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TRANS WORLD AIRLINES, INC., LOCKHEED L0494, N 6902C, AND
UNTTED AIR LINES, INC., DCUGLAS DC-7, ¥ 6324C,
GRAND CANYON, ARIZONA, JUNE 30, 1956

The Accident

At approximately 1031 ,l—'/ June 30, 1956, a Trans World Airlines Lockheed
1049A, N 69Q2C, and a United Air Lines Douglas DC-7, N 6324C, collided at about
71,000 feet~: over Grand Canyon, Arizcna. Both aireraft fell into the Canyon
near the confluence of the Colorado and Little Colorado Rivers. There were no

survivors among ‘the 128 persons sboard the flights (70 aboard TWA and 58 aboard
United). Both aircraft were destroyed.

Hisbory of the Flights (See attactment 1 as reference., )

1. Trens World Aixlines

On June 320, 1956, at 090L, Trans World Airlines Flight 2, a regularly
schedwled passenger service, took off from rumwaey 25 of the Los Angeles Inter-
nationel Airport. Flight 2 was on an instrument flight rules (IFR) flight plan -
froa Los Angeles, Califormia, to Kansas City, Missourd, via Green Mlxiay 5,
Anber Aivway 2, Daggett direct Trinidad, dlrect Dodge City, Victor Alrway 10
Kansas City. The flight plan also proposed a cruising &ltitude of 19,000 feet,
2 true a2irspeed of 270 knots, and a departure time of 0830. The Trans World
flight crew consisted of Captain Jack S. Gaudy, Copilot James H. Ritner, Flight
Engineer Forrest D, Breyfogle, Flight Eangineer Harry H. Allen (aboard as an
additional crew member), and Hostesses Tracine E. Armbruster and Beth E. Davis,

) Proparations for Flight 2 were roubine' except that departure was delayed

a few minutes by minor maintenance on the aircraft. The flight was dispatched
with 3,300 gallons of fuel end the lecad manifest showed the gross weight of the

aircraft at takeoff was 108,115 pounds, well under the maximum allcwable of

113,200 pounds. The lcad was properly distributed with respsct to center of
gravity linitations of the aircraft.

1/ Times herein are Pecific standard and based on the 24-~hour clock.

2/ Altitudes herein are mean sea level, distances are nsutical miles
unless otherwise {ndicated. -



As requested, the flight, after takeoff, contacted the Los Angeles
tower radar departure controller, and was vectored through an overcast
which existed in the Los Angeles area, After reporting '“on topt (2,400
feet) the flight switched to Los Angeles Air Route Traffic Control Center
(referred to ag Los Angeles Center) frequency, 118.9 mes., for its en route -
clearance. This clearance specified the routing as filed in ths flight plen,
however, the controller specified that the flight climb Yo 19,000 feet in VIR
conditions. Inmediately thereafter TWA 2 asked for & routing change to Daggett
via Victor Airmay 2.0, This was approved in a routine manner.

At 0921, through campany radio communications, Flight 2 rzported that it
was approaching Daggett and requested a change in flight plan altitude assign- .
ment fram 19,000 to 21,000 feet. ARIC (Los Angeles Center) advised they were
unable to approve the requested altitude because of traffic (United Air Lines
Flight 7L8). Flight 2 requested a clearance of 1,000 feet on top. Ascertain-

ing from the radio operator that the flight was thea at least 1,000 on top,
ARTC cleared the flight. ’ ’

At 0959 Trans World 2 reoported its position through company radio at
Las Vegas. It reported that it had passed Lake Mohave at 0955, wags 1,000 on
top at 21,000 feet, and estimated it would reach the 32l-degree radial of the
Vinslow omni range station (Painted Desert) at 103L with Farmington next. This
was the last radio communication with the flight.

2.. United Air Lines

United Air Lines Flight 718 was regularly scheduled from Los Angeles. to
Chicago, Illinois. On June 30, 1956, it took off fram runway 25L (Left) of the
Los Angeles International Airport at 0904 (three minutes after TWA 2). Flight
7.8 was on an IFR flight plan to Chicago via Green Airway 5 Palm Springs inter~
section, direct Needles, direct Painted Desert, direct Durango, direct.Pueblo,
direct St. Joseph, Victor Alrway 116 Joliet, Victor Airvey 84 Chicago Uidway
Airport. The flight plan proposed a true airspeed of 288 knots, a cruising
altitude of 2.,000 feet, and a departure time of 0845, The flight crew con-
sisted of Captain Robert F, Shirley, First Officer Rotert W. Harms, Flight
Engineer Gerard Fiore, and Stewardesses Nancy L. Kemnitz and Margaret A. Shoudt.

Flight preparations and dispatch of United 718 were routine end the air-
craft departed with 3,850 gallons of fuel., The company load manifest showed
the gross welght of the aircraft at takeoff to be 105,835 pounds, which was
less than the moxdimum allowable of 114,060 pounds; the latter weight was re-
stricted fram a maxdmum of 122,200 pounds for the aircraft because of a land-

ing limitation at Chicago. The load was properly distributed with respect %o

the center of gravity limitations of the aircraft. i ’

After takeoff the flight contected the Los Angeles tower radar controller,
vho vectored it through the overcast over the same departure course as TWA 2.
United 718 reported "on top" and changed to Los Angeles Center frequency for

its en route clearance. This corresponded to the flight plan as filed; howsver,

the controller aspecified that the climb to assigned altitude be in VFR condi-
ticns. -
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Flight 718 made position reports to Aeronautical Radio, Inc., which
serves under contract as United company radio. It reported passing over
Riverside and later over Palm Springs intersection. The latter report
indicated that United 718 was still climbing to 21,000 and gstimated it
would reach Needles at 1000 and the Painted Desert at 1034.

At approxinmately 0958 United 718 made a position report to the CAA
carmumications station located at Needles. This report stated that the
flight was over Needles at 0958, at 21,000 feet, and estimated the Painted
Desert at 1031, with Durango next.

At 1031 an unidentified radio transmission was heard by Aeronautical
Radio canmunicators at Salt Lake City and San Francisco. ' They were not able
to understand the message when it was received bub it was later determined
by playing back the recorded transmission that the message was from United
7.8. Context was interpreted as: "Salt Lake, United 718 o o o 81 o o
¥8 '1a going in." '

Investigation

Then neither £1ight reported passing the Painted Desert line of position,
CAA and company ground cammunications attempted to contact them. This was -
msuccessful and & radio search was then made by seversl ceamunications sta-
_tions along the proposed routes, uging mumerous radio frequencies available
to the flights. At 1151 a missing aircraft alert was issued, fdllowed by
implementation of gearch end rescue procedures. » ‘ _ :

That evening a pilot who operated scenic flights over the Grand Canyon
heard about the missing aireraft and recalled having seen light smoke rising
out of the Canyon earlier in the day. With his brother, he returned to the
area, flew into the Canyon, and during a low pass was able to identify the
empennage of the TWA Constellation. He reported the finding immediately and
the next day mads another flight, during shich it was ascertained that there

was a second wreckage approximately one mile from the first. There were no
signas of survivors on either occasion. _ '

‘ On July 1 an Air Force helicopter from a Search and Rescue unit landed,
under hazardous conditions, at the TVA site. After careful consideration,
planning, and trial flights, a successful landing was made by an Army heli-
copter pilot at the United wreckage. On both initial landings a medic ac~
cocapanied the helicopter pilot and, after examination, reported that no one
had survived either crash, During the following days Armmy units provided
transportation; under extremely hazardous conditions, to and from the sites

by helicopter, making it possible to reach the otherwise nearly inaccessitle
area. . A

The L-1049 Constellation crashed in a draw on the northeast slope of
Temple Butte, vhich is on the west bank of the Colorado River within the =
Grand Canyon. The main wreckage site was at an elevation of 3,400 fest.

The wreckage was found strewn across the drorr along 2 scuthwesterly heading,
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with portions of the nose section on the south bank of the draw and sections
of the cabin fuselage on the north bank, A rclatively short wreckage distri-
bution path showed that the aircraft contected the ground at a steep angle.
The distribution and condition of parts indicated the Constellation was in-
verted at initisl impact. 2

Severe disintegration of the L-L049 occurred during ground impact,
followed by an intense ground fire. Together, these caused nearly total
destruction of major portions of the aircraft. It was possible, however,
to identify a sufficient number of parts to show that with the éxception of
the L-1049 empennage, portions of the aft fuselage, and light pieces of aft
cabin interior, all of the circraft wns at the main wreckage area.' Here
several pleces of the DC~7 were located. AlL of these were identified as
being parts of the DC-7 left outer wing structure.

The main wreckage area of the DC-7 was located 1.2 statute miles north-
east of the L-1049 area. Exsmination revealed the DC-7 struck the south face
of Chuar Butte oppoaite the Little Colorado River. Impact was about 10 feet
below the top of this ridge at an elevation of 4,050 feet. Initial impact
¥as on a northeast heading with the aircraft nosed down and its right wing
below a level attitude.

Impact forces caused severe disintegration of the DC~7 with majotr com- -
ponents falling into an inaccessible deep chimmey and upon sheer ledges below
the impact site. An intense ground fire fdllowed impect. Except for a large
portion of its left wing, the DC-7 major cumponents were accounted for by

identification of parts and pieces found at or reasonably near the main wreck-
age area. : '

During the difficult and hazardous structural investigation every effort
was made to determine whether or not en inflight callisica had occurred and,
if so, the manner in which the afrcraft collided. Results of this work dis-
closed several areas of demage which ccnclusively éstablished that such colll-
sion did occur., These areas also provided material for sn analytical study

relating to the physical relationship of the aircraft to each other at the
instant of the inflight impact. ' :

One of the significant areas involved in the inflight contact was the
left outer wing panel of the DC-7. Pleces found represented the wing panel
from its tip inboard to station 453, a length of about 20 feet.. Much of this
structure bore evidence of the inflight collision. Same portions of the upper

surface, leading edge, and aileron were m.issipg.

The largest single plece of left wing outer panel was found betwsen
Temple and Chuar Buttes sbout one-third mile west of the TWA wreckage site,
This piece consisted of the outer portion of the panel from the tip inboard
to approximately station 627, To this station the upper and lower wing skin
and the leading edge were generally intact. Portions of lower skin were in

~ place for another six feet inboard, Collision evidénce in the form of dents,
scratchey, tewrs, and tunds were found on much of the lower surface of this
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entire strudture.  Part of this damage consisted of an upward and inboard
deformation ir the wing tip cap between the position light and aileron cove.
Black rubber smears and red paint smudges were evident at several locations
in the deformation. Examination showed the emears on the DC-7 were fram the
L-1049 deicer bdot; also, the paint smudges were from the 1~1049. .

A fragment of DC-7 wing tip assembly was found separately. This 1ll-inch
plece was part of the aileron cove from the extrems vré.ng tip area. Fragments
of top and bottam wing skin were still attached to this plece. Just aft of
the tear the tip radius was deformed inboard, rearvard, and upward with heavy
deposits of L-1049 red paint in the crumpled area. Further, the tip lower
surface inboard to the tip attach point was deformed upward and marked by
scratches running inboard and aft. Also, in this general area on the lower
wing surface there were numerous black rubber smears and additional soratches,
The asmears and scratches ran diagonally aft and inboard about 23 degrees in
relation to the wing center spar line. : N

Two pleces of the DC-7 left aileron were found representing the tip area
inboard to sbout station 656. These pieces were severcly buckled inboard and

upward and both bore heavy deposits of black rubber smears on their lower
surfaces,

" Between stations 627 and 603 the wing leading edge of the DC-7 was
deformed rearward and outboard. Rearward and inboard scratches on the lower
leading edge were continuous through areas of deep buckling; indicating they
were made before the leading edge struck the object causing buckling: Aft.
of the leading edge on the lower wing surface there were fmore scratches rum-
ning aft and inboard at an angle of approximately 25 degrees relative to the

center spar. In this gpecific area there was no evidence of the black rubber
8mears, :

At the L-1049 wreckage area a section of lower wing skin from the DC-7
was found. This section was from the left wing where the aircraft registration
is painted and bore portions of numbers "6" and #3.% Scrape marks corresponded
directionally to those proviously described. Imbedded in a tear on this part
was & plece of Constellation headlining used in the aft cabin ceiling. Brom
anudges running in the same general direction as thd scratches were determined

by chemical analysis to be material used to seal Constellation fuselage.scams
- and sbringers in the pressure cabin area.

A second area of damage significant to the investigatory objectives and
_closely allied with the DC~7 wing damage was the Constellation empennage. This
major component had struck the ground inverted but came to rest in an upright
position about 550 yards north of the concentration of L-l1049 wreckage. It
was generally intact except for the left and right fins and rudders. Respect~
ively, these were found about 30 and 10 yards removed. 'The distance of the .
empennage from the rest of the L-1049, togetber with the evidence of severe
damage where it was separated from the aft fuselage, showed this major compon-
ent had separated in flight after collision impact. Heavier plieces of the
L-1049 aft fuselage structure and aft interior equipment were found west of



the main TWA ;reckage site. Liéht interior matefidls from the aft fuse-
lage were found on Cape Solitude 1-1/2 miles east, indicating that they
were torn or spilled out at a sufficlent aliitude to drift this digtance.

k4

Two pieces from the Constellation empennage were recovered sway from
the main empennage at sufficient distance to indicate separation prior to
gromd impact. These, consisting of sections of the left upper fin leading
edge and bearing portions of red and white stripes of the Constellation
color scheme, showed collision evidence. One plece was concaved on its
leading edge, in the area of the red stripe, by an object moving right to
loft. The concave area fitted precisely with the damage on the DC~7 left
wing tip. The red paint found on the wing tip came from this red stripe,
and the black marks resulted from contact with the fin leading edge deicer
boot. The second plece, which fitted below the concaved piece, was crumpled
to the left by the same.force that damaged the concaved piece.

The L-1049 aft fuselage was a third area of collision damage. Most
significant was a plece of fuselage skin about 1-1/2 x 4 feet in size.
Identification showed it came from the upper right side of the Constellation
Tuselage just forward of the tail. Its ocuter surface was painted white,

This metal piece was tent imward about 90 degrees so that its inner surfaces
were folded toward each other. There were red, Hlue, and black marks in .
various directions on the white outer surfzce paint in the area aft of the
bend. In addition to these marks there were gray deposits in a randcm pat-
tern creating a stippled effect over the entire surface. Together with these
there were also long grayish smears progressing in the szme direction as the
stippling. Pileup of the individual marks within the deposits was heavier on
the upper edge. This evidence indicated that the gray deposits were made by

an object moving up and along the circumferential frames of the Constellation
fuselage. ' ’

The final area of important demage was also in the aft fuselage of the
1-1049. It was a series of three propeller cuts in the lower and bottam
fuselage in the vicinity of the rear baggage compartment. The cuts were
generally upmard and inboard and of varying lengths. They were essentially
parallel about 35 inches apart with the middlLe cut sbout 52 degrees relative
to the longitudinal axis of the aircraft. Red and btlue paint marks at the

edge of one cut in the baggage bin area coincided with the paint schems on
the DC-7 propeller.

Two additional propeller cuts were located in thé L-1049 forward fuse-
lage. One cut was approximately in line with the L-1049 No. 3 propeller arc
and the other was about four feet forvard. This damage was not consistent

with the other collision damage and the cuts were probably made by the pro-
peller of the Constellation during ground breakup.

Other areas of both aircraft were involved in the collision. Scme were
secondary or cumulative to the evidence already described and others, although
important for other reasons, were not indicative of the inflight impact.
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Investigation showed. that nomal. and routine preparations were made
for the flights, The TRA Constellation had received a peériodic maintenance
check at Los Angeles and except for minor discrepancies; not affecting air-
worthiness, was in good condition. The DC-7 was checked at Los Angeles and
at departure thers were no mechanical dlscrepancies or carryover items. The
flight engineers had performed preflight and walkaround inspections of their
respective aircraft.

Both flights wore planned as high-altitude operations (above 14,500
feet west of the 100-degree Meridian) which under current regulations and
operating specifications permitted them to be planned and flown off alrwmays
over direct courses to take advantage of the most favorable weathér and wind
factors as well as the shortest distance between origin and destination of
the long-range nonstop flights. Bafore flight, however, a definite flight
plan is required over the direct route with numerous reporting points indi-
cated to clearly define the proposed route to be flomn. To this end numerous
company high-altitude routes have been established. From these the most

favorable is selected for an individual operation cammensurate with existing
conditions, o . :

United Airlines! operational policy permitted a high-altitude flight to
be conducted on an IFR or VFR flight plan but the campany did not permit its
flights to be flown in instrument weather conditions, regardless of the flight
plan, during that portion of the flight off airways. In:this regard Trans
World Airlines' policy, at the time of the accident, permitted off airways - -
- flights in instrment wecather conditions but only on an IFR flight plan with

an assigned altitude. Vhen operating 1,000 on top the ccmpany required ad-
herence to visual flight rules. : -

The pilots were briefed on the anticipated weather conditions before
flight time. These indicated conditions well within limits for takeoff and
for the planned duration of the flights. Captain Gandy, with nearly 15,000
flying hours, had flown the subject route approximately 177 times and was
well qualified. Captain Shirley, with 17,000 hours, had flown the operation
since October 1955, and he also was well qualified. Similarly, the other crew
members of both flights were experienced. All, according to documentary evi-

dence, were rested, in good physical condition, currently qualified, and cer-
tiflcated for their positions. :

The {flights reported in a normal manner as they progressed eastward.
Except for the final transmission of United 718, the reports were without
indication of any difficulty. The individual company dispatch offices fol-

! lowed the progress of their flight in a regular manner according to their
responsibility.

. Approaching Daggett the TUA flight asked for a change in its flight
altitude from 19,000 feet to 21,000 feet on its IFR clearance, and. if unable,
1,000 on top. Tho T#A radio operator who received this request from the fligh
called Los Angeles ARTC and at 092L advised, "TWA 2 is coming up on Daggett
requesting 21,0C0 feeb.® The Los fhngeles controller then contucted the S84l
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Lake ARTC controller and saild, "TVA 2 is requesting two one thousand, how

does it look? I see he is Daggett direct Trinidad, I see you have United

718 crossing his eltitude - in his way at two one thousand." According to

the recording of this conversation the Salt Lake controller replied, "Yes,
thedr courses cross and they are right together.! The Los Angeles conbrol-
ler then called the TWA radio operator and said, "Advisory, TVA 2, wmable.
approve two one thousand." At this time the radio operator interrupted and
said, "Just & minute. I think he wants a thousand on top, yes a thousand on
top until he can get it." After determining from the flight, through the TWA
radio operator, that it was then 1,000 on top the Los Angeles controller
issued the following amended clearance, "ATC clears TVA 2, maintain at least
1,000 on top. Advise TWA 2 his traffic is United 708, direct Durango, esti-
mating Needles at 0957." The TWA ground radio operator stated that this clear-
ance was given TVIA 2 and it was repeated back to him verbatim by the flight. -
The operator sald that in this transmission he included the information con-

. ceming United 718, adding that it was at 21,000 feet which he concluded fram

the overall situation although the altitude was not part of the information
from the controller. The TWA operator testified that he recognized Captain

Candy's voice and that the captain acknowledged the information on the United
flight as "traffic received." :

" The two controllers participating in this action were.called to testify
at the Board's public hearing. In response to questicns they stated that

. because TWA 2 would soon pass froam the Los Angeles ARTC area of responsibility :

to the Salt Lake area it was necessary to coordinate the TRA request for alti-
tude change. Both stated that at this time the flights were IFR traffic oper—
ating in controlled airspace snd ARTC was required to separate them from each:
other as well as from any other aircraft on IFR clearances.. The contraller
who gave the clearance said he offered the United Information to TWA merely

as an' explanation for the denial of 21,000 and not as a traffic advisory.

The Director of the CAA Office of Air Traffic Control explained that
when TWA requested 21,000 feet the flight had not reached Daggett nor had the
United flight reached Needles. They were not traffic for each other at that
time but in projecting their tracks eastward.both would cross Red Airway 15
with ill-defined horizontal separation. On this airway ARIC was redquired to
separate the flights; thus TWA was denied 21,000, The witness added that this
separation was an ARTC responsibility for instrument flights only in the con-~
trolled airspace and that Red Airway 15 was the last such area for the flights
to traverse wntil they were well beyond the accident scene. He said that ARTC
maintains only progress information with respect to IFR flights flying through
uncontrolled airspace and that this information is used for the purpose of
providing a safely apaced’ flow of instrument traffic into the next controlled
airspace to be entered. He stated that air traffic control does not provide
any control service or function in uncontrolled airspace. The witness explain-
ed that flights are not tound by clearance or flight plan, whether VFR or IIR,
wvhile operating in uncontrolled airspace and that instrument traffic must only
leave and reenter a control area according to 4raffic control clearsnce. The
contrallers! manual of control procedures (ANC Manual ) states that, "Clearancen
authorize flight within control zones and control areas only; no responsibility
for soparation of aircraft cutside these areas is accepted."
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When TWA amended its flight plan from an assigned 19,000 feet to 1,000
feet on top, no information concerning this was given to United 7L8. The
Director of Air Traffic Control stated that none was required though the
flights were in controlled airspace at the time. The; cléarance to TWA 2 was
to maintain 1,000 feet on top while it vas in a control area., The witness
said the flight was not restricted to any specific altitude in control areas
except that it be at least 1,000 feet above the general cloud layer. When
outside controlled airspace and under certain conditions of limited visibil-
ity ﬂi7ht should be conducted at an altitude conforming to the "Quadrantal
Rule.m The witness stated that the controller therefore did hot know what
altitude Captain Gandy would select as a cruising altitude or if he might
later change the altitude from time to time. The witness stated that with
respect to separation the TWA flight at this time was a VFR flight and that
the basic VFR minimums applied for it to maintain flight in VIR conditions.y

Civil Air Regulations do not provide a definition for 1,000 on-top
operation either within or outside controlled airspace; however, with respect
to on-top operations in control areas the Flight Information KManual states,
niAt least 1000 feet on top! (LOTOP) may be filed in an IFR flight plan, or
assigned by ATC in an IFR clearance, in lieu of a cruising altitude. Even
though this type of operation places the responsibility for avoidance of -col-
lision with other aircraft on the pilot, the flight is an IFR operation and .
mst obtain an amended clearance for a specific altitude before proceeding
into IFR weather conditions."' It further states, "Air Traffic clearances
vhich specify 'at least 1000 feet above all clouds' in lieu of a cruising -
altitude permits flight to be conducted at any altitude at or above the mini-

mum en route altitude (MEA) which is 1000 feet or more above the cloud layer

The present concept for separation of aircraft and avoidance of colli-
sion in VFR weather conditions, regardlass of flight plan or clearance, de-.
pends on the flight crews!' ability to visually provide separation between
aircraft, Civil Air Regulations expressly place this responsibility on the
pilots2/ and the concept is comonly referred to as the "see and be seen®
principle. es for avoidance and right-of-way are set out in the Regula-
tions also./ With respect to an IFR flight operating:in -VFR weather condi-
tions the Flight Informmation Manual states, "During the time an IFR flight
‘i3 operating in VFR weather conditions, it is the direct responsibility of
the pilot to avoid other aircraft, since VFR flights may be operating in the
same area without knowledge of ATC." In consonance with these provisions the
vast percentage of flying today is separated by the "see and be seen' philos-
ophy with little or no external traffic control assistance.

Civil Air Regulations. Part 60.32 (b) 1, 24 3, and 4.
Civil Air Reg'ulations. Part 60030 (b) (l)o .
See CAR Part 60.12 (c)

See CAR Part 60.14 (a) through (c) and CAR Part 60.15.

RRER



At 0958 United Flight 718 reported its position to the CAA camuni-
cations station located at Needles. This report indlcated that the flight
was over Needles at that time, its eltitude was 21,000 feet, and it antici-
pated reaching the Painted Desert line of position at 103L (roviging the
previous estimate of 1034). The flight indicated it would thereafter report
over Durango. The Needles cammunicator forvarded this report, according to
routine procedure, to the Albuquerque center at 100l and to the Salt Lake
center about 1013. The communicator stated that forwarding the report to
Salt Lake was delayed by an interphone tieup. The controller at Salt Lake
receiving the report was the one who previously was involved in the decision
which dended TWA 2 the request for 21,000 feet as a cruising altitude when
the flight was approaching Daggett at approximately 0921.

At 0959 Trans World Flight 2 reported its position to company radio
located at Las Vegas. The f{light reported it had prassed over Lake Mohave at
0955, was 1,0C0 on top at 21,000 feet, and estimated reaching the 32L-degree
radial of the Winslow cmni range station (the Painted Desert line of. position)
at 1031, with Farmington the next reporting position. In response to this
the ground camnunicator repeated back the information, added the barametric
pressure for Las Vegas, and told the flight that this pressure was falling
rapidly. At 100L the Las Vegas 1WA ccamunicator promptly forwarded this
position report over long-line interphone to the Salt Lake cente_r. This
report was received by the CAA sector controller at LOQL. The same control-
ler received the position report of United 718 at 13 from the CAA Needles
cammunicator. : ' : ‘

During the public hearing the Salt Lake controller and the CAA Director
of AMr Traffic Control were questioned as to twhether or not traffic advisory
information should have been issued the flights vhen the controller had re-
ceived position reports fram both flights and knew both were flying ab the .
same 3altitude, estimating the Painted Desert line of position abt the same tihe
on converging courses. The controller stated that when the xeports were re-
cedved by him he had no kmowledge of the track that either flight would maké
to the line of position because both were in the uncontrolled erea and a
specific track was not required. He said the Painted Desert line of positicn
15 nearly 175 miles long with no definite position within this distance. The
estimates fram the flights, therefore, did not mean they would converge there
but merely that both would pass the line eastbound at that time. He testified
that he was not required to give edvisory information to flights which were in
uncontrolled airspace and it was only a discretionary duty in the controlled
area., He also said this advisory service would not bs possible as a day-to-
day practice without control of flights and more definite position information,
~ 88 well as additional facilities and personnel.,

The CAA Director of Alr Traffic Control testified conceiming the situvation,
stating that it was not the palicy or concept of Air Traffic Control to provide
traffic information outside of centrolled airspace. He said nomally such
information would be of little valua, Many aircraft wunlmown to Alr Traffic
Contral. may be operating in, this urea; further, Air Traffic Control has no
_ authority cver thouss aircruit thab are knom. ?The witness testified that with
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respect to these two particular flights, the controller certainly kmew about
them; however, he explained that advisory information must be vieted in its
overall application in day-to—day operations. He stated that advisory ser-
viée for traffic in uncontrolled arcas would be tantamount to positive con-
trol of 8ll traffic which would rcquire persomnel, facilities, and equipment
not presently available. He added that this was knorm to be correct, having
several years ago atteapted to provide this service on a test and evaluation
basis. He added that the workload of an advisory service was found to be
nearly equal to that required for a control service. He concluded that the
present camuplement of persons assigned to perfomm the controllerts functicns
in the uncontrolled areas could not be considered sufficient to offer either
an advisory service or perform a conbtrol service.

Investigation relating to the progress of the flights shows they were
according to theé established performance of the aircraft. Both flights made
good thelr estimates bstween position reports until the segments imaediately

prior to the Painted Desert line of position; for United from Needlss end for
TRA from Lake Mchave., . : : Co

According to the United estimate the flight would reach the Painted
Desert at 103L, or 33 minutes after passing Needles. Investigation showed -
the accident occurred et 103L, approximately 17 miles or nearly 3-1/2 minutes! -
flying time from the position of expected progress. Campared to another United -
flight, 708, a DC-7, vhich climbed over the same course to cruise at 21,000 -
feet approximately one hour earlier, Flight 718 should have reached the Painted
 Desert in its estimated elapsed time. Cruise performance of the aircraft zlso
showed the estimate could have been mada. - : '

THA Flight 2 nlso was making good its estimates as it climbed toward
Lake Yohave. The estimates were in accord with sccepted performance of the
Constellation and the flight estimated it would reach tho Painted Dosert at
1031, or 36 minutes after passing Lake Mohave. This flight also was approxi~.

mately 3-1/2 minutes! flying time from its-.estimated position when the colli-
sion occurred, ' :

Winds aloft were carefully roviewed to determine vhether or not they
could have ba¢n a factor in the delays. It was leamed that these winds were
light in consideration of altitude and varied Little from the winds forecast

Doetemmination of the time of the accident was an importent phase of the
Board's investigation. The severe damage sustained by the United Alrcraft .
leaves little questiom but that the ajrcraft crashed soon after the collision
and therefore the last transmission from its cresr came very close to the calli-
slon time. Knowing the recording that contained the transmission slso contained
time checks and operated relative to actual time, it was learned that the mes-
sage began at 1030:53, Pilots vho knew the United crew and heard the final

‘message or its transcription felt with rellable assurance that the voice wag
that of First Officer Harms. '
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The recorded transmigsion itself was also examined under laboratory
conditions to determine what the exact message was, whether or not anything
mas said which was inaudible under nommsl listening conditions, and vhether
or not the tragedy:was reflected during all or just part of the message.

The latter objective would assist in determining vhether or not the DC-7

crew sighted the L-1049 during the transmission and if the accident occurred
during it., The analysis was based on a correlation of the spoken words with

a spectrograrhic analysis, a technique used in "Visible Spesch." Tests invalv-
ing binaural listening and speech stretching srere also made.

The laboratory results showed the principal- speaker said, #Salt Lake,
area (or ah), seven eighteen . . . wo are going in 01 During the tims
represented by the dots a second, speaker yelled two known words vhiich weore,
fup « » « up.t This speaker also yelled words which preceded "up." These
were indefinite but fitted energy patterns of "look," fpull," or "come." The
tests showed clearly that .the principal speaker throughout was speaking
between 100 and 200 cycles above.the nommal male voice pitch spsctrograms.
The background or second speaker's pitch was even higher, being well above
that of a female voice; however, it was fairly certain that it was a male
speaker. According to the laboratory study both general wolce patterns,
particularly as to pltch, showed the speskers were under great anotional
stress, indicating that they were already in serious trouble.

An exhaustive search for eyewltnesses to the inflight collision was
conducted, Many persons were contacted in the popular tourist area, zs were
employees of the Orand Canyon Park Service and residents of the surrounding
areas. During this search no witnesses were found vho saw the collision
although at least one person apparently saw smoke from the crashes and dis-
missed it as a brush fire in the Canyon. Later, on July 10, two witnesses
were made ‘lmown to the Board and were called to appear at the public hearing.
These witnesses stated that while driving west on Route 66 between Winona and
Flagstaff they saw two aircraft collide. Theilr descriptions fitted the subject
alrcraft and especially the Constellation. Eoth witnesses stated that when
collision occurred there was no evidence such as fire, smoke, or falling pleces

and that following impact the alrcraft geemed to continue cn without falling
but locked together. Lo . :

Under intensive questioning, one of these witnesses testified that at
the time she saw these two planes she sew them come together. Asked if she
saw them collide she said she didn't realize at the tims that they had.
Questioned further as to how clode they came together, she replied,"Too close."
She was asked if she observed any space separating the two aircraft end she
answered, “Just between the two tailsg." The witness was gsked had she seen the
two planes collide would she have sald something about it to her husband. She
replied that she would have but that she and her husband didnt't discuss it.
She further stated that she didn't recall her husband saying anything to her
about the callision. The witness, a reglistered nurse, was esked if there had
been any thought in her mind that this was a cdll.ision wouldn't ehe have gone

to the nearest telerhane and made some coll te coms official tody of scma
authority. She said that she would have. '

7/ Difforences betweon initial listening and laboratory results relative
to messare context are recomnized. See nare 3.



Investigation showed that the collision occurred a short distance
wost of and above the wreckage locations, approximately 70 miles from the
witnesses. Calculations and visual capability indicated that at this
distance it would be impossible to see distinguishing physical features of
the aircraft and nearly impossible to see the aircraft. Relative positiocns
with respect to each other if visible, would be extremely deceptive. The
Board does not question the sincerity of these witnesses but believes they
must have seen two other aircraft; several are known to have been operiating
in this general area. At a considerable distance &nd at certain angles of

observation two widely separated airoraft could well present the illusion
of a collision. :

A third witness reported having seen a puff of smoke in the sky over
the Orand Canyon area. This witness was near Winslow, about 80 miles £rom
the accident site, and was algo proceeding in a privaté automobile west on
Route 66. The puff of smoke seemed very high and from it two objects appeared
to fall on a trajectory path and disappeared into-lower clouds, This observa-
tion may have been the collision but because little detail could be seen it -

adds little to the investigatory objectives other than those already clearly
established by more positive evidence.

To establish conclusively the importance of the information offered by
these witnesses, Board investigators were stationed about 14 mileés east of
‘Flagstaff, the approximate position of the nearest witnesses as indicated by
their testimony. On separate days United and Trans World flights flew the
proposed routes of Flights 2 and 718, making position reports to the investi-
gators according to a prearranged detailed plan. These were received by & -
CAA cammunications truck located with the investigators. Weather conditions -
on one day were better than those on the day of the sccident and on the second
day they were equal to or better than the accident day. Results of this work
.showad that the aircraft could not be seen though thelr exmct positions wers
Jmown, as were the angles on vhich to sight to the positions. Many reports
and sightings were undertaken. Once a reflective flash was seen and binocu-
lars were trained on it. With this assistance to the observers! nommal vision:
the aircraft could bs seen but it could not be identified as to type or make.

The Board was about to publish its report on this accident when, on

. February 1, 1957, it was advised of another alleged eyewitness to the colli-
sion. Shortly thereafter the witness was examined, at length, as to his

observations in a deposition taken by the Board. :

In substance, the witness testified that on June 30, 1956, while pro~
qeeding to Orand Canyon, he made his observations through the windshield of
4 Ford pickup truck in which he was traveling alone on Route 64 toward Desert
View at a speed of 75-80 miles an hour up a pralonged incline in the road.

At the point of observation he was betweon 5 and 7 miles south of Desert View
or 15-17 miles south of the estimated collision point. .

When questioned as to why he did not make public the fact that he had
- observed tho- gccidont, he answerod that he' did not want to embarrass himself,
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AMthough he had several conversations with persons involved in the inves-
tigation of this accident, including Board personnel and personnel of the
air carriers involved, he did not reveal the fact that he had meen the
eccident wntil seven months later. : :

The Board has carefully evaluated all of the testimony of this witness
and concludes that it has no probative value. TFirst, we cannot accept the
vitnesy! statement with regard to weather conditions. The record containa
full and complete weather information as determined from weather reportas,
pilot reports, and an analysis of the synoptic situation. This testimony
of the witness is in direct conflict with the knowm weathexr conditions, as
clearly set forth by reliable and probative evidence contained in the record
of this case,

Second, with respect to the witness! description of the relative
positicns and identification of the aircraft, it is unlikely that the witness °
could heve seen these aircraft in the mammer eand fram the place he described.
This conclusion is based upon certain tests vhich were made by the Board imme-
diately after the mitness! deposition was taken, and the fact that the witness!
observations were mede while driving a truck at very high speed.

Under the clrcumstances, we cannot accept the witness' testimony.

The possibility that both aircraft could have bsen south of their courses, .
using the 3-1/2 minutes of wmaccowmted for time in this manner, is remote. A
radius of action computation shows the time to be insufficient to bring the
aircratt, especially TWA Flight 2, to a position much closer than 45 miles to
the observera! point and thereafter floma to the knovn collision position.

The synoptic weather situation consisted of a thermsl low centered a
short distance northwest of Las Vegas, Novada. A pecond low pressure area
was centered in Nebraska froa which a cold front extended southastiard into
northern Coloxrado, thence westward through central Utah and Nevada as a quasi-
stationary front during the day and night of June 29. Aloft the pressure dis-—
tribution resulted in a southeasterly flow of moist air into northem Arizona.
Numerous thunderstoms resulted during tho afternoon and night of June 29
which increased the surface moisture. These factors prevailed during June 30
causing considerable low and high cloudiness and showers in the Grand Canyon
area but the winds aloft had becoms more westerly; ranging from south-
southwest at 8,000 to west at 21,000 feet. Wost of thid area the routes
were clear except for a local coagtal stratus condition in the Los Angeles
area and scme scattered clouds en route but well bslow flight altitudes -

The conditions describdd were indicated in forecasts made by the United
States Weather Bureau and both compuny wcathor depariments. These predicted
there would be high broken clouds with 1light rain chowers in the Colorado
River area, the clouds becoming scattered at 8,000 feet by 1100. Scattored:
thunderstorms were expected south end eust of a linme defined frcm Denver
through Wilford, Prescott, and Phoenix. These wers expected to dissipate in
the Arizona and southeastern Utah sector after 0700 tut to davelop npadn by
11.00. The freezing level was anticipated at 15,000 feet with light icing and
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turbulence in the clouds. Moderate to sovere turbulence was forecast in
the thunderstorms. These buildups were expected to develop to 30,000 feet
or higher, protruding through and sbove the lower coverage. Top of the
lower clouds was anticipated at about 1.5,0C0 feet with good visibility above
and outside the thundersioms. The position of the sut was nearly overhead
at 103 (1131. Me Yo to)o

Pilots who flew near the accident area furmished sane on-the-spot

weather information which essentially supported the forecast conditions.

One airline captain passed about 25 miles southwest of the accident site

a few minutes after the accident cccurred. He stated that a lower cloud
coverage commenced well east of Las Vegas with increasing coverage from
fiavasu Creek eastward, becoming nearly overcast 20-25 miles west of Grand
Canyon Village. Cruising at 19,000 feet he noted several towering cumulus
clouds, one of vhich was located ‘over the jmmediate Grand Canyon Village

arca and others farther cast and northeast. He saw no buildups west of Grand
Canyon Village. He estimated- the height of these to equal or exceed 25,000
feet and stated thal they appeared to still be in the active or building
stage. He was unable to estimate the sizo of the thunderstomms relative to -
diameter, length,. or width. Below, he said, the top of the overcast was
- approximately. 15,000 with few breaks but recalled one such break through
which he gaw Grand Canyon Airport, located 25 miles southwest of the accident
site. The captain stated that he operated clear of clouds vwith no difficulty
8s he passed west and southwest of the accident site. '

Other pilots flying below the overcast over the Grand Canyon saw a .
shaded rain area to the west. Cae pilot said there were bresks in the over-
cast with excellent visibility below it. He added that the condition déscrited
existed in all directions to the limit of his visual ability. Through the
breaks he noted no evidence of any appreciable buildups. ’ :

Analysis

The several areas of demage previously described fomed the foundation
for a successful although arduous analytical study relative to the inflight
collision sequence, the extent and effect of the collision demsage, and the
relative attitudes of the aircraft 4t the instant of impact. .

The initial impact occurred with the DC-7 moving fram right to left
relative to the L-1049 and with the L-1049 moving to the right and aft rela-
tive to the DC~7: From analysis of physical damage in consideration of loca-~
tions of the damaged components of the aircraft; it appears that first contact
involved the center fin leading edge of the L-1049 and the left aileron tip of
the IC-7. Instantly thereafter the lower surface of the DC-7 left wing struck
the upper aft fuselage of the Constellation with disintegrating force. With-
out question this force caused coaplete destruction of the aft fuselage and
destroyed the structural integrity of the left wing outer panel. As this oc-
curred and the aircraft continued to pass laterally, the left fin leading edge
of the Constellation and the left wing tip of the DC-7 made contact, tearing
off pileces of both components. Dwring this sémé time the DC-7 No. 1 propeller
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jnflicted a series of cuts in the area of the aft baggage compartment

of the I-1049., This entire sequence occurred in less than one-hal.f second
and in such a manner that an interlocking of the aircraft was virtually.
impossible.

3
From the extent of damage and the locations of various camponents on

the ground, the callision ripped open the fuselage of the Canstellation

from just forward of its tail to near the main cabin doores The collision
also caused the empennage of the Constellation to separate almost immediately.
This aircraft then pitched dowm and fell on a short forward trajectory to the
ground. Consideration of these factors leads the Board to conclude that the
collision occurred in space over a position just west of the TWA crash site.

The United aircraft appears to have sustained lesser but equslly
critical damage affecting flight. Most of its left outer wing separated
during the collision end it appears likely that the horizontal stabllizer of
the DC-7 was struck by pleces tom off the Constellation. It is also reason-
able ‘that damage to the left wing restricted aileron control. It is believed
that the DC-7 fell less steeply, probably on a turning path; to the ground.

For damage to have resulted as described earlier and for other areas
to have escaped inflight contact; the aircraft had to be oriented in a cer-
tain manner relative to. each other when the collision occurred. -Additionally,-
end independent of the matching of desmage, a study was also made relative to "
the propeller cuts. Both studies gave nearly identical results relative to
the angle between the aircraft at the instant of impact: This angle was found
to be approximately 25 degress relative to the longitudinal axes.

From the layout work matching the inflight contact areas, it was deter- .
mined that the DC-7 left wing was above the L-1049 relative wing plane or the
DC-7 was rolled approximately 20 degrees right wing down relative to the
L-1049. The study also indicated .the aircraft were oriented such that the
vertical distance between empennages of the aircraft was less than the verti-
cal distance between their nose sections. The difference as an angle was
between 5 and 10 degrees. It is important to recognize that the aircraft
attitudes described are relative or with respect to each other and do not

necegssarily reflect their orientation with respect to the. ground.

Because some components of the aircraft were not recovered and others
were destroyed, it was not possible to determine completely whether or not
any mal function occurred to either aircraft tefore impact. TFrom all that
could be examined there was no evidence of malfunction and fram all the
evidence surrounding the accident the Board believes there was none.

Analysis of all the available weather information (see attachment 2
as reference), including pilot reports, indicates that the forecast conditions
for the flights were reasonatly accurate. It shows that the two flights de- °
parted Los Angeles and climbed through an overcast approximately 700 feet
thick to clear conditions on top. The overcast was local in nature and con-
fined'to the Los Angeles coastal areda. Thereafter, the flights, except for.

gane scattered clouds, were in clear weather as they climbed eastbound over
their respective trackse



Clear wéather appears to have prevailed east of Las Vegas along the ,
Colorado River to near Havasu Creek but becoming overcast with a few breaks
beginning a short distance east of Havasu Creek. Along the proposed routes
of TWA 2 and UAL 718, scattered clouds cammenced shortly east of the Calif-
ornia-Arizona border. Eastward therefran clouds increased to broken, then
overcast with some breaks in the Grand Canyon area to scmewhat east of the
accident site. Tops of this main weather coverage were approximately 15,000
feet with several lower layers, the lowest being about 2,000 feet above the
ground,

Northwest of Grand Cenyon Village, or over the western portion of the
main Grand Canyon, the first of several scattered buildups appears to have
existed. It appears to have been isolated with others northeast of it. The
build-ups were apparently formed in the lower clouds and protruded through
and above them to approximately 25,000 feet. An airline captain described
‘the westerrmost buildup as large but of an indeterminable width and length..
Hoe balieved it was almost ovsr Grand Canyon Village. Pilots below the over~
" cast saw no evidence of it there but at least two noted 2 rain area north- .
west of this position. It is entirely likely that the rain area was from .
- the buildup noted by the captain from above. Pilots flying below the over-

cast also stated that they saw breaks in the overcast but that they were few

and scattered. They observed that the overcast condition: covered most if
not all of the Grand Canyon. , S : :

. From the evidence available the Board is of the opinion that the weather
condltions at 21,000 feet would not have precluded flight in VFR conditions .
in this accident area -but that deviabtions may have been required to clrcumvent
- the buildups rhile the subject flights traversed the area.

According to caupany procedures United flights were nobt permitted to ;
fly in instrument weather conditions while operating off airvays. Similarly,
TWA procedures precluded instrument flight under the flight clearance on which
its Flight 2 was proceeding at the time of the accident. Each company, under
the conditions during which this sceident occurred, therefore required its
flight to adhere to visual flight rules. Further, it is unlikely that Captain
Gandy would proceed into instrument weather conditipns; having previously been
informed that the United flight was in the general areawnt 21,000 feet. The
Board is therefore of the fimm opinion, based on the weather conditions, com-
pany procedures, and good pilot practice, that both flights were operating
according to rules prescxribed for VFR conditions when the collision occurred.

The last position report from each flight indicated, at the time the .
report was glven, that, each was at.21,000 feet., Although there was no require-
ment for either to remain at that Altitude in the uncontrolled area, with
respect to Air Traffic Control; each company did require that it be notified
of an sltitude change. Because there was no notice and no known reason for

the flights to alter altitude, it is considered reasonable to believe that the
collision occurred at 21,000 feet.

Considering each flight's estimate to the Painted Desert, together with
aireraft performance, it appears that both flights should have reached the
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4dne of poeition about 17 miles, or 3-1/2 minutes! flying time, farther
rast when the accident occurred, Although there are several possibilities,
10 definite conclusion has been reached as to the cause of the 3-1/2-minute
lelay, of these aircraft. One possibility is that it could have been caused
’# maneuvering to provide a more scenic view for the passengers, although
the evidence is not sufficient to. establish this fact. Another possibility
{s that a less favorable wind was encountered during the subject segments
than was used for estimates which slowed the progress of the flights. A
third possibility is that one or more buildups in the Grand Canyon area may.
have required deviations and, if so, could account for the time element
involved.

At approximately 10L3 the Salt Lake contrcller was in possession of
the last position report made by each of the subject flights. He was then
aware that when the reports were made both adrcraft were operating at 21,000
feet, were on converging courses, and were egtimating the Painted Desert at
the seame time. Ho adviced neither flight of this situstion., In considering
vhether or not this should have been done, the traffic control concept; the
contrdller's express duties, and the requirements involved to provide this
information to flights must be considered. Co

Alr Traffic Control undertakes to separate air traffic when it is
operating in accordance with an IFR clearance and while it is within the
confines of controlled airspace. If instrument weather conditions.exist
and the above requirements are met, all edr traffic would be s=eparated. -
However, when visual flight conditions exist instrument traffic is separated
only from other like Yraffic ond not from aircraft being flowm under visual
flight rules, much of the latter being unlnewn to Air Traffic Control. For
this reason flights in visual conditions are required to provide their own
separation regardiess of flight plan or clearcnce.

Outside the controlled airspace the air traffic conbrol concept has not -
embracod the respongibility for separation of air traffic regardless of
flight plan, clearance, or weather conditicns. In this area no control is
exercised by Alr Traffic Contiol, its principal function being to monitor
the progress of flights through an uncontrolled area so that an orderly flow
of instrment traffic may be accemplicghed into the adjacent control area.
Control is not presently available in the uncontrolled asirspace because suf-
ficient facilities and means for such contrdl do not exist.

At the present time traffic advisory infommation to flights 18 offered
when and where control of air traffic is being exercised. Then, such advi-
gory is discretionary with the controller and is not a mandatory procadurs
of control. Accurate and worthvwhile traffic infomation requires that the
controller be informed of the aircraft involved snd have precise and timely
information on the position of iliphts relative to their altitude and lateral
and formard position along a defined tracks Thig information must thereafter
be posted and correlated with like information on other flights to dotermine
whether or not a conflicting situation exists. In the uncontrolled airspace.
as previously stated, flights are permitted greater flexibility to tske adv . ;
tage of wind aad westher factors. Further, in this arxea the navigutional aids
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enabling a flight to report its position with the precisian necessary to
enable accurate advisory information are insufficients The aforementioned
factors affecting the value of traffic advisory information are evident
with respect to TWA 2 and United 718. Both flights wire somewhat north of
their proposed tracks, both were approximately 17 miles west of where they ..
had estimated they would be at that time, and their actual tracks intér-
sectod a considerable distance before the proposed tracks converged. Such
deviations are not wnusual in off-airways operation.

. Although Ynowledge of the projected flight paths of the subject flights
could have prompted the Salt Lake controller to offer both flights traffic
advisory information on a voluntary basis, giving the best infomation avail-
able to him at the time, the Board is of the opinion that the existing control
concept, Air Traffic Control policies and procedures, and the express duties
of a contraller did not require him to do so. :

This accident, as nearly all other midair cdllisions, apparently occurred
in visuzl. flight weather conditions and there is no reason to believe the air-
craft were not being operated in accordance with cloud separation eriteria of
visual flight rules. Under these conditions and according to these milés the
vast portion of flying today is being conducted. Accordingly, the present

means for avoiding collision rests with the pilot to see and avoid other air-
craft. S ) - < |

Extensive study of most collision accidents has shomn that there was dn
opportunity, of varying degree, for the pilot or pilots to see the conflitbing
aircraft in sufficient time for them to teke evasive maneuvers to avoid the -
accident, In many of these accidents where there was survival, however, testi-
mony of the pilots was that they were maintaining a careful lookout Bub despite

it they did not see the other aircraft in time to avold it or that they did nob
gee it at all, ' - : - . .

Collision studies, including controlled flight tests, have pointed oub
that seeing other aircraft in flight is difficult. The degres of such diffi-
culty is variable with numerous tangible and intangible factors affecting it.
.The first tangible factor is the angular limits of cockpit vision, or the
vision afforded by cockpit structure and design only.

The second tangible factor is visual range or the distance that an object
can be seen. Many conditions and circunstances enter into this factor and are
variable. Scme of these are color of the object, its background, and the con-
trast between them. Others are mass of the object, its angular size and shape,

and the atmospheric condition of visibility. The latter may also include alti-
tude effect and cloud obstruction. :

A third group of factors is physioclogical or human and many of these are
intangible, depending on the individual 's physical condition, degree of fatigue,
and training., The human eye will best see an object when it is within the sen-
sitive or focal field of vision, which is two to three degrees. An object may
be seen through the peripheral portion of vision or the area of several degrees
outside of the focal field. The number of degrees is dependent upon motion



and/or the aforementioned factors providing sufficient 8timuli: It may
be noted that aircraft converging on constant, wnvarying collision courses
provide no relative motion when viewed from the aircraft. Searching for
aircraft within the visual limits of cockplit visibility requires ‘scanning
through those limits. This requires time, the amount being allied to the

physiological factors and the adequacy depending on all considerations,
including closure speed. _

Allied to the element of opportunity it is important to recognize
that the operation of a modern aircraft requires regular and frequent
attention of the pilot or pilots to duties within the cockpit. Attention
to instrumentation, both operational and navigational, is reéquired during
all phases of flight; as well as camputations and records pertaining to the
progress and anticipated progress of the flight.

Many combinations of adverse factors, conditions, and circumstances
can result in a limited opportunity to see another aircraft. On the other:
hand the opportunity to see another aircraft may be good. Here the factors
act to a good and reasonable opportunity for the vigilant pilot and in this
‘regard the Board expects pilots to maintain the highest degree of vigilance.

It 18 recognized that the basic means for traffic separation in VFR
conditions is presently the "see and be seen® philosophy. This concept has
existed as a matter of necessity, with its knowm limitations, and will con-
tinuve wntil there are sufficlent technologlical advances to provide additicnal
assistance to the pilot for collision avoidance. The progress of aviation is
moving rapidly toward higher altitudes and greater speeds, with traffic in
increasing density. Fully aware of this and its effect,the Board is lending
its support to industry, other governmental agencies, and interested persons
to find and develop methods, means, and devices which will assist ‘the concept .
of vigusl separation. : . - : :

Knowing full well that insufficient evidence would preclude determining
with positive results the existing opportunities for the subject crews to see
the conflicting aircraft, the Board nevertheless conducted an exhaustive
analysis. This was done to present all information possible from the avail-
able evidence. The analysis was successful in this objective end disclosed

much which the Board believes will assist its principal goal of greater
safety in aviation. _

Since the attitudes of the aireraft relative to the ground and their
probable flight paths prior to collision are so closely interrelated, they
can be treated together. A determination of these is imperative relabive
to the opportunity for the pilots to havo seen the conflicting aircraft.

As indicated, correlation of the physical damage relates one aircraft
with respect to the other and not with respect to the ground. Obviously, .
the physical orientation is valid only at the instant of impact. Because
‘of this, and in the absence of eyewlitnesses, it is not known whether ome
or buth aircrait were rolled, pitched, or yawed relative to the ground.
Without a known orientation of at least one of the alrcraft with respect
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to the ground, an anslysis cannot determine a single flight path of the
aircraft prior to the collision, nor is it possible to establish the flight
paths by other knom- factors in this accident. It is therefore necessary
to evaluatp the objective on the basis of several flight path ccmbinations,’
knowing that only one existed., Generally, howover, the possibilities may
be narrowed into two broad categories with vaeriations. The possibilities
may also be limited by the known orientation of the aircraft to each other
at the instant of impact, which precludes certain other relative gttitudes
between the alrcraft,

The first category assumes that there was no evasive action prior to
collision and that one or both aircraft wers turning within the limits
afforded by the knomn collision orientation. This category accepts as
reasonable that both aircraft were being flom ccmmensurate with their
performance for the en route phase of -flight. Analytical studies recog-
nized the variations to this category but found that three limit considera-
tions seem to cover the infinite mmber with respect to the pilots! visual
opportunities., Two of these are that either aircraft was turning while the
other flew straight and level to collision; the third is that both wers turm-
ing prior to the accident, ‘ _ '

The second category of possibility is based on the assumption that there
was an evasive action initiated by one or both flights but that it came too
late to avoid the accident. Again, it is reasonable to believe the evasive
action wvas limited to the. kmown orientation and that the aircraft were being
flom according to. the normal performance for the en route phase of flight.
The evasive action was also limited to aileron-elevator type maneuvers.
“Although rudder displacement was studied and evaluated,the aileron-elevator
action appeared to be morse consistent with the preponderance of all evidence;
however, this was not entirely conclusive. Even accepting this limit therse
are variations, but these can be narrowed by a limit consideration. This is
possible because maneuver characteristics of both aircraft showed that an
. evasive action without sufficient time to avoid the collision would not appre-
clably alter the flight path of either aircraft from flight paths which pre-
sumed there was no evasive action. It must be noted, however, that relative
,attitudes of the aircraft would be changed. "Accordingly, the studies under
the second category relating to the visual opportunities of the crews are
not appreciably altered from the situation where both aircraft were approach—
ing one another in straight and level flight at the angle between the longitu-
dinal axes shomn to have existed at the initial impact, 25 degrees.

It is known that several cloud buildups existed in the immediate area
of the collision and their heights extended well above the cruising altitudes
of both flights. Although it is unknomn, it is entirely possible that the
aircraft may have been flowm so that one was on each side of a buildup shortly
before collision. The effect of this would, of course, preclude the crews from
sceing the other aircraft during the time the cloud or clouds were between them,
Clouds would also require course deviation in certain situations. They would
also seriously limit the time for pilots to see the conflicting aircraft, the
amownt depending ou ilic size and shaps of the clouds, the lateral distance
maintained by the flights from them, and the distance of the clouds from the



collision point. Thug, & cloud positioned close to the collision point
yould 1imit the time opportunity as would one which was narrow or elongated.
The intervening cloud factor dppears to be a possibility and therefore vas

a necessary consideration in the visual opportunity study. To this end
several representative cloud sizes and shapes were selected and introduced
in the analytical study, The study also included the consideration which
prosumed that clouds would not have been a factor. The study accepted as

the limit of visunl range & distance of five to six statute miles and assumed
that the airoraft passed the cloud formation at a horizontal distance of
2,000 feet and that they were at the same altituda.

The results of this analysis were then applied to the individual crew
menbers from their respective cockpit positions. This was accomplished in
the fomm of windshield displays, therceby incorporating the several situations
with the angular limits of cockpit vision. Attachment 3 reflects the resulis
as applied in this manner. :

From the display it is apparent that the L-1049 was wdthin the angular
1limits of the DC~7 window area from the captain's seat during all the. flight
path situations. In the situation of no intervening clouds; motion would be
involved in three of the four situations. Windshield fonners would block the
captain's view for varying portions of the time opportimity. The time oppor-
tunity with no clouds tas 50 to 120 seconds dccording to the situabion being
- considered. The worst cloud situation could reduce the time opportunity to
as low as 12 seconds. '

. L}

With respect to the DC-7 first officer's position, the L-1049 was within
the angular linmits of the DC-7 window area during two of the limit considera-
tions and during the early part of the other two. In thé ™o cloud" factor
situations the L-L049 mould have been near maximum visual range in two condi-
tions, without relative motion in one, and with relative motion in another.
Time opportunity without intervening clouds and with both aircraft straight
and level was 120 seconds. For the other three considerations, including the

intervening cloud condition, the opportunity varied from 12 seconds to 50
seconds.

In only one of the conditions does it appear that the L-1049 captain
could have seen the DC-7 from hisg deat; in this the timd opportunity was for
a period of up to 40 seconds with no intervening clouds. In the other three
conditions, according to the study, his opportunity was precluded by the
limits of cockpit structure or because the DC-7 was beyond visual range.

The study indicates that without the intervening cloud condition the
DC-7 was within visual range and within the angular limitg of cockplt wision
from the L-1049 copilot's seat during three of the four flight path situations.
Then the time opportunity varied from 50 to 120 seconds; according to the situ-

ation. ' Two of the displays reveal relative motion., Again, in the worst cloud
situation_his time opportunity was as low as 12 seconds.

Analysis of the various posgsible flight path variations relative to :.
* cockpit angular limits of vision has showm that one or both pilots of ome
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aircraft could have besn precluded from seeing the conflicting aircraft
during critical periods. The study must also recognize the possible effect
if one crew member was occupied with cockpit duties and he alone had the
visual opportunity during this time. .

The Board has shovm the existence of cumulus~type clouds in the accident
area. It has shown that these clouds may not have been an intervening factor
between the flight paths of the aircraft. Here the time opportunities for
the pilots to effect visual separation were good. In this situationm, despite
the possihle flight path variations, and in consideration of the aforementioned
factors controlling visual sbility of the pilots, the Board is of the opinion
that the range of opportimities was adequate. If this situation existed, the
Board believes the pilots should have seen and avoided the other's aircraft.

On the other hand, evidence has shomn that during other of the possibi-
lities the pilots! opportunity to effect visual separation could have been
seriously impaired. Analysis has shown how clouds, if positioned between the
_ flights at a critical time, could have reduced the time opportunity for col-

1lision avoidance to less than the minimum of 15 or more seconds necessary for
scanning, pilot reaction, and airplane response. ' -

The Board has carefully studied and arduously evaluated all the -avail~
able evidence surrounding this accident. It has learned all that existing
methods of investigation and evaluetion enabled it 4o do: This was'done =
without the assistance of survivors or eyewitnesseg whose testimony is con-
gidered imperative to a camplete knowledge and to single conclusions in the
collision-type accident, Because of the lack of this vital information and
when all factors, including intervening clouds, cockpit visual limitations;
cockpit duties, the several flight path variations, the time opportunities,
and the physiological limits to human vision are considered, the Board con-
cludes there is not enough evidence to determine whether or not there was
sufficient opportunity for the pilots to avoid the collision. '

Findings

On the basis of all available evidence the Board finds that:

.

N 1., The companies, the aircraft, and flight crews were properly certifi-
‘cated.- . .

2. Preparation for both flights was complete and routine.

3. The flights were properly dispatched on IFRMﬂight plans, over -
accepted high-altitude direct routes.

4+ Approaching Daggett, TWA 2 requested its company radio to obtain
2,000 feet as an assigned altitude, or 1,000 on top.

5. Company radio requested 21,000 feet IFR from ARTC, This was denied'
by ARTC. Request was then made for :,000 on top. This was approved and

clearance igsued. The flight clinmbed to and proceeded at 21,000 feet,
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6. As an explanation for the denial of 21,000 feet, TWA 2 was fur—
nished pertinent information on UAL 7.8,

7. The last position report by each flight indicated it was at that
time at 21,000, estimating the Painted Desert line of positior; at 1031,

8. The 8alt Lake controller possessed both position reports at '
approximately 10L3, at which time both flights were in uwncontrolled airspace.

9. Traffic control services are not provided in the uncontrolled air-
space and according to existing Alr Traffic Control policles and procedures
the Salt Lake controller was not required to issue traffic information; none
vas issued voluntarily.

10. A general overcast with some breaks existed at 15,000 feet in the
Grand Canyon area. ' . ‘

11. Several cumulus buildups extending above flight level existed; one

was nearly over Grand Canyon Village and others were north and northeast in
the area of the collision.

12, The collision occurred at approximately 103L in visual flight rile
weather conditions at about 21,000 feet.

13. The collision in space was above & position a short distance west
of the TWA wreckage area, 17 miles west of or approximately 3-1/2 minutes!
flying time fram the Painted Desert line of position., '

14. Under visual flight rule weather conditions it is the pilot's
responsibility to maintain separation frcm other aircraft. -

15. At impact the aircraft relative to each other converged at an e.ng.'!.;
of about 25 degrees with the DC-7 to the right of the L-L049. The DC-7 was.

rolled about 20 degrees right wing dovn and pitched about 10 degrees nose
down relative to the L-1049. ‘ )

16. There was no evidence tound to indicate that malfunction or .failure
of the aircraft or their components was a factor in the accident,

Probatla Cause

The Board determmines that the probable cause of this mid-air collision
was :that the pilots did not see each other in time to avoid the collision.
It is not possible to determine why the pilots did not see cach other, but
the evidence suggests that it resulted from any one or & combination of the
following factors: Intervening clouds reducing time for visual separation,
visual limitations due to cockpit visibility, and preoccupation with nommal
cockpit duties, preoccupation with matters unrelated to cockpit duties such
as attempting to provide the passengers with a more scenic view of the Grand
Canyon area, physialogical limits to human vision reducing the time opportu-
nity to see and avoid the other aircraft, or insufficiency of en route air



