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EXECUTIVE SUMMARY

On August about 1152 Pacific daylight time; Aeronaves de Mexico, S.A.,
flight 498, a DC-9-32, Mexican Registration XA-JED, and a Piper PA-28-181, United
States Registration N4891F, collided over Cerritos, California. Flight 498, a regularly
scheduled passenger flight, was on an Instrument Flight Rules flight plan from Tijuana,
Mexico, to Los Angeles International Airport, California, and was under radar control by
the Los Angeles terminal radar control facility. The Piper airplane was proceeding from
Torrance, California toward Big Bear, California, under Visual Flight Rules, and was not
in radio contact with any air traffic control facility when the accident occurred.

The collision occurred inside the Los Angeles Terminal Control Area near 6,560 feet
mean sea level. At the time of the collision, the sky was clear, and the reported visibility
was 14 miles. The air traffic controller providing service to flight 498 did not observe the
Piper airplane's radar return on his display and therefore did not provide any traffic
advisory to flight 498 concerning the location of the Piper airplane before the collision.
Both airplanes fell to the ground within the city limits of Cerritos. Five houses were
destroyed and seven other houses were damaged by airplane wreckage and postimpact
fire. Fifty-eight passengers and six crew members on the DC-9 were killed; the pilot and
2 passengers on the Piper were killed; 15 people on the ground were killed and 8 others
received minor injuries.

The National Transportation Safety Board determines that the probable cause of the
accident was the limitations of the air traffic control system to provide collision

protection, through both air traffic control procedures and automated redundancy.
Factors contributing to the accident were (1) the inadvertent and unauthorized entry of
the PA-28 into the Los Angeles Termina Control Area and (2) the limitations of the "see
and avoid” concept to ensure traffic separation under the conditions of the conflict.




NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C. 20594

AIRCRAFT ACCIDENT REPORT

Adopted: July 7, 1987

MIDAIR COLLISION OF AERONAVES DE MEXICO,
S.A., MCDONNELL DOUGLAS DC-932, XA-JED,
AND PIPER PA-28-181, N4891F
CERRITOS, CALIFORNIA

1, FACTUAL INFORMATION

1.1 History of the Flights

On August 31, 1986, about 1141 Pacific daylight time 1/, Piper PA-28-181,
N4891F, departed Torrance, California, on a Visual Flight Rules (VFR) flight to Bii Bear,
California. The pilot of the Piper had filed a VFR flight plan with the Hawthorne,
California, Flight Service Station (FSS). According to the Tlight plan, his proposed route
of flight was direct to Long Beach, California, then direct to the Paradise, California,
VQRTAC 2/, and then direct Big Bear. The proposed enroute altitude was 9,500 feet 3/.
However, the pilot did not, nor was he required to, activate his fliiht plan. At 1140:36,
after being cleared for takeoff, the Piper pilot told Torrance tower that he was “rolling;”
this was the last known radio transmission received from the Piper.

According to recorded air traffic control (ATC) radar data, after leaving
Torrance, the Piper PA-28 pilot turned to an easterly heading toward the Paradise
VORTAC. The on board transponder was active with a 1200 code. Postaccident
investigation revealed that as the Piper proceeded on its eastbound course, it entered the
Los Angeles Terminal Control Area (TCA) without receiving clearance from ATC as
required by Federal Aviation Regulations (14 Code of Federal Regulations (CFR) Part

91.90 [a] [1].)

Aeronaves de Mexico, SA. (Aeromexico), flight 498, a DC- 9-32, Mexican
Registry XA-JED, was a regularly scheduled passenger flight between Mexico City,
Mexico, and the Los Angeles International Airport (L.A. International), California, via
Guadalajara, Loreto, and Tijuana, Mexico. At 112000, flight 498 departed Tijuana with
58 passengers and 6 crew members in accordance with its filed instrument flight rules
(IFR) flight plans. As the flight proceeded toward L.A. International, at 10,000 feet, it
was handed off to Coast Approach Control, which cleared the flight to the Seal Beach,
California, VORTAC, and then to "eross one zero miles southeast of Seal Beach at and
maintain seven thousand (feet)." At 1144:54, fiight 498 reported that it was leaving
16,000 feet, and, at 1146:59, it was instructed to contact Los Angeles Approach Control.

T7 ATl times herein are Pacific daylight based on the 24-hour clock. _
%/ A collocated very high frequency OMNI range station and ultrahigh frequency tactical
air navigation aid providing azimuth and distance information to the user.

3/ All altitudes are mean sea level unless otherwise specified.
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At 1147:28, fliit 498 contacted the Los Angeles Approach Control’s Arrival
Radar-| (AR-1) controller and reported that it was level” at 7,000 feet. The AR-1
controller cleared flight 498 to depart Seal Reach on a heading of 320° for the ILS
(instrument landing system) runway “two five left final algproach course...” Plight 498
acknowleg(?ed receipt of the clearance. At 1150:05, the AR-l controller requested flight
498 to reduce its airspeed to 210 knots indicated airspeed (KIAS) and the flighterew
acknowledged receipt of the request.

Between 1149:36 and 1149:52, flight 498 contacted Aeromexico operations at
L.A. International on the company’s radio frequency with its arrival message and the
Aeromexico station agent gave the gate assignment to the flight.

At 1150:46, the AR-| controller advised flight 498 that there was Traffic, ten

o'clock, one mile, northbound, altitude unknown." Flight 498 acknowledged the advisory,
but it never advised the controller that it had sighted the ™raffie". (This radar target was
not that of the Piper PA-28.) At 1151:04, the AR-I controller asked the flight to reduce
its airspeed to 190 KIAS and cleared it to descend to 6,000 feet. Flight 498 acknowledged
receipt of the clearance. At 1151:45, the AR-I controller asked flight 498 to maintain its

present airspeed.

The flightcrew asked the controller what speed he wanted and added that it
was *educing to . . . one niner zero." At 1151:57, the controller told the flight “to hold
what you have . . . and we have a change in plans for you." At 1152:00, plight 498 stated
that it would maintain 190 KIAS. At 1152:18, the AR-l controller advised flight 498 to
“expect the ILS runway two four right approach . . .* flight ‘498 did not acknowledge
receipt of this message, and the 1152:00 radio transmission was the last known
communication received from flight 498.

At 1151:18, after flight 498 was cleared to descend to 6,000 feet, the pilot of
a Grumman Tiger airplane, N1566R, contacted the AR-l controller. At 115166, after
radio contact was established, the Grumman pilot informed the controller that he was on
a VFR flight from Fullerton to Monterey, California, via the Van Nuys, California,
VORTAC, that his requested en route altitude was 4,500 feet, and that he would like ATC
flight following services. The AR-l controller did not answer this transmission until
1152:04 when he requested the pilot to set his transponder to code 4524, a discrete
transponder code within the 4500 series used by approach control for VFR flights. At
1152:29, the controller asked the Grumman pilot if he was at 4,500 feet and the pilot
answered that he was climbing through 3,400 feet. At 1152:36, the AR-I controller told
the Grumman pilot that he was in the middle of the TCA and suggested that "in the future
you look at your TCA chart. You just had an aircraft pass right off. your left above you at
five thousand feet and we run a lot of jets through there right at thirty-five hundred.”

The AR-l controller testified that about 1152:36 he also noticed that the

ARTS Il computer was no longer tracking flight 498. After several unsuccessful attempts
to contact flight 498, he notified the arrival coordinator that he had lost radio and radar
contact with the flight.

At about 11:52: 09, flight 498 and the Piper collided over Cerritos, California,
at an altitude of about 6,560 feet. The sky was clear, the reported visibility was 14 miles,
and both airplanes fell within the city limits of Cerritos. Fifty-eight passengers and 6
crewmembers on flight 498 were killed as were the pilot and 2 passengers on the Piper.
The wreckage and postimpact fires destroyed five houses and damaged seven others.
Fifteen persons on the ground were killed and others on the ground received minor
injuries. The coordinates of the main wreckage site were 33° 52'N |atitude and 118° 03'
"W longitude.



1.2 Injuries to Persons

Crew Passengers QOther Total
Fatal v _Wig_“ 15 T
Serious 0 0 0 0
Minor 0 8 8
None o 8 _0 _0
Totd 7 60 23 90

*Includes the pilot of the Piper PA-28
** |ncludes the passengers on the Piper PA-28

1.3 Damage to the Airplanes

The DC-g-32 was destroyed by the collision, ground impact, and postimpact
fire. The Piper PA-28 was destroyed by the collision and ground impact. The estimated
values of the Piper and the DC-9 were $28,000 and $9,500,000, respectively.

1.4 Other Damage

Five houses were destroyed and seven others were damaged by airplane
wreckage and/or postimpact fires.

L5 Personnel Information

The flighterew and cabin crew of flight 498 were qualified in accordance with
applicable Mexiean, United States, and company regulations and procedures. The
examination of the training records of the Aeromexico crew members did not revea
anything extraordinary (appendix B). Further, the investie?ation of the background of the
flighterew and their "actions during the 2 to 3 days before the accident tlight did not
reveal anything remarkable.

The air traffic controllers who provided ATC services to flight 498 were
qualified in accordance with current regulations. The examination of their training
records did not reveal anything extraordinary (appendix B). In addition, the investigation
of these controllers' background and their activities during the 2 to 3 days before
reporting for duty on August 31 did not reveal anything extraordinary (appendix B).

The pilot of the Piper PA-28 was qualified in accordance with applicable
United States regulations (apPendix B) During the investigation, the Safety Board
interviewed persons Who had flown with the pilot of the PA-28, as well as his flight
instructors. Friends, relatives, and colleagues who had flown with the Piper PA-28 pilot
described him as a conscientious and careful pilot. One friend said that he was "old
maidish® with his preflight checklist, sometimes "too careful” about rules, and aware of
his "low-time" experience as a pilot.

The Piper pilot's primary flight instructor stated that he had been a diligent
and attentive student. He said that he had taught the Piper pilot to scan for other
airplanes by starting his scan Joattern "at the left, scan, look at instruments, scan to the
right, look at instruments," and then repeat the procedure. He stated that the Piper pilot
was familiar with the airplane% wing leveler equipment and that he used the wing leveler
"as it was intended" to be used when looking at maps, reviewing charts, or doing other in-
cockpit activities.




Another flight instructor who had provided instrument flight training to the
Piper pilot stated that they had discussed and used sectiona charts during training and
that the training had included the numbers used on these charts to show the floor and
ceiling altitudes of a TCA. He said the Piper Ipilot was familiar with VFR hemngispherical
altitudes, 4/ that he was a "VFR pilot who liked to look out," and that he was more
inclined to navigate by visual reference to the ground than by use of navigational radio
aides. The flight instructor also stated that he and the Piper pilot had discussed TCAs and
other types of restricted airspace, the equipment requirements for flying within restricted
airspaces, and the arrival and departure procedures used in the Los Angeles area.

The Piper pilot had moved to Los Angeles from Spokane, Washington, in

October 1985. On December 14, 1985, he received Los Angeles area familiarization

training and flew an area familiarization flight with a flight instructor. In March 1986, he

flew his airplane, N4891F, from Spokane to Los Angeles. Sinee December 1985, he had

H_ovr\qn seven flights in the Los Angeles area and had logged about 5.5 hours on these
ights.

1.6 Airplane Jnformation

The DC-932, XA-JED, was owned and operated by Aeromexico. Examination
of the DC-9's flight and maintenance logbooks did not reveal any airplane discrepancies or
malfunctions that would have contributed to the accident. Examination of the flight's
dispatch documents showed that the airplane was operating within its alowable weight
and balance limitations. The DC-9 was treated aluminum with orange and blue trim.

The DC-9 had nose gear landing and taxi lights; one wing landing light in each
wing; anti-collision lights on top and bottom of the fusel ag?_e; ground floodlights in the left
and right side of the fuselage; and wing and nacelle flood lights on the left and right sides
of the fuselage. In accordance with company procedures, except for the nose gear landing
light, all lights are turned on when the airplane is below 10,000 feet.

The Piper PA-28-181, N4891F, a single engine fixed landing gear type airplane,
was owned by the pilot involved in the accident. Rxamination of the ai ;Jr‘PIane’s flight,
maintenance, and engine logbooks did not reveal any discrepancies that would have
contributed to the accident. Reconstruction of the airplane's fuel, baggage, and passenger
seating locations on the accident flight showed that N4891F was_operating2 within its
allowable weight and balance limitations. N4891F was equipped with a NARCO Model
AT-50A transponder without a mode C altitude encoder. Given this transponder
configuration, N4891F could provide position but not altitude information to Los Angeles
Approach Control. The evidence showed that the transponder was functioning properly
during the accident flight.

N4891F was painted white with a double yellow stripe running longitudinally
along the fuselage. The registration number was blue and there were blue stripes on the
wheel pants. N4891F was equipped with navigation lights, a white anticollision strobe
light on each wingtip, a rotating red beacon atop the vertical stabilizer, and a landing
light on its nosegear. All the light switches were found in the "on" position in the airplane
wreckage.

4/ Pursuant to 14 CFR Part 91.109, each person operating an aircraft under VFR in level
flight more than 3,000 feet above the surface and below 18,000 feet shall maintain the
following altitudes: on a magnetic course of zero® through 179° any odd mean sea level
(MSL) altitude plus 500 feet (such as 3,500, 5,500); on a magnetic course of 180° through
3599 any even thousand feet MSL altitude plus 500 feet (such as 4,500, 6,500).
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N4891F was equipped with an Autocontrol IIB autopilot, which is aso called a
"wing leveler.” The autopilot was a lateral control system, which provided only roll
control inputs to the airplane’s controls. The airplane would hold a selected heading when
the autopilot’s heading switch was eng?ed. The autopilot did not incorporate a radio
coupler and, therefore, the airplane could not fly with reference to a radio defined course.
The position of the autopilot’s control switches could not be determined during the
postaccident investigation.

Flight simulations were conducted during the investigation to determine
N4891F's climb Performance. A Piper PA-28-181, N4305V, configured similary to N4891F
on the accident tlight, was flown from Torrance Municipal Airport toward the location of
the collision using three different climb speeds. 76 KIAS, 80 KIAS, and 85 KIAS. N4305V
reached the accident location and 6,500 feet in 11 minutes 31 seconds, 11 minutes 30
seconds, and 11 minutes 45 seconds, respectively. On the day of the simulation, the
temperatures aloft were amost identical to those recorded on the day of the accident;
the speed of the winds aoft were negligible from the surface to 7,000 feet, whereas on
the day of the accident the Piper may have had about a O-knot tailwind component
between about 5,300 feet and 6,500 feet.

1.7 Meteorological Information

The terminal forecast for LA International, issued by the National Weather
Service (NWS) Los Angeles Forecast Office at 0818, August 31, 1986, and valid from 0900
August 31, to 0900 September 1, stated in part that after 1100 on August 31, the weather
would be clear. Infrared photographs taken by the Geostationary Operational
Environmental Satellite (GOES) at 1031 and 1131 on August 31 did not show any clouds
over the land areas of southern California.

The 1146 surface weather observation at Fullerton Airport (about 4 miles east
of the accident site) stated in part that the weather was clear and the visibility was 15

miles. The 1149 surface weather observation at Long Beach Airport (about 6 miles
southwest Of the accident site) stated in part that the sky was clear and the visibility was

15 miles. The 1150 surface weather observation at L.A. International (about 18 miles
wglst of the accident site) stated in part that the sky was clear and the visibility was 14
miles.

San Diego, California, was the closest point to Los Angeles where NWS upper
air sounding data were available. The 0400 San Diego sounding showed a strong
subsidence inversion 5/ with a base at 1,925 feet and a top at 3,102 feet; the atmosphere
was dry above the inversion. The 1600 sounding also showed the subsidence inversion.
The base was at 2,122 feet, the top at 3,070 feet, and the atmosphere was dry above the ,
inversion.

At the time of the accident, the elevation of the sun was 61° 55’ above the
horizon with an azimuth (bearing from true north) of 148% This is computed from 34° 0
N latitude, 117°56' W longitude.

L8 Navigational Aids

There were no known navigational aids difficulties.

5/ Temperature normally decreases with increasing altitude. An increase in temperature
with altitude is defined as a temperature inversion. A subsidence inversion is a
temperature inversion produced by the warming of a layer of subsiding (descending) air.




1.9 Communications

There were no known communications difficulties.

1.10 Aerodrome Information

Torrance Municipal Airport, elevation 101 feet, is 3 miles southwest of
Torrance, California. The airport is served by two runways: 28L/11R, and 29R/11L. The
Piper PA-28 departed from runway 29R, which is 5,000 feet long and 150 feet wide.

Los Angeles International Airport (LA. International), elevation 126 feet, is
served by two pairs of parallel runways; runways 25L/7R and 25R/7L are on the south side
of the airport’s terminal complex, and runways 24L/6R and 24R/6L are on the north side.
Runways 25L, 25R, 24L, and 24R are served by ILS approaches.

L.A. International is located near the center of its TCA. Except for a
triangular segment in the vicinity of Long Reach, California, the apex of which extends
northward from its southern boundary, the TCA is essentialy a parallelogram. Its western
and eastern boundaries are about 20 nmi and 25 nmi, respectively, from the western edge
of L.A. International. The TCA's northern and southern boundaries are
to the extended centerlines of L. A. International’ s four runways and are each about 10 nmi
from the center of the airport, respectively. (See figure 1.)

Vertically, the TCA resembles an “upside down” Weddi% cake, belgrinnin at
the surface at L.A. International and rising 1o a ceiling of 7,00 feet. oceeding
westward from the airport and aligned with the extended centerlines of the airport’s
runways, the floor of the TCA remains at the surface. Between 11 nmi and 20 nmi west
of the airport, the floor rises to 2,000 feet. A similar gradient exists along the eastward
extensions of the four runway centerlines. To the north and south of the airport and the
((aéégr}ded cleg\terllnes of the four runways, the floor of the TCA rises sharply.
igure 1.

The lateral_and vertical dimensions of the Los Angeles TCA are depicted on
the Los Angeles VFR Termina Area Chart. On one side of the chart, the TCA is

superimposed on a Lambert Conforma Conic Projection map (figure 1); the chart's
overleaf contains a Charted VFR Flyway Planning Chart of the TCA (figure 2). In addition
to depicting the numerous airports in the Los Angeles area, the plan view also depicts
prominent landmarks within and adjacent to the TCA. For example, the planning chart
shows that Disneyland and the Anaheim Stadium are just east of the TCA% eastern
boundary. It also depicts and names the freeways located within and around the TCA.
Finally, the planning chart depicts the northsouth VFR flyway over L.A. International and

the altitudes to be flown when using this flyway (figure 2).

The TCA charts show that Torrance Municipal Airport is under the southern
edge of t he TCA and that the floor of the TCA above the airport is 5,000 feet. The Piper
pilot bought a Los Angeles Sectional Chart and a Los Angeles VFR Termina Area Chart
on the morning of the accident. The Terminal Area Chart, folded to display the combined

map and TCA diagram, was found in the Piper's cockpit wreckage; course lines had not
been drawn on either side of the chart.

1.11 ight Recorders

The Piper PA-28 was not equipped with nor was it required to be equipped with
flight recorders.
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, The DC-932 was equipped with a Sunstrand model F-542 Flight Data Recorder
(FDR), serial N0.5818, and a Sunstrand model V-557 Cockpit Voice Recorder (CVR), serial
No. 1829. Roth recorders were brought to the National Transportation Safety Board's
flight recorder laboratory in Washington D.C. for examination and readout.

The FDR had been damaged mechanically and by fire. Examination of the fail
magazine and the foil recording medium showed that the foil had been torn through, was
discolored from intense heat, and that all recorded traces were faint because of improper
at_#_us ressJergd The faint traces and the heat discoloration made the recorded traces

ifficult to read.

The DC-9'% latest FDR calibration data sheet was dated February 9, 1983, and
these data were used during the readout of the FDR's foil. As a result of inconsistencies
in the recorded altitude data, adjustments were incorporated to obtain actual altitude
values. The field elevation at flight 498's previous departure point, Tijuana, was 499 feet
and the FDR's indicated atitude at Tijuana was -8 feet; therefore, a correction of 507
feet was added to the altitude data and the barometric pressures at Tijuana and Los
Angeles were assumed to have been 29.97 in Hg. No other corrections were made to any
of the other recorded parameters and a readout of the last 9 minutes of the flight was
made, a graphic display of which is appended to this report (appendix C).

During the investigation, the Safety Board's Performance Group used the
recorded ATC radar data to reconstruct flight 498's ground speed and indicated airspeed,
which they compared to the indicated airspeed recorded by the FDR. The FDR-indicated
airspeeds were about 25 KIAS to 30 KIAS faster than the indicated airspeeds derived from
the recorded radar data. The Safety Board believes that the indicated airspeeds derived
from the radar data are more accurate; therefore, 25 KIAS to 30 KIAS should be
subtracted from the FDR indicated airspeed.

The CVR was damaged slightly by impact forees and heavily by the
post-impact fire. The CVR tape was not damaged physi calalty and received only minor heat
damage. The CVR recording started about 1122:17, just after the engines were started at
Tijuana. The Safety Board CVR Group listened to the entire 30-minute recording and a
verbatim transcript was made of the last 11 minutes of the flight. The verbatim
transeript begins at 1141:21 when flight 498 was level at 10,000 feet and in radio contact
with Coast Approach Control. The transcript continues to the end of the recording at
1152:32. The flighterew's primary language for all intracockpit conversation and for the
radio calls to the company was Spanish. All ATC radio cals were in English.
Kentification of the crewmembers' voices was made by members of the CVR Group, who
were familiar With the captain and first officer.

The quality of the entire recording was consistently poor. The sound on the
cockpit area microphone (CAM) channel was extremely distortéd, and it faded in and out
randomly. The distortion and noise were so evident that the CVR Group found it very
difficult to understand the intracockpit conversation. This difficulty was exacerbated by
the flighterew's use of the cockpit’s overhead speakers to receive ATC communications.
Since these speakers are very close to the CAM, the large number of radio transmissions
in the Los Angeles area, coupled with the loud volume of the radios, aso impaired the
intelligibility of cockpit conversation recorded by the CAM.

The poor quality of the CVR recording was not caused by either impact or fire
damage. This model CVR has a history of tape tension and recording quality problems.
Random storage Of the tape causes permanent creases in the recording tape because it
folds in the same places many times as it is pushed into the storage sleeve. In addition, if

the pressure pad IS not set to provide the Eroper tension, the tape rides up on the record
head as it is pulled up by the capstan, and the quality of the recording can be degraded.
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Because of the poor quality of the CVR recording; it was necessary to include
ATC transmissions from the ATC transcripts to enhance the intelligibility of the CVR
transcript. The selected ATC transmissions were checked against the CVR recording to
verify that the selected transmissions were broadcast from the overhead speakers. Only
%hose vgrifiegl ATC transmissions were included in the appended 11 minute CVR transcript
appendix D).

The CVR transcript showed that the flightcrew received the LA
International Automated Terminal Information Service (ATIS) message at 1146:48.
Thereafter, the flightcrew began to prepare for landing and the intracockpit conversation
relating to these tasks ends at 1148:16 when the first officer said, “Flight director up," in
response to the captain’s challenge.

Between 1148:16 and 11582:10, six transactions were recorded by the CAM. At
1148:31, an unintelligible word was recorded; at 1149:41, a tone was recorded; at 1150:05,
an unintelligible female voice was recorded; at 1151:20, an unintelligible word was
recorded; at 1151:30, the captain said, and, at 1152:10, the captain said, "Oh,
thii cant be." The 1152:10 remark was the last known remark made by either the captain
or first officer.

The CVR recording ended at 1152:32. Between 1152:10 and 1152:32, three
ATC broadcasts were recorded, one of which was addressed to flight 498. At 1152:18, the
AR-l controller advised the flight that its landing runway was being changed to runway
24R; the flightcrew did not respond to this transmission.  With regard to air-to-ground
][adiﬁ communications, the captain made all radio transmissions from flight 498 to ATC
acilities.

112 Wreckage ad Impact Information

_ The main wreckage sites of both airplanes were within the city limits of
Cerritos and within 1,700 feet of each other.

_ Piper PA-28-181, N4891F—Except for the upper portion of the fuselage
cockpit assembly, engine, vertical stabilizer, and instrument panel, the Piper remained
relatively intact after the collision. The maor portion of the Piper crashed in an open
schoolyard and did not catch fire after impact.

The engine of the Piper PA-28 separated from the fuselage and was found in
the yard of a residence about 1,650 feet north of the Piper's main wreckage site. The
engine had been damaged extensively b¥ impact forces. Inboard of the No. 3 cylinder,
there was a 3 by 6-ineh hole in the top of the engine case. A 5 by 8-inch piece from the.
upper vertical stabilizer of the DC-9 was lodged in this hole.

The propeller had separated from the engine. One propeller blade had broken

off about 18 inches from the gropeller_ hub. This blade was bent aft and was gouged and
damaged heavily in the area of separation and on its leading edge. About 6 inches of the
tip of the opposite blade had broken off. The remainder of this blade was bent aft and its
leading edge in the mid-span area had been damaged by impact forces.

Roth wings were attached to the fuselage and their undersides were buckled.

The top of the right wing was relatively undamaged. The top of the left wing had
numerous large deep gouges, scratches, and orange paint marks extending from the
outboard bulkhead to the wingtip. The gouges, scratches, and paint transfers were aligned
at a 30° angle from the wing’'s leading edge.
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The aft section of the fuselage separated just behind the eockpit assembly aft
bulkhead, but it remained attached to the forward portion by control cables and the
battery shelf attachments. The roof and upper portion of the cockpit assembly was
severed from the lower portion of the cockpit assembly along the bottoms of the cockpit
assembly windshields and side windows. The separation extended from the engine firewall
aft to the cockpit assembly’s aft bulkhead.

The entire vertical stabilizer and rudder separated from the fuselage.
However, except for a small aft section of the vertical stabilizer, these pieces were
recovered. Most of the recovered pieces were buckled and torn severely. The lower
portion fof the vertical stabilizer’'s leading edge was dented, distorted, and torn by the
impact force.

The stabilator remained attached to the fusela?e. The right stabilator was not
damaged by impaat forces; however, the leading edge of the left stabilator was dented
about 18 inches inboard of its outboard tip rib.

The nose landing gear separated from the airplane. The strut tube had broken
in a rearward direction about 8 inches above the towing block.

The servo clutch of the Piper's auto control system (wing leveler) was
disengaged; however, the clutch is designed to disengage when electrical power to the

system IS removed.

Examination of the airplane's altimeter showed that its 100-foot, 1,000-foot,
and 10,000-foot pointer assemblies were missing, and that its barometric gear train was
moved easily with light finger pressure. Paint transfers similar to the paint used on
altimeter pointers were found on the dial face (needle slapping) and the "slap™ marks
corresponded to the 6,560-foot position on the altimeter dial.

The airplane’s radios and transponders were recovered by outside personnel and
were delivered to the wreckage collection site in the schoolyard adjacent to the Piper's
main wreckage Site, where they were examined by team members. The following
pertinent readings were observed:

The transponder was set to code 1200,

The No.1 navigational radio was tuned to 115.7 Mhz; this was the
published radio frequency of the Seal Reach VORTAC. The OMNI
Bearing Selector (OBS) was sot on 0913

The No.2 navigation radio was tuned to 112.2 Mhz; this was the
published radio frequency of the Paradise VORTAC. The OBS was

set on 0679

DC-9-32 - The mgjority of the DC-9% wreckage fell within an area about a 600
feet long by about 200 feet wide. The wreckage in this area had disintegrated and was
extensively burned. The largest piece of wreckage was a section of the lower aft
fuselage. Both engines were found in this area and examination of their rotating
components showed that both were operating at high power at impact.

Collision damage on the DC-9 was confined to the vertical and horizontal
stabilizers. Pieces Of the vertical stabilizer were scattered throughout the wreckage
ares. Pieces from the upper part of the vertical stabilizer were found near the Piper's
wreckage. Most of the pieces from the lower part of the vertical stabilizer were in the
DC-9's main wreckage site.
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Pieces broken from the upper part of the vertical stabilizer’s leading edge
were positioned in their normal relative locations to each other. Examination of the
repositioned area disclosed a propeller slice, which began about 20 inches below the top of
the vertical stabilizer and was about 7 inches left of the airplane% centerline. The plane
of the dlice was almost paralel to the longitudinal axis of the DC-9.

Recovered sections of skin from both sides of the vertical stabilizer were
examined. There was no evidence of impact damage on skin sections from the right side
of the stabilizer; however, some of skin areas from the left side had blue paint transfer
and tire marks. The blue paint color was consistent with the paint on the nosewheel
fairing of the Piper. The smear marks extended aft and upward at a 28° angle relative to
the rear spar of the vertical stabilizer and the marks were continuous with smear marks
on the left side of the rudder. A gouge on the left side of the rudder extended upward at
an angle of 28°relative to the rudder’s front spar. The end of the gouge crossed the top of
%he {udgder about 30 inches aft of its front spar and all of the rudder’s support hinges were

ractured.

The horizontal stabilizer separated during the collision and descended intact to
a location about 1,700 feet east of the DC-9's main wreckage site. The leading edge of
the horizontal stabilizer left side was crushed, battered, and torn in several areas. The
damage began about 1 foot outboard of the vertical stabilizer and extended to a point
about 13 feet outboard of the vertical stabilizer. Human remains, debris from the
fuselage skin, and insulation from the upper right area of the Piper cabin just aft of the
main door frame were embedded in this area of the DC-9%s horizontal stabilizer. In
addition to the damage described above, the left side of the horizontal stabilizer was
scratched and was smeared with white paint consistent in color with that of the Piper.
The scratches swept back from the leading edge at a 15° angle relative to the front spar
of the horizontal stabilizer. Y ellow and blue paint smears were also found at the outboard
end of the left horizontal stabilizer.

The horizontal stabilizer’s right side leading edge was crushed, but less than
the leading edge of the left side of the stabilizer. Between 20 and 40 inches to the right
and outboard of the vertical stabilizer, the lower surface of this leading edge was crushed
and dliced consistent with damage resulting from a propeller strike. The line defined b
the dlice swept back at an angle of 29° relative to the front spar of the horizont
stabilizer. Outboard of this damage, there were yellow paint smears and scratches on the
right horizontal stabilizer. The yellow paint color was consistent with the Piper’s yellow
ﬁamt and the scratch marks swept back at a 35° angle relative to the front spar of the

orizontal stabilizer.

1.13 Medical and Pathological Information

~ The captain and first officer of the DC-9 were killed by the ground impact
forces involved in the accident. Their bodies were fragmented too severely to permit
either an autogsy or toxicological test to be performed. The passengers and cabin crew
members on the airplane received multiple blunt force trauma injuries from the impact
forces and were burned in the postcrash fire.

_ The pilot and two passengers in the Piper were found in the remains of the
airplane's cabin; they were strapped In the left front seat, the right front seat, and the
right rear seat. All three occupants had been decapitated.
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An autopsy was performed by the Los Angeles County coroner on the pilot of
the Piper. With regard to the pilot’s general medical state, the medical examiner found
“generalized arteriosclerosis, slight to moderate and coronary arteriosclerosis, moderate
to focally severe with complete proxima occlusion of the main right coronary artery.”
The autogw report issued by the Coroner of Los Angeles County ascribed the death of the
pilot of the Piper to "multiple injuries due to or as a consequence of blunt force.”

The Armed Forces Ingtitute of Pathology (AFIP) also reviewed the autopsy
proteol and the heart of the pilot of the Piper. ith regard to their examination of the
pilot’s heart, the AFIP pathologists found severe coronary atherioselerosis but "o necrosis
or other evidence of acute myocardial infarction identified.”

_ Toxicological tests conducted during the postmortem examination of the Piper
B|Iot were negative for drugs and alcohol. The carbon monoxide saturation level was well

elow the levels required to produce incapacitation.

The AR-| controller agreed to and, on September 2, 1987, was tested for the
presence of drugs and alcohols; both tests were negative.

1.14 Fire
The DC-g-32 caught fire after it struck the ground. The postimpact fire

contributed to the destruction of the airplane. Te Piper PA-28 did not catch fire either
in flight or after it struck the ground.

1.15 Survival Aspects

The DC-932 was configured for a two-man flightcrew and 115 passengers.
Passenger scats were arranged into 23 rows of two seats located on the left side of the
cabin and 23 rows of three seats located on the right side of the cabin. A double aft-
facing flight attendant seat was in the forward cabin near the main cabin door; another
double forward-facing flight attendant seat was located on the cabin’s aft bulkhead. The
entire cockpit and passenger cabin area of the DC-9 was destroyed by impact forces and
subsequent fire. Only one passenger seat was found intact; it had been thrown clear of
the fire and had penetrated a garage door.

~ The cockpit-cabin area of the Piper PA-28-181 was configured with
side-by-side pilot seats and side-by-side passenger seats aft of the pilot seats. The roof
of the cockpit-cabin area was torn from the airplane and found away from the remainder
of the fuselage.

The accident occurred a considerable distance from any major airport and thus
response t0 the scene was the responsibility of municipal fire departments and law
enforcement agencies. Examination of the response times of these agencies showed that
they arrived at the accident scene promptly. For example, one Los Angeles County Fire
Department engine company received the alarm at 1153; at 1154, the engines were
dispatehed; and at 1158, the engines arrived on the scene.
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L16 Tests and Research
1.16.1 Visibility and Vision studies

A vishility study was conducted to determine the physical limitations to
visibility from the pilot and copilot seats of the DC-932 and from the Piper PA-28-181.
To accomplish this, the time histories of both airplanes flightpaths and attitudes, as
contained In the radar track plot, and the performance information on flight 498's FDR
were combined with binocular photographs 8/ of the respective cockpits. The viewing
angles for each airplane were then calculated and plotted at 5-second intervals in relation
to the design eye reference (DER) points for each arrplane’s windshields (appendix E). The
study showed that between 1150:56 and 1152:01, the Piper was about 15° to 30° left of
the DER point on the captain’s windshield and between 15° to 30° left of the DER point on
the first officer’s windshield. For the first officer, assuming that he did not move, the
Piper airplane was located on the airplane% center windshield and in an area where, for
about 50 percent of the time, he could see it with both eyes. Assuming the captain did
not move, the Piper was located primarily in an area where he could see it with both eyes.

With regard to the Piper pilot, between 1150:56 and 1152:01, the DC-9 was
about 50° to the right of the DER point and could only be seen by him on the far right side
of the coPiIot’s windshield. For someone seated in the Piper’s right seat, the DC-9 was
about 55° to the right of the DER point on the right windshield and, assuming no
repositioning of the head, would have appeared at the left edge of the right side window.
However, neither of the two passengers on the Piper had recelved any type of aviation or

scan training.
L16.2 Target Acquisition Performance

The ability of pilots to sight other airplanes in flight was evaluated during two
test programs conducted by the Lincoln Laboratories of the Massachusetts Institute of
Technology (MIT). These tests were part of a general research project and were not
conducted 