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The National Transportation Safety Board determines that the probable cause of this
accident was the flightcrew's mismanagement of the airplane's airspeed, resulting in an
excessively long landirg on a wet, partially flooded runway: mismanagement of thrust
reversers; and hydropianing. Contributing to this accident was the failure of airport
management to identify, assess. and disseminete hazardous runway conditions warnings
and the failure of air traffic controllers to inform the flightcrew tnat there wes standing
water on the runwey.
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NATIONAL TRANSPORTATION SAFIETY BOARD
WASHINGTON, D.C. 20594

AVIATION ACCIDENT REPORT
Adopted: May 30, 1084

FLYING TIGERS, INC.,
FLIGHT 2468,
MCDOWNEL DOUGLAS DC8-63, N7T97FT,
CHAMBERS FIELD
NAVAL AIR STATION NORFOLK, VIRGINIA
OCTOBER 25,1983

SYNOPSIS

On October 25, 1983, Flying Tigers, Inc.., Flight 2468, a McDonnell Douglas
DC8-53, N797FT, was operating as a ferry flight under 14 CFR Part 91 from John F.
Kennedy International Airport (JFK), New York, to Chambers Field, Naval Air Station
(NAS) Norfolk, Virginia. A flightcrew of three and two company employees were onboard.
Upon arrival at NAS Norfolk, Flight 2468 was to convert to a military charter flight under
14 CFR Part 121 to transport cargo to Keflavik, Iceland.

The weather at Chambers Field was, in part, 200 feet scattered, ceiling
600 feet overcast, visibility 1 mile, moderate rain showers and fog, wind 360°% 20 knots.
Large portions of runway 19 were flooded with standing water 1/2 to 3/4 inch deep. The
runway condition was not assessed by airport or air traffic personnel, and consequently,
was not reported to the flightcrew of Fiight 2468.

The captain flew the ground controlled approach (GCA) instrument approach
about 15 knots above the proper reference speed to compensate for a pilot report of the
existence of windshear near the runway threshold. The airplane crossed the threshold of
runway 10 about 10 knots above reference speed and landed between 3,100 and 3,800 feet
beyond the runway threshold. Runway 10 was 8,068 feet long. The flightcrew was unable
to stop the airplane on the runway. At 0909, the airplane went off the side of the runway
and slid into a swamp at the end of the runway. There were no injuries to the five
occupants.

The National Transportation Safety Board determines that the probable cause
of this accident was the flightcrew's mismanagement of the airplane's airspeed, resulting
in an excessively long landing on a wet, partially flooded runway; mismanagement of
thrust reversers; and hydroplaning. Contributing to this accident was the failure of
airport management to identify, asses, and disseminate hazardous runway conditions
warnings and the failure of air traffic controllers to inform the flightcrew that there was
standing water on the runway.
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1 FACTUAL INFORMATION

1.1 History of the Flight

At 0790 i/ on October 25, 1983, the flightcrew repcrted for duty at John F.
Kenneldy International Airport {(JFK) for a ferry flight of a DC8-63 airplane to Chambers
Field, Naval Air Station {(NAS), Norfolk, Virginia. The airplane was being operated by the
Flying Tigers Line, Ine. The flightcrew consisted of the captain and the first and second
officers. Two company employees also were flying with the flightgrew.

The captain and the first officer examined the dispatch package and the
weather forecast for the arrival at NAS Norfolk. The captain recalled that the 0900
forecast, in part, was 500-foot ceilings, visibility 5 miles with light rain .ad fog. The
forecast wind was 20° at 10 knots. There were no NOTAMS, 2/ but the dispatch package
indicated that runway 28 was the: preferred runway for landing: and that it was wet. The
capteipn Stated that if a report of poor or nil braking conditions had been included in the
dispaich package he would not have attempted a landing since the crosswind limitation for
landing with those braking conditions was 10 knots. The dispatch package alse indicated
that the maximum allowable gross weight for landing was 275,000 pounds. The captain
checked the expected tailwind component and noted that he could accept a tailwind of 4
to 6 knots based on the anticipated landing weight of about 252,000 pounds.

The second officer performed the predeparture walk-around of the airplane.
He checked and noted that the tire pressures were in the proper range. He said the tread
condition of seven of the tires was "excellent” but the serviceability of one tire was
guestionable. The second officer consulted a maintenance representative who said that
the tire met the tread serviceability criteria of Fiying Tigers, ine. The second officer
then inspected the condition of the brakes and the accumulators. All were satisfactory
for the flight.

Before departure, the airplane was refueled so that there was about
114,192 pounds of fuel on board. The fuel loaded was sufficient for a scheduled continuing
flight to Iceland since the airplane would not be refueled at Chambers Field.

At 0815, the airplane departed JFK on an instrument flight ruies (IFR} flight
plan. The captain flew the first leg to NAS Norfolk. He stated that the =n route portion
of the flight was uneventful.

Flight 2468 was transferred by Washington Air Route Traffic Control Center
(ARTCC) to the East Feeder. radar controller at the Norfolk International Airport
Terminal Radar Approach Control Facility (TRACON} after the Washington ARTCC
controller cleared Flight 2468 to descend from FL 310 3/ to 10,000 feet. The East Feeder
controller advised Flight 2468 that the weather at Chambers Field was 200 feetscattered,
measured ceiling was 500 feet overcast, visibility was 5 miles, light rain showers, fog,
wind was 20° at 13 knots, and the altimeter was 20.81 inches. The controiler aisoc advised
?he flightcrew that, although Chambers Field was not reporting gusts, Norfolk
Intekrnational Airport, which was located 5 miles away, was experiencing gusts up to
19 knots.

1/ All times herein are easiern daylight, based on the 24-hour clock unless otherwise
indicated.

2/ Notice to Airmen.

3/ Aievel of constant atmospheric pressure related to a reference datum of 29.92 inches
of mercury. Each level is stated in three digits that represent hundreds of feet.
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Chambers Field was broadcasting Automatic Terminal Information Service
(ATIS) Delta at the time of Flight 2468's arrival. However, the flight could not receive
the ATIS because it was broadcast only on ultra-high frequency (UHF) and Flight 2468 was
equipped only with very high frequency radios (VHF). In any event, no information was
available to the flightcrew from the controller or the ATIS concerning the runway surface
condition since no braking reports had been made to the tower controllers.

The East Feeder controller advised Flight 2468 that the precision approach
radar (PAR) procedure was in use to runway 10 at Chambers Field. Runway 10 was
8,068 feet long. Flight 2468 was vectored to the west of the airport and descended to
5,000 feet. The flight then was handed off to the Norfolk TRACON Arrival One
controller who cleared the flight to descend further to 2,000 feet. The Arrival One
controller then made a radar handoff to the Chamsers Field ASR 4/ feeder controller.

The ASR feeder controller cleared :he flight to descend to 1,500 feet and
provided vectors to position Flight 2468 on the final approach course. Meanwhile, the
flightcrew completed the before-landing cheec!:list. At 0904:58, when the airplane was
about 8 miies west of Chambers Field and 1 mile south of the centerline of the final
approach course, the ASR feeder controller released control of Flight 2468 to the
GCA 5/ final controller. The final controller turned the airplane to a heading of 75° and
at 0905:16, said "Twenty four sixty eight, expect a heavy wind shear two to one miles
from touchdown, had a heavy one-forty-mereport it when coming in last.”

When the flightcrew received the windshear pilot report, the captain
instructed the first officer to monitor the No. 2 inertial navigation system (INS) for the
ground speed-true air speed differential. The captain used the No. 1 INS to monitor the
drift angle. He stated that in addition to monitoring the windshear possibility, he added
10 knots to his "bug" 6/ speed to compensate for a windshear and he used an approach
speed of 157 knots.

At 0905:48, the airplane was 7 miles from touchdown. slightly above the glide
path and right of the center of course. At 098086:15, the first officer noted that the
headwind was "thirty knots on the nose." At 0906:30, the airplane was 5 miles from
touchdown and the wind at Chambers Field was given as 36G° at 20 knots. The airplane
was flown slightly above the glide path until just before decision height. At 0907:12, full
flaps were extended. At 09087:38, the drift angle was 12° right drift, and the headwind
component had decreased to 15knots "on the nose."” At $3807:47, the controller said the
airplane was 2 miles from touchdown. At 4907:48, the first officer ann-unced that he had
runway 10 in sight. Ar (908:04, the headwind component was 15 knots and the drift was
12° to the right. A 0908:11. the captain announced 'everything complete.” The
controller said 'slightly above glidepath, one mile from touchdown, wind check
360 degrees at 18, you are on course: turn left two degrees.” At 0808:20, the first officer
said the' :l.e indicated air speed was 154 knots and the headwind was ''five knots--winds
should be gone by now." At 0808:26, the controller said "‘decision height, vou are on
glidepath, on course.. At 0968:31, the first officer said "OK no wind:' and the second
officer said ""hundred feet.”

4/ Airport surveillance radar which provides azimuth and range information at jower
altitudes of flight within about 30 miles of the airport.

5/ Ground Controlled Approach.

8/ Flying Tigers procedure for approach speed was to determine the reference speed
{141 knots) and add 5 knots for a bug speed. Wind additives are applied tc the bug speed in
accordance with company procedures.
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The second officer stated that the true air speed on the INS was 157 knots and
the ground speed was 161 knots as the airplane approached the runwav threshold. Just
before touchdown, the true air speed (TAS) was 160 knots and the ground speed was
161knots. The first officer recalled that the ground speed at the threshold was 161knots,
and that there were a few knots of tailwind. The captain said that with a wind 0f 360° at
20 knots, he expected a very slight tailwind at touchdown.

At 08(i8:34, the controller said, ™just passed over the landing threshold, you are
on course." At 0508:36, the second officer said "Fifty feet.”

The captain said that the GCA had been conducted well by the controller and
that the airplane was in a proper position at decision heigh? to complete a normal landing.
He had no probfem seeing the runway once the airplane broke out of the overcast, despite
the rain, which he described as not being heavy enough to use rain removal on the
windshield.

The captain said that he would have accepted a threshold crossing speed of
147to 157 knots. As the airpiane crossed the threshold, the captain reduced thrust to get
below the glideslope, with the intention to 'plant the airplane firmly on the first
1,000 feet of the runway." He said that the flare was normal and that the airplane
touched down in the proper attitude. He said that the left main landing gear made
contact with the runway very softly; however, the airplane skipped back info the air.
According to the captain, the airplane did not bounce, and the skip into the air was
"measured not in feet but in inches.""

The first officer believed that the approach was normal and that the airplane
touched down firmly on the first 1,500 feet of the runway. He did not recall a skip or a
bounce. After the spoilers deployed, he heard the second officer call out that “he reverse
lights were illuminated.

The second officer believed the approach, flare, and touchdown were normal,
except that the airplane may have floated slightly. The touchdown was firm, with the left
wing low. He said that there was no skip or bounce.

At 0908:44, someone in the cockpit said "Ooh." At 0808:46, the first officer
said ""Get it down," and at 0908:47, the captain said “let it sink."

The captain said the airplsne touched down again on the runway within the
first 3,000 feet of the runway, with the main landing gears making firm contact followed
shortly by the nose gear. He said that after touchdown the spoilers deployed and he
reversed the thrust and immediately applied the brakes. The captain stated, however, in
stopping the airplane, the brakes were ineffective and it appeared to accelerate. The
captain considered a go-around from the runway at that point, but rejected it because the
spoilers were deployed, the engines were in reverse thrust, and the runway remaining was
rapidly becoming too short to reconfigure the airplane.

At 0908:48, the first officer said "Four thousand left."" He stated that he made
this call with reference to the 4,000-foot marker on the right side of the runway. He saw
the marker through the windshield at the 1 or 1:30 o'clock position from his seat. The
first officer stated that he began to be concerned with the ability to stop the airplane
when he saw the 4,000-foot marker.
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At 0908:49, the second officer said "spoilers extend." One second later, the
first officer said "You got three thousand feet left."" The captain recalled that he had
applied full brakes yet the airplane was not slowing down.

At 090855, the second officer said "Flashings on one, two, and three' in
reference to the indication #at the engines were in reverse. He looked outside before he
saw the light which indicated that the No. 4 engine was in reverse. At 0908:56, the
cockpit voice recorder (CVR) recorded the sounds of the engines going into reverse.
However, neither the second officer nor a company mechanic who was sitting on the jump
seat recalled the normal deceleration effect of reverse thrust.

At 09808:57 and 0909:02, the eaptaia told the first officer to get on the brakes
with him. The first officer complied, and tho second officer noted that the first officer's
seat leaned backward as he pushed heavily against the brake pedals.

At 0909:06, the CVR recorded the sound of decreasing engine power. Both the
captain and the first officer stated that the brakes had been applied fully, but that they
were totally ineffective, and that they never had control of the forward velocity of the
airpiane. Additionally, both pilots stated that they did not feel the antiskid cycle.

As the airplane passed the 2,000-foot marker, the airplane drifted to the right
side of the runway as the nose “weather cocked' to the left. All three landing gears went
off the right side of the runway. The first officer said the airplane slowed down slightly
as it went through the mud. However, as the airplane drifted to the right, it moved
toward a car stopped on the road at the end of the runway. The captain steered the
airplane left toward the runway. At 0809:21, the power to the CVR was interrupted.

The local controller, who was located in the tower cab (see figure 1}, stated
that the airplane touched down at the No. 1 arresting gear and bounced 50 to 100 feet into
the air and finally touched down a second time abeam of the tower, or just before
reaching the tower. An off-duty ground control trainee saw the airplane touch down by
the No. 1 arresting gear, bounce about 50 feet, and touch down a second time abeam of
the tower just before midfield. Neither the local controller or any other controllers was
aware about a tendency for the runway to flood under certain meteorological conditions.

A flight data controller who first saw the airplane at midfield said the airplane
was '‘going very fast." Both the flight data controller and the local controller said that
they did not hear the sound of reverse thrust. The flight data controller recalled seeing
water spray emanating from the airplane as it went down the runway. The airfield
aviation safety officer, a Naval aviator, was driving to work and saw a DC8 touch down on
runway 10 "just east of the southwest taxiway centerline” which was between the
intersection of the two runways and a point abeam of the tower.

Three firemen were located at the "hot spot" located about 1.200 feet east of
the intersection of the two runways. They said that they saw the airplane touchdown
abeam of the tower, that they heard the engines in reverse thrust as the airplane passed
their position, and that they saw spray from behind the airplane. The lieutenant in charge
of the crash-fire-rescue {(CFR) truck ordered the vehicle to respond while the airplane
was still moving down the runway because he believed the airplane would not be able to
stop on the runway.
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Figure 1.—Airfield diagram and ground track of airplane.
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A motorist had stopped his car on the road at the end of runway 10. He estimated
that when he first saw Flight 2468, it was 400 to 600 feet from the end of the runway,
He said that he realized that the airplane would not be able to stop on the remaining
runway. According to the motorist, water was 'flying up under the wings,” and iihe
airplane appeared to be "unstable in that the wings were slowly dipping somewhat from
side to side.” The motorist said that when the airplane turned right, it was pointed
directly at his car and he saw mud and grass coming up from beneath the right wing. He
said the airplane appeared to be sliding the entire time. He also said that as the airplane
moved closer to his car, he saw "that the wheels of the aircraft appeared to be locked and
that the aircraft still appeared to be sliding." The motorist said that when he put his ear
into reverse gear and moved away from the airplane, the airplane left the runway, crossed
the road in front of him with the right wing passing over the hood of his car. He
estimated that the airplane was traveling at 35 miles per hour as it crossed the road. {See
appendix E)

About 0809, the airplane left the confines of the airfield on a heading of about $0°
while tracking about 100° It crossed the airport boundary road, went through a chain link
fence, and came to rest in a swamp. The airplane then pivoted on the right main landing
gear to the south and stopped or: a heading of 155° The airplane came to rest 8,375 feet
from the displaced threshold of runway 10. The tail of the airplane was 77 feet beyond
the airport boundary road. There were no injuries to the three flightcrew members or the
two company employees on the airplane.

The accident occurred during the hours of daylight at coordinates 36° 56" N latitude
and 76" 17* W longitude.

A Boeing 727 departed on runway 10 at 0835. The captain said that he did not
encounter any control difficulties. He reported that the wind was from the north at 15 to
20 knots but that there was no windshear.

A US. Air Force C141B landed on runway 10 at 0840. The captain said that he had
no problems with the weather, although the winds were 360" with gusts to 18 knots. The
rgin was moderate. The airplane touched down in the first 1,000 feet of the runway and
completed the landing and rollout with no problems. He did not experience hydroplaning or
directional control problems. The captain saw Flight 2468 during the final stage of the
rollout on runway 10. He stated that there was a "visible plume of water being thrown up
by the main gear."

A Navy C-12 Beechcraft departed on runway 10 at 0844. The ﬁiIOt said that

portions Of the ramp and taxiways were flooded with puddles, some 4 inches deep. The
rain was heavy and the winds were 630° at 20 knots. During the takeoff roll, the airplane

drified to the right side of the runway and began to hydroplane. The pilot said that he
maintained directional control with differential power and rudder and made an uneventful
takeoff. However, he made no pilot report to the controller.

12 Imjuries tO Persons

Injuries Crew Passengers Other Total
Fatal 0 0 0 0
Serious 0 0 0 0
Minor 0 0 0 0
None 3 2 0 5
Total 3 2 0 5



1.3 Damage to Aircraft
The airplane was damaged substantially, but was later repaired at Chambers
Field.
1.4 CGther Damage
A large section of chain link fence was destroyed.
15 Personmnel information

The flightcrew was qualified for the flight and had received the required
training. (See appendix B.}

1.8 Aircraft Information

The airplane, a MeDonnell Douglas DC8-63, N787FT, was operated by the
Flying Tiger Line, Inc. It had been maintained in accordance with applicable regulations,
and its maximum allowable takeoff gross weight was 287,800 pounds. The actual takeoff
gross weight at JFK was 263,628 pounds. The center of gravity was within the acceptable
range.

Before being refueled at JFK with 84,192 pounds (12,566 US. gallons) of jet
fuel, 30,000 pounds of jet fuel were onboard the plane. When the plane departed JFK,
114,192 pounds of fuel were onboard the airplane, although the final fuel loading sheet
listed the total fuel as 111,500 pounds. Based on the fuel burn off from takeoff until
arrival at Chambers Field, the gross landing weight was 250,828 pounds.

The airplane was powered by four Pratt and Whitney model JT3D-7 engines. A
review of the inspection records for thz engines, tires, wheels, brakes, and antiskid

systems, and the airplane's logbook did not reveal any significant maintenance
deficiencies.

1.7 Meteorological Information

The National Weather Service Forecast Office, Washington, D.C. prepared the
foilowing terminal forecasts for Norfolk International Airport:

Valid: 0600, October 25, 1983 to 0600, October 26, 1983

(transmitted 0540)

Ceiling--500 feet broken; visibiiity 3 miles in light rain; light drizzle and
fog; wind--030 degrees 10 knots; occasionally 500 feet scattered, ceiling
1,500 feet broken. After 1400: ceiling 1,500 feet broken, occasionally
ceiling 600 feet broken, visibility 2 miles in light rain, light drizzle, and
fog.

Amendment 1 (transmitted 0755)

Valid: October 25, 0800 to October 26, 0600

Ceiling--500 feet broken; visibility 2 miles in light rain, and fog:
wind--050 degrees 14 knots; occasionally 500 feet scattered, ceiling
1,500 feet broken. After 1800: ceiling~-1,508 feet broken, occasionally
(]zeiling 600 feet broken: visibility 2 miles in light rain, light drizzle, and
0g.
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There were no AIRMET's or SIGMET's 7/ valid for Virginia at the time of the
accident.

The surface weather observations before and after the time of the accident &t
Chambers Field, NAS, Norfolk were as follows:

Time--0855, type--record special; clouds—200 feet scattered, ceiling
measured 600 feet overcast; visibility--1 mile; weather-moderate rain
showers and fog; temperature--58° F; dewpoint--57° F;
wind--020 degrees, 19 knots; altimeter—29.88 inches; remarks— peak
wind 010 degrees, 27 knots at 0837, wet runway.

Time--0913, type--special; ceiling--estimated 200 feet broken, 600 feet
overcast; visibility--1 1/2 mile; weather-moderate rain showers and
fog; temperature--58° F; dew point--57° F; wind--020 degrees, 18knots;
altimeter—29.88 inches; remarks--peak wind 010 degrees, 27 knots at
0913, aircraft mishap.

The surface weather observation before the time of the accident at Norfolk
International Airport was as follows:

Time--0850, type--record special; ceiling--measured 400 feet broken,
800 feet overcast; visibility--1 1/8 miles; weather-heavy rain and fog;
temperature--59° F; dewpoint--56°F; wind--030 degrees, 16 knots;
altimeter--29.87 inches.

The National Weather Service recorded the following hourly rainfall amounts
at the Norfolk International Airport for October 25, 1983:

Hour Ending Rainfall
At Amount (inches)
0200 trace
0300 0.04
0400 0.i4
0500 0.27
0600 0.05
0700 0.03
0800 0.36
0900 0.30
1000 0.31

The manual measurement of the rainfall at NAS Norfolk for the period 0200
through 0800 was 2.91 inches of rain. An additional .18 inch was recorded between 0800
until just after the time of the accident.

7/ AIRMET - Airman's Meteorological Information - inflight weather advisories for
aircraft having iimited capability.

SIGMET - significant meteorclogical Information - inflight weather advisory concerning
weather signfieant to the safety of all aircraft.

P>
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18 Aids:to Navigation

The precision approach radar to runway 10 provides the pilot with a 3°
glideslope and a threshold crossing height of 37 feet above the runway. The glideslope
intersects the runway 710 feet beyond the displaced threshold.

There were no known communications problems.

1.10 Aercdrame Information

Facilities.--Chambers Field, NAS Norfolk is located at an elevation of 16 feet
mean sea level (m.s.l.). The landing surfaces consist of two runways: runway 18/28,
which is oriented 98.5° magnetic, and runway 01/19. Runway 01/19 is 4,300 feet iong by
250 feet wide. Runway LO is 8,068 feet long beyond a 300-foot displaced threshold and
200 feet wide. In the summer of 1981, runway 10 was resurfaced with an asphalt concrete
bituminous overlay. The runway is not grooved, except for a 500-foot extension on the
west end which is grooved concrete. It is crowned at the centerline to allow water to
drain off as it falls,"and it is equipped with high intensity runway lights, runway centerline
lights, an approach light system with seqgu=nced flashing lights in ILS Category it
Configuration {ALSF-Ii), and a visual approach slope indicator {VASI). The approach light
system, runway edge, and centerline lights, the rotating beacon, and the VASI were on
when Flight 2468 conducted the GCA. There was no record of the intensity setting.
However, the tower supervisor said that she believed they were at step 3. The air traffic
control tower and alt ATC facilities are operated by the U.S. Navy.

Airport Management.--The Air Operations Officer, who is the equivalent to
the manager of a civilian airport, is responsible for the day-to-day operation and safety
of the airport. The activities of the fire department. the transient line crew, the ATC
facility, the flight operations section, and other airport elements are coordinated by the
Air Operations Officer. An Airfield Operations Duty {A0D} Officer is on duty Z4-hour a
day. The duty is rotated on a duty roster basis among a pool of officers assigned to the
Naval Air Station. AODs are not necessarily experienced in airport operations and are not
qualified as airport operations officers, unlike civilian airports which have fuli time
operations officers to manage the airfield. An aviation safety officer ‘s assigned to the
airfieid on e full-time basis and is responsible to promote the safety of all avistion
airfield activities.

Airport Certification.--Chambers Field B certificated for operations under
Subpart B of 14 CFR Part 139 although certification under Subpart B is not required for
operations similar to Flight 2468, which are considered by the Federal Aviation Admin-
istration (FAA) to be military charter operations. Under an agreement between the FAA
and the Department of Defense {DOD) before 14 CFR Part 139 was implemented for
military airports in 1473, an inspection of the airport was not Conducted by the FAA to
determine if the airport was properly and adequately equipped to conduct scheduled or
unscheduled air carrier operations under 14 CFR Part 139. The FAA airpor? inspection is
waived because military airport operations were determined to be conducted under
requirements which equaled or exceeded those required under 14 CFR Part 139.

Title 14 CFR 139.69, Airport Condition Assessment and Reporting, requires
that the applicant for &n airport operating certificate 'show that it has appropriate
procedures for identifying, assessing, and disseminating information to air carrier users of
its airport con<erning conditions on and in the vicinity of the airport that affect, or may

B
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affect, the safe operations of aircraft."” The section includes the requirement that
airports establish a procedure to detect the presence and depth of snow, ice, or water on
runways or taxiways.

Runway Surface.--A group consisting of the Aviation Safety Officer, a Naval
Aviator, and two enlisted air traffic controllers conducted en inspection of the entire
runway within 15 minutes after the accident. The consensus of the group wes that the
runway Was wet with numerous patches of standing water estimated to be 1/2 10 3/4 inch
deep. The Aviation Safety Officer said that "approximately 1/2~ineh to 3/4-inch of water
was on the center and south side of runway 10 in the last 3,000 feet. Water run off to the
north side was prevented by a strong wind even though the runway is graded. This
situation is routine at Chambers Field and causes water to pool rather than drain even
long after rain has stopped.” He also noted that there were no rubber skid marks
anywhere along the track of the main landing gear. The driver of the CFR truck stated
that there was so much water on the runway as he drove the vehicle onto the runway that
he was concerned about losing control of the firetruck.

The Air Operations Officer said that whenever there are strong north winds,
there is a standing water problem on runway 19/28. The winds prevent water runoff from
the crown, while some water is blown over the crown to the south edge of the runway. He
also stated that the runway is inspected daily for rubber deposits and that the NAS
Norfolk Civil Engineering Office iIs notified to analyze and clean the runway if rubber
contaminants are reported.

Runwav Friction Testing.--Friction tests at Chambers Field are conducted by
the Naval Facilities Engineering Command, NAS Norfolk once every 3 years uniess
inspections by airport personnel and pilot reports indicate e deterioration in surface
conditions. The most recent friction test was concluded in June 1983 using a Mu-meter
on .2 inch of water on the runway.

A report entitled, "Runway Friction Measurement and Airfield Condition
Survey," contained the results of the survey. Table I, extracted from the report, provides
guidance for the interpretation of mu-values:
Table 1.--Mu-Meter friction interpretation.

Mu-Values Anticipated Braking Response Hydroplaning Potential

0-0.25 Unscceptable Very High probability
for hydroplaning

0.25 - 0.41 Marginal Potential for hydroplaning
exists for some aircraft
under certaln conditions

0.42 - 0.50 Fair Transitional
GREATER than Good No hydroplaning problems
5.50 expected.
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The conclusions of the friction test were, in pari:

{1)  The grooved portion of the runway on the west end provided good
drainage and little reduction in surface friction.

{2} Major nonding exists on the pavement at the intersection of
runway 1-19. A test at that location resulted in a .38 coefficient
of friction at inundation "indicating a marginal braking response
and potential for hydroplaning during inclement weather."

{3) Fifteen minutes after inundation, the area at the intersection of
the two runways had a coefficient of friction of .54.

(4} The remaining friction measurements indicated good braking
response ar.. :"“tle to no potential of hydroplaning.

The airport manager-ent makes runway condition reports (RCR} when the
temperature is 34° or less and there is visible moisture. A James Brake Decelerameter is
used to determine RCR information. No RCR information was gathered before the
accident, and no information on runway conditions wes available to be transmitted to
Flight 2468.

There is no procedure in the airport operations manual which assigns
responsibility to monitor the runway surfaces for water depth. A general surveillance of
the runway surfaces is conducted by the fire and rescue division twice each day. The
airport operations manual states that "These irspeztions are conducted to provide safe
aircraft operations. Foreign Object Damage {FOD) holes or any other discrepancies will
be recorded and reported by the assistant fire chief directly to the Airfield Operations
Duty Officer for dissemination and closure of a runway or taxiway if required."” Personnel
assigned to the transient line crew are on duty 24-hour: a day, and as part of their duties
can be used to check runway surface conditions. The Air Operations Officer stated that
runway inspections for water depth, snow, ice or other contaminants are made at the
request of pilots or if air traffic controllers observe runway contaminants.

Tht controllers in the tower at the time of the accident stated that they were
aware of the rain and that they saw water spray from the wheels of landing and departing
airplanes. However, they did not request a measurement of runway water depth, nor did
the local controller relay any information concerning runway conditions to the GCA
feeder or find controller.

No piiot braking action reports were received by controllers at Chambers
Field, nor were any requested of pilots by the controllers.

Crash-Fire-Rescue.—-A CFX vehiele is on standby for all aviation activities at
Chambers Field. The fire lieutenant in charge of the vehicle ordered an immediate
response as the airplane went pest his iocation which was just east of the intersection of
the two runways. He also ordered a full CFR response as he drove down the runway and
saw that the airplane had crashed. No fire or rescue activities were conducted at the
accident site scene.
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n Flight Recorders

The airplane was equipped with a Sundstrand modei AV557-B, serial
No. 7137A, cockpit voice recorder. The CVR had recorded only 15 minutes 44 seconds
rather that the required 30 minutes because of a defect in the tape. A small hole was
found in the tape which allowed enough light to trigger the end of the tape sensor and
caused the tape to reverse each 7 minutes 52 seconds. Normally a clear th- .eader at the
15 minute point in the tape triggers the reverse cycle. A transcript of the last & minutes
was prepared.

The airplane also was equipped with a Sundstrand FA-542 flight data recorder
(FDR). serial No. 3596. The FDR was removed from the airplane and taken to the Safety
Board's FDR laboratory in Washington. D.C., for examination and readout of the flight
record. (See appendix D.) The FDR recorded airspeed, altitude, heading, and vertical
acceleration data. The final 4 minutes 32 seconds ¢f the recording were examined during
the accident investigation to analyze the airplane's landing flightpath.

The flight recorder was undamaged and intact. There was no evidence of
recorder malfunction or recording abnormalities.

1.12 wreckage and Impact Information

There were no indications on the runway of any marks of heavv braking.
Faint, but clear indications of the track of the left and right main gears were evident on
the runway, starting about 6,000 feet from the threshold of the runway. (See appendix E.)
The tracks could be seen as light! double tire tracks. The trscks left the runway
centel-line at approximately the 6,000-foot point arn¢ went off the right side of the runway
19 feet beyond the landing threshcld of rinway 28. The tracks of the right main landing
gear extended 29 feet from the right ec-2 of the runway before turning toward the
runway. Both main landing gears remained off the runway, but were within a few feet of
the right edge of the runway until the airplane crossed the road.

The fuselage of the airplane sustained significant structural damage in the
area of the nose. The radome and the associated radar components separated from the
fuseiage. The cabin compressor access doors aft of the forward bulkhead were damaged.
A 12-inch slice was found in the left side of the fuzs!age below the cabin ficor at fuselage
station {FS) 357 and compression wrinkies were found on the underside of the fuselage at
FS 1440.

The right wing sustained minor impact damage. The left wing sustsined
structural damage just aft of the leading edge where the No. 1 pylon forward attachment
point was located.

The right and left wing trailing edge flaps were in the fully extended position.
The right wing inboard flap assembly was partially separated from the wing sttechment
structure. The left wing inboard flap assembly was damaged by ground imp=et.

The flight and ground spoilers on both wings were extended. The spoiler
system accumulator indicated 1.7%5 pounds of pressure. All thrust reversers were in the
stowed position.
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The No. 1 engine pylon assembly forward pyion-to-wing atiachment structure
had failed and the pvlon-to-wing aft attachment structure had failec partiailv. The pvien
and engine assembly had rotated in the inboard direction. The ??lon-to-wing &ft
attachment was detached completely by maintenance personne! before the airplane wes
removed from the eccident site.

The No. 2 engine pylon assembly evidenced a partial failure of both the
forward pylon-to-wing and aft pylon-to-wing attachment struciure. The pylon and engine
assembly had rotated in the inboard direction.

The Nos. 3 and 4 engine pylon assemblies remained intact and attached to the
wing structure. Al four engines ingested water. mud. end brush from the swamp and
sustained internal damege.

The twe main ianding gear assemblies incurred only minor impaer damage.
The nose gear was not damaged. although the forward and aft gear doors and the ianding
light assemblies were damaged.

All eight tires on the main landiag gears and the two nose wheel tires
remained on the wheels and were infiated. There were no fiat spots on at  ilires or
indicarions of a maximum energy siep. The Nos. 1 and 5 tires {the front and reg~ ocuiside
tires) on the left main lending gear assembly receivecd some cuts and gouges. The tire
treads on all right ?ires were satisfactory.

Direct visual reading tire nressure gages were installed or. the main gesr whee!
tire assemblies. The tire pressures were read !l days after the accident

Pressure
Tire Position __iibs)
1 left iron: outside 188
2 left front inside 18¢
3 right front inside 180
4 right front outside iT0
5 left aft outside 185
6 left aft inside 189
7 right oft inside 185
8 right eft outside 200

The norms! tire pressure was 293 to 205 :)Olmcia. The DOS-63 operating
manual states that a tire should be checked and inflated [ the pressure is in the 173 to
195 pound range, and removed i the pressure is below 173 pounds. A lemperalure
eompensation chart s included in the menual 1o relate temperature 1o tire pressure. The
chart indicates that at 70° F. the tire pressure should be 205 pounds.  The pressare
decreases to 175 pounds as the tempersture decrosses 1o ~20°F, At the time the tire
pressure readings were made, the temperature wes =% K.

Bach main gear wheel was litted with g hydrauticglly povered dise brake. The
brake system is a~tuated by the hydraulic power system and is equ.pped with a backup air
svstem which may L~ used in the event of a loss of hvdraviie pressure.  An olectrieallv
controlled antiskid syste. provides a locked-wheel pratection feature and prowvice” or
maximum braking efficiency of the wheel brake svsterm. The air brake nitroger ~upph
bottle was full at 3,000 pounds. e three hrake aceumulators read 1,275 pounds each,



The mechanicai movement of the trake control valve located in the right gear weil was
checked by “epressing the brake pecdals Inthe coekpit. The controi valve operations were
noxa!l.

Exemination of the four i<ft main gear and the four right main gear bragke d
gssemblies indieated that about YO percent of the wear capability remainec ON each bra
unit.

1.13 Medical and Pathologicil ln“ormation

There was no evidence of preexisting medice! conditions which affected Lhe
- »
persormance of the flighterew.

1.14 Fire

There was no fire.

1.15 Survival Aspects

The accident was survivable., The decelerative forces were not sigpificant. the
restraining systems were used and {unctioned properlv. and there was no dgmsage to the
cocekpit area.

i.le Tests and Research

1.16.1 Antiskid Examination

he antiskid eontrol unit was :¥amined ard tesze«rﬁ funetionaliv v the Satetv
Boerd at the Flying Tigers Lines Accessory (herhau! Fepi"tv. Los Anreles. (California.
The functiona. test was performed in mecord: nee with Fl "in»: S
Manunl Spec:ification Neoo 32-44-8. ‘

.?~;a(~5**: whee! = equipded with 2 lofic wheelbosrd, giso Nnown g€ = wheel-apeed
renscueer. which monitors individual whee! sreecs and modulates aheel ‘“r gKe pressure.
'\, »logie whee'boards. exeedt the No. 1 log ¢ wheslhourd funetioned ir accordance with
the —anufeetyrer's specifications.

The exar instion of the No. 1 logie wheelboard oircuitry indiested thet the
rensistor 17 the A-3 module was shorled from the ecllector 1o the dase. If a whesi- —spee
ransdueer maliunctions. the antiskid control box trests the fallure as 8 looked whee
ondition and rejenses the draxe. and the ANTISKID INOP fight illumingles, There was no

ather evidenes of pre-e xix ng eorrasion or damage 10 o1y parl of the sntiskid SVEIL ™,

!‘) -*4 ..-c

1.16.2 Airplane Performance

Certification Lunding Distances and Approved Field Lepoths.--Vanufacturem
are menuired o gomonsirate the Stopping distance ecapabt.ity of their airplenes uncer the
airoiane 1vbe eertification provisions of 14 CFR 23,125, The dry runwav xzwc‘mc 'nqneea
sre cetermined from the sum of the demenstrated air distenee (air =un} from the 30-foar
fetght and the grouna stopping distances.  Reverse thrust s not used in oetermiﬂinv ihe
lmnding distanees, These vajues ropresent minimum landing distances for drme TUNWARY
surfaces when the aornlane i operated near s maximum performance capaéziu) and
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structural limits. The technigues used during the certification flights are not used in
routine  airline  operations  where  environmentzal faetors  influence  landing
cperations. 8 Under the provisions of 14 CFR 121.i25 (Transport Catevor'y Alrplanes:
Turbine Engine Powered: Landing Limitat xons. Destingticn Airports), an FAA-approved
field length must provide a distance which will allow a full stop within 80 percent of the
effective length of esch approved runway from & peint 30 feet above the intersection of
the obstruction clearance plane and the runway.

The sgetusl lgnding distances for wetl runwayv stopping capability are not
demonstrated during certif zcatzon tests. As a resuir, FAA-approved landing fieid lengths
for wet runways are based on estimates obigined by increasing the dry runwey landing
field length by an arbitrary factor Ox 15 percent. Approved landing field lengths wer
contgined in the Tlving Tigers DC-2 COperations Manusl, The required landing field
lengihz were bDased on the sairplane crossing the threshold gt 30 feet and at reference
speed. Section IV, Page B3 of the Flying Tigers DC-8 Operations Manual, incdiecates that.
at 252,000 pounds landing weight, Flight 7i358 reguired 8,000 feet of runway for ary
econcitions and 7.000 feet for wet conditions.

TOetermining  Airplane TouchCown Point and 8Speed.--A time correlation
Setween the FDR and the VR was made based on radio iransmissions between the
flighterew and the controllers. The FDR and the OVR tape readouts correlated to within

.5 secondc.
if the finegl GCA controller's transmission st 0808:34 {just pesced over tha
landing thresho'dl was accurate and if the second officer csalled out "Fifty Feel” al

.&‘S.Jn as the zirplane was exactly at the 530-Toot point. Flight 2462 weas slightlv gbove

30 Teet when crossing the runwsay threshold. A tnreshoid erossing distance s 1g 2\; higher
tran 30 feet would have incregsed the air run distence and. therefore, the touchdown
ooint. Additionslly, if the airplane’s ground speed was 187 knotz &s noted by th irst gnd

sacond officsr-g, the gir run distance would have been increesed further. 3 ih gretiesl
additiongl 2ir run wes caiculated based on the sssumption the! the airplane weas slightly
gbove 30 feet when ithe threshold was crossed. The theogreticai additiona!l air run was

544 feet.

The air run distance from a 33-Voot heighi over the thresheld to the
touchdown point on the runway was datermined by integreting the growd:aeec‘ {veloeity!
H rpisne over small time intervals (AT from the time the 7

of the ean irst officer ealled
“Uifty feet™ gt 0902:38.5 until he cniled Tspoilers extend” at 0808:49.3. The time of
£908:49.5 was judged to Do within 1 second of the final touchdown time since (1) the

secornd officer 18 required to call “spotlers extend” immediately as the bDiue spoiler iigh
iiiuminates on touchdown. and {2} 2 seconds earlier, the castein had s&id “let it sink.”
irdicating that the airplane hed not vet lgnded completelv. Based on g {inal louchdown
time of 0908:49.3. the indicated air speed at touchdown wes s850ut 12¢ knots.

g’ Aireraft  Aceident Report--"MeDonnell Dougias Corporation DOC-9-50, NSSIDi~,
Edwards Air Torce Base, Californie, May 2, 1980" (NTSB-AAR-82-2).
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The following equation was used to calculate the landing air run distance from
the 36-foot height above the runway to touchdown:

Sa = 1.688 ]—\;DD + V.t.i /I\tair
2

Where:
Sa = Air run distance (feet)
Vapp = Approach ground speed-(¥DR indicated airspeed plus 3.5 k:.ots)
vt.d. = touchdown ground speed-{FDR indicated airspeed plus 3.5 knots!
tair = Air time from 50 feat to touchdown in intervals
1.688 = Kbnots to feet per second ronversion factor

Teble | contains the time. airspeed, and time intervals recorded by the flight data
recorder of Flight 2468 progressing from the 50-foot point 10 the tcuchdown point — e
13-second interval. Groundspeeds in the tables were ealculated by adding 3.5 knots to
recorded airspeed values. The 3.5-knot additive was the difference between the iNS
groundspeed and INS TAS recalled by the flighterew, and the repcrted wind at the airport.

Tabie IL.—Landing air run distance.

Actunl FDR Time IAS Groundspeed

Time {Elapsed) {Knots} {Knots) At (Sec)
6508:38.5 4003:40:1 151 154.5
3908:38.3 0003:41:9 148 151.5 1.8
0908:40.1 6003:43:7 138 141.3 18
(308:41.3 0003:44:9 146 149.5 12
{GC8:51.8 00603:45:4 144 147.5 0.5
$0908:43.6 0003:47:2 144 147.5 1.8
0908:34.7 (003:48:3 139 142.5 1.1
0908:47.1 0003:30:7 138 141.5 2.4
3308:49.5 0003:53:1 129 132.5 2.4
Note: The 1ASs were obtained from the FDR. Generally. the 1AS seen in the cockpit

and recorded on the FDR foil is e few knots below actual TAS due to ground
effect. Because of standard day. sea level conditions, it is not necessary to
convert 1AS to true airspeed. The air run distance was csaleulated by
determining and summing the distances covered during ?he smaller time
intervals. The air run distance was determined to be 3,178 feet.

if the increased air run distance of 544 feet (due to height above 50 fee:) is
added to the & run Jdistance of 3.178 feet zalculated from the 50-foot height above: the
threshold. the touchdown poin? could have been as far as 3,722 feet bevonc the displaced
threshold of runway 10. Ground witnesses placed the finai touchdown point between the
air traffic control tower (3.143 feet) and the intersection of the two runways (3,894 feet).

Required Runway Length Based on Actual Conditions.—The dry runway Landing
cistance. determined curing airplane certification, 1S the total horizontal distance
necessary to iand and stop completely, without use of reverse thrust, from a point 50 feet
above the intersection Of the obstruction clearance plare and the ruaway. This distance is
the derived sum of the actuat air run distance and the stopping segment. The distance
represents the minimum lancing distance possible for drv surfaces when the airplane ;g
operated at oOr near its meximum capebilities end limits. To obtain ¥AA-approved
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operationai landing fie!d lengths for dry surfaces, the actual air and stopping segments
obtained during certification tests are increased by 67 percent to adjus? for the
operational requirements of 14 CFR Part 121.195.

Teble I indicates the demonstrated minimum dry landing distances: the dry
runway required landing field iengths, wnich include a 67-percent safety factor: and the
wet runway requirec landing field lengths. The speeds are computed based on Flying
Tigers Operating Manual for various approach reference speeds. The reference speed of
141 knots was the proper Vref for Flight 24€8; 146 was Vref plus 5 knots "bug™ speed. One
tendred fifty seven and one hundred sixtyv-one knots are the high end of the speed range
which were recalled by the {lighterew as the TAS and groundspeed at the threshold.

Table IIL.--- Runway lengths.

Percent
Dry Runway Wet Runway Inerease In
Approach  Dryv Landing Landing Field Landing Fieid Wet Runwayv
Speed Distance Length Recuired Length Required Tar‘dzwf Fielc
{ X nots! {Feet} {Feet) {Feet) Length Required
141 3.383 6,000 7.008
146 $.2490 7,088 8.2580 13
151 4,822 8,229 5.453 37
157 53.748 9.360 11,000 53
151 6.144 14.2350 11.79%8 Tl
1.17 Additional Information
1.17.1 Dispateh of Flight 2468

The data for the dispatch package for Flight 2468 was nrepared by a Fiving
Tigers Flight Planner, a licensed dispatcher. The flight nlanner determined the maximum
allowable landing weight for runways il and 28 and concluded that the forecar: weather
conditions would favor runway 10. However. the flight pianner mistakenly referenced
runway 28 as the appropriate runway. and incorrectly listed the maximum ilanding wewght
for runway 28-we: as 273,000 pounds. The correct maximum landing weight for runway
28-wet. under ¥R conditions. was 245,208 pounds for a zero wind conditicn.

The correct information in the dispatch package shouid hev: indicated the
landing runway as runway IO-we? based on the forecast surface winds. Since the forecas:
wesather was for IFR conditions, the maximum landing weigh? fer a zerz wind component
was 265,844 pounds. The airpor? performance manual shows that 1,770 pounds must be
subtracted for each knot of tait wind. The reported wind ofF 350° ai 18 knots procduced a
tailwind component of 2 knots, so the maximum allowable landing weight of ‘r“i g t 2408

for runway 10 was 256.304 pounds rather than 275.000 pounds. as stated on the dispateh
package.

The Flying Tigers Operation Manual states that the maximum allowable gross
weight for landing on the release flight plan "provides a basis for the flighterew to
cross-check the flight plan against conditions which are anticipated by the filighterew at
the time the fiight reiease is executed."

As a result of the accident investigation. Flying Tigers took the foliowing
measures to eliminate rhe confusion that the Director, Flight Planning end Onerations
Analysis, said had developed with regard to the takeoff and landing data on the flight

plans:

(
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o Flight Operations Bulletin #83-22 included a description of the
intended purpose of the data. Altheugh the bulletin was dated
November 18, 1983, it was actually written and placed into the
publication process either in late September or early Cetober in
order to be printed and distributed by the November date.

o A rewrite of the same information was included in the January
issue of the company's publication, "Tiger Pride."

e} The Sane rewrite will appear in the ecompany’s publication "Fiight
Operations Qusarterly Review.

o The contents of Flight Operations Bulletin #83-22 have been
included in Flight Operations Manua! Revision £38p, dated
December 1. 1983 (distributed on January 3, 1884).

o The subject IS being presented to and discussed with each company
pilot &b he takes reqguired recurrent :ruining.

Flying Tigers Landing Procedures

DC-8 Training Guide--Excerpis.—~ The {oliowing guidance was ceoniained in

Pigers DCE Training Cuide:

Normal Landings.—The i
of up to 17 knois is Refe
aititude of 30 Teet over ‘_‘10 threshokj. at which
commence. When the reported headwind is in exces
recommended wind gradient f{acior .equal 1o ;QE of
headwind! to the Re’ e*'f;"scf‘ speed to 0’319“. the fina 90;;?0
any case. the wind gradient factor should not excesd 3 maxur
of 20 knots, and should be gradual - removed éu?mg the iast 200 to
300 feet of altitude so as to ecross the thresheld at Reference speed.
When gusts are present. add the full value of the gusts PLUSR the wing
gradient Tactor to the Reference speed ito obiain the final sooroach
':')neé The co*ﬁg wod value of the guatq PLUS the wind gradient factor
may not exceed & maximum vaiuve of 24 knets. and similariv remove the
wind gradient factor during the final approach so that the speed over the
threshold is R ei'c:e“'m 'W;- ‘he Tull velue of the gusts lonly the wind
gradient {actor shouid be gradually re"‘nxe-{._

- EA [}
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when computing landing erosswind component. tne maximum: gust

ery imporiznt ir jet aireralt to maintain good airspeed control,
3 ng e maintain the aporoach speods within 3 knots of ‘_essred, Too
hizh g speed ecarries the danger of an cvershootl, while oo siow & aneed
carries CYen gZrogier dc.’w‘"' of an undershoot, eﬁpeciai‘rv ir" TUSES O &

pLas

steep \’nﬂ{j gradienl change cxists near the surface. Be prepared during
the 9por:>ach fo #dd power immediately, should a sudden wind gracdient
zeusc & rapid speed deeav.
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The pilot should meintain ar adeguat: sairspeed above Reference to
compensate for stvong wind gradient and'cr gust effeeis during the
epproach for & landing. The Tinsl approach speed is determined by first
determining the prevailing corditions and then proceeding as foliows:

Final spproaeh speed 7or normal app.csch/winds of 10 knots or
less: Reference - 3 knots.

Finel approscnit  speed  with  wind gradient effect’headwind
exceeding 10 knots: Reference + 172 the reporied wind value;
MAX is Reference - 2{ knots.

Final appreoech speed with gustis: Reference plus the {ul] vaiue of
the gusts plus 12 the reported wind value: MAX "5 Reference
= 20 Knots,

Remember that as ihe airdlane appreaches the runway threshold the
wind gradient ecorraction should be removed: cross the runway threshold
at ;-"i&e"once - the additive Jor gusts. [f the wind gradient is aot fully
zecounted for & during the approach, be alert 1o the need for su Gdn—z thrust
increases 10 maintain airspeed and nosition on the approach peth.

The First Officer should report any deviations from desirec girspeed and
aititude that o Devend a 9”6—:°et—pe‘ minute sink rate or a speed higher

than reference njus 11 knots,

*x " ¥

ne optimum threshold speed should be Reference + gusts. with no-minus

cdesired. Do not attempt to hold the aircraft off the runway during the
flare: the oblect is 1o touchdown as scon as safelv nossible and achieve
the maxXimum brakirg coefficient which will be achievad with nose

wheels on %"e runwgy anc the spoiiers extended. I the piiot holds the
girera’t off the runway. seeking 1o make a smooth landing. runwayv is
neing consumed that mav not be avaiiable. Doing this will keep the
aireraft airborne when it could otherwise be on the ground with the
ground spollers gine revorsers, and brakes working 10 stop the
airpiane. Ffeceierat%on on the runway is adbout three times greater than
i the air. Therefore., get the wheels on the runway af about 1,000 {eet
Irom the appreach end. even if Lhe speed is slightly high.

Fiving over the end of the runwav at 1060 feet aititude rathe- than
30 feet  could possibly  increase the total landing distance by
approximately 900 feet on a 39 glide path. Glide path angie alse s 'Tects
tntal landing distance. If the altitude over the end of the runwav is
orrect 30 feet), but the approach path iz flatter than normal, total
isnding distance 18 increased. A combinution of excess height over the
a2n¢ of the runway and a llat approach will most certainly use up valusbije
runway that mav not be avaiiable,

)
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The pilot should maintain ar adecuate zirspeed above Refergnce fo
eompensate for strong wind gradient and’or gust effecis during the
approach for & landing. The Jinal approach speed is doter"ﬁiner‘ oy first
delermining the prevailing corcitions and then proceeding ss follows:

Lodvmy

- £

Final eporoach spead “or normal app.oach’winds of 10 xnots or
iess: Reference - 5 knots.

Final approach  speed  wi wind gradient effect headwind
exceeding 10 knots: Refer enee ~ 172 the reported wind velue:
MAXN is Reference + 2 Knots.

Final approach speed with gusts; Reference plus the full value of
the gusts pius 172 the "e:zo*-ted wind value: .‘\EA,"{ ‘s Referznee
- . 3

28 knots.

Remermber that as the airplsne gppreaches the runway thresheld the
wing gradient ecrrection should e removed: cross the runwayv threshold
at Reference - the additive Jor gusis. IF the wind gradienmt tuily

acecunted for du *:;:,' the eporoach, De alert 10 the need for sudden thrust
inereases 1o mainiain Aitspeec and position on the approsch peth.

The First Qfficer should report anv deviations from desired airspeed and
aizé:u-.’:" "‘?t Zo evond & 300-Teet-per minute ginx rate or g speed higher
tnan reference nius 10 Knots.

Tre optimum threshold speed should be Reference + gusts, with no-minus
cegired. Do not &: empt 1o hold the airzrall off the runwav curing the
Tlare; the ohiect is to ouchdown as scon as safely possible and sehieve
the maximum braking coefficient which will be achieved with nose
wheels on the runwsayv and the sgoilers extended. [If the pilot h:\ld the
gireraft off the ~unwayv. e2King 1o make a smooth landing. runway iy
seing consumed ithat may not 5e available. Poing this will ?«eep the
airorafl airborne wnen it cou.d otherwise be on the ground with the
round  spoiiers. engine reversers, and brakes weorking to stop the
iroiane. Neceleration oh the .ur‘may s mbout three times greater thea

1} ir. Therefore, get the wheels on the runway gl about 1,000 ¢ eet
Trom the approach end. even i7 the speed is slightiv high.

Fiving over the end of the runway at 100 feet altitude rather than
50 feet couid possibly  ineresse  the 1otal landing  distance by
approximately 980 feet on & 3° glide path. Glide path angie also wTects
total landing distance. If ihe altitude over the end of the runway is
correct (30 fzet), bul the approach path is fletier than normal. tots:
lan.ﬂng distance is inereased. A combination of excess height over the
27 of the runway and & flat approach will most certamly use ud vajuahie
runway that mav not be available.
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When landing on a short, wet or icy runway, apply fuli pedal pressure
early toreduce to a safe taxi speed.

* % %

Landing Data Card.--The landing data card for the accident flight was not
retrieved from the airplane. A duplicate landing data card for the flight was prepared by
Flying Tiger's supervisory flight personnel. (Seetable iv.)

‘Table IV.—Leanding data for Flight 2468.

Actual landing weight 252,00 pounds
Maneuvering speed Cor

0° flaps 204 kn (1.5 Vs)
Maneuvering speed tor

23 degrees flaps 173 kn (1.5 Vs}
Approach 35° flaps 39kn {1.4 Vs)
Reference 50° flaps 141 kn (i.3 Vs}
Bug 146 kn .
Go around EPR 1.83
Climb EPR 1.89

Interview with Flviag Tigers Regions: Director-Flicht Opersations East.--The
Regional Director, al0 @ DC-8 check ecaptain, stated that the reference soeed for the
gpproach was 141 knots with e 5-knot additive. An additive of 10 knots for the windshear
report was proper. However. as the airplane approached tie runway theeshold, all
additives should have Seen removed. Flight 2468's airspeed should heve Seen approaching
the reference speed of 141 knots at the 50-foot point. He stated that the maximum
crosswind component i0r 8 DC-8 wes 16 knots if there s X report of poor or nil braking.

He aiso stated that Flying Tigers teaches pilots to anticipate hydroplaning
cornditicns when landing on a we? runway. The airplane should be landed firmly with no
atiempt to make rR smocth lending. Hc said that, in any case, a pilot should avoid any
float since the airplane decelerates more quickly on the runway.

The Regional Director stated that runway 10 was shorter than most runways
used oy Flving Tigers. He said. however, that he did not consider it a Short runway, and
thav it did not represent a problem for DC-8 landings.

1.17.3 Wheel Brake-Antiskid and Spoiler Systems

Wheel Brake-Antiskid Systems.--The hydraulically-operated disc brakes in
each main landing gear wheel arc actuated by pressure from the main hydraulic system
through & power brake control valve. The control valve is operated by the rudder pedals
through s eable system. The antiskid system is & fully automatic pressure modulating
wheel breking system which is controlled by individual wheel speed transducers, an
antiski¢ contro}l box, and individual antiskid control valves for each main wheel brake.
The antiskid function doe?. not operate until the main wheels of the airplane spin up to
about 80 kpots. For efficient antiskid operation or 6 WA runway, a firm touchdown
should be mnde 1¢ ensure prompt wheel spin up.
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When armed. the antiskid system (1)prevents locked wheeis at touchdown and
during rollout. {2) initiates automatic deployment of the ground spoilers when specfic
pairs or all aft main wheels spin up past about 83 knots at touchdown, and {3) monitors
wheel speeds to sense impending individual wheelskids and modulates the brake pressure
to keep the wheels at the skid thresholg.

The main gear wheel-speed transducers monitor individual wheel speeds which
are transmitted to the antiskid control box. When the antiskid control box senses a wheel
deceleration that requires antiskid control, the control box cperates the corresponding
antiskid hydraulic control valve to decrease brake pressure from the associated wheel
brake.

The ground spoiler control box is powered from the antiskid control box.
Wwheel rotation signals from the a’. wheel transducers provide grcund spoiier actuation
from the entiskid system.

Spoiler System.--The spoilers consist of five. hinged surfaces on the top of
each wing. The purpose of the spoilers is to assist low-speed iatera! in-flight control and
to spoil lift during the landing rollout. All ten spoiters act a2s ground spoilers after
landing.

With the spoiler control iever armed. all spoilers will extend fulty upon spin up
oast 80 knots of certain Combinations of two of the ait main landing gear wheels after
iouchdown if the antiskid system is armed. Should main wheels rotation fail to actuate
the spoilers. they will be extended by compression of the nose gear oleo. A Slue light will
illuminate when the ground spoilers are not fuljv retracted.

1.17.4 Timely Information of Airport Conditions

Airport traffic controliers in ?he terminal area are required to issue airport
condition advisories necessary for an airplane’s safe opera:.io*a in time for the information
to be useful to the pilot. 8/ This requiremcat includes information concerning braking
conditions as affected by iee, snow, slush., or water. and factual information reported by
airport management concerning the condition of the runway. The controller is required to
furnish to all airplanes the quality of braking action reports as received from pilots or the
airport management.

On December 23, 1962, the Safety Board issued safety recommendation
A-82-156 following an airplane accident involving poor runway conditions. 18/ The Safety
Board recommended that the Federal Aviation Administration:

Amend air traffic control procedures to reguire that controllers make
frequent requests for pilot braking action reports which inelude
assessment of braking action along the length of the runway whenever
weather conditions are conducive to deteriorating braking econditions and
that the requests be made weli before the pilot lanés.

9/ FAA Handbook: Air Tra’lie Control 7110-65C, Seetion 940{(c) Chapter 3, dated
January 21, 1982.

14/ Aircraft Accident Report--"World Airways. Ine., Flight 30H. Ni13WA. McDonnell
Douglas C-1030, Boston-Logan International Airport. Boston. Viassachusetts, January 23,
1982 (NTSB»—AAR 82-15); and Special Investigation Report--"Large Alrplane Operanons
on Contaminated Runways” {(NTSB/SIR-83/02).
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In response to this recommendation, on May 18, 1983, the FAA amended

Handbook 7116.65C, Air Traffic Control, to require controllers to request braking action
reports from pilots when weather conditions are conducive to deteriorating or rapidly
changing runway braking action. As a result of this response, the Safety Board classified
the recommendation as ”Closed — Acceptable Action.”

The requirements of FAA Handbook 7110.65C are applicable to U. S, Navy &ir
traffic controllers.

1.17.5 Hydroplaning
The Flying Tigers Operations Manual states, in part:

Aircraft Hydroplaning on Wet Runways

A film of water on runways can seriously affect aircraft ground
controllability and braking efficiency. If the speed of the aircraft and
the depth of the water increase: the water layer builds up and increases
resistence to displacement, resulting in the formation of a wedge of
water beneath the tire. The vertical component of this resistance
progressively lifts the tire, decreasing the area in contact with the
runway until, with certain aircraft configurations and depths, the tire is
compi2tely out of contact with the runway surface and starts
hvdroplaning on a film of water. In this condition, the tires no longer
contribute to directional control and breking action is nil.

There are three types of hydroplaning:

(1}  Dynamic Hydroplaning

This occurs when there is standing water on :he runway surface.
Water about 1/10 of an inch deep acts to lift the tire off the
runwey a:sexplained above.

{2} Viscous Hydroplaning

This type is due to ?he viscous properties of water. In this regarad.
a thin film of fluid not more than 1/1000 of an inch in depth cannot
be penetrated by the tire and the tire rolls on top of the film. This
can occur at a much lower speed than Dynamic Hvdroplening but
requires a smooth or smooth-acting surface.

{3)  Reverted Rubber Hydroplaning

This phenomencn requires a prolonged locked wheel skid, reverted
rubber and wet runway surface. The reverted {curled back) rubber
acts as a seal between the tire and the rurnway and delays water
exit from the tire footprint area. The water heats and is converted
to steam; the stesm supports the tire off the pavement.
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From data adopted during hydroplaning tests, the minimum Dynamic
Hydroplaning speed of a tire has been determined to be approximately
3.0 times the square root of the tire pressure in pounds per square inch.
For the DC-8-63F and B747 the hydroplaning speed is 120-130 knots.
The calculated speed referred to above is for the start of Dynamic
Hydroplaning. During a landing roll, once hydroplaning has started, it
may persist to a significantly slower speed depending upon the conditions
encountered.

Therefore, it must be emphasized that when landing on a wet runway,
close adherence to established operating procedures is essential with
regard to touchdown poin¢, speed control, and the use of spoilers, wheel
brakes, and reverse thrust.

The following was excerpted from Flying Tigers Flight Operations Bulletin

83-19, issued Qctober 2,1983:

1.18

Landing

Landing on wet or icy runways requires much greater stopping distances.
Slush or water creates potential hydroplaning problems. The tremendous
forces of splashing water or slush can cause flap or other .damage. Water
and slush can also freeze actuating mechanisms rendering the item
inoperative. Loose snow on runways can obscure visibility when blown
forward during reversing.

Beware of patehy surface conditions that can cause uneven braking
action and directional control problems. Taxi-in after landing is often
trickier than going out for taskecff. W.ith ?he Same idle thrust, your
aircrait (with a now-lower gross weight) will have a tendency to taxi
faster.

New Investigative Techniques

None.
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2. ANALYSIS
21 The Flighterew

The flightcrew was properly certificated and qualified in accordance with
existing regulations; there was no evidence that medical or physiological factors affected
their performance. They had received the required rest pericd before beginning the
flight.

2 The Aircraft

The airplane was properly Certificated, egquipped, and maintained in
accordance with existing regulations and approved procedures. There was no history of
deficiencies with any component or system which would have affected She ability of the
airplane to land and stop normally on the runway. The postaccident investigation revealed
that the main landing gear tires, with the exception of the No. 7 tire, were in excellent
condition and should have aliowed a normal, effective braking process. The No. 7 tire
exhibited more tread wear than the others. However, ali treads were present on the tire,
and there were no flat spots or other deficiencies which would have affected airplane
braking.

The antiskid system functiened properly for seven of the tires. The logic
wheelboard from the antiskid contro! box for the No. 1 tire was found to be inoperative
during the postaccident examination. A failed logic wheelboard would disable antiskid
controls from the No. 1 tire which would probably result in a locked tire situation upon
the application Of brakes at landing speed. This discrepancy probably would have caused a
blown tire had it existed during the previous landing at JFX. Therefore, the Safety Board
concludes that the logic wheelboard failed after Flight 2468 departed JFK. Moreover, the
Safety Board concludes that the antiskid system operated properly during the larding and
tnat the logic wheelboard failed as a result of it being submerged in the swamp for 11
days after the accidert and before the airplane was removed. The Safety Board based this
conclusion on the flightcrew's recollection that there were no malfunctions with the brake
and antiskid systems and the absence of indicators'of antiskid malfunctions in the cockpit.

2.3 The Accident

The investigation revealed that the instrument approach and the landing were
conducted in weather characterized by a low ceiling, reduced visibiiity, rain, and strong
winds. However, rain, which resulted in the flooding of parts of the runway, and the
crosswind and tailwind components were the only significant meteorological factors.

The CVR transcript and the flightcrew accounts indicate that the prelanding
preparations were conducted in accordance with Flying Tigers procedures. In addition to
properly configuring the airplane for landing, the captain instructed the first officer to
use the No. 2 1¥iS to monitor the winds for indications of windshear. The FDR information
and the statements of the GCA air traffic controller established that the airplane was
flown at or slightly above the 3°glide slope throughout the approach, and that the airplane
was in the correct position to complete the ianding as it crossed the displaced threshold.

The investigation showed, however, that Flight 2468's indicated airspeed was
10 knots atove the reference speed at the displaced threshold, and that the airplane
landed as much as 3,800 feet beyond the displaced threshold. The long touchdown
followed an extended air run as the airspeed was dissipated, with the result that as iittle
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as 4,268 to 4,968 feet of runway remained on which to stop the airplane. The
investigation also indicated that, although all the decelerative devices were used, the
flightcrew was unable to stop the airplane before it overran the runway.

The ineffectiveness of wheel braking was attributed to the flooded runway
,conditions and the manner in which the airplane was landed. The runway conditions had
existed at the airport for at least 27 minutes before the accident but were not
transmitted to the flightcrew or to the final GCA controller.

The Safety Board considered three factors significant to the cause of the
accident:

o] The airport procedures to monitor and assess runway surface
conditions, including the role of air traffic control in the
development and transmission of runway surface data;

0 The captain's management of the approach and landing airspeeds,
and his emphasis on planning for a windshear problem to the
exclusion of planning for a wet runway landing; and

o The effect of hydroplaning on the flightcrew's eiforts to stop the
airplane.

Airport Procedures to Monitor and Assess Runway Conditions

Runwav Condition.--The Norfolk area had recorded constant rain conditions
for 8 hours before the accident, and moderate rainfall during the hour immediately
preceding the accident. As a result, significant portions of runwey 10/28 were flooded
with water depths of 1/2 to 314 inch. The general flooding conditions on the runway and
some taxiways existed well before Flight 2468 first contacted the ASR f<z2der controller
st Chambers Field and were confirmed by the Navy C-12 Beechcraft pilot who departed
runway 10 at 0844. The presence of standing water on runway 16 was further confirmed
by witnesses observations of water spraying from the landing gear of Flight 2468, and
from runway observations made by Navy officials immediately after the accident.
Consequently, the Safety Board concludes that significant portions of runway 10 were
covered by standing water which was 3/4 inch deep in some places particularly the last
half of zhe runway. Further, the standing water conditions had existed for at least
23 minutes before the accident occurred.

Airport  Management Role in  Assessing and  Reporting  Runway
Conditions.--The airport management, In the person of the Air Operations Gificer or the
designated AOD, had the responsibility to monitor runway surface-concitions and to insure
that runway surface condition reports were available to air traffic controllers and pilots.
CFR personnel and the transient line crew were availabie to conduct runway inspections
at the request of the Air Operations Officer, the AOD, the air traffic controllers, or
piiots. Consequently, there was no organizational or staffing reason to preclude the close
monitoring of runway surface conditions during periods of changing meteorological
conCitions. However, the investigation indicated that there were no clear procedures in
effect to establish and conduct a program which would monitor and detect deteriorating
runway conditions. The only reference to an inspection program was the FOD inspection
conducted by CFR personnel, and these inspectiom were made at set times. Any other
inspections to assess and monitor runway conditions depended on requests by the air
Gperations Officer, the AOD, or air traffic controllers. However, the Air Operaticns
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Officer indicated that the initiative to conduct additional runway inspectiors came irom

pilot requests through air traffic controllers, or as a result of observations of the tower
controllers. Because AODs are not necessarily experienced in airport matters, AODs
would not necessarily kncw when to initiate a request for a runway inspection based on
changing oOr existing meteorological conditions. Consequently, without a specific
procedure to govern a runway assessment and monitoring program, there is no guidance to
insure that the airport personnel conducted an aggressive effort to detect runway
contaminants and transmit the data to controllers and pilots.

Even before the October 25, 1983 accident, two factors were present which
should have made the need for an active program to asses runway conditions In inclement
weather obvious to airport management. The first factor was the documented history of
runway flooding under certain meteorological conditions and the resulting low coefficients
of friction which were recorded when the runway was flooded. The Air Operations
Officer and the safety officer acknowledged they were aware that runway 10/28 had
flooding problems when moderate rain coincided with strong northerly winds.
Additionally, a survey of the runway, compieted 4 months befere the accident, reported
"major ponding "problems™ with a low coefficient of friction when the runway was
inundated. This produced "a marginal braking response and a potential for hydroplaning
during inclement weether." The accident investigation revealed that, in fact, the runway
did flood as predicted by the survey. However, no measures existed to (1) identify and
correlatz incipient weather conditions to possible runway flooding ecnditions, and (2) to
alert appropriate personnel to begin monitoring the runway for deteriorating conditions.
Additionally, there was no published notice which could have warned pilots of the
tendency of the runway to flood under certain weather conditions. Finally, the controllers
should have been informed by the airport management of the tendency of the runway to
flood uncer certain conditions and, therefore, should have been ready to increase their
surveillance of the runway conditions when there was the possibility that the runway
might be flooded. The Safety Board believes that the airport management's failure to
make provision for monitoring runway conditions in inclement weather contributed to this
accident.

The second factor was the frequent use of Chambers Field by
“heavy" 11/transport category U.S. Air Force airplanes as well as commercial airplanes.
The single masin runway configuration, coupled with its modest 8,068 feet length, indicates
to the Safety Board that formal procedures to develop and transmit data on runway
conditions to the pilot are needed to maintain safe operations during inclement weather.

Role of Air Traffic Controllers.--Although flightcrews that have recently
landed or taken off are best able to asses runway and taxiway conditions, the tower
controllers must take the initiative to determine if adverse runway conditions exist or are
developing as the result of the weather conditions. Piiots are the most direct source of
runway surface information. However, visual assessmenis by controllers are as important
as pilot reports since visual assessment of deteriorating conditions should promote
controller requests to airfield menagement for a runway inspection and requests to pilots
for braking aciion reports. Additionally. controllers should pass their observations of
hazardous runway Conditions to arriving and departing pilots.

11/ Aircraft capable of takeoff weights of 300,000 pounds or more whether or not they
are operating at this weight during a particular phase of flight.
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The Safety Board believes that when runway conditions are deteriorating
during continuing precipation tower controllers should take the initiative to request
braking action reports if they are not voluntcered by pilots. As a result of Safety
Recommendation A-82-156, controllers now are required to request braking action reports
when deteriorating weather conditions affect the runway sur’ace. Since only one airplane
landed at Chambers Field during the hour before Flight 24£5, there was no opportunity for
the controllers to obtain a current braking report. However, the flooded runway and
taxiway conditions should have been evident to the controllers despite the lack of pilot
braking reports. The controllers did have the opportunity to request taxiway and runway
condition reports from departing airplanes. The Safety Board believes that when the
amount of water that was standing on the runway and taxiways produced a visible spray as
the Navy CI12 departed at 0844 and the Boeing 727 departed at 0835, tower controllers
should have been alerted to the flooding conditions at the airfield if the actual presence
of lerge puddles on the runway and taxiways had not done so. Consequentlv, the Safety
Board concludes that the air traffic controllers did not exercise special care to monitor
runway conditions during a time when weather conditions were conducive to deteriorating
braking conditions. The controller’s failure to inform the flightcrew of Flight 2468 that
there was significant standing water on the runway resulted in a critical gap in the
information the ceptain needed to make decisions about the approach and landing. The
manner in which the captain would have used this information about standing water is only
conjecture, although he stated that he would noi have landed had the runway braking
Conditions been "poer® or “nil.“ Consequently, the Safety Board concludes that the
flightcrew of Flight 2468 lacked essential information, that the information should have
been known by the controllers through informal observation and greater initiative, and
that the latter’s failure to provide the information to the flighterew of Flight 2468
contributed to the accident.

In summary, the safety of operations on runways during inclement weather
depends upon coordination between sairport management, controllers, and pilots. Pilot
braking action reports must be mace regularly, and other observations of deteriorating
runway conditions must be transmitted to controllers; this information must also be
passed through controllers to airport management so that intelligent decisions regarding
runway inspection can be made by airport management. At the same time, fontrollers
must actively observe the airport to note deteriorating conditions and report them to the
airport management for further assessment. Finally, airport management must maintain
aggressive runway assessment programs to detect unsafe conditions as they develop. The
October 25, 1983 sccident again illustrates that significant shortcomings existed in the
area of runway assessment. and coordination of information transmission among the
persons who must use runway and airport information for operational decisions. The NAS
Norfolk airport management failed to develop and implement a program to detect
deteriorating runway conditions, and the air traffic controllers did not take the initiative
to inquire of pilots and airport personnel the state of actual braking and runway
conditions. Additionally, pilots using the runway before Flight 2468 landed did nct report
standing water conditions 0N the runway or taxiway, which would have informed both the
controllers and airport managen ~nt of the flooded condition.

Captain’s Management of Approach and Landing Airspeeds

Flightcrew Judgment and Performance.--Pilots expect airport personnel to
maintain runways in an acceptable condition and to report runway hezards through
NOTAM and air traffic control advisories when hazardousconditions develop. However,
pilots also should be aware of the effects of contaminated runway conditions on airplane
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stopping performance. Consequently, pilots must expect some degradation of braking
when operating on a wet or contaminated runway. Since the final decision to land rests
solely with the pilot, he must consider all factors as they relate to the particular
operation -- landing performance of the airplane, runway length, prevailing wind, pilot
reports, and air traffic control advisories. The Safety Board explored all of these factors
as they were known to the flightcrew of Flight 2468 during preparations for the landing at
Chambers Field.

Dispatch of Flight 2468.--The dispatch package that was given to the captain
of Flight 2468 included incorrect information. The maximum zero-wind landing weight
should have been stated as 265,844 pounds for runway 10 rather than 275,000 pounds for
runway 28. Upon arrival at Norfolk, the tailwind component of 2 knots would have
reduced the maximum landing weight to 256,304 pounds (based on the reported winds of
360° at 18 knots which resulted in a 2-knot tailwind component). A report of actual
landing conditions in the dispatch package would not have changed the decision to begin
the flight, nor would it have required any different landing data at Chambers Field.
However, the captain believed that the airplane could be landed safely and legally, even
with a slight tailwind component of up to 5 knots, at weights of up to 275,000 pounds.
Consequently, the knowledge that he was landing at 252,000 pounds, well below what he
assumed was the maximum weight, probably created false confidence. The Safety Board
believes that if the captain had known that the maximum allowable gross landing weight
was 256,304 pounds, he may have considered the landing at Chambers Field more difficult,
and he may have analyzed the factors and events of the approach and landing from a
different perspective.

The error in the dispatch package concerning the landing weight and the
preferred runway was made by the dispatcher who handled the flight. The error was as
simple as determining the correct runway but then listing the wrong runway number on
the dispatch package. The error was discussed by Flying Tiger's management and
measures were taken to preclude & recurrence.

Notwithstanding errors by the dispatcher, there were two procedural
redundancies which should have corrected the errors. The first redundancy was the
captain's check of the dispatch package. The forecast wind of 020° favored runway 10,
not runway 28, and this fact shouid have been recognized by the captain and corrected.
Further, even if the captain had not noted the incorrect runway selection, he should have
noted the different maximum landing weight by confirmation of the dispatch package
data with the airport performance chart for runway 28. However, the captain accepted
the information in the dispatch package without cross-checking the accuracy of the data
as required by the Flying Tigers Operations Manual.

The second procedural opportunity was the preparation of the landing data by
the second officer before landing. The second officer correctly determined the
appropriate reference speed for runway 10, based on the actual landing weight of the
nirplane, and informed the captain of the reference speed in accordance with normal
Flying Tigers procedures. However, the captain retained his original misconception that
the maximum allowable landing weight was 275,000 pounds, despite the fact. that the
second officer had provided the prope: reference speed for the airplane and runway
conditions.

Conduct of the Approach.--The flightcrew prepared properly for the approach
and landing in accordance with applicable Flying Tigers procedures. The captain noted
the pilot report for a "heavy windshear" near the runway and thoroughly briefed the
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first officer on the use of available cockpit instruments to detect and counteract the
windshear. After the second officer had selected the proper approach reference speed
{\ref) - 141 knots - the captain added 10 knots to the bug speed of 146 knots (Vref plus
5knots) to compensate for the windshear. Consequently, the correct Flying Tigers
procedures were followed when the approach was begun et an indicated airspeed of
157 knots even though the speed additives totaled 15& knots.

During the approach, the captain and Lhe first officer monitored continuously
the indicated airspeed?the headwind component, and the drift angle s displayed on the
INSs. Consequently, the captain was aware that the headwind component was decreasing.
This condition was confirmed a? 0908:20, when the first officer announced that the
headwind "five knots—should be gone by new." Ai that point. the indicated airspeed was
announced as 154 knots, and the airplane was approaching decision height. According to
flying Tigers procedures, the initial airspeed of 157 knots should have been reduced at
that point so that the airplane would be at reference speed 141 knots at the threshold of
the runway. At that point, the captain knew that the likelihood of s windshear was
minimal, and that his priority was to attain the proper threshold crossing speed of
i41 knots.  The proper Vref should have Seen a critical milestone as the ajrplane
approached a point 200 to 300 feet above the ground in the captain's decision io continue
the landinrg or to make e missed approech. Flving Tigers procedures require the
aedjustment of the airspeed to i-ref a; this altitude and provide specific guidance to cross
the threshoid at the proper Vref.

Additionally, tne captain was aware of ?he wet runway, that he needed
7.060 feet of runway to complete ?he landing, end that he would have a slight tailwind and
2 strong crosswind during the landing. The first and second officers recalled that the INS-
depicted groundspeed was abou: 161 knots at the runway threshold, with a true airspeed of
about 180 knots. However. the FDR data indicates that the incicated airspeed at tine
runway threshold was about 151 knots. The gifference between the FDR airspeeds and the
observations of the flightcrew is attributed to the impact of ground effect on the AS.
Normally ground eiliect will lower the 1AS from 1to 4 knots. it is clear. in any event that
the airplane was being flown faster than specified by Fiying Tigers procedures, and that
sufficient information was presented by the INS and the airspeed indicators to make the
flighterew aware of the deviations from procedures. Consequently, the Sefety Board
concludes that the captain failed to manage the airspeed during the instrument approach
in accordance with Fiving Tigers procedures. The Safety Board also concludes that the
first officer failed to announce that the indicated airspeed was at or above ?he maximum
limit of 1531 knots at the runway threshold, and that the captain nsd not decreased the
indicated eirspeed significantly in ?he final 200 to 300 feet of altitude before touchdown.
Tne faijure of the captain to observe the procedures governing airspeed management
cduring the approach and the failure of the first officer to announce the airspeed
excursions were contrary to good cockpit menagement technique and approved company
procedures.

The Safety Board further conciucdes that the principai reason for the
mismanagement of the airspeed during the instrument approach may have been the
fiighterew's preoccupation with a reported windshear nesr the runway. The captain's
directions to use both INS for windshear detection, the 19-knot approach speed additive,
and the conversations during the conduct of the approach about the windshear and the
decreasing headwind component all support this conclusion. However, the fiighterew, in
reality, was faced With two adverse situations—possible windshear and landing with a
waitwind on a wet runway. The flightcrew focused on the potential windshear problem
almost to the exciusion of the lancing problem. There probably were two reasons Why this
division of attention occurred. First, the flightcrew was warned specificaily Of an earlier
windshear, and hed configured the cockpit to detect and counter tie windshear. Hence, as
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the airplane approached the runway without indication of a severe windshear, the
flightcrew became more confident in eliminating windshear as a significant problem. In a
sense, the flightcrew concentrated on a single aspect of the total approach and landing.
Although the Safety Board considers the aforementioned as the primary reason for
airspeed mismanagement, a second reason was the captain's erception that he was well
below the maximum allowable gross landing weight, so thaP the actual touchdown and
stopping on the runway should have presented no appreciable difficulties. Consequently,
the important landing phase of the flight was minimized in the planning and briefing phase
of the instrument approach. The flightcrew’s focus on a single element of the approach
rather than the approach and landing was incomplete cockpit management.

Although the flightcrew was not informed of the standing water on the
runway, they were aware that it was raining and that the runway was wet. Consequently,
the only conclusion the captain could have made was that he was landing on a wet runway
with a strong crosswind and a slight tailwind. These facts alone should have compeiled
him to manage the approach and touchdown airspeeds precisely to insure a landing at the
proper place and at the proper speed. If the correct airspeeds and the landing point could
not be achieved, a missed approach should have been made due to the complications
involving the runway length and surface conditions, coupled with the crosswind and the
tailwind components. The Safety Board concludes that the captain’s poor management of
the airspeed during rhe final portion of the instrument approach ang his failure to identify
and address ail the issues related to the landing ied directly to the excessively long
landing on € comparatively short runway.

Landing and Iollout on the Runwav.-~The data analysis, the statements of the
GCA controller, and the CYR transcripts show that the approach profile was stabilized,
and that the airplane crossed the threshold about the proper height. However, the
indicated airspeed was a? least 10 knots higher than it should have been when the airplane
descended through the 50-foot point at the threshold. At that poinr, the captain reduced
thrust to fly the airplane below the glideslope to land the airplane as soon as possible.
However. the airplane had excessive airspeed when the captain began the landing flare
and the airplane entered an extended float. The Safety Board believes that the bournece
reported by the tower controllers actually was the airplane rising and floating after the
landing flare was initiated. It is possible, as the captain believed, that the initial
touchdown was made on the left main landing gear. and that the airplane skipped back
into the air. Nevertheless. regardless of whether the airplane bounced or began an
extended float once past the thresheld, the Safety Board concludes that the finai
touchdown on rhe runway was between 3,100 and 3,800 feet beyond <ne threshold. The
nominal touchdown point was about 1,600 feet past the thresholZ. according to Flying
Tigers procedures and the runway-GCA-glideslope intercept psint. The Safety Board
tased its conclusion regarding the touchdcwn point on the observations of ihe tower
controliers and the airfield safety officer. Each witness was qualified in making accurate
observations and had sufficiently different viewing angles so that their close correlation
provides the basis for an accurate position determination. Additionally, the serodynamic
study of the airplane’s flight profiie supported the observations of the witnesses.

The Safety Board recognizes trhe limits of the foil-type FDR to
determine absolute values of airspeed, altitude. and heading. further, the Board
recognizes that the 50-foot call by the secound officer at 6808:36 and the 0908:34 calf by
the GCA controiler were not necessarily precise. Therefore, it is not possible to
determine whether or by how much the air run distance was estenaed due the approach
profile relative to the threshold. ‘iowever, the computation of air run distance from
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0908:36, when the second officer announced "50 feet," to 0908:48, when the first officer
said "'four thousand left," involves a straight forward correlation and must be regarded as
accurate. The Board believes that the captain's remark at 0908:47 (“let it sink'™) was made
just before touchdown while the final tcuchdown and ground spoiler deployment occurred
2 seconds later at 0$98:49, when the second officer said *'spoilers extend.”" as a result,
although the airplane may have touched down briefly at the 1,000-foot point, the Safety
Board believes that the airplane larded on runway 10 between 3,100 and 3,800 feet beyond
the runway threshold. Furthermore, based on FDR indications, the indicated airspeed at
touchdown was about 129 knots.

The airport performance chart indicated that the required landing field length
was 7,000 feet for lending on runway 19 while it was wet. At 146 knots et the 50-foot
point over the threshold, the required landing field length was 8,260 feet. The required
landing field lengths increase dramatically as the indicated airspeed increases. As a
result, if the indicated speed and the tail wind equaled 157 knots, the landing field length
required for a wet runway was 11,000 feet. The consequences of additional airspeed over
Vfef and/or additional altitude above the 50-foot threshold crossing altitude are discussed
in the Flying Tigers manuals. As a result. the captain. who knew he had about 1,000 feet
sf "extra" runway if he was exactly at Vref for landing, should have been alarmed first by
the extra airspeec at the threshold and secondly by the long touchdown on the runway.

Once the airplane landed on the runway by 0908:47, a point just before the
intersection of runwavs 10/28 and 01/19, between 4,100 and 4,900 feet of runway was
available in which to stop. This fact was announced by the first officer immediately after
the iina! touchdown when he called *4,500 feet left." At that point, the ground spoilers
had deployed and the captain had applied ?he wheel brakes. The captain also stated that
he immediatiely applied reverse thrust on the engines. However, the CVR recordings
indicate that the airplanes engines did not go into reverse thrust until 0808:55, and then
for only about 10 seconds. It is likely that the initial delay in applying reverse thrust
resulted from a momentary hesitation by the captain as he considered tre possibiliiv of a
go—around from the runway. The captain stated that after the touchdown and the initial
application of brakes, he knew the braking was totallv ineffective and thtt he briefly
considered a go-around from the runway. Assuming that the captain was aware of the
iong touchdown, the brief consideration of a go-around after the final touchdown: wes
almost unavoidable end explains the hesitation before the appiication of reverse thrust.
However. the captain should have considered a missed approach et daeision height when
the indicated girspeea was excessive, or when the airplane started an extended flare.
Once the captain accepted e iong touchdown, he should have been ecommitted to either a
maximum energy stopping effort, or an immediate go-around from the runway.
Immediateiy after touchdown, the ground spoilers deployed and the engines had spooled
down. The captain realized that wheel braking was totally ineffective. At that pcint, the
prosoect of a go-around from the runway was poor, especially since a decision to go-
around from the runway had to account for the time for the engines to spool up. As a
result, the appiieation of maximum reverse thrust was the only other means of slowing the
airplane. However, reverse thrust was not selected until 7 seconds after landing. and tron
only used for sbout 19 seconds. Consequently, the Safety Board believes that after
landing, the captain did not act in a timely manner to slow the velocity of the airplane.

The flightcrew was uneble to explain why or when the engines were brought
out of reverse. However, it night have occurred at the time the airplane started off the
right side of the runway and headed toward the car at the end of the runway. The captain
remembered the car anc his effort to steer the airplane back onto the runwey. He may
have inadvertently brought the engines cut of reverse a that time as he attempted 1o
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control the direction of the airplane. The latter action would be corsistent with the
Flying Tigers procedures, which states “on unusually slippery runways it should be noted
that if the aircraft is permitted to weathervane into the wind, the use of reverse thrust
could accelerate skid toward the downwind side of the runway. Under these conditions it
may be necessary to reduce reverse thrust, use assymetrical reverse thrust, or possibly
even return momentarily to forward thrust in order to regain good directioral control and
realign the aircraft with the runway.!’

In summary, several factors of the accident resulted from poor pilot
technique, mismanagement of the cockpit procedures, and misjudgments of the captain.
The failure to concurrently address the two problems of windshear and a landing on a wet
runway was a matter of mismanagement and poor judgment. The lack of airspeed
management in the final stages of the approach involved poor pilot technique and poor
judgment since proper airspeed management is necessary without regard to the
circumstances of a landing. Further, there were deficiencies in crew coordination in the
approach. At decision height and thereafter, the first officer did not advise the captain
that the airspeed was well above Vref. The excessive airspeed at decision height and the
extended float should have prompted execution of a missed approach in accordance with
Flying Tigers procedures. Finally, when the airplane landed well beyond the normal
1,000-foot touchdown point, the captain should immediately have applied maximum
reverse thrust to slow the airplane.

The Safety Board believes that the airplane could have been stopped safely on
the runway if the landing had been made z: the 1,000-foot touchdown point at the
touchdown speed of 12¢ knots. At least 2,000 feet of additional runway would have been
avaiiable, as well as a better opportunity to utilize fully maximum reverse thrust and all
other decelerative devices. Additionally, the first part of the runway was not flooded as
badly as the middle and final portions, so more effective braking was avaiiable. That it
was likely that the full runway distance was a sufficient distence for the flightcrew to
stop the sirplane is indicated by ?he fact the airplane had slowed tc an estimated 35 to
50 knot at the time it left the runwey.

Hydroplaning

The final etem-nt in the accident considered by ?he Boarcd was the role of
hydroplaning. The evidence esrablishes that the airplane began to hydroplane immediately
after touchdown on the runway. There were not any marks on the runway which indicated
that maximum braking occurred. If any of the main landing gear tires had been in contact
with the surface of the runway during the landing roll, some sign <f braking would have
been evident on :he runway surface and on the tires. Further, the examination of the
brakes and the antiskid system showed no significant ebnormalities.

The flooding of the runway provided the conditions for dynamic hydroplaning.
It is likelv that the landing and the speed of :he airplane created a situation where the
wheels “skipped” across the surface of the water after lending. As in classical dynamic
hydroplaning. the surface water could not escape from under wheels as the airplane moved
down the runway. Each wheel pushed the water ahead of it, ereating A wedge of water in
front of, and under, each wheel. At a certain speed, the hvdrodynamic cressure in the
wedge of water between the wheel and the flooded runway surface exceeds ?he weight of
the airplane and total dynamic hydroplaning speed isreached. At that point, the wedge of
water penetrates the wheel contact area and the tire foct prints are iifted off the runway
surface. The tire friction capability is reduced to zero since water dces no? suppor: shear
forces sufficient to produce a significant coefficient of friction. Additionally. once total
dynamic hydroplaning starts, it is iikelv to persist until the airplane reaches s speed which
is well below the speed at which total hydroplaning is initiated.
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In addition to the physical indications of dynamic hydroplaning and the
presence of standing water on the runway, the landing speed of 129 knots would have been
compatible with a hydroplaning situation. 71: fact, the theoretical spin up hydroplaning
speed for the DC-8 is about 110 knots and the total dynamic hyaroplanning during spin
down would ocecur at a speed of about 128 knots. (See appendix F.} Therefore, the landing
speed was sufficient to produce total dynamic hydroplaning at touchdown with delayed
wheel spin up. Dynamic hydroplaning would have continued to deerease the braking
coeffieient as ?he airplane decelerated siowly.

After the airplane reached a point about 6,000 feet beyond the threshold, the
ground speed had slowed and faint 'steam cleaning” marks were evident on the runway. A
set of white tracks was visible, emanating from each of the main landing gears. "Steam
cleaning™ is characteristic of the onset of reverted rubber skidding. This phase of
hydroplaning did not develop fuilv since the tires did not have the physical characteristics
of 'reverted rubber skidding. However, as the airplane slowed, the friction between the
tire and the runway generate6 heat which turned the water to steam that cleaned the
runway and left the white marks. It is likelv that reverted rubber skidding would have
developed fuily if the airplane had not drifted off the runway at :he 7,000-foot point.
Consequently, the Safety Board concludes that hydroplanning was a factor in the accident
because (1} the physical evidence establishes that hydroplaning occurred, asnd {2)
hydroplaning significantly reduced the effzctiveness of wheel braking to the degree that,
given the point on the runway where the captain landed the airplane, insufficient runway
remained to stop the airplane safely.

The airplane's speed probably was in excess of 50 knots as the airplane drifted
off the runway a?the 7,000-foot point and may have been 50 knots as the airplane crossed
the airport boundry road. One witness estimated the ground speed as 35 mph. However,
the mcmentum required to pass through ihe chain link fence and to plow through the
swamp IN the manner documented at the accident site indicates that the airplane could
have been moving at 35 to 56 knots as it crossed the airport road.

While there IS no question that the airplane encountered hydroplaning after
landing, the Sefety Board does not believe that hydroplaning and therefcre an accident
was inevitable because of the runwav conditions, ?he meteorological conditions, and the
dynamics of the airplane. Transport airplanes and flightcrews frequently operate on
runways where hydroplaning is expected or encountered without losing control of the
airplanes.  Specific flight iraining is given pilots, and operational procedures are
established to address the preblems of operations on contaminated runways. Flying
Tigers' operational guidance «dequately addressed the problems of hydroplaning and
provided specific procedures which governed airspeed management, landing technique, use
of decelerative devices, and conservation of runway length. The Safety Board believes
that the probiems of hydropianing would have been minimized if the proper techniques
were followed onece the decision was made to !'and. The touchdown at the 1,000-foot poin?
should have been firm to allow wheel contact with the runway while wheel brakes and
reverse thrust were applied. The additional runway would have allowed the captain to
slow the airpiane by application of wheel brakzs in the first one-third of the runway. and
provided greater time for the proper and immediate use of maximum reverse thrust. The
cdecelerative devices should have allowed the airplane to be stopped on the runway. When
‘he ecaptsin accepted an extended fiare and ilong landing. and did not apply maximum
reverse thrust immediately, he reduced the capability of the airplane to perform under
the existing conditions. However, the earlier mismanagement of the approach and landing
eliminate¢ many of ?he options of the flightcren and made the hydroplaning eonditions
significantiv more hazardous to Flight 2468.
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The Safety Board conducted an in-uepth Investigation of the airport-
controller-flightcrew relationship in its investigation of an accident involving World
Airways, Inc., Flight 30H, MeDonneil Douglas DC-10-30CF, N113WwA, at Boston,
Massachusetts, on January 23, 1982. 12/ The Board's report of that accident concluded
that the actions and inactions of pilots, controllers, and airport management contributed
to the cause of the accident. The facts of the Flying Tigers accident are similar to the
World Airways accident, since it & apparent that information was available to pilots.
controllers, and airport management which was no: developed, solicited, or communicated
among the persons who reqguired the information. As a result of the World Airways
accident and the Special Investigation Report on Large Airplane Operations on
Contaminared Runways, the Safety Board forwarded 17 safety recommendations to the
FAA to address the regulatory inadequacies and safety deficiencies associate¢ with
operations on contaminated runways. The FAA had taken positive actio? cn mary of the
safety issues referenced in the recommendations. The Safety Board believes: however,
that civil airplanes operating from military airports are exposed to the same problems
involving contaminated runways found at civil airports. Therefore. the Safety Board
recommends that the Department of Defense consider the aoplicability of safety
recommendations A-82-157 through -159 to military airports from which civil airplanes
operate. Moreover, the Department. of Defense might wish to review the ovossible
applicability of Safety Recommendations A-82-152 through -16%, and A-82-163 through
-169 to military aircraft operations.

3. CONCLUSIONS
3.1 Findings
1. The components and systems of the airplane funetioned properly.

Postaccident inspection found a defect in the wheel logic board on the
No. 1 wheel, which probably failed after the accident.

SV}
N

The dispatch reiease for Flight 2488 incorrectly stated ?he maximum
allowable gross ianding weight and the anticipated active runway.

The captain failed to discover the errcr in the dispatch reiease because
he did not check the landing weight against the airport performance
analysis chart.

(3

4. The captain's mistaken belief rhat the maximum allowable gross ianding
weight for the runway was 275.000 pounds rather than 255.304 pounds
probably influenced his management of the approsch and landing.

5. The airplane's landing weight on runway 10 was below the maximum
allowable gross landing weight preseribed by the operator for that lensth
TUNWEaV.

6. The before approach end landing briefing by the captain was complete
and thorough with the exception of his failure to address the runway
conditions for iancing.

~3

The flighterew concentrated on the possibility of encountering windshear
but failed io consider adequately the problems assoeiated with landing on
a 8,068-foot runwav = ith a wet surface end & slight taitwind.

127 Op. ¢i- aireraft Aceident Repore World Airwavs, Inc,
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14.
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16.

17.

18.

19.

20.

21.
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The captain did not reduce the indicated air speed to the reference speed
as the airplane approached decision height as required by the operator's

procedures.

The first officer did not advise the captaiii when the indicated airspeed
was at least reference speed plus 10 knots as tiic airplane approached an
altitude between 200 and 300 feet above the runway.

The captain was aware that the headwind had changed ‘o a slight
tailwind, and thet no gusty surface wind conditions had been reported for
the landing on runway 10.

The captain did not execute a missed approach when the airplane passed
over the threshold a an indicated airspeed about 1¢ knots above Vref
with a slight tailwind component.

The cockpit management by the captain during the approach and landing
was inadequate.

The captain's failure to manage the approach airspeed produced a ionger-
than-normal float distance. The airplane landed between 3,100 and
3,800 feet beyond the threshold which left & maximum of 4,568 feet for

stopping.

Wheel brakes and ground spoilers were used immediately, but reverse
thrust was not evident until about 7 seconds after landing.

The flightcrew never had effective braking since tne airplane
encountered total dynamic hydroplaning immediately after landing.

Total dynamic hydroplaning was caused by the flooded runway conditions
and the speed of the airplane on touchdown.

The airplane transitioned from dynamic hydroplaning to the initial stages
of reverted rubber skidding jus: before the airplane went off the runway
at the 7,000-foot point.

The fiighterew was unable to stop the airplane on the runway because of
hydroplaning following an excessively long landing, and because reverse
thrust was not used to the maximum degree possible.

The program at Chambers Field to monitor runwey conditions to detect
the presence of standing water was inadequate.

Most of the runway frc » just before the intersection of the two runways
to the departure end of runway 10 was covered with standing water 1/2
to 314 inch deep.

The problem of standing water on runway 10/28 was known to airport
management, as well as the fact it caused a reduciion in runway friction.
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22. Air traffic controllers should have observed the flooding conditions and
reported that information to airport management and pilots.

23. The lack of data on the runway conditions resulted in a critical gap in
the information upon which the flightcrew had to base their decisions.

3.2 Probable Cause

The National Transportation Safety Board determines that the probable cause
of this accident was the flightcrew's mismanagement of the airplane's airspeed, resulting
in an excessively long landing on a wet, partially ficoded runway; mismanagement of
thrust reversers; and hydroplaning. Contributing to this accident was the failure of
airport management to identify, essess. and disserainate hazardous runway conditions
warnings and the faiiure of air Traffic controllers to inform the flightcrew that there was
standing water on the runway.

4. RECOMMENDATIONS

As a result of its investigation, the National Transportation Safety Board
recommended that the Department ofF Defense:

Develop an? institute procedures to meet the assessment and reporting
requirements of 14 CFR 138.68 at militarv airports from which civil
aircraft operate. {Cirss II, Priority Action! {A-83-81}

Distribute to all military a:rmorts from which civil aircraft operate
National Transportation Safety DRoard Speeial Investigation Report.
Large Airpiane Operations on Contami:ted Runways {NTSB/SIR-83/02),
and institute the actions recommended [~ Safetyv Recommendations
A-82-137 and A-82-158 at military airports from which ecivil aircraft
operate. (ClassIIl, Longer-Term Action) tA~84-62)

BY THE NATIONAL TRANSPORTATION SAFETY BARD

s/ JIM SURNETT

T
Ch&irman

s/ PATRICIA A, GOLDMAN
Viee Thairman

s/ Gl PATRICK BURSLEY
Member

/27 VERANON L. GROSE
Viember

Vernon Grose, VMember, {iled the following concurring and dissenting statement.

Coneurring with the general content of the report, I nenetheless respeetfully dissent
on the adopted probable cause,

Any staternent on protable eausation should ne bused o the following recognition:
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1. Its purpose is to point to aceident prevention--not blame assessment.

Z. It is only one of a list of subjective conciusions--and of {1self cannol improve

safety.
3. It will always invelve meliipheity of factors, i.e., there is rno single cause 1o an
accident.

4. It s & means--not an end--io preventing fulure accidenis of similar
charezcter.

5. It sho 1ld be postulated with corrective preventive measures in mind.

vty

8. It must be linked, factor by acior, 10 appropriate  and  feasid
ontribute to safery,

c
corrective/gpreventive asctions if it s to ¢

The adopted probable cause blames two groups of people--the flighterew and rirport
management. Punishment is the logical sctien to e taxken when aie,rre is assessed. Since
the Safety Board's role is not 'a punitive blame-setting c¢.o. it ix inappropriate ‘o point 10
human defxeleney-—mless the Board intends punishment {or (he indicated pariy,

A more profitable thrust for & statement on probadle causation would focus on
fupnctions that in the instant case were rot performed st the level reguired for safe

operation. Such a functional statement logicallv lewds 1o correclive or proveniive
mesasures that the Board can recommend 1o prociude future wecidents.

Based on the foregoing reasoning. the iollowing statement is affered as an

alternative concerning probable causation:

The National Transporiation Salety E’.ow-“ Jeters iines t‘;“,nt he probable
causes of this accident were (2} lack of commnunication hetween aireraft
and tower regarding the degeneratod runway condi

uncorrected lack of runway drainage, (¢} flooded runwa'_v, {3} ubsence of &
dynamic runway condition information reporilng syvsiom for «.roert
managers, (e) "rossincr the runway thraeshoid at & ground speed ahoul 15
knots abcve (f) landing an airera{t over ;.:JOO feet bevond the
nominal touchd%wn point, and {"f} late application of reverse

Lo~

ﬂ_‘:or‘., {n} known an

k1]

‘§/ VERNON L. GROSE
Momber

Nay 30, 1984

P/



APPENDIXES
APPENDIX A
INVESTIGATION

i. Investigation

The Sgfetyv Beoard was notifiec of the acmden* about 1015 e.d.t. on October 25,
1683,  An investigsiive leam was dispatched {rom Washi nf"on. D.C., and onsite
i.nvestigative croups were sel up for operations’AT (‘ witnesses, and airworthiness. The
CVER and FDR groups convensd in Weashington. D.C. Safetyv Brard specialists performed
metecrological and airplarne performanes f-:{zzc es. end & sound spectral anaivms of the
YR, A meinitepance records groud &nd & groud 'n examine the antiskid svstem were
cenvened at the Fiving Tiger's facility in Los Angeles. Talifornia.

Parties to the onscene investigation were the Yedersl Aviation Administration,
Ty

Flving Tigers. Inc.. Air Line Pijcts Associaticn, and the Dougias Aireraft Company. The
.S, Navy was represented Dv an aceident investigetor rom the Nawval Safety Center.

Byblie Hewring

There wax no 2udhie hearing ner » depositioned proceeding.
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APPENDIX C
AIRPLANE INFORMATION

MeDonnell Douglas DC8-63 N797FT

The airplane. manufacturer’s serial No. 46140, was manufactu.cd May 18,
1870. The tctal flying time was 46,317 hours. The airplane nad flown 85 hours since ?he
lest major inspection. The sirplane was powered by four Pratt and Whitney JT3D-7
engines.

Powerplants
Engine No. 1 Engine No. 2 Engine No. 3 Engine No. 4

Serial So. 671418 671159 §71254 671102
Date of dManufscture 5-70 3-69 4-69 3-69
Total Time {(hours) 39.224 38,787 37,743 40,893
Time since last

shop visit (hours} 8,203 5,271 5,417 5,768
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APPENDIX D

FLIGHT DATA RECORDER DATA
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APPENDIX F
HYDROPLANING TECHNICAL MEMORANDUM

"FACTORS INFLUENCING AIRCRAFT GROUND HANDLING PERFORMANCE”

The following are excerpts from a National Aeronautics and Space
Administration Technical memorandum by Thomas J. Yager, issued June 1983:

Tire Friction Performance

Viscous and Dynamic Hydroplaning

During aircraft ground operations in wet weather, a water removal or
drainage problem is created at tire/pavement interfaces. The runway surface
water encountered by the moving aircraft tires must be rapidly expelled from
the tire/pavement contact area or the viscous and dynamic water pressures
that build up with increasing ground speed will significantly reduce tire
friction performance. Research studies have shown that the slope of a tire
friction-speed gradient curve is primarily a function of the surface
macrotexture, and the magnitude of the friction at a given speed is related to
the surface microtexture. Hence, an assessment of both surface micro- and
macrotextiure characteristics is necessary to fully relate tire friction
performance to pavement texture.

The principal forms of these wet pavement tire friction losses are
viscous and dynamic hydroplaning, and reverted rubber skidding. The speed
regime, pavement and tire condition, and tire operating mode that contribute
to loss in tire frietion are identified together with the factors that tend to
alleviate their occurrence. Viscous hydroplaning Or thin-film lubrication
results from the inability of the tire to penetrate and disrupt the very thin
residual fluid film left on the pavement after the majority of the trapped
water has been displaced from the tire footprint. In this case, the pressure
buildup within the tire/pavement interface is due to fluid viscous properties.
Smooth tires operating cn wet smooth pavements are particularly susceptible
to this type of tire hydroplaning.

During dynamic hydroplaning, a buildup of hydrodynamic pressure
between tire and flooded pavement occurs as the square of vehicfe speed.
When this hydrodynamic pressure exceeds the tire-pavement bearing pressure,
a wedge of water penetrates the tire contact erea and the tire footprint is
partiaily or totally detached from the pavement surface. Under total dynamic
hydroplaning conditions. tire friction capability IS reduced to near zero
because of the inability of the fluid to support significant shear forces. It
should be noted that for many wet pavement aircraft operations, reduced tire
friction performanee may occur from both viscous and dynamic fluid pressure
buildup resulting in combined visecous/dynamic hydroplaning.

The contact pressure developed between tire tread and pavement
establishes the escape velocity of bulk water drainage from beneath the tire
footprint. High pressure tires can expel surface water more readily from the
footprint than low pressure tires. When the aircraft ground spesed equals or
exceeds the escape velocity of water drainage from the footprint. choked
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water flow occurs. The tire has now reached the state of total dynamic
hydroplaning. Test results indicate that the ecritiesl aircraft ground speeds
required for this total hydroplaning condition to occur on flooded pavements
with an unbraked tire are approximately:

8pin-down (Rotating tire) speed, knots :\Q/Inﬂ. pressure, psi
and

Spin-up (Nonrotating tire) speed, knots :Wm pressure, psi

For the nonrotating tire case (as at a aircraft touchdown), Langley track test
results illustrate the delay in tire spin-up following touchdown on a flooded
surfaee until the test carriage speed decreased to approximately 93 knots. It
is important that pilots be aware that the iower hydroplaning spin-up speed,
rather than the high hydroplaning spin-down speed, represents the actual tire
situation for aircraft touchdown on flooded runways.

Reverted Rubber Skidding

The third form of tire friction loss, reverted-rubber skidding, is named
for the appearance of the tire tread skid patch after a prolonged locked-wheel
skid. It is believed that friction-generated heat within the skidding
tire/pavement contact area is sufficient to preduce steam and cause the tire
tread rubber to revert back to its uncured state. The soft gummy reverted
rubber forms a seal around the tire footprint periphery and the entrapped
steam and water significantly reduce braking and cornering capability. This
hypothesis would also explain the distinctive (stearn cieaned) mark left on the
pavement in the path. Evidence indicates tha? once started, reverted rubber
skidding results in very low tire/pavement friction which persistz down lo verv
low speeds. With tire operation in a nonrotating mode, the loss of tire
cornering capability ior directional control is possibly a greater problem.
considering runway geometry, for pilots to overcome than the low braking
performance. Providing snd maintaining runway surfaces with high
macretexture and good drainage characteristics is very important in
alleviating the occurrence of this aircraft tire friction loss as well as those
associated with tire hydroplaning.
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