder blanking was discussed.
During session B, the simulator instructor taught that 1.6 EPR was acceptable for landing
on a dippery runway unless a crosswind was present,*® and the students applied 1.6 EPR
reverse thrust during 10 to 12 landings on slippery runways. The instructor subsequently
realized that 1.3 EPR should have been the maximum reverse thrust used and informed
the students of thisinformation. Rudder blanking was discussed.

Session A did not include a discussion of company procedures for crosswind
limits for reduced visibility operations and contaminated runways but emphasized the
importance of avoiding thunderstorms. Session B included a discussion of crosswinds
and their effects on takeoffs and landings.

1.17.2.3 Human Factors and Safety Training

In 1990, American Airlines established a manager position dedicated to human
factors and safety training.™” This manager is supported by 10 staff facilitators who are
company line captains and first officers on detail to the Human Factors and Safety
Training program.’® At the time of the accident, five of the facilitators were qualified on
the MD-80.

The human factors and safety training program courses emphasize four
fundamental principles—situational awareness, communication, teamwork, and technical
proficiency—through lectures, slide and videotape presentations, and group discussions.
The videotapes present event scenarios that were recreated in a smulator. Many of the
recreated events were derived from ASAP reports. The facilitators guide the group
discussion to ensure that every element of the event is addressed, including factors that
may have prevented the event from occurring.

American provides separate human factors a