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EXECUTIVE SUMMARY

On November 15, 1987, Continental Airlines, Inc., flight 1713, a McDonneil Douglas DC-9-14,
N626TX, was opefating as a regularly scheduled, passenger-carrying flight between Denver,
Colorado, and Boise, idaho. The airplane was cleared to take off following a delay of approximately
27 minutes afier deicing. The takeoff roll was uneventful, but following a rapid rotation, the
airplane crashed off the right side of runway 35 left. Both pilots, 1 flight attendant, and 25
passengers sustained fatal injuries. Two flight attendants 2 1w 52 passengers survived.

The National Transportation Safety Board determines that the probable cause of this accident
was the captain’s failure to have the airpfane deiced a second time after a delay before takeoff that
led to upper wing surface contamination and a loss of contro! during rapid takeoff rotation by the
first officer. Contributing to the accident were the absence of reguiatory or management controis
governing operations by newly qualified flightcrew members and the confusion that existed
between the flightcrew and air tratfic controllers that led to the delsy in departure.

The safety issues discussed in this report include:

L pilot training;
. aircraft deicing procedures; and
] winglip vortex generation and lifespan.

Recommendations concerning these issues were addressed to the Federal Aviation
Admirustration, the National Fire Protection Association, the American Association of Airport
Executives, the Airport Operators Council International, and Continental Airlines, Inc.



AIRCRAFT ACCIDENT REPORT

CONTINENTAL AIRLINES, INC.
FLIGHT 1713
McDONNELL DOUGLAS DC-9-14, N626TX
STAPLETON INTERNATIONAL AIRPORT
DENVER, COLORADO
NOVEMEBER 15, 1987

1. FACTUAL INFORMATION
1.9 Hiswony of the Flight

On November 15, 1987, Continental Airiines, Inc., {(Continental} flight 1713, a
McDonneli Douglas DC-9-14 registered in the United States as N626TX, was a reguiarly scheduled,
but delayed, passenger-carrying flight between Denver, Colorado, and Boise, Idaho. The original
departure time of 1225 was adjusted due to adverse weather conditions at Denver. The flight was to
be the firsc of a 3-day sequence of flights for the captain and first officer. Continental flight 1713
was 10 be the beginning of the captain's third trip sequence as a DC-9 captain and the first officer’s
second trip sequence as a line first officer in the DC-9.

The c¢aptain commuted to Penver from San Diego, California, arriving at 1118, about
12 minutes before his scheduled "show time" of 1130. The first officer commuted to Denver from
Houston, Texas, on the previous day.

Between 1200 and 1230, the captain signed a dispatch flight release for flight 1713. The
captain indicated on the release that he was a "high minimums” 7 captain. The captain also asked for
a weather update from the Continental weather clerk a short while later. While the crew was in the
gate area of the termina! awaiting the arrival of the airplane, one of the flight attendants asked the
captain who was going to make the landing at Denver on the return leg. The captain replied that he
would be making the landing. The flight attendant later stated that she was concerned because she
had heard that the weather was supposed to remain poor at Denver and she knew that the first
officer was new to the company.

At 1303, the first officer contacted clearance delivery and received a routine ciearance to Boise
Airport; however, the flight did not request taxi clearance from air traffic control even though their
path 1o the deice pad crossed a designated airplane movement area. Denver Tawer is not equipped
with Alrport Surface Detection Equipment (ASDE} and visibility was about 2,000 feet. Consequently,
air traffic control was unaware that flight 1713 had taxied from its gate. The flight then proceeded
to the deice pad where it was deiced between snorkels 1 and 2 after the crew shut down the engines.

Title 14 CFR 121,652 states, in part, that: “if the pidot in command of an arrplane has not served 100 hours as pilot in command
n operations under this part in the type of airplane he i3 operating, the MDA [mimmum desent altitude! or OH [descent hesght]
and vistbility landing minimums 1 the certificate holder’s operations specification . .. are increased by 100 feet and one-half
mile (or the RVR [runway visual range] equivalent). The MDA or DH and wisibility minimums need not be increased above those
applicable to the airport when used as an alternate airport, but in no event may the landing minimums be less than 300 anc 1.7



The operator of a deicing truck that assisted in the deicing of flight 1713 stated thatl the trucks had
hbeen ordered to spray the tail surfaces of every airplane going through the deice pad. He
characterized some accumulations of snow on airplanes ac 1 inch, but he did not specificaily
remember the upper surface accumulation on flight 1712 He recalled an icesslush buildup on the
nose gear of the airplane, which he removed.

The cockpit vuice recorder (CVR) indicated that the last sound of deicing spray hit the airplane
at 1346:22. At 1347:30, one of the flighicrew members stated “Blast off,” and at 1349:01, a
flightcrew member called "Commence start.”

Meanwhile, at 1346:58 Continental flight 594 called clearance delivery with a request 1o go to
the deice pad. The clearance delivery controller told the flight to monitor ground control. At
1347:33, the ground controlier told the flight to "taxi to the pad.” Continental flight 534 stated that
they were pgrevented from taxiing because they were blockad by another Continiental airplane. The
ground controller then told flight 594 to let him know when they could taxi, and they replied
“Wilco." Several minutes later, the flightcrew stated that they were ready 1o taxi to the deice pad,
and the controller replied "Continental 594, watct for two companies inbound to the-e, taxi 1o the
north side of the runup 35 left.” The flightcrew responded with "594. The crew, did not question
the controlier's instructions, and contrary 1o those instructions, taxied to the deice pad to be deiced.

At 1351:12 the crew of flight 1713 contacted clearance delivery for the second time with the
radio call . . . taxi from the ice pau.” The clearance delivery controller acknowledged with the radio
call "Continental 1713 monitor ground twenty-one nine.” The ciesrance delivery controller tater
stated when he received this transmission he thought flight 1713 was still at its gate and was asking
for clearance to the deice pad. He did not note that the captain used the word “from™ in his radio
transmission.

Several secongs later, the ground controller contacted flight 1713 with the radio call
"Continental 1713 left side taxi to the pad give way to two companies on the south side of Delta
goin’ into there it's an Airbus and a2 ah MD-80." The crew initially responded with “Roger,” but after
some cockpit discussion about the intent of the instructions, requested clarification. The ground
controlier responded, "Yeah behind the Airbus, | think ah he's just got out of the alleyway now.
They're goin’ northbound.”

At 1358:51, the captain called for the taxi checklist which was accomplished shortly afterward.
The flightcrew taxied the airplane from the deice pad to the ramp area near ihe end of runway 35L
where they awaited takeoff clearance. At that juncture, the order of flights on the north side of the
runup area for runway 35L was as follows: Continental flight 1617, Continental flight 65, and
Continental flight 1713. A short while later, Continental flight 875 taxied in behind flight 1713. The
order of aircraft on the south side of the runup area at that time was as follows: United flight 227
and TWA flight 124.

At 1400:56, the local controiler cleared Continental flight 1617 into position to hold. The CVR
revealed that a crewmember of flight 1712 then said "We're next." This was not a radio
wransmission. Shortly afterward, the local contralier attempted to contact Continental flight 594 to
clear it onto the runway but received no response. At that time, flight 594 was still in the deice pad
with engines and radios off. At 14G5:14, Continental Flight 65 took off. Shortly afterward
Continental 875 acknowledged a ras o check from the tower controlier. At 1405:53, the captain of
fiight 1713 then prompted the first officer to advise the tower controller that they were in the
number one position on the north side.

Between 1402:46 and 1404:59, the flightcrew of flight 1713 mentioned a runway visual range
calt of 2,200 feet that they overheard on tower frequency and briefly discussed the captain's status as
a "high minimums captain.” They also stated that the flaps should be set to their final setting



because there was not "much slop between nere and the end [of the runway],” and they mentioned
that the adverse weather at Denver may remain for some time. At 1411.08 they talked about
running the engines up to a high power setting every 10 minutes. No menticn was made of airframe
surface contamination after the completion of deicing on the CVR tape. Between 1408:23 and
1411:08, the captain and first officer engaged in nonpertinent sacial conversation,

At 1405:26, an arriving general aviation airplane, N706PC, reported that he was on the ground.
The next arriving airplane in the landing stream was about 6 miles behind N706PC. At this point,
flight 1713 was physically in the number one position and the crew was ready to take off.

At 1406, the first officer of flight 1713 called the tower controller but received no response. The
tower controller then inguired if Continental 875 could get around a company MD-80, referring to
what he thought was Continental flight 594; flight 875 responded "Affirmative.” At 1408:07, the
flightcrew of flight 594 contacted ground control for ¢learance to taxi from the deice pad to the end
of the runway, Clearance was granted, and the flight taxied into the takeoff lineup shortly
thereafter.

As flight 875 taxied around flight 1713 and onto the runway, ine first officer on flight 1713
again calted e tower and stated that they were number ane for taieoff. At 1407, the controller
inquired if Continental flight 594 was listening and if flight 1713 was «n MD-80. Continental flight
594 again did not respond because it was not monitoring tower frequency. The crew of Continental
flight 1713 then replied that they were a DC-23. The captain of flight 875 stated that about this time
he observed the right side of flight 1713. He fater stated that he could discern no visib'e
contaminants on the airplane other than a 4- by 4-foot, square-shaped patch of snow or frost on the
fusetage and that he based his takeoff decision on that observation. Flight 875 took off at 1412,
Shortly afterward, Continental flight 1713, now correctly identified by the tower, was cleared onto
the runway. At 1413, Continental flight 875 calied the local controller and reported that “there was
alittle clutter on the runway.”

At 1414:31, flight 1713 was cleared for takeoff. The winds were reported to be from 360° at
14 knots with a runway visual range (RVR) of 2,000 feet. The captain was making the cockpit callouts
and was conducting the nonflying pilot duties. At 1414:51, increasing engine sounds were recorded
on the CVR. At 1415:06.7, the captain reported that the power was set at 95 and 93 {N2 engine
compressor revolutions © .r minute in percentl. At 1415.17.1, he announced 100 knots. He called
“V1" at 1415:28.5, “rotate” at 1415:30.9, and "positive rate [of climb]” at 1415:356.5. Less than a
second [ater, the sounds of nosewheel rotation stopped. At 1815:39.5, the sound of a compressor
surge was heard, followed by an exclamation by a crewmember and three more engine compressor
surges. The sound of initial impact with the ground was recorded at 1415:43.8. The flight data
recorder (FOR) recorded a maximum airspead of about 165 knots and a maximum G load of +1.4
during the flight. This information was recorded at 1415:39.5. The accident occurred during
daylight hours at 39°46°28" North, 104°53°45" West.

A fuel-fed flash fire ignited saomewhei 2 in the left wing area sheortly after the wing began to
contact the ground during the impact sequence. A “fireball” associated with the flash fire was
momentarily noted inside the cabin by several passengers. After the wreckage came to rest, several
small residual fires that caused minor damage to atrframe components were quickly extin, sished by
the first fire department units to arrive on scene. The captain, the first officer, T of 3 flight
attendants, and 25 passengers died during the accident. Two flight attendanis and 52 passengers
survived.



1.2 Injuries to Persons

injuries Crew Passengers Others Total
Fatal 3 25 0 28
Serious 1 27 0 28
Minor/Nore 1 25 0 26
Totals 5 77 0 82

1.3 Damage to Airplane

The airplane was destroyed by impact forces and small fires following impact. The estimated
value of the airplane was $4.5 million.

1.4 Other Damage

None.
1.5 Personnel Information

1.5.1 The Captain

The captain was hired by Continenta! on January 6, 1969. He held airline transport pilot
certificate No. 1898373, with type rating, for the CE-500 and DC-9, along with airplane rauitiengine
land and commercial privileges for airplane sing:e-engine iand, issued April 3, 1987. He received his
initial type rating in the DC-9 on April 3, 1987, and his last proficiency check in the DC-9 simulator on
October 30, 1987. On his type rating check ride of Apiil 3, the requirement to demonstrate
proficiency in recovering from approach to stalls in the takeoff, clean, and landing configurations
was waived by the lead Federal Aviation Administration (FAA) flight examiner on board at the time.
The approach 1o stall maneuvers were waived because alloted time in the simulaior expired before
they could be accompiisned. Two extra instrument approaches were fiown by the captain because
one of the FAA flight examiners mismanipulated the simulator visibility control during the ride.
According to Federal Aviation Regulation (FAR) 14 CFR Part 121, Appendix F, “Proficiency Check
Requirements,” only two out of these three approach to stall configuration maneuvers are waivable.
On his proficiency check in the simuiator on Gctober 30, the captain demonstrated average
performance in recovering from an approach to stall in the takeoff configuration. On this check
ride, approach to stails in the tanding and clean configurations were waived by the Continental
check airman. His last recurrent training was completed on October 16, 1987. His most recent FAA
first class medica! certificate was issued on October 8, 1987, with no limitations. He also heid flight
engineer certificate No 1912062 with ratings for turbojet powered airplane, issued March 3, 1969
He had accumulated approximately 12,125 total flying hours, of which 6,069 hcurs were pilot time
tncluding 3,711 hours as first officer in the B-727 and 133 hours as first officer in the DC-9.  All of the
captain’s DC-9 first officer time was flown after March 13, 1987. He had a total of 33 hours as a DC-9
captain.

The captain’s duties with Continental began as a second officer in the B-727 and continued
from his date of hire until June 1977 when he became a first officer in that airplane. His service in
the B-727 was interrupted during May through August 1973, when he served as second officer on
McDonnel! Douglas DC-10s. Following thic interruotion, he again served as first officer in the B-727
uritil December 1982, when he reverted to second officer status due to company furioughs. He o0k
part in a labor strike against Continental between October 1, 1983, and July 21, 1986, when he
returned 1o duty as a Continentai second officer in the B-727. He compteted BC-9 ground school
training on March 13, 1987.



The captain completed the entire required Continental DC-9 training prograrn with no notable
problems. During his initial operating experience (I0E), a period of initial fine flying with a
Continental instructer pilot which cuiminated in an FAA observed check ride, he encountered one
area of difficulty. The captain did rot allow enough spacing between the preceding airplane on a
final approach for landing and was forced 1o execute a missed approach. The instructor then
decided to extend his 10E flying time by one trip sequence. However, the instructor did rot consider
this an “unsatisfactory” performance but thought that the captain would feel more comfortable
after several more flight hours with an instructor. The FAA observer on board at the time stated that
he considered the entire flight acceptabie and would have approved the captain for line flying at
that time. One more trip sequence of IOE was then perforimed by the captain, ending in a successful
FAA observed check ride.

According to his instructor, on simulator periods 3, 4, 5, and 6, the captain received specific
instruction on aircraft icing protection systems and aircraft deicing during those periods. Unique
deicing procedures at Stapieton also were taught during these simulator sessions. According to his
seventh simulator period instructor, the captain gave a "thorough and professional” briefing on
airframe and engine icing and the effects of icing on takeoffs. His instructor during LOE al:0 recalled
discussing deicing with the captain as required by Continental company policy. The Continental
operations manual states “A repeat visual inspection of aircraft surfaces is required if snow or
freezing precipitation is present and 20 minutes have passed since the last inspection or de-icing.”
The captaii: was scheduled to attend the company cockpit resource management program but had
not done so by the time of the accident.

1.5.2 The First Officer

The first officer was hired by Continental on July 20, 1987, He held airline transport pilot
certificate Ne. 453331081, with ratings for BE-300, BE-1900, airplane muitiengine land, and
commercial privileges for airplane single-engine land, issued November 4, 1986. He completed his
initial DC-9 training with a proficiency check on September 14, 1987. His most recent FAA first-class
medical certificate was issued on lune 11, 1987, with no limitations. He also heid flight instructor
certificate No. 463331081CF!, issued on September 8, 1986. He had accumulated approximately
3,186 total flying hours, of which 36 hours, the extent ¢f his turbojet experience, were in the DC-9.

The Safety Beard's investigation of the training and performance history of the first officer
examined the 5-year period before his employment by Continental. The first officer received & total
of 4.8 hours of initial muitiengine flight instruction before a check ride administered by an
FAA-designated flight examiner on December 7, 1983, The check ride lasted 0.5 hour with no
instrument time logged and one landing accomplished. On February 17, 1984, the FAA revoked the
flighc examiner's examinction authority because the examiner had issued a flying certificate to
another pilot without conducting the required flight test items. FAA records revealed that the
examiner had been under investigation for “shor{ checking” since May 1983.

In March 1985, the first officer’s empioyment as a pilot with an on-demand Part 135 commercial
operator was terminated because he "failed {al Part 135 (PIC IFR Multi) check after 30 hours of
training,” accerding to the former president of the company. The loghook of the FAA examiner who
adrministered the checkride indicated that the first officer “failed to properiy intercept 7.0 DME arc
at GLS IGalveston, Texas]; went below minimums on appiroach] at stepdown; failed to feather SE
[single-engine] (unsat}).” The company’s chief flight instructor stated that the first officer
experienced habitual difficulties in single-engine procedures and directional control and that he
made little progress in training because he repeated the same mistakes. He also stated that the first
officer had a chronic problem of stepping on the wrong rudder and becoming disoriented, and he
described the first officer as tense and unable to cope with deviations from the routine. He recalled



that the first officer had failed the checkride on three oc¢casions before his employmerit was
terminated.

On March 25, 1985, the first officer was hired by a Part 135 regional airline as a first officer in
Beech BE-1900 scheduied commuter operations. During upgrade training in May 1986, instructor
comments in company training records documented that the first officer was “weak on memory
ftems on V1 cut, had to miss the first two iLS's™ and “approaches are going to need a lot of work,
became disoriented in holding, concentrate exclusively on inst. approaches and procedures, continue
training.” On May 21, 1986, he failed to successfully complete an Airline Transport Pilot/B8E-1900
type rating flight examination administered by an FAA examiner. On that flight, he passed a
designated holding fix at cruise speed before realizing his mistake and also did not perform an ILS
approach to specified tolerances, according to the examiner. The first officer underwent additional
training and on June 6, 1986, he successfully completed that check ride and was uparaded to captain.

The FAA requires air carriers to conduct security checks of pilot applicants before employment
because they have unescorted access to airport security areas. These checks must include, at a
minimum, reference and prior employment histories for verification of employment during the
preceding 5 years. There is no requirement to verify previous flight experience or to determine an
applicant’s FAA accidentincident history or enforcement history, previous erplioyer’s pilot training
and performance records, and criminai and driver histories. Although employment verification for
the preceding 5-year period is mandated, commercial operators are not required to maintain pilot
records for that length of time.

The corporate security section at Continental commissioned a background check on the first
officer through a private company. According to this background check, which was dated July 28,
1987, the first officer was employed by an on-demand Part 135 commercial operator between
February 1984 and March 1985. This operator was the only previous employer mentioned in the
report. in answer 1o the question in the report “Did the subject leave on his or her own accord?” the
answer was “Yes.” in answer to the question "Would the subject be eligible for re-hire?” the answer
was “Yes.” Lastly, according to the background check, the quality of the first officer’s work was
described as "Very good.”

The first officer completed Centinental's DC-9 ground schooi on August 11, 1987, and two
cockpit procedures trainer (CPT) periods on August 26, 1987. As part of his ground school training,
he attended the company’s 2-day cockpit resource management program. He then entered into a
series of instructed visual simuiator periods. Following the second period, the instructor's written
comments were: “SCAN! Need to review (procedures) and profiles.” On the third period he was
described as ". . . Better, but s.an still needs work, and a littie jerky on fiight controls.” After the
fourth period, the instructor commented, "Scan still needs work. Pitch conirol jerky, altitude control
when pressure is on is somewhat sloppy. Knowledge of (maneuvers) is good.” On the fifth period,
administered on September 2, the comments indicated general improvement; “Scan is better. Still a
bit jerky on pitch! [the first officer] seems to have caught up with airplane today.” The comments
from his sixth period on September 8, with a different instructor indicated “Scan is a real problem,
completely lost control of airplane with engine out and at 2,000! Went into 45 °-60° angte of bank,
lost 1,500! Had to be arrested by {instructor). Altitude and airspeed control generally way out of
limits. Some basic procedures still require review.” The first officer’s unsatisfactory progress in the
sixth period necessitated a repeat of the simulator session which was accomplished with the same
instructor and only one student. The first officer received 3 hours of training in the available 4-hour
block. The instructor did not grade the flight "normal progress,” but made the following comments:

1. Needs to review limitations and profiles.

2. Falls behind in planning, also not sure ¢f what to do next--may lack
experience.



3. Scan was a problem during first half of “hree hour period but improved
toward the end.
4 [The first officer] was advised on areas requiring improvement thoroughly

debriefed--recommended for P.C. [proficiency check].

The first officer completed the seventh period in the simulator on September 11 with a third
instructor who commented, “Nice job! No problems.” He then completed the proficiency check in
the airplane on September 14, 1987, with another instructor who graded his performance "average”
and offered no amplifying comments.

The first officer began DC-9 IOE on October 2, 1987, undar the provisions of 14 CFR 121.434
which states, in part:

A second-in-command pilot must perform the duties of a second-in-command
under the supervision of a check pilot or observe the performance of those duties
from the flight deck.

All of the first officer's IOE took place while he was performing the duties of a second-in-
command pilot in accordance with Contirental’s policy. The check airman commented that his
takeoff rotation was somewhat slow and identified descent/arrival planning as needing
improvement, but he was satisfied with the overali performance. Following *he final trip of the IOE,
on October 8, the check airman wrote, “No significant problem areas noted. Excellent attitude,
should make a fine employee. Released to line operations.”

The first officer received training on aircraft icing protection systems and deicing during the
prebriefings of simulator periods 2 and 4, according 1o his instructor on those simulator periods. He
also received similar training during his IQE according to his tOE instructor.

The first officer had not been on duty for 24 days before the accident because he was in a
reserve pilot status. Continental’s chief pilot at Denver had “bought” the accident tri p sequence
from a more senior pilot who had been scheduled for the trip and had scheduled the first officer for
the trip sequence to help him maintain proficiency.

1.6 Airpiane information

N625TX, a McDonnell Douglas DC-9-14, serial No. 45726 (fuselage No. 36) was owned and
operated by Continentai. The airplane was originzily delivered to Air Canada in 1966. It was leased
to Texas international Airlines in 1968 and sold to Contirental in 1982. The airplane had accrued
52,424 hours and 61,888 cycles at the time of the accident.

The airplane was equipped with two Pratt and Whitney JT8D-7B engines. At the time of the
accident, the left engine nad operated 35,274 hours and 40,710 cycles, and the right engine had
operated 42,184 hours and 54,759 cycles.

The airplane’s center of gravity at takeoff was calculated to have been 24 percent of mean
aerodynamic chord (MAC). The planned airplane takeoff gross weight was 86,800 pounds. Both the
<enter of gravity and gross weight were within operating fimits.

N626TX was maintained in accordance with Continental’s FAA-approved interval-based
maintenance and inspection program. All maintenance and inspection functions required by this
program were recor - ed as having been performed within their specified time intervals.



A review of the flight logs for the airplane from September 15, 1987, until the date of the
accident showed that 89 flight/maintenance discrepa.icies were recorded during that time period.
All discrepancies, except two, were signed off as having corrective actions accomplished. These
discrepancies were an inoperative cc .kpit light and an inoperativa center fuel tank guantity gauge.
The fuel quantity gauge was not repaired at the time aof the accident. However, the airplane was
considered airworthy because it was being flown with the center fuel tank intentionalty containing
only residual fuel.

Engine condition monitoring program documents showed that both engines were operating
within their allowable limits in the 60 days preceding the accident. Test cell data for both engines
showed that the me.sured operational parameters were within their specified norinal operating
limits.

A review of the FAA's service difficulty reports associated with the airplane did not reveal any
significant probiems. All of the applicable airworthiness directives were completed within their
specified limits. All of the applicable service bulletins for the airplane alse were accomplished.

The airplane configuration consisted of three seats in the cockpit including the unoccupied
jump seat; 83 passenger seats; an aft-facing, two-person flight attendant jump seat on the forward
bulkhead, and a forward-facing, two-person flight attendant jump seat on the aft bulkhead. Dueto
the particular cabin seating configuration on this DC-9, there were no seat rows numbered 1, 4, 13,
17,18, 19, or 20.

" 1.7 Meteorological Information

Surface weather observations taken by the National Weather Service (NWS) at Stapleton before
and after the accident are as follows:

Time--1351 m.s.t.; type--surface aviation; ceiling--indefinite 500 feet obscured:
visibility--1/2 mile; weather--moderate snow and fog; temperature--28° F.; dew
point--27° F.; wind--030° at 10 knots, gusting to i7 knots;
altimerer—-29.92 inches; remarks--Runway 35R visual range 1,200 feet.

Time--1445; type--surface aviation; ceiling--indefinite 300 feet obscured;
visibility--3/8 mile; weather-moderate snow and fog; wind--030° at 10 knots,
gusting to 18 knots; altimeter--29.92 inches; remarks; Runway 33R visual range
600 feet {airplane mishap).

NWS personnel, stated that they did not take a special weather observation closer to the actual time
of the acaident because they were net notified of the accident unti! about 1445,

At the time of the accident, the NWS was describing the precipitation at Stapleton as moderate
snow .2 Based upon the reflectivity from a CP-2 dopp'er radar array located 22 miles north-northwest
cf the airport, the heaviest snowfall rate occurred between 1310 and 1420, reaching a maximum
snowfall rate about 1350. During the approximate 27 minutes before the beginning of flight 1713’s
takeof? roll, aporoximately 0.036 inch of water equivalent, or 0.292 inch of snow, fell on the airport.
The ratio of 8.1 inches of snow to 1 inch of water, was derived from actual measured snow depths
compared 1o actual rain gauge moisture measurements hetween 1045 and 1644. The normal range
of ratios of snow depth to liquid water equivalent is from 6.7 to 14.3 inches per inch, the former
being wet snow and the latter dry. The snowfall at the time of the accident was wet snow.

2Snowtall wiich reduces the visibility to tess than 578 of a statute mile but not less than 5/16 of a statute mile.




The runway visual range (RVR) values of runway 35R in the approximate 1/2 hour before the
accident ranged between 1,000 and 1,800 feet. The NW$ only records RVR values for runway 35R at
Denver. The RVR values given to flights just before tal.coff are for the runway the flights are using.
The recorded RVR vaiues around the time of the accident for the right runway were as foliows:

RVR
Time (feet)
1411 1,000
1413 1,000
1414 1,200
1416 1,600
1417 800

The winds recorded from the low level wind shear alert system (LLWAS) were provided 5y the
FAA for 1410:04 to 1419:44. Observations were taken from each sensor at approximately 7-secor 1
intervals. (See figures 1 and 2.)

According to flight decuments found in the wreckage, the printed weather information
availabte to the crew included an amended Denver terminal forecast issued by the NWS Forecast
Office at Denver and valid after 0700. The portion of the forecast valid at the time of the accident
forecast a 500-foot overcast ceiling, visibility 2 milesin light snow. Winds were forecast to be 020° at
15 knots, gusting to 25 knots. Occasionatly the ceiling was forecast to be 500 feet broken, 1,200 feet
overcast with a visibility of 5 miles in light snow showers. in addition, an hourly surface aviation
weather report observation taken at 1150 and valid at 1200 was available, along with winds aloft
information.

There were no NWS Airman's Meteorclogical Information (AIRMET) reports, Significant

Meteorological Information (SIGMET) reports, or convective 5IGMETs in effect for the Denver jocal
area at the time of this accident.

1.8 Aids to Navigation
There were ro reported difficulties with navigational aids.

1.9 Communications

No equipment-related communications difficulties were reported among air traffic control
agencies or between these agericies and the aircrews involved in this accident.

1.10 Aerodrome !nformaticn

Stapleton Internationa! Airport is owned and operated by the City and County of Denver,
Colorado. It is fully certificated under 14 CFR Part 139. The airport is comprised of two primary
runway complexes of three runways each; the east-west runway complex is on the south side of the
airport and the north-south runway complex is on the north side. The primary jet runways are
17R-35L, 17L-35R (on \ae north side) and 8R-26L, 8L-26R (on the south side.) The more typical
arrangement using the north-south runways for departures and the east-west runways for arrivals
{or vice versa) was no: in effect at the time of the accident. Due 1o the weather conditions on
November 15, only runway 350 was being used for takeoffs and only runway 35R was being used for
landings.
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Stapleton international Airport has no ASDZ. This radar equipment is used to assisi tower
controliers in monitoring the location and movement of aircraft and vehicles on runways and
taxiways during conditions of reduced visibitity, When ASDE was installed at selected airports in the
1960's, Stapleton did not qualify based on the criteria of at least 180,000 itinerant and 160,000
scheduled air carrier operations. Later, Staplteton’s traffic count increased and, in 1975, it was ranked
No. 10 to receive an ASDE. At that time, however, there were no units availabie and no funding was
appropriated to purchase them. In fiscal year 1985, funding was approved for 17 new ASDE-3
sysiems and, in fiscal year 1986, an additional 13 systems were funded. Stapleton is scheduled to
receive the ASDE-3 system between May and August 1989

Runway 35Lis 11,390 feet long and 150 feet wide. it is constructed of concrete with iransverse
grooving the fuil length and width. Forty-foot wide concrete shoulders are !ncated on each side of
the runway, which is equipped with high-intensity runway iights (set at its highest setting at the time
of the accident) and a simplified short approach lighting tystem with runway alignment indicator
lights. Runways 35L and 35R are approximately 1,600 feet avart, as measured from their centerlines.
The threshoid of runway 25R is displaced about 5,700 feet farther north than the threshoid of
runway 354

Snow removal activity on runway 35L begar. about 0400 on the day of the accident. A notice to
airmen issued at 0425 stated that the runway was “... chemically treated full fength and widzh.
Covered with up to /16 inch wet snow. Braking action fair {35} by Tapley.” The runway was
plowed about 0600. A notice to airmen issued at 0620 stated, "Runway 35L plowed and sanded full
length and width. Covered with up 10 1/8 inch snow. Braking acticn poer (.23} by Tapley.” No
airport snow removal activity occurred after this plowing. The airport operations (AOM) manager
reported that by 0835 traffic on the runway had increased, that the runway was showing some
exposed pavemerit, and that some pilots were reporting “good™ braking action. At 0930, the AOM
and the Continental snow committee representzative toured the n:nway and noted that “quite & bit”
of bare concrete along the centerline was showing. The AOM stated that conditions were essentially
the same when he observed the runway at 1350. He stated that at 1417, when he was notified of the
accident, he observed painted runway markings with patches of snow on the runway centerline as
he approached the accident site.

1.10.1 Continental Meicing Procedures

Continental maintains ramp control towers on both the C and D concourses, primarily for gate
assignments. The C concourse tower controls flow of Continental airplanes 1o the de-ice pad. The
supervisor in the D concourse tower stated that on the day of the accident most airplanes had some
snow on their upper surfaces and that NE26TX had accurmnulated about 1/2 inch of snow on the top of
its wings before pushback from the passenger gate.

The fixed airplane deicing facility at Denver is owned and operated by Continental. Although it
had been used several times the previous spring, the day of the accident was the first time the facility
had been used in the winter of 1987. Once an airplane arrived at the deics ‘~ iity, movement into 3
specific pad was controlled by an assigned maintenance supervisor wht. was responsible for the
overaitl activity. On the day of the accident, the assistant supervisor of maintenance for Continental
at Denver manually controlied the glycol/water mix facitity for the deicing snorkels due to a
malfunction in the automatic mixing feature of the equipment. He stated that in addition to the
four snorkels, four trucks were deicing the empennage of the airpianes. He commented that deicing
compietion capability was greater than the airport departure rate and that he believe¢ airplanes
were wailing too long after deicing before takeoff. He stated that there should have been some
<oordination with the tower to reduce or eliminate the delays.

The assistant supervisor of maintenance stated that the deicing fluid mix tank holds
9,000 gallons and was heated 10 between 1707 and 180° F, with 150° being the minimum acceptable
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temperature. The tank was refitlled when the fluid level reached about 173 {ull. The mix ratio was
<apable of being computer controited; however, on the day of the accident, the ssistant SUparvisor
of maintenance manually contro'led the mix of the deice solution to achieve about a 20° spread
between ambient air temperature and the freezing temperature ot the mix. On November 15, the
freezing temperature of the glycol/water mix was averaging between 6° and 10° £. Testing of the
deicing fluid following the accident revealed that it consisted of about 38 percent glyco! and
62 percant water. The assistant supervisor of maintenance also stated that while the deice trucks
have heaters for the solution, they generally are not needed because the preheated fluid does not
cooi down before the truck tank is refilled.

Continental aircrew deicing procedures in effect at the time of the accident were provided on
page 10-7.. of the Jeppesen manual. (See figure 3.}

1.10.2 Denver Control Tower Procedures During Deicing

Runway 35L departures were being worked by the Local Control 1(LC1) controlier and runway
35R arrivals were being worked by the Local Control 2 (LC2) controfier. Due to the distance between
runways 35L and 35R, simuitaneous IFR takeoff and landing operations were not authorized.
Simultaneous iLS approaches require runways that are at least 4,300 feet apart.

FAA procedures state that the LC1 controiler must provide separation for successive departures
and, if there are any arrivals on runway 35R, he must provide separastion between the arrivals on 358
and the departures on 3! This is basically the same as a one-runway operation. The LC1 controiler
was able to apply separs.-un on the day of the accident by observing the radar display in the towser
cab and by monitoring airplane transmissions on the LC2 frequency.

The passing of information from controller to centroller in the tower is accomplished by means
of flight progress strips with flight data printed on the strip. The location of the strip in the tower
conveys information about the location of the airplane on the airport. Normally, w'ien the
Continental deicing procedure is in use, a strip representing a Continental airplane passes through
four flight progress strip racks ("bays”), representing nroposed or current positions of the airplane.

The bays are as follows: CLEARANCE, DEICE, GROUND, LOCAL.

The normal sequence of events is:

1. When ready to taxi from the gate 1o the deice pad, the flight advises the
clearance delivery controtier who then places the strip in the yround
control bay while instructing the flight to monitor ground control.

2. The ground controller issues taxi ciearance to the de-ice pad. Vinen
assured (by observation or report) that the airplane is at the de-ice 321, the
ground controiler places the strip in the deice bay.

3. When ready to taxi from the deice pad to the runway, the flight again
advises the clearance delivery controller who takes the strip from the de-
ice bay and passes it to ground control while telling the airplane to
monitor ground control.

4. The greund controller issues taxi clearance to the departure funway.
When assured that the airplane is nearing the runway, he glaces the strip
in the local bay, telling the flight 1o monitor the tower (local control)
frequency. The strip remains there until the local controller calls the flight
and clears it for takeoff.
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This procedure was developed in
an affor! to de-ice airgraft as near
takeoff time as possible.

Time required for this procedure is approximately 30 minutes {40 minutes DC-10). Time
includes 10 minutes to depart gate and taxi o pad and 20 to 30 minutes for de-icing.

when gate hold procedures are in effect Clearance Delivery or Gate Hold issues faxi

times. Aircraft are expected to be ready 10 taxi for takeoff at that time. Therefore,

it may be necessary 1o request a la*er taxi time to allow for ds-icing.

1. IF GATE HOLD PROCEGURES ARE IN EFFECT:
Inform: Ramp Controi of your expected taxi time so that they can scheduie de-ice of
your aircraft. Continue to monitor both Ramp Controf and Clearance Delivery {or
Gate Hold as appropriate) so that changes can be coordinated. i.e.. New taxi time
would require new de-icing lime. Delays on de-ice pad might requira new taxi time.
IF GATE MOLD PROCEDURES NOT IN EFFECT:
Contact Ramp Controt {or coordination of de-ize and for pushback clearance.

2. When clearad by Ramp Controt 10 start engines ang taxi, taxi o East end of Concourss
C anda contact Clearance Delivery regiesting clearance to taxi 1o the pad. Clearance
Delivary will hand you off to Ground Control.

3. On arrival at the pad ground personnel will direzt aircratt onto pads 1,2,2,4,5, and 7 via
the East edge of the ramp 1¢ park on a Westerly heading. Wide body aircraft will use
on'y Fads 2 and 4. De-icing for aircraft on the D concourse is located at the oid Frontier
hangar. Ali MD-80/DC-9 aircraft will be inspscted by mcintenance atter de-icing.

4. Use aircrizft side number. not tiight number, wheh communicating with de-ice pad
ground personel.

5 Shut down all engines and l2ave APU running. When notified thal spraying is about to
begin, shut off all air conditioning acks and close APU blesd vaives, FPACKS MUIST BE
OFF TQ AVOID FUMES AND SMOKE IN CABIN DUE TO [AGESTION OF DE-ICE FLUID.

6. Inform Ramp Control when de-icing of your aircraft is cof.plete and start engines.
7. When ready to taxi from de-icing pad contact Cisarance Deiivery and they will hand you

off t r
0 Ground Control. ACARS PROCEDURE
1. DC-10, MD-80, 727, 737, A300;

a. During initialization, if planning to go to the pad to be de-iced, insert "ICE” in
destination.

b. On arrival ¢t pad, select MISC 18, enter current GMT and send.

. After de-icing is compietsd and ready 1o leavs the pad, select MISC 17, enter
current GMT and send. Re-initiaiize ACARS with your actual destinatios.

d. If asiay is encountered while on the de-ice pad, send DELAY message using MISC

Coda 11.
2. DC-9:
a. During initialization, if planning to go to the pad to be de-iced, insart "ICE” in
destination,

b. On arrival at pad, select MiSC 16 and enter. Insert current GMT using ETA button
and amount of fuel ¢n board. Enter and send,

¢. Afrer ge-icing i5 completed and ready 10 leave the pad, select MISC 17 and anter.
inser? current GMT using ETA button and amount of fuel on board. Enter and send.
Re-initialize ACARS with your actual dertination,

Figure 3 —Aircrew deicing procedures in effect on November 15, 1987.
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1.11 Flight Recorders
1.11.1 Cockpit Voice Recorder

The airplane was equipped with a Fairchild model A-100 CVR. All channels on the CVE were
operating. The voices of the crew, the sounds preduced by the engines. and the sounds procuced by
the nosewheel were examined. The recording was of good quality, beginning at 1343:46 while the
airplane was in the process of being deiced and ending approximately 1 second after the first sound
of airframe impact with the ground at 14:5:43.8 {See appendix C.)

Compressor section {N2} sounds from the engines were identified on the tape from 1414:49
until the end of the recording. During this time, the N2 engine noise indicated an increase in engine
speed above idle setting, which continued to increase to a nominal speed of 33 percent {consistent
with a normal takeoff power setting) at 1415:03, and it remained at that setting until the end of the
recording. The only other time an engine was advanced above idle was at 1410:00, when one
engine was advanced slowly to approximately 83 percent N2 speed for about 1 minute.

The Safety Board identified sounds on the CVR tape as similar to compressor stalls or surges at
1415:39.5, 1415:40.2, 1415:42.2, and 1415:43.0. These sounds were compared with sounds
identified as compressor stalis or surges on a past DC-9-10 series accident CVR recording. The sound
of a stall warning stick shaker was present in the comparison CVR recording but was not present in
flight 1713's recording.

Sounds that were attributed to increasing nose wheel noise began on the CVR at 1415:23.5 and
ended at 1415:28.8. The rotational frequency of the nose wheel was converted 1o a ground speed.
It revealed that the ground speed rose from 106 knots (at the start of the noise) tc a maximum of
142 knots {at 1415:320.5}).

1.11.2 Fiight Data Recorder

The Fairchild model 5424 foil-type FDR was removed from the wreckage intact. For an
unknown reason, the foil was not advancing through the recording device at the expecied data
point separation rate of .0009 inch per data point during the accident sequence. {See appendix D.)
The readout of the parameters reflects timing correcticns to compensate for the anomaly.) Also, for
an unknown reason, the FDR foil medium had stopped moving for an undetermined amount of time
between the previous landing at Denver and the takeoff roll. Foil mcvement began again during
the takeoff roll, however. "Zero time* for FDR parameter readouts begins, therefore, when the foil
begins to move again. All FDR parameters concerning flight 1713 were examined. Also, the altitude
traces on the foil for the previous six flights were incorporated into the investigation.

tcDonnell Douglas engineering personnel stated that the DC-9 indicated aititude trace, as that
of other airplanes, exhibits an "altitude dip” on the FDR foil while the airplane is ¢n the ground and
in the initial stages of rotation for takeoff. The altitude dip, which indicates an altitude lower than
the actual runway elevation, results from air pressure deviations that occur near the static pressure
ports. The air pressure deviations are generated by disturbed airflow that resuits from the
pitched-up attitude and ground interaction. McDonnell Douglas personnel stated that the normal
indicated altitude dip on initial rotation for the DC-9-10 series airplane is approximately S0 feet
below field elevation.

Also, McDonnell Douglas personnel provided data that define the maanitude of the altitude
dip relative 1o the pitch attitude during the rotation maneuver. The data were derived from a series
of flight tests and had been corrected to the FDR static pressure source. The following information is
valid only when the airplane’s main landing gear is still on the ground during initial rotation:
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Altitude Dip Altitude Dip
Pitch Attitude (feet) {feet)
{degrees) {sea lavel) {53009
0 0 4}
4 -3z -840
4 -63 -73
12 -85 -100

The FDR recorded 2 dip in the indicated astitude trzce upon initial rotation on the accident
flight. The accident flight indicated aititude trace dipped down to about 120 feet belcw field
elevation, which corresponded io a pitch attitude of about 14°. This was reached about 7.5 seconds
after the captsin called “Rotate.” The FDR indicated 30 to 60 feet altitude dips for the six previous
flights of N626TX. in addition, the slope of the trace from flight 1713 is about twice what it was on
the six previous flights. (See appendix E.)

1.12 Wreckage and Impact information

The main wreckage was located off the right side of runway 35L. The impact path began at
8,244 feet and extended to 9,312 feet from the takeoff threshold. The terrain sloped down from the
side of the runway at a 2 percent grade for approximately 400 feet, then rose at a2 10 percent grade
for an increase in elevation of 20 feet.

Three major ground scars were found at the accident site. The first ground scar began
8,244 feet down and 114 feet to the right of the runway 35L centerline. The 214-foot scar angled
away from the runway approximatety 20° and then turned slightly back toward the runway. The left
wingtip landing light lens retaining ring was lccated 8,257 feet down and 130 feet to the right of the
runway centerline. The red glass left navigation light lens also was found in this area. Left wing
debris was found in a line between this area and the second ground scer, a <rater 11 feet by 11 feet
by 9inches. Examination of the dirt in the ¢rater revealed pieces of glass identified as the outer glass
panel of the left cockpit "eyebrow"” windew. A third major ground scar contained green glass lens
material. Other debris in the area of the third crater consisted of various airplane components,
including pieces of cabin interior, overhead compartment fragments, and passenger luggage.

The nearly intact empennageftail cone section of the airplane was located approximately
250 feet down from the third scar. It was inverted and aligried on a magnetic heading of 234°. The
empennage was coated with soot but showed no signs of therma! damage. The left horizontal
stabilizer tip and left elevator tip were missing. Fragments from these components were located
earlier along the wreckage path, south of the empennage.

The fuselage and right wing were located approximately 200 feet down from the empennage.
The forward portion of the fuselage, which had split at fuselage station 446, was resting on its left
side. Longerons 1R through 15R were intact but severely bent and distorted. This was the only
structure connecting the forward fuselage to the rear fuselage. The left side of the forward fuselage
was badly damaged. Much of the exterior skin and underlying structure was torr away and found
along the wreckage path. The right side of the fuselage was distorted and dented in several areas
near the forward baggage door. The aft portion of the fuselage was aligned with the forward haif
of the fuselage and resting inverted. The section of fuselage just aft of the break was collapsed to
within inches of the cabin floor. The portion of the fuselage adjacent to the engines was coltapsed
to the level where the forward part of the engine was resting on the ground. The right wing
ramained attached in its proximate correct position. (See figures 4 and 5))
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Figure 5.--Wreckage from flight 1713,
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1.13 Medical and Pathological iInformation

No evidence of adverse medical histories or ¢chronic or acute ailments for either pilot was
discovered during the course of the investigation. According 1o friends and relatives, both were in
good heaith at the time of the accident. Also, the general life habits and the specific activities of the
pilots during the 3 days before the accident were routine.

Postmortem examinations were performed by the City and County of Denver's Coraner’s Office.
The autopsies revealed that 11 passengars (including an infant), the captain, the first officer, and
1 flight attendant died of multiple biunt force traumatic impact injunes; 5 passengers died of head
tnjuries secondary to blunt trauma, and 9 passengers died of mechanical asphyxia. The Center for
Human Toxicology, University of Utah, examined toxicological samples from all of the deceased and
from one flight attendant who was hospitalized. No drugs (inciuding alcohol) were detected in any
of the samples taken from crewmembers, and no alcohol was detected in the passenger samples.

The 54 passengers and 2 flight attendants who survived the accident either escaped from the
fuseiage or were extricated within 4 hours after impact. Two passengers died after being
transported to the hospital. The injuries to the survivors ranged fram minor burns, lacerations, and
LoMmusions 10 serious spinal fractures and muitiple internal injuries. Ten surviving passengers
suffered first and/or second degree burns.

1.14 Fire

Several surviving passengers saw a fireball inside the fuselage during the impact sequence.
Also, several residual fires were evident after the fuselage and intact wing came to rest. These were
quickly extinguished by firefighters and caused only minor damage to the airframe.

1.15 Survival Aspects
1.15.1 Interior Damage and OccupantInjuries

There was extensive damage 1o the forward left side of the airplane. The fuseiage was missing
on the left side from aft of the boarding door to about station 466. No one in a window seat in rows
2-9 on the left side survived. Tabin dividers, overhead compariments, and passenger seats were
ejected during the impact and were found along the wreckage path. Some survivors in this section
were thrown from the airplane while still belted in their seats and other survivors {including a
“assenger in seat 8E who was asleep and whose seatbelt was not fastened) remained in the fuselage.

< “ral survivors in the forward cabin escaped through breaks in the fuselage while other passengers
in this sectien required extrication. A é-month oid infant who was in his mother's lap in seat 5C died
of multiple biunt trauma injuries and his mother survived with serious injuries. (Refer to figure 6 for
distribution of injuries.)

Rows 10-15 were inverted and in an area of extreme compression. Al occupants in this area
required extrication. Ali survivors in this area had serious injuries and eight of the nine passengers
who died of traumatic asphyxia wers seated in this section.

Rows 15 aft were also inverted and the fuselage was comprassed 1o within inches of the floor at
row 15, There was progressively less fuselage compression *owerd the rear of the airplane. With the
exception of the passenger in 22E who received a seriocus injury, all of the injuries to passangers in
the last three rows were minor. The only occupant who was not injured was a 6-week-old, in-lap
infant hetd by her father in seat 24E. Two flight attendants were seated on the aft jumpseat: one
sustained a serious injury, the other minar injuties. Some passengers in the aft cabin were able to
evacuate after the tailcone exit hatch was opened whiie others required extrication.



21

MINOR

T seon
SERIQUS

} muuhy

FATAL
{Blurt Trauma}
o FATAL
2 {Mechanica! Asphyzia)

* WN-LAP INFANT {5C) - FATAL (Blunt Trsums!
4 IN-LAP INFANT [24E) - NO INJURY

McDONNELL DOUGLAS DC-5-14, NE26TX
CONTINENTAL AIRLINES FLIGHT 1713
NOVEMBER 15, 1987

DENVER, COLORADO

Figure 6 —Injury distribution diagram.
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The only emergency equipment used by the flight attendants were portable flashiights tocated
next to the aft jumpseat. The flashlights were passed to passengers who were trapped in the aft
cabin during the rescue effort.

1.15.2 Crash/Fire/Rescue Activities

Both Stapleton Airport crash/fire/rescue (CFR) stations 1 and 2 were notified of the accident by
the airport control tower at 1416. Both stations responded to the scene within severa!l minutes with
S CFR vehicles and 12 firefighters. According to CFR personnel, it was snowing hard at the time. At
1421, the first alarm was sounded for additional firefighting units from the City and County of
Denver, A second alarm was sounded at 1433 and a third at 1500. Numerous structural firefighting
and rescue units also responded from the City and County of Denver, Aurora, Sable-Altura,
Thornton, and Glendale Fire Departments. After the firefighters extinguished several individual
localized fires (1 to 1 1/2 feet high) located at the root area of the left wing, rescue activities quickly
centered around three areas of the wreckage. Other individuals, including medical personnel and
about 15 Continental workers arrived on the accident site later.

Passengers who escaped througFh. breaks in the fuselage were found walking outside the
airplane. These passengers and passengers who escaned through the 1ailcone exit were transported
by bus away from the accident scene.

In the area of the aft tailcone exit, impact damoye and debris delayed their evacuation 7 to
10 minutes. During the impact sequence, the aft right lavatory collapsed inward «d portions of the
lavatory structure hlocked the removal of the taiicone exit hatch from the inside. Some debris was
removed by the flight attendants with the assistance of passengers. Contributing to the delay was
the fact that outside rescuers were hampered by limited visibility around the hatch area. The only
tnstruction printed on the outside of the hatch was the word “Pull” on a placard near the hatch
release handle. The hatch was then upside down because the fuselage was inverted.

Simultaneous rescue efforts alse took place around the left wing root area of the missing left
wing where 18 to 20 passengers were trapped. Rescue personnel worked about 2 /2 hours to
remove § to 8 survivors from this section of the airplane.

Rescue work also occurred around the wing root area of the right wing. Two passengers vere
extricated from this area alive. Four deceased individuals were found under the fuselage near the
wing root after the fuselage was lifted off the ground. Rescue work o free trapped survivors in this
area was hampered by shifting portions of the structure as structural mernbers were cut by rescue
workers. Because the right wing was sull full of fuel, a high degree of danger existed from a possible
outbreak of fire while rescuers cut away airplane structure 10 gain access to trapped passengers. As a
result, extreme caution was necessary. At one point wooden cribbing was placed under the intact
right wing 1o prevent it from settling downward. Eventually, a forklift was used 1o suppert the right
wing.

Several areas of concern regarding CFR and medica! response were noted during the
investigation. These areas included, but were not limited to, 5 deficiency concerning
communications, the proper type and amount of 1ools and equipment on hand at the time of the
accident, triage equipment, and the leve! of rescue worker training. (See appendix F.}
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1.16 Testsand Research
1.16.1 Engine Teardowns

Both engines were removed from the fuselage and shipped for disassembiy 1o the engine
manufacturer at East Hartford, Connecticut. The rotor systems and bearings of both engines
maintained their operational centerlines and fore-and-aft alignment during the acciderit segquente.
Various engine bearing supports, the 2ngine bearings, and the bearing carbon seals of Both engines
were intact and not visibly damaged,

None of the compressor or turbine blade airfoils and compressor or turbine stator vanes of
either engine had any indications of transverse fractures. Fuel samples retrieved from the airplane

- revealed no significant contaminants.

1.16.1.1 LeftEngine

All significant damage to the left engine, with the exception of one type of compressor
damage, could be attributed to the ingestion of hard objects associated with the disintegration of
the airplane during the impact sequence. There was no evidence of internal fire damage. The
compressor damage consisted of impact marks on the trailing edges of the second stage compressor
stator vanes that corresponded to the leading edges of the third siage compressor blades. The
maxirnum depth of the marks was equivalent to a forward deflection of the third stage compressor.
blades of 1.2 inches. The third stage compressor stator vanes also exhibited impact marks that
corresponded to the leading edges of the fourth steage compressor airfoils. These marks were
equivalent 1o 2 forward deflection of the fourth stage compressor blades of 0.95 inch. The trailing
edges of the fifth stage compressor stator vanes showed evidence of contact by the leading edge tips
of the sixth stage compressor blades. These marks were equivalent to 2 forward blade deflection of
about 0.44 inch. Associated with this damage was a iarge amount 6f metai splatter on the domes of
all the combustion chambers and in the turbine section of this engine.

1.16.1.2 RightEngine

All significant damage to the right engine could be attributed to the ingestion of hard objects
associated with the disintegration of the airplane during the impact sequence. There was n¢
evidence of internal fire damage.

1.16.2 Airplane Systems Teardowns and Testing

Detaiied examination of the airniane’s systems, their respective components, functions, and
fault-indicating systems reveated no preimpact failures or maifunctions. Each system was found to
be configured in a manner that was consistent for the takeoff and initial phase of Hight. All of the
damage te components and the few irregularities noted during functional testing of the
components was attributed to damage sustained during the impact sequence.

1.16.2.1 Electrical System

Ail of the alectrical system pane! switches and indicators, with one exception, were positioned
correctly for the takeoff and initial phase of flight. The Emergency Power switch was found in the
ON position. The Emergency Power tn Use light bulb filament dig not exhibit any evidence of *
stretch, however. in addition, the Emergency Power in (se and the Emergency Inverter circuit
breakers were found in the open positions. The averhead panel in which the switch was mounted
was displaced about 1/2 inch downward and to the right during impact, with the nose of the switch”
knob showing damage in the area where it had cortacied the switch panel.
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Both the captain’s and the first officer’s red “STALL” lights contained light bulbs with filaments
that were found to be stretched upon examination following the accident. The onginal engineering
order for the stall warning system calted for these lights to be amber and overprinted with the letters
“STALL WARN," rather than "STALL." In addition, the engineerinc order catied for & "Stall
Comparator Failure” light on the annunciator panel. This light was not present on the annundator
nanel of N626TX. The “Stall indicator Failure” light bulb on the annunciator panel of the aircrafi
contained a fiiament that was not stretched.

The right enqine fire handle was in the deployed position with the handle rotated to the No. 2
bottle discharge position. Examination of the airplane fire protection system revealed that the
bottles were stili charged and that none of the fire detection loop iights extibited filament stretch
The fire detection loops wei » tested successfully for continuity and resistance. The fire warning betl
was hot neard on the CVR tape.

1.96.2.2 Flight Control System

All of the flight control surfaces were present, though fragmented, in the wreckage. The major
pieces included the flap with inboard and cutboard hydrauvhc actuators and position transmitter, the
inboard ground spoiler oanrel, two flight spoiler panels (inboard and outboard} and their respective
actuators and torsion bars, the atleron with its control and trim tabs, drive and bus sectors, and the
trim jackscrew.

The right wing, which remained attached to the fuselzge center section, was complete. All of
the flight control surfaces were attached and thew respective control cables were in place and
properly secured.

The tail section flight control surfaces remained attached to the empernage structure, which
exhibited minor damage. The rudder and tab were intact and moved freely. Exarmination revealed
that the tai! interior components were present, intact, and mounted in their correct positions. The
stabilizer jackscrew extension measurement indicated that it was set at 3.3° airplane nose up. The
rudder limiter hook mechanism appeared 1o have been in the appropnate unvestricted mode at the
time of the accident.

Flight control cable continuity could not be absolutely confirmed. Six flight control cables had
separated in at least two locations along their lengths, and it was impossible to confirm which loose
pieces of cable were originally attached to which flight control cablas. In alt cases. however,
sufficient iengths of cable of the correct diameter were focated within the wreckage to add up to the
total length of cable necessary to compiete an entire flight contro! system. All breaks in ali cables
were attributed to either mechanical instantaneous gverload, 1o mechanical cutiing that gccurred
during the breakug of the airplane, or to mechanical cutting during the rescue operation.

1.17 Additional informaticn

1.17.1 Preflight Activities of the Crew

The flightcrew's activities began in the Continental operations offices and were routing with
two exceptions. First, neither the captain nor the first officer initialed the Read and initiat Book
before the flight. The Read and initial Book contamed varicus bulleuins and tetters which clarified or
emphasized operational procedures and policies. Nothing in this beek pertained to the subsequent
takeoti.

Althaugh the captain signed a dispatch flight reiease and indicated that he was a “high
minimums” captain, he did not communicate this to the dispatc™er per company operations manual
policy. in this case, the existing weather at Denver was below the captain’s landing minimums,
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which required incorporation of a takeoff alternate airport on the flight release. The dispatcher
ialer stated that at least two airports were available as aiternates, but no aiternates or fue! for
alternates were annotated on the flight release. The dispatcher alse siated that if he had known
that the caplain was a "high mimmums" captain, he would have notified the Denver Continental
duty director. The duty direclor, in consuliation with a Continental crew coordinator, would then
make a decision as to the replacement of the captain due to low weather conditions. The dispatcher
went on 1o say that repiacement of a captain woulsl have been the "exception, rather than the rule”
in circumsiances such as this.

1.17.2 FAA Flow Control into Denver

Denver tower personne! stated that immediately before the accident, there were no trafiic
flow restrictions for departing airplanes. The number of arriving airplanes into Denver, however,
had been restricted. The engineered performance standard for the weather conditions that existed
at Denver on the day of the accident was 33 aircratft per hour. Early in the morrung on the day of the
accident, the flow controller from the ceniral flow control facility in Washingron, 5.€,, and 2 flow
controlier in Denver agreed on an acceptance rate. An entry representing 36 aircraft per hour was
then entered into a computer at the central flow controf facility, which was interfaced with all of the
appropriate ARTCC computers around the country. Departure clearance times were then
electromcally distributed to ail ARTCCs and then relayed to varicus approach conirols within the
centers’ airspace. Airplanes ware then departed from locations throughout the country at
preplanned times, so that their arrival into Denver would be al or below the agreed upon
acceptance rate. Thirty-six aircraft per hour had been given permission 1o depart for Denver
Because of last-minute schedule changes and canceliations, the actual number of aircraft being
delivered per hour 1o the Denver Tower throughout the day was about 22, According to the ATC
recorded radar data, the actua! number of flights was 29 from 1 hour before the accident (o the time
of the accident.

1.17.3 Effects of Airframe Contamination on Airplane Performance

Several articles published by McDonneli-Douglas and testirmony taken during the Safety Board's
public hearing concerning this accident indicated that small accumulations of ice on the top or
ieading edges of wings can seripusty degrade the iifting capability of the wing. According o
McDonnell-Douglas, distributed roughness elements having a height of enly 1/10,000 of the wing
chord can adversely affect the maximum lift coefficient and significantly increase the stall speed.
This height corresponds to about 8.015 inch on a DC-9 type arrplane.  As an example, & wing surface
roughness of 0.03 inch thickness may increase the stall speed from 128 knots to as high as 152 knois
indicated airspeed. In addition, operation with ice-contaminated wings may resuit in increased pitch
sensitivity and/or roll ascillation. Normal controf inputs may result in greater than normal pitch
responses and roll osciltations may reguire control wheet deflections to counter the roll, resulting in
spoiier actuations wiich further reduce the lifting capability of the wings on the DC-9. Moraover,
DC-9-10 series airplanes, such as NB2B6TX, are even more susceptable 1o such control problems
because they lack slats or other leading edge devices which tend to suppress the adverse effects of
small levels of contamination. In addition, asymmetncal contamination may result in the
unexpected anc premature stall of one wing only, with resuftant wing drop off. One
McDornnell-Dougtas artide? states:

3gurumby, Ralph E., Wing Surface Roughness--Cause and Effect in DC Fight Approach #32, Fight Development Group,
Dougilas Arcraft Company, McDonnell-Douglas Corporation, Long Beach. Lalriforpsa, Janyary 1§79
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... an girp.ane affected by wing surface roughness will stall prematurely, possibly
before reaching the anyie of attack for stall warning actuation. Further, any
recuction in lift at 2 given angle of attack will cbviously require a higher than
normal airplane angle of attack 10 produce the desired amount of lift. This
could, for example, require rotation to a higher than normal takeoff pitch
attitude in order 10 achieve a normal fiftoff and climb. Unfortunately, the higher
angle of attack further reduces the already degraded rrargin to stall,

Title 14 CFR 121,529 states:

{a} No person rmay dispatch or release an aircraft, continue to operate an airgraft
en reute, or land an aircraft when in the opinion of the pilot in command or
airplane dispatcher (domestic and flag air carriers only), icing conditions are
expected or met that might adversely affect the safety of the flight.

{b) No person may take off an aircraft when frost, snow, or ice is adhering to the
wings, control surfaces, or propellers of an aircraft.

tn addition, 14 CFR 91.209, states
(a)  Nopilot may take off an airplane that has--

{1}  Frost, snow, or ice adhering to any propeller, windshield, or power plant
instaliation, or to an airspeed, aitimeter, rate of dimb, or flight attitude
instrument system;

{2) Snow orice adhering to the wings, or stabilizing or control surfaces; or

(3)  Any frost adhering to the wings, or stahilizing or control surfaces, unless
that frost has been polished to make it smooth.

* k * ¥ »

in December 1382, following several icing-reiated takeoff accidents involving transport
category and general aviation airplanes, the FAA provided extensive guidance on wing
contamination in its 37-page Advisory Circular (AC} 20-117. in essence, the AC reaffirms the necessity
of adherence to the "clean airplane concept” in flight operations. The AC states that the only way to
insure that an agirplane is free {rom surface contaminants is through close visua! inspectior before it
actually takes off. According to the ¢reular, the many variables affecting ice formation (AC20-117
lists 13 sigrificant ones} preclude a pilot from (1} assuming that his airplare is clean simply because
ceriain precautrons have been taken or certain ambient conditions exist, and {b) assuming his
airplane is clean simply because he is within a certain arbitrary time frame between the last
inspection of the airplane and takeoff.

Following the Air Florida Boeing 737 accident of fanuary 13, 19824 the Safety Board
recommended on January 28, 1982, that the FAA:

Saircraft Acc.dent Report-Air Florida, Inc., Boemng 737-222, N6ZAF, Collision wath 14th Street Bridge, Near Washington
National Airport,, Washmgron, D.C, january 13, 1882 (NTSB-AAR-B2-8)
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A-82-7

Immediately review the predeparture deicing procedures used by al! air carrier
operators engaged in cold weather operations and the information provided to
fligintcrews 1o emphasize the inability of deicing fluid to protect against reicing
resulting from precipitation following deicing.

fn response, the FAA immediately transmitied the recommendation 1o all air carriers. Later in
that year, the FAA requested that each principa! operations inspector actively review each air
carrier’s manuals and guidance on cold weather cperations. The standards for this review included
pertinent FARs, advisory circulars, and air carrier operation and maintenancze bulleting,

1.17.4.1 Anti-lce Protection

Based upon the high frequency of winter operations in Europe, the Association of European
Airlines (AEA) has provided guidance for anti-ice, as opposed to deice, protection for airplane on the
ground. The 38 percent glycol solution was adequate o deice flight 1713, but provided iittle anti-ice
protection, according 10 the AEA guidance. The AEA data indicate that the protection time could
have been extended by a factor of 2.8 if a maximum effective strength glycol solution had been
applied at the deice pad following the deicing. Other types of anti-ice fluids (type It or thixotropic
fluids)s could have increased the anti-ice protection time by a factor of 8. However, 1o use the tyne I
fluid, most U.5. operators would be required to niodify their deicing fluid application equipment.

1.17.5 Wingtip Vortices and Flight 1713

A Deita Airiines Boeing 767 touched down on runway 35R, the offset parallel runway at
Denver, approximately 3 minutes before the takeoff rotation of Continerial flight 1713, The wing
tip vorticest from the Delta airplane drifted in the general direction of flight 1713 dunng those
3 minutes. The touchdown point for the Boeing 767 was aporoximately 1,600 feet to the right side
and about 1,900 feet ahead of the accident airptane's liftoff point. The crew of flight 1713 would
have been unaware of the landing Delta airplane because they were not monitoring the tower
frequency for runway 35R at the tima.

The decay or dissipation of vortices in the atmosphere is a compiex process that is influenced by
several factors. These include air turbultence/crosswind speed, proximity of the vortex 1o the ground,
distance traveled by the vortex and the original strength of the vortex. Although the hazards of
wingtip vortices have been known for decades, study of vortex decay rate is ongoing.

According to FAA flight tests, wing generated vortices degrade with time and the vortex
hazard to other airpianes generally disappears within 2 minutes. Current U.S. air traffic separation
standards are based, in part, on these tests. More recent studies sponsored by the University of
Hanover’s institute of Meteorology and Climatology, however, indicate that vortices generated by
heavy airplanes have traveled as far as 1,700 feet laterally and have remained potentially dangercus
for over 3 1/2 minutes. During these isolated instances, a crosswind component was found to be
present and the atmosphere was found to be stable. These studies used laser doppler and tri-axial
anemomelters to measure vortex drift and deczy.

4 thixotropie anty sing fluid s more viscous than glycol fluids i common use in the United States  Thiotropic fluids are
designed 1o siough off along with any e or snow buld:p dunng the takeoff roll There o a shight takec¥ performar e
penaity when they are used

5The arculatory airflow around a wingup, caused by air Howing outward lateraily from the high pressure area on the yncer
surface of the wing, and into the reiatively low pressure area on the upper surface of the wirig
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During the Safety Board's public hearing, 2 representative from the National Aeronautics and
Space Administration (NASA} defined five conditions that must be met to support a theory of wake
vortex encounter before the crash of Continental flight 1713:

1. The vortex generating airpiane must be relatively heavy in order to
generate strong and long tasting vortices.

2. The vortex must be generated at a sufficient height above the ground, in
this case about 100 feet. '

3. Atmospheric conditions must be consistent with those supporting iong
lasting wake vortices.

4, The vortex must encounter the accident airplane.

5. The vortex must still be of sufficient strength to result in loss of control at
the encounter,

2. ANALYSIS

2.1 General

The airplane was certificated, equipped, and maintained in accordance with FAA regulations
and company policies and procedures. The flightcrew was deemed quatified and certificated
properly by the FAA, and the flight attendants ware qualified for the flight.

The general life habits and recent events in the lives of the captain and first officer do not
appear to have adversely affected their performance. Their specific activities during the 3 days
preceding the accident also were uneventful. No evidence of adverse medical histories or chronic or
acute ailments was discovered for either crewmember, and both were reportedly in good health at
the time of the accident. Analysis of toxicological specimens obtained from the captain and the first
efficer did not detect any alcohol or other drugs.

There is no conclusive evidence that the captain’s commute from his home in San Diego to
Stapleton Airport on the morning of the accident adversely affected his performance. However, the
Safety Board believes that commuting in proximity to reporting for duty is a practice which has
potential to induce undue fatigue and stress and, therefore, shouid be discouraged.

The Safety Board examined Continental’s DC-9 flight training, the first officer’s flying
experience, Continental’s maintenance procedures and the mechanical integrity of the airplane, the
weather affecting the flight, snow removal procedures at the airport and Continental’s deicing
procedures, air traffic control aspects affecting the flight, a possible encounter with wingtip vortices,
and the possibility of wing contamination before and during takeotf. The dynamics of the aircraft’s
timpact with the ground, postaccident survivability, and crash/fire/rescue activities also were
analyzed.

Data retrieved from the FDR, ground scar examination, and the positions of wrackage
fragments indicate that the ieft wingtip of the aircraft struck the ground first. At this point, the
asirplane was in a slight descent and in a bank anzie of about 36° to the left. As the airplane
continued to descend, the ieft wing disintegrated. he left side of the cockpit and forward fuselage
contacted the ground next, about 250 feet after the initial impact point, and while the aircraft
continued to roll to the: feft. As the fuseiage rolled into an inveted position, the upper surface of
the right wing began siding along the ground about 500 feet arter initial impact. A1 this juncture,
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(white this out) evidence indicates that the waiicone/empennage departed the fuselage and was
thrown to a point about 850 feet beyeond initial impact. The fuselage and intact right wing then stid
1o a point about 1,000 feet beyond initial impact and slewed around 1o point in a southerly
direction.

2.2 Continental DC-9 Training

Neither pilot had extensive experience in the DC-9, and the first officer had very little
experience in any swept-wing turbojet airplane. The Safety Board believes that their specific flight
training in Continental’'s DC-9 met and, in some instances, exceeded the minimum Federat
requirements and accepted industry standards. The Continental DC-9 training program is one of the
oldest a1 that airline.

The captain had no major problems during his instruction or his 1OE although his IOE period
was extended by the company. An FAA operations inspector who witnessed the 10E leg thar caused
the extension stated that he did not see the need for a2 Continental instructor to further cbserve the
captain. Also, Continental training personnel voluntarily extended the 10E at the expense of a
Continental ilight instructor's time. The Safety Beard is concerned, however, that demonstrating
proficiency in all approach to stall maneuvers was waived by the FAA flight examiner on board
during the captain’s type rating check ride. Waiving of all approach to stali maneuvers is not in
accordance with FAR 14 CFR Part 21, Appendix f, "Proficiency Check Requirements.” Although the
Safety Board hes no reason to believe that the captain could not have performed the maneuvers
proficiently on the checkride, the opportunity for FAA observatio= of his proficiency was fost.

The first officer, however, exhibited significant shortcomings during his DC-8 traiming.  His
INStructors were conscientious enough to log specific problem areas in detaii periodically during his
time in training. These instructors also required the first officer to received extra simulator time
before they released him for line operaticns. While the first officer's skill as a pilot will be discussed
later, the adequacy of his and the captain’s training conformed to the FAA's requirements.

2.2.1 The First Officer’s Initial Operating Experience

The first officer received ail of his iOE while actuaily performing the duties of a
second-in-cemmand in accordance with Continental’s policy. Therefore, the Safety Board believes
that his IOE was not a factor in this accident. The Safety Board is concerned, however, that the
current provisions of 14 CFR 121 234 permit completion of the IGE by a first officer while only
observing from a jumpseat position in the cockpit. The regutation does not adequately satisfy the
purpose and intent of the IQE anc, in fact, reduces the opportunity for the "hands on” aspects of the
tOE, and a loss of the check pilot's obility to evaluate the performance of the first officer.

Under the present FAA regulstions, it is possible, depending on the simulator used in initial
training, 1hat the first Time a firs, officer touches the controls of an actual airplane could be with a
fuli ivad ot passengers aboard and with an inexperienced captain in the feft seat. In such a case, it
would be legal for the first officer 10 perform the fiying pilot’s duties without having accrued any
actual airplane flight time whatsoever. The Safety Board helieves that this possibility is unacceptabie
and believes that the regulations should be amended to elinunate the provision which permits the
completion of all 10 by a second in command from an observer’s position in the jumpseat.

2.3 Airport Snow Removal
The Safety Board helieves that snow removal at Stapleton International Airport was not a factor

in this accident. According to several wit~esses, runway 35L had been adequately plowed earlier in
the day. According to the AOM who drove a truck anto the runway iess than 2 minutes after flight
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1713 crashed, the condition of the runway, in fact, had been improving up to the time of the
accident. The runway condition had been improving because the runway was in heavy use before
the accident and the ambient temperature was close 10 the freezing level. Although the crew that
took off before flight 1713 stated that “there was a little clutter on the runway,” no evidence of
significant contamination could be found by the Safety Board. In addition, and most importantly,
data from the FDR indicated that the takeoff acceleration of fiight 1713 was normat.

2.4 Wingtip Vortices

The encounter with a wing tip vortex from the landing Boeing 767 on runway 35R was
eliminated as a probable cause in this accident when the Safety Board examined and efiminated as
viable factors those conditions that would have made it possible for dangerous vortices to intercept
the flightpath of flight 1713,

2.4.1 Wake Vortex Factor 1: Airplane Weight

The vortex generating airpiane must be relatively heavy to generate strong and long lasting
vortices. The heavier an airplane is, the stronger its wingtip vortices will be. The Boeing 767 is
classified as a "heavy” airplane for increased air traffic contro! separation purposes because its
maximum takeoff gross weight can conceivably be above 300,000 pounds. As examples, heavy
airptanes, such as the Boeing 747 or the military £5-A, may have ianding weights over
500,000 pounds. The weight of the landing Delta B-767, however, was only 232,000 pounds.
Therefcre, although labeled 2 "heavy” airplane, the Delta B-767 was almost 70,000 pounds under
the actual definition of a heavy airplane To further Hlustrate this peint, another Boeing product,
the Boeing 757 can {ly at weights of 232,000 pounds and yet i1 would never be considered a "heavy”
airplane for ATC separation purposes because its maximum takecff gross weight does not approach
300,000 pounds. All the experimentation ciied in this section 15 based on measurements of vortices
created by Boeing 747 class airptanes.

2.4.2 Wake Vortex Factor 2: Vorie~ Generation Altitude

According to NASA and Department of Transportation (DOT} testimony, any vortex which
would have affected fiight 1713 would have been generated =t a sufficient height above the ground
to survive a sufficient time to reach the DC-9. In this case, any vortices originating below about
100 feet above the greund (which would be generated as the Boeing 7675 2ltitude dropped below
700 feet during tha landing descent) would decay rapidly. In other words, airplane wake vortices
generated near the ground would decay much more rapidly than those generated above the
awrplane’s approximate ground effect altitude. Wake vortex tracking test data show that in less than
1 percent of the flights observed, vortices generated by ianding airplanes of the Boeing 747 class at
100 feet above ground level traveled over 900 feet laterally. For heavy airplanes at 70 feet, vortices
rarely traveled lateraily as far as 850 feet. in both NASA ard DOT studies, the vortex strengths at 850
10 200 feet laterally from the origination point were extremely weak and not considered dangerous.
in another study, DOT personnel tracked vortices from heavy airplanes that were taking off.
Typically a takeoff configured airplane operates at greater gross weights and reduced fiap settings
and will generate stréi.ger vortices than will a landing configureg airplane of the same type. In this
study, vortices were never detected beyond 1,300 feet laterally when generated at 70 feet above the
ground. The Safety Board therefore concludes that any sirong wingtip vortex generated below
100 feet by the Boeing 767 could not have traveled the required 1,600 feet between runways 35R
and 35L at Stapleton Airport and survived that gistance as a vortex significantly strong and active to
have adversely affected the control of flight 1713,
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2.4.3 Wake Vortex Factor 3: Atmospheric Instability

Another, and perhaps the prime, requirement for a long lasting, strong vortex is a stable
atmosphere. A stable atmosphere is defined by both the absence of turbulence and a stable
temperature gradient. Precise atmospheric measurements are usually required to accurately
determine the atmospheric stability. These precise measurements, and consequently a perfectly
defined characterization of the atmosphere on November 15, were not available at Stapieton.
However, general indications of the conditions were available. Testimony at the public hearing by a
representative of MASA indicated that surface winds normaliv generate disturbing turbulence near
the ground. The LLWAS data clearly showed wind speed and direction fluctuations (wind gusts) that
were consistent with turbulence. Additionally, upslope snow storms, such as the one in progress at
the time of the accident, normally result in a neutral atmosphere. In the presence of strong winds
and a neutral atmosphere, meteorologists have concluded the airmass ts usually turbulent. From
these indications, the Safety Board concludes that a stable atmosphere did not exist at Stapleton at
the time of the accident and that vorticas from the landing Boeing 767 would be short lived.

2.4.4 Wake Vortex Factor 4: The Lack of a Vortex Encounter

tast, and obviously, a vortex of any strength whatsoever also would have had to enccunter
flight 1713 while the airplane was in rotation for takeoff or airborne for it to have been a factor in
this accident. NASA and DOT sources indicate that a vortex segment from the downwind wing
wouid move with the wind at the speed of the wind plus an additiona! lateral component of about
3knots for about the first 30 seconds after its generation. The vortex ground speed would then
gradually siow 10 that of the wind component. The vortex segment generated by the upwind wing
would tend to move with the wind, but about 3 knots siower than the lateral wind component and
then after akb v+ 30 seconds, gradually speed up to the speed of the wind component. After about
30 seconds, vortex segrments wouid be moving at the speed of the wind and in the direction of the
wind. {See figure 7.}

The points and times on figure 6 were derived from recorded airport surveillance radar plots of
the two airplanes and indicate that the Delt2 Roeing 767 landed approximately 3 minutes before the
first sound of & compressor surge from the DC-9. The wind vector, determined fram the LLWAS
sensor readings, was about 24° from the right of runway heading and is aligned in figure 7 with the
diagonal lines. The diagonal line to the south represents the direction of trave! of a vortex segment
generated at 100 feet above the ground under these wind conditions. The diagonal line to the north
represeris the direction of travel of a vortex segment generated when the Boeing 767 touched
down. Due to the characteristics of wingtip vortices, none are generated after the nosewheel of an
airplane is on the ground.

The Safety Board believes that any vortex generated below 100 feet above the ground would
have quickiy dissipated. Therefore, the south diagonal line on figure 6 is the last possibie path of a
“strang” vortex, and the north line is the fast possible path of any vortex before its complete
cissipation. The length of the diagonal fines is not representative of the distance which a vortex may
trave! hefore dissipating. The vortex may dissipate at any position aleng the lines, depending on the
atmospheric conditions. Initial abnormal events during the takeoff of flight 1713 occurred about
1415:37 when the airplane had just iifted off the ground. The recorded aititude dip is large,
indicating a larger than normal pitch attitude at liftoff and there is also a small uncharacteristic drop
in the vertical acceleration trace. Beginning at 1415:39.5 there was a sharp drop in the vertical
acceleration trace, an abrupt heading trace change to the left, then an exclamation from one of the
pilots, and then the first sound of a compressor surge. For a wake vortex segment from the Boeing
767 to have affected the DC-9 at 1415:39.5, when airglane control became questionable, the vortex
segment would had 0 have maved from the Boeing to the position represented by the point on
flight 1713’ flightpath marked " 15t COMP STALL." As can be seen, that position is we!l clear of any
expected vortex movement area.



32

= w350
”
o -
=4

2 _

RELATIVE POSITIONS - -
OF COA 1712 AND B-767 — 3.00
£

+ -
12:56 2%

VORTEX PATH —  _

GENERATED AT _

TOUCHDOWN _

APACT 1 .
12:37 — DECEL — 1.50
1ST COMP STALL 12:32 - <
POSITIVE RATE 12:27 N Z

“ROTATE" 12:23 — 100’ - 100

vi .\ VORTEX PATH — -

GENERATED AT 100" _

® -
® :- 2.50

COA 1713 © 12:04
654. TRUE

. pu—
+— ASR - 0.00

® -

e -

. -
- .50

. -

® B—767 -

1440 TRUE -
|||r||rlPigxlls':uui_{..u}o

10% 0 &Q Q.00 0.50 1.00
N.M.

Figure 7.--Vortex path based on LLWAS sensor data.



33

In general, any vortex traveling on lines south of the "strang” vortex line could only have
affected flight 1713 while i1 was still within the first 1,000 feet of its takeoff roll. In fact, it can bhe
seen from the plot that all vortices from the B-767, if they survived the 1,600 feet of lateral
movemnt between the runways at all, would have encountered the DC-9 while it was still on the
graund.

Current available information on the generation, sirength, life span, and direction of travel of
the wingtip vortices from the landing Boeing 767 indicate that they could not have encountered
flight 1713 during its short flight. Therefore, the Safety Board conciudes that a wake vortex
encounter was not the reason for flight 1713's unsuccessful takeoff. It should be noted that Jittle
wake vortex data exists for the B-767 nnd there is sorne possibility that its wake vortex may be longer
lasting than its weight would sugges:, although rot as long lasting or as strong as the Boeing 747.
Therefore, it is conceivable, but unlikely, that the 8-767 could have produced a wake vortex strong
enough to affect a DC-9 to some unknown degree, from g laterai distance of 1,600 feet. This could
have occured if, and only if, all the other conditions previous!y cited for potential encounter were
present.

However, the Safety Board wishes to emphasize that it has not eliminated the possibility that
on a different day with different conditions and different aircraft, a potential problem might exist
concerning wingtip vortices. Therefore, the Board believes that the FAA should commence a
research project to acquire data from dedicated sensors to determine what consideration, if any,
shoutd be given to wake vortices in a parallel offset runway situation.

2.5 Airplane Deicing and Subsequent Contamination

The Safety Board believes that the airplane was adeqguately deiced before it departed the deice
pad. Fvidence suggests that the combination system of fixed deicing snorkels and mobile deicing
trucks used by Continental at Denver is quicker and morse efficient than the use of deicing trucks
alone.

Nevertheless, since the airplane was exposed to a moderate snowstorm in subfreezing
conditions for approximately 27 minutes foliowing deicing, the 3afety Board believes that portions
of the airframe became contaminated with a thin, rough layer of ice. The pilot of Continental flight
875 stated that he did not see any contamination on the wings of flight 1713. However, several
surviving passengers on fligcht 1713 reported seeing some "ice”™ on engine inlets or in "patches” on
the wing after deicing. These accounts suggest isclated fragments of contamination.

During precipitation in subfreezing ambient ternperatures, ice can accumulate on airframe
surfaces after a thorough deicing when the deicing solution evaporates, runs off, or is diluted with
the precipitation Ali three of these conditions occurred on the wings of flight 1713, with difution of
the deicing soluti +i having been the predominant condition. Due to many variables involved, the
Safety Board four ! it impossible to determine exactly where or exactly how much ice had formed on
the wing and em. ennage surfaces of flight 1713. The Safety Board beiieves that enough wet snow
{0.29 inch) fell on flight 1713 during the 27 minutes between deicing and takeoff 1o dilute the
deicing fiuid 10 the point where ice began to reform. This 0.29 inch of snow, if melted, would equate
to about 0.032 inch of water.

The accumulated precipitation on the upper horizonital surfaces of the airplane probably would
have been a combination of snow and melting snow or slush. Consequently, because of the dilution
of the anti-icing fluid, the actual thickness of the slush probably would have been slightly greater
than the water equivalent of the snow alone and would have frozen into a roughened surface. Even
ihic modest emount of surface roughness on the winns of a DC-9-10 series wing could cause
gontroitability problems according to McDonneil-Dougla:.
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The contamination of the airframe surfaces of flight 1713, as thin as it may have been, could
have been delayed .f the airplane had been anti-iced following the deicing. According to the
Associztion of European Airlines, a full-strength glycol anti-icing application would have grevented
any ice buiidup 2.8 times longer than ihe 38 percent glycol deicing apptlication that flight 1713
received,

Federal guidelings concerning deicing fluid type, temperature, consistency, and appiication
methods are summed up in FAA AC 20-117. The AC thoroughly discusses deicing methodology in
general use in the United States. it does not, however, incorporate more advanced deicing and anti-
icing methods using “type 117 dawcing fivids that have been used by European countries for severa’
years. The 1986 edition of the Association of European Airlines Recommendations for De-/Anti-Icing
of Aircraft on the Ground includes specifications for ground deicing fluids, fluid ¢ spensing
equipment, quality control guidelines and procedures, application procedures and mewnods of
ensuring proper interaction and communication between maintenance and flightcrews. The Safety
Board acknowledges tha: the FAA, in conjunction with the Air Transport Association (ATA} and the
Society for Automotive Engineers {SAE), is actively studying the ad¢emzaes and disagvaniages of the
use of type [l deicing fluids. Also, the Board notes that several U.S. manufacturers are now
experimenting with other forms of advanced deicing and anti-icing systems and new mechanical ice
detecting devices for aircraft. The Board encourages expedited research and testing in this area,
under the sponsorship of the FAA. Also, the Board believes that, should type I} or other advanced
fluids prove safe for U.S. operations, their use should be highly encouraged by the FAA.

2.6 Aerodynamic Effects of Airframe Contamination and the Results of the
Contamination on Flight 1713

The Safety Board believes that ice contamination that formad on flight 1713 during the
27 minutes it waited to depart Stapleton was sufficient to raise the stall speed of the airplane and
compromise its stability and the pilot's ability 10 maintain control. At the Safety Board's public
hearing on this atcident, a representative from McDaonnell-Douglas stated that small amounts of
upper wing ice may severely degrade the lifting capability of the wing and lead to loss of roll and
pitch contro! on DC-9-10 series airplanes. He concluded that the DC-8-12 series and other airplanes,
with ang without leading edge slats, would be affected to varying degrses by smalf amounts of
upper wing icg contamination. For example, granular ice of only 0.030 inch {similar to the roughness
of 30-40 grit sandpaper) would degrade the maximum lifting capability of the DC-9 wing by about
2( percent. For a given increase in angle of attack, an ice contaminated wing would have a lesser
increase of litt than would an ice-free wing. The stall speed would increase and the stall angie of
attack would decrease, possibly to the point that the stall warning indicator {receiving its signals
from angle of attack sensors, not airspeed sensors) would not activate before stall. indeed, in the
case of flight 1713, no stick shaker was heard on the CVR 1ape, although the airplane was in the stall
regime before impact. In addition, if less than normal lift is available during the takeoff pitch
rowatior, “he airnlane may not be able to leave the ground either when expected or in 2 stable
manner. in any case, the stall safety margin is significantly recuced.

ice contamination also may produce rofl oscillations and unexpecied pitch-up tendencies
during flight. lce accumulations usually are not uniform and result in nonuniform lift degradations
on the wings, horizontal taii, and, to a small degree, the fuselage. For example, a small section of ice
on an otherwise contaminant-free wing or a small section of rougher ice on a contaminated wing,
may be the first area on the wing to stall or produce less than norma! lift. This uneven lift may result
in the onsef of rol, followed by pilot initiated counter aifreon and spoiler deflections which can
quickly set up roll oscillations. On swept wing airplanes, contaminated cutboard wing areas also can
produce unexpected pitch-up tendencies because the ocutboard wing areas are usually behind the
center of gravity of the airplane. When the wingtips stai!, the inboare parts of the wings (ahead of
the center of gravity) produce proportionally more iift and the ncse pitches up. However, the
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greater than normal p;tch rate on fight 1713 was present during initial rotation {when th: wmgs e

-~ were untocaded) indicating that the high pitch rate was pifot-induced. Ice-induced pitch rates, on the

‘other hand, result from Joaded wings tha' iust reach the localized stail angle of attack. The Safety
Board is not aware of any service hlstory Of piiat reports desfﬂbmg DC-9-10 series me-mduced pt’td“u

Cup tendencnes

. The smali amount: of ice on the wings of the airplane contributed to s;gmfxcant controflability
problems on flight 1713.. Safety Board calculations show that a stall could have occurred un the -
accident airplane at 165 knots calibrated airspeed with 1.4 Gs on the airframe if there had been
about a'20 percent reduction in maximum lifting capabifity. Flight 1713's maximum. airspeed of |

N about 165 knots was recorded on the FOR simuitaneously with 1.4 Gs. At aimost exactly the same
. time, an exzlamation from a crewmember was recorded on the CVR. A 20 percent reduction in lift

wouid have resufted rom 0.03 inch of ice, which the Safety Board betisves is at feast the amount that’

- could have accumulated in 27 minutes. Therefore, the Safety Board concludes that the accident was

precipitated by the captain’s failure to reiurn for a second deicing after the extensive deiay before:
. takeoff because the upper wing surface contamination that existed was suffloent to cause the loss
~of control dunng the takeoff attem pt '

-2.7 Arrpiane Nlamtenance-'and.Certiﬁcation .

The airplane was mamtamed in accordance with current Federal reguiauons and Continental .

~ maintenance policies. -All airworthiness directives and service bulietins had been complied with. The - '

one significant open discrepancy present at fhe time of the accident (the inoperative center fuel tank
quantity guage) did not contribute 10 the accident in any way because 1‘1@ center fuel tank
contamed only ressduai fuel during the flight. -

The mstailauon of red “STALL" hghts on the giare shield of the aarptane instead of ambe;
“STALL WARN" lights wwvas not in accordance with the original engineering order. In addition, the :
lack of a-“Stall Comparator Failure” light on the annunciator pane! was contrary to the engineering

-order. The filaments of both red "STALL" lighis were found stretched, indicating that they were

illuminated at impact. The Safety Board believes that the fact that the lights were red-instead of -

.amber and labeled incorrectly was nol a causal factor in the crash. Ablo, the fack of a “Stalr o

Comparator Failire L:ght was not a causal factor in the crash.

The engine compressor surges noted or the CVR tape durmg the last seconds of the flight
‘pefore impact were attributed 1o aeradynamic factors and not mechanical failures. Such surges have
been noted in past accidents and incidents where the upper wing surfaces were contarinated and
disturbed airflaw from the wings entered the engine intake. Surges also have been noted on CVR .
recordings from accidents with no wing contaiination. These surges accurred when the intakes
were na longer ahgned with the relative wind during dynam:c maneuvering of the airplane, causing

- compressor blades to stall and subsequent surges. In al! instances, the surges were the effect rather
" than the cause. Consequentiy, engme compresso_r surges wers. v')t a causat factor in this acc:dent

" The fack of ieadmg edge devices on the wmgs of the DC 9 airplane make it more vutnerab’e to o
- performanke degradation due to wing (ontamination; however, the Safety Board believes that the
_FAA and McDonnell-Dougias have adequately warned DC-9-10 series operators of sucii possible

degraded: flight characteristics through AC 20-117 and several articles on airframe contaminationin

* McDonnetl-Douglas publications.? In general, McDonneil-Dougtas provided guidance for carefully.

- inspecting for. "aimost undetectable amounts of ice,” and the FAA regulations require that airfoil

7Brumby. Wing Surface Roughness--Cause and Effect, and Brumby, Ralah €. Aerodynamics and Cold Weather Opecations ;ﬁ a1

‘Fiight Approach #4171, Flight Test and Operatsons Group. Douglas furcraft Company, McDonnell- Doug{as Corpotauon Ltong

Beach, Californa, December 1982,
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surfaces be free of contamination” before takeoff, which is adequately specific information for
operators. Finally, airplane certification requirements for performance are based on airfoil surfaces
that are not contaminated by tce, snow, or frost.

The Safety Board has investigated three previous DC-9-10 series icing-related accidents which
were similar to the circumstances of the accident invoiving flight 1713.8 in two of the accidents, ice
was visible to the crews before takeoff; in the other accident, the crew failed 1o examine the wings
beiore takeoff. The Safety Board believes that the November 15, 1987, accident again demonstrates
that even small amounts of contamination on the upper surfaces of an airplane can seriously
degrade Lift. This accident underscores the ¢ritical importance for the pilot-in-command 1o ensure
the surfaces are clean before every takeoff when in conditions conducive to contamination. The
crew of flight 1713 also failed to examine the wings for contamination before takeoff. Therefore,
the Safety Soard believes that there is no justification for questioning the FAA certification of a
DC-9-1G series airplane.

2.8 The First Officer's Actions During Rotation

The first officer’s poor rotation techrique probably contriouted to the loss of airplane cantrot.
Evidence of troubie during the takeotf rotation was apmarent from data recovered from the FDR,
The aititude dip associated with pitch rotation in a DC-9-14 girplane is normally about 50 to o0 feet
below field elevation, consistent with a pitch angle of about 6° during !iftoff. Under normal
circumstances, the magnitude of the dip s porportional 1o the pitch attitude of the airplane whiie it
is stiif on the ground. The pitch rate defines the initial stope of the dip. For the accident flight, the
dip was about 120 feet, indicating a prich atiitude of about 14° while the airplane was very close to
the ground. Additionaily, the pitch rate appeared to be over 6° per second, twice the recommendad
rate. The Safety Boarg examined the FOR alutude traces from the six previous flights of the accident
airplane and found routine altitude trace dips for all six  Comparing these altitude trace dips with
the trace dip on the accident thght, 1t appears that the first officer rotated the airpiane about twice
as fast as normal or recommended.

Greater than normal pich rates result tn the gchievement of greater than normal angles of
attack during the transition from ground rol! pitch angle 16 the target chimb pitch angle. While the
airplane is on the ground, the angle of attack equals the prich angle  The airptane normally leaves
the ground at about 6° of pitch angle, and this angle continues to increzse to the target climb angle
of about 15° for inital chimb. The angie of attack wall also increase duning thi: maneuver, but st a
slower rate. On<e the pitch angle is stabilized and the climb angle is starting to increase, the angie of
attack will typically decrease For a typical takeoff with a 3° per second rotation rate, the maximum
angle of attack achieved will be about 9° if the rotation rate is 6° per second, as on the accident
airplang, the maxmum angle of attack achveved may rapidly increase 10 about 12°, which is very
ciose to the normal stall angle of attack of about 14° on the DC-9-10 series arplane. However, ice
contamination probably lowered the actual stall angle of attack on the acardent airplane to some
angle less than 14°  As a vesult, the wing began 1o stali and the airplane began to roll. The stall
warning stick shaker did not acuvate because of the previcusiy discussed reduced angle of attack
due to wing contamination. The stait was probably precpitated by rapidly rotating the airplane into
an unacceptable angte of attack

The 24-day period, which had elapsed since the first officer’s last flight trip sequence, was
excessive for 3 pilot of limited experience  Although it cannat bz determined to what extent this
may have affected the first officer’s performance, the Safely Board believes that this extended

& reld Accwdent Brels. Trans Works Airtines. ing, Newark, New Jersey Rovember 27 1878 (ho 4-0030) ang Arborne Express,
ine | Pralacheipiae Fennsylvaria Febeusary 5, 1985 (No 2662}, and Acrcratt 50 cent Aeuurt--Ozark A Limes, ifc, Ouougles
OC 9 15 N974Z, Seour City Axport Sious City lowd, Decemder 7 136& (NTSR.&AK 73-230)
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absence from flight duties probably eroded his retention of newly acquired knowledge and skifls
associated with his duties as a DC-9 first officer.

2.9 The Captain’s Actions

The Safety Board notes several decision-making deficiencies of the captain of flight 1713, The
Safety Board believes that he should have realized that he was exposing the airplane tc airfoil
contamination for too long a period and should have returned to the deicing pad for another
deicing before takeoff. in addition, he showed poor judgment in allowing an inexperienced first
cfficer to attempt a takeoff in weather conditians such as those that existed at Denver. Further,
from data recovered from the CVR and the FDR,  -upears that he did not attempt to arrest the first
officer’s rapid rotation of the airplane during the takeoff.

Although the captlain was an experienced pilot with apparently better than average flying
skitls, he was relatively inexperienced as a captain on air carrier wrbojet airplanes, and he had very
little total flying time in the DC-3. He was not seasoned in either the supervision or judgment of first
officers, nor was he familiar with the unique characteristics of the DC-9-10 series airplane in icing
congditions. Although he was taught about DC-9 cold weather operations during his ground training
and simulator sessions, he had naver actually encountered ground icing conditions in a DC-9 before
the accident. Also, he was rermiss in at least two basic mission planning administrative guties of a
Continenta! piiot (sigrning off the Read and Initial Book and telling the dispatcher of his need to
declare an alternate airport before takeoff). In addition, he did not understand the intent of the
company procedures concerning taxi from the gate through the deice pad and on to the runup pad.
His failure to contact ground control for clearance to taxi 1o the deice pad preciphtated a series of
avents that caused a portion of the 27-minute delay between deicing and takeoff. Fotlowing the
accident, those procedures were modified to state that a flight should not taxi beyond the north side
of concourse D until ¢learance is received from ground contro!.

Company procedures alsc required the captain to inspect the airplane if the takeof? is delayed
for more than 20 minutes after deicing. The captain did riai examine the wings or cause the wings to
be examined even after 27 minutes nad elapsed. Alihough there was no intercockpit discussion of
this requirement, a comment about increasing engine power momentarily for engine anti-ice
capability indicated that he was aware of the elapsed time since enging start and that he was aware
of the need 1o increase engine power periodically 10 improve angine anti-icing airflow during icing
conditions on the ground. Unfortunately, he appears w have linked 1cing conditions on the ground
with oplimum engine operation rather than optimum airfoil effectiveness. 1t is possible that the
captain thought that since they were ready to rake off approximately 20 minutes after deiaing, a
return to the deicing pad for more deiang was not necassary, in spite of the unanticipated
additional delay of about 7 minutes.

The captain bad never flown with the first officer and knew nothing cf his flying skilis or
background, although he did realize that the tirst officer was new to Continental. He allowed the
first officer to be the flying pilot on the first leg of this trip sequence into relatively poor weather,
presumabiy so that he, the captain, would make the landing on the return feg to Stapleton, in
perhaps equaily poor weather. Although weather takeotfs are generally assumed 1 be less
demanding than weather landings, and the general tradition is for two airline pilots to always
"trade legs,” a much wiser course of action would have been for the captain to have conducted the
takeoff at Denver and then to have aliowed the first officer 10 take over {iying duties for the rest of
that leg. The captain could then have flown the return leg and made the weather approach and
landing back at Denver.
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2.10 Crew Pairing

The Safety Board also believes that the captain's basic inexperience as a DC-9 pilot 1ogether
with his inexperience as a captain supervising the actions of first officers teft him unprepared for the
rapid rotation by the first officer into the aerodynamic stali regime A more experienced DC-9
captain may have been better able to {a) notice that a rapid rotation was occurring, (b) arrest the
rotation by blocking the yoke, and finally, (<) perhaps allow the airspeed to build up 10 the point
where the takeoff could be successfully completed.

in summary, the Safety Beard believes that the pairing of pilots with fimited experience in their
respective positions can, when comhined with other factors, such as adverse weather, be unsafe and
i5 not acceptable. The Safety Board believes that although the pilots of flight 1713 had previously
demanstrated competence in their duties, compromiges in the decision-making process occurrad as a
result of inexpernence in their respective positions. Subseguently, their pairing on the same flight
was a factor in the accident.

As a result of its investigation of three commuter air carrier accidents,9 the Safety Board
recommended that the FAA;

A-86-107

issue an Air Carrier Operations Bulletin-Part 135, directing all Principal
Operations Inspectors to caution commuter air carrier operators that have
instrument flight rules authorization not to schedule on the same flight
crewmembers with limited experience in their respective positions.

The FAA complied with the recommendation by issuing Air Carrier Operaticiss Bulletin {(ACOB} No.
87-2, Caommuter Flightcrew Scheduling. The ACOB directed all principal operations inspectors (FGi)
10 caution commuter air carrier operators who have instrument authorization not to schec.u. » flight
crewmember with limited experience in their respective positions on the same flights.

The Safety Board is pleased to note that following this accident the FAA again embraced the
concept of establishing minimum expearience ievels when pairing pilots for scheduling purposes. In
January 1988, ihe FAA issued a similar ACOB to the POls of major air carriers operating under Part
121, recommending that operators estabiish procedures which wouid prevent pairing inexperienced
crewmembers on the same flight.

The rapid growth of the aviation industry at a time when fewer experienced pilots are in the
workforce has reduced the opportunity for a piiot to accumulate experience before progressing to a
position of greater responsibility. This loss of “seasoning” has led to the assignment of pilots who
may net be operationally mature to positions previously occupied by highly experienced pilots. An
operational safeguard to reduce the effect of these circumstances would be to establish a
requirement prohibiting the scheduling or pairing on the same flight of crewmembers with limited
experience in their respective positions. Operational limitations in other unusual drcumstances, such
as the placement of a new type of aircraft into service, should be developed, but the primary method
by which adverse pairings shouid be avoided should be determined by the regutation of airline
scheduling policies. The Safety Board believes that the time has come for the FAA to establish, and
the indusiry 10 accept, such a requirerment.

A cratt Accdent Reports -Bar Harbor Awriines Fhgihxt 1808, Beech 8.99, N3OOWF, Auburn-Lewiston Airport, Auburn, Maine,
August 25 7985 (NTSB/AAR-BB/AG). Henson Airlines Fhigirt 1577, Beech B-99, N339HA, Shenandcah Valley Airport, Grotloes,
Vieginia, September 23, 1985 (NTSB/AAR B6/07), and Summons Awhres Fhght 1746, an Embraer Bandeirante, EMB. TI0PF,
NI3SEP near Alpena, Mictugan, March 13, 1986 (NTSB/AAR-B87/02)
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2.11 Sterile Cockpit Procedures

The Safety Board is aiso concernad that the captain and the first oificer engaged in almost
3minutes of nonpertinent social conversation about 4 minutes before takeoff. Technicaily, the
nongertinent social conversation was not a violation of CFR 121.542(b}, the “steriie cockpit”
regulation, because the aircraft was not moving. The 8Soard, however, beiieves that engaging in
social conversation wouid suggest inattention to more important details, such as the forthcoming
takeoff and the condition of the airplane with respect 1o FARs that prohibit takeoff with airfofl
surfaces contaminated with snow and ice and to company procedures that required the captain 1o
inspect the airplane for contamination if the takeoff was delayed more than 20 minutes after
deicing. This activity in conjunction with the flightcrew's failure to mention gossible wing
contamination since departure from the deicing pad leads the Board to believe that the company
may not have placed sufficient emphasis on the reasons for sterite cockpit procedureas.

2.12 Continental’s Preemployment Screening

The Safety Board is concerned that Continental’s background check of the first officer did not
reveal he had been discharged by a previous employer because of an inability 10 pass a flying check
ride. Contrary to fact, the background check characterized the first officer’s work as “very good”
and went on to state that he left that company on his own accord. The Board believes that had
Continental bean aware of the first officer’s employment background it would have bad the option
of not hiring him in the first place or of emphasizing areas in his DC-9 training where he had
previcusly demonstrated veeakness. The Board believes that the FAA shouid require commerciat
operators 1o examine applicants’ records of previous flight experience and their safety records
through the use of FAA accident/incident files and enforcement history records. Furthermore, a
review of the training and performance recards of previous employers for at least the preceding 5
years should be mandated, and an examination of crimina! and driver records should be included.
The use of 2 civil release signed by each applicant wouid facilitate the release of information from
previous emplovers who might be reluctant 1o provide it otherwise.

2.13 The Role of the Clearance Delivery and Ground Controllers and Continental
Flight 594 in the Takeoff Delay of Flight 1713

The Safety Board believes that the air traffic controi facility at Stapleton was unaware of the
focations of Continentafl flights 594 and 1713 for extended periods of time after they began taxiing
and that this lack of awareness contributed to the delay between deicing and takeoff for fiight 1713.
Procedural errors on the part of both flightcrews aiso contributed to this delay.

The airport was not eguipped with ASDE, and the visibility varned somewhat but generzliy was
such that tower personnef could rot see beyond the ends of the terminal concourses at Stapleten.
Not being abie to in some manner see airplanes they are supposed to be controlling places a great
burden on the controliers in the tower. Had the controllers been able tc Jocate flights 524 and 1713
on the ramp via radar as they progressed to the takeoff position, the points of confusion and the
subsequent takeoff delays may not have occurred. The Safety Board notes that Stapietc n Airport is
s«cheduled to have an ASDE-3 installed in 1989, a sfip from its original instailation date of September
1988. The instaliation and certification of the equipment should take about 4 months according to
FAA sources. The Board is concerned, then, that this airport will have gone without ASDE through
two winter weather seasons with associated periods of low visibility since this accident.

The controllers’ actions ¢an be reconstructed. As stated earlier, flight 1713 taxied 16 the deice
pad without clearance and contacted the clearance delivery contralier for a frequency change to
ground control and eventual clearance from the deice pad at 1351:12. The clearance delivery
controller received the radio call, locked at the flight progress strip for the flight, saw no markings
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on it indicating the location of the airplane on the airfield, and assumed the flight was taxiing from
tihe gate, despite the fact that the phrase by the aircrew “from the ice pad” is clearly heard later on
the recorded air wraffic control audio tapes. He then annotated the strip with a mark indicating the
fligh. was going to the deice pad and passed it on to the ground controller.

The ground controller thern issued the clearance: "Continenzal 1713 ie’L side taxi 10 tne pad
give way 1o two companiegs on the south side of delta goin' into there it's an Airbus and a ah MD-80."
The issuance of this clearanze was procedurally correct since due o the clearance delivery
controller's mark on the strip he believed that the flight was still at its gate. His phraseology,
however, was ambiguous because he did not specify deice pad as opposed 10 runup pad (at the end
of the runway}. The crew of flight 1713 may have assumed that he mezant runup pad and, therefore,
wculd have assumed the clearance was logical. Had he specified deice pad, the fightcrew may have
noticed the point of confusion, enlightened the ground controller of their actual lecation, and
entered the known takeoff kneup 1o take off in a timely manner.

The fact that the tower personnel also were unaware of the location of Continental flight 594
added to the takeoff delav of flight 1713, At 1350:55, Continental flight 594 transmitted on ground
control frequency, "Ground, Continental 594 is ready to taxi 1o deice.” Possibly because the ground
controlier remembered already talking to thss fiight a few moments eariier, the ground controller
cleared that flight directly to the end of the rurway with the transmission: “Continenta!l 594, watch
for two compamnes inbound te there, taxi to the north side of the runup 35 left.” The flight replied
“594" but did not guestion the ciearance and proceeded to taxi 1o the deice pad. The ground
controller assumed the atrplane was taxiing to the runway holding pad and, afier a representative
amount of time had elapsed, gave the flight progress strip to the local controller. The iocal
controlier, in turn, sequenced the strip into the takeoff tineup and later was confused when he could
not get flight 5934 to acknowledge his instructions at 1405:29 to taxi onto the runway for takeoff
clearance. At 1408:07, flight 594 did contact the ground controlier after the airpiane was deiced,
and the flight did contact the tower controller later for takeoff clearance.

The procedurai errors of the clearance delivery controller, the ground controller, and the crew
of Continental flight 594, when combined with the procedura! errors of the crew of flight 1713,
caused about 8 minutes of confusion and caused flight 1713 1o take off 9 minutes tater than it could
have had ai! these errors not taken place. Theretore, this confusion was contributory to the accident
cause

2.14 FAA Flow Control Into Denver

At 1410, about 5 muinutes before the accident, the tower cab coordinator stated to the
approach controller, “still about a half dozen or e:ght are stil: out there [awaiting takeoff], you
know we're stili able to straggle them out, but | need a good solid four [miles separation on arriving
airpiane} coming across the fence.” He later siated that he cid rnot believe that eight airplanes
waiting for departure o a day such as the accident day was excessive.

The approach control supervisor testified at the Safety Board's public hearing on the acadent
that the maximum number of arriving airplanes that had tbeen established on the day of the acadent
was 33 per hour and that the number of airplanes that the ARTCC was actually delivering to Denver
was about 30 per hour throughout the day. He stated that 30 was a comfortable number of arrivals
to work with; however, all of the controllers from Denver tower testified that they believed that no
more airplanes could have beer worked in the hour before the accident. According to ATC recorded
radar data, the actual number of arriving flights from 1 hour before the accident 10 the time of the
acsident was 29 According to the Safety Board's calcuiations, had a true 4.5-mile separation been
used between arrivals, the amount of arrivals that the airport would have been able to
accommodate during this same time would have beer 25.9 flights. in other words, te keep the flow
batanced between arrivals angd departures, using 4.5 miles as a minimum separation between
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arriving airp!ianes, for the purpose of departing one airplane between these arrivals, an inbound
flow of a maximum of 26 flights per hour would have been required. It appears then that the 33
airplanes per hour from the FAA engineer performance standard is not a safe number for the
conditions on the day of the accident. The Safety Board believes that the FAA should revise its flow
management engineer performance standards to include reduced airport capacities which normatly
occur when deicing operations are in progress.

2.15 Survivability

This accident was dlassified as partially survivable because of the amount of occupiable space
retained during the impact sequence, the low leve! of gradual decelerative forces that existed
throughout the accident sequence {in some parts of the cahin}, and the lack of any substantial post-
crash fire in spite of the fact that one wing fuel tank disintegrated upon impact.

According to surviving passengers and physical evidence, a fireball, originating around row 11,
swept aft through the cabin during the impact sequence. The fireball probably resuited from
ignition of residual center fuel tank fuel, extinguished itsetf rapidiy, and did not affect passenger
escape. The snow and dirt that entered the cabin during the impact sequence may have prevanted
the fireball from igniting anything in the cabin. The moderate snowfall and cold temperature
mitigated fuel vaporization and further prevented a sustained postcrash fire. In spite of the brevity
of the fire, 10 survivors and 6 deceased passengers received first- or second-degree burns.

2.18 Crash/Fire/Rescue Activity

The Safety Board believes that the initial response by the City and County of Denver Fire
Depanment 1o the accident site was timely and saved many lives. Fire department personnel arrived
quickly enough 1o extinguish several smalt fires within the wreckage before they could spread to the
fully fueled, intact right wing of the airplane. The rescue of surviving passengers, however, was
hampered by inadequate equipment and the facl that the fuselage came 1o rest in an inverted
pusition.

In the area of the aft 1ailcone exit, impact damage and debris delayed passenger evacuation 7
to 10 minutes. Contributing to the delay was the fact that outside rescuers were hampered by
limited visibility around the hatch area. The only instruction printed . 1 the outside of the hatch was
the word “Pull”™ on a placard near the hatch release handle. The natch was then upside down
because the fuselage was inverted. To assist future rescue attempts, the Safety Bourd believes that
the FAA should issue an airworthiness directive 1o require more complete operating instructions on
the exterior side of the tailcone exit haich of DC-9 airplanes. The instructions should irclude both
actions that are required to unlock and epen the hatch: {1) Pull the release hancle and {2) Push the
latch into the cabin. A precautionary instruction also should be induded 1o advise rescuers that
inward movernent of the hatch may be blocked by occupants of the aft jumpseat.

Radic communications difficulties existed from the ouiset of the rescue effort. The airport
command post vehicle was of no use to the initial incident commander because its radio was
inoperative. Therefore, the city's hazardous materials vehicle was used instead. Also, this originat
Airport Command Post vehicle was used from the outset to shelter injured passengers. Portable
radic communications were not possibie between CFR units operating around the airplane due to
the noise that was generated by three large heaters, gasoline-power units for four hydraulic jaws,
and numerous portable lighting rigs. In addiuon, the engines of all vehicies at the accident site wera
running. which added to the géneral noise.

According to rescuers and passengers, insufficient blankets were available to protect some of
the injured passengers from the weather. in addition, many of the medical personnel fram locat
hospitals were dispatched to the scene without proper coid-weather clothing.
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Following the accident, rescue personnel recommended changes or additions to their rescue
equipment. They stated that such items as surgical scissors and knives would have been useful to Cut
uphoistery and wiring within the airplane. Also, they recommended that larger, unpainted and
sturdier wooden cribbing be available to help support heavy airplane structures. The cribbing used
during the rescue was small {which meant they needed a lot of it), painted (which made it siick in the
snowstorm), and made of pine (which allowad it to compress in use). Lastly, they had trouble
separating triage tags because they were tangled and frozen together after getting wet, and they
also had trouble writing with pens on the tags because the ink in the pens had frozen,

According to the physician in charge of injury triage, about 15 Continental personnel
responded 10 the crash scene and became interspersed with flight 1713's "walking wounded.” Their
presence presented a problem during attempts 1o triage the injured because it was difficult 1o
quickly determine those individuals who actually had been on board the airplane. According to the
airpori emergency plan, the Continental employees were supposed to have reported to fire station
No. 1 to help administratively process uninjured passengers. The Safety Board understands the
desire of cornpany personnel 10 help in any way they can during the initial hours of a disaster such as
this. However, it must be realized that the crash site is not the place for untrained individuals to be.
Furthermore, aside from causing confusion during triage, the Cortinental employees placed
themselves in physical danger by being so close to the wreckage, which could have caught fire at any
moment.

Because major airpiane accidents, such as this one with < combination of deceased, trapped,
and mobile passengers are relatively rare, the Safety Board believes that the City and County of
Denver in conjunction with professional organizations, such as the National Fire Protection
Association and the American Association of Airport Executives, should disseminate the
circumstances of the CFR operation on November 15, 1987, throughout the industry.
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3. CONCLUSIONS

3.1 Findings

1.

10.

12.

13.

14.

15

The flightcrew and the flight attendants were properly FAA-certificated and deered qualified
for the flight by the FAA,

The airplane was certificated, equipped, and maintained in accordance with FAA regulations
and company policies and procedures.

Continental’s DC-9 training program met and, in some instances, exceeded the minimum
Federal requirements and accepted industry standards,

Although the captain and the first officer were experienced aviators, the captain was not
experienced in the DC-9, and the first officer was not experienced in the DC-2 or in any swept-
wing turboijet airplane.

Due to the relatively low experience levels of both crewmembers in the DC-9, the pairing of
these pilots was inappropriate.

The first officer had a record of performance difficulties before joining Continental angd
continued to have difficulty in Continental’s DC-9 training program.

The first officer’s absence from flight duties for 24 days before the accident probably eroded
his retention of newly acquired knowledge and skills associated with his duties.

Continental’s background screening for the first officer was inadequate because it failed to
revea! significant training difficulties he experienced with other operators.

During the 27 minutes between deice and takeoff, the airplane accumulated an unknown
amount of contamination on portions of its lifting surfaces during a moderate wet
snowstorm.

The fiightcrew of flight 1713 contributed to the delay before takeoff because they taxied
without proper ATC clearance from the gate to the deice pad and from the deice pad to the
runup pad for runway 355

The flightcrew of flight 594 contributed to the delay before takecff because they taxied
contrary to the ATC clearance from the gate to the deice pad.

ATC personnel contributed to the delay before takeoff because they faiied to properly
identify the focation and destination of Continental flights 1713 and 594 as they taxied from
their respective gates 1o the deice facility and from the deice pad to the runup pad for runway
35L,

ATC personnel ailowed departing airpianes to remain on the ground too fong during the
snowstorm while allowing arriving airplanes to iand at Stapleton.

During the 30 minutes before takeoff, the pilots of flight 1713 did not discuss airfoif surface
contamination and they digd not visually inspect the wings before takeoff.

Airport snow removal at Stapfeton was adequate at the time of the accident.



16.

17

18.

19.

20.

21

Any wingtip vortex from the Boeing 767 that {anded on runway 35R about 3 minutes before
the accident would not have encountered flight 1713 while it was rotating for takeoff or
while airborne,

The first officer retated the airplane for takeoff at a rate about twice the normal rate, and the
captain failed 10 arrest this rapid rotation.

Several engine surges just before impact were attributed to disturbed airflow into the intakes
due to the unusual attitude of the airplane.

Shortly after the airplane became airborne, a portion of the wing stalied and the airplane
descended to the ground.

Initial crash/fire/rescue response was timely, but rescue activities were hampered by the
position of the wreckage, adverse weather conditions, and equipment difficuities.

By applying a maximum effective strength glycol solution after deicing, anti-ice protection
could have been increased by a time factor of 2.8 over the 38 percent giycol solution used on
flight 1713.

3.2 Probable Cause

The National Transportation Safety Board determines that the probable cause of this accident

was the captain’s failure to have the airplane deiced a second time after a delay before takeoff that
led to upper wing surface contamination and a loss of control during rapid takeoff rotation by the
first officer. Contributing to the accident were the absence of regulatory or management controls
governing operations by newly qualified flight crewmembers and the confusion that existed
between the flightcrew and air traffic controllers that led to the delay in departure.
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4. RECOMMENDATIONS
As a result of its investigation, the Safety Board made the following recommendations:

--10 the Federal Aviation Administration:

Untii such time that guideiines for detecting upper wing surface icing can be
incorporated into the airplane flight manual, issue an air carrier operations
bulletin directing all principal operaticns inspectors to require that all MicDonned!
Douglas DC-9-10 series operators anti-ice airglanes with maximum effective
strength glycol solution when icing conditions exist. (Class fl, Priority Action)
{A-88-134)

Expedite the evaluation of the effectiveness of Association of furapean Airlines
guidelines concerning the use of European types | and Il deicing and -anti-icing
fluids, |f European methodology is more effective than current U.5.
methodology, incorporate their guidelines into the next version of Advisory
Circular 200-17. {Class §i, Priority Action) (A-88-135)

Require all DC-9-10 series operators to establish detailed procedures for
detecting upper wing ice before takeoff. {Ciass li, Priority Action) (A-88-1386)

_Establish minimum experience levels for each pilot-in-command and second-in-
command pilot, and require the use of such criteria to prohibit the pairing on the
same flight of pilots who have less than the minimum experience in their
respective positions. {Class !l, Priority Action} (A-88-137)

‘Amend 14 CFR 121.434 to require that a second-in-command pilot complete
initial operating experience for that position while actually performing the
duties of a second-in-command under the supervision of a check pilot. (Class !,
Priority Action) {4-88-1328)

Review and revise, as necessary, the engineer performance standards for
appropriate airports to account for the reduced airport capacities that occur
when deicing operations are in progress. (Class 1, Priority Action) (A-88-139)

Initiate a research project to acquire data from dedicated sensors to determine
what consideration, if any, should be given to wake vortices in a parailel offset
runway situation. {(Class il, Priority Action) (A-88-140}

Require commercial operators to conduct substantive background checks of pilot
applicants which include verification of personal flight records and examination
of {raining, performance, and disciplinary records of previous employers and
Federal Aviation Administration safety and enforcement records. {Class 1,
Priority Action) {A-88-141)

Issue an airworthiness directive 1o require more compiete operating instructions
on the exterior side of the tailcone exit hatch of DC-Q airplanes. The instructions

" should include beth actions that are required to unlock and open the hatch:
{1) PULL the release handie and {2} PUSH the hatch into the cabin. A
precautionary instruction also should be included 1o advise rescuers that inward
movement of the hatch may be blocked by accupants of the aft jumpseat.
{Class 1§, Priority Action} \A-8%-142)



e T

45

--to the National Fire Protection Association:

Advise the Technica! Committee on Airplane Rescue and Fire Fighting
Operational Procedures of the problems identified during the investigation of
the airplane accident at Denver, Colorado, on November 15, 1987, with a view
tovward developing additional information on emergency access areas for
airplanes that may rest in unusuai attitudes and the advisability and safety of
defueling while passengers are trapped in and under the fuselage. (Class I,
Briprity Action) (A-88-143)

--to the American Association of Airport Execulives and the Airport Operators Council
International, inc.;

Advise members of the circumstances of the emergency response to the airplane
accident at Denver, Colorado, on November 15, 1987, and urge them to correct
such problems as crash/fire/rescue (CFR) personne! training and inadeguate CFR
equipment. {Class {, Priority Action) (A-38-144)

--to Continental Airlines IngC.:

implement procedures to conduct substantive background checks of pilot
applicants which inciude verification of personal flight records and examination
of training, performance, and disciplinary records of previous emplayers and
Federal Aviation Administration safety and enforcement records. (Ciass Ii,
Priority Action} {A-88-145)

implement company procedures to monitor ground movements of aircraft at
Denver Stapleton International Airport during periods of adverse weather when
deicing operations are underway, and meter the release of company airplanes
from the deicing facility to eliminate excessive delays feliowing deicing. (Class 1,
Priority Action) (A-88-146)

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

s JAMES L KOLSTAD
Acting Chairman

Isf JHM BURNETY
Miamber

Is} JOHN K. LAUBER
Member

Isi JOSEPHT. NALL
Member

/sl LEMOINE V. DICKINSON, IR
Member

September 27, 1988
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5. APPENDIXES
APPENDIX A
INVESTIGATION AND HEARING

1. Investigation

The National Transportation Safety Board was notified of the accident about 1500 eastern
standard time on November 15, 1987. An investigative team was immediately assembled and
dispatcned 1o the scene. investigative groups were established for operations, air traffic control,
meteorology, systems structures, survival factors, human performance, powerplants, maintenance
records, cockpit voice recorder, and aircraft performance.

Parties to the investigation were the Federal Aviation Administration (FAA), Continental
Airtines Inc., McDonnell Douglas Aircraft Company; Pratt and Whitney, the Union of Flight
Attendants; the City and County of Denver, Colorado; the American Association of Airport

Executives; the Mational Air Traffic Controller’s Association; and the National Fire Protection
Association.

2. Public Hearing

A 4-day public hearing was held in Golden, Colorado, beginning february &, 1383. Parties
represented at the hearing were the FAA; Continental Airlines; McDonnell Douglas; the Union of
Flight Attendants; the National Air Traffic Controllier's Association; the City and County of Denver,
Celorado; and the Air Line Pilot's Association.
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APFPENDIX A
INVESTIGATION AND HEARING

1. Investigation

The National Transportation Safety Board was notified of the accident about 1500 eastern
standard time on November 15, 1987, An investigative team was immediately assembled and
dispatcned to the scene. investigative groups were established for operations, air traffic control,
metegrolagy, systems structures, survival factars, human performance, powerplants, maintenance
records, cockpit voice recorder, and aircraft performance.

Parties to the investigation were the Federal Aviation Administration {FAA); Continental
Airiines Inc.,, McDonnell Douglas Aircraft Company; Pratt and Whitney; the Union of Flight
Attendants; the City and County of Denver, Colorado; the American Association of Airpori
Executives; the Mational Air Traffic Controlier’s Association; and the National Fire Protection
Association,

2. Public Hearing

A 4-day public hearing was held in Golden, Colorado, beginning February &, 1988 Parties
represented at the hearing were the FAA; Continentai Airlines; McDonnell Douglas; the Union of
Flight Attendanis; the National Air Traffic Controiler’s Assocation; the City and County of Denver,
Colorado; and the Air Line Pilot’s Association.
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APPENDIX B
PERSONNEL INFORMATION

Captain Frank B. Zvonek, Jr.

Captain Zvonek, 43, held airline transport pilot certificate No. 1898373, with type rating’é for

the CE-500 and DC-9, an airplane multiengine land rating, and commercial privileges for airpiane

single-engine land. He also held flight engineer certificate No. 1912062 with a turboiet powered

aircraft rating. He held a first-class medical certificate, issued on Qctober 8, 1887, with no
Iimitatiqns. ' '

First Officer Lee E. Bruecher

First Officer Bruecher, 26, held airline transport pilot certificate No. 463331081 with type ratings
for the BE-300, BE-1900, an airplane multiengine land rating, and commercial privileges for airplane
single engine land. He also held fiight instructor certificate No. 463331081CF!. He heid a first-class
medical certificate, issued on june 11, 1987, with no limitations.
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APPENDIX C
COCKPIT VOICE RECORDER TRANSCRIPT

TRANSCRIPTY OF A FAIRCHILD MODEL A-100 COCKFIT YOICE RECORDER
$/M 2036 REMOVED FROM COMTIMENTAL KIRLIMES DC-9-14 MHICH WAS IKVOLVEG
IN AN ACCIDENT AT DEKVER STAPLEYOM AIRPCRT OM EUYEMBER 15, 1987.

CAM Cockpit zres microphine voaice or sound source
REO Radio transwission frem accifent aircrift
-1 Yoice identified as Captain

-2 Vofce identified asz First Officer

-3 Voice 1dentifted a: Femele Flight Attendant
-2 ¥oice unidentified

CLR Oenver ATC Clesrance Deidvery

GND Denver Stapleton &round Controller

THR Denver Stapieton Local Lontroller {TOWER)
PALSNE Piedmont Flight Five oh Eight

COAL1I4S Continental Fltght Eleven Feorty-nine
COAl617 Continental Flight Sixteen Seventeen

COAES Coniinental Flight Sixty-five

COABTS Continental Elight Efght Seventy-five
COAS94 Continental Flight five ninsty-four

CAL227 United Flight Two Twenty-seven

GHK Unknown

* Unintelligible word

L] Nonpertinert word

Expletive deleted

% Break in continuity
() Guestionable text
(hH Editorisl insertion
- Pause

NOTE:; A1l times &re expressed -n Mountain Standard Tiame.
Only those radio transmissions to and frop the accident
aireraft ware transcribed white the flight was on clearance
delivery and ground fregquencies. Aftar the flight switched to
tower frequency, aill radio transmissions were transcribad.
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APPENDIX F
CFR AKD MEDICAL CONCERNS

Interviews and testimony taken at the public hearing resufting from this investigation revealed
shortcomings during the crashffire/rescue effort in the areas of incident command and control,

<ommunications, extrication, proper tools and equipment, rescue persorine! training, and medical
activity.

—
ingidant Cammnnmad and Comtral

Lieutenant Ryan, City and County of Denver Fire Department, was notified of the accident at
approximately 1417, Lt. Ryan was in commarnd of pumper 26 and was in the first off-airport
structural fire truck to arrive on scene. However, before he could enter airport property, he had to
stop his vehicle and offload ene of his firemen to open the unattended electrically operated gate at
airport fire station Mo. 2. Lt. Ryan stated that this took some time, and he estimated that he arrived
on scene at 1430, Initially, he did not know who was the on-scene commander. Accerding to him,
fire department procedures state that the first truck officer on the scene was 1o assume command
and that the first truck officer who was to be in command was behind him, also waitirg to get
through the gate and onto the airport. This officer, Lt. Gupton, picked up Lt. Ryan's man who
opened the gate and preceded Ryan's truck 10 the wreckage. Lt Ryan assumed that Lt. Gupton
would have been in charge as the first truck officer on scene. He saw Lt. Gupton's car and saw him

t up his command post. At that time, Lt Ryan said he did not have a need to know who was in
charge because of his activities and he did not assume command and according to him rightfully so.
He said that he could have assumed command, but there was too much to do. Given the same
canditions again, Lt. Ryan stated he would have assumed command immediately upon his arrival and
would have detached himseif from any direct rescue efforts until such time as appropriate help
arrived,

Assistant Chief Eldon Buller of the City and County of Denver Fire Department was notified of
tne crash around 1420 via personal pager. He responded 1o the scene because he was responsible for
controfling hazardous materials accidents. He arrived within 15-20 mirustes of the accident. Other
Denver Fire Department personnel of equal rank were also on scene. Five minutes after Buller's
arriva!, Chief Gonzales, the chief of the Denver Fire Depariment called him and put him in command
of the rescue effort. Chief Bulier attempted 10 use the aiIrpo: | command post vehicle as a center of
operations, but it was full of injured passengers and had a malfunctioning radio. Chief Gonzales
then ordered the City of Denver Hazardous Materials vehicle to the scene because it was also
equipped 1o act as a command post. Chief Buller used this vehicle untit Division Chief Gerwig took
over command about 15 minutes after Bufier had imitially 1aken command.

Three airport CFR firefighters stated that Captain Lucas from the airport CFR unit was initially in
command of the rescue effort. Two of the airport firefighters stated that Chief Sloss (Airport Chief,
CFR stations Nos. 1 and 2) would then assume ultimate cantrol upon his arrival. The third airport
fireman siated that City and County of Denver District Fire Chief Starns would be in command upon
his arrival at the scene.

No siaging areas were established for arriving rescue vehicles. One firefighter stated that an
initial attempt was made to stage incoming rescue vehicles, but that it could not be maintained.
Several other firefighters did not recall any staging areas for rescue vehicles. The incident
commander of iriage stated that ambulances were staged at airport station No. 2 and were sent
from there to the scene as neaded.
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According to several rescue workers, as off-airport rescue units began arriving, the crash site
became overcrowded with too many rescue personnel. One firefighter stated that rescue personnel
were 10 deep in certain areas and waiting 10 get in 1o help. He went on to say that if a firefighter
gave up his work place "he wouid have had to go to the end of the line.” Many times, it was difficult
to get an 18-inch-wide backboard cut of the airplane because of the number of peopie involved.

Communications

Portable radic communications were not possible between CFR units operating around the
airpiane due to the noise generated by three large heaters, power units for four hydraulic jaws,
three to four portable auxiliary lighting rigs, and fire department portzble lighting rigs  Rescue
irucks and cranes were aiso ieft with their engines running which added 10 the noise. Problems
arose due to this lack of communication because the on-scene commander had to walk around to
each of his sector commanders and persanaliy ask them what support or equipment was needed
next. Communication between the triage area in CFR stat:on No 2 and the accident scene was also
not good. The incident triage commander aitempied to use a handheld portable radio, but he could
not commiunicate with madical parsonnel 31 the crash site.

Extrication

The inverted attitude of part of the fuselage and extensive damage to the entire airplane
presented rescuers with several probiems. The fuselage was crushed downward in the root area of
both wings. Live passengers and fatalities in these areas were mixed with snowy, dirt, and airplane
debris. The left wing was destroyed and the right wing, which was full of fuel, wac ctill attached 1C
the aircraft, which presented 5 problem in stabilizing the fuselage. Firefighters were very cautious
Hecar-e whatever extrication work (cutting metal, moving the right wing, moving debris, etc) they
performed on one side of the fuselage affected the stability of the entire fuselage section and the
safety of passengers who were trapped on the other side of the fuselage. Rescuers found passengers
strapped in their seats upside down and deceased passenger were among the survivors, sometimes
inches away from each other. There was limited room to work. One fire chief described conditions
as “like working in a mine shaft ” Great care had to be exercised by rescuers in using extrication
toots, such as hydraulic jaws (Hurst tools), so that living passengers and firefighters were not injured.
At the rear of the airplane, rescuers worked through the rear cabin escape hatch exit opening. Inside
this tailcone exit, for the first 10 feet forward, firemen could stand up; headroom then diminished
dramatically toward the fron: of the plane “like a funnel.* The initial impact and the weight of the
wing and its fuel load had crushed that portion of the fuselage down to about 2 feet high.
Tunneling efforts were undertaken on the left and right sides of the fuselage in an attempt to free
passergers. At one point, the fuselage sank down 2 inches. This concerned rescuers because of the
crushing danger to passengers and firemen inside the airplane. In addition to these problems, the
ambient temperature at the airport was 28° F with moderate snow and fog during rescue cperations.
Winds at the time were about 10 knots with gusts, at times, up to 17 knots.

Tools and Equipment

Firemen stated that the Hurst tool was very effective, especialiy when it was used with a cutter
attachment. Also, the Kinman teol {an electricaliy powered extrication device) was very useful inside
the airplane because of its light weight. Airport CFR units had only one avaitable Hurst tool, so off-
airport fire departmen* vehicles were talled in to deliver additional Hurst tools and other extrication
equipmant One tcol that was found to be very usefu! was a pair of surgical scissors that was the
personal property of one of the firemen. The sassors were useful in cramped weorking conditions 1o
cut plastic, atuminum sheet, wires, upholstery, and seat belts  Aiso, knives were useful at the crash
site, but :n short supply  One maintenance worker gave his knife to a fireman.
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Wooden cribbing used during rescue operations consisted of 4- by 4- by 18-inch or 24-inch long
blocks, which were carried by CFR vehicles and were used to support parts of the airpiane structure,
rescue vehicles, etc., during extrication. In this accident, cribbing was used to stabiiize the right wing
and in the tunneling efforts under the fusefage. A need for large quantities of cribbing existed at
the accident site. The size of the cribbing was found to be too small because, as one fireman stated,
it took forever” 10 build up support piers under the right wing. Firefighters agreed that larger sizes
were needed, such as 6- by 6-inch, 8- by 8-inch, or 10- by 10-inch. They also recommended that the
cribbing shouid be made of oak and not fir, te better withstand crushing or compression.

*he al rplane was eventually lifted by placing the slings of two large cranes around the left and
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ptaced on the forklift and it lifted the right wing at the same rate as the two ¢ranes. The cranes had
10 be brought in from outside the airport several hours after the crash. One firefighter commented
that it would have been helpful 10 have had the cranes avaiiable shortly after the crash so the
wreckage could have been stabilized sooner. Airgert maintenance personnel stated that much of
the egquipment available at the airport was not used. Their supervisor stated that a study should be
made to learn how 1o effectively utilize this equipment. He aiso commented that he had never
worked with an airframe thai was upside down.

inflatable airbags also were used 1o separate metal and to Lift debris off passengers. Cne
fireman noted that a variety of sizes of airbags would have been useful. One problem was that the
airbag could not be used on top of the snow. Lonsequently, the firefighters had to dig through the
snow to solid around before the baas could he weed.

Biankets and stretchers wvere also in short supply. Snowplow drivers, among the first 1o arrive
on scene, placed ambulatory passengers in the cabs of the si.owplows to keep them warm. Other
passengers were covered with the drivers’ coats and wet passenger coats found lying around the
wreckage. One driver cut the tailcone emergency escape slide ard used it to cover a passenger.
Maintenance personnel also carried injured passengers to fire rescue vehiclies that were already on
the scene because there were no stretchers immadiately available. One snowplow driver stated that
stretchers and backboards started to arrive 20-25 minutes after he got to the wreckage, after ali
passengers that had been found on the ground had been picked up and placed in various vehicies at
the scene. He closed by saying that if blankets and backboards nad been prepositioned in the
snowpiows, the plow drivers could hiave helped the passengers sooner.

Rescue Training

One firefighter stated that it was difficult to work inside the inverted portion of the fuselage.
He could recall no training exercises involving an upside-down airplane. Firemen stated that they
have had considerabie training extinguishing fires in old airplane hulks, in the gperation of
emergency escape shdes, and involving collapsed landing gear. Howsever, there had been no
training on the best focations to cut into a fuselage, where the stronger metals and sections are
focated, or where the fuel and hydraulic lines are located. One firefighter stated that firemen had
used tools to Cut imtc several old arrcraft hulks on the airport, but not ot newer and larger aircraft.
Another stated, "newer mode! aircraft fuselages are hard to come by.” Their training emphasis had
been more on fire supressicn rather than extrication.

At one point, Chief Buller had an empty fuel truck aleng with airport maintenance personnet
brought to the site to attempt 1o defuel the right wing. He eventually decided against the defueling
because nobody wis able 1G give him precite iInstrucnions as 1o how it should be done. He stated that
he did not want a fuel spill that may have caught fire.
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Medicai Concems

Dr. Eronko, the on-scene medical coordinator for this accident and & witness at the Safety
Board’s public hearing, indhcated that tie overzil medical response to the crash was weil-conducted.
He did, however, indicate several problem areas.

The triage tags used 10 indicate injury severity could not be used because of the cold weather,
The strings used 10 attach the tags to iniured people became entangied and frozen together,
rendering the tags unureable. Corsequently, only five or six injured people received triage tags.
Alsc, the pervs used 10 write on the tags malfunctioned due to the frozen ink.

Due 10 the small space available within the fusetage of the airplane, ali treatment of injuries
took place after the injured wece extricated from the wreckage. In addition, treatment was affected
because the medical personne! arrived on scene without proper cold weather dothang.

Dr. Brunko al3o expressed concern: because his medical workers had communication probleens
umilar 10 other rescoe workers due 10 the nose and matfunchoning harciheld radios. He also stated

that theve was a delay in rarnsporting inqured 1o one hosoatal becawse the bus they were piaced i
becarne stuci in the mud, necessitaiing ther transier o angthver Dus.  Lastly, he 100, believed that
the presence of Cominenta employees at the acodent site har~pered triage efiors.
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