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EXECUTIVE SUMMARY

On Janusry 20, 1987, about 1228 central standard time, a U.S. Army Beech
U-21A airplane, Army 18061, and a Sachs Eleetric Company Piper PA-31-350, N6OSE,
collided at 7,000 feet ms: over the Lake City Army Ammunition Plant, independence,
Missouri, about 5 miles east of the eastern boundary of the Kansas City Terminal Control
Ares. The U-21 wes level st 7,000 feet and en route to Fort Leavenworth, Kansas, in
accordance with instrument flight rules. The PA-31 was climbing esstbound to an
unknown cruise saltitude, having departed the Kansas City Downtown Alrport in
accordance with visual flight rules, en route to Saint Louis, Missouri. The airplanes
collided nearly head-on in daylight and visual meteorological conditions. AMhough both
airplanes were equipped with operating mode-C transponders, the radar centrolliers in
communieation with the U-21 did not observe and were not alerted to the conflict.
Therefore, traffic advisories were not provided. As a result of the secident, two pilots
and one passenger aboard the U-21 and the pilot and two passengers aboard the PA-31
were fatally irjured. Both sirplanes were destroyed.

The National Transportation Safety Board determines that the probable cause
of the accident was the failure 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 avoid concept as & primery means of collision avoidance; and the lack of automated
redundancy in the eir traffic control system to provide confliet detection between
participating end ncnpartieipating aireraft.

The major safety issues addressed by the report gre limitations in the ability
of pilots and air traffic contrellers to detect midair coillision thrests in time to avert
inflight coliisions between flying aircraft under instrument flight rules and visual flight
rules.

As a result of this accident and others, safety recommendations addressing

these issues were made to the Federal Aviation Administration. the National Business
Aircraft Association, and the Aireraft Owners and Pilots Association.
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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C. 205%4

AIRCRAFT ACCIDENT REPORT

Adopted: February 3, 1988

MIDAIR COLLISION OF U.S. ARMY BEECH U-21A, ARMY 13061,
AND SACHS ELECTRIC COMPANY PIPER PA-31-350, NGOSE
INDEPENDENCE, MISSOURI
JANUARY 20, 1987

1. FACTUAL INFORMATION

1.1 History of the ¥light

On January 20, 13987, about 0745 central standard time, & Piper PA-31-350,
N6CSE, operate¢ by the Sachs Eleetriec Company, departed Spirit of Saint Louis
Airport, St. Louis, Missouri, en route to Kansas City International Airport, Kansas City,
Missouri. The purpose of the flight was to transport company executives to Kansas City
where they were to conduct company business. The pilot of NSOSE cbtained s preflight
weather briefing and filed an instrument fiight rules (IFR) flight plan before departure.
The Federal Avistion Administration (FAA) flight service station (¥SS) employee who
provided the weather briefing and copied the flight plan information also offered to copy
the information required to provide the pilct an IFR flight plan for & return flight planned
for later that day. The pilot of NBUSE declined the offer saying he would file for the
return flight later that day.

There were no reported airplane descrepancies during the flight to Kansas City
and the airplane arrived witheut incident. The flight was conducted in visual
metecrological eonditions, The pilot landed at Kansas City Internationai Airport znd
dropped off one of his passengers; then he {lew to Kansas City Downiown Airport where
he deplaned the other passenger and awaited the completion of their business in the
Kansas City area. While awaiting the return of his passengers, the pilot made
preparations for the return fiight to 5t. Louis,

Although the pilot had advised the St. Louis FSS that he would file an IFR
flight plan for the return flight, there was no record to indicate that he obtained a
weather briefing in Kansas City or that he filed a {light plan for the retura flight to St.
Louis. Under applicable FAA rules, the pilet was not required te file a flight plaa for the
subseguent visual flight rules (VFR) flight. N6J3E was not refueled at Kansas City but
had sufficient fuel reserves to complete the planned return flight.

NGOSE departed from runway 19 at Kansss City Downtown Alrport at 122t in
accoréance with VPR. The pilot advised the local controller that he would meake s left
turn to the east after departure. The pilot's acknowledgement of the controller’s approval
of the left turn was the last known radie transmission from the flight.

The track of the flight of NE0SE was reconstructed f{rom Kansas City
International Airport Terminal Radar Approach Control {TRACON) and Kansas City Air
Route Traffic Contrcl Center (ARTCC) recorded secondary (transponder) -adar data.
According io the radar data, N60SE turned to an easterly heading =aiter departing Kansas



City, toward the Napcleon VORTAC. 1/ The -nboard transponder was iransmitting code
1200 and mode C (altitude} information. The radar data showed that the airplane did not
enter the Kensas City Terminal Control Area (TCA), but remeined beneath its
5,080-foot 2/ base until outside the 20-mile arc which defined the perimeter of the TCA.
The secondary radar, mode-C target, was detected by the TRACON's ASR-8 radar
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 elimb until the target
was lost near the Lake City Army Ammunition Plant, Independence, Missouri, at 1227:58
and 7,000 feet.

At 0944 con January 20, 1987, a Beech U-21A airpiane, operated by the U.S.
Army and using the call-sign "Army 18061," departed Calhoun County Airport, Anniston,
Alabamsa, en route tc Sherman Army Anrfield (AAF), Fort Leavenworth, Hansas. The
purpose of the flight was to transport an Army general officer to Fort Leavenworth. The
flighterew checked the forecast weather and was briefed before departure regarding the
mission. Mo discrepancies were noted during the preflight inspection of the airplane. The
iFR flight plen route was girect Muscle Shoals VOR, direct Dyersburg VOR, direct Maples
VOR, direct Napoleon VOR, and direct Sherman AAF at an assigned altitude of 8,600 feet.

The flight progressed routinely st 8,000 feet. At 1218, Kansas City ARTCC
cleared Army 180561 to descend to 7,000 feet and provided the Kansas City altimeter
setting. Army 18061 was level at 7,000 feet at 1221 when Kansas City ARTLCC nanded off
the flight to the Kansas City TRACON Eest Radar controller. The East Radar contreller
advised Army 180681 to expect a visual approach to runway 33 at Sherman AAF and
provided the following Sherman AAF weather: sky clear, visibility 18, wind from 260 at 7
knots, and aitimeter 30.286.

At 1222:34 Army 18081 was instructed to proceed directly to the Kansas City
VOR and to depart the VOR heading 310 degrees. The crew zcknowledged the clearance
with "wileo,” indicsating that they understood and would comply with the clearance. At
1225:09, Army 18061 was advised of traffic {identified by the East Radar controller as a
twin Cessne) at the flight's 12 o'elock position, 5 miles distant, at 8,000 feet, IFR, and
southwest bound. At 1225:23 the Army flighterew reported the traffic in sight. There
were no further radio transmissions from the flight. Radar contact with the flight was
lost about 1228.

Examination of the radar data confirmed that the traffie advisory to Army
18081 did not pertain to N6USE, and Army 18081 was well clear of that reported traffic
when it collided with NSOSE about 1228. The radar data indicated thet Army 13061 did
not alter its heading noticeably after it turned toward the Kansas City VOR and the
girplane maintained 7,000 feet unti! radar contact was lost following the collision,

After the radar target was lost, the air traffic controlier's computer
attempied to prediet the position of the sirpiane from previous irack and ground speed
higtory. The computer identified the target shown on the eonirolier's radarscope as a
"apast"target and attempted to re-acquire the target. The computer was unable to

1/ A collocated very high frequency omni range station and ultra-high frequency tactical
air navigation aid providing azimuth and distance information to the user.

2/ Al aititudes herein are reported in mearn sea level (msl) unless otherwise specified.

3/ Cosast targets are exhibited on & controller radarseope for a short period of time after
rader informaticna on a tracked target is lost, based on the tracking history of the previcus
target and computer calculations of the probable location 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
radar began to display multiple primary 5/ radar returns in the area where the secondary
targets of KBOSE and Army 180661 had been previously presented.

Army 18061 and N8OSE collided in visual meteorological conditions over the
Lake City Army Ammunition Plant, Independence, Missouri, st 7,000 feet msi. Both
airplanes fell to the ground within the confines of the ammunition plant. Two pilots and
one passenger aboard the Army sirplane were fatally injured, as were the pilot and two
passengers aboard the Piper. Ground damage was limited to trees and electrical wires.
There were no injuries to persons on the ground. The zeeident occurred at 38 degrees 0§'
N latitude and 054 degrees 16' W 'angitude.

The Safety Board interviewed 15 persons whe had reportedly witnessed the
collision. Thirteen of these persons were on the grounds of the Lake City Army
Ammunition Plant at the time of the collision; none cbserved the airplanes inflight before
the collision. Some of the witnesses deseribed the U-21 falling to the ground, apparently
out of e¢ontrol, and debris falling to the ground after the eollision. NWone of the witnesses
observed the PA-31 airplane following the collision.

At the time of the accident the East Radar position at the Kansas City
TRACON was staffed by an ares supervisor and a developmental air traffic control
speeialist., The supervisor was providing on-the-job training {OJT) tc the developmental
controlier. Both controllers reported that they did rot see primeary or secondary radar
information or an Automated Rader Terminal System {ARTS) III limited data block
associgted with any aireraft in the vieinity of Army 18061 on their radarseope. They had
not provided any traffic advisories relevant to the PA-31.

The ares supervisor had assumed the responsibilities of the East Radar position
7 minutes before the ecollision and had provided the Kansas City weather, the direct
routing te the Kansas City VOR, and the traffic advisory regarding the twin Cessna to
Army 180661, The developmental controller had been working at the position for sbout 1
minute at the time of the coliision and had not ecommunicated with the Army sirplane.
She had been briefed by the area supervisor regarding iraffic in the sector before she
signed on at the position. After her briefing, she made manual adjustments t¢ her
radarsecpe, but she had not made any keyboard entries a2t the time of the secident.

1.2 Injuries to Percons
Crew Passengers Total
Fatal 3 3 8
Serious 8 g 0
Minor/Ncne 8 i} 2
Total 3 3 &

4/ Secondary radar target information presented on a controller seope is generated from
transponder information received by the associated rzder.

5/ Primary radar target information presented on e controller scope is representative of
the radar perceived image of an aireraft or other object (based on reflected radio enargy)
and is not dependent on receipt of transponder information.



1.3 Damage 1o Aireraft

The Army U-21 was destroyed by ihe collision, ground impaet, and the effects
of a posterash fire. The Piper PA-31 was destroyed by the collision and ground impaect.
The wreekage of the PA-31 was not involved in a posterash {ire.

1.4 Other Damsge

Three 1/2-ineh-diameter high voilsge powerlines were broken when the
fuselage of the U-21 fell ihrough the wires before ground impaei. The only other ground
damage invelved trees which were struek by falling debris.

1.5 Personnel information

The pilot of the PA-31 was properly certificated and was adeguately trained
and experienced io eonduct the flight. He had been employed by the Sachs Elecirie
Company as the company's chief pilot. The pilet was currentiy qualified in the zirplane
and was quite femiliar with it. A review of the pilot's training snd certificatior records
did not reveal any history of flight safety violstions or aireraft accidents. The pilot was
familiar with the Kansas City area inecluding the TCA. He had no known life situaticnal
stress problems or unusual resting or eating habits. He smoked about one pack of
cigarettes dsily., His most recent first class airman medieal certifieste listed no
limitations. His medical examination report indicated that he had 20/20 uncorreeted
vision in both eyes and normal field of vision. (See appendix B.)

The PA-31 pilot did not allow his nonpilot corporate passengers to occupy the
right front {pilet} seat. He explained to his essociates that his policy prevented
passengers from interfering with the controls or distracting him from his pilot duties. The
right pilot seat of the PA-21 was not occupied on the accident flight.

The U-21 was flown by an Army pilot who performed copilot duties and a
eivilian pilot employed by the Department of the Army whe operated the {light controls.
The civilian pilot cecupied the left pilot seat; the Army pilot occupied the right pilot seat.
Both pilots were properiy certificated and were current and qualified in the airplane
asceording to FAA and U.S. Army standards. Review of the pilot training records revealed
no major weaknesses in the proficiency of either pilot. Neither pilot had any known life
situational stress problems or unusual resting or sleeping habits., Neither gilot had any
histery of flight safety viciations or aireraft accidents. Both pilots held eurrent second
class airman medical certificates without limitation. Their medieal examination reports
indicated that both pilots had 20/26 uncorrected vision in both eyes and normal field of
vision. {See appendix B.)

The air traffic controilers at the Kansas City International TRACON, East
Radar position were qualified to assume the responsibilities of their respective positions.
The aree supervisor was a full performance level controller, gusaiified on all control
positions in the TRACON, He was an experienced terminal controlier who had instructed
at the FAA Air Traffic Controt (ATC) Academy in the terminal eontroller option. The
controller receiving OJT on the East Racdar position was a developmental controller. She
was quslified on two positions in the TRACON, but she had not vet qualified on the
remaining radar positions. Examination of the controller training records did not reveal
any deficiencies, Interviews of the controllers did not reveal any deficiencies with
respect to their knowledge of relevant ATC radsr procedures or policies. (See appendix
B.)




1.8 Ajrereft Information

The Piper PA-31, N60SE, was owned snd operated by Sachs Electric Company
and used for corporate business. The airplane was certificated, eguipped, and maintained
in aceordance with FAA regulations. A review of the available sirpisne maintenance
records did not reveal any discrepancies relevant to the circumstances of the aeccident
flight. The airplane was issued & standard certificate of airworthiness on February 16,
1983. The most recent recertification of the altimeter and pitot static system was logged

on January 29, 1985. The most reeent annual inspeection of the airplane was completed at
Kansas City Aviation Center, Olathe, Kansas, on December 23, 158f;, at 281 tota!l
airframe hours. The airpiane was ¢perated only 30 hours from the diate 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 Decomber 1986 as &
consequence of the annual inspection. The airplane was painted coff-white with two-tone
brown irim.

The Beech U-21 airplane (similar to the Beech A%0 King Air), Army Serial
No. 67-18061, call sign Army 18061, wac maintained in accordance with U.S. Army

regulations. Review of the =airplane logbook and maintenance and historical records
revealed nothing of significance to the accident. All applicable Modification Work Orders

had been applied. Army 18081 was not equipped with anticollision strobe lights; however,
it was equipped with rotaling anticollision beacons. The landing lights of the U-21 were
capable of being illuminated at any speed. However, the operating instruetions for the
airplane did not require that the lights be illuminated until the landing checklist was
eonducted before landing. There was no Army policy or requirement for the landing Iig’nts
to be- illuminated to improve airplane conspicuity during or following descent of the
airplane from its eruise altitude. The airplane was painted dark green and white.

1.7 HMeteorojogical information

At the time of the sccident, the weather conditions in the Kansas City area
were characterized by high scattered clouds and excelient visibility. The weather
observations at Kansas City International Airport, about 25 miles west northwest of the
acecident location, were: :

1147, Surlace Avistion: 25,000 feet thin seattered; visibility--20
miles; weather-—none; temperaturse—26 degrees F, dew point—
11 degrees F; wind——230 degrees at 11 knots; zltimeter--38.2§
indg. : :

1242, Special: 25,000 Teet thin scatiered; visibility--20 miles;
temperature—28 degrees ¥, dew point 14 degrees F; wind--
240 degrees at 13 knots; altimeter--30.22 inHg; remarks— airceraft
mishap.

Based on winds aloft reports, it was determined that the wing at 7,000 feet
was from about 3287 degrees at 32 knots.

The position of the sun relative to the accident site at the time of the
accident was determined to have been 180 degrees (irue) in azimuth and 31 degress in
elevation. The. sun would have been more than 90 degrees from esch pilot's zero
reference point. 8/

6/ Zero relerence point assumes an aversge pilot eve reference point for a given seat
cosxtvon and refers to the center of that pilot's viewing area.



1.8 Aids to Navigstion

Not applicable.

1.9 Communications

There were no reportad communications difficulties. Interviews with the
controllers assigned to the TRACON East Radar position did not reveal any
communicetion difficvities.

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

1-19 Aerodrome Information

Not applicable.

1.11 Flight Recorders

Cockpit voice reeorcers and flight recorders were not installed and were not
required in either airpiane.

i.12 Wrackage and Impaet Informaticn

Wreckage and debris from the two girplanes were located at two main Impaet
sites, 3,700 feet apart, within the eonfines of the Lake City Army Ammunition Plant. The
aceident site and surrounding area were snow covered. Other debris from the sirplanes
was scattered over a 2-mile path. Cne main wreckage site consisted of the U-21 forward
fuselage, itz wings, and its engines. The empennage and the aft fuselage were remote
from that site. The other main wreckage site contazined most of the wreckage of the
PA-31; hcwever, the left wing and both engines were remcte from that site. The U-21
wreckage was largely eonsumed by the effeets of a posterash fire, The PA-31 wreckage
did nct burn, A wreckage distribution ehart is in appendix C.

Piper PA-31, NEOSE.--The ”A-31 main wreckage was in a wooded area
adiscent to the firing range of the ammuuition plant. Thne forward fuselage was deformed
as a resuit of impaecting a tree. The fuselage was split open forward of the entry door on
the left side of the cabin. The lowsr left side of the fuselage was torn away. The left
windshield frame was in cue piece; the righ' was partially torn away at the bottom.

A section of forward fuselagt structure with the left windshieid wiper
attached was found 2,200 feet southeast of the main wreckage site. The top of the
fiberglass nosecone ccver was intaet; the lower third of the nosecone wsas crushed and
separated from the larger top section. The right side of the fuselage was crushed inboard
at the mideabin window ares acd aft of the! area. An imprint in that area contained
black seuff marks. A parallel black seuff was noted on the outboard zide of the right
engine nacelle, starting at the junciure betwean the frent wing spar and the nacelie and
continuing rearward and upwerd., 45 degrees "o the sirplane longitudinal axis. A clean
siice through the ecabin floor and carpet was ncled on the right side of the cabin and
opposite the sabin dooir. The slice was oriented from outboard to inboard {as viewed
iooking rearward). A styrofosm and plastic ire chest about 12 inches high, normally
placed at that loestion in the airplane by Sach: Eleetriz Company employees, was also
cleanly slashed. The inside of the cabir was :ubstantially <istorted. & piece ¢f the
vartical stabilizer structure of the U-21 was found inside the PA-31 cabin.

|~ —
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The left wing wus separated from the fuselage &t the wingrost and came to
rest 580 feet southwest of the main wreckage site. The fractures associzted with the
wing separation revealed no evidence of preexisting damage. The upper surface of the
left wing revealed no obvicus collision damage. However, the lower surface contained
gouges, scrapes, and a slice through the lower surface. The siice through the lower
surface was 3 inches wide and 28 inches long. It began about 7 feet outboard of the
fuselage and 30 inehes aft of the wing leading edge. The slice progressed resrward at an
angle 10 degrees from that of the winyg spar. Severgl scrape marks swept rearward and
outboerd {about 30 inches) from the inboard leading edge of the wing lower surface, at an
angle 20 degrees from the fuselage centeriine. The left fiap position was up, and the lert
landing gear was retracted.

The left ~ugine was separated from the wing and was found pariially buried in
the ground in a wooded ares. A clean slice, similar to the one found in the lower surface
of the left wing, was present in the bottom ¢f the engine cowl, almost perpendicuiar to
the zirniane's norm-1 line of flight. The 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. 2 eylinder to the No. 4 eylinder of the engine. Two propeller tips were
missing angd the third was seraped 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 pertislly attsched to the fuselage
stiucture, The ieading edge of the wing cutboard of the naceile was crushed aft and
inbogrd from the leading edge. The erushing extended rearward to the front wing spar,
which was broken and deformed rearward. Pieecss separated from this area of the wing
exhibited crushing deformation in the aft and inboard directions. The crushing along the
wing leading edge extended about 4 feet outboard from the nacelle. A shailow dent whieh
contained blaek seuff marks extended upward and aft from the erush ares and along the
outboard side of the nacelle. This damage appeared to be aligned with other deformation
on the right side of the fuselage cabin. The right engine and propelier did no! reveal
evidence of having contacted the U-21,

The empennage was still attached fo the fuselage. The left horizontal
stabiiizer and eievator were largely undamaged. The vertical stabilizer and rudder were
attached but were resting stop the right horizontal stabilizer. A pieece of fiight control
counterweight, from the lefi elevetor cf the U-21, was {~und inside 2 hole in the right
side of the vertical stabilizer 32 inches above the base of te stabilizer. The outbosard end
of the right horizontal stabilizer was bent upward.

The cockpit of the PA-31 was fragmented and distorted by coilision and ground
impact forees. The recognition and strobe ligh® switches in the cockpit were found in the
on position. The Safety Board was not able to cetermine whether the strobe lights werc in
operation at the time of the aecident. A fragment of a Nomex flightsuit with the
nametpy of the left seat pilot of the U-21 was found embedded left side of the cockpit of
the PA-31,

Beech 8-21, Army 18061.--The main wreckage of the U-21 came to rest at the
edge of a blacktop road about 50 feet northeast of Building 64A of the Lake City Army
Ammueition Plant. Three 1/2-inch-diamete- high voliage power lines, normally
suspended 30 feet above the ground, were broken abeve the wreckage. Portions of the
cabin roof and the fuselage, aft of the airstair {(main cabin) door, were scatlered about the
wreckage path remote from the main wreckage The wreckage and debris at the main
wreckage site was severely fire damaged. The airplane pieces and other debris along the
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wreckage path were not burned. The extensive posterash fire damage at the U-21 main
~ wreckage site prevented identifieation of seratch or serape marks, propeller slash marks,
or other evidence of the angle ot impact.

The cockpit area was extensively damaged by impact forces and fire. Most of
the instruments on the contirol panel were separated, exhibited severe impact damage,
andfor were severely burned. The contro! trim positions could not be determined, Fire
damage precluded a positive determination regarding the operation of the rotating beacon
or landing light &t the time of the coliision. The flap control lever was in the flaps up
position and the flap indieator indicated that the fleps were up. Both flep actuators {in
the wings) were {cund in positions corresponding with fully retracted flaps. The landing
gear was determined to be in the retracied position.

The leading edge of the right wing was crushed rearward. The outboard 8 to
10 feet of the right wing exhibited multidirectional shearing. The ieft engine spinner,
hub, and propeller bledes were found about 1,508 feet north of the U-21 main wreckage.

The fuselage, 2f1 of the airstair door, was disintegrated and ihe piecces were
scattered aiout the wreckage path. The tops of the airstair and cargo doors had been
sheared off below the fuselage window line, in a rearward direction. Cabin roof pisces,
scattered about the wreckage path, were crusited and battered in a rearward direction.

The empennage was fragmented end pleces were scatiered augul the wreckage
peth. The largest piece consisted of the right horizontal stabi:izer with elevator and trim
tah attached. The outboard end of the right horizontal stabiiizer and elevator was
sheared off. The right elevator counterweight was intact. The left horizontal stabilizer
was more highly fragmented than the right., The pieces which could be identified
exhibited rearward deformation. The outboard tip of the left elevator was recovered with
a fragmented portion of counterweight attached. The fragmented piece matched the
eontrol counterweight piece found in the PA-31 vertical stabilizer. The vertical stabilizer
and rudder were baitered and fragmented. The pieces were deformed rearward and to the
right.

The right engine propeller blades remained with the engine but were heavily
¢amaged. The propelier dome was broken apart. Iis component parts were missing.
However, all three blades were twisted and the propeller biade angles were consistent
with high rotational spead et impact. Ore blade was cut and gouged in the outboard
7 inches with 1 ineh of the tip missing. A second blade was twisted severely; the third
blade was broken of{ but was bent into an S-shape. The left engine propeller spinner had
a large dent beiween two propeller blades. The outboard 16 inches of one blade was
broken into two pieces. A second blade was bent into an S-shape; the third blade was in a
low-pitch position with chordwise scatches on the blade.

The examination of the wreckages of the sirplanes did not reveal any evidence
of precollision failure or malfunction of contro! systems or the airplane powerplants.

1.13 Medical and Pathological Information

The postmortem examinations of the pliots were performed by the Jackson
County, Missouri Medical Examiner and the Armed Forces Institute of Pathology. The
examinations diselosed no evidence of Gisease processes which would have had any bearing
on the pilots' ability to operate an airplane. The cause of death of all of the victims was
attributed to muitiple serere traumatie injuries as a result of the airpiane acecident.




Toxicological iesting was pecformed on the remains of the pilois. The tests
were negative for drugs. The tesis for aleohol revealed a low level of alechol which was
attributed to postmortem factors, not ingesticn. The air traffic controliers assigned to
the K.nsas City International TRACON East Radar pesition voluntarily submitted urine
samples for toxicology. Those samples were negative for drugs.

1.14 Fire
There was nc evidence of inflight {ire involving either airplane.

The Lake City Army Ammunition Plant Fire Department responded to the
posterash fire at the main wreckage site of the U-21 arriving about § minutes alter the
erash and extiinguishing the fire within about 15 minutes. Local fire department and other
emergency response vehicies were not permitted on the plant grounds 1o respond to the
fire. The Army Ammunition Plant personnel and equipment were adequate and effective
in responding to the emergency and in extinguishing the posterash U-21 fire.

115 Survival Aspeets

The aecident was not survivable. The occupiable space of both airplanes was
compromised and the airplanes were rendered unconiroliable gs & result of the inflight
collision. There was no evidence that any of the victims survived the coilision and ground
impact.

1.18 ‘Tests and Research

The Safety Board examined the performance of the airport surveillance radar
assceiated with the Kanses City Internatioral TRACON and the capability of the
TREACON equipment o display the secendary radar information re’evant to NGUSE and
Army 180681. The Safety Board alsc sxamined the coliisicn geometry of the two airpianes
and studied the faetors that would have affected the visibility of sach airplane as viewed
from the cockpit of the other.

1.16.1 Kansas City International TRACON

The Kansas City International TRACON provides ATC services including
traffia advisories to IFR afreraft operating in the vieinity of the Kansas City TCA and
orovides traffic adviseries to participating VFR aireraft. The TRACON uses the ARTS 11
computer traeking svstem to detect, irack, and predict the positions of secondary
{transponder derived) eircrafi targets. The targets are displayed by compuler—generated
symbols and alphanumerie characters depiciing aireraft location, identification, aititude,
ground speed, and fiight pian data. Alreraft tracked by the ARTS and displaying this
infcrmation are terrned tracked iargets; the computer symboiogy prov'ding the target
identification information is itermed a full deta bloek {FDB)Y. Those secondary radar
derived targets which are nct tracked by the ARTS are displayed on the coniroiler scope
as limited Z2ata bloeks {LDB) with computer symbology overlying & received transponder
target reiurn. The Safety Board was advised that, st the Kansas City TRACON,
1200—code (VFR]} target symbology eanndt be supressed by controliers. They are depicted
autometically on controller scopes with a computer-generated trizngle over the primary

ad secondary targets for nonmode C targets. Mode~C iransponder targets are depicted
by & ecomputer—generaied sguare over the primary and secondary targeis and aiso display
the transponder-indicsted altitude in a three-digit ecde attached to the sguare by a
ieader line about 1/4 inch long.
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A review of the FAA records for January 20, 1587, revealed that there were
no reporied problems with the Kansas ity TRACON ASR-8 radar, transponder
equipment, or ARTS equipment before the secident. The records indicated that the East
Rgdar scope was removed from serviee for & maintenanee check after the accident, was
found to be operating normally, and was returned to service 21 minutes later.

A review of TRACON records, deted December 1, 1986, to January 21, 1987,
revealed numerous entries citing false transponder targets on controller radasr scopes.
The faeility air traffic meneger (ATM) stated that faise targeis were reported in the
southwest, north, and south quadrants but were not reported in the seetor monitored by
the East Radar contreiler. Although the probiem was causing faise targets to be added to
coniroller scopes, there were no known incicents where tracked or other known targets

iser-peared from eontrolier scopes for any reason. On the weekend of Mareh 7-8, 1987, a8
new transponder peacon antenna with a plansr array antenne was instzlied to eliminate
the false target problem. The ATM reports that the new zntenna has made a significant
improvement and eliminated a'most al! of the false targets. Other aciion was planned to
eliminate the remaining occasional false returns.

On dsnuary 23, 1887, a postaeccident flight inspection of the ASRE-£ radar
system and associated TRACON radio f{reguencies was conducted hy an FAA flight
inspection airplane which wss veetcred aiong a2 track similar to that of the PA-31
gseeident airplane. The tiighi inspertion pilois reporied that they found the -adar and
radio frequency operaticn to be satisfsetory. Their report iisted no discrepancies. The
flight inspection was monitored by a senior, fuil perf~rmance level air traffiec controller,
and the racdar progress of the flight wes recorded Ly the ARTS Il computer. During the
fiight inspection, the controller recorded and graded the primary targe! return gquality; he
observed but did not evaluate the guality of the secondary radar returns of the flight
inspection airplane. The contrcller reported that the transpender returns were good and
that the mode C readouls were consistent with pilot-reported altitudes during the
inspection. The radar data was astomeatieally evslusted by the ARTS computer for
validity of the data and {or target strength. The extracted radar data showed that target
data was presented 89.9 percent of the time during the evaluation period. Only one of the
1,472 returns recorded was graded less than the maximum validity, and mode-C
information was presented whenever target information was presented. Target strength
was normal during the flight inspection.

1.18.2 Retraek

Since the controllers gt the East Radar position reported that they did not
observe the eastbound transponder targets of the PA-31 or any other gireraft in the
vicinily of the Army U-2i, the Safety Beard reguested that the FAA piayback the
relevant recorded Kansas City TRACON ARTES 1% rader ds:a from the East Radar position
at the FAA Technical Center, Atlantie City, New Jersey, using their Retrack Program
Computer. The ratrack program ean, through the use of recorded dats from the Kansas
City TRACON, dispiay ARTS 11l alphenumerie symbslogy iike that shown on the East
Radar controlier's display. The retrack program does not currently displey raw rader
returns {primary returns or ground cluiter), anslog beacon control slashes, or video maps
since this information is not recorded. Therefore, the retrack program cannot replicate
the entire radar poriraval on a controller display; it replicates only the alphanumeries
generated by the ARTS I program and its associated logic., In this retrsck display,
ecntrol settings sueh es the alphanumerie gains, character size, and leader length used by
the Kansas City TRACON East Radar controllers were incorporated.
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On April 17, 1987, the Kangas City TRACON ARTS U] "neo’-ﬁ.mg meadium was
inserted into the FAA's Retrack Program Computer. The computer had been programmed
with the Kansas City TRACON ARTS I program and conirol se,.mgS. The retrack
p*og"am produced the a_p‘aazm:n& ie symrbols generated by the ARTS (I for Army 18061
and for NBOSE. It also revealed the symbology fer N12850, which was the overflight
iraffic ideatified by the East Radar controlier, as traffie for Army 18061 2 few minutes
before the socident. The display exhipited the siphanumeric svmbols of the other
girplanes genersted by the ARTS U system,

investigators viewed the retrack three iimes using different aiphsnumernt
character sizes ineiugding character size "2," whieh was reportediy used by tne East Radar
controiler. The FDR of Army 18661 apaee.red on the scope at 1221348 ard remained on
the seope until the collision. The FDB for Army 186681 was offset to the northeast or
southeast relative to the slphanumerie "E" tracking svmbo!l that represented the airplane’s
nosition. The LDB associated with N6USE appeared on ihe secps sbout 1222:45 and
remained on the scope until the coliision. The LDB was offset to ihe norcheast of the
square symboli representing the airpiane’s position for the entire w'ewing. Presentation of
data blocks representing both accident airplanes appeared consistent curing the viewing,
except that on the isst three radar ar‘ enna sweeps, the FDB for Army 18081 indicated &
coast status. The LDB associated with NSI3E did not éppear on the scope q-.“g the last
three sweeps. The last presentation, showing both az:’p anes, hed the position t{racking
symbols nearl - overiapped with their 7.060-foot inode  indicated altitudes reading neerly
&s one presentation.

the reiracX presentation, noted that the oifset of
8! and Ni2885 ghifted between noritheszst and
ic :’?seg feature of *he ARTS ill. The auiomestlie

The Safety Board, viewing
the FDBs sssocizted with Army 133
scutheas:, varying due is the avtomati

offset feature was designed to preelude FDB Wnformation from memanpé g and obserring
other FDB rader target information. The Sefety Board noted that the FDBs of the
tracked targets did not cbseure the 1LLDB associated with NS4SE a:r any time during the

observed retrack.

The ARTS Il system 8t Kensas Citv TRACON inciuded "econflicr alert”
egpability, a subprogram thet alerts radar controllers to potentially “azar-do._ proxamities
between iracked aireraft. The aursl and visue! zleris, essociated with the conflict alert
system, are bzsed on projected ;osi‘ianm and veioeily datz for tracked mode- C targets.
A eontroller could not be gierted by the system I either of the invoived aireraft was not
traeked, even if it was equipped with an opergting mode~C iranspender. Communication
with & eontroiler or operat 'ng & moCe—C transpender on a ¥FR fliight would not provide a
pilot with the proiection offered by the ecnflict alert sysiem. However, a controller's
posiiive response 1o 2 piiot's reguest for VFE fiight-followin g services would result in the
radar controller tzgging up the target and autematieally init atmg the iraex needed by the
confliet alert system. When controiler workload is high, it may not be possibie for the
controller to provide flight-following or other alr traffic services 1o VFR airereft. Denial
of a pilot’s reguest for flight-following services under these circumstances Is net unusual.

To evaluate the poleniial usefuiness of the conllet alert system in alerting
controilers to impending collisicns hetween tracked and untracked mode~{ radar argezs,
the Safety Board manually "tagged” the LDB associated with N8ISE at the beginning of
the third retrack viewing. This caused an FDE (o be essocizted with the racar zarget of
N8gSE and & track to be started automatiesliv. With no further input, the FDB co':t nued
to be dispiaved for NEOSE until the radar target mergeé with that of Army 18081, After
the time of the collision, the irack associated with NBOSE displayed a coasi status. The
Safoty Board noted that the eonfliet alert visua! and sural slarms aetivated durin
imulation at 1227:28, more than 48 seconds before the zetual ccillsicn. The eonflict
alert feature continued untii the radar targets entered cosst status.
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1.18.3 Airplane Performance Calculations

The Safety Board examined the recorded radar data to determine the
positions, aititudes, veloeities, and flightpaihs of both airpianes in the last minuies of the
flight. Based on the radar data, it was determined that the zacident occurred about
3228:87.

The Kanses City TRACON radar dats were originally formatted in range and
azimuth from the ASR-8 radar antenna site used by the ARTS IiI equipment. The cate
were converted 1o X-Y coordinates in nautical miles and were reoriented to irue north
slignment. The rader data were smoothed and evaluated at 5-second intervsals to allow
the calculation of average airplane performance before the moment of impaet. Thus, it
was revealed that NEOSE maintained an sverage rate of elimb of 1,066 feet per minute
{fpm) over the last several minutes of the flight.

The smoothed radar data were used as input deta for & National Aeronsuties
and Spaee Administration (NASA) computer program {MANAT) that is use? to calculate
performance parameters such as airspeed, ground speed, roil angles, and acceleration
loads. This program is useful for calcuisting long term motion of the airplane, but short
term {abrupt] mancuvers cannot be reconstructed using this program. The MANAT
program reveaied that there were no significsnt changes in airspeeds or ground tracks
over the lasy !.everal minutes c¢f the flights. N60SE was maintaining about 140 knots
indicated airspeed {KIAS) on & ground traek of 093 degrees true and & heading of about
BBE degrees true. Army 18061 was maintaining about 190 KiAS on & ground traek of about
256 degrees true. NBOSE was climbing at about 1,086 fpm 2nd Army 18061 was level at
7,000 feet msl. The tracks of the airplanes, plotted from Kansas City ARTCC radar dats,
are shown in figure 1. Figure 2 shows the radar tracks and alsc primary target
infermation which was recorded by Kansas City ARTCC after the eollision.

1.16.4 Cockpit Visibility Study

A cockpit visibility study was conducted to determine the loestion of each
airplans with respect to the field ¢f vision ¢f the piloi(s) in the other airplane. A
binocular camera, owned and operated by the FAA Technical Center, Atlantic City, New
Jersey, was used to photograph ihe cockpits of two airpianes with strueturally identical
cockpit visibility to the accident airplanes. 7/ The camere uses two 65 mm wide-angie
lenses with angular coverage of 88.5 degrees simulating the lenses of the human eye. The
lenzes were 2.5 inches zpert, the average human interocular distanee. The camers rotstes
gbout a vertical axis that is normally 3.5 inches {rom the lenses, approximating the
distanee between the front of the eye and the odontoid process or pivot point about whieh
the head rotates. The camera produces a eontinuous strip of film to produce a panoramic
view of the window configuration. Horizontal and vertical grid iines are measured and
superimposed on the photegraphs. The resulting pho ’ographs show the outline of the
ecckpit windows as seen by & crewmember rotating his head from side to side. Monocuiar
obstructions within the wmdow, such as windshield or docr posts, are also defined by the
photographs.

7/ Binocular photographs specific to the PA-31-350 and the U-21 were not azvailable,
Binocular photographs of & PA-31 and 2 Beech 99 were substituted since the cockpits of
those airplanes are structurgily identical to the accident sirplanes according to the
manufaeturers ¢f the airplanes.
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The binocculasr photographs wer: taken with the camera loested at a pilot's
design eye reference poinl. The view from the opposite pilot seat was determined by
reversing the photographic image.

The ARTS HI radar and MANAT data showed that both sirplanes maintsined a
very stable flightpath in the last minutes of the flights. These data revealed that there
was negligible *erget 8/ movement in the pilot fields of vision for more than 86 seconds

5 1l

The cockpit visibility study revealed thet:

1. The PA-31 would have sappeared about 13 degrees left and
2 degrees Delow the U-21 pilo! eve reference points. Since the
U-21 was in level flight, the horizorial axis of the eye reference
point was the horizon. There were no cockpit obstruetions that
would have obsiructed the view of the PA-31 frum either pilot
seat. {See field of vision piots In appengix D.)

2.  The U-21 would have sppeered about 18 degrees 1o the right of the
PA-31 pliot eye reference point and about 2 degrees above the
horizor. However, i would have appeared about 3 degrees bzlow
the PA-31 pilot eve reference point cdue %0 the PA-31 piteh
aitituGe In the eiimb. The zenter windshieid post would not have
compietely obsiructed the pilot's wiew of the U-21, but it wouid
have restrieted the pilot {o 2 monooylar {isft eva) view of the U-21
{assuming nc head mevement). Movement of the flot's head
forwart or 10 the lefl wou!ld have restored a binocular wiew of the
U-21. The view of the U-Z1 would not have been obstructed from
the right piiot sesi.

3. The sun was 5ot Iz the normal fleld of vision of the piliols of 2ither
airpliane.
117 Additicnal Information

1.3%.1 U.S. Army Procedurss and Praclices

The U.8. Army Salety Center reports thet the U8 Army uses several
procedures and practices that are intended to reduce the risk of midair collisions.

I. Pliots sre odligeied to conduet crosscountry flights under IFR
whanever pessibie. Excepiions are agthorized when there are
excessive ATC delagys. when Razsrdous weather makes [FR flight
iradvisibie, or when mission reguirements Siotste.

2. Ciility sirersli {U designator) are mornally crewed by two pliois on
erosseountry Fights, aver when the wpplicanle flight marue!l does
et reguire two plisis. For exampie, ths U-21 [light manus!
reguires only ong pliot.

3. Effective scanning techninve. o reduce the risk of mideir
collisions, is tsught in besie flight training and is reviewed and re-
emphasized in annuad refresher treining of Army pilols.

8/ Targeis in the cockpit visibillty sledy refer o (he center of the targe! sirplase
‘mage and ere 7ol represeniative of 135 size or shepe.
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4. Utility and larger transport type airpianes are eguipped with
mode—C transponders.

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

17,2 Sachg Electriec Company Practices

The Bachs Electric Company operated a small flight department that under the
direction of the chief pilot provided corporate fiight services for the company. At the
time of the accident, the company was operating only one airpisne, N60SE, and the chief
pilot was their only full-time pilot. It held no air carrier certificates, and therefore, was
not obligated to meet the provisions of rules more stringent than those of Part 91 of the
Federal Aviation Reguiations, The company relied on the chief pilot to make decisions
regarding the necessity or advisability of flying in accordance with VFR or iFR.
Conseguently, some flights were conducted under VFR and some were conducted under
IFR. The ecompany had not established a written poliey with regard to operaticn under
IFR. o* the use of flight-following services or VFR flighis.

The eompany nermally did not provide two piiots for corporate flights. They
deferred to the judgement of the chief pilot with regard to keeping nonpilots from
cecupying a pilot seat.

1.17.2 ATC Procedures

FAA Ovder T7110.85D, "Air Traffic Contrzl," (herein referred to &s the
Handbool}, preseribed the sir traffic controller procedures and ghraseology which were in
use at the time of the acecident. The Handbook was recently reissued as FAA Order
7110.65E. Peragraph 1-1 of the Handbook requires air traffic controllers to be familiar
with the provisions of the Handbook and to exercise their best judgment when confronted
by situations not covered by it. Paragraph 2-2 of the Handbook establishes controller
priorities. It requires cortrellers to give first priority to separating traffie and issuing
safety alerts. Additional services are tc be provided to the extent pessible, contingent
only on higher priority duties and otner factors. A note which follows paragraph 2-2
states, in part:

The primsary purpose of the AT sysiem is to prevent s eollision
between aircrait opersting in the system and to vorganize and
expadite the flow of traffic. The ability to provide sdditional
services is limited by meny factors, such as volume of traffie,
frequency congestion, quality of radar, countroller workioad, higher
priority duties, and the pure physicai inability to scan and deteet
those situations that fail into this category. The provision of
additional services is required when the work situation permits.

"Traffic advisories" are distinguished from “"safety alerts" aithough both are
issved to pilots to advise them of hazardous traffic situatious. Safety alerts are a top
controller priority because they are issued when in & controller's judgment, an aireraft is
in unsafe proximity to another aircrafi, terrain, or obstructicns. Traffic advisories are
giver when the situation is less eritiesl.

Paragraph 2-21 of the Handbook sistes, in pary,

Issue traffic edvisories 1o ali aireraft (IFR or YFR) on vour
frequency when in your judgment their proximity may diminish to
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D less than the applieable separation minima. Where no separation
minima applies, such as for VFR aircraft outside an ARSA [Airport
Radar Service Areal, TRSA [Terminal Radar Service Area], or
TCA, issue traffic advisories to those aireraft on your frequency
whei in your judgment their proximity warrants it.

For radar identified aireraft, the traffic advisory should inelude the direction and distance
to the traffie, direciion of travel or relative movemert of the traffic, and the type
sireraft, if known. If requested by the pilot and if able, the eontroller should provide
rader veciors to assist the pliot in avoiding the traffic. However, traffic advisories are

+

additionsl services and are provided, workload permitting.

Close preoximity of conflicting traffic could reguire the controller to issue a
safety alert. Controller recognition of situations of unsafe proximity between aireraft
may result from pilot reports, observations on the radarseope or from confliet alert.
Paragraph 2-6 of the Handbook requires the controiler tc issue a safety slert wher the
controller becomes aware that the azircraft is a! an glititude which pisces I: in unsafe
proximity to other aireraft. Further slerts are not required if the pilot reports that
action is being taken to resolve the confiict. Cnes the controller recognizes & situation of
unsafe airc-aft proximity to terrain, obstacles, or other aireraft, the issuance of a safety
alert becomes a top priority to the controller. The Handbook encourages the eontroller to
remain vigileni for suech situations at all times and to issue a safety alert whenever the
situation is recognized. Paragraph 2-8b, Aircraft Conflict Alert, states, *Immediately
issue/initiate an alert to an smirerzft if you are aware of another aircraft at an altitude
whieh you believe places them in unsafe proximity. If fessible, offer the pilet an
alternsie course of action.”

Paragraph 5-7Tit of ihe Handbook states, in part, that the controiler shall apply
radar separation:

a. Beiween the eenters of primary radar targets; howaver, de
not allow & primary target to touch gnother primary target or
a beacon control siash.

b. Between the ends of beacon control slashes.

2. Between the end of 2 begcon control slash and the center of a
primary target.

VFR aireraft do not normally receive air traffic separation services from
controllers unless those services are specifically requasted. Under most circumstances,
VFR aireraft are not required to maintain communiecation with ATC faeilities during the
en route phase of flight. The pilot of N6GSE was not abligated tc request air traffic
services or to he in communication with either the Kansas City TRACON or the ARTCC
at the time of the accident. Separation of IFR and participating VFR aireraft from other
participating airerafi is the first priority of the ATC system, along with providing safety
alerts.

3.17.4 See and Avoid
The responsibility for pilots to maintain an adequate outside scan io sssure

that they are able to "see and aveid" other aireraft is mandated by Title 14 Code of
Federel Regulationz (CFR) 91.67, which reguires:
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When weather conditions permit, 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 conditions does not relieve a
piiot of the responsibiliy to see and avoid other aircraft. Neither would the receipt of
traffic advisories relieve participating VFR piots of their responsibilities 10 see and avoid
other traffic,

Nonetheless, many physieal, physiological, and psychological constraints have
been shown to reduce the human ability to exercise the required degree of vigilanee.
These limitations include target characteristies, size, eclor, task variables such as
workload angd time at task, observer characteristies sueh as age and fatigue, and
environmental parameters such as weather, clouds and glare.

Research data indieate that the human eye (with 206/20 vision) is espable of
identifying letters of the alphabet if these letters subtend a visual angle 9/ of at least
0.08 degree or 5 minutes of are. Letters are considered highly discriminable 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 alerted to search for the
target.  However, research shews that targets should subtend at least 0.2 degree
{12 minutes of are) to ensure reasonably accurata recognition. 19/

Reaction time after visual acquisition of a target is also a factor in aveiding a
eollision. FAA Advisory Circular (AC) 93-48C provides military-derived data on the time
necessary for a pilot to recognize a potential inflight target and to execute an evasive
maneuver. AC 30-48C indicates that the total time required to see an object, to perceive
the collisicn threat, and to take evas.ve action is 12.5 seconds. About 6.4 seccnds sre
required to complete the evasive maneuver after the collision threat is perceived. (See
table 1 and sppendix F.)

Table 1.--Reaction Time

Specific Cumulative

{seconds, {seconds}
See object 8.1 0.1
Recognize 1.0 1.1
Perceive coliision eourse 5.0 6.1
Decision to turn left or right 4.0 18.1
Museuiar reaction 0.436.4 10.5
Airplane isg time z.0 i2.5

§/ An angle subtended at the eye by the viewed object. Visual angle is a function of both
the size of the object measured perpendicularly ¢ the line of sight and the distance of the
cbject from the eye. The angie is directly proportional to the size of the objeet and
inversely proportional tc the distance of the object.

18/ Van Cott, H. end Kinkade, R.,"Human Engineering Guide to Equipment Design,”
Revised Edition, Ameriean Institute for Resesrch, Washington, D.C., 1972.




_19_

Finally, there is & concept known as diffusion of responsibility whieh describes
2 tendency on the part of pilols in some eircumstances to reiax 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 contrel. That is, s pilot
relegates a portion of his vigilanee responsibility for seeing and svoiding to the controiler.
The study states, in part, "If ASRS [Aviation Safety Reporting System] reports are
representative, many pilots under radar eonirol believe that they will be advised of traffie
that represents a potential confiict and behave sccordingly. They tend to relax their
visual scan for other aircraft until warned of its presence.” 11/

1.17.5 Humar: Performance Research

Studies and research indicate that physieal limitations do not econstitute a
major deterrent to sighting targeis on a radarscope; however, the studies do indicate that
physislogical and psychologizal facicrs can influense target sequisition on the radar
scope. Perception, siress, and motivational research studies indicate that there is s
relationship between workload and operator performance. With an ineresse in workload,
there is an initial increese in performance, i¢ some extent, Decause irrelevant task cues
are neot beirg attended to. With further increases in worklosd, optimum and even
maximum performance can be atiained. At some point, workload can inorease so that it
physiolegically and psychologically overloads the operator; relevant cues are not being
atiended to or are disregarded and task performance deterioraies. This resuits in a
tunneling or narrowing of operator percention or atiention. 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 oecur in corjunction with many other faetors,
including time a* task, aleohol, and excessive noise. 12/

2. ANALYSIS
2.1 Genergl

J0*h alrplanes were Ju:pped and maintained in accordance with applicable
rules and direztives. The examinzticn of the wreckages of the sirplanes did not reveal
any evidence ol preecollision fgilure or msalfunetion of control systems or the airplane
powerplants, Thers~ was no evidenese that #.. airworthiness problem or equipment
matfunetion h=d =ny bearing on th2 seeident.

The flighterews of botn girplanes were gualified for the flights. There was no
apparent weather involvement or sun factor that would have restricted the flighterews'
ability %G see one another. Nor wus there any known medical problem that would have
impedad “leir ability to avoid the collision.

The area supervisor and the developments’ controller assigned to the Kansss
Citv TRACON East Radar position were guaiified to perform their respective funetions
and to provide the required ATC services. Although the developmental controlier was not
grzlifiad on the East Radar position, she was receiving OJT from and was directly
supzrvised by a controller (her supervisorj who was gualified on that position. The Safety

1i/ Billings, C., Graysen, R., Heeh*, w., and Curry, R., "A Studvy of Near Midair
Collisions in 1L.S. Termina! Airspace,” ~ASA Technical Memorandum 81225, 1980.

12/ Duffy, E., "The Psychological Signifiunce of the Concept «f Arousal or Activation,”
Psychological Revizaw, 1957,
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Board believes that her qualification on two other radar positions and training received on
the East Radar position altests adeguately to her knowledge of ATC radar procedures,
even though she was not yet qualified on the East Radar position. It was not inappropriate
for a developmental controller to be receiving OJT from her immediate supervisor. The
area supervisor who briefed the developmental controller on the position and then
monitored her performance was appropriately experienced and quaiified to perform the
OJT function. The Safety Board is aware that the area supervisor was obligated %o
monitor the training progress of the developmental eontroller and, based on satisfactory
performance, to eventually certify her on the position. The Sa’ety Board iz concerned,
nonetheless, that the area supervisor, because of his precceupation with the briefing of
the developmental controller, may not have given appropriate attention to the East Radar
position in ithe moments before the accident.

The accident occurred cutside the boundaries of the Kansas City TCA.
Therefcre. the applicable rules and the safety benefits associated with that protected
airspace are not reievant to this aceident.

The coilision occurred in sirspace where ATC separation services were
provided to IFR aircraft and traffic advisories were provided to VFR aircraft receiving
flight-foliowing services. Except for the faet that under Federal aviation ruies, VFR
aireraft were obligated to remain in visual meteorologica! conditions and 1o see ang avoid
other aircraft operating in that same airspace, VFR aircraft were authorized to operate in
the airspace outside of a TCA without receiving ATC services. Since visual
meteorological conditions were prevalent, it was not inappropriate for both airplanes to
have been operating in the sirspace where the collision occurred.

Thus, the Safety Board's anaiysis first eximined the eollision geometry to
evaluate the potential for the pilots to see and avoid eacn other. The coilision geometry
was reconstructed from the physical evidence found in the wreckage of the airplanes and
from ARTCC and ARTS I radar data. The Safety Board aiso examined pilot and ATC
procedures, limitations of the "see and avoid” concept, and limitetions of the ATC system
that negatively affect the ability of controliers to provide safety alerts, even when both
airplanes involved are transponder— and mode-C-equipped.

2.2 Anslysis of the Collision Geometry

The coilision oceurred at 7,000 feet as N6(0SE was eastbound and climbing and
while Army 18061 was in cruise, heading northwest. light tracks plotted frem the
ARTS lI radar data indicated that the PA-31 was tracking about 083 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 tc 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 feet was from about 307 degrees at 32 knots and the
U-21 was flying nearly direetly into the wind, it was assumed that a smali drift correetion
was applied by tha pilot to maintain his track. The PA-31 wind drift correction for the
assumed wind would have been about 7 degrees; thus a heading of about 086 degrees (irue)
would have beer maintained to keep the PA-31 on its 093 degrees track.

Ajthough the U-21 was extensively damsaged by ground impeact forces ana
posterash fire, its wreckage still revealed useful information from which to evaluate the
coliision geometry. The shesring of the cabin roof at the top of the pilot's windshield in a
levei plane revealed that the PA-31 had contacted the top of the U-21 windshield with a



21~

fuselage reference angle approximately equal to that of ti= U-21. This evidence was
sapported by the propeller slice ascross the bottom of the PA-31 laft engine eowl., The
penetration depth of the propeller blade into the cowl was determined to have been about
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 are was aligned with
the 4-inch-deep slice fhrough the PA-31 left{ engine cowl. ithough the fuselage
reference angle consistent with a elimb rate of 1,066 fpm (sbout 13 feet per second)
would have been about 5 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
destruetion of the U-21 cabin roof,

In addition to the cabin roof, the entire aft fuselage and empennage of the
{U-21 was separated from the forward c¢sbin area in the collision. This weas evidenced by
the disintegration of the empennage and the scatter of the a%t 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, would have caused such damage. The recovery of a piece of the verticsl
stabilizer from the U-21 in the PA-31 cabin showed that the vertical stabilizer had
contacted or passed through the PA-31 aabin. (See figure 3.)

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 {0 the longitudinal axis of the
airplane. These marks were indicative of the relative motion between the two airplanes
as they made initial eontaet. Consistent with the direciion of the seraten marks were the
leeations of two consecutive propelier strikes on the bottom of the ieft engine cow! and
wing of the PA-31. The centers of the two propeller strikes were aiong & 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 sirplanes
(based upon rader data), and the calculated drift angle and true airspeeds, the coilision
angle between the two airplanes was determined by vecter analysis 1o heve been
158 degrees. The closure rate was 350 knots or 531 feet per second. (See figure 4.)

The near equivalence of the approach angle of 157 degrees, derived from the
radar data, and the collision angle of 158 degrees, derived from the wreckage by vector
analysis, shows that the airplanes ccllided at approximately the same angile as they
converged. This evidence reveals that either no evasive action was taken or that evasive
aciion was initiated too Iate to prevent the collision. The PA-31, whieh had been
climbing, actualiy passed in front of and was rising above the eockpit of the U-2! as the
airplanes collided. The wreeckage of the airplanes (and the occupant injuries) revealed
conclusively that both airplanes were disabled by the collision and that seme of the
occupants were fatally injured as the airplanes eollided.

2.3 Analysis Based on Cockpit ¥Yisibility Study

The cockpit visibility study showed that the PA-31 was visible through the
windshields of both U-21 pilots. Meither pilot's view would have been obstructed by
windshieid or door posts, windshield wipers, or other airplane equipment. There was no
need to attempt to view the PA-31 by looking outside the viewing arez associated with
normal outside scanning. The sun should not have produced any gbnormal gisre on the
windshield.

The study showed that the U-21 would have been positioned near the center
windshield post of the PA-31 pilot's windshield. If the pilot kept his head motionless, the
U-21 would have been sufficiently obscured by the windshield post that the pilot would
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Figure 3.--Horizontal and vertical relationship of the airplanes at impaet.
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nave seen the U-21 only with cne eve. Howevern, if the pilot moved his head forward or to
the side as he scanned, it would nave been possible for him to view the U-21 with both
ayes.

The Safety Board believes that a8 persoun with the experience of the PA-31 pilot
should have empioyed a seanning technigue which ineluded head movement in addition to
eye movement. However, it is apparent that the pilot's scanning technigue did not result
in igentifieation of the collision threet posad by the U-21 in time 1o prevent the coilision.
The sun should not have been s factor limiting tne pilot's =bility to see the U-21; the U-21
target was 75 degrees from the position of the sun.

Since limits In cockpit visibility dié not effectively explain why the pilots of
esch sirpiane did not ses the other sirplane in time to take evesive action, the Safety
Bosard considered the elosure rate, the relative sizes of the fargets, and other factors that
could have infiuenced the pilots’ ability itc see the other airpiene in time to avoid the
collision.

2.4 Limitations of the See and Avoid Concept

Since hoth piicts were clear of clouds, each was responsible, geeording to
14 CFR 91.87, to maintain vigilance "so as to see and avoid other airerafl.™ The fact that
the U-21 wsas operated in sccordsnee with IFE was irrelevant, as IFR piiois ere also
obiigeied by the rule to see and avoid when In visual meteorciogicsal eonditions. However,
ith the girplanes converging from nosarly head-on and with a 359 kmot (391 Teet per
second) closure rate, sach nilot was presented with 2 {rontal view of the opposing girplane
and a rate of aicsure which, in combinaiion with other factors, may have prevented
asguisition gnd identification in tims o recognize the threat of & midair eoilision and 1o
take asppropriate evasive setion. The spplication of the reseasrch cited in the See and
Avoid section of this report reveals that there was little likelthood of either pliot
maneuvering his sirpiane in tim= to avert the collisicn unless they were aleried io ths
presence snd the threat represested by the other airplane.

Initially sssuming that the pilots would perceive the coliision threat znd be
able to reac! ic the opposing airplane when the wingiip to wingtip view subtended u
§.2 cegree sre, the Sefety Board calculsted the time before collision st whieh that angle
would be sehisved. The PA-31 piiot would heve had such s view of the U-21 at a distance
of 14,6CC feet aboui 24 seconds before the colision. The U-21 pilots would have had such
a view of the somewhat smaller PA-31 at 11,900 feet about 12 seconds before the
coilision. If the PA-31 pilot’s view of the U-21 was partialiy obstrucied by his airplane's
cenier windshield post, the U-21 sirplane and coiliision threat prohably v ould not have
heen perceived by the PA-31 pilot until the airpianes were much closer than 14,000 feet.

It is uncertain and perheps unilkely that the pilots would have been able to
perceive the collision threat a2t the preeise time when the opposing airplane first
subtended the 0.2 degree arg, because the wingtips and oiher details that would have been
needed by the pliots to define and delermine the relative motion of the other airplane
oromably weuid have been indistinguishabie at those éistances. I it was sssumed that the
oiicts would perceive the opposing eirpiane coliision threst when the {rontsl view of the
fuselege of {he other sirpiane first subtanded & (.2 degree are, the collision tnreat would
not have been perceived untll the last 3 to 4 seconds before imnacet. That zloze to impaet,
the pilots would not have had time 1o have compieted an evasive maneuver before impact
Decause about §.4 secomnkds would hsve Deen required 1o make the zppropriale evasive
maneuver gorision, to sppiy the controi input, and to have the sirplane react {after target
aeguisition and perception of the collision threat}. {See table 1 in the See and Avoid
section of this repors.}
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The preceding ansivsis is bszsed on laborstory evidence derived from
pereeption experiments. The predietions from that researeh correspond closely to those
made from a recent study involving the air-to—air visus! sequisition espabilities of actual
pilots when applied to the visual circumstances of this aceident. The ansalysis was
condueted by the Massachusetis Institute of Technology, Lincoln Laeboratcry and is
contained in sppendix E of ikis report. The Lineoln Laborstory snalysis is besed on a
mathemsatieal model of visual sequisition that was developed during FAA-sponsored flight
tests of collision avoidance systems. 13/ The model wes extended to unaleried search
{i.e., visugi search without a traffic adviscry) through a series of flight tests in which
generel aviation pilots in a Beech Bonanza were evaluated with respect te their abiiity to
detect the collisicn threat presented by # Cessne 42! girplane under sctual flight
conditions, The pilot subiects whose performance were evaluated had been told they
would b2 participating in an evaluation of workioad menagement technigues of YFR pilots.
Althcugh they were fold to cail out ali traffie as soon as they ssw it, they were not told
that they would be evaluated on the basis of their traffic cell outs. Thus, researchers
were able to gather insight into workload devoted to visual search as opposed to tasks
within the cockpit. Since none of the pilot subjects detected that the Cassna 421 airplane
was involved in the test until after the third intercept, the pilot acquisition performatice
during tha test was though! to reasonably approximate the performance {0 be expected of
general ayvistion pilots in single-pliot VFR flight under low workload conditions.

Basic charzeteristies assoeiated with the visual larget such as closure rale,
targe} sircraft size, and metecrologicai visual range were explicitly accounted for in the
Lineoin Labor tory model. A model parzmeter (beiz) was adiusted 1o sccurately
reproduee the observed performanece of the pilots of the test fiights. Beta is
representative of the demonsirated search efficiency. The model did not attempt to
model the physiclogical or menta! processes underlying pilot performance. Suech factors
are incorporated in the search efficiency parameter.

The model was employed to prediet the probabilities of visua! acquisition of
the pilots of the U-21 =nd PA-3I as the two airplanes converged beifore the coiiision.
Input into the model were the speeds of both airpiznes, headings, the area profile at the
presentation angle, the number of pilots In each sgirpigne engeged in the search, and visual
range. The Lincoln Lsberatory analysis indicated that the predicted probability of target
acguisition would not have been high until the last few seconds before the collision. The
mode! indieated only a .27 (27 percent) probabiiity that the PA-31 piiot would see the
U-21 st 12 seconds before the coliision. Similarly, the model predicted only a .33
probability that either of the U-21 pilols would see the PA-31 at 12 seconds before the
collision. These results asseme n relatively low-pilot workioad {as was the case In the
Lineoin Lsboratory resesrch? and unobstructed view of ihe opposing airpiane. Increasing
the pilot workload, distraction or oceupation with other coekpit duties, or obstructions to
a ciear view of the other airplane wouid have reduced the probsbility of acguisition at a
given time, and therefore, would have reduced the time availsble for the pilots to reaet to
the collision threat when it was perceived.

Purther application of the Linecolin Laboratory research demonsirated that hed
any of the pilots been sierted to the impending eollirion, his probability of soguisition
would have been improved signifieantly. These results were based on siudies of pilot
performrance when alerted with {raffic warnings provided by an onboard collision
avoidance davice., Based on the Linecin Lsboratory model it was determined that the
probabilitiss of aecquisiticn of the other airplane (12 seconds before the collision! by the
PA-31 piiot and by the pilpts of the U-21 would have been improved i¢ .91 =nd .98,

13/ Andrews, J.W., "Air-to-Air Visusl Acguisition Performance with TCAS II," ATC-134,
DOT/FAA/PM-34-17, Lincoln Leboratory, Massachuseits Institute of Teehnology, 1884,
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respectively, if those pillots had Seen alerted by sueh an advisory. Any form of alert
provided to the pilots would have improved the probebility of acquisition of the other
airpiane before the collision.

Gne of the most effective means avaiiable to pilets to redues the potential for
invelvement in midair collisions is the maintenance of a vigilant lookout by constantly
seanning the sky for potential collision threats. Effective outside-—the-acekpit scanning is
equally iraportant tv VPR and iFE pilots because in visugi meteorclogical conditions both
sre responsible for see;ng and sveiding other sirplanes. AC 380-48C, last vpdated in 1983,
emphasizes effective seanning techniques and operational provedures io reduce the
potentiai for micdair collisions. For example, the AC notes that:

{1} Pliots must remain constantly alsit to all traffic movement
within their fields of vision, periodieally scanning the entire
visual field cutside the cockpit, to assure the earliest possible
cetection of cellision th:ears.

{2} Piiots should shift their giances about the viewing area,
refocusing at intervsais and preventing the eves from focusing
st 2 fixed distsnce, because i may ®ake several seconds for
the eyes to refocus.

{3) Effective scanning is sccomplished by using a series of short,
regularly spaced eve movements that bring successive aress
of sky intc the pz!ot’s central visual field. Each movement
should not exceed 1) degrees. and each ares should be
observed for 1 second ic enable detection.

{4} Baeck and forth eye movements are an effective scanning
technigue.

{5) Pemphem visisn is extremely important to =sffective
secanning becsuse apperent movement of a target is almost
siways tne first perception of a collision threat and that
threat is fregquently delected first by s piliet's periphersl
vision, perticuirriy at night.

(8) twithstanding this, pliois shouid be swsre that when a
target appears to have no relative motion, it is likelv 1o be on
a collision eourse with the cbserver's sirerafi. Immediate
evesive action should be teken when an observed target
sppears 10 He ineressing in size bot has no apparent relative
motion.

{7) Pilots should keep their heads moving while secanning to allow
segrching around door or windowposts to reveal any
cotcealed target.

{8) DPilois should execute genile banked turns {clearing turns) o
the ieft and right during climbs and dascents to permit
continucus visusl seanning of sirspace that might otherwise
be obscured by the nose of the aireraft.
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The degree to which the pliots of NGOSE and Army 18061 were salert and
scanning cutside their airplanes eouid not be determined. The radar dats showed that the
pilot of NSGSE &id not perform clearing turns as e elimbed toward his intended cruise
sltitude. His failure 1o perform clearing turns may have effectively limited his gbility to
Jetect the presence of a collision threst, particuiarly in combination witn otlier factors
sueh as his center windshield post thet partially obstructegd his vision in the direction of
the Army airplane. Since the conflict was not resolved by the pilots of either airplane in
time to compiele evasive action, there is rsasen to pelieve thsat the piicts of both
girplanes were not effectiveiy scanning the sky for other airplanes before the coliision.
While the Safety Board is aware thaet many other faetors may have negatively influenced
the ability of the pilots to see and svoid in time to prevent the accident, the Safety Board
is eonvinced that "see and avold” remains s viable coneept, and despite its limitations, it
remains the most effective means of ecliision avoidance for certain kinds of aircraft
operaticns. Thus, the Safety Board endorses the FAA's continuing effort t¢ educate pilots
regarding the importance of the "see and avoid” concept ard effective scanning to avoid
midair colisions.

The Safety Board is concerned that meny YFR pilois of transponder-equipped
{with or without mode () airersft have the mistaken impression that the ATC system
routinely monitors or tracks their {lights and provides traffic sdvisories regarding their
flights to IFR &n¢ participating VFR flights. This aceident ané others recenhy
investigated by the Safety Board convincingly illustrate that VFR flights are nof tracked
routinely unlaess the pilot requests and the ATC system provides flight—following services.
VFR pilots cennct be assured that simply copersting an sirplane eguipped with a8 mode-C
transponder on VFR flights provides any gusrentee of separation frem VFR or IFR
sirplanes.

AC Su-48C urges VYFR pilots to take adventage of sir traffic advisory services
as a means «f assisting them in seeing zngd svoiding other airerafl, but Dot substituting for
the pilots’ own visual scanning. The AC was issued before the vonfliet aiert feature was
in widespresd use in the U.S. ATC system. Although the Sefety Board eoncurs with the
emphasis that the AC pisces on pilots seanning effectively to avoid midalr collisions, the
Safety Bosrd believes that AC 30-48C shoul€ Se updated (o alert piiots to the significam
additionai sefety benefits sccruing from confliet alert when Tlight-fellowing services gre
orovided o ¥FR pilots.

In agdition to the fsetors siresdy discussed; the Safety Board considered other
feetors thet eculd have influenced the pilots’ ability o effectively scan the sky for
poiential midair eollision threats. Those factors included conspicuity of the iarget, task
varishles, distractions including ceeuvpaticn with other crew Quties, visibility restrictions
due to environmenial conditions {including snow cover on the ground) and the condition of
ihe windshield glass, pliot f=tigue, and empty field myopis {2 tendency for the humsan eye
te focus 2t erms lenglh until obieeis are identified st a greater dirtancel. It was
considered probable that deerer 24 vigilanes on the part of the U-2I1 {lighterew, who had
been 8t ithe co..irolis for nearly 3 hours, and occupstion with normal cockpit Suties on the
part of ithe pilots of both airplanes may nave reduced the degree of cuiside seanning that
was oceurring 85 the airpianes converged. The condition of the windshield glass was not
known. Any of these faetors would have reduced the time in which the pilots were
aetively or effeetively altempting to "see and gvoid.”

Since it is uncertain st exacily whsat point the pilets could have visualiy
acguired the other mirplane, the Safety Beard is unable to stzte with eerteinty that the
piiots vould not have aveided the collision. However, the Safety Board believes thet this
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case demonstrates limitations of the "see and svoid” concept that would have impeded
significantiy the pilots’ collective ability to avoid the collisicn. The Safety Board believes
that the see and avoid concept alone may not have been sufficient 1o avert this accident
and that an additiona! safeguard in the form cf avtomated ATC system redundancy is
needed to prevent such midair collision accidents.

2.5 ATC Services

The procedures contained in the contirolier’s Handbook require coniroilers to
set priorities on the services they provide to sircraflt with first priority given to the
separatiocn of IFR sairplanes and the provision of safety alerts. The Handbook states that
teaffic sdviscories, distinguished from safety alerts by their lesser urgency, are provided as
an gdditional servies, "workioad permitting” and "contingent upon higher priority duties”
In this ease, workiocad shouid not have impaired the sbility of the rontrollers to provide
additicnal services; the traffic was iight and the operstional situation was not complex.
Even so, the controlierz at the East Radar position reported that (hey never observed any
target in the vieinity of Army 18081 in the minutes before the ecliision. Obviously, if the
information related to HG6USE did not appesr or wsas not perceived on their radarscope,
traffic advisories or a safety siert would not have been provided 10 the pilot of the Army
airplane. The Kansas City TRACON was not in communieation with N80SE; thus, there
was no opportunity to provide trafiic edvisories to that airplane.

The East Radar controliers reported thst if they had ssen the radar target of
an airereft that represented a thres! to Army 18081, they would have provided the
appropriate {raffis sdvisories. However, review of the reeorded radar data and TRACON
communications revealed thet in the 7 minutes before the aceident, traffic sdvisories
were onaly provided 1o aireraft presenting an FDB on the controllers' seope; sueh adviseri
were only provided regarding traffic represented on the radar sereen by an FDB. The
Safeiy Bosrd was unable to estsblish that the ecntroliers would have overiooked traffi
represented by an LDB or that they would have onintentionally given a lower priority to
traffic represented by sn 1DB. However, the recorded radar datz and data from the
retraek program suggested thaet the radar information relevant to NEESE was recorded,
processed, and presented on the controllers' seope.

The mgintenance reooids, & posiaceident ground cheek, and a {iight check ¢f
the East Radar eguipmment and radarscope ¢id not reveal any indiestion of z discrepancy
that wouid have prevented the preseniztion of the LDB of N&ISE on the East Radar
controlier scope ai the time of the accident. Therefcre, the Safety Board conciudes that
the rader target of N6OSE was displayed on the East Radar controlier seope; vet both
controllers {ailed io perceive it angd the coliision threat represented by it in the minutes
hefore the aceident. This fallure eievates the concerns of the Safety Board that ATC
svstem redundancy in the form of VFR econfliiet ziert programming is needed to assist in
the preventicn of such mideir ecliision zeeidents.

Asg g result of this angd thres other midair collision aceidents, on Julv 27, 1987,
the Safely Board recommended that the Feceral Aviation Administration:

A-87-38

Take expediied asciion io add visuel fiight rules eonfiiet
{mode C intruder} logic fo Aviomsated Radar Termira! System
{ARTS} 1 A sysiems as zn Interimm measure 1o the ullimaie
implementation of the Advanced Automation Sysiem.
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The timing and completeness of the position relief briefing given to the
developmenrtal controller by her ares supervisor shortly before the accident may have
beer of eritical Importance in this acecident. [t was important to the developmental
controlier to be fully aware of the detsils ¢f the briefing including al! of the information
relevant to the aireraft being controlled by that sector, because she needed ths
information to perform her controlier duiies properly, and because she would be graded on
her ghility to gather, aceess, ang use the information.

A position relief briefing is routinely conducted before transferring controler
duties, to fully Inform the relieving contrcliier of the gperatione! situation, even when the
"seiteved” oontroller remains at the position to provide OJT to another controller not yet
quaiified on the position. Standard opersiing procedures for the trensfer of position
responsibilities are contained in = pendix D of the Hendbook. The standard coperating
procedure {(SCP) was estabiished to 8llow the continued expeditious movement of traffic
without compromising safety during the position relle! process. The Handbook
acknowliedges that a proper position reliel briefing causes additiona! workload for the
relieved gnd the relieving controiler gt the time of position reliei. The SOP is (o allow
the complete transfer of position relie! information with a minimum of additional
workioad. Both controllers shere the responsibility for the eompleteness and sccuracy of
the position criefing. The briefing should ineiude sbrnormel and special interest items,
information regerding any applieabie traffie, und response to guestions on the operational
situation at hand. A position relief brisfing normally requires 1 to 3 minutes; the briefing
of a eontroller, new to the position, could take longer. When the briefling is compieted,
the relieving controlier signs a log indieatling scceptance of the responsibilities of the
position, and the relieved controiler signs off.

The position log 81 the East Rader position .gicated that the developmental
conirolier signed on at 1228. (The aceident also oecurred at 1228.} The ares supervisor
signed on at 12231. The sapplicable communications tape showed thal ihe developmental
ecntrolier made et Jeast one radio transmission (not o Army 18061} before the eollision;
thus, it was felermined thal she sctiually assumed the duoties of the position {under
supervision} in the minote before the secident. The position reliel briefing preceded her
signing ©n 2t the position and was be.leved 1o have ceguired about 1 minute based on the
relaiive isck of complexity of the operationsl situation. Interviews revealed that she was
sriefed regarding the five aireraft under the coniro: of the sector, angd the FDB targets
of those aireraft were individueily pointed out to her. The devaispmental controlier
reporied ths! no LIS targets were peointed out Io her Quring the pesition relief brisfing.
{L.LDB tsrgets shovid bz pointed oumt during the peosition veliel briefing when thay sare
considered “iraific” for any of the FU 3, trecked targe’s under the gperaticnal control of
the seetor) After the briefing, she checked and adjusied ner radarsccpe, & process which
can be periormed rapidly without distoriing the rader presentaiion. th controliers
remained on the pesition for 2 Tew minptes after the aceident and lopged off ar 1234,
During the lime that the 2res superviser was assigned the East Rsdsr position, he was aiso
iogged on as the srea superviser. He had arranged {or ancther controller to handie his
supervisory duiies while he was working at the East Radar position; however, the other
gontrolier 314 not log on as the supervison

Tho Safety 3osd is conecerned that the position relief brizfing occurred at the
erities! time when the radar iargels of N80SE end Army 18081 were converging on the
radsrseoss, yei ihe convergenece of the tergets was not noticed Ly either controller. One
possibie axmanation 13 thet the briefling may have been elevated momentarily 1o a higher
oriority han =i other ATT responsibiillies Decsuse i1 was copersticnally reguired by the
Hangdboox, Ewven thouogn these controllers were not oveslcaded by their operational
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environment, the combination of controller complacency {associated with light workload)
and the operational requirement of a relief briefing may have caused the controliers 1o
narrow their perceptior and atiention to that single task, in lieu of their other ATC
duties.

The Safety Board noted with interest that the workioad at the East Radar

Although the position relief briefing provided an untimely inerease in controller workload
and a possible distracticn immediately before the accident, the traffic was sc light that it
may have lulled both conirollers into a reduced stste of vigilance. A reduced state of
vigilance would explain why they failed ic detect the presence and corflict 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 traffie controller workload was judged light or moderate yet the
controllers did not perceive a coilision threat and did not issue traffic advisories or safety
alerts before any of the ecllisions. The apparent patltern suggests that periods of low zir
traffic controller workload may result in reriods of redueed vigilance on the part of the
controllers ané produce a greater hazard to traffic separation than hed been previously
recognized. In the Sefety Board's runwsy incursion special investigation, 14/ it was found
that hesvy traffic and reduced visibility were infreguently involved. On the conirary,
traffic was reported as light or moderate &t the time of most of the incursions where
controller actions were involved. In some of the controller-induced runway incursions,
the controilers were working as few &s two sirplanes. The FAA Civil Aeromedicsl
Institule, in a study of ATC operational error incidemts occurring from 1985 to 1988,
noted that 40 to 50 pereent of the errors oceurred under moderate controlier workioads.
Over the period evaluated, there was & reported irend loward ineressed numbers of
incidents oceurring during light traffie. 135/

The Safety Board believes lhat it is more likely that the Kansas City TRACON
East Radar controllers were disiracted from moritoring traffie In the moments befcre the
collision because of their pesition relief briefing snd associated duties than thal they were
inatientive and noi vigilant as & consequence of their otherwise light workload.
Nonetheless, the Safety Board is concerned with the apparent increase of ATC operational
arrors, rynweay incursions, and midsir eollisions which have occurred during periods of low
sir traffic controlies workicad. The Safely Bosrd believes that controliers have a3
tendency 1o relex their vigilanee in the lcw workioad eavironmen! making them
suscepiildie 1o operational errors and omissions. Further, the Safety Board believes that
¥AA sction is needed to preclude reduced conirolier vigilance during periods of low
controlier workload,

The Safety Boarg is aware thal both of ibe Kanses City TRACON East Radar
controliers ard all other conirollers emploved 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 equipmeni. The Safety Board is
coneerned that as & result of their training and possibly operational experience, some
rader air iraffic controliers msy be focusing an inordinate amount of attention to targets
idantified by FDB targels {(tra- ¢ targels) 1o the exciusion of untracked targets
identified by LDB or by primary or seconGary radar returns.

14/ Specis! Invesiigation Report--"Runway Incursions st Controlied Airporis in the
United States™ {(NTSB/SIR-88/(1).

15/ Schroeder, D. J., "The loss ol prescribed separation between aireraft: How does it
cccur® Transceripis, 1982 Conference of the Society of Automotive Engineers,

44254434
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In conjunetion with ihis invesilgation ard the Safety Board's investigation of
the January 15, 1987, Kearns, Utah, midair collision accident, the Radar Treining Faeility
at the FAA Academy in Oklahoma City, was examii eé. The Safety Beard attempted io
determine whether there were deficiencies in the ireining of air trafiic controllers that
wouid explsin their not detecting collision threats repr~senied on radarscopes by primary,
secondary, or LDB rader targetls, as opposed 1o FDB radar .argets. A review of the radar
controlier curriculum and laboratory exergises at the FAA Academy revealed that they
were sufficient in terms of exposing controllers 1o the rada- situstions described in their
Handbooks., The leboratory workshops zliow controllers to gain practics! knowledge and
experience in the application of radar procedures, inciuding the provision of traffie
advisories. Controilers were graded on their demonstrated ability to perceive and react
to VFR traffic and in making epprooriate traffic advisories. However, it was noted in this
program that emphasis was placed on the appropriate sepsration of FDB IFR traffie, and
when VFR iraffic was introduced, it was slways represented by LDR radar itargets with
altitude informsticn displayed. Thus, it was not possibie for deveiopmental radar
controilers at the FAA Academy to detect conflicts involving VFR targe:s represented by
primary or secondary radar targets only.

ARTS tiracking systems superimpose gcomputer—gererated alphanumerie
symboicgy over the primary and secondary radar isrget informeation on controller
raderseopes. Tracking of radar targets and distinguishing IFR {rem VFR targets is much
easier using the ARTS information than the primery and secondary radar information that
is also dispiayed. Because FDBs provide more alphanumerie symbology {and information)
then LDBs, and because radar controliers controi traffic that is simost always identified
by FDBs, there iz reascn to belleve that LDBs might sometimes be overiooked by
coutrollers, partizularly when controller workicad iIs high or when controlier vigilanee is
reduced. Controller dependence on ARTS I FDR iarget symbeology could cause
coniroliers to attach diminished importance to primary, secondary redar, and LDB target
information ever when mode-C traasnonder information is provided. The Sefety Board
believes thal the LDB symbology associsted with the rader target of N6OUSE was
sufficiently prominent on the controilers' radarscopes that the contrgllers should have
seen it. However, reliance on ARTS FDB radar svmbology mey have been responsible for
their failure to see the target symbology associated with N§GSE.

if this type of oversight is oecurring elsewhere in the ATC sysiem, controllers
are denying themselves radar target information that would potentinily reduce the
econtinuing threst of midair eollisions between IFE end VFR airerefi. The Safety Board
belleves that the FAA should examine ihe ungderiying ATC Tactors in midair collisions and
near-midair coliisions fo determine the extent to which controllers rave become
dependent on ARTS FDRB symbology and the iraining or remedis! measures needed to
slleviale ihe problem.

The fallyre of ihe East Radar controliers to provide timely fraffie sdvisories
and a safety alert to the crew of the U-21 placed that IFR flight st the seme midair
coliision risk as ¥FR aireraft which were not using FAA fiighi-following services. The
Army pilols, perhaps unknowingly, became completely dependant ¢n their own ability to
“see and cvoid” other alrplanes. with gil the inherent ilimitations of the "see gng avoid®
method of svoiding infiight collisions. At the same time, they had reason {o expect that
ihe radar conireollers were not particulerlv Lusv {nol mueh rz2lc communicaiion and
excelient weather conditicns) and would alert them if there was conflicting raffie. Such
reasoning would have been reinforesd Dy the treffic advisory provided io them abeut 3
minutes before the collision. Under the circumstances., the pilois mav have been
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particuiarly vulnerable to such an accident because of their confidence in the ATC
system. Ynfortunately, ATC systems in the United Siates are not equipped with an
automated system that would alert the radar controliers to the presence of 2 conflict
between an IFR flight and 8 mode-C transponder-equipped ¥FR {light. The East Radar
controliers were unable to provide the needed traffic advisory information because they
@id rot detect the threat, even though the information they needed was displayed before
them, and because 1lheir ARTS computer was no: eguipped with the programming that
would have alerted them to the threat.

Although the Safety Board casnnot state with certain®y thai the pilols would
have taken timely and appropriate action 1o avert the accident if they had received
traffic ndvisory information, the Safety Board believes that the Army pilots' chances of
averting the collision wouid have been improved substantially if such information had been
provided. Any information the controliers couid have provided o ihe U-2i pilots wouid
have improved the crew's probability of seguisition of the PA-31 ove~ that of an unalerted
flighterew. The Safery Board believes that the failure of the contrcliers to pereeive th
eollision threat and to provide traffic advisory information was so important io avoidance
of the collision that it is eited as & cause of this accident along with limitations In the
ATC system that made it difficult for the coniroliers io dislinguish collision threats

tween IFR and VFR sireraflt.

2.8 Prevention of the Accident

The retrasck of the Kanses City TRACON ARTS I datz demonstirated
graphically how this sceident might have been prevented, 2By manually isgging vp the
LDB of the PA-31 {during the retrack), an FDB was generated anc computer tracking of
the PA-31 was initiated sutomaticaily. This activated the confliet alert subprogram of
the ARTS Il equipment. The conflict alert subprogram ccmpared the progress of the
flight track and sititude informatien of the PA-31 with that of all other tracked largets.
Then sbout 40 seconds before the collision, an sural alarm was sotivated; the dala block
information of the confiieting targets began to fiash on the coniroller’s radarscope; and a
conflict slert message identifying the airplanes in conflict was displaved In the preview
area of the radurscope. The Safety Board belleves that if this tvpe of distinet and
unambizuons information hsd been presentied 1o zliert the controllers before the socident,
the controller’s attention would have been immediately focusedé on the confileting
airplenes, and the controller would have had ampile opporiunity io issue a traffic advisory
or a safetv alert to the U-21 pilets.

The Kansas City TRACON East fadar controllers €id not have the benefit of
conflict alert before the accident becsuse ¥FR alrplanes are nct provided diserets
trensponder eodes, are not tagged up {tracked) unless they reguest sad are provided ATC
flight—following services, and because confliet alert progremming does not provide a
warning toc controllers when a conflict between an IFR eaireraft and an uniracked VFR
coGe 1208 target occurs. Transponder—equipped aireraft on VFR flights normaily
broadeast code 1280 to inform controliers of their location and VFR siatus. An LDB is
then presented on the conirplier’s radarscope if the {ransponder has mode C.

The retrack demonstrated that if DNight-foliowing services had been provided
1o the PA-31 piiot, the conflict alert subprogram would have aleried the comirollers to
the eoilision threat about 40 seconds before the collision. Obvicusly, if the appliestion of
the conflict alert subprogram couid be extended io include ¥FR mode-C airerzft, air
traffic coniroilers could extend more positive protection agzinst the threat of mideir
collisions amd to a much larger populsiion of sireraft than are protected by the present
conflict alert system. Pilots could also svail themselves of the penefits of the eonfliet
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alert subprogram if they would use fiight—following services on VFR flights when those
services are available. Although controllers sre not always able to provide
flight-following services to VFR aireraft because of workload, there is no reason to
believe that sueh services would not have been provided to N6OSE, since traffic was light.

interviews of the Kansas City TRACON staff and review of their policies
indicated that sir traffic services typically would have been provided to the PA-31 pilot
under the eircumstances of the aceident Jlight had those services been requested. During
heavy controller worklead conditions and at facilities which are normally very busy, ¥FR
pilots may find that their requests for flight-following or other ATC services are
freguently not fulfilled. Recognizing that the workload of many faei:ities 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 serviees, the Safety Board believes that VFR pilots should
nonetheless attempt to obtain those services, when they are available, as & means of
reducing the potential for involvement in midair collisions. In this case, the Safety Board
concludes that the aceident probably would have been prevented if the PA-31 pilot had
availed himself of flight-foilowing services (or filed an IFR flight plan).

While acknowledging that the excellent racord of midair collision prevention,
particularly within positive control airspace and in TCAs, is a tribute to controller
performance, the Safety Beard believes tbat controllers need additional sutomated
redundaney to assist them in their task. Additionaly, pilots nead a more positive backup
to the "see and avoid" eoncept of collision aveidance. Conflict ajert ané improvements in
terminal facility computer systems have provided asutomated assistance, but do not
presently allow controllers teo identify collision threats which invelve untracked VFR
aireraft. Many ATC operaticnal errors and serious compromises of separation between
iFR aireraft have bean prevented because of the confliet alert feature.

The Safety Board has been advised by the FAA ihat a TRACON ARTS Il A
computer eould be expanded by adding prosessing capability to inelude VER mode-C
intruder conflict alert logic. (The FAA plans to upgrade gl ARTS 11l terming) facilities,
incinding the Kansas City TRACON, 1o the ARTS Il A capability.] The Safety Board
recognizes that the procurement of additional processors ecould infringe on other FAA

ricrities and may be viewed as an interim measure to the future installation of the
Advanced Automation System which is due t¢ be implemented in the late 1990s.
Nevertheless, the Safety Board believes that the risk of midair c¢ollisions in terminal areas
will increase with the prejected inereases in {raffic and that such measures must be taken
promptly if catastrophic sccidents are to be prevented in terminal areas in the next 10 to
12 years,

The National Business Aireraft Association and the Aircraft Owners and Pilots
Association provide valuable services to their pilot membpers by keeping them informed of
important and timely safety information. The Safety Board believes that the
eircumstances of this aecident and the importance of pilots aveiling themselves of air
traffie services, when available, should be stressed to pilots in the safety publications of
these organizaticns, slong with the importance of good scanning technigues, te further
reduce the potential for midair eollision accidents.

The Safety Board also believes that the FAA should direct additional effort
toward the development of low-cost proximity warning and eonflict detection systems for
general aviation aireraft to assist pilots in the detection and avoidance of potential
coilision threats. On June :, 1372, in eonjunction with the publication of a special study
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of midair collisions, 16/ the Safety Board issved a number of safety recommendations to
the FAA including A-72-157 that addressed this issue. On Oectober 2, 1972, the FAA
responded to the Safety Board with assurances that efforts were in progress to develop
collision avoidance systems and proximity warning instruments that are eost feasible 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 iittle during “he past 15 years from the FAA's
efforts in the development of collision avoidance systems. Therefore, the Safety Board
believes that the FAA should place additional emphasis on the development of these
systems for genersl aviation aircraft.

3. CONCLUSIONS

3.1 Findings

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

2. The collision cecurred about 5 miles outside the boundary of the Kansas
City TCA in an area where a mix of VFR and IFR flights is authorized
and expected.

3. The pilots of both airplanes were qualified and were familiar with the
Kansas City area. There were no apparent medical faetors influencing
their performance,

4. Both airplanes were airworthy. There were no apparent eairplane
equipment deficiencies or system malfunctions.

5. The zceident occurred in visual meteorological conditions where the
pilots of both airplenes were required to "see and avoid" the other.
There was no indication that either pilot took evasive aetion to avoié the
eollision.

8. Both airplanes were eguipped with cperating mode—C transponders. The
U-21 was operating under IFR and the PA-31 was operating under VFR.

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

8. Although the Ersi Eadar position was staffed by two controliers, neither
observed any target in the vieinity of the data block representing the
U-21.

9.  The confliet alert subprogram of the ARTS III traeking system was not
programmed to alert ti.em of an impending eollision invelving sn IFR
aireraft and an uniracked VFR aircrsft.

16/ Special Investigation Report——"Midair Collisicns in U.S. Civil Aviation, 1969-1370%
{NTSB/AAS-T72/6).
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10. Three minutes before the aceident, the U-21 was provided a traffie
advisory concerning ancther airplane. Traffic advisories coneerning the
PA-31 were not provided.

11, The area sunervisor had just briefed and was providing instruetion to &
develonmantal sontrpller at the East Radar porition when the eollision
occurred. The controller workload at the East Radar position was light.

12, The PA-31 piict did not use VFR flight-following services that were
aveilable to him. Confliet slert would have alerted the East Radar
controllers to the eollision threat involving the airplanes 40 seconds
before the collision if the PA-31 had been & tracked target.

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

14.  The sabsence of VFR conflict alert logie in ARTS Il equipment at Kansas
City diminished the potential for the radar controllers to detect the
impending confliet.

3.2 Probable Cause

The National Transportation Safety Board determines that the probabls cause
of the accident was the failure of the radar controllers to detect the conflict and to issue
traffie advisories or a safety alert to the flighterew of the U-21; deficiencies o’ the see
and avoid concept ag a primary means of collision avoidance; and the Iack of sutomated
redundancy in the air traffie control system to provide confliet detection between
participating and nonparticipating aireraft.

4. RECOMMENDATIONS

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

Adr-inictonntian-
Administration:

A-87-98

Tsake expedited action to add visual flight rules conflict eslert
{mode C intruder) logic to Automated Radar Terminal System
{ARTS) III A systems 8s an interim measure to the ultimsate
implementation of the Advanced Automstion System.

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

-~to the Federal Aviation Administration:

Update Advisory Circular 90-48C and emphasize in operational
bulletins, the Airman's Information Manual, pilot training
programs, and accident prevention programs the advantages of
using air traffie control flight-following services on visual flight
ruies flights as a further means of reducing the midair collision
hazard. {Class II, Priority Action) (A-88-24}
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Incorporate formal training on the dangers of the low-workload
environment st all levels of air traffic controller training.
{Class II, Priority Action) (A-88-25)

Establish an ad hoc task force, ineluding controller and human
performance expertise, to evaluate the extent to which radar air
traffic controllers are dependent on FDB radar symbology to carry
out their duties and to make appropriate improvements in initial
and recurrent radar training to rectify sueh deficiencies. (Class II,

Priority Action) (A~88-26)

Expedite the development, certifieation, and production of various
low-eost proximity warning and eonflict deteetion systems for use

aboard genersl awviation aireraft.

{A-88-27)

{Class i, Priority Action)

~-to the National Business Aireraft Association and the Aircraft Owners and
Pilots Assoeiation:

Make the facts and cirecumstances of this acecident known te your
membership and encourage the use of the services oi the air traffic
control system as & means of reducing the potential for mideir collisions.
(Class II, Pricrity Action) (A-88-25)

BY THE NATIONAL TRANSPORTATION SAPETY BOARD

February 3, 1938
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5. APPENDIXES
APPENDIX A

INVESTIGATION AND HEARING

1. Investigation

The Safety Board's Kansas City Field Office was initislly notified of the
accident about 1300 central standard time, January 20, 1987 and immediately responded
to the accident scene before it was known that twe sireraft were involved. About
170C eastern standard time, the Safety Board was notified by the Federal Aviation
Administration that a second aircraft was invoived snd that there had been z midair
eollision. Early on January 21, 1987, three additional investigators were dispaiched to the
scene from Washington, D.C., to participate in the accident investigation.

Parties to the investigation were the Federal Aviation Administration, Sachs

Eijectrie Company, the U.S. Army Safety Center, Beech Aircraft Corporation, and Piper
Aircraft Corporation.

2. Public Hearing

No public hearing or depositions were held.
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APPENDIX B
PERSONNEL INFORMATION

Pilot Alan Earl Wslis

Pilot Walls, 42, held sir.ine transport pilot certificate No. 17883326, issued
June 28, 1979, with airplane multiengine land privileges. He had commereial pilot
privileges in single~engine land airplanes. He held a flight instrucior certificate, last
reissued April 30, 1885, with ratings in single— and multiengine land ezirplanes and
instrument airplane. His most recent airmen medical certificate was a first class
certificate issued March 27, 1988, without limitations. The pilot had 7,02¢ hours tota!
flight experience all in ecivil aireraft, 160 hours in the last § months and hsad been
empleyed by Sachs Electrie Company for 10 years when he applied for that medical
certificate.

Mr. Walls' pilot records icdiceted that he had 7,418 hours total pilot
experience with 4,751 hours in multiengine rirplenes 5: the time of the accident.
Company records indicated that he had in excess of 596 hours in the PA-31 with 386 hours
as pilot~in~command. Company records indieated that he had 52 hours pilot experience in
the aegident sirplane in the S0-day period before the accident. Mr. Walls demonstrated
his instrument competency in 8 PA-31 simulator in Octcber, 1985,

Pilot Carrcli Leon Baird

Pilot Beird, 43, held airline transport pilot certifieste Mo. 2056680, issued
November 33, 1882, with sirplane multiengine land privileges. He had commercial pilot
privileges in single-engine land airplanes and helicopters, and his instrument gualification
inciuded helicopters. He held = fiight instructor certificate, last reissued December 18,
1885. with ratings in single- end multiengine land sirplanes, He held a second elgss
airman medieal certificate issued Octsher 23, 1386, without limitations. Mr. Baird had
5,700 hours pilol experience including 1,800 hours as a military pilot when he appiied for
that certificate. Mr. Baird had been & warrant offieer and pilet in the U.S. Army before
obtaining his civilian flying position.

Mr. Baird initially qualified in the U-21 on August 3, 1986. His pilot records

indicatied that Mr. Baird had 5,983 hours pilot experience at the time of the aceident with

»196 hours in multiengine airplanes. He had logged 217 hours in the U-21 with 130 hours

iogged as pilot-in-command. In the 84-dsy period before the aceident, he had logged 128

hours pilot time with 95 hours in the U-21. In the Iast 3§ days belosre the secident, he had
flown the U-21 32 hours.

Piiot Michae! Glynn johnston

Pilot Johnston, 35, was an active duty officer in the U.S. Army hoiding the
militery rank of Msjor. He heid airline transport pilot certificate Neo. 2224244 issued
September 24, 1980, with airplane muitiengine land privileges. He had commercisl pilot
privileges in singie-engine land sirplanes gad helicopters, and his instrument guslification
included helicopiers. He held a second class sirman medical certificate which was issued
Mey 20, 1385, without limitations. He reported 4,880 hours pilot experience when he
apolied for that medical certificate.
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Major Johnston initially qualified in the U-21 on June 10, .J378. His pilot
records indicated that he had 5,266 hours total pilot experience with 1,528 hours in the
0-21. In the 90 days belore the aceident, he had logged 33 pilot hours with 18 hours in
the U-21,

Supervisory Air Traffic Control 8pecialist Davig W. Hope

Mr. Hope, 35, entered on duty with the FAA on May 13, 1974, He had been
assigned to the Kansas City International Air Traffic Control Tower (ATCT) since October
20, 1985. He heid FAA control tower operator certificate No. 4856456346 with rating
endorsement for the Kansas City International ATCT issued January 30, 1986. He was
Gualified at all control positions and was qualified as a first line area supervisor in the
TRACON. Mr, Hope held a second class airman medical certificate issued August 20,
1986, without limitations.

Developmental Air Traffic Controi Specialist Christine L. Hatem

Ms. Hatem, 23, 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. 465685067 on Apri! 11, 1985, She began radar training on
December 7, 1983, At the time of the sceident, she was gualified on two TRACON radar
positions but wes not qualified on the Tast Rader position. Her training records reflected
asbove aversge progress in completing training on the two radar positions on whieh she was
gualified, She had about 59 hours experience at the East Radar position and was
reportedily making above average progress toward checkout on the position. She had not
yet been recommended for checkout. She held a second class airman mediea! certificate
issued QOctober 16, 1986, without limitations. Ms. Hatem had previous experience as an
air traffie controlier in the U.S. Navy.

&R
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APPENDIX E

MASSACHUSETTS INSTITUTE OF TECHNOLOGY
LINCOLN I.ABORATORY
APPLICATION OF PILOT AIR-TO~A{R VISUAL ACQUISITION
RESEARCH TO INDEPENDENCE, MISSOURI, ACCIDENT

LEXINGTGN, MASSACHUSETTS 02173-0073

03 September 1987 4£2C--3408
Area Code 617
B363-5500

Mr. Jack Drake

National Transportation Safety Board
800 Independence Avenue, S.W.
washington, DT 20594

Dear Mr. Drake:

This letter provides an analysis of pilot afir-to-alr wisual acquisition
that is applicable to the recent micd~air coliision in Independence, Missouri.
The analysis is based upon a mathematical wodel of visusl acquisition that was
developed at Lincoln Laboratory during FAA-sponscred flight tests {Ref. 1 and
2) of collision avoidance systems. A recently completed series of flight
tests at Lincoln Laboratory {Ref. 3) has allowed this model to be applied to
unalerted search conditions (i.e., visual search wvhen no traffic advisories

are avallable). Thig fs the same model that has besn provided to the

National Transportation Safety Board for the ipvestigation of the Cerritos
mid=-air collisioen.

The basis of the model is the experimental observation that the
probakility of visual acquisition in any instant of time is proportional to
the product of the angular size 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 alircraft
approaches.

Basic characteriszics associated with the visual target (such as closing
rate, target aircraft size, and meterolcegical visual range) are explicity
accounted for ip the model. A model parameter § 1s then adjusted To
accurately reproduce the observed performance of pllots im test flights. 8
can be viewed as a measure of pilot search gffieiency. The model contains no
explicit description of the physiological or mental processes underlying pilot
performance. The effects of such factors are reflacted in the value of 8
observed in flight tasts. The model does not apply to any situaiion in which
special phenomena rnot present in flight tests degraded visual search, Among
such special phenomenz are empty field myopia, target approaching owt of the
sun, target hidden by window post, and unusual crew distractions.

In some cases, the probability of visual acquisition can be written as a
simple closed-form expression. For instance, if aircraft are on an
unaccelaerated collision course and the visual range is infinite, chen the
probability of acquisition for a single~pilot is

P{aeq by rz] =
~-8A
1 —exp { __ (ifry - Y/ry)l
fr|

where £ {s the pilot efficlency parameter, r is the closing rate, T} ig the
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range at which visual search begins, and A 1is the visual area (square feet)
presented by the appreoaching target. A more complicated 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 probabilities for the particular circumstances of the
Independence, Misscuri mid-air collision. That 1is, 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 tn flight test results. It should be recognized that the model does
not say directly what happened during the actual event ~ it only says what
pilet performance statistics can be expected for situations such as the one
that arose. Nevertheless, the results can be useful 1a 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-zir Ceollision

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

TABLE 1

Encounter Description Used in the Analysis

Navajo U-21
airgpeed (true) 150 ket 205 kt
number of pilots engaged

in visual search 1 2
pllot search efficiency

parameter (B) i7,000/s 17,000/ s
head-on area of afrcraft 81 sq ft 127 zq ft
side view area of aircraft 171 sq ft 267 sq ft
relative heading (zngle

between veloclty vectors) 165 degrees
visual range 20 nmi
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Using the data from Tadle 1, the following additional variadles can be
calculated:

closing gate - 352 knots

bearing of Navajo (seen from U-21) ~ 6.7 deg from 12 o'clock

bearing of U-21 (seen from Navajo) — 8.7 deg from 12 o'clock

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

visual area of U-21 {seen from Navajo) ~ 137 sq ft.

Table 2 shows the predicted probabilities of visual acquisition., The
"either” curve is obtained by assuming independent search on the part of the
two aircraft. Then ‘

Pleither acquires]} =

1 - (1 - P[Navajo acquires]) x (I - P[U~21 acquires])

TABLE 2

Probabilities of Visual Acquisition (unalerted)

Time to Collision(sec) P[ACQ by Navajo] PIACQ by U-211 PIACQ by either]

6.00 sec 0.5520 0.6454 0.8411
12.00 sec 0.2735 0.3341 0.5162
18.00 sec 08,1585 0.1935 0.3213
24,00 sec 0.1000 0.1197 0.2077
30.00 sec 0.0662 0.0763 2,1375
36.00 sec 0.0449 0.0488 0.0915
42.00 sec 0.0307 0.0304 Q.0602
48.00 sec 0.0209 0.0175 0.0380
54.90 sec 0.0138 0.0082 0.0220
60.00 sec G.0086 0.0014 0.0100C

It can be seen that the probabilities of visual acquisition are not high
until the last few seconds before collision. The Navajo has a somewhat lower
chance of zcquiring than the U-21 because only one pllot is searchiang. This
is true despite the fact that the U-21 is larger im &rea.
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Alerted Search Analysis O

The pessible benefits of a traffic advisory can be examined by using a
value of 8 obtained from tests of the Traffic Alert and Collision Avoidance
System (TCAS). Table 3 shows performance in TCAS-alerted search. It is
assumed that a traffic advisory is received at a typical TCAS 1I alarm point
(40 sec before the range reaches 0.3 mmi, or 43 sec before collision). After
the alert, the single-pilot B value is the same as that in the TCAS II flight
tests described zarlier (increasing from 17,000/sec before the alert to
140,500/sec 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
seconds. There is high 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 £.9983 0.9998
12.00 sec 0.9111 0.9569 e
18.680 sec G.7018 0.7914
24.00 sec 0.4814 0.5702
30.80 sec 0.2973 0.3524
36.00 sec 0.1542 0.1881
42.00 sec 0.0452 0.0492
48,00 sec* 0.0209 0.0173
54.00 sec* 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 advisories provided from ATC may be somewhat
lese effective than visual search based on TCAS. This is because the TCAS
bearing indication tends to be more accurate and the TCAS display is uypdated
once per secord,

Sincerely,

A v . CzLﬁ$4Qﬂ¢ML_—

John W. Andrews
Staff Member, Group 42

JWA/deb

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

R Advzsory
bl Circular

am-

Sebject: ' o Date: 3/18/83 ACNa:  90-48C
Raitizted by: AFQ-820 Cawge:

PILOTS' FOLE IN COLLISION AVOILANCE

1. PURPOSE. This advisory circular is issuved for the purpose of alerting ail

a.lots %S to the potential razards of midair collision and rear wmidair coLlisio™,

to emphasize those basic problem areas related to the namen causal factor

where improvements in pilot education, operating practices, procedures, and
improved scannify techmigues are neeced t© raduce midair conflicts.

2. CALELIATION. AC 90-48B, Pilots® Role in Collision Awvoidance, dated 9 '5/8C
1s cance

3. PBACKGROIRND.

a. From 1978 through October 1982 a2 total of 132 midair ecllisicns (MAC)
occurred in the United States resulting in 377 fa*talities. Throughout this
approximate S-year time period the yearly statistics remained fairly constant,
with a reccrded high of 38 accidents 10 1978 and 2 low of 25 in botn 1380 and
1981. During this same time period thsre were 2,247 reportad near midair
collisions {NMAC). Statistics indicate that the majority of these midair
collisions ard near wmideir collisions, occurred in good 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 isg
but one of those programs and is directed towards all pilots .Jperatmg in the
Wational Airspace System, with emphasp on the need for recogrition of the human
factors associated with midair comflicts.

4§, ACTION. The following areas warrant special attention ;d continuing acticn
on the part of all pilets o aveid the possibility of becoming involved ir a
midair conflict.

a. "See and Awoid" Concept.

{11 The flight rules prescribed in Part 91 of the Federal! Aviation
Regulations {FAR) set fcrth the concept of "See and Avoid.” This corcept
reguires that vigiiance shall be mairtained at al: times, bv each persocn
operating an aircraft, regardless of whether the cperation is conducted u-der
Instrument Flight Rules 7IFR! or Wisual Flight Rules {(VFR).

{(2) Piiots should alsc keep in mind their respongibility for contin pusly
maintaining a vigilant lookout regardiess of the type of aircraft being flown.
Remember that most MAC accidents and reported NMAC incidents occurred during
good VK weather conditions and during the hours of daylight.

= ——— —
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b. Visual Scamning.

{1} Pilots should remain constantly alert to all traffic movement within
their field of visiord, as well as periodically scanning the entire visuval field
t3ide of their aircrait to ensure detection of conflicting trafiic. Remember
that the performance capabilities of many aircraft, in both speed and vates of
climb/descent, result in high closure rates limiting the time available for
Seteccion, decision, and evasive action. (See the "Distae-Speed-Time® chart in
Apperdix l.)

{2} The probability of spotting a potential cocllision threat increases with
the time spent looking ocutside, but certain techniques may ke used to increase the
flectiveness of the =scan time., The human eyes terd to focus somewhere, even in a
featureless sky. In order to be most effective, the pilot sheuld shift glances
rafocus at inte: -als. Most pilots do this in the process of scanning the
instrument panel, oput it is also important to focus outside to set up the visual
system for effective target acquisition.

{3) PFilots should also realize that their eves may reguire several saconds
to refocus when switching views hetween items in the oockpit 2-3% disztant objects.
Proper scanning requires the oonstant sharing of attention with other piloting
tasks, thus it is easily degraded bv such psychophvsiological cornditions such as
fatigue, boredom, illness, amxiety, or preoccupation.

{4) Effective scanning is accomplished with a series of short,
reqularly-spaced eye movements that bring successive areas of the sky into the
central visual field. 3Zach movement should not exceed 10 degrees, and each area
should be observed for at least 1 second to enable detection. Althouch horizontal
back-and-forth eyve movements seem preferred by most pilots, each pilot should
deveicp a scanning pattern that is most comfortable and then adhere to it to assure
ontimum scamning.

‘5} Peripheral vision can be rost useful in spotting collision threats from
other aircraft, Each time & scan 1t stopped and the eves are refocused, the
pericheral vision takes on more importance because it is through this elsment that
movement is detected. Apparent movement is almost aiways the first perception of a
coliision threat and probably the most important, because it is the discovery of a
threat that triggers the events leading to oroper evasive action. It is essential
to remember, however, that if ancther aircraft sppears 0 have no relative moticn,
it is likely to be n a opllision cowrse with you. If the other aircraft shows no
lateral or vertical motion, but is inc:easing in size, take immediate evasive
action.

{6) Visual search at night depends almost entirely on 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 2rea adiacent to it. Short
stops, of 2 few seconds, in each scan will help % tect the light and :ts
movement .

’7} Lack of brightness end color contract in daytime and conflicting ground
lights 2t night increase the Qifficulty of detecting other aircrafe.

{8} Pilots are reminded of the repguiremen: to move one's head in order o

(8]
1
[
L4}
&
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ssarch grocnd the physicel obstroctions, sech as door and window po3ts. The
doorpost can oowver a considerable amount of sky, but 2 small hesad movement may
uncover an area vhich might be concealing a threat

r. Clearing Procedures.

(1; Pilots should:

{i}) Pricr to taxiing onto a2 munway or landing area for takeoff, scan
che approach areas for rossible landing traffic by maneuvering the ajrcraft to
provide a clear view of such areas. It is important that this be accomplished even
though a taxi or takeoff clearance has been received.

{ii} During climbs and descents in flight conditions which permit
visual detection of other traffic, execute gentie banks left and right at a
frequency which permits continuous visual scanning of the airspace about them.

{iii) Execute appropriate clearing procedurss before 211 turns,
abnormal zapeuvers, o acrobatics.

d. Airspece, Flight mules, and Operational Enviromment.

{1} Pilots should be aware of the type of airspace in which they intend to
cperate in order to comply with the flight ruies applicable tc that sirspace.
2eronautical information ooncerning She National Airspace System is disseminated by
three methods: aeronautical charts !primarv): the Airman's Information Manual
(2IM); and the Notices o Airmen {(NOTAM) svstem. The general cperating and flight
rules governing the cceration of aircraft within the United States are contained in
Part 91 of the FAR,

{2} Pilots should:

i1} Dse currently effective ac.onastical charts for the route or area
in which they intend to cperate.

{ii) Note ad understand the aeronautical legend and chart = 1
reiated to zirspece information depisted on aeronautical charts.

{iiij TDevelop a working koxewledge of the various airspace segments,
inciuding the vertical ard torizontal boundaries.

{ivy ievelor a wrkino kixwledge of the specific flight rules (FAR 91
soverning operation of aireraft within the varicus a'rTspace segments.
: v} Use the AIM. The Basic Flight Information and ATC Procedures
gescribe the airspace segments & the besic pilot responsibilities for operating
in such airspece.

(wid Contact the nearest FAA Fiight Service Station HOr any pertinent
NOTRMS pertaining to their area of cperation. |

Fatr & ) 3
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{3} Pilots should also be familiar with, and exercise caution, in those
cperational enviromments wiere they may expect to find a high wolume of traffic or
special tyves of aircraft gperation. These a@eas include Terminal Radar Service
Areas {TRSA's), airport traffic patterns, particularly at a:rports without a
control tower; alrport tra¥fic areas {below 3,000 feet above the surface within
five statute miles of an airport with an cperating control tower,; terminal control
areas; contrel zones, including any extensions; Federal airways; vicinity of VOR's;
restricted areas; warning araas; alert arezs; Military Operating Areas (MOA):
intensive student jet training areas; military low-level high-speed training
routes; instrument aoproach areas: and areas of high density Jel arrival /departure
rovtings, especially in the vicinity of major terminals and military bases.

2. Use of Camunications Sguipment and Adr Traffic Advisory Services,

{1} One of the major factors contributing to the likelihood of !&MAC
incidents in terminal areas that have an operating air traffic control (ATC) sys
has been the miz of known arriving and departing aircraft with unknown t.rafflc.
The known aircraft are qenerally in radio contact with the controlling facility
{local, approech, or departure control) and the other aircraft are nei:her in
two-way radic contact ner identified by ATC at the time of the NMAC. This
preciudes ATC from issuing traffic advisorv information to either aircraft.

{2} Althouch p"’c“s s-auld adhere to the necessary communications

requirements when cperating VFR, they are aiso wged o take advantage of the air

-

traffic advisory servims available ton VFR aircraft.

{3} Pilots should

&1 The pasic AIM contains a section dealing with services available
o piiots, including infeormaticon on VPR advisory services, radar traffic

information services for VFR pilots, and recommended caffic advisory practices at
nontoWer ailports

ry

i%; The adirport/facility directory contains a list of all major
airporis showing the services zyvailable ™o rilots axd the applicable commuonication
Srecuoencies.

Tevelop a workirg knowledge of tiwse facilities mowviding traffic

i ]

ces axd the area In which thev give these services.

i} Initiate radis oontact with the appropriate terminal vadar or
ity shen operating within the ;cer‘me:ers of the advertised service
n 13 miles of the facility shen o scrvice area is specified.

vi  When it is not practical w@ initiate radio oontast for rraffic

nforma 'Qn a: jeast ronitor the Foropriate facility communication freguency,
yarh._,am_ﬂ wiern operating in or through arrivel deperture routes and instrumert
aporsach areas.

o
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{v) Remewber that controller cbeervation of aircraft in the terminal
area is often limited by distance, denth percepticn, aircraft conspicuity, and
other normal visual acuity preblems. 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 secomiary to the controllers' primary duties {which are separating aircraft
under their control ard issuing safety advisories whon aware of safety conflicts).
‘iherefoze, the pilot is responsible for seeing and awiding other traffic. Traffic
advisories should be requested and used when available tw assist the pilot to see
ard 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 rot interded to lessen in any manner the pilot's obligation
te properly scan to see and avoid traffic.

f. Airport Traffic Patterns.

{1} A significant number of midair collisions, as well as near midair
ccllisions, have occurvred within the traffic pattern enwircnment.

(2} Pilots should:

(i) When operating at tower-controlied airports, maintain two-way
radic oontact with the tower while within the airport traffic area. Make every
effort o see and properly aveoid any aircraft pointed out by the tower, or any
other aircraft which may be in the area and unknown to the tower.

{ii} vwhen entering a known traffic pattern at a nontower airport, keep
a sharp lookout for cther aircraft in the pattern. Enter the pattern in level
flight and aliow plenty of spacing o avoid overtaking or cutting any aircraft out
of the pattern

F L e

{iii) Wwhen zpproaching an unfamiliar airport fly over or circle the
airport at least S00 feet above traffic pattern altitude {ususlly at 2,000 feet cr
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 ajrport.

{iv} Be particulariy alert before turning to the base leg, finai
aporoach course, ané during the £ final Foproach t landing. At nontower airports,
avoid entering the traffic pa:tom on the base leg or fram a straight-in approach
to the landing rimway.

{v} Compensate for blind spots due to aircraft desion and flight
attitude by moving your head or maneuvering the aircraft.

g. Flying In Formation.

{1} Several midair coilisions have occurred which imvolved aircraft on the
same mission, with each pilot aware of the other's presence.

{2} Pilots who are reguired, by the nature of their operations, to fly in
pairs or in formation are cautioned wwo:
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{1) Pecognize the high statistical pobability of their invoivement
in midair ccllisions.,

{ii) Make sure that adequate mreflight preparations are made and the
procedures to be followed are understood by all pilots intending to participate in

the missicn.

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

{iv} Avoid attempting formation flight without having obtained
instruction and attained the skill necessary for corducting such operations.

h. Flight Instructors, Pilot Examiners, and Persons Acting As Safety Pilots.

{1) The inportance of flight instructors training pilot applicants to devote
maximan attention o oollision avoidance while conducting flight operations in
today's increasing air traffic environment cannot be overemphiasized.

{2} Flight instructors should set an example by carefully observing all
requlations and recognized safety practices, since students conscicusly and
unconsciously imitate the fiying habits of their instructors.

{3} Flight instructors and persons acting as safety pilots shouid:

(i} Guard against preoccupation during £flight instruction to the
exclusion of maintaining a oonstant vigilance for cther traffic.

{ii} Be particularly alert during the corduct of simulated instrument
flight where there is a tendency to "look inside.”

(iii} Place special training anphasis on those basic problem arsas of
concermn mentioned in this advisory circular where improvesments in pijlot education,
operating practices, procedures, and technigues are needed to reduce midair
conflicts.,

{ivy Notify the control tower operator, at airports where a tower is
manned, regarding student first solo flights.

{v) Explain the availlability of and encourage the use of expanded
radar services for arriving and departing aircraft at terminal airports where this
service 1S wailable, as well as, the use of radar <raffic 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 advisories by air traffic
controliers {refer to AIM).

{4} Pilot examiners should:
{1} During any flight test, direct attention to the applicant's

vigilance of other air traffic and an adeguate clearance of the area before
performing any flight maneuver.
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{ii) Direct sitention to the spplicant's knowledge of the airspace,
availabie FAA air traffic services and facilities, essential rules, good operating
practices, procedures, and technigues that are necessary to achieve high standards
of air zafetvy.

i. Scan Training. fThe Rircraft Owners and Pilots Associlation (ADPA} Air
Safety Foundation nas developed an excellent educational rrogram designed to inform
pilots on effective visual scan technigues. All pilots ave encouraged to attend
FAA/industry sponsored safety meetings which feature this program. The program,
called "Take Twoc and See,” is available on 1 in through the AOPA Alr Safety
Foundation, 7315 Wisconsin Avenue, Bethesda, Marvland 20814. For further
information on the availability of this or any other Accident Prevention Program
dealing with collision avoidance, interested persons may contact the Accident
Prevention Specialist at any FAM General Aviation District Office or Flight
Standards District Office.

EENNETH §, HUST

Director of Flight (perations
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Appendix 1
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