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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C. 20594

ATRCRAFT ACCIDENT REPORT

Adopted: May 5, 1976

CONTINENTAL AIR LINES, INC.
BOEING 727-224, N88777
STAPLETON INTERNATIONAL AIRPORT
DENVER, COLORADO
AUGUST 7, 1975

SYNOPSIS

About 1611 wm.d.t., on August 7, 1975, Continental Air Lines
Flight 426, crashed after takeoff from the Stapleton International
Airport, Denver, Colorado. The aircraft climbed to about 100 feet above
runway 35L and then crashed near the departure end of the runway. The
134 persons aboard the aircraft survived the crash; 15 persons were
injured seriously. The aircraft was damaged substantially.

At the time of the accident, a thunderstorm with associated
rainshowers was moving over the northern portion of the airport. The
thunderstorm was surrounded by numerous other thunderstorms and associated
rainshowers but none of these were in the immediate vicinity of the
airport.

4 The National Transportation Safety Board determines that the
probable cause of this accident was the aircraft's encounter, immediately
following takeoff, with severe wind shear at an altitude and airspeed
which precluded recovery to level flight; the wind shear caused the
aircraft to descend at a rate which could not be overcome even though
the aircraft was flown at or near its maximum lift capability throughout
the encounter. The wind shear was generated by the outflow from a
thunderstorm which was over the aircraft's departure path.
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1. INVESTIGATION

1.1 History of the Flight

On August 7, 1975, Continental Air Lines Flight 426, a Boeing
727-224, operated as a scheduled passenger flight from Portland, Oregon,
to Houston, Texas, with intermediate stops at Denver, Colorado, Wichita,
Kansas, and Tulsa, Oklahoma. The flight departed the passenger terminal

at Stapleton International Airport, Denver, Colorado, with 127 passengers
and 7 crewmembers aboard.

Before they began to taxi the aircraft to the departure runway,
the flightcrew received a broadcast on the automatic terminal information
service (ATIS) which gave the 1537 1/ Stapleton weather in part as
follows: "Temperature-—84°F, wind--070° at 15 kn, and altimeter setting—
30.03 in." At 1606:37, when the Denver tower local controller cleared

the flight to taxi to runway 35L he reported that the winds were 300° at
14 kn.

Two flights preceded Continental 426 on the takeoff from
runway 35L. About 1605, the local controller cleared Braniff International
Flight 67, a Boeing 727-100, for takeoff; he reported that the winds
were 250° at 15 kn with gusts to 22 kn.j(At 1606:33, Braniff 67 reported,
"OK, you got some pretty good up and downdrafts out here from two, three
hundred feet." The local controller acknowledged Braniff 67's report.
Continental 426 did not receive Braniff 67's report, because the flights
were on different radio frequencies,

About 1607, the local controller cleared Frontier Airlines
Flight 509, a Convair 580, to takeoff on runway 35L. The controller
informed Frontier 509 that the winds were 280° at 13 kn with gusts to 22
kn and that Braniff 67 had reported updrafts and downdrafts at 200 to
300 feet. Frontier 509 acknowledged the information. Continental 426
also did not receive this information, because it was operating on the
ground control frequency.

At 1608:58, Continental 426 informed the local controller that
it was ready for takeoff. The local controller cleared the flight to
hold in the takeoff position.

YAt 1609:15, Frontier 509 reported, "...there's a pretty good
shear line there about halfway down 35." The loecal controller responded,
"...you got an altitude on it." TFrontier 509 replied, "Oh about just
like that other airplane called it, about 200 feet." At 1609:31,
Continental 426 transmitted, "426 copied."

1/ All times herein are mountain daylight based on the 24-hour clock.
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At 1610:11, the local controller cleared Continental 426 for
takeoff. He informed the flight that the winds were 230° at 12 kn and,
"there have been reports of pretty stout up and downdrafts and that
shear out there at 200 to 300 feet." The flight acknowledged the clearance
and the information.

The flightcrew of Continental 426 used maximum takeoff thrust
and they stated that all instrument readings were normal when a check
was made at 80 kn indicated airspeed (KIAS). At 1610:58, the captain
called, "V, rotate."2/, and the first officer, who was flying the
aircraft, rotated the aircraft to a pitch attitude of between 13° and
15°. The second officer said that the rotation manuever was normal and
that he saw 14° of pitch on the attitude indicator.

According to the first officer, the aircraft left the runway
just after it had passed over the interstate highway, which is located
about 4,760 feet from the threshold of runway 35L. He saw a positive
rate of ¢limb and at 1611:05 he called, "gear up.”" The captain said
that the aircraft entered heavy rain about the time the first officer
executed the rotation maneuver, The captain turned on the windshield
wipers and, in response to the first officer's command, then moved the
gear handle to the "up" position.

%KAccording to the flightcrew, the aircraft climbed normally to
150 feet to 200 feet above the runway and accelerated to an indicated
airspeed of about V2 +5 kn.3/ The airspeed fluctuated and then decreased
to Vo -5 kn, and the first officer relaxed back-pressure on the control
column. The captain felt the aircraft sink and saw the airspeed at Vjp
-20 kn. He took control of the aireraft, advanced the power levers to
maximum thrust, and lowered the nose to a pitch attitude of about 10°.
The aircraft continued to descend, and the captain attempted to increase
the pitch attitude. Just before the aircraft struck the ground, the
stall warning system activated.

The aircraft first struck the ground on the right shoulder of
runway 35L, just south of the departure end of the runway. It slid
about 1,995 feet and came to rest on an airport road. Initial impact
was recorded on the cockpit voice,recorder {(CVR) at 1611:18, The accident
occurred during daylight hours ay’ 39° 47' 42" N, latitude and 104° 53'
18" W. longitude, and at an elevation of about 5,290 feet m.s.l.

The captain of Braniff 67 stated that when he landed at
Stapleton (about 50 minutes before his departure) he had encountered
moderate to severe turbulence on the approach to runway 26L. While he
was taxiing the aircraft to runway 35L for takeoff, he noticed a large

2/ Vi is critical engine failure speed. Vg is rotation speed. In this
instance, both speeds were identical--132 kn.
3/ Vy is takeoff safety speed; in this instance it was 143 kn,
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dust cloud along the northern portion of runway 35L., By the time he
started the takeoff, the dust cloud had moved west of the runway.

Although the takeoff gross weight of his aircraft was only
130,000 1bs (about 10,000 1bs less than the maximum authorized weight)
the captain of Braniff 67 used maximum takeoff thrust and decided to
climb at Vs +20 kn (10 kn higher than normal) because of the variable
surface winds and his experience with turbulence on arrival at Stapleton.
He noticed moderate to severe turbulence almost immediately after takeoff;
when the aircraft was between 100 and 300 feet above the runway, the
indicated airspeed fluctuated considerably and then decreased rapidly
about 10 to 15 kn. He leveled the aircraft momentarily by decreasing
the pitch attitude from about 12° to 5°, regained the airspeed, and
continued the climbout.

The captain of Frontier 509 stated that when he aligned his
aircraft for takeoff on runway 35L, he noticed some virga 4/ about 1,000
to 1,500 feet above the center of the runway. He saw a dust cloud move
eastward across the runway and the northern half of the runway appeared
to be wet.

The captain of Frontier 509 described the takeoff as normal
for the near maximum load aboard until his aircraft reached an altitude
about 300 feet above the runway, where it suddenly encountered moderate
turbulence and rain. The indicated airspeed was about 130 kn, and he
began to retract the wing flaps from their 15° position. The airspeed
decreased rapidly to about 120 kn, so he stopped the flap retraction at
10°. He decreased the aircraft's pitch attitude, and the aircraft
descended about 100 feet before it regained the airspeed. The turbulence
and rain stopped, and he resumed the climb. Two or 3 minutes later, as
his aircraft flew toward the southwest, he saw a large dust cloud on the
ground—the cloud moved rapidly north along what appeared to be runway
35R, which was under constructicn.

1.2 Injuries to Persons
Injuries Crew Passengers Other
Fatal 0 0 0
Nonfatal 5 10 0
None 2 117

1.3 Damage to Aircraft

The aircraft was damaged substantially,

4/ Precipitation which evaporates before it reaches the ground.
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1.4 Other Damage

A runway end identification light and its supporting structure
were destroyed. : '

1.5 Creﬁ Informatibn

The crewmembers were qualified and certificated for the flight.

A flightcrew change had taken place before takeoff from
Denver. The captain had deadheaded from Los Angeles to join the flight
in Denver. He had been offduty more than 24 hours before he left Los -
Angeles at 1004. The first officer and the second officer had been
offduty for 14 hours 5 minutes before they reported for duty at 1505.
(See Appendix B.)

1.6 Adlrcraft Information

N88777 was owned and operated by Continental Air Lines, Inc.
It was certificated and maintained in accordance with Federal Aviation
Administration (FAA) regulations and requirements. (See Appendix C.)

The alrcraft's takeoff gross weight was 153,665 1bs, which was
slightly below the maximum allowable weight for takeoff on runway 35L.
The center of gravity was within prescribed limits. The aircraft had
about 25,000 1lbs. of Jet A fuel on board.

1.7 Meteorological Information

The surface weather observations at the airport were:

1551 - 9,000 feet scattered, ceiling--estimated 14,000
feet broken, 25,000 feet broken, wvisibility——40
miles, temperature--82°F, dewpoint--48°F, wind--
010° at 7 kn, altimeter setting--30.02 in, thunderstorm
ended at 1550, moved east, cumulonimbus in all
quadrants moving east, rainshowers of unknown
intensity east through south, peak wind--320° at‘
28 kn at 1519, rain began at 1520 and ended at
1540,

- 1624 - similar cenditions to those reported at 1551,
except: temperature~—85°F, dewpoint-—-47°F, and
the wind--080° at 11 kn.

The National Weather Service (NWS) rainfall records showed
that 0.02 in.of rain fell at Stapleton Airport between 1520 and 1540,
The anemometer which provides the official wind information is located
about 1,800 feet southeast of the threshold of runway 35L.

B e
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The NWS terminal forecast for Denver, which was issued at 0940
and which was valid for the 24-hour period after 1000, was, in part, as
follows: 1400 to 2100--10,000 feet scattered, 14,000 feet scattered,

slight chance of an 8,000-foot broken ceiling, thunderstorms and light
rain showers in vicinity.

-

At the time of the accident, there was no SIGMET in effect for
the Denver area.

The NWS weather radar at Limon, Colorado, about 65 miles east-
southeast of Stapleton Airport, showed the following sequence of precipita-
tion echoes near Stapleton Airport.

1555 - No precipitation echoes.

1606 - Small echo about 3 miles in diameter,
1612 - Large echo about 10 miles long and 5 miles wide
: and oriented east-west.

1628 - Small echo about 3 miles in diameter located east
of Denver,

The NWS classified these echoes as weak.

The Continental Air Lines forecast for Denver, valid for 16
hours after 1200 was, in part, as follows: Ceiling above 5,000 feet,
visibility more than 4 miles, wind--240° at 8 kn, and cumulonimbus in
the vicinity in the afternoon but dissipating by early evening. The
flighterew of Continental 426 received this forecast and other weather

information from Continental's dispatcher before they departed Stapleton
Airport.

A construction worker who was located ¥n a trailer about 1/2
mile east of the accident site, stated that between 1550 and 1555 rain
began. The rain was blown from the south by a very strong wind. The
trailer began to shake and the lights went out. .Some time later, he
heard a loud noise and opened a door on the north side of the trailer.
He saw that the roof had been blown off a construction shed located a
short distance north of his location. The roof was on the shed earlier
in the afternoon. He then heard engine sounds and saw the aircraft on
the ground to the west. The shed from which the roof was blown was
built in October 1974 and was open along its southern side. The NWS
wind records for Stapleton Airport showed that from that time until the
day of the accident, the strongest recorded southerly wind was 48 kn.

An aircraft mechanic saw the aircraft when it -hit the ground.
He was located about 2,000 feet east of the aircraft and just west of
the construction shed. He said that the winds had been gusting hard
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from the south during the 10 minutes before the accident and when he
first saw the aircraft on the ground. He estimated that the wind speed
varied from near calm to 50 or 60 mph.

A construction worker, who was located about 1,500 feet north
of the runway 35L overpass and about 1,000 feet east of runway 35L, said
that when the Continental aircraft passed to the west of his position,
all three landing gear were still on the runway. He entered his truck
to move it; when he got out of it a short time later, he looked for the
airplane but he did not see it. Instead, he saw a large cloud of dust
at the north end of runway 35L. He said that about 5 minutes before the
accident, a strong southerly wind blew sand so hard that he took shelter,
When the aircraft passed his position, the wind was from the northeast
at an estimated 10 to 15 mph.

Another construction worker was driving north along the west
side of runway 35R (which was under construction) and about 2,000 feet
from the north end of runway 35L. He first saw the aircraft about 200
feet above the runway and watched it descend to the ground. He estimated
that the wind was blowing from the southeast at a speed of 30 to 40 mph.

1.8 Aids to Navigation

Not applicable.

1.9 Communications

There were no communication problems.

1.10 Aerodrome and Ground Facilities

Stapleton International Airport is about 5 miles northeast of
downtown Denver, Colorado. One set of parallel runways, 08-26, right
and left, and one single runway, 17R-35L, were available. A fourth
runway, 17L-35R, was being constructed at the time of the accident.
Runway 35L is 11,500 feet long and 150 feet wide and is" constructed of
concrete. (See Appendix D.) Adirport elevation is 5,330 feet m.s.l.

1.11 Flight Recorders

N88777 was equipped with a Fairchild Model 5424 flight data
recorder (FDR), serial No. 5071, and a Sundstrand Model 557 cockpit
voice recorder (CVR), serial No. 2541.

The CVR recording was of poor quality. The cockpit area
microphone and flight engineer’ channels were essentially unreadable.
The recorder heads were worn excessively and were dirty. The recorder
electronics were not properly adjusted.
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The FDR foil medium was undamaged and the traces were recorded
clearly. (See Appendix E.,) However, the airspeed trace oscillated
irregularly throughout the takeoff and flight. The trace for the previous
takeoff was examined; there were no oscillations in that trace. The
altitude trace was also erratic; variations in altitude were recorded
while the aircraft was on the runway. According to the trace, the
maximum altitude to which the flight ascended was 53 feet above the
runway. 5/ The vertical acceleration trace fluctuated above and below
1.0g until about 8 seconds before impact; it then increased to a mean
value of 1.15g and decreased to 0.83g just before impact.

FDR information was correlated with CVR sounds by matching the
FDR elapsed time values, at which initial impact occurred, with the
sounds of initial impact on the CVR tape. This correlation indicated
that the local controller transmitted wind information to the flight
before the takeoff roll began. Continental 426 acknowledged that transmission
65 seconds before impact. The call, "VI rotate" was made 45 seconds
after the flight had acknowledged the wind information and at an indicated
airspeed of about 132 kn. The "gear up" call was made 7 seconds later
when the airspeed was approximately 154 kn. About 2 seconds after that
call, the airspeed decreased from 157 kn to 116 kn in about 5 seconds.
The aircraft crashed 6.6 seconds later at an airspeed of 126 kn.

Because of the wind problems reported by Branlff 67 and Frontier
309, the Safety Board examined their FDR's.

Braniff 67's FDR traces were clearly recorded., They did not
appear unusual until about 43 seconds after the takeoff roll began; the
indicated airspeed then decreased from 157 kn to 134 kn during the
following 15.6-second interval. As airspeed decreased, the altitude
_ trace increased for 6.5 seconds, decreased slightly for about 2 seconds,
and then began to increase again. Also, during this interval, the
vertical acceleration oscillated above and below 1.0g; it reached a
maximum of 1.31g and a minimum of 0.27g.

Thirty-seven seconds after the takeoff roll began, Frontier
509's FDR airspeed trace began to vary irregularly and continued to vary
throughout the following 1 minute 8 seconds. About 17 seconds after
liftoff, the airspeed decreased from 155 kn to 119 ko in 10.8 seconds.
During the latter period, the altitude trace remained almost constant at
250 feet above the runway, and the amplitude of the vertical acceleration
oscillations increased from about 1.15g to l.4g.

1.12 Wreckage

The aircraft first hit the ground 387 feet south of the
departure end of runway 35L and 106 feet to the right of the runway
centerline. A gouge, about 7 in. deep and 24 in. wide, was located 132

2] Recorded altitude tolerances are + 100 feet.
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feet north of the point of first contact. The first impact area was 296
feet long, and it diverged from the runway centerline at an angle of
about 3° to the right, Parts of the thrust reverser for the No. 2

engine and numerous small sections of interior skin from the aft fuselage
were scattered along this area. (See Appendix F.)

The aircraft continued northward to a second impact area-—
about 135 feet north of the end of the first area. The main portion of
the second area was 55 feet long and 4 feet wide. The aircraft slid
northward from this area and came to rest about 1,600 feet north of the
departure end of runway 35L and about 160 feet to the right of the
extended runway centerline.

The aircraft remained intact generally. The forward fuselage
was split open circumferentially near fuselage station (FS) 277 on the
right side and at FS5 390 on the left side. The aft fuselage was split
open circumferentially near FS 1050 on the right side and near FS 1100
on the left side.

The trailing-edge flaps on both wings were extended 15°, the
leading-edge flaps and slats on both wings were fully extended; the
ground and flight spoilers on both wings were retracted, and all three

-landing gear were retracted. The three engines remained in their mounts

and their thrust reversers were in the forward position. The fuel
shutoff and power lever controls on the No. 2 engine were in the full
open position. The forward end of the fuel shutoff lever was bent and
the lever could not be moved. The engine operating control cables were
loose because of aft fuselage damage. Although the fuel lines to the
engines were stretched, they remained intact and contained fuel.

There was no evidence of a failure or malfunction in the
aircraft's systems, structure, or powerplants before the aircraft struck

the ground.

1.13 Medical and Pathological Information

1

There was no evidence of any medical or physiological problems
that might have affected the flightcrew's performance. The captain and
one of the forward flight attendants received vertebral compression
fractures; the captain's scalp was lacerated. The first officer and
second officer received minor head injuries. One flight attendant
received a fractured shoulder, and another, a fractured rib. A fourth
flight attendant had multiple contusions, abrasions, and bruises which
required hospitalization for more than 48 hours.

Six passengers received lumbar or thoracic vertebral fractures;
one of these passengers also received serious injuries to her right leg
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and both of her feet. Two passengers received fractured ankles. Two
passengers, one of whom also had a severe neck strain, were hospitalized
for more than 48 hours with multiple contusions, abrasions, and bruises,

1.14

1.15

Fire
There was no fire.

Survival Aspects

According to the second officer, when the aircraft came to

rest he heard a loud explosive sound and screaming from the passenger

cabin.

He said that he was dazed and shaken and that he attempted to
open the cockpit door, "but I don't know what T was holding onto when I

was trying to open it; I don't know if I had thé door knob," He then
yelled "Fire, let's get out of here!" because he thought the aircraft

was on fire.

After the captain had tried to shut off the aircraft

engines, he escaped through the left cockpit sliding window; the first
officer and second officer escaped through the right cockpit sliding

window.

They did not use the escape ropes. These two crewmembers then

assisted passengers off the wings and directed them to a safe area. The
flightcrew did not complete the published aircraft shutdown procedures
nor the aircraft evacuation procedures.

The flightcrew stated that they did not go to their evacuation

duty stations because they thought the aircraft was on fire and would

explode.

The first officer said that he reacted strongly to the instinct

of self-preservation. The second officer testified that although he did
not see fire or smell smoke, the exploding sounds and his recollection
that fire usually occurs in aircraft acecidents led him to believe that
the alrcraft was on fire,.-

The captain returned to the cockpit through the left cockpit

window and again tried unsuccessfully to shut off the engines. He then
opened the cockpit door and assisted one of the forward flight attendants
from under the coat closet and directed the other out the right cockpit

window,

He left the aircraft and discussed the engine problems with

firemen, who had responded to the crash alarm. The captain again returned
to the cockpit but could not shut off the engines. The firemen then
injected fire extinguishing foam and water into the engines and they

stopped.

The two flight attendants, who were seated on aft-facing seats

near the forward main entry door, were knocked unconscious when their
heads struck the unpadded forward cabin bulkhead during the crash sequence.
They were then trapped in their seat by the forward coat closet which

had broken loose from its attachments. The closet tipped forward against
the cabin bulkhead and inward toward the center aisle and blocked the
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main entry door. Numerous c¢lothing bags spilled from the closet and
ed blocked the aisle. The No. 1 galley also tipped inward toward the
5. center aisle but did not block the forward galley door.

Two flight attendants were seated on the aft flight attendants'
Jumpseat, which is attached to the door leading to the ventral stairway.-
They sald that thelr seatbelts and shoulder harnesses were secure, but
that during the crash sequence they slid from beneath their seatbelts
and bruised their backs on the forward edge of the seat. One flight
attendant grabbed the handle of the ventral stairway door to support
herself; she stated that the door opened and injured her shoulder.
After the alrcraft came to stop, the other attendant unfastened their
harnesses and seatbelts; she then climbed forward over the passenger
1 sets to help the passengers who were already escaping through the four
overwing window exits. The attendant with the injured shoulder directed
the passengers forward to these exits. The aft exits were not used
because the engines were running at high power settings and were creating
considerable noise and confusion. Also, a passenger had reported that
the aft galley service door was blocked by debris.

he The passengers initiated the evacuation through the four
overwing window exits and the forward galley door. There was no evidence
that the running engines adversely affected or impeded the passengers'
escape through any of these exits. The evacuation was completed in 3 to
 on 4 minutes.

i net Numerous articles from the galleys and overhead storage containers
q1id were strewn about the cabin. Numerous ceiling panels were dislodged and
they partially blocked the aisle and other escape routes. Although the
cabin floor was ruptured in several places, all passenger seats remained
attached to their supporting structures. All seatbelts remained intact,

+ 1.16 Tests and Research
en

ants 1.16.1 Wind Analysis

it

The Safety Board considered several analyses of the surface
rned and low-level winds that might havecexisted on-the Stapleton Airport
near and at the time of the accident. An independent analysis 6/ which
was made available to the Safety Board is believed to indicate most
clearly the probable atmospheric conditions that existed at the time of
the accident and the manner in which the conditions affected the surface

ats and low-level winds on the airport.

uence. 6/ Dr. Fernando Caracena, Exhibit Nos. 5E and 5E-1, October 23, 1975,
and December 19, 1975, NTSB Docket No. 76ADCAZ002. At the time he

inst made the analysis, Dr. Caracena was on a post-doctorate fellowship

with the National Center for Atmospheric Research. Dr. Caracena's
assistance in this part of the investigation was encouraged by the
Air Line Pilots Association.
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The wind analysis included data from 14 anemometers located in
the vicinity of Stapleton Airport and hourly averaged data from five
other stations in the Denver area. Nine of the anemometers were located
north and northeast of runway 35L; they could record wind speeds of up
to 26 kn.

The data were processed by smoothing the recorded wind speeds
and azimuth angles. Through the use of a time-space conversion technique,
a spatial array of surface wind vectors was produced for a 20-minute
period, from 1600 to 1620. An isogon analysis’technique was then used
to transform the spatial array into an average surface streamline
pattern. This technique produced a fixed pattern of streamlines which
approximated surface wind conditions on the airport.

The streamline patterns indicated that several centers of
divergence 7/ and several lines of convergence 8/ probably existed on
the airport. The patterns indicated the direction of the horizontal
winds which were produced when the downdrafts were converted into horizontal
winds at or near the earth's surface. By varying the position of the
streamline patterns with respect to runway 35L in a manner which reflected
the probable movement of the thunderstorm, the relationship of surface
wind direction to runway heading was established in 2-minute intervals
throughout the 20-minute period.

The streamline patterns were further defined for the time periods
when Braniff 67, Frontier 509, and Continental 426 were using runway 37L
and are shown in Figures 1, 2, and 3, respectively. A comparison of the
streamline patterns applicable to these aircraft indicates that after 1ift-
off, Braniff 67 probably encountered a less severe southerly wind over
the north portion of the runway than Frontier 509 encountered because
the divergence center was moving east-northeast and was in a position to
produce stronger winds when Frontier 509 departed. The center's movement
created even stronger southerly winds when Continental 426 departed —-
about 3 monutes after Frontier 509.

A small-scale streamline pattern was constructed for the
surface winds which probably were in the immediate vicinity of runway
35L when Continental 426 began its takeoff roll. This pattern more
clearly shows the surface wind flow which probably existed at that time.
It indicates that Contimental 426 probably began the takeoff with a
slight tailwind. It then passed through an area of convergence in which
it probably encountered updrafts and extremely variable horizontal
winds. As the aircraft continued north, it probably passed just east of
the center of divergence. As it approached the center of divergence,
the aircraft would have encountered headwinds followed rapidly by tailwinds
after it passed the center of divergence.

7/ The surface impact center of downdrafts associated with a thunderstorm.
8/ The surface line along which the horizontal outflows from two or more
centers of divergence converge.
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Streamlines drawn from time-space conversion/isogon analysis superimposed on runway 35L at
Stapleton Airport showing the probable runway and surface wind relationship at 1605:30 m.d.t.
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Streamlines drawn from time-space cohversion/isogon analysis superimposed on runway 35L at
Stapleton Airport showing the probable runway and surface wind relationship at 1607 m.d.t.
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bl at Streamlines drawn from time-space conversion/isogon analysis superimposed on runway 35L. at
l.t. Stapleton Airport showing the probable runway and surface wind relationship at 1610 m.d.t.
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The speeds of the surface winds produced by the outflows from
the centers of divergence could not be determined, primarily because the
recording capability of most of the anemometers was limited to a maximum
of 26 kn. However, actual speeds well above 26 kn probably existed as
evidenced by witness statements and the physical damage to the construction
shed located near the north end of the Tunway.

The vertical wind environment was explored theoretically by
relating the magnitudes of the changes in horizontal surface wind velocity
(with respect to horizontal distance) to changes in vertical wind velocity
(with respect to height above the surface). This approximate relationship
provided an insight into the magnitudes of the vertical winds which
could have existed, and it indicates that the maximum vertical wind was
a downdraft of about 18 fps at the center of divergence which was located
Just west of the center of runway 35L. This relationship also showed
that, theoretically, horizontal wind speeds would have been greater at
higher altitudes above the runway surface.

1.16.2 Aircraft Performance Analysis

At the Safety Board's request, The Boeing Company analyzed the
information from Continental 426's FDR to determine: (1) The reason or
reasons for the irregularities in the FDR altitude and airspeed traces,

(2) the probable characteristics of the atmospheric enviromment which
the aircraft encountered, and (3) whether the aircraft could have penetrated
successfully the probable environmental conditions.

FDR Altitude and Airspeed Irregularities

Since the accuracy and response times of the FDR pressure
recording mechanisms assture the timely recording of pressure variations,
it appeared that the pressure variations sensed by the FDR were caused
by local low-and high~pressure regions in the environment traversed by
the aircraft, The impact of crosswinds on the aircraft's static pressure
ports or the aircraft’s high pitch attitudes while it was close to the
ground during the rotation maneuver also could have caused the variations.
The airspeed fluctations were of such high magnitude and frequency that
they could not have been caused by changes in the forces acting on the
aircraft, which are produced only by changes in configuration, attitude,
or power. Therefore, the airspeed variations must have been caused by
the effects of very strong wind gusts on the aircraft.

Characteristics of Atmospheric Environment

The manufacturer compared theoretical aircraft performance
with actual aircraft performance, as recorded on the FDR.,
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For each of the six comparisons (see Figure 4), the horizontal
wind component was derived by finding the difference hetween the aircraft's
iﬁe groundspeed and its true airspeed. The indicated airspeed from the FDR
o provided the means for determining the latter, while the groundspeed
depended on the regime of the aircraft's operation. The vertical wind
5 component was derived by finding the difference between the aircraft's
uction rate of climb relative to the ground and its rate of climb relative to
the air., The former was determined from the altitude profile by differen-
tiating altitude with respect to time, and the latter was determined
from the aerodynamic equations of motion; that is, known values for
oc%ty thrust, drag, weight, airspeed, and ground acceleration, were used to
oc1?y calculate the rate of climb relative to the air.
nship
For the takeoff roll, groundspeed was determined by integrating
as [ . . .
. the aircraft's acceleration, which was computed from the equation of
ated motion, Known values for thrust, drag, rolling resistance, and aircraft
weight were used., However, since thrust could have varied with engine
t performance and since the point of liftoff could have varied with the
point at which the takeoff roll began, horizontal wind components were
calculated for six performance situations. In each situation, thrust
and brake-release points were assumed to have varied as follows:
the Case I: Average takeoff thrust; brakes released 150
or feet from the beginning of the runway; altitude
s profile above 35 feet was faired into FDR
' altitude trace.
hetrated
Case I1I: Maximum takeoff thrust; brakes released 150
feet from the beginning of the runway; altitude
profile faired into FDR trace.
Case III: Maximum takeoff thrust; brakes released 300
PS5 feet from the beginning of the runway; altitude
'3 profile faired into FDR trace.
Posure Because the FDR altitude trace was erratic for most of the
& flight, assumptions about the aircraft's flightpath after it lifted off
~ONS. the runway were required to determine the probable horizontal wind
Zt components which affected the aircraft's performance.
de, Case IV: Maximum takeoff thrust; brakes released 300 feet
y from beginning of runway; altitude profile
above 35 feet arbitrarily faired to 150 feet
above the ground and back to impact.
Case V: Maximum takeoff thrust; brakes released 300 feet
from beginning of runway; altitude profile
above 35 feet arbitrarily faired to 100 feet
above the ground and back to impact.




HORIZONTAL AND VERTICAL WINDS DERIVED FROM AIRCRAFT PERFORMANCE ANALYSIS
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Case VI: Maximum takeoff thrust; brakes released 300
feet from beginning of runway; above 35 feet.
profile faired from average load factor data
and assumed descent rate; rotation assumed
earlier than indicated by FDR.

First, for all of the cases, it was assumed that the aircraft
allowed a typical flare path from liftoff to an altitude of 35 feet
above the runway. This flare path was established from flight-test data

‘for an aircraft with a thrust-to—weight ratio similar to that of N88777.

The horizontal distance flown as N88777 climbed to 35 feet was assumed
to be the same as the distance flown during the flight tests.

Second, for all cases, it was assumed that the aircraft's
acceleration relative to the ground from an altitude of 35 feet to
impact was the average acceleration needed for the aircraft to fly the
distance in the given time period from 35 feet to impact. Integration
of the aircraft's acceleration relative to the ground yielded the aircraft’s
groundspeed.

Third, for each case, the aircraft's angle of attack was
computed by using the average load factor data and the airspeed data
from the FDR. The aircraft's pitch attitude was computed from the angle
of attack and flightpath angle. The latter is geometrically related to
the airspeed vector and a component of rate~of-climb relative to the
air,

In order to model the alrcraft's flightpath above 35 feet,
various altitudes were assumed. For three of the cases (Cases I, II,
III), the altitude profile was faired from 35 feet into the FDR altitude
trace. For Case IV, the altitude profile was arbitrarily extended to
150 feet above the runway, and for Case V, the altitude was extended to
100 feet.

For Case VI, an arbitrary flightpath was constructed in which
the aircraft was rotated prematurely to its maximum ground attitude.
The flightpath differed from that of the other cases because the altitude
profile from 35 feet was faired into an altitude profile obtained by
integrating the aircraft's mean load factor.

The plot of horizontal winds (Figure 1) indicates that the
aircraft probably encountered increasing and decreasing, or gusty,
tailwinds from the brake-release point to about the 2,400-foot point on
the takeoff roll. From the latter point to the point of aircraft
rotation, which occurred about 5,400 feet from the brake-release point,
the aircraft probably encountered horizontal winds which varied between
headwinds of 10 kn and tailwinds of 10 kn. After the aircraft was
rotated, it probably encountered increasingly gusty headwinds up to 20
kn. Shortly after liftoff, the aircraft probably encountered a tailwind
of increasing intensity. The magnitude of the tailwind at impact was
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calculated to have been between 60 kn and 90 kn, depending on which
thrust level and brake-release point were assumed.

Since the FDR altitude trace was erratic, assumptions were
made about the aircraft's altitude profile; since the vertical winds
depended on the aircraft's rate of change in altitude as computed from
the assumed altitude profiles, the vertical winds should be considered
approximations which roughly define the possible nature of the vertical
wind environment.

The variations in the vertical winds for Cases I, II, and III
indicate that the aircraft might have encountered updrafts of 48 to 78
fps after it was rotated. At impact, the aircraft was probably
affected by vertical winds which ranged from an updraft of about 5 fps

to a downdraft of 26 fps, depending on which thrust level and brake-
release point were assumed.

For Case III, the aircraft's angle of attack and its pitch
attitude rapidly increased about 9° during the 7 to 8 seconds before
impact. During most of this period, the aircraft's angle of attack was
high enough to have caused the stall warning system to activate.

Cases IV and V indicate that the aircraft might have encountered
updrafts of 42 to 54 fps, which were followed by downdrafts of 15 to 30
fps. These values depend on assumptions made regarding the altitude
profile. All cases indicate that the aircraft probably encountered
updrafts after liftoff which then diminished to slight updrafts or
moderate downdrafts.

Penetration of Environmental Conditions

i{The conclusion derived from the analysis is that the accident
was unavoldable considering the altitude and airspeed at which the
aircraft encountered the adverse winds because the aireraft was performing
at or near lts maximum capability at that time.

1.17 Other Information

1.17.1 Continental Air Lines Normal and Noise Abatement Takeoff Procedures

Section 3 of Continental's B-727 Flight Manual specified
procedures for both normal and noise abatement takeoffs. Pertinent
normal takeoff procedures were specified as follows:

"At VR, rotate the airplane smoothly to the takeoff
climbout attitude of approximately 13°. The rate of
rotation shodld be approximately 2° per second. When the
airplane is rotated at the proper rate, lift-off will
normally occur before reaching 10° of body angle, allowing
rotation to be continued until climbout attitude is
reached."
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"Excessive rates of  rotation must be avoided. If the
rate of rotation exceeds the proper rate, it is possible
to reach an attitude that will cause the taill skid to
contact the runway before the airplane can 1ift off."

"The ajirplane will normally attain Vo + 10 assuming all
engines are operating, approximately 35 feet above the
runway."

The noise abatement takeoff procedures provided:

"The normal takeoff procedures and profile complies with
noise abatement congiderations.... The initial climb
attitude will vary from 11 to 15 degrees. The attitude
that will satisfy the most critical situation (engine
failure after V1) will result in an airspeed very near Vj
+ 10 with all engines operating. When noise abatement is
not a consideration, climb at Vo + 10 (max. body angle
15°) until obstacle clearance is assured."

Phase I (takeoff to 1,500 feet) noise abatement procedures
provided:
"{a) maintain takeoff power; (b) climb at Vy + 10 (max.
body angle 15), (c) maintain takeoff flap setting unless
the Aircraft Flight Manual allows selection of lesser
flap settings while maintaining Vo + 10."

There was nothing in the manual which provided for alteration
of the takeoff procedures in the event that variable or gusty surface
winds existed, or were suspected to exist, or in the event that low-
altitude turbulence or wind shear existed, or was reported to exist.

1.17.2 Continental Air Lines, B-727 Pasgenger Evacuation Procedures

Section 1 of Continental's B-727 Flight Manual for flightcrews
specified flightcrew duties during passenger evacuations. The flightcrew
was responsible initially for various activities in the cockpit related
to shutting off the engines and electrical power. During the completion
of these duties, the announcement, "Easy Victor - Easy Viector" was
required to be made on the passenger address system to inform the flight
attendants to begin passenger evacuation.

After completion of their cockpit duties, the flightcrew were
assigned the following duties:

"Captain - Forward Cabin; proceed to cabin, evaluate
escape potentials and direct the evacuation of passengers.
When all possible assistance has been rendered, leave
airplane and direct passengers away from area."
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"First Officer - Mid Cabin; supervise evacuation of the
mid cabin area. When all possible assistance has been
rendered, leave airplane and assist in directing passengers
away from area.

"Second Officer - Aft Cabin; supervise evacuation of the
aft cabin area. When all possible assistance has been
rendered, leave airplane and assist in directing passengers
away from area."

The manual did not contain any information regarding flight
attendant evacuation duties,

Section 6 of Continental's Flight Service Manual for flight
attendants specified the following duties for flight attendants during
passenger evacuations:

"No. 1 (forward) Flight Attendant - open the forward
galley emergency door and inflate the slide.

"No. 2 (forward) Flight Attendant - open main cabin door
and inflate the slide.

"No. 3 (aft) Flight Attendant - open the aft service
emergency door; slide inflates automatically."

"No. 4 (aft) Flight Attendant - open the aft galley
emergency door and inflate the slide.™

The manual did not contain any information regarding flightcrew
evacuation procedures or duties.

1.17.3 Continental Air Lines Emergency Evacuation Training

Continental Air Lines provided separate emergency evacuation
training for their crewmembers-—flightcrews and flight attendants.
Different training personnel administered the training programs and
there was no standardization between the programs. The two different
training programs were as follows:

Flightcrews—-The flightcrews received their emergency evacuation
training from the pilot training department. The training generally
consisted of the actual operation of an exit door during initial training,
evacuation shutdown-procedure training in the simulator on each proficiency
check, and a review of evacuation films and the location and operation
of evacuation equipment during recurrent training. The training did not
include an indoctrination on the evacuation duties of the flight attendants.




