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MIDAIR COLLISION
FALCON JET DA-20, N121GW
AND
CESSNA 150M, N6423K
MEMPHIS, TENNESSEE
MAY 18, 1978

SYNOPSIS

About 1210 c.d.t. on May 18, 1978, a Falcon Jet DA-20, N121GW,
collided in midair with a Cessna 150M, M6423K, 3.7 mfles west of Memphis
International Alvport, oemphis, Tennessee. The Falcon Jet, which was on
an instrument flight rules flight plan, had an instructor pilot and
three students on board. An Instructor pilot and one passenger were
aboard the Cessna 150M.

The Cessna was VFR and was receiving Stage III radar service.
Both aircraft were under control of Memphis tower controllers and were
in radar and radio contact with the tower. The weather in the Memphis
area was: Scattered ciouds at 4,500 feet and visibility--6 miles with
haze.

The National Transportation Safety Board determinec that the
probable cause of this accident was the failure of controller personnel
to separate the alircraft as required by procedures established for a
terminal radar service area, to insuve that proper coordination was
effected, to issue appropriate traffic advisories, and the failure of
each flightcrew to see and avoid the other aircraft.
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1. FACTUAL INFORMATION

History of the Flighti

Falcon Jet

On May 18, 1978, a Falcon .Jet DA-20, NI21GW, was being operated
by Flight Safety Interaational, Inc., as a training flight. A Flight
Safety Internaticaal f1ight instructor and three Saudi Arabian students
were aboard. T.e Falcon was equipped with a transponder and an altitude
encoaing altimeter.

Fiight Safety International was under contract to the Saudi
Arabian Aiclines to provide flight training for newly hired Saudi Arabian
first officers. The training syllabus for that day called for nultiple
{nstrument approaches in the Yenphis traffic pattern. Each student
would f1y 1 hour from the right (copflot) seat. At tae end of each
hour, &-udents wruld change scuts on the downwird leg. Students not
flying would occupy the jumpseat and 2 seat in the cabin.

The instrucior pilot received a weather briefing from the

Memphis Flight Service Station (FSS) at 0820, 1/ and filed an instrument
t 1ight plan which specified a J-hour flight in the Memphis traffic
pattern at an altftude of 2,000 ft. 2/

e e preg o et

The Falccon departed runway 170 at 1007 and nade nmultiple
{nstrument approaches to runw> 174. Radlo contact was maintained with
the local controller (LC2) ind the final controller (AR6). The inst-uctor
pilot made all a{r-to-ground comnunications. The Talcon was under radar
control during the entire flight.

T R A s A el W e

At 1208:35, the Falcon began a gu-around from an instrument
landing systen (ILS) apprcach to ruanway 17R. 1C? clezred the flight
#  cJimb to two thousand, turn right heading three two zero.' The crew
acknowledged this {nstruction. At 1209:18, L2 advised the ¥Falcon,
"Golf Whiskey, give me a tight right turn now to three five zero to pass
behind the traffic.” ‘tThe trafiic LC2 was referring to was a light
aircraft whizh had deparicd Merphis Int :rnational Airport and was flying
to the southwest.

At 120¢9:51, when the Falcon was at 2,000 ft and clear ~f the
southwestbound traffic, LC2 visually inipected the LCI controllers BRITE
radar display, saw no corflicting traffic, and transmitted the following
fastructicn: '"Golf wWhiskey, turn back left-er-now heading three two
zero and contact approach on one LwO six point seven.” The instructor

1/ All times herein are central daylight, based on the 24-hour clock.
g/ All altitudes and elevations herein are mean sea level unless
otherwise specified.
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pilot acknowledged the new heading and frequency. This series of vectors
placed the Falcon downwind for runway 17R and in the LCl controller's
airsnace.

At 1210:04, the Falcon contacted the ARb controller and transmitted
""Memp>his Approach, Falcon one twenty oue Golf Whiskey two thousand."
AR6 responded at 1210:07, "Two one GW, radar contact fly heading three
five sers." At 1210:12, the pilot of the Falcon replied, "three five
zero, one two one Golf thiskey." This was the last transmissjon from
the Falcon. At 1210:19, the AR6 controller asked the Falcon, '""What do
ya want after this, another one?" The pilot of the Fal:on did not
recpond,

According to the AR6 controller, shortly aftar the 1210:19
transmission, while looking at his radar display, he saw the Falcon
begin a left turn to the northwest on a heiding of about 320°. ARG6
later stated that he was rot concerned about the unauthorized turn
because training flights "...sometimes...make turns that they should not
make or are not instructed to make.'" Seconds later, AR6 saw a primary
radar return at the Falcon's 11 o'clock position at a distarce of less
than 1 mile. He made no attempt to issue a warning to the Falcon,
because he believed that the uwo aircraft wevre at different altitudes.
The AR6 controller watched the targets merge and then saw the data block
from the Falcon go into a coast mode.

The last transponder return froem the Falcon was recorded at
1210:22. At 1210:32, a single primary radar return was recorded.

At the final impact, the Falcon's headlng was 331° and the
aireraft was in a 306° to 40° bank te the right.

Cessna 150M NES 23K

[ S — ——

Cessna 150M, N6423K, was being operated by the Memphis Flying
Club. The pilot-in-command was a flying club instructor pilot; he was
givi -g a familiarization flight to a prospective student before beginning
a fiight training program. The imstructor pilot did not file a rlight
plan and was flying under visual flight rules (VFR). He did not request
a weather brieting. The aircraft was ool equipped with a cransponder,
nor was onc required.

The Cessna departed Memphis Interrational Alrport at 1124 and
proceeded west to West Memphis Alrport. According to the owner of the
aireraft, the tastructer pilot was in the right =eat of the aircraft
whon the flight departed Memphis International Airport.

After a brief stop, the Ccssna departeC West Memphis Afrport
at 1159 to return to Mcmphis International Afrport. At 1205:47, the
pilot of the Cessna contacted the final controller (AR2) at the Memphis
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tower and requested landing instructions. At 1207:05, AR2 advised the
Cessna, '"Radar contact, fly heading one t:o zero, nraintain two thousand,
and expect to enter a left downwind leg for two seven over the termiral."”

At 1209:17 AR2 called the local controller (LC1l) on the tower
interphone and transferred cortrol of the Cessna by stating, "Primary
carget just south of Aulon." 3/

At 1209:25, AR? trausmitted, "Cessna two three Kilo, maintain
2,000, enter downwind leg over terminal bvilding for two seven, contact
tower one one eight point three, good day."

T, . Cessna contacted LC1 at 12u9:5b and renorted "...six four
two three Kilo on a downwind for two seven."

At 1210:02, LCl transmitted, "Enter left Jownwind, ./ind one
two zero at four,”" and at 1210:06, the Cessna acknowledged the transmission.
This was the last transmission from the Cessna. According to thz LCI1
controller, “e chen turned his attention to atrcraft on the east side of
the airport. The LC2 controller directed the LC1 controller's attention
back to the Cessna by acking him iy he had traffic to the west of the
alrport. LC! advised that he had jnbound traffic at 2,000 ft. He
looked at the BRITE radar display and saw the Cessna radar target within
1 nile of the Falcon's transponder return. At 1210:33 LC1 attempted to
issue a traffic advisory to the Cessna. He transmitted, "and two three
Yilo ..," and then saw a fireball near the aircraft's position.

The planes had collided in midair during daylight hours 3.7
miles from the Memphis Internmational Airmort. Coordinates at the
collision site wers latitude 30° 03" 04"N and iongitude 90° 02' 05"W,

Ground wituesses reported the weather in the area as clear or
clear and hazy. Those who observed one or both of the aircraft saw the
aireraft clearly. They saw no maneuvers before the collision which
could be considered evasive. All witnesses reported a flash or a fireball
followed by a loud explosion., After the enplosion trney saw falling
debris and the ¥alcon.

According to the witnesses, the Falcon continued straight and
lerel for a few seconds when a fireball engulfed the aircraft just aft
of the cockpit. The Falcon then turned to the right, rolled on its
longitudinal axis, and dove to the ground.

PESEE———— e ]

37_ Aulon is an Outer Compass Locater 4.2 miles west of the departure
end of runway 27.
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Afr Traffic Control

When the planes celiided, there were four controllers and a
supervisor on duty in the Memphis tower cab, wncluding LC1 and LC2. &
The supervisor was working at the Cround Control-2 position at the time
of the accaident.

The loczal controllers, LCl and LC2, were responsible for
controliing traffic in che airspace within a 5-mile radius of the
airpere frem she sumface to 2,060 feet. LCl, wha contrclled operations
on runway 9/27, wes assigned the airspace east and west of the airport.
The airspace north and south of the alrport was controlled by LC2, who
was responsible for aircraft operations on runways 17L/R and 35L/R. 1ICi
ard 1C2 were physicaily located within 10 ft of each other but orerated
on sepa.ate frequencies. (See figura 1.) On the day of the acciaent,
L€l and LC? assumed their operating positions at 1150.

¥inal controllers AR2? and AR6 were in the IR room lecated
below tne tower cab. They also controlled aircrat: on different frequencies.

Control of the Falcon -- The Falcon was being controlled by
.C2 and ATS during the entire neriod as the aircraft made rultiple
instrunent appreaches. At 1209:51, when LC2 trans‘erred control of the
Falcon to AR6, he did not verbally coordinate the transfer with LCL.
Instead, he looked at the BPITE radar display, saw no conflicting traffic,
and instructed the pilot to contact AR6., When AR6 received the Falcon
on his frequency, he assumed that the coordination tewween LC1 and LC2
had been s:complished. He then lcoked at rthe airspace ahead of the
Falcon's carget for traffic that night conflict with the Falcon's assigned
vector of 359°; he saw none.

Abouc 1210:&9, LR6 saw the Falcon begin an unauthorized turn
to 120°. He nade no attempt to correct the heading, because (1) the
turn did not put the aircraft out of position for subsequent vectors;
(2) inftially, ne was not aware cf any conflicting traffic; and (3) he
vnew that the Falcon was a training flight and ascumed the turn was made
by a student under the supervision of the instrucior pilot.

ine AR6 controller testified that seconds after the Falcon
began the left turn to 320°, he first saw the prirary return of the
Cessna. Although the two targets were within 1 mile of each other and
on a converging course, he was not concerned because he helieved that
the aircraft were at different altitudes. /fdditionally, ARG wes accustoned
to seeiug primary targets in that area since low-level helicopter traffic
frequently operated west of the airport and VFR tvaffic passed over the
Memphis Terminal Radar Service Area {(TREA) at that point.

4/ There were four authorized visitors in the tower cab at the time of
the accident. The visitors were standing by the cab door aad were
not. talking to anyone.
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Control of the Cessna -~ AR2 astabllshed radar contact with
the Cessna at 1205:47. The primary radar return of the Cessna was
strong when fnitial contact was establishec. However, as the aircraft
moved closer to the airport, the size of the return diminished. When
ARZ handed off the Cessna to LCl at 1209:17, the primary radar return
was smaller, but very discernibile.

The LC1 contrcller stated that when he accepted control of the
Cessna at 1210:02, he saw no conflicting traffic on the BRITE display
aheac. of the afrcraft and he dJd not recall feeing the transponder
return of the Falcon. He stated that he did not reca.l che Falcon
passing through his sector before the accident nor did he recall any
refer:nce to its flight operation wlzn he was briefed before assuming
tie position. He was not aware that the Falcon was being vectored to
traverse his airspace at 2,000 ft. After LC1 gave the Cessna landing
instructions at 1210:02, he turned his attention to other aircraft on
the east side of the airport. LCl1 was nnt aware that the Falcon was in
his afrspace cntil about 1210:20, when 1.2 asked LC1 1f he had traffic
to the west. At this time, he looked back to the BRITE radar display
and saw the radar returns of tie two afrcraft vithin 1 to 2 miles of
each other and on a converging path. LCl attempted tu issue a traffic
advisory to the Cessna, but as he looked out, he observed a fireball to
the west of the airport. LCl's only observation of the Falcon was on
the BRITE radar display just tefore the collision.

1.2 Injuries to Persons

Injuries Crew Passengers

Fatal 1
Serfous 0
Minor/Nonc 0

Damage to Alrcraft

Both aircraft were destroved.

Other Damage

Falling debris fror. the Cessna danaged a trailer.

The debri{s from the Falcon was scattered over undeveloped and

which bordered an industrial park. Three brush fires and limited ground
damage resulted from the debris.

1.5 Crew Igformatioq

The crew cmbers on both aircraft were qualified and certificated
for the respective flights: all had recefved the training required by
current regulations. (See Appendix B8.)

T R ORI Y S P e L
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The instructor pilot of the Falcon, who had instructed for
Flight Safety [ncernational for about 1 1/2 years, was considered an
excellent instructor. According to Flight 5Safety International personnel,
he was a *horough, patient instyructor, w:u was quick to point out mistakes
made by his students. 7%Three Saudi Araoian studeat pilots fnterviewed
stateu that he was a "vary good" instructor ana that he worked well with
the Saudi students,

iccording t- the imstructor pilot's wife, he had retired at
2200 on the night befrre the accident and aror2 at 0700 on the morning
of the accident. After breakfast with his f.nily, he left for the
airport at 0800. He was in good health and spirite the morning of tte
acc dent.

The instructor pillot of the Cessna was a part-time fligh*
instructor. He vetired at 22350 on the night before the accident and
arose at 0700.

1.6 Aircraft Information

The Fal:on Jet DA-20 was owned and operated by Flight Safety
International; Inc. It was certificated, maintained, and equipped Za
accordance with rurrent regulations and procedures. The weight and

balance and center of gravity were within the prescribed limits at the
time of the accldent.

Tue Falcon was all white with horizontal gold, white, and blue
stripes along “he rain fuselage below the window line and on the cuthoard
sides of the engiie cowling., The vertical stabtilizer leading edge was
b.ue with whit.e and gold stripes on each side. The Falcon did not have
strobe lighls, bLt was equipped with anticollision lights or the vertical
stabilizer a.d on the becttom of the fuselage.

The Cessna 15JM was o'med by Mr. Carlyle C. Wolf and operated
by the Memphis Flying Club, It was certificated, maintained, 2nd equioped
in accordance with current reguiations. The weight and center ~f gravity
were within prescribed limits at the time of the accident. Ths Cessna's
lower fuselage, wings, ctruts, horizcntal stabilizer and elevators,
vertical stabilizer, and rudder were white. The wingtips, unper engine
cowling, and upper fuselege were red, The Cessna was not equipped with
strobe 11izhts, but was equipped with an anticellision light on the
vertical stabilizer.

1.7 Meteorsviogical TInformation

In the Memphis area, there was a low scattered layer of
stratocunulus clouds with a high cirrestratus overcast., Visibility was
reduced by hazec, and winds were southeasterly at less than 10 kas.

There were scattered rain showers and thunderstorms in the area, hut not
in the immediate vicinity of the aicpmnt,
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The surface weather observation from Memphis Internatinnral
Airport ar 1157 wvas: Clouds--4,500 ft scattered, ceiling--estimated
25,000 ft overcast; visibility--6 miles, haze; t.aperature--75°F.;
dewpoint--61°F.; wind--120° 8 kns; altimeter--30.11 in.

Radiosonde soundings had been taken by the Natfonal Weather
Service at Nashville and Little Rock at 0700 and 1900. At 0700, the
soundings showed a subsidence iaversion at 6,200 ft over Nashville and
at 8,500 ft over Little Rock. At 1900, the ifnversion was at 6,900 f¢
over Nashville and at 6,800 ft over Little Lock.

A pilot repert, given to the Memphis FSS at 1130, {andicated
that the top of the haze layer was 6,500 fi. This report was acde from
150 miles aortheast of Memphis.

At the time of the accident, the sun wac at an elevation of
71° above the horizon with an azimuth of 142°. The accident occurred
during daylight hours.

1.8 Aids to Navigation

Not applicable.

Communications

There were¢ no ccormunications problems.

1.10 Aerodrome and Greand Facilities

Memphis International Airport, elevation 332 ft, was certificated
for air carrier operations under 14 CFR 139. The primary air carrier
rurvays were 17L/35R and 17R/35L. A new terminal complex was lorated
nztween the two parallel runways.

;é
r
§

~hLe new runways and terminal were situated southwest of the
original alrport complex. The primary runway of the original airport
was rurway 9/27. The other runways in the old cumplex were closed for
aaintenance en the day of the accident. According to local air traffic
control (ATC) directives, pllots were to fly right-hand traffic patterns
for runway 17R and left-hand traffic patterns for runway 27. The traffic
pattern altitudes for IFR operations were 2,000 ft fcr runway 17R and
2,500 ft for ruaway 17i.. Different controllers control aircraft moveuents
on the pew and old runway complexes, and they use separate frequenciles,
Procedutrally, the north and south portions of Memphis International
Afrport are contrnlled as though they are two separate alrports.

Under the National Airport System Plan (1974-1987), Memphis
International Afirport is served by four desigrated reliever afirports.
Of the four airports, only one, West Memphis Afrport, hay facilities for
instrument training. However, West Memphis Afrport has only a VOR, nct

115 approdch facilities.
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At the time of the accident, Memphis tcwer radar and associated
equiprent were operating properly. The Mewmphls tower utilizes ASRS
radar whick is located on the airport. The antenna spced is 12 1/2 rpm.
The facility has ARTS IIT equipment in operation, but no recording
devices are available to record computer data, Additicnally, Memphis
tower has no terminal conflict alert system in operation,

The Memphis tower facility contained a terminal radar control
facility. The ATC tower cab and the radar room are located in the tower
near the center of the airport between runways 17L/R. The tower cab is
about 190 ft above the airport suzface. Local controllers can see the
operating surfaces of the north and south airport areas.

Memphis Air Route Traffic Control Center (ARTCC) has a radar
site 20 miles southeast of Memphis International Afrport. Memphis ARTCC
radar has a recording capabflity and an antenna speed of 6 rpm. The
radar data from Memphis ARTCC were used to establish flight tracks for
the accident aircraft. However, th. data do not reproduce the exact
picture of what the torr controllers saw on thelr radar displays.

A Depict Log Plot was requested from Memphis ARTCC for the
period 1205:00 through 1213:00 for code 5511 (transponder code assigned
to the Falcon and for primary radar returns). The plot was made each
30-second interval.

1.11 Fl42ht Re~orders

Neither aircraft was equipped with £light recorders, nor were
they required. .

1.12 H;eckage

The wreckag: of both aircraft was confined to an area 1,300 ft
wide and 2,300 ft long on a magnetic heading of 331°. (See Appendix E.)

No evidence of preexisting structural damage or control
nalfunctions was found on either aircraft.

Cessna 150

The Cessna 150 fragmented before ground impact. The right
wing, which separated from the fuselage, exhibited a concaved leading
edge just outboard of the right wing fuel tank. Blue paint scuff marks
were noted at various locations on this wing leading edge.

The outboard 1£.5 inches of the leading edge separated from
the wing. This plece of ihe leading 2dge was recovered along the
wreckage path., The lczding edge had a3 large circular depression which
was centered 84 to 90 inches inboard of the wingtip. The leading edge

Y e e ne e e v ot W e ST Nl
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in this area was bowed upward, and blue paint rcufi marks were found on

the lower side of the depression. The leading edge exhibited another
smaller circular depression 53 to 60 irches inboard of the large depression.
The inboard depression started 2 to 3 inches nutboard of the right fuel
tank.

The inboard depression was checked by placing the righr Cessna
wing adjacent to the left wing root leading edge of the Falcon Jet. The
Cessna wing depression matched closeiy the leading edge of the Falcon
Jet. The outboard larger depressfon with the blue pzint scuff marks had
a radius similar to that of the Falcon Jet fuselage immedfately above
the Falcon Jet wing.

The top area of the engine case exhibited two souge marks
about 2 inches aft of the forward end of the case. These marks ran
diagonally across the engine centerline from left to right and arv as
viewed 1ooking aft from the front of the engine. Tho first nark measured
40° and the second mark measured 30°.

The only instruments recovered {rom che Cessna 150 were the
altimeter and the directional indicator. Only the face of the z2itimeter
was recovered; there were no pointers. The setting was 30.8-; all
further readings had been obliterated. The directional indicator preovided
a heading of 108° when matching damages within tne unit were placed
beneath the lubber 1line.

Falconu Jet

The Falcon Jet came to res~ on a magnoetic beading of 310°%.
It was relatively intact before ground fmpact. Most of the wreckage
a_ong the wreckage path was from the forward passenger cabin area
betwean the main entry door and the right fuselage emergen.y exit
window.

Evidence in the wreckage established that the wing-droop
leading edge devices, speed brakes, trailing edge flaps, and landing
gears were retracted. The Falcon Jet stabilizer trim setting was a 3°
airplane-nosedown trim.

Detailed examination of the forvard portion of fuselage revealed
red paint scu: f marks just aft of the nose gear between fuselage frame
(FF) 6 and FF9 about the 5 o'clock position between fuselage stringers
20R and 22R as viewed lcoking forward. The scuff marks ran diagonally
from left to right and aft. These scuff ~-rks were at an ang.a of 26°
to the nearest fuselage stringer centerline. A large plece of the
fuselage near FF1? exhibited scuff marks which were measured at a 20°
angle from the fuselage centerline to the nearest stringer.




- 12 -

Several {interfor components and the lower fuselage structure
between FF12 and FF19 were recovered along the wreckage path. Thrae of
the fuselage structure pleces exhibited red paint scuff marks. The red
paint scuff marks were located from the 5 o'clock to 7 o'clock positions
tooking afe along the fuselage.

The left wing leading edge, from the wing/fuselage root fairing
outkoard to vib 5, was broken Into pieces of various sizes, Extensive
red paint scuff narks were found on the lower skin surface. The red
scuff marks extended outboard at 70° from the wing root rib for a distance
of 69 inches. The scuff marks extended from the leading edge lower
surface art to the forward edge of the skin panel Just forward of the
rYear spar. The rved scuff marks were measured near the leading edge and
near the wing root rib. This an,le measured 27° from the wing root rib
direction. The scuff mark angles after the inftial impact point showed
varied inconsistent angles,

The two engines were partially attached to the aft fuselage,
and the engine inlet sectfions were burfed 4 ft in the ground. The angle
of impact for the aft fuselage section was atout 60°.

All flight control surfaces were accounted for. All fractures
observed were typical of those caused by overloads. All the flight
instruments were burned severely, and no numbers could be read. The
flight directors an che pilot and copilot sides of the Instrument panel
indicated right banks of 40° and 20°, tespectively., The radio magnetic
indicacor from the copilot's panel indicated a compass card heading of

under the lubber line,

Medical and Pathological Informat{on

Postmortem examinations and toxicological analyses showed no
evidence of Prefmpac. fincapacitation of any of the crewmembers, Occvpants
of both afrcraft sustafined nultiple blunt force trzuma.

1.4 Fire

There were postimpact fires only, They were limited to small
brush fires and the wreckage of the Falcon: they were extinguished by
local fire units.

1.15 Survival Aspects

The accident was not survivable.

Tests and Rescarch

Visibilfity Study

A visibility study was conducted to determine the field of
vislon rrom eac1 cockpit. Although collision geonmetry was reconstructed
for the final 9. saconds of flight, only the final 47 seconds of flight
was studied.
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The study was conducted based on the following agsumptions:

Hagnetic Attitude
Alrcraft Altitude Headirg Roll Pitch

Cesena 150M 2.000 ft 97° to 129° Straight Level
falcon PA-20 2,000 to 2,100 €t 323° to 350° From 25° From 5°
to noseup
Straight to 5°
nosedown

The aircraft were about 1.3 miles apart 16 seconds before the
assumed point of impact. The visual sight angle from the Ceosna to the
Falcon Jet was about 26° to the right. The visual sight angle from the
Falcon Jet to the Cessna was about 21.5° the left. The closure wate
between the aircraft was about 250 kns.

Binocular photographs,<2/ taken from the cockpits of a Falcon
Jet DA-20 and a Cessna 150, were prepared by the Federal Aviation
Adninistratfon's (FAA) National Aviation Facility Experimental Center.
These photographs, which are the basis of the cockpit visibility diagrans,
were used as an aid to determine if the cockpit structures interfered
with the detection of the other aircraft. (See figures 2, 3, and 4.)

All reference to angles and locations of aircraftr targets are
based on the zero eve reference point. Had the seat occupants moved
their heads or torsos, their eves would have been In different locations
and the visibility of the other afrcraft wouvld have been different from
that shown on the diagrams.

1.17 Additional Information

1.17.1 Flight Safety International Training Syllabus

The students Iin the Falcon Jet were being trained under contract
for Sa:di Arabian Airlines, The purpose of the program was to provide
initfal pilot training and an FAA pilot certificate with commercial,
single and multiengine, instrument ratings. The three students, who
were in the final stages of the training program, had received this
training and the ratirgs during the {nitfal phases of the program. This
final phase was to transition the students into jet aircraft before
entering the Saudi Arablan Afrlines B-727 first officer training program.
For this reason, the students were being trained to fly from the right
seat. Since the train .g program censisted of multiple instrument
approaches, it was possible that a vision-limiti:g device (hood) was in
place in front of the student pilot in the right seat.

S5/ A dual lens camera was uved to record a panoramic view from the
design eye roference point from each cockpit seat. These binocular
photographs show the field of visfon of each seat occupant based
on his fixed-eye reference point.
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According to a spokesman for Flight Safery International, the
{nstruction being given r* the time of the acaident consisted of 1 hour
of flight training for each student on board to assure that the student
understood instrument flight technique: and methods used to mancuver tne
aircraft for different fnstrument approaches; cmergencies were not
{ncluded. Instrument depactures were flown to a given holding fix at an
appropriate holding altitude. Flight in a holdinpg pattern and then
departures from the holding pattera and transition to a requested
fnstrument approach flx were practiced. TILS, VOR, ADF, and ILS bazk
courie aprroaches, missed approachaes, and ouch-and-go landings were
also practiced.

Flight Safety International stressed the students-not-flying
vesponsibilities in observing cockpit tratning and in looking for othe.
afreraft. Before the first flight of the training day, the Instructor
pilot would brief the students on emergency procedures and “see-and-
aveld” techniques. The student-not-flying or the jumpseat was responsible
for looking for zorflicting traffic.

Except foc during seat changes and while on the runway,
students fly the aircraft from the right seat at all times during the
training scssion. Students normally changed seats on the downwind leg
after 1 hour of training was completed.

1.17.2 ATC Procedures

The Memphis International Airport has a designated TRSA., The
purpose of the TRSA is to proviie radar separation between all participating
VFR aircraft and all IFR afrcraft operating within the TRSA through the
use of Stage 111 radar service.

The designated TRSA afrspace for Hemphis International Airport
(a) Surface to 8,000 ft within 5 miles of the afrport.

(b} 2,000 ft to 8,000 ft within 10 nni of the airport,.
(c) 3,000 fr to 8,000 ft within 15 nai of the afrport,

The Alrman's Information Manual (AIM), 'Basic Flight Information
and ATC Frocedures,” explains the services availatle to pilots under
Stage LIl service--radar sequencing and separation service for VFR
atrcraft. The AlM states, "Within the TRSA traffic information on
observed but unidentified targets will, to the extent possible, be
provided all IFR and participating VFR aircraft.”" In addition, the AIM
1ists, under "Pilot's Responsibility,” the following:

"TRESE PROGRAMS ARE NOT TO BE INTERPRETED AS RELIEVING
PILOTS OF T..EIR RESPCNSIBILITIES TO SEE AND AVOID CTHER
TRAFFYC OPERATING IN BASIC VFR WEATHER CONDITIONS...."
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14 CFR 91.67, Right-of~Way Rules, states: ‘When weather
conditions permit, regardless of whether an opevation is condvcted under
Instruzent Flight Rules or Visual Flight Rules, vigilance shell be
mafutained by each person operating an aircraft so as to see and avoid
other alrcraft in compliance with this section."

e e e L T

The PAA provided guldance for air traffic controllers in
Bindtook 7)10.%55A, Alr Traffic Contrcl, dated January 1, 1978, Tiis
Handbook lists specific procedures and requirements for controllers
handling traffic in a Stage II1 TRZA.

. Within a TKRSA, Stage III service is mandatory ca the controllers'
part ualess a pilot declares that he does not want to participate in the
Stage III service, Stage III service requires that radar or vercical
separatfion be maintained until visual separation between the aircraft i3
gained. Vertical separationr in the TRSA is 500 ft between VFR afrcraft
and an 1FR aircraft. Radav separation i3 a minimum of 1 1/2 miles.

B T VX COPLYPCUUNISS WO T TR

In the Handbook, Chagrer 3, Section 18, "Additional Services,"
Paragraph 510 states, "Provide additional services to the axtent possible
contingent only upon your capability to fit i: into the per.>rmance of
higher priority duties,...”

Paragraph 510A, Note, ''The primary purpose of the ATC syster
is to prevent a collision between aircraft operating in the svscem....
The provision of additional services is not optional on the part of the
controller, but rather is required when the work situation permits."”

Yaragraph 511, TRAFFIC INFORMATION, states: 'Unless an alrcraft
is operating within posftive controlled airspace or omission is requested
by the pilot, issue traffic informatfon to atrcraft on your frequency
vhen in your judguent their proxinity may diminish to less than the
applicable separztion minima."

1.17.3 Memphis ATC Tower Procedures

The facility had established procedures to permit IFR and VIR
traffic to operate simultaneously tfrom the north and socuth runway
complexes. Flights operating under IFR frequently conducted multiple
instrument approaches for training purposes. There were no special
facility procedures published for that type of operation, and therefore,
standard control procedures vere applicable. These procedures required
that the aciivities of the flights be coordinated among the contrcllers
who were responsible for the airspace to be used,

The common proceddre utilized for the runway 17R traffic
pattern operatior was for L2 to vector the aircraft to a v2st or northwest
headfing ac 2,000 ft and then transfer control to ARG, who would sequence
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the atrcraft for another approach. The controllers used this procedure
during the 2 hours 3 minu%zes that the Falcon Jet flew in the traffic
nattern for runway 17K.

The geographic layout of the airport dictated that an aircraft
maling multipie instrument approaches co ruaway 17R would have 1o fly
thrcugh 1.Cl's airspace on the downwvind leg. Therefore, coordination
between the LCl .nd LCZ was mandatory to sepavate traffic,

A rab ccordinator position (C7) was established to coordinate
the activities of LCl and LC2. However, this position did not have to
be manr.d when, in the judgment of the tower cab supervisor, the air
traffic could be handled safely by LC1l and LC2. When the CC position
was unmaanad, LCl ard LC2 vere responsible for coordinating their owr
tasks. On the day of the accident, the CC positicn was manned uatil
1111. At that time, the supervisor left the position vacant to provide
for the controller's lunch and reli~f breaks. In his opinion, the
overall facility traffic was 1ight. The LC2 stated that he believad the
craffic sfcuation at the time of the accident was moderate tc heavy,
whereas AR6 and AR2 could recall handling only one or two other aircraft.
L2 hz: made 23 transmissions in 2 minutes 42 seconds involving 7 alrcraft,
(See Appendix D for transmissions made by LC2 from 1207:21 to 1210:03.)

LCYl and LC2 could coordinate their tasks through communications
over the interphone or by direct conversation within the tower cab. The
controllers stated that visual coordinatfon was also possible, Visual
coordinction takes place when a controller wishing to vector an aircraft
into another contcoller's airspace louvks at the 3RITE display to see if
there is conflicting traffic in the other sector. He then vectors his
afircraft into the other controller's airspace without informing that
controller. However, if visual coordination is employed, the controller
initiating the vector is responsible to provide separation for the
afrcralt from all observed radar traffic while the aircraft is in the
other con*roller’s airspace. Although verbal coordination was effected
on the previnus approaches of the Falcon Jet, at the time of the accident
visual conrdination was employed.

1.17.4 Relative Flightpaths of the Falcon Jet and the Cessna 150.

The flightpath of each alrcraft was determined from data
reccived and recorded on Memphis ARTCC radar processing equipment for
1 1/2 minutez preceding the collision. The data showed that the Falcon
ha4 completed a right turn to a course of 350° magnetic a little more
than 30 seconds before ifmpact. The aircraft then drifted to the left.
The last transponder return for the Falcon Jet on the assigned code 5511
was recorded at 1210:22 at 2,100 fr. The course during the 10-second
interval between the final tw: transponder ret:ras was 310° magnetic.
The distance between successive transponder returns showed the groundspeed
for the Falcon to average 191 kns.
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The Cessna was not cquipped with a transponder. Primary radar
returns showed that the alrcraft maintained an avernge course of 124°
nagnetic between 1209:0: and 1209:31. The final peimary retarn received
at 1209:51 showed that the aircraft had turned or was turning co the
leit. The average course during the 20-second interval beuween che
final two radar returns was 10C° mapnetic. The distances bLetween
successive radar returns were not consistent; howvever, the groundspeed
averaged 100 kns between the first plotted radar positiorn .n2 the position
of {mpact.

Although the precise time of i{mpact could not be determined, a
single pvimary radat return was recorded at 1210:3”, There was no
transponder reply corresponding with this return. The rosftion was 223°
magnetic from the last transponder return for the Falcon Jet (1239:22)
and 087° magnetic from ihe last primary return from the Cessna (1209:50),

The wreckage of both alrcraft exhibited disti..t scratches or
gouges which were used to determine relative headings and atrspeeds at
the instant of impact. The comparison of the location and direction of
the scratches relative to the recspective fusclaye centerlines indicated
that the Falcon Je: was banked about 35° to the right at the time of
fnpact end that the Included angle between the aircraft headings was
about 126°. (See figure 5.) The speed of the Falcon Jet was about 1.75
times the speed of the Cessna.

Based on the communications from *the local controllers to both
aircraft, on radar data, on the scratch-mark analysis, and on the wreckage
orientation, the Falcon Jet was probably returning to its assigned
heading of 350° and pascing through 331° when it was hit. This conclusior
is suvpported by the 330° heading irdicited on the copilot's radio magnetic
indicator. Although the damage to the directional indicator on the
Cessna would imply that the aircraft was on a heading of 108° nagnetic,
it appears more likely that its headiny was about 097° -raenetic, That
heading correlates with the scuff narks on the wreckage, the radar
position plot, and the hecading which would be expected had the aircraft
been proceeding to the position for a downwind eut:v for runway 27,

Based on reported wind velocities and direction, .rue airspecds would
have been about 185 kns for the Falcon Jet and 105 kus {or the Cessna.
This collision geonetry {ndicates that the planss collided 3 or 4 seconds
before the single primdary vadar return was receivad at 12106:37.  {(Sce
Appendix €.}

1.18 New Irvestigative Techniques
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Figure 5. Relative positions of aircraft at impact.
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2. aNALYSIS
The pilots weve certificated properly and were qualified tor
the flights. There was ne evidence that medical factors nmight have
affected the flishtcrews' perfornance.

The aircraft irvolved were equipped and maintaired in accordence
with regulations.

The lowest reported cloud layer in the vicinity of the accident
was a scattered layer at 4,500 ft above ground levei {2.g.,1.). Since
the surface visibility was 6 miltes, both afrcraft were operating clear
of the clouds in visual metecrological condftions. With tue inversion
reported at 6,500 ft a.p.1. che vistbilicy at 2,000 ft should rot have
been significantiy less than the surface visibllity, However, some
reduction in Fligut visibility caanot be completely discounted, and a
flight level visibility of 5 miles was possible at the time of the
accldent. The elevation angle of the sun was too high to interfere
significantly with flight visibilivy, particularly with the diffusing
effects of a cirrus overcast. The hsze and sunlight were involved only
to the extent that they would have caused colors to blend and contrasts
to diminish, which would have made identificatior of an approaching
alrcraft more difficult.

T P e Rl A 1 Wb 0 i R s o AL 4o 1k e A ke n

The correlation of the radar data and other data indicate that
the heading of the Falcon Jet was sbout 310° for the last 10 seconds of
flight before the collisicn. Radar data stowed the Cessna's final
aeading to be 097°.

The Falcon Jot was in a 30° to 40° right bank when it collided
with the Cessna. Scratch marks, gouge marks, and aepressions on afrcraft
debris substantiate that the Cessna and the Falcon Jet first nade contact
o1 the lower left side of the fuselage of the Falcon. The steep bank
indicated by this evidence corresponds with the right banks of 40° and
20° or. the flighc directors located in the wreckage. As a .esult of the
right bank in tae final seconds, the heading of the Falcon when the
planes collided was move than 330°., Basad on the known heading of the
Cessna, which was stralght and level when the planes collided, and the
ueasured scratches and gouges, the Falcon Jet's heading when the planes
collided was about 331‘. The horizontal ~ollision angle between the
longitudinal axis of the two alrcraft was 126°.

L

it

Forty-seven seconds before the collision, the Cessna 150M
would have been about 6.5° to the right of both the student's and the
instructor pilot's zero reference points. This position affordea an
unobstructed view of tha Cessna, although the Falcon was in a 25° bank
to the right and the aircraft were about 3.5 niles apart. This wvas the
only time that both pilots in the Falcon had a comnletely unobstructed
view of the Cessna. The Falcon rolled level and then into a left bank
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as it continued toward the point of impact. From the 47-sacond timeframe
until impact, the crew of the Falcon could se2 the Cessna only monocularly
i{f neither the student nor the instructor pilot moved his head away from
the zero reference point.

At 16 seconds before impact, the Cessna was about 1.3 miles
from the Falcon and 21.5° to the left of the student pilot's zero
reference pcint. The Cessna could have been detected monocularly since
the windshield post partially obscured the Cessna from full binocular
vision. 1If no hood was in place, it was possibl: that, for the 16
seconds before impact, the student pilot had an uncbstructed view of the
Cessna.

The instructor pilot's view of the Cessna was probably partially
obscured for the final 47 seconds. During this time, the Cessna would
have been between the front windshield and the side window, and the
windshield pust would have restricted binocular vision. However, the
{nstructor pilot could have seen the plane monocularly during the time
neriod and could have seen it clearly if he moved his head from the zero
reference point.

The view from the jumpseat was completely obstructed from 45
to 36 seconds before impact, and was periodically obstructed from 36
seconds until 6 seconds before impact.

The instructor pilot in the right seat of the Cessna would
have had an unobstructed view of the Falcon frem 77 seconds through 57
seconds before impact. The Falcen would have been within 3° of his zero
ceference point; however, the Falcoan cculd have been between 4.1 and 5.2
miles away and the Cessna imstructor pilot may have intarpreted the
Falcon as being in the airport traffic pattern and not on a converging
path.

, From the 57-second point until impact, the Falcen would have
been in the right corner of the instructor pilot’'s windshield. In this
position it would have been partially obscured for most of the time.
However, the Falcon was visible monocularly.

The left seat occupant would have had a completely unobstructed
view of the Falcon for 87 seconds. The Falcon's target would have
ranged €rom the zero reference point to 30° right of that point.

In order to understand the events of this accident, it was
necessary to analyze the see and avoid aspects as well z2s the faillures
of the ATC system. The crevs of the Falcon and the Cessna were responsible
to "see and avoid" any aircraft which could present a midair hazard
according to 14 CFR 91.67 and the AIM. However, the Safety Board recognizes
the practical drawback to the effectiveness of see and avoid in a high-
density terminal area. The practical effectiveness of the see and avoid
concept is further limited by the reliance of the pliot on the ATC
system to provide radar separation,
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The Safety Board believes that in a TCA or a TRSA, which are
established to provide radar separation to alrcraft, a pilot should be
able to rely on the ATC system for accurate and timely traffic advisories
and separation. Ultimately, the ATC system should be able to provide
complete radar separation through the use of improved technology and
refined procedures. Until that time, however, the see and avoid concept
must remain an integral aspect of the total air traffic system in order
to provide a backup to the possibility of human or system error in the
ATC systen.

At the present time, the Board belisves that while the controller
assumes an increased responsibility for radar separation in a TRSA or
TCA because of the equipment available to him, the responsibility of the
pilot for the safe operation of his afrcraft is not diminished.

Although both aircraft were visible at various times to each
flightcrew, conditiors existed which may have resulted in the failure of
the pilots to detect the other alrcraft. These conditions were:

o They may have relfed too heavily on the ATC system to

provide separation services and traffic advisories.

o The pilot of the Falcon may have been actively conducting
flight training while the instructor pilot of the Cessna
may have been orfenting his passenger to the Memphis
Airport and surrounding ground features.

The instructor pilot of the Falcon was in the left reat;
therefore, any conversations he conducced would havr
been directed to the right side of the cockpit.

The instructor pilot of the Cessna was in the right seat
and would direct his conversations to the left side of
the cockpit.

The target would have been viewed through haze, which
would reduce one's ability to descern shape, form, size,
and motion,

The convergence angle of the tws aircraft would have
resulted in a lack of relative motion betwz2en the two
aircraft.

The general color of the Falcon would have been difficult
to see in the haze.

The Safety Board believes that a significant issue in this
accident was the fact that active flight training was being conducted in
a high density TRSA. The training wus intermixed with air carrier aud
other general aviation activity, and is not inherently dangerons when
controlled properly. In this situation, the lack of necessary Instrument
facilities at the designated reliever airports made it necessary for the
Falcon to practice instrument approaches at Memphis International
Airport. The Safety Board, however, has repeatedly urged that the FAA
alleviate the need to conduct extensive flight training at larger
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airports by developing the reliever airport system. Aviation forecasts
indicate that air carrier, general aviaticn, and commuter operations will
strain the capacity of existing major airports in the near future. The
Board believes that the development of reliever airports, with all

weather capabilities, will relieve the congestion caused by the increasing
numbers of operations and will allow a more ‘suitable training environment
away from major hub afrports. Coincident with the development of reliever
airports, the criteria for the emplacement of ILS systems should be
nodified to allow installation based on community needs rather than on

an actual count or afrcraft operations,

The Cessna and the Falcon wecre under radar control of air
traffic controllers in the Memphis TRSA. “he Falcon had completed
aumerous traffic patterns for runway 17R wihile operating on an instrument
flight plan. On each occasion, the crew was provided vectors, traffic
advisories, and radar separation according *o the ATC procedures established
for the Memphis TRSA. At the time of the collision, the Falcon was
being controlled in the same manner in which ft had been for the past
2 hours.

The Cessna was also in radar contact and was being controlled
according to the procedures established for VFR Stage III arrival airc:aft
in the Memphis TRSA. <Cunsequently, the pilot would havc expected to
receive traffic advisories and the radar separation provided by Stage
I11 radar service.

The procedures outlined in the AIM and Air 1raffic Controllers
Handbook 7110.65A state clearly those conditions under which ATC shall
provide separation between VFR aircraft receiving Stage III radar service
and IFR aircraft, and the procedures through which separatioa shall be
provided. ATC personnel in the Memphis facility had the obligation to
separate the Cessna and the Falcon in accordance with applicable criterfa
and to control the aircraft in the same positive manner afforded IFR
aircraft.

Obviously, the ATC system failed to provide the sepsration
ninima required for known VFR and IFR traffic operating within, and
participating in, a designated TRSA. The frdividual controllers who
were responsible for the control of the two aircraft did not coordinate
with each other as required for the specific operation being conducted.
As a result, neither of the controllers involved with the Falcon were
aware that the Cessna was inbound from the west, and the third controller,
who was controlling the Cessna, did not know of the Falcon's traffic
pattern operation through his airspace at 2,000 ft. The conflict was
not recognized until the aircraft were so close that no corrective
action was possible,.

In this case, LC2 used an unsafe and unacceptable coordination
technique. He "visually' coordinated to insure there was no conflictiag
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traffic. Unfe:itunately, once the Falcon was turn:d over to AR6, ARG
assumed that positive coordination with LCl had been accomplished. As a
result, he was unconcerned when he finally did see the Cessna's primary
radar return, At that time, LC? was not following the flightpath of the
Falcon and, thus, was unable to recognize the hazard presented by the
Cessna. Finally, LCl handled the Cessna rcurinely. Had LCl known that
the Falcon was being vectored through his atrspace at 2,000 ft, he could
have provided heading or altitude separation. Since coordination was
not effected, LCl and AR6 were working independent of 2ich other with
aircraft at the some altitude--each unaware of the other's activities.

The Safety Board believes that the failure to coordinate the
operation of the Falcon with the responsible contrcller personnel could
have been a result of the workload of LC2 when cosrdination with 1C1
should have been effected, The Safety Becard recognizes that 23 transmissions
in 2 minutes 42 seconds is 2 considerable workload, especially when
several aircraft are involved. LC2's attention may have been diverted
further by the need and additfonal time required for the Falcon to pass
behind the westbound light afrcraft at 1208:56. LC2 may have assumed
that the other controllers were aware of the Falcon's presence in the
traffic pattern and that separation would ba applied routinely through
tha use of radar observations.

While the caucz of the accident was precipitated by the failure
of 1C2 to ccordinate properly, the Safety Board 1s also concerned by the
assumptions made by the AR6 controller. When ARE first saw the Falcon
begin a turn from the assigned heading of 350° to 320°, he did not ask
the pilot why the unauthorized turn was made. He stated he was not
concerned because trafning tlights "sometimes...make turns that they
should not make or are not fnstructed to make., The only time it is of
concern {8 if 1 have traffic or some need for him to st:, on a certain
heading...."

Although the AR6 final controller had only a few seconds to
issue the proper traffic advisories to the Falcon, he shoulu have made
the attempt to do so. Furthermv:e, he should not have accepted a turn
to a heading of 320° for any reason once the pilot had accepted the
instruction to fly a 350° heading. The AT system is a precise sys‘em,
and assumptions of this nature cannot be tolerated.,

A second invalid assumption made by AR6 was that the afrcraft
were not at the same altitude. AR6 assumed that since he was not told
of the Cessna's presence west of the airport, the primary target he
observed was unknown traffic either at 500 ft or above his afrspace
overpassing the Mewphis TRSA.

Since AR5 did not have a heavy workload, there was no sigaificant
distraction to occupy his attention. To the contrary, he saw clearly
the entire sequence of events without ever becoming concerned. He did
state that if he had been a are of the Cessna, he could have applted
separation criteria.
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The Safety Board concludes that reliable primaiy radar target
recurng from the Cessna were depicted on the tower BRITE radar displays
and on the radar screen of AR6, regardless of any aaticlutter devices
which might have been used. This conclusion is based on: (1) AR2 had
no problem identifying and handing off the Cessna %o LCl; (2) ARZ indicated
that the primary returns of ti‘e Cessna were distinct before becoming
slightly smaller; (3) LCl accepted the handoff without difficulty and
gave no indication of a weak or uisatisfactory target return; and (4)

AR6 saw the primary radar return of the Cessna as did LC1 and LC2 just
before the collision,

The Safety Board concludes that the primary radar retura of
the Cessna was visible on the radar displays for the whole time the
aircrafet was within range. If the Cessna had been transponder-equipped,
controller personnel would have had a better opportunity to detect the
coordination error because a data bleck tag would have been visible.
However, the relative strength and size of the return was not relevsnt.
If the controllers firvolved with the afrcraft had communicated and
coordinated properly, proper separation measures could have been implemented
even {f the Cessna could not be seen on radar. The key factor was the

knowledge of the aircraft's presence,

The Safety Board believes that the decision by the tower cab
supervisor to leave the cabd coordinator position vacant contributed to
the breakdown in coordinatfon. Although the cab supervisor determined
that the overall workload was light, the workload of LC2 was moderate to
heavy. Since a primary responsibility of the coordinator was to coordinate
cadb operations, the traffic assessment must include the worklead of LCI
and LC2, Had the coordfirnator position been manncd, the 1l{v>1ihood of
coordination buing effected would have been much greater.

In addition to the decisiun not to man the coordinator’s
position, a breakdown in supervisory control was eviden: from other
farts which were revealed. LCl stated that when he assumed that position
at 1150, he was not briefed on the operation of the Falcon, although the
aircraft had been in the traffic pattern for almost 2 hours. The supervisor
also stated that he did not kuow how coordination was hLeing handled
between LCl and LC2. The Safety Board believes that nhad the supervisory
effort been more farsighted, the conditions whichk lead to the accident
would nct have developed.

The control procedures utilized by the Memphis facility to
control traffic were developed and tallored to meet local needs, consistent
with the requirements of ATC Handbook 7110.65A. The need to integrate
the activities of the two alrport areas placed a unique respensibility
on the controllers with respect to contrel responsibilities., While the
facility operating procedures were adequate, it was imperative that
specific procedures be strictly adhered to. No deviation was acceptable

since the 2,000-ft troffic patterns left no margin for error. When
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the coordination procedures broke down, there was no redundancy to
provide an additional safeguard for aircraft. The Safety Board believes
that, in this particulav situation, redundancy was necessary to insure a
safe flow of traffic. UDesignated traffic pattern altitudes which provide
S00-ft vertical separation are additional safeguards which probably
would have stopped the sequence of events leading to the accident.

In summary, the Safety Board believes that the ATC system has
made steady progress in the advancement of aviation szfety through the
development of improved procedures, airspace designations, and automated
cquipment. In this accident, both aircraft were operating in a controlled
environment which was designed tc minimize the risk of collision hetween
participating aircraft. However, the finvestigation revealed that the
ATC procedures in effect lacked the redundant safeguards needed whe.
controller coordination procedures were not followed. The Board believes
vhat the state-of-th_~-art procedures and equipment did exist which could
+ave prevented the accident.

Although afrcraft operating in a TRSA are not required to be
cquipped with a transponder in order to receive Stage 111 service, the
aircraft transponder is an essential element in the current and future
qutomated ATC environments. Afrcraft without transponders place an
added workload on controller personnel, because they do not have a
reinforced radar target or the advantage of a data block tag on the
target. A transponder is required feor flight operations conducted above
12,500 ft and in designated terminal control areas. In addition, it is
necessary to tte functional operation of the NAS A en route autrmated
environment and the ARTS IIl terminal automated environment. The conflict
alert system, now operational in the en route environment, is being
fnstalled in the terminal enviroament. When the conflict alert system
becones fully established the transponder will be even more essential.

Additfonal detection and midair collision avoidance systemnms
iaclude the Beacon Collision Avoidance System (ECAS) and the Discrete
Address Beacon System (DABS). Each of these systems, which are currently
being developad, has the potential to provide significant safety benefits
to the future ATC system. As with the conflict alert system, the transponder
is essential to the operation of DABS and BCAS. The Safety Board believes
that conflict alert, DABS, BCAS, and the transponder could have provided
the needed system redundancy to prevent this accident.

In this case, had the Cessna been equipped with a transponder,
the data block ARTS I1I tag would have displayed the afrcraft identifi-atiorn
and altitude. This data tag would have made detection by controller
personne! immediate and, thus, climinated the confusion from lack or
controller coordiration. The transponder would also have placed the
Cessna in the ATC system on an equal basis with the Falcon, rather than
as a primary target which could easily be confused with nonparticipating
TRSA traffic.
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Had the Cessna been transponder-equipped and had a coaflict
alert system been installed at the Memphis facility, control personael
would have received both aural and visual conflict alarms. The wvarning
would have allowed controllers the opportunity to recognize the hazard
and to take measures to prevent the collision. Further, had tha Falcon
beeu equipped withk BCAS, another means of detecting the collision potentisl,
the collision wovld have been highly unlikely.

The Safety Board concludes that all aircraft operating in a
TRSA I should be Mode C transponder-equipped. Further, the Board
strongly recommends that any systeas developed should be installed and
dev2loped expeditiously to insure that the ATC system utilizes the wost
effective and efficient detec.ion and separation equipment available to
the industry.

3. CONCLUSIONS

Findings

1. The crewmem-ers were certificated and qualified for the
flight.

The aircraft were certificated and maintained in accordance
with FAA requirements.

The in-flight visibility was probably 5 miles.

Ecch aircraft should have been visible to the crew or
pilot of the other aircraft in sufficient time to avoid
the collision.

Neither crew exercised the proper and required see-and-
avoid procedures.

The angle of collision was about 126° with tha Falcon in
a 30° to 40° right bank. The Cessna was straight and
level.

Both alrcraft were operating in the TRSA according to
established ATC procedures.

Both aircraft were in both radar and radio contact
with the tower.

Both crevs were expecting radar separation service and
traffic advisories as required by ATC procedures.

Proper radar separation and traffic advisories
were not provided by controller personnel.




- 30 -

Memphis TRSA did not have an established procedure to
insure coordination for IFR afircraft which were conducting
multiple instrument approaches.

The primary radar retum of the Cessna should not have
affected adversely ATC procedures.

LC2 had a moderate to heavy workload at the time the
accident occurred.

LC2 vectored the Falcon Jet northwest after a missed
approach 1in accordance with accepted procedures for
aircraft couducting instrument approaches.

LC2 failed to coordinate with IC1,

LCl was not aware that the Cessna would be in cenflict
with any traffic in his airspace and performed his controller
duties accordingly.

AR6 assumed that LC2 had coordinated with LCl on the
Palcow in LCl's airspace.

AR6 was not aware that the Cessna was approaching the
afrport from the west,

AR6 should have corrected the Fal:on Jet when the afrcraft
was turned from the assigned heading of 350° to 320°.

AR6 made incorrect assumptions regarding the conflict
represented by the primary target of the Cessna,

Visual coordination was an inadequate form of coordination
since the LC2 controller handed off the Falcon Jet to
AR6. In reality, no ccordination took place.

LC1 and AR6 were controlling separate aircraft at the
same altitude without any knowledge of what the other was
doing.

The tower cab supervisor did not insure that proper
coordination procedures were effected fn the tower.

LCl dic¢ not receive a proper briefing before assuming
that position.

The intersecting traffic patterns at 2,000 ft were
not acceptable because they d4id not provide an adequate
margin of safety.
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Probable Cause

The National Transprortation Safety Board determines thet the

probable cause of this acciden: was ~he failure of controller personnel
to separate the aircraft au required by procedures established for a
texminal radar service area, to insure that proper coordination was

effected,

to issue appropriate traffic advisories, and the failuve of

each flightcrew to see and avoid the other aircraft,

Board has

4. SAFETY RECOMMENDATIONS

As a result of this accidenc, the National Transportation Szfety
recommended that the Federal Aviation Adninistration

"Evaluate the closed traffic pattern operations conducted at
Memphis International Airport and consider establishment of a
procedure whereby high performance or turbine jet afraraft
conducting multiple approaches for trainiag purposes be
assigned an altitude of 2,500 ft or above, which would place
responsibility for control of the atrcraft with TRACON
personnel. (Class II, Priority Action)(A-78-79)

“Evaluate operational data for each TRSA location and estadblish
two categories of TRSA's. Those locations handling the largest
volume of traffic with autor.ated ATC equipment available should
be designated TRSA I locations. The remaining areas would be
designated TRSA II locations. (Class II, Priority Action)
(A-78-80)

"Require Mode ''C" transponder equipment for operations within a
TRSA 1 and Group II TCA and require that a pilot of a VFR

flight traversing a TRSA I establish radio contact with the
appropriate ATC facility bafsie entering the designated airspace.
(Class II, Priority Action)(A-78-81)"

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

/s’ *i2 B, KING
cnairman

Is/ ELWOOD T. DRIVER
vice Chatrman

/s/ FRANCIS H. HMcADAMS
Member

PHILIP A. HOGUE
Member

November 3C, 1978
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5. APPENDIXES

APPENDIX A
INVESTIGATION AND DEPOSITIONS

1. Investigation

The National Transportation Safety Boaud was notified of the
accident about 1300 on May 18, 1978. The Safety Board immediately
dispatched an iavestigative team to the scene. Investigative groups
were establiched for operatione, air traffte control, witnesses, weather,
human factors, systeus, and structures.

Parties to the investigation were: Federal Aviation Adainistration,
Flight Satety International, Inc., National Business Aircraft Association,
Professfonal Air Traffic Controllers Organization, Afrcraft Owners and
Pilots Assoclation, and the Falcon Jet Conmpany.

2. Depositions

Deposition proceedings were condu-ted in Mewmphis. Tennessece,
on May 23, 1978. Parties to the proceedings were: The Federal Aviation
Adoinistration, Flight Safety International, Inc., National Business
Aircraft Association, Professional Afr Traffic Contrellers Organization,
and the Afrcraft Owners and Pilots Associat{ion.
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£PPINDIX B
PERSONNEL INFORMATION

John H, Mitchell, Jr.

Mr. Mitchell, 33, had been cmployed by Flight Safety Inter-
national for about 18 months. He held Afrline Transport Pilot Certificate
No. 1745870, issued October 5, 1976, with commercial privileges L-382
and nrivat~ privileges airplane single-engine land. He had a type
rating for the Falcon DA-20. He held a flight instructor certificate,
and a ground instructor certificare with advanced and instrument ratings.
Mr. Mitchell was an FAA-designated pilot proficiency examiner in DA-20
afrcraft and the DA-20 simulator. His first-class medical certificate
was issued January 6, 1978, with no limitations.

dr. Mitchell passed a flight tesi for designation as a pilot
profictency exaniner on April 4, 1978, which was equivalent to a biennial
flight review. He had served in the U.S. Air Force for 9 years, during
which time he had performed as an instructor pilot and a chief evaluation
officer. His current duties with Flight Safety Internatfonal included
ground, simulator, and flight {instruction.

Mr. Mitch- . had a total of 3,647 flight-hours. This included
about 350 hours as priot-in-command of DA-20 aircraft.

Saudi Arabian Students

Each of the Saudi studentz hsid temporary FAA commerciai pilot
certiffcates and first-class medical certificates with no limitations.
They all had single and multi-engine and instrument vatings.

The studeuts came to this country to train with Flight Safety
Internatjonal. They had no flight time prior to the onset of the training.
Inder Flight Safety International, each student completed a course of
{natruction designed to provide an FAA certiffcate, atout 300 hours of
flight time, and a complete knowledge of Federal Alr Regulationz. All
f1ight time, with the exception of 4 hours, was in propeller-driven
aircraft.

Danny M. Conaway

Mr. Conaway, 30, was a part-time instructor pilot with the
Memphis Flying Club. He held commercis? 170" .«rtificate No. 2147289,
tgsued May 15, 1975, with airplane siugle and muiti-engine land, instrument
airplane, and L-382 ratings. He also held a flight fnstruc‘ors certificate
with an airplane single-engine land :ating issued May 15, 1975, and re-
{ssued February 21, 1977. His vecond-class medical certificate was
issued February 14, 1978, wi:h no limitations.
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M-, Conaway had been an Air Force pilot from 1971 through
1974, Since 1974, the majority of his flight time had been in twin-
engine aircrafr. He completed a biennial flight review on March 15,
1977, He had recovded 1,615 hcurs of flight time.

His student, Steve Norman, was on a familiarization flight
held no certificates.

Air Traffic Control Specialist Renald M. Stratton (LCl Controller)

Mr. Stratton holds an Air Traffic Control Certificate. He was
employed by the FAA {n November 1967 and was assigned to the Memphis
facility in March 1977. He became a full performance level controller
at Memphis in June 1977. He reported for duty at 0645.

Alr Traffic Control Speclalist Saruel W. Brasewell (AR2 Controller)

Mr. Brasawell helds an Air Traffic Control Certificate. He
served as a U.S. ALy Force Alr Traffic Controller before becoming
exployed by the FAA in 1960. He was assigned to the Memphis facility in
1960 and becanme a full performance level controller in 1962. He reported
for duty at 0730.

Air Traffic Control Specialist Richard Mclean (LC2 Controller)

Mr. Mclean holds an Air Traffic Control lertificate. He was
employed as an Air Traffic Controller in 1971 and has been at the
Memphis facility since March 1973, Mr. McLean reported for duty at 0630
on the day of the accident.

Air Traffic Control Specialist David N. Scott (AR6 Controller)

Mr. Scott helds an Air Traffic Control Certificate. He was
hired by the FAA in April 1971 and was assigned to Memphis Facility in
Februvary 1977. He became a full perf.rmance level controller at Memphis
$+ Tuly 1977. Prior to joining the FAA, he had been an air traffic
contrvller with the U.S. Air Force for 4 1/2 years. He reported for
duty at 0730 on the day of the accident.

Supervisory Air Traffic Contro! Specialist Allen Stoddard
(Tower Cab Supervisor)

Mr. Stoddard holds an Air Traffic Control Certificate. He was
employed by the FAA in 1959 and was assigned to the Memphis facility as
2 superviscr in 1974,
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1208:07 AR-2 FOUR AND CESSNA TWO THREE KILO ADVISE AMIRPOAY IN BIGHT

1209:13 235 AIRPORY 18 IN SIGNT TWO THREE XILO
1300~ 16 A2 ROGEN ETANDRY

1200:17 AR-2 PRIMARY TAAGET JUST SOUTH OF ALLON
1208: 1 LG YEA

T20M G AR-Z THAT IS CESENA TWO THREE RILO FC A AUNWAY TWO SEVEN

1208 20 LC-1 TWO THREE KiLO NADAR CONTACT M

12020 AR-2 CEEBNA TWO THRER KILC MAINTAIN TWO YHOUSAND ENTER DOWNWIND LEQ OVER TERMINAL
SUILDING FON TWO SEVEN CONTALT TOWER ONE ORE BIGHT POINT THREE GOOO DAY

1208125 228 TWO YHREE L0 ROGER QOO0 DAY

F200:58 23K MEMPHIS TOVER SiX FOUR TWO THREE KILO ON A DOWNWIND FOR TWO SEVEN

1210:02 LC-1 TWO THREE KILO MEMPHIS TOWER
% ENTER LEFT DOWNWIND WIND ONE TWO Z':"

\ £ 1008 23K TWO THREE KiLO ROGEA

-

o 1IN0 LC AND TWO THAREE KILO

T210: 18 ARS WHAT OA YA WAN AFTER THIE ANOTHEN ONE
D017 1IIGW THREE PIVE ZaAD ONE TWO ONE GO F WHISKEY
121007 ARS TWO ONE G W RADAR CONTACY PLY AN THALE FIVE ZERD

1210:04 121GW MEMPMIE APPROALH FALCON ONE TWO ONE GOLF WHISKEY
TWO THOURAND

12057 1210W ONE GOLF WiiSY 1WRES TWO ZERO AND APPROACH

FA0WBT LC-2 GOLF YWINEKEY T 1N BACK LEFT ER NOW HEADING TYWARE
YWO ZERO AND C N TACT APFROACH ON ONE TWO EIX POIKY SEVEN

120.:0!.'
»* amanees --"‘-.ﬁ-u
..-

® NIIOW

® NGAZIK

& NAKYV

@ FRIMAAY AETURN (BELIEVEL TO BE N1ZIGW APTER COLLISION)

1290:02
Z000FY

1208:356 LC-2 COLF WHISKLY CuIMB TO TWO
THOUSAND TURN RIGHY
HEALNNG THHAEE TWO ZF RO

1208: 38 GW TWO THOURAND AND RIGHT
THREL (WO ZERQ GOLF WHISKEY
TERMINAL
BUILDING

L

1200:08 LC-2 GOLF WHISKEY TRAFFIC AT TWO O°CLOCK
AT TWO MILES WESTBOUND A SINGLE
1208:00 CNGINE GESSNA CLIMBING TO TWO

.-t.o---c.‘.. sensanensasangd THOOUSAND FIVE HUNDRED

1308: 14 |
HOOFY

1200: 18 GW COLF WHISKEY 1.OOKING

1209:18 LC-2 GOLF WHISKEY GiVE ME A TIGHT RIGHT TURN NOW TO
THREE FIVE ZERQ TO PASS BEWIND THE TRAFIC

1200: 77 GW YHREE FIVE ZENOD

ot NOT TO BCALEL.

NOTE: AN ABBAEVIATED VERBION OF THE ATC TRANECRIPT,

TIGHT TURN GOLF WHIRKEY

NATIONAL TRANSPGRTATION SAFETY 80ARD
WASHINGTON, D.C,

PROBABLE GAGUND TRACK
MIDAIR COLLISION
MEMPHIS FLYING CLU'B OCESSHA 150, NBA23IXK
AN
FLIGHT SAFETY INTERNATIONAL FALCON JET N121GW

O XIANdd4v
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APPENDIX D

LC2 TRANSMISSIONS

LC2 made the following transmissions between 1207:21 and

1207:21

1207:28
1207:30
1207:38
and
1207:44
1207:48

1207:53
1208:08

1208:32
1208:35

1208:42
1208:50

1208:56

1209:02
1209:09

1209:18

1209:24
1209:33
1209:41

1209:47
1209:51

1209:59
1:10:03

LC-2

LC-2
LCc-2

One oh one BG cleared to land one seven
left, wind one eight zero at {ive

Golf Whiskey cleared touch and go

Here

fnterphone comments by LC2

Kilo victor heading two seventy if that
will help you

Four kilo victor, contact approach on one
one riner point one

Delta four oh seven, taxi into position
and hold

One four zero at six

Colf Whiskey, climb tov two thousand turn
rigl.t heading three two zero

Delta four oh seven, cleared fo- takeoff
Delta seven fo - ne, you next on the
right

Sky tam two fou. caxi into positien and
hold

Taxi into position and hold

GColf Whiskey, traffic at two o'clock at
two miles westbound, a single engine
Cessna climbing to two thousand five
hundred

Golf Whiskey, give e a tight right turn
now to three five zero to pass behind

the trarfic

Lear BG, right ahead ground point nine
Express seventy three nineteen, cleared to
land, wind one six zerc at five

Ah negative you can make normal approach
to men . . . the equipment is there the
men are gone

Delta seven forty one, cleared for takeoff
Golf Whiskey, turn back left er row heading
three two zero and countact approach on
one two six point seven

Delta four oh seven, call departure

Sky tam two four cleared for takeoff
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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C.

WRI LRAGE DISTRIBUTION CRARY
MIDAIR COLLIGION

FUGHT SAFETY NTERNATIONA., FALCON X7,
N121AW AND MEMPHIS FLYING CLUS,
CESSNA 1508, Ngd23*,




