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ACCIDENT INVESTIGATION REPORT
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TRANS WORLD AIRLINES, INC., LOCKHEED 10494, N 6902C, AND
UNITED AIR LINES, INC., DOUGLAS DC-7, N 6324C,
GRAND CANYON, ARIZONA, JUNE 30, 1956

The Accldent

At approximately lOBI,l/ June 30, 1956, a Trans World Alr-
lines Lockheed 10494, N £902C, and a United Air Lines Douglas
DC-7, N 6324C, collided at about 21,000 fest 2/ over Grand
Canyon, Arizona., Both aircraft fell into the Canyon near the
confluence of the Colorado and Lititle Colorado Rivers., Thers
wers no survivors among the 128 persons aboard the flights
(70 aboard TWA and 58 aboard United). Both aireraft were

destroyed.

Hlstorv of the Flights (See attachment 1 as reference.)

le Irans World Alirlines

On June 30, 1956, at 0901, Trans World Airlines Flight 2,
a regularly scheduled passenger service, took off from runway
25 of the Los Angeles Internetional Airport. Flight 2 wes on
en instrument f£flight rules (IFR) f£light plan from Los Angeles,
Callfornia, to Kansas City, Missouri, via Green Airway 5,
Amber Alrvay 2, Daggett direct Trinidad, direct Dodge City,
Victor Airway 10 Kansas Cify, The flight plan also proposed a
cruising altitude of 19,000 Ffeet, a true airspeed of 270 knots,

and a departure time of 0830, The Trans World flight-crew

1/ Times herein are Pacific standard and based on the 24~hour
clock,

2/ Altitudes herein are mean sea level, distances are nautiocal
miles unless otherwise indicated,
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consisted of Captain Jack S. Gandy, Copilot James H. Ritner,
Fllght Engineer Forrest D, Breyfogle, Flight Engineer Harry
H. Allen (aboard as an additional crew member), and Hostesses
Traclne E, Armbruster and Beth E, Davis.

Preparations for Flight 2 were routine except that de-
parture was delayed a few minutes by minor maintenance on the
alrcraft, The flight was dispatched with 3,300 gallons of
fuel and the load manifest showed the gross weight of the air-
craft at takeoff was 108,115 pounds, well under the maximum
allowable of 113,200 pounds, The load was properly distributed
with respect to center of gravity limitations of the alrcraft.

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 Ton top? (2,400 feet) the £light switched to
Los Angeles Alr Route Traffic Control Center (referred to as
Los Angeles Center) frequency, 118.9 mcs.,for its en route
clearance, Thils clearance specified the routing as filed in
the £light plan, however, the controller specified that the
£light c¢limb to 19,000 feet in VFR conditions. Immediately
thereafter TWA 2 asked for a routing change to Daggett 'via
Vietor Airway 210. This was approved in a routine manner,

At 0921, through company radio communications, Flight 2
reported that 1t was approaching Daggett and requested a
change in flight plan altitude assignment from 19,000 to

21,000 fest. ARTC (Los Angeles Center) advised they were
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uneble to approve the requested altitude because of traffic
(United Air Lines Flight 718). Flight 2 requested a clear-
ence of 1,000 feet on top. Ascertaining from the radio opera-
tor that the flight was then at least 1,000 on top, ARTC
cleared the flight.

At 0959 Trans World 2 reported its poaition through
company radlo at Las Vegas. It reported thet it had passed
Lake lchave at 0955, was 1,0C0 on top at 21,000 fest, and
estimated it would reach the 32l1~degree radial of the Winslow
cnnil range statlor (Palnted Desert) at 1031 with Farmington
next. This was the last radlo communication with the flight.

2, IUnited Alr Tiinesn

United Air Lines Flight 718 was regularly scheduled from
Los Angeles to Chicago, Illinois, On June 30, 1954, 1t took
off from runway 25L (left) of the Los Angeles International
Alrport at 0904 (three minutes after TWA 2). Flight 718 was
on an IFR flight plan to Chicago via Green Airway 5 Palm
Springs intersectlon, direct Needles, direct Painted Desert,
direct Durango, direct Pueblo, direct St. Joseph, Viector Air=-
way 116 Joliet, Victor Airway 84 Chicago Midway Alrport. The
flight plan proposed a true alrspeed of 288 knots, a crulsing
altitude of 21,000 fest, 2nd a departurs time of 08L5. The
£1ight crew consisted of Captain Robsrt F. Sairley, First
0fficer Robert W. Harms, Flight Engineer Gerard Fiore, and
Stewardesses Nancy L. Kemnitz and Margaret A, Shoudt.

Flight preparations and dispatch of United 718 wers
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routine and the aircraft departed with 3,850 gallons of fuel,
The company load manifeast showed the gross weight of the air-
craft at takeoff to be 105,835 pounds, which was less than

the maximum allowable of 114,060 pounds; the latter welght was
restricted from a maximum of 122,200 pounds for the alrcrafi
because of a landing limitation at Chicago. The load was
properly distributed with respect to the center of gravity
linmitations of the alreraft.

After takeoff the flight contacted the Los Angeles tower
radar controller, who vectored 1t through the overcast over
the same departure course as TWA 2, United 718 reported M"on
top" and changed to Los Angeles Center frequency for 1ta en
route clsarance, This corresponded to the flight plan as
filed; however, the controller specified that the climdb to
assigned altitude be in VFR conditions.

Flight 718 made position reports to Aeronautical Radio,
Inc., which serves under contract as United company radio.

It reported passing cver Riverside and later over Palm Springs
Intersection. The latter report indicated that United 718

wag stl1ll elimbing to 21,000 and estimated 1t would reach
Needles at 1000 and the Painted Desert at 1034,

At approximately 0958 Unlited 718 made a position report
to the CAA communications statlon located at Needles. This
report stated that the flight was over Needles at 0958, at

21,000 feet, and estlimated the Painted Desert at 1031, with

Durargo next.
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At 1031 an unidentified radio transmlission was heard by
Aeronautical Radlo communicators at Salt Laks City and San
Francisco. They were not able to understand the message when
it was received but it was later determined by playing back
the recorded transmlssion that the message was from United
718, Context was interpreted as: ®?Salt Lake, United 718 .

e« « 8h 4+ + o welre going in."

Investigation

S T

When neither flight reported passing the Painted Desert
line of position, CAA and company ground communications at~
tempted to contact them. This was unsuccessful and a radio
scarch was then made by several communications stations along
the proposed routes, using numerous radio frequencies avail-
able to the flights. At 1151 a missing alrcraft alert was
issued, followed by implementation of search and rescue pro-
cedures.

That evening a pilot who operated scenic flights over
the Grand Canyon heard about the missing aircraft and re-
called having seen light smoke rising out of the Canyon earlier
In the day. With his brother, he returned %o the area, flew
into the Canyon, and during a low pass was able to identify
the empennage of the TWA Constellation, He reported the
f£inding immedlately and the next day made another flight, dur-
ing which i1t was ascertained that there was a second wreckage
approximately one mile from the first. There were no signas

of survivors on either occasion.
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On July 1 an Air Force helicopter from a Search and Rescue
unit landed, under hazardous conditions, at the TWA site.
Lfter careful consideration, planning, and trial £lights, a
successful landing was maede by an Army hellcopter pllot at
the United wreckage. On both initial landings a medic ac-
companied the helicopter pllot and, after examination, re-
ported that no one had survived either crash. quing the
following days Army units provided transportation, under ex-
tremely hazerdous_conditions, to and from the sites by heli-
‘copter,-making 1t possible to reach the otherwise nearly
inaccessible area.

The L-1049 Constellation crashed in a draw on the
northeast slope of Temple Butte, which is on the west bank
of the Colorado River within the Grand Canyon. The main
wreckage site was at an elevation of 3,400 feet. The
wreckage was found strewn across the draw along a south-
westerly heading, with portions of the nose section on the
south bank of the draw end sectlons of the cabln fusslage
on the north bank, A relatlively short wreckage digtribution
path showed that the alrcraft contacted the ground at a steep
angle. The distribution and condition of parts indicated the
Constellation was inverted at initlal 1mpact.

Severe disintegration of the I=1049 oescurred during
ground impact, followed by an intense ground fire. To-
gether, these caused nearly total destruction of major por-

tions of the alrcraft. It was possible, however, to identify
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a sufficient number of parts to show that with the exception
of the 1-1049 empennage, portions of the aft fuselage, and
11ght plecos of aft cabln interior, all of the aireraft was
at the main wreckege area, Here several pleces of the DC-7
were located, All of these were identified as belng parts
of the DC=7 left outer wing structure,

The main wreckage area of the DC-7 was located 1.2
statute miles northeast of the 1~1049 area. Examination re-
vealed the DC-7 struck the south face of Chuar Butte opposite
the Little Colorado River. Impact was about 10 feet below
the top of this ridge at an elevation of 4,050 feet. Ini-
tial impact was on a nmartheast heading with the airecraft
nosed down and its right wing below a level attitude.

Impact foreces caused severe disintegration of the DC=7
with major components falling into an inaccessible deep
chimney and upon sheer ledges below the impact slte. An
intense ground fire followed impact. Except for a large

portion of ite left wing, the DC=7 major components were

accounted for by identification of parts and pleces found
at or reasonably near the maln wreckage area,

During the difficult and hazardous structural investi-
gatlion every effort was made to determine whether or not an
inflight collision hed occurred and, if so, the manner in
which the aircraft collided. Results of this work disclosed
several areas of damage which conclusively established that

such collision did occur. These areas also provided material
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for an analytical study relating to the physical relation-
ship of the alroraft to each other at the instant of the
inflight inmpact,

One of the significent 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
statlon 453, a length of about 20 feet, Much of this
structure bore evidence of the inflight collision. Some
portlions of the upper surface, leading edge, and aileron
were missing.

The largest gingle plece of left wing outer panel was
found between Temple and Chuar Buttes about one-third mile
west of the TWA wreckage site, This piece conslsted of
the outer portion of the peanel from the tip inboard to ap-
proximately statlion 627. To this station the upper and
lower wing skin and the leading edge were generally lntact.
Portions of lower sgkin were in place for another six feet
inboard, Collision evidence in the form of dents, scratches,
tears, and bends were found on much of the lower surface of
this entire structure, Part of this damage consisted of an
upward and inboard deformation in the wing tip cap between
the position light and ailleron cove. Black rubber smears
and red pelnt smudges were evident at several locations in
the deformatlion. Examination showed the smears on the DCf?
were from the L-1049 deicer boot; also, the paint smudges
were from the L=1049,



A fragment of DC-7 wing tlp assembly was found sepe-
rately. This 1ll-inch plece was part of the aileron cove
from the extreme wing tip area. Fragments of top and boitom
wing skin were atill attached to this plece., Just aft of
the tear the tip radius was deformed inboard, rearward, and
upward with heavy deposits of I-1049 red paint in the crumpled
arca. Further, the tip lower surface inboard to the tip at-
tach point was deforaned upward and marked by scratches run-
ning inboard and aft, 4lso, in this gencral area on the
lowe:r wing surface there were numerous black rubber smears
and additionel scratches. The smears ard écratches ran
diegonaliy aft and inboard about 23 degrees in relation to
the wing conter spar lins,

Two pleces of the DC~7 left alleron were found repre—
senting the ti: area inboard to abeout station 656. These
plecas were severely buckled inbozrd and upward and both
boras heavy denosits of black rubber smears on their lower
surrfaces,

Between stations 627 and 603 the wirg leeding edge of
the UC-7 was deforred rearward and outboard. Rearward and
inboard scratches on the lower lesding edge ware continuous
thxough areas of deap buskling, indicating they were made
before the lesding edge struck the object causing buckling.
Aft of the leadlng edge on the lower wing surface there
were more scratches running aft ard inboard at an angle of

approximetely 25 dcgrees relative tc the center spar. In



- 10 =

this specific area there was no evidence of the black rubber
smears.

At the L-1049 wreckage area & section of lower wing
skin from the DC-7 was found. This sectlon was from the
left wing where the alrcraft registration is painted and
bore portions of numbers 7¢" and "3.,7 Scrape merks cor-
responded directionally to those previously described.
Imbedded in a tear on this part was a piece of Comstella-
tion headlining used in the aft cabin ceiling. Brown smudges
running in the same general direction as the scratiches were
determined by chemlcal analysis to be material used to seal
Constellation fuselage seams and stringers in the pressure
cabin area,

A second area of damage significant to the investiga-
tory objectives and closely allied with the DC=7 wing
damage was the Constellation empennage. This major com-
ponent had struck the ground inverted but came to rest in
en upright position about 550 yards north of the concentra-
tion of I~1049 wreckage., It was generally intact except for
the left and right fins and rudders., Respectively, these
were found about 30 and 10 yards removed. The distance of
the empennage from the rest of the IL-1049, together with
the evidence of severe damage where 1t was separated from
the aft fuselage, showed this major component had separated
in flight after collislion impact. Heavier pleces of the

I~1049 aft fuselage structure and aft interior eguipment
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were found weat of the maln TWA wreckage site. Light in-
terior materials from the aft fuselage were found on Cape
Solitude 1~1/2 miles east, indicating that they were torn
or spllled out at a sufficient altitude to drift this dis-
tance.

Two pileces from the Constellation empennage were re-
covered away from the main empennage at sufficlent distance
to 1ndicate separation prior to ground impact. These,con-
sisting of sections of the left upper fin leading edge and
bearing portlions of red and white stripes of the Constella-
tion color scheme, showed collislon evidence. One plece was
concaved on i1ts leading edge, in the area of the red stripe,
by an object moving right to left, 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 piece, which fitted
below the concaved plece, was crumpled to the left by the
same force that damaged the concaved pilece.

The L-~1049 aft fuselage was a third aree of collision
damage. Most significant was a piece of fuselage skin
about 1-1/2 x 4 feet in size. Identification showed 1t came
from the upper right side of the Constellation fuselage Just
forward of the tail, Its outer surface was painted white.
This metal piece was bent inward about 90 degrees so that

its inner surfaces were folded toward each other. There
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were red, blue, and black marks in various directions on

the white outer surfaoce palnt in the area aft of the bend.
In additlion to these marks there were gray deposits in a
random pattern creating a stippled effect over the entirs
surface. Together with these there were also long graylsh
smears progressing in the same direction as the stippling.
Pileup of the individual marks within the deposits was
heavler 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 damage was also in the aft
fuselage of the I-1049, It was a series of three propeller
cuts in the lower and bottom fuselage in the vicinity of
the rear baggage compartment. The cuts were generally up-
ward and inboard and of varylng lengths. They were esgsen-
tially parallel about 35 inches apart with the middle cut
about 52 degrees relative to the longitudinal axlis of the
alreraft. Red and blue paint marks at the edge of one cut
in the baggage bin area coincided with the paint scheme on
the DC~7 propeller.

Two additlonal propeller cuts were located in the
I~1049 forward fuselage. One cut was approximately in line
with the I~1049 No. 3 propeller are and the other was about
four feet forward. Thls damage was not consistent with the
other collision damage and the cuts were probably made by

the propeller of the Constellation during ground breakup.
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Other areas of both aircraft were involved in the col-
lislon. Some were secondary or cumulative to the evidencs
already described and others, although important for other
reasons, were not Iindicative of the inflight impact.

Investigation showed that normal and routine prepara-
tions were made for the flights. The TWA Constellation had
recelved a periodic maintenance check at Los Angeles and ex-—
cept for minor discrepancies, not affecting alrworthiness,
wvas in good condition. The DC—7 was checked at Los Angeles
and at departure there were no mechanical discrepancies or
carryover items. The flight engineers had performed preflight
and walkaround inspections of their respective aircraft.

Both flights were planned as high~altitude operations
(above 14,500 feet west of the 100-degree Meridian) which
under current regulations and operating specifications per-
mitted them to be planned and flown off alrways over direct
courses to take advantage of the most favorable weather and
wind factors as well as the shortest distance between origin
and destination of the long~range nonstop flights. Before
£flight, however, a definite £light plan is required over
the direct route with numerous reporting points indicated
to clearly define the proposed route to be flown. To this
end numerous company high~altitude routes have been estab-
lished. From these the most favorable is selected for an
individual operation commensurate with existing conditions.

United Airlines! operational policy permitted a high-

altitude f£light to be conducted on an IFR or VFR £1light plan
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but the company did not permit its £lighte to be flown in in-
strument weather conditions, regardless of the flight plan,
during that portion of the flight off airways. In this re-
gard Trans World Airlines! policy, at the time of the acci-
dent, permitted off alrways f£light in instrument weather
conditions but only on an IFR f£flight plan with an assigned
altitude. When operating 1,000 on top the company required
adherence to vlisual f1light rules,

The pilots were briefed on the anticipated weather con-
ditions before f£light time, These indlcated conditlons well
within limits for tekeoff and for the planned duration of
the £lights, 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 evidence,
were rested, in good physical condition, currently qualified,
and certificated for their positions,

The f£lights reported in a normal manner as they pro-
gressed eastward. Except for the final transmission of
United 718, the reports were without indicatlon of any dif-
ficulty, The individual company dispatch offices followed
the progress of their f£light in a regular manner accordlng

to theilr responsibility,.
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Approachling Daggett the TWA flight asked for a change
In its £1ight altitude from 19,000 feet to 21,000 feet on
its IFR clearance and, 1f unable, 1,000 on top., The TWA
radio operator who received this request from the flight
called Los Angeles ARTC and at 0921 advised, "TWA 2 is coming
up on Daggett requesting 21,000 feet.? The Los Angeles con-
troller then contacted the Salt Lake ARTC controller and
sald, "IWA 2 1s requesting two one thousand, how does it
look? T see he is Daggett direct Trinidad, I see you have
United 718 orossing his altitude = in his way at two one
- thousand.? According to the recording of this conversation
the Salt Lake controller replied, "Yes, their courses cross
and they are right together.™” The Los Angeles controller
then called the TWA radio operator and said, "Advisory, TWA
2, unable approve two one thousand.”"™ At this time the radio
operator interrupted and said, "Just a minute, I think he

wants a thousand on top, yes a thousand on top until he can

get 1t." After determining from the f£light, through the TWA
radlo operator, that it was then 1,000 on top the Loe Angeles
controller issued the following amended clearance, YATC clears
TWA 2, maintaln at least 1,000 on top., Advise TWA 2 his
traffic 1s United 718, direct Durango, estimating Needles

at 0957." The TWA ground radio operator stated that this
clearance was given TWA 2 and it was repesated back to him
verbatim by the £light. The operator seid that in this

transmission he included the information concerning United
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718, adding that i1t was at 21,000 feet which he concluded
from the overall situation although the altitude was not
part of the information from the controller. The TWA op-
erator testified that he recognized Captaln Gandy'!s voilce
and that the captaln acknowledged the information on the
United flight as Ptraffic received.m

The two controllers participating in this action were
called to testify at the Board!s public hearing. In re-
sponse to questions they stated that because TWA 2 would
soon pass from the Los Angeles ARTC area of responsibility
to the Salt Lake area it was necessary to coordlinate the
TWA request for altitude change., Both stated that at this
time the flights were IFR trafflc operating in controlled
airspace and ARTC was required to separate them from each
other as well as from any other alrcraft on IFR clearances.
The controller who gave the clearance sald he offered the
United information to TWA merely as an explanatlon for the
denial of 21,000 and not as a traffic advisory.

The Director of the CAA 0ffice of Alr Traffic Control
explained that when TWA requested 21,000 feet the flight had
not reached Deggett nor had the United flight reached
Needles., Thay were not traffic for each other at that time

but in projecting their tracks eastward both would cross
Red Alrway 15 with 1ll-defined horizontal separation. On

this airway ARTC was required to separate the flights; thus
TWA was denied 21,000, The witness added that this separation



was an ARTC responsibilility for instrument flights only in
the controlled ailrspace and that Red Alrway 15 was the last
such area for the f£lights to traverse until they were well
beyond the accldent scene, He seid that ARTC maintains

only progress information with respeet to IFR flights f£lying
through uncontrolled alrspace and that this information 1s
used for the purpose of providing a safely spaced flow of
Instrument traffic into the next controlled airspace to be
entered, He stated that air traffic control does not pro-
vide any control service or function in uncontrolled air-
space, The witness explained that flights are not bound by
clearance or flight plan, whether VFR or IFR, while operating
in uncontrolled airspace and that instrument traffic must
only leave and reenter a control area according to traffie
control clearance, The controllers?! manual of control pro-
cedures (ANC Manual) states that, "Clearances authorize
£1ight within control zones and control areaes only; no
responsibility for separation of aircraft outside these
areas 1s accepted.?

When TWA amended 1ts flight plan from an assigned
19,000 feet to 1,000 feet on top, no information concerning
this was given to United 718, The Director of Alr Traffic
Control stated that none was required though the flights
were 1in controlled airspace at the time. The slearance to
TWA 2 was to maintain 1,000 feet on top while it was in a

control area. The witness said the f£flight was not restricted
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to any specific altitude in control areas except that 1t
be at least 1,000 feet above the general cloud layer., When
outslde confrolled airspace and under certaln conditions
of limited visibility, £light should be conducted at an
altitude conforming to the "Quadrantal Rule.”l/ The wit-
ness stated that the controller therefore did not know what
altitude Captain Gandy would select as a crulsing altitude
or 1f he might later change the altlitude from time to time.
The wltness 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 £light iIn VFR conditions.
Civil Alr Regulations do not provide a definition for
1,000 on-top operation elther within or outside controlled
airspace; however, with respect to on-top operations in
control areas the Flight Information Manual states, 7'At
least 1000 feet on top! (1OTOP) may be filed in an IFR
£light plan, or assigned by ATC in an IFR clearance, in
lieu of & crulsing altitude. Even though this type of
operatlon places the responsibility for avoidance of col-
lision with other alrcraft on the pilot, the flight 1s an
IFR operation and must obtain an amended clearance for a
specific altitude before proceeding into IFR weather con-
ditionsg.? It further states, MAir Traffic ce¢learances which

speclify 'at least 1000 feet above all clouds! in lieu of a

3/ Civil Air Regulations, Part 60.32 (b) 1, 2, 3, and 4.
4/ Civil Air Regulations. Part 60.30 (b) (1).
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crulsing altltude permits flight to be conducted at any al-
titude at or above the minimum en route altitude (MEA) which
is 1000 feet or more above the cloud layer o « o "

The present concept for separation of alrcraft and
avoldance of collision in VFR weather conditlons, regardless
of £light plan or clearance, depends on the flight crews?!
ability to visually provide separation beiween alrcraft,
Civil Air Regulations expressly place this responsibility
on the pllots 2/ and the concept 1s commonly referred to
as the "see and be seen” principle. Rules for avoldance and
right-of-way are set out in the Regulations also.ﬁ/ With
respeét to an IFR flight operating in VFR weather conditions
the Flight Information Manual states, "During the tlme an
IFR flight is operating in VFR weather conditions, it 1s
the direct responsibility of the pilot to avoid other alr-

eraft, since VFR flights may be operating in the same area
wlthout knowledge of ATG." In consonance with these pro-—

visions the vast percentage of flying today 1s separated
by the Usee and be seen® philosophy with little or no ex-
ternal trafflc control assistance.

At 0958 United Flight 718 reported its position to the
CAA communications station located at Needles. Thils report
indicated that the £light was over Needles at that time,

1ts altitude was 21,006 feet, and it anticipated reaching

5/ See CAR Part 60.12 (c¢).
&/ See CAR Part 60,14 (a) through (c) and CAR Part 60,15,
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the Painted Desert line of position at 1031 (revising the
previous estimate of 1034). The £light indicated it would
thereafter report over Durango., The Needles communicalor
forwarded this report, according to routine procedure, to
the Albuquerque center at 1001 and to the Salt Lake center
about 1013, The communicator stated that forwarding the
report to Salt Lake was delayed by an interphone tleup. The
controller at Salt Lake receiving the report was the one who
previously wes involved inx the decision which denled TWA 2
the request for 21,000 feet as a crulsing altitude when the
£light was approaching Daggett at approximately 0921,

At 0959 Trans World Flight 2 reported its position to
company radio located at Las Vegas. The flight reported
it had passed over Lake Mohave at 0955, was 1,000 on top at
21,000 feet, and estimated reaching the 321-degree radial
of the Winslow omni range station (the Painted Desert line
of position) at 1031, with Farmington the next reporting
position. In response to this the ground communicator re-
peated back the information, added the barometric pressure
for Las Vegas, and told the flight that this pressure was
f£falling rapidly. At 1001 the Las Vegas TWA communicator
promptly forwarded this position report over long~line
interphone to the Salt Lake center. This report was received
by the CAA sector contrcller at 1001, The same controller
received the position report of United 718 at 1013 from the

CAA Needles communicator.



During the public hearing the Salt Lake soniroller and
the CAA Director of Air Traffic Control were questloned as
to whether or not traffic advisgory informatlon should have
been issusd the f£flights when the controller had received
position reports from both £lights and knew both were flying
at the same altitude, estimating the Painted Desert line of
position at the same time on converging courses. The con=-
troller stated that when the reports were received by hinm
he had no knowledge of the track that elther £light would
make to the line of position because both were in the un-
controlled area and a specific track was not required. He
sald the Painted Desert line of position is nearly 175 mlles
long with no definite positlion within this distance. The
estimates from 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 advisory information to flights which were
in uncontrolled airspace and it was only a discretionary
duty in the controlled area. He also sald this advisory
service would not be possible as a day-to-day practice with-
out control of flights and more definite position information,
as well as additional facilities and personnel.

The CAA Director of Air Traffic Control testiflied con=
cerning the situation, stating that it was not the poliey
or concept of Air Traffic Control to provide traffic informa=-

tion outside of controlled airspace. He sald normally such
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information would be of 1ittle value. Many eircraft unknown
to Alr Trafflc Control may be opereting in this arsa; further,
Alr Traffic Control has no auwthority over those airoraft that
aTe kuowne. The witness tegstified that with respect to these
two partleular f£14ghts, the controller certainly knew about
them; however, he explained that advigory informatlon must be
viewed In its overall epplication in day~to—day operations.
He stated that advlisory service for traffic in uncontrolled
areas would be tantamount to positive control of all trafflc
which would require personnel, facilities, and equipment not
presently avallable. He added that this was known to be
correct, having several years ago attempted 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 complement of persons assigned to perform
the controllerts functions in the uncontrolled areas could
not be considered sufficient to offer either an advisory
service or perform a control service.,

Investigation relating to the progress of the flights
shows they were according to the established performance of
the alrcraft., Both flights made good their estimates be-
tween position reports until the segments immediately prior
to the Painted Desert line of position; for United from
Needles and for TWA from Lake Mohave,
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According to the United estimate the flight would reach
the Painted Desert at 1031, or 33 minutes after passing
Needles. Investigation showed the accident occurred at 1031,
approximately 17 miles or nearly 3-1/2 minutes® flying time
from the position of expected progress. GCompared to another
United flight, 708, a DC-~7, which climbed over ths same
course to cruise at 21,000 feet approximately ozne hour ear-
iler, Flight 718 should have reached the Palnted Desgert in
its estimated elapsed time. Crulse performance of the alr-
craft also showed the estimate could have been made.

TWA Flight 2 also was making good its estimates as it
climbed toward Lake Mohave. The estimates were in accord
with accepted performance of the Constellation and the £1light
estimated it would reach the Painted Desert at 1031, or 36
minutes after passing Lake Mohave. Thilsg flight also was
approximately 3-1/2 minutes! flying time from its estimated
position when the collision occurred.

Winds aloft were carefully reviewed to determine whether
or not they could have been a factor in the delays. It was
learned that these winds were light in cousideration of al-
titude and varled little from the winds forecast,

Determination of the time of the accident was an im-
portant phase of the Board!s investigatlon. The severse

damage sustained by the United ailrcraft leaves llttle question



- D) w

but that the alrcraft crashed soon after the collision and
therefore the last transmiseion from its crew came very
close to the collision time. Knowing the recording that
contained the transmission also contained time checks and
operated relative to actual time, i1t was learned that the
message began at 1030:53. Pilots who knew the United crew
and heard the final message or its transecription felt with
rellable assurance that the volce was that of First Officer
Harms.,

The recorded transmission itself was also examined under
laboratory conditlions to determine what the exact message
was, whether or not anything was sald which was inaudible
under normal listening conditions, and whether or not the
tragedy was reflected during all or just part of the mes-
sage. The latter objJjective would assist in determining
whether or not the DC~7 crew sighted the L-1049 during the
transmission and 1f the accident occurred durlng it. The
analysis was based on a correlation of the spoken words with
a spectographic analysis, a technique used in "Visible
Speech,™ Tests involving binsural listening and speech
stretching were also madse.

The laboratory results showed the principal speaker
seld, "Salt Lake, area (or ah), seven eighteen . . . we are
going in."z/ During the time represented by the dots a second

speaker yelled two known words which were, %up . . « Up.T"

2/ Differences between initial listening and laboratory re-

sults relative to message context are recognized., See
Page 5.
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Thls speaker also yelled words which preceded M™up." These
were Iindefinite but fitted energy patterns of "look,"
"pull, " or "come,” The tests showed clearly that the prin-
cipal speaker throughout was speaking between 100 and 200
cycles above the normal male voice plteh spectograms. The
background or second speaker's pitech was even higher, being
well above that of a female volce; however, 1t was falrly
certain that 1t was a male speaker. According to the labora-
tory study both general voice patterns, particularly as to
pitch, showed the speakers were under great emotional stress,
indicating that they were already in serious trouble.

An exhaustive search for eyewlitnesses to the inflight
collision was conducted. Many persons were contacted 1n
the popular tourist area, as were employees of the Grand
Ganyon Park Service and residents of the surrounding areas.
During this search no witnesses were found who saw the col-
lision although at least one person apparently saw smoke
from the crashes and dismissed it as a brush fire in the
Canyon. Later, on July 10, two witnesses were made known
to the Board and were called to appear at the public hear-
ing. These witnesses stated that while driving west on
Route 66 between Winona and Flagstaff they saw two alrcraft
collide. Their descriptions fitted the subject aircraft
and especially the Constellation., Both witnesses stated
that when collision occurred there was no evidence such as

fire, smoke, or falling pleces and that following impact
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the aircraft seemed to continue on without falling but locked
together. |

Under intensive questioning, one of these witnesses testi-
fied that at the time she saw these two planes she gaw them
come together, Asked 1f she saw them collide she sald she
didn't realize at the time that they had. Questioned further
as to how close they came together, she replied, "Too close.”

She was asked 1f she observed any space separatirg the two alr-
craft and she answered, "Just between the two talls."™ The wit-
ness was asked had she seen the two planes collide would she
have said something about it to her husband., She replied that
she would have but that she and her husband didn't discuss it,
She further stated that she didn'!t recall her husband saying
anything to her about the collision. The witness, a reglstred
nurse, was asked if there had been any thought in her miud that
this was & collision wouldn't she have gone to the nearest tele-
phone and made some e¢all to some official body of some authority.
She saild that she ﬁould have.

Investigation showed that the eollision oceurred a short
distance west of and above the wreckage locatlons, approximataiy
70 miles from the witnesses. Calculations and visual capabllity
indicated that at this dlistance 1t would be impossible to see
distinguishing physical features of the ailrcraft and nearly im-
possible to see the aircraft. Relative positions 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 operating in thlis general area. At a
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considerable distance and at certein angles of observation two
widely separated aircraft could well present the illuslon of
a collision,

A third witness reported having seen a puff of smoke in
the sky over the Grand Canyon area., Thils witness was near
Winslow, about 80 miles from the accident site, and was also
proceeding in a private 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 observation may have been the collislon but because little
detail could be seen it adds little to the investigatory ob-
jectives other than those already clearly established by more
po3itive evidence.

To establish conclusively the importance of the informa-
tion offered by these witnesses, Board investigators were
stationed about 14 miles east of Flagstaff, the approximate
position of the nearest witnesses as indicated by their testi-
mony, On separate days United and Trans World flights flew the
proposed routes of Flights 2 and 718, making position reports
to the investigators according to a prearranged detailed plan.
These were received by a CAA communications truck located with
the investigators. Weather conditions on one day were better
than those on the day of tke accident and on the second day they
were equel to or better than the accident day. Results of thils
work showed that the aircraft could not be seen though thelr

exact positions were known, as were the angles on which to
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sight to the positions. Many reports and sightings were under-
taken. Once a reflective flash was seen and blnoculars were
trained on it, With this assistance to the observers! normal
vision the alrcraft éould be seen but it could not be identl-
fled as to type or make.

The Board wus about to publish its report on this ac-
cldent when, on February i, 1957, i1t was advised of another
alleged eyewltness to the collision. Shertly thereafter the
witness was examined, at length, as to his observations in a
depositlion taken by the Board.

In substance, the wltness testified that on June 30,
1956, while proceeding to Grand Canyon, he made hls observa-
tions through the windshield of a Ford pickup truck in which
he was travellng alone on Route §4 toward Desert View at a
speed of 75-80 miles an hour up a prolonged incline in the
road.l At the polnt of observation he was between 5 and 7
miles south of Desert View or 15-17 milaé south of the esti-
mated collision point,

When questlioned as to why he did not meke public the
fact that he had observed the accident, he answered that he
did not want to embarrass himself. Although he had several

conversations with persons involved in the investigation of
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this accident, including Board personnel and personnel of
the air carriers involved, he did not reveal the fact that
he had seen the accident until seven months later.

The Board has carefully evaluated all of the testimony
of this witness and concludes that it has no probative
value., First, we cannot accept the witness! statement with
regard to weather conditions. The record contains full and
complete weather information as determined from weather re-
ports, pilot reports, and an analysis of the synoptic situa-
tion. Thils testimony of the witness 1s in direct conflict
with the known weather 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 positions and identification of the airecraft,
1t is unlikely that the witness could have seen these air-
craft iIn the manner and from the place he described., This
conclusion is based upon certain tests which were made by
the Board immediately after the witness! deposition was
taken, and the fact that the witness! observations were
made while driving a truck at very high speed.

Under the circumstances, we cannot accept the witness!

testimony.
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The possibility that both aircraft could have been south
of thelr courses, using the 3-1/2 minutes of unaccounted for
time in this manner, 1s remote. A radius of action computa-
tion shows the time to be insufflcient to bring the aircraft,
especially TWA Flight 2, to a position much closer thanm 45
mlles to the observers! point and thereafter flown to the
known collision position,

The synoptic weather situation consisted of a thermal
low centered a short distance northwest of Las Vegas,

Nevada. A second low pressure area was centered in Nebraska
from which a cold front extended southwestward into northern
Colorado, thence westward through central Utah and Nevada

as & quasi-stationary front during the day and night of

June 29, Aloft the pressure distribution resulted in a
southeasterly flow of moist air into northern Arizona,.
Numerous thunderstorms resulted during the 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 1n the Grand Canyon area

but the winds aloft had become more westerly, ranging from
south~southwest at 8,000 to west at 21,000 feet, West of
this area the routes were clear except for a local coastal
stratus condition in the Los Angeles area and some scattered
clouds en route but well below f£flight altitude,

The conditions described were indicated in forecasts

made by the United States Weather Bureau and both company
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weather departments. These predicted there would be high
broken 6louds with light raln showers in the Colorado River
area, the clouds becoming scattered at 8,000 feet by 1100,
Scattered thunderstorms were oxpected south and east of =a
line defined from Denver through Milford, Prescott, and
Phoenlx, These were expected to dissipate in the Arizona
and southeastern Utah sector after 0700 but to develop again
by 1100, The freezlng level was anticipated at 15,000 feet
with 1light 1cing and turbulence in the clouds. Moderate to
severe turbulence was forecast in the thunderstorms, These
buildups were expected to develop to 30,000 feet or higher,
protruding through and above the lower coverage. Top of
the lower clouds was antliclpated at about 15,000 feet with
good visibility above and outside the thunderstorms. The
position of the sun was nearly overhead at 1031 (1131
De 8¢ te)e

Pllots who flew near the accldent area furnished some
on~the~spot weather information which essentially supported
the forecast conditions. One airline captaln passed about
25 miles southwest of the accldent site a few minutes after
the accident occurred. He stated that a lower cloud coverage
commenced well east of Las Vegas with increasing coverage
from Havasu Creek eastward, becoming nearly overcast 20-25
m*les west of Grand Canyon Village. Crulsing at 19,000
feet he noted several towering cumulus elouds, one of which

was located over the immedliate Grand Canyon Village area
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and others farther east and northeast, He saw no bulldups
west of Grarnd Canyon Village, He estimated the helght of
these to equal or exceed 25,000 feet and stated that they
appeared to stl1lll be in the active or building stage. He
was unable to estimate the size of the thunderstorms relative
to dlameter, length, or width, Bslow, he said, the top of
the overcast was approximately 15,000 with few breaks but
recalled one such break through which he saw Grand Canyon
Airport, located 25 miles southwest of the accident zlte.
The captain stated that he operated clear of clouds with no
difficulty as he passed west and southwest of the accident
slte.

Other pillots flying below the overcast over the Grand
Canyon saw a shaded rain area to the west., One pilot sald
there were breaks in the overcast with excellent visibility
below it. He added that the conditlion described existed in
all directions to the limit of his visual ability., Through
the breaks he noted no evidence of any appreciable buildups,
Anelysis

The several areas of damage previously described formed
the foundation for a successful although arduous analytical
study relative to the inflight collision sequence, the ex-
tent and effect of the colllision damage, and the relative
attitudes of the aircraft at the instant of impact.

The initial impact occurred with the DC-7 moving from
right to left relative to the L-1049 and with the L-=1049
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moving to the right and aft relative to the DC-~7, From
analyeis of physical damage in consideration of locatlons

of the damaged components of the aircraft, 1t appears that
first contact involved the center fin leading edge of the
L-1049 and the left alleron tip of the DC~7. Instantly
thereafter the lower surface of the DC-7 left wing struek
the upper aft fuselage of the Constellatlion with disinte-
grating force. Without question this force caused complete
destruction of the aft fuselage and destroyed the structural
integrity of the left wing outer panel. As this occurred
and the aircraft continued to pass laterally, the left fin
leading edge of the Constellation and the left wing tip of
“he DC-7 made contact, tearing off pleces of both comporents.
During this same time the DC~7 No. 1 propeller inflicted =
series of cecuts in the area of the aft baggage compartment

of the L-1049. This entire sequence occurred in less than
one-half second and in such a manner that an interlocking

of the aircraft was virtually imposslible.

From the extent of damage and the locatlions of various
components on the ground, the eollision ripped open the
fuselage of the Constellation from just forward of 1ts tail
to near the main cabin door. The collision also caused the
empennage of the Constellation to separate almost immediately.
This alrcraft then pitched down and fell on a short forward
trajectory to the ground. Consideration of these factors
leads the Becard to conclude that the collision occurred in

space over a position Just west of the TWA crash slite.
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The United alrcraft appeare to have sustained lesser
but equally criticel damage affecting flight., Most of 1ts
left outer wing separated during the collision and 1t ap-
pears likely that the horizontal stabilizer of the DC-7 was
struck by pleces torn off the Constellation. It is also
reasonable that damage to the left wing resgtricted aileron
control, It 1s bellieved that the DC-7 fell less steeply,
probably on a turning path, to the ground.

For damage to have resulted as described earliler and
for other areas to have escaped inflight contact, the alr-
craft had to be oriented in a certain manner relative 1o
each other when the collision occurred. Additlonally, and
Independent of the matching of damage, & study was also made
relative to the propeller cuts. Both studies gave nearly
1dentical results relative to the angle between the alrcrafit
at the instant of impact. This angle was found to be ap-
proximately 25 degrses relative to the longitudinal axes.

From the layout work matching the inflight contact
areas, it was determined that the DC-7 left wing was above
the L~1049 relative wing plane or the DC-7 was rolled ap-
proximately 20 degrees right wing down relative to the
L-1049., The study also indicated the aircraft were orlented
such that the vertical distance between empennages of the
aircraft was less than the vertical distance between thelr
nose sections., The di{ference as an angle was between 5

and 10 degrees, It is important to recognize that the aircraf:
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attitudes described are relative or with respect to each other
and do not necessarily reflect their orientation with respect
to the ground,

Because some components of the alrcrafti were not re-
covere& and others were destroyed, 1t was not possible to
determine completely whether or not any malfunction occurred
to either aircraft before impact., From all that could be
examined there was no evidence of malfunction and from all
the evidence surrounding the acecident the Board belleves
there was none,

Analysis of all the avallable weather information (see
attachment 2 as reference), including pillot reportis, in-
dicates that the forecast conditions for the flighis were
reasonably accurate. It shows that the two flights de-
parted Los Angeles and oclimbed through an overcasi approxi-
mately 700 feet thick to clear conditions on top, The over-
cast was local in nature and confined to the Los Angeles
coestal area, Thereafter, the flights, except for some
scattered clouds, were :in clear weather as they climbed
eastbound over thelir respective tracks.,

Clear weather appears to have prevailed east of Las
Vegas along the Colorado River to near Havasu Crrek but be-
coming overcast with a few breeks beginning a short distance
east of Havasu Creek. Along the proposed routes of TWA 2
and UAL 718, scattered clouds commenced shortly east of

the California-Arizona border, Eastward therefrom clouds



increased to broken, then overcast with some breaks in the
Grand Canyon area to somewhat east of the accldent site.
Tops of this main weather coverage were approximately 15,000
feet with several lower layers, the lowest being about 2,000
feset above the ground.

Northwest of Grand Canyon Village, or over the western
portion of the main Grand Canyon, the first of several
scattered buildiups appears to have existed. It appears to
have beenisclated with others northeast of i1t. The builld-
ups were apparently formed in the lower clouds and protruded
through and above them to approximately 25,000 fest. An
airline captain described the westernmost buildup as large
but of an indeterminable width and length. He believed 1t
was almost over Grand Canyon Village. Pilots below the
overcast ocaw no evidence of it there but at least two noted
& rain area northwest of this position. It 1s entirely
likely that the rain area was from the buildup noted by the
captain from above. Pilots flying below the overcast also
stated that they saw breaks in the overcast but that they
were few and scattersd. They observed that the over-
cast condition covered most if not all of the Grand Canyon.

From the evidence available the Board is of the opinion
that the weather conditions at 21,000 feet would not have
precluded flight in VFR conditions in this aceident area
but that deviations may have been required to circumvent

the bulldups while the subject flights traversed the area,
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According to company procedures United flights were not
permitted to fly in instrument weathe: conditions while op-
erating off airways. Similarly, TWA procedures precluded
instrument flight under the flight clearancs on which its
Flight 2 was proceeding at the time of the accident. Each
company, under the conditions during which this accident
occurred, therefore required 1ts flight to adhere to visual
flight rules., Further, 4t i1s unlikely that Captein Gandy
would proceed into instrument weather conditions, having
previously been informed that the United flight was in the
general area at 21,000 feet. The Board 1s therefore of the
£irm opinion, based on the weather conditions, company pro-=
cedures, and good pilot practice, that both flight were
operating according to rules prescribed for VFR conditions
when the collision occurred.

The last positicen report from each flight indicated,
at the time the report was given, that each was at 21,000
feet, Although there was no requirement for either to re-
main at that altitude in the uncontrolled area, with respect
to Air Traffic Control, each company did require that it be
notified of an altitude change. Because there was no noctice
and no known reason for the flights to alter altitude, 1t 1s
considered reasonable to belleve that the collision occurred
et 21,000 feet.

Considering each flight!s estimate to the Painted Desert,

together with aircraft performance, it appears that both



flights should have reached the line of posltion about 17 niles,
or 3-1/2 minutes! flvying time. farther east when the accident
occurred., Although there are several possibilitles, no defi-
nite conclusion has been reached as to the cause of the 3-1/2-
minute delay of these aircraft. One possibility is that 1%
could have been caused by maneuvering to provide a more scenic
view for the passengers, although the evidence is not suffi-
cient to establish this fact. Another possibility 1s that a
lezs favorable wind was encountered during the subject seg-
ments than was used for estimetes which slowed the progress

of the flights. A third possibility is that one or more bulld-
ups in the Grand Ceanyon sree may have required deviaticns and,
1f so, could account for the time element invclved.

At approximately 1013 the Salt Lake controller was in
possession of the last position repcrt made by each of the
subject flights. He was then aware that when the reports
were made both aircraft were operating at 21,000 feet, were
on converging courses, and were estimating the Painted Des-
ert at the same time. He advised neither flight of this
situation. In considering whether or not this should have
been done the traffic control concept, the controller!s ex-
press duties, and the requirements involved to provide this
informaetion to flights must be considered,

Alr Traffic Control undertakes to separate air traffiec
when it 1s operating in accordance with an IFR clearancs

and while 1t 1s within the confines of controlled alrspace.
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If instrument weather conditions exist and the above require-
ments are moet, all alr traffic would be separated. However,
when visual flight conditions exist instrument traffic is
separated only from other like traffic and not from alrcraft
being flown under visual f£light rules, much of the latter
being unknown to Lir Traffic Contrcl. For thla reason
£flights 1a visual conditions are required to provide their
own separation regardless cf flight plan or clearance.
Outside the contrniled alrapace the alr traffic control
concept has not emtiacsd the responsibillity for separation
of eir traffic regardless of flight plan, clearance, or
weather conditions, In thls area no control is exercised
by air Traffic Control, its prineipal function being to
monitor the progress of flights through an uncontrolled area
gso that an orderiy flow of instrument traffic may be ac-
complished into the adjacent control area, Control i1s not
presently availlable in the uncontrolled alrspace because
sufficient facilities and means for such control do not exlst.
At the present time +traffic advisory information to
£flights 18 offered when and where control of air traffic is
being exercised. Then, such advisory is discretionary with
the controller and i1s not a mandatory procedurs of control,
Accurate and worthwhile traffic information requires that
the controller be Informed of the aircraft involved and have
precise and timely information on the position of flights

relative to their altitude and lateral and forward position
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elong a defined track. Thils iInformation must thereafter be
posted and correlated with like information on other flights
to determine whether or noh 1 sonflicting situatlon exlsts.
In the uncontrolled alrspace, as previously stated, flights
are permitted greater flexibility to take advantage of wiand
and weather factors., Further, in this arsa the navigationel
aids enabling a flight to report its position wlth the pre-
cision necessary to enable accurate advisory information are
insufficient., The aforementioned factors affecting the
value of traffic advisory information are evident with re-
spect to TWA 2 and United 718, Both flights were somewhat
north of their proposed tracks, both were approximately 17
niles west of where they had ssilmated they would be at
that time, and their actual tracks intersected a2 consider-
able distance beZore the proposed tracks converged. Such
deviations are not unusual in off-airways operation.

Although knowledge of the projected f£light paths of
the subject flights could have prompted the Salt Lake con-
troller to offer both flights traffic advisory information
on a voluntary basis, giving the best information available
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 coniroller did not
require him to do so.

This accident, as nearly all other midair collisions,

apparently occurred ia visual flight weather conditions and
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there 18 no reason to belleve the aircraft were not being
operated in accordance with cloud separation criteria of
visual flight rules. Under these conditions and according
to these rules the vast portlion of flying today 1s belng
conducted., Accordingly, the present means for avoiding col-

lision rests with the pilot to see and avoid other alrcraft.

Extenslve stud~r »

et ]

rmeoat 22lliizion acaldesnts has shown
that there was an opporturity., of verying degree, for the
pllot or pilots to see the confllicting aircraft in sufficlent
time for them to take evaslve maneuvers to avoid the accident.
In many of these acclidents where there wes survival, however,
testimony of the pilots was that they were maintalning =
careful lookout but despite 1t they did not see the other
aircraft in time to avold 1t or that they did not see it at all,
Collision studies, including controllsd fligzht tests,
haeve pointed out that seeing other airecraft in flight i1s dif-
fiecult. The degree of such difficulty is varlable with numer-

oug tangible and Iinbtanglble foctorsg affeciing 1+ The
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tangible factor is the angular limits of cockpit vision, or
the vision afforded by cockplt structure and design only.
The second tangible factor 1s visual range or the dis-
tance that an object can be seen. Many conditions and eir-
cumstances enter into thls factor and are variable. Some of
these are color of the object, 1ts background, and the con-

trast between them. Others are mass of the object, its

angular size and shape, and the atmospheric condition of



vlislbllity. The latter may also include altitude effect

end cloud obstruection.

A third group of factors is physiological or human and
many of these are Intangible, depending on the individual's
physical condltion, degree of fatigue, and training. The
human eye will best see an object when i%4 I1s within the
sensltlive or focal field of vision, which is two to three
degrees., An object may be seen through the peripheral por-
tion of vision or the area of several degrees outside of the

focal fleld, The number of degrees is derendent upon motion

and/or the aforementioned factors providing sufficient
stimuli. It may be noted that airecraft converging on con-
stant, unvarying collisfon courses provide no relative
motion when viewed from the alrcraft. Searching for aircraft
within the visual 1limits of cockpit visibility requires scan-
ning through those limits. Thils 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 1Is important
to recognize that the operation of a modern aircraft re-
cuires regular and frequent attention of the pllot or pllots
to duties within the cockpit. Attention to instrumentation,
both operational and navigational, is required during all
phases of f£light, as well as computations and records per-

teining to the progress and anticipated progress of the

filight.



Many ccmbinatlions of adverse factors,conditlions, and
circumstances can result in a limlted opportunity to see
another aircraft. On the other hand the opportunity to see
another alrcraft may bs good. Here the factors act to =
good and reasonable opportunity for the wvigilant pilot and
in this regard the Board expects pllots to maintain the
highest degree of vigilance.

It 18 recognized that the baslic means for traffic
separatlon in VFR conditions 1s presantly the "see and be
seen" philosophy. Thie concept has existed as a matter of
necessity, with its known limitations, and will continue
until there are sufficient technological advances to provide
additional assistance to the pilot for collision avoldance.
The progress of aviation 1s moving rapidly toward higher
altitudes and greater speeds, with traffic in increasing
density. TFully aware of this and its effect the Board ls
lending 1ts support to industry, other governmental agenciles,
and interested persons to find and develop methods, means,
and devices which wilil assist the concept of visual separa-
tion.

Knowing full well that insufficient evidence would
preclude determining with positive resultis the exlsting op-
portunities 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 avsllable evidence. The analysis was successful
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in this objective and disclosed much which the Board belileves
will assist its principal goal of greater safety in aviation.
Since the attitudes of “the aircraft relative to the
ground and thelr probable flight paths prior to colllsion are
so closely interrelated, they can be treated together. A
determination of these !5 imperative relstive to the oppor-
tunity for the pilots to have seen the conflicting alrcraft.
As indlcated, correlation of the physical damage re-
lates one aircraft with respect to the other and not with
respect to the ground., Obviously, the physical orientation
1s valld only at the instant of impact. Because of this,
end in the absence of eyewlitnesses, it is not known whether
one or both aircraft were rolled, pitched, or yawed rele-
tive to the ground. Without a known orientation of at
least one of the aircraft with respect to the ground, an

anelysls cennot determine a single f£light path of ths air-

i n

-

craft prior to the collision, nor is it possitle to estab-
llish the flight paths Hhy other known factors in this accident.
It is therefore necessary to evaluate the objective on the

basis of several flight path combinations,knowing
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that only one exlsted. Generally, however, the possibllities
may be narrowed into two broad categories with variations.
The possibilities may also be limited by the known orienta-
tion of the aircrafi teo sach cther at thHe instant of 1impact,
which precludes certeain other reletive attitudes between the
aircraft.

The first category assumes that there was no evasive
actlon prior to collision and that one or both aircraft were
turning within the linits afforded by the known colllslon
crientation. This category accepts as reasonable that both
aircraft were belng flown commensurate wlth their performancs
for the en route phase of flight. Anelytical studies recog-
nized the variations to this category but fcund that three
limit.considerations ssexr to cover the infinite number with
respect to the pllots® visual opportunities. Twec of these

are thet either aircraft was turning while the other flew

J

straight ard level to collision; the third i1s that both were
turning prior to the accident.

The second category of possibility is based on the as-
sumption that there was an evasive action initiated by one
or both f£lights tuht that it came too late to avoild the ac-
cident. Again, 1t.is ressonable to believe the evasive
action was limited to the known crlientation and that the
aireraft were belng flown according to the normal perfornm-
ance for the en roubte phase of flight. The evasive action

was also limited to slleron-elevator type maneuvers. Although
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rudder displacement was studlied and evaluated the alleron-
elevator action appeared to be more consistent with the pre-
ponderance of all evidence; however, this was not entirely
conclusive. Even accepting this limit there are veriations,
but these can be narrowed by & 1linmit consideration. This is
possible because maneuver characteristics of both aircraf?d
ghowed that an evasive action without sufficient time to
avold the collision would no% appreciably alter the flight
path of either aircraft from flight paths which presumed
there was no evasive action. t must be noted, however, that
relative attitudes of the aircraft would be changed. Accord-
ingly, the studies under the second category relating to the
visual opprortunities of the crews ars not appreciably altered
from the situation where both aircraft were approaching one
another in stralght and level flight at the angle between

the longitudinal axes shown to have existed at the initiel
impact, 25 degrees.

Tt 1s known that severel cloud buildups existed in the
immediate area of the ccllision and their heights extended
well above the cruising sltitudes of both flights. Although
i1t 13 unknown, i1t is entirely possible that the alircraft may
have been flown so that one was on each side of a bulldup
shortly before collision. The effect of this would, of
course, preclude the crews from seeing the other aircraft
during the time the cloud or clouds were between them.

Clouds would also require course deviation in certaln situa-

tions. They would also seriously limit the time for pilote



to see the conflicting alrcrafi, the amount. depending on the
size and shape of the clouds, the lateral distance maintained
b7 the flights from %“ies. 2n3 bthe distance of the clouds from
the collision point. Thus, a cloud positioned close to the
collision point would limit the time opportuniily as would one
which was narrow or elongated. The intervening cloud factor
appears to be a possibility and therefore was a necessary
consideration in the visual opportunity study. To this end
several representative cloud sizes and shapes were selected
and introduced in the anelytical study. The study ealso in-
cluded the consideration which presumed that clouds would not
have been a factor. The study accepted as the 1limit of visual
range a distance of five to 2lx statuts miles and assumed

that the aircraft passed the cloud formation at a horlzontal
distence of 2,000 feet and that they were at the same altitude.

The results of this analysis were then applied to the
individual crew members from their respective cockpit posi-
tions. This was accomplished in the form of windshield dis-
vlays, thereby Jncorporating the several situations with the
angular limits of cockpit vision. Attachment 3 reflects the
results as applied in this manner,

From the display 1t is apparent that the L-1049 was
within the angular limits of the DC-7 window area from the
captain's seat during all the flight path situations. In
the situation of no intervening clouds, motliocn would be in-

volved In three of the four situations. Windshleld formers



would block the captain's view for varying portlons of the
time opportunity. The time opportunity with no clouds was

50 to 120 seconds according to the situation being considered.
The worst cloud situation could reduce the time opportunity

to as low as 12 seconds.

With respect to the DC-7 first officer's position, the
1-1049 was within the anguler limits of the DC-7 window area
during two of the 1limit considerations and during the early
part of the other two, In the "no cloud"” factor situatlons
the L-1049 would have been near maximum visual range in two
canditions, without relative motion irn one, and with relative
motion in another. Time opportunity without intervening
clouds end with both afircraft straight and level was 120 sec-
onds., For +the other three considerations, including the
intervening cloud condition, the opportunity vaeried 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 his seat; in
this the time opportunity was for a period of up to 40 sec-
onds with no intervening clouds. In the other three condi-
tions, according to the study, his opportunity was precluded
by the limits of cockplt structure or because the DC-7 wes
beyond visual range-

The study indicates that without the intervening cloud

condition the DC-7 was within visual range and within the
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angular limits of cockpit vision from the L-~1049 copllot's
seet during three of the four flight peth situetions. Then
the time opportunity varied from 50 to 120 seconds, accord-
ing to the situatiecn. Twe »f the displays reveal relative
nmotion. Again, iIn the worst cloud situation his time oppor-
tunlty was as low as 12 seconds.

Analysis of the various possible flight path verlations
reletive to cockpit angular limits of vision has shown that
one or both pllots of one aircraft could have been precluded
from seeing the conflicting aircraft durirg critical periods.
The study must also recognize the possible effect if one crew
member was occuplied with cockpit duties and he alone had the
visual opportuniiy during this time.

The Board hsz shown the existence of cumulus-type clouds
in the accident ares. 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 pllots to
effect visual separation were good. In this situation, de-
spite the possible flight path variations, and in considera-
tion of the aforementioned factors controlling visual ability
of the pilots, the Board 1s of the opinion that the range of
opportunities was adequate. If this situation exlsted, the
Board believes the pilots should have seen and avoided the
other'!s aircraft.

On the other hand, evidence has shown that during other
of the possibilities the pllots?! opportunity to effect visual

separation could have been seriously impaired. Analysls has
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shown hew clouds, if positioned between the flights at critical time,
could have reduced the time oppertunity for collision avoidance to less
then the mirimum of 15 or mere seconds necessary for scanning, pilot
reaction, and airplane response.

The Board has carefully studied and arduously evaluated all the
avaeileble evidence surrounding this accident. It has learned all that
existing methods of investigation and evaluation ensbled it to do. This
was done without the uzssisbance of survivors or eyewitnesses whose
testimony is considered imperative to a complete knowledge and to single
cenclusiorns in the collision-type accident. Because of the lack of this
vital informztion and when all factors, including intervening clouds,

1y

cockpit visual limitations, cocknit duties, the several flight path

Ly
kh

variaticns, the time opportunities, and the physiologicel limits to
human vision are considered, the Board concludes there is rot enough
evidence to determine whether or not there was sufficient ovpportunity
for the pilots to avoid the collision.

Find

=

ngs

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

1. The compenies, the airecraft, and flight crews were properly

certificated,



2. Preparation for both flights was complete and

routine.

3. The flights were proparly dispatched on IFR flight
plans, over accepted high-zltitude direct routes.
L, Approaching Daggett, TWA 2 requested 1ts company

radio to obtain 21,000 feet as an assligned altitude, or
1,000 on top.

5. GCompeny radio requested 21,000 feet IFR from ARTC.
This waes denied by ALRTS. Request was then mede for 1,000

on top. This was approved and sleerasnce lssued. The fllght

!

climbed to and proceeded at 21,000 feet.

6. As an explanation for the denial of 21,000 feset,
TWA 2 was furnished pertinent information on UAL 718.

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

8., The Salt Lake controller possessed both position
reports at approximetely 1013, at which time both flights
were in uncontrolled airspace.

9. Traffic conirol services are not previded in the
unconirolled airspace and according to existing Air Traffic
Control policies and procedures the Salt Lake ccantrcller was
rot required to issue traffic informetion; none was 1ssued
voluntarily.

10. A general overcast with some breaks existed at

15,000 feet in the Grand Canycn area,
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11. Several cumulus buildups extending ebove flight level existed;
one was nearly over Grand Canyon

Village and others were north anrd

rtheast in the area cf ths =

12. The collisicn occurrzd at avproximetely 1031 in visual flight
rule weather conditions at zbout 21,000 feet.
13. The collision in: zpese was abhove a positicn a short distance
west cf the TWA wreckage avea, 17 milies wesi of or approxdimately 3-1/2
minutes! flying time from the Painted Desert line of position.

14. Under visual flight rule weather conditions it is the pilot's
resporsibility to maintain separztion from other aireraft.

15. At impact the aircraft relative to each other converged at an
angle of about 25 degrees with the DC-7 to the right of the 1~-1049. The

DC~7 was rolled about 20 degrees right wing down and pitched about 10

degrees nose down relative to the I-1049.

16. There was no ev ence found to indicate that malfunction or
failurs of the aircraft or their comnonents was 2 facter in the accidaent.

The Beard determines that the probable cause of this mid~air collision

was that the nilots did not see each other in time to aveid the collisicn.
It is not possible tc determine why the pilots did not see each other, but
the evidence suggests that it resulted from any one or s combination of the
follcwing factors: Intervening clouds reducing time for visual separaticn,

risual limitations due to cockpit visibility, precccupation with ncrmal

ad

cockpit duties, ovreoccupation with matiers unrelated to cockpit cuties suck

vassengers with g more scenic view of the

Q
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.
Grand Canyon area, nhysislogiczi Tinmibs te human visicn reducing the time

& Aesd s J,.i__.’

opportunity to see and aveoid the cther aircraft, or insufficiency of

ke -

en rovte air traffic advisory information due to inadeguacy of facilities

and lack of personnel in gir traific control.

BY THE CIVIL ASACnAUTICS ECQARD:

.LIE/ JAMES R. DURFEE

/s/ CHAN GURNEY

/5/ HiR¥42 D. DENNY

/s/ G. JOSEPH MINETTI

Member Louis J. Hector did not take part in the sdoption of the report.
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Investigcation and Hearing

i ot

The Civil Aeronauntics Board was notified that the air-
craft were overdue and were ssgsumed to be down at 1500,
June 320, 1956, Investlgators were promptly dispatched to
the carriers! search headquarters where notice was recelved
that the wreckages were located in the Grand Canyon. A&n
Investigation was immediately initlated 1n accordance with
the provisions of Section 702 (a) (2) of the Civil Aeronsu-
ties Act of 1938, as amended. A public hearing wes ordered
by the Board and wes held in the Department of Commerce Audi-

toriun, Washington, D. C., on August 1, 2, 3, and 4, 1956.

Alr Carrlers

Trans World Airlines, Inc., a Delaware corporation, is
e scheduled air carrier with its principal offices located
at Kansas City, Missouri. It possesses a currently effectlve
certificate of public convenience and necessity issued by the
ivil Aeronautics Board and an air carrier operating certi-
ficate 1ssued by the Civil Aeronsutics Administration,
These authorize the carrler to transport by air persons,

property, and mall over various routes includling that from

Los Angeles, California, nonstop to Kensas Clty, Missouri.
United Air lLines, Inc., 1s a Delaware corporation wilth
1ts corporate offices in Chicago, Illinois. The company is
engaged 1n transporting by alr persons, property, and mail,
It holds a currently effective certificate of public con-

venlence and necessity issued by tas Civil Aeronautics Board



and an eir carrier opereting certificate issued by the Civil
Aeronautlics Administration. These authorize opseration over

a2 pumber of routes including that from Los Angeles to Chicago.
Flicht Persgonnel

1. Trasng World Afrlines

Captain Jack 8. Candy, age 41, was employed by the
company December 26, 1939, and became captain in March 1942.
He held a valid alrman certificate with currently effective
alrline transport and Lockheed 1049 ratings. Captailn Gandy
had a total of 14,922 flying hours, of which 7,208 were in
the Lockheed 1049. Hls fest period prior to Flight 2 of
June 30, 1956, was 16 hours. Captaln Candy was qualified
over the subject route and had flown it 177 times. His last
proficliency check was January 10, 1954, and his last physical,
flrst-~class, was completed, without walvers, April 5, 1956.

Copilot James H. Ritner, age 31, was employed by the
company on June 2, 1952, He held a velid airman certificate
with multi~engine and instrument ratings. His totel flying

ime was 6,976 hours, with 825 hours in the eguipment in-
volved. His last physical examination was dated August 23,
1955, and he recelved an 18-hour rest period during the 24
hours prior to Flight 2 of June 30, 1956.

Flight Engineer Forrest D, Breyfogle, age 37, was em-—
ployed by Trans World Alirlines October 1, 1945. He held a
currently effective mechanic certificate with ailrframe and

engine ratings, a flight englneer certificate, 2nd a



radiotelephone permit. Mr, Breyfogle had accumulated 7,896
£lying hours, of which 7,237 were in the equipment lnvolved.
His last physical examinatlion was recelved on May 25, 1956.
Flight Engineer Harry H. Allen was aboard Flight 2 as
en additional crew member without flight crew dutiles.
Hostess Tracine E., Armbrustsr was employed by the cocm-—
parny April 24, 1950,
Hostess Beth E. Davis was employed July 7, 1953.

2. United Air Lines

Captain Robert F. Shirley, age 48, was employed by
United Air Linpnes July 22, 1937, and was promoted to captain
November 1, 1940. During his employment he accumulated
16,492 flying hours, of whieh 1,238 were 1n the DC-7. He
held a valid airman certificate with, among others, currently
effective airline trensport and DC-~7 ratings. Captain
Shirley ccmpleted hils last first-class physical March 8,
1956. Prior to the subject flight he had & rest perioed of

62 hours, Ceptain Shirley wss gquellfled over the route ign-

[4

volved and had flown it on. a regular baesis since October 1,
19504

First Officer Robert W. Harms, age 36, entered the em-
ployment of United Alr Lines February 7, 1951. .He held a
val%d alrmen certificate with airline tranaport and DC-7
ngs. First Officer Harms was captain-qualifled on the
DC-3, He had.a total of 4,540 flying hours, with 230 in the

equipment involved, He received a CAA physical examination



on May 28, 1956, and prior to Flight 718 of June 30, 1956,
had 155 hours of off-duty tims.

Flight Engineer Gerard Filore, age 39, was employed
March 24, 1948, as a mechanlc. He became a flight englineer
February 22, 1951, He held e ourrently effective mechanic
certificats with alrframe and engine ratings, and a valld
flight ergineer certificate. Mr. Flore had accumulated 2,670
flying hours since March 1, 1953, when records of the company
became effective on engineer personnel. During this time he
flew 285 hours in the equipment involved.

Stewardees Nancy L. XKempnitz was employed by the company
February 28, 1954,

Stewardess Margaret A. Shoudt was employed September 1,
1954.

The Adrcraft

1., Trans World Alrliines

N 6902C, a Lockheed Constellation, model 10494 (covered
in CAA aircraft specification No. 6A5 under the heading

Model 1049~54), bore manufacturer's seriel number 401é., The
eireraft was pleced in service by the company May 22, 1952,
end had a total of 10,519 flying hours, of which 2,017 hours

were accunulated since the last major overhaul, with a linse

maintenance check accomplished just prior to Flight 2 of

June 30, 1956. The aircraft was equipped with Wright engines,
model WAD975C18CB-1, and Hamilton Standard propellers, model
4L3E60 with model 6901A-~0 blades.



2. United Alr Lines

N €324C, a Douglas DC~7, was purchased by United Alr
Lines January 10, 1955. It bore manufacturer®s serial num-
ber 44288 and company number 9124, The alrcrafi had been
flown 5,115 hours, 1,125 of which were accumulated since its
last overhaul. A line maintenance check was completed be-
fere originetion of Flight 718 of June 30, 1956. The alr-

craft was equipped with Wright engines, model 972TC18DA-2-4.
The propellers were Hamilton Standard 34E60 with model

6921C-8 blades.
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