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EXECUTIVE SUMMARY

On January 20, 1987, about 1228 central standard time, a U8, Army Beech
U-21A alrpiane, Army 18081, and a Sachs Eleciric Company Piper PA-31-350, NGOUSE,
coliided at 7,000 feet ms! over the Lake City Army Ammunition Plant, Indepandence,
Missour], about 5 miles east of the eastern boundary of the Kansas Clty Terminal Control
Area. The U-21 was level gt 7,000 feet and en route to Fort Leavenworth, Kansas, in
accordance with instrument flight rules, The PA-31 was elimbing eastbound to an
unknown cruise aliitude, having departed the Kansas City Downtown Alrport in
accordance with visual flight rules, en route to Saint Louls, Mlissouri. The sirplanes
collided nearly head-on in daylight and visual meteorclogical conditions, Although both
alrplanes were equipped with operating moede-C transponders, the radar controllers in
cortmunication with the U-21 did not observe and were not alerted to the conflict.
Tharefore, traffic advisories were not provided. As a result of the aceldent, two pilots
and one passenger aboard the U-21 and the pilot and two passengers aboard the PA-31
were fatally injured. Both airplanes were destroyed.

The Nationsl Transpnriation Safetly Board determines that the probable cause
of the aceident was the failure of the vadar controllers to deteot the conflict and to issue
traffic advisories or a safety alert to the frighterew of the U-21; del'iclencies of the see
and avola concept as a primary means of collision aveiGenee; and the lack of automated
redundancy in the alr iraffic control system to provide confliet detection between
participating and nonpartinipating aircraft.

The major safely issues addressed by the report are limitaticns in the abiiity
of pilots and air traffic controllers to detect midair eollision threats in time to avert
inflight collislons between flying aireraft under instrument flight rules and visual flight
rules.

As a result of this asecident and others, safety recommendations addressing
these issues were made to the Federal Aviation Administration, the National Business
Aireraft Association, and the Aircraft Owners and Pilots Association.




NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C. 20594

AIRCRAFT ACCIDENT REPORT

Adopted: February 3, 1988

MIDAIR COLLISION OF U.S. ARMY BEECH U-21A, ARMY 18061,
AND SACHS ELECTRIC COMPANY PIPER PA-31-350, NGOSE
INDEPENDENCE, MISSOURI
JANUARY 20, 1987

1. PACTUAL INFORMATION

i.} History of the Flight

On January 20, 1987, about 0745 central standard time, a Piper PA-31-350,
N80SL, operated by the Saehs Electric Company, departed Spirit of Saint lLouls
Airport, St. Lou!s, Missouri, en route to Kansas City International Airport, Kansas City,
Missouri. The purpose of the flight was 1o transport company executives to Kansas City
where they were to conduct company business. The pilot of NEJSE obtained a prefligit
weather briefing and filed an instrument flight rules (IFR) fiight plan befcre departure.
The Federal Aviation Administration (FAA) flight service statinn (FSS) employee who
provided the weather hriefing and copied the flight plan information also offered to copy
the information required to provide the pilot an IFK flight plan for a return flight planned
for iater that day. The pilot of NBOSE deeclined the offer saying he would file for the
return flight later that day.

There were no reported airplane descrepancies during the flight 1o Kansas City
and the airplane arrived without incident. The flight was conducted in visual
meteorological condit'ons. The pilot landed atl Hansas City Internationsl Airport and
dropped off one of his passengers; then he flew to Kansas City Downtown Airport where
he deplaned the other passenger and awaited the completion of their business in the
Kansas City acea. While awaiting the return of his passengers, the pilot made
preparations for the return flight to St. Louis,

Aithough the pilot had advised the St. Louis PSS that he would file an IFR
flight plan for the return flight, there was no recosd io indicate that he oblained a
weather briefing in Kansas City or that he fiied a flig't plan for the return flight to St.
Louis. Under applicable 'AA rules, the pilot was not required to file a flight plan for the
subsequent visual flight rulcs (VEFR) flight. N60SE was not refueled at Kangas City but
had sufficient fuel reserves to complete the planned return flight,

N60SE departed from runway 19 at Kansas City Downtown Airport at 1221 in
accordance with VFR. The pilot advised the local controller that he would make a left
turn to the cast after departure. The pilot's acknowledgement of the controller's approval
of the left turn was the last known radio transmission from the flight.

The trick of the flight of N60OSE was reconstructed from Xansas City
Internatioral Airport Terminal Radar Approach Control (TRACON) and Kansas City Air
Route Traffic Control Center (ARTCC) recorded secondary (transponder) rader data,
According 1o the radar datg, N6OSH turned Lo an casterly heading alter departing Kansas




City, toward the Napoleon VORTAC. 1/ The onbead transponder wags transmitting code
1200 and mode C (altitude) information. The radar dsta showed thal the airplane did not
enter the Kansas City Terminal Control Area (TCA), but remained beneath its
3,000-foot 2/ base until outside the 20-mile are which defined the perimeter of the TCA.
The secondary radar, mode-C target, was detected by the TRACON's ASR-§ racar
equipment at 1222:48 when the target was near the Downtown Airport at an indicated
1,600 feet, The target tracked eastbound at a near constant rate of climb until the target
was lost near the Lake City Army Ammunition Plant, Independence, Missouri, at 1227:58
and 7,000 feet.

At 0044 on January 206, 1987, a Beech U-21A aiiplane, operated by the U.S.
Army and using the call-sign "Army 18061," departed Calhoun County Airport, Anniston,
Alabama, en route to Sherman Army Airfield (AAF), Fort Leavenworth, Kansas. The
purpose of the flight was to transport an Army genera! officer to Fort Leavenworth. The
flighterew checked the forecast weather and wes briefed before departure regarding the
mission. No discrepancies were noted during the preflight inspection of the airplane. The
IFR flight plea route was direct Musele Shoals VOR, direct Dyersburg VOR, direct Maples
VOR, direct Napoleon VOR, and direct Sherman AAF at an assigned altitude of 8,000 feet.

The flight prorressed routinely at 8,000 feet. At 1218, Kunsas City ARTCC
cleared Army 18061 to deseend to 7,000 feet and provided the Kansas City altimeter
setting. Army 18061 was level at 7,000 feet at 1221 when Kansas City ARTCC handed off
the flight to the Kansas City TRACON Fast Radar controller, The Kast Radar controller
advised Army 18061 to expect a visual approach to runway 33 at Sherman AAF and
provided the following Sherman AAF westher: sky clear, visibility 10, wind from 260 at 7
knots, and altimeter 20,26,

At 1222:34 Army 18061 was instructed to proceed directly to the Kansas City
VOR and to depart the VOR heading 310 degrees, The erew acknowledged the clearance
with "wileo," indieating thet they understood and would comply with the clearance, At
1225:09, Army 18081 was advised of traffic (identified by the Enst Radar controller as &
twin Cessna) et the flight's 12 o'cloek position, 5 miles distant, at 8,000 feet, IFR, and
southwest bound., At 1225:33 the Army flightcrew reported the traflic in sight. There
were no further radio transmissions (rom the flight, Radar conlacl with the flight was
lost about 1228,

Examination of the radar data confirmed thal the traffic advisory to Army
18081 did not pertain to NSOSE, and Army 18061 was well clear of that renorted traffic
when it collided with N60SE about 1228. The radar data indicated thet Army 18061 did
not alter its heading noticeably after it turned towsrd the Kansas Zity VOR and the
airplane maintained {1,000 feet until radar contact was lost following the collision.

After the radar target was lost, the air traffic controller's computer
attempted to prediet the position of the airpiane frem previous track and ground speec
history. The compbter identified the target shown on the coantrcller's radarscope as a
"eoast"target and attempted to re-acquire the target. ‘The computer was unable {o

1/ A colloested very high frequency omni range station and ultra-h’gh frequency tactical
air navigation aid providing szimuth and distance information te the user,

2/ All altitudes herein are reported in mean sea level (tusl) unless otherwise specified.

3/ Coast targels are exhibited on a controller radarscope for g shori period of time aflter
radar Information on & tracked targot s lost, based on Lhe lracking history of the previous
target and ecomputer ealculations of the probable loeation of the target.
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re~acquire the transponder generated secondary 4/ radar target associated with Army
18061, About the same time that the track went into coast, the Kansas City ARTCC
ragar began to display multiple primary 5/ radar returns in the area where the secondary
targets of NBOSE and Army 18061 had been previously presented.

Army 18061 and N6OSE collided in visual meteorological conditions over the
Lake City Army Ammunition Plani, Independence, Missouri, at 7,000 feet msl. Both
aleplanes fell to the ground within the confines of the ammunition plant. Two pilots and
one passenger aboard the Army aleplane were fatally Injured, as were the pilot and two
passengers aboard the Piper. GCround damage was limited to trees and electrical wires.
There were no injuries to persons on the ground. The accident occurred at 39 degrees 06'
N latitude and 094 degrees 16’ W longitude.

The Safely Board interviewed 15 persons who had reportedly witnessed the
collision. Thirteen of these persons were on the grounds of the Lake City Army
Ammuniticn Plant at the time of the coliision; none observed the airplanes inflight before
the colliston, Some of the witnesses described the U-21 falling to the ground, apparently
out of control, and debris falling to the ground after the collision. None of the witnesses
observed the PA-31 airplane following the collision.

At the time of the accident the Last Radar position at the Kansas City
TRACON was staffed by an area supervisor and a developmental air traffle control
specialist. The supervisor was providing on-the-job training (OJT) to the developmental
controller, Both controllers reported that they did not see primary or secondary radar
information or an Automated Radar Terminal System (ARTH) Il limited data block
associated with any aireraft in the vieinity of Army 18061 on their radarscope. They had
not provided any traffic advisories relevant to the PA-31,

The area supervisor had assumed the responsibilities of the Fast Radar position
7 minutes before the coliision and had provided the Kansas City weather, the direct
routing to the Kansas City VOR, and the traffic advisory regarding the twin Cessna to
Army 18061, The developmental controller had been working at the position for about 1
minute at the time of the collision and had not communicated with the Army airplane.
She had been briefed by the area supervisor regarding traffic in the sector before she
slgned on at the position, After her briefing, she made manual adjustments to her
radarscope, bul she had not made any keyboard entries at the time of the accident.

1.2 Injuries to Persons

Passengers

Fatal . 3
Serious 0
Minor/None { ()

.

Total 7 3

4/ Secondary radar target in7ormation presented on a controller scope is generated from
trangponder information received by the associated radar.

5/ Primary cadar targetl information presented on a controller scope i5 representative of
the radar perceived image of &b aireraft or other object (based on reflected radio energy)
and is not dependent on receipt of transponder information,




1.3 Damage to Alreraft

The Army U-21 was destroyed by the eollision, ground impact, and the effects
of a posterash fire. The Plper PA-31 was destroyed by the collision ard ground impact.
The wreckage of the PA-31 was not involved in a posterash fire.

1.4 Other Damage

Three 1/2-inch-diameter high voltage powerlines were broken when ihe
fuselage of the U-21 fell through the wires before ground impact. The only other ground
damage involved trees which were struck by faliing debris.

1.5 Personnel Information

The pllot of the PA~31 was properly certificated and was adequately trained
and experienced to conduet the flight. He had been employed by the Sachs Eleetric
Company as the company's chief pilot. The pilot was currently qualified in the airplane
and was quite familiar with it. A review of the pilot's training and certification records
did not reveal any history of flight safety violations or aircraft aceidents. The pilol was
familiar with the Kansas City erea including the TCA. He had no known life situational
stress problems or unusual resting or esting habits. He smoked about one pack of
cigarettes daily, His most recent first class airman medical certificate listed ho
limitations, His medical examination report indicated that he had 20/20 uncorrected
vislon in both eyes and normal field of vision. (See appendix B.)

The PA-31 pilot did not allow his nonpilot corporate passenzers 10 cecupy the
right front (pilot) seat. He oxplained to his associntes that his policy prevented
passengers from interfering with the controls or distracting him from his pilot duties. The

right pilot seat of the PA-31 was not occupied on the accident flight.

The U-21 was flown by an Army pilot who performed copilot duties and a
civilian pilot employed by the Department of lhe Army who operated the flight controls.
The civilian pilot occupied the teft pilot seat; the Army pilot oceupied the right pilot seat.
Both pilots were properly certificated and were current and qualified in the sirplane
aceerding to FAA and U.S5. Army standards. Review of the pilot training records revealed
no major weaknesses in the proficiency of either pilol, Neither pilol had any known life
situational stress problems or unusual resting or sleeping habits. Neither pilot had any
history of flight safety violations or aireraft accidents. Botb piiots held current second
class airman medical certificates withou! limitation. Their medical examination reports
indieated that both piluts had 20/20 uncorreeted vision in both eyes and normal field of
vision. (See appendix B.)

The air traffic controllers at the Kansas City International TRACON, Last
tadar position were qualified to assume the responsibilities of their respective positions.,
The area supervisor was a full performance level controller, qualified on all control
positions In the TRACON. Hr was an experienced terminal controlier who had instrueted
at the FAN Air Traffic Coutrol (ATC) Academy in the terminal controller option. The
controller receiving OJ'l' on the East Radar position was a developmental controller. She
was qualificd on two positions ir the TRACON, but she had not yet qualified on the
remaining redar positions. Examination of the controller training records did not reveal
any deficienaies.  Interviews of the controliers did not reveal any deficiencles with

respect o their knowledge of relevant ATC radar procedures or policies. (Sce appendix
B.)




1.6 Aireraft Information

‘The Piper PA-31, N6OSE, was owned and opersted by Sachs Electric Company
and used for corporate business. The alrplane was certificated, equipped, and maintained
in accordance with FAA regulations. A review of the svailable airplane maintenance
records did not reveal any discrepancies relevant to thie clrcumstances of the accident
flight. The alrplane was issued a standard certificate of airworthiness on February 10,
1983. The most recent recertification of the altimeter and pitot static system was logged
on January 29, 1985. The most recent annual inspection of the airplane was completed at
Kansas City Aviation Center, Olathe, Kansas, on December s, 1986, at 861 total
airframe hours. The airplane was operated only 30 hours from the date of the inspection
until the accident. The airplane was equipped with navigation lights and anticollision
strobe lights. The strobe lights were examined and repaired In December 1986 as a
consequence of the annual inspection. The airplane was painted off-white with two-tone
brown trim.

The Beech U-21 airplane (similar to the Beech A90 King Air), Army Serial
No. 67-18061, call sign Army 18061, was maintained in accordunce with U.S. Army
regulations. Review of the airplane logbook and maintenance and historical records
revealed nothing of significance to the uecident. All applicable Modification Work Orders
had been applied. Army 180681 was not equipped with anticollision strobe lights; however,
it was equipped with rotating anticollision beacons. The landing lights of the U-21 were
capable of being illuminated at any speed. However, the operating instructions for the
alrplane did not require that the lights be illuminated until the landing checkiist was
conducted before landing. There was no Army policy or requirement for the landing lights
to be illuminated to improve airplane conspicuity during or following descent of the
airplane from its cruise altitude. 'The airplane was painted dark green and white,

1.7 Meteorological Informetion

At the time of the accident, the weather conditions in the Kansas City aren
were characterized by high scattered clouds and excellent visibility. The weather
cbservations ut Kansas City International Airport, sboul 25 miles west northwest of the
accident location, were:

1147, Surface Avistiom 25,000 reet thin scattered; visibility--20
miles; weather--none; temperature--26 degrees ¥, dew point--
11 degrees F;  wind -230 degrees at 11 knots; aitimeter--30.26
inlg.

1242, Special: 25,000 feet thin secattered; visibility--20 miles;
temperature--28 degrees ¥, dew point 14 degrees F;  wind--
240 degrees at 13 knots; altimeter--30.22 inHg; remarks-~aireraft
mishap.

Based on winds aloft reports, It weas determined that the wind at 7,000 feet
was from about 307 degrees at 32 knots.

The position of the sun relative to the accident site at the time of the
accident was deteritned to have been 180 degrees {true} in azimuth and 31 degrees in
clevation.  The sun would have been more than 90 degrees from each pilot's zero
reference point, 6/

6/ Zero reference point assumes an average pilet eye relerence point for a given seat
position und refers to the center of that pilot's viewing area.




Aids to Navigation

Not applicable.

1.9 Communications

There were no reported communications difficulties. Interviews with the
controllers assigned to the TRACON Hast Radar position did not reveal any
communication difficulties,

The East Radar position controllers were in communication with five aireraft
at the time of the accident. Based upon volume and complexity, they judged their
workload to be light at the time of the accident,

1.10 Aerodrome Information

Not applicable,

1.11 Flight Recorders

Couvkpit voice recorders and flight recorders were not installed and were not
required in either airplanc.

1.12 Wreckage and Impact Information

Wreckage and debris from the two airplanes were located at two mair impaci
sites, 3,700 feet apart, within the confines of the Lake City Army Ammunition Plant, The

accident site and surrounding area were snow covered. Other debris from the airplanes
was scatiered over a 2-mile path. One main wreckage site consisted of the U-21 {orward
fuselage, its wings, and itz engines, The empennage and the aft fuselage were remote
from that site. The other main wreckage site cortained most of the wreckosge of the
PA-31; however, the left wing and both engines were remote from that site. The 1J-21
wreckage was largely consumed by the effeets of a posterash fire. ‘The PA-31 wreckage
did not burn. A wreckage distribution chart is in appoendix C,

Piper PA-31, NB0SK.-The PA-31 inain wreckage was in a woceded area
sdjacent to the firing range of the ammuniticn plant. The forward fuselnge was deformed
as a result of impaeting 8 tree. The fuselage was split open forward of the entry door on
the left side of the eabin. ‘fhe lower left side of the fuselage was torn away. The ieft
windshield frame was in one picce; the right was partially torn away st the bottom.

A s2elion of forward fuselage structure with the teft windshield wiper
altached was found 2,200 feet southeast of the main wreckage site. The top of the
fiberglass nosecone cover was intacl; the lower third of the nosecone was crushed and
separated from the larger top section. The right side of the fuselage was crushed inboard
at the mideabin window aren and aft of that area.  An imprinl in that area contained
black scuff marks. A parallel biack scull was noted on the outboard side of the right
engine nacelle, starting at the juncturce between the front wing spar and the naecetle and
continuing rearward and upward, 15 degrees Lo the airplane longiludinal axis, A clean
slice through the cabin floor and carpet was noted on the right side of the cabin and
opposite the cabin door. 'The s.dce was oriented frum ouwboard to inboard (as viewed
looking renrward). A styrofonm and plastic ice ches! about 12 inches high, normaily
placed at that location in the airplane by Sachs Electric Company employees, was also
cleanly slashed. The inside of the cabin was substantinily distorted. A piecce of the
vertizal stabilizer structure of the U-21 was found inside the PA 31 enbin,
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The left wing was separated from the fuselage at the wingroot and came to
rest 580 feet southwest of the main wreckage site The fractures associated with the
wing separation revealed no evidence of precxisting damage. The upper surface of the
ieft wing revealed no obvious collislon damage. However, tihe lower surface contained
gouges, serapes, and a slice through the lower surface. The slice through the lower
surface was 3 inches wide and 28 inches long. It began sbout 7 feet outboerd of the
fuselage and 30 inches alt of the wing leading edge. The slice progressed rearward at an
angle 10 degrees from that of the wing spar. Several serape marks swept rearward and
outboard (about 30 inches) from the inboard leading edge of the wing lower surface, at an
angle 20 degrees from the fuselage centerline. The left flap position was up, and the left
landing gear was retracted.

The left engine was separated from the wing and was found partially buried in
the ground in a wooded area. A clean slice, similar to the one found in the lower surface
of the left wing, was present in the bettom of the engine cowl, almost perpendicular io
the alrplane's normal line of flight. ‘I'he slice had penetrated through the cowl and Into
the engine oil pan, several inches inside the cowl. The slice had progressed through the oil
pan from the No. 3 cylinder to the No. 4 cylinder of the engine. Two propeller tips were

missing and the third wes scraped and had deep nicks on the leading edge at 3.5 and 4.5
inches from the tip,

The right wing was in one piece and partially attached to the fuselage
structure. The leading edge of the wing oulboard of the nacelle was crushed aft and
inboard from the leading edge. The crushing extended rearward to the front wing spar,
wiich was broken and deformed rearward. Pieces separated from this area of the wing
exhibited crushing deformation in the aft and inboard directions. The crushing along the
wing leading edge extr.inded about 4 feel outboard from the nacelle. A shallow dent which
contained black scuff marks extended upward and aft from the crush area and along the
autboard side of the nacz2ile. This damage appeared 1o be aligned with other deformation
on the right side of the fuselage cabin. The right engine aid propelier did not revee:
evidence of having contacted the U-21,

The empennage was still attached to the fuselage. 'The left horizontal
stabilizer and elevator were largely undamaged. The vertical stabilizer and rudder were
attached bul were resting atop the right horizontal stabilizver, A pleecc of flight control
counterweight, frem the left elevacor ol the U 21, was found inside a hole in the right
side of the vertical stabiiizer 32 inches above the base of the stabilizer. The outboard end
ol the right horizontal stabilizer was bent upward.

The cockpit of the PA-31 was fragmented and distorted by eollision and ground
impact forces., The recognition and strobe light switehes in the cockpit were found iu the
ot position. The Safety Huard was not able to determine whether the sirobe lights were in
operalion at the time of the aceident. A fragment of a Nomex flightsuit with the

nametag of the left seat pilot of the U 21 was found embedded left side of the cocipit of
the PA-31,

Beeeh U-21, Army 18081.--The main wreckage of the U-21 came to vest at the
edge of a blackiop rond ahout 50 feet northeast of Building 84A of the Lake Citly Army
Ammunition Plant. Theee  1/2-inch diameter high vollage power lines, normally
suspended 30 feet ahove the ground, were broken above the wreckage. Portions of the
cabin roof and Lthe fuselage, aft of the airstair (main eabin) door, were seattered about the
wreckage peth remote from the main wreckage. 'The wreekage nnd debris at the main
wreckage site was severely fire damaged. The airplane pieces snd other debris along the
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wreckage patlh were not burned. 'The exiensive posterash fire damage &t the U-21 main
~ wreckage site preventied identifieation of serateh or serape marks, propelier slast marks,
or other evidence of the angle of impact.

The cockplt area was extensively damaged by impact forzes and fire. Most of
the instrumments on the conirol pane! were separated, exhilited severe impact damage,
and/or were: severely burned. The counirol trim positions ecoule not be determined, Fire
damsyge preciuded a positive determination roynrding the operaticn of the roteaiing beacon
or landing light at the time of the collisiun, ‘The flap ccntrol lever was ‘n the flaps up
pesition and the flap indicator indicated that tne flaps were up. Both flap actugtors (in
the wings) were found in positions corresponding with fully retracted flaps. Thne landing
gear was determined to be in the retracted position

The leading edge of the vighi wing was crushed rearward. The outboard & to
10 fest of the right wing exhibited multidirectional shearing, The left engine spinner,
hub, and propeller blades were found about 1,500 feet north of the U-21 mmain wreckage.

The fuselage, af’ of the airstair door, was disintegrated and ihe pieces were
scatiered about the wreckage path. “he tops of the airstair and cargo doors nad been
sheared off below the fuselage window lne, In a rearwarl direction, Csbin roof pieces.
scattered aboul the wreckage path, were erushed end battcred in a rearward direction,

The empennage was fragmented and pieces were scattered about the wreckage
path. The la:gest piece consisted of the right horizontal stabilizer with elevalor and trim
tab attached, The outboard end of the right hovizontal silubilizer and ele "ator was
sheared off. The right slevotor counterweight was intact. The left horizontal stabllizer
was more high'y fragmented then the right. The pieces which could Le identified
exhibited rearward deformation. The outbogrd tip of the left elevator was recovered with
a fragmented portion of counterweight attached. "The fragmented piecce matched the
control counterwelght pince found in the PA-31 veriical stabilizer. The verticsl stabilizer
and rudder werc Sattered and fragmented. The pieces were deformed rearwerd and to the
right.

The right engine propeller blades remained with the eagine but wer- heavily
damaged. The propeller dome was broken apart. Ils component party were missing.
However, all three blades were twisted and the propeller blade angles were copsistent
with nigh rotational speed at Impact, One blade wat cut and gouged in the outboard
7 inches with 1 inch of the tip missing. A second blade was twisted severely; the third
blade was broken off bul was bent into an S-shape. The lefl engine propeller spinner had
a large dent between iwo propeller blades. Th~ outboard 16 inches of one blade was
broken into two pieces. A sewond blade was bent into an S-shape; the third blade was in a
low~piteh posgition with chordwise seatenes on the blade.

The examingtion of the wreekages of the airplancs did not reveal any evidence
of precollision failure or malfunction of control systems or the airplane powerplanis.

1.13 Medical and Pathologieal Information

The postmecrtem examinations of the pilots were performed by the Jackson
County, Missouri Medical Examiner and the Armed Forces Institute of Pathology., The
examinations disclosed no evidence of disease processes which would have had any bearing
on tie pilots' ability to operate an airplane. The cause of death of all of the victims was
attributed to multiple severe traumatle injuries as a result of the airplane gceident.
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Toxicological testing was performed on the remains of the pilots. The tests
were negative for drugs, The tests for aicoiol revealed a low level of alecohal which was
attributed to vostiwortem factors, not ingestion, The air {raffic controllers assignid 1o
the Kansas City Internatinnal TRATON East Radar positisn voluntarily submitted uzine
samples for toxicology. Those samples were negative for drugs.

1.14 Fire
There was no eviderce of inf{light fire involving either airplane.

The Lake City Army Ammunition Plant Vire Department responded to the
postcrash ire at the main wreckage cite of the U-21 arriving about 5 mirutes ufter the
crash and extinguishing the fire within about 15 minutes. Loecal fire department and other
emergency response vohizios were not permitied on the plat grounds to respond to the
fire. The Army Ammunition Plant personnel and equipment were adequate and effective
in responding 1o the emergeney and in extinguishiniy the posterash U-21 fire,

1.15 Survival Aspects

The accident was not survivable. The occuplable space »f both ajrptunes was
compromised and the airplares were rendered uncontrollable as a result of the inflight
collision, There was no evidence that any of the vietims survived the coliision and ground
impact.

1.16 'I'ests and Research

Tie Safety Board examined the performance of the alrport curveillance vadar
associated with the Kansas City International TRACON and the capability of the
TRACON equipment 10 display the secondary radar information relevant to N60SE and
Army 18061, The Safety Board also examined the collision geometry of the two airplanes
and studied the factors thai would nave affected the visibility of each airplane as viewed
from the cockpit of the other.

1. 16.1 Kansas City Internationa! TRACON

The Kansas City International TRACON provides ATC scrvices including
traffic advisories to I'R alreraft operating in the vicinity of the Kansas City TCA and
provides tralfic advisories 1o participating VFR aircraft, The TRACON uses the ARTS 1]
computer tracking system to detect, irack, and predict the positions of seccndary
{transponder derived) airerafl targets. The iargets are display d by c¢omputer-generated
symbxals and alphanumeric characters depicting aiveraft location, identification, altitude,
ground speed, and flight plap data. Alreraft tvacked by the ARTS and displaying this
information ere termed tracked targets; the computer symbology providing the target
identification information is tewmmned a full data block (FDB)., Thos: secondary radar
derived targets which are not tracked by the ARTS are .iisplayed on the controller scope
as iimited data blocks (LDB) with computer symboiogy overlying a received transponder
target return. The Bafety Board was advised that, at the Kansas City TRACON,
1200-code (VFR) target symbolrcy cannot be supressed by controllers. They are depieted
automatically on controller scopes with a computer-generated triangle over the primary
and secondary targets for nonmode C targetls. Mode-C trausponder targets are depicted
by a compitter-generated square over the primary and secondary targets and also dispiay
the transponder-indicated altitude in & three-digit code attached to the square by a
leader line about 1/4 inch long.
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A review of the FAA records ‘or Januasy 20, 1987, revealed that there were
no reported problems with the Kansas City “nACON ASR-8 radar, transponder
equipment, or ARTS equilpment before the accident, The recerds indicated that the East
Radar scope was removed from service for a main{enance check after the accident, was
found to be operating normally, and was returned to servize 21 minutes later.

A review of TRACON records, dated Decomber 1, 1986, to January 21, 1987,
revealed numerous entries eoiting false transponder targets on controller radar scopes.
The facility air traffic manager (ATM) stated that false targels were reported in the
scuthwest, north, and south quadrants but were not reported it the sector monitored by
the East Radar controllier. Although the problem was causing faise targets to be added to
controller scopes. there were no known iaciderts where tracked or other knowu targels
disappeared from controller scopes for any reason. On the weekend of March 7-§, 1987, a
new transponder beacon antenna with g planar urray antenna was installed to eliminate
the false target problem, The ATM reperts that the new antenna has made a significant
improvement and eliminated slmost all of the false targets. Other action was planned to
eliminate the remaining cccasional false returns.

On Janvary 21, 1987, a postaccident flight inspection of the ASR-8 radar
system and associated TRACON radio frequencies was conducted by an FAA flight
inspection airplane which was vectored slong a track similar te thal of the PA-3!
accident airplane. The flight inspection pilots reported that they found the radar and
radio frequency operation to be satisfactory, Their repor! listed no discrepancies. The
flight inspection was monitored by a senior, full performance level air traffic controller,
and the radar progress of the flight was recorded by the ARTS Il computer. During the
flight inspectiors, the controller recorded and graded the primary target return quality; he
observed but did not evaluate the quality of the secondary rader returns of the flight
inspection airplane. The controller reporied that the transponder returns were good and
that the mode C readouts were consistent with pilot~reported altitudes during the
inspection, The radar data was automatically evaluated by the ARTS compuier for
validity of the data snd for target strength, The extracted radar data showed thal target
data was presented 99.9 pereent of the time during the evaluation period. Only one of the
1,472 returnr. recorded was graded less than the maximum validity, ard mode~-C
Information vas presented whenever target information was presented. ‘Targel strength
was normal during the flight inspection,

1.16.2 Retrack

Since the controllevs at the Bast Radar position reported tigt they did not
observe the eastbound transponder targels of the PA-31 or any other aircraft in the
vicinity of the Army U-21, tre Safety Hoard requested that the FAA playback the
relevant recorded Kansas City TRACON ARTS (1l radar data from the East Radar position
al the FAA Technical Center, Atlantic City, New Jersey, using their Retrack Program
Computer. The retrack progrem can, through the use ol recorded dats from the Kansas
City TRACON, display ARTE 1T alphanumeric symbolory like that shown on the East
Radar controller's display. The retrack program does not currently display raw radar
returns (primary returns or ground clutter), analog beacon control slashes, or video maps
since this Information is nol recorded. Therefore, the retrack program cannot replicate
the entire radar portrayal on a controller display; it replicates only the alphanumerles
generated by the ARTS IlI program and its associaled logic. In this relrack display,
conirol settings such as the alphanumeric gains, character size, and leader length used by
the Karsas City TRACON East Radar controliers were incorporated.




On April 17, 1987, the Kansas City TRACON ARTS Il recording medium was
inserted into the FAA's Retrua2k Program Computer. The computer had been programmed
with the Kansas City TRACON ARTS I program and contrel settings. The retrack
program produced the aiphaniineric symbols generated by the ARTS I for Army 18061
and fce NEOSE. It also revealed the symbology for N12060, which was the overflight
traffic identified by the Kast Radar controller, vs traffic for Ariny 18061 a few minutes
before the acrident.  Tho display exhibited the alphanumeric symbols of the cther
airplanes generated by the AR'TS [ system.

Investigstors viewed the retrack three times using different elphanumerie
character sizes including character size "2," which was reportedly used by the East Radar
controller, The FIM of Army 84631 appeared on the scope at 1221:49 and remained on
the scope until the collisicn. The FDB for Army 18061 was offset 1o the northeast or
southeast relative to Lthe alphanumeric "E" tracking symbol that represented the airplane's
position. The LDB associated with NAROSE appeared on the scope about 1222:45 and
remained on the scope unt'l the collision. The LDB was offset 10 the northeast of the
square symbol representing the airplane's position for the entire viewing. Preseniation of
data blocks representing both aoccideri airplanes appeared consistent during the viewing,
except that on the last three radar antenna sweers, the FDB for Army 18061 indicated a
coast status. The LDB nsssociated with NGOSE did not appear on the scope during the last
three sweeps. 'The last presentation, showing both airplanes, had the position tracking
symbels nearly overlappad with their 7,000-foot mode C indicated altitudes reading nearly
as one presentation,

The Safety Bosrd, viewing the retrack presentation, noted thatl the offset of
the FDBs associated with Army 18061 and N120680 shifted between northeast and
southeast, varying due Lo the automatic offset festure of the ARTS i1, The automsatic
offset feature was designed lo preciude FI3B information from overlapping and obscuring
other FLCB radar target irformation. The Safety Bosard noted that the FDBs of the
tracked targets c¢id nol obscure the LDB associated with NGOSE at any time during the

observed retrack.

The ARTS Ul system at Kansas City TRACON included "confliet alert"
capability, a subprogram that alerts radar controilers to potentially hazardous proximities
between tracked aireraft. The aural and visual alerts, associated with the confliet alert
system, are based on projeeled positional and velocity data for tracked mode-C targets.
A controller could not be alerted by the system If either of the involved aireraft was not
tracked, even if it was equipped with an operating mode-C transponder. Commun.cation
with a controller or operating a mode~-C transponder on a VFR flight would rot provide a
pilot with the protection offered by the conflict alert system. However, a controtler's
positive response to a pilot's request for VIR flight-following services would result in the
radar controller tagging up the target and automatioally initinting the track needed by the
conflict alert system. When controller workload is high, it may not be possible for the
controlier to provide flight-following or otrer air traffic services to VER aiceraft, Denial
of a pilol's reguest for fiight-following services unde. these eireumstances is not unusual,

To evalugle the potential usefulness of the confliet alert system in alerting
controllers to impending collisions between tracked and uniracked mode~C radar targets,
the Safely Board manuatly Magged" the LDBD associated with NBOSE at the beginning of
the third retrack viewing, 'This caused an FDB to be associated with the radar target of
NG6OSE ard u track to be started automatically, With no further inpui, the FDB continued
to be displayed for N6OSE until the radar target merged with that of Army 18081, After
the time of the coliision, the track associated with N60SE displayed & coast status, The
Safely Board noted that the conflict alert visual and aural alarms netivated during the
simulaiton al 1227:20, more than 40 seconds before the actual collision. The confliet
alert feature continued until the radar targets entered coast statas.
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Figure 1.—Tracks of N8JIS? and Army 18061
piotted from Kansas City ARTCC radar data.




1.16.3 Alrplane Performance Calculztions

The Safety Board examined the recorded radsr duta to determine tne
positions, altitudes, veloeities, and flightpaths of both nirplanes in the last minutes of tie

flight. Based on the radar data, It was determined that \he accident occurred about
1228:07.

The Kansay City TRACCN radar data were originaily formatted in range and
azimuth from the ASR-8 vadar antenna site used by the ARTS I equipment. The data
were converted to X-Y coordinales In nautieal milec and were reorientad to true north
allgnment. The radar data were smoothed and eveluated at 5-sceond inteovals to allow
the caleulation of average airplane performance before the moment of impact. Thus, it
wag revealed that NEOSE maintained an average rate of climb of 1,066 fect per minute
(fpm) over the last soveral minutes of the fHght,

The smoothed radar data were used as input data for a National Aeronautics
and Space Administration {NASA) computer program (MANAT) that is used to calculate
performance parameters such as alrspeed, ground soeed, rol! angles, and acceleration
loeds. This program is useful for ealculating long term motlon of the airplane, but short
term {abrupt) maneuvers cannot be recenstrueted using this program. The MANAT
program revealed that there were no significunt changes in airspeeds or ground tracks
over the lasi several minutes of the flights., N6USE was maintaining about 140 knots
indicated airspeed (KIAS) on a ground track of 093 degrees true and a heading of about
086 degrees true. Army 18061 was maintaining about 190 K1AS on s ground track of about
296 degrees t'ue. N60OSE was climbing at about 1,086 fpm and Army 18081 was level at
7,000 feet ms.. The tracks of the airplanes, plotted from Kansas City ARTCC radar dais,
are shown in figure 1. Figure 2 shows the radar tracks and also primary target
information which was recorded by Kansas City ARTCC after the coilision,

1.16.4 Cockpli Visibility Study

A cockpit visibility study was conducled to determine the location of each
airplane with respect to the field of vision of the pilot{s) in the other airplane. A
binocular camera, owned and operated by the FAA Technical Center, Atlantic City, New
Jersey, was used to photograph the cockpits of two airplanes with structurally identical
cockpit visibility to the accident alrplanes. 1/ The camera uses two 65 mm wide-angle
lenses with angular coverage of 88.% degrees simulating the lenses of the human eye. The
ler.ses were 2.5 inches apart, the average human interocular distance. The camera rotates
about a vertical axis that is normally 3.5 inehes from the lenses, approximating the
distance belween the front of the eye and the cdontoid process or pivot point aboutl whivh
the head rotates. The camera produces a continuous strip of film to produce a panoramic
view of the window configuration. Horizontal and vertical grid lines are measured and
superimposed on the photugraphs. The resulting phelographs show the outline of the
cockpit windows as seen by a crewmember rotating his head from side to side. Monocular
obstructions within the window, such as windshield or door posts, are also defined by the
photographs.

7/ Binocular photographs specific to the PA-31-350 and the U-21 were not available.
Binocular photographs of s PA-31 and a Beech 99 were substiiuted since the cockpits of
those airplanes are structurally identical to the acecident alrplanes according to the
manufacturers of the airplanes.
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The binocular photograpns were taken with the eamera loeated at a pilot’s
design eye reference point, The view from the opposite pilot sest was determined by
reversing the photographlc image.

The ARTS IIi radar and MANAT data showed that both airpianes raaintained o
very stable flightpath in the last minutes of the flights, These data revealed that there

was negligible target 8/ movemen! in the nilot fields of vision for more than 60 seconds
before the collision,

The cockpit visibility study revealed that:

1, The PA-3! would have appeared about 13 degrees left and
2 degrees below the U-21 pllot eye reference points. Since the
U-21 was in level flight, the horizontal axis of the eye reference
point was the horizon. There were no cockpit obstructions that
would have obstiructed the view of the PA-31 froin either pilot
seat, (See field of vision plots in appendix D.)

The U-21 would have appeared about 18 degrees to the right of the
PA-31 pilot eye reference point and about 2 degrees ebove the
horizon. However, it would have appesred about 3 degrees below
the PA-31 pilot eye reference point due to the PA-31 piteh
attitide in the climb. The center windshield post would not have
completely obstructed the pilot's view of the U-21, but it would
have restrieted the pilot to a monoculsr (left eye) view of the U-21
(assuming no head movement). Movement of the pilot's head
forward or 1o the left would have restored a binocular view of the
U-21, The view of the U-21 would not have been obstructed from
the right pilot seat.

3, The sun was not in the normal field of vision of the pilots of elther
airplane.

1.17 Additional Information

1.17.1 U.8. Army Procedures and Practices

The U.S. Army Safety Cenier reports that the U.S., Army uses several
procedures and practices that are intended to reduce the risk of midair ¢ollisions,

1. Pilots are obligated to conduet crosscountry flights under [FR
whenever possible, Exceptions are authorized when there are
excessive ATC delays, when haeardous weather makes [FR (light
inadvisible, or when mission requirements dictate.

Utility aireraflt (U designalor) are normaily crewed by two pilots on
crosscountry flights, even when the applicable flight manual does
not require two pilots. For example, the U-21 flight manual
requires only one pilot,

Effective scanning technique, to reduce the risk of midair
collisions, is taught in basic {light training and is reviewed and re-
emphasized in annual refresher training of Army pilots.

8/ Targels in the cockplt visibility study refec to the center of the target airplane
image and are not representative of its size or shape,




Utitity and larger transport type salrplanes are equipped with
movle-C transponders.

5,  The Army has participated in the evaluation and testing of airborne
collision avoidencee systems.

1.17.2 Suchs EBlectrie Company Practices

The Sachs Eleetric Company operated a small flight deps trment that under the
direction of the chief pliot provided corporate flight services for the eompany. At the
time of the accident, tbe company was operating orly one airplane, NS0SE, and the chief
pilot was their only full-time pilot. It held no &ir carrier certificates, and therefore, was
not obligated to meet the provisiors of rules more stringent than those of Part 91 of the
Federal Aviation Regulntions, The company relied on the chief pilot to meke decisions
regaiding the neceasity or advisability of flying in accordance with VFR or IFR.
Consequently, some flights were conducted under VFR and some were conduected under
¥R, The company had not established a written poliey with regard to operation under
I7R or the use of flight-following services on VPR flights.

The company normally did not provide two pilots for corporate flights. They
deferred to the judgement of the chief pllot with regard to keeping nonpilots from
occupying a pilot seat.

1.17.3 ATC Procedures

FAA Ovder 7117.85D, "Air Traffic Control," (herein referred to as the
Handbook), prescribed the alr traffie controller procedures and phraseology which were in
use at the time of the accident. The Handbook was recently reissued as FAA Order
7110.65B. Paragraph 1-1 of the Handbook raquires air traffic controllers to be familiar
with 1he provisicns of the Handbook and to exereise their best judgment when cenfronted
by situations not covered by 1t. Paragraph 2-2 of the liandbook establishes controller
priorities. [t requires contro lers to give first priority to separating iraffic and issuing
safety alerts. Additional services ar: to be provided to the extent possible, contingent

only on higher priority dutles and other factors. A note which follows paregraph 2-2
states, in part:

The primary purpose of the ATC system s to prevent a collision
between aireraft operating in the system and to organize and
expedite the tlow of traffie. The ability to provide additional
gervices is limited by many factors, such as volume of traffic,
frequency congestion, quality of radar, controlier workload, higher
priority duties, and the pure physieal inability to scan and detect
those situations that fall into this category. The provision of
additional services is required when the work situation permits.

"Traffie advisories” sre distingulshed from "safety alerts" aithough both are
lssued to pilots to advise them of hazardous traffic situations, Safety alerts are a top
controller privrity becsuse they are issued when in a controller's judgment, an aircraft is
in unsafe proximity to another alreraft, terrain, or obstructions. Traffie advisories rre
glven when the situation is less eritical.

Paragraph 2-21 of the Handbook states, in part,

Issue traffic advisories to all aircraft ((FR or VFR) on your
frequency whea n your judgment their prox!mity may diminish to
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less than the applicable separation minima. Where no separation
minima applies, such as for VFR aireraft outside an ARSA [Airport
Radar Service Area], TRSA |Terminal Radar Service Area], or
TCA, issuc traffin advisories to those aireraft on your frequency
when in your judgment their proximity warrants it,

For radar identified airaraft, the traffic advisory should include the direction and distance
to the traffie, direction of travel or relative movement of the traffic, and the type
nirceraft, if known, If requested by the pilot and if able, the controller should provide
radar vectors to assist the pilot in avolding the teaffic, However, traffic advisories are
additional services and are provided, workload permitting.

Close proximily of conflicting traffie could require the controller to issue a
safety alert, Controller recognition of situations of unsafe proximity between aireraft
may result from pilol reports, observations on the radarscope or from conflict alert.
Paragraph 2-6 of the Handbook requires the controller to issue a safety alert when the
controller becomes aware that the aireraft is at an altitude whieh places it in unsafe
proximity to other aireraft. Further alerts are not required If the pilot reports that
action is being taken to resolve the conflict. Once the controller recognizes a situation of
unsafe aircraft proximity to terrain, obstacles, or other aireraft, the issuance of a safety
alert becomes s top priority to the controiler. The Handhook encourages the controller to
remain vigilant for such situstions at all times and to issue s safety alert whenever the
situation is recognized. Paragraph 2-€ib, Aircraft Conflict Alert, states, "Immediately
issue/initiate an alert to an aireraft if you are aware of another aircraft at an altitude
which you believe places them in unsafe proximity, If feasible, offer the pilot an
alternate course of aetion”

Paragraph 5-71 of the Handbook states, in part, thet the controller shall apply
racla:r separation:

8. Between the centers of primary radar targets; however, do
not allow & primary target to touch another primary target or
& beacon control slash,

Between the ends of beacon control slashes.

Between the end of a beacon control slash and the center of a
primary target,

VIR gireraft do not normally receive air traffic separation services from
controllers unless those services are specifically requested. Under most circumstances,
VFR aircraft are not required to maintain communication with ATC facilitics during the
en route phase of flight, The pilot of N6OSE was nol obligated to request air traffic
services or to be in communication with either the Kansas City TRACON or the ARTCC
at the time of the accident. Separation of [FR and participating VFR aireraft from other
participating aireraftl is the first priority of the ATC system, along with providing safety
alarts.,

1.17.4 See and Avoid

The responsibility for pilots to maintain an adequate outside scan tc assure
that they are able {0 "see and avoid” other aireraft is mandated by Title 14 Code of
Federal Regulations {CFR) 91.87, which requires:
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When weather conditions permii, regardiess of whether an
operation is conducted under IFR or VFR, vigilance shall be
maintained by each person operating an aireraft so as to see and
avoid other aircraft, in compliance with this section.

Operation of a flight under IFR but in visual meteorological coaditions does not relieve a
piiot of the responisibiliy to see¢ and avoid other aireraft. Neither would the receipt of

traffic advisories relieve participating VIR pilots of their responsibilities to see and avoid
other trarfic.

Nonetheless, many physical, physiclogical, and psyenological constraints have
been shown to reduce the human ability o exercise the required degree of vigilance,
These limitations include target echaracteristies, size, color, task variables such as
workload and time at task, obsgerver characteristies such as age and fatigue, and
environmental parameters such as wesather, clouds and glare.

Research data indicate that the human eye (with 20/20 vision) is capable of
identifying letters of the alphabet if these letters subtend a visual angle 9/ of at least
0.08 degres or § minutes of arc. Letlers are considered highly diseriminable whereas
target identification can be more complex. Iiumans are capable of recognizing a target
when it subtends about 1.2 minutes of are, if the subject is alerted to search for the
target. However, research shows that tergets should sublend at least (.2 degree
(12 minutes of arc) to ensure reasonably accurate recoguition. 10/

Reaction time after visual aequisiticn of a target is also a factor in avoiding a
collision. FAA Advisory Circular (AC) 90-48C grovides military-derived data on the time
necessary for a pilot to recognize a potential inflight {arget and to execute an evasive
man~uver. AC %0-48C indicates that the total time required 10 see an object, Lo percgive
the collision threat, and to take evasive action is 12.5 seconds. About 6.4 seconds are

required to complete the evasive mencuver afte~ the eollision threal is perceived. (See
table 1 and appendix I'.)

Table 1.-~Reaelion Time

Specific Cumulative

(seconds) {seconds)

See ohject

Recognize

Perceive collision course
Decision to turn teft or rignt
Museular reaction

Airplane lag time

9/ An angle subtended al the eye by the viewed cbjeel., Visual angle is a function of both
the cize of the object measured perpendicularly to the line of sight and the distance of the
cbieet from the eye, The angle is directly proportional {o the size of the object and
inversely proportional to the distance of the object.

10/ Van Cott, H. and Kinkade, R.,"Human BEngineering Guide to Equipment Deasign,”
Rovised Edition, American Institute for Research, Washington, D.C,, 1972,
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When weather eonditions permit, regardless of whether an
operation is conducted under IFR or VFR, vigilance shall be
maintained by eech person operating an aireraft so &s to see and
avold other asireraft, in comnliance with this secdion,

Operation of a flight under IFR but in visual meteorological conditions does not relieve a
pilot of the responsibilly to see and avold other mireraft., Neither would the reneipt of

trafile advisories ralieve participating VFR pilots of their responsibilities to see and avoid
other traffiec,

Nonetheless, many physical, physiological, and psychologleal consiraints have
been shown to reduce the human ability to exercise the required degree of vigilance.
These limitations include target charaeteristics, size, color, task variables such as
workload and time &t task, observer characteristics such as age and fatigue, and
envirgnmental parameters such as wesather, clouds and glare.

Research data indicate that the human eye (with 20/20 vision) is capable of
identifying letters of the alphabet if these letters subtend a visual angle 9/ of ai least
0.08 degree or 5 minutes of are. Letters are considered highly diseriminable whereas
target identification can be more complex. Humans are capable of recognizing a target
when it subtends about 1.2 minutes of are, if the subject is sleried to search for the
target, However, research shows thal targeis should subtend at least 0.2 degree
(12 minutes of arc) to ensure ressonably accurate recognition. 10/

Reaction lime after visual acquisition of a target is also a factor in avoiding a
collision. FAA Advisory Circular (AC) 80-48C provides military-derived data on the time
necessary for a pilot to recognize a potential inflight target and 1o execute an evasive
maneuver., AL 90-48C indicales that the total time required to see an object, to pereeive
the collision threat, and to take evasive sction is 12.5 seconds. About 8.4 seconds are

required 10 complete the evasive mansuver after the collision threatl is perceived. {(See
table 1 and appendix F.)

Table 1.-~-Reaction Time

Specific Cumulative

{seconds) (seconds)

See ohieet 0
Recognize 1
Perceive collision course 6
Decision Lo turn left or right 0
Mugeulay reacetion : ‘%6.4 0
Airglane lag time - 2

9/ An angle sublended at the eye by the viewed objrct. Visual angle is a funetion of both
the size of the object nieasured perpendicularly to the line of sight and the distance of the
object from the eye. The angle is directly propor.i nal to the size of the object and
inversely proportional {c the distance of the object,

10/ Van Cott, H. and Kinkade, R.,"Human Lngineering Guide to Equipment Design,”
Revised Edition, American Institute for Research, Washington, D.C., 1972.
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Finally, there is a concept known as dif"usion of responsibility which deseribes
8 tendency on the ~art of pilots in some eireumstamces to relax their vigilance. A NASA
study on near midair collisions indicated that an inappropriate sense of shared
responsibility may occur when an airplane is under ATC radar control. That is, a pilot
relegates a portion of his vigilance responsibility for seeing and avoiding to the controller.
The study states, in pari, "If ASRS [Aviation Safety Reporting System) reports are
representative;, many pilots under radar control believe that they will be advised of traffic
that represents a potential conflict and behave accordingly. They tend to relax their
visual scar for other sireraft until wurned of its presence.* 11/

t.17.5 Human Performance Research

Stndies and research indicate that physieal limitations do not constitute a
major deterrent to sighting targets on a radarscope; however, the studies do indicate that
physiologleal and psychological factors can influence target acquisition on the radar
scope. Perception, stress, and motivational research studies indicate that there is a
relationship between workload and operator perforinance. With an increase in workload,
there is an initial Increase in performance, to some extent, bzcause irrelevant task cues
are not being attended to. With further increases in workload, optimum and even
maximum performance can be attained. At some point, workload can increase so that it
physiologically and psychologically overloads the operator; relevant cues are not being
attended to or are disregarded and task performance deteriorates. This results in a
tunneling or narrowing of operator perception or attention. It has been demonstrated
repeatedly that primary or priority tasks will be maintained or focused on during
Increased workload, and performance on secondary tasks will deteriorate. This narrowing
of the attention field has been found to oceur in conjunetion with many other factors,
including time at task, aleohol, and excessive noise, 12/

2. ANALYSIS
2.1 General

Both airplanes were equipped and maintained in accordance with applicable
rules and directives. The examination of the wreckages of the airplanes did not reveal
any evidence of precollision failure or malfunction of control systems or the airplane
powerplants., There was no evidence that an airworthiness problem or equipment
malfunction had any bearing on the accident.

Tha flighterews of both airplanes were qualified tor the flights. There was no
apperent weather involvement or sun factor that would have restrieted the flighterews'
ability to see one another. Nor was there any known medical problem that would have
impeded thelr ability to avoid the collision.

The area supervisor and the developmental controller assigned to the Kansas
City TRACON East Radar position were qualified to perform thelr respective functions
and to provide the required ATC services. Although the developmental controller was not
qualified on the East Radar position, she was reeeiving OJT from and was directly
supervised by a controller (her supervisor) who was qualified on that position. The Safety

11/ Billings, C., Grayson, R., Hecht, W., and Curry, R., "A Study of Mear Midair
ollisions in U.S, Terminal Al* ~ace," NASA Technical Memorandum 81225, 1980.

12/ Duffy, E., "The Psycholc,.cal Significance of the Concept of Arousal or Activation,"
Psychological Review, 1957.




Board believes that her qualification on two other radar peositions and training received on
the BEast Radar position attests adequateiy to her knowledge of ATC radar procedures,
even though she 'vas not yet qualified on the East Radar position. 11 was not inappropriate
for a developmental controller Lo be recciving OJT from her immediate supervisor., The
area supervigdor who briefed the developmental coniroller on the position und then
monitored her performance was appropriately experienced and gualified 1o perform the
OJT function. The Safety Board is aware that the ares supervisor was obligated to
monitor the training progress of the devciopmental controller and, based on satisfactory
performance, to eventually certify her on the position. The Safety Board is concerned,
nonetheless, that the area supervisor, because of his preoccupation with the briefing of
the developmental controiler, may not have given appropriate attentior to the East Radar
position in the moments before the accident.

The accident occurred outside the bcundaries of the Kansas City TCA.,
Therefore, the appiicabie rules and the safety beneflits associated with that protected
airspace are not relevant to this accident.

The ¢ollision occurred in airspace where ATC separation services were
provided to IFR aircraft and traffic advisories were provided to VFR aireraft receiving
flight-following services. Except for the fact that under Federal aviation rules, VFR
aireraft were obligated to remaln in visual meteorological conditions and to see and avoid
other aircraft operating in that same airspace, VFR aireraft were authorized to operate in
the airspace outside of a TCA without receiving ATC secvices. Since visual
meteorological conditions were prevalent, it was nol inappropricte for both airplanes o
have been operating in the sirspace where the collision oceurred.

Thus, the Safety Board's analysis first examined the eollision geomet:y to
evaluate the potential for the pilots 1o see and avoid each other. The collision geomeltry
was reconstructed from the physical evidenze found in the wreckage of the airplanes and
from ARTCC and ARTS Il radar data. The Salety Board also examined pilot and ATC

procedures, limitations of the "see and avoid" coneept, and limilations of the ATC system
that negatively affect the ability of controllers to provide safety alerts, even when both
airplanes involved are transponder~ and mode-C-equipped.

2.2 Analysis of the Collision Geomelry

The collision oceurred at 7,000 fect as NEOSE was eastbound and climbing and
while Army 18061 was in cruise, beading northwest., EFlight tracks plotted from the
ARTS Ul radar data indicated that the PA-31 was tracking about 093 degrees true and the
U-21 was tracking about 296 degrees true before the collision yielding an approach angle
of 157 degrees between the tracks. Relative to head-on, the U-21 was approaching the
PA-31 from 23 degrees to the right., Conversely, the PA-31 was approaching the U-21
from 23 degrees to the left as the airplanes converged.

Since the wind at 7,000 treel was from about 307 degrees at 32 knots and the
U-21 was flying nearly directly into the wind, it was assumed that a s:mall drilt correction
was applied by the pilot to maintain his treck. The PA-31 wind drift correction for the
assumed wind would have been about 7 degrees; thus a heading of about 088 degrees (true)
would have been maintained to keep Lhe PA-31 on its 093 degrees track.

Although the U-21 was extensively damapged by ground impsct forees and
posterash fire, its wreckage still revealed useful information from which to evaluate the
collision geometry. The shearing of the cabin roof at the top of the pilot's windshield in a
level plane revealed that the PA-31 had wontacted the top of the U-21 windshield with a
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s fuselage reference angle approximately equal to that of the U-21. 'This evidence was

o supported by the propeller slice across the bottom of the PA-31 left engine cowl. The
penetration depth of the propeller blade into the cowl was determined to have been atout
4 inches. In level flight, the top of the windshield of the U~21 would have been about even
with the bottom of the PA-31 when the U-21 right engine propeller arc was aligned with
the 4-inch-deep slice through the P/ -31 left engine cowl. Although the fuselage
reference angle consistent with a eli b rate of 1,065 fpm {(about 18 feet per second)
would have been al ut 7 degrees nose high, contact between the bottom of the PA-31 and
the top of the U-21 would have reduced that angle, consistent with that indicated by the
destruction of the U-21 cabin roof.

e
1
2
g .

In addition to the cabin roof, the entire aft fuselage and empennage of the
U-21 was separated from the forward cabin area in the coliision. This was evidenced by
the disintegration of the empennage and the scatter nf the aft fuselage and empennage
debris. Contact between the PA-31 cabin or right wing, as the PA-31 rode over the top of
the U-21, wonld have cauved such damage. The recovery of a piece of the vertical
stabilizer from the U-21 in the PA-31 cabin showed that the vertical stabilizer had
contacted or passed through the PA-31 cabin. (See figure $.)

There were numerous scrateh marks on the bottom of the left wing of the
PA-31 that swept rearward at a 20-degree angle relative to the longitudinal axis of the
aleplane. These marks were indicative of the relative motion between the two airplanes
as they made initial contact. Consistent with the direction of the serateh marks were the
locations of two consecutive propeller strikes on the bottom of the left engine cowl and
wing of the PA-31. The centers of the two propeller strikes were along a line which
swept aft about 20 degrees relative to the longitudinal axis of the PA-31.

Using the seratch angle of 20 degrees, the ground speeds of the airplanes
(based upon radar data), and the calculated drift angle and true eirspeeds, the collision
angle belween the two airplanes was determined by vector analysis to have been
158 degrees. The closure rate was 350 knots or 591 feet per second. {£re figure 4.)

The near equivalence of the approach angle of 157 degrees, derived from the
radar dala, and the collision angle of 158 degrees, dervived from the wreckage by vector
analysis, shows that the eirplanes collided at approximately the same angle as they
converged, This evidence reveals that either no evasive action was taken or that evasive
action was initiated tco late to prevent the collisian. The PA-31, which had been
climbing, actually passed in front of and wus rising above the cockpit of the U-21 as the
airplenes collided. Tte wreckage of the airpianes {(and the occupant injuries) revealed
conclusively thal both airplanes were disabled by the collision and that some of the
occupants were fataily injured as the airplanes collided.

2.3 Ansiysis Based on Cockpit Vigibility Study

The cockpit visibility study showed that the FA-3! was visible through the
windshields of both U-21 pllots. Neither pilot's view would have been obstructed by
windehield or door posts, windshield wipers, or other airpiance equipment., Ther, was no
need to attempt to view the PA-31 by looking outside the viewing area associated with
normal outside scanning. The sun should not have produced any abnormal glare on the
windshield.

The study showed that the '-21 would have been positioned near the center

windshield nost of the PA-31 pilot's windshield. If the pilot kept his head motionless, the
U-21 would have been sufficient!y obscured by the windshield post that the pilot would
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have seen the U-21 only with one eye. However, If the pilot moved his head forward <r to

the gide as he scanned, it would have been possible for him to view the U~21 with hoth
eyes,

The Safety Board belleves that » person with the experience of the PA-31 pilot
should have employed a scenning technique which included head movement in addition to
eye movement., However, it is apparent that the pilot's scanning technique did not result
in identification of the collision threat posed by the U-21 in time to prevent the collision.
The sun should not have been a factor limiting the pilot's ability to see the U~21; the U-21
target was 78 degrees from the position of the sun,

Since limits in cockpit visibility did not effectively explain why the pilots of
each airplane dld not see the other airplane in time to take evasive action, the Safety
Board considered the closure rate, the relative sizes of the targets, and other factors that
c¢ould have influenced the pilots' ability to see the other airplane in time to avoid the
collision,

2.4 Limitations of the Sec and Avoid Concept

Since both pllots were clear of clouds, eech was responsible, according to
14 CFR 91.87, to maintain vigilance "so as to see and avoid other aircraft.," The fact that
the U-21 was operated in accordance with IFR was irrelevant, as IFR pilots are also
obligated by the rule to see and avoid when in visual meteoroclogical conditions. However,
with the airplanes converging from nearly head-on and with a 350 knot (591 feet per
second) closure rate, each pilot was presented with a frontal view of the opposing airplane
and a rate of closure which, in combination with other factors, may have prevented
acquisition and identification in time to recognlze the threat of a midair collision and to
take appropriate evasive action, The application of the researeh cited in the See and
Avold section of this report reveals that there was little likellhood of either pilot
maneuvering his airplane in time to avert the collision unless they were alerted to the
presence and “he threat represented by the other airplane.

Initially assuming that the pilots would perceive the collision threat and be
able to react to the opposing airplane when the wingtip to wingtip view subtended a
0.2 degree are, the Safety Board calculated the time before collision at which thal angle
would be achieved. The PA-31 pllot would have had such a view of the U-21 at a distance
of 14,000 feet about 24 5.conds before the eollision. The U-21 pilots would have had such
a view of the somewhat smaller PA-31 at 11,000 feet about 19 seconds before the
collision. If the PA-31 pilot's view of the U-21 wag partlally obstructed by his airplane's
center windshleld post, the U-21 airplane and collision threat probably would notl have
been perceivec by the PA~31 pilot untll the airplanes were much closer than 14,000 feet,

It Is uncertain and perhaps unlikely that the pilots would have heen able to
percelve the collision threat at the precise time when the opposing airplane first
subtended the 0.2 degree arc, because the wingtips and other details that would have been
needed by the pilots to define and determine ““e relative motion of the other airpiane
probably wouid have been indistinguishable at thee distances. If i1 was assumed that the
pilots would perceive the opposing airplane collision threat when the frontal view of the
fuselage of the other airplane first subtended a 0.2 degree are, the collision threat would
not have been perceived untll the last 3 to 4 secords before impaet. That close to impaet,
the pllots would not have had time to have complated an evasive maneuver before impact
because about 6.4 seconds would have been required to make the appropriate evasive
maneuver deelsion, to apply the centrol input, and to have the airplane react (after target
acquisition and perception of the collision threat), (See table 1 in the See and Avold
section of this report.)
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The preceding analysis is based on laboratory evidence derived from
perception experisnents. The predietions from that research corraspond closely to those
tnade from a recent study inve’ ing the alr-to-alr visual acquisitic.: capabilities of actual
pilots when applled to the visual circumstances of this accident. The analysis was
conducted by the Massachusetts Institute of ‘Tecninology, Lincoln Laboratory and is
contained in appendix E of this report. The Lincoln Laboratory analysis is based on a
mathematical mocel of visual acquisition that was developed during FA A-sponsored {light
tests of collision avoldance systems. 13/ The model was extended to unalerted search
(i.e., visua! search without a traffic advisory) through a series of flight tests in which
genera: aviation pilots in a Beech Honanza were evaluated with respect to their ability to
detect the coliislon threat pec.ented by a Cessna 421 airplane under actual flight
conditions. The pilot subjects whose performance were eveluated had been told they
would be participating in an evaluation of worklead management techniques of VFR pilots.
Although they were told to ealt out all traffic as soon as they saw it, they were not told
thal they would be evaluated on the basis of their traffic call outs. Thus, researchers
were able to gather insight into workload devoted 1o visual search as opposed to tasks
within the cockpit. Hince none of 'he pilot subjects deteeted that the Cessna 421 airplane
was involved in the test until after the third intercept, the pllot acquisition performance
during the test was thought to reasonably approximate the performance to be axpected of
general aviation pilots in single-pilot VFR flight under low workload conditions.

Basie characteristics nssocisted with the visual target such as closure rate,
targel aireraft size, and meteorological visual range were explicitly accounted for in the
Linecoln Laboratory model. A model parameter (beis) was adjusted to accurately
reproduce the observed performance of the pilots of the test flights. Beta is
representative of the demonstrated search efficiency. The mode! did not attempt to
model the physiological or mental processes underlying pilot performance. Such factors
are incorporated in the search efficiency parameter.

The model was employed to prediet the probabilities of visual acquisition of
the pilots of the U~21 and PA-31 as the two airplanes converged before the collision.
Input into the model were the speeds of both airplanes, headings, the area profile at the
presentation angle, the nuinber of pilots in each mirplsne engaged in the search, and visual
range. The Lincoln Laboratory analysis indicated that the predicted probability of target
acquisition would not have been high untll the last few seconds before the eollision. The
model indicated only a .27 {27 percent) probability that the PA-31 pilot would see the
U-21 at 12 seconds before the collision, Similarly, the model predicted only a .33
probebility that either of the L~21 pliots would see the PA-31 at 12 seconds before the
collislon. These results assume a relatively low-pilot workload {as was the case in the
Lineoln Laboratory research) and unobstructed view of the opposing airplane. Inereasing
the pilot workload, distraction or occupation with other cockpit duties, ov obstruetions to
a clear view of the other airplane would have reduced the probability of acquisition at a
given time, and therefore, would have reduced the time available for the pilots to react to
the collision threat when it was perceived.

Further application of the Lincoln Laboratory research demonstrated that hacl
any of the pilots been alerted to the impending collision, his probaoility of acquisition
would have been Improved sigrificantly. 'fhese results were based on studies of pilot
percormance when alerted with traffic warnings provided by en onbeard collision
avoidance device. Based on the Lincoln Labu*atory mode) it was determined that the
probabilities of acquisition of the other airplane (12 secouds before the collision) by the
PA-31 pilot and by the pilols of the U~21 would have been improved to .81 and .96,

13/ Andrews, J.W., "Air-to-Air Visual Acquisition Performance with TCAS IL* ATC- 136,
DOT/FAA/PM~-84-17, Lincoln Laboratoiy, Massachusetts Institute of Technology, 1984,




respectively, if those pilots had been alerted by such an advisory. Any form of alert
provided to the pilots would have improved the probability of sequisition of the other
airplane before the collision,

One of the most effective means avallable to pilots to reduce the potential for
involvement in midair collisions is the maintenance of a vigilant fookout by constantly
seanning the sky for potential collision threats. Effective outside-the-coekpit scanning is
equally important to VFR and IFR pilots because in visual meteorologleal conditions both
are responsible for seelng and avoiding other airplanes. AC 90-48C, last updsted in 1983,
emphasizes effectlve scenning techniques and operational procedures to reduce the
poteutial for midair colilsions, Por example; the AC notes that:

(1)  Pilots must remain constantly alert to all traffic movement
within their fields of vision, periodically scanning the entire
visual field outside the cockpit, to assure the earliest possible
deteation of collision threats.

Pilots should sbift their glances about the viewing worea,
refocusing at intervals and preventing the eyes from focusing
at a fixed distance, because it may take several seconds for
the eyes to refocus.

Effective scanning is acecomplished by using 2 series of short,
regularly spaced eye movements that bring successive aress
of sky into the pilot's central visual field. Each movement
shouldl not exceed 10 degrees, and each area should be
observed for 1 second to enable detection.

Back and forth eye movements are an effective scanning
technique.

Peripheral vision is extremeiy important to effective
scanning because apparent movement of a target Is almost
always the first perception of a collision threat and that
threat is frequently detected first by a pilot's peripheral
vision, particuiarly at night,

Notwithstanding this, pilots should be aware that when a
target appears to have no relative motion, it is likely to be on
» collision course with the observer's aircraft. Immediate
evasive action should be taken when an observed target
appears to be inereas'ng in size but has no apparent relative
motion.

Pilots should kecp their heads moving while seanning to allow
searching around door or windowposts 1o reveal any
concealeu target,

Pilots should execute gentle banked turns (elearing turns) to
the left and right during climbs and sdescents to permit
continuous visual scenning of airspace that might otherwise
be obscured by the nose of the aireraft,
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The degree to which the pilots of NGOSE &nd Army 18081 were slert and
scanning outside their airplanes could not be deterinined. The radar data showed that the
pilot of NBOSE did not perform clearing turns as he climbed toward his intended crulse
altitudle. His fallure to perform clearing turns may have effectively limited his ability to
detecet the presence of a collision threat, particularly In combination with other factors
such us his center windshield post that partially obstructed his vision in the directiion of
the Acmy airplane. Since the confllet was not resolved by the pilots of either airplane in
time to complete evasive action, there is raason to believe that the pllots of both
alrplanes were not effectively scanning the sky for other alrplanes before the collision,
While the Safety Board is aware that many other factors may have negatively influenced
the ability of the pilots to see and avold in time to prevent the accident, the Safety Board
is convinced that "see and av-id" remains & viahle concept, and despite its limitations, it
remaing the most effective means of collision avoidance for certain kinds of aircraft
operations. Thus, the Safety Board endorses the FAA's continuing effort to educate pllots
regarding the importance of the "see and avoid" concept and eflective scanning to avoid
midair ¢ollisions.

The Safety Board is concerned that many VPR pilots of transponder-equipped
{with or without inode C) aircraft have the mistaken impression that the ATC system
routinely monitors or tracks their flights and provides traffic advisories regarding their
flights to IFR and participating VFR flights. This aeccident and others recently
investigated by the Safety Board convineingly illustrate that V¥R flights ere not tracked
routinely unless the pilot requests and the AT system provides flight-following services.
VFR pilots cannot be assured that simply operating an airplane equipped with & mode-C
transponder on VFR flights provides any guavantee of separation from VFR or IFR
airplenes.

AC 90-48C urges VER pilots to take advantage of air traffic advisory services
as a means of assisting them in seelng and avoiding other aircraft, but not substituting for
the pilots' own visual seanning. The AC was tssued before the eonflict alert feature was
in widespread use in the U.S. ATC system. Although the Safety Board concurs with the
emphasis that the AC places on pilots scanning effectively to avoid midair collisions, the
Safety Board believes that AC 96-48C should be updated to alert pilots t¢ the significant
additlonal safety benefits aceruing from conflict alert when flight-following services are
provided to VFR pilots,

In addition to the ractors already discussed, the Safety Board considered other
faetors thiat could have influenced the pilots' ability to effectively sean the sky for
potential midair collision threats, Those factors included conspiculty of the target, task
varlables, distractions including occupation with other erew duties, visibility restrictions
due to environmental conditions (including snow cover on the ground) and the vondition of
the windshield glass, pilot fatigue, and emply field myopia (a tendency for the human eye
to focus at arms length until objects are identified at a greater distance). It was
considered probable that decreased vigilanee on the part of the U-21 flighterew, who had
been at the controls for nearly 3 hours, and occupation with normal cockplt duties on the
part of the pilots of both airplanes may have reduced the degree of outslde scanning that
was occurring as the airplanes converged. The condition of the windshield glass was not
known. Any of these factors would have reduced the time in which the pllots were
actively or effectively attempting to “see and avoid.*

Since 1t is uncertain at .xactly what point the pilots could have visually
acquired the other airplane, the Safety Board is unable to state with certainty that the
pilots could not have avoided the collision. However, the Safety Board believes that this
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case demonstrates limitations ¢f the "see and avoid" concept that would have impeded
significantly the pllots' colleetive ability to avold the collision, The Bafety Bonrd believes
that the see and avoid eoncept alone may not have heen sufficient to avert this aceident
and that an additional safeguard in the form of automated ATC system redundancy is
needed io prevent such midalr collision accidents.

2.5 AT Services

The procedures contained in the controlier's Handbook require controllers to
set priorities on the services they provide to aireraft with first priority given to the
separation of [FR airplanes and the provision of gafety alerts. The Hardhbook stales that
traffle advisories, distingulshed from safety alerts by their lesser urgency, are provided as
an additional service, "workload permitting" and "contingent upon higher priority duties."
in this case, workload should not have impalred the ability of the controllers to provide
additional services; the traffic was light and the operationsl situation was not complex.
Even so, the controllers at the East Radar position reported that they never observed any
target in the vicinity of Army 18061 in the minutes before the collision, Obviously, if the
information related to NSOSE did not appear or was not perceived on thelr radarseope,
traffic advisories or a safety alert would not have heen provided to the pilot of the Army
airplane. The Kansas City TRACON was not in communieation with N6OSE; thus, there
was no opportunity to provide treffic advisories to that alrplane.

The East Radar controllers reported that if they had seen the radar larget of
an aireraft that represented a threat to Army 18081, they would have provided the
appropriate traffic udvisories, However, review of the recorded radar data and TRACON
communications revealed that in the 7 minutes before the accident, trafile advisories
were only provided to aireralt presenting an FDB on the controllers' scope; such advisories
were only provided regarding traffic represented on the radar sereen by an FDB., The
Safety Board was unable to establish that the controllers would have overlooked traffic
represented by an LDB or that they would have unintentionally given a lower priority to
traffic ropresented by an LDB. Howe.er, the recorded radar data and data from the
retrack program suggested that the radar information relevant to N60SE was recorded,
processed, and presented on the controllers' scope.

The maintenance records, a postaccident ground check, and a flight cheeix of
the East Radar equipment and radarscope did n.t¢ reveal any indication of a diserepancy
that would have prevented the presentation of the LI} of N6GSE on the Kast Radar
controller scope at the time of the acesident. Therefore, the Safety Board concludes that
the radar target of NBOSE was displayed on the East Radar controller scope; yet both
controllers failed to perceive it and the collision threat represented by it in the minutes
before the acecident. This fallure elevates the concerns of the Safety Board that ATC
system redundancy in the form of VFR conflict alert programming is needed to assist in
the prevention of such midair collision anceidents.

As a result of this and three other midair collision aceidents, on July 27, 1987,
the Safety Board recommended that the Federa! Aviation Administration:

Take expedited action to add visual flight riles confliet alert
(mode C intruder) logic to Automated Radar Terminal System
(ARTS) II A systems as an interim measure to the ultimate
implerantation of the Advanced Automation System,
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The timing and completeness of the position rellef briefing given 1o the
developmental controller by her area supervisor shortly bhefore the accident may have
bgen of critical importance in this accident. It weas important to the developinentsl
controller o be fully aware of the details of the briefing including all of the information
relevant 1o the aircraft being controlled by that sector, becavse she needed the
information to perform her controller duties properly, and because she would be graded on
her ability to gather, access, and use the information.

A position relief briefing is routinely condueted before transferring controller
dutles, to fully inform the relieving controller of the operational situation, even when the
"relieved” controller remains ut the position to provide OJ'T to another controiler not yet
qualified on the position. Standard operating procedures for the transfer of position
responsibilities are contained in appendix D of the Handbook. The standard oparating
procedure (SOP) was established to allow the continued expeditious movement of traffic
without compromising safety during the position relief process. The Handbook
acknowledges that a proper position relief briefing ceuses additionat workload for the
relieved and the relieving controller at the time of position relief, The SOP is to allow
the complete transfer of position relief information with a minimum of additional
workload. Both controllers shtare the responsibility for the completeness and accuracy of
the position briefing. ""he briefing should include abnormal and special interest items,
informution regarding any applicable traffic, and response to questions on the operational
situation at hand. A position relief briefing normally requires 1 to 3 minutes; the briefing
of a controller, new to the position, could take longer. Wheu the briefing is completed,
the relieving controller signs a log ‘rduneling acceptance of the responsibilities of the
position, and the relieved controller s'¢ns off.

The position log at the East Radar position indicated that the developmental
controller signed on at 1228, (The accident also oceurred at 1228.) The area supervisor
signed on at 1%221. The applicable eormmunications tape showed that the developmental
controller made at least one radio transmission (not to Army 18061) before the coliision;
thus, it was determined that she actually assumed the duties of the position (under
supervision) in the minute before the accident, The position relief briefing preceded her
signing on at the position and was delieved to have required about 1 minute based on the
relative lack of complexity of the operational situation. Interviews revealed that she was
briefed regarding the five aircraft under the control of the sector, und the FDBE targets
of those aireraft were individuaily pointed out to her. The developmental controller
reported that no LDB targets were pointed out to her during the position relief briefing.
(LB targets should be pointed out during the position relief briefing when they are
considered "traffic" for any of the FDB, tracked targets under the operational control of
the sector.) After the briefing, she checked aad adjusted her radarscope, a process which
can be performed rapidly without distorting the radar presentation. Both conirollers
remained on the position for a few minutes after the accident and logged off al 1234,
During the time that the area supervisor was assigned the East Radar position, he was also
logged on as the area supervisor. He had arranged for another controller to handle his
supervisory duties while he was working at the East Radar position; however, the other
controller did not log on as the supervisor,

The Safety BDoard is concerned that the position relief briefing occurred at the
eritical time when the radar targetls of NGOSE and Army 18061 were converging on the
radarscope, yet the convergence of the targets was not noticed by either controller. One
possible explanation is that the briefing may have been elevated momentarily to a higher
priority than all other ATC respongibilities because it was operationally required by the
Handbook, Even though these controliers were not overloaded by their operational
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environment, the combination of controller complacency (associated with light workioad)
and the operational requirement of a relief briefing may have caused the controllers to
narrow their perception and attention to that single task, in lieu of their other ATC
duties.

The Bafety Board noted with interest that the workload at the East Radar
position was considered light by the involved controllers at the time of the accident.
Although the position relief briefing provided an untimely increase in controller workioad
and a possible distraction immediately before the aceident, the traffiec was so light that it
may have lulled both controllers intv a reduced state of vigilance. A reduced state of
vigilance would explain why they feiled to Jetect the presence and conflict presented on
their radarseope by the LDB representing the PA-31 airplane.

Within the last 12 months the Safety Board has investigated five midair
collisions in which the air traffic controller workload was judged light or moderate yet the
controllers did not perceive a collision threat ang did not issue traffic advisorles or safety
aleris before any of the collisions. The apparent pattern suggests that periods of low air
traffic controtler workload may result in periods of reduced vigilance on the part of the
controllers and produce a greater hazard to traffic separation than had been previously
recognized. i1 the Bafety Board's runway Incursion special investigation, 14/ it was found
that heavy traffic and reduced visibility were infrequently invoived, On the contrary,
traffic was reported as light or moderate at the time of most of the incursions where
controller actions were involved. In some of the controlier-induced vunway incursions,
the controllers were working as few as two airplanes. The FAA Civil Aeromedical
Institute, In a study of ATC operational error incidents occurring from 1965 to 1980,
noted that 40 to 50 percent of the errors occurred under moderate controlier workloads.
Over the period evaluated, there was a reported trend toward Inereased numbers of
incidents occurring during light traffie, 15/

The Safety Bowcd believes that it is more likely that the Kansas City TRACON

Fast Radar controllers were distracted from monitoring traffic in the moments before the
collision because of their position relief briefing and associated duties than that they were
inattentive and not vigilant as a consequence of their otherwise light workload.
Nonetheless, the Ssfety Board is concerned with the apparent increase of ATC operational
errors, runway incursions, and mideir collisions which have occurred during periods of low
air traffic controller workload. The Safety Board believes that controllers have a
tendency to relax their vigilance in the low workload eavironment making them
susceptible to operational errors and omissions, Further, the Safety Board belleves that
FAA action Is needed to preclude reduced controller vigllance during periods of low
controller workload. :

The Safety Board is aware that boih of the Kansas City TRACON Tast Radar
controllers and all other controllers employed by the FAA, since the advent of ARTS
tracking systems in the 1970s, were trained to identify and track targets using the ARTS,
Recently, the Safety Board has learned that some FAA facilities no longer permit radar
controllers to control traffic except by use of the ARTS equipment. The Safety Board is
concerned that as a result of thelr training and possibly operational experience, sone
radar air traffic controllers may be focusing an inordinate amount of attention to targets
identified by FDB targets (tracked targets) to the exclusion of untracked targets
identified by LDB or by primary or secondary radar returns.

14/ Speclal Investigation Report--"Runway Incursions at Controlled Airports in the
United States" (NTSB/SIR-86/01).

15/ Schroeder, D. J., "The loss of preseribed separation between aireraft: How does i
oceur?” Transeripts, 1985 Conference of the Society of Automotive Engineers,
4426-4434.




In conjunction with this investigation and the Safety Board's invesligation of
the January 15, 1987, Kearns, Utah, midair collision aceident, the Radar Training Facility
at the FAA Acsdemy in Oklahoma City, was examined., The Safety Board attempied to
determine whether there were deficiencies in the training of air traffic controllers that
would explain thelr not detecting collision threats represented on radarscopes by primary,
gecondary, or LDB rader targets, as opposed to FDB radar targets, A review of the radar
controller curriculum and laboratory exercises at the FAA Academy revealed that they
were sufficient In terms of exposing controllers to the radar situstions deseribed in their
Handbooks. The luboratory workshops allow controllers to gain practical knowledge and
experience in the application of radar procedures, including the provision of traffic
advirories. Controllers were graded on their demonstrated ability to percelve and react
te VPR traffic and in making appropriate traffic advisories, However, it was noted in this
program that emphasis was placed on the appropriate separation of FDB IFR traffic, and
when VFR traffic was introduced, it was always represented by LDB redar targets with
altitude information displayed. Thus, it was not possible for developmental radar
controllers at the FAA Academy to detect confliets involving VFR targets represented by
primary or secondary radar targets only,

ARTS tracking systems superimpose computer—generated alphanumeric
symbology over the primary and secondary radar target information on controller
radarscopes. Tracking of radar targets and distinguishing IFR from VFR targets is much
easier using the ARTS information than the primary and secondary radar information that
is also displayed. Because FDBs provide more alphanumeric symbology (and information)
than LDBs, and because radar controllers control traffic that is almost always identified
by FDBs, there i3 resson to belleve that LDBs might scinetimes be overlooked by
gontrollers, particularly when controlier worklead is high or when controller vigilunce is
reduced. Controller dependence on ARTS I FDB target symbology could cause
controllers to attach diminished importance to primary, secondary radar, and LDB target
information even when mode~C transponder information is provided. The Safety Board
believes that the LDB symbology assoclated with the radar target of NBOSE was
sufficiently prominent on the controllers' radarscopes that the controllers should have
seen it, However, reliance on ARTS FDB radar symbology may have been responsible for
their failure to see the target symbology associated with NGOSE.

If this type of oversight is occurring elsewhere in the ATC system, controllers
are denying themselves radar target information that would potentially reduce the
eontinuing threat of micair collisions between IFR and VFR alrceraft. The Safety Board
believes that the FAA should examine the underlying A'T'C factors in midair collisions and
near-midalr collisions to determine the extent to whieh controllers have become
dependent on ARTS FDB symbology and the training or remedial measures needed to
alleviate the problem,

The failure of the East Radar controllers to provide timely traffic advisories
and a safety alert to the crew of the U-21 placed that IFR flight at the same midair
colligion risk as VPR aircraft which were not using FAA flight-: :llowing services., The
Army pllots, perhaps unknowingly, became completely dependent on their own abllity to
"gsee and evold" other airplanes, with all the inherent limitations of the Y"see and avoid"
method of avolding inflight collisions, At the same time, they had reason to expect that
the radar controllers were not particularly busy (not much radio communication and
excellent weather conditions) and would alert them if there was conflicting traffie. Such
reasoning would have been reinforced by the traffie advisory provided Lo them about 3
minutes before the collision. Under the circumstances, the pilols may have been
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particularly vuinersble to such an accident hecause of their confidence in the ATC
systemn.  Unfertunately, ATC systems in the United States are not equipped with an
automated system that would alert the radar controllers to the preésence of a confliet
between an iFR flight and a8 mode~C transponder-equipped VFR flight. The East Radar
controllers were unable to provide the needed traffic advisory information because they
did not deteet the threat, even though the information they needed was displayed before
them, and because their ARTS computer was not equipped with the programming that
would have alerted them to the threat,

Although the Safety Board cannot state with certainty that the pilots would
have taken timely and appropriate actlon .> avert the aceident if they had received
tratfic advisory information, the Safety Board u.'ieves that the Army pilots' chances of
averting the collision would have been improved substartially if such information had been
provided. Any Information the eontrollers eould have provided to the U-21 pilots would
have improved the crew's probability of acquisition of the PA-31 over fhat of an unalerted
flighverew. The Safety Hoard believes that the failure of the controliers to perceive the
collision threat and to provide traffic advisory information was so important to avoidance
of the collision that it is cited as a cause of “his aceident along with limitations in the
ATC system that made it difficult for the controllers to distinguish collision threats
between [FR and VFR aireraft,

2.6 Prevention of the Aceident

The retrack of the Kansas City TRACON ARTS Il data demonstrated
graphically how this aceident might have been prevented. Ry manually tagging up the
LDB of the PA~31 (during tha retrack), an FDB was generated and ecomputer tracking of
the PA-31 was initiated automatically, This activated the confliet alert subprogram of
the ARTS Il equipment. The eonflict alert subprogram compared the progress of the
flight track and altitude information of the PA-31 with that of all other tracked targets.
Then about 40 seconds before the collision, an aural alarm was activeted; the data block
information of the conflicting targets began to flash on the controller's radasscope; and a

conflict alert message identifying the airplanes in confliet was displayed in the preview
area of the radarscope. The Safety Board belleves that If this type of distinet and
unambiguous information had been presented to alert the controllers before the accident,
the controller's attention would have Dbeen im mediately focused on the conflicting
airplanes, and the controlier would have had ample opportunity Lo issue a traffic advisory
or a safety alert to the U-21 pilots.

The Kansas City TRACON East Radar controllers did not have the benefii of
conflict alert before the aceident because VFR airplanes are not provided discrete
transpunder codes, are not tagged up (tracked) unless they request and are provided ATC
flight-following services, and because conllict alert programming does not provide a
warning 1o controllers when a confliet belween an IFR airoraft and an untracked VFR
code 1200 target occurs. Transponder-equipped aireraft on VFR flights normally
broadcast code 1200 to Inform controllers of their location end VFR stalus. An LDB is
then presented on the controller's radarscope if the transponder has mode C,

The retrack riemonstrated that if flight-following services had been provided
to the PA-31 pilot, the confliet alert subvroegram would have alerted the controllers to
the colliston threat about 40 seconds before the collision, Obviously, if the application of
the confliet alert subprogram could be extended to include VFR mode-C aireraft, air
traffic controllers could extend more pesitive protection against the threat of midair
collisions and to a mueh larger population of afreraft than are protected by the present
conflict alert system. Pilots could also avall themselves of the benelils of the confliet
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alert subprogram if they would use flight-following services on VFR flights when those
services are available. Although controllers are not always able to provide
flight-following services to VFR aireraft because of workload, there is no reason to
believe that such services would not have been provided to N60SE, since traffic was light.

Interviews of the Kansas City TRACON staff and review of their policies
indicated that air traffic services typically would have been provided to the PA-31 pilot
under the circumstances of the accident flight had those services been requested. During
heavy controller workload conditions and at facilities which are normally very busy, VFR
pilots may find that their requests for flight-following or other ATC services are
frequently not fulfilled. Recognizing that the workload of many faciilties is already high
at times and would be increased to the extent that some VFR pilots may not always be
able to obtain air traffie services, the Safety Bosrd believes that VFR pilots should
nonetheless attempt to obtain those services, when they are available, as a8 means of
reducing the potential for involvement in midair collisions. In this case, the Safety Board
concludes that the accident probably would have been prevented if the PA-31 pilot had
availed himself of flight-following services {or filed an 1FR flight plan).

While acknowledging that the excellent record of midsir collision prevention,
particuiarly within positive control sirspace and in TCAs, is a tribute to controller
performance, the Safety Board believes that conirollers need additional automated
redundancy to assist them in their task, Additionally, pilots need a more positive backup
to the "see and avoid" concept of collision avoidance. Conflict alert and improvements in
terminal facllity computer systems have provided automated assistance, but do not
presently allow controllers to ideniify collision threats which Involve untracked VFR
aireraft, Many ATC operational errors and serious compromises of separation between
IFR aircraft have been prevented because of the conflict alert featu. e,

The Safety Board has been advised by the FAA that a TRACON ARTS Iil A
compuler could be expanded by adding processing capability to include VFR mode~C
intruder conflict alert logic. (The FAA plans to upgrade all ARTS IIl terminal facilities,
ineluding the Kansas City TRACON, to the ARTS Il A capability.) The Safety Board
recognizes that the procurement of additional processors could infringe on other FAA
priorities and may be viewed as an interim measure to the future installation of the
Advanced Automation System which is due to be Implemented in the late 1990s.
Navertheless, the Safety Board believes that the risk of midair collisions in terminal areas
will increase with the projected increases in traffic and thal sueh measures must be taken

promptly if catastrophic accidents are to be prevented in terminst areas in the next 10 to
12 years,

The National Business Aircraft Association and the Aircraft Owners and Pilots
Association provide valuable services to their pilot members by keeping them informed of
important and timely safety information. The Safety Board believes that the
elrcumstances of this aceldent and the importance of pilots availing themselves of air
traffic services, when available, should be stressed to pilots in the safety publications of
these organizations, slong with the importance of good scanning techniques, to further
reduce the potential for midair collision aceidents.

The Safety Board also believes that the FAA should direct additional effort
toward the development of low-cost proximity warning and conflict detection systems for
general aviation aireraft to assist pilots in the detection and avoidance of polential
collision threats. On June 7, 1872, in eonjunction with the publication of a speclal study
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of midair collisions, 16/ the Safety Sourd issued a number of safety recommendations to
the FAA ineluding A-72-157 that addressed this issue. On Oactober 2, 1972, the FAA
responded to the Safety Board with assurances that etforts were in progress to develop
collision avoidance systems and proximity warning instr:ruents that are ecost feasiblo to
the general aviation community, Based on these assurances, the Safety Board classified
the recommendation "Closed--Acceptable Action." However, it appears that the general
aviation community has benefited very little during the past 15 years from the FAA's
efforts in the development of collislon avoidance systems, Therefore, the Safety Board
beileves that the FAA should place additional emphesis on the development of these
systems for general aviation aireraft,

3. CONCLUBSIONS
Findings

1. The airplanes collided nearly head-on at 7,000 feet msl over the Lake
City Army Ammunition Plant, Independence, Missouri, at 1228 central
standard time,

The collision oceurred about 5 miley outside the boundary of the Kansas

City TCA in an area where a mix of VFR and IFR flights iz authorized
and expected.

The pilots of both airplanes were qualified and were familiar with the

Kansas City area. There were no apparent inedical factors influeneing
their performance.

Both alrplanes were airworthy. There were no apparent airplane
equipment deficiencies or system malfunctions.

““le aceident occurred in visual meteorological conditlons where the
pilots of both airplanes were required to "see and avoid" the other.
There was no Indication that either pilot took evasive action to avoid the
collision,

Both airplanes were equipped with operating mode-C transponders. The
U-21 was operating under IFR and the PA-31 was operating under VFR,

The U-21 was displayed as an FDB and was a computer-tracked target on
the Kansas City International TRACON controllers' radarscope. The
PA-31 was displayed as a code 1200 LDB with mode-C altitude
information on the same controllers' radarscope,

Although the East Radar position was statffed by twe controllers, nelther

observed any target in the vieinity of the data block representing the
U-21.

The conflict alert subprogram of the ARTS MI tracking system was not
programmed te alert them of an impending collision Involving an IFR
aireraft and &n untracked VFR aireraft.
16/ Special Investigation Report--"Midair Collislons In U.S. Civil Aviation, 1969-197¢"
(NTSB/AAS-72/8).
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Three minutes before the accldent, the U-21 was provided a traffic
advisory concerning another airplane. Traffic advisories concerning the
PA-31 were not provided.

The area supervisor had just briefed and was providing Instruction to a
developmental controller at the East Radar position when the collision
occurred, The controller workload at the East Radar position was light.

The PA-31 pilot did not use VFR flight-following services that were
available to him. Conflict alert would have alerted the East Radar
controllers to the collision threat involving the airplanes 40 seconds
before the collision if the PA-31 had been a tracked target.

The "see and avoid" concept provided marginal opportunity to the pilots
of both airplanes to avert the collislon.

The absence of VFR conflict alert logic in ARTS Il equipment at Kansas
City diminished the potential for the radar controllers to deteect the
impending conflict.

3.2 Probable Cause

The National Transportation Safety Board determines that the probable cause
of the accident was the fallure of the radar controllers to detect the confliet and to issue
traffic advisories or a safety alert to the flighterew of the U-21; deficiencies of the see
and avold concept as a primary means of collision avoidance; and the lack of automated
redundancy in the alr traffic control system to provide conflict detection between
participating and nonparticipating sircraft.

4, RECOMMENDATIONS

As a result of this and three >ther midair collision accidents, on July 27, 1987,
the National Transportation Safety Board recommended that the Federal Aviation
Administration:

A-87-98

Take expedited action to add visual flight rules conflict alert
(mode C intruder) logic to Automated Radar Terminal System
(ARTS) il A systems as an interim measure to the uitimate
implementation of the Advanced Automation System,

As a result of its investigation of tnls aceident, the National Transportation
Safety Board recommended:

-~to the Federal Aviation Administration:

Update Advisory Circular 80-48C and emphasize in operational
bulleting, the Airman's Information Manual, pilolt training
programs, and accident prevention programs the advaniages of
using air traffic contro} flight-following services on visual flight
rules flights as a further means of reducing the midair collision
hazard. (Class Jl, Priority Action) (A-£8-24)
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Incorporate formal training on the dengers of the low-workload
environment ut all levels of air traffic controller training.
{Class (I, Priority Action) (A-88-25)

Establish an ad hoc task foree, including controlier and human
performance expertise, to evaluate the extent to which radar air
traffie controliers are dependent or: FDB radar symbology to carry
out thelr duties and to make appropriate improvements in initial
and recurrent radar training to rectify such deficiencies. (Class II,
Priority Action) (A-88-28)

Expedite the development, certificaiion, and production of various
low-cost proximity warning and conflict detection systems for use
aboard general aviation alreraft. (Class 1, Priority Action)
(A-88-27)

--t0 the National Business Airoraft Association and the Alreraft Owners and
Pilots Association:

Meke the facts and circumstances of this accident known to your
menbership and encourage the use cf the services of the air traffic
control system as a means o. reducing the potential for midair collisions.
(Class Il, Priority Action) (A-88-28)

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

/s/  JIM BURNETT
Chairman

/s/ PATRICIA A. GOLDMAN
Viee Chairman

/s/  JOHN K. LAUBER
Member

/s/  JOSEPH ., NALL
Member

JAMES L. KOLSTAD
Member

February 3, 1988
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5. APPENDIXES
APPENDIX A
INVESTIGATION AND HEARING

1, (nvestigation

The Safety Board's Kansas City Field Office was initially potified of the
accident ubout 1800 central standard time, Janvary 20, 1987 and immediately responded
to the accident scene before it was known that two aireraft were involved, About
1700 castern standard time, the Safeiy Board wes notificd by the Federal Aviation
Administration that a second aircraft was involved and that there had been a midair
collision. Early on January 21, 1987, three additional investigators were dispatched to the
scene from Washington; D.C., to participate In the scecident investigation.

Parties to the investigation were the Federal Aviation Administration, Sachs
Electric Company, the U.S. Army Safety Center, Beech Aircraft Corporation, and Piper
Aireraft Corporation..

2. Public Hearing

No publin;hearing or depositions were held.
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APPENDIX B
PEREGNNEL INFORMATION

Pilot Alan Earl Walls

Pilot Walls, 42, held airline transport pilot certiflcate No. 1788336, issued
June 26, 1979, wi*’. airplane multiengine land privileges. He had commercial pllot
privileges in single-engine land airplanes. He held a flight Instructor certificate, last
reissved Aprill 30, 1985, with ratings in single- and multiengine land airplanes snd
instrument airplane, His most recent alrman medical certificate was a first class
certificate issued March 27, 1986, without limitations, The pilot had 7.020 hours total
flight experience all in clvil aircraft, 160 hours in the last 6 months and had been

employed by Sachs Electric Company for 10 yesrs when he applied for that medical
certificate.

Mr. Walls' pilot records indicated thet he had 7,418 hours total pilot
experience with 4,751 hours In multiengine airplanes at the time of the aeccident.
Company records indicated that he had in excess of 546 hours in the PA-31 with 586 hours
as pilot-in-command. Company records indicated that he had 2 hours pilot experience in
the accident airplane in the 90~day period before the aceident. Mr. Walls demonstrated
his instrument competency in a PA-31 simulator in Octoher, 1985,

Pllot Carroll Leon Baird

Pilot Baird, 40, held airline transport pllot certificate No. 2056660, issued
November 30, 1982, witk airplane multiengine land privileges. He had commercial pilot
privileges in singla-engine land airplanes and hellcopters, and his instrument qualification
included helicopters. He held a flight instructor ceriificate, last reissued Decentber 18,
1985, with ratings in single- and multiengine land airplanes. He held a second ¢lass
airman tedical certificate issued October 23, 1986, without limltations. Mr. Baird had
5,700 hours pilot experience including 1,400 hours as a military pilot when he applied for
that certificate. Mr. Baird had been a warrant officer and pilot in the U.S. Army before
obtaining his civilian flying position.

Mr. Baird initially qualified in the U-21 on August 9, 1986, His pilot records
indicated that Mr. Baird had 5,983 hours pilot experience st the time of the aceldent with
4,196 hours in multiengine airpianes. e had logged 217 hours in the U-21 with 130 hours
logged as pilot-in-command. In the 90-day period before the accident, he had logged 128
hours pilot time with 95 hours in the U-21, In the last 30 days before the acclden?, he had
flown the U-21 32 hours.

Pilot Michae!l Giynn Johnston

Pilot Johnston, 35, was an active duty officer in the U.S. Army holding the
military rank of Major. e held airline iransport pilot certificate No. 2224244 issued
September 24, 1980, with airplane :nultiengine land privileges. He had commercial pilot
privileges in single-engine land airplanes and helicopters, and his instrument qualification
included heiicopters. He held a second class airman medical certificate which was issued
May 20, 1985, without limitations. He reported 4,800 hours pilot experience when he
applied for that medical certificate.
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Major Johnston initially qualified in the U-21 on June 10, 1978, His pilot
records indieated that he had 6,268 hours total pilot experience with 1,528 hours in the

U-21, In the 90 days before the accident, he had logged 33 pilot hours with 18 hours in
the U-21.

Supervisory Air Traffic Control Specialist David W, Hope

Mr. Hope, 36, entered on duty with the FAA on May 18§, 1974, He had been
assigned to the Kansas City International Air Traffie Control Tower (ATCT) since October
21, 1986. He held FAA control tower operator certificate No, 485646346 with rating
endorsement for the Kansas City International ATCT Issued January 30, 1986. He was
(ualified at all control positions and was qualified as a first line area supervisor in the
TRACON. Mr, Hope held a second class airman medical certifiente issued August 20,
1986, without limitations.

Developmental Air Traffic Control) Specialist Christine 1, Hatem

Ms. Hatem, 29, entered on duty with the FAA at Kansas City International
ATCT on May 3, 1984, She completed training in the tower and received FAA control
tower operator certificate No. 495685087 on April 11, 1985, She began radar training on
December 7, 1985. At the time of the aceident, she was qualified on two TRACON radar
positions but was not qualified on the East Radar position. Her training records reflacted
above averags progress in completing training on the two radar positions on which she was
qualified. She had about 50 hours experience at the East Radar position and was
reportedly making above average progress toward checkout oa the position. She had not
vet been recommended for checkout, She held a second class airman medical eertificate
issued October 18, 1986, without limitations. Ms. Hatem had previous experience gs an
air traffic cortrolier in the U.S. Navy,
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Figure 3. PA31-350, N60St, Pilot’s Design Eye
Reference Position at 43.5 in. Above the Floor
and 5 in. Aft of the Rear Most {olumn Movement.
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MASSACHUSETTS INSTITUTE OF TECHNCLOGY
LINCOLN LABORATORY
APPLICATION OF PILOT AIR-TO-AIR VISUAL ACQUISITION
RESEARCH TO INDEPENDENCE, MISSOURI, ACCIDENT

LEXINGTON, MASSACHUSETTS 02173-0073

03 September 1987 42C-3408

Area Code 617
353-3505

Mr. Jack Drake

National Tranaportation Safety Board
800 Independence Avenue, S.W.
Washington, DC 20594

Dear Mr, Drake:

This letter provides an analysis nof pilot air-to-air visual acquiaeition
that {a applicable to the recent mid-air collision in Independence, Missourl.
The analysis is based upon a mathematical model of visual acquisition that was
developed at Lincoln laboratory during FAA-sponsored flight tests (Ref. 1 and
2) of colliaslon avoldance systems. A receatly completed serfes of flight
tests at lLincoln Laboratery (Ref. 3) has allowed this wmodel to be applied to
unalerted search conditions (i.e., visual search when no traffic advisories
are avallable). This is the same model that has bean provided to the
National Transportation Safety Board for the investigation of the Cerritos
nid-air colliieion.

The hasls of the model is the experimental observatfon that the
probability of visual acquisition in any instant of time is proporticnal to
the product of the angular aize of the visual target and its contrast with its
background, The cumulative probability of visual acquisition is obtained by
Integrating the probabilities for each instant as the target aircraft
approaches,

Basic characterlstics asnoclated with the visual target (such as closing
rate, target aircraft size, and meterological visual range) are explicity
accounted for in the model. A model parameter fi 18 then adjusated to
accurately reproduce the ohserved performance of pilots in test flights, 8
can be viewed as v measure of pilot search efficiency. The wmodel contains no
explicic description of the physfological or mental processes underlying pilot
performance. The effects of such factors are reflected in the value of 8
obiserved in flight tests:. The model does not apply to any situation in which
eperial phenomena not present in flight tests degraded visual search. Among
such special pheromena are ewpty field myopla, target approaching out of the
sun, target hidden by window post, and unusual crew distractions.

In some cases, the probability of visuasl acquisition cen be written as a
aimple closed-forw expression, For inatance, 1f aircraft ace on an
unaccelerated collision course and the visual range 18 infinite, then the
probability of acquisition for a single~pllot is

Placq by ry} =

“BA
1 -exp [ __ (M/ry ~ 1/ry)]
x|

where B {8 the pilot efffciency parameter, r is the cloning rate, T} ig the
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range at which visual search vegins, and A is the visual area (square feet)
presented by the approaching target. A more couplicated expression that takes
finite visual range into account is described in Ref. 2.

In the analysis that follows, the model was used to predict visual
acquisition probabllities for the particular circumstances of the
Independence, Missouri mid-air collislon. That is, the closing rate, aircraft
types, and meteorological visual range that were reported were used as input
to the model, Appropriate 8 values for unalerted search were obtained from
reference to flight test results., It should be recognized that the model does
not say directly what happened during the actual event - it only says what
pllot performance statistics can be expected for situations such as the one
that arose, Nevertheless, the results can be useful in evaluating the
plausibility of different explanations for the actual event and in formulating
strategies to prevent accidents in similar circumstances.

Relevant Circumstances of the Missouri Mid-air Collision

The encounter conditions used 1in the analysis are listed in Table 1.

TABLE 1
Encounter Description Used in the Analysils
Navajo
alrspeed {(true) 150 kt

number of pillots engaged
in visual search

pilot search efficlency
parameter (8) 17,000/e 17,000/8

head-on area of ailrcraft 81 ad ft 127 8q 't

side view area of alrcraft 171 8q ft 267 8q ft

relative heading (angle
between velocity vectors) o _ 165 degrees

visual range
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Using the data from Table !, the following additional variables can be
calculated:

closing gate — 352 knots
bearing of Navajo (seen from gy-21) - 6.3 deg from 12 o'clock
bearing of U-21 (seen from Navajo) ~ 8.7 deg from 12 o':lock

visual area of Navajo (seen from U-21) - 89 sq ft

Ny

visual area of U-21 (seen from Navajé) ~ 137 Bq ft.

Table 2 shows the predicted probabilities of visual acquisition.
meither" curve 1g obtained by assuming independent search on the part
two alrcraft. Then

Pleither acquires] =

{ - (1 - P[Navajo acquires]) x (1 - P[U-2] acquires])

TABLE 2

Probabhilities of_Visual Acquisition (unalerted)

6,00 sac 0.5520 0.6454 0.8411
12.00 sec 0.2735 0.3341 0.5162
18,00 sec 0. 1585 0,1935 0.3213
24,00 sec 0. 1000 0.1197 0.,2077
30.00 sec 0.0662 0.0763 0.1374
36,00 mec 0.0449 0.0488 0.0915
42,00 sec (. 0307 0.0304 0.0602
48,00 sec 0.0209 0.0175 0.0380
54,00 sec 0.0138 0.0082 0.0220
60.00 sec 0.0086 0.0014 ¢.0100

It can be seen that the probabillities of visual acquisition are not high
until the last few seconds before collision. The Navajo has a somewhat lower

chance of acquiring than the U-21 because only one pilot is searching. This
4s true despite the fact that the U-21 is larger in avea.
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Alerted Search Analysis

The possible benefits of a traffiic advisory can be examined by using a
value of 8 obtalned from tests of the Traffic Alert and Collision Avoldance
System (TCAS). Table 3 shows performance in TCAS-alerted search, It is
agssumed that a traffic advisory 1s received at a typical TCAS II alarm point
(40 sec before the range reaches 0.3 nmi, or 43 sec before collision). After
the alert, the single~pilot B value 1s the same as that in the TCAS II flight
tests described earlier (increasing from 17,000/sec before the alert to
140,000/8ec after the alert).

It can be seen that the alert results in a marked improvement in visual
search effectiveness. The median acquisition time increases by about 20
geconds., There 1s bigh probability of visual acquisition in time to execute
an avoidance maneuver,

TABLE 3

Probabilities of Visual Acquisition
(aircraft alerted by TCAS)

Time of Collision (sec) P[ACQ by Navajo] P[ACQ by U-21]
6.00 sec 0.9983 0.9998

12,60 sec 0.9111 0.9569
18.00 sec 0.7018 0.7914
24.00 sec 0.4814 0.5709
30.00 sec 0.2973 0.3624
36,00 sec 0.1542 0.1881
42.00 sec 0.0452 D, 492
48,00 gec* 0.0209 0.0175
54.00 seck 0.0138 0.0082
60.00 Sec* 0.0086 0.0014

*No alert has appeared for times prior to 43 sec.
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Visual search with traffic advisorles provided from ATC may be somewhat
less effective than visual search based on TCAS. This is because the TCAS
bearing indication tends to bhe more sccurate and the TCAS display is updated
once pei secorld.

Sincerely,

j’ /’/i_,‘ L. @thﬂ""‘%
<:: John W. Andirews
staff Member, Group 42

JWa/deb

Attachment
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FAA ADVISORY CIRCULAR 90-48C
PILOTS' ROLE IN COLLISION AVOIDANCE

Advisory,
Circular
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PILOTS' ROLE IN COLLISION AVOTCANCE »

1. PURPOSE. 1This advisory circular is issued for the purpose of alerting all
ilots to the potential hazards of midair collision and near midaip collision,
%‘ﬁ? enghasize those basic problem areas related to the human GALSaET factors
where improvements in pilot education, operating practices, procedures, and
Inproved scanning techniques are needed to reduce midair conflicts,

2. CANCELIATION. AC 90-488, Pilots' Roje in Collision Awoidance, dated 9/5/80
is canceled,

3. BACKGROUND,

a. From 1978 through October 1982 a total of 152 midair collisions (MAC)
occurred in the United States resulting in 377 fatalities. Throughout this
approximate 5-year time period the yearly statistics remained tairly constant,
with a recorded high of 38 accidents in 1978 and a low of 25 in both 1980 and
1981, During this samc time period there were 2,241 reported near midair
collisions {NMAC). Statistics indicate that the majority of these midair
collisions and near midair osllisions, occurred in Fd weather and during the
hours of daylight.

b. The FAA has introduced several significant programs designed to reduce
the potential for midair and near midair collisions. This advisory circular ic
but one of those programs and is directed towards all pilots operating in the
National Airspace System, with emphasis on the necd for recognition of the haman
factors associated with midair conflicts.

9. ACTION. The following areas warrant special attention ard continuing action
on the part of all pilots to avoid the possibility of becoming involved in a
midair conflict,

a. "See and Avoid" Concept,

(1) The fliight rules prescribed in Part 91 of the Federal Aviation
Regulations {FAR) set forth the concept of "See and Avoid." This concept
requires that vigilance shail be maintained at all times, by each person
operating an aircraft, regardless of whether the vperation is conducted under

Instrument Flight Rules (1FK) or Visual Flight Rules (VFK).

(2) Pilols should also keep in mind their responsibility for continuously
maintaining a vigilant lookout regardless of the type of aircraft being flown,
Remember that most MAC accidents and reported NMAC {ncidents occurred during
good VFR weather conditions and during tie hours of daylight,

mmmmwm“.
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b, Visual Scanning.

(1) Pillots should remain constantly alert to all traffic movement within
their field of visior, as well as periodically scanning the entire visual field
outside of their alrcraft to ensure detection of conflicting traffic. Remember
that the performance capabilities of many aircraft, in both speed and rates of
climb/descent., result in high closure rates limiting the time available for
detection, denision, and evasive action., (See the "Distance-Speed-Time" chart in

Appendix 1.}

(2) The probability of spotting a potential collision threat increases with
the time spent looking outside, but certain techniques may be used to increase the
effectiveness of the scan time. The human eyes tend to focus somewhere, evenh in a
featureless sky. In order to be most effective, the pilot should shift glances ard
refocus at intervals., Most pilots do this in the process of scanning the
instrument panel, but it is also important to focus outside to set up the visual
system for effective target acquisition.

{3) Pilots should also realize that their eyes may require several seconds
to refocus when switching views between items in the cockpit and distant objects.
Proper scanning requires the constant sharing of attention with other piloting
tasks, thus it is easily degraded by such peychophysiological conditions such as
fatigue, boredom, illness, anxiety, or precccupation.

(4) Effective scanning is accomplished with a series of short,
regularly-spaced eye movements that bring successive areas of the sky into the
central visual field. Each movement should not exceed 10 degrees, and each area
should be cbserved for at least 1 second to enable detection. Although horizontal
back-and-forth eye movements seem preferred by most pilots, each pilot should
develop a scanhning pattern that is most comfortable and then adhere to it to assure
optimum scanning.

(5} Peripheral vision can be most useful in spotting collision threats from
other zircraft. Each time a scan is stopped and the eyes are refocused, the
peripheral vision takes on more importance because it is through this element that
movement is detected. Apparent movement is almost always the first perception of a
collision threat and probably the mwost important, because it is the discovery of a
threat that triggers the events leading to proper evasive action. It is essential
to remember, however, that if another alvcraft appears to have mo relative motion,
it is likely to be on a collision course with you. If the other aircraft shows no
lateral or vertical motion, but is increesing in size, take immediate evasive
action,

(6) Visual search at night depends almost entirely onh peripheral vision. In
order to perceive a very dim lighted object in a certain direction, the pilot
should not look directly at the object, but scan the area adjacent to it., Short
stops, of a few seconds, in each scan will help to detect the light and its
movement .

(7) Lack of brightness ad color contrast in daytime and conflicting ground
lights at night increase the difficulty of detecting other aircraft.

(8) Pilots are reminded of the requirement to move one's head in order to

Par 4
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search mound the physical obstructions, such as door and window posts. The
doorpost can cover a considerable amount of sky, but a small head movement may
uricover an area which might be concealirg a threat,

R BT L L i iy 2
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C. Clearing Procedires,

(1) Pilots should:

{i) Prior to taxiing onto a runway or landing area for takeoff, scan
the approach areas for possible landing traffic by maneuvering the aircraft to
provide a clear view of such areas, It is important that this be accomplished even
though a taxi or tskeoff clearance has been received.

(i1) Durirg climbs and descents in flight conditions which perxmic
vigsual detection of other traffic, execute gentle banks left and right at a
frequency which permits ocontinuous visual scanning of the airspace about them.

(iii) Execute appropriaste clearing procedures bhefore all turns,
abnormal maneuvers, or acrobatics.

d. Adrspace, Flight Rules, and Operational Environment.

(1) Pilots should be aware of the type of airspace in which they intend to
operate in order to comply with the flight rules applicahble to that airspace.
Aeronautical information concerning the National Airspace System is disseminated by
three methods: aeronautical charts (primary); the Airman's Information Manual
(AIM); and the Notices to Airmen (NOTAM) system. The general operating and flight
rules governing the cperation of aircraft within the United States are contained in
Part 91 of the FAR.

{2) Pilots should:

(i) Use currently effective aeronautical charts for the route or area
in which they intend to operate.

(ii) Note arnd understand the aeronautical legend and chart symbols
related to airspace information depicted on aeronautical charts.

(iii) Develop a working knowledge of the various airspace segments,
including the vertical axd horizontal boundaries.

(iv)  levelop a working knowledge of the specific flight rules (FAR 91)
governing coperation of aircraft within the various airspace segments.

{v} Use the AIM. The Basic Flight Information and ATC Procedures
describe the airspace segments and the basic pilot responsibilities for operating
in such airspace,

(vi) Contact the nearest FAA Flight Service Station for any pertinent _
NOTAMS pertaining to their area of operation.
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{3) Pilots should also be familiar with, and exercise caution, in those
operational envirconments where they may expect to find a high wiume of traffic or
special types of aircraft operation, These areas include Terminal Radar Service
Areas (TRSA's), airport traffic patterns, particularly at airports without a
control towey; airport traffic areas (below 3,000 feet above the surface within
five statute miles of an alrport with an operating control tower); terminal control
arcas; control zones, including any extensions; Federal airways; vicinity cf VOR's;
restricted areas; warning areas; alert areas; Military Operating Areas (MOA);
intensive student jet training areas; military low-level high-speed training
routes; instrument approach areas; and areas of high density jet arrival /depa.-ture
routings, especially in the vicinity of major terminals and military bases,

&, Use cf Commimnications Equipment and Air Traffic Advisory Services.

(1) Ore of the major factors contributing to the likelihood of NMAC
incidents in temminal areas that have an cperating aiv traffic control (ATC) system
has been the mix of known arriving an! departing aircraft with unknown traffic.
The own aircraft are generally in radio contact with the controlling facility
(local, approach, or departure control) and the other aircraft are neither in
two-way radio contact ror identified by APC at the time of the NMAC, This
precludes ATC from issuing traffic advisory information to either aircraft.

(Z) Although pilots should adhere to the necessary communications
requirements when operating VFR, they are also urged to take advantage of the air
traffic advisory services available to VFR aircraft,

(3} Pilots should:
{1) Use the AIM.

(A} The basic AIM contains a sect.icon dealing with services available
to pitots, including information on VFR advisory services, radar traffic
information services for VFR pilots, and recommended traffic advisory practices at
nontower ailrports,

{(B) The airport/facility directory contains a list of all major
alrports showing the services avallable to pilots and the goplicable communication
frecuenciles.

(i1) Develop a working knowledge of those facilities providing traffic
advisory services and the area in which they give these services,

(1ii) Initiate radio contact with the appropriate terminal radar or
nonradar facility when operating within the perimeters of the advertised service
areas or within 15 miles of the facility when e service area is specified.

(v} When it is not practical to indtiate radio contact for traffic
information, at least monitor the appropriate facility communication frequency,
particularly when operating in or through arrival /departure routes and instrumest
approach areas.
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{v) Remember that controller cbeervation of aircraft in the terminal
area is often limited by distance, depth perception, aircraft conspicuity, and
other normal visual acuity problems,., Limitations of radar (when available),
traffic volume, controller workload, unknown traffic, etc., may prevent the
controller from providing timely traffic advisory information., Traffic advisories
are secondary to the controllers' primary duties (which are separating aircraft
under their control and issuing safety advisories when aware of safety conflicts),
Therefore, the pilot is responsible for seeing and avolding other traffic., Traffic
advisories should be requested and used when available to assist the pilot to see
and avoid other traffic by assisting, but not substituting in any way, the pilot's
own visual scanning. It is important to remember that advisories which air traffic
control may provide are not intended to lessen in any manner the pilot's obligation
to preperly scan to see and avoid traffic.

£. Airport Traffic Patterns.

{1} A significant number of midair collisions, as well as near midair
collisions, have occurred within the traffic pattern envircrment.

(2} Pilots should:

(i) When operating at tower-controlled airports, maintain two-way
radio contact with the tower while within the airport traffic area. Make every
effort to see and properly avoid any aircraft pointed out by the %ower, or any
other aircraft which may be in the area and unknown to the tower.

(i1)  When entering a krown traffic pattern at a nontower airport, keep
a sharp lookout for other aircraft in the pattern., Enter the pattern in level
flight and allow plenty of spacing to avoid overtaking or cutting any aircraft out
of the pattern.

(iii) When gpproachirg) an unfamiliar airport fly over or circle the
alrport at least 500 feet above traffic pattern altitude (usually at 2,000 feet or
more above the surface) to observe the airport layout, any local traffic in the
area, and the wind and traffic direction indicators. Never descend into the
traffic pattern from directly above the airport.

{iv) Be particularly alert before turning to the base leg, final
approach course, and during the final approach to landing., At nontower airports,
avoid entering the traffic pattern on the base leg or from a straight-in approach
to the landing runway.

(v} Conpensate for blind spots due to aircraft design and flight
attitude by moving your head or maneuvering the aircraft,

g. Flying In Pformation.

{1) Several midair collisions have occurred which involved aircraft on the
sam: mission, with each pilot aware of the other's presence.

(2) Pilots who are required, by the nature of their operations, to fly
patrs or in formation are cautioned to:
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(i) Recognize the high statistical probability of their inviivement
in midair collisions.

(11}  Make sure that adequate preflight preparations are made and the
procedures to be followed are understood by all pilots intending to participate in
the mission,

(iii) Always keep the other aircraft in sight despite possible
distraction and preoccupation with other mission requirements,

(iv)  Avoid attempting formation fiight without having obtained
instruction and attained the skill necessary for conducting such coperations,

h. Plight Instructors, Pilot Examiners, and Persons A -ing As Safety Pilots.

The importance of flight instructors training pilot applicants to devote
maximum attention to ollision avoidance while conducting flight operations in
today's increasing air tyaffic environment cannot he overemphasized.

(2) Flight instructors should set an example by carefully observing all
regulations and recognized safety practices, since students consciously and
unconsciously imitate the flying habits of their instructors.,

(3) Flight instructors and persons acting as safety pilots should:

(1)  Guard against precccupation during flight instruction to the
exclusion of maintaining a constant vigilance for other traffic,

{il) Be particularly alert during the conduct of simulated instyument
flight where there is a tendency to "look ingide."

(1ii) Plave special training emphasis on thoge basic problem areas of
concern mentioned in this alvisory circilar where improvements in pilot education,
Operating practices, procedures, and technigues are needed to reduce midair
conflicts,

{iv) Notify the oontrol tower operator, at airports where a tower is
manned, regarding student first solo flights,

(v) Explain the availability of and encourage the use of expanded
t

et
l <

radar services for arriving and departing aircraft at terminal airports whsre
service ig wailable, as well as, the use of radar traffic advisory services for
transiting terminal areas or flying between en-route points,

{vi) Understand and explain the limitations of radar that may
frequently limit or prevent the issuance of radar ad isories by air traffic
controllers (refer to AIM) .

(4) Pilot examiners should:
{i} During any flight test, direct attention to the applicantts

vigilance of other air traffic and an adequate clearance of the area before
performing any flight manetver,
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(ii) Direct atteation to the applicant's knowledge of the airspace,
available FAA air traffic services ani facilities, essential males, good cperating
Practices, procedures, and techniques that are necessary to achieve high standards
of air safety,

i. Scan Training. The Aircraft Owners and Pilots Association (AOPA) Air
Safety Foundation has developed an excellent educational program designed to inform
pilots on effective visual scan techniques. All pilots are encouraged to attend
PAA/industyy sponsored safety meetings which feature thig program. The program,
called "Take Two and See," is available on loan through the AOPA air Safety
Foundation, 7315 Wisconsin Avenue, Bethesda, Maryland 20614, For further
Information on the availability of this or any other Accident Prevention Program
dealing with collision avoidance, interested persons may oontact the Accident
Prevention Specialist at any FAA General Aviation District Office or Flight
Standards District Office.

4
~FENNETH S. HUNT
Director of Flight Operations
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