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NATIONAL TRANSPORTATICN SAFETY BOARD
DEPARTMENT OF TRANSPOKTATION
AYRCRAFT ACCIDENT REPORT

Adopted: June 19, 1969

BRANIFF AIRWAYS, INC.
LOCKHEED 1-188, R9707C
NEAR DAWSON, TEXAS
MAY 3, 1968

SYNOPSIS

A Braniff Afrways, Inc., Lockheed 1,-188, N9707C, operating as
Fiight 352 between Houston and Dellas, Texes, crashed approximately
1 mile east of Dawson, Texas, abovt 1648 c.d.t., May 3, 1968. The
80 passengers und 5 crewmembers aboard the ajrcruft died in the
accident, &nd the aireraft was destroyed.

Following a takeoff from Houswon at 1611, Flight 352 vas
approaching an area of severe thunderctorms astride the airvay
from Houston to ballas at an altitude of 20,000 feet. At 1636:50,
the crew requested a dcscent to 15,000 feet and rermission to deviate
to the west of their iaterded flightpath. The Air Route Traffic
Control Center radar controller advised the crew that other aircraft
were deviating to the east but Flight 352 stated that on their
radar, it looked all right to the west. Their request for deviation
was approved and at 1639:12.5, they were cleared to descend to
1,000 feet. At 1642:20.5, they were advised that another Braniff
f1ight was crossing in front of and below them, and was deviating
to the ecast en route to Dallas, At 164h:21, Flight 352 was clesred
to descend to and maintain 5,000 feet, at their request, and
approximately 1 minute later the crew asked che controller if he
had any reports of hail in the area in which they were flying. The
controlier replied "no" ard again advised the crev thet other flights
were deviating to tue east. At 1647:23, the flight requested per-
mission to make a 180° turn and was cleared to make the turn in
either directicn., ‘The crew acknowledged this clearance at 16h7:35,
and tnere vere no further record=d transmissions from theuw.
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Witnesses observed what appeared to be an explosion in the
sky and saw the aircraft fall to the ground in flames. The
vreckage of the aircraft was found scattered along a line
oriented generally south-southeast/north-northwest. The wreck-
age area was approximately 3 miles long and generally 2,000 feet
vide, Major components, including the right wing in two major

| sections, the empennage, the flight controls, and the two left
PRI engines were recovered separately from the major portion of the
T aircraft.

Pilots flying in the area of the accident, and ground wit-
nesses in and around Dawson, reported that there was a considerable
, amount of thunderstorm activity in the area where the accident
occurred, with numerous reports of lightning, hail, turbulence,
and high winds.

The Board determines that the probable cause of this accident
was the stressing of the aircraft structure beyond its ultimate
: . strength during an attempted recovery from an unusual attitude
induced by turbulence assoclated with a thunderstorm. The opera-
tion in the turbulence resulted from a decision to penetrate an
area of known severe weather.

g
2
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1. INVESTIGATION

1.1 History of the Flight

Braniff Airways, Inc,, Flight 352, was a regularly scheduled
domestic passenger flight between Houston, Texas, and Mewmphis,
Tennessee, with intemmediate stops at Dallas, Texas, Tulsa, Oklahoma,
and Fort Smith and Little Rock, Arkansas. The schaduled gate
departure time was 1600 1/ and takeoff was scheduled for 1605,
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The crew of Flight 352 filed an Instrument Flight Rules (IFR)
f1ight plen requesting flight level 200 (FL 200) via Jet Route 87
to Dallas., The filed true airspeed was 330 knots and the estimated
time en route was 52 minutes.

“ .
.
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The flight lert the gate en time but lts takeoff was delayed
until 1611 due to other truffic in the area. Flight 352 was cleared
to Dallas as filed and reported level at FIL 200 at 1630:40, At
1635:53, the first officer called the Houston Air Route Traffic
Control Center (ARTCC) and said, ", . . A few miles up the road
we'd 1ike to deviate to the west, looks like there's something
in front of us." The controller acknowledged this request and,
because the flight was approaching the handoff point at which con-
trol would be transferred to the Fort Worth ARICC, he passed the
request for the deviation to that facility along with the handoff,
While the handoff was being coordinated between che Centers, the
crev of Flight 352 requested a descent clearance to 15,000 feet,
This message was not heard by the Houston controller, At 1636:15,
the Houston controller instructed Flight 352 to contact Fort Worth
Center and advised the crew that their request for deviation had
been relayed. At 1636:52, Flight 352 contected Fort Worth Center
and again requested e deviation to the west and a descent clearance
to 15,000 feet, The Fort Worth Controller replied ". . . suggest
devistion cast of course, . . . the aircraft arce deviating that,
that way at the present time. . . ." In reply, Flight 352 =aid,
"Mmree fifty two does it look good (better) (.) On our scope
here it looks like to the uh a 1ittle just a little bit to the
west weuld do us real fine." The controller then approved the
deviation to the west and advised the crew to stand by on their
request for an altitude change. At 1639:12.5, Flight 352 was
cleared to descend to ani maintain 14,000 feet, and the crew
reported leaving FL 200 nhortly thereafter. At 1642:20.5, the

1/ A1l times arc central stendard time expressed on the
ok .hour clock anless otherwise noted.
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controller advised Flight 352 that they had ". . . company traffic
(Braniff Flight 154, an L-188) at ten o'clock, eight miles, north-
east bound, at one three thousand. Waco altimeter is two niner
seven six and he's deviating c¢ast of course." This transmission
was acknovledged by Flight 352. At 1643:20, Flight 352 requested
a lower altitude which was denied because of the company traffic
which was then directly below them. At that time, the controller
asked Flight 352 for their heading and was told that ", . . we're
turning over to & heading of three forty degrees now." At approxi-
mately 1643, Flight 352 requested a descent to a lower altitude

and was cleared to descend to and maintain 5,000 feet at 16h'::21,
At 1646:10, the controller asked Flight 352 "Braniff three fifty
two do you indicate the area you're going into there now as being

. + « Tairly clear or do ycu see openings through it?" Flight 352
replied ", . . it's not clear . . . but we think we see an opening
through it." At 1646:32.5, Flight 352 asked the controller if he
had any reports of hail "in this area." The controller replied
"No, you're the closest vne that's ever come to it yet . . . X
haven't been able to, anybody to, well I haven't tried really to
get anybody to go through it, they've all dev .ted around to the
east,.” At 1647:20, Flight 352 requested permission to make a

180° turn ani the controller approved the turn "right or left."

The last recorded transmission from the flight acknowledged this :
clearance at 1647:35. ‘

The Fort Worth Center radar being used in the control Flignt -
352 was aoperating with circular polarization on. This feature is
designed to lessen the interference caused by precipitation echoes
and thus to ass’st the controller in obrerving radar targets of
aircraft in areas of precipitation. Despite the use of circular
polarization, there was an uree of precipitation echoes displayed
on the radarscope which was atcut 10 miles wide, measured from
north to south, and forming a line which extended westerly from
north of Waco, Texas, and northeasterly from Wacc to a point
approximately U or 5 miles cast of the Zntended flightpath of
Flight 352. That portion of the echc northeast of Waco was
approximately 2.5 times wider on its north-.south axis than the
echo to the west., The southarn boundary of this echo was just
north of Vaco at the time of the accident. There was no apparent
difference in intensity of the echo from one portion to another. 2
The echo was so0 bright that it was not possible to see aircraft ;
radar targets, either primary oc secondary, through it. There i
vere no echoes visible farther cast on the radarscope. When the |
controller was unable to establish radio contact with ¥light 352, i
he turned off the normal radar gain in an effort fo de-ect the
trensponder return from the aircraft. This action was accomplished :
within 1 minute of the determination of a loss of radar contact. !
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There was no evidence of any radar target in the area vhere the
precipitation echo had appeared on the radarscope, The radar
used for the control of air traffic is not able to detect the
height of precipitation echoes even when they are visible on
the radarscope.

A review of the transcription of the cockpit voice recorder
tape indicates the crew of Flight 352 first became aware of the
obstacle presented by the storm when it was about 60 niles away
from them. At 1635, a comment appears on the tape from the
cecond officer "Wnat's that, (about) ¥ 2/ sixty miles in front of us?"
The captain replied "and it looks like & pretty good one, too ---
looks like we'd better deviate to the west.” They then requested
the deviations and altitudes previously described.

At 1637:23, the cartain said, ". . . it looks like there's
a hole up nhead to me." And the first officer replied "Yeah."
At 1637:46, the captain made an announcement to the passengers
advising them of the latest Danllas weather, the expented time of
arrival at Dallas, oan schedule at 1658, and that there was &
"}1ittle line of thundershowers" ahead and the flight would deviate
a little bit to the west for a smoother, more comfortable ride.

At 16%1:07, the captain made another announcement to the
passengers advising them that he was turning on the "seat belt"
and "mo smoking" signs "just in the event it's a little choppy
in the area." He stated that his radar was working and le was
going to be able to "go well under and to the west of all the
ttundershowers, but they will be visible to you to the right, « « "
At 1641:42, the captain said "I gaess I can go under." At
1645:16, the capiain instructed the flight enginecer to turn on
the cngine heat temporarily, "at least on number one, till we get
above twelve degrees or a clear arca.”" At approximately 1646:30,
the captain instructed the first officer to ask the controller
if he had any rerorts of hail, which the first officer did at
1646:3, The contrcller replied "o, you're the elcsest one
that's ever come to it yet, . « . I haven't been able to, anybody
to, well I haven't tried really to get anybody to go through it,
they've all deviated around to the east.” Following this trans-
missicn, the captain advised the first officer, "No, don't talk
to hiwn too much. I'm hearing his conversation on this. He's
trying to get us to admit (we're wakin) (we'd made the) (we made
a)3/ big mistake coming through here." The firs’ officer stated

2/ Unintelligible word or phrase.

3/ e words enclosed in parentheses are garhbled and subject to
~  one of the three indicated interpretations.
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shortly after that, ". . . it looks worse to me over there,"
This statement vas followed by the sound of the landing gear
warning horn and the statement of the captain "Let it ring,"
The captain then said, at 1647:20, "Let's make a one eighty"
and the first officer requested permissjon to mske the turn,
from the center, 3 seconds later. The turn was approved "right
o or left" at 1647:26.5. At 1647:29, a sound similar to hail .
e or heavy rain vas recorded and, at 1647:30.5, the first officer
trensmitted “three fifty-two." One-half second later the captain
said, "Let me know vhen we come back around there to reverse "
heeding for rollout." There was no recorded reply to that
instruction. At 1647:35.2, the first officer said "three forty,"
and immediately afterward the sound of a landing gear warning
horn was heard and the captain said "Right." At 164T:141.3,
the sound of a fire warninrg bell was heard and continued until
the end of the recording. At 16%7:41.9, a sound appeared that
was deseribed as being similar to btreakup noise and, at 1647:h2.h,
* . there was a sound induced onte the recorder tape by tne changing
C of the electrical power for the recorder. The recording ended

at 1647:44.1.

-
-

Approximately 75 persons were contacted as possible ground
witnesses to the accident, and statements were obtained from W7
of them. Only one of the witnesses interviewed saw the aircraft \
involved in the amccident turning. Nearly all the observations
that could be correlated with Flight 352 indicated that the ailr-
eraft was in straight and iz2vel flight. One witness stated that

| | he saw the aircraft in a turn to the right, ". . . It had made
i almost & half turn. Then I saw a big red light and a sudden echo
e sound (sie). . . ." He then saw the burning vreckage fall to

the ground.

Several of the witnesses reported seeing a stroke of 1ightning
follcwed by an explosion snd a falling aircraft on fire or a ball
of fire falling to the ground. While some of these witnesses
stated that the lightning struck the aircraft, others stated that
it passed close te, or in front of, the aircraft. However, they
all stated that the lightning stroke was immediately followed by

the explosion and fire.

The witnecsses in and around Dawson reported that it was '
either raining or hailing, or both, with high winds and lightning
at the time of the aceident. The witnesses described the clouds
gs being dark, black, green, or purple, and some of them noted a
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rolling or boiling motion in the lc.ding edge of the clouds.

Some witnesses sald the aircraft came out of clouds and was
approaching another cloud when it exploded. Most of the persons
jnterviewed did not see the aircraft but did cbserve the burning
wreckage falling. A number of the witnesses noted that the flaming
wreckage 1'ell through lower clouds, but witnesses farther eway
were able to see the aircraft above the lower cloud and their
observations of the fall of Lhe wreckage was partially obscured
as it fell through lower clouds.

The main porticn of the wreckage was found in gently rolling
terrein approximately one-half mile cast of Dawson at an elevation
of approximately 456 feet m.s.1. -- (31° 53' 55"N -- 96° h1! 50"W).
The accident occurred at 1648 during daylight.

1.2 Injuries to Persons

Injuries Crev Passengers

Tatal 80
Nonfatal 0
None O

1.5 Damage to Aircraft

The aircraft was destroyed by in-flight breakup, in-flight
fire, impact, and post impact fire,

1.4 Other Damage

Farm builldings destroyed.

1.5 Crew Information

All erewmembers were properly certificated and qualified for
the .. mwositions. (For details see Appendix A,)

1.6 Aidrcraft Information

The aircraft was properly certificated and the records indicate
that it was maintained in accordsnce with existing regulations and
directives. ‘'he records also indicate that the aireraft was air-
vorthy on its departure from Houston. The weight and balance was
within 1imits at takeoff from Houston and was calculated to be within
1imits at the time of the accident. The aireraft was serviced with
a total of 18,000 pounds of Jet fuel at Houstorn. (For detsils see

Appendix B.)
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1.7 Meteorological Information

The weather in the accident area at the time of the acclident
was characterized by considerable thunderstorm activity associated
with a pre-frontal squall line, ‘Thunderstcrms were observed and
reported from Waco, Texas, southwest of the accident site, to
Corsicana, Texas, northeast of the accident site. The 1600 surface
weather chart prepared by the National Meteorological Center showed
a cold front extending scuthwestward frou southern Illinois to
west-central Texas, and a pre-frontal squall line extending scuth-
westward from near Memphis, Tennessee, to about 65 miles southwest
of Fort Worth, Texas.

The 1500 Waco surface weather observation reported in pard
", . . line of cumulonimtus west to north horizon," and at 1600,
", . . line of cumulonimtus west-southwest to west to north, cumulus
maumatus north." At 1635, Waco reported, in a Special observation,
measured 3,500 feet broken clouds, high overcast, visibility 15
miles, thunderstorm, light rain showers, wind 310° 15 knots,
altimeter 29.79 inches, thunderstorm west-northweest, thunderstorm
moving southeast, frequent lightning c¢loud to ground and cloud
to cleud, northwest to north., Waco is approximately 30 nautical
miles southwest of the accldent site.

fyler, Texas, approximately 65 nauticel miles east-northeast
of the accident, first reported cumulonimdus north to northeast
of their station at 1600. At 1700, they reported cumulonimbus
northeast to east, lightning in clouds, and eloud to ground,
northeast to east.

Dallas, approximataly 62 nautical miles north of ths accident,
reported very light rain showers at 1600. At 1636, in a check
observation, they reported large cumulonimbus north to northeast,
dark scuth, cumulus marmsatus northeast to southeast to southwest,
with the pressure falling rapidly. Again, at 1700, they reported
very large cumulonimbus northeast, and cumilus mammatus east to
south to southwest.

Fort Worth, appreximately 60 nautical miles north-nortiwest
of the accident, reported towering cumulus south to southwest
at 1500. A% 1529, in a Special observation they reported a
thunderstorm which began at 1527. This thunderstorm was over the
station moving east. There were also rain showers of unknown
{ntensity west of the staticm. At 1600, they still reported a
thunderstorm cverhead moving east, moderate rain showers which
began at 1531, and occasjonal lightning, cloud to ground, north-
northwest of the station. In a Special observation at 1638,
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they reported the thunderstorm had ended at 1636 and there were
cumulonimbus northeast to southeast of the station.

Radar weather observations were made of the area including
the accident site by five radar weather observation stationms,
including Fort Worth, Waco, Galveston, Bergstrom Air Force Base
and College Station, Texas. Radarscope photographs were made
at Fort Worth, Galveston, and College Station., These stations
are located so as to provide radar weather observations of the
accident site from four different directions. At 1645, Waco
was at the southern boundary of a broken to solid area of thunder-
storm activity.

The Fort Worth 1658 radar weather observation was in part:
a broken area of echoes containing thunderstorms producing heavy
rain showers, with no change in intensity noted during the pre-
ceding hour. This area was east of the intended flightpath of
the aircraft, but enother broken area of echoes containing
thunderstorns prodveing heavy rain showers, with no change in
intensity during the past hour, lay astride the intended flight-
path of Flight 352, There was a clear area approximately 60
nautical miles wide between these two areas., The naximum top of
detectable moisture in the area across the airway (J-87) was
45,000 feet m.s.1l., and the area was moving southeast at approxi-
mately 12 knots.

The Waco 1645 radar weather observation, in part, reported
a broken to solid area of echoes containing thunderstorms pro-
ducing moderate rain showers, with no change in intensity in
the preceding hour. This area overlapped the area astride J-87
reported by Fort Worth.

Galveston reported, in part, at 1645, & scattered area of
echoes containing thunderstorms producing rain showers of unknown
intensity, with cells 15 miles in diameter moving from 270° at
20 knots. This area included the same areas previously described
but vwas being viewed from a position approximately 180 nautical
miles southeast of the accident site.

Pertinent pilot reports summacized at 1530 included reports
of hail and a thunderstorm approximately 60 nautical miles north-
east of the accident site, and a thunderstorm 30 miles north of
Waco was reported to ba 40 noutical miles on its east-west axis
and 25 miles wide on the north-south axis. In the 1620 summary,
there was a report, timed at 1543, of marble-sized hail at 2,500
feet 5 miles northirest of Fort Worth and moderate rain showers
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10 miles wide over Drllas at 1555.

The Fort Worth 1330 radiosonde ascent below 20,000 feet
m.s.1l,, showed absolutely unstable air to near 2,500 feet,
conditionally unstable air from 2,500 to 4,l00 feet, stable
air from 4,400 to 7,400 feet, conditionally unstable air from
7,400 to 15,300 feet, stable air from 14,300 to 17,000 feet
e with conditionally unstable air above 17,000 feet. The air
. was relatively moist below h,hGO feet and generally dry above
that altitude. The freezing level was near 11,900 feet. y

The Aviation Terminal Forecast issued at 1145, and velid
. from 1200 to 0000 was in part as follows: Dallas and Fort
. , Worth 1200-1700, 3,000 feet scattered cliouds ceiling 8,000 feet
i broken clouds, 30,000 feet overcast, surface wind 220° at 13
| knots and gusty, occasicnal ceilings cf 2,000 feet overcast,
visibility b4 miles in thunderstorm, and light rain showers in
the vicinity after 1400, After 1700 until 2000, the ceiling
was forecast to be 3,000 feet broken, 10,000 feet broken, visi-
bility T wiles, variable to 1,500 feet breien, 4,000 feet over-
cast with 3 miles visibility in thundersto:m and moderate rain
shovwers.,

he Weather Bureau Aviation Area Forecast pertinent to the | (
area of the accident was issued by the Forecast Center at Fort :
Worth at 1345, valid from 1400.0200 and vas in part as foliows:
Northwestern, north-central, northeastern Texas, and Cklahoma:
", ., . Cold front at noon near Joplin-Fort Sill-Lubboek line
‘ moving southeastward about 15 knots . . . Along end about 1hO
A miles southeast of the front generally 8,000-10,000 feet scatterea
variable to broken, . . . but scattered thunderstorms developing
during afternoon with conditions locally ceiling 1500-3000 feet
broken varjable to overcast, visibility 2-5 miles, thunderstorms,
hicavy rain showers. Chance few severe thunderstorms with tops
near 50,000 fee'’. occasionalliy forming lines ahead of front and
continuing throughout the night. Possible isolated teornadoes
mainly north-central Texas and southeastern Oklahcma, . . ."
Icing was forecast tc be mixed moderate or greater in thunder-
storms atove the freezing level and turdbulence was forecast to
be moderate or greater 5,000 to 10,000 feet over northwestern
Texas and western Oklshoma, and at all levels in the vicinity
of thunderstorms and buildups.

EESR————

An Aviation Severe Weather Watch Bulletin, Number 135, was
issued by the National Severe Storus Forecast Center at Kansas
City at 1213 which read in part as follows: ". . . Area TvWo.
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Tornado Watch Valid 1400-2000. A. Aleng and 60 nautical miles
ceither side of a line from 60 nautical miles west of Mineral
Wells, Texas, to 60 nautical miles southeast of Fort Smith,
Arkansas. B. Tornadoes. a few severe thunderstcmms, hail,
surface and aloft to 2 inches, extreme turbulence and surface
wind gusts to 65 knots. Scattered cumulonimbus with maximum
tops to 55,000 feet. C. Thunderstorms expected to intensify
in this area during the afternoon with short instability lines
moving eastvard at 15 to 25 knots. General thunderstorms.
Unstable air mass in the eastern portion of southwest Texas end
south-central Texas expected to produce late afternoon and early
evening heavy thunderstorms.”

SIGMET Charley 1, issued by the Forecast Center at Fort
Worth at 1520 valid from 1520 to 2000, was as follows: Over
northeastern and north-central Texas and southeasi portion of
northwestern Texas at 1500 a line of thunderstorms ran from
Texarkana to h0 miles south of Dallas to 40 miles southwest of
Abilene, moving southeastward at 10 to 15 knots. .. few severe
thunderstorms with tops above 50,000 feet. This condition was
expected to continue after 2000.

Tne Branitf Alrways, Inc., Meteorology Department, icsued
a forecast at 1445 which read in par’ as follows: Significent
weather; scattered to broken thunderstorms developing all along
the cold front throush Pennsylvaniam, Kentucky, Tennessce, Arkansas
to Texas. Iocally severe thunderstorms along or in advance of
the dry line dew point front in Texas. Dry line east of Big Spring
to west of Junction to west of Del Rio, Texas. Locally severe
thunderstorms were forecast from 1800 until 0000 in the area
bounded by McAlester, Oxlahoma; Texarxana, Texas; Tyler, Texes;
Austin, Texus; San Antonio, Texas; Junction, Brownwood, Abilene,
Mineral Wells, Perrin, and back to McAlester. Moderate to severe
turbulence was forccast in the vicinity of cells, locally exireme
turbulence in larger cells. Hail up to 1-1/2 inches in diameter
was forecast in the vicinity of the larger cells. Additicnally,
a jet level forecast issued by Braniff at 1210 valid May 3, 1968,
1300 to May b, 0300 reai in part: ". . . Some heavy thunderstorms
expected over north-central Texas . . . Moderate or greater tur-
bulence vicinity of sll buildups any level. . . "' Finally, the
Braniff forecast called for scatiered thunderstorms and moderate
rain showers in the vicinity of Dellas-Fort Worth,'from 1600 to

1730.

The crew of Flight 352 was not bricfed regarding the weather
by any Weather Bureau or FAA personnel prior to their departure
from Houston, and there is no record of any contact between the
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_crew and the company dispatcher or weather office prior to their
departure from Houston. Prior to the crew'’s departure from
B _ Dalins ¢o Houston at 1240, the dispatcher dizcussed the weather
, ' N along the route with the first officer. At that time, the
dispatcher stated, there were no radar summary reports indicating
any lines of thunderstorms south of Dallas, although there were
some showers in the Dallas wurea. '

- . Prior to their departure from Houston, the crew was provided
with SIGMET Charley 1, the 1600 surface weather observations, the
1045 Weather Bureau Terminal Forecasts, the Braniff 1110 Jet Level
Forecasts, the Braniff Terminal Forecast, Severe Weather Watceh

: Bulletin 135, and the 1530 terminal forecast. Additionally, the
) crew had available from the Braniff self-help briefing board all

| the Weather Bureau and Braniff weather data available at the Lime

of their departure from the Houston terminal.

P I o

More than 25 statements were received from aircrews operating
in the general area of the accident, The consensus cf their state-
ments was that the storm centered in this area was one to stay
o away from. Their description of color of the cloud ranged from
B i pale green to dense black, and the tops were estimated to be between

i 26,000 to 140,000 feet. Most of the crews approaching Dallas from =

the south initially regquested deviation to the west of course but (
were info:med that most other crews were deviating to the east. S
Only iwo erews were known to have deviated west of course. The -
captain of Braniff Flight 154, operating from Austin to Dallas, v
stated that, as he approached Waco from the south, he could see
a line of thunderstorms, both visually and on the airborne radar.
He observed "two good breaks in the line west of Waco and the line
of weather was heavy to the east of Waco." He requested permiscsion
to deviate tc the west of Waco from a point ubout 30 miles south.
He was advised by the Fort Worth controller o deviate to the cast
and he sccepted that advice about 1640 because his radar showed
the line of storms ended about TO miles east of Waco. The crcws
who operated east of the line of thunderstorms reported smooth [lying
conditions throughout their operation into Dallas.

The accident occurred in cloudy, daylight conditions.

1.6 Aids to Navigation

Tnere were no reported difficulties with any navigational aids
utilized for flight from Houston to Dallas. The flight was operated
under radar control from departure until just hefore the accident.
At the time of the accident, radar contact had been lost by the
controller when the aireraft's primary and secondary targets
disappeared in the weather return on his radarscope.
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i 1.9 Cqmmunications

There were no reported discrepancies in the communications
recilities and redio contact was maintaipred with the aircrafft
until just before the accident ocecurred.

e et e e
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. 1.10 égrodrome and Ground Facilities

ST 1 Not involved in this accident. J}

1.11 Flight Recorders

i
e N9TOTC was equipped with a Iockheed Air Service edel 7
K 109CR flight data recorder and Fairchild Cockpit Voice Recorder

(CVR) Model A100, btoth of which were recovered in the primary

wreckage area. 4

The flight data recorder cassette was mechanically damaged
but had not sustained any fire damage. Tne flight record medium
was torn and distorted, and the portion vwhich included the record
of the last part of the flight wac seratched and gouged, The
medium was reconstructed and some of it was found to be missing.
Photographs were made of the reconstructed medium, and a readout
was obteined from the 1iftoff point at Houston to the point where
the recorder ceased to operate. These data were plotted on a
graph and the following observations rmade: The reference lines
were consistent with the current calibration; the styli operation
appeared normal, and good time correlation was established between
RET AT the parameters; all parareters were functioning and recording
o laeod throughout the readout time period; and the data derived from the
readout appear to be correct as sensed and recorded. The altitude
data reported were based on & barometric pressure of 29,76 inches
of mercury to convert the pressure altitude to mean sea level
altitude for all altitudes below 18,000 feet. The other altitude
data and parameters were uncorrected for instrument and position
error, and were reported as indicated values.
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- PR The CVR was recovered in a mechanically damaged condition
' but there was no eviience ~7 any fire damage. The stainless steel
container and the tape transport moechanism were undamaged., The
unit had ceased to function due to a loss of electrical power.

A review of the flight data recorder readout shows that the
flight was without remarkable excursions of any traces until
! approxire.tely 36 minutes after tekeoff (1647). At that time
i there was an increase of both frequency and aunplitude of excursions
of the "g" trace and some sharp, small changes in the heading
indication. The excursions of the "g" trace continue to increase
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in amplitude until they reach a uaximum of 4.3 positive "g" at
1647:h1.9. One cther major spike in the "g" trace, of 3.8
positive "g", occurred at 1647:37. The maximum excursion of
negative "g" occurred at 1647:23 when there was an indicaticn
of 0.9 negative "g". At 1€46:56, the airspeed trace, which

had been showing a gradual decrease from 230 knots to 192 knots,
began to increase 4o a value of 216 knots. It then decreased
approximately 10 knots at 1647:21, leveled off for abcut 10
seconds, and then increased abruptly to approximately 360 knots
over a time period of approximately 8 seconds.

The heading trace was without remarkable appearance until
time 1647:21, at which time the heading indicated a turn to the
right from a heading of about 350° to 184° at 1647:40.5. The
trace then went to 180°, back to 200° and back to 182° in &
seconds. From that point, at time 164T:hli, the trace indicated
a turn to 330° and left the app arance of reverse movement of
the styli with relation to time.

Testinony cf a NASA witness indicated that there are errors
in the gyro compass system that are a function of bank angle,
pitch argle, and gyro axis orientation. These errors can become
very large at high bank angles. He stated that the differences
bztween the ccmputed headings and the indicated headings, in
this case, fell within the magnitude of these dewonstrated errors.
He corcluded, therefore, that at any bank angle beyond 70°,
unless piLch angle and gyro axis were very well known, the
heading became indeterminative from the recorded data.

At = tank angle of 45°, the error would be relatively
insignificant. At 60° of bank, the maximum error would be
about 25° and at 90° of bank the error could be &as much as 90°,
As the aireraft turns at these higher bank angles, the heading
errvor will increase from zero to a maximum value and then reverse
and go to a maximum value in the opposite direction. This cycle
will repeat itself as the aircraft passes through each quadrant
of a turn. These errors will disappear as the aircraft tilts
back to level.

The altitude trace leveled off at approximately 9,700 feet
at 1647:04, held near that altitude for about 1L seconds,
indicated an increase to approximately 10,000 feet, then decreased
to an indicated altitude of approximately 4,500 feet, at which
point the trace disappeared. This occurred at 16h?:ﬁ6. In this
connecticn, the altitude of the terrain in the accldent area
was approximately 450 feet m.s.l.
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The CVR apparently functioned norrmally throughout the
flight, and pertinent portions of the recorded data were
reported in precsding parts of this report.

1.12 Wreckage

The right wing, empennage and parts of the aft fuselage,
the left-hand engines, and control surfaces all s.parated in
flight. These parts were found scattered along & wreckage path
which extended generally south-southeast for nearly 3 miles
from the main impact site. The fuselage and left wing struck
the ground in a nose-low, right wing stub down attitude while
traveling backwerd along a line of 228°,

me right wing was fractured in two places, Just out-
board of the fuselage and just outboard of tne No. 4 engine.
Both fructures were bending failures in a positive, or wing-
tip upward direction, and both showed evidence of wing leading
edge up torsion., There was no eridence found in the intact
left wing which indicated overstress compared with that observed
in the right wing.

Both the right horizcntal stabilizer and the vertical
stabilizer failed in bending in a counterclockwise direction
as viewed from the rear of the eircraft. The left horizontal
stabilizer separated from the fuselage, witch portions of the
aft fuselage and the stub end of the right horizental stabilizer
sti1]l attached to the fuselage segment.

All fracture surfaces examined were typical of those caused
by overloads. No evidence of fetigue or in-fiight explosion
was observed. There was r.o evidence of flutter observed on any
major component or on the control surfaces.

Nc evidence waes observed, on eny part of the structure
examined, vhich would indicate that the aircraft had been
recently struck by lightning, nor was there any evidence of
h=il damage. There was no evidence of a fire prior to the in-
f1ight structural failure and no evidence of an explosion
¢creurring in the structure.

The Tirst observed evidence of ground contact of the wain
body of the aircraft was located at an elevation of 156 feet
m.s8.1. There was a shallow crater at this point and another
larger crater approximately 30 feet away on a trus heading of
»28°, Various parts of the cockpit and forward fuselage were
located in and around the first crater, while parts of the
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broken end of the right wing and wing center section were found
in the second crater. The outbvoard end of the left wing was
found facing toward the direction from whieh t%2 aircraft had
come, with a tree wedged into the trailing edge.

The edge of the first crater was chosen as & starting
point to measure the wreckage distribution and designated
Station 000, and a survey base line was extended through the
approximate center of the location of the parts for a distance
of 16,000 feet (Station 16/00). Tnis line measured approximately
129° to Station 2/70, then turned right to 162° to Station 11£50,
and then left to approximately 147° to Station 16£00. With few
exceptions, most of the separated parts were found within 500
to 80C feel on either side of this base line.

The Nos. 1 and 2 engines and their respective propellers,
separated from the engines, were found within 800 feet of
Station 0f00.

The main section of the separated right wing, including
Nos. 3 and 4 engines and the No. 4 propeller were located 1,750
feet east of Station C0£00, and most of the pieces of the right
wing control surfaces wers located along and slightly south of
a line between this section of wing and Station 0£00.

The separated outboard end of the right wing was located
280 feet east of Station 2/60. Most of the left wing control

surface parts and left engine cowl parts were located west of

the base line from Stetions 1£00 to 4£00. The left horizontal
stabilizer was located &0 feet east of the base line near

Station 2/90, the vertical stabilizer and rudder were 3U0 feet
west of the base line near Station 3£20, and the right horizontal
stabilizer 320 feet east near Station 4/90. Most of the piezces
of the rigrt wing planks were found scattered along, and
generally east of, the base line from Station 3}00 to 9/03.

The parts recovered behind Staticn 9£00 were generally ligat

or of relatively low density.

The right wing was recovered in two large, complete sections
and in many small pieces of plenk, beam web, and rib structure.
The outboard end was intact f{rom the tip assembly inboard to
wing Station {WS) 398 along the front beam and leading edge, and
inboard to WS 516 at the trailing edge. This section sustained
relatively little mechanical demage except for punctures of the
leading edge and inward and upward crushing of the tip assembly.
There was evidence of ground f'ire in the area vhere the tip
assembly was recovered. The upper planks outboard of the fracture
area were partially welted and buckled with solidified metal
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drippings hanging vertically unier the wing as it lay in the
field.

The other large section contained Nos. 3 and & engines,
the No. b propeller, engine mcuats, nacelles, and & section of
trailing edge flap. The outer 2xtremitles of this ving section
were WS 122 wrd 448, The leading edge was attached to the front
tean web between the nacelles but had moved forward and upward
in relation to th: vwing in its normal position. The leading
edge lower surface was separated from the wing box structure Just
forwarc. of riser No. 1 with a smooth 45° tensile shear fracture
surface displayed tetween WS 219 and 323. The steel fasteners
attaching the front lip of plank Neo. 1 to the front beam cap
were t